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We are witnessing B physics adding high accuracy to high
sensitivity driven by

o magnificent experim. facilities challenging and thus inspiring
o theoretical technologies

[J Justification for Super-B factory as 3rd generation facility

qualitatively different from B factories as 2nd genen. facility
higher statistics fi precision tool



0 more accuracy .. on CKM parameters V(ub), V(td)

0 more decays .. B Ae/mnD,BAtnD, B A gX,
0 new territory ... °(bs) /A B_B,

no need to apply if important, yet hard measurements deter youl

can we answer the "1 % challenge"?

predict

measure observables with ~O(1%) uncert.
Intferprete

diagnose

assumptions justified on the ((10%) accuracy level might no
longer be adequate on the A(1%) level

Case study on V(ub) to illustrate the paradigm

iKTimer and a TIFF (Uncomprossad) decomessor ar naeded o see s icre.



m\e Mew

0 |V(eb)|, [V(ub)| [IV(td)I]

0 supporting measurements

o moments, experim. cuts
0 g spectrum

0 quality control

o higher moments
1 Byvs. B, vs. B,
o Dj;resonan. & Sum Rules

0 New Physics & B A tn D

numbers & details
less important here

-- for they can & will change! --

emphasis on
for high
accuracy paradigm:

1 build rich data base

involving hard
measurements

1 work to overconstrain
as much as possible




On the power of the OPE

0 a host of observables expressed by a universal cast of
Heavy Quark Parameters (=expect. values of local operators):

Mg, M2, Mg2, 3, 1.3, ..
tonly 2 local operators in O(1/mg° ) |

0 energy & mass moments yield HQP, which in turn can be
used universally

N . in general not a 1-to-1 correspondence
moments € HQP

7 need linear combinations of moments




rﬁ V(cb)u 1 the " golden’ way

3 methods [ the "gold-plated’ way
[ the "Cinderella' story

(1.1) The golden way: G(B /£ I n X_.) " inclusive

Benson,Mannel,

G(B A In Xc) :F(V(Cb),HQP:mQ, mpz,---) +1- Uraltsev,IB,
2% Th. /‘ NuPhy. B665,367

limiting factor: perturb.
correct. to nonpert. contrib.

: do not rely on expansion in 1/m |
1 do not impose constraint
my-m,= <Mg> - <Mp>+m 2(1/2m-1/2m,)+nonlocal op.
can check it a posteriors

iKTimer and a TIFF (Uncomprossad) decomessor ar naeded o see s icre.




1 ]V(cb)/0.042| = 1-0.65[m,- 4.6 GeV] - 0.61(m_-1.15 GeV)
+0.06(mg? -0.35 GeV?) - 0.013(m 2 -0.4
GeV?)

energy/had. mass moments £ HQP

M,(E) = G'UdE, E, d G/d E,

M. (E) = G'UdE, [E- M(E)I"dG/dE, ,n>1
M,(My) = GUdM,2 (My2—M2) d G/dM2

M, (My) = GIUdM2Z (My2- <My25)nd G/dMy2 , n > 1
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1 ]V(cb)/0.042| = 1-0.65[m,- 4.6 GeV] - 0.61(m_-1.15 GeV)
+0.06(mg? -0.35 GeV?) - 0.013(m 2 -0.4
GeV?)

|V, |1=0.0416¥(1+0.017 | expt0-010 | r@y£0.015 | yp)

/ "\
Achille “us
vs. "dm, ~ 2% implying 5|V | >5%"???

[.=F(m,-0.65m.)]
[Fparfpmbz(mb—mc)3]
|V(cb)/0.042| = 1-1.71 [<E-1.38 GeV]- 0.06 (m.-1.15 GeV)

+0.08 (mg2 -0.35 6eV?) - 0.07(m,? -0.4 GeV?)
- 0.05(ry3-0.12 GeV3)- 0.005 (r  ;3+0.15 GeV?3)

n

low moments depend on ~ same comb. of HQP!
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‘caveat emptor” : relation {moments <> HQP}
has not been scrutinized yet o same degree as
relation  {Gg (B) <> HQP} (s.later)

(1.2) The gold-plated way: B & In D* at zero recoil - " exclusive’

measure rate of B -> | n D*
® extrapolate to zero recoil & extract |V(cb) Fy- (0) |
Fox (0) = 1+ O(1/mg?) +Aa,) normalized

©
© holds automatically for m, = m_
® expansion in1/m.



[ 0.89:0.08[0.05] Uraltsev et al.: O(1/mg2)
0.913+0.042 BaBar Book: not a consensus!
Fox (0) =< 0.935 +0.03 first prelim. lattice: Hashimoto, Kronf. et al.

0.913 #0024 | 00 o0 2nd guenched lattice:H K et al. O(1/ m%
[~ 0.89 at A1/mg

caveat: relies on expansion in 1/m |

\
will use:  Fy« (0) =0.90 + 0.05 for convenience

|Fs» (0)V(cb)| = 0.0367 + 0.0013
> |V(cb)|,ue= 0.0408¥(1 + 0.035],,, + 0.064,.,,)

VS.

VcbI
()

® theor. br'lckwall" for' IV(cb)Iexc, expansuon in1/m/

10



(1.3) A " Cinderella’ story in the making? B /£ In D - exclusive’

I
B/ In D seenas poor relative’of BA|InD *

* Foep(0) has 1/m, term -- unlike for Fpn+(0)

* Faep(0) -- unlike Fpzp+(0) -- not normal. to unity for mg /E *
another " cinderella’ story in the making?

BPS limit as " good fairy’

if u2=ps2: cemn|B>=0,p2=3/4

0 FF f(g%)= -(Mag-Mp)/ (Mp+Mp) f.(g%) modif. by pert. corr.,
unaffect. by power corrections

inreal QCD p 2 - g2 <« p 2, p?~3/4

expansion in B=[3(p2-3/4)1V2 = 3 [5,]<0, 21
irreducible df,(0) ~ exp(-2m_ /g ~ few %
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Program:

[]
[]
[]

extract |V(cb)| from B £e/mn D

compare with " ftrue' |V(cb)| from G, (B)

If successful, use it for B A tn D (2nd FF!)

[ hadronic FF does not drop out from G(B A£tn D)/ G(B A mnD)!]
check for New Physics contrib. to B £ tn D (Higgs-X)
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vl

Inclusive method

© expansion in 1/m, better
© purely perturb. contributions better known

©® need m, rather than m, - 0.65 m_ ,
[l need higher moments

(reason # 2)
® no HQS in final state, no SV Sum Rules

® experimentally much harder

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 13



(2.1) Lepton Energy Endpoint Spectrum

= ==
—
=
—_ ==

~ 10 % of signal accessiblel

] expect sizeable violations
to local duality

0 will not be a
precision extraction of

|V(ub)|!

I model dependance can be reduced

inferring shape function from B /£ g X
spectrum but far from eliminated:
1 subleading correct. to shape fction
, Shape fct(bAgs) = shape fct(bZlnu)

+ A1/m,)
- endpoint different for B, and B*
due to WA Uralt., IB '94

b W |
>\\... <
U N g

S 9'5
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(2.2) Hadronic Recoil Mass Spectrum

partially integrat. had. recoil mass spectrum
U dMyds/dMy (B ZE I n X) with My o< Mg

~ 90 % of signal
accessiblel b /E ¢
b/Au Lj\
— T > My
MD MD*

mild dependance on cut-off My o fOr My o~ 1.6 GeV

15



least reliable part theoretically: low q% (q = lepton pair mom.)

J cut low g2 Bauer et al.

© can be done
® lose constraints due to Sum Rules

® retain < 50 % of rate -- duality viol.?

[ infer from recoil mass spectrum in B A g X Uraltseyv,
IB

® need photon spectrum below 2 GeV - say 1.8 < E <2 GeV

L] + *+ LI -+='-—'_
+. " s

it _ .
~h /o ats

- 2.5 3.5
E, (GeV) E, (GeV)

*J..L —

4.5
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ﬁﬁw(fdu

usual avenues:

- K*ZEp*nn best -- theoretically

r'w vs. B/ g K* control over long distance
dynamlcg7 J J

n B, - B vs. B, - B, oscillations

newcomer (?): differentiate between
BAg X, vs. BAEg X,
to extract |V(td)/V(ts)]
® experimentally very challenging
© theoretically clean --
©® within the SM
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FV Impact of Experimental Cuts

Experimental cuts on energy etc. applied for practical reasons

yet they degrade " hardness’ Q of transition

3 "~ exponential’ contributions exp[-cQ/m, 4] missed in usual
OPE expressions

[ quite irrelevant for Q » m, 4

[ yet relevant for Q ~ m, /|

forBAEgX; Q=m,-2Ey
eq.. forE ,~26GeV,Q~1GeV!
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earlier work by C. Bauer

pilot study (Uraltsev, TB) ; considers very different .effec’rs |
-+ addresses theor. uncertaint., not biases!

~ 15 % shift omy v ~ 40 % shift 2
0.15[ Qe 25l Gl
fOr' Ecu.'.:z GeV 0.125 for' Ecu.'.:z Gev

Eut, GeV
1.4 1.6 1.8 2.2 1.4 1.6 1.8 2.2

absolute due to experim. cut

2 different ansaetze for distribution function
[curves shown for m,=4.6 GeV, 1. 2= 0.45 GeV/?; bias depends on HQP]
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average /A m,/2

Ao

B, ||

it

N

A B R
1.5 2.5 3.5 4.5 1.5

N B
2.5 3.5
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width £ m,,?
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4.5
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terms ~ O(1/mg?) irrelevant for this analysis
0 only 3 dimensional parameters: m,, u.2, Q=m, - 2 E_;

0 simple scaling behaviour arises

[ have created six tables for < versus —ss. There are three tables for each
o M o M
different ansatz. The three tables are for £ = 0.7, 1.0, 1.3, | have plotted the tables
for you to ses,

|
0.4 drmy
- 'v.,.-".l'f%
0.3r .
- 3
0.2r .
0.1} K 2
| 1r,
-': . {-
tr: II'I._:I
t::”, 1"*'”’__'
F¥iianpens Baw Bbmsew
0.5 1 .o y = ’

Figure 1: £’..'.: VOTHIS = UEing the e distribution function. The blue line gives
W M W M

the bia= for "fr 1. The purple and green lines show the variation in the ratio as

f_?g is varied n-wr-r +30H .

21



QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

ickTime™ and a TIFF (Uncompressed) decompressor are needed to see this pi



4.6 GeV?
B ‘ ¢ BaBar

* CLEO
s DELPHI

theory

hadronic mass
moments in B &l n

X

[J encouraging, yet more work needed
Lessons:
-+ keep the cuts as low as possible
o bias in the meas. moments induced by cuts
0 can be corrected for
0 not a pretext for inflating theor. uncert.

7 moments meas. as fction of cuts: important cross checkl
23



' V Quality Control

Overconstraints most powerful protection against ignorance

7 measure higher (2nd and 3rd) moments

o of different types

0 keep energy cuts as low as possible

0 yet analyze moments as function of (reasonable) cuts
0 final states in B £ | v D(s, = 1/2 or 3/2)

prod. of diff. D(s;) HQP

SSV sum rules

.
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r’(m)-1/4 =S, [t;, W[F+28, [t;, ™
1/2 =-28, [t , W[+ S, lt;, ™
T—(m) =2 ( Sn en |t 1/2 () |2 +2 Sm em |t 3/2 (m) |2)
mzp(m)/3: Sn en2 |t 1/2 ) |2 +2 Sm em2|t 3/2 (1) |2

m2;(m)/3=-2 3, e?|t,, ™[>+ 25 e, t;,™ |

O o 0O 0O

O ... where: t,, & t,, denote transition amplitudes for
BA|vD(s,=1/2 or 3/2)
with excitation ener'gy e, = M(B)-M(D,), e, £m

[ rigorous inequalities + experim. constraints

SV SR strongly suggested broad D(s,=3/2) to lie below
2400 MeV -- contrary to usual m’rer'pre’ra’non of data.

BaBar's discovery of D.; reopened issuel

25
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o extract CKM parameters separately for
SL B, vs. B, vs. B, decays
as a check on quark-hadron duality

rationale: nearby & narrow resonance could modify rate
ObAEc DI=0
0 resonance could affect B, & B, & In X, -- but equally

nBwAeknity¥), G 5 (B,) would provide test!
not doable at had.coll.(?)

26
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ObAuw DI=1/2
L] dS(BdE In Xu)/dE| 1L dS(BuE In Xu)/dE| In O(I/mb3)|
b W I
ORI,
u -’ ~o |
S
0 ByAEInX, vs. B,Z£ In >?u

T.=[1+1] I,= [1,0]+[0,0]
Bﬂg‘ﬁ['“zﬁJd d}/fsfererL?&fLyﬂrresmance
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VE Summary_|

1 -5 % accuracy level in

0 |V(cb)| achieved
0 [V(ub) Tno’r utopian

(G J

0 1V(td)

Y

_

- requirements
n theoretical analysis challenged and fed by
o rich data base
o that requires > 0.5 ab! data from B factory
» with constant re-evaluation of assumptions & approxim.
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e.g.:

to extract a value for |V(ub)| with an error estimate that can
be defended need

1 measurement of U dMyds/dMy (B £ I n X) with My o< Mp
0 preferably for By & B, separately and the
0 photon spectrum in B &£ g X with 1.8 <E <2 GeV
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uickTime™ and a TIFF (Uncompressed) decompressor are needed to s this picture.
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uickTime™ and a TIFF (Uncompressed) decompressor are needed to s this picture.
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