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Radiative Penguin Decays froBABAR

G Eigen (representing thBABAR collaboration)

Department of Physics, University of Bergen

We summarize the lateSABAR results orB — K¢+ ¢~ andB — p(w)y.

1 Introduction

Electroweak penguin decays provide a promising hunting
ground for Physics beyond the Standard Model (SM). The :
decayB — Xgy, which proceeds through an electromag-® W s b
netic penguin loop, already provides stringent constsaint w

on the supersymmetric (SUSY) parameter space [ 1]. The
present data samples of 1 x 10®BB events allow to ex-
plore radiative penguin decays with branching fractions of  Figure 1. Lowest-order diagrams fd@ — K®¢* ¢~ in SM.
the order of 10° or less. In this brief report we discuss

a study ofB — K®¢+¢~ decay modes and a search for

B — p(w)y decays. w H X X

g

o
Qal

2 StudyofB—>K£’+€‘andB—>K*€+€‘ b u,c,t\s b u,c,t\s b ﬁ,é,i\s bIS,E,a\S

Figure 2. Penguin loop diagrams involvingvd boson, a charged

+ p— * p+ p—
The decay®8 — K{"(" andB — K'£*{" proceed through Higgs boson, a chargino and a neutralino, respectively.

an electromagnetic penguin loopZ4 penguin loop or a
weak box diagram as shown in Figlile 1. In the framework
of the operator product expansion (OPE) the decay rateg givided into three regions, a signal regiceB boxes
is factorized into perturbatively calculable short-dista  ,.5,nd the signal), the fit regiomgs > 5.2 Gev,
contributions that are parameterized by scale-dependerptAE* < 250 MeV), and a large side banuids > 5.0 GeV,
Wilson codficients and non-perturbative long-distance ef- | AE* |< 500 MeV). Specific selection criteria are used to
fects that are represented by local four-quark operatorsgnnress individual backgrounds. A Fisher discriminant [
Operator mixing occurring in next-to-leading order pertur g js ysed to eliminate the back-to-back continuum back-
bation theory leads to thregfective scale-dependents)  ground. It is based on event shape variables such as the
Wilson codficients,C;" (ub), Cg *(n), @ndCyy (up) that 15t angle between the daughter particles ofmaeson
are each sensitive to New Physics contributions. Examangidate and that of the remaining particles in the event
ples for non-SM penguin loops are depicted in Figdre 2.(003&), the B decay angle in th&(4S) rest frame be-
In the Standard Model the branching fractions are pre-yyeen the B candidate and the beam axis @dsand the
dicted to be within the following range$(B — K¢*¢7) = ratio of second-to-zeroth Fox-Wolfram momerfs)[ B],
(0.23-0.97)x10°%, B(B — K'u'u”) = (0'816_ 2.64)x10° as well as the invariant mass of the— ¢ systemmy,. To
andB(B — K'e'e’) = (1.09-3.0)x 107 [2]. Insu-  giscriminate against combinatorBB background a likeli-
persymmetric models, for example, the branching fractions, o6 function is used that combines the missing energy in
my be enhanced by more than a factor of tib [ 1]. the event Eniss), With the dilepton vertex probability, the
BABAR has analyzed eight final states whené*a K2, K*° significance of the dilepton separation along the beam di-
or K** recoils against au*u~ or e‘e” pair, us- rectionand cogj. To reject events frorB — J/yK® and
ing an integrated luminosity of 7& fb~! that corre- B — ¢(2S)K® decays withd/y(4(2S) — ¢*¢~ that have
sponds to (84 + 0.9) x 10° BB events. The dis- the same event topologies in a restricted mass region
criminating variables are beam energy-substituted massas signal events, the shaded regions int&eé — m,, plane

N 2 shown in Figurd13 are vetoed. The inclined bands provide
Mes = (Bpean)” = (P) and the energy dierence an dficient rejection of)/yK® events in the fit region, in
AE* = E§ - E;,» Wherepg, E; andE;_, denote the

beam’ _ which one or both leptons radiated a photon.
B-momentum, B-energy and beam energy in the center-

of-mass (CM) frame, respectively. ThéE* — mgs plane The selection criteria are optimized on simulated data as
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Figure 4. Projections of the two-dimensional fit of the combined

well as data sidebands. The simulated data are used to d&£*¢" data sample for ayes after the constraint0.11 < AE" <
termine dficiencies and estimate the contribution of back- 0-05 GeV and bAE" after requiringimes — mg| < 6.6 MeV/c?.
grounds that may peak in théE* —mes signal box. Specif- The solid anql da_shed curves show the entire fit and the tatkt ba
ically, the decay channel8 — K'y, B — J/t//K(*), ground contribution, respectively.

B — y(2S)K®, B —» K®z% B —» K&y, B — K,
B —» KKn, B - KKK, andB — Dx have been stud-
ied. The Monte Carlo results are checked with data contro 29} a)
samples, including exclusive and inclusive charmonium_
decaysp — Dr decays, data sidebands at@e* ™ sam- §
ples. For the combined exclusive charmonium modes w3
achieve an excellent agreement between data and Mon'g
Carlo for the ratio of event yields of@13+ 0.018. Further

details of the event selection are discussed.in [ 6].

=
o

[4)]

Events / 0.05 GeV

o— . . ; .
02 01 0 01 02
AE (GeV)

0
-
<

In each of the fouK¢*¢~ final states, a signal is extracted
from a two-dimensional fit to thengs — AE* plane. Sim-
ilarly, a signal yield for the fouK*¢* ¢~ final states is ob-
tained from a three-dimensional fit to thgs — AE* — my, 0 I I ! I
space. The signal shapes are obtained from Monte Carl 5.2 5.22 524 526 5.28
samples with fine-tuning on the exclusive charmonium mes (GeV/ ¢?)
modes. To account for the asymmethE* and Mgg dis-
tributions that result from radiatiorffects of the final-state  Figure5. Projections of the tree-dimensional fit of the combined
leptons and correlations in the two variables a product of<"¢"¢” data sample for ajes after the constraint0.11 < AE" <
Crystal Ball functions is used[[17]. The combinatorial %05 GeV and (817 < my, < 0.967MeV, b) AE" after requiring
backgrounds are parameterized with ARGUS functions [ImES ~ Mgl < 6.6 Mev/c? and* 0817 < M < 0.967MeV, and
8], where both the normalization and the shape parameg) My, satisfying-0.11 < AE" < 0.05 GeV andmes -~ ml <

! . T 1 6.6 MeV/c?. The solid and dashed curves show the entire fit and
ters are left free. Only i — K*e'e", a significantyield e total background contribution, respectively.
of 16.2748 events is observed. The selectidfi@ency is
(19.1 + 1.1)%, yielding a branching fraction of

Events / 0.0

Events / 0.04 GeV/ ¢?

0
0.7

0.8 0.9 1 11
m,. (GeVic?)

range from 6%- 12% forK¢*¢~ modes and 7% 15% for
K*¢*¢~ modes. The largest contributions result from the
The second largest yield of @33) events is found for Kg efficiency (10%), the model dependence (498%), u

B° — K*%*e" for which a selection fiiciency of (106 + |dent|_f|cat|0r_1 (32%), BB likelihood ratio (13% — 5._6%),
0.9)% is achieved. The individual results for each of the the Fisher discriminant (8%-3.1%), and the tracking ef-
eight final states are summarized in TdBle 1. ficiency for hadrons (B% — 3.9%). Contributions from
o ) ) ~ K/r identification,e identification, tracking fficiency for
The Mes andAE" projections of the two-dimensional fit entons, Monte Carlo statistics a8 counting are small
for the combinedB — K¢*(™ final states are shown in (104 204). The additive systematic errors thafieat the
Figure[3. The corresponding distributions of the three-gjghificance result from the signal yields in the fit, includ-
dimensional fit for the combineB — K*£*(" channels 4 yncertainties in signal shapes, background shapes and
as well as themg, mass projection are shown in Fig- he amount of peaking backgrounds. Including systematic

ure[3. In order to combin&*u*u~ andK*e'e” results  grrors the significance of the combingd* ¢~ sample is
their ratio of branching fractions is assumed to&(®& — 7.0c, while that of the combinel*¢* ¢~ sample is Do
K*e*e")/B(B —» K*'utu~) = 133 [[I]. The multiplica-

tive systematic errors that do noffect the significance For the combinedB — K¢*¢~ modes we measure a

B(B* — K*e'e") = (0.967338 + 0.06)x 107° (1)



Workshop on the CKM Unitarity Triangle, IPPP Durham, April 2003 3

9.6 fb~! in the continuum 40 MeV below th¥(4S) peak.
Challenges in the analysis stem from a hggeontinuum
background including initial-state radiation, backgrdun
from B — K*y and the fact that thg resonance is much

Table 1. Measured event yields, fliciencies and branch-
ing fractions forB — K¢*¢- and B — K*¢*¢~ modes.

Mode yield €[%] Bx 10° broader than th&* resonance. Thgqy continuum back-
[events] ground with a hard from initial-state radiation may have
B" > K'efem [ 16277 [ 191+11 | 0.96'355705¢ a similar event shape as that of the signal which is less
BT - Ktutu~ 1.Of§-6' 8.7+0.6 0,14f§3%838§ spherical than a typica3B event. Photon candidates with
B? - K%*e" —-05'18 | 206+25 —O.Osf%)-Z&%-05 energies of 5 GeV < E, < 3.5 GeV that are inconsis-

B® — Ko%utu~ 5.0?81'0 9.2+0.7 1,75{0-99915?{5)205 tent with originating from ar® or  decay are combined
B° - K*0gte™ 7.8;%% 135+ 0.9 0_98t8;5318;%§ with a p*, p°, or w candidate, where the vector mesons
B® » K*O%u*yu~ | 4538 | 65+06 118085028 are reconstructed from*z°, 7*z~ and three-pion combi-

B* —» K*tete™ 2.75‘213% 102+ 1.4 1_315?3%%2 nations, respectively. Rejecting charged tracks in the sig
B* — K**utu~ 4_43:3 50+ 0.8 4_332-3&8@3 nal that are consistent with a kaon, tiér misidentifica-
tion is less than 1%. Ther (37) invariant mass has to
lie within a mass window of 528 1020 MeV/c? (7596 —
branching fraction of 8056 MeV/c?) and its momentum in the CM frame must
satisfy 23 < p;, < 2.85 GeV/c (24 < p;, < 2.8 GeV/c).
B(B — Ke'e") = (0.68'1% + 0.04)x 10°°. (2) A 2° candidate must have gy invariant mass of 115

m,, < 150 MeV/c2. To improve the momentum resolu-
For the combinedB — K*¢*¢~ modes we determine a tion we perform a kinematic fit witm,,, constrained to the
branching fraction of nominalz® mass.

To reduce theqq continuum background a neural net-
work is used that is based on event-shape variables
(COShinrust, COSFg, COSbheiicity), the Dalitz decay angle for

w, the energy flow in 18 cones around photon direction,
the vertex separatiofiz, the ratio of second-to-zeroth Fox
Wolfram momentR,, calculated in a frame recoiling the
photon and the net flavor in the everii ]l 10]. The neural

B(B* — K'e'e") = (1.4'530+0.21x 10°°. (3)

The BABAR results are consistent with those obtained by
BELLE [ 9] and most SM predictions, b@&(B — K¢+¢7)
is almost 2r higher than a recent next-to-next-to-leading
order prediction o3(B* — K{*¢7) = (0.35+0.12)x 10°®

(. network is trained with Monte Carlo signal events and con-
tinuum data. The neural network output is cross-checked
3 Search for B — p(w)y with data using eB° — D~z* sample that has a similar

topology as the signal and théf-@esonance data sample.
The decaysB — p(w)y are flavor-changing neutral cur- Further details of the event selection are discussedin.[ 11]

rentb — d transitions that are mediated by an electro- o A\p+ _ mes distributions for the final data samples are

Shown in Figurdd6. The signal yields are extracted from
) T i a maximum likelihood fit in the three-dimensional space
by New Physics contrlbutlon.s as iB — K'y. They  \p«_ Mes — m,(m,,). The procedure is crosschecked with
are, h0\2/vever, suppressgd with res.petho—> K*_y by ourB — K*y data samples. Fd — K*0 (K**)y the maxi-
N‘d/VtS' . Thus, measuring the ratio of branching frac- oy, jikelihood fit yields 342+ 21.0(931+126) events,
tions (B — py)/B(B — K*Y)' allpws us to extract —pich js in good agreement with the expected yields of
|th/Vt§|. In SM the _branchlng_ fracUo_n for the_ charged 335, 3¢ (105+ 18) events, respectively.

mode in next-to-leading order is predicted to lie between

B(B* — py) = (0.85+ 0.4)x 106 [Z] andB(B —  The extracted signal yields of8t32 events forB — %,
p*y) = (1.58953) x 10°° [ 3]. For the neutral modes the 6.2¢5 events forB — p*y, and 015 events forB —
branching fractions are a factor of two smaller than thatwy are consistent with background. Th#i@encies are
for Bt — p*y due to isospin. By determining the ratio of 12.3%, 92% and 46%, respectively. Including systematic
decay rate§'(B — py)/T(B — K*y) uncertainties due to  errors, which respectively increase from.8% to 134%
scale dependence and a precise knowledge of form factorgnd 173% for the three decay channels, we obtain branch-
cancel except for SU(3) breakingfects. The largest re- ing fraction upper limits @ 90%L of B(B® — p%) <
maining theoretical uncertainties result from contribng ~ 1.2x 10 6,

of W-annihilationW-exchange diagrams, which amount to 8(B* — p*y) < 2.1x10°°, andB(B® — wy) < 1.0x107°

~ 20% inB* — p*y and to~ 13% inB® — p%(w)y [A2]. These limits are significantly lower than those of previous

BABAR has searched foB — p(w)y modes using an in- searches[[16]117]

tegrated luminosity of 78 fo~! on the T(4S) peak and  Assuming isospin symmetry the'y andp®y samples are
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Table 2. Extrapolations of the significance, experimental error on
the branching fraction and experimental error\dg/V;s| for the

combinedB — p(w)y modes expected for filerent luminosities.

Luminosity | significance| (cg/B)exp | 0(Vid/Vis)
100 fbot 19-28¢ | 0.38-0.53 | 0.19-0.27
200 fot 27-39¢ | 0.28-0.38 | 0.14-0.19
300 fbt 33-48¢ | 0.23-0.31 | 0.12-0.15
400 fot 39-55¢0 | 0.20-0.27 | 0.1-0.14

500 fot 43-6.20 | 0.18-0.25 | 0.09-0.13
1000 foort 6.0-870 | 0.14-0.18 | 0.07-0.09
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Figure 6. AE* — mgs scatter plots of the fit region for &* —
oy, b)B® — p% and c)B® — wy candidates. The boxes indicate
the expected signal regions

combined yieldingB(B — py) < 1.9 x 108, Using the
recentBABAR B — K*y branching fraction measurement
[ @4] this translates into an upper limit on the ratio of
branching fractions of3(B — py)/8(B — K*y) < 0.047
@ 90%CL. To constrain the ratio diy/Vis| we use the
parameterization[[12].

BB-py),
B(B - K*y

Vig
Vis

[ 1- /Mg

3
—2 = | 2[1+AR]. (4)
1—mﬁ*/Mé]

The parametef represent$SU (3) breaking whileAR ac-
counts for the annihilation diagram B — p*y. Using
¢ =076+ 0.1 andAR = 0.0 + 0.2 ([[12], [[LE]) we ob-
tain an upper limit of\Viq/Vis] < 0.34 @ 90%CL. This
is still larger than the limit ofViq/Vig| < 0.23 @ 95%CL
which is derived fromBsBs and B4By mixing results for
Amg, = 0.503+ 0.006 ps?, Amg, > 144 pst @ 95% CL
andé¢ = 1.24 [[18].

on [Vig/Vigl) result from the present event selection, while
the large (small) values are obtained by assuming that for
the same selectiorfficiency as in the present analysis the
background is halved. For a luminosity ©f500 fb™* a
significant measurement of these modes is expected. The
limiting factor for extractingViy/Vi4 is the theoretical un-
certainty fromSU(3) breaking and the size of the annihi-
lation diagram. The latter uncertainty can be removed by
using onlyB® — p% events, but for the same significance

a factor of four increase in luminosity is required.

4 Outlook

By 2007 BABAR expects to record an integrated luminosity
of ~ 500 fbol. This sample will be sfiicient to measure
theB — K®¢*¢~ andB — p(w)y branching fractions with
reasonable precision. Due to the theoretical uncertaintie
however, tests of the Standard Model will be rather limited.
For example, at a luminosity of 1 abthe presently quoted
theoretical uncertainties foWq/ Vi will be larger than the
extrapolated experimental errors.

Observables that are barelffected by theoretical uncer-
tainties and, therefore, provide excellent tests of th@-Sta
dard Model are the lepton forward-backward asymmetry
as a function ofn,, measured iB —» K®¢*¢~ modes and
directCP violation in B — py channels. In SM the lepton
forward-backward asymmetry in tiBrest frame for dilep-
ton masses below thly has a characteristic shape, cross-
ing zero at a specific dilepton masBI[ 1]. The zero point
is predicted in SM with small uncertainties. With limited
statistics we will just determine the zero point, while with
high statistics we will be able to measure the entire distri-

The present upper limits are approaching the theoreticabution. Deviations from the SM shape will hint to New

predictions. Assuming a branching fraction 8(B* —
pty) = 1x10%andB8(B° —» p% = B(B = wy =

Physics. In SMCP asymmetries iB — py could be as
large as 12%, but may be modified considerably in models

%ZE(B+ — p*y) we estimate a signal significance and with minimal flavor violation [[12]. Precise measurements

experimental errors for fierent luminosities as listed
in Table[2. The small values for the significandee.(

of the shape of the lepton forward-backward asymmetry
and directCP violation in B — py, however, require data

large experimental errors on the branching fraction andsamples that are several tens oflab
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