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Introduction

1.1 Overview

These Workshop Proceedings present a comprehensive exploration of the potential of/a Baqery an asymmetric

eTe~ B Factory capable of producing an integrated luminosity of 10'&kear, to explore flavor physics beyond the
Standard Model. In the next decade, we expect that the Large Hadron Collider at CERN and, perhaps, the International
Linear Collider, will open the door to new phenomena that will fundamentally change our understanding of elementary
particle physics. A radical shift in what is considered an important problem, similar that which took place after the
“November Revolution” of 1974, is likely to result. The study of heavy flavor physics is today, by consensus, an
important problem, quite central to the HEP program. The question we attempt to answer herein is whether, in the
advent new world post 2010, there is a role for the continued study of heavy flavor phsitise study of the decays

of heavy quarks and leptons. Will heavy flavor physics still be central to the core concerns of the field? Many believe
that there is a clear affirmative answer to this question; hence the title of the Procedtdied3iscovery Potential of

a SuperB Factory.

The asymmetrie™e~ B Factories PEP-Il and KEK3, and their associated experimeB&BAR and Belle, have been

in operation since 1999. Both of these enterprises, building on the foundation of results from ARGUS, CLEO, and
the LEP experiments, as well as from experiments at hadron accelerators, have been remarkably successful, both
technically and scientifically.

The currentB Factories’ design peak luminositie®sx 1032 cm=2s~! for PEP-1l andl x 10%* cm~2s~! for KEK-B)

were very ambitious, and it is fair to say, were regarded with some skepticism in certain quarters. PEP-II, however,
reached design luminosity in a remarkably short time, and has now exceeded its design performance by a factor
of three. KEKB, with a more ambitious design objective, has also exceeded its design performance, and currently
operates at even higher luminosity. These accelerators and experiments also operate at unprecedentedly high efficiency,
with yearly integrated luminosity totals for a given peak instantaneous luminosity that are forty percent higher than
was anticipated on the basis of previous experience (see below).

The scientific productivity of PEP-IBABAR and KEK-B/Belle has been no less remarkable, with wide-ranging
pioneering studies ofP violation in the B meson system that have, for the first time, demonstrated that#he
violating phase of the three generation Standard Model is capable of explaini6@-afiolating phenomena thus

far observed in thédd and B meson systems. This new triumph of the Standard Model is, however, bittersweet. It
reemphasizes the power of the elegant and economical Standard M@y but it leaves the crucial question of

the origin of the matter-antimatter asymmetry of the universe unanswered. This presents an opportunity for a fruitful
dialog in the next decade between studies at the LHC and ILC and those at aESkgetory.

BABAR and Belle have each published more than one hundred papers in refereed journals, covering ground-breaking
CP violation measurements, studies of rare decay phenomena and high precision measureRamd ih meson

andr lepton decays. Their productivity continues unabated; the next few years will certainly bring a host of beautiful
new results, and, perhaps, even a few surprises. There are already hints of results that disagree with the Standard
Model in areas where one might expect measurable New Physics effects, although none of these are as yet of adequate
statistical significance.

Current plans call for theé3 Factory programs to run through most of this decade. With anticipated increases in
peak luminosity performance, this will provide an increase in the size of total data samples, now each of order 250-
300fb !, to 700-1000fb. That is the limit of what can be achieved by incremental upgrades to the PEP-II and
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KEK- B colliders, as the existing storage rings will have reached the maximum circulating currents they can sustain,
and further improvements in lattice optics will not be feasible. The sensitivity required for a meaningful exploration
of physics beyond the Standard Model requires much larger data samples; hence the target for tBe-&afmy of

10 ab!,i.e, 10,000 fbo'!, per year.

After five years’ experience, we have an excellent understanding of the actual physics performBaBaroand

Belle, and their ability to elucidate the full range @f-violating effects inB decays, searching for New Physics

in rare decays, and making precision measurements of CKM parameters. We have also learned a great deal from
PEP-Il and KEKSB operation at these high luminosities, including a quite detailed understanding of the (differing)
backgrounds in the two experiments. This experience gives us a solid basis for contemplating significant upgrades to
these colliders and experiments, which would open up exciting new scientific opportunities.

A Super B Factory, an asymmetrie e~ collider with a luminosity of the order of710%> cm=2s~!, would be a

uniquely sensitive probe of the flavor couplings of New Physics beyond the Standard Model. A series of workshops
at KEK and SLAC over the last few years have explored in detail the physics case for afb&petory that could

provide data samples nearly two orders of magnitude larger than those currently proje®aB4gyor Belle, as

well as issues of collider and detector design. These Proceedings summarize two workshops on physics issues, held
at SLAC in May and October, 2003][ Hence they focus on an exploration of the physics landscape. Technical
guestions are, of course, under active study, and have been the subject of other wolRsH&psn[ which both

physics and technical matters have been explored in some @},

The potential of a SupeB Factory to explore the effects of New Physics in the flavor sector encompasses two
somewhat different strategies:

e measuring branching fraction§;P-violating asymmetries, and other detailed kinematic distributions in very
rare B, D, andr decays in which there are clear potential signatures of New Physics, and

e pushing the most precise predictions of the Standard Model to their limits, by measuring the sides and angles
of the unitarity triangle to the ultimate precision warranted by theoretical uncertainties, in hopes of unearthing a
discrepancy with theory.

The primary objective of a Supés Factory is to produce the very large data samples that will allow us to explore
very rareB, D, andr decays, at a sensitivity in which New Physics effects are likely to manifest themselves through
higher order (loop) Feynman diagrams. A large variety of phenomena can be affected by New Physics. In some cases,
the Standard Model predicts thaP asymmetries in differenB decay modes are identical, whereas particular New
Physics schemes predict that these asymmetries can differ by tens of percent. The pattern of departure from equality
is characteristic of particular models. Certain very rare decays are predicted to be either absent or very small in the
Standard Model, but can be enhanced by New Physics. In other cases, kinematic distributions can be substantially
modified from those accurately predicted by the Standard Model. Thus access to the study of very rare decays may
show the effects of New Physics through loop diagrams, and can be crucial in clarifying the nature of the New Physics
in the flavor sector. In these Proceedings, we will, for definiteness, use SUSY and extra dimensions as examples
of New Physics, although other proposed Beyond-the-Standard Model physics can also show up in heavy quark and
heavy lepton decays.

Measurements of unitarity triangle-related quantities can be improved quite substantially before reaching the expected
limiting precision of lattice QCD calculations. The precisionsaf2 measurements has now reached 5%; other
measurements related to the unitarity triangle construction are more difficult and are, consequently, less precise. Most
such measurements are very far from being statistics-limited, and are not yet approaching the limits of theory. A few
measurements, such as the extraction of the absolute values of CKM matrix elements from semilg¢ptecdys,

will reach the practical limit of theoretical precision either before, or early in, the SBgeactory era. Making these
precision measurements is an important objective that may well yield clues to physics beyond the Standard Model.
A primary objective of the workshops was therefore to probe the limits of Standard Model theoretical predictions, as
well as the statistical and systematic constraints on experimental measurements.
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1.2 Measurement Capabilites of a SupeB Factory

The physics opportunities available with data samples of 10 to 5 ate the subject of these Proceedings. With

our conventional “Snowmass Year” constant (1 ydar=seconds), it takes @#0*°cm~2s~! machine to generate

10 ab !/year. This has been the working assumption in Supdfactory studies dating back to 20(4].[ The
Snowmass Year df0” seconds was adopted as a standardfer~ comparisons at the Snowmass meeting of 1988,
based on then-current CESR/CLEO performance. This constant was meant to account for the difference in peak and
average luminosity, the dead time of the experiment, time lost to accelerator and detector breagtioiiege PEP-

[l BABAR and KEK-B/Belle complexes however, have quite substantially improved on previous performance. The
dominant effect is the introduction of trickle injection, now used by both PEP-Il and BEhich allows continuous
integration of data at peak luminosity. Trickle injection has the added benefit that, since the current in the collider is
guite constant, the machine temperature is more stable, producing noticeable improvements in stability of operation.
The experiments are also very efficieBABAR is more than 97% efficient), so that a greater fraction of machine
luminosity is recorded. Figurg-1) shows a years worth of recent operation of PEP-II. Taking these improvements
into account, a more appropriate Snowmass Year constant is 107 seconds/year. This means that it is possible to
produce 10 ab'/year with an instantaneous luminosity i 103°cm~2s~!, which is therefore the current design

goal for SuperPEP-II. Hence, in the physics reach tables, we have tabulated the precision on measured quantities at
the 3, 10, and 50 al¥ levels to explore a lower range of peak luminosity, a typical one year sample at the nominal
upgrade level, and an asymptotic sample.

The tables also include 1-year sensitivities for the hadron experiment$ BHECBTeV, where these estimates are
available. It should be noted that the experimental sensitivities are based on a conventional 1988 Snowmass Year,
there is no reason to adjust the Snowmass Year constant for the hadron experiments. We have not included estimates
of the capabilities of CMS and ATLAS in the tables; these experiments have similar sensitivity todrid@TeV in

some cases, less in others.

Several comments are in order. The hadron experiments can megstirand~ in the standard unitarity triangle

modes, generally with a one-year sensitivity somewhat less than that of al atmple. They cannot make mea-
surements of the unitarity triangle sides, as these require absolute measurements of semileptonic or purely leptonic
branching fractions, which are difficult in a hadronic collider environment. The hadron experiments can make
measurements in thB, system, which, the*e~ experiments running at tHg(4.5) cannot.
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1.2.1 New Physics

The major motivation for studying very large samples3obr 7 decays is the discovery potential for New Physics. In

this brief discussion, we will use supersymmetry as a shorthand for all types of physics beyond the Standard Model.
Other Standard Model extensions, such as extra dimensions or left-right symmetric models, can produce a similar
range of effects, but the language of supersymmetry is convenient for developing an understanding of where New
Physics effects are likely to be measurable.

Figurel1-2 is based on a paper by Ciuchimt al. [6], a SPIRES TOPCITESO0 selection, that estimates the size of
loop contributions taCP asymmetries in a model-independent mass-insertion calculation valid for any low energy
SUSY extension of the Standard Model. The mass insertion can, in principle, connect any two generations, but there
are already substantial constraints on these couplings. The effect of the second to third (23) generation coupling is
potentially the largest by far, followed by the first to third (13) generation coupling. The left graph shows the minimum
and maximum difference of théP asymmetries inr® K¢ and.J/i K9, as a function of the 13 insertion mass; the right
graph shows the minimum and maximum difference of@feasymmetries ino K© and J/» K9, as a function of the

23 insertion mass. This calculation tells us two important things. First, it sets the scale of measurement sensitivity
for CP asymmetries needed to reveal New Physics effects, and second, it shows that the most interesting effects are
likely to appear in the 23 couplinge., in b — s transitions. It is the congruence of the latter point andBABAR and

Belle measurements ¢fP asymetries inp K and related decay modes that have attracted so much recent attention
(34 theory papers in SPIRES since 2000).

This sensitivity to high-mass insertions depends on the precision of the measurement of the appiBaigtametry

and on the precision of our knowledge of the expected asymmetry within the Standard Model. If wétaks an

example, a 5% measurement of the difference ofReasymmetry from that in//;p K indicates a 23 mass in the

range of 800 GeV. The current conservative limit set by data on the effects of rescattering onthe tagymmetry

is ~ 30%, but this is expected to be reduced~05% with large data samples. Thus a precise measurement of

the asymmetry provides a window on interesting SUSY mass scalesr"Thg asymmetry is likely to have similar
Standard Model theory uncertainties. A more precise asymmetry measurement is required, however, as SUSY effects
are smaller: a 5% measurement of the asymmetry difference would indicate a 13 mass scale in the range of 300 GeV,
which is still quite relevant.

LHCb and BTeV should also be sensitive to the effects of a 23 mass insertié oecays. However, sensitivity to
such effects inB3, decays, except in one instance, offers no particular advantage with respect to #igmtory, and
many disadvantages. The process with an advantage is the second-order transition invBlyBg mixing, which
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Figure 1-2. Model-independent estimate by Ciuchigt,al. of the difference ifAcp between (leftB° — Jip K2 and
B° — 7°K?Y, governed by a 13 mass insertion, and (right) — J/ K9 and$ K2, governed by a 23 mass insertion,
as a function of the mass insertion scale. The upper and lower curves represent the largest and smallest effect expected.
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directly involves thé — s coupling and, can therefore be affected by a 23 mass insertion. This question will likely be
addressed by CDF and DO before the new generation of hadronic experiments comes onlihandiBTeV should

be in a good position to extend these measurements, and to make precision measurements of heavy-light lifetime
differences, decay polarizationSP asymmetries. Beyond the mixing process, most offiedecays are primarily
spectator decays; the presence ofauark in the parent is irrelevant. Transitions suclb as sy andb — sf™¢~

are in general more easily studied in detail at an asymmBtRactory.

CP Violation in Rare Decays

The centerpiece of the search for New Physics is likely to be the stud§efiolating asymmetries in rarB decays in

which penguin amplitudes play a prominent role, such &8 (K?), o’ K2 or 7" K. Table1-1shows the measurement
precision for a variety of rare decays. With this precision, how much integrated luminosity is required to clearly
demonstrate &P asymmetry different from that it/ K2 and how does the capability of an asymmefsi¢actory
compare to that of an experiment at a hadron accelerator?

Consider a 20% difference idcp(J/ K2) — Acp(¢K?), which corresponds to 23 insertion in the mass range
~ 350 — 450 GeV. If we are to establish this 20% difference at thelevel,i.e. that Acp (¢ K?2) = 0.60 £ 0.03, we
need, at the current per event sensitivity, 36 abln other words, we would have a first indication of an effect in a
year or so of running, and would clearly establish the effect in about three years.

The radiative penguin decays— s provide a particularly clean environment for searching for New Physics. Direct

CP violation in these decays is expected todd).5% in the Standard Model, but could be an order of magnitude
larger if there are New Physics contributions to the penguin loop. Recent inclusive and exclusive measurements are just
beginning to constrain such contributions. These measurements are statistics limited, and will continue to be so until
at least 10 ab!. With larger samples it would be interesting to measure the difEcasymmetry irb — d~y decays,

where the Standard Model prediction is -1284BAR has also shown that it is feasible to measure time-dependent
CP violation in B — K*%(— K27%)~, where the sine term is related to the helicity of the photon. In the Standard
Model the sine term is suppressed #fw; /m;, compared tesin 28. This measurement, which is sensitive to New
Physics couplings with the opposite helicity, will continue to be statistics limited up to 50 & alternative method

of studying the photon polarization ih— sv is the Dalitz plot distribution of thé{zr system inB® — Ky,

which also requires a large statistics sample.

Table 1-1. Measurement precision f6fP asymmetries in rare decays sensitive to New Physics.
The current BBAR central values are assumed when measurements exist.

CPV in Rare B Decays ete~ Precision 1 Yr Precision
Measurement Goal 3/ab 10/ab | 50/ab | LHCbH | BTeV
S(B0 — ngK‘S)) ~ 5% 16% 8.7% | 3.9% 56% 22%
S(B® — 1 K9) ~ 5% 57% | 3% | 1% - -
S(B° — KO70) 82% | 5% | 4% - -
S(B® — K%0) SM:i~2% | 11% | 6% | 4% - -
Acp (b— sv) SM:~05% | 1.0% | 05% | 0.5% | - -
Acp (B — K*7) SM:~05% | 06% | 03% | 0.3% | - .
CPV in mixing (lq/pl) < 0.6% = =

Rare Decay Branching Fractions
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Many rareB decay modes can potentially give access to physics beyond the Standard Model via measurements other
than of CP-violating asymmetries. Some examples of these modes are listed inIR@bléypically, these decays

do not occur at tree level and consequently the rates are strongly suppressed in the Standard Model. Substantial
enhancements in the rates and/or variations in angular distributions of final state particles could result from the presence
of new heavy particles in loop diagrams, resulting in clear evidence of New Physics. Moreover, because the pattern
of observable effects in highly model-dependent, measurements of several rare decay modes can provide information
regarding the source of the New Physics.

Table 1-2. Measurement precision for rare decays sensitive to New Physics.

Rare B and 7 Decays ete™ Precision 1 Yr Precision
Measurement Goal 3/ab 10/ab 50/ab LHCb | BTeV
B(b—d
Vaal/[Vas| ~ ¢/ Brpmad 19% 12% 5%
B(B — D*7v) B=8x10"3 10% 5.6% 2.5%
B(B — svp) 1 exclusive: ~lo > 20 > 4o
(K0, K*—0) ~4x10°6 (per mode) (per mode) (per mode)
B(Bg4 — invisible) <2x10°6 <1x106 <4x1077
B(Bgq — ) ~8x10711 | «3x1078 | <1.6x1078 | <7x1079 | 1-2ev | 1-2ev
B(Bg — T7T) ~1x1078 <1073 0(10™4)
B(r — uy) <1078

The ratio of the branching fractions 6f— dv andb — s decays is directly related to the ratio of CKM matrix
elementd/;;/V;s. Itis interesting to measuré,,/V;, in penguin processes as well as througyfy B, mixing, since

New Physics enters these amplitudes in different ways. The ratio of the exclusive decaypy and B — K*vy

can be accurately measured, but the precision of the determinatign/df; is limited by theoretical uncertainties of

~ 12% in the ratio of the form factors. A measurement of the ratio of the inclusive decays does not suffer from this
uncertainty, but is experimentally rather challenging, and requires a large data sample.

Searches foB — svw, either inclusively or exclusively, are extremely difficult due to the presence of the two final
state neutrinos. The required sensitivity can, however, be obtained using the recoil method, in which a signal mode (in
this case the exclusivB — Kvv and K*vv modes) is sought in the recoil against a fully reconstructed hadi®nic

decay. Assuming Standard Model branching fractions, extrapolation of current analyses suggest that we would expect
a signal of 10 events in each of the four mode& (' —, K°*~), although with a substantial background, with 3-ab

of data. A statistically significant signal would emerge in the combination of modes with approximately‘16van

using a simple cut-and-count analysis.

The decaysB; — ¢ (¢ = e, u, T) are somewhat less promising, in the sense that it appears impossible to reach the
predicted Standard Model branching fractions even with more thanS0aftlata. MoreoverB,; — juu is expected

to be accessible at both LHGnd BTeV, and these experiments will also be able to acdgss— uu, which is
expected to provide a more stringent test of New Physics. However, evenr 1@fabata will improve the existing

limits on these modes by an order of magnitude, and*aT B Factory does have the advantage of also being able

to search folB; — eTe™ and the (extremely challengingy; — 77~ mode.

B — stt¢—, Kete—, K*¢T¢~ Decays

The exclusive decay& )¢/~ and inclusives/* ¢/~ have been intensively studied theoretically, as they provide a
potentially unique window on New Physics. For example, in the Standard Model, the forward/backward asymmetry
Arpp of the lepton pair has a zero at lepton pair mass- 0.14 GeV. In extensions of the Standard Model, this zero
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may be approached from the opposite direction, or may be altogether absent. This region of lepton pair invariant mass
represents only a small fraction of the allowed kinematic region of these rare decays, so a large data sample is required
to make this measurement. The measuremerigf can be done at hadronic experiments, but only in the exclusive
modes involving muons. Theoretical predictions are typically more precise for inclusive processes, which can only be
measured at a Sup& Factory. It is very important to comparkr g in muon and electron modes, as this asymmetry

can be changed by the presence of a new neutral Higgs. Te@$eimmarizes the achievable measurement precision.

Table 1-3. Measurement precision f@ — s¢t¢~, K¢T¢~, K*¢+¢~ decays.

B — stte—, K ¢+e¢— Decays ete~ Precision 1 Yr Precision
Measurement 3/ab 10/ab 50/ab LHCb | BTeV
B(B— Kutu~)/B(B — Kete™) ~ 8% ~ 4% ~ 2% = =
Acp(B — K*0¢7) (all) ~ 6% ~3% | ~15% | ~15% | ~2%

(high mass) ~ 12% ~ 6% ~ 3% ~3% | ~4%
AFB(B — K*€+€7) 1 S0 ~ 20% ~ 9% ~ 9% ~ 12%
App(B — slT47) 1 49 ~27% ~ 15% ~ 7%

. Cy, Cro 36 —55% | 20 —30% | 9 — 13%

1.2.2 Unitarity Triangle Measurements

The major objective foBABAR and Belle was a precision measurementin®( (sin 2¢; ), as a unique overconstrained
test of the Standard Model, with the additionsdf2« (sin 2¢3) andy (¢2) measurements as the program matured.
We now have a measurementsafi23 to ~ 5% precision, with further substantial improvements on the way, and we
are making interesting determinationssaof 2«ae and~ as well.

Table 1-4. Measurement precision for sides of the unitarity trianglés| is omitted, as it will be theory/systematics
limited before we enter the ab regime.

Unitarity Triangle - Sides eTe™ Precision 1 Yr Precision
Measurement Goal 3/ab | 10/ab | 50/ab | LHCb | BTeV
[Vus| (inclusive) syst=5-6% 2% | 1.3% - -
[Vus| (exclusive) &, p) syst=3% 5.5% | 3.2% - -
fg: B(B — uv) SM:B ~5x1077 | 3¢ 60 | > 100 - -
fB: B(B — 11) SM:B ~5x107° | 3.3 60 > 100 - =
fB: B(B — tvy) SM:B ~2x107% | >20 | >40 | > 90 - -
Vall[Vis| (07/K*) Theory 12% | ~3% | ~1% - -

Measuring the sides of the Unitarity Triangle

Tablel1-4 summarizes the projected uncertainties on measurements of the sides of the unitarity triangle for various
sample sizes at a Sup®& Factory. With tens of ab', new methods for CKM element determination, some with
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smaller systematic uncertainities, become feasible. The leptonic d8cay<v(v) (¢ = e, u, 7) give a theoretically
clean determination d¥/,,;| f5 and, with the exception @8 — ev, have branching fractions which are well within the
reach of a SupeB Factory. Due to the presence of multiple unobserved neutrinos in the finalBtater searches
require full reconstruction of the accompanyifgusing the so-called “recoil method”, resulting in a substantially
reduced selection efficiency compared with— pv searches which do not use this method. Consequently, these
two modes are expected to produce comparable sensitiviy,tdf s, in spite of the fact that their Standard Model
branching fractions differ by two orders of magnitude. With a data samplekifab ', these two modes could each
independently give determinations |8f,,| /5 to better than 10%. The radiative modBs— (v (¢ = e, p) are also
potentially accessible using the recoil method, giving an additional determinatiti,0f 5, although with somewhat
larger theoretical uncertainties.

This improvement in measurement precision is an excellent match to expected improvements in theoretical calcula-
tions. Lattice QCD calculations have made great strides in the past few years, and now with unquenched calculations
and improved lattice actions appear to be on course for making usefully precise calculations. This synergy is a major
motivation for the CLECe program; further, both CLEQ@-measurements and improved QCD lattice calculations are
crucial to achieving the ultimate precision in unitarity triangle determinations at a Supactory.

The expected precision of lattice calculations, as presented at the Workshop, is shown ilxTabther projections

of the rate of progress and the asymptotic limiting precision vary depending on the projector, but it is likely that
theoretical inputs to unitarity triangle constraints will reach the several percent level on a time scale commensurate
with a SuperB Factory reaching limiting experimental precision.

Table 1-5. Expected improvement in the precision of calculation of lattice QCD parameters in the coming decade.

Lattice QCD Uncertainty (%)

Quantity Now | 1-2 years| 3-5yrs | 5-8 years
I 15 9 4 3
/5VBs 15-20 12 5 4
fB./ 1B, 6 3 2 1

& 7 6 2 1.5

B — wly 15 11 5 3

B — Dflv 6 4 1.6 1.2

The experimental precision with 10ab samples is a good match to theory limits for the unitarity triangle. This
program, which will make heavy use of recoil techniques unique'te™, is well motivated. By extending the
precision of these measurements, and by employing new techniques, we can both refine and extend the overconstrained
tests of the unitarity triangle pioneered B§BAR and Belle. There is potential here to discover New Physics, such as a
fourth generation or an ext@” boson, in theB unitarity triangle. Additional, perhaps more likely, routes to isolating

New Physics effects are described below.

Measuring 3

The precision of the measurementsafi23 in ¢es modes will continue to be statistics-limited until the 10ab™*
regime, by which times will be known to a fraction of a degree. If reducing systematics further remains an interesting
goal, then further improvement can be obtained by using lepton tags€n# is one of the theoretically cleanest
measurements that can be made in flavor physics; it should be pursued to the sub-percesinf2vet also the
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Table 1-6. Measurement precision for angles of the unitarity triangle.

Unitarity Triangle - Angles e*e” Precision 1 Yr Precision
Measurement 3/ab 10/ab 50/ab LHCb | BTeV
a (rm) (Sxm, B — 7w B's + isospin) 6.7° 3.9° 2.1° - -

a (pr) (isospin, Dalitz) (syst 3°) 3°,2.3° | 1.6°,1.3° | 1.0°,0.6° | 2.5°-5° 4°
a (pp) (Penguin, isospin) (stat+syst) 2.9° 1.5° 0.72° - -

B (Jh K?2) (all modes) 0.6° 0.34° 0.18° 0.57° | 0.49°
v (B — DYWEK) (ADS+D — Kgrn™) 2-3° 10° | <13°
v (B — D™ K) (all methods) 1.2—2°

benchmark for measurements(@® violation in the much raresss modes that appear so promising for isolating New
Physics effects.

Measuring «

The measurement of the anglés complicated by the presence of penguin amplitudes, which undermine the ability of

a measurement of th@P asymmetry in, for example3® — 7+7~ to directly determingin2«. Several techniques

have been proposed to isolate the effect of penguin amplitudes, thereby allowing the extraetioasobpposed

to a penguin-contaminatesl.ss. This can be done in ther, pm, andpp final states. A common feature of all

these techniques is that they require very large data samples in order to measure very small branching fractions

(such as the separate branching fractionsB8r— 7%7° andB’ — 7970) and/or to resolve (typically, four-fold)
ambiguities. Tabl4-6 shows that these methods can yield an ultimate precision of a few degregdifdrat least 10

ab~! is generally needed to resolve ambiguities. It is worth noting that the hadron experiments have mostly studied
measurement capabilities with the mode; the promisingp channel, with twar® mesons in the final state, may be

less accessible.
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Measuring ~

Table[1-6 lists two expected statistical errors on the measurementwith 10 ab™!. The more conservative error
estimate of2° — 3° is obtained employing only methods and decay modes that have already been observed and
used iny-related measurements. These && — DK* with D° — K—r+, D’ — CP-eigenstates, anf® —
KqmT7~.The sensitivities are estimated from the quoted experimental references. The range in the estimates is due
to current uncertainties in the ratio between the interfebing © andb — ¢ amplitudes, taken to be between 0.1 and

0.2. The modeD?® — Kg¢ntr~ is especially important in that it reduces the 8-fold asymmetry to a 2-fold asymmetry.

The less conservative estimate 102° — 2° is based on cautious assumptions about the sensitivities that could be
obtained with modes that have yet to be fully explored experimentally. One category of such modes is additional
multi-body D decays to final states suchasr— 7%, K* K 7° KsK+*K~, KsK*n~, Kgntn— 7% Ktr— 70,
andK+t7—nt7~. The second category B° — DK ()0 with a time-dependentand time-independentanalysis. The
third category isB — D+ Kgm~ decays/16], which also requires a time-dependent analysis.

It should be noted that there are additional modes and methods, not included isethsitivity estimates of Table 6,

that can be used to measure These methods presently suffer from difficulties in obtaining a clean extractign of
which will likely be resolved in the future. Examples include(23 + ) in B — D"+z= B — D®*p~ where
BABAR has already published measurement§€Bfasymmetries and constraints gnlt is not clear, however, whether

the ratio between the interfering— « andb — ¢ amplitudes can be measured with sufficient precision for these
measurements to be competitive with tBe— D K measurements at high luminosity. The estimates also exclude the
possible contribution aB* — DK *7°, where experimental issues are yet to be resolved and the level of interference
is not yet known.

1.2.3 Physics Performance Projections

Various benchmark physics measurements, discussed in Settbhisand1.2.2, have been used to illustrate the

physics reach of a Supd? Factory on the basis of integrated samples. In some cases, comparisons with hadronic
experiments are also possible. A set of assumptions has been made concerning the pace at which these projects reach
their design luminosity goals, as summarized in Tablé These assumptions then form the basis for time varying
projections of effective tagged samples in a number of important channels (observed yield weighted by effective
tagging efficiency). Finally, the effective tagged sample sizes, when combined with measured or simulated single
event sensitivities can be used to project the errors on benchmark observables. In the casecof todlider options

the samples are assumed to be continuations of the event samples obtained at PEP-II through the end of the already
planned program. In all cases, PEP-Il is assumed to cease operations at the point when installation of the upgraded
collider must begin. Integrated luminosities in these periods are taken from the published PEP-II plan.

Figure1-3 shows the time evolution of the error on the sine coefficient for time-deperideniolation in various

b — s Penguin modes. In this case the error reaches below 0.04 in most case within two years, which is the regime that
is relevant for definitive demonstration of potential New Physics in such modes. Bigisbows the error evolution

for the electromagnetic Penguin moB& — K97%.

Figurel-4 shows the effective tagged sample accumulations and expected evolution of the error on the sine amplitude
in time-dependentP asymmetries foB? — n+7~. In this case both LHEand BTEV are capable of measurements,

as well as a SupeB Factory. However, only a Supét Factory is capable of doing the complete isospin analysis of

the two-body modes in order to obtain the correction from the determinatiapgfin the CP asymmetry from the
charged mode to the unitarity angle The evolution of this correction as a function of time is shown in Fiduf2

The error orsin 2« falls below 0.05 within two years of startup for the SuggFactory.

Figurel-6 shows a comparable measurementioR«, which reaches below 0.04 within the same period.
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Figure 1-3. Projected time development for the error on the sine coefficient in a fit to the time-depé€titlagymmetry
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Table 1-7. Startup efficiencies and initial peak luminosities assumed for a SBeactory at SLAC, and the hadron

accelerator-based experiments LiH&Gnd BTeV in making projections of integrated data samples and measurement
precision.

Facility Start Date| Initial efficiency | Duration (years)

LHCb 1/2008 50% 2

BTeV 1/2010 50% 2

SuperB Factory | 10/2011 50% 1
10/2012 100% 1
10/2013 140% indefinite
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1.3 Conclusions

As the subject of flavor physics is at this point quite extensive, organizing the presentation of an intrinsically inter-
related set of topics i and D physics is a complex task. We have approached this task as follows.

This volume addresses four principal areas. Chdhtiscusses rare decays®fand D mesons and leptons, with an
emphasis on a detailed discussion of the precision to which Standard Model calculations of rare decays are known, and
the resulting sensitivity of a variety of measurements in isolating and interpreting signals of New Physics. 8hapter
deals with the many and varied approaches to determining the angles of the unitarity triangle by measuting the
violating phases of the CKM matrix, through the measuremerfifdfasymmetries or the isolation of phases using
constructions that often involve rather smBlimeson branching fractions. Chap#:addresses the determination of

the sides of the unitarity triangle by measuring semileptonic and purely lepfdmeson decays. Measurements

at the precision promised by improvements in lattice QCD calculations in the next decade provide a stringent set of
overconstrained tests of the CKlhsatzand are a method of finding evidence for the existence of a fourth quark
generation or of extr&® bosons. Chaptés discusses model-independent analyses aimed at isolating New Physics,
and presents a variety of examples using supersymmetric and extra dimension models.

Results continue to pour out of the asymmefié-actories. In the year since these Supdractory Workshops there

has been substantial experimental and theoretical progress that is not covered in these Proceedings. There are even
intriguing hints in the data fronBABAR Belle, and CDF of discrepancies with the Standard Model. Existing

facilities are capable of doubling or tripling current data samples, but it will take a S8ip&rctory to provide the
sensitivity to explore in detail effects in flavor physics due to the New Physics we expect to encounter at the LHC. The
LHC, the ILC and a SupeB Factory each will make a unique contribution to the exploration of physics beyond the
Standard Model. Having pioneered the us€®fviolation in unique tests of the Standard Model, we are now poised

to employCP violation as a unique diagnostic tool for the exploration of New Physics.
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2.1 Overview

Rare decays play a crucial role in the discovery potential of a SBpEactory. As they involve loop-suppressed
flavor-changing neutral currents, they are highly-sensitive probes for new degrees of freedom beyond the Standard
Model.

We present herein a comprehensive study of a large variety of measurements of rare decays that are likely to be of
crucial interest at a time when hadrorfitexperiments such as LH®r BTeV are already operating. Most of the
measurements discussed in this chapter require a clean, well-understood experimental environment that only a Super
B Factory can provide.

The chapter is organized as follows. In the first three general sections, we review the present status of rare decay
searches and measurements, summarize the theoretical tools employed, and discuss the prospects of reducing present
theoretical uncertainties by the time a SupggFactory is in operation. Each rare decay mode is then analyzed in

detail from the experimental and theoretical point of view. Sensitivity to New Physics in various rare decays is also
discussed in a general way; model-independent analyses of New Physics and specific model studies can be found in
Chaptel5. Future prospects for measurements of purely hadronic ‘dardecays are discussed in Chap@erThe

extraction of CKM elements from rare decays in the context of the Standard Model is discussed in &hapisr

chapter concludes with a short summary on the impact ofBaaed D meson decay studies on the search for physics

beyond the Standard Model
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2.2 Present Status of RareB Decays

>A. Al <

2.2.1 Motivation

RareB decays such ds — svy,b — dv, b — stt¢~, b — dt*¢~, BY — ¢t¢~, BY — ¢*¢~ are flavor-changing-
neutral-current (FCNC) processes in whidir@uark transforms due to weak interactions either inte-gnark ¢ — s
transition) or into ad-quark ¢ — d transition). They are characterized by the quantum number [flolB| = 1,
AQ = 0. The other examples of the FCNC processes inBhmeson sector are the particle-antiparticle mixings

BB’ and B;@S. For the mixings, the quantum number flow is characterizefB| = 2, AQ = 0. Asin the
Standard Model, all electrically neutral particles ¢°, H°, and the gluons) have only diagonal couplings in the
flavor space, FCNC transitions are forbidden at the tree level and are allowed only through induced (loop) effects.
This is the essence of the Glashow-lliopoulos-Maiani (GIM) mecharinwhich governs all FCNC processes in

the Standard Model.

A number of inferences can be drawn from this observation: FCNC transitioBsdacays probe the underlying
fundamental theory at the quantum level and hence they are sensitive to masses much higher than thquafkhe

In the Standard Model, this higher scale is characterized by the top quark~m&ss GeV; the virtual top quark
contribution dominates theAB| = 2, AQ = 0 transitions. In the case of raf@ decays, in general, light-quark
contributions are also present, which have to be included for a satisfactory phenomenological description of the
observed phenomena, but the role of the top-quark-induced amplitudes remains crucial. By virtue of this, FCNC
transitions enable us to determine the CKM matrix elements in the third row of this matrix, n&mely, andV;,.

Of these |V}, | has been measured by the CDF collaboration in the production and decay of the topguark.X,

t — bW, yielding |Vi,| = 0.9670 35 [2]. However, FCNC processes are at present the only quantitative probes of
the other two CKM matrix elementg, andV;, [3]. Current measurements yielt,;| = (8.5 4+ 1.0) x 10~2, which

results from the measured mass differedck/z, = (0.502 4 0.006) ps~! [4] and the lattice-QCD-based estimates

of the pseudoscalar couplinfs,/Bp, = (210 & 24) MeV [5], whereasV,, = —(47 &+ 8) x 1073 [6], resulting

from the next-to-leading order calculations of the branching ratio for the inclusive X+ decay and experiment,
discussed below.

In beyond-the-Standard Model scenarios, FCNC processes are sensitive to new particles with masSésTavjo

such as the Higgses, charginos, stops and neutralinos in supersymmetric theories. The best-studied case to date is
the decayB — X v, which has become the standard candle of flavor physics, and provides important constraints on
the parameters of models beyond the Standard MafjelGlose on the heels of the radiative decays are the FCNC
semileptonic decay® — X, ¢*¢~ (and their exclusive modes such Bs— (K, K*) ¢t¢~). The first goal of the
experiments has already been achieved, in that all the inclusive and exclusive decéayé(ferete™, u+ ) have

been measured by tH#BAR and BELLE experiments at the curreltFactories/8]. Within the present experimental

and theoretical precision, these measurements are in agreement with Standard Model estimates at NLOQjccuracy |
10Q]. Being the first measurements probing the electroweak penguin sector Bfrttesons, only the integrated decay

rates inB — (X, K, K*) (T ¢~ are thus far well-established. Measurements of the invariant dilepton mass and the
hadron mas3/x_ are, however, sparse. They will greatly improve in precision at a SBeactory, where the full

force of the increased luminosity will be brought to bear on the precise measurements of the Dalitz distributions in these
decays. In particular, measurements of the dilepton invariant mass spectra and the forward-backward asymmetries for
B — (K*, X, )¢+ ¢~ [11] would determine the effective Wilson coefficients of the underlying effective tha@a[].

Given a fundamental theory, such as the Standard Model or a supersymmetric theory, the Wilson coefficients can be
calculated quite precisely taking into account QCD renormalization effects. These can then be extracted from the
data, taking into account the residual power and radiative corrections, thereby allowingESkgetory experiments

to test the Standard Model precisely in the electroweak penguin sector and carry out a focused search of physics
scenarios beyond the Standard Model. It should be emphasized that, as opposed to the electroweak precision tests,
where physics beyond the Standard Model enters in most observables only as part of the loop corrections, and hence
such effects are small, in many raBe(and K') decays, the contribution of physics beyond the Standard Model can be
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comparable contribution to that in the Standard Model, and in some cases the former could be much larger. Hence,
precision studies of the flavor-changing rd#§and K') decays provide sensitivity to high scales, such that the signal
(from New Physics) to background (from the Standard Model) ratios are much more favorable than is the case in the
flavor-diagonal electroweak precision tests.

The purely leptonic decays39(BY) — ¢+¢~, apart from being a precision test of the Standard Mod&) 14],

provide potentially sensitive probes of an extended scalar (Higgs) sector. The current experimental upper bounds
[15,/16], while they are orders of magnitude away from the Standard Model branching ratios, however, do probe the
largetan (3 region in supersymmetric theorieky] 18,18, 20, 21, 22,23, 124].

The decay3 — (X, X4)v7 are arguably the cleanest probe of the short-distance contribution ifs rdeeays/25],

but, lacking sufficient kinematic constraints to construct the final state, they present a great challengeBelvan-at

tories. The current upper limit of(B — X,v7) < 6.4 x 10~* from the ALEPH collaboratioriZg], is more than an

order of magnitude away from the estimates in the Standard M&delfl] B(B — X,vv) = (4.0 = 1.0) x 107°.

The branching ratios of the exclusive dec#/s— (K, K*)vv have larger theory uncertainty due to the form factors.
Since the Standard Model branching rati®s3 — Kvv) = 3.8732-107% andB(B — K*vp) = 1.3703-107°

[27] are not small (compared te,g, B — K®) ¢/~ decays), with a reconstruction efficiency@{10—?), one can

probe them with a sample o6° B's. The current boun#3(B~ — K ~vv) < 7.0-1075 [2§] is an order of magnitude

away from the Standard Model but already provides interesting constraints on scenarios beyond the Standard Model,
e.g, [29,24.

Precision studies of the radiative and semileptdnie> d transitions will be undertaken at the current and Super
B Factoriesin the decayB — (Xg4,p,w)y and BS — (Xg4, 7, p,w)l¢~, respectively. The threshold for these
transitions has now been reached by the curf@ériiactory experiments. As this contribution is being written, the
Belle collaboration has just announced the first measurement of the exdlusivé radiative transition through the
decaysB — (p,w)~ [30]. The branching rati3(B — p/w~) = (1.873:% +0.1) x 106 is in agreement with the
Standard Model-based estimat@4,|32, 3]. Together with the measured branching ratiosifor~ K*~ decays, the
ratio B(B — p/w-~y)/B(B — K*~) constrains the CKM-Wolfenstein parametgrand 7 [33], and, as worked out

in detail in [34], they must be included in overall CKM unitarity fits in the Standard Model. A first determination
of the ratio|V;4/V;s| from radiative B decays is being discussed here, yieldiBg][0.16 < |Vi4/Vis| < 0.29 (at
68% C.L.), which is in agreement with the indirect estimates of the same in the Standard Model obtained using CKM
unitarity fits0.18 < |V;4/Vis| < 0.24. At a SuperB Factory, these decays will be measured with great precision,
and the challenging measurements of the isospin-violating_dhdiolating asymmetries in th& — p~ decays will

also be undertaken. Both of these asymmetries provide a determination of thexdBdlé82]. In that respect, the
radiative decay$3 — (p,w)v are complementary to the hadronic dec#/s— nw, B — pr and B — pp being
currently studied by the Bellé8B] and BABAR [37, 38| collaborations, which will become very precise in the era of
the SuperB Factory and in experiments at the hadron collidét$eV and LHG. The inclusive decayy — X, is
theoretically cleaner than its exclusive counterparts discussed earlier but experimentally a good deal more challenging.
The estimated branching rat®{ B — X4v) ~ 1.3 x 10~5 in the Standard ModeBg] is typically a factor 30 smaller
than the rate for the dominant dec&y— X,~, and hence one requires very good control onglggiark rejection

to suppress this background. Using thguark mistag efficiencw, = 30%, it has been estimated that a 15%
measurement ofi;;/V;,| from the measurement of the rat®(B — X,v)/B(B — X,v) would require a data
sample of0(10) (ab)! at a SuperB Factory.

The third motivation in the precision studies of rd8edecays is that they provide almost ideal situations to develop

and test quantitative theoretical tools. Leptonic, semileptonic and radiative decays, being simpler as far as the strong
interactions are concerned, are theoretically more tractable than their nonleptonic counterparts. We have in mind here
processes such @& — K*y, B — py, B — (K,K*){T¢~ andB — (v, that are less challenging theoretically

than nonleptonic decays such Bs— nm and B — wK. Radiative and semileptonic decays undergo calculable
perturbative QCD and power corrections {ifmn, andl/m.) and teach us about the non-trivial aspects of the effective
theory relevant for the heavy-to-light hadronic transitions. These include, among others, factorization, treatment of
large logarithms that are usually present in processes with an intermediate scale, the light-cone distribution amplitudes
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for the B meson as well as the light hadrons, and the shape functions which determine the energy-momentum profile of
the final states. Radiative and semileptaBidecays also provide case studies for the formulation of the soft-collinear
effective theory to undertake precise theoretical calculatiors decays.

In the following, we briefly discuss the theoretical and experimental status of some principal measurements in rare
B decays that have already been undertaken in current experiments, and briefly mention some of the benchmark
measurements in this area at that can be made at the planned experimental facilities.

2.2.2 Inclusive radiative rare B decays

We start by discussing the general structure of the amplitudes in radiative and semileptoiicderays and their
dependence on CKM matrix elements. The transitions sy andb — s/ ¢~ involve the CKM matrix elements

from the second and third columns of this matrix, with the unitarity constraint taking theXorm, A; = 0, where

A = Vi ViE. This equation yields a unitarity triangle which is highly squashed, as one of the sides of this tnangle
Ao = Vi Vi, ~ AN*(p — i) is doubly Cabibbo-suppressed, compared to the other two sides—\; = A\? +

Here, A, A\, p and7 are the CKM-Wolfenstein parameters. Hence, the transitiors sy andb — s/¢T¢~ are

not expected to yield useful information on the paramefeasid7;, which define the apex of the unitarity triangle

of current interest. The test of unitarity for the— s transitions in rareB decays lies in checking the relation

At ~ —A., which holds up to corrections of orde?. The impact of thes — dy andb — d¢T¢~ decays on

the CKM phenomenology is, however, quite different. These transitions involve the CKM matrix elements in the
first and third columns, with the unitarity constraints taking the f@ﬂ.c,tfi = 0, with §&; = Vi V5. Now, all

three matrix elements are of ordét, with &, ~ AX3(p — i), & ~ —AN?, and§, ~ AN3(1 — p + i7). This
equation leads to the same unitarity triangle as studied through the conskgifts,, AMp, (or AMp,/AMg.).
Hence, the transitions — dv andb — d¢*¢~ lead to complementary constraints on the CKM parametensd?,

as illustrated in the following.

A theoretical framework for analyzing tlle— s+ transition is set by the effective interaction Hamiltonian:

e
Heott = FV;;thZC (2.1)

\f i=1

The definition of the operator@; is given in Ref. ]. Perturbative calculations (see Refd0[41] and references
therein) are used to find the Wilson coefficients in k& scheme, at the renormalization scale~ m;,

2
Cilin) = €L ) + 220D ) + (222 ) €+ 22)

Here, Cf") (1p) depend onx, only via the ration = as(uo)/as(u), Wherepg ~ myy. In the leading order

(LO) calculations, everything buﬁ‘(o) (1p) is neglected in Eqi2.2). At the next-to-leading order (NLO), one takes
C(l)(ub) into account. The Wilson coefficients contain information on the short-distance QCD effects due to hard
gluon exchanges. Such effects enhance the perturbative branchingfatie sv) by roughly a factor of threedP)].

This formalism applies td — d~ as well. The corresponding operatars are also given in Ref6]. The matching
conditionsC; (1) and the solutions of the RG equations, yield®d ), coincide with those needed for the— sy
process.

The inclusive branching rati®(B — X,v) was first measured by the CLEO collaboration in 1¢85|.[ Since
then, it has also been measured by B#8AR [44], CLEO [45], Belle |46] and ALEPH [|7] collaborations. These
measurements were averaged in 2(4}3q yield

B(B — X,v) = (3.48 £0.36) x 107 . (2.3)

Recently, Belle/48] has reported an inclusive measurement of the photon energy spectiimitX ;v in the photon
energy intervall.8 GeV < EJ < 2.8 GeV in the center-of-mass frame. The Belig-spectrum is similar to the
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one measured by CLEQIE], but the precision of the branching rat®{B — X,v) in the Belle measurement is
less affected by the theoretical errors, as the fraction of events satisfying the Belle cut is estimated to be about 95%.
Correcting for this, the inclusive branching ratiol48][:

B(B — X,7) = (3.59 £ 0.32+0:30 4011y » 104 (2.4)

where the errors are statistical, systematic, and theoretical. The measuréhmtsd 2.4) are to be compared with
the Standard Model calculations to NLO accuracy, obtained usiniithecheme for the quark mass#$[50], and
the pole quark masseS]], respectively

B(B — X755 = (3.73£0.30) x 1074, (2.5)
B(B — X¢7)|pole—quark mass = (3.35 £ 0.30) x 107, (2.6)

The theoretical uncertainty in the branching ratio from the scheme dependence of the quark A3&Bes—

X.v) = 0.38 x 10~* is larger than the rest of the parametric uncertainty. The difference between the two theoretical
branching ratios is actually a NNLL effect; removing this uncertainty requires a full NNLO calculation. Parts of these
contributions incorporating the two-loop matching of the operators- Og [52], the fermionic NNLL corrections

in b — sg [53] and three-loop matching of the dipole operatGrs and Og for b — sy andb — sg [54] are
already available, but the crucial part resulting from the three-loop corrections to the matrix element of the four-quark
operatorsD; and O, remains to be done. Of course, there are also other contributions that are still missing in this
order. At a SupeB Factory, the experimental errors 8B — X ) will be reduced from the presestl 0% to a few

per cent. Hence, there is a strong motivation to reduce the theoretical errors on the Standard Model-based estimates as
well. While this will take a while, another estimate in the NLO accuracy (with updated input parameters) is suggested
by Hurth, Lunghi and Porodsg], by using the ratian./m;, = 0.23J_r8;8§, where the asymmetric errors cover the
current dispersion in the value of this ratio in the two quark mass schemes being discussed, yielding:

B(B — X4v) = (3.797025) x 107*. (2.7)

Thus, whether EqIZ.5), (2.€) or (2.7) is used for the NLO Standard Model-based estimate, within the experimental
and theoretical errors, the Standard Model agrees well with the present measur@ieatsi(2.4). This quantitative
agreement allows very stringent constraints to be placed on the parameters of a theory beyond the Standard Model,
such as supersymmeti®4, 57, 22].

Concerning the determination of the CKM factorfrom theb — s+ decay, we note that when the theoretical result
is reevaluated without use of the CKM unitarity in the dominant contributioes (everywhere except for three
small(< 2.5%) corrections), a comparison with the experiment leads to the following constraint on the CKM matrix
elements@]:

| 1.69 A\, + 1.60 \e + 0.60 A, | = (0.94 & 0.07) |Vep|. (2.8)

After using the numerical values of. ~ |V,,| = (41.0 &+ 2.1) x 102 and \,, from the PDG 2], this equation
yields [6]: ,
A = Vi Vit ~ —(47.0 £ 8.0) x 1073, (2.9)

corresponding to a precision of about 17%. This is consistent with the unitarity relation— ;. Its accuracy will
improve at a SupeB Factory, providing a determination &f, hence ofV;,, to an accuracy of better than 10%, limited
essentially by theoretical errors.

Contrary toB(B — X,v), a measurement of the branching ra6B — X,v), would provide us with useful
constraints on the Wolfenstein parametgrand7 [39]. To get the theoretical estimate of the isospin-averaged
branching ratio{B(B — Xg47)), one calculates the ratio of the branching rafiB$B — X47v))/(B(B — Xs7)).

Then, using the central values of the CKM parametetsp,77) = (0.82,0.22,0.35) and (B(B — X)) =

3.5 x 1074, implies (B(B — X47v)) ~ 1.3 x 1075 in the Standard Model. Thus, witA(10®%) BB events collected

so far at theB Factories(©(10%) B — X4y decays have already been produced. However, as discussed elsewhere in
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this Proceedings, extracting them from the background remains a non-trivial issue. Hence, no limits on the branching
ratio for the inclusive decay3 — X4 are currently available.

Apart from the total branching ratios, the inclusive decBys- X(a)y provide us with other observables that might

be useful for the CKM phenomenology. First, tRe— X v photon spectrum in particular the moments of the photon
energy, enable to extract the HQET paramelgrékinetic energy of thé quark) andA (mass differenceng — my)

that are crucial for the determinationdgf, andV,,. SecondCP-asymmetries contain information on the CKM phase.

These asymmetries can be either diréet,(occur in the decay amplitudes) or induced byﬂ’i@0 mixing.

The mixing-inducedCP asymmetries inBB — X4y are very small Q(mgq)/ms)) in the Standard Model, so
long as the photon polarizations are summed over. It follows from the structure of the dominant oferiatdne
Standard Model that the photons produced in the decay® arid B have oppositeircular polarizations. Thus, in
the absence of New Physics, observation of the mixing-inda#ediolation would require selecting particulémear
photon polarization with the help of matter-induced photon conversioreinto pairs 58]. Theoretical prospects for
measuring the photon polarizationfh— X, are discussed by Pirjol in Secti@nlQ

The Standard Model predictions for the diréd asymmetries aré3g]

_ (B — Xsy) - T(B — X5
Acp(B — Xov) = (B = Xoy) = T(B = X59) 97 320~ 0.5%, (2.10)
I['(B — Xsv) + (B — X57)
(B — X47) - (B — X- —0.277
Aep(B — Xyy) = LB = Xa) “TB = Xgy) 927”72 ~ —13%, (2.11)
(B — X4v) +T(B — X37) RSO

wherep = 0.22 and7; = 0.35 have been used in the numerical estimates. As stressed irBBlethre is considerable

scale uncertainty in the above predictions, which would require one-loop corrections to the existing theoretical results.
The smallness oficp (B — X,v) is caused by three suppression factovsy \;, s /7 andm?2/m?. Recent updates

given in B5] are compatible with the earlier estimat&§]. The Standard Model predictiorig.0() and the ones given

in [55] are consistent with the (currently most stringent) bound on this quantity from the Belle collaboEsjion |

—0.107 < Acp(B — X,7) < +0.099  at90% C.L, (2.12)

and rule out any sizable dire€tP asymmetry in this decay mode. The search for a weak phase iB the X,y
transition will be set forth at a Supét Factory with sensitivities of a few percent.

2.2.3 Exclusive radiativeB Meson decays

The effective Hamiltonian acting between tllemeson and a single-meson state (d&y, or p in the transitions

B — (K*, p)~y) can be expressed in terms of matrix elements of bilinear quark fields inducing heavy-light transitions.
These matrix elements are dominated by strong interactions at small momentum transfer and cannot be calculated
perturbatively. They have to be obtained from nonperturbative methods, such as the lattice-QCD and QCD sum rules.
As the inclusive branching ratiB(B — X,v) in the Standard Model is in striking agreement with data, the role of

the branching ratidd(B — K*~) is that it will teach us a lot about the QCD dynamics, such as the behavior of the
perturbation series ia; and1/my, quantitative tests of the factorization properties of fhe~ K*~ hadronic matrix

element, and the form factor governing the electromagnetic penguin trangifor(0). Moreover, the Standard

Model can be tested precisely through the isospin@Rd/iolations in the decay rates.

In the following, we focus on the exclusive decBy— K*~. The discussion of th& — (p,w)~y modes is presented
in Section2.8. In Table2.2.3we present all the available experimental measuremeni8 en K*~ decays from
CLEO [63], Belle [61] and BABAR [62], with the current averages taken frod].[ These are to be compared with the
theoretical calculations for the branching ratios calculated in the next-to-leading B8)82[64] using the QCD-
factorization framework@5]. An updated analysis based dBl] (neglecting a small isospin violation in the decay
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Table 2-1. The Standard Model-based predictions for branching ratios, isospin-violating ratioraagymmetry for
the decay3 — K™~ and comparison with theABAR and Belle data.

Observable Theory (SM) Experiment

B(B® — K*0y)
B(B* — K**y)

(3.97£0.21) x 107° [4]

(6.9+2.9) x 107 39 (4.06 £ 0.27) x 1075 [4]

(34+4.4+26+25)% [6]]

* +2
Bot(B — K*) (823)% [60 (5.1 +4.4+23+24)% [62)
B(B — X,) (3.7970:3%) x 10~* [55), (3.48 4+ 0.36) x 10~* [4]
Acp(B — K*) < 0.5% (—1.4+4.441.2)% [6]]

widths) yields B5):

2 (TE (0,m)
B(B — K*7) = (6.9+0.9) x 1075 [ —2 1Mt pole L —(6.9+29)x107%, (2.13
( 7= ) (1.6 ps) (4.65 GeV) 0.38 ( J1077, (213)

where the default value for the form fact@{< (0,7m;,) is taken from the LC-QCD sum rule$q] and the pole
massms pole = (4.65 £ 0.10) GeV is the one loop-corrected central value obtained fromMiseb-quark mass
mp(my) = (4.26 £0.15 £ 0.15) GeV in the PDG reviewd]. Using the ratio

B(B — K*7)

R(K™v/Xsv) = B(B = X.7)

=0.117 +0.012, (2.14)

the agreement between the QCD-factorization-based estimates and the data ®guitesa,) ~ 0.27 4+ 0.02. The
allowed phenomenological values Bf< (0,7;,) are abou5% below the current estimates of the same from the
LC-QCD approacl’” (0,7,) = 0.38 & 0.05.

Attempts to bridge the factorization-based theory and experimeBt i K*~ decays are underway. Along this
direction, SU(3)-breaking effects in thé- and K *-meson light-cone distribution amplitudes (LCDA'S) have recently
been re-estimated by Ball and Boglior&/]. This modifies the input value for the Gegenbauer coefficients in the
K*-LCDA and the contribution of the hard spectator diagrams in the decay amplitude fer K*~ is reduced,
decreasing, in turn, the branching ratio by ab@it[35]. The effect of this correction on the form factdf<” (0, ,),

as well as of some other technical improveme®,[has not yet been worked out. Updated calculations of this
form factor on the lattice are also under w&g|, with preliminary results yielding <" (0, 7z, ) ~ 0.27, as suggested

by the analysis in2.14), and considerably smaller than the ones from the earlier lattice-constrained parametrizations
by the UKQCD collaborationd9]. Finally, the Sudakov logarithms, due to the presence of an intermediate scale
of O(/AqcpMp) characterizing the virtuality of a nested gluon in the calculation of the matrix eleméht-in

K*~, have recently been resummed to all orders of the perturbation theory in the phenomenologically significant
chromomagnetic operatddg [70]. The resummation effects decrease the matrix elerfirity|Os|B) by about 4%

and hence are not sufficient by themselves to bring down the Sudakov-improved theoretical branching ratio by the
required amount. Understanding the experimental decay ratés for/*~y remains an open theoretical problem.

Other important observables are thE asymmetryAcp (B — K*v) and the isospin-violating ratio

P(B® = K*'9) =T (B* = K" ')
I'(B° — K*0q) + I(B+ - K ")

Aoy = (2.15)
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Experimental results and theoretical predictions are summarized in[Zgbie The determinations of the isospin-
violating ratios are consistent with the Standard Model-based estimate and rule out any significant isospin breaking in
the respective decay widths, anticipated in some beyond-the-Standard Model scenarios. LikewiBeathimnmetry

in B — K*~ decays, which in the Standard Model is expected to be of the same order of magnitude as for the inclusive
decay .10 and (B5]), is completely consistent with the present experimental bounds. At a Supactory, thisCP
asymmetry can be probed at the level of 2%, v@itfil) (ab)~! data, which would still not probe the Standard Model
expectation< 0.5%, but would provide sensitivity to the presence of new weak phases, for example, in supersymmetric
theoriesF1].

2.2.4 Semileptonic decayb — s¢t¢~and B — (K, K*)£T¢~

First measurements of the inclusive semileptonic dedays: X, /"¢~ and some exclusive decay modes such as
B — (K, K*)¢*t¢~ have already been made by tBaBAR and Belle experiments at the Factories at SLAC and
KEK. Below, we review the phenomenology of these decays and quantifiagipert between the experiments and
the Standard Model.

The theoretical framework to study the semileptonic decays is the same as that of the radiative decays, namely the
effective Hamiltonian approach, where the operator basis has to be extended to include the four-Fermi semileptonic
operators. In the context of the Standard Model, there are two such operators,@alee®i O, :

2 2

e’ _ = e 7
Os = 5 (FLubr) zp: (), Ow =5 Grwbr) Zé: (v*750), (2.16)
i A% A

with their associated Wilson coefficients (1) and Cio(p). Here, e and g, are the electromagnetic and strong
coupling constants,respectively, aAdR) stands for the left (right) chiral projection. In the semileptonic decays
being considered here, there is a strong contribution whose presence is due to the long-distance resonant amplitude
B — (X4, K,K*) (Jj,v*,...) — (Xs, K, K*) ¢t¢~. This contribution, which can be modeled in terms of the
Breit-Wigner functions for the resonancdd] or calculated in terms of a dispersion relatidt2], can be essentially
removed by putting a cut on the invariant dilepton mass near the resonance s&gs: +p,-)? = m?,/w , mf/),, e

We shall assume that this can be done quite efficiently in the ongoing and planned experiments. However, the non-
resonantc contribution, entering through the so-called charm penguins, remains. This is included in the calculations

of theb — s¢t¢~ matrix elements which contains, in addition, the short-distance part of the amplitude from the
(virtual) top quark.

There are two quantities of principal experimental interest: (i) The dilepton invariant mass (DIM) spectrum, and (ii) the
forward-backward (FB) charge asymmetty (s) [11]. The currentB Factory experiments yield information only

on the DIM-spectrum; the measurement of the forward-backward asymmetry will be undertaken, in all likelihood,

at the SuperB Factory and in experiments at the hadron colliders, such as the la4d@ BTeV. Both of these
measurements are needed to test the Standard Model precisely in the electroweak sector and to determine the effective
Wilson coefficients. In what follows, we first summarize the main theoretical developments in calculating the rates
and distributions in the inclusiv® — X, ¢*¢~ decay, and then discuss the current measurements. The exclusive

B — (K, K*) ("¢~ decays are then reviewed and the Standard Model-based estimates compared with the current
data.

The lowest order calculation of the DIM-spectrum in tBe— X £7¢~ decay was performed in Ref7J] in the

context of the Standard Model and its minimal extension to the case with two Higgs doublets. In this order, the one-
loop matrix element of the operat® depends on the renormalization scheme. This scheme-dependence is removed
by calculating the NLL corrections to the anomalous dimension matrix (hence the Wilson coeffigjeiibe O(ay)
perturbative corrections to the matrix elements of the opem@towere calculated in Ref(74]. Inclusion of the
matching conditions at the NLL level reduced the scale-dependence in the top quarlumass the DIM-spectrum

to aboutt16% [75,(76].
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The next step was to implement the leading power correctioui,ifp /m;, to enable a transition from the partonic
decay rates and distributions calculated for thes s¢*¢~ process to the corresponding rates and distributions in
the hadronicB — X,.¢7¢~ decay. This was done using the operator product expansion (OPE) and the heavy quark
effective theory (HQET)/{7]. The first(’)(AéCD/mf) corrections to the decay rate and the DIM-spectrum were
undertaken in Ref.78]; these were subsequently rederived and corrected in Rgff. [The corresponding power
corrections to the FB-asymmetry in ti® — X ¢/~ decay were also first calculated in Reéf9], and those in

the hadron masgX,) and hadron moments were derived in Re8E, B1]. The power corrections in the decay rate

and the DIM-spectrum were extended to includedhet?,, /m;) corrections in Ref/82], while the O(Agp/m?)

power corrections to the DIM-spectrum and the FB-asymmetry due to the intermediate charm quark were calculated
in Ref. [25] using the HQET approach. Of these, the corrections up(td?,., /m;) andO(A3p/m?) have been
implemented in the analysis of data 8n— X ¢+ ¢~ discussed later.

In the recent past, several steps in the re-summation of the complete NNLL QCD logarithms have been undertaken.
The counting is such that this corresponds to the calculation of the condplete corrections in this process. They
are itemized below:

e Two loop O(a?) matching corrections to the Wilson coefficierits( My, ) were obtained in Ref52]. They
reduced the:y -dependence discussed above but the decay rate remained uncegdid%ylue to the lower
scale(uy)-dependence.

e Two loop O(a?) matrix element calculations, yielding; »(m;)), were obtained in Ref88,84]. With their
inclusion, the lower scale4 )-dependence in the DIM-spectrum was reducet®t.

e Two loopO(a?) matrix element calculations yieldin@y (m;)), were obtained in Ref85]. DominantO(aa)
effects up to NNLL were also calculated in this paper.

The only missing piece is the two lodp(a?) calculations of the matrix element®;_¢(m;)). However, their Wilson
coefficients are too small to have any appreciable effect in the decay rates and distributions.

This work has been put to good use in calculating the DIM-spectrum in the NNLL accuracyfaym; < 0.25 [83,
84], which has been recently confirmed and extended to the full DIM-speci®6n The FB-asymmetry inB —
X0+~ to NNLL accuracy has also been recently comple&fi88].

Taking into account the various input parametric uncertainties, the branching ratids for X,ete™, B —
X,ptp~ andB — X, £7¢~, which is the average over" e~ andu*u~, are given in Tabl@-2. Note that the
inclusive measurements from Belle aBdBAR, as well as the Standard Model rates, include a cut on the dilepton
invariant massM,+,- > 0.2 GeV. Within the current experimental and theoretical uncertainties, there is good
agreement between the Standard Model-based estimates and data. At thé $igmeory, the DIM-spectrum will

be measured precisely, which will provide information on the possible contribution from physics beyond the Standard
Model.

As with the DIM-spectrum, the NNLL contributions stabilize the scalei(,)-dependence of the forward-backward
asymmetry; the small residual parametric dependence is dominat&ddym,,) for s = 0 [88]

ARER(0) = —(2.51 £0.28) x 107¢; AREEE(0) = —(2.30 +0.10) x 1075, (2.17)

Apart from the FB-asymmetryrg (), the FB-asymmetry zerdrp(59) = 0 is a precise test of the Standard Model,
correlatingC¢™ and CS. Inclusion of the NNLL corrections causes a significant shiféjf+L [88, 187 and the
resulting theoretical error is aroursd. Detailed studies of the FB-asymmetry in the deéay— X ¢/~ will be
undertaken at a Supét Factory. This is a precision test of the Standard Model and may reveal possible New Physics.

There are, as yet, no measurements of the difécasymmetries in the rate fd&# — X, ;" ¢~ decays. Theoretical
studies have been done (see R@8] fnd [90]), the latter in the NNLL approximation. The Standard Model predicts
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Table 2-2. The Standard Model-based predictions from R@L] [for the branching ratios of the decay3 —
(K,K*,X,) ¢~ and comparison with theABAR and Belle data, both in units ab~°. Experimental averages are
taken from|f]. For the inclusive modes, both data and theory requife,- > 0.2 GeV.

Decay mode Theory (SM) | Expt. (Belle & BABAR)
B — Kite~ 0.35 +£0.12 0.55 + 0.08

B — K*eTe™ 1.58 £0.52 1.254+0.39

B— K*utpy~ | 12404 1.19+0.31

B — X,utp~ | 4.1540.70 7.0+2.1

B — X,ete™ 4.24+0.70 5.8+ 1.8

B — X T~ 4.18 £0.70 6.2+1.5

directCP violation forb — s transitions to be tiny, due to the double Cabibbo suppression of the weak phase, hence
there is room for New Physics effects. These asymmetries can be searched for with sufficient statistics Super
B Factory. The ratio o3 — X4¢7¢~ andB — X,(*¢~ rates can also be used to extrdét; /V;,| [89].

The exclusive decay® — K{(T¢~ and B — K*{™/~ have already been measured B§BAR and Belle. Their
branching ratios are given in Tal2e2 together with the theoretical estimate in the Standard Model, calculated using
the form factors from the LC-QCD sum rule approa®h [Within current errors there is agreement between the
Standard Model and experiments. This comparison will become very precise at afSdaatory. Future high
luminosity measurements will also access the forward-backward asymmery-ink *¢+¢~ and search for its zero,
very similar to the case of inclusive decays.

Form factors are the biggest source of theory error in the description of exclusive semileptonic decays. Effective field
theory tools and SU(3) relations with — (m, p)¢v, decays (once they are precisely measured) greatly improve the
theoretical precision, at least in some kinematic ramgg, the low dilepton mass for LEET/SCET relations or in
specific observables. For example, the position of the zero of the forward-backward asymnietry id* ¢+ ¢~

decays is insensitive to hadronic effects and its experimental study can distinguish between the Standard Model and
physics beyond the Standard Model.
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2.3 Theoretical tools
>— T. Hurth and E. Lunghi<

The effective field theory approach serves as a theoretical framework for both inclusive and exclusive modes. The
standard method of the operator product expansion (OPE) allows for a separationBofitson decay amplitude

into two distinct parts, the long-distance contributions contained in the operator matrix elements and the short-distance
physics described by the so-called Wilson coefficients. The latter do not depend on the particular choice of the external
states. New physics can manifest itself only by changing the numerical values of these coefficients or introducing new
operators. Within the OPE, all particles with mass larger than the factorization scale (in the Standard Model, these are
the W boson and the top quark) are integrated oat, removed from the theory as dynamical fields.

In the following, we discuss, as an example, the theoretical framework fers/d ~y transitions. These theoretical
tools are also used in all other rare decays, with specific modifications.

The effective Hamiltonian for radiative— s/d~ transitions in the Standard Model can be written as

8 2
Hogs == | 2 Culi)OLo) + 43 D Clw)(01(s) = OF ) 219

whereQ;(u) are dimension-six operators at the scale: O(my,); C;(u) are the corresponding Wilson coefficients.
Clearly, only in the sum of Wilson coefficients and operators, within the obsertébtibes the scale dependence
cancels outG'r denotes the Fermi coupling constant and the explicit CKM factorgare V,, V;: andAy =V, V" .
The unitarity relations\j = —)\g — A, were already used ii2(18).

The operators can be chosen as (we only write the most relevant ones):

Oz = (5pyucr)(eLy’b), (2.19)
05 = (Spyuur)(@ry*or) (2.20)
O = e/g2my (310" bR)F . (2.21)
Og = 1/gsmp(5L0"TbR)GY,,, (2.22)

where the subscripts and R refer to left- and right- handed components of the fermion field$. 4a s transitions
the contributions proportional ¥ are rather small, while ih — d decays\} is of the same order a¥, and they
play an important role il©P and isospin asymmetries (for a complete list of operators&He [

While the Wilson coefficient€’; (1) enter both inclusive and exclusive processes and can be calculated with perturba-
tive methods, the calculational approaches to the matrix elements of the operators differ in both cases. Within inclusive
modes, one can use quark-hadron duality in order to derive a well-defined heavy mass expansion (HME) of the decay
rates in powers ofl.,/my. In exclusive processes, however, one cannot rely on quark-hadron duality and has to face
the difficult task of estimating matrix elements between meson states, which leads to large theoretical uncertainties in
spite of recent developments such as the method of the QCD-improved factorization and the soft collinear effective
theory. The latter methods, in general, do not allow a quantification of the impdrtant corrections to the heavy

quark limit.

In the inclusive modes, the hadronic matrix elements are dominated by the partonic contributions. Bound state effects
of the final states are eliminated by averaging over a specific sum of hadronic states. Moreover, long-distance effects
of the initial state are also accounted for, through the heavy mass expansion in which the inclusive decay rate of a
heavy B meson is calculated using an expansion in inverse powers df gluark mass. In particular, it turns out

that the decay width of th& — X, is well-approximated by the partonic decay rate, which can be calculated in
renormalization-group-improved perturbation theory:

F(EH Xs’}/) — F(b*) ng)arton,y) +Anonpert. (223)
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Non-perturbative effects\™°mre" are suppressed by inverse powersgfand are well under control thanks to the
Heavy Mass Expansion (HME); they can be further estimated through the application of the Heavy Quark Effective
Theory (HQET). In fact, the optical theorem relates the inclusive decay rate of a hHgranthe imaginary part of
certain forward scattering amplitudes

1
D(Hy — X) = 5

S(Hy | T | Hy), (2.24)
™M,

where the transition operatdr is given byT = i [ d*z T[Heq(z)Hes (0)]. It is then possible to construct an OPE
of the operatofT', which is expressed as a seriedafal operators — suppressed by powers ofdlggiark mass and
written in terms of thé quark field:

T OEE i(

1 1
Op+—01+—502+...) . (2.25)
mp my mb

This construction is based on the parton—hadron duality, using the facts that the sum is done over all exclusive final
states and that the energy release in the decay is large with respect to the QCRggatem,. With the help of the

HQET, namely the new heavy-quark spin-flavor symmetries arising in the heavy quarkiimit co, the hadronic

matrix elements within the OPEH,, | O; | H;), can be further simplified. The crucial observations within this well-
defined procedure are the following: the free quark model turns out to be the first term in the expansion constructed
in powers ofl /m;, and therefore the dominant contribution. This contribution can be calculated in perturbative QCD.
Second, in the applications to inclusive rdedecays one finds no correction of ordeim, to the free quark model
approximation, and the corrections to the partonic decay rate startiyitfj only. The latter fact implies a rather

small numerical impact of the nonperturbative corrections to the decay rate of inclusive modes.

The dominant perturbative contributions to the— X ;v decay rate are based on the following three calculational
steps: as the heavy fields are integrated out, the togldmmdass dependence is contained in the initial conditions of

the Wilson coefficients”; (1), determined by a matching procedure between the full and the effective theory at the
high scaleu ~ my, (Step 1). By means of RG equations, g ) are then evolved to the low scate~ m,, (Step 2).

Finally, the corrections to the matrix elements of the operators are evaluated at the low scale (Step 3). The dominant
short-distance QCD corrections enhance the partonic decay rate by a factor of m@andderad to large logarithms

of the formlog(m,/mw ).

In the context of exclusive decays, we face the difficult task of estimating matrix elements between meson states. The
naive approach to the computation of exclusive amplitudes consists in writing the amplitud@; (1) (O; (1)) and
parametrizing O; (1)) in terms of form factors.

A promising approach is the method of QCD-improved factorization that has recently been systemized for nonleptonic
decays in the heavy quark lim5, 91]. This method allows for a perturbative calculation of QCD corrections to naive
factorization and is the basis for the up-to-date predictions for exclusivdrdezays. However, within this approach,

a general, quantitative method to estimate the impottagn /m;, corrections to the heavy quark limit is missing.

More recently, a more general quantum field theoretical framework for the QCD-improved factorization was proposed
- known as soft collinear effective theory (SCE®BR[ 93,194, 95,196, 97].

Let us consider processes involving the decay of a heavy meson into fast moving light paBiclesyer, B —

(p, K*)v, B— K, ...) and indicate witli) ~ O(m,) their typical large energy. The idea is to isolatkthe relevant

degrees of freedom necessary to correctly describe the infrared structure of QCD below th@ apdl@ssociate
independent fields to each of them. It is possible to identify two dispedurbativemodes, called hargpt ~ Q?)

and semi-hard? ~ A,,Q). These modes are produced, for instance, in interactions of energetic light particles
with the heavy quark and thB meson spectator, respectively. These two modes do not appear in the initial and final
states and, therefore, must be integrated out. We do not wish to entertain here a comprehensive discussion of the
technicalities involved in this step. It will suffice to say that the resulting theory (also called §Q@tthe literature)

contains onlynonperturbativedegrees of freedom with virtualitie§(A2_,) and that hard and semi-hard modes are

QCD.
reflected in the coefficient functions in front of the operators of that (SGHReory. We note that these coefficients
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depend, in general, on energies of ordeand Ay.,. Moreover, the hierarchyl,., < @ allows for an expansion in
the small parameteY = Ao/ Q.

Given a process, one has to construct the most general set of (PQipErators at a given order iy and show that

all the possible gluon exchanges can be reabsorbed, at all orders in perturbation theory, into form factors and meson
light-cone wave functions. The resulting amplitude is a convolution of these nonperturbative universal objects with
the coefficient functions encoding the contribution of hard and semi-hard modes. Questions regarding the convergence
of these convolution integrals lead to a deeper understanding of factorization in SCET. From the analyses presented
in Refs. 98,198,/10( it clearly emerges that the presence of an end-point singularity in the matrix element of a given
SCET;; operator signals a breakdown of factorization (technically it was seen that it is not possible to choose an
infrared regulator that preserves factorization).

The few form factors that describe the transitiBn— M (whereM denotes a pseudo-scalar or vector meson) can be
written as/[101]:

) A
FiB—d\l — Cz é-B—JW + ¢B ® 7‘1 ® ¢]\4 + O (Tnb) (226)

where¢B—M s the so-called non-factorizable (or soft) contribution to the form factors (actually there is one soft
form factor for the decay into pseudoscalar meson and two for the decay into vector megppspare theB and

M meson light-cone wave function§;; are Wilson coefficients that depend on hard scales;Zarate perturbative

hard scattering kernels generated by integrating out hard and semi-hard modes. 1OR#fg factorization formula

Eqg. 2.26) has been proved at all orders in perturbation theory and at leading otdigp jm,,, using SCET techniques.

The strength of Eq2,2€) is that it allows us to express several independent QCD form factors in terms of only one soft
form factor (two in the case of vector mesons) and moments of the light-cone wave functions of the light pseudo-scalar
(vector) andB mesons.

Let us now briefly discuss the form of factorization for the decdys— V-~ (with V. = K* p) as a specific
example. At leading order, only the operatef contributes and its matrix element between meson states is given

by an expression similar t®(2€). The choice of using either the full QCD form factbf—" or the soft one , is

clearly a matter of taste (note that nonperturbative methods, such as lattice-QCD and light-cone QCD sum rules, only
give information on the full QCD form factors, and not on the soft contributions alone). The advantage of the QCD-
improved factorization approach is evident in the computation of the next-to-leading ordgj iarrections. In fact,

one can show that the matrix elements of the operagrand Og, which are expected to contribute at this order,

are given by the matrix element @¥; times a computable hard scattering kernel. Moreover, spectator interactions
can be computed and are given by convolutions involving the light-cone wave functions Bfahd V' mesons. It

must be mentioned that light-cone wave functions of pseudo-scalar and vector mesons have been deeply studied using
light-cone QCD sum rules methodB03, /104, /105, [10€]. On the other hand, not much is known about theneson
light-cone distribution amplitude, whose first negative moment enters the factorized amplitude at NLO. Since this
moment enters the factorized expression forthe~ ~ form factor as well, it might be possible to extract its value

from measurements of decays liBe— ~ev, if it can be shown that power corrections are under confr@f|[

Finally, let us stress that a breakdown of factorization is expected at didgfm, [91, 60, 10§. In Ref. [60Q],

in particular, the authors have shown that in the analysi®of- K*~ decays at subleading order an infrared
divergence is encountered in the matrix elemen©gf Nevertheless, some very specific power corrections might
still be computable. Indeed, this is the case for the annihilation and weak exchange amplitédes iy at the
one-loop level.
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2.4 Theoretical uncertainties and possible improvements
>— Th. Feldmann—<

RareB decays are a perfect tool for studying the small non-diagonal entries in the CKM matrix, and to find indirect
effects from beyond-the-Standard Model contributionsdecay amplitudes. Present experiment8 &actories have

already measured many rare decay modes, from which Standard Model parameters can be extracted and New Physics
scenarios can be constrained.

Super B Factoriesare intended to improve the sensitivity to small branching ratios and/or small deviations from
Standard Model predictions by a significant increase in luminosity. This naturally raises the question of the extent
to which theoretical uncertainties for the observables of interest are under control, such that the gain in luminosity
directly translates into improved bounds on electroweak and New Physics parameters. This becomes even more
relevant in view of the competition with present and futdé#ephysics experiments at hadron colliders and of the
possible direct detection of New Physics particles at the LHC.

In the following, we briefly summarize the basic theoretical limitations, and the recent progress that has been achieved
on theoretical uncertainties.

2.4.1 Perturbative and non-perturbative QCD effects

The main limitations for accurate theoretical prediction®8adecay observables come from our incomplete quantita-
tive understanding of strong interaction effects. In practice, the different faces of QCD (perturbative regime at short
distances, hadronic effects at large distances) lead to two sources of theoretical uncertainties:

e Truncation of perturbative expansion at some order in the strong coupling constant (including the perturbative
summation of large logarithms).

e Dependence on nonperturbative hadronic parameters.

Improvement on the first point is mainly a technical issue related to the practical calculation of partonic processes
at high orders in perturbation theory. An important aspect is the systematic separation (“factorization”) of short-
distance and long-distance QCD dynamics, which can be achieved by operator product expansion (OPE) or effective
field theory methods, exploiting the fact that thguark mass is large with respect to the QCD scale (heavy quark
mass expansion). Recently, theoretical progress has been achiev@dléarays into light energetic hadrons. The
diagrammatic approach to QCD factorization introduced6if} B1, 10, has been formalized in terms of the so-
called “soft-collinear effective theory” (SCET, seeg, [92, 93, 1110, 96,99, 111]). This provides a well-defined
scheme in which to calculate heavy-to-light decay amplitudes in the heavy-quark-mass limit. The numerical relevance
of 1/my, power corrections should be considered as a possible quantitative limitation of that approach, at present.

The theoretical description of nonperturbative QCD effects is a more critical point. A main challenge is to provide a
reliable estimate of systematic uncertainties for the different theoretical methods at hand: Numerical simulations of
QCD correlation functions on space-time lattices have the advantage of calculating hadronic observables “from first
principles”. In practice, however, with current computers and algorithms, several extrapolations and approximations
must be controlled. The most severe approximation is perhaps the neglect of dynamical fermions (“quenched approx-
imation”). Another problem is the simulation of realistic light and heavy quark masses on finite-size lattices and the
implementation of chiral symmetry. Recent progress, at least for a certain class of observables, has been reported in
[117], where a particular approximation to implement dynamical fermions is proposed.

QCD sum rules are based on the assumption of parton-hadron duality, and provide another useful nonperturbative
method to determine hadronic parameters. Error estimates in this approach follow from an empirical analysis of the
stability of the predictions with respect to variations of the sum rule parameters (continuum threshold, Borel mass).

The discussion of QCD factorization in the framework of SCET has initiated new investigations of exclusive matrix
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elements in QCD sum ruled13 /114, /115 11€], which may help to reduce the systematic uncertainties for some of
the input parameters relevant to raddedecays.

Phenomenological models have the advantage of being based on physical intuition. They often provide a reasonable
order-of-magnitude estimate. However, the procedure to assign theoretical uncertainties by considering sufficiently
many different models, is not very systematic.

Since, so far, theoretically reliable and numerically accurate estimates for (at least most of) the relevant hadronic input
parameters are not available, precision tests with Badecays require observables that are to a good approximation
insensitive to nonperturbative effects.

2.4.2 Inclusive decays

From the theoretical point of view, the simplest examples are inclusive decay rates. To first approximation, they can
be expressed in terms of partonic rates, including large radiative corrections to the Born-level cross section, which are
calculable in perturbative QCD.

Non-perturbative hadronic effects are suppressed by at least two powers of the involved heavy quarkrmasses (

m.). The present strategy is to determine the hadronic parameters from experimental data. Predictive power is obtained
by using the OPE and the heavy-quark mass expansion to express the hadronic corrections in terms of HQET (heavy
guark effective theory) parameters. In this way nonperturbative corrections in different inclusive decay channels can
be related. In practice, experimental analyses involve phase-space cuts, which requires additional (model-dependent)
nonperturbative effects to be taken into account.

The typical size of present theoretical uncertainties for the inclusive ddgaysX,v andB — X ¢1¢~ (for small
lepton-pair invariant mass) is about 10%. (To put this number into perspective, we remind the reader that, because of
the additionall /1672 suppression factor in loop diagrams, a 10% effect in far@ecays should be compared with

102 accuracy in tree-level electroweak processes.) Since a good part of that uncertainty is of a perturbative nature,
it may still be improved by calculating the next order in perturbation theory (at present: next-to-leading logarithmic
accuracy forB — X,v, and next-to-next-to leading logarithmic accuracy Ior— X,¢7¢~). This is technically
involved, but feasible. In the case Bf — X~ the calculation of higher-order perturbative effects should also resolve

the sizable scheme-dependence with respect to the treatment of the charm-quark mass. For more déthémdee |
references therein.

2.4.3 Exclusive decays—Type |

From the experimental point of view, exclusive decays are simpler to measure than inclusive decays. However,
exclusive branching ratios in general depend on hadronic input parameters already to leading approximation. A well-
known example is the decay rate fBr — K*+, which involves (among others) 2 — K* transition form factor

that induces theoretical uncertainties of several tens of perceniG4,¢22[/31], and also SectioR.8). We will refer

to these types of observables (which also include the rates for semileptonic tran8itiensr, B — p, B — =~

etc) as Type |. They are not directly useful for precision tests of flavor parameters. However, the hadronic quantities
measured in these decays often provide important input to other decay modes. We should emphasize that some of
the hadronic effects in exclusive decays are not “naively” factorizalde fiot included in the definition of hadronic

decay constants or two-patrticle transition form factors).

One example for a Type | observable is the first inverse moighof the B meson distribution amplitude that could
be extracted (with some uncertainty) from the defay- ~iv [117,/11& 107 /119. This moment, in turn, enters the
theoretical predictions for many exclusive heavy-to-light decays in the QCD-factorization approach.

Another example is the3 — = form factor, which represents one important nonperturbative ingredient in the
calculation of nonleptoni@@ — 7w andB — wK decays. In this case, the measurement of the differential decay rate
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for B — wlv should not be considered as a determinatiofi/pf| (for a given estimate of th® — = form factor ),
but rather as a measurement of e~ = form factor (for a given value diV,,;| from other sources).

By comparing experimental and theoretical results for “type-1" observables, one can try to improve the theoretical
methods that deal with nonperturbative QCD effects. Eventually, this should lead to an improvement of theoretical
uncertainties for other observables as well.

2.4.4 Exclusive decays—Type Il

Observables with reduced sensitivity to hadronic uncertainties can be obtained from appropriate ratios of decay rates
where—to leading approximation—the dependence on hadronic input parameters drops out. The set of possible
“type-II" observables can be enlarged by including approximate symmetries of QCD, like isospin, flavor SU(3)
or heavy quark symmetries. The theoretical uncertainty for Type Il observables, induced by radiative corrections,
1/my, corrections, flavor symmetry correctioeg, is typically of order 15-20%.

Particularly robust predictions can be obtained by considering Type Il observables within the QCD-factorization
approach. For instance, a well-known phenomenological strategy to extract CKM angleB fremr andB — 7K

decays is to use flavor symmetries to determine the unknown hadronic effects entering the ratio of penguin and tree
amplitudes directly from experimental data. QCD factorization can then be used to quantify the corrections from flavor
violation. The related theoretical uncertainties can be estimated in a reliable way, because the neglected effects are
suppressed by two small parametérs, — m,, 4) and1/m; (see Section 5 inll09).

Another prominent example, which is particularly interesting for futBrehysics experiments, is the forward-
backward asymmetry zero iB — K*¢t¢~ (see [12G (9, 64] and Sectiori2.16). Here the leading dependence
on hadronic form factors drops out, thanks to new symmetfi&§] in the large-energy limit for the outgoing ™
meson. Another important quantity is the ratio of branching ratiod¥or» K*y andB — pvy (see B1, 34,1127
and SectiorP.§). It has also been proposed to relate the rare defays vy (B — v¢+t¢~) andB — ~lv (see
[11§125124), or B — Kvv andB — K/(*{~ (see Sectioi2.20).

The time-depender®P asymmetries inB® — ¢K? and B — 5/KY also belong to Type Il, since the hadronic
uncertainties can be constrained from experimental data in other decay channels using SU(3)-flavor siiBEhetry [
Furthermore, in the QCD factorization approadt2€] one finds no dynamical mechanism to enhance the CKM-
suppressed amplitudes that could be responsible @ asymmetry inB® — ¢K? and B® — ' K¢ different from

that in B — J/» K9. In any case, the present discrepancy between the central experimentally measured values for
BY — ¢K? andB® — 7/ K? (ignoring the large experimental uncertainties) and the well-understdoe: J/1) K°

decay cannot be explained by QCD effects alone.

In contrast, the observed large branching ratia#8r— 1’ K (a Type | observable) seems to be in line with theoretical
expectations, once the rather large (and uncertain) perturbative and nonperturbative QCD corrections are taken into
account/L27].

2.4.5 Exclusive decays—Type llI

Another interesting option is to consider observables that, in the Standard Model, are suppressed by small or tiny
coefficients. As a consequence, New Physics contributions to such Type Il observables may compete with sizable
hadronic uncertainties.

A classic example is the decd3, — pTu~. It has an additional suppression facmﬁ/mﬁ, which leads to a very
small branching ratio compared with other radiativedlecays, of the order afo—? in the Standard Model. On the
other hand, in New Physics models with enhanced scalar and pseuddsecalai™¢~ operators, it can receive large
contributions. While this decay mode is not accessible™at~ B factories, a competitive observable, namely the
deviation of the ratio of branching ratios fé& — Ku*tpu~ andB — KeTe™ from unity, can be studied at SupBr
Factories(se€lR€ 129 and Sectior2.16.3.
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Table 2-3. Classification of some important observables in rare excluBivéecays according to their theoretical
uncertainties. The third column denotes the main hadronic effect for Type | observables, some of the main sources
of theoretical uncertainties for Type Il observables, and the additional suppression factors for Type Ill observables in the

Standard Model, respectively.

Decay mode Observable Remarks
Typel | B — w(p)tv diff. branching ratio transition form factor

B — K*(p)y branching ratio form factor, non-factorizable effects

B — K*(p, K)¢*¢~ | diff. branching ratio form factors, non-factorizable effects

B — ~lv diff. branching ratio A" moment, non-factorizable effects

BY — 7' K? branching ratio form factor, non-factorizable effects
Typell | B — 7w etc. branching ratioAcp wdep.,1/my corr., Ag, me, ...

B — K*te¢~ Arp u dependencd,/m;, corr., Ag, . ..

B — K*(p)y B[B — K*)/B[B — p] | FP=K"JFB=e, .

BY — n/(¢)K? time-dependenticp SU(3) violation, 1/my, corr., ...
Typelll | By — ptu~ branching ratio suppressed by /m;;

B — K¢~ 1— %ﬂ’e‘:}] suppressed by.? /m?

B — K*y direct CP asymmetry suppressed by, /A,

Other interesting Type IIl observables are the di€Etasymmetry inB — K*~ which is CKM-suppressed in the
Standard Model (se@8)]), or exotic channels likd3 — invisible (see Sectiof.23).

The isospin asymmetry between charged and neutral modés in K*y and B — K*¢/*¢~ decays may be

considered as Type lll. However, to compete with the rather large hadronic uncertainties, one needs New Physics
effects with a significant enhancement of penguin coefficients, which should also lead to sizable modifications in

nonleptonic decays (s€éd, 10§ and Sectioi2.16.9).

2.4.6 Remarks

We illustrate the above discussion in Ta@€. For some observables the classification as Type |, II, or Il may

not be clear-cut, but rather may depend on one’s personal interpretation of the reliability of theoretical approaches,
as well as on the kind of New Physics model one is aiming at. In any case, the different strong interaction effects
and the uncertainties that they induce have to be taken seriously, if we want to extract precise information about the
flavor sector in and beyond the Standard Model from fargecays. Achieving reasonable theoretical uncertainties,

in particular in exclusive decay modes, requires the combined effort of theory and experiment.
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2.5 Prospects for Inclusiveb — (s, d)~ Measurements
> C. Jessop and J. Libby<

The prospects for inclusive radiative decay measurements at a Bupactory are discussed in this section. Three
topics are covered: the measurement of the inclusive s+ branching fractionB(b — s+), the measurement of

the inclusiveb — d~ branching fractionB(b — d~), and measurements of dire€# violation. Each section

will give a brief review of current measurements, followed by a discussion of how these can be extended, and
possibly augmented, in the SupBrFactory regime. The measurement of the photon energy spectrum is discussed in
Sectior4d.4.2 of this report.

25.1 B(b— sv)

The desire to measure the inclusive decay tate sy arises from the greater accuracy of theoretical predictions
compared to exclusive channels. However, the experimental difficulties of inclusive measurements lead to significant
systematic uncertainties, that must be controlled. To date there have been several measurdients of ) [43]-

[47]; Table2-4 summarizes measurements made aftheS) resonance.

Table 2-4. Measurements df(b — sv) made at th@"(4S) resonance. The first uncertainty is statistical, the second
is the experimental systematic and the third is the theoretical systematic. The difference between the ‘lepton tag’ and
‘sum-of—exclusive’ BBAR measurements is explained in the text.

Experiment B(b — s7) [x107%]
BELLE [46] 3.36 + 0.53 + 0.42 4 0.52
CLEO [45] 3.21 +£0.43 4+ 0.271518
BABAR (lepton tag) 13(] 3.88 4+ 0.36 + 0.377032
BABAR (sum—of—exclusive)44]| 43+05+£0.8+1.3

The principal challenge is selecting the small signal in the presence of large backgrounds from cogtimnom
duction and inclusiveB B production. Figuré2-1(a) shows the signal compared to the backgrounds as a function
of the center-of-mass energy of the photdfi,. The signal lies beneath @ background which is approximately
three orders of magnitude larger. Furthermore, there is a large backgroundfBotiecays at photon energies below

2.2 GeV. The source of most of the background are asymmettidecays. There are also backgrounds frgm

w, n’ andJ/iy decays, from hadronic interactions, primarily in the calorimeter, and from electrons produced in
semileptonicB decays in which the track is not reconstructed, or is not matched to the electromagnetic cluster. All
analyses use photon cluster cut8, andy vetoes, and shape variables to reduce the backgrounds. The methods for
further reduction of background vary among the analyses:

e exclusive reconstruction of th&, system in different modes containing&" or a K with one to three pions
[46,44];

e ‘pseudo-reconstruction’, which calculates the probability of a detected photon combinedAitoa K and
1 to 4 pions being consistent with tli&meson mas#F]; and

e lepton tagging of the non—sign&-decays45,13(Q.

In the sum-of-exclusive mode analysis, the remaining background is subtracted using a fit to sidebands; the value of
B(b — sv) is then calculated by a weighted sum of the results for each mode. The ‘pseudo-reconstruction’ and lepton
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Figure 2-1. (a) TheE? distribution of signal, continuum (contin) afiB events (bbar) when only a high energy photon
is required. (b) The expectdd; distribution of signal events fan, = 4.65 (solid) , 4.80 (dashed) and 4.98eV /c*
(dotted).

tagged methods remove the remaining continuum background using the results of the measurement performed on off-
resonance data scaled 0§/ s)on/(L£/s)om, WhereL is the integrated luminosity angds is the center-of-mass energy;

the off-resonance subtraction is the dominant source of statistical uncertainty. The simulation is used to remove the
remainingB B background for the ‘pseudo-reconstruction’ and lepton tagged methods.

The theoretical uncertainty common to all these measurements arises from the extrapolation of the measured value
B(b — sv) to below the experimental cut placed &tj. The analyses have a differing value of thg cut between 2.0

to 2.1 GeV. The fraction of the spectrum below the experimental cutoff is sensitive @rtbatzused to parameterize

the spectrum shape in the signal model. The shape of the spectrum can be parameterized in terms of QCD quantities
such as thé quark massin;, and the Fermi momentum of the confinedquark. Figure2-1(b) shows the expected
spectrum, normalized to the same branching fraction, for three different valugs thfe spectra were generated using

the Kagan and NeubeainsatZ131]. The theoretical dependence is significantly reduced by lowering the value of the

E7 cutoff as far as possible. However, reducing fiecut in the ‘pseudo-reconstruction’ and lepton tagged analyses

is difficult due to the significant increase in the subtrad®d background, which would inflate what is already the
largest source of experimental systematic error. In the sum-of-exclusive modes analyses Hiestates are the

highest hadronic mass states, which also have a larger average multiplicity. The increased multiplicity leads to a large
combinatorial background which, when coupled with the decreasing cross section of the signal, makes the final states
difficult to reconstruct above the background.

The sum-of-exclusive measurement has other large systematic uncertainties related to the fraction of modes which are
reconstructed, fragmentation and the signal extraction fit. All of these will be improved in the future but they will be
limiting factors in the measurement Bfb — sv) using this method. A new version of tiBABAR lepton tag analysis

is currently being finalized. Validation and correction of #& background in simulation is the largest undertaking

in the analysis; reducing the uncertainty in tAé& subtraction leads to a reduction of the cut-off, which yields

a smaller overall systematic uncertainty. Therefore, to improve inclusive measuremgiits-ef sy) using tagging

at a Super3 Factory will require a very detailed understanding of the inclusive productiat of, w, 7', andn in

the data and their modeling in t#@B simulation. The tracking and track-cluster matching inefficiencies must also

be accurately measured to estimate the background from semi-elediaeicays. An additional concern at a Super

B Factory will be higher rates of beam-related backgrounds with the increased instantaneous luminosity; it is likely,
however, that the continuum subtraction should adequately account for these. It will be important to have a significant
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amount of off-resonance running at a SupeFactory to ensure that the statistical error does not become dominant;
at least the current value g%,/ L.g of 8.5 atBABAR will have to be maintained.

One new method that may be very productive in the Supé&iactory era has been studied B§BAR. The Breco

sample described in Sectid?.1is used to select a pure sample®B events, from which events with a high energy
photon are selected. The photon combined with the remaining reconstructed particles in the event is then used to
calculatemgg; the fittedmgg distribution of all candidates is used to extract the signal yield. The drawback of
this method is the small efficiency for reconstruction of #grco sample, which is 0.4% in the current analysis.
From this enriched sample @& B events, around 40% of thB — X~ decays are reconstructed, after furtfizi
combinatorial background suppression criteria. Preliminary results show that a statistical uncertainty of 6.5% would
be expected for a data sample corresponding to an integrated luminosigbof. The systematic uncertainties are

still under investigation, particularly related to the modeling of 8 background. Also to be explored is the use of
kinematic constraints from the two fully reconstructBetlecays and the initial* e~ state to enhance the resolution

of the photon energy in the rest frame of tBemeson. The main advantage of this method is that it may result in a
small enough background to lower tﬁ]ef—fest threshold well belov2.0 GeV.

2.5.2 B(b— dv)and|Vig|/|Vis|

A feasibility study of measurin@(b — d-) inclusively has been done for this report. (The prospects for exclusive
measurements aB — py and B — w+ at a SuperB Factory are discussed in Secti@ry.) In fact, the quantity
measured is the ratio of B(~ dv)/B(b — s) which is equal tdV;4|?/|V;s|? to within a theoretical correction, which

is predicted to be of the order of 10% with an uncertainty of 5%Hgt *** > 1.6 GeV [55. An experimental
strategy has been considered where a selection similar tBAB&R lepton tagged measurement is uséd|[ which

does not distinguish betweén— sy andb — d~. After this a strangeness tag is run which will use the kaons in the
final state to tag events as— s+, the absence of kaons correlated with fiig system would classify the event to

beb — d~. The details of the strangeness tag algorithm have not been considered; therefore, different values of the
mistag rate of the algorithny, are considered to see whether a statistically significant result is achievable with the
large data sets available at a SupeFactory.

The ratio of the measured numberiof- dv events tob — sy events at a giveiz; cut, assuming that the energy
spectrum is the same, is equalt,|?/|V;s|?. (In this study the theoretical correction has been ignored because it has
not been computed at the experimental value offifjeut.) In terms of experimental quantitig$;q|*/|V;.|* can be
expressed as:

Vial? (1 — ws)(Na — Ny™®) — wy (N, — NP*®)

Visl? (1 — wa) (Ny — N&¥8) — wa(Ny — NJ*€)

)

where N, is the number of selected events without (with)a strangenessi\itgg, is the number of background
events without (with) a strangeness tag, ands the mistag rate df — d~ events a$ — s~.

The first step in estimating the sensitivity is optimizing g cut. Given that the measurement is a ratio, there is no
systematic uncertainty due to extrapolation to lower valueSpfas in the measurement of the absolute value of the
branching fraction; the best statistical sensitivity to was found @ish< E7 < 2.7 GeV. The other inputs to the
initial estimates of the sensitivity are:; = 0.33, the most optimistic case with onlif® and K% — 7°7° missing;

wq = 0.05 due toss popping and association of a kaon from the otBatecay; an uncertainty on tig&B background

of 5%; an on—to—off resonance luminosity ratio of 8.5, the curBABAR value; 50% of background is strangeness

tagged; an &dllz = 0.04. Figure2-2(a) shows the expected sensitivity as a function of integrated luminosity for three
values ofu,; even with a 50% mistag rate a 20% error% could be achieved with0 ab~'. The other inputs were

varied, leading to uncertainties between 10% and 20% forzb ' data set. The asymptotic limit in the uncertainty
at large luminosities is dominated the knowledge of Bhe background, which is illustrated in Fi@-2(b).
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Figure 2-2. The expected uncertainty 0Vi.q|/|Vis| as a function of integrated luminosit0 ab™" is equal to 4 on the
log,, scale. The uncertainty is shown for different values of(aand (b) fractional uncertainty on teB background
(ABB/BB).

The conclusion of this study is that an interesting measureme‘l%ﬂ(%fmay be possible with the very large data sets

available at a Supd® Factory. Further study of the strangeness tag implementation, as well as the possibl& fise of
is required to better ground the conclusions. Also, a theoretical estimate of the correction required for the experimental
cutonk? is needed.

2.5.3 InclusiveAcp

The directCP asymmetry parametetp can also be measured inclusively. There are two diffefest parameters of
interest: that fob — s+ and that for the combination éf— sy andb — d~. The two parameters are complementary
probes of New Physics, as described in Sec@@3and in b5]. The measurements df-p to date are:

Acp = (—0.079 £ 0.108(stat.) & 0.022(syst.)),
by CLEO [137], which used ‘pseudoreconstruction’ and lepton tag methods, and
Acp = (—0.004 £ 0.051(stat.) £ 0.038(syst.)),

by Belle 59|, which used a sum-of-exclusive final states. The sum-of-exclusive modes and ‘pseudoreconstruction’
methods use the flavor of the kaons in the final state to self tag the flavor of the deéayirsgk, whereas the

lepton tag method measures the flavor of the non—sigri@dcay from the lepton’s charge. The sum-of-exclusive and
‘pseudoreconstruction’ methods have very little contamination fsom d-y, because kaons are required in the final

state. The lepton tagged measurement does not place any flavor requirements on the signal hadronic system, so it
measuresi;cp in the sum o — sy andb — dvX Therefore, the CLEO measurement is not a pure measurement of
Atcpinb — sy because lepton tags were also used, however the contamination is small, since the statistical precision
is dominated by the ‘pseudoreconstructed’ events. Measuremenig.-@fusing kaons have a very small mistag rate,

w, of around 0.5%. The lepton-tagged measurementefr is significantly diluted byB@U mixing, which leads to

a contribution tow of x4/2 = 0.091 [2], wherey, is the time-averaged mixing probability. Furthermore, there is a
contribution from cascade decays in which the tag lepton is from the decay of a charmed particle, which has the wrong
sign to identify the decaying quark. The forthcomindABAR lepton tag analysis estimateso be around 13%.

1in the lepton tagged branching fraction measurement a correction of 4.2% is made to the measured3lue-o§~) to account for the
b — d~ component.
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The main systematic uncertainties arise from any bias due to detector charge asymmetries in the kaon or lepton
tagging. These can be measured from control samples which are statistically limited; therefore atia Bagtery

the systematic error should continue to decrease from the current value of around 1%. Other systematic uncertainties,
such as a small amount of dire€P violation in the background, may become dominant if they can not be evaluated
using a suitable control sample.

Table2-5 gives extrapolations of the expected precisiondeip at a Supe3 Factory from currenBABAR analyses.
The sum-of-exclusive modes and lepton tag methods measute-they and the combinedd — sy andb — dv
Acp, respectively. The)(1%) uncertainty with al0ab~' data set would provide an excellent test of New Physics
models with and without minimal flavor violation.

Table 2-5. The expected statistical and systematic uncertaintied@nwith different integrated luminositie%,. The
uncertainties o cp for b — s alone and for the combination bf— sy andb — d~ are given.

AAcp(b — s7) AAcp (b — s7+b — dy)
L [ab™'] | Statistical| Systematic| Statistical| Systematic
0.1 0.050 0.015 0.10 0.010
1 0.016 0.005 0.03 0.003
10 0.005 0.002 0.01 0.001
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2.6 Theoretical Prospects for the Inclusive Mode$® — (s, d) ~v

> T. Hurth <

2.6.1 The inclusive modé — s+

The rare decayp — X, is dominated by perturbative contributions and is, therefore, a theoretically clean decay mode
(see sectio2.3). The theoretical prediction for thB — X+ decay rate is usually normalized by the semileptonic
decay rate in order to get rid of uncertainties related to the CKM matrix elements and the fifth poweb ojuidrd
mass. Moreover, an explicit lower cut on the photon energy in the bremsstrahlung correction has to be made. At the
partonic level, one starts with
Tb — sv] + T'b — sygluon)s
I'b— X ev] ’
where the subscrigt means that only photons with energ@y > (1 — §) EJ'®* = (1 — ¢) 5> are counted. The ratio
Ruark is divergent in the limity — 1, owing to the soft photon divergence in the subprodess sygluon. In this
limit only the sum ofT'[b — sv], I'[b — s gluon] andT'[b — sv gluon] is a reasonable physical quantity, in which all
divergences cancel. It is suggestive to give up the concept of a ‘total’ decay ¥ate afy and to compare theory and
experiment using the same energy cut.

unark(d) = (227)

The QCD corrections due to hard-gluon exchange are by far the dominant corrections to the electroweak one-loop
contribution. These perturbative corrections have been calculated to NLL precision. All present predictions are
based on the original NLL calculations presentedli83 134, 51] and on independent checks of these calculations
[13513€,1137]. The impact of these NLL corrections are significant, leading to a shift of the central value of about
20% and a reduction of the scale dependence from aB@fidtto about5%. In the meanwhile also subleading two-

loop electroweak corrections were calculated and found to be les2¥hdth3g. The nonperturbative corrections
mentioned above also play only a subdominant role:1the? corrections correspond to the OPE tbf@i(%) and

can be estimated to have an impact well belés. HQET estimates the effect to be of ordet% [78]. There are
additional nonperturbative effects if one also takes into account the opératadonperturbative corrections due to
T(O10,) can also be analysed in a model-independent way and scald with. Due to small coefficients in the
expansion also their impact is very small, arourtfs [25]. A systematic analysis of terms Iiﬂé%o_z)’g{)y at first order

in as(my) is still missing. Rigorous techniques such as OPEs do not seem to be applicable in this case. However,
these contributions have to be under control if one reaches the experimental accuracy possible witliBaFaatmy.

This large calculational enterprise leads to the present theoretical predictions. A recent phenomenolgicalzhjalysis [
gives, forE, > 1.6 GeV:

B[B — X,y] = (3.61 o2 e £0.020Kk0M £ 024 0ram, £ 0.1436616) x 1074, (2.28)
mp

for £, > my /20

BB — X] = (3.79 035 me £0.02ckm £ 0.25param. + 0-155ca1e) x 1074, (2.29)
mp

The dominant error is due to the./m; dependence. It is induced by the large renormalization scheme ambiguity of
the charm mass. There are at least two issues that need further studies:

Since the charm quark in the matrix eleméft ) are dominantly off-shell, it is argued idg] that the running charm
mass should be chosen instead of the pole mass. The latter choice was used in all previous|/4841$45$31,/139):

mpe e S () /b, € e, ) (2.30)

Numerically, the shift frommpele /mPo'® = 0.29 +0.02 to mMS (1) /mP°' = 0.22 + 0.04 is rather important and
leads to at+11% shift of the central value of th& — X~ branching ratio. Since the matrix element starts at NLL
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order and, thus, the renormalization schemesfpiis an NNLL issue, one should regard the choice ofNifescheme

as an educated guess of the NNLL corrections. Nevertheless, the new choice is guided by the experience gained from
many higher order calculations in perturbation theory. MoreoverMBemass of the charm quark is also a short-
distance quantity which does not suffer from nonperturbative ambiguities, in contrast to its pole mass. Therefore the
central value resulting within this scheme is definitely favored. However, one has to argue for a theoretical uncertainty

in mgIS(u)/mgole, which also includes the value @fi2°!®. This is done in the above theoretical predictions by
using a large asymmetric error in./m, that fully covers any value of:./m; compatible with any of these two
determinations: m
c +0.08

— =0.23"5: - 2.31
mp —0.05 ( )
The dominant uncertainty due to the renormalization scheme dependence is a perturbative error that could be signifi-
cantly reduced by a NNLL QCD calculation. Such a calculation would also further reduce the scale uncertainty given
in the theoretical predictions above. Needless to say, the parametric error can also be further reduced by independent
experiments. Thus, a theoretical error aroéfiglseems possible. At that stage a further study of the nonperturbative

corrections seems to be appropriate in order to make sure that they are under control at this level of accuracy.

The uncertainty regarding the fraction of tRe— X~ events above the chosen lower photon energy cukpfjuoted

in the experimental measurement, also often cited as model dependence, should be regarded athaqgretieiyl
uncertainty: in contrast to the ‘total’ branching ratio®f— X+, the photon energy spectrum cannot be calculated
directly using the heavy mass expansion, because the OPE breaks down in the high-energy part of the spectrum, where
E., =~ my/2. However, a partial resummation of an infinite number of leading-twist corrections into a nonperturbative
universal shape function is possible. At present this function cannot be calculated, but there is at least some information
on the moments of the shape function, which are related to the forward matrix elements of local operators. An
important observation is that the shape of the photon spectrum is practically insensitive to physics beyond the Standard
Model (see Fig. fig:Toymodel. This implies that we do not have to assume the correctness of the Standard Model in the
experimental analysis. A precise measurement of the photon spectrum would allow a determination of the parameters
of the shape function. Moreover, the universality of the shape function, valid to lowest ortdge:if/m;, allows us

to compare information from the endpoint region of fhe— X~ photon spectrum and of th8 — X, /v charged-

lepton spectrum up to highéym, corrections. Thus, one of the main aims in the future should therefore be a precise
measurement of the photon spectrum. It is clear, that a lower experimental cut in the photon spectrum within the
measurement aB — X, decreases the sensitivity to the parameters of the shape function and that the ideal energy
cut would bel.6 GeV. In this case, however, a better understanding of&Bebackground is necessary. In the last

Belle measurement the photon cut was already pushed ©BeV [48].

The important role of thdB — X~ decay in the search for New Physics cannot be overemphasized (for a recent
review, see41)), as it already leads to stringent bounds on various supersymmetric extensions of the Standard Model
(see for examplege, 57, 114G, [141,1142,114F). Also, in the long run, after New Physics has been discovered via the
direct search, this inclusive decay mode will play an even more important role in analyzing in greater detail the new
underlying dynamics.

2.6.2 The inclusive modé — d~y

Most of the theoretical improvements on the perturbative contributions and the power correctigng iand1/m?,

carried out in the context of the dec#/ — X, can straightforwardly be adapted to the de@y— X,v; thus,

the NLL-improved decay rate foB — X,v decay has greatly reduced the theoretical uncerta@gy; [But as

A4 =V, V* for b — dvy is not small with respect ta!, = V,, V5 and )\ = V_, V¥, one also has to take into
account the operators proportionaltp and, moreover, the long-distance contributions from the intermediatmrk

in the penguin loops might be important. However, there are thoftearguments that indicate a small impact of
these nonperturbative contributions: first, one can derive a model-independent suppressiof.fattos within

these long-distance contributior@5]. Then, model calculations, based on vector meson dominance, also suggest
this conclusion/144, [145. Furthermore, estimates of the long-distance contributions in exclusive détayspy

andB — w in the light-cone sum rule approach do not exceed 1526][ Finally, it must be stressed that there
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Figure 2-3. Schematic photon spectrum Bf — X-.

is no spurious enhancement of the folog(m, /1) in the perturbative contribution, as was shown/147, [14g].
All these observations exclude very large long-distance intermedigteark contributions in the decay — X,v.
Nevertheless, the theoretical status of the ddgay X,v is not as clean as that &f — X,~.

Whileb — s transitions such aB — X~ do not gave an impact on CKM phenomenology, due to of the flatness of the
corresponding unitarity trianglé,— d transitions give important complementary information on the unitarity triangle,
which is also tested by the measurement8.gf/V,,, AMp,, andAMp,/AMp. . Thus, a future measurement of the

B — X,v decay rate will help to significantly reduce the current allowed region of the CKM-Wolfenstein parameters
p andn.

The branching ratio o — X,y might also be of interest in a New Physics context, because, while it is CKM-

suppressed by a factov;4|?/|Vis|? in the Standard Model, this may not be the case in extended models. We also
emphasize that in the ratio

B(B — X))’
a substantial portion of the theoretical uncertainties cancel out. It is therefore of particular interest for CKM phenom-
enology and for the search for New Physics.

R(dv/sy) = (2.32)

As discussed above, the measurement ofzhe X is rather difficult, but within the reach of the Sug@Factories.
A recent update of the theoretical prediction was presentegbin fFor £, > m; /20 one gets:

BB — X4y = (1.46 0 e £ 0.16cKM £ 0.10p0ram. + 0.06mle> x 107°, (2.33)
e

B[B — X,

BIB = Xar] _ <3.86 O 4043k £ 0.09param, 0.15mle) x 1072, (2.34)

B[B — X:7] BTN

Note that the errors on the rati®,, = B[B — Xyv]/B[B — X,v| are dominated by CKM uncertainties. But it
should be emphasized, that on top of the mentioned sources of errdét,theX ;v mode is affected by the presence
of nonperturbative: quark loops whose effect is expected to be at most ardifl according to the arguments
presented here.
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2.6.3 DirectCP violation

The directnormalizedCP asymmetry of the inclusive decay modes represent another interesting obsetvigble [
[161): B
I'(B — X,/a7) —T(B — X; 77)

_ . (2.35)
F(B - Xs/d'y) + F(B - Xg/ﬁ’)/)

Acp =

The Standard Model predictions are essentially independent of the photon energy cut-off, and fgae=(fos GeV)
[55]:

Acp(B — X,) = (0.44 +o15

me £0.03ckm T 09 1) %, (2.36)
mp
Acp(B — Xgv) = (10.2 tg;ﬂ% + 1.0ckMm +3;1|scale> % . (2.37)

The two dominant errors are the perturbative scale ambiguity and the renormalization scheme dependence of the charm
mass, which are both of a perturbative nature, and can be reduced by a NNLL calculation, which is also desirable for
the prediction of the branching ratio, as discussed above. The additional parametric uncertainties are subdominant.

The twoCP asymmetries are connected by the relative fagtdi(1 — p)? +7?). Moreover, the small Standard Model
prediction for theCP asymmetry in the decag — X, is a result of three suppression factors:cgrfactor needed
in order to have a strong phase, a CKM suppression of orfland a GIM suppression of ordén../m;)?, reflecting
the fact that in the limitn, = m, any CP asymmetry in the Standard Model would vanish.

The application of quark—hadron duality is, in general, problematic within a semi-inclusive measureni&mt of
violating effects, if only 50% or 70% of the total exclusive modes are detected. In fact, the strong rescattering phases
responsible for the presence @P violation can be different for each exclusive channel. It is impossible to reliably
guantify the resulting systematic uncertainty without a detailed study of the individual modes and of thei€#irect
asymmetries. Therefore, a fully inclusive measurement of the so-aafedjgeddirect CP asymmetry, the sum of

the unnormalized’P asymmetries in thé — s and theb — d sector, is favored. Moreover, this quantity allows

for a very stringent Standard Model test and is very sensitive to@Bwwhases beyond the Standard Model. Such

a measurement is possible because the experimental efficiencies within the inklusiveandb — d modes are
expected to be equal.

The unnormalized”P asymmetry for the sum of the partonic procesbses> (s + d)vy vanishes in the limit of

mg = ms = 0, as was first observed in Refl@2]. This is still valid for the weaker conditiom,; = m,, which
corresponds to the so-call&édspin limit. However, if the down and the strange quark were degenerate, the Standard
Model would be completely’P-conserving, because adyP violation in the Standard Model is proportional to the

quark mass differences, especially(to; — m). Thus, thel spin limit at the quark level does not make much sense

with respect toCP asymmetries. However, this symmetry should be used only with respect to the influence of the
strong interactions on the hadronic matrix elements (in particular on the strong phases), while the down and strange
guark masses are different. The unitarity of the CKM matrix implies

J =TImADAD*) = —Im(ADAD*) | (2.38)

whereAfj’/) =V, V,, - As aconsequence, the following relation for the rate asymmetries is found,ihshin limit
of the hadronic matrix elements and for real Wilson coefficients:

AT(B — Xoy) + AT(B — Xg7) = AT, + ATy =0, (2.39)
whereAl', = AT(B — X,v) =T(B — X,v) — I'(B — Xgz7).

U spin-breaking effects can be estimated within the heavy mass expansion, even beyond the partoh&&|aé=]{
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AT(B — Xy) + AT(B — Xg7v) = bine Aine, (2.40)

where the right-hand side is written as a product of a ‘relativepin breaking’b;,. and a ‘typical size’A;,,. of the
CP-violating rate difference. In this framework one relies on parton-hadron duality and one can compute the breaking
of U spin by keeping a non-vanishing strange quark mass. A rough estiméaig gfives a value of the order of

|binc| ~ m2/m3 ~ 5 x 10~*, while |A,| is the average of the moduli of the twieP rate asymmetries. Thus, one
arrives at the following estimate within the partonic contribut/®63:

|AB(B — X¢y) + AB(B — Xgv)| ~1x 1077, (2.41)

Going beyond the leading partonic contribution within the heavy mass expansion, one has to check if the large
suppression factor from thié spin breakingb;..., is still effective in addition to the natural suppression factors already
present in the higher order terms of the heavy mass expariBégh [In the leadingl/m? corrections, thé/ spin
breaking effects also induce an additional overall factdym?. In the nonperturbative corrections from the charm
quark loop, which scale with/m?, one finds again the same overall suppression factor, because the effective operators
involved do not contain any information on the strange mass. Also the corresponding long-distance contributions from
up quark loops, which scale withqcp /my, follow the same patterrilB4). Thus, in the inclusive mode, the right-

hand side ini2.41) can be computed in a model-independent way, with the help of the heavy mass expansion, and the
U spin breaking effects can be estimated to be practicallyZéFherefore, the predictioi2(41) provides a very clean
Standard Model test, whether generic néiR phases are active or not. Any significant deviation from the estimate
(2.42) would be a direct hint to non-CKM contributions &P violation. This implies that any measurement of a
non-zero untagged’P asymmetry is a direct signal for New Physics beyond the Standard Model. For example, a
SuperB Factory with an integrated luminosity ®0 ab~" will allow this Standard Model prediction to be tested with

an experimental accuracy of arouhid.

As was analysed irb], the untaggeddirect CP asymmetry also allows for a clear discrimination between scenarios
beyond the Standard Model with minimal or general flavor violation: MFV models are characterized by the require-
ment of expressing all flavor-changing interactions in terms of powers of the Yukawa matrices. If one assumes the
CKM phase to be the onlgP phase present at the grand unification scale, one finds that the untaggexymmetry
receives only very small contributions, at mosi%. Clearly, this class of models cannot be distinguished from the
Standard Model with the help of this observable. If one allows for geli@rgihases at the grand unification scale and
takes the EDM bounds into account, only asymmetries below%h&evel survive. One finds a strict proportionality
between the untagge®(— X, qv) and tagged8 — X,v) CP asymmetries. The task of distinguishing these two
MFV scenarios is beyond the possibilities of the existigactories, but will be within the reach of future Suger
Factories. In the model-independent approach with generic new flavor viol&%hrttie untagged’P asymmetry

can be as large as10%, once the recent experimental data on@ffieasymmetries are taken into accoub®]. One

also finds that in this general scenario the tagged and untagged asymmetries are again strictly proportional to each
other. Moreover, assuming New Physics in theector only, one finds untaggéd asymmetries not larger thao:

this implies that the untaggedP asymmetry is not really sensitive to New Physics effects indtBector B5]. With

the expected experimental accuracy of the Supé&actory, a clear distinction between a minimal and a more general
flavor model will be possible through a measurement of the untaggfeasymmetry.

2The analogous Standard Model test within exclusive modes is rather limited, bécapire-breaking effects cannot be calculated in a model-
independent way. Estimaté®2,[164] lead to the conclusion that ttié spin breaking effects are possibly as large as the rate differences themselves.
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2.7 Experimental prospects forB — (K*, p,w) ~
>— M. Convery <

The exclusive radiative penguin decay modgs- K*v and B — pvy, which we will take to includeB® — p°,
Bt —pty and B —w~, offer unique experimental challenges and opportunities at a SBéactory. One of
the threeB — py modes will be the first decay of the type- dv to be discovered and precision measurements will
yield information on the CKM elemernit;;. The measurement ofcp andAy_ in B— K*~ provides opportunities
to search for New Physics in tlhe— s~ transition. In this section, we describe the currBABAR analyses of these
modes, and discuss possible improvements and extrapolations at aFSEaetory.

2.7.1 B — p7y analysis

Measurement oB(B — py) represents a significant analysis challenge- p~y suffers from large continuum back-
grounds as well as background frabh— K*~, which has a branching fraction 50 to 100 times larger. Continuum
background may be rejected with event shape and similar variables. Optimization of these variables the is key to
the sensitivity of B— py analyses.B — K*~ is separable only witl\ £ and hadronic PID. Th&\ E' separation is
typically less than @, which places a premium on good patrticle identification. The cumBaiaR analysis [L6€],

which focuses on these two aspects, will be described here.

Particle ID for B— py: The K* andp daughters fromB — K*v and B — py have typical momenta < pp.;, <

3GeV/e. In this regionr/K separation comes only from the DIRC, where the separation is good, and any misiden-
tification comes from non-Gaussian effects. It is therefore not advantageous to do fits to Cherenkov angle PDFs, as
is done in the charmless two-body analyses. Rather, we optimize selection criteria for pion selection. This problem
is somewhat different from the usual one of kaon selection. In fact, we find that a significant improvement in kaon
misidentification can be obtained by requiring that the number of photons observed in the DIRC be consistent with
the number expected for a pion. This is in addition to the usual requirement that the measured Cherenkov angle
be closer to the one expected for pion than kaon. Fi@ueshows the performance achieved by the pion selector.
Since the kaon misidentification rate is typically 1%, tBe— K*~ background is reduced to levels about equal

to the expected3 — py level. In combination with theA E difference, this render® — K*~ background nearly
negligible. Significant degradation in the particle identification capabilities would likely make it necessary to reject
the K* background using am k. cut, which reduces signal efficiency considerably.
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Figure 2-4. Performance of the pion selector (left) and neural net (right) im&he p~ analysis.

3At Moriond '04, Belle claimed 3.% evidence for observation of the combination of the thBees py modes/80).
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Continuum background rejection: Continuum background rejection is achieved in the curfent py analysis by
combining a number of variables together in a neural net. In addition to the familiar variablesigf cos 0, cos
and the “CLEO energy cones”, we also inclullg, Az, and flavor tag information. Figuz4 shows the performance
of this neural net for signal and continuum background.

Current BABAR analysis results: The currentBABAR analysis, which is based on 78 fhobtains the results shown
in Table2-6. No evidence for these decays was found, and limits were set.

Extrapolations to higher luminosity: We assume that the statistical error on the branching fraction measurement
will improve as£~1/2, and that the systematic error is composed of one part that similarly improves and one part
that remains constant at 5%. Figl2e5 shows this extrapolation. We see that with the current analysis, it will
require almost 700 fb' to see a 35 Standard Model signal il3° — p°v. The situation improves if we are able to
improve the continuum background rejection by a factor of two, while maintaining the same signal efficiency. In
this scenario, a 3- signal could be observed with approximately 300fbOne finds that the measurement becomes
systematically dominated at about 2db One also finds that the measuremen¥gf/V;, becomes dominated by
theoretical uncertainty at a similar point. Combining the three modes together reduces the required luminosity by
roughly a factor of two.

B° - p°y(BR=0.5x%10")
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Figure 2-5. Extrapolation to higher luminosity of the measuremenB6B° — p°~)

Predictions fotAcp in B — py are large. Referenc81] predictsAéP = o.1ot8;8§. Systematic errors on this quantity
are rather small and an interesting measurement will become possible with about 1 dhata.

The isospin-violation parameter, in contrast, is expected to be smaller. RefeBdhpeedictsA(py) = O.O4f8:(1)‘$.
Something like 100 ab' would be required for a significant measurement of this quantity.

Table 2-6. Results of the currentABAR analysis ofB — p~y. The last line shows the limit faB® — p°~y andB™ — p*
combined under the assumption th4B — py) = I'(BT — pTv) = 2 x T'(B® — p°v),

Mode Yield Bias Upper Lim. € B B 90% UL
(Events)  (Events) (Events) (%) (10-9) (10-6)
BY—p'y 4877 [-0508 124 12310 04798 12
Bt —pty 62772 [-0120] 154 9212 0793 21
B—wy  0173§ [-03,05] 3.6 46506 00707 1.0
Bom 1.9
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2.7.2 B — K*~ analysis

In contrast to thé8(B — py) analysis, where the key point is reducing continuum backgrour@ -/ *+ it is mostly
concerned with reducing systematic error. Even so, the measurements of branching fractions are nearly systematics
dominated in the currerBABAR analysis, based on 81fh [167]. The systematic errors can be roughly divided into

those coming from signal efficiency and frabhbackground that mimics signal. The former is measured with control
samples in data and the latter is controlled by ughig in the fit.

Fortunately, the systematics partially cancel in the more theoretically-interesting Aatioand A _.

Current BABAR analysis: The results for the currerBABAR analysis are shown in Tabl7. Taking into ac-
count the correlation of systematics between modes, we obtdj: = 0.051 £ 0.044(stat.) + 0.023(sys.) £
0.024(R*/9), where the last error takes into account the experimental uncertainty in theRatib:= I'(7'(4S) —

B+B~)/T(Y(4S) — B'B").

Table 2-7. Results of the currentABAR analysis ofB — K™*~.

Mode B x 10‘5 CombinedB x 10‘5 Acp CombinedAcp

K*tr— 3.92-0.20+0.23 -0.069+:0.046+0.011

o " (op0ooingy | 3920208024

KS+7T 0 4.9%0.4&0.46 0.084+0.075+:0.007 }-0.013£0.036£0.010
T IR } 3.87£0.28:0.26 ' '

K%t  3.52£0.35+0.22 0.0610.092+0.007

Extrapolations to higher luminosity: The measurements of branching fractions are essentially systematics limited
with current data sets. Due to cancelation of systematics, howAyer,is still statistics-limited. It is hoped that
systematics can be further improved by a factor of two, to about the 1% level. We presume that the systematic error
is composed of one part that improves&s'/2 and one part that remains fixed at 1%. This would then allow a
significant measurement df, _ with something less than 1 ab. Note that improvements would also be necessary in

the measurement g *°. Figure2-6 shows the extrapolation of the error on this quantity to higher luminosity.

MeasuringAcp in B— K*+ is rather straightforward; the only significant systematics come from detector matter-
antimatter asymmetries. These are currently understood at the 1% level. The limiting systematic is the charge-
asymmetry of the hadronic interaction of kaons with the detector material. To get much below 1% systematic, this
asymmetry would probably have to be measureBABAR data with a kaon control sample. No viable technique for

doing this measurement has yet been found, so for this extrapolation, we presume the systematic error remains 1%.
Figure2-6 shows the extrapolation of the error on this quantity.
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Figure 2-6. Extrapolation to higher luminosity ako_ (B — K*~) (left) andAcp (B — K*~) (right)
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2.8 Theoretical Prospects forB — (K*, p) v
>— A. Ali, E. Lunghi and A. Y. Parkhomenke<

2.8.1 Phenomenology oB — (p,w) « decays

We now discuss thds — py and B — w~ decays whose measurements have just been announced by the Belle
collaboration/BQ]. The potential impact of the decaigs— py andB — w~ on the CKM phenomenology was first
worked out in Refs/168 169 using the leading order estimates for the penguin amplitudes. Since then, annihilation
contributions have been estimated in a number of padéi [14€, 171], and the next-to-leading order corrections

to the decay amplitudes have also been calculé2@d32]. Deviations from the Standard Model estimates in the
branching ratios, isospin-violating asymmetky° and CP-violating asymmetriesicp (p ) and Acp(p%y) have

also been worked out in a number of theoretical scenzliog B4, 173. These CKM-suppressed radiative penguin
decays were searched for by the CLEO collaborat&8), [and the searches have been set forth atBhEactory
experiments Bellel74] and BABAR [ 16€].

Recently, the Belle collaboration have presented evidence for the observation of the Becayg ™, BY — p%y

and B} — w~ (and their charge conjugate0]. Their observation, based on an integrated luminosity of 140,fb

lacks statistical significance in the individual channels, but combining the data in the three decay modes and with their
charged conjugate modes, yields a signal.at CL [30]:

Bexp[B — (p,w)7] = (1.815:8 £0.1) x 107°. (2.42)

This result updates the previous upper bouddg]by the Belle collaboration, while the upper bound from B*8AR
collaboration (at 90% C.L.)J1I6€¢: B
Bexp[B — (p,w) 7] < 1.9 x 1076, (2.43)

remains to be updated.

The measurements from Belle and the upper limit fil8&BAR on theB — (p, w)~y decays given ind.42) and 2.43),
respectively, can be combined with their respective measurements Bf-thed{*~ decay rates to yield the following
ratios:

Rexpl(p,w)v/K"7] < 0.047, (BABAR) (2.44)
Rexpl(pyw)y/K*] = 0.042 £ 0.013, (Belle) (2.45)

WhereReXp[(Paw)V/K*'ﬂ = EeXp [B — (p,w) 'Y]/EexP(B — K*y).

The branching ratios foB — p~ have been calculated in the Standard Model at next-to-leading @¢37] in the
QCD factorization frameworkd5]. As the absolute values of the form factorsbn— K*~, B — py andB — wvy
decays are quite uncertain, it is useful to calculate, instead, the ratios:

2 M2 _ 2)\3
M ¢ [1+ AR(p/K*")], (2.46)

2 2 _ .23
M ¢ L+ ARw/K)], (2.47)

Bin (B — p)

Ren(py/K"y) = Ba(B = K*y) Sp

* o Eth(Bg - W’Y) _ 1
Rth(w’Y/K 7) = Bth(Bg _ K*O'y) D)

Via
Vis
Via
Vis

wherem,, andm,, are the masses of theandw mesons¢ is the ratio of the transition form factors = T (0) /Tf (0),
which we have assumed to be the same forgh@andw mesons, and, = 1 and1/2 for the p* and p° meson,
respectively. To get the theoretical branching ratios for the deBays py and BY — w~, the ratios/2.4€) and 2.47)
should be multiplied with the corresponding experimental branching ratio & the K*~ decay. Explicit expressions
for the NLO correctiong\ R*-° and a detailed description of the input parameters can be found in B&f85].
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Table 2-8. Theoretical estimate8f] for branching ratiosCP asymmetries and isospin-violating ratio for exclusive
b — dry decays.

BE — pFy By — %y By — wy B — (p,w)y
AR 0.116 + 0.099 0.093 + 0.073 0.092 + 0.073
Rin 0.0334 £ 0.0103 0.0164 4 0.0049 0.0163 + 0.0049 0.033 £ 0.010
Bin (1.35 4+ 0.42) x 1076 | (0.66 4-0.20) x 1076 | (0.65 4 0.20) x 1076 | (1.38 +0.42) x 106
Adix (—11.6 +3.3)% (=9.475% (—8.8%39)%
A(p,7) (1.1£3.9) x 1073

The theoretical uncertainty in the evaluat|on of tRe,(py/K*~y) and Ry, (wy/K*~y) ratios is dominated by the
imprecise knowledge of = T 1(0 )/T1 ( ) characterlzmg the SU(3) breaking effects in the QCD transition form

factors. In the SU(3) symmetry limif’; (0) = T1 (0), yielding ¢ = 1. The SU(3) breaking effects in these form
factors have been evaluated within several approaches, including the LCSR and Lattice QCD. In the earlier calculations
of the ratios|B1,34], the following ranges were used:= 0.76 + 0.06 [31] and¢ = 0.76 + 0.10 [34], based on the

LCSR approachll6S, (170G [175,[17€,[177] which indicate substantial SU(3) breaking in the— K* form factors.

There also exists an improved Lattice QCD estimate of this quagtity,0.9 + 0.1 [68]. In the present analysis, we

use¢ = 0.85 £+ 0.10.

Within the Standard Model, measurements of the isospin-breakingBrasymmetries in the decay rates will provide
a precise determination of the angle They are of interest for searches beyond-the-Standard Model in thed
radiative transitions. Of these, the isospin-breaking ratios in the dé¢ayspy are defined as

(B — p*y)

AiO _
2T(B°(B") — p%v)

Alpy) == (AT +A79), —1. (2.48)

N =

They have been calculated in the NLO accuracy including the annihilation contribuBi32] 34]. Likewise, the
CP asymmetry defined as

—0

B(By — p%y) — B(BS — p°y)
—0

B(By — p%v) + B(BY — p°y)

B(B~ — p~y) = B(B" — p*v)
B(B~ — p=y) +B(BT — pty)

Agp(py) = (2.49)

Agp(py) =

has also been calculated in the NLO orc&t, 32,(34].

We summarize in Tab2-8the Standard Model-based estimates for all the observables introduced above (S&8] Ref. [
for the values of the theoretical parameters and the definition of the aveBagedp, w)y mode).

2.8.2 Impact of Rexp[(p, w)/K*] on the CKM unitarity triangle

In this section we present the impact of tBe— (p,w) v branching ratio on the CKM parametgraind7. For this
purpose, it is convenient to rewrite the rafi,[(p, w)y/K*~] in the form in which the dependence on the CKM-
Wolfenstein parametefsand7; is made explicit:

N¢ (Mg —my)?

Runl(p. )7/ K™y = 5 260078 + 6@EmY) (2.50)

4 (ME—m3.)
NG (M -mEP L
S B )
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where the functior?(p, 7, 4 ) encodes both the LO and NLO contributions:
G(pme)=[1—(1=e)p° + (1 - &)’ +2Re [Go — pGi(e) + (p° +77°) Ga(e)] , (2.51)

and the numerical values of the functiofAs (: = 0, 1, 2) and of the parametetséj) can be found in Refl35].

To undertake the fits of the CKM parameters, we adopt a Bayesian analysis method. Systematic and statistical errors
are combined in quadrature and the resultitefunction is then minimized over the following parametepsy, A,
Br, m, 12, N3, me(me), me(my), ng, f8,+/Bs,, . Further details can be found in Re35/17§.

Table 2-9. The 68%CL ranges for the CKM-Wolfenstein parametets?-violating phasesA Mg, from the CKM-
unitarity fits.

p [0.10, 0.24] sin(2a) | [—0.44, +0.30] || « | [81, 103]°

7 [0.32, 0.40] sin 23 [0.69, 0.78] B | [21.9,25.5]°

A [0.79, 0.86] sin 2y [0.50, 0.96] v | [54,75]°
AMg, | [16.6,20.3] ps !

We present the output of the fits in Tal2e9, where we show the 68% CL ranges for the CKM parametérs;

and7, the angles of the unitarity triangley, 5 and~, as well assin2¢; (with ¢; = «a,3,7) andAmp_. The

95% CL allowed region in thg—7 plane is shown in Fig2-7 (shaded area). Here we also show the 95% CL range
of the ratio Rexp[(p,w) 7/ K*Y] = BexplB — (p,w) Y]/ Bexp(B — K*v). We find that the current measurement

of Rexpl(p,w)v/K*~] is in comfortable agreement with the fits of the CKM unitarity triangle resulting from the
measurements of the five quantitig®,( ex, Amp,, Amp,_, andaJ/ng). The resulting contour in the—7 plane
practically coincides with the shaded region, and hence is not shown. We conclude that due to the large experimental
error on Rex,[(p,w) v/K*], but also due to the significant theoretical errors, the impact of the measurement of
B — (p,w)~ decays on the profile of the CKM unitarity triangle is currently small. That this is expected to change in
the future is illustrated by reducing the current experimental erraRap|(p, w) v/ K *+] by a factor of three, which

is a realistic hope for the precision on this quantity from thBactory experiments within several years. The resulting
(95% CL) contours are shown as dashed-dotted curves, which result in reducing the currently alopsttameter
space. This impact will be enhanced if the theoretical errors, dominatéd jpy, are also brought under control.

E.L. and A.Y.P. are partially supported by the Swiss National Funds.
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Figure 2-7. Allowed p — m regions following from the six measurementBy( ex, AMp,, AMg,, a, K9

and Rexp[(p,w) v/K*~]), corresponding to 95% C.L., with the dot showing the best-fit values. The shaded region

shows the current profile. The two outer (solid) curves give the 95% C.L. constraintsrt thelane from the current

measurement aRex;(p,w) v/ K*+]. The inner (dashed-dotted) curves are the 95% C.L. constraints from an assumed

measurement aRexp[(p, w) v/ K"~ with the current central value but the experimental errors reduced by a factor 3.

The contour shows the potential impact of this assumed measuremenpinrhelane.
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2.9 The Time-DependentAcp in B? — K*%, (K** — K2n?)
> J. Libby <

BABAR is finalizing a measurement of the time-dependéRtviolating asymmetry parameters of the deday —
K%, (K" — K%70)4. AttheT'(45), the distribution ofAt, the proper time difference between the decay time of
the B meson to thex*? final state and the decay of the otig@meson to a self-tagging final state, is given by:
—|At| /T
P(AL) = &

X [1 % (Sg=oqy sin(AmgAt) — Ciro. cos(AmgAt))] ,

where the upper (lower) sign corresponds to the tag@mgeson decaying asi’ (EO), 7 is theBY lifetime averaged
over the two mass eigenstatégy,, is the mixing frequency’x o, is the magnitude of directP violation andSx-o.,

is the magnitude of mixing-inducedP violation. In the Standard Model, the mode is nearly self-tagging since the
parity-violating weak interaction leads, most of the time, to the photon f83rdecay having opposite helicity to that
from B" decay. Thus, the Standard Model expectations’fgko, andSg-o., are zero an@m/my,sin 23 ~ 0.03,
respectively, where:, is the mass of the quark andn,, is the mass of thequark. The small value & -0, accounts

for the rate of helicity flip/L8C [181]. New Physics might enhance the rate of wrong-helicity decays, leading to an
increase in the value dfg-o.,.

The branching ratio foB — K*%v is 4.3 x 10~° [2] and the branching fraction & ** — K%z is 1/9, yielding

an overall branching fraction of arousdx 10~6. The background arises mainly from combinatorics in continuum
events, and from othe8 — X, v decays in which one particle in the final state is missing, leading t&thgystem

being reconstructed as/&*°. The signal selection requires a high energy photon ahd‘acandidate, composed

of a K? and an", which combine to lie within broad range efzs and AE about the nominal values for B

meson decay. The continuum aBdB backgrounds are suppressed by cuts on/iti€ helicity and the thrust angle.

Also, a Fisher discriminantF, which combines event shape variables, is used to separate background in the final
likelihood fit to extract theC'P parameters. The fit uses probability density functions, PDFs, of the parameterized
distributions of signal and both background typesAi?, mgg, K*° mass andF. In addition, it uses flavor tag
information from the otheB decay [182]. The other PDF for the fit i?(At), which requires a measurement of

At, and is convolved with a\t resolution function. Given that the signBl decay contains only neutral particles

in the final state a novel method of vertex reconstruction was used to measure the decay time. The small transverse
displacement of thé3 meson in the laboratory frame is exploited by constraining it to decay at the interaction point
in the transverse plane. Therefore, the intersection of the flight direction dt theith the beam axis defines the
decay vertex position. The additional uncertainty introduced by ignoring the transverse flight direction is included by
inflating the error on the transverse position of the interaction point. This method of vertex reconstruction has already
been used to measure time dependeftviolation in B — K%7° [183 and has been validated on control samples

of B — Jiy KY. The B decay vertex resolution depends strongly on the radius at whiciithdecays, which
dictates the amount of information from the silicon tracker, SVT, used to reconstructéd tl@ughters. The events

are classified according to the amount of SVT information used; only events in classes withgoesblution are
included in the fit. Furthermore, the classes used have differing parameteriz ationg\afréssolution in the fit.

The analysis has been performedids fb~' of data and the statistical uncertainty § «0 (Cir0,) 15 0.63 (0.32).
Therefore, using the same method at a Supéactory, the statistical uncertainty 6k« (Cx-+o0.) would be 0.21

(0.11) with1 ab~! of data, and 0.07 (0.04) witth ab~! of data. The systematic uncertainty is currently estimated to

be 0.14 on bottf -0, andC-o.,; this is dominated by the uncertainties on the yield aftlasymmetry of theB B
background, which are evaluated very conservatively. As the statistical error approaches the level of the systematic
error, the uncertainties from thigB background will be better constrained by measurements made on control samples.

4This analysis is now availabl47¢]; the result iSSf+y = 0.25 £0.63 £ 0.14 andCx+ = —0.57 £ 0.32 £ 0.09.
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2.10 Prospects for measuring photon polarization irb — s~
>—D. Pirjol <

Rare radiativé — s+ decays have been extensively investigated both as a probe of the flavor structure of the Standard
Model and for their sensitivity to any New Physics beyond the Standard Model (for a recent reviexng,siz]).

In addition to the rather well-predicted inclusive branching ratio, there is a unique feature of this process within the
Standard Model that has drawn only moderate theoretical attention, and has not yet been tested. Namely, the emitted
photons are left-handed in radiatif& and B° decays and are right-handed#t and B® decays.

This prediction holds in the Standard Model to within a few percent, up to corrections ofragdet,, for exclusive

and inclusive decays. On the other hand, in certain extensions of the Standard Model, an appreciable right-handed
component can be inducediin— sy decays. This is the case in the MSSM with unconstrained flavor structure, where
the gluino-squark loops can produce a right-handed ph@8d].[ Another possibility is the left-right symmetric

model with gauge groupU(2), x SU(2), x U(1), where the same effect is introducedi; — W mixing [185.

A measurement of the photon helicitydn— s~ will help to constrain these models and set bounds on the properties

of New Physics particles.

Several methods have been suggested to measure the photon hebicitydn processes. In the first methdB(d, the
photon helicity is probed through mixing-inducé® asymmetries. The sensitivity to the polarization is introduced
through interference betweeR’ and B° decays into a common state of definite photon polarization. However,
measuring asymmetries at a level of a few percent, as expected in the Standard Model, requirs® aBougsons,
which would only make it feasible at a Sup@iFactory, see SectidhSfor an experimental study. In a second scheme
one studies angular distributions ih — v(— eTe™)K*(— K), where the photon can be virtudlgg, (187 18§

or real, converting in the beam pipe to @he™ pair [181]. This is discussed in detail in Secti@il7 The efficiency

of this method is comparable to that of the previous method. A somewhat different method, propd&€ makes

use of angular correlations in both exclusive and inclugiye— X~ decays.

An especially promising method 90, (191, /197] for measuring the photon polarization makes use of angular correla-
tions in the strong decay ofH,..; resonance produced i — K,.sy. The dominanB — K*~ mode cannot be used
for this purpose, since th&E™* polarization information is not observable in its two-body strong dd€dy— K;

it is impossible to form & -odd quantity from just two vectorg (photon momentum in th&' ., frame) andn (the
direction parameterizing the final staf€ (n)w(—n)).

A nonvanishing asymmetry is possible, however, in three-body strong dekays:— Knw, whereK,.s represents
the lowest excitations of th& meson, with quantum numbeid = 1,11, 2+, some of which have been seen in rare
radiative decays. The Belle, CLEO aB4BAR Collaborations observed the decBy— K3 (1430)~ with branching
ratios shown in Tabl@.1Q Similar branching ratios are expected from theoretical estimates for decays,;ifit¢00)
and K, (1270) [193.

Table 2-10. Measurements of the branching ratio #r— K3 (1430)~ (in units of10~°).

Decay BABAR [194) Belle [19] CLEO [19¢]

B(B® — K3°(1430)y) | 1.2240.25+0.11

1.34+0.5+0.1 | 1.6675:23 +0.13
B(B~ — K (1430)y) | 1.4440.40+0.13 '
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These states decay strongly to three-body finalr state3. Neglecting a small nonresonant contribution, these decays
are dominated by interference of a few channels (see2Fg).

K*tg0 K*tn—
Kb, — { KOrt 3 — Ko7t a0, KY, — < K*Op0 5 — Ktr n0. (2.52)
p+KO p- K+

We focus only onK'7n modes containing one neutral pion, which receive contributions from two dishiriet
intermediate states. These two contributions are related by isospin symmetry and contribute with a calculable relative
strong phase which can be parameterized in terms of Breit-Wigner forms. The contribution/op state has to be

added as well, thereby introducing an uncertainty.

This uncertainty is minimal for decays proceeding through.fhe= 1% K;(1400) resonance. This state decays
predominantly toK*7 in a mixture ofS and D waves, with a branching ratio of 95%)|[ To a good approximation

one can neglect th® wave component, allowing a parameter-free computation of the asymmetry. The sthaller
wave component and thi€ p contribution can also be included using the data on partial wave amplitudes and phases
measured by the ACCMOR Collaboratidtef/].

Y TH TH L L H
/ / / / N 2
/ / / ! > ¥
* P1 1( P2 * P2 % P1 PL R P2
K K p
—)—‘=)l=‘—)— —)—‘=)l=‘—)—
Kl’eS! p p'pl K, p3 KreS’ p p'pZ K’ p3 Kres' p K’ pS

Figure 2-8. Pole graphs contributing to the strong dedéys — Krm, proceeding through resonakt* = and K p
intermediate states.

A realistic computation of th& — Kxmy decay distribution in the region & == invariant mas/y . = 1.2—1.5
GeV should take into account the interference of contributions from thdsfe@sonances with masses in this range.
These includek(1400) (JP = 1T), K*(1410) (J© = 17) and K} (1430) (J¥ = 2*). Reference19Z contains
detailed results for the Dalitz plot and angular distribution®ir- K77y decays, including interference effects from
multiple K resonances.

We quote here only the result for the distributionsin= (px + px, + pr,)? and 6, which is sensitive to the photon
polarization (Eq. (44) in192]). For this purpose it is convenient to work in the rest frame of the resonfipge The
angled is taken to be between the opposite of the photon momentgrand the normal to th& == decay plane
defined a9y1ow X Drast, Wherepsow andpr,s; are the momenta of the slower and faster pions. With these definitions
one has/197]

d’r
dsdcos §
1 - - - < <
+ i|02|2|BK5 (s)|? {cos2 0 + cos? 20 + 12P, Ry cos f) cos 29} + \03\2|BK1* (s)[*sin 0

1 _ _
_ Z|cl|2|BKl(s)|2{1+00520+4P7R1 cose} (2.53)

1 ~ -
+ Im [ClgBKl (s)Bi; (5)} 5(3 cos®> 6 — 1) + P,Re [c'lQBKl(s)B}}g (s)} cos® 0,

where the first three terms are produced by decays thréghresonances witd” = 1,2+ and1~, and the last
terms come from* — 2+ interference, respectively. We denoted here the Breit-Wigner f8(g) = 1/(s — M? —
1I'M) corresponding to & resonance with parameteid/, I').

5Note that thek(; (1430) was seen only in two-body channels in Rei4, 195 19€¢]. The only three-body channel analysis was dond 8t],
which measure®(B — K+ntn~y) = (2.4 £ 0.5705) x 1075,
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The hadronic parameter8; » appearing in Eq.4.53 can be computed with relatively small model dependence as
explained above, which give$91,1197] R, = 0.22 + 0.03, R, = 0.01 — 0.05. Using these values, measurements of
the angular distributiori2,53 can be used to extract the photon polarization paranfet¢t92].

Selecting onlyK =7 events with invariant mass around th€ = 1+ resonancé; (1400), the first term in the angular
distribution 2.53 can be expected to dominate. This predicts an up-down asymmetry of the photon momentum
direction relative to the normal to th& 7w plane A,p—down = %RlP,Y. The significant value of this asymmetry
makes this channel particularly attractive.

Assuming an exclusive branching rati§ B — K;(1400)v) = 0.7 x 10~ and taking the final state ii2(52) to be
detected through th& *7~ 7% and K97 7" modes, implies that abo@tx 10" BB pairs are required to measure
80 K events which should be sufficient forda confirmation of a left-handed photon én— sy decay. Such a
measurement should be feasible at the exisBirigactories in the near future, and will become a precision measurement
of the photon polarization at a SupBrFactory.
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2.11 Experimental prospects forB — K~~
> S. Dasu, F. Di Lodovico, and A. Rubir<

The rare flavor-changing neutral current deday- s+~ is one of the processes that is sensitive to New Physics
contributions and has been theoretically studied in detail, see S2ciizinThis quark level transition was previously
studied in the exclusive decdy, — ~v at LEP and an experimental limi(B, — ) < 1.5 x 10~* was set by L3
collaboration 19§ at 90% confidence level. At & Factory, this transition can be studiedfh— K *)»~ modes.
The recent prediction for the exclusiv@ — K+~ branching fraction is at leagt7 x 107 in the Standard Model,
with a cut on, /s, > 3 GeV [212].

Although in the Standard Model, this transition has a branching ratio of alfot — 10~7, it can be appreciably
different in two higgs doublet modeld9¢, 20S, 20(. Althoughb — svv is suppressed by, with regard to

b — s, it continues to be of interest because any New Physics contribution to this decay may manifest itself differently

in experimental observables, due to the presence of additional diagrams. In addition to the usual observables, the rate
and Acp, forward-backward asymmetryi 75 s+, . Of the s quark and the softer of the two photong,, can play

a role in the search for New Physics. Note that this process is of the same order in the electro-weak couplings as
b — s¢T¢~ although it is more difficult to study experimentally.

Following the techniques established in B&BAR analysis ofB — K *~, a Monte Carlo feasibility study of measuring
the exclusive decap* — K*~~ was performed. Similar t&8 — K*~ the continuum backgrounds for this process
are due to ISR photons or photons frathands decays. Requireming of two high energy photons in the event, both
with energies,1.0 < E, < 3.5GeVandl.5 < E, , < 3.5 GeV, suppresses the background considerably. It
was important to suppress the secondary photons #bmndn decays by cutting strictly on the invariant mass of
pairs of photons detected in the event. The continuum background, particularly that due to the initial state radiation
photon in combination with a misidentified® or n, is rather large. A neural network that used event shape variables
helped reduce these backgrounds to a manageable level. Only four Ddtiof 108 generated continuum events
survive these cuts in the signal regibrR273 < mgg < 5.284 GeV and—0.08 < AE < 0.09 GeV. In addition to

the continuum background there is a lal§& background. Random combinations &f and two photons in the
decays of generi@& B can mimic the signal. Often one or more of the photons are ft8rar  decays. Therefore,
tight cuts requiring that the selected photons do not forrfl ar , when combined with any other photon in the event

reduces this background. We found that 36 out.86 x 10° BT B~ events and one out 6f48 x 10% BB’ events
survive these strict cuts within the signal regiér273 < mgs < 5.284 GeV and—0.08 < AFE < 0.09 GeV. We

have looked at the generator information and found that aliZté3— events surviving the cuts contain ofethat
decayed intaX,~. In almost all of these events, the kaon and one photon came fronXthislecay, whereas the
second photon was faked byrd or n° decay from the otheB. This signal peaks in the beam energy constrained
variablempgg. Although, theAFE distribution for these events is somewhat different from the signal events which
are peaked at zero, it is quite difficult to extract the signal cleanly. We have used a simple phase space model to
generate 6666+ — K*~~ events. Of these, 389 events survive the cuts chosen to suppress the continuBi and
backgrounds, yielding only 5.9% signal efficiency. This study indicates that with a 2008hBAR data sample that

will be available in 2004, a branching fraction limit 8{ B, — K~v) < 7 x 10~7 at 90% confidence level can be
set.

low

We are devising ways to reduce tBd3 background further by making additional requirements on the seBdinoim

which a fake photon is selected. The ultimate step in such a process would be to fully reconstruct théstuenady
incurring a large efficiency reductiom,~ 10~ 3. Although this technique is clean, we will not be able to measure
processes withz 10~7 branching fraction using this technique. Therefore, we are investigating partial reconstruction
of the second3, which may be devised with efficiencies 10~2. With ultimate data set of 10 ab one should be

able to measure the proceBs— K~v+.
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2.12 Double Radiativh — (s, d) vy~ Decays - Theory Aspects
> G. Hiller <

The double radiative decayB, ; — yyandB — (K, K*, X)yy have so far received less attention thar> sy

induced decays. The reasons are the more complicated hadronic physics involvegd, suppression of the rate, and

the obvious correlation with the single photon mode. All these points can at least partially be neutralized and turned
into advantages:

¢ With Standard Model branching ratios 610~ — 10~%) and possible New Physics enhancements of up to an
order of magnitude the diphoton modes are accessible at a Bupactory.

e New physics in the penguin operatdfs o 3bf f with fermionsf can alter the diphoton decay rates substan-
tially whereas this is only a 2-loop effect bn— sy decays.

« More observables beyond the rate can be studid@l in (K, X, )y~ decays.

e The B — v+ decays can teach us about hadronic input to other modes.

Rareb — (s, d)yy decays have been studied in the Standard M@, 202, 203, with an effective Hamiltonian
theory at leading log404, 210, 205 and within QCD factorization124]. The decays have been analyzed in several
New Physics models, such as the 2HDOME, 208, 20(], the MSSM RP0€ and theR-parity-violating (RPV) MSSM
[207]. Properties of the diphoton modes are summarized in & Note that in the MSSM th&, — ~~ branching
ratio can be enhanced over the Standard Model value by at+ndss [20€], which is similar to the 2HDM. This
moderate impact of New Physics én— sy decays results from the experimental constraint onBhe» X,y
branching ratio, and is generic to models that predominantly modify the dipole opetategs). On the other hand,
the RPV-MSSM induces sizable contributionsbte—~ s+~ decays from sneutrino exchange in the 1PI contribution
[207]. Since the respective 4-Fermi operators appear irbthe sy rate only at higher order, that is, at two loops,
they are unconstrained by single photon decays. In the following we briefly summarize the highlights of the individual
decay modes.

Table 2-11. Standard Model branching fractions and current upper bounds a0 fér double radiative raredecays
(see the original works for cuts applied 18tB — (K*), X)) estimates). Also given is the maximum enhancement
of the branching ratios in the 2HDM and the RPV MSSM with respect to the Standard Mddlelremoved they.-

contribution.
Modes Standard Model Exp. bounds 2HDM  RPV MSSM
By — vy 31788 x 1078 [124 1.7 x 10~ [20§ - -
B, — vy 1.2722 x 1076 [124] 1.48 x 1074 [19§ 2[209 16 [207)]
B — X4y | ~(3.7—5.1) x 1077 [210,20q - 2-3[200  5[207

B — Kvy | ~(0.5—5.6)x 10~7 [211,217] - _ _

B — K*vyy few x10~7 [213* - - -

B — ~~ decays: The Standard Model branching ratios 8t ; — ~+ decays have a large uncertainty, which
stems from the hadroniB meson parametexz ~ O(A). All other sources of theory erroe.g, the u-scale, the
B meson decay constari and CKM elements are subdominant, of ord€i0%, and not included in Tablg-11,
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see 124 for details. Here\p plays the role of the spectator mass in previous calculations. In the framework of
QCD factorization\ 5 is a universal parameter that enters also offielecays. The enhanced sensitivity®f— ~+y
modes might be a way for its experimental determination. Long-distance effects;via ¢y — ~v [204] and
By — ¢Jp — ¢y — v [205 are suppressed, because the intermediate vector bosons are sufficiently off-shell.
They are power corrections in QCD factorization. Furtlig?,asymmetries can be studied,,
A% — A,
%P = | q|2 |7q|2 (254)
A2 + 14,
where4, = A(B, — vv),4, = A(B, — 7v). In the Standard Modetl, ~ —5% with the dominaniO(1)
uncertainty arising from the scale dependence, followed by that frpii

Inclusive b — s~- decays: The inclusive three-body decay allows to study spectra such as distributions in the
diphoton invariant mass:,~ or in the angle between the photons. Further, a forward-backward asymmetry similar to
the one inb — s¢T¢~ decays, can be constructed as

I'(cosfsy > 0) —T'(cosbsy < 0)
I'(cosfsy > 0) +T'(cosbs, < 0)

App =

(2.55)

whered,., denotes the angle between thquark and the softer photoh99.

Theb — sy~ amplitude has IR divergences for vanishing photon energies, which cancel with the virtual electromag-
netic corrections td — s+ [210. Since we are interested in— s+ with hard photons (rather than in— s~ plus
bremsstrahlung corrections), a cut on the photon eneegigsE., > 100 MeV is used for the estimates given in Table
2-11, or the minimum energy required for the experiment to detect photons. There is sensitivity to low energy physics,
i.e, the strange quark mass from the 1PR diagra2i€[20(]. Long-distance effects vi® — Xzn. — X,y can

be removed by cuts im.,-, [21(.

B — (K, K*)~~ decays: Very few calculations oB — K-~ decays are available. They invoke phenomenolog-
ical modeling of the cascade deca§ys— K*vy — Kvv [211,1217 and B — n,K — K~~, wheren, = n,n’ and

1. [212] for the 1PR contributions. The irreducible contributions are obtained assuming factorization. The Standard
Model branching ratios are estimated®s3 — K~vv) ~ (0.5 —0.7) x 107 [211] with |m k., — m+| > 300 MeV,

E., > 100 MeV andB(B — Kvv) ~ (2.7 — 5.6) x 10~7 with m.,, > m,,_ + 2T, [212]. The decayB — K*~v is

treated similarly in213. Note that the sum rul®- ;. ;. B(B — Hvyvy) < B(B — X,77) puts constraints on the
theory.

Recently,B — K (")~ decays have been investigated model-independently with an expansion in scales of the order
my, [214]. In the region of phase space where the operator product expansion is valid, the Standard Model branching
ratios induced by short-distance physics turn out to be quite small, bhdér

SNote thatrcp is defined differently from the&oP asymmetries in Refll24], which require a determination of the photon polarization. We
thank Gerhard Buchalla for producing the numerical valueqgf for us. It corresponds to the central values given in Table 2 of 224|[
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2.13 Experimental Aspects of the Inclusive Modé — s€t£~
> T. Abe, V. Koptchev, H. Staengle, and S. Willoce<

The electroweak penguin— s/*¢~ decay is a flavor-changing neutral current process and is very sensitive to physics
beyond the Standard ModdlQ, 41]. Therefore, the study df — s/ ¢~ decays is particularly interesting at a Suger

Factory. Several observables have been studied for these decays: branching fraction, dilepton mass and hadronic mass
spectra, and forward-backward asymmetry. These probe physics beyond the Standard Model. The large event samples
anticipated at a Supé? Factory provide excellent statistical accuracy but it is important to consider potentially limiting
theoretical uncertainties. The forward-backward asymmetry proves to be an excellent tool to search for New Physics,
since theoretical uncertainties are small, and large deviations from the Standard Model are expected in some of its
extensions.

In this section, we discuss the measurement obthe s/ ¢~ branching fraction and forward-backward asymmetry
with SuperB Factory luminosity, based on status of the current analysBABAR and Belle. First, the analysis
method is described. Then, we consider branching fraction measurements at thé® Sigptory. Finally, we discuss
the measurement of the forward-backward asymmetry.

2.13.1 Analysis method

Both BABAR [215] and Belle R1€ use a “sum over exclusive modes” technique, which is a semi-inclusive approach,
because a fully inclusive approach suffers from large backgrounds and has yet to be developed for such a measurement.
We reconstruct the hadronic system as @€ or K% — 77~ decay, and up to three pions with at most atle

This allows about 60% of the inclusive rate to be measured. The technique provides powerful kinematical constraints
to suppress backgrounds, while it introduces some dependence on the hadronization model and on the knowledge of
the particle content of the inclusive final state. The studies presented here were performed uBARRhenalysis,

with no cut on the dilepton mass. We use fully-simulated Monte Carlo events assuming 90% muon identification
efficiency and scale the branching fraction and forward-backward asymmetry results for luminositigslof’,
1000fb~1,10ab™!, and50 ab~!. Total luminosities 0500 fb~* to 1000 fb ! are expected to be collected BABAR

and Belle;10 ab~" and50 ab™! are for the SupeB Factory after one and five years of operation at design luminosity,
respectively.

2.13.2 Branching fraction measurement

The control of systematic errors is a key issue for the branching fraction measurement at higher luminosity. The
systematic uncertainties can be classified in three categories: signal yield, detector model, and signal model. For
the currentBABAR and Belle analyses, they amount to 11%, 11%, and 13%, respectively. The uncertainty in the
signal yield should scale dg'v/N. For detector modeling, the sargy/N rule is assumed. However, we may not
assume that signal model systematics will scale in the same way. The signal model systematic error originates from
the uncertainty in the fraction of exclusive decays({ and K*¢¢), hadronization and Fermi motion. Currently, the
uncertainty in the fraction of exclusive decays is the dominant source of systematic error but future measurements
will certainly improve and reduce the size of this uncertainty. To reduce hadronization uncertainties, one could use
inclusive B — J/i X data to calibrate the signal model, eventually achieving uncertaintieslof- 2%. As for the

Fermi motion, improved measurements of the photon spectrum-insy decays could reduce the error down to the

1% level. Relative uncertainties are summarized in Tablg. In this table, both statistical and systematic errors are
shown. The precision in the branching fraction integrated over all dilepton masses is expected to reach interesting
levels of sensitivity by the end @ABAR and Belle, comparable to the theoretical uncertainty of 17%.

Besides the control of systematic errors, we expeet 2% statistical error at a Supé? Factory, a value much lower

than the current theoretical error. Part of the 17% theoretical uncertainty is due to long distance contributions from
cc states. Branching fractions in restricted dilepton mass regions are predicted with higher levels of precision. For
example, the study in Rel8§] indicates a theoretical error of about 12%. The branching fraction uncertainties in
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the restricted region are also summarized in T2Z. It is clear that the interest in the measurement of the partial
branching fraction increases with increasing luminosity.

Table 2-12. Summary of relative uncertainties ob (— s¢T¢~) branching fraction measurements at various
luminosities. The lower bound on systematic errors assumes pure, and perhaps unfgalificaling.

Signal yield Integrated luminosity
Xeete™ 4+ Xoputp~ 500fb~! 1000 fb* 10ab! 50ab*
All 3, (exc. Ostat = 10% Ostat = 7% Ostat = 2.1% Ostat = 1.0%
J/ veto) T% < Ogyst < 14% | 5% < 0syst < 14% | 1.5% < 0yt < 6%(?)| 0.7% < Ogyst < 6%(?)
0.05 < 5§ < 0.25 Ostat = 16% Ostat = 11% Ostar = 3.4% Ostat = 1.5%
0.65 < & Ostat = 22% Ostat = 15% Ostat = 5.0% Ostat = 2.3%

2.13.3 Forward-backward asymmetry

The forward-backward asymmetry is defined&ss = (Nr — Ng)/(Nr — Ng), whereNg (Np) is the number

of decays with the positive lepton along (opposite) lgark direction in the dilepton rest frame. For the forward-
backward asymmetry measurement, hadronic final states containind<ontyr K0 are removed, because for these
modes the asymmetry is expected to be zero in the Standard Model. The Standard Model predicts the asymmetry
to be negative at low dilepton mass and to become positive at high dilepton mass. We are particularly interested
in the measurement of the zero point of the asymmetry, since the prediction is 18Fusifter checking that the
momentum reconstruction does not affect the asymmetry, we estimate the zero point value with a luminosity of 10
ab'. Figure2-8 shows the forward-backward asymmetry for pure signal (the subtraction of backgrounds results in
an increase of the statistical errors by a factor of approximately two). We obtainm?,/m;) = 0.141 + 0.020 and

§ = 0.14 £ 0.04 for pure signal and background-subtracted signal, respectively, wiens dilepton invariant mass
andm;(= 4.8 GeV) is theb quark mass. The error is statistical only. Here we should mention that the background
asymmetry is not zero and needs further study.

Next we study the error in the asymmetry as a function of luminosity. We measure the asymmetry above and below
30. Table2-13summarizes the results. A decisive measurement:gf clearly needs a Supés Factory.

2.13.4 Summary

Inclusiveb — s£* £~ decays offer new sensitivity to extensions of the Standard Model. Measurements of the branching
fraction and dilepton mass spectrum should reach interesting sensitivities by the &84 and Belle (1000

fb~'). The degree of improvement at a Sug@rFactory depends on the control of systematic uncertainties for

the measurement of the branching fraction in the whole dilepton mass range and for restricted “perturbative” ranges.
The lepton forward-backward asymmetdy: is particularly powerful and a Supds Factory is needed to reach
interesting sensitivity.
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Figure 2-9. The forward-backward asymmetry as a function of dilepton mass for pure signal case with the luminosity
of10ab*.

Table 2-13. Anticipated measurements dfs for pure signal (upper row) and after background subtraction (lower
row) for s < 5o ands > 3o, with o = 0.162 £+ 0.008 (NNLL) [87].

Arp Integrated luminosity

Xsete™ + Xoutp~ 500fb ! 1000fb* 10ab? 50ab!

§ < 3 —0.02+£0.11 —0.02£0.08 —0.017+0.024 —0.017 +0.011
—0.02+£0.17 —0.02+£0.12 —0.017+0.039 —0.017 +0.017

80 <3 0.1740.09  0.17+0.07  0.173£0.021  0.173 £ 0.009
0174022 0174016  0.173£0.050  0.173 £ 0.022
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2.14 Theoretical Prospects for Inclusive Modesh— (s, d) £1£~

2.14.1 Dilepton mass spectrum and forward-backward asymmetry

> T. Hurth <

Precise measurements of the dilepton spectrum and of the forward—backward asymmetry in the inclusive decay process
B — X ¢~ allow for important tests for New Physics and for discrimination between different New Physics
scenarios (for a recent review, s@]). In comparison to thé8 — X,y decay, the inclusive8 — X /T ¢~ decay

presents a complementary, albeit, more complex, test of the Standard Model.

As with all inclusive modes, the inclusive rare deday— X/t ¢~ is very attractive, because, in contrast to most of

the exclusive channels, it is a theoretically clean observable dominated by the partonic contributions. Non-perturbative
effects in these transitions are small and can be systematically accounted for, through an expansion in inverse powers
of the heavyb quark mass. In the specific case Bf — X,/*¢~, the latter statement is applicable only if the

cc resonances that show up as large peaks in the dilepton invariant mass spectrum (2&CFrigre removed by
appropriate kinematic cuts. In tiperturbative windowsnamely in the region below resonances and in the one above,
theoretical predictions for the invariant mass spectrum are dominated by the purely perturbative contributions, and a
theoretical precision comparable with the one reached in the inclusive deeay X,y is possible. In the higly?

(= Mfﬂg,) region, one should encounter the breakdown of the heavy mass expansion at the endpoint. Integrated
quantities are still defined, but one finds sizaltfg., /m; nonperturbative corrections within this region.

4
dB
107 x —
X e
(Gev™2) 3 [
2 L
1 +
O Il Il Il
0} 5 10 15 20

7 (GeV?)

Figure 2-10. NNLL predictions ofdB(B — Xs£t£7)/dq?: partonic result with fulln. dependence fqu=5 GeV with (dotted
line)and without (full line) factorizablec corrections.

Regarding the choice of precise cuts in the dilepton mass spectrum, it is important that one directly compares theory
and experiment using the same energy cuts and avoids any kind of extrapolation.

Perturbative QCD corrections lead to a sizable modification of the pure short-distance electroweak contribution,
generating large logarithms of the foraf (m;,) x log™ (my,/Mhueavy ), WhereMyeayy = O(Myy) andm < n (with

n = 0,1,2,...), which have to be resummed. These effects are induced by hard—gluon exchange between the quark
lines of the one-loop electroweak diagrams. A computation of the NNLL terms is needed if one aims at a numerical
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accuracy below 0%, similar to the one achieved by the NLL calculation/®f— X,~. Thanks to the joint effort of
several groups32,/84,187,188,1217,185,86] the NNLL calculations have now been finalized.

The decayB — X, ¢*(~ is particularly attractive because of kinematic observables such as the invariant dilepton mass
spectrum and the forward—backward (FB) asymmetry. They are usually normalized by the semileptonic decay rate in
order to reduce the uncertainties due to bottom quark mass and CKM angles and are defined assfellgiys: ()

" d B B
Ripta(8) = Z-D(b— X,050)/D(b — X.ep), (2.56)

1 ! T (b — X 0T07)
App(8) = o ——— 0 : 0 2.57
e /,flcos T didcosg,  Sorteoste), (2.57)

whered, is the angle betweefi" and B momenta in the dilepton centre-of-mass frame. These observables in the
NNLL accuracy can be expressed as

) — Qem | VidVis "1 = 8)” 2\ ot )2 (14 S s
ris) = g | L2 L (14 2) 165 @ (14 22ren(s)
+(1+23) [|G5T B + [ (5)2] (1+ Z2ro0(3))
F12R [T CET ()] (14 Zrra(3)) + 220m(5) } (2.58)
5)? as .
Aro) =~ 20 [Viles U7 g font 9] (1 S (9)
+2R [C5F(8) 057 (3)] (1+ %7710@)) + %6FB(§)} , (2.59)

where the definitions of the various functions can be found, for exampl8g]n The effective Wilson coefficierifs
Cs have the advantage of encoding all dominant matrix-element corrections, leading to an éxjgfndence for
all of them.

Before discussing the numerical predictions for the integrated branching ratios, it is worthwhile to emphasize that
regions of low- and high-dilepton mass have complementary virtues and disadvantages. These can be summarized as
follows (¢* = M2 ,-):

Virtues of the low;? region: reliableq? spectrum; small /m,, corrections; sensitivity to the interference®f
andCy; high rate.

Disadvantages of the low? region: difficult to perform a fully inclusive measurement (severe cuts on the
dilepton energy and/or the hadronic invariant mass); long-distance effects due to processes of the-type
Jhp X, — X, + X'¢T¢~ not fully under control; non-negligible scale and. dependence.

Virtues of the highy? region: negligible scale anah. dependence due to the strong sensitivity to the Wilson
coefficient|Co|?; easier to perform a fully inclusive measurement (small hadronic invariant mass); negligible
long-distance effects of the tyge — Jip Xy — X, + X070,

Disadvantages of the higJt region: ¢> spectrum not reliable; sizable/m,, corrections; low rate.
Given this situation, future experiments should try to measure the branching ratios in both regions and report separately

the two results. These two measurements are indeed affected by different systematic uncertainties (of a theoretical
nature) but they provide different short-distance information.

"We note that slightly different definitions of effective Wilson coefficients are used in the literature.
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In order to obtain theoretical predictions that can be confronted with experiments, it is necessary to corvert the
q?/m? range into a range for the measurable dilepton invariant grasSoncerning the low? region, the reference
intervalg® € [1,6] GeV? is most suitable. The lower bound ghis imposed in order to cut a region where there is no
new information with respect t8 — X, and where we cannot trivially combine electron and muon modes. Then
the NNLL QCD prediction for the low? region is given by$6]:

6 GeV? B -
RO = / 2B = X)) g 1075 %
1 GeV?2 I'(B — X.ev)
|1 8%, +6.5%|, £ 2%, 4%, oy +(@5E2)%] ). — (15£3)%]
= (1.5240.18) x 107° . (2.60)

The impact of the NNLL QCD contributions is significant. The large matching sealeuncertainty of16% of

the NLL result was removed; the low-scale uncertaimgyof 13% was cut in half, and also the central value of the
integrated low dilepton spectrum was significantly changed by moreltifdrbecause of the NNLL corrections. The
uncertainty is now dominated by the parametric errors which can be improved by additional independent measure-
ments.

Concerning the high-dilepton mass region, a suitable reference ghtis14.4 GeV?, which leads to the following
NNLL prediction 86]:

. B +o-
RS = / 2B = XLT) 09 % 1076 x
¢2>14.4 GeV2 I'(B — Xcev)
my — 4.9 GeV
x |1+ 8%] £3%|,+0.15 (01GeV> — (8 £8)%], 0 £3%]
= (3.76 £0.72) x 1079 . (2.61)

Here the explicitly indicateeh, dependence induces the largest uncertainty. At present this isial¥ult reflects the

linear Aqcp /my, correction induced by the necessary cut inghspectrum. However, significant improvements can

be expected in the near future in view of more precise data on other inclusive semileptonic distributions. The impact
of the1/m? and1/m; corrections is surprisingly smal;8% , in view of the breakdown of thé/m; expansion in

the kinematical endpoint (a detailed analysis oftjie:, corrections can be found in section 5/86]). The impact of

the NNLL corrections for the high? region is al3% reduction of the central value and a significant reduction of the
perturbative scale dependence (frerh3% to +3%). There are two non-negligible sources of uncertainties, which are

not explicitly included in Eqs!2.60) and R.61): the error due ton; (and the high-energy QCD matching scale) and

the error due to higher-order electroweak and electromagnetic effects. The first type of uncertainty has been discussed
in detail in 52], and it amounts te= 6%. The impact of the dominant electroweak matching corrections was recently
analyzed in85] and is also found to be at the level of a few per cent.

Using the present world avera§iéB — X.ev) = (10.74 4 0.24)%, one finally obtainsg6):

B(B — X107; ¢* €[1,6] GeV?) = (1.63+0.20) x 1075, (2.62)
B(B — X107 ¢° > 14.4 GeV?) = (4.04+0.78) x 1077 . (2.63)

It is clear that the theoretical errors in both predictions could be systematically improved in the future, owing to the
present dominance of the parametric uncertainties.

In Fig.2-11we plot the (adimensional) normalized differential asymmetry, defined by

- 1 ! d?B(B — X 0T67)
App(¢°) = ——= > . 2.64
FB(q°) IB(E = X.00-) /g /_1dcos<9g 4% dcos 0, sgn(cos by) (2.64)
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Most of the comments concerning the errors and the complementarity of low ang’higihdows discussed above

also hold for the forward-backward asymmetry. In the lgwegion the most interesting observable is not the integral

of the asymmetry, which is very small because of the change of sign, but the position of the zero. As analysed
by several authors (see Rei87][/89]), this is one of the most precise predictions (and one of the most interesting
Standard Model tests) in ra® decays. Denoting by? the position of the zero, and showing explicitly only the
uncertainties and nonperturbative effects larger than 0.5%, we find at the NNLL order

+5%

2 = 0.161 x m2 x [1 +0.9% } — (3.90 £ 0.25) GeV2. (2.65)

| 1/m2 ’NNNLL

As pointed out in Ref.87], the u dependence is, in this case, accidentally small and does not provide a conservative
estimate of higher-order QCD corrections. T error in 2.65 has been estimated by comparing the result within
the ordinary LL counting and within the modified perturbative ordering proposed in®pf.The phenomenological
impact of the NNLL contributions on the forward-backward asymmetry is also signifiBan8g]. The position of

the zero of the forward-backward asymmetry, definediby (3) = 0, is particularly interesting to determine relative

sign and magnitude of the Wilson coefficieri and Cy and it is therefore extremely sensitive to possible New
Physics effects. An illustration of the shift of the central value and the reduced uncertainty between NNL and NNLL
expressions oflrp(s), in the low- region, is presented in Fi@-12. The complete effect of NNLL contributions to

the forward-backward asymmetry adds up 68 shift compared with the NLL result, with a residual error reduced

to the 5% level. Thus, the zero of the forward-backward asymmetry in the inclusive mode turns out to be one of the
most sensitive tests for New Physics beyond the Standard Model.

In the highg? window the forward-backward asymmetry does not change sign, therefore its integral represents an
interesting observable. In order to minimize nonperturbative and normalization uncertainties, it is more convenient to
consider a normalized integrated asymmetry. Applying the sgneet as in[2.61), we define

) 271 2
(ZFB)E&%‘SI = / dg® dBre(q”) / dg? dArs () ) (2.66)
q2>14.4 GeV?2 dg? q2>14.4 GeV?2 dq?

All parametric and perturbative uncertainties are very small in this observable at the NNLL order level. On the other
hand, despite a partial cancellation, this ratio is still affected by substati{ig},/m; and A3, /m; corrections

(which represent by far the dominant source of uncertainty). Separating the contributions of the various subleading (in
1/my) operators, one find 8]

(App)MEl = 0.42 x [1 — (0.17 £ 0.11)y, — (0.42 £ 0.07)5, — (0.08 £ 0.08),,,] = 0,14+ 0.06. (2.67)

The recently calculated new (NNLL) contributions have significantly improved the sensitivity of the incBisive

X ¢+~ decay in testing extensions of the Standard Model in the sector of flavor dynamics. However, with the present
experimental knowledge the dec# — X, still leads to the most restrictive constraints as was foundl@j. [
Especially, the MFV scenarios are already highly constrained and only small deviations to the Standard Model rates
and distributions are possible; therefore no useful additional bounds from the semileptonic modes beyond that already
known from theB — X,y can be deduced for the MFV models at the moment. Within the model-independent
analysis, the impact of the NNLL contributions on the allowed ranges for the Wilson coefficients was already found
to be significant. In this analysis, however, only the integrated branching ratios were used to derive constraints. It is
clear that one needs measurements of the kinematic distributions &f the X,/ ¢~, the dilepton mass spectrum

and the FB asymmetry in order to determine the exact values and signs of the Wilson coefficients 2k ¥ ithe

impact of these future measurements is illustrated. It shows the shape of the FB asymmetry for the Standard Model
and three additional sample points, which are all still allowed by the present measurements of the branching ratios;
thus, even rather rough measurements of the FB asymmetry will either rule out large parts of the parameter space of
extended models or show clear evidence for New Physics beyond the Standard Model. A high-statistics experiment
can contribute significantly to this effort and take full advantage of the high sensitivity of the/T ¢~ observables

to possible new degrees of freedom at higher scales.
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Figure 2-11. NNLL perturbative contributions to the normalized FB asymmetry; partonic result withnfulldependence for
1=5 GeV with (dotted line)and without (full line) factorizabfe corrections.

3 5
10°A

Figure 2-12. Comparison between NNLL and NLL results fofg (s) in the lows region. The three thick lines are the
NNLL predictions for, = 5 GeV (full), andu = 2.5 and 10 GeV (dashed); the dotted curves are the corresponding NLL
results. All curves forn./msy = 0.29.
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Figure 2-13. Four different shapes of the normalized forward-backward asymrmkigyfor the decayB — X £1¢~.
The four curves correspond to four sample points of the Wilson coefficients that are compatible with the present
measurements of the integrated branching ratios.

2.14.2 Inclusive modesb — sete™ versusb — sutpu~
> G. Hiller <

The Standard Model branching ratiostof~ se*e™ andb — sutu~ decays differ predominantly by phase space
effects induced by the masses of the leptons in the final state. If the same kinematical cut on the dilepton mass is
applied to both electron and muon modes, the remaining splitting between them is very small. In particular, the ratio
(H = X,,K,K")

2 2
Imax dl’ _ Imaz dl’ _
Ry E/ dq®—5 (B — Hu" pu )// di?— (B — Hete ),  q=pe +po- (2.68)
4 dq am?2 dq

2
m“

with the same lower integration boundary for both numerator and denominator equals 1, up to corrections of order
mi/mg. The finite lepton mass corrections reduce the r&tio of the inclusive decays at the percent level for both

full ¢> and below-the#/y) (¢2,,, = 6 GeV?) integration regionsi29
RIM =0.99 £0.01 , R3M g2 =0.98£0.01 . (2.69)

While the deviation from unity iR x, is very small in the Standard Model, it is a correction comparable in size to
some theoretical uncertainties in the branching ratioseggeEq. 2.60). Hence, finite lepton mass effects should be
taken into account in th& — X,u* .~ distributions.

In addition to the branching ratios, the observaliies are useful in testing the Standard Model and searching for
New Physics that would distinguish between lepton generations. Such couplings can be induced, for example, by
interactions involving neutral Higgs bosons. These contributiohstos/™ ¢~ decays are tiny in the Standard Model

- even forr’s - but can be substantial in the MSSM at latge 5. Assuming that the new couplings are proportional

to the respective fermion mass, the lepton flavor-dependent New Physics effects are suppressed in the electron modes,
which therefore serve as a normalizatidi2g, 21€. The ratiosRx_ can be enhanced up to 1.08, 1.07 in the full and

low dilepton mass region, respectively, while being consistent with current déta-osry, b — s¢T¢~, By — ptu~

and Rk [129. In particular, order one effects iRx_ are already excluded by data &) — ptp~ [125,219 (also

see Sectioi2.16.30n the exclusive rare decays). While an enhancement oBthe X,u™p~ branching ratio of

0O(10%) is within the current theoretical uncertainty of the Standard Model prediction, a corresponding effgct in

can be clearly distinguished from the Standard Model.
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2.15 Experimental Prospects forB—K£¢T¢~ and B—K*¢T¢~
> A.Ryd <

The decays3 — K¢™¢~ andB — K*{™¢~ proceed via a flavor-changirig— s transition, which, in the Standard

Model, takes place only in through higher-order loop processes. Contributions from New Péygsisapersymmetry,

enter at the same order, and can significantly affect these decays. Besides modifying the rate, these New Physics
contributions can also affect kinematic distributions. In particular, in the case & the K*/™/~ decay, the lepton
forward-backward asymmetryrg, is of great interest. The forward-backward asymmetry is expected in the Standard
Model to change sign as a function @t for ¢2 ~ 3.8 GeV. The position of the zero of the forward-backward
asymmetry can be predicted with rather small uncertainties as it is not strongly dependent on unknown hadronic form
factors.

Both BABAR [22(] and Belle P21] have measured the branching fractions Bor— K¢/~ and andB — K*¢+(~.
For the study presented here we use the ave@i} ¢pf these measurements:

B(B — K¢t¢™) = (0.557059) x 107¢,
B(B — K*(t07) = (1.0679:22) x 107,

This study will use the current fuBABAR Geant4 MC to extrapolate to the higher luminosities at the Sigeactory

. For the event selection we use the the same selection as used iI2&kf. Ih this study we will only consider

the final stateB — K*°(— K*x~)¢t¢~. Some additional statistics can be gained by using additional modes,
however, theS/B is worse in these modes. For the purpose of the study of the forward-backward asymmetry, the
lepton selection is of great importance. For electrons we use laboratory momenta down to 0.5 GeVand for muons
downto 1.0 GeV. These selection criteria directly map on to our ability to measure the forward-backward asymmetry
at low ¢2 as illustrated in Fig2-14 A measurement of the forward-backward asymmetry atdévs challenging

in the muon channel, as the acceptance cuts out those events that provide the most information on the asymmetry.
It might be possible to lower the lepton momentum cut-off a little to optimize for the measurement of the forward-
backward asymmetry. However, here we will employ the well-established selection criteria used in the branching
fraction measurement. The efficiency of tB&BAR muon system is rather poor, and for the purpose of extrapolating

to the SupeB Factory we assume that the efficiency for muons is the same as that for electrons. This is consistent
with what Belle observes.

Tablel2-14 summarizes the expected yields based on the measured branching fractions and the statistical error. In
Fig.2-15a plot is shown of the measured forward-backward asymmetry as a functigrfafa sample of 50 ab'.
In the electron channel the zero 4fx is clear.

In conclusion, we find that to establish the zerodips we will need an integrated luminosity 50ab The electron
channel provides almost all the power, as the acceptance for the muons makes the determidadiodifitult.
Table 2-14.  Prediction for the number of reconstructBd— K*¢* ¢~ candidates for a set of different luminosities.

Sample size  Number of reconstructed events
(@b') B — K*etem B— K*utu-

0.1 14 7

0.5 70 35

1.0 140 70
10.0 1,400 700
50.0 7,000 3,500
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Figure 2-14. The Dalitz plotq® vs. E,, for reconstructed events in the electron and muon channel$ for K* ¢+ ¢~ .

For low ¢* it is evident that the lepton energy cut-off, GeVfor muons and 0.5GeVfor electrons in the lab frame,

significantly reduces the phase space for muons, and removes those events having the greatest sensitivity to the forward-

backward asymmetry for log?.
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Figure 2-15. The predicted forward-backward asymmetryBn— K*ete™ andB — K*u*u~ in 8 differentq?

bins. The errors corresponds to a prediction for a 50'agample. (Note that the actual points in the muon mode has
larger fluctuations as the signal Monte Carlo sample used corresponds on to about 25 ab
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2.16 Theoretical prospects forB — (K, K*) £1£~

This section is devoted to exclusiié — (K, K*)¢(T ¢~ decays, wheré = ¢, u. A brief overview has already been

given in Sectior2.2. We start in Sectio2.16.1with a discussion of the requisite hadronic matrix elements (form
factors) and the symmetry relations that arise between them when the energy of the outgoing light meson is large. This
framework is applied t@3 — (K, K*) {T¢~ decays. Then a New Physics study with focus on asymmetries (isospin,
forward-backward) Sectiof.16.2is followed by a Sectioi2.16.30n the splitting between decays into an electron
versus a muon pair. The angular analysiBin—~ (K* — K )¢t¢~ decays is discussed in Secti@rl7, which is

followed by Sectior2.18on the forward-backward asymmetryih— K¢+0—.

2.16.1 Form factors, large energy relations

> A Al <

The semileptonic decayB — K ¢T¢/~ andB — K*{*/~ are described by the following Lorenz decomposition of
the matrix elements of the bilinear quark currents:

M2 _ m2 M2 _ m2
(K| (px)[s7"b|B(pB)) = f+(4?) [p’é + P — % q“] + folq?) % 7", (2.70)
. 2 2 2 2
= v iq” fr(q Mg —m
(K () 50" 0, B () = 42 - HE 2T g, @.1)
* — _QZV q2 v o
(KT (i N5 B00) = 3o e e @72
. 7 e* . e*
(K|" (pk=,€)[57"v5b| B(pB)) = 2mi- Ao(q°) (qg)fﬂ‘ + (Mp +mg-) Ai(¢%) {5 - (q;J) q“} (2.73)
* M2 — m?
— Ao (a2 (e*q) {NJFH* B K* #}’
2(q )MB+mK* Pp TPk 2
(K| (px+,€)[30q" b B(pB)) = 2T1(q%) €uwpo Pipic-€*, (2.74)
(K| (px-,€)|50" q,7:b|B(pB)) = —iTa(q?) [(Mj — mk-) €™ — (e*q) (g + pl-)] (2.75)
2
. . q
—iTs(q%) (£q) {qu - M (s +pl;<*)] ;

whereg" = phy — ph- (¢ = ply — pl.) for the decayB — K(T¢~ (B — K*{*{~). Hence, these decays
involve ten nonperturbativg?-dependent functions (form factors), which introduce model-dependence in the decay
rates and distributions. (In the limit of vanishing lepton mggsand Ay do not contribute ta3 — K/¢*¢~ and

B — K*¢*/(~ decays.) However, restricting the dilepton mass ¢? so that the energy of th& or K* in the decays

B — (K, K*){*¢~, given as

Mp s | Mk
Egg=—7—|1—-— : 2.76
KK 5 [ e + MZ| ( )
remains large, the form factors introduced above obey the following relatd@dk [

Mp Mp

%= = ——— fr(¢®) =€k (E 2.77
f+(q7) o Jolq™) Myt fr(¢”) = €k (Ek), (2.77)
Mg 9 Mp + mg- 2 2 Mg 2 (K*)

— A =T = T = Ex- 2.78
T V) = P () = T(e?) = P () =V ). (@79

M+ 9 Mp + mg-« 9 Mp — mg~ 2 Mg 2 2 (K™)

A =— A — A = T: —T: = Ex+ 2.7

Er- o(q ) Ex- 1(q ) Mg 2(q ) 2E - 2(9 ) 3(q ) fH ( K )7 (2.79)
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which are valid for the soft contribution to the form factors at large recoil, neglecting corrections oflgigt.,
anda, 8 Thus, in the symmetry limit, only three FF$jc, ¢ and¢(X") remain. Of these, the normalization of
g(LK )(q2 = 0) is provided by the data oB — K*v.

The relations given above are broken by the power and perturbative QCD effects. The leading symmetry-breaking
corrections have been calculated, which bring in some unknown hadronic parameters but the approach remains quite
predictive 64,/101]. In particular, it has been useful in developing a systematic approach in the d@cay&K™*, p)y

and in calculating the dilepton invariant mass (DIM) distribution and the FB-asymmetBy in K*¢T¢~ over

a limited kinematic range6y, (101, [225. We discuss below some of the main results for the phenomenology in

B — K*¢*/~. In leading order, the forward-backward asymmetry for this decay can be expressed as

dAFB(B — K*f—i_f_)
ds

~ CroRe(CgM )V AL+ LT (VI (1L —viny) + ATL (L 47y )] . (2:80)

With the effective coefficients calculated, the forward-backward asymmetry has a characteristic zero in the Standard
Model, which we denote by,. The value ofs, is determined by the solution of the following equation:

T1(30)
V(30)

Re(Cs'7 (30)) = ——C577( (1+ 1)) - (2.81)
Model-dependent studies carried out in the context of form factor models had indicated that the uncertainties in the
position of the zero are small2(. The large energy framework provides a symmetry argument why the uncertainty

in 5o is small. In the symmetry limit, using the relations given2n/g) and 2.79, we have

15 141y 3

SR el A Q.

Aq 1+m; -8 1—m3

T 1

— = . 2.82
\%4 1+my ( )

Using them, the r.h.s. ir2(81) becomes independent of any form factors. Hence, in the symmetry limit, there is no
hadronic uncertainty id,, which is now determined by the solution of the following equat@@n [

me]\/fB

Cs?7 (50) = 50

el (2.83)

Including theO(as) symmetry-breaking corrections leads to a $tiifts, [10]]

2my M a,C m? a,Cr AF
eff/a bVIB ~eff sUF b sUF 1
= 1+ ——[ln—2>—L 2.84
09 (SO) S0 07 ( + 47 [Il NJ2 ]+ A fJ_(SO)) ) ( 8 )
where o o
L=— LS W S (2.85)
mp — QEK* mp

andAF, is a nonperturbative quantity. The temn AF| /£, (so) brings back the dependence on nonperturbative
quantities, albeit weighted by the facterC'r/(47), and there is also a residual scale-dependeneg ohf the scale

1. So, the zero of the forward-backward asymmetry is not very precisely locatizéke conservative estimai£Q]]

sp = (4.2+0.6) GeV2. The effect of the)(a) corrections to the forward-backward asymmetrysih — K*+¢+¢-

is shown in Fig2-17in Section2.16.2

8The relation betweert; andV/, and likewiseT; andTx, holds to all orders imxs at leading order i / Ex« [223, which follows when the
helicity of the light meson is inherited by the one of the outgoing qu22K|f

9The main numerical difference betweenfrom Eq. 2.89 obtained in earlier analysesg, [9] and Eq.[2.84) stems from the use cof;gf at
higher order in the latter .
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dB(B—K*(T07)/ds

Figure 2-16. Dilepton invariant mass distribution fd8 — K*¢*¢~ in the Standard Model at NLO (shaded region),
reflecting parametric uncertainties, and at leading order (dashed curve). (Figure frol2Z5gY. [

The DIM-distributiondB(B — K*{*¢~)/ds is shown in Figl2-1€ for the low- regions < 7 GeV?, where the
energy of theK™* is large enoughKx- ~ O(mp/2)) for the theoretical calculations to remain valid. Comparison

of the LO result (dashed curve) with the NLO result (shaded band) shows that exceptfdr GeV?, where the
contribution fromC¢® dominates, the DIM-distribution is rather stable against perturbative corrections. Theoretical
uncertainties are dominated by nonperturbative quantities, in particular from the form factors and the results shown
make use of the LC-QCD sum rule results from F}f [t should be noted that HQET and SU(3) symmetry relate the
decaysB — (m,p) v, andB — (K, K*)¢*¢~. Data on the transition8 — (m, p)fv, are already available; they

will become quite precise in forthcoming measurements from the cuBréteictories. This data can be used together
with estimates of SU(3)breaking to determine the remaining form factalsin (K, K*)¢T¢~. Thus, with precise
measurements of the decags— (w, p) v, andV,,;,, one can make almost model-independent predictions for the

B — (K,K*)¢T¢~ decay rates and spectra. This analysis can be further refined by doing a helicity decomposition
of the decaysB — K*{T¢~ andB — plv, [225]. The angular distribution in the decdy — K*(— Km){T¢~ is
discussed in SectidAa 17

The DIM-distribution forB — K¢T¢~ can be expressed as (dropping terms proportional to the lepton mass)

dT 2

ds

2my,

~ |V Vi |2
| tb tb‘ 1+mK

Ce? fr(3)

\05%(5) ;

+ IClof+(§)|2] : (2.86)

In the Standard Mode|C<®| < |CsT|,|C1ol, and also there is no kinematical enhancement for low valuégas$
opposed toB — K*{T{~). So, to a good approximatioD(10%)), the dependence of the DIM distribution in

B — K(* ¢~ simplifies, and one has
dr iy

and, as noted above, this form facjor(s) can be determined from th¢ — =/¢v, decay and SU(3)-breaking. Thus, by
using data, the LEET/SCET-technology and calculating the SU(3)-breaking effects in the form factors, rather precise
phenomenological profiles of the exclusive decBys» (K, K*)¢*¢~ can be obtained.

THE DISCOVERY POTENTIAL OF A SUPER B FACTORY



2.16 Theoretical prospects forB — (K, K*) £t(~ 73

2.16.2 Sensitivity to New Physics ilB — (K, K*)£¢
> E. Lunghi <

The effective Hamiltonian governing the exclusive decBys- (K, K*)¢/ is

10
Mo = —4EVaVia{ >0+ 3 60w}, (2.89)

whereO; (1) are dimension six operators at the sgaje~ O(m;) andC;(up) are the corresponding Wilson coeffi-
cients. Within the Standard Model, only the coefficiefits |, receive sizable contributions. The scalar and pseudo-
scalar operator®g p acquire non-vanishing coefficients in many extensions of the Standard Model and analyses of
their effects are presented in Secti&and2.21. We refer to Ref.22€] for the definition of the operators and a
discussion of the Wilson coefficients.

The matrix elements of the operatabs(;) between the hadronic stat&sand K *) must be parameterized in terms

of form factors. Our present lack of control on hadronic uncertainties, that are of@(def%), affects seriously the
possibility of using these decays as a probe for New Physics. According to the analysis presentedli€],Rbé [
constraints induced by the current measurements of the branching ratios for these decays are weaker than the bounds
coming from the corresponding inclusive modies.( B — X /).

In order to compete with the inclusive channels, it is necessary to consider observables in which the large form factor
uncertainties partially drop out. In the following we focus on the forward—backward and'thaeraged) isospin
asymmetries@4, [10§]:

dArpp 1 ! d’T'[B — K*¢/] 0 d’T'[B — K*¢/]
- /) P i B /) Pl i 2.
dg? dr'/dq? (/0 d(cos6) dg2d cos 6 _1 d(cos0) dg?d cos 6 (2.89)
dA;  dU[BY — K*0f)/dq? — dT[B* — K**0(]/dq? (2.50)

dg> ~ dI[BY — K*0(]/d¢? + dT[B* — K**00]/dg®

We focus here and in the remainder of the section onBhe> K*¢¢ mode. This is because the Standard Model
operator basis, that i®,_1¢, does not induce any forward-backward asymmetry in the decay into a pseudoscalar
kaon; New physics contributions resulting in non-vanishifigandC'p are responsible for a non-vanishing forward-
backward asymmetry il — K¢¢ decays. This possibility is entertained in Secihb&

The results summarized in this report have been obtained in the QCD factorization ap®Td€lg[at NLO. Note,
in particular, that the isospin asymmetry vanishes at tree level and is induced by computable non-facto(izable
contributions to theB — K*¢¢ amplitude. Details of the calculation are given in R40§. In the following, we
concentrate on the region of the dilepton mass belowcthesonancesgt < 4m? ~ 7GeV); in fact, the QCD
factorization approach holds only if the energy of the final state kaon is of 6t@er,). We refer to Ref. 227 for a
discussion of the high? region.

The most interesting feature of the forward-backward asymmetrys /dq? is the presence of @ value at which

the asymmetry vanishes. The precise location of this zero is not affected by the large form factors uncertainties; At
leading order it is completely independent from hadronic quantities and is a simple function of the Wilson coefficients
Cr andCy [9]. A conservative estimate of the location of the asymmetry zeié4f [

g2 = (4.2+0.6) GeVZ. (2.91)

The left plot of Fig2-17 (taken from Ref.64]) showsd Arg/dg? in the Standard Model. The yellow band reflects all
theory uncertainties; note that NLO corrections move the asymmetry zero to highalues.

The isospin asymmetry has been measuregf at 0 and found to be largeA;(B — K*v) = 0.11 & 0.07 [22§,
229 23Q. For higher values of? the asymmetry decreases in the Standard Model, see the right plot (B-E¥y.
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Figure 2-17. Standard Model predictions for the forward-backward and isospin asymmetries for the Beeays * ¢X.
The bands reflect the theory uncertainties.
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Figure 2-18. Forward-backward and isospin asymmetries in the Minimal Flavor Violating MSSM for different signs of
Cr (C5M < 0).

and eventually becomes negligibly small fgr > 2GeV. Note that the;? > 2GeV region is also characterized by a
particularly small theoretical uncertainty. Thus in this regidn,is sensitive to the presence of New Physics.

As an example of a concrete extension of the Standard Model on these two observables, we present results for the
Minimal Flavor Violating (MFV) MSSM. The reason for considering this subset of the full MSSM parameter space

is that any effect observed in this restricted framework will also perforce appear in any more general framework. The
model is constructed at the electroweak scale and all flavor change is induced by the CKM matrix. The results of the
analysis are summarized in FRr1E taken from Ref.10§].

For both observables, the most striking effect is obtained for those points in the MFV parameter space for which the
sign of the Wilson coefficient’; is opposite to that in the Standard Model; for the forward-backward asymmetry this
implies, in particular, the absence of the zero and a change of sign in the vegy legion. The MFV result for the
isospin asymmetry depends also on the sig@gfthe allowed bands are much thinner than in the forward-backward
asymmetry case, becaude is dominated by QCD penguit@®; _¢. The latter are modified only slightly in the MSSM

with minimal flavor violation. A measurement of a large isospin asymmetry for moderate valgesvotild point to

physics beyond the Standard Model and to the MFV MSSM.

This work is partially supported by the Swiss National Fonds.
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2.16.3 Electron versus muon modes as a probe of New Physics
> G. Hiller <

The ratios of branching ratioBy., of B — K®ete~ vs. B — K®) utpu~ decayswith the same cuten the
dilepton mass defined in E®.6€) are sensitive probes of the flavor sector, see the discussion in S2dtbtion the
inclusive modes. The Standard Model predictions for the exclusive decays are veryl@€lan [

RIM =140.0001 , RIM = 0.99 +0.002 , (2.92)

B(B; = ptp”) x 108 B(Bs — ptp ) x 10°

1.6+ 164
A7 >0 A;>0

Cp>0

B(B, = p*p~) x 10°

Figure 2-19. Correlation betwee i and theB, — p+p~ branching ratio for different signs of couplings, and

Cp, two values off g, in MeV andAg 1o = AS%, seelll29 for details. The shaded areas have been obtained by varying
the B — K form factors according t@] and A7 within experimentally allowed ranges. In the upper left plot, the form
factor uncertainty is illustrated for fixed; = AZ™ andfg, = 200 MeV by solid lines. The dotted lines correspond to
the90% C.L. upper limit onR . Dashed lines denote the Standard Model predictiorRfior
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where the spectra have been integrated over the full dilepton mass region;?,,., = (mp — mg-)? and the
form factors are varied according 8] As with inclusive decays, the ratios are equal to one, up to small kinematical
corrections of ordem”, /mj.

The ratiosR () can be affected by New Physics that couples differently to electrons and muons. @GiFeotory
datayield0.4 < Rx < 1.2 @ 90 % C.L[L2S 122C [221]]. Correlation withR and other rareé3 decay data allow for

an enhanced value @ty - of up to 1.12/L2¢. The impact of the new lepton-specific couplings can can be larger for

B — K thanforB — K* andB — X, decays. The reason is that, besides different hadronic matrix elements in the
latter decays, the photon pole, which is absent from the decay into a pseudoscalar meson, dominates the rate for very
low dilepton mass.

The boundR < 1.2 yield constraints on new couplings induced by scalar and pseudoscalar interactions comparable
to the ones obtained from the current upper bound oriBthe» 1~ branching ratid3(B, — ptp~) < 5.8-1077

@ 90 % C.L.IL6]. The correlation between these observables is shown in/Zi$€ for a generic model beyond

the Standard Model, which would also apply to the MSSM with minimal flavor violation, 524 for details. The
dependence on the — K form factors is weak. If one allows also for contributions from right-handed currents, the
correlation breaks down and both observables become complementary: BVhite™ .~ constrains the difference

of couplings with opposite helicityRx constrains their sum. Hence, combined data can be used to exclude the
possibility of large cancellations or, in other words: New Physics might hide in one mode or the other, but not in both
[129.
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2.17 Angular distributionin B — K*(— Km)£t4~

> F. Kruger <

2.17.1 Theoretical framework

The four-body decays — K*°(— K~=+)¢*¢~ into dileptons invites attention as a testing ground for the Standard
Model and possible extensiorz31,/18€,187,18€,1232,/181,225. The corresponding matrix element can be obtained
from the effective Hamiltonian for the— s¢+ ¢~ transitioni® Assuming an extended operator basis that contains the
Standard Model operatorg@, 75,1233 together with their helicity-flipped counterpar®34], the matrix element can

be written as

Gra . _ _
M = ==V, VAFE () + Fh (sl (2.93)
NG
with 5
Flt = CT (57" Pub) + CST (57 Prb) — ~2"5i0"q, (C5™ Pr + 5% PL)b, (2.94)
q
FIZ = Cl()(g’yMPLb) + C{O(E’)/HPRZ)). (295)

Hereq = pi+ +pi-, PL.r = (1 F75)/2 andq(’) are the Wilson coefficients witt! SM = (.

The hadronic part of the matrix element, which describes the tranditien K7, can be parameterized in terms of
the B — K* form factors by using a narrow-width approximati@8F]. The relevant form factors are defined as
[235,19]

(K*(pk+)| 574 PL.rb |B(p)) = if;waﬁey*paqﬁﬁ F ;{€;(MB + Mg+)A1(s) — (" - q)(2p — @)u
X MBAi(j\)I - 2(6* - Q)[(Mp + M)A (s) — (Mp — M) Ag(s) — 2Mpc- AO(S)]%}, (2.96)

* —- v D . Ux 1 *
<K (pK*)| S04 PR,Lb ’B(p)> = —l€upapB€ P qﬂTl(S) + 2{[EM(M% - MIZ(*)

(€D = T+ )0 - g - |0 2.97)

whereq = p — pg+, s = ¢ ande” is the K* polarization vector.

In the limit in which the initial hadron is heavy and the final light meson has large energy, relations between these
form factors emergell1, [23€, 237,101, 64]. This happens in the low dilepton invariant mass regios. m?. As

a consequence, the sevapriori independent form factors ii2(9€) and 2.97) reduce to two universal form factors
C1L(Ek~) and((Ek-) at leading order, see also Sect@ri6.1for details. The impact of corrections to the form

factor relations of ordet /Mg, 1/Ex- anda, [103,164] for B — K=¢* ¢~ decays are discussed 23g.

2.17.2 Transversity amplitudes

Neglecting the lepton mass there are thi€espin amplitudesi | o. In the presence of right-handed currents, they
are, forms = 0 [23§:

1% 2
A p=NV2AY2L(CST 4 CsT) F (Cro + Cfp))] (5) — + UL (C 4+ YTy (s) b, (2.98)
Mp + M, s

10We useB = bd and neglect the mass of the strange quark.
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o o Aq(s 2my . o
Ajpr=-NV2(M} - Mé»{[(cgff —C5") ¥ (Cro - 010)]_,\43%(;@* + = (0~ f“)Tz(s)} (2.99)
N o o As(s
Aovn = = g 1G5 = C5) % (Cuo = il | (M1 — Mk = 5)(Ma + Mic-)a(5) — A2
A
+ 2my(CET — CEfy [(Mg +3M7. — 5)Ta(s) — MQMQTg(s)] } (2.100)
B~ K*
whereh = M} + Mp. + s* —2(MAM%. + M3.s + M3s) and
Gra? *(2.11/2 e

= LMW%MZJ/}J sAY ] : (2.101)

The transversity amplitudes are related to the helicity amplitudesdyia = (Hy1 + H_1)/V2, Ay = Hy, seee.g,
(186,188 237).

With § = s/M3% andm; = m;/Mp and exploiting thdeading orderform factor relations valid at low [121, [23€,
237,/101,164] the above amplitudes become much simpB3g], i.e,,

2my,

Al r=V2NMp(1 - g){[(cgﬂ“ + C) F (Cho + Clp)] + ; (cet + c;ff’)}g(EK*), (2.102)

2my,
5

Ajpn = —VINMg(1 - é){[(csff O F (Cro — Clo)] + 2 g - csff’>}<l<EK*>, (2.103)

A NMpg
OLLR = ——F7
) \/§

In Egs. 2.102—(2.109 we have dropped terms 6¥(M 2. /M32). Within the Standard Model, we recover the naive
quark-model prediction ofl | = — A (seee.g, [239]) in the Mp — oo and Ex~ — oo limit. In fact, thes quark is
produced in heIicity—% by weakV — A interactions in the limiin; — 0, which is not affected by strong interactions
in the massless case. Thus, the strange quark combines with a light quark to f6trwigh helicity either—1 or 0
but not+1. Consequently, at the quark level the Standard Model predlicts= 0, and hencel, = — A, which is
revealed a$ 1| > |H, 1| (or AL ~ —A)) at the hadron level24.

(- 915" - 5 5 o — il + 25" - ) e Bie). (2209

2.17.3 Differential decay rate in the transversity basis

If the spins of the particles in the final state are not measured and assumiig thebe on its mass shell, the decay
rate of B — K~ nT/T¢~ decays can be written &%87]

d'T = 3%](5, 01, 0K+, ¢)dsdcosb; dcos O~ do, (2.105)
T

where

I = I, + I cos 20; + I3 sin® 0; cos 2¢ + I sin 26; cos ¢ + I5 sin 6; cos ¢ + I cos 6;
+ I7sin6; sin ¢ + I sin 260, sin ¢ + I sin® 6; sin 2, (2.106)

and with the physical regions of the phase space
0<s<(Mp-— MK*)Q, —1<cosh <1, —1<cosfg+<1, 0<¢<2m. (2.107)

The three angle&, -, ¢, which describe the decay — K—nt¢*¢~, are illustrated in Figur@-20.
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\4
183

Figure 2-20. Definition of the kinematic variables.

The functionsl; _g in terms of the transversity amplitudes are given by
3 .
Il = |:4(|ALL|2 + |AHL‘2) Sln2 0}(* + |A0L|2 COS2 (9}(*:| + (L — R),

1 .
12 = |:4(|AJ_L|2 + |AHL‘2) Sll’l2 HK* — |AOL|2C082 9[(*:| —+ (L — R),

1 :
I3 = §(|ALL|2 —[Ay?)sin® Ok + (L — R),
1 .
I, = ERQ(AOLAHL)SIH 20k+ + (L — R),
Is = V2Re(Ay A% ;) sin 20+ — (L — R),
Is = 2Re(A) AL L) sin? 0y« — (L — R),
I; = \/ilm(AOLAﬁL) sin 20k« — (L — R),
1
Is = \ﬁlm(AOLA’iL) sin 20k« + (L — R),
Iy = Im(Aj Ay 1)sin® Ok + (L — R), (2.108)

where the subscripts and R denote a left-handed and right-handedin the final state.

2.17.4 Searching for New Physics vid&* polarization

From the differential decay distribution in Eq2(L0%)) one can construct various observables that allow tests of the
Standard Model and its possible extensions. Here we consider the asymmetries

—2Re(A;AY) A2 — Ay
AV ()= — 20 qP gy =2 2.109
T() |AJ_|2+|A”‘2 T() ‘AJ_|2+|A”|2 ( )
where 4; A7 = A, A5 + A;pAlg (3,5 = |, 1,0). (The former observable was first discussed in REBL in

terms of the helicity amplitudes.) Fror.002—(2.109), it is clear that the form factors drop out in the asymmetries

atleading orderin 1/Mp, 1/Ek+ anda,. In this approximation arel(Tl)(s) =1 andAE,?)(s) = 0 at small dilepton
mass in the absence of right-handed currents.

In our numerical analysis we focus on muons in the final state and|€lé|? + |Ce|2 < 1.2|CSTSM 2 This is
consistent with the experimental resBtB — X,v) = (3.344+0.38) x 10~ [24( at 2. Examples of New Physics
scenarios that give sizable contributionsﬂ@"" include the left-right model241] and aSO(10) SUSY GUT model
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with large mixing betweer andby [242. Since the low dimuon mass region is dominated by the contributions to
o;”, we neglect those of the helicity-flipped operatoxs, .

1 1
cettr — g cet = —0.13
o=
051 __ cuv_ s 0.5 — =0
Cutt — et sM =013
=0 2o ———
057 05
e ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.5 1 15 2 25 3 -1 705 1 15 2 25 3
M1, [GeV] Myt~ [GeV]

Figure 2-21. The asymmetries\. (left plot) andA?. (right plot) as a function of the dimuon masg, v, - assuming
Cs® andC\y to be Standard Model-like. The lines Wﬂ‘)?ff' = 0 correspond to the Standard Model, all other are New
Physics scenarios. In the right plot we 66f° = C™5M,

Cefr = 0.13
0.5

-0.51

-1 o 1 15 2 25 3
M+, [GeV]

Figure 2-22. Theoretical uncertainty of the a_<:ymmet41y(rf2> for low dimuon mass fo€s™ = 0.13. The shaded area
has been obtained by varying the form factors accordin§jto [

Figure2-21 shows the asymmetrieé;(Tl’Q) as a function of the dimuon invariant mags = M+, for the Standard
Model (the curve With?H’ = 0) and for different New Physics scenarios.

We have used the expressions2tBg—(2.100 together with the leading order form factor relations1i17,23€,1237,

i.e, keptMg-~ finite in the kinematical factors in the transversity amplitudes. Large New Physics effects due to
the helicity-flipped operato®’ can show up while being consistent with the inclusive- sy measurement. The
asymmetries can have a zero in the presence of New Physics while the Standard ModelAfg@d#ets andA(TQ) ~0

for low dimuon mass. To get a quantitative idea of the theoretical uncertainties of the asymmetries, we show in
Figurel2-22 A(TQ) obtained by using the minimum and maximum form factor set®pfdr a beyond the Standard
Model model withC<® = 0.13.
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Both asymmetries4§ﬁ’2) are very sensitive to the non-Standard Model operétprin the dilepton mass region
below the.J/¢) mass. Since these asymmetries can be predicted with small theoretical uncertainties, they provide
complementary information on the structure of the underlying effective Hamiltonian describirig thesft ¢~
transition.

2.17.5 Remarks onCP violationin B — Kmfét¢~

In [231,/187] it was shown that one can construct eiglit-violating observables by combining the differential decay
rates ofdl'(B — K~ wt¢*¢~) anddl'(B — K*7 ¢*¢~). TheseCP asymmetries are either odd undeP and
even under naiv&’ transformations or they a@P-odd andl’-odd observables. While the former is proportional to
~ sin J sin ¢, the latter involves the combinatien sin é cos ¢ + cos d sin ¢, whered and¢ are the strong and weak
phases, respectiveli243. Furthermore, some of theggP asymmetries can be determined even for an untagged
mixture of B and B [231,/187,1244. An example of such a Dalitz-plot asymmetry is the sum of the forward-backward
asymmetries of the lepton iR and B decays/245, 24€,27].

Within the Standard Model, théP asymmetries ilB — K7+ ¢~ were found to be unobservably smdlB[7], so
that any significan€P-violating effect would signal a non-standard sourcé€'sfviolation, see Tabl@-15 Note that

Table 2-15. Standard Model values of thgP-violating asymmetries\y, in units ofl0~* (seel[87] for details).

Aop Az Ay As  Ag A7 Ay Ay
25 —06 -19 49 -43 0 06 -0.04

the CP asymmetry that involves the functidh [see 2.10§] is zero in the Standard Model, as it is proportional to
Im(C’lOC’$H*)

Since the strong phase ih — K~ 7+ ¢+¢~ decays is small below th&:) mass, th&’P-odd andl'-even asymmetries
are tiny, even in the presence ©f1) non-standard’P-violating phases247). In the high dilepton mass region, on
the other hand, theseP asymmetries can be as large~ad 0% in the presence of new sources@P violation. To
conclude, the variou§P asymmetries ilB — K~ nT¢1¢~ decays provide a useful tool to search for New Physics.

The work of F.K. was supported by the Deutsche Forschungsgemeinschaft (DFG) under contract Bu.706/1-2.
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2.18 Forward-backward asymmetry inB — K£1t4~
> F. Kruger—<

To study the forward-backward asymmetry in a model-independent way, we write the most general matrix element for
B — K{™¢~ decays asd4g]

G _ _ _ _
M= figavtbth[FSll + Fplysl + Fyp"lyul + Fap'lyusl], (2.110)
7T
wherep* is the four-momentum of the initid8 meson. TheF;’s are given by(ms = 0)
1 C
Fs = 5 (Mg — M) fo(s) >, (2.111)
mp
~ M3 — M3 1 C
Fp = —mCi§ {f+(8) - =" {fols) - f+(s)]} + 5 (ME = M) fo(s), (2.112)
Fa=Cfi(s), Fy=|CSfi(s)+ 2éeffmbfT7(8) (2.113)
10 9 9 7 ]\/[B ¥ MK )

wheres = (p,+ + p,-)?. The s-dependent form factors and the Wilson coefficiefitscan be found inl9] and
[52,183,184,124¢,187,1137], respectively, and for the definition of the corresponding operators12€g [

After summing over lepton spins, the differential decay rate reads as

1 dl(B — K{T/(7)
Ty dsdcos 0

1
= /\l/Qﬁz{S(ﬁleSQ + |Fp[?) + AL = B7 cos® O) (| Fal® + [Fy[*) + dmi M| Fa|*

2 2
Gra

_ * 2
= WMU/}J ; (2.114)

+ 2my[A\Y2 B Re(FsFy) cos 0 4+ (M% — M2 + s)Re(Fij)]}7 Ty

where3; = /1 —4m?/s and\ = M} + Mp + s — 2(MiME + M%s + M3s); 0 is the angle between the
three-momentum vectogs;- andp in the dilepton center-of-mass system.

The term linear ircos # in (2.114) produces a FB asymmetry

1 0
dr dr
dcos——— — dcos——
/0 %Y Is deos 0 /,1 %7 45 deos 0

1 0 )
dar dar
dcos ) ———— dcos § ————
/0 %Y Is deos 0 * /,1 %7 45 deos 0

Arg(s) = (2.115)

which is given as
2mABPRe(FgFy)To
A = . 2.11
Fn(s) dT/ds (2.116)
Within the Standard Model, the scalar functip is suppressed bgs™ o m;Mp/MZ,, so thatA$) ~ 0. Hence,
the forward-backward asymmetry in — K¢ ¢~ decays is a probe of possible new interactions outside the Standard
Model.

To assess New Physics contributionsAtgs we consider the average FB asymmetdyg), which is obtained from
(2.116 by integrating numerator and denominator separately over the dilepton mass. Here we fécas oand
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assume the short-distance coefficients to be real. Then, adopting the notafig€] ai{d taking the minimum allowed
form factors from/g], we find

10~9

App) = Cs(0.425 + 0.981 49 + 1.8274 _ ,
(Arn) = Os ’ g B(B — Kutp~)

(2.117)

whered; = ASM + ANP with A3M(2.5 GeV) = —0.330 and A5M (2.5 GeV) = 4.069. In (2.117) we have used
the Wilson coefficients in the NNLO approximatidb?] 83,184, 24¢, 187,137 except forC's, where we have taken the
lowest order expression (seE2 for details).

Since the size of the forward-backward asymmetrBin- K¢*¢~ decays depends sensitively 6%, it is useful to
relate(Apg) to the branching rati®(B, — p™n~) « f3 (|Cs[*+|Cp|*+- - -), wherefp, is the B, decay constant.
The purely leptonic decay mode is discussed in detail in Se@t@h An upper limit on its branching ratio which is
currentlyB(Bs — ptu~) < 5.8 x 10-7 at90% C.L.[16] implies an upper bound ojt’s p| [24€,125 219. In our
numerical analysis we restrict ourselves to the @dge= —Cp, which is realized, for instance, in the MSSM with
largetan 3 [248 250, (17,257, 23,1219. For simplicity, the remaining short-distance coefficients are assumed to be
Standard Model-like. Figui2-23shows the forward-backward asymmetry as a function ofthe- ;. ~ branching
fraction for both signs of” (left plot). The shaded areas have been obtained by varindgetweer200 MeV and

2

154

Cp<0

(Ap) (%]

054

Cp>0

-2 05 i 15 2 07 12 14 16
B(B; — ptp~) x 108 Ry

Figure 2-23. The dependence of the average FB asymmet® in- Kpu+ ™ on theB, — ptu~ branching ratio

(left plot) and onRy = B(B — Kutp~)/B(B — Kete™) (right plot) assuming’s = —Cp. The dotted line in the
right plot corresponds to the0% C'. L. experimental upper limit o k .

238 MeV [257] and theB — K form factors according tc9]. As can be seen, the theoretical uncertainties of
< App > are rather small. Note that the two branches in the left plot of Figt2é are slightly different due to the
interference ternRe(C$i C%) in the expression for th& — K /T ¢~ branching fraction (see.g, [12). While the
asymmetry is rather sensitive to the sign($, its absolute value is less thafi, even if we varyA; in the ranges
allowed byb — sv [12¢,10].1! Taking into account the experimental limit {8 B, — u+ ™), the asymmetry is even
smaller. Similarly to the constraint frof, — p* .~ decays current data di — K¢* /¢~ decays®16,215,220,221]
exclude larger values of the forward-backward asymmetry. This can be seen from the right plot oPFR2§uvehere

we have shown the forward-backward asymmetry versus the Raties B(B — Ku*p~)/B(B — Kete™) with

the current experimental upper bouRg: < 1.2 (90% C.L.) [129, see also Secticd®.16.3 The shaded area has been
obtained by varying the form factors according®fpr Cp < 0.

We conclude that the forward-backward asymmetrin- K ™ p~ decays induced by scalar interactions, although
small, can be a useful laboratory for studying possible extensions of the Standard Model once the required experimental
sensitivity is gained. Finally, an appreciable forward-backward asymmetry can showBup:i{ "7~ decays, as a

11if we also allow for deviations oflg,10 from their Standard Model values, the magnitudecofipp > is £4% at mostR4€.
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result of the overall factom., in (2.116 and the lower rate of the™ 7~ channel, together with's p o m.. Within
the framework of the constrained MSSM, the average forward-backward asymmetry caf? G %) [253.
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2.19 Experimental Prospects fob — svv and B — Kvo
>— S. H. Robertson—<

Searches for rare decays in which the final state contains multiple neutrinos or other unobservable particles pose
a significant experimental challenge. These decay modes lack significant kinematic contraints which can be used
to suppress background processes and which can be used to uniquely identify the signal decay mode. The flavor-
changing neutral current proces$es» svv andb — dvv are of considerable theoretical interest, see Se&iaf)

because the Standard Model rates can be computed with small theoretical uncertainties, and because non-Standard
Model contributions can lead to significant enhancements in the predicted rates. Currently, an experimental limit of
B(b — svv) < 6.4 x 10~* exists for the inclusivé — svv rate from ALEPH 6], and limits on the exclusive

B~ — K~ vw process are available from CLEQ34] and BABAR [28]. There are no published limits on either the
inclusive or exclusivé — dvv decay rates.

It is extremely difficult to perform an inclusive search for~ svv or b — dvw in the experimental environment of

a B Factory. However, searches for specific exclusive decay modes, particularly in the éase @fv, may prove
tractable. In art’(45) environment, the experimental problem lies in distinguishing the observable decay daughter
particles of the desired signal mode from other tracks and clusters in the event, and in deducing the presence of the
two unobserved neutrinos in the final states.

2191 B —- K vv

The method adopted WBABAR for the B~ — K~ vw search has been to attempt to exclusively reconstruct either of
the two decaying3* mesons produced in tH&(45) decay into one of many known hadron8t — D™°X," ) or
semileptonic B~ — D% ~7) final states, and then to search for evidence Bfa— K ~v& decay in the remaining
particles in the event after the decay daughters of the reconstructe@”tagve been removed. Details of the tag

B reconstruction process are described elsewhere in this Proceedings (see&2djiotf the tag B reconstruction

is successful, it is then expected that all tracks and clusters that were not identified as decay daughters &f the tag
are associated with decay daughters of the afhameson in the event. Once the t&ghas been reconstructed, there

are relatively few kinematic constraints which can be exploited in order to ideBtify— K~ vv candidates. The
signal selection is therefore essentially topological: after “removing” tracks and clusters associated withBhe tag
reconstruction from the event, signal candidate events are required to have exactly one remaining track with charge
opposite to that of the tag and satisfying kaon PID criteria. The number of remaining tracks in events with a
reconstructed hadroniB decay is plotted in Fig2-24.

Similarily, signal events are expected to contain no additional (observable) neutral particles, hence no additional energy
deposition in the EMC is expected. In practice, signal events are typically found to contain one or more low energy
neutral clusters, usually attributable to beam related backgrounds, detector “noise”, or bremsstrahlung and/or hadronic
split-offs from either the signal kaon or from daughter particles associated with thB.tagor the semileptonic

tag B sample, additional photons may also result from higher-mass open charm stgte®(°) which have been
incorrectly reconstructed a8~ — D%/~ ¥ events. For the hadronic tag sample and the curref8ABAR detector
performance, requiring that the total energy of all additional EMC clusters be les@ibdneV results in a loss of
approximately25% of signal efficiency. Additional background rejection can be obtained by cutting on the CM frame
momentum of thek* candidate track, which peaks towards high momenta for signal events but which has a relatively
soft spectrum for background events (see Ri@E). This, however, introduces a small uncertainty into the signal
efficiency, due to thé3 decay form factor model-dependence, and also potentially complicates the interpretation of
limits on non Standard Model physics. The currBABAR analysis requiregx > 1.25 GeV/c in the CM frame.

The B~ — K~ vw signal selection efficiency after applying all téyselection cuts is approximated8%. Due to
the largeB~ — D)9/~ branching fractions, the semileptonic tag sample has a factor 2 to 3 higher yield than the
hadronic tag sample, however it also yields higher backgrounds and a lower efficiency ot the K —vv signal
mode once the ta@ reconstruction efficiency is factored out. The semileptonic tag analysis has achieved an overall
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Figure 2-24. The number of reconstructed charged tracks, after removing tracks associated with the reconstructed tag
B, is plotted forB~ — K~ vw signal MC (top) and for generiB B and continuum background MC (bottom). Both
plots are normalized tb00 fb~* and the signal MC assumes a branching fractioB@8~ — K~ vv) = 4 x 1076,

efficiency of approximatelyi1 x 10~#, while the hadronic tag analysis has achieved approximatelyl0—*. If
the existing analysis is scaled to higher luminosity, in a sample of 1 ab data we would therefore expest 7
signal events, assuming a Standard Model branching fractidh( BfF — K~1vv) = 4 x 107, with an expected
background of2(100) events. However, significantly lower backgrounds can be obtained by increasinfy (aad
other) selection cuts at the cost of some signal efficiency.

2.19.2 Exclusiveb — dvv and higher massb — svw exclusive final states

In the case oB~ — 7~ v, the selection is identical, apart from the PID criteria applied to the signal candidate track.
Removing the kaon PID requirement results in an increase in backgrounds of approximately an order-of-magnitude
relative to theB~ — K ~vw analysis, but with a signal efficiency that is similar to tBe — K ~vv analysis.

Current BABAR analyses have sought only to produce limits on the chargetbcay modes3~ — K vv and

B~ — 7~ vw. Initial studies of the reconstruction efficiency and background levels associate@with K*~ v

(with K*~ — K—7), and, to a lesser extent, wifh~ — p~ v, have been performed. In both instances, permitting

an additionalr® in the event results in an intrinsically higher level of background and a reduced signal efficiency due
to ther® — ~~ reconstruction efficiency~ 2/3). In the case oB~ — K*~vw, a further efficiency reduction results

from the K*~ — K 7% branching fraction, however, the background is also substantially reduced by the requirement
that theK 7 combination be consistent with/d*(892) invariant mass (see Fi@-2€).

A similar procedure can be used for the neutBatlecay modes such &° — K% and B — 7% although

it is expected that a somewhat lower overall efficiency will be obtained, due to the lower branching fractions of the
reconstructed tagg modes and due to the lower intrinsic reconstruction efficiency for the neutral decay daughters of
the signal decay.
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Figure 2-25. The signal kaon momentum in the center of mass frame is plotteB for— K~ vv signal MC (top)
and for generid3 B and continuum background MC (bottom). Both plots are normalizad@db=" and the signal MC
assumes a branching fraction®fB~ — K~ vv) = 4 x 107°.

Although it is not possible to perform a fully inclusive search #r X v using this method, it is conceivable that
specific additional exclusive decay modes could be added in the future. It is not clear, however, at this point whether
this would result in any significant improvement in experimental sensitivity.

2.19.3 Experimental considerations

Backgrounds can arise from three sources:

e Misreconstruction of the ta§g due to combinatorics or mismeasured tracks or clusters, leading to backgrounds
from both charged and neutr8l decays, and from continuum sources. This background source depends both
on detector performance and the specific Bagnode that is being reconstructed. If sufficient data statistics are
available, this background can be significantly reduced by reconstructing only tagdes which are known
to have high purity, such a8~ — D%~ in which the D° is reconstructed in only th®° — K=+ mode,
and/or by applying tight requirements on event shape variableBarmtonstruction quantitied vertex, D
massyngg, etc).

e Events in which the ta@ has been correctly reconstructed, but for which the additional tracks and clusters in the
event resemble the low-multiplicity and missing energy signature of the signal mode due to particles that have
passed outside of the detector acceptance or have otherwise failed to be identified in the detector, or due to the
presence of additional spurious tracks and clusters resulting from detector noise, beam backgrounds, hadronic
shower reconstruction, bremsstrahluets,, which degrade the resolution of the missing energy and multiplicity
selection variables. These background sources are dictated purely by the performance of the detector and event
reconstruction software.
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Figure 2-26. TheK ~ =" invariant mass is plotted fd8~ — K™~ vv signal MC (top) and for background MC (bottom)
after requiring that there is exactly one charged track identified as a kaon and exactfy caedidate remaining after
hadronic tagB reconstruction. The lower plot is normalizedi@d fo~—"*, while the signal MC normalization is arbitrary.

¢ “Irreducible” physics backgrounds frofd decays in which the ta@ has been correctly reconstructed, and for
which the accompanyin@ decay is topologically and kinematically indistinguishable from a signal decay. For
B~ — K™~y searches these backgrounds are currently negligible, and are not expected to contribute at a
rate above the Standard Model prediction for exclusive stz modes. Fob — dvv searches, it is expected
that irreducible physics backgrounds will arise from the Standard MBdel— 7~ 7 process, however, it is
likely that by the time this becomes an issue, eitBer — 7~ 7 will be well-measured, or both searches will be
limited by detector performance issues.

In practice, real background events are usually the result events that have intrinsically low particle multiplicity and
significant missing energy due to the presence of neutrinos and/or undeiétadiich then lose additional particles

that either pass outside of the detector acceptance, or somehow otherwise fail to be reconstructed. These events are
usually topologically similar to signal events, but are indistinguishable from signal events only because of the imperfect
performance of th&ABAR detector. The ability to perform searches for modes suéh-assvv andb — dvv requires:

¢ the ability to exclusively reconstruct large samples of fagnesons with reasonable purity in hadronic and
semileptonic final states;

e relatively good hermiticity of the detector, in order to minimize backgrounds resulting from events with particles
that pass outside of the fiducial acceptance faking the missing energy signature of the signal mode;

e a relatively low rate of spurious charged tracks and/or calorimeter clusters which result from sources other
than the direct decay of the signal candidate event. Sources of such spurious particles include reconstruction
artifacts €.g, ghost tracks, looping tracks, unmatched SVT and DCH tracks, misassociation of EMC clusters
with tracks), detector noise artifaces §, EMC noise clusters), “physics” artifacts., bremsstrahlung clusters
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and photon conversions, hadronic split-off clusters) and particles not associated with the physics.gyent (
beam-background-related tracks and clusters, cosmics).

e the ability to veto events containing? mesons using the IFR. Events with one or more undetdstethesons
are currently a dominant source of background in these analyses.

2194 B° — T+~

There are currently no experimental limits fBf — 717, in spite of the fact that its sensitivity to third-generation
couplings makes it the most theoretically interesting of Bfe— ¢*¢~ modes*? . This absence of experimental
measurements is due to the lack of kinematic constraints that can be used to uniquely identify deckymafs

in a B Factory environment. In contrast, the lepton flavor-violating moBés— 7+e~ and B — r+u~ are
comparatively straightforward experimentally, due to the presence of a mono-energetic high-momentum final state
lepton.

Two experimental issues must be addressed for an analysiB iRactory environment. The first is to distinguish the
(charged and neutral) signaldecay daughters from other particles produced in the event. This can be accomplished
by exploiting a tagB reconstruction method similar to that which is used in the- s/dvv searches described
previously. Provided that the reconstruction process is sufficiently clean, the dominant backgrounds will be from

Y (4S) — BB’ decays in which on#3 has been correctly reconstructed and the sedpddcays in a manner which
resembles B8° — 7+7~ “signature”, characterized by low multiplicity and significant missing energy. Other sources
of background are assumed here to be neglegibtedecays td*vw, 7+v, n+ 700 (via p*v) and3n*v (via aFv),
totaling~ 80% of the totalr branching fraction, are potentially usable for this analysis, however only the “one-prong”
(e, 1, 7, p) have been considered to date, leading to a topological efficiendg%er 7+ 7~ of ~ 51%.

Since all final states contain a minimum of two (and as many as four) neutrinos, there are very few kinematic
constraints. The event selection therefore proceeds by requiring exactly two charged tracks remaining aftét the tag
reconstruction then requiring that there be little or no additional calorimeter activity, other than possibly a reconstructed
70 attributable to @ decay. PID criteria are used to categorize eventsoy~ decay mode. Backgrounds can result

from events in which two or more charged particles pass outside the detector acceptance, or in which neutral particles
fail to be reconstructed. In addition, physics backgrounds can arise from cdscade — s transitions, which

can result in topologies consisting of, for exampleKd, two charged leptons and two neutrinos. If thg is
undetected, then this process will mimid3® — 7+7— decay. “Irreducible” physics backgrounds are observed in
processes with branching ratios at the levetxfio—*). Some additional background rejection can be obtained by
exploiting correlations in the angular and energy distributions of particles obserbed-ie — s using multvariate
analysis techniques, however none of the possitle— 7+~ final states has proven to yield significantly lower
backgrounds. Consequently, obtaining a branching fraction limiB3for— 7+7~ which is substantially below the

level of O(10~%) will be extremely challenging. As is the case tor- svv searches, excellent detector hermeticity

and the ability to vetd? mesons are essential for this analysis.

12There is an indirect bound from LEP data Bn— rv decaysB(BY — r+r7) < 1.5% [254.
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2.20 Theoretical Prospects fob—svv and B— K (7)vv Decays
>— T. Hurth and D. Wyler<

The decaysZ — X,@vv (and the corresponding exclusive decays) are particulary clean rare decays. Thus, these
flavor-changing neutral-current amplitudes are extremely sensitive to possible new degrees of freedom, even if these
appear well above the electroweak scale.

Because the neutrinos do not interact strongly or electromagnetically, only the short-range weak interactions ‘connect’
the hadrons and leptons, and they can be totally accounted for by standard perturbation theory. The notoriously
difficult strong interactions only affect the hadronic side; as we will see, this makes them completely controllable and

it appears possible to make predictions at the few per cent level. Because the rates are quite small and detection at
hadronic facilities is virtually impossible, these decays are of prime interest to a Bupestory.

The decay of thé3 meson into strange particles and two neutrinos proceeds through an (effective) flavor-changing
neutral interaction. It is induced by penguins and box diagrams with tW@-bosons. These diagrams (in contrast

to the photonic penguin diagrams, effective in the decay into two charged leptons) are characterized by a 'hard’ GIM-
suppression proportional {en2 /m3;,).

We may consider (on the hadronic side) exclusive or inclusive decays. The inclusive ones are believed to be accounted
for by quark-hadron duality and therefore to be essentially free of nonperturbative effects. On the other hand, exclusive
decays involve complicated final-state corrections. In the éase K (w)vv only the form factors of the hadronic

current enters. We argue that it can be found from relations to other decays and therefore also the exclusive decays
can be predicted with high precision.

Let us start with the inclusive decay moffe— Xs,qvT. The effective Hamiltonian reads

Heg(B — X,w7) = @+ ViVt X (m2/m2,) (57, PLb) (#7" Pov) + h.c. (2.118)
2 27 sin” Oy,

For the decayB — X,v7 obvious changes have to be made. The short-distance Wilson coefficisngoverned
by the hard (quadratic) GIM mechanism, which leadsXton?/m%,)/X (m?/m%,) ~ O(1073). Moreover, the
corresponding CKM factors in the top and the charm contribution are both of afdeAs a consequence, the
dependence of the amplitud2 — X,z on the up and charm quark masses is negligible

The NLL QCD contributions to the partonic decay rate were present&®jif]]. The perturbative error, namely the
one due to the renormalization scale, was reduced &90%) at the LL level toO(1%) at the NLL level. Moreover,
the nonperturbative contributions scaling withn? are under control and sme25%€,9,'257). Because of the absence
of the photon-penguin contribution, the nonperturbative contributions scalind Wit can be estimated to be at the
level of 10~3 at mostR5).

After normalizing to the semileptonic branching ratio and summing over the three neutrino flavors, the branching ratio
of the decayB — X,vv is given by R2€:

30 |V XP(mi/mi)7
472sin® Oy [Vep|? f(m2/m3) k(m2/m?)

B(B — Xsv¥) = Bexp(B — X lv) (2.119)

Using the measured semileptonic branching ratio and the phase-space factor of the semileptornic tthecagrre-
sponding QCD correctior, the QCD correction of the matrix element of the de¢ay~ X,v7, namelyr = «(0),
and scanning the input parameters, one ends up with the theoretical pred&thn [

13we note that the notion that ‘the amplitude is dominated by the top-quark contribution’ is slightly imprecise because of the presence of GIM-
canceling mass-independent contributions.
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B(B — Xwwv) = (3.440.7) x 107°. (2.120)

The replacement of;, by V4 in (2.119 leads to the case of the dec&y — X,vv. Obviously all uncertainties
cancel out in the ratio of the two branching ratiosif— X, 07 and B — X,vv. Thus, it allows for a clean direct
determination of the ratio of the two corresponding CKM matrix elements.

The inclusive decays — X,v7 is the theoretically cleanest raf2decay, but also the most difficult experimentally.
However, as discussed above, the lack of an excess of events with large missing energy in a samplel6f bb

pairs at LEP already allowed ALEPH to establish an upper bound on the branchin@E£i@%<, which is still an

order of magnitude above the Standard Model prediction, but nonetheless leads to constraints on New Physics models
[259. For this purpose, the QCD corrections to the decBys> X 47 in supersymmetric theories (MSSM) have
recently been presente2d(.

Let us move to the exclusive channgl— 7vv, with an estimated branching ratio 7. Similar to the methods
used in the deca)x — wvv (seell3, [14]), we can relate it by isospin to the charged-current deBay> wfv. A
precise measurement of the form factor in that decay then yields the branching rafic-forrvrv. We obtain, after
summing over the three neutrino flavors:

302

iSO Y
2m2sint Oy,

+ 0 |V;l;‘/;5‘2 20,2 2
B(B™ — m°lv)) X(mg/myy), (2.121)

B(BY - ntw) =R
( ) |Vub|2

where X is again the short-distance Wilson coefficient and the faBiqy accounts for isospin violations. A similar
expression follows for the neutral meson deddy— 7°vw. The factorR;,, was discussed ir26]] for the decays of

the kaon. There are at least three sources of isospin violation: Mass effects (which are very small in the present case),
neutral form factor suppression of abddt throughr — 1 mixing, and a suppression of arou2i# due to the absence

of a leading log correction. Barring further corrections and short of a detailed analysis, we concluglg,thaf.o4.

Using the (measuredj( B™ — =%/v) kinematical distributions, one can also determinestdependence, but in view

of the limited numbers of events expected, this is a rather academic point.

The decay of real interest 8 — K™ v, whereK*) can be eithedk. For definiteness, we discuss orj, but
K* may be treated analogously. Starting from the Hamiltona 1§, the invariant mass spectrum of the decay
B — Kvv can be written as follows (see for examp®6g, [263):

dI'(B — Kvv) _ G%a’*my
ds 2815 sintOy,

Vi Vi * A2 (r e, 5) f2 (s) X2 (2.122)

where A\ =[1+ 1% + 5% — 25 — 2rx (1 + 5)] s=q*/m¥%. ri =mik/m% (2.123)

The form factorf. (the definiton follows) can now be calculated by QCD sum-rule techniques with an esti3fdted
accuracy (see2bz,9]). For example, based on results presente®jnRef. [27] predictsB — Kvv

B(B — Kvw) = (3.8752) x 107°. (2.124)
Itis of course desirable to obtain the form factor more accurately. Unlike the caserofltbeussed above, it cannot be
related to a charged-current decay by isospin, and we need to obtain the form fac®te f§f*) by other arguments.

The first possibility we discuss is to relate the de@ay- K *)vv to the rare decapg — K *)¢¢. It has already been
seen aBABAR [22(] and Belle R64] with the following branching ratios

(0.8870-33 £ 0.10) x 106 (BABAR)

BB — K*t¢) =
(B~ ) {(11.5*3:210.810.2) x 10-7 (Belle)
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and

0.651701% 4 0.04) x 1076 (BABAR
B(B _ KKJ'_K—) —_ ( +1%.13 ) X . ( )

(4.8755+0.340.1) x 10°7 (Belle).
and is expected to have been measured with high precision by the time ai$aetory exists. In particular, the
dependence on the invariant mass-squared of the two leptons will be determined. It gives experimental information on
the nonperturbative form factors that we want to use in the decay with the two neutrinos.

The effective Hamiltonian is a product of the Wilson coefficients characteristic of the model and the operators whose
matrix elements (form factors) we need.Bn— K transitions three independent form factors enter, which are defined
by the following matrix elemertd (¢ = ps — px):

(K (pk)[57.0|B(pB)) = f+(¢*) (0B + pK)p + f-(a%) (PB — PK ) (2.125)
(K(pk)[50,ub|B(ps)) = is(¢°) (s + PK)u(PB — PK)v — 0B — PK)u(PB + PK)0) (2.126)

There is also the scalar form factigy?), which is connected to the vector form factors via the equation of motion of
the quark fields:

1

e [f () (m —mE) + f-(¢°) ¢°] (2.127)

(K (pr)|3b|B(pr)) = l(¢*) =

In the decayB — K¢, all three form factors contribute; the tensor form factor enters through photon exchange
between the quarks and the (charged) leptons. In addition photon exchange also gives rise to 'long-distance’ contribu-
tions from four-quark operators, which include a nonperturbative part. In contrast, theeeay vv involves the

vector form factorf, only. In order to use the data froM — K¢/ to determine the form factors & — Kvv one

must 'subtract’ the extra effects.

If we neglect the masses of the leptdres, terms proportional ten?/m%, the contribution of the form factof_,
which is proportional ta;#, does not contribute to the invariant mass spectidlimdq? of the decayB — K{¢T(~.
The latter can then be written in this approximation in terms of the two form fagtoend s only (see for example
[129):
dl'(B — K(t0™)  GLa’mi
ds o 21045

Vi Vi l? 2/3 X%/2 (JA')2 + |C)?), (2.128)

with A" = CS" £ (¢?) + 2my, CE" s(¢?) and ' = Cf 1(4?). (2.129)

The effective Wilson coefficient;*" (i = 7,9, 10), in the decayB — K/ are specific to the Standard Model and
are basically known. They mainly represent short-distance physics; hovf@’?‘ealso receive contributions of the
matrix elements of the operators including their nonperturbative parts, such as the effectrothenances:

C(8) = Ci+ Climaunix(3) + Gl (3) (2.130)
The explicit formulae can be found for example12f] as Eqgs. (4.1)—(4.3) with the bremsstrahlung functionsy(z)
setto zero. The first two (perturbative) contributions to the effective Wilson coefficients were calculated to NNLL QCD
precision in b2, 84,/86]. These perturbative contributions are also relevant to the inclusive BodeX ¢/~ For
the third, nonperturbative, contribution, phenomenological parametrizations were proposed in the literafile. In [
the long-distance contributions due to #idntermediate states were included via a Breit-Wigner ansatz, whil&n [
these corrections are estimated by means of experimental databe~ — c¢ hadrons) using a dispersion relation.

14 different parametrization of the three form factors are also often used and presented in the subsection on exclusive semileptonic rare decays.
The relations between the two parametrizations are givefilfy®) = (Mg + Mx)s(q?) andfo(q?) = f—(a?)[a®/(ME — M2)] + f+(¢?).
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Our suggestion is to make use of relations that follow directly from the heavy quark symmetry of QCD, thereby
obtaining more reliable predictions fgi, and use more fundamental methods to calculate the long-distance effects.
Both are expected to be most accurate near maxifhat (Mp — M )? (zero recoil). The heavy quark methods
apply best in this region, which is far away from any resonance and the photonic pole which make the long-distance
effects so untractable

The well-known Isgur-Wise relatiol2bE, 26€],

2Mps(q®) = f1(a%) — f-(¢?) + O(m; '/?), (2.131)

connects the tensor and the vector form factors and is most useful at low recoil. Moreover, the scaling of the form
factors is given by

Fo+fomem 0 fe—fo~em)? em)? (2.132)
It follows from these relations that the two contributions to the decay rat@é ef K¢¢, which correspond to the
vector and the tensor form factofs ands, enter at the same order of,.2¢ Thus, a direct relation betweerand f,
is needed. When inserted into EG.129), the differential rate depends g only, which can then be determined and
used to predict the distribution @& — Kwvv with high accuracy.

A useful result is this respect was given by Grinstein and Pi@6l/]. They present a relation betwegn ands
including the subleading/m,, corrections. Using chiral perturbation combined with heavy hadi®8& R6¢, 270,
the subleading form factors could be estimated. This relation, in principle, allows extractonithf an estimated
accuracy of 10%, oncg_ is known. In the present case we need a corresponding relation betveeety . While
writing the present report, a new paper by Grinstein and Pirjol appeardtwhere alternative methods for deriving
the form factor relations and a clever treatment of the long-distance contributions are presented.

Using the approach oP[7]], we are able to derive improved form factor relations for the dase K. Let us sketch
the derivation. For more details and numerical estimates we refer the rea@égto//e start from the QCD operator
identity

i0” (5i0,,b) = (my + me)57,b — 24i D ,b + 0, (sb) . (2.133)

From this, we find the following relations between the— K form factors:
¢ s(q®) = (mp+ms) fr(q®) + 2ds (2.134)
(M3 — M) s(q®) = —(my +my) f-(q*) —2d_ + 1(¢?). (2.135)

While the form factor was defined(greviously in Eq2(127), two new onesd andd_, enter; they are defined by
the matrix elements of the operatarD ,b:

(K (px)|siDub|B(pp)) = d(¢*)(p5 + i)y + d—(¢*)(p5 — D)y - (2.136)

These two form factor relations are exact. In leading ordey'in,, they combine to reproduce the Isgur-Wise relation
(2.13]) (see below). In the next step, the new QCD operﬁifﬁub is matched on the heavy quark effective theory
operators in order to isolate the leading termsiin The corresponding relation i&T1]

5D b = DS (w)mysvy,he + D8 (ymysv,hy +5iD by + - - - (2.137)
The Wilson coefficientsDE“)(u) begin atO(«). Taking the matrix element of this relation between Bhand theX
mesons, and using analogous matching relations between the currents,

_ V), = V), \— r_
yub = C’é )(,u)svuhv + C£ )(u)svuhv + Q—mbsvulehv + (2.138)

5b = ES()Shy + -, (2.139)

15We thank Y. Grossman and G. Isidori for a collaboration on this point.

18We note that foy? =~ ¢2,,. = (Mp — M )? the contribution of the tensor form factor is small, due to the small Wilson coeffié]%ﬁtin
this kinematic region. Thus, for low recoil, the form factr can in principle be determined from the measuyédiistribution of B — K¢+ ¢~
with restricted accuracy. Nevertheless, the uncertainties due to the neglected tensor contribution and due to theligpkp@Wiip corrections
in the Isgur-Wise relation might be relatively large.
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one arrives at the desired relation
¢ 5(¢%) = my(1+2D{") f+(q*) (1 + O(1/my)). (2.140)

Using 2.137%), (2.13§, and 2.139, the 1/m, terms can be explicitly expressed through additional matrix elements

of local operators such és!j—)uhv. Thus, this formula separates the leadingrfis) and next-to-leading terms, which

are suppressed hy'm;. It should be possible to calculate them with existing hadronic methods, such as lattice QCD

to a20% accuracy, which together with théqgcp /mp suppression would result in abotfto precision for the form

factors near the endpoint. Similiarly, the proposed strategy may also be used to determine the form factors of the decay
B — K*vw. The derivation of improved Isgur-Wise relations is analog@714][

Another method to predict the neutrino modes is to relate the dBcay K *)vw to B — (p)¢v by SU(3). However,

the SU(3) breaking effects are large, for example, using chiral perturbation theory; they were estimated to be as large
as40% [25€]. Better is the 'double’ ratio method, which is based on heavy quark symni&ff}.[ The idea is to
compare the3 and D decay form factors fo andp. The result is

J(D = K) 5 (s —muc)

HB = By = 1B = ol =) g —my)

(2.141)

The corrections are proportional (e:;/A) x (A/m.) = m,/m. and are generically arourid%. A more detailed
discussion of the two methods for accurate predictions of the golden nibdess ) v will be presented in272].
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2.21 Purely Leptonic Decays of NeutralB Mesons

> F. Kruger <

2.21.1 Theoretical framework

The part of the effective Hamiltonian describing the— ¢¢™1~ (¢ = s,d) transition relevant for§2 — Lr~
(I = e, u, 7) decays reads as,g, [233 /274

4G

Heff == \[

thqu{CwOm + CSOS + CPOP + 0100/0 + Csos + CPOP} (2142)
where
2 2

— / e
TPruyb) (), O = 1o

€

1672 @Pr)b)(Orst),  (2.143)

o2
O§’0 = 72 — @, Pr(r)b) (0" 50), O('

andPr, r = (1 Fv5)/2. The hadronic matrix elements of the operatOfsare characterized by the decay constant of
the pseudoscalar mes@iE, 255, 27€]

Bq(p)) = ipufp,- (2.144)

The numerical value of 5, can be determineel.g, from lattice QCD computation252]

(017,50

fo. = (217T£12+£11) MeV, fp./fs, = 1.21 £0.05 + 0.01. (2.145)

Similar results are obtained from QCD sum rul2g7]. Contracting both sides i12(144) with p* and employing the
equation of motion fory andb quarks results in

2
By

mp + My

(0[gysb|Bq(p)) = —ifs, (2.146)

The matrix element in2,144 vanishes when contracted with the leptonic vector curfept as it is proportional
to p* = p}; + pj_, which is the only vector that can be constructed. Furthermore, the tensor-type matrix ele-
ment (0|go ., b| B,(p)) must vanish, since it is not possible to construct a combination made pp thfat is an-
tisymmetric with respect to the index interchange— v. Therefore, operators such @#PL(R)b)(Zv“ﬁ) and

(@0 PL(Rr)b) (€o* P r)!) do not contribute to the decdy) — (¢~
Summing over the lepton spins, the branching ratio has the form

C/Q 2
S

mp + My

2 2 5 2
GFaerrlMB B fB

q q q C —C/ 2mg
Vs Iﬁq{ﬁ2 E_—F

B(B) — (t(7) =
( q — ) mb + mq ]\/[%q

(Alo - AllO)

Y

(2.147)
whererp, is the B,-lifetime andg, = (1 — 4m?/Mp,)"/2. Further,Cng = Cgv)P(u), Mg = myq(p) andAl) =
47 o (M)cﬁ} (), wherey is the renormalization scale.

2.21.2 Standard Model predictions forB — £14~

Within the Standard Model, the neutral Higgs boson contributior@sfé, are suppressed by,,my, (4 /M , and

hence are tiny. Since the neutral Higgs does not contnbuﬂééothe dominant contributions to the dec&§ — (¢~
arise fromZ°-penguin diagrams and box diagrams involving"- bosons 276 113,114]. Using the NLO expression
for Ay from [27813,114], we obtainA$)! = —4.213 and Aj3M =
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From 2.147) it follows that the Standard Model branching ratios scale likem? due to helicity suppression.
Consequently, the branching ratios fo= e andy are small. Furthermore, they suffer from theoretical uncertainties

of 30%—50% [274,124¢€, 127S, 114G, 280, mainly due to the uncertainty on tifé meson decay constant [cR.(45].

However, these uncertainties on the Standard Model branching ratios can be considerably reduced by exploiting the
relation between thé&3)—-BY) mass difference an#8(B) — pp~) [281]. Taking AMp, from [2] and assuming

AMp, = (18.0 +0.5) ps~*, the Standard Model predictions a@s{]

BB? — utp ) =(34+05)x 107", BBy — pTu~)=(1.0£0.1) x 1071, (2.148)

The corresponding branching ratios of thee~™ modes can be obtained froi2.14€) by scaling with(mg/mi). The
current experimental upper bound 89-decays from CDF isl]

B(B? — utp™) <58x 107" (90% C.L.) (2.149)
BB — ptp™) <1.5x 1077 (90% C.L.) (2.150)

Belle sets the following0% C.L. upper limits for theB,;-decays/15]
B(By —ete™) <19 x1077, B(B}— putpu~)<1.6 x107". (2.151)

As far as the tau channel is concerned, detection difficulties may be offset by larger branching3(§g05—>
7)) /B(BY — ptp~) ~ (m2/m?) = fewx10?. Following [281], we obtain the Standard Model branching
fractions

BB - 7tT77)=(72+11)x 107", BBy —7T77)=(2140.3) x 1075, (2.152)

The current experimental information on thenodes is rather poor. Indirect bounds can be inferred from LEP data
on B — tv decays/255 B B
B(B? — rt717) < 5.0%, B(B)—1t777) < 1.5%. (2.153)

Another interesting observable is the rafte, = B(BY — ¢t¢7)/B(B% — ¢+¢~). It has the advantage that the
relative rates ofB; and Bs-decays have a smaller theoretical uncertainty sifi¢g/ fg, can be determined more
precisely thanfp, alone [cf. 2.145]. A determination ofR;; can provide information ofi;,/V;| and probe the
flavor structure of the Standard Model and beyaPid€[ 28C, 282]. For example, in the Standard Model as well as in
models where the Yukawa couplings are the only source of flavor violatgns approximately

7B, MB, f123d |Vzal? N
TBd MBS f%s |‘/1‘/$|2

O(1072). (2.154)

Since|V;a|?/|Vis|? = A2R?, a measurement of the ratio of leptortig to B, decays will allow for a determination of
the sideR; of the unitarity triangle28( and for a test of the minimal-flavor-violation (MFV) hypothesis.

2.21.3 Predictions forB — £7£~ beyond the Standard Model

Before addressing’P-violating effects inES — {14~ decays we briefly discuss the implications of New Physics
contributions to the scalar and pseudoscalar coefficieni&s147). They can receive substantial contributi@ng, in

models with an extended Higgs sector, such as the two-Higgs-doublet model (2HDM) and [SLERXSE, 276,248
27911401283 12€,1284,117,118,1260, 23,122, 285, 28€, 287]. (For recent reviews, se@8¢ 289.) In this class of New
Physics models the scalar and pseudoscalar coefficients vanistwyhen0, so thathﬁ)P x my. Yet, large values of

tan 3, the ratio of the two vacuum expectation values of the neutral Higgs fields, may compensate for the suppression
by the mass of the light leptorsor 1.. Assuming the scalar and pseudoscalar contributions to be domin@nt 4y

we can set an indirect upper limit d®( B} — 7+7~). Given the upper bound o(BY — u*p~) in (2.153), we

obtain .
B(By — /ﬁu‘)}

2.1
1.6 x 107 (2.159)

B(B) —7t77)<34x107° [
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which is very similar to the bound derived [B3]. We stress that this constraint applies only to those models in which
Cg,)P o my. (This is not the case.g, in generic SUSY models with brokdr parity [27€].)

In the type-1l 2HDM holdsC's ~ tan? 3 [24€ 12§. Given a charged Higgs boson mas266 GeV, the branching
ratio of B — ptu~ amounts to(1.4 — 4.8) x 107? for 40 < tan < 60 [24€], which is comparable to the
Standard Model prediction i12(14§. We therefore conclude that within the type-Il 2HDM there are only moderate
New Physics effects i) — ¢+ ¢~ decays.

On the other hand, in the higlan 3 region of the MSSM the leading contribution to the (pseudo)scalar coefficients
is ~ tan® 8, with Cs ~ —Cp [248 27,1284 (17, 19, 126G, 23, 122, 285, 1286, [287]. As a result, theBY) — 1/~
branching ratios can be enhanced by orders of magnitude with respect to the Standard Model expectations. Note
that large branching ratios can occur even without any new flavor structure beyond the one in the CKM matrix. An
interesting feature oﬁg — (¢~ decays are possible correlations between their branching ratias &hg [22, 285

andRx = B(B — Ku™p™)/B(B — KeTe™) [129, the latter being discussed in Sect®i6.3 In the context

of the MSSM with MFV, the experimental lower bound on tBe — B, mass difference yields the upper limits
B(BY — ptu~) < 1.2 x107% andB(BY — utp~) < 3.0 x 1078 [22,1285. Thus, an observation of a larger
branching ratio would indicate the existence of non-minimal flavor viola@84]] see also28€]. The MFV MSSM
correlation betweem\ M, and B(Eg — ptu™) also breaks down with an additional singlet Higgs,, in the
next-to-minimal-supersymmetric Standard Model (NMSSRH||

2.21.4 CP violation

Since there is no strong phase in the purely leptonic decays, which is mandatory for a non-z€¥® aatenmetry
besides aCP-violating phase, direofP violation cannot occur in these modes. Tha$, violation can arise only
through interference between mixing and decay.

We define the time-integrateédP asymmetries a®2B7,291,1297]

ety DB = 66) — [ (B — €1E)

A = =0 L _ , 2.156
cp Jo o dtT(BY(t) — €7¢7) + [~ dtT(BY(t) — £7¢5) ( )

wherei, j (i # j) denote left-handed() and right-handedRg) leptons in the final state. Assuming @—Eg mixing
parameter;/p to be a pure phasé,and neglecting the light quark masses as well as the primed Wilson coefficients in
(2.142), one finds[291,1297]

—eher) 2z,ImA, —ehen) 2z4,ImA,

AL _ AL - (2.157)
“r 2+a2) +az2 T 2+ a2)Agl? + 22 '

wherez, = AMp, /T'p, and

A = (thV[é) ByCs + Cp + 2miAwo/Mp, (2.158)

M\ VigVig ) BaCl = Cp = 2meArvo /Mg,

Here, MY, is the off-diagonal element in the neutfaimeson mass matrix. Fror@.(L57) it follows that the maximum
CP asymmetry isAZE* = 1/(2 + x3)1/2. The dependence on thie¢ meson decay constant drops out in tHe
asymmetries, which are therefore, theoretically very clean. Takjng 0.76 and a nominal value aof, = 19 [2], we
find that the maximun®P asymmetry is small foB, decay & 5%) but considerably larger faB,; decay & 62%).

Within the Standard ModelP violation in B) — ("¢~ decays is experimentally remote sindep ~ O(107?)
[291,129Z]. However, New Physics with non-standar#’ phases can give apprecialdl® asymmetries, in particular
for the tau channel. For example, within t6#-violating MSSM where’'s = —C'p at largetan 3, the asymmetries

17For a definition ofy andp, see[293.
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for the dimuon final state amount tal i ##2)| ~ (Bi—nihn)| o ing i
tal | = 0.7% and |A.p | ~ 3%, taking into account New

Physics contributions BB’ mixing [287]. These small values are mainly due to a cancellatiofi;iis + Cp in
(2.159, since4(m,) ~ 1. In ther7~ mode theCP-violating effects are larger sing&;(m,) ~ 0.7 [291, 297).
0—>T .

+ 0
Using the same input parameters as beforeaﬁeasymmetrieéfA(Cid L L)| and\A(C% R)| can reach about
9% and36%, respectively287,1292]. Going beyond the MSSM witli's # —C'p may lead to larg€’P asymmetries
in the muon channel as weR87]. For example, a model where the relatiog = —Cp does not hold is the NMSSM
[24].

+
—>TRT

The observation of an unexpectedly large asymmetry in the purely leptonic decay modes would be a signal of New
Physics and a pointer to the existencelt-violating sources outside the CKM matrix. Of particular interest is the
analysis of the”P asymmetries withr’s in the final state.
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2.22 Theoretical Prospects folB — (X., D, D*)1v;

> A.Soni <

2.22.1 Introduction

, b — c77, mediated processes can provide useful constraints on models with an extended Higgs sector such as the
two Higgs doublet model (2HDM) Il or the MSSM. The leading order diagrams are shown i@-2igj. The charged

Higgs (H)-exchange diagram is driven Iy = %, wherem g denotes the Higgs mass atidh 3 is the ratio of the

vevs of the Higgses giving mass to the up and down-sector. As is well kiibwhn X ;v decay is also very sensitive

to charged Higgs exchange; however, in that case if the Higgs sector is part of a supersymmetric theory then it can
be argued that the new contributions of the charged Higgs may cancel against those from other SUSY-particles. Such
a cancellation cannot be invoked for the— (X., D, D*)77, decays case at least infaparity-conserving SUSY
scenario at tree level.

<l
<l

(a) (b)

Figure 2-27. The leading order Feynman diagrams#or> ctv, processes.

Theoretical studies of the semileptonic decay rate iBt®» and inclusiveX, final states have been performed in
Refs. P94, 1295, 129€, 1297, 298, 299. It is useful to normalize the branching ratio and spectra to the Standard Model
onese.g,

B(B — Mtv,;)
B(B — Mtv,)

since in the denominator the Higgs contribution is suppressed by a small lepton mass. Furthermore some theoretical
uncertaintiese.g, due to form factorsV/, and higher order corrections cancel at least partially in the ratio.

Ry = where { =e,p and M = X., D, D* (2.159)

Decays into the pseudoscal@r are most sensitive to scalar boson (Higgs) excha2§&, [29§. Also, the ¢°
distribution, wherey = pp — pas andpg(pas) denote theB meson (final hadronic) momenta, is also significantly
more sensitive than the total rat@9€, 294]. A better reach injy than the width has also the integrated longitudinal
7 polarization in exclusived95 and inclusive|R9€] decays. The decag — D77, is discussed in detail in the next
Sectiori2.22.2

QCD corrections bring in some model-dependence in the interpretation-ot:r7,. measurements in terms Gf;.

The O(«a;)-corrections have been calculated for the rate of inclusive> X .7v, decays in the 2HDM Il and found

to be moderaté97]. At LEP theb — ¢7v, branching ratio has been measured and the constigint 0.53 GeV~*

at 95 % C.L. BO( has been obtained. On the other hand, SUSY QCD corrections turn out to be substantial for
largetan 8 and can weaken the bound significantly for some regions of the parameter28€fcdri the following
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Sections the reach iy is discussed neglectir@(«;)-corrections since the corresponding analyses are not available.
The bounds obtained are hence not valid in a general MSSM.

The transverse polarization of thdepton in semileptonic decays provides a unique and very sensitive probe of New
PhysicsCP-odd phases present in the charged Higgs coupli®@s; BOZ]. This is further discussed in Secti@i2.3

2.22.2 Constraints fromB — DTv.. decays

In addition to the form factorg, and F; that describe the semileptonic decdys— D7, via W exchanges,e. the
matrix element{ = ¢*/m%)

2 2 2 2
mp — mp —Mmp

< D(pp)[evublB(ps) >= Fi(t) |(pB + PD)p — P | + FO(ﬁ)qu (2.160)

one also needs a scalar form fackaroc< D|éb| B > for the Higgs contributionsFy is related taFy by the equations

of motion. A study of the semileptonic decays into electrons and muons should provide a very accurate determination
of Fy. Heavy quark symmetry relates the form factors to the single Isgur-V88§ function. Althoughl/mq
corrections on the individual form factors are appreciable, their ratios receive only small corrections.

The dilepton invariant mass spectrumi®f— D7v, decays can be written &é29€

dl GZ4|Va|*m3
O =GRV (1457 o) + 161 (2.161)

wherepg ;) are spin 0(1) contributions which involv&,,), respectively. In the limit of vanishing lepton mass, only
p1 remains finite. The New Physics Higgs contributignis driven byF, see R9§ for details.

0.04

0.0351

0.03

0.0251

0.02

(148,0)9,(0) and p,(0)

0015

0.01F

0.005

0.1 0.‘15 0.2 0.‘25 0‘.3 035 0‘.4 0.45
t=q¥m;

Figure 2-28. The spin 0 contributions to the dilepton mass spectrunBin— D7v, decays fortan 3/muy =

0,0.06,0.25,0.35GeV ! corresponding to lines &(SM),b,c,d. The solid curve corresponds to the spin 1 contribution,

p1. Shaded regions denote form factor uncertainties. Figure taken 88 [

Figure2-2& shows the spin 0 and spin 1 contributions to the differential spectrum, where the spin 0 contributions for
Bu = 0,0.06,0.25,0.35GeV ! are labeled as a, b, ¢ and d respectively. The shaded regions indicate the residual
theory uncertainties in the ratif (¢)/F (¢). For smaller values oy the spectrum starts to look like the Standard
Model (curve a), which correspondsitoy becoming extremely heavy. With sufficient data one may place a bound on
By < 0.06 GeV ™! from this method; for largean /3 as favored due to the large valueraf /m;, say 30, this would
translate intony > 500 GeV.

THE DISCOVERY POTENTIAL OF A SUPER B FACTORY



2.22 Theoretical Prospects folB — (X., D, D*)7v, 101
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Figure 2-29. The integrated width foB — Drv., decays (normalized t6'%|V.,|*m%/(1287%) ) as a function of

tan 8/mm [29§.

Given B(B — Drv) ~ 0.5%, and assuming a 1% detection efficiency, would mean that withB B-pairs one
should sed 0° such events, so a detailed study of the differential spectrum should be feasible.

For comparison, Fig2-29shows the3y reach for theB — Drv, integrated width. Heréy = 0 (origin) corresponds

to the Standard Model value. For larger valueggfthe Higgs contribution interferes destructively with the Standard
Model, so that the integrated width reduces to half of the Standard Model value at afgurd0.3 GeV!. For

By > 0.45GeV ™! the Higgs contribution starts to dominate the width. This is the level at which one can put bounds
on Sy from measurements dtp, very similar to the current bound frolx data discussed in the Introduction. To

show the contrast between this and the differential spectrum, note that the total width reduces by less than about 10%
for By = 0.06 GeV~'. Experimental prospects f& — D, D*77 have been discussed 1834.

With sensitivities down taan 3/m g+ > 0.06 GeV ' the spectra ilB — Drv decays are competitive with the LHC
reach fori* masses below 250 GeV and moderate values @fn 3, see Fig. 15b in305. Note that in this region
SUSY QCD corrections are not enhanced.

2.22.3 Transverse polarization of ther and CP violation
The transverse polarization of thén semileptonic decays

§T : (177 X ﬁM)
|ﬁr X ﬁM|

pt (2.162)
wherep, (pas) denote the three-momentum of théhadron) ands, ther spin is an extremely sensitive probe of a
non-standard’P-odd phase from charged Higgs exchar@@l[/30Z,/30€]. Since in the Standard Modg} vanishes it
serves as clean test of the CKM-paradign©Cbf violation. The transverse polarizationfis-odd and can occur from
tree level graphs307]. In contrast, the partial rate asymmetfy-p(T") or ther-lepton energy asymmetry E, >,
say between the™ and~~ in BT vs. B~ decays, ardy-even and requir€P-even phase(s).

In B — X 1v, decays théV — H interference term contributing to E. > andAcp(T") is proportional tal'r [y, L( /

pr +m;)(L,R) p,] < m,/mp. This and the loop facto®(w /) tends to make< pt > larger compared to the
other two asymmetries by O(30), seeB07] for details. On the other hand, experimental detectioptofia decay
correlations inr — wv, uvv, pr etc.is much more difficult than measurements of the energy or rate asymmetry. With
B(B — X.1v,) = (2.48 £ 0.26)% [2], and assuming an effective efficiency for of 0.1%, then the detection of

< pt >= 1% with 3 & significance requires abotx 10° BB pairs.
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Note that fake asymmetries due to final state interactions can arise iffonty 7 is studied; to verify that it is a

true CP-violating effect one may need to study both particle and anti-particle decays. A non-vani€titradd )

pt switches sign fromr— to 7t final state leptons. Clearly rate and/or energy asymmetries should also be studied,
especially if detection efficiencies for those are much higher.

This research was supported in part by USDOE Contract No. DE-AC02-98CH10886.
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2.23 B° — invisible (+ gamma)
> J. Albert <

In addition to searching for new sources@® violation, which up to now have been fairly consistent with Standard
Model predictions, a future Supé& Factorymust ensure that other manifestations of New PhysiBsdecays cannot
elude notice. Less than 50% of the total width of fBés explained by known branching fractions; few constraints
exist on decays beyond what is expected from the Standard Model.

There are presently no significant constraints on invisible decays of any particles that contain heav. flaer
Standard Model predicts infinitesimally small branching fractions for these decays. However, without causing any
inconsistency with all current published experimental results, such decay rates could in principle be up to the order of
5%(2].

In the Standard Model, the lowest order decay processeB8%or- invisible (+~) are second order weak decays
(Fig.2-30):

faall

d

Figure 2-30. The lowest-order Standard Model Feynman graph$for— invisible (+ gamma) decay: a) box diagram,
b) qg weak annihilation diagram, and B) ~W ~ weak annihilation diagram.

Each of these diagrams is highly suppressed within the Standard Model. Rartlhannel, the expected Standard
Model branching fraction is at theé) =% — 10~? level [308,1310. Therw channel has an additional helicity suppression

and thus for all intents and purposes should never occur at all. The Standard Model branching fractions for these
decays are well-predicted. For ti — invisible channel, there should be no visible Standard Model contamination;

an experimental observation would necessarily imply the existence of New Physics.

Significant rates for invisibl&° decays can occur in several physical models, ranging from phenomenological models
motivated by inconsistencies in neutrino experimental data with the Standard Model, to theoretical models motivated
by attempts to resolve fundamental open questions, such as the hierarchy problem. An example of the former is
described in Ref/311]. This attempt to explain NuTeV’s observation of an anomalous excess of dimuon events
provides a model for the production of long-lived heavy neutral particles consistent with the NuTe @Htd hey

propose a supersymmetric model with a neutralino LSP that avoids tight LEP constraints on neutralino production by
coupling to decays of3 mesons. Their model predicts invisibi2 decays with a branching fraction in thé~—" to

10~° range, which is just below visibility with the curreBABAR data sample. The SUSY production mechanism for
invisible BY decays is shown above in Fi@:31 Figurel2-3Z shows the MSSM phase-space corresponding to this
model, which is completely consistent with LEP limits on neutralino production. FRnad®shows the impact on the

B° — invisible branching fraction compared with the expected number of dimuon events seen at NuTeV. In addition,
models using large extra dimensions to solve the hierarchy problem can also produce significant, although small, rates
for invisible B decays. Examples of such models, and their predictions, may be found in&Refs314, 315.

2.23.1 Analysis overview

The current analysis @ABAR takes advantage of the fact that, at #iglS), when one reconstructsia decay, one
can be certain that there was a secd@hdn the other side. The essence of the analysis is to reconstiictesay

18n the finalization of this write-up thBABAR collaboration published their search results; they obtained 90 % CL upper bounds on the branching
ratios for B® — invisible as22 x 10~° and4.7 x 10~ for B® — v~y [30§.
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Figure 2-31. From Ref.|B11]: light neutralino production irB-meson decays: (a-85 — 7;}".
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Figure 2-33. From Ref.|B11]: number of events in the NuTeV detector for neutralino productioB imeson decays
as a function of the neutralino lifetime.

and, in the rest of the event, look for consistency with “nothing” or single gamma hypotheses. Similar to most rare
decay analysis, this analysis is limited by statistics and thus it is critical to get as high an efficiency as possible. The
efficiency is entirely dependent on the choice of tag algorithm, as the signal-side selection efficiency (for “nothing”
or just av) is nearly independent of the tag that is used for the oppd@sit¥V/e decided on the tag strategy used by

the semileptonic-ta@? — Kvv analysis/B1€] and by the semileptonic-taff — 7v analysis817], due to its very

high efficiency and its well-understood properties. The semileptonic tag approach relies on identifyitg &/
candidate in one of threB° modes P° — K, Knrrw, or Krn®) and oneD* mode O — Knzr). Since the
branching fractions for these modes are very high, and the background rejection is due to both the lepton and the fully
reconstructed ™), this is an efficient and clean tag. As a further check to ensure Monte Carlo reproduces data for the
recoil spectrum of the tag, we look at the additional chanit “— invisible” in data and Monte Carlo and check to

make sure that the resulting branching fraction for this forbidden non-charge-conserving decay is consistent with zero.

After selecting events with a cledn*)*[v tag, we choose events where the number of remaining charged tracks in the
event is zero, and make a variety of cuts on the number of remaining phattsisand K’s [31§]. The total signal
efficiency for each of the modes is each approximateiyl 0—3; the tag selection efficiency is the dominant limitation,

being approximatelg x 1073 [31§]. Figurel2-34shows distributions of the remaining energy in the electromagnetic
calorimeter (EMC) in the event, after all tracks and neutral clusters associated with tBehzge been removed.

As seen on the right-side plots, peaking distributions are expected from signal. By either making a fixed cut in the
remaining energy variable and subtracting the background expected from Monte Carlo in the data signal region, or by
doing a full likelihood fit in data to a combination of the distributions from signal and background, one can determine
the amount of signal in data. Both this “cut-based” and “likelihood-based” analysis strategies are pursued — the former
as a check on the slightly tighter constraints provided by the latter.

We expect limits of approximatelyx 10~° for each mode with the 82 fid sample we are using currently. Tad €
shows the expected limits for SupBrFactory integrated luminosities of 1, 10, and 50~ &b
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Figure 2-34. Blinded signal plots comparing data and background Monte Carlo, and plots showing the peaking
distribution in signal as expected from signal Monte Carlo, in the remaining energy variable. (Upper left) Comparison of
data and background MC for tHé® — invisible channel. (Upper right) Distribution of remaining energy expected from
pure signalB° — invisible events (corresponding to a branching fractios.86 x 10~2). (Middle left) Comparison

of data and background MC for tH8° — invisible + gamma channel. (Middle right) Distribution of remaining energy
expected from pure sign@#® — invisible + gamma events (corresponding to a branching fractioh1&f x 10~3).

(Lower left) Comparison of data and background MC for tiEr— invisible” calibration check. As expected in this
validation channel, no significant signal is observed. (Lower right) Distribution of remaining energy expected from signal
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"B* _, invisible” events (corresponding to an effective branching fraction@¥ x 10~2).
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Table 2-16. Expected limits for3° — invisible andB® — invisible +~ at a SupeB Factory.

L lab! 10ab! 50ap!

Expected limit| 3 x 1076 1x107% 4x 1077

2.24 RareB Decays at LHCb and Other Hadron Experiments
>— G. Wilkinson and P. Koppenburg<

We briefly review the potential of experiments at hadron machines in the field aBrdezays. To enable comparison

with experiments at th&(45), emphasis is given t®,; channels, although some resultsBg modes are given. The
discussion is centered on LHQwith most of the results quoted from the recent re-optimization stu8&s} pf that
experiment. Where appropriate, the complementary features of other experiments at hadron machines are indicated.

2.24.1 Introduction

LHCb is an experiment which has been designed to fully exploit the very high cross-sectidrpfeduction 6,5 ~

500 pb) in 14 TeVpp collisions at the LHC. The experiment is scheduled to begin operation at the start of LHC running
and expects to continue data taking for several years at a constant local lumin@sity@¥ cm~2s~!. Unless stated
otherwise, all event yields given below assumés operation in these conditions. The essential characteristics of the
detector, and its potential in measuri@@’-violating phases, are described elsewhere in this reBa€].[ Here those
features of the experiment relevant for rd¢elecays are emphasized. These are as follows:

e Trigger
At the lowest level of triggering LHE&looks for signatures a$ingle particles(leptons, hadrons or photons)
with high transverse momentum (thresholds of 1-5 GeV). The next trigger level relies on a vertex trigger. This
strategy ensures good efficiency for a very wide rangB decays, ranging from 38 % fds; — K*vyto 74 %
for B; — ppK*. More details may be found ii821].

e Precise vertexing
The forward geometry of LH&Z together with the silicon strip Vertex Locator (VELO) allow secondary vertices
to be reconstructed with excellent precision (typicalll200um in the longitudinal direction). This provides a
very powerful means of background suppression in any channel with charged tracks at the decay vertex.

e Particle Identification
The RICH system of LHEprovides reliabler — K discrimination up tg ~ 100 GeV. This is extremely useful
in the selection of many rare decays, for instaBge— puX.

With these capabilities LHEChas demonstrated a sensitivity to exclusive decays down to branching ratios ‘of
Good performance is possible in radiative decays provided that a charged track vertex is present in the event.

BTeV is a similar experiment proposed fpfs = 2 TeV pp collisions at the Tevatron collider. The somewhat lower
production cross-section at these energies will be largely compensated by deploying a pixel vertex trigger at the earliest
level of triggering. APbWO, electromagnetic calorimeter is intended to enhance the performance in radiative decays.

ATLAS and CMS have the capabilities to conduct a wide-rangshghysics program in the early, ‘low luminosity’
period of LHC operation. Lepton triggers provide a good sensitivity to decays sugh-ag:. X . It may be possible
to continue to search for extremely rare decays with very distinctive signatures, sigh; as pu throughout the

period of higher luminosity running.
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2242 B — upX

Events with two muons are “golden” modes for experiments at hadron colliders. Thanks to the large boost due to the
14 TeV collision energy at the LHC, both muons have a large energy. This allows the straightforward triggering and
selection of such events. Moreover their energy is only marginally affected by the value of the dileptonuygssr (

the decay direction defining the forward-backward asymmetry. Therefore the detection and selection efficiency is not
correlated with these important observables.

LHCb also exploits the high boost of the-meson, and its very precise VELO, to isolate tBedecay vertex. A
stringent constraint on the quality of t& decay vertex fit allows to considerably reduce backgrounds from cascade
b — uve(— pwvs) decays or from events where béthadrons decay semileptonically. The good vertexing also allows

a precise reconstruction of tiieé mass, which further helps background suppression and enables a good purity to be
obtained.
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Figure 2-35. LHCb simulation results foB — upK*: mp (left), m,.,. (right). The units aréleV /c>.

B — ppK*: A full GEANT simulation performed recently by LH(J32Z] estimatesl0 MeV and15 MeV mass
resolutions for the:u and theB respectively (Fig2-35), and leads to the expectation of 44B0— puK*(K+tr™)

(+c.c.) events per year. With the available Monte Carlo statistics, the background-to-signal ratio is estimated to be
smaller thar2. These yields will allow a detailed study of the forward-backward asymmetry spectrum in the first year
of data taking.

The zero-intercept of the forward-backward asymmetgydefined in Fig2-3€) can be determined with a precision
of 0.01 allowing the determination of the ratio of Wilson coefficieatg /C<™ with a6% accuracy after two years.

Other experiments expect similar annual yields: 4000 events per year at CMS and 700 at ALLAS 8t3cm 25!,
and 2500 aBTeV atL = 2x1032cm~2s~ 1. All these experiments will also be able to measure the forward-backward
asymmetry during their first years of operation.

Semi-Inclusive and other modes: LHCbH has also studied the semi-inclusive reconstructioBof> uuX, and
B — puX, decays. Channels have been considered with up to one charged or nElr&apn and up to three
charged pions. It is expected that 120B0— puX, and 300B — uuX, events will be reconstructed each year.
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Figure 2-36. Forward-backward asymmetry By — puK* after two years of LHGLeft: Typical reconstructed s

versuss = (%}:)2 with linear fit to determine the zero-intercefat Right: 5o distribution for several 2-year pseudo-
experiments.

These numbers include about 40B0— puK and 100BY — uup events. Here the particle identification provided
by the LHG RICH detector is of crucial importance in disentangling the two modes.

The reconstruction of th®8 — X, modes allows the extraction of the CKM matrix elements rgtig|/|V;s| with
a 5% uncertainty (statistical error only) by the end of the LHC era. This precision is comparable in magnitude with
what is expected fron®, oscillation measurements.

BTeV has a similar strategy to reconstruct the inclugtve» puX, mode and expects2o significant signal after
one year323 ATLAS and CMS also expect to observe tB§ — pup decay during their first years of operatic@2y).

The B — eeK* decay has not yet been studied at hadron machines. The main problem is the energy-loss through
bremsstrahlung, which causes the— J/¢K* decay to be a major source of background. Yet it is plausible that this
decay can be used at LHH@ndBTeV in selected dilepton mass ranges, above or far below ttesonances.

2.24.3 Radiative decays

In the field of radiative decays, the reach of experiments at hadron colliders is limited to exclusive decays such as
B — K*vy, By — ¢y or B — pvy. Thanks to the first-level electromagnetic trigger selecting photons with high
transverse energy, the LH@xperiment can achieve reasonable selection efficiencies for such channels. Here also the
vertex detector plays an importadtie in selectingk* — K vertices well detached from the primary interaction
vertex.

LHCb expects to sed5 000 B — K*v decays per year with a background-to-signal ratio smaller 8ianATLAS
expects about0 000 events £ = 103 cm~!s~2). Because of itPbWO, calorimeterBTeV may well obtain even
higher yields. All these experiments should be able to measur&the py mode as well and thus place some
constraints oniV;4|/|Vis| through these decays.
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The hadron collider experiments all plan to search for the leptonic dBg¢ay .. CMS for instance has designed a
trigger for such events, allowing the reconstruction of Biemass with &0 MeV precision already at trigger level.
Using the full tracker, this resolution improves¢dMeV, allowing the selection of 26 events per year at the full LHC
luminosity of £ = 103 cm—2s~!. ATLAS expects 92 events in the same conditions but with a higher background and
LHCb 16 events at its nominal luminosity 8fx 1032 cm=2s~! [324,1325.

Whether theB; — up decay can be seen at the LHC is not yet certain. CMS studies suggest that this is feasible,
provided it can be clearly distinguished from the close-lyihg— uu peak.
2.24.5 Conclusions

The very highbb production cross-section at the hadron machines leads to an impressive performance in the search for
and study of raré3 decays. Experiments at these facilities are particularly suited to the full reconstruction of exclusive
modes having a charged track vertex. At the LHC many interesting physics topics can be studied in detail with one
year's data sample, for example the forward-backward asymmefsy-of iy K *.
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2.25 Rare decays in MFV models

> G. Isidori <

2.25.1 The basis of MFV operators

The Minimal Flavor Violation (MFV) hypothesis links the breaking@P and flavor symmetries in extensions of

the Standard Model to the known structure of Standard Model Yukawa coupBR26s327, 114G, [32§. As shown

in Ref. [140, this hypothesis can be formulated in terms of a renormalization-group-invariant symmetry argument,
which holds independently of any specific assumption about the dynamics of the New Physics framework. The two
main hypotheses are the following:

e The ordinary Standard Model fields (including at least one Higgs doublet) are the only light degrees of freedom
of the theory.

e The three Yukawa couplingd’p, Yy, andYg) are the only source of breaking the large flavor-symmetry group
of the Standard Model field$7(3)q, ® U3)v, ® UB)pr ® UB)r, @ U(3)Ep-

Combining these two hypotheses, or building effective gauge- and flavor-invariant operators in teymandf
Standard Model fields, we can construct the most general basis of new operators (with dinxeri3ioompatible
with the MFV criterion (see Refl14(] and the New Physics chapter of this book).

As long as we are interested only in rare FCNC decays, this general formulation—assuming only one light Higgs
doublet (or smaltan 3)—is equivalent to the approach of Re32[/]: all the non-standard effects can be encoded in
the initial conditions of the ordinary Standard Model effective FCNC Hamiltonian

— GFOz
HEF=t = — T vV > 0,0, + he. 2.163
off 2/27 sin Oy 3 3]; Cn ( )

basis In other words, all th€’;(M3,) that are non-vanishing within the Standard Model should be considered as
independent free parameters of the model. Note that the framework is still very predictive, since the same set of
flavor-independent coefficients should describe FCNC amplitudes-ind, b — s ands — d transitions.

2.25.2 Bounds from rare decays

Rare FCNC decays are the best probe of the MFV scenario for two main reasons: i) in such processes the New Physics
effect is naturally of the same order as the Standard Model contribution; ii) we have a direct access to the magnitude of
the amplitude and not only to its phase (by construction, within the MFV framework, the weak phase of the amplitude

is not sensitive to non-standard effects).

A detailed discussion of the phenomenological consequences of the MFV hypothesis on several rare decays can be

found in Refs.[14G [32§. On general grounds, the initial conditions of the Wilson coefficients receive corrections of

the type , ,
(SC,L M A )\t sin ewMW
CEM((MVVgV)) = (Ag> , Ag=0 0 ~24TeV, (2.164)

where/A denotes the effective scale of the new degrees of freedom @isthe typical scale associated to the Standard

Model electroweak contribution. For this reason, an experimental determination 6f th&,) with a precisiorp,

allow to set bounds ab(4,/,/p) on the effective scale of New Physics. In observables for which the theoretical error

is around or belowl 0%, precision experiments on rare decays could aim at probing effective scales of New Physics

up to~ 10 TeV. Such bounds would compete with the limits on flavor-conserving operators derived from electroweak

precision tests. Thus, at this level of precision, there is a realistic chance of detecting deviations from the Standard

Model.

(0%
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It is worth recalling that all th€>; (1/32,) could be determined by experimental data on one typk ef d; amplitudes
only. Thus, in the presence of deviations from the Standard Model, the consistency of the MFV hypothesis could be
tested experimentally by comparing different types of FCNC transitions (namelyl, b — s ands — d).

Thus far, the only FCNC observable in which @% error has been reached, both on the theoretical and the experi-
mental sides, is the inclusiv@ — X+ rate. This precise information allows us to derive a significant constraint on

the effective operator

O = eH! (ERYDYJYUJWQL) Fl. (2.165)

Defining its overall coefficient to be/ A2, the present 99% CL bound s> 6.4 (5.0) TeV in the case of constructive
(destructive) interference with the Standard Model amplitddé€][ The bound could grow up te 10 TeV with a 5%
measurement of the rate, and, at the same time, a theoretical calculation at the NNLL level.
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Figure 2-37. Comparison of the effectiveness of different rare decay observables in setting future bounds on the scale
of the representative operatdy , Y,} Yuv,Qr) (L. L) within MFV models. The vertical axis indicates the relative
precision of an hypothetic measurement of the observable, with central value equal to the Standard Model expectation.
All the curves are obtained assuming a 1% precision on the corresponding overall CKM factor.

The present bounds from other FCNC observables are much weaker, essentially because of larger experimental
errors. In Figl2-37 we compare the potential sensitivity of future measurements. By means of the experimentally
difficult but theoretically clean observables, such as the lepton forward-backward asymm@try ifX .47 ¢~ or the

B — X,vv rate, it would be possible to reach very high scales. On the contrary, in the most accessible observables
the theoretical error provides a serious limitation. It must be stressed that the bounds on different operators cannot
be trivially compared: the coefficients are expected to be of comparable magnitude; however, some differences are
naturally foreseen. Then, for instance, tBe— X,y bound on the operator (Ec2.06%5) does not exclude the
possibility of New Physics effects iB — X ,¢*¢~, corresponding to an effective scale below 5 GeV for the operator
@LYJYU%QL)(ZL%LL). Therefore, a systematic study of all the available observables is very important.

2.25.3 The largetan 3 scenario

By construction, the minimal basis of FCNC operators illustrated above (which coincides with the Standard Model
basis), is valid for all the MFV models where there is only one light Higgs doublet. In models with more Higgs

THE DISCOVERY POTENTIAL OF A SUPER B FACTORY



2.25 Rare decays in MFV models 113

doublets, there is more freedom: the breaking of the SU(3) flavor subgroups, necessarily induced by the Yukawa
couplings, can be separated from the breaking of (some of) the U(1) gibd@is [

For instance, in two-Higgs doublet (2HD) models of type-Il (such as the Higgs sector of the MSSM), the Yukawa
interaction is invariant under an extra U(1) symmetry. The latter is necessary to forbid tree level FCNCs, which would
arise if Hy and Hp can couple to both up and down type quarks. In this framework the smallnessiofjtiagk and

7 lepton masses is naturally attributed to the smallnesg4g§) /(Hy) = 1/tan 8 and not to the hierarchy of the
corresponding Yukawa couplings. As a result, within this framewigskrepresents a new non-negligible source of
flavor-symmetry breaking. This fact leads to a series of interesting consequences for all the helicity-suppressed rare
decays that have been discussed in detail in the recent literatuee dsdeefs. 140, [250,117,120,1329,23,22,288 1129

and references therein).

The main new feature is the enlargement of the basis of relevant FCNC operators with the inclusion of scalar operators,
such adpsfipur. Scalar FCNC amplitudes are present within the Standard Model, but they are negligible due to the
smallness of down-type Yukawa couplings. This condition is no longer valid in 2HD models withttarge Within

this framework, scalar operators can induce spectacular effects (such as a two orders of magnitude enhancement of
the rate) inB — ¢*¢~ decays. Interestingly, these enhancements are possible even if the FCNC amplitude is still
proportional to the standard CKM factby; V3, (because of the MFV hypothesis). Moreover, this interesting scenario
does not pose any serious fine-tuning problem with the existing data, since the effect of scalar operators is still quite
small in non-helicity-suppressed observables.

In principle, a sizable enhancement of tBe — ¢/~ rates could be detected also at future hadronic machines.
However, SupeB Factorieswould still play a very important role in clearly identifying this scenario with i) precision
measurements of the non-helicity-suppressed decays; ii) experimental searcheB efth& )77~ modes/23]. In

the non-helicity-suppressed modes one does not expect spectacular effects; however, the new scalar operators should
induceO(10%) breaking of lepton universality in FCNC processes of the tgpes (K, K*)¢(T¢~ [129. Moreover,

the MFV hypothesis implies a strict correlation betwéen s andb — d amplitudes, which can be studied onlyt

factories.
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2.26 Experimental Prospects for Rare Charm Decays
>— M. Purohit and D.C. Williams—<

A SuperB Factory will produce copious amounts of charm particles. For example, given that the charm cross section
near theY'(45) is approximately 1.3 nb, a total of 13 billiaf# pairs would be expected fd0 ab™" of luminosity.
Combined with the low backgrounds characteristic ofan~ environment, such a Sup&r Factory is an ideal place

to search for rare charm decays.

2.26.1 Di-lepton searches

The CLEO Collaboration has published a set of lini&80} on D° di-lepton decays based on 3.85"! of data. The

CLEO analysis can be scaled by luminosity to estimate the limits that can be obtained with higher luminosity. Most
likely these estimates are conservative, since the event selection requirements used by CLEO were optimized to best
match the size of their data set.

Branching ratio limits can be estimated from three numbers: the size of the charm meson sample, the event selection
efficiency, and the size of the background. The event selection efficiency in the CLEO analysis ranged from 14%
(for D° — ete™) to 1% (for D° — Xputpu~). Approximate background levels can be estimated from the mass
plots in their paper. The 90% confidence level results are shown in Pab using a Bayesian calculation that
incorporates Poisson statistical fluctuations in the size of the background. These estimates are compared against
current limits B3(,1331,1332,1333 and theoretical prediction384].

Table 2-17. Estimated 90% confidence limits on the branching fraction for various rare and forbidden charm meson
di-lepton decays and Standard Model predictions.

Experiment Limit (< 10~°) Standard Model Predictio384]

Decay Mode Current 10! 10ab~* (Long Distance)
Dt — rtete 52331 5.2 0.47 2x 1076
DY s xtptu~ 9[2] 86 0.80 1.9 x 1076
Dt — ptutu~ 560 2] 58.8 5.56 4.5 x 1076
DO — mOcte 45330 04 < 0.01 8 x 107
DY — plete~ 100330 1.3 0.12 1.8 x 1076
DY — poutpu~ 22332 178 0.70 1.8 x 1076
DY s etem 6[33] 1.0 <0.1 1x 1013
DO — utp~ 4333 1.0 <01 1x10713
D® — ety 8331 8.0 <0.1 0

Dt - ntetp~ 34[33]] 119 1.10 0

DO — pletp~ 49330 2.9 0.26 0

2.26.2 Radiative decays

The Standard Model branching fraction for various radiative charm meson decays has been eRBbpteddnge

from 10~ to 1075. A strong contribution from nonperturbative processes (vector dominance) introduces large
uncertainties in these calculations and so a measurement of just the branching ratio is unlikely to uncover New
Physics. They spectrum from these decays, however, is potentially interesting, especially (fRh@symmetry
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of this spectrum is measured. The large contribution from vector poles could be an advantage if the interference of
New Physics producegsP asymmetries in the pole shapes.

The CLEO Collaboration has placed limits on four photon radiative decay m8d€js The sensitivity of this analysis

can be extrapolated to higher luminosities using a method similar to that used fo2TaRlassuming no signal. The
results are shown in TabR1& Given the predicted Standard Model branching ratios, however, some of these decay
modes should be observable by even the exisBrigactories. One example is the deda§ — ¢+, already reported

by the Belle Collaboration in a preliminary analysgs[].

Table 2-18. Estimated 90% confidence limits on the branching fraction for various charm measaimative decays and
Standard Model predictions. Also shown is a preliminary branching fraction measurement from the Belle Collaboration.

Sensitivity (x107?) Standard Model Belle
Decay CLEO I Estimated Prediction Measurement
Mode Limits 33¢ 100fb~' 10ab™' (107°)[33§  (107°)[337
oy 19 0.1 0.01 0.1-3.4 2.670°7
wy 24 0.6 0.06 ~ 0.2 —
K*y 76 0.5 0.05 ~ 0.01 —
Y 24 0.2 0.02 0.1-0.5 —

2.26.3 The competition

Because the search for rare decays benefits from high statistics, hadron collider experiments are potential rivals of a
SuperB Factory. Hadron colliders tend to produce more background and require more sophisticated triggers, both
of which adversely affect rare decay searches. An example of a recent hadron collider result is from CDF, which has
placed a 90% confidence limit @f5 x 10~% on the branching ratio for the dec&f — u+ .~ based on 6pb ' of

data B3g. Luminosity projections/339 suggest an increase by a factor of 30 in statistics at the Tevatron by 2008;

not sufficient to remain competitive with a Sup@rFactory.

More serious competition can be expected from LHC experiments such ak BHCAS, and CMS. It is not clear at
this time how much effort those collaborations will invest in charm physics.

THE DISCOVERY POTENTIAL OF A SUPER B FACTORY



116 Rare Decays

2.27 Experimental Aspects ofD'D" Mixing
>— M. Purohit and D.C. Williams—<

The search foD° — D’ mixing promises to be a fertile ground in the search for New Physics, since the Standard
Model predicts thatyj, ~ 10~7 while several models of New Physics predict a higher (a4€][

2.27.1 Existing results

After early results from experiments including BCDMS, E615, ARGUS, E691, and Mark Ill, more recent results on

p°—D° mixing have come from E791, FOCUS, CLEO, aBaBAR. We will cite results from E791 and FOCUS as
examples of hadronic experiments and then attempt to link these to CDF mass plots to make predictions for the future.
For futuree™e™ experiments we can extrapolate frddaBAR results.

Using semileptonic decays, the E791 Collaboration foid#d][thatry,ix < 0.5%. In thee andy channels E791 had

~ 1250 right sign (RS) events and 500 — 600 wrong-sign (WS) events. Using hadronic decay&to and K nr,

E791 obtained342] various limits depending on assumptions ab@#t violation. Assuming n@P violation, E791
foundrpix < 0.4%, assuming@’P violation in the interference term onty,iy < 1.1% and allowing folCP violation

the results were,jx < 1.1%, 1.9% depending on the direction of the mixing. In the first direct comparison of the
DV lifetime in the K K and K7 decay modes, E791 obtaingd= (0.9 4 2.9 + 1.8)%, wherey is defined ag\I'/2T".
(Similarly, z is defined a?\m /T" and a strong phase difference between RS and WS decays rotates thesmedg .)
FOCUS has measure843 a non-zero valug = (3.4 + 1.4 + 0.7)%, and should have results from their hadronic
decay modes soon. Their semi-muonic resutfjis, < 0.131% [344.

Using 57 fb-!, BABAR has studied345] D° decays in theés*F modes to obtain detailed limits in thé*-y’ plane.
There are 120,000 RS events and 430 WS events. At the risk of oversimplification, we can say that therjigjt on
is 1.3x10~3 assuming na’P violation, and 1.&10~2 allowing for CP violation in the fit. Similarly, BABAR has
measured botly and Ay [34€], where Ay is approximately the asymmetry in tH€K or 7r lifetimes fromD° vs.
from D°. The results based on 91fbarey = (0.8 + 0.4 + 0.5)% andAy = (—0.8 + 0.6 & 0.2)%. (As of this
writing, Belle has published results based only on a smaller sample.)

2.27.2 The future

In the near future, we can expect bdABAR and Belle to publish updated results based on larger samples. CLEO-
should also produce results in a few years. One can eX#&4R’s results to scale as /N and CLEOe's sensitivity

to mixing is comparable tBABAR with its full data sample347. Therefore, with 50 ab' we might expect a
sensitivity toryiyx below~ 0.5 x 10~*. Similarly, a 50 ab' experiment should be sensitive goand Ay at the

2.0 x 10~* level. Below we make projections for the limit of,j, from hadronic experiments.

Large hadronic experiments are either in progress (CDF and DO) or gearing up to get datafidifIeV). Fermilab

expects to deliver 4 to 8 f in Run Il. LHCbh and BTeV are longer-term experiments that should have results
comparable to each other. CDF has sho@4€] a very preliminary mass peak with 5.8 pbin which they see

5515+ 85 D** events. With the full Run Il sample they should get around 20 million RS events. However, the CDF
signal to background ratio (S/B) would be lower thBaBAR's by a factor of~ 11, for two reasons: the width of

the mass peak is about four times larger (800 keV vs. 200 keV) and the background levels are much higher. Indeed,
only ~ 20% of the CDF background seems to be predominabtiyesons combined with random pions, and the rest
seems to be largely due to combinatorics of random tre@&€] [

Because of strong correlations between the terms linear and quadratic in time in the decay time distribution, one cannot
easily estimate the limit on,;x from the size of the data sets. However, judging frBABAR's measured limit as

compared to the limit to be expected from a simpl&/S estimate, one might expect that with full Run Il data CDF
will get to a limit which is a factor of three to ten better thBABAR's current result. Thus, they should be competitive
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with the full BABAR sample or a little bettetBTeV and LHG hope to obtain 50 milliorD**’s per year[B5(. Their
background levels are even harder to estimate than CDF’s. If we guess similar S/B ratios as CDF, then we might
expect samples ten times those of CDF. Better particle ID might make their backgrounds somewhat lower than those
of CDF. In any case, those hadronic experiments should then achieve the same sensi{iyifyas a 10 ab* e*e™
experiment, but perhaps not competitive with a 50 'ab*e~ experiment. Note that these are extrapolations over
many orders of magnitude from the present 5.8 p&DF D** mass peak and hence should be taken with a large
grain of salt. It is not clear that the mass peak from hadronic experiments can be made much narrower; the lower S/B
due to combinatoric background, however, could, perhaps, be somewhat reduced.
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2.28 Theoretical Prospects for Rare Charm Decays
>— G. Burdman <

The study of flavor changing neutral currents (FCNC) has been focused on processes iriéadwid@ mesons such
ask°-K’ and BB’ mixing, and on rare decays involving transitions suck as d¢*¢~, s — dvv, b — sv, and

b — s¢T¢~. The analogous FCNC processes in the charm sector have received considerably less scrutiny. This is
perhaps because, on general grounds, the Standard Model ( Standard Model ) expectations are very small for both

DDD’ mixing and rare charm decays. For instance, no large non-decoupling effects arise from a heavy fermion in
the leading one-loop contributions. This is in sharp contrast witand B FCNC processes, which are affected by

the presence of the virtual heavy top quark. In the Standard Mdgeheson FCNC transitions involve the rather

light down-quark sector, which implies an efficient Glashow-lliopoulos-Maiani (GIM) cancellation. If it turns out that

the charm-quark mass is not heavy enough compared to a typical scale of hadronic effects, long-distance effects are
likely to dominate. They will obscure the more interesting short-distance contributions that are the true test of the

Standard Model. Large long-distance effects are expected N/ mixing and FCNC charm decays. In the case

of mixing, although the long-distance effects dominate over the Standard Model short-distance contributions, there
could still be a significant window between these and the current experimental limits. The predictions of numerous
extensions of the Standard Model lie in this window. In the case of rare charm decays, for some modes a window
exists in which theoretical predictions are sufficiently under control to allow tests of the short-distance structure of
the FCNC transition. This happens for— u¢*¢~ modes, and therefore we mainly concentrate on their potential.
Radiative charm decays, such as those mediated-byu~, are largely dominated by long-distance physics. Their
experimental accessibility presents an opportunity to study purely nonperturbative effects. In the following we review
the Standard Model predictions for the leptonic, semileptonic, and radiative decays in 2e28dnand in Section
2.28.2we study the potential for New Physics signals in> uw¢™¢~ decays.

2.28.1 The Standard Model predictions

The short-distance contributions to the— « transitions are induced at one loop in the Standard Model. It is conve-
nient to use an effective description with iéboson and thé quark being integrated out as their respective thresholds
are reached in the renormalization group evoluti@gil]. The effective Hamiltonian is given by852,1353 1354]

AGr (a)
Het = ——= | Y oy (1) + C5” ()OS (1)
\/i q=d,s,b
8
+> Ci(p)Oip)| , formy, < p < My
=3

4G
Hogr = F Z C(’I) O(q) )+C§q)(ﬂ)oéq)(ﬂ)

q=d,s
+ZC’

with {O;} being the complete operator basjs;; } the corresponding Wilson coefficients, gadhe renormalization
scale; the primed quantities are those for which #leggiark has been eliminated. In E2.166), the Wilson coef-
ficients contain the dependence on the CKM matrix elem&pis The CKM structure of these transitions differs
drastically from that of the analogous meson processes. The operatossand O, are explicitly split into their
CKM components,

, for p < my, (2.166)

O = (@iap)@nef) . 05 = @iad)@n"e)). (2.167)
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whereq = d, s, b, anda, 8 are contracted color indices. The rest of the operator basis is defined in the standard way.
The matching conditions at = My, for the Wilson coefficients of the operatads _¢ are given as

C{(Mw) =0, Cs_¢(Mw) =0, CIH(Mw) = =X, (2.168)
with A, = Vi, Vi The corresponding conditions for the coefficients of the operaters, read as follows
1
C?(]\/[W) = —5 {)\SFQ(CUS) + )\ng(l‘b>} R

Cs(Mw) = —% {AD(.) + XeD(@s)}

0 (01 C(xi)
Cy Z i { (Fi(z;) +2C(x;)) + 252 |’
i=s,(b)
D Afor) — C(z)
Cio (Mw) = ng)& 22 (2.169)

In Eq. (2.169, we usedr; = m?/M3Z,; the functionsF (z), F»(x), andC(z) are those derived in Ref355, and the
function D(z) is defined in Ref.352].

At leading order, operators in addition@, Oy, andO1, contribute to the rate of — w¢*¢~. Evenin the absence of

the strong interactions, the insertion@f) at one-loop gives a contribution from lowest order mixing oft0[233.

When the strong interactions are included, further mixing of the four-quark operator®witly occurs. The effect

of these QCD corrections in the renormalization group running fidm down tou = m. is particularly important

in C¢f(m.), the coefficient determining the — wy amplitude. As was shown in Ref3%2], the QCD-induced
mixing with Og") dominatesCs® (m,). The fact that the main contribution to thke— u~ amplitude comes from

the insertion of four-quark operators inducing light-quark loops signals the presence of large long-distance effects.
This was confirmed352, 353 when these nonperturbative contributions were estimated and found to dominate the
rate. Therefore, we must take into account effects of the strong interactiai&{m:.). On the other hand, the
renormalization group running does not affétiy, i.e., Cio(m.) = Cio(Myw ). Thus, in order to estimate the—

ult ¢~ amplitude, it is a good approximation to consider the QCD effects only where they are dominant, namely in
Csf(m,), whereas we expect these to be less dramaticst(m.,.).

The one loop insertion C(DSI) induces an effective coefficient féry

2 2 2 2
O _ (0 a2 82 1 20\ - i 7 2.170
C Cv9 W dz:(b) l an + 9 3 9 3 3 (Z’L) ) ( . )
where we have defined
2 arctan [ 12 } for § < 422
4224
T(z) = (2.171)
422
In V] 452 —im for § > 422,
1—4/1—42

ands = s/m?, z; = m;/m.. The logarithmic dependence on the internal quark mas# the second term of
Eq. (2.170) cancels against a similar term in the Inami-Lim functir{z;) entering inCy(Myy ), leaving no spurious
divergences in thex; — 0 limit.1°

19 Fajfer et al.[B5€] do not take the mixing 0Dg with O into account. This results in a prediction for the short-distance components that is
mainly given by these logarithms.
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The ¢ — uf* ¢~ decay rates: To estimate the differential decay rate, we use the two loop QCD-corrected value of
< (m,) [353 and computeCsT (m,.) from Eq. 2.170 andCi(m.) = Cio(Mw ) from Eq. 2.169. We obtain the
inclusive branching ratios fon,. = 1.5 GeV,ms = 0.15 GeV,m;, = 4.8 GeV andmy = 0 as

B(Dt — XFete )tV ~2x107%, BD — X%te )tV ~ 8 x 1077, (2.172)

The dominant contributions to the rates in E2L1(72) come from the leading order mixing 6fy with the four-quark
operatorsoéq), that is the second term in E{®2.L70). When considering the contributions of various New Physics
scenarios, one should remember that their magnitudes must be compared to the mixing of these operators. Shifts in
the matching conditions for the Wilson coefficieiits, Cy andC4g, even when large, may not be enough to give an
observable deviation.

The ¢ — wy rate: The short-distance — wu~ contribution to radiative charm decays was first studied in detail in

Ref. [352], where it was found that the effects of the leading logarithmg6%(m..) enhanced the branching ratio

by several orders of magnitude. Even with such enhancement, the rates are very small. However, it was noted in
Ref. [353 that the leading logarithmic approximation was still affected by a fair amount of GIM suppression because
the quark mass dependence on the resummed expressions was still mild. Going to two loops in the matrix elements of
the operators in Eq2(16€), specifically inOé‘”, leads to a more substantial mass dependence that in turn breaks GIM
more efficiently. These two-loop contributions dominate the short-distance radiative amplitude 88&hg [

BEY(D® — X~) ~ 2.5 x 1078, (2.173)

Although this represents a very large enhancement even with respect to the leading logarithmic approximation (about
five orders of magnitude!), it is still small, especially when compared with the estimated size of long-distance contri-
butions (see below).

Exclusive semileptonic modes: The exclusive modes correspondingte- u transitions are known to be dominated

by long-distance dynamics. This is true for both the radiative and the semileptonic decays. Porthéy exclusive

modes é.9, H = p), long-distance physics dominates all observables. Howevdp, in» H¢T¢~ decays €.g,

H = 7, p), itis possible to escape the largest long-distance contributions by looking at regions of phase space away
from resonances. We now discuss in some detail the computatibn-of 7¢7¢~ andD — pf*T¢~ as presented in

Ref. [354]. For completeness, the exclusive radiative and neutrino modes are also discussed below.

As a crude first estimate of the contributions of long-distance physics, we can consider the resonancéprecess

HV — H{Y0~, whereV = ¢, p,w. We isolate contributions from this particular mechanism by integratinglq?

over each resonance peak associated with an exchanged vector or pseudoscalar meson. The branching ratios thus
obtained are in th&(10-%) range B57.

This result suggests that the long-distance contributions overwhelm the short-distance physics and any New Physics
that might be present. However, this is not always the case. A more thorough treatment requires looking at all the
kinematically available regions i — H¢T¢~, not just the resonance region. The effect of these states can be
thought of as a shift in the short-distance coeffici€gt in Eq. 2.170), sinceV — ¢*+¢~ selects a vector coupling

to the leptons. This follows from Rel35€], which incorporates in a similar manner the resonant contributions to

b — q¢* ¢~ decays via a dispersion relation for/~ — hadrons. The new contribution can be written2&g

3 mV.FV._,[‘F[*
ctt ot 4 5 ; i it 2.174
9 — L9 +Oé2;/€m%/i*5*immrw’ ( )

where the sum is over the various relevant resonamegsandl'y, are the resonance mass and width, and the factor
ki ~ O(1) is a free parameter adjusted to fit the nonleptonic de¢ays HV; with on-shellV;. We obtainx, ~ 3.6,

k, ~ 0.7, andx,, ~ 3.1. The latter result comes from assumiBgD ™ — n*w) = 103, since a direct measurement
is not available yet.
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Dt — nteTe™: The main long-distance contributions come from ¢he, andw resonances. Theandyn’ effects
are negligible. The dilepton mass distribution for this decay takes the Rd) [

'  G%a?

ds 19275

2me

Cet 4 ogt

2
9 | f4(s) P (‘ " + ICm2> 7 (2.175)

wheres = m?, is the square of the dilepton mass. Here we have used the heavy-quark spin-symmetry relations that
relate the matrix elements 6f; to the “semileptonic” matrix elements 6fy andO, [265 26€. An additional form

factor is formally still present, but its contribution to the decay rate is suppresseddynp)? and is neglected here.
Precise measurements bf — /v will give us f, (¢*). In the meantime, we make use of the prediction of chiral
perturbation theory for heavy hadrons (ChPTHE8Y, 1268 359, which at low recoil gives

_ fD 9dD* D~
fe6) = P Aty (2.176)

Here we use the recent CLEO measurem86t][ gp-p~ = 0.59 + 0.1 4+ 0.07, and we takefp = 200 MeV. In

D->n" e e
———

1074

10710

P PR P L
0.0 0.5 1.0 1.5
mye [GeVl

Figure 2-38. The dilepton mass distribution fdp* — ntete™ decays. The solid line shows the sum of the short
and long-distance Standard Model contributions. The dashed line represents the short-distance contribution only. The
dotted-dashed line includes the contributiorfbparity-violating terms in SUSY (see Secti@r£8.2).

Fig.2-3§ we present the dilepton mass distributiondt — 7teTe™ decays. The two narrow peaks are thand
thew, which sits on top of the broader The total rate results iB(Dt — 7teTe™) ~ 2 x 1076, Although most of
this branching ratio arises from the intermediatey state, we see from Fi@-3&that New Physics effects as low as
107 can be observed as long as such sensitivity is achieved in the regions away frorarttie resonances, both at
low and high dilepton mass.

Dt — pteTe™: Asin the discussion oD™ — nTete™ decays, we follow closely Ref3b4]. Because fewer

data are currently available on tie — V'V’ modes, we take the values of thein Eq. (2.174 from the fits to the

D+ — 7TV case studied above. Again, once precise measurements of the p/v form factors are available,

heavy quark spin symmetry relations can be used to turn theseDinte p¢* ¢~ form factors. Lacking these at

the moment, we use the extracted values fromithe- K*/v data B61,362] and assume SU(3) symmeti843].

The total integrated branching ratios #eD° — plete) = 1.8 x 1076 andB(DT — ptete™) = 4.5 x 1076,

Most of these rates comes from the resonance contributions. However, there is also a region—in this case confined
to low values ofin.. owing to the kinematics (see Fig-39—where sensitive measurements could test short-distance
physics. .
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Figure 2-39. The same as in Fi2-3§ but forD° — p°e*e™ decays.

The p modes also contain angular information in the forward-backward asymmetry of the lepton pair. Because
this asymmetry results from the interference between the vector and the axial-vector couplings of the leptons, it is
negligible in the Standard Model , since vector couplings due to vector mesons overwhelm axial-vector couplings.
This is true even away from the resonance region, since the coeffiéj'éfﬁfg andCsf get large enhancements due

to mixing with O, and QCD corrections, whereé§ —the axial-vector coupling—is not affected by any of these,
which results in a very small interference.

For both ther andp modes, the sensitivity to New Physics effects is reserved for l&(d¢ enhancements because
the long-distance contributions are still important even away from the resonances. In addition, some modes are driven

almost exclusively by long-distance physics. Examplesite— K" pt¢- and the radiatived® — Fo*v decays,

dominated byiV exchange diagrams, as well B — K¢t~ andD* - fi*y decays, which contain both

W annihilation and exchange. The measurements of these modes, although not directly constraining New Physics,
will help us understand long-distance physics. This may prove crucial to test the short-distance physicsimdhe

modes. A complete list of predictions can be found in R&84].

Exclusive radiative decays Exclusive decays mediated by the— w+y transition are expected to be plagued by
large hadronic uncertainties. As mentioned earlier, the large mixing @btreperator with the four-quark operators,
especiallyO., and the propagation of light quarks in the loops indicate the presence of potentially large nonperturbative
effects. These are not calculable from first principles nor in a controlled approximation (other than lattice gauge
theory). Moreover, even if lattice computations of these effects become available, they typically overwhelm the
Standard Model short-distance contributions. Thus, modes suth -as py are not expected to be a probe of the
short-distance structure of the Standard Model to the exfent K*~ can be if the transition form factor is known
precisely.

On the other hand, one can try to estimate the size of the long-distance contributions and therefore the branching
fractions of these modes. This is interesting in its own right; experimental observation of these modes will give us
guidance in our otherwise limited understanding of these nonperturbative effects.

Several attempts have been made at estimating the long-distance contrit88&irn$4iE, 365, [36€]. An example

is the decayD? — p%y. We can identify two types of long-distance contributions: pole-mediated and vector-
meson dominance (VMD) transitions. Pole contributions can be thought of as driven by “annihilation” diagrams
with B(D? — p%y)p0e < few x 1077 [352. One can also use QCD sum rules to compute the annihilation
contributions yieldingB(D°? — p°y) ~ few x 1076 [14€. On the other hand, VMD contributions come from
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nonleptonic intermediate states. In our example, this corresponB$ te> p°V — p%y, where the neutral vector
bosonV turns into an on-shell photon. Various methods have been used to compute the nonleptdiic-and
amplitudes/B852, 1365, 36€]. A common assumption to estimate the VMD amplitude is factorizal3&7|[ However,

the contribution of the factorized nonleptonic amplitude vanishes when the photon is oriB8i8eB6S]. This is a
consequence of gauge invariance and is related to the fact that the mixing of four-quark operators with the photon
penguin operato€- vanishes unless nonfactorizable gluons are exchanged. Thus, nonfactorizable contributions to
the nonleptonic amplitude constitute the leading effect in the VMD amplitude. It is therefore possible that the VMD
contributions to weak radiative decays of charm mesons are overestimated. At the same time, it is possible that
the charm quark is not heavy enough for the nonfactorizable effects to be suppressed. The suppression is formally
O(A/m.), with A a typical scale of strong interactions. We conclude that uncertainties in these modes are very
large. The Belle collaboration recently measuBéd° — ¢v) = (2.607979+9:15) x 10-5 [37Q, consistent with the

upper end of the predictions in R€832], which were obtained by making use of VMD plus the data on the relevant
nonleptonic decay in addition to the pole contributions. If this trend is confirméx in+ ¢~ decays, as well as other
modes, it points in the direction of large nonfactorizable contributions. Experimental bounds are closing in on some
of these predictions and will undoubtedly shed light on the size of these long-distance effects.

Other Rare Charm Decay Modes: In the previous subsections we focussedcorn» uy and semileptonie —
ult ¢~ decay modes. Here we briefly summarize some features of further rare charm decays.

D° — vv:  The Standard Model short-distance contributions can be obtained from the twe-leapy amplitude.

This results inB%4(D° — ~vv) ~ 3 x 107! [354. There are several types of long-range effects. Fajfer eta] [
estimate these effects using ChPTHH to one-loop. This gWV&§&° — ~v) ~ (1+0.5) x 10~8. Ref. [354 considers
various long-distance effects and obtain similar results. The main contributions are found to come from VMD and the
KT K~ unitarity contribution.

DY — ¢+¢~: The short-distance contributions to this mode are also extremely suppressed, not only by helicity but
also by the quark masses in the loop. Unlike ir> u~y decays, the mixing witl®), does not help. In Ref3b4], the
branching ratio from the short-distance contribution only is estimaté&dgD 1. ~) < 10718, The most important
source of long-distance effects is the two-photon unitary contribution, which gives

BYD® — ptp”) ~3x107° B(D — 7). (2.177)

D — Xwvw: Short- and long-distance contributionsd¢o— uvv processes in the Standard Model are extremely
small, typically resulting in3(c — uvv) < 101 [354.

2.28.2 Rare charm decays and New Physics

Charm-changing neutral-current processes such s mixing and rare charm decays complement the constraints
on extensions of the Standard Model obtained from processes initiated by down quarks, such as Kaonesoc
transitions. Although bounds am p are quite constraining in a variety of models, New Physics may still show itself

in rare charm decays. We mainly review the potential for signals from supersymmetric theories (with and without
R parity conservation) and from new strong dynamics at the TeV scale. We briefly comment on the sensitivity to other
models of New Physics, such as theories with extra dimensions and extended gauge and matter sectors.

The minimal supersymmetric Standard Model: The MSSM adds to the Standard Model description of loop-
mediated processes contributions due to gluino-squark, chargino/neutralino-squark and charged Higgs-quark exchange.
This last contribution carries the same CKM structure as the Standard Model loop and is proportional to the internal
and external quark masses; thus, its effects in rare charm transitions are small and we neglect it here. The gluino-
squark contribution proceeds via flavor-diagonal vertices proportional to the strong coupling constant and in principle
dominates the CKM-suppressed, weak-scale strength chargino/neutralino-squark contributions. We therefore consider
only the case of gluino-squark exchange here as an estimate of the potential size of SUSY effects in rare charm decays.
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A typical squark-gluino contribution is depicted in FRr4Q.

V.2
~ * 17
C// \\
/
C I \ u

Figure 2-40. A typical contribution toc — uw FCNC transitions in the MSSM . The cross denotes one mass insertion
('), With A, X = L, R.

The corresponding effects in the— u transitions were studied fab — X, [374 and D — X, ¢T¢~ decays
[354]. Within the context of the mass insertion approximati8id], the effects are included in the Wilson coefficients
corresponding to the decdy — X, ¢/~ via

C;=CM 409, (2.178)

fori = 7,9,10. Allowing for only one mass insertion, the gluino-squark diagre&vt[372,1354] do not contribute
to CY,,, but only toC¥ andC§. If we allow for two mass insertions, there are contribution§'fg as well as additional

contributions tocg. In addition, the operator basis can be extended by the “wrong chirality” operators, obtained by
switching the quark chiralities i®7, Oy, andOy,.
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Figure 2-41. The dilepton mass distribution f@° — p’e™e™ decays in the MSSM with nonuniversal soft breaking
effects. The solid line is the Standard Model. M, = Mgz = 250 GeV; (Il) Mz = 2 My = 500 GeV; (lll) Mz =
Mg = 1000 GeV; (IV) M5 = (1/2) Mz = 250 GeV. Figure taken from354].

As noted in Refs[372] and [374], in both C? and its chirality-flipped counterpart the term with mixed squark chirality
labels introduces an enhancement fadify/m.. In the Standard Model, the chirality flip that appear&inoccurs

by a flip of one external quark line, resulting in a factorsof included in the operator’s definitiGi. However,

in the gluino-squark diagram, the insertion (6f,,) r;, forces the chirality flip to take place in the gluino line, thus
introducing a factor of\/; instead ofmn.. This yields a significant enhancement in the short-distance contributions to

20The m,, term, proportional to thel(— +s) in the operator, is neglected.
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the proces®d — X, v [372], which is unfortunately obscured by the large long-range effects. This is not the case in
c — wft ¢~ processes.

In order to estimate the effects in— u¢* ¢~ transitions from the gluino contributions, we use the bounds given in
Ref. [364). In Fig.2-41we show the dilepton mass distribution f6f — ple*e~ decays in the Standard Model and

in the MSSM for different quark and gluino masses. As can be seen the New Physics effech imdldes is quite
pronounced and lies almost entirely in the law,. region. Most of it comes from the helicity flip in the form of a

1/q? enhancement. Since gauge invariance forces a cancellation bf¢héactor in the pseudoscalar modes such as

DY — 710%*e~, the vector modes are more sensitive to these beyond the Standard Model effects. We conclude that
rare charm decays are indeed sensitive to a generic extension of the Standard Model such as the MSSM.

Supersymmetry with R parity violation: Imposing R parity conservation in the MSSM prohibits baryon- and
lepton-number—violating terms in the superpotential. However, other symmetries can be invoked to avoid rapid proton
decay, such as baryon parity or lepton parity (g, [375]), and hence allow foR-parity violation. The tree level
exchange of down squarks results in the effective interac864] [

Y
_ Niok i1k

2m2,
dk

OHeg = (ﬂL%LCL)(ZLW”KL). (2.179)

where theR parity-violating couplingsigjk are defined in Refl354]. This corresponds to contributions at the high
energy scale to the Wilson coefficieris andC,o given by

2

in%0 M -

60y = =0Chp = = | 2 | Xy X (2.180)
diy

Making use of the most recent bounds®@mparity violating coefficients (see ReB®#4]), we obtain predictions for the

possible effects in rare charm processes. The effects fore are rather small, as it can be seen from 289 for
DY — plete™ decays. On the other hand, foe 1, we obtain

7/ \/
5CH = —6Ct) <174 (Am) <A2“€> : (2.181)

0.21 0.06

Since the bounds oﬁv;jk are loose they lead to very large effects in the: 1 modes. In fact, the allowed values

from other observables saturate the current experimental IBit8(D* — 7#+utp~) < 1.5 x 107° [33]] and
BewP (DY — pPutpu~) < 2.2 x 1075 [37€] resulting in 854

Moo Ap1x < 0.004. (2.182)

These large effects are observable away from the resonances.

In addition, the angular information i — pu™p~ decays can be used to confirm the New Physics origin of the
large deviations in the rate. The forward-backward asymmetry for leptons is nearly zero in the Standard Model (see
Sectiori2.28.9). New Physics contributions witfi;, ~ Cs hence generate a sizable asymmetry. This is actually the
case inR-parity-violating SUSY where the asymmetryih— pu™ = decays can be large in the allowed parameter
space(854].

The coefficients given in Eq2(180) also lead to a contribution to the two-body deday — 1+ u~. The R-parity—
violating contribution to the branching ratio then reads as

. 2
4m?2 (Xzzk/\/zlk;)
0 +,, =\ _ 2 2 “
B (D° — utp ) =Tpo fpm,mp4|1— 2, 647rmfz

A

(2.183)
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Applying the bound in Eq/2.182) gives the constraift

~ ~ 2
/ /
B (D° — utp) <3.5%x 1077 <A202"6311k> . (2.184)

Thus, R parity violation could give an effect that can be probed in these modes.

Finally, we consider the products &f parity-violating couplings that lead to lepton flavor violation. For instance, the
products\ ;; Ao, @and s, o, Will give rise to DT — 7t pTe™ andD® — e~ decays. Updated constraints are
given in Ref. B64].

Strong dynamics I, technicolor models: In standard technicolor theories, both fermions and technifermions trans-
form under the new gauge interaction of extended technicolor (E37].[ This leads to the presence of four-quark

operators coming from the diagonal ETC generators and characterized by a madd $raladed byD‘@0 mixing

to be greater than 100 TeV. However, additional operators are generated at low energies that are not suppressed by
M. The condensation of technifermions leading to electroweak symmetry breaking leads to fermion mass terms of the
form

2
my ~ JETC (PTYpc. (2.185)

Operators arising from the technifermion interactions have been st@¥é to give rise to FCNC involving the

Z-boson,
o Mg € cu 7L (77 2 T e
U z/ 4 &3
7 (Uryuer) and 8mv sin 20y,

tu tc*Zu — 21
8mv sin 20y ULy (@ yuer), (2.186)
wherel{, is the unitary matrix rotating left-handed up-type quark fields into their mass basi§ end model-
dependent quantity a(1). The induced flavor conserving-coupling was first studied in Ref37¢ and FCNC
effects inB decays have been examined in Re33 and [38Q.

The vertices in Eq/4.186) induce contributions to — uf™¢~ processes. These appear mostly as a shift in the Wilson
coefficientCo (M),

YL Me sin? Oy
cu 21}

where we assunigs* ~ X\ ~ 0.22 (i.e., one power of the Cabibbo angle) amd = 1.4 GeV. Although this represents

a very large enhancement with respect to the Standard Model val(ig, 084y ), it does not translate into a large

deviation in the respective branching ratios. As we have seen, these are dominated by the mixing of the@perator

with Oy, leading to a very large value 6f5f. The contribution in Eq/2.187) represents only a few percent effect in

the branching ratio with respect to the Standard Model. However, the effect is quite large in the region of low dilepton

mass.

5Cho ~ ~ 0.02, (2.187)

Furthermore, the interaction in E®.186 can also mediat®® — ;. ~ decays. The corresponding amplitude is
given as
me GF . .
Apo_ it - ~uk 5o ﬁ sin’ Ow fp my, . (2.188)
This results in the branching rati8®™“(D° — p*p~) ~ 0.6 x 101, which, although still small, is not only
several orders of magnitude larger than the Standard Model short-distance contribution but also more than two orders
of magnitude larger than the long-distance estimates.

21In Ref. [354, this expression (Eq.(86)) was incorrectly given. Also, the branching ratio stated there did not reflect the bound from Eq. (122),
but the less restrictive bounds to the individual couplings.
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Finally, the FCNC vertices of th&-boson in Eq.2.18€) also give large contributions © — uvv transitions. The
enhancement is considerable and results in

cu 2
BETC(DT — X,wp) ~ & (%2) 2% 107°. (2.189)

Strong dynamics I, topcolor: In top-condensation model881], the constituents of the Higgs are the third
generation left-handed quarks as welltgs Hill [[382] proposed that a new gauge interaction strongly coupled to

the third generation quarks is responsible for top condensation. The topcolor interactions break at the TeV scale as
SU(3) x SU(3), — SUB).10r, l€aving, besides the massless gluons, a set of color-octet gauge bosons (the top-gluons)
leading to the Nambu—Jona-Lasinio effective interactions that result in top condensation. This leads to electroweak
symmetry breaking as well as to a large “constituent” top mass.

Tilting the vacuum in the top directions to avoid a lafgquark mass is typically accomplished through additional
Abelian interactions that leaveZ strongly coupled to third-generation fermions. In some models, the tilting is done
by simply arranging thatiz not couple to the topcolor interactions. The top-gluon interactions (as well & $hé
present) are nonuniversal, leading to FCNC at tree level. These arise after quarks are rotated to their mass eigenbasis
by the rotations S -

UE,R - UEJ,R Ui g DE,R - IDZJ,R DjL,R? (2.190)

wherelf;, r andDy, r are unitary. The CKM matrix is thebcxy = Z/{z Dr. Constraints on topcolor models are
reviewed in[B83. The bounds from the down-quark sector impose severe constraints on the enfigs ohainly
coming from the exchange of bound states that couple strongly té-tluark. There are several contributions to
Amp. After these are taken into account, the potential effects in charm rare decays are rather moderate. After the
transformations of quark fields in E®.090) have been performed, the exchange of top-gluons generates four-fermion
couplings )
4”;;? O vt (o) (BT (2.191)
wherel/V = ug + u}i{ and M is the mass of the exchanged color-octet gauge boson. The one-loop insertion of this
operator results in contributions to the operat@ssandO1q in ¢ — ulT¢~ as well as in the purely leptonic decays.
These could lead to large deviations from the short-distance contribution of the Standard Model

Uty /1 TeV 2
5C10 ~ 26Cq ~ 0.01 , 2.192
10 ’ x ( sin® 0, ) ( Mg ) ( )

but the effects are rather modest in the branching ratios unless the quark rotation matrices are larger than expected.
This would not be unnatural, for instance, idg, since the rotations of right-handed quarks are not related to any
known observable in the Standard Model .

Other New Physics scenarios: Extensions of the Standard Model, leading to effects in rare charm decays also tend

to result in large contributions 5D’ mixing. In Ref. 854] a long list of these scenarios has been evaluated in detail.
Generically, the New Physics effects are either negligible or amoufi{t9 enhancement over the Standard Model
short-distance contributions.

For instance, compact extra dimensions may lead not only to massive scalar and fermionic states but also to nonuni-
versal couplings of the Standard Model fermions to Kaluza-Klein (KK) excitations of gauge bosons that may induce
flavor-violating loop effects. In general, the largest effects in rare charm decays are associated with massive neutral
gauge bosons such as KK excitation afa They generate a FCNC current in the up-quark sector and then decay
into either charged leptons or neutrinos. With masses starting around the TeV scale, these states coul¥{ 1¢ad to
enhancements in — «¢*¢~ modes, when compared to the Standard Model short-distance predictions. Thus, in the
charged lepton modes this induces observable effects in theujpwindow. The enhancement in the— uvv modes
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could be several orders of magnitude above the Standard Model predictions, although they may be very difficult to
observe.

Many other New Physics scenarios with additional matter and/or gauge fields lead to contributions to flavor physics

and in particular, to rare charm decays. Most contributions that are potentially large are constraif&l byixing.
This is the caseg.g, for models with extra down-type quarks and gauge bosons.
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2.29 Summary

The study of rare decays provides great opportunities to test the flavor sector of the Standard Model and search for
phenomena beyond. So far, the benchmark niode sy has been measured, and is in quantitative agreement with

the Standard Model at order ten percent. The detayss(™¢~ and B — (K, K*){T¢~, have been discovered at

the existingB Factories with branching ratios in the ballpark of the Standard Model values. They constitute a further
crucial test once more data become available. Other F&NIeécays have just been seen recenBly-{ p) or only

bounds exist like in the case &f — Kvv, while some processes suchias— K7~ are essentially unconstrained.
Several purely hadronic raf@ decays have also been observed. Their present data show some intriguing anomalies at
the2—30 level. The interpretation is controversial due to hadronic uncertainties and low statistics. It will be interesting
to see whether this trend persists in the future with larger data samples, see Gfaptarfurther discussion of
hadronicB decays.

To obtain a more precise and more complete map of the flavor landscape, a multitude of processes with branching
ratios typically of orded0~7 — 10~* must be measured,. In addition, it is vital to go beyond the pure study of rates, to
measure complex kinematic distributions, some of which require flavor-tagging. In part@Blagrward-backward,

isospin, and polarization asymmetries are very sensitive to New Physics effects and have good control over theoretical
uncertainties. Having a large set of complementary and overconstraining observables will allow us to detect subtle
patterns and to distinguish between the Standard Model and the many different candidate extensoms]|3k

Hence, the luminosity of a Supét Factory must be substantially higher than that at current facilities. For instance,
the time dependentP asymmetries il3° — (K% — K97%)~ decays are sensitive to right-handed currents in the

b — sy transition. This type of New Physics can hide in the branching ratio which constrains only the sum of the
couplings with opposite helicities squared. To probe the helicity-flipped coupling down to the Standard Model value
induced atn,/m;, one needs 1@b—!, which is more than 10 times larger than the anticipated accumulated luminosity

of BABAR and Belle, but can be accumulated in one year at a SBgeactory.

Precision measurements will also be undertaken at the hadron colliders Tevatron and the LHC. They will contribute to
the physics of thé3, mesons, in particular, mixing and the rare dey— p* . These experiments provide strong
competition for theB Factories in some particuld decay modes, such as— s¢T¢~ andB — (K, K*)utu~.

Specific measurements, however, require the clean, well-understoodexperimental environment. One example is

the time-dependerttP study of B° — K%~ decay discussed above; other important examples are the fully inclusive
measurements, suchlas- sy andb — s¢™¢~ decays, and their corresponding kinematic distributions. For the same
reasons, it is also important that the upgraded detectors have experimental sensitivity for decays into (semi)-invisibles
such as neutrinos ands.

In this chapter, we have investigated the physics reach in studyingranel charm decays at a future SupeFactory

running at th&"(4.5) resonance. The theoretical and experimental prospects for measuring a variety of important decay
modes have been analyzed, with emphasis on the experimental requirements. We did not discuss in detail methods to
extract the coefficients of dipole and dileptonic operators from data o degeays (“model-independent analysis”).

This important topic is covered in ChapfrAs has been stressed 2], this program needs improved constraints

on theB — X,g branching ratio, which could be obtained along the lines of the former CLEO measur&&8g|nt [

We will briefly summarize here some highlights of the material discussed in this chapter on rare decays; details can be
found in the respective sections. Restricting our view only to rare decays, this list demonstrates that the physics case
for a SuperB Factory is based on a large variety of key observables:
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e Rare radiative decays:

— The measurements of the inclusive— s+ branching ratio and the correspondi6® asymmetry are
important ingredients in model-independent analysis, and will serve as precision tests of the Standard
Model.

— The untagged direetP asymmetry inh — (s + d)~ represents a very clean test for new sourceSof
violation beyond the CKM phase.

— CP and isospin asymmetries in exclusiv¢ — K*y and B — (p,w)~y decays provide additional
complementary measurements.

— Measurements aB — K **~ andsin 23(K 27%v) allow us to study the chirality of the dipole operators.

— In spite of sizable theoretical uncertainties, in some scenarios the double radiativeé) decayy allows
New Physics searches complementary to ¢ decays.

e Rare semileptonic decays:

— In the rare inclusive mode — s, d¢™¢~, the measurements of the kinematic distributions such as decay
spectra, forward-backward asymmetries &l asymmetries provide important precision tests of the
Standard Model. In particular, the existence and position of the zero of the forward-backward asymmetry
represents one of the most sensitive observables in a New Physics search. The experimental information
onb — s,d¢T¢~, combined with the radiative — s+, g decays, allows a model-independent extraction
of the Wilson coefficient€;., g4.9,10.

— The comparison of the electron and the muon modes in» s¢+¢~ transitions is sensitive to non-
Standard Model Higgs exchange. This is complementary t#fii& — ©+p~) mode in constraining the
pseudo)scalar coefficientss p.

— The angular analysis iB — (K* — Kr)¢+{~ probes right-handed couplings withali violation. The
zero of the forward-backward asymmetryih— K*¢ /¢~ is also a relatively clean observable.

— The ratio of the branching ratidB; — p*u~ overB, — uTu~ is a clean probe of non-minimal flavor
symmetry breaking.

— Branching ratios of rare charm decails— (m,p)e™e™ in the Standard Model are dominated by non-
perturbative effects. The study of the dilepton spectrum outside the resonance region, however, provides
sensitivity to physics beyond the Standard Model.

e Rare (semi)invisible decays including/'s and 7's:

— The inclusive modé — svv is theoretically very clean, and is sensitive to new degrees of freedom, even if
they are far above the electroweak scale. However, the measurement of the inclusive mode is very difficult.

— The corresponding exclusive mofle— K (*)u7 is less clean, but is still very interesting, as it can be used
to constrain missing energy signatures, such as (ghodd scalars or dark matter candidates.

— The modesB — (K, K*, X,)rTr~, B — 777~ are unique probes of non-Standard Model Higgs to
couplings.

— The B — (D, D*, X.)7v decays are sensitive tan 3/my+. The transverse polarization inB —
X.7vis a clean probe of P violation beyond the Standard Model .

A SuperB Factory would play an important and unique role in the study of the flavor sector in New Physics beyond
the Standard Model. If there are new flavor structures beyond the CKM-Yukawa-pattern of the Standard Model to
be discovered, a Supd? Factory will be indispensable for a detailed exploration, in particular through the clean
measurements of rare decays. This is also true in New Physics scenarios in which the bre@kihgnaf flavor
symmetries is directly linked to the known structure of the Standard Model Yukawa couplings (‘minimal-flavor-
violation’). Here the indirect exploration of higher scales at a Supé&actory using rare decay measurements can
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compete in precision with the direct search via flavor-conserving observables. Moreover, #%gutory is an ideal
tool to explore possible solutions of the well-known Standard Model flavor problem, which must be addressed in any

viable New Physics scenario.
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3.1 Introduction
>—M. Neubert<

3.1.1 Introductory remarks—hopes and certainties

The physics potential of an"e~ SuperB Factory must be evaluated on the basis of a vision of the high-energy physics
arena in the next decade. By that time, BABAR and Belle experiments will presumably have been completed, and
each will have collected data samples in excess of 500 fand hadronid3 factories will have logged several years

of data taking. There are excellent prospects that many parameters of the unitarity triangle will have been determined
with great precision and in multiple ways. Likewise, many tests of the flavor sector and searches for New Physics
will have been performed using a variety of rdfedecays. A SupeB Factory operating at as™ e~ collider with
luminosity of orderZ ~ 1036 cm~2 s~! would be the logical continuation of the Factory program. If it is built, it

will provide superb measurements of Standard Model parameters and perform a broad set of tests for New Physics.
Such a facility could exhaust the potential of many measurements in the quark flavor sector, which could not be done
otherwise.

However, it cannot be ignored that a SuggFactory would come online in the LHC era. By the time it could start
operation, the LHC will most likely (hopefully ...) have discovered new patrticles, such as one or more Higgs bosons,
SUSY partners of the Standard Model particles, Kaluza—Klein partners of the Standard Model particles, new fermions
and gauge bosons of a dynamical electroweak symmetry-breaking sector, or whatever else will be revealed at the TeV
scale. The crucial question is, therefore, whether a SBpEactory has anything to contribute to the physics goals

of our community in this era. More specifically, can it complement in a meaningful way the measurements that will
be performed at the energy frontier? And while energy-frontier physics will most likely attract most attention in the
next decade or two, can a Sugeactory do fundamental measurements that could not be done elsewhere (including
earlier B Factories)? Would it be indispensable to our community’s goal to comprehensively explore the physics at
and beyond the TeV scale?

Fortunately, there exist indeed some big, open questions in flavor physics, to which we would love to find some
answers. Let me mention three of them:
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What is the dynamics of flavor? The gauge forces in the Standard Model do not distinguish between fermions
belonging to different generations. All charged leptons have the same electrical charge. All quarks carry the same
color charge. In almost all respects the fermions belonging to different generations are equal—but not quite, since their
masses are different. Today, we understand very little about the underlying dynamics responsible for the phenomenon
of generations. Why do generations exist? Why are there three of them? Why are the hierarchies of the fermion
masses and mixing angles what they are? Why are these hierarchies different for quarks and leptons? We have good
reasons to expect that the answers to these questions, if they can be found in the foreseeable future, will open the doors
to some great discoveries (new symmetries, forces, dimensions, ...).

What is the origin of baryogenesis? The existential question of the origin of the matter—antimatter asymmetry
provides a link between particle physics and the evolution of the Universe. The Standard Model satisfies the prerequi-
sites for baryogenesis as spelled out in the Sakharov criteria: baryon-number violating processes are unsuppressed at
high temperatureCP-violating interactions are present due to complex couplings in the quark (and presumably, the
lepton) sector; non-equilibrium processes can occur during phase transitions driven by the expansion of the Universe.
However, quantitatively the observed matter abundance cannot be explained by the Standard Model (by many orders
of magnitude). Additional contributions, either due to néfR-violating phases or new mechanisms & violation,

are required.

Are there connections between flavor physics and TeV-scale physics®hat can flavor physics tell us about the

origin of electroweak symmetry breaking, and, if the world is supersymmetric at some high energy scale, what can
flavor physics teach us about the mechanism of SUSY breaking? Whereas progress on the first two “flavor questions”
is not guaranteed (though it would be most significant), we can hardly lose on this question! Virtually any extension
of the Standard Model that can solve the gauge hierarchy prollemttie fact that the electroweak scale is so much
lower than the GUT scale) naturally contains a plethora of new flavor parameters. Some prominent examples are:

e SUSY: hundreds of flavor- and/a6fP-violating couplings, even in the MSSM and its next-to-minimal variants

extra dimensions: flavor parameters of Kaluza—Klein states

Technicolor: flavor couplings of Techni-fermions

multi-Higgs modelsCP-violating Higgs couplings

Little Higgs models: flavor couplings of new gauge bosdig,(Z’) and fermions)

If New Physics exists at or below the TeV scale, its effects should show up (at some level of precision) in flavor physics.
Flavor- and/oiCP-violating interactions can only be studied using precision measurements at highest luminosity. Such
studies would profit from the fact that the relevant mass scales will (hopefully) be known from the LHC.

To drive this last point home, let me recall some lessons from the past. Top quarks have been discovered through
direct production at the Tevatron. In that way, their mass, spin, and color charge have been determined. Accurate
predictions for the mass were available before, based on electroweak precision measuremettpatehbut also

based on studies @ mesons. The rates f&'B" mixing, as well as for rare flavor-changing neutral current (FCNC)
processes such & — X;v, are very sensitive to the value of the top-quark mass. More importantly, everything else
we know about the top quark, such as its generation-changing couplings~ 0.040 and|V;4| = 0.008, as well

as itsCP-violating interactions (ard4) ~ —24° with the standard choice of phase conventions), has come from
studies of kaon and physics. Next, recall the example of neutrino oscillations. The existence of neutrinos has been
known for a long time, but it was the discovery of their flavor-changing interactions (neutrino oscillations) that has
revolutionized our thinking about the lepton sector. We have learned that the hierarchy of the leptonic mixing matrix
is very different from that in the quark sector, and we have discovered that leptogene&i8 aindation in the lepton

sector may provide an alternative mechanism for baryogenesis.
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In summary, exploring the flavor aspects of the New Physics, whatever it may be, is not an exercise in filling the
Particle Data Book. Rather, it is of crucial relevance to answer fundamental, deep, questions about Nature. Some
questions for which we have a realistic chance of finding an answer with the help of al$&petory are:

Do non-standard’P phases exist? If so, this may provide new clues about baryogenesis.

Is the electroweak symmetry-breaking sector flavor blind (minimal flavor violation)?

Is the SUSY-breaking sector flavor blind?

Do right-handed currents exist? This may provide clues about new gauge interactions and symmetries (left-right
symmetry) at very high energy.

I will argue below that the interpretation of New Physics signals at a SBgeactory can be tricky. But since it is our
hope to answer some very profound questions, we must try as hard as we can.

The SuperB Factory workshops conducted in 2003 at SLAC and KEK showed that a very strong physics case can
be made for such a machine. During these workshops it has become evident (to me) that a strength of3a Super
Factory is precisely that its success will not depend on a single measurement—sometimes called a “killer application”.
Several first-rate discoveries are possible, and even likely. It is the breadth of possibilities and the reach ofza Super
Factory that make a compelling physics case. As with electroweak precision measurements, we can be sure that New
Physics effects must show up at some level of precision in flavor physics. The question remains, at which level? In
the “worst-case scenario”, in which we do not see any large signals of New Phydice@son studies, a Sup&

Factory would play a role similar to that played by LEP for the understanding of electroweak symmetry breaking; it
would impose severe constraints on model building in the post-LHC era.

3.1.2 CKM measurements—sides and angles

At a SuperB Factory , the goal with regard to CKM measurements is simply stated: achieve what is theoretically
possible! Many smart theoretical schemes have been invented during the past two decades for making “clean”
measurements of CKM parameters. We can safely assume steady theoretical advances in our field (the past track
record is impressive). This will lead to ever more clever amplitude methods, progress in heavy-quark expansions
and effective field theories, and perhaps breakthroughs in lattice QCD. Unfortunately, all too often these theoretical
proposals are limited by experimental realities. With a Sup&iactory, it would finally become possible to realize the

full potential of these methods. One of the great assets of such a facility, which is particularly valuable in the context
of precision CKM physics, is the availability of huge samples of super-clean events, for which the decay of the “other
B meson” produced iate~ — bb at the? (49) is tagged and fully reconstructed. Full reconstruction costs a factor
1000 or so in efficiency, which demands SupeFactory luminosities. Once statistics is no longer of concern, the
reduction in systematic error is a great benefit.

The sides| V| and | V4|

A precision measurement o¥,,;,| with a theoretical error of 5% or less will require continued progress in theory.
Determinations from exclusive semileptonit decays need accurate predictions fr— light form factors from

lattice QCD or effective field theory. Determinations from inclusiWedecays need optimized cuts and dedicated
studies of power corrections in the heavy-quark expansion. Recent advances using soft-collinear effective theory
appear promising, but there is still much work left to be done. A SiibEactory can provide vast, clean data samples

of fully reconstructed decays, which would be an essential step toward eliminating the background from semileptonic
decays with charm hadrons in the final state. It can also yield high-precision datagdrdéq@endence of form factors,

and on theB — X, photon spectrum down tB., ~ 1.8 GeV or lower. This would provide important constraints on
theory parameter®(g, shape functions).
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Another road toward measuriny;| is to study the leptonic decay® — pv or B — 7, which would be accessible

at a SupeiB Factory. The rates for these processes are proportiorfg! {6,,|>. A lattice prediction for theB meson

decay constant can then be used to obtaifi&g|. Alternatively, one can combine a measurement of the leptonic
rate with that for theB—B mixing frequency to obtain the ratingl/2 |Vuv/Vza|, where the hadroni®z parameter

would again have to be provided by lattice QCD. Such a determination would impose an interesting constraint on the
parameters of the unitarity triangle.

A precision measurement ofy,| itself would require continued progress in lattice QCD. Rare radiative decays (or
rare kaon decays) could also help to further improve our knowledge of this parameter.

The angles3 = ¢; andy = ¢3

A Super B Factory would allow us to exploit the full theory potential of various methods for model-independent
extractions ofCP phases. We could finally do the measurements whose analyses require the least amount of theory
input. In the Standard Model, it's really all aboyt(the uniqueCP phase inB decays), in various combinations

with g (the CP phase inB'B" mixing). The importance of pursuing measurements using different strategies
(conventionally called measurementscoénd~y) is that “y measurements” measuyen pure tree processes, whereas

“a measurements” probg in processes where penguins are present. Comparing the results obtained using these
different methods probes for New Physics in penguin transitions, which are prominent examples of loop-induced
FCNC processes in the Standard Model. The precision that can be reachednahy using various techniques
accessible at a Sup@r Factory is most impressive. A lot of marvelous physics can be done once such measurements
will be at hand.

3.1.3 Searching for New Physics—never stop exploring
Probing New Physics with CKM measurements

The path is clear. If different determinations of unitarity-triangle parameters would turn out to be inconsistent, then this
would signal the presence of some New Physics. For instance, it is interesting to confront the “standard analysis” of the
unitarity triangle, which is primarily sensitive to New PhysicsB@O and K°K° mixing, with mixing-independent
constructions using charmless hadronic decays sudh as 7K, B — nw, B — mp, and others. These studies,

while not independent of theory, have already establigtid/iolation in the bottom sector of the CKM matrix (the

fact that Im{V,,;,) # 0 with the standard choice of phase conventions), while still leaving ample room for possible New
Physics effects ih — s FCNC processes. (Some authors have argued that there are already some tantalizing hints of
New Physics irb — s transitions sensitive to “electroweak penguin”-type interactions.)

Itis also interesting to confront different determinationgafith each other, such as the measuremesiio?3 from
processes based 6n— scc vs.b — sss or b — sqgq (with ¢ = u, d) quark-level transitions. One of the burning issues
today is whether there is something real to thé&" anomaly” seen by Belle, but not confirmed B¥BAR. With more

precise data, many other decay modes can be added to obtain interesting information and perform non-trivial tests of
the Standard Model.

Yet, let me stress that many more tests for New Physics can be done outside the realm of CKM measurements.
Several of those involve rare hadroricdecays. Others make use of inclusive decay processes. The general strategy
is to look for niches where the “Standard Model background” is small or absent. One cannot overemphasize the
importance of such “null (or close-to-null) measurements”, as they provide direct windows to physics beyond the
Standard Model. In comparison, the search for New Physics in CKM measurements always suffers from a large
Standard Model background.

Probing New Physics in exclusive decays

Rare (charmless) hadroni¢decays are usually characterized by the presence of several competing decay mechanisms,
often classified in terms of flavor topologies (trees, penguins, electroweak penguins, annihilation graphs, exchange
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graphs). These refer to the flow of flavor lines in a graph butaténdicate the possibility of multiple gluon exchanges.
Therefore, reality is far more complicated. Until a few years ago, such nonleptonic decay processes were believed to be
intractable theoretically. This has changed recently, thanks to the advent of QCD factorization theorems, perturbative
QCD methods, and soft-collinear effective theory, which complement previous approaches based on flavor symmetries.
Together, these approaches build the foundation of a systematic heavy-quark expansion for ekaesiags, much

like heavy-quark effective theory provided the basis for such an expansion in the (much simpler) case of exclusive
B — DWIv decays. (The dispute between QCD factorization and pQCD practitioners is also beginning to be
resolved, since the issue of Sudakov logarithms in heavy-to-light transition amplitudes is now under good theoretical
control.)

With ever-improving theoretical control over exclusiy® decay processes, several possibilities for tests for New
Physics become accessible. A partial list includes the measurem&n®affrom the time-dependeiitP asymmetry

in B — ¢K?Y decays, probing electroweak penguins in rate measurements Bsingr K decays, and searching

for New Physics by measuringP asymmetries ilB — K *~ decays and the forward-backward asymmetrin-

K(¢+¢~ decays. While there will always be an element of theory uncertainty left in these analyses, in the cases
above these uncertainties can be controlled with rather good precision, so that large deviations from Standard Model
predictions would have to be interpreted as signs of New Physics. (Indeed, some intriguing “hints of anomalies” are
seen in present data.)

Probing New Physics in inclusive decays

This is the more traditional approach, which profits from the availability of reliable theoretical calculations. Several
methods have been discussed over the years, including precision measuremenis of tigy branching ratio and

CP asymmetry, theB — X, IT¢~ rate and forward-backward asymmetry, the includve- X v decay rate, and
some of the above witl(; replaced withX ;. The modeB — X ,vv is tough; it would definitely be Supé® Factory
territory.

3.1.4 Interpreting New Physics—Measuring non-standard flavor parameters

The primary goal of a Supds Factory would be to measure New Physics parameters in the flavor sector. In general,
non-standard contributions to flavor-changing processes can be parametrized in terms of the magnitaties and
violating phases of the Wilson coefficients in a low-energy effective weak Hamiltonian. The main obstacle is that,
in general, there can be many such coefficients! Ideally, we would like to probe and measure these couplings in a
selective, surgical way, thereby measuring the fundamental coupling parameters of new particles. Equally important
is to study thepatternsof the New Physics, which may reveal important clues about flavor dynamics at very high
(beyond-LHC) energy scales.

CKM measurements

A clean interpretation of New Physics signals in CKM measurements is difficult (if at all possible) due to the large
Standard Model background. An important message is this: In the presence of New Physics, methods that are “clean”
(i.e, that do not rely on theory input) in the Standard Model in general become sensitive to hadronic uncertainties. This
point is sometimes overlooked. Consider, as an example, the Gronau—London method for meagurimgfrom

B — 7 decays. In the Standard Model, one needs five measurements in order to extract the four unknown hadronic
parametersP/T'|, |C/T|, dp/r, dc/r along with~. With New Physics present, there are six additional amplitude
parameters and not enough observables to fix them. But things are, in fact, worse than that, for the six new parameters
are linear combinations of New Physics parameters and a large number of hadronic parameters—the amplitudes and
strong phases of the mardy — =7 matrix elements of the operators in the effective weak Hamiltonian. (It is a
misconception to think that there is only one strong phase each faritfieal states with isospihh = 0 or 2.)

The problem is, simply put, that CKM physics is hard. Consider how difficult it has been (and still is) to determine
the four parameters of the CKM matrifqr which there is no backgroundince the CKM matrix is the only source
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of flavor violation in the Standard Model. With New Physics present, the Standard Model is a source of irreducible
background for measurements in the flavor sector. In most cases, the subtraction of this background introduces large
hadronic uncertainties.

Non-CKM measurements

In some cases, the Standard Model background can be strongly reduced or even eliminated, so that one can directly
probe certain types of New Physics operators. Examples are decay observables sensitive to electroweak penguins, such
as rate and’P asymmetry measurementsih— ¢K° andB — K¢ decays. The idea is to look for certain patterns

of “isospin violation”, which in the Standard Model are highly suppressed, because they only arise at second order in
electroweak interactions (“electroweak penguins”). This fact offers a window for seeing New Physics effects with little
Standard Model background. In many models, New Physics can fake the signature of electroweak penguin operators
withoutan additional electroweak coupling involved (“trojan penguins”). This provides sensitivity to sometimes very
large energy scales (up to several TeV). In other cases, suBh-asl’V modes orB — K*~ decay, one can probe

specific operators with non-standard chirality, thereby eliminating the Standard Model background altogether.

Searches for New Physics in inclusive decays are often simpler to interpret, as they are afflicted by smaller theoretical
uncertainties in the relation between observables and Wilson coefficient functions. Still, in general it can be difficult to
disentangle the contributions from (potentially many) new Wilson coefficients, as only a limited number of observables
can be measured experimentally.

The importance of patterns of New Physics

Let me close this discussion on an optimistic note. Even if it is hard to cleanly disentangle the contributions from
different New Physics operators, CKM measurements will play an important role in helping to distinguish between
differentclasseof New Physics effects, such as New Physics in mixing vs. New Physics in decay amplitudes, or New
Physics inb — svs.b — d FCNC transitions. CKM measurements might indicate the existence offiewiolating
interactions or new flavor-changing interactions not present in the Standard Model. Also, they will help to differentiate
between models with and without minimal flavor violation.

Studies of exclusive hadronic decays can help to distinguish between the “flavor-blind” tranksitiong andb —
5(Gq)singler @and “flavor-specific’b — s(Gq)non—singlet decays. We will also be in a position to check for the existence
of right-handed currents and, more generally, probe for operators with non-standard chirality.

3.1.5 Conclusion

Precisely because we don't know what to expect and what to look for, it is the breadth of the physics program at a
SuperB Factory that will guarantee success. The discovery of new particles at the LHC would help to interpret the
possible findings of non-standard signals and guide further studies. Even finding no effects in some channels would
provide important clues. Based on these consideration, it is my conviction that the physics case forfa Sagiery

is compelling. Such a facility would be an obvious choice to pursue if any of the “anomalies” seen in the present
B Factory data would ultimately turn out to be real effects of New Physics.

Disclaimer

| have presented some personal reflections on the physics potential and the physics case that can be made for a Super
B Factory. My thinking about such a facility has evolved over a period of several years, starting with a workshop in
June 2000 in Glen Arbor, Lake Michigan that | helped organize. During this process, | have profited from numerous
discussions with colleagues. | have also been influenced significantly by the splendid performance of the SLAC and
KEK B Factories and of thBABAR and Belle experiments. Many things that were nearly unthinkable even a few years

ago now appear within reach. (It is characteristic that the title of our 2000 Workshop referréd*braachine. In

other words, the luminosity target has gone up by a factor 10 every two years!)
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| have kept these introductory remarks brief. Much of the supporting material can be found elsewhere in this Proceed-
ings.
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3.2 ~vfrom B —- DK, B — D, and Variants

3.2.1 Sensitivity of theB — DK and B — D decay modes

>A. Soffer<

One of the main goals af'’P violation andB physics in the LHC era will be to measure New Physics parameters

that may not be accessible at the LHC. In this section we study how well this could be done with measurements of
the CKM phasey. The basic idea is to measuyeusing "Standard Model-only* methods that have negligible New
Physics contributions, and compare the result to measurements that are sensitive to New Physics. We summarize the
main methods for conducting Standard Model-only measurementamd discuss some of their features, then make a
rough estimate of the sensitivity of the measurementwith the luminosity of a SupeB Factory. We present a brief
comparison of these results with measurements that are sensitive to New Physics, giving an indication of the discovery
reach of this machine. Finally, we explore some of the possibilities of New Physics contributions to the expectedly
Standard Model-onlyy measurements.

Standard Model-only measurements ofy

The basic technique for measurisig? v in a theoretically clean way is the method of Gronau and Wyler (GI)) [
The idea is to measure 1) the magnitudeof the b — cus amplitude A(B+ — EOKJF), by tagging the flavor

of the D’ using its decay into a state such &S 7—; 2) the magnitude: ~ Arp of the B — X, /v, amplitude

A(BT — DYKT), identified via the decayp’ — K—7*; and 3) the magnitude of the interference amplitude

A + ae’®5+7) | which takes place when the charmed meson is observed decaying Gifteesen () or CP-odd

(-) final state. Her@p is a strong phase difference between the interfering attitudes. These branching fractions and
the branching fractions of th€P-conjugateB~ modes provide enough information to extract the phas@ to an
eight-fold ambiguity. The ambiguity stems from the symmetry of the observable under the three operations

Sex =v7— 0B, 0B =7
Ssign =7 — 7, 5B*>*5B
Sr=v—v+w, dp —Idp+m. (3.1)

The exchange ambiguity., can be resolved by combining measurements done with different modes, if each mode
has a different value aofg. As will be shown below, some variations of this method are able to resolveSqpthnd

the sign ambiguityS,,. However, theS, ambiguity, which is associated with a symmetry of the amplitudes rather
than their squares, may not be resolved without making some assumptions regarding the allowed Valuesof

using other measurements (suchia3) and taking them to be dominated by the Standard Model.

The GW method has a fair number of variations using different decay modes and techniques, most of which are
described below. Each of the variations has various advantages and disadvaAtpges, none of the methods is
expected to be significantly more sensitive than the others. Therefore, the measurememisifrely on at least
several methods and decay modes to provide meaningful sensitivity and ambiguity resolution.

The first variation addresses that fact that the amplitdfB+ — (K—n")pK™) is not equal to the sought-after
amplitude A(B* — DYKT), but has the additional contributioA(B+ — 50K+), where theD" undergoes
a doubly-Cabibbo-suppressed decayior+. As pointed out by Atwood, Dunietz, and Soni (ADSP],[the
interference between these two amplitudes is sufficient for meastripgovided one uses at least two decay
final states with different values of the strong phése= Arg(ﬁ0 — K—7t) — Arg(D° — K—r™T). Alternatively,
cos 6p may be accurately measured at a charm faci@Jyifhproving the measurement gfby reducing the number
of parameters that need to be determined from the sBiali~ (K~ 71)p K+ sample.

We note that contrary to a common misconception, it is still very useful to use the original GW method for measuring
~ from the interference that takes place whenfhdecays inta”P-eigenstate final states, as long as both amplitudes
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contributing to theB™ — (K~n)p K+ decay are taken into account. In fact, including @f@-eigenstate decays in
the analysis may provide a significant increase of sensitivity with respect to the ADS methocdhldries[statistical
sensitivity of the measurement scales roughly as the smallest amplitude in the problem, which is wfio(dérrz)

in the ADS method and of ordetz \ in the GW method. Given the expectatiop ~ 0.1, the sensitivities of both
methods are of the same order.

The main difficulty in obtaining a statistically accurate measurementuding B — DK is the small magnitude

of the B — X, (v, amplitude, which is bothV,,;/Ve|- and color-suppressed. There have been several attempts

to overcome this limitation. It should be pointed out that no single attempt results in a significantly more sensitive
measurement on its own. However, this quest has resulted in additional modes and methods that add to the overall
sensitivity of they measurement. Several of these methods are described below.

Neglecting annihilation diagrams, several authd@ksHave used isospin symmetry to relate the smilB+ —
DYK™) amplitude tob — cus color suppressed amplitudes, which are larger and therefore should be easier to
measure. This is expected to slightly improve the measurement with respect to the GW method alone.

Another modification of the GW method is to measgrasing singly-Cabibbo-suppressétdecays to final states
such ask** KT or ptn¥ [6). These modes are similar to tig-eigenstate final states of the GW method, in that

the ratio between the decay amplitudesl)?fandﬁ0 into these final states s, ~ 1. However, since'p # 1, each

final state provides two measurements, enabling one to do away with having to meas(e*hbranching fraction

B(BT — (K~7n")pK™). The measurement afis then dependent only on terms of ordét, rather than of order

a?, as in the GW or ADS methods. In addition, the variatiors gfacross theD decay Dalitz plot breaks thé.,

and Sg.n Symmetries, leaving the measurement with only a two-fold ambiguity. As in the GW method, the smallest
amplitude in this method is of ordez \, and so is expected to have similar sensitivity. A special case is when one
uses onlyCP-odd andCP-even eigenstate decays of the makingrp = 1 anddp = = [7]. However, while no

O(a?) branching factions must be measured in this case, the measurement is still dependent on termsuéf order
unlike the case of the nofiP-eigenstate decays.

A similar approach may be carried out with Cabibbo allowediecays, such a® — K9xtx~ [8]. The great

advantage of high statistics is balanced by the fact that significant interference béheed D’ decays occurs in
only a small fraction of the Dalitz plot, finally resulting in a sensitivity that is most likely comparable to those of the
other methods. The measurementofith multi-body D decays can be done in a model independent way, without
making assumptions about resonances or other structure i thexay. Dividing the Dalitz plot into as few as four
bins provides enough measurements to extract all the unknowns.

A different kind of modification of the GW method is to use multi-baydecay modes, such @&" — DK = [9].

In this case, the8 — X, /v, amplitude has a color-allowed contribution, increasiagfrom around0.1 — 0.2 to

0.4 — 0.8. In addition, the variation of g across the Dalitz plot resolves tlig, andS;.,, ambiguities. As in the case

of the multi-bodyD decays, Dalitz plot suppression balances this advantage to yield a sensitivity similar to those of
the other methods. Monte Carlo studies suggest that a statistical error ofdidgossible with 10 ab', given some
assumptions.

Another way to measure makes use of untagged neutialdecaysB® — DK? [10]. Although the flavor of the
decayingB meson is not tagged, one can obtain enough observables to measure all the unknowns, inclogling
studyingD decays to three different modes, or t8amodes and tw@ modes. Although both interfering amplitudes
are color-suppressed, the sensitivity of the measuremenisain general dominated by the magnitude of the smaller
of the interfering amplitudes, which is similar in both charged and neiiirdecays. Tagging the flavor of the
provides additional information that improves the measurement, afs well as additional combinations of CKM
phases. However, the effective tagging efficiencyBaactories is only about 30%. Therefore, using untagged
decays along with taggel® decays and3~ decays is expected to significantly enhance the total sensitivity.

The second theoretically clean method to measuneakes use of interference betweeh a» ucd amplitude and
BB’ mixing followed by ab — cud amplitudes in the decag — D™*)*h¥F, whereh stands for a light hadron, such
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asm, p, oras [11]. A time-dependent analysis of the decay provides a measuremsin{®# + ). The ratio between

the interfering amplitudes is only aborg ~ 0.02. Nonetheless, the high statistics one can obtain in these decays has
enabledBABAR and Belle to make the first attempt to measure this weak phaseBuith D*)+7F [12]. Giving an

idea of the sensitivity at a Supé Factory, the total erroBABAR obtained inB — D®)*71F WaS T2, sin(26+5) =

0.023. This error is almost entirely proportional tg/N.

Althoughrg can be measured from the data for these modes, doing so requires sensitivity to the difference between
1 —r% andl + r%. As this is impossible with current statistics, one has to assume SU(3) symmetry ang faten

the branching fraction of th& — X, (v, decayB™ — D, =, incurring a large theoretical error. This problem may

be overcome with the vector-vector mod@s— D**pT and B — D**a7 [13]. In this case, interference between

the different helicity amplitudes provides sevearz) terms, which are distinguishable by their different angular
distributions, thus enabling the measurement®fvith much greater statistical significance. This comes at the price

of a much more complicated time- and angle-dependent analysis.

One potentially serious problem with measuring(23 +v) in B — D®)* 17 is the ambiguity betweesin(23 + 7)

andcos g [14]. The data suggest that both of these quantities may be around 1, in which case the measurement adds
very little to our knowledge of the unitarity triangle even with integrated luminosities of several dlnis problem

should be solved for the vector-vector modes, where measurements by @BF@dicate significant strong phase
differences between the different helicity amplitude$in> D** 7.

The problem should also go away B — D*)*pF. Here, interference between differebt* resonances (and
between the resonances and continulimr production) plays the role of interference between different helicity
amplitudes in the vector-vector modes, enabling a much more accurate measuremseiteof with B — D)+ ¥,

In addition, the interfering resonances cause large variation of the strong phase as a functioDof timvariant
mass, breaking thén (25 + +) < cos é ambiguity.

Similar to the idea of usingg* — D°K*70 to obtain a color-allowed3 — X, (7, amplitude, one can measure
sin(23 ++) in B® — D* K97F with anrp of about0.4 [16]. This method has similar advantages and disadvantages
as the other multi-body modes. Finally, we mention the measuremsint(@f; +~) in B — DK [17]. In this case,

all the measured modes are color suppressed and the analysis is time-dependent. However, ong;expécets
consistent with current measuremelti§] that suggestz = 0.6 + 0.2.

~ with Super B Factory luminosity

While there are still uncertainties regarding the valuesgpénd other relevant parameters, we have enough informa-

tion to make a rough estimate of the SufieFactory sensitivity toy. Most of this information comes from toy Monte

Carlo studies conducted when a new method is proposed or as part of an ongoing data analysis. In some cases, most
notablysin(23 + «), we have actual measurements upon which to base reliable estimates that include most of the
experimental considerations. Unfortunately, due tosthé25 + +) < cos é g ambiguity, it is difficult to extrapolate

from thesin(2 + +) error to they error at this time.

Keeping these caveats in mind while adding up the estimates reported in the various papers, we conclude that an
integrated luminosity of 10 alt is highly likely to yield a measurement ofwith a statistical error of order — 2°.

Given the uncertainties involved in these estimates and the possibility that the flurry of new ideas we have seen recently
continues in the next few years, an even smaller error is not out of the question. It remains to be seen whether the
systematic error can be reduced to that level. This issue will become much better understood in the next year or two,
as more analyses mature.

Discrete ambiguities can make the valueogfirrelevant B]. However, with 10ab* and the ambiguity resolution
capability of some of the methods surveyed here, it is clear thafthend S, ambiguities will be completely
resolved. This leaves the two-fold ambiguity of thg symmetry, which is already forbidden Byn 25 andex.
Therefore;y will be measured with essentially no discrete ambiguities in the SBdeactory era.
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Comparison with measurements sensitive to New Physics

Having cleanly measured within the Standard Model, what New Physics-sensitive measurements can we compare
this to in order to gain insight into the nature of the New Physics?

Measurements of that involve interference between tree and penguin diagrams are sensitive to New Physics through
the penguin loops. However, even with 10-abthe sensitivity of these measurements will be much larger than the

1 — 2° expected from the measurements of Sec8éhl Therefore, comparison with penguin mode measurements

of ~ is probably not the most useful way to study New Physics.

Another place where New Physics can contribute is in the box diagrama%(} andB%S mixing. Mixing rates are

related to CKM parameters through

2
) Amd mBS

Via
Vis

The parametef will soon be calculable in lattice QCD tae 1 — 2% [19], Amg will be measured by the current
generation of3 factories to about 1%, aniim, should be measurable at hadronic machines to less than 1%63%The

(BY) mass is already known ®05% (0.01%). From the measurements of these parameters, plus the unitarity relation
[Vis| = |Ves| + O(A%), one can extrag/;4|, which is related toy through the unitarity triangle. This relation is a
simple geometrical consequence of the fact that 90°. We see that it is reasonable to expect the relative errors of
|V:4| and~ to be comparable in the SupBrFactory era. This makes the comparison of these parameters a good way
to detect or study New Physics, as long as the New Physics contribution to the mixing amplitudes or to the breaking
of the relation|V;5| &~ |V.;| is no less than about 1% of the Standard Model.

= . 3.2
Amgmp, (3.2)

New Physics contamination in the measurements of

While we said that the measurementsyofire Standard Model-only, there is the possibility of some New Physics
contribution to these measurements.

First, the formalisms of thé&8 — D°K measurements generally neglect the possibilit;D@0 mixing and CP
violation in theD° decay. Unaccounted for, these effects may bias the ADS measuremely 6¥(1°) and possibly
even®(10°) [20]. However, it is straightforward to take the effect into account in the equations, using measurements

of or limits on DD’ mixing andD® decayCP violation as input. In addition, the effect on the non-ADS methods is
smaller by about a factor ofs.

Second, a charged Higgs contribution to the tree diagrams would appear just like a Standard Model charged current
interaction. In this case, its existence will presumably be detected elsewhere. It would probably have different effects
on mixing andy measurements, so measuripwould still be useful for studying New Physics.

Summary

To conclude, there are many methods and modes with which one can medautee Standard Model. With high
confidence, we expect that conducting most of these measurements withr L@radb combining the results will
determiney to aboutl — 2°. More precise determination is possible and perhaps even likely, but more experimental
experience is required before this can be stated with confidencey iteasurement will have essentially no discrete
ambiguities. The measurement |84 will have a similar relative error, and so comparing the unitarity triangle
constraints obtained with these two independently-measured parameters will yield sensitivity to New Physics at the
level of 1 — 2% of the Standard Model.

3.2.2 B — DK using Dalitz plot analysis

>J. Zupan<
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There are many variants of the original Gronau-Wyler propdab[extracty from the B — DK decays. Usually,

several different decay modes Bfmesons are used, among them also the quasi-two-Bodigcays with one or both
of the particles in the final state a strongly decaying resonange (0° — K**7~ [2,121]). Since these are really
many-body decays (for instance in the example mentioA&d, decays strongly ta(°z* or K+ so that one in

reality has a three body final state), one can pose the following questions:

e Can one use the complete phase space of such manyfbddgays fory extraction?
e |s it possible to avoid fits to Breit-Wigner forms in doing the Dalitz plot analysis?
As we show in the following, the answers to both of the questions are positive. Let us first discuss the first question on
the list. To do so let us restrict ourselves to the following cascade decay
B~ — DK~ — (Kr n")pK~, (3.3)

while the extension to the other multi-body final states can be fourf],ifid2]. To pin down the notation let us define
for the amplitudes

A(B~ - D°K™) = Ap, (3.4)
AB~ - D'K~) = Aprge'®s=), (3.5)

Hered g is the difference of strong phases afig is taken to be positive. The same definitions apply to the amplitudes
for the CP conjugate cascadé™ — DK+ — (K7t7~)p K™, except that the weak phase flips the sign= —~
in (3.5).

For theD meson decay we further define
Ap(si2,813) = A1213 €912 = A(D° — K2(p1)n~ (p2)7 " (p3)) (3.6)
= A(ﬁo — KQ(p1)7t (p2)7~ (p3)),

wheres;; = (p; +pj)2, andps, p2, p3 are the momenta of thEY, 7=, =+ respectively. AgaiMis 13 > 0, so that
d12,13 can vary betweefi and2x. In the last equality th€’P symmetry of the strong interaction together with the fact
that the final state is a spin zero state has been used. With the above definitions, the amplitude for the cascade decay is

A(B~ — (K2r n")pK~) = ApPp (Ap(si2,513) + rpe’®B=Y Ap(sy3, 512)), (3.7)

wherePp, is the D meson propagator. Next, we write down the expression for the reduced partial decay width
d0'(B™ — (K~ 7")pK ™) = (A%2,13 +rE Al 1

+ 2rg R [AD(Slg, s13) A (s13, 512) e_i(‘sB_“’)} )dp, (3.8)

wheredp denotes the phase space variables, over which one needs to integrate to make contact with experiment. The
dependence on enters in the interference term 1B.8€), so thaty can be easily extracted, if one knows (measures) the
variation of both the moduli and the phases of femeson decay amplitude$p (s12, s13) along the Dalitz plot.

This can be accomplished by introducing mild model-dependent assumptions by performing a fit of the decay ampli-
tude to a sum of Breit-Wigner functions and a constant term to the tagéda. Following the notations of ReR3]
we write
Ap(s12,813) = A(D° — K2(p1)m (p2)7 ™ (p3)) =
= ape’™ + Z arer A (s12, 513), (3.9)

T

1In the following discussion we neglefzDzb mixing, which is a good approximation in the context of the Standard Model.
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where the first term is the non-resonant term, while the rest are the resonant contributionslevititing a specific
resonance. The functiond, are products of Breit-Wigner functions and appropriate Legendre polynomials that
account for the fact thad meson is a spif particle. Explicit expressions can be found in R2Q][

One of the strong phaseés in the ansatz3.S) can be put to zero, while others are fit to the taggedecay data
together with the amplitudes. The obtained functional form ol (s12, s13) can then be fed to Eq3(8), which is
then fit to the Dalitz plot of thé8* — (K%7—n+)p K* decay withrg, 65 and~y left as free parameters. Thus only
three variables; g, 5, and~, need to be obtained from the system. Note that this was the method use®#j {o
obtain the first constraints on theangle from theB — (K277 ~)p K decay cascade.

The theoretical uncertainty now boils down to the question how welll?hdecay amplitude is described by the

fit to the Breit-Wigner forms. The related error can of course be reduced with increasing the sample ofi?agged
decays, when more and more resonances can be introduced in the fit as well as if more sophistidtedans

the s dependence of the Breit-Wigner forms are taken. Luckily, however, this question can be avoided altogether by
performing a completely model-independent analysis.

In the following we will use the notation oB[, however, an equivalent formalism has been independently developed
by Atwood and Soni in22]. Starting from Eq./8.8) we patrtition the Dalitz plot inta bins and define

C = /dp A12,13 A13,12 C05(512,13 - 513,12), (3.10)
5 = /dp A1213 A13,12810(012,13 — 013,12), (3.11)
T, = / dp Ay 13, (3.12)

where the integrals are done over the phase space oftthigin. The variables; ands; contain differences of strong
phases and are therefore unknowns in the analysis. The varighlea the other hand, can be measured from the
flavor-taggedD decays, and are assumed to be known inputs into the analysis.

Due to the symmetry of the interference term, it is convenient to use pairs of bins that are placed symmetrically about
the 12 «— 13 line, as shown in Fig.3-1. Consider an evenp; = 2k, number of bins. The: bins lying below
the symmetry axis are denoted by indexvhile the remaining bins are indexed with Thei-th bin is obtained by
mirroring thei-th bin over the axis of symmetry. The variablgss; of thei-th bin are related to the variables of the
i-th bin by

c; = ¢, 57 = —5;, (3.13)

while there is no relation betwedh and75.

Together with the information available from tii=™ decay, we arrive at a set ¢k equations

I = /df(B* — (K2~ n")pK™) =

T; + r5T5 + 2rplcos(dp — v)ci +sin(6p — 7)s4), (3.14)
ﬁdf(B‘ — (Ko=) pK™) =

i
I

T: +r%T; + 2rplcos(dp — v)ei — sin(dp — 7)s4), (3.15)
I = /df(3+ — (K% ) pK*) =
Tz* + BT + 2rplcos(dp +7)ci — sin(6 +7)si), (3.16)
Jars — (8w )pK) -

.1
'+
Il

T; + 15T + 2rp[cos(6p + v)ci + sin(dp +7)s4). (3.17)
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Figure 3-1. The partitions of Dalitz plot as discussed in text. The symmetry axis is the dashed line. On the axes we have

2 2 ; 2
m andsiz =m in GeV=.
KOm— 13 KO+ GeV

D, CP tag

Figure 3-2. The interference between the decaydofmesons originating fronp(3770) allow for a measurement ef ands; at
charm factories. Shown is a decay allowing for determinatiat) of

These equations are related to each other thradgh> 13 and/ory < —+ exchanges. Allin all, there a& + 3
unknowns in[8.14)-(3.17),

Ci, Siy T'B, 637 v (318)
so that thetk relations [8.14-(3.17) are solvable fok > 2. In other words, a partition of th® meson Dalitz plot to
four or more bins allows for the determinationpfvithout hadronic uncertainties.

So far, we have used tlie¢ decay sample to obtain all the unknowns, includipgnds;, which are actually parameters
of the charm system. We now show that theands, can be independently measured at a charm fac®)2Q, 25].
This is done by running the machine at thé3770) resonance, which decays intd®D pair. Let one of these decay
into K97~ and the other into some general sta{gee Figi3-2. The partial decay width corresponding to theth
bin of the K97+ 7~ Dalitz plot and thej—th bin of theg final state’s phase space is

iy o LT + TTY = 2(cic] + sis7), (3.19)

whereT?, cf, s are defined as if8(10-(3.12). In particular, if one chooses= KJr*n~ andj =i (or j = 7) one
has in the Iast terrtfl2 + s7. If, on the other hand; is aCP even (odd) eigenstate] = 0, T = Tg +cf and in
equation8.19) the last term is linear in;. In this way one can measutgas well ass; (the Iatter only up to a sign).

Some further remarks are in order:
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e The observable]ﬁs‘ii defined in/8.14)-(3.17) can be used to experimentally look for diréd® violation. Explic-
itly, )
Ag}; = f‘; - f‘;‘z =4rpsinvy[c;sindp F s;cosdp], (3.20)
NonzeroAcp requires non-vanishing strong and weak phases. Due to the resonances the strong phases are
expected to be large, therefade p is expected to be sizable as well.

e The model-independent method described above involves a four-fold ambiguity in the extracted vallibeof
set of equations3.14)-(3.17) is invariant under each of the discrete transformatfons

P, ={0p—dép+my—y+7} (3.21)
P = {ci — —ci,8i — =84,y =y + 7} (3.22)
p_ = {63 - _637’7 - =, Si — _Sz} (323)

The discrete transformatiaf, is a symmetry of the amplitud8(7) and is thus an irreducible uncertainty of the
method. The ambiguity due tB_ can be resolved if the sign ef is determined by fitting a part of the Dalitz

plot to Breit-Wigner functions. Then the usual 8-fold ambiguity of the Gronau-Wyler method reduces to a two
fold ambiguity.

e The presented formalism can be extended to the multid®diecays,B~ — DX, — (K2r—7")p X, as
well as to multibodyD decays with more than three particles in the final s@jte [

e Unfortunately this formalism cannot be applied to a general multibody system. For the method to work in the
B — DK case two ingredients were essential: (i) there is a separation db thied D decay observables,
so thatT; in (3.14-(3.17%) can be measured separately from the tagbedecays, and (ii) there are only two
interfering amplitudesd.g, there are no penguin contributions). An example of the analysis where the outlined
model independent method fails, is extractionnofrom B — 37. Here isospin analysis is needed, so that
there are many unknownise., the integrals over the interference terms between all different penguin and tree
invariant amplitudes with different isospin Iabe}éZ,TreeaTreef), J; Tree,Peng;;. Therefore, there are just too
few observables to fit all of them.

In conclusion, we have shown that the anglean be determined without any model dependence from the cascade
decaysB* — DK, with D decaying into a multibody final state. The theoretical uncertainties in this method are
very small. In the formalism presented above iheD zb mixing has been neglected. If this mixingd$’-conserving,

its effect is taken into account automatically (just repld2® and D’ in (3.6) with DOt = 0) and Eo(t = 0),
respectivelly, while everything else remains unchanged). The largest theoretical error is therefore due to¥@ssible
violation in theD decay, which, however, is highly CKM suppressed\y~ 5 - 1074,

3.2.3 B — DK witha B¢p tag
>A. Falk<

Pair production ofB mesons at th&'(45) allows for the possibility of studying'’P-tagged as well as flavor-tagged
B decays. ACP tagged decay is one in which tle¢ meson on the other side decays t6@'B eigenstate such as
JAp KO, If approximatelyl0® decaysB® — J/i K could be reconstructed in a data set of ten to twenty' abs a
naive extrapolation fronBABAR might suggest, then this would yield correspondint)§ CP taggedB° decays on
the other side.

The usefulness of a sample 6P-tagged decays is illustrated most easily by consideringtheneson, where&P
violation may be neglected both i, mixing and in tagging decays such Bs — D} D [28]. The B, decays to

’Note thatP., was erroneously left out from Ref&|[[26], however, this does not change the discussion about the ambigujtgitraction.
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DK final states by the quark level processes: cus andb — ucs, whose interference gives information about the
CKM angle~. With a particular strong phase convention, we may define amplitudes for the flavor tagged decays,

A1 =A(Bs - D;K")=ay, Ay = A(By — D;Kt) = agefmem,
A =A(B, - DYK™)=ay, Ay = A(By — DFK™) = aze™e’ (3.24)

wherea; andas are taken to be real ardds a strong phase. TheéP tagged decays are also defined,
Acp = A(BY — D7 K™) Acp = A(BY — DFK™). (3.25)

Choosing aﬁconvgntion for théP transformation such thEBSCP x Bs + B, we then have/2Acp = A; + A, and
V2Acp = A; + A,. These triangle relations are illustrated in F3g3, from which it is clearly straightforward to
extracty.

Figure 3-3. Triangle relations for extracting from CP taggedB. decays

The analytic result is given by
2y = arccos a — arccos @, (3.26)

wherea anda are defined by

L AP — A1 — AP _ Acr = A~ AP
| 20 A1 4] 2[4, 2|

(3.27)

The squares of the amplitudes may be replaced by the relevant branching fractions in the ratios. There is an eightfold
ambiguity in~y over the rang® < v < 2.

For CP-taggedB® decays, the situation is complicated ©¥ violation in the interference betweds’ mixing and
the tagging decayg’ — J/ip KY. However, the effect can be incorporated into the analysis sineg andAm g, are
known. Define the time averaged quantities

r [ _ r [/~  _
Cep = 5/ dt |Acp)?, Cop = 5/ dt [Acp|?, (3.28)

which are proportional to the time averagéf-tagged branching ratios. Then the presencé€m®fviolation can be
absorbed entirely into a dilution factor

R = /(1 - 2x4sin” 28)° + (2xasin2Bcos 26)2 (3.29)
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wherexq = (Amp,)?/2[(Amp,)? + I'?]. Once again we havey = arccos a — arccos @, where in this case

_ 2|Ccp|? — A1 — |Asf? = 2ACcp — |A? — |Aof?

. 3.30
2R| A1 || Az 2R| A1 || Az ( )

To extracty from CP-taggedB® decays, one would want to study the processés— (D°, EO)K Y, so that the two
guark transitions would be of the same ordeiiand the amplitude triangles would not be squashed.

The accuracy iny that this method would yield depends not only on the accuracy with which the relevant branching
ratios are measured, but on the actual values,af andas/a;. The dominant experimental errors will be on the
CP-tagged branching fractions, compared to which the flavor-tagged branching fractions can be assumed to be known
precisely by the time this analysis would be performed. Similarly, the experimental errets2ghand x, will be

relatively unimportant.

Assuming, simply for the sake of argument, that the branching ratio3for— DK? and B — D*K? are
approximatelyl0—*, and that each final state could be reconstructed with 15% efficiency, an overall sahplé@f
CP-tagged decays would yield roughly TP-tagged events in each channel. Hence it is reasonable to expect that the
CP-tagged branching fractions could be measured with a statistical accfiranythe order of 30%. A measurement

of this accuracy is unlikely to produce a competitive determination &for the sake of completeness, in what follows
the case ofA = 10% will also be considered, to explore what would be possible with an even larger data set.

Since the amplitudesgl; and A, describe decays to the same final state, the strong phase differer@aot be
generated by final state rescattering. Hence it is reasonable to hopé ithao larger thanl0°, and probably
considerably smallei28]. This is fortunate, because while the analysis does not reguasean input, the accuracy
A~ with which ~ is extracted degrades considerably for ladge(The actual dependence, in ti case, is on
6=0—cot™ (1 —2xq sin? 203)/2xqsin2f cos 23] = § — 12°.) The analysis is also sensitive to the valuepfa,,
althoughA~ does not vary dramatically over the rangé3 < as/a; < 3. Nevertheless. it becomes much more
difficult to extracty if as/a; is not of order one, in which case the amplitude triangles are squashed.

As an illustration, assume théat= 10° andas/a; = 1. Then ify = 110° andA = 10%, and the discrete ambiguity

is resolved by other measuremenis;an be extracted from this analysis with an uncertaibty= 3.7°. If instead

the accuracy on théP-tagged branching fraction i& = 30%, thenA~ = 11°. If v = 70° then the situation is

worse: forA = 10%, Ay = 7°, and forA = 30%, Ay = 21°. If more than one final’P-tagged state can be used,

the measurements are independent and can be combined. Although there are too many variables to say precisely how
well one might do, it is clear that over a wide range of reasonable parameters, this method could yield a competitive,
and theoretically clean, measurementioHowever, this might well require the entire SugeFactory data set.

If sufficient data were collected at th&5.5) , it would also be possible to extragtfrom CP-taggedB; decays. The

T(5S5) decays not only to the paiB, By, but to final states with one or twB}, which then decays t&, by the
emission of a magnetic photon. Although the photon is too soft to observe directly, its presence can be inferred from
the boost of theB,. Since angular momentum conservation forces the d&¢ay) — B: B, to occur in ap wave,

and the photon carries oddP, the CP values of the finaB, and B, pair arising fromB} B, (or from its conjugate)

are correlated (rather than anticorrelated, as with dirgstS) — B,B,). However, the final state with two vector
mesons cannot be used 0P tagging, because in that case the angular momentum of the pair can be 0, 1 or 2.

In the Standard Model(;'P is expected to be approximately conserved in the interference bewemixing andCP
tagging decays such & — DT D . (Of course, this assumption will be tested, and if it proves not to hold then an
analysis analogous to the one #Bf will be required.) Let us assume thiatab ' is collected at th&"(55) . Then in

the simplest, direcY'(5S) — B, B, case, assuming the production cross sectighi, B,) /o (1'(4S5))) ~ 1072, the
branching fraction3(BSY — DF D7) ~ 1072 and B(BSY — DyK =~ 2 x 1074, and a total reconstruction
efficiency of 5%, one would collect approximately 60P-tagged decays in a single channel. This would yield
a statistical error on th€P-tagged branching fraction of approximatel§y%. The flavor-tagged rates would be
measured simultaneously or, more likely, at LiH@ BTeV.
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Of course, at this point the production cross section is not well-known beyond model-dependent es2@ra€g<iie
branching fractions have not been measured yet, this reconstruction efficiency may well be too optimistic, and there
is no clear sense for how much running, if any, one might expect @'(h®) . On the other hand, the number of
CP-tagged events may be enhanced considerably by usingthe final state and by adding additional tagging and
decay modes. In the end, it may well be possible to extyagith an accuracy of a few decays froffP-taggedB;

decays as well as fro° decays.

3.2.4 Combined Strategies fory from B — K D°
>—D. Atwood and A. Soni<

We report here on our studies on extractionyafsing directCP violation in B — K D processes<Z, 21,122, 131]. In
principle, these methods are theoretically very clean. The irreducible theory error originating from higher-order weak
interactions is0(10~3) [32], i.e,, in all likelihood even smaller than the theory error in deducing the afiglsing
time-dependen€P asymmetry inB — J/») K°. However,y determination fromB — K D is much harder thap

from B — J/ KC.

This study strongly suggests that the demands on integrated luminosity can be significantly alleviated if a combination
of strategies is used. One interesting handle that we examined here which looks rather promising is tdJittlude
from B — K ) D°®), The formalism for the use dP° decays is identical aftedD*® — 7°(v) + D°.

Similarly including K* (viae.g, B~ — K*~D°) along withB~ — K~ D" is helpful. Also it of course helps a
great deal to use bothP eigenstate<33] along with CP non-eigenstates db°, whether they be doubly-Cabibbo-
suppressed®; [21] or singly-Cabibbo-suppressed].

Combined Strategies fory

We will now consider various strategies to determinesing the number of events given in our core data sample of
Table3-1. In order to estimate luminosity requirements we include detection efficiencies and an overallRagtdr (
for a hard acceptance cut:

Ryt =095 Rg:=08 Rpo=05 R, =05 Ry.0,=05 Rey=

| =
W=

Thus we estimate that our core data sample of Tadlewhere we have included a cut efficiency in the rafyg; =
[+ to 1], will require aboutNy = (3 — 6) x 10%, corresponding to 300-600 8.

First, let us consider in isolation the case®f — K~ [D° — K*x~]. This rate, together with its charge conjugate
gives us two distinct observables which are determined in terms of four unknown paranigtergx+ .-, b(K D)
and~y. The two strong phases enter as the sum= (xp + (x+--, SO in effect there are only three parametgfs:,
b(K D), ~v}. We still cannot expect to extragtbut, as discussed i21], this data gives a bound ei? .

To illustrate this, in Figl3-4 the thin solid line shows the minimum value pf as a function ofy, given particular
values of the strong phases and assumptions regardirf@Reggenstate(PE'S) modes used. For each valueyoive
minimize with respect to the other parametgfs,:, b(K D)}. One can see that given enough statistics, a boungd on
may be obtained in the first quadrant. Clearly, the luminosity used to make this calculation is not sufficient to provide
a useful bound. Thaos bound {.e., wherex? ~ 9) is only slightly above 0.

We can also consider the bound grobtained from the use of the entire data seC&ES— via the decayD? —
CPES— [33]inisolation. There are more events of this type but the power of this data to boigmibt much greater
sinceAcp is smaller (in general we expect the analyzing power of a particular mode~<toAye,). The minimumy?
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Table 3-1. Initial “core data sample” a500 — 600 fb~! used in this simulation, where the number of events is assumed

to be distributed among the given mode and its charge conjugate. The corresponding number of events for the three other
initial B~ decays:D*°K~, D°K*~ andD*°K*~ are assumed to be the same. (While this assumption is too optimistic

for current detector technology, a 4-fold increase in statistics will easily be within the reach of afS&getory.

Initial B decay| Subsequenb® decay| Number of events
B~ —- KDY Ktr— 25
B~ — K D° K*tn— 14
B~ — KDY Ktn~ 4+nn 106
B~ — K- D° CPES— 827

in this case is shown with the dotted curve. Notice that taken in isolatio@f1eS — data set seems to do worse than
even the singlé® — K+7~ (CPN ES) mode.

Of course, both of these two data sets depend on the common pararaatkif we have both sets of data together

we obtain the results shown with thick solid curve which is an improvement on each of the data sets taken in isolation;
in fact this thick solid curve gives a®bound ofy > 16°. As discussed irZ] since there the number of equations

and observables is the same, there are ambiguous solutions which leadgoéthee being small over an extended
range.

To improve the situation, we can also use data from all four decays of theBorm- K ()~ D*)_ Note that each

of these modes will have a different unknown valuebaind ¢. In addition, the decay mod&*~ D*? has three
polarization amplitudes which we will take into account by introducing a coherence fRdiuto the fit since we

are assuming that we are only observing the sum and we do not consider the additional information that could be
determined from the angular distributions of the decays of the vectors as discus38d Ihye consider the single
decayD® — K7~ we obtain the results shown by the dashed line which in this case g¥es@abound ony of

v > 23°. The dot dash curve shows the result where we have botthe K+7~ andD® — CPES— data. In this

case we obtain 3 determination ofy (within the first quadrant) to b@ot}g;g". Using the additional data improved

the situation both by providing more statistics and because the different data sets have different spurious solutions
leaving only the correct solution in common.

For this dash-dot curve, it is instructive to examine the number of observables versus the number of unknown free
parameters. First of all, fab® — K7~ there is the strong phase. For each of the four paBentiecays there is a

strong phase. In the case Bff — K*~ D*0 there is, in addition, a paramet& Again, for each of the four parent
decays there is the unknown branching ratie 5(B~ — K(*)*ﬁ*o) and finally the angley giving a total of 11
parameters. On the other hand, for each combinatid afhd D decays there are two observablésindd, giving a

total of 16, so there is an overdetermination by 5 degrees of freedom.

As another example, consider the case where only two the four combinatiddis ef K*)~D®*)0 are observed
with D decay toK "7~ andCPES—, then the system is still overdetermined. In [3ed the long dashed line takes
into account only the twd3~ — K~ D° and B~ — K~ D*° and so has 6 unknown parameters determined by 8
observables. Clearly having some overdetermination is helpful in obtaining a good determination of

It is important to contrast thick solid curve with the long dashed one, in3-#). Recall both of them hav®® —

K*r—, CPES—. However, in case of the thick solid curve th¥ originate only fromB~ — K~ D° whereas the

long dashed curve is also getting thé¢ coming fromD*? — D° + 7%(y). As a result whereas in the thick solid

case there are 4 observables and 4 unknowns for the long-dashed case its 8 obervables for 6 unknowns. That ends up
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Figure 3-4. The minimum value ok is shown as a function of for various combinations of data in the sample
calculation. The thin solid line shows the result using jBst — K~ [D° — K*r~| data. The dotted line shows
the result using just th8~ — K~ [D° — CPES—] data. The thick solid curve shows the result taking bBth —

K~ [D° - KTn~]andB~ — K~ [D° — CPES-] data together. The dashed line shows the result using—
K®~[D™° — K*7~]. In the dash dotted curve, all four of the initiBI~ decays where th® decays to the same
two final states are considered. Thus the dashed dotted curve results from taking together data of e ferm
K®=[DW  Ktr-]andB~ — K~ [D™° — CPES—]. The long dashed curve only includes data from two
parentB~ decaysj.e, B~ — K~ D° aswellasB~ — K~ [D*° — D° + 7°(v)] with either of the twaD° decaying
toK*tn~ aswell aCPES—.

making a significant difference, as is evident from the figure; perhaps a lot more than one may naively expect just by
doubling the number ab° or a factor of two in luminosity.

It is also instructive to compare the dash-dot curve, which clearly has substantially more data, with the long-dash one.
Notice that quality of determination afby the two data sets is about the same. This suggests that once the number of
observables is sufficiently large as to overdetermine the parameters, further gains by including additional information
lead only to modest gains.

Summary

This study strongly suggests that the demands on integrated luminosity can be significantly alleviated if a combination
of strategies is used. One interesting handle that we examined here which looks rather promising is tdittlude
from B — K ) D*0. The formalism for the use db® decays is identical t&# — K*D° after D* — 7°(~) 4 D°.

Similarly, including K* (viae.g, B~ — K*~ D) along withB~ — K~ DO is helpful. Also it of course helps a
great deal to use bothP eigenstates33] along with CP non-eigenstates ab°, whether they be doubly-Cabibbo-
suppressed®; [21] or singly-Cabibbo-suppressed].

Using Fig.3-4 as a guide, we can anticipate possible determinatignatfa Supei3 Factory with a 3 error of a few
(=~ 2) degrees.
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While B Factories with about0® B pairs are likely to be able to make appreciable progress in determinatigraof
SuperB Factory with an integrated luminosity yielding 10'° B pairs will be needed to extragtwith an accuracy
roughly commensurate with the intrinsic theory error that these methods allow. This in itself should constitute an
important goal ofB physics in general, and a Sup@r~actory in particular.

This research was supported by Contract Nos. DE-FG02-94ER40817 and DE-AC02-98CH10886.
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33 B— Kmand Knm
3.3.1 Theory

> M. Gronau and J. Rosner

Current information ony = Arg(V,%,) from other CKM constraints is still in need of improvement, wtt < v <

80° at 95% CL B6]. Direct probes ofy can tighten these bounds, possibly indicating New Physics effects in the event
that an inconsistency with this range is observed. In order to sfudisectly in charmless two-bod#g decays, which

involve ab to u transition, one must generally separate strong and weak phases from one another. We describe several
cases ofB — K decays in which progress has been made, and what improvements lie ahead. Some additional
details are noted in earlier reviev7[ 38,139 and in Refs.l10] and 41].

A great deal of information can be obtained frabh — K= decay rates averaged oveP, supplemented with
measurements of dire€tP asymmetries. In this manner, one probes tree-penguin interference in various processes.
The data which are used in these analyses are summarized irSraf#]. The B+ to BY lifetime ratio is taken to

ber; /7o = 1.078 £ 0.013, based orry = 1.653 +0.014 ps andry = 1.534 £+ 0.013 ps [43]. Table3-2 also contains
contributions to the fouB — K decay processes of penguift’, electroweak penguin,,), tree (") and color-
suppressed tre€’() amplitudes. These contributions are hierarchical and can be classified using flavor symmetries
[44, 45, 46, '47). Smaller contributions, from color-suppressed electroweak penguin amplitudes, annihilation and
exchange amplitudes, are not shown in Té®2 All four B — Kx decays are dominated by penguin amplitudes,
which are related to each other by isospin. Tree amplitddes C’ and electroweak penguin amplitudgs,, are
subdominant and can be related to each other by flavor SU8R) $U(3) breaking in tree amplitudes is introduced
assuming factorization.

Table 3-2. Branching ratios an@P asymmetries foB — Kr decays4Z].

Decay mode Amplitude B (units of 107°) Acp

Bt — KO+t P 21.78 4 1.40 0.016 4 0.057
Bt - Kt7' —(P'+ PLw +T'+C")/vV2 1253 +1.04 0.00 +0.12
B — K*n~ —(P'+1T") 1816 £0.79  —0.095 = 0.029
BY — K079 (P' = Phyw — C")/V2 11.68 & 1.42 0.03 £+ 0.37

Several comparisons between pairs of processes can be made:

e B - Ktr— (P +T')vs.Bt — K%t (P’) [40,/49,50, 51];
e BY - Ktn% (P'+ PLw + T’ + C")vs. Bt — K+ (P’) [40,148,52,/53];
e BY — K%Y vs. other modesA0, 54, 55, 56,57, 59].
We give the example aB° — K *7~ in detail. The tree amplitude for this procesdts~ V,,, V.5, with weak phase

~, while the penguin amplitude B’ ~ V;,V;; with weak phaser. We denote the penguin-tree relative strong phase
by § and define: = |T’/P’|. Then we may write

AB® — K*tn™) = |P'|[1 — ret0+9)] | (3.31)
AB® - K=nt) = |P'|[1 — rel(=7F9)] | (3.32)
AB* — K%)= A(B- > K'n~) = —|P|. (3.33)

In the last two amplitudes we neglect small annihilation contributions with weak phassuming that rescattering
effects are not largely enhanced. A test for this assumption is the absenaérofiaymmetry inB+ — K97,

THE DISCOVERY POTENTIAL OF A SUPER B FACTORY



33B — Krmrand Krr 169

=T T 1
~
~

~
i > Agp=0 i
~
~

—1.960

***** el T ey
L /// A :O //

4\’_‘\/\\ ‘ Il Il Il \qP\ Il Il A/‘ Il Il Il Il ‘ Il Il
0 20 40 60 80

v (degrees)

Figure 3-5. Behavior ofR for r = 0.166 andAcp = 0 (dashed curves) ¢Acp| = 0.124 (solid curve) as a function
of the weak phase. Horizontal dashed lines denatéel o experimental limits ork, while dot-dashed lines dendi8%
c.l. (£1.960) limits. The short-dashed curve denotes the Fleischer-Mannel banhg < R. The upper branches of
the curves correspond to the case~ cos § < 0, while the lower branches correspond:tg -~y cos § > 0.

and aU spin relation between this process aBdt — KK+ [59], in which a corresponding amplitude with weak
phasey is expected to be much larger. One also neglects small color-suppressed electroweak contributions, for which
experimental tests were proposed®df

One now forms the ratio

(B — Ktr7)+T(B° - K—n7)
2I' (Bt — KO t)
=1—2rcosycosd 412 . (3.34)

Fleischer and Manne#B] pointed out that? > sin? 5 for anyr, § so if 1 > R one can get a useful bound. Moreover,
if one uses
RAcp(Ktn™) = —2rsinvysind (3.35)

as well and eliminate$ one can get a more powerful constraint, illustrated in Bi8.

We have used? = 0.898 + 0.071 and Acp = —0.095 £ 0.029 based on recent averag@] of CLEO, BABAR,
and Belle data, and = |T"/P’| = 0.14270-073. In order to estimate the tree amplitude and the ratio of amplitudes

= |~ (1.22)(0.23) = 0.28. One

could also use processes in whifhdominates, such aB® — n+7~ or B¥ — 779, but these are contaminated
by contributions fromP andC, respectively. Thé o allowed region lies between the curvds p = 0 and|A¢cp| =
0.124. The most conservative upper bound-parises for the smallest value jofcp| and the largest value of while
the most conservative lower bound would correspond to the lardest and the smallest. Currently no such lower
bound is obtained at bu level. At this level one ha® < 1, leading to an upper boungd< 80°.

r, we have used factorization B® — 7 ¢*1, at low ¢* [61] and ‘%‘ = ff—K

We note that for the current average valuefdthe 1o upper bound;y < 80°, happens to coincide with that of
Ref. [49]. This bound does not depend much on the value, d6r which we assumed factorization 6fin order to
introduce SU(3) breaking. The upper bound-praries only slightlyy < 78° — 80°, for a wide range of values
r = 0.1 —0.3. On the other hand, a potential lower bounchotlepends more sensitively on the valuepand would
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Figure 3-6. Behavior ofR, forr. = 0.21 (1o upper limit) andAcp (K +7°) = 0 (dashed curves) 0Acp (KT 7°)| =
0.125 (solid curve) as a function of the weak phaseHorizontal dashed lines denatelo experimental limits orR.,
while dotdashed lines denote 95% c4:1(96c) limits. We have takeid pw = 0.80 (its 1o upper limit), which leads
to the most conservative bound en Upper branches of curves correspondded.(cosy — dew) < 0, while lower
branches correspond ¢os d.(cosy — dgw) > 0. Hered. is a strong phase.

result if small values of this parameter could be excluded. For instancé3-Bighows that a value = 0.166 implies
~ > 49° atle. Thus, it is crucial to improve our knowledge xaf

The proces8+ — K70 also provides constraints on The deviation of the ratio

(Bt - Ktn%) + (B~ — K n")
[(B+ — KOxn+)

R. = =1.15+0.12 (3.36)
from 1, when combined witd op (K +7%) = 0.00+0.12, r. = |(T"+C")/P'| = 0.195+0.016 and an estimate of the
electroweak penguin amplitudeyw = |Ppy,|/|T" + C’'| = 0.65+ 0.15, leads to do lower boundy > 40°. Details

of the method may be found in RefR7, (38, 40, 148,52, 53]; the present bound represents an update of previously
quoted values. The most conservative lower bound arises for smallesticp, largestr., and largestPr,/|, and is
shown in Figi3-6. These values of. and| Py, | would also imply an upper boungt,< 77°, which demonstrates the
importance of improving our knowledge of these two hadronic parameters.

Another ratio _
F(BO — K+7T_) + F(BO — K_7T+)

R i
2 [F(BU — K079 + T(BY — & WO)]

=0.78 £0.10 (3.37)

involves the decay3? — K°z°. This ratio should be equal t&, since to leading order ifi”/P’, C'/P’, and

Py /P’ one has

2 2

Pl T/ Pl Pl T/ /
‘ + + Phw + 17"+ C ’ (3.38)

P — Pl — C' P
EwW
but the two ratios differ by2.40. Possibilities for explaining this apparent discrepancy (seg, Refs. B0, 62])
include (1) New Physics.g, , in the EWP amplitude, and (2) an underestimate ofttheetection efficiency in all
experiments, leading to an overestimate of any branching ratio involviig @he latter possibility can be taken into
account by considering the rati®,, R.)'/? = 0.96 + 0.08, in which ther* efficiency cancels. As shown in Fig:7,
this ratio leads only to the conservative bouncl 88°. A future discrepancy betweeR. and R,, at a statistically

~ ’
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Figure 3-7. Behavior of(R.R,)'/? for r. = 0.18 (1o lower limit) and Acp(K*n°) = 0 (dashed curves) or
|Acp(KT7%)| = 0.125 (solid curve) as a function of the weak phage Horizontal dashed lines denotelo
experimental limits or(RcRn)l/ 2, while dotdashed lines denote 95% c41(96¢) limits. Upper branches of curves
correspond t@os §.(cosy — dgw) < 0, while lower branches corresponddas é.(cosy — dgw) > 0. Here we have
takend pw = 0.50 (its 1o lower limit), which leads to the most conservative boundyon

significant level implying New Physics effects would clearly raise questions about the validity of constraipts on
obtained from these quantities.

Recently a time-dependent asymmetry measuremeft j) — K27° was reportedg3]
Serc = 0484938 £ 011, Crgx = 0407927 +0.10 , (3.39)

where S and —C, i are coefficients okin Amt and cos Amt terms in the asymmetry. In the limit of a pure
penguin amplitude A(B® — K°7%) = (P’ — PhLw)/V2, one expectsS,x = sin28,Crx = 0. The color-
suppressed amplitud€!, contributing to this process involves a weak phasks effect was studied recenti¢1] by
relating these two amplitudes within flavor SU(3) symmetry to corresponding amplitud&s-ia 7°7%. Correlated
deviations fromS, x = sin23,C,x = 0, at a level 0of0.1 — 0.2 in the two asymmetries, were calculated and were
shown to be sensitive to valuespin the currently allowed range. Observing such deviations and probing the value
of v requires reducing errors in the two asymmetries by about an order of magnitude.

To summarize, promising bounds grstemming from variou$3 — K« decays have been discussed. So far all are
statistics-limited. Atlo we have found

o R(Ktr vs.K%T) givesy < 80°;

o R.(K*tn"vs. KO7T) givesy > 40°;

o R, (K*t7m vs.K%7r% should equak,;
(R.R,)"/? givesy < 88°.

The future of most such determinations remains for now in experimentalists’ hands, as one can see from the figures.
We have noted (see,g, [50]) that measurements of rate ratiosiih— K can ultimately pinpointy to within about

10°. The required accuracies i, R., andR,, to achieve this goal can be estimated from the figures. For example,
knowing (R.R,)"/? to within 0.05 would pin downy to within 10° if this ratio lies in the most sensitive range of
Fig.:3-7. A significant discrepancy between the valuedipfand R,, would be evidence for New Physics.
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It is difficult to extrapolate the usefulness Bf R.., andR,, measurements to very high luminosities without knowing
ultimate limitations associated with systematic errors. The averages in3r2laee based on individual measurements

in which the statistical errors exceed the systematic ones by at most a factor of about 2 (in theRase dt°r")

[42). For BY — K*x0 the statistical and systematic errors are nearly equal. Thus, the clearest path to improvements
in these measurements is associated with the next factor of roughly 4 increase in the total data sample. Thereafter,
reductions in systematic errors must accompany increased statistics in order for these methods to yield improved
accuracies iny.

In our study we used the most pessimistic values of the parameterandd gy, leading to the weakest bounds on

The theoretical uncertainties in these parameters can be further reduced, and the assumption of negligible rescattering
can be tested. This progress will rely on improving branching ratio measurements fer K7, B — 7 and

B° — m ¢+, on an observation of penguin-dominatBd— KK decays, and on various tests of factorization

which imply relations betwee@'P-violating rate difference<H, 65].

A complementary approach to the flavor-SU(3) method is the QCD factorization formalism of \B&f8.7] 58].

It predicts small strong phases (as found in our analysis) and deals directly with flavor-SU(3) breaking; however,
it involves some unknown form factors and meson wave functions and appears to underestimate the magnitude of
B — V P penguin amplitudes. Combining the two approaches seems to be the right way to proceed.

332 yfrom B — Konw
>—N. Sinha and R. Sinh&

Time-dependent measurements of asymmetries of decay modgsinfo CP eigenstate<ge, 67, 68] allow weak

phases to be extracted without any theoretical uncertainty from modes whose amplitudes have a single weak phase.
Using the golden mod&° — J/ K2, the method has been successfully used to measu2g. The decay mode

B% — 77~ can be similarly used to extrasin2a. However, the presence of tree and penguin contributions in

the amplitude complicates this measurement. Nevertheless, an isospin analysis still allows a possible measurement of
sin2a [69). Itis widely believed thaty cannot be measured using similar time dependent techniques. As an alternative,
several other methods have been develofécdl], (70, 2, 71,/72] to measure this weak phase. Whilean be measured

cleanly using some of these techniques at a later date, technii@lesguming flavor SU(3), are expected to provide

the first estimates of angte

In a recent papel74] we proposed a method that uses the time-dependent asymmetry in the thre& bodiecay

mode of theB®. The Kmm modes with even isospinr states obey triangular isospin relations which allow us to
obtain~y. The two bodyK 7w modes also obey certain isospin relations; the various decay mode amplitudes form sides
of a quadrangle. The isosp#y2 amplitude, which is free from gluonic penguin contributions, is not an observable
but, in fact, the diagonal of the quadrangle. However, construction of triangles based on isospin analysis similar
to that in Ref. B9 is again possible for thé{7m modes. If the direcCP asymmetry for the chargef# decay

mode is observed to be vanishingly small, then the tree and the electroweak penguin pieces of the weak Hamiltonian
responsible foA7 = 1 transition have the same strong phase. This extra ingredient along with isospin analysis allows
us to extracty. Our technique is then free from approximations such as SU(3) symmetry, neglect of annihilation or
re-scattering contributions. Further, our method is sensitive to the relative weak phase between the tree and penguin
contribution, and as such will probe New Physics. Recently, several three-body non-charmed decay modBs of the
meson have been observed. In particular the branching ratios of the B8des K°r*7~ andB® — K*r—7°

have been measure@dg, [76] to be arounds x 10~°. In fact, even with limited statistics, a Dalitz plot analysis has

been performed and quasi two body final states have been identified.

The importance of these three-body decay modes was first pointed out by Lipkin, Nir, Quinn and 3idid€ngir

analysis, however, did not incorporate the large electroweak penguin effects known to be present in theségjlecays [
These decays are described by six independent isospin amplitifded ., [), wherel, stands for the transition

isospin, and describes the transformation of the weak Hamiltonian under isospin and can take only the values 0 and 1
in the Standard Modek, . is the isospin of the pion pair and takes the value 0, 1, and Z argithe final isospin and
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can take the valuek/2 and3/2. Even values of ., has the pair of pions in a symmetric state, and thus have even
angular momenta. Similarly states with, odd must be odd under the exchange of two pions. A separation between
I = even and/,, = odd should be possible through a study of the Dalitz plot.

The I = 0 and 2 channels are described by the three amplitutl@s0, ), A(1,0,3), and A(1,2,3). Itis
straightforward to deriveq?]:

ABTO & KOO ()70 ) = £X
1
ABTO & KO (zF77),) = FIXFY 42

A(B+(0) N K+(O)(7TO7TO)e) — :%X +Y -7, (3.40)

where, X = \/gA(l,Q, 3),Y =14(1,0,3),andZ = \/gA(0,0, 1). The subscript “e(0)" represents the even(odd)
isospin of therw system. It is easy to see that E8.40) implies the following two isospin triangles relations:

A(BT — K°(777%),) = A(B® — K°(7"77)e) + A(B — K°(n°7%).) , (3.41)
AB® - KT (7~ 7%.) = A(BT — Kt (nt77).) + A(BT — KT (x%7%),), (3.42)

and also implies the relation,
ABY - K (177%),.) = —A(B® — K+ (n~7%),). (3.43)

Decays corresponding to conjugate processes will obey similar relations. Comparison of the isospin-triangle repre-
sented by Eq/3.41) and its conjugate allows the extractionof

The decayB(pgp) — K (k)m(p1)7(p2), (Wherepg, k, py andps are the four momentum of thB, K, m; andm
respectively) may be described in terms of the usual Mandelstam variablegp; + p2)?, t = (k + p1)? and

u = (k + p2)?. States withl,, = even must be symmetric under the excharige> u. In what follows, we shall

be concerned with differential decay rat&d’/(dtdu). These can be extracted from the Dalitz plot of the three body
decays. A detailed angular analysis will permit extraction of even isaspiavents. Note thaB — K%7%7° mode
being symmetric in pions, always has pions in isospin even state.

For simplicity, we define the amplitudest—, A°° and A*°, corresponding to the modé¥’ — K%(nt7n )., B® —
K%(n%7Y),, andBT — K%(r* 7)., respectively. All observables, amplitudes and strong phases are to be understood
to depend om andu; we will not denote this dependence explicitly. Using the unitarity of the CKM matrix, we separate
these amplitudes into contributions containing thg andV,, elements respectively:

U e
AT = atmePa e 4 btet
400 _ aooeiégo e+ booemgo
40 . s+0
AT0 = F0ci0a gty pF0ci0y (3.44)

Note that the magnitudes -, b+, a"?, 1°°, o™ andb ™ actually contain contributions from all possible diagrams
(tree, color-suppressed, annihilatidi, exchange, penguin, penguin-annihilation and electroweak-penguin) and in-
clude the magnitudes of the CKM elements. Their explicit composition is irrelevant for this analysis, except for the

fact that the isospin 3/2 amplitudét® cannot get contributions from gluonic penguins. The amplitu@éé, ZOO,
A%, corresponding to the conjugate proc&s- K, can be written similarly, with the weak phaseeplaced by
.

Figurel3-8 depicts the two triangles formed by the amplitudé's-, A°° and A*+° and the corresponding conjugate

amplitudes in isospin space, along with the relative orientatiginé) are defined as the angle betweén- (Z*f)

andA+0(Z+0) and the angl@? is the angle betweeA 0 and4"™’. The relative phase betweett - and4 "~ (i.e.
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Figure 3-8. The isospin triangles formed by the — Knr amplitudes, as represented in E8.41) and that for the
corresponding conjugate processes. Only one orientation of the conjugate triangle is depicted, this triangle could have
been flipped around the badé "’

arg((A+~)*A"")) is defined agd+~. The coefficient of thein(Amt) piece in the time-depende6tP asymmetry
for the modeB®(t) — Ks(nt7~), will yield sin(26*~ — 2/3). Note that this measurement involves time-dependent
asymmetry in the partial decay ratél'+— /dtdu at a fixedt andu.

With the knowledge of3, the angle26+— may be regarded as an observable. In addition, measurement of six partial
decay ratesd?I't° /dtdu, d*°T+~ /dtdu andd?T°° /dtdu as well as their conjugates at the sat@du as used for

0+~ determination, now allows us to construct the two triangles in'8if with two fold ambiguity. We see, from
Fig.3-§ that the angl@? is related t26+~ as,( &+ ¢ + 25 = 260*~. The ‘plus—minus’ sign ambiguity in the above
reflects the possibility of same—side or opposite—side orientation of the triangles 2@i&known, it is possible to
determiney. An additional requirement is that the amplitude® = A(K°(7*7"),) has a one single strong phase,

§ =060 = 5;0. This phas& may be set equal to zero by convention. An experimentally verifiable consequence of
this hypothesis would be the vanishing of dirégt-violating asymmetry for this charged mode.

Using the amplitudesi™—, ZJr*, A% and A" one can construct a maximum of seven independent observables
(The amplitudesA*?, A=° are not independent, as they can be obtained using isospin relations). The two triangles
can be completely defined in terms of seven observables, the three sides of each of the triangles and a relative angle
between the two triangles. The amplitudes under consideration involve the following eleven variabied—,

a%, b9, a0, pF0, 5+, 55—, 690, 699, andy. These variables are connected by two isospin relations (se8&d). (

and the corresponding relation for the conjugate process), which results in four constraints, reducing the number of
independent variables to seven. Hence, all variables inclugingn be determined purely in terms of observables.

In order to determineg, we express all the amplitudes and strong phases, in terms of observablesTéuedvariables,
a* andb” may be solved as a function gfand other observables as follows:

B+
+-12 — I +-
lat—|* = 2sin? 4 (1 y* cos(26 )) , (3.45)
e
bt 2 = 2§n27 (1 —y*t cos(20% — 27)) . (3.46)

Similar solutions may be obtained far® (a°°) andb° (b°°) with B+~ replaced byB+° (B°°), v+~ replaced by
_\ )
(A" P+AP),
2 Y
throughy*~ = /1 — (ad;, ). Relations forB%°, B+° and

y10 =1 (y°°) and20+- replaced by27 (20°°) respectively. The branching ratiB;"~ =

AtT12 +—12
related to the direct asymmetny, - = %
A [P+ 1A

is
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4% are similar. The angled® betweend® andA"’, need not be measured but can be determined from geometry of
the two triangles and is given by,

BB+~ 4+ |A+||[A" | cos(20~ — 27)
| A0[[A™|

cos(20%° — 27) =

We defined*~ = 4§, — §;~ andd®® = 690 — 529, with 5+~ expressed in terms afand observables as:

tan ot~ = e tan7 ’
1 —yt-[cos 20+~ — sin 20+~ tan ]

(3.47)

with an analogous expression fom §°°. Our task now is to express the strong phaggsanddl® in terms of~y
and observables, just as we have done for the other variables. One finally intends to selverflyrin terms of
observables.

The isospin triangle relation given by Ei8.41) and the similar relation for the conjugate process may be expressed
as:
(a+—ez‘5;* + aooemgo)eim + (b+—ei<s,j* + booei(sgo) _ (a+oeim +b19) . (3.48)

The ‘four’ equations contained in E@.4€ may be used to used to solve fars §} ~ andcos §2°:
|a+0|2 + |a+7|2 _ |a00|2

2|a*0f|at-| ’

‘a+0|2 + |a00|2 _ ‘a+7|2

2|¢1+0||a00| ’

cosof ™ = cos 600 = (3.49)

as well as, obtain the relation,
16712 + 6% + 2676 cos (5 — 6.°) = [bTO)?. (3.50)

Now 6~ = 0"~ + §f~ andsp® = 60 + §2°. Hence, Eq.3.50) is expressed completely in terms of observables and
~. v can thus be determined cleanly, in terms of observables.

The CKM phasey can be determined simultaneously for several regions of the Dalitz plot. The ambiguities in the
solution ofy may thereby be removed. Having measured*? andb™® can be determined using equations similar
to Eqg. 3.46). We can thus determine the size of electroweak penguin contributions.

Current experimental datd$, [76] indicate that a statistically significant contribution in th€ 7+ 7~ mode, is from

the K**7~. It can be easily seen by a simple isospin analysis Kiat~~ final statecannotresult in K°(r 7).,

but must contribute td<®(7+7 "), final state. If one takes the preliminary data of R&g][seriously, then based on
an integrated luminosity of3.1fb~, there arel9.17%8 K**7F events in a total 060.3 + 11.0 K977~ events.
Certainly at the SupeB Factory, with an integrated luminosity af) ab—!, there will be enoughk (7+7~), to
allow a time-dependent measurement. Additiokidh 7). events will occur at other regions of Dalitz plot. While
BT — K977 has not yet been observed, the mddfle— K7~ 7" has been seen. The two amplitudes are related
by Eq. 8.49. Again, if the K*°7° contribution to theK * 7~ = is significant, it must result id{ * (7~ 7). Data
from bothBT — K97 7% andB® — K7~ =% modes could be combined to improve statistics.

To conclude, the weak phasecan be measured using a time dependent asymmetry measurement in the three body
decay,B — Knr. A detailed study of the Dalitz plot can be used to extractithesven isospin states. These states
obey certain isospin relations which along with the hypothesis of a common strong phase for the electroweak penguin
and tree amplitudes iBT — K%r+7~, allow us to not only obtairy, but also determine the size of the electroweak
penguin contribution. The hypothesis made can be verified by a measurement of direct asymmetry for theixharged
mode. Unless the direct asymmetry is found to be sizable, this method allows extractiovitobut any theoretical
assumptions like SU(3) or neglect of any contributions to the decay amplitudes. By studying different regions of the
Dalitz plot, it may be possible to reduce the ambiguity in the valug. of
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3.3.3 Measurement of the time-depender®P asymmetry in B — K27

>—W. Hulsberger<

Introduction  In the Wolfenstein parameterization the leading penguin contributirig’te- K%7° decays is real
and proportional ta® ~ V;,V;z ~ A%, while the leading tree diagram is CKM suppressd V., V.5, ~ Ate=,
see Fig3-9). In the absence of the tree contribution, the Standard Model prefiigts, = sin 23 andCo0 = 0. A
recent estimate based on SU(3) flavor symmetry bounds the deviatioﬁywﬁg to AS € [-0.17,0.18] [41]. This
justifies a search for non-Standard Model contributions to the phase of the penguin diagram.

S|
A
S|

T x \e ™™ P o X\
Figure 3-9. Leading order tree (left) and penguin (right) diagramsB8r— K23x°.

The BABAR collaboration recently reported a first measurement of the time-depeatieasymmetry of B —
K970 [79] on a data sample corresponding to an integrated luminosityi®fb~" at the'(4S) resonance. The
CP parameters extracted will22 + 16 signal events were

Skgmo = 048032 +£0.06
Croro = 0405555 +0.09

where the first error is statistical and the second systematic. Here we summarize some of the experimental details that
are relevant for an improved measurement of these parameters at a futurésSteetory.

At reconstruction ThoughCKgﬂo may be measured usirg+flavor tagging alone, the extraction ﬁf(gﬂo requires

knowledge of theB® B0 lifetime difference. The long lifetime of th&? and the lack of a second trajectory prohibit

the reconstruction of th&° — K%7° decay vertex using the techniques employed in other time-dependent analyses
such asB? — J/i K. Instead, we must exploit the fact that the transverse decay length of the Bigiabkmall,

such that its decay vertex can be obtained by intersecting theeajectory with the known interaction region (IR).

The viability of this reconstruction method is the consequence of the small size of thedR«r200 pm) andy
(~ 4 pm) and the precise calibration of the IR position. To account for the transverse motion B8°theeson,
the size of the IR in the transverse plane is increased with the rms dBtheansverse decay length distribution
(=~ 30 um). The procedures for the reconstruction of the tag vertex and the extractionasé equal to those applied
for the mainstream analyse0)].

Figure3-1C(a) shows the estimated uncertainty in theosition of theB vertex as a function of the transverse decay
length of theK? — 77 ~. This uncertainty is strongly correlated with the number of vertex detector (SVT) layers that
the KY daughters traverse. For a meaningful accuracfothe 2 uncertainty must be well belowmm, which implies

that only events with & decay inside SVT layer 4 can be used in the time-dependent asymmetry measurement. The
remaining~ 35 % of the events are only used for the measuremeat.of
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Figure 3-10. (a) Average estimated uncertainty:igo (dots) as a function of th&2 decay length. The arrows indicate

the position of the five SVT layers. The superimposed histogram shows the decay length distribution (with arbitrary
scale). (b) Total uncertainties $1andC' as a function of the integrated luminosity, assuming a systematic uncertainty of
0.03 and a constant signal-to-background ratio..

Extraction of the CP parameters The parameter§ andC are extracted from the data with a maximum likelihood
fit to At, o(At), tagging information and3 selection observable81]. The At resolution function is taken from the
B flavor sample, as for th&° — J/ K2 modes. This choice is motivated by the fact that Monte Cavigpull
distribution for theB® — J/ip K2 mode and theé3" — K27 mode are very similar, even though the latter includes
the effects of the dedicated vertex reconstruction.

Systematic uncertainties Tablel3-3 shows a breakdown of the systematic uncertaintff@mdC'. The systematic
uncertainty due to SVT alignment is estimated by reconstructing Monte Carlo data with different misalignment
scenarios that reflect possible remaining distortions of the SVT. The assigned uncertainty is larger than that reported
for the B — J/y KY mode (0.01082)), partially because the reconstruction®? — K97 is more sensitive to the
alignment of the outer SVT layers.

A systematic uncertainty for the reconstruction method and a possible differences in resolution function is derived
from a study ofB® — J/» K9 decays. By excluding thé/yy decay products from th8° vertex, this decay can be
reconstructed with the same method used for the signal mode. This allows for a direct comparison of the obtained
values ofS andC to those obtained with the nominal reconstruction. The data do not contain suffiient J/;) K

events to result in a meaningful systematic, but are consistent with the systematic uncertainty derived from the Monte
Carlo. Results from a recent study suggest that this systematic is related to a small biasdrstlaée, which can be
reduced by taking the transverse motion of f¥feinto account.

The systematic uncertainty labeled ‘PDF’ comprises the uncertainties in the parameterization of the likelihood func-
tion. For our measurement this uncertainty is dominated by an observed tagging asymmetry in background events.
This asymmetry constitutes - deviation from0 for events with a lepton tag. For the current analysis we have
interpreted this deviation as a systematic uncertainty, although the effect could be real.

Expected uncertainties on10ab™" It is not self-evident that the systematic uncertainties discussed above are

applicable to future measurements. The understanding of the vertexing method and the resolution function can be
enhanced by using the larg®’ — J/ K2 and inclusivek? samples available a0 ab~!. Systematic uncertainties
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Table 3-3. Breakdown of the systematic uncertaintySrandC'.

a(C) a(S)
SVT alignment 0.009 0.028
vertexing method 0.004 0.040
PDF 0.093 0.027
total 0.094 0.056

due to the parameterization of the likelihood function will roughly scale wjth’N. Those uncertainties related to
alignment should necessarily improve if meaningful results for other—high statistics—modes must be obtained. A
recent analysis foB® — J/ K9 estimates the asymptotic systematic uncertaintrirz3 at0.021 [83]. Therefore,

a total systematic uncertainty 6f03 in both Sngo andCKg,ro seems not unrealistic.

Figurel3-1C(b) shows the expected total uncertaintySirand C' as a function of the integrated luminosity, assuming
a systematic uncertainty 6f03 and constant signal to background ratio.1Atab ™' the statistical uncertainties if
andC are(0.045 and0.029, respectively, that is, comparable to the present uncertainties ghahdc parameters in
the J/2p K% mode.
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3.4 «from B — 7 and Variants

3.4.1 Theoretical uncertainties in determininga
>—H. Quinn<

There are three sets of channels of interest for determining high accuracy. These arer, pp (the dominant
channel) with angular analysis to isolate pure longitudinal contributions pandn each case the question before

us as we consider the value of a SupeFactory is how accurately can we determine the theoretical uncertainties in
extractinga, as this will give a measure of the value of a high statistics measurement. As a rule of thumb, increased
statistics is valuable only if the error is dominated by statistical error. Once theoretical uncertainties dominate the error,
then statistical improvement cannot help. Of course, in looking to the future we must also take into account possible
improvements of the theoretical calculations. All these analyses include channels with at least one neutral pion, which
makes them challenging for the hadroficexperiments, and so important targets fera~ SuperB Factory.

In the first two cases, the measured asymmetries {af~, p*p~ or p°p°) are proportional to
|Zij/Aij| sin(?a + 62]) (351)

whered;; is the phase difference betwe&gj and A;; after factorizing out the weak phase difference of the tree
amplitude contributions, which is2+v in the standard Wolfenstein convention for the CKM elements. Hiared j
represent the charges of the final particles. (Inthe® case one cannot hope to determine the time-deperent
asymmetry.)

If one ignores any contribution from electroweak penguin amplitudes and any isospin breaking effects, then one can
use the measurements of the set of isospin-related cha/@®i® [measure the quantity;; for each of these three
channels and thus extract the valuecofrom each of the asymmetry measurements with no penguin contribution
uncertainties. The residual theoretical uncertainties have been discussed very nicely by Ciuchintfocdke (see
Section3.4.2); the arguments in thep case are very similar. | will add here a few comments of my own on this
situation. A recent comment points out a slight complication of an I=1 contribution ipdluase, but argues that it

can be constrained by experime8{].

The electroweak penguin contributions proportional to the dominant opel@toasd Os can be constrained using

the fact that these operators are proportional to the oper@ioend O, that mediate the tree diagran®2]. Thus if

one assumes that the remaining electroweak penguin operators, which have significantly smaller coefficients, are not
inordinately enhanced, one can bound the impact of the electroweak penguins to produce an absolute shift of less than
+0.02 in sin 2a. In the pp case, the impact of electroweak penguin effects in the chaByddcays gives the same
correction tod;; for the two channelsf— and00), so one cannot use the two asymmetry measurements to remove

the uncertainty due to this correction.

The remaining question on electroweak penguins is whether one can better justify the assumptignatiéo

are not enhanced. Lattice QCD calculations could be helpful here. The continuation from the Euclidean region where
the calculation is done to the physical Minkowski space introduces large uncertainties into the absolute value of this
guantity. | am quite sure one cannot use the lattice to calculate the relative phases of these terms, but since all we want
is a rough constraint on their magnitudes relative to@heand Os terms, perhaps this can be achieved. | leave it to

the lattice QCD experts to discuss this question further.

A larger uncertainty arises from isospin violation, predominantly that which manifests itself aslther p°w

mixing. This and other isospin-breaking effects have been been studied for the two pion case by B&fdiar|

analysis could be applied with little change to ghrecase; this work needs to be done. Her conclusion forrthease

is discouraging: she finds large residual uncertainties, up to about 0.1 insifi{#is analysis needs to be updated, as
measurements now available further constrain some of the quantities that were computed by model-dependent methods
and used to make these estimates.
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The remaining method to extraatis the analysis of the three pion Dalitz plot in terms of theresonance contri-

butions. It is by now very clear that the estimates in my paper with Snyder on the utility of this channel were overly
optimistic. Just how good a result one can eventually get from this analysis is not clear. The theoretical uncertainty
again lies in the use of isospin to constrain the number of independent amplitudes, and secondly in the assumption
that the strong phase variation in these amplitudes as one moves around the rho bands is properly characterized
by describing they resonance with a relativistic Breit-Wigner parametrization. Encouraging evidence that this is a
reasonable expectation is given by the recent and very cEBAB4R analysis of the phase shift change as one traces

out the K* band inB — J/¢K*. The match betweeBABAR and LASS data on this is quite remarkable. With a

very large data sample one could make similar studies forrthphase shift in portions of the rho band that are not
subject to significant interference effects. The issue of how isospin violations and electroweak penguin contributions
affect this analysis has not been studied in detail, probably because we are far from the situation in which these are the
dominant uncertainties, and indeed I think it is unlikely we will ever reach that point.

A second type of uncertainty is the question of how well one can parameterize other contributions to the three pion
Dalitz plot, both those from non-resonalit— 37 decays and those from other resonant decays. The latter, and any
interferences between them and tHeands contain additional information, but at the price of adding parameters to the
already-many-parameter fits. These are not, strictly speaking theoretical uncertainties. It is a matter of looking at what

is needed to fit the data, once one has enough of it. The amount of data one needs to do a good job of this analysis is
clearly large, and it grows as more parameters are needed to obtain a good fit. | think it is premature to try to determine
the eventual accuracy of this measurement, as many of the questions can only be resolved as data accumulates in the
next five to ten years. | am not optimistic that this analysis will eventually give the most accurate valiig Za1).

However it probably will be able to provide sufficient information on the sigaosf2«) to reduce the ambiguity ia

to a two-fold, rather than a four-fold degeneracy. For this reason this channel must continue to be pursued.

3.4.2 Isospin Breaking
>—M. Ciuchini<

Popular methods for extracting the CKM anglérom the time-dependeidfP asymmetries ith — « transitions, such

asB — ©m, B — pm, B — pp, rely on isospini(e.,, flavor SU(2)) symmetry. This symmetry, corresponding to the
exchange of up and down quarks, is known to be an approximate symmetry of the strong interactions, with violations
as small as few percent in most cases. Nevertheless, also in view of the increasing accuracy of the present and future
experiments, one can wonder whether isospin violation could hinder a precise determination of

Let us discuss the Gronau-London isospin analysi®in— 77 as the prototype of methods using flavor SU(2)
symmetry B9]. Similar considerations apply to SU(2)-based boui@8}-{88], such as the Grossman-Quinn bound,
as well as to analyses using different final states.

Using only the isospin properties of the initial and final states with no assumption whatsoever on the interaction, one
can write the following amplitude decomposition:
A(Bg— wta™) = A3? — A3 _ A2

)

A(Byg — 97%) = v2(AY? — AY?) + %A})/Q :

A(BT = nta0) = %Ag/ 242457, (3.52)

whereA2! denotes the amplitude of/al transition into arr final state with isospid (we remind the reader that the
2-pion state with I=1 is forbidden by Bose-Einstein symmetry).

Basically, the GL method exploits all the isospin-relatedamplitudes to determine the unknown strong phase relating
« to the coefficient of the sine term in the time-dependeétasymmetry. This strategy works (up to problems related
to discrete ambiguities) under three assumptions:
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1. The hadronic matrix elements are invariant under flavor SU(2) transformations;

2. There are nd\I = 5/2 transitions;

3. “Penguin” operatorsife., operators carrying the “penguin” weak phase, €jgd(;4) in our case) inthé\ B = 1
weak effective Hamiltonian give rise th] = 1/2 transitions only.

Flavor symmetry actually enters only the first assumption, while the others concern the flavor structure of the weak
interactions. However the GL method needs all of them. In fact, using the first two assumptions, one can rewrite the
previous equations in the more usual form

ABg —7ntn™) = AS/Q - A(l)/2 ,
1

3/2 1/2
A(By — 77 = \@Ag/ + EAO/ ,
ABT = 7710 = %Ag/? (3.53)

A consequence of this decomposition are the triangular relations
A(BY — 7t7%) — A(By — 77°) — LA(Bd —7rtr7) =0,
V2
_ 1 —
AB™ - 1 7% — A(Bg — n%7°) — EA(BU{ —7rta7) =0, (3.54)

used by the GL method.

Finally, the third assumption is crucial to relate these two triangles. In fact, ifthe= 3/2 amplitude has no
contribution proportional to the “penguin” weak phase, @fé-conjugate amplitude can be easily rescaled using the
“tree” phase only, so that

ABY - 1t = AB™ - 7 n%) = A(B~ — 77 1). (3.55)

The above relation means that the two triangles in B4 have a side in common, once the second one is rescaled
as above. In turn, this allows for the GL geometrical construction which gives the strong phase difference between
A(Bg — mtn~) andA(Bg — 717~ ) needed to extraet from the time-dependeidP asymmetry/69).

The GL isospin analysis is considered very sound from a theoretical point of view, sharing the general confidence of
theorists in the SU(2) flavor symmetry. However all the assumptions required by the GL analysis are violated to some
extent. In fact:

1. Even considering strong interactions only, the SU(2) flavor symmetry is broken by the up-down mass difference.
Furthermore, electromagnetic effects generate additional breaking terms;

2. There are nd\I = 5/2 operators in the weak effective Hamiltonian. However isospin breaking in the hadronic
matrix elements give rise to an effectidel = 5/2 amplitude;

3. While QCD penguin operators only mediate/ = 1/2 transitions, the effective Hamiltonian contains also
electroweak penguin (EWP) operators which are libfh= 1/2 and3/2 and carry the “penguin” weak phase.
Therefore the real issue is how large these breaking effects are or, in other words, at which level of accuracy we should

start worrying about them.

Let us discuss the effect of EWP operators first. They break the isospin symmetry as much as the other operators of the
weak effective Hamiltonian. This breaking, being of electroweak nature, has nothing to do with the properties under
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flavor symmetries of the hadronic matrix elements. However the presence of EWP operators violates the assumption
that the “penguin” weak phase appears onlyAii = 1/2 transitions. This implies that a simple rescaling is not
enough to equate the two amplitudes in E15f) and the GL construction is invalidated. In practice, the effect of

the additional contributions coming from the EWP operators change the GL triangles into quadrilaterals. The size and
orientation of the additional side depend on the relative modulus and phase of the EWP contribution with respect to
the “tree” term enteringt®/2.

An interesting observation concerfi§ — A) @ (V — A) EWP operators (we remind the reader that there are four EWP
operators in the\ F' = 1 effective Hamiltonian usually denoted @5—0;. The first two have &V — A) ® (V + A)

Dirac structure, while the others af8 — A) ® (V — A)). Studying the flavor properties of the effective Hamiltionian,

it was noted that these two operators are related to current-current op&atotsy short-distance factors (namely

the appropriate ratio of Wilson coefficient2)g][89]. This means that no new hadronic parameter enters their matrix
elements. They give simply a small and calculable correction to the “tree” amplitude. This remarkable result is
actually not surprising. It is indeed known th@t and O, are not independent operators: they can be written in
terms of QCD penguin and current-current operat86}. [ Nevertheless, they are usually retained in the effective
Hamiltonian to avoid that current-current operators could give both “tree” and “penguin” contributions. Therefore,
if the (V — A) ® (V + A) EWP operators are neglected, the GL isospin analysis can be easily recovered. Indeed,
this assumption has been advocated in the literature, arguing that the Wilson coeffitieants Cs of the (V —

A) ® (V + A) EWP operators are numerically much smaller than tféir A) ® (V' — A) counterparts at the weak
scaleB9]. However, arguments based on the numerical value of Wilson coefficients may be tricky. On the one hand,
the renormalization-group running to lower scales increases the size pfelative toCy ;9. On the other, matrix
elements of V' — A) ® (V + A) operators can be much larger than thos@of A) ® (V — A) operators. For example,

the dominating EWP contribution td/< in kaon decays comes frofdg rather tharOg or O¢. Of course,B decays
involve a rather different physics. Still, the matrix elementslof- A) ® (V + A) operators could be enhanced enough

to compensate the short-distance suppression so that we likely cannot get rid of EWP operators so easily.

We are back to the problem of estimating the contribution of two hadronic amplitudes with different weak phases, both
contributing toAg/Q. This cannot be done in a model-independent way. The advantage with respect to the original
problem is that the EWP contribution is expected to be much smaller than the “tree” contribution. Therefore, larger
theoretical uncertainties associated with model estimates can be more easily tolerated. However, the difficulty of
guantifying the systematic uncertainties attached to a specific model remains. Moreover, in practice, all the available
estimates are done within different realizations of factorization, going from the olé fectorization to the recent

QCD factorization, producing very similar results. The uncertainty introduced by the EWP operators in the extraction

of « with the isospin analysis ranges from negligiblétd 78, 47,91, 56].

Further uncertainties are introduced by genuine isospin-breaking corrections originating from light quark mass and
electromagnetic effects in the hadronic amplitudes. Both are expected to be reasonably small, being suppressed either
by (m,-ma)/Agcp or a.. While the typical effect on the amplitudes is at the level of few percent, in some cases

it can be substantially larger. In particular, thel mass difference induces thd-n-n’ mixing which is estimated,

although with very large uncertainties, to changeAlgeand A, amplitudes up ta0% or even more92,/93]. Genuine
isospin-breaking corrections generate additional amplituﬁiiﬁ, breaking the triangular relations of E@.54),

adding additional sides to the GL geometrical construction. The effect of'then’ mixing on the extraction of

« has been studied in ReB4] using factorization. Within large uncertainties, the effect of these isospin-breaking
terms has been estimated to induce an errax ofi ~ 5°.

In summary, isospin-breaking effects in the extractiomdifased on isospin relations can reasonably be neglected as
long as the error is larger than 10°. Indeed, for the GL analysis, the actual effect is likely between nil &rd

keeping in mind that the theoretical estimates are based on models and subject to uncertainties difficult to quantify. A
high-precision determination ef based on SU(2) would require a theoretical control of the isospin-breaking terms
missing at present and probably not attainable in the near future. Indeed the problem one has to face is nearly as
difficult as the calculation of the full hadronic amplitudes.
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3.4.3 Measurement okin 2« and B? — #°%x?°
>A. Roodman<

The CP violating asymmetry in the decay modg® — =7~ depends both on the CKM angte and on the
interference between contributions from tree and penguin diagrams. The coefficientsaf then,At) term in
the asymmetry may be expressed as

S =1+/1-C?sin{2a + Arg(A/A)}

where( is the coefficient of theos (AmgAt) term, andA and 4 are the decay amplitudes f@° andB°. The
penguin pollution anglé is then given bys = Arg(A/A)/2.

This penguin pollutiorof the asymmetry can be determined experimentally by measuring the branching fractions for
B° andB’ from all threeB — 7 decays. The decays are related by an isospin relation
1
7A+— — A-‘ro + AOO
V2

between the amplitudes f@° decay and a similar relation faB" decay [B9]. In the limit of isospin symmetry, or
ignoring electro-weak penguins, ti#* — 7+7° amplitudes are equal, since there are no penguin amplitudes for
this decay. The constraint on the penguin pollution angle can be understood using the triangle construction shown
in Fig.'3-11, where the argument of the amplitude raﬂér*/AJf‘ is given by the angle between the™— legs of

the two triangles. There is a four-fold ambiguity for the penguin pollution arglegrresponding to the two relative
orientations of the two triangles, and to a positive or negative sigé. fbastly, the presence of electro-weak penguin
amplitudes, as an isospin breaking contribution, break the simple triangle relations. However, electro-weak penguins
do seem to be rather small i — 77 decays.

1| ji+— _
ﬁ‘A ‘ |A00‘
s valATl | A%0|

A0 = |A-0|

Figure 3-11. [sospin Triangles foB — ww. The amplitudes for the8" triangle are rotated by?*” so that the bases of
the two triangles overlap. The current world-averaged values are used.

The current status of branching fractions and asymmetries il8the 77 modes are summarized in Tal8e4, with
measurements frolBABAR and Belle listed, along with averages from the Heavy Flavor Averaging GEijpAlso

shown are luminosity scaling expressions for each of the measurements. The most challenging measurement is the
direct CP-violating asymmetry in theB® — 7%7° decay, which has a small branching ratio and a large continuum
background. Without a vertex, only a time-integrated measurement af tbeefficient is possible, adding to the
difficulty of this measurement. Prior estimates of the error scaling’for.o, made for SupeB Factory studies, were

0C o o ~10/4/ [ £, with £ in units of fb!, assuming that only leptonic tags were used and that the background was
a factor of two greater than is currently the case. Using all tagging sources and the current background levels should
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give an estimated 30% improvement in the error. Initial measuremeits.gf have now been made by baBABAR
and Belle |p6,197]. Their errors scale roughly agC0,0) ~ 8.3/4/ [ L, in good agreement with expectations.

The current limit on the penguin pollution ang is shown in Figl3-12, using the world averages. The Confidence
Level as a function of is shown, using the CKMFitter packad@g]. Effectively we scan over all values ¢f| and

calculate a2 for a fit to the five amplitudes4+—, A", A%, A% andA*Y), given the five measurements, the fixed
input value fors, and the two isospin relations as constraints. KRigs converted to a confidence level in the standard
way. We can compare this result with the upper limit@rfound using the expressioB]

00
sin?§ < %
With the current world averages, the 90% upper limit from the Grossman-Quinn bo88d4s essentially the same
upper limit found from the full isospin analysis, as shown in in Bel2. Once experimental errors are included,
the more restrictive expression from Re88[ improves the upper limit byl°. Lastly, extrapolating td ab* or
10ab™*, with the current central values, gives preferred regiongdoas shown in Fig3-12. In this treatment, the
effects of isospin-violating electroweak penguin diagrams have been omitted. Both theoretical prejudice and current
phenomenological fits point to small electroweak penguins, with an effect on the penguin pollution angle of a couple
of degrees.

The current central values have a valuelgh o close to the boundary of the physical region, such that the area of
the BY triangle is quite small. In fact, given all other measurements the valGeqh is bounded by demanding that
both triangles close, with limits given by

max

—TT (1= Cn) =TT 4100 4 2T+ (1 — C, )

mOr0 = 100
and
min 30T (140 )+ TH0—T%0 —\/OTHP+— (14 C )
0.0 — .
o7 ]_"OO

The current central values for these limits &d).34 : 0.83], but with errors included no limit inside the physical
region is obtained. With one triangle just barely closed, the two solutiong[fare close together. In the opposite
limit, when C o0 =~ —C+ .-, One solution is close to zero and coalesces with the mirror solutiondwitt). The
value and error on the penguin pollution angigis shown in Figi3-13 for the current world averages of the other
measurements, and with errors extrapolated to the level expectedMath ', as a function of the asymmetry in
BY — 7970, We see that in much of the parameter space very well-separated solutions may be found.

Table 3-4. Summary of current measurements f8r — wm, and luminosity scaling relations for the measured
uncertainties. The world averages are from the HF8E}, [expect forC .+ .- where | have included a scaling factor of
two to cover the difference between the measurements. The branching ratios are in107if§, aind the error coefficient

is to be used as(B,C') = Coeff /1/ [ L . These error coefficients are taken from the quality of the world averages, or
the single dominant measurement.

Measurement BABAR Belle World Average| Error Coeff.
B(B® — nt7) 4.7406+0.2 44406+0.3 46404 5.4
B(B* — nt70) 5.84 0.6+ 0.4 504+1.24+0.5 5.540.6 10.
B(B® — 7%7%) | 1.17+0.32+0.10 2.321048 1032 1.51+0.28 6.0
Crtnm —0.094+0.154+0.04 —0.584+0.15+0.07 —0.32+0.23 2.1
C o0 —0.124+0.56 £ 0.06 —0.43+0.51+0.16 —0.28 +0.39 8.3

THE DISCOVERY POTENTIAL OF A SUPER B FACTORY



3.4a from B — m and Variants 185
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Figure 3-12. Preferred region for the penguin pollution angiefor the current world averages and errors. Also shown
are the preferred regions with the errors on all measurements extrapolatatitoand10 ab™".

While the exact error of¥| will depend on the value af’,0.0, a scaling expression for the typical error can be found

by exploring the possible parameter space. We find that the expressien 3600/\/f£(fb*1) is a reasonable
scaling expression. The error on the penguin pollution angle will dominate the ertofrom the B — nw system,
in the limit of high statistics.

With the large data samples possible at a Supé&tactory , it will be possible to accurately measure the CKM angle

a with the B — 7 decay, using the isospin construction to measure the penguin pollution. A similar, and much
less penguin-polluted measurement, will be made with the dBfay- p*p~, as well as another measurement with

B — pr. As in the comparison betweei violation in B® — Jip K¢ and B — ¢K?, the comparison between

the three different ways to measurgone with a significant penguin component, will provide an excellent test of the
completeness of the CKM picture.

3.4.4 The prospects of measuring the CKM anglex with BABAR
>V. G. Shelkov<

Introduction

One of the most important goals for the current as well as next generatioBsFafctories is to put a new set of
constraints on the values of CKM angile In this study we follow a quasi-two-body approa&8]j and restrict the

analysis to the two regions of theF7°h* Dalitz plot (» = 7 or K) that are dominated by either" b~ or p~h™.

More general approaches, like the full Dalitz plot analyS€],[ have been proposed in the literature, and can be
implemented once significantly larger data samples are available. We present here a simultaneous measurement of
branching fractions an@P-violating asymmetries in the decay®’ — p*7T andB° — p~ K+ (and their charge
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Figure 3-13. Central value and one sigma error for the penguin pollution afijlas a function ofC 0.0. For

all other measurements the current world averages have been used with errors extrapolated to the level expected with
10ab~!. When two of the solutions fa¥ coalesce, including the solutions with< 0, only one solution with an error
encompassing both of them is shown.

conjugates). The® 7T mode provides a probe of both mixing-induced and dirg@tviolation [10(], whereas the
self-taggingo~ K can only exhibit direcCP violation. TheBABAR and Belle experiments have performed searches
for CP-violating asymmetries if? decays tor ™7~ [101,/10Z], where the mixing-induced@P asymmetry is related to
the anglen = arg [V, ;V;5/V,,,V.5] of the Unitarity Triangle as it is fop*7T. However, unliker*7~, p*7 is not

a CP eigenstate, and four flavor-charge configurati()Bg(EO) — p*nF) must be considered. Although this leads
to a more complicated analysis, it benefits from a branching fraction that is nearly five times/1&§&0d4]. Some
examples of improvements in the precision of the experimental constraints on CKMcapgfeected to materialize

at SuperB Factoriesare then discussed.

Theoretical framework

In the Standard ModelCP-violating effects arise from a single complex phase in the three-generation Cabibbo-
Kobayashi-Maskawa quark-mixing matriXQg]. One of the central, unresolved questions is whether this mechanism
is sufficient to explain the pattern 6P violation observed in nature.

With At = t,;, — ti.e defined as the proper time interval between the decay of the reconstmg;;md that of the

other mesorB?ag, the time-dependent decay rates are given by

o—|Atl/7
4T

x |1 + Qtag(sph + ASph) Sln(AmdAt)

FEIT (A8 = (14 Al) (3.56)

— Qtag(Con £ AC,) cos(AmgAt)|
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whereQi.; = 1(—1) when the tagging mesaR¢,, is aBO(EO), 7 is the meanB? lifetime, andAmy is the B'B’
oscillation frequency. The time- and flavor-integrated charge asymmﬂﬁ]”gsandA”CI; measure direa@’P violation.
For thepr mode, the quantitieS,, andC,. parameterize mixing-inducedP violation related to the angle, and
flavor-dependent direc@P violation, respectively. The parametess”,. andAS,, are insensitive t@'P violation.
AC,. describes the asymmetry between the ratgs’ — p*vr*)JrF(EO — p~nt)andl(BY — p*w*)JrF(Po —
ptr™), while AS,. is related to the strong phase difference between the amplitudes contributi®g te pr
decays. More precisely, one finds the relatidps + AS,, = /1 — (Cpr = AC,,)? sin(2a; +6), where2a %, =
arg[(q/p)(gztﬂ/A;fﬂ)], 6 = arg[A,, /A% ], arglq/p] is the BB’ mixing phase, andi} (A} )andA, (A, ) are the
transition amplitudes of the processB%(EO) — ptr~ and BO(EO) — p~wt, respectively. The angles>; are
equal toa in the absence of contributions from penguin amplitudes. For the self-taggingode, the values of the
four time-dependent parameters étgc = 0, AC,x = —1, S,x = 0, andAS,x = 0.

Event selection

The data used in this analysis were accumulated witB#B#R detectorL0g, at the PEP-1l asymmetric-energy e~

storage ring at SLAC. The sample consistg&f.9 + 1.0) x 106 BB pairs collected at the& (4S) resonance (“on-
resonance”), and an integrated luminosity of 9.6 ‘flzollected about 40 MeVbelow tHE(4S) (“off-resonance”).

In Ref. [L0€] we describe the silicon vertex tracker and drift chamber used for track and vertex reconstruction, the
Cherenkov detector (DIRC), the electromagnetic calorimeter (EMC), and their use in particle identification (PID).

We reconstrucB), candidates from combinations of two tracks and’aandidate. We require that the PID of both
tracks be inconsistent with the electron hypothesis, and the PID of the track used to farbethrconsistent with the
kaon hypothesis. The” candidate mass must satisfyl1 < m(yy) < 0.16 GeV/c?, where each photon is required
to have an energy greater thahMeV in the laboratory frame and to exhibit a lateral profile of energy deposition in
the EMC consistent with an electromagnetic shower. The mass of taedidate must satisfy.4 < m(r*7%) <

1.3 GeV/c?. To avoid the interference region, tiiecandidate is rejected if both the" 7° andr— 7 pairs satisfy this
requirement. Taking advantage of the helicity structur&of> ph decaysf is denoteachelor trackhereafter), we
require|cos 0| > 0.25, whered,. is the angle between th¢’ momentum and the negativgé momentum in the rest
frame. The bachelor track from tipé decay must have @ e~ center-of-mass (CM) momentum abaveGeV/c.

For86% of the B — ph decays that pass the event selection, the pion fromp thes momentum below this value,
and thus the charge of theis determined unambiguously. For the remaining events, the charge pfisheken to
be that of ther* 7 combination with mass closer to themass. With this proceduré% of the selected simulated
signal events are assigned an incorrect charge.

To reject background from two-bodi decays, the invariant masses of théh¥ and h*7° combinations must
each be less thah14 GeV/c?. Two kinematic variables allow the discrimination of sigrizldecays from fake3
decays due to random combinations of tracks ati¢andidates. One variable is the differencel, between the
CM energy of theB candidate and/s/2, where /s is the total CM energy. The other variable is the beam-energy-
substituted massips = /(s/2 + pi - ps)2/E? — p%, where theB momentump ; and the four-momentum of the
initial state F;, p;) are defined in the laboratory frame. THeF distribution for pm (pK) signal peaks around O
(—45) MeV since the pion mass is always assigned to the bachelor track. We réqidire mpgs < 5.29 GeV/c?
and—0.12 < AFE < 0.15 GeV, where the asymmetrid £ window suppresses higher-multiplicify background,
which leads to mostly negativd F values. Discrimination betweenr andpK events is provided by the Cherenkov
angled: and, to a lesser extent, QyFE.

Continuume™e™ — qq (g = u,d, s,c) events are the dominant background. To enhance discrimination between
signal and continuum, we use a neural network (NN) to combine four discriminating variables: the recongtructed
mass,cos 6., and the two event-shape variables that are used in the Fisher discriminant c1@®gf. The NN is

trained in the signal region with off-resonance data and simulated signal events. The final sample of signal candidates
is selected with a cut on the NN output that retain§5% (5%) of the signal (continuum).
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Approximately23% (20%) of simulatedpr (pK) events have more than opé candidate passing the selection crite-
ria. In these cases, we choose the candidate with the reconstriatealss closest to the nominal mass. A total of
20,497 events pass all selection criteria. The signal efficiency determined from Monte Carlo (MC) simuliGfois
(18.5%) for pr (pK) events;31% (30%) of the selected events are misreconstructed, mostly due to combinatbrial-
background.

We use Monte Carlo-simulated events to study the cross-feed fromBttiecays. The charmless modes are grouped

into eleven classes with similar kinematic and topological properties. Two additional classes account for the neutral and
charged — c decays. For each of the background classes, a component is introduced into the likelihood, with a fixed
number of events. In the selected (pK) samples we expeét+ 1 (20 + 2) charmless two-body background events,
93+23 (87+22) charmless three-body background eveht8 465 (36 £ 18) charmless four-body background events,
and266 + 43 (54 + 11) b — c events. Backgrounds from two-, three-, and four-body decays #re dominated by

Bt — ataY, Bt — pz*, and longitudinally polarized3® — p*p~ decays. The K sample receives its dominant
two-body background fronB+ — K79, and its dominant three- and four-body background flBm- K*m and

higher kaon resonances, estimated from inclusive> K7m measurements.

The time differenceAt is obtained from the measured distance between: tpesitions (along the beam direction)

of the BY,, and BY,, decay vertices, and the boosf = 0.56 of the e*e~ system (80,181, 1101]. To determine

the flavor of theBthg we use the tagging algorithm of Re8(, 81]. This produces four mutually exclusive tagging
categories. We also retain untagged events in a fifth category to improve the efficiency of the signal selection and
the sensitivity to charge asymmetries. Correlations betweetfiavor tag and the charge of the reconstrugiéd
candidate are observed in varioBsbackground channels and evaluated with MC simulation. We use an unbinned
extended maximum likelihood fit to extract the andpK event yields, th&”P parameters and the other parameters
defined in Eq.[8.5€). The likelihood for thelV,, candidates tagged in category is

Ny m, K Np
Lp = efNLH Z {NphekP£Z + N’gq,hpgr]zc,h i Zﬁﬁ)”;} (3.57)
i=1 h Jj=1

where N is the sum of the signal and continuum yields (to be determined by the fit) and theAtkedkground
yields, N*" is the number of signal events of typ# in the entire sampley, is the fraction of signal events tagged in
categoryk, andN,‘jq’h is the number of continuum background events with bachelor track ofitypat are tagged in
categoryk. The total likelihoodC is the product of likelihoods for each tagging category.

The probability density functions (PDF$)", P{*" and the likelihood term£ ;" are the product of the PDFs of
five discriminating variables. The signal PDF is thus givem§§) = P#"(mps) - PP*(AE) - PPH(NN) - PP (6) -
P,fh(At), WhereP,fh(At) contains the measured physics quantities defined inEGE)( diluted by the effects of
mistagging and the\t resolution. The PDF of the continuum contribution with bachelor tfaék denotedP?".
The likelihood termcf,;h corresponds to th8-background contributiop of the N categories.

The signal PDFs are decomposed into three parts with distinct distributions: signal events that are correctly recon-
structed, misreconstructed signal events with right-gigharge, and misreconstructed signal events with wrong-sign

p charge. Their individual fractions are estimated by MC simulation. /hlg, AF, and NN output PDFs for signal

and B background are taken from the simulation except for the means of the signal Gaussian PBEs BindAE,

which are free to vary in the fit. The continuum PDFs are described by six free parametefis. FBE is modeled as

in Ref. [LO]]. The At-resolution function for signal anB-background events is a sum of three Gaussian distributions,
with parameters determined from a fit to fully reconstrucitdecays/80, [81]. The continuumA¢ distribution is
parameterized as the sum of three Gaussian distributions with common mean, two relative fractions, and three distinct
widths that scale thé\¢t event-by-event error, yielding six free parameters. For continuum, two charge asymmetries
and the ten parametefggq’h are free. A total of 34 parameters, including signal yields and the parameters from
Eq. (3.56), are varied in the fit.
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Table 3-5. Summary of the systematic uncertainties.

T K ™
Error source N7 N Acp Acp Cor Ao Spm ASpr

(events) (in units 010~2)
Amg andr 0.1 01 00 00 04 04 02 01
At PDF 1.2 19 04 02 14 08 15 1.2

Signalmodel 4.0 131 1.2 08 0.7 08 14 10
Particle ID 06 07 05 02 01 01 01 01
Fit procedure 8.0 157 04 0.2 04 04 04 03
DCSdecays 00 03 00 01 22 22 08 0.7
B background 16.0 142 79 28 3.0 35 21 138
Total 184 250 80 29 41 43 31 25

The contributions to the systematic error on the signal parameters are summarized Br3.abte uncertainties asso-

ciated withAmgy andr are estimated by varying these parameters within the uncertainty on the world ad93jge |

The uncertainties due to the signal model are obtained from a control sample of fully reconsBbictedD—p+

decays. We perform fits on large MC samples with the measured proportipng @k signal, and continuum anfl
backgrounds. Biases observed in these tests are due to imperfections in the PDFergpdelaccounted correlations
between the discriminating variables of the signal @htdackground PDFs. The biases are added in quadrature and
assigned as a systematic uncertainty of the fit procedure. The systematic errors due to interference between the doubly-
Cabibbo-suppressed (DCB)— 7icd amplitude with the Cabibbo-favoréd— cuid amplitude for tag-sidé3 decays

have been estimated from simulation by varying freely all relevant strong pH3is [

The main source of systematic uncertainty isthbackground model. The expected event yields from the background
modes are varied according to the uncertainties in the measured or estimated branching fractions. Systematic errors
due to possible nonresonaBf — #+7~7° decays are derived from experimental limii9f. Repeating the fit

without using thep-candidate mass and helicity angle gives results that are compatible with those reported here. Since
B-background modes may exhilgi? violation, the corresponding parameters are varied within their physical ranges.

The maximum likelihood fit results in the event yield®™ = 428 32 and N*K = 12012}, where the errors are

statistical. Correcting the yields by a small fit bias determined using the MC simulafiofot pr and0% for pK),
we find for the branching fractions

B(B® — prnT) = (226 £1.8£2.2) x 107°,
BB — p K") = (73113 +1.3) x 107°,

where the first errors are statistical and the second systematic. The systematic errors include an uncetté#ity of
for efficiency corrections, dominated by the uncertainty in #fereconstruction efficiency. Figui@-14 shows
distributions ofmggs and AFE, enhanced in signal content by cuts on the signal-to-continuum likelihood ratios of
the other discriminating variables. For th#-violating parameters, we obtain

ALT, = —0.18 +0.08 £ 0.03, A% = 0.28 +0.17 + 0.08,
Cpr = 0.36+0.184+0.04, S, =0.1940.24 4 0.03.

For the other parameters in the description ofB%FO) — pm decay-time dependence, we find
AC,, =0.281518 £0.04, AS,, =0.154+0.25+0.03 .

We find the linear correlation coefficients nc = 0.18 andcg ag = 0.23, while all other correlations are smaller.
As a validation of our treatment of the time dependence we aftoand Am, to vary in the fit. We findr =

THE DISCOVERY POTENTIAL OF A SUPER B FACTORY



190 Angles of the Unitarity Triangle

NSIOOJ N8507‘ T T
S | >
=80 =
N L N
260/ 2
T | 3
| ]

8

]
o

o

o b b e e e
5.24 525 526 527 528
Meg GeV/c
80 40~
3 3 |
s s
Z60 230
2 [ g |
5 | & [
340 {120}

N
[}
=
o

017005 0 005 01 015 ©01 -005 0 005 01 015
AE GeV AE GeV

Figure 3-14. Distributions ofmgrs and AE for samples enhanced o signal (a,c) angpK signal (b,d). The

solid curve represents a projection of the maximum likelihood fit result. The dashed curve represents the contribution

from continuum events, and the dotted line indicates the combined contributions from continuum evdbtscéated

backgrounds.

(1.64 £+ 0.13) ps andAm, = (0.52 + 0.12) ps—1; the remaining free parameters are consistent with the nominal fit.
The raw time-dependent asymmeﬂ;éo/ﬁn = (Npo — Ngo)/(Npo + Nzo) in the tagging categories dominated by
kaons and leptons is represented in Bid.5

In summary, we have presented measurements of branching fractiog®avidlating asymmetries il3° — p*n¥
andp~ K+ decays. We do not observe direct or mixing-indu¢#d violation in the time-dependent asymmetry of
B° — p*rT decays and there is no evidence for dir€ét violation in B® — p~ K.

Prospects for SuperB Factories

The precision of measuredP parameters described in this note is statistics-dominated and thus will greatly benefit
from much larger data samples of SugeFactories At the same time, it is important to note that there is a number of
issues which can not be resolved within quasi-two-body framework even a Bupactories One problem has to do

with the translation of experimentally measuwéd’,6C,S,6S into constraints on CKM angle. Even after assuming

that electroweak and annihilation diagrams are negligible, the remaining strong penguin pollution as well as unknown
phases between contributing amplitudes tend to reduce the size of the exclusion regioQfalitatively this can be

called a problem of “multiple solutions”. Another issue comes from the fact that the quasi-two-body approach doesn’t
take into account the effects pf- vs — p interferences. We found-a5% average linear dependence of the fit bias on

the generated parameters values, which is approximately the samed®t wiblation parameters. To get some idea

on how much improvement is expected with more data, we quote some preliminary results from projections done by
CKMfitter group 3€]. In one specific example, we use measutgtiviolation parameters, and assume zero penguin
contribution (see Fig3-1€). The unknown phase between two remaining tree amplitudes generates an eightfold
ambiguity. In the second example, we drop “zero penguin” condition but employ informationdfor: pr decays,
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Figure 3-15. Time distributions for events selected to enhancepthesignal tagged as (d??ag and (b)??ag, and (c)

time-dependent asymmetry betweBf,, and??ag. The solid curve is a likelihood projection of the fit result. The
dashed line is the totd- and continuum-background contribution.

assume thaB(B° — p°7) stays below experimental sensitivity, and use SU(2) flavor symni&étges Fig3-17). In
general, it was found that unless the branching fradf6B® — p°7) is small enough to be beyond the experimental
sensitivity, very large statistics is needed to significantly constrdirom data alone, even with the help of the isospin
analysis. Itis effectively beyond the reach of pr