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b — svis a FCNC process, only
happens at loop level in SM

Inclusive b — s~ can be used to
study HQE parameters

Theory uncertainty on Branching
Fraction is 10% at NLO

SM predicts Acp(b — s,dv) =

109
w- v
d S
/ \
b - L - : - S
u,c,t 3-2001
8591A21

Overview of b — sv
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* New Physics contributes at same
level as SM

* Measurable changes in Branching
Fraction and Ao p are indications of
New Physics

* Add constraints in new physics
search, such as in MSSM, Higgs in
2 Higgs Doublet Model

°* BF at NLO (for Ey > 1.6GeV), B(B — Xsv) = (3.617937) x 10~*

T. Hurth et al, Nucl. Phys. B 704, 56(2005)
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Photon Spectrum and Shape
Function

Fermi motion of b quark in B meson 2000 f~ T LT T T
leads to the modification of Photon 1800~ |- M,=4.95 GeV 3
spectrum £, decribed by Shape 00E | =480 Gev rLI'l —
Function (SF) 1400 -Ll_l =

1200f- |— m,=4.65 GeV &
SF is universal for inclusive Saih: ’Ll-l 3
B — Xsvand B — X,lv from B B g
meson decays 600 - =
Photon spectrum and its moments 400 3
are related to HQE parameters, 200 5
my =2 < Ey >, L R 2 25 3
p2 =< B?— < E >2> E* (GeV)

* Kinetic Scheme (my, p2, pZ, etal, Benson etal, NPB710,371(2005))
and SF scheme (my, 12, Bosch etal, NPB 699,335(2004))
are often used to fit £

* The HQE parameters from b — s+ spectrum can be applied to extract CKM element
|Vup| from b — ulv
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Inclusive B — X,v Analysis
Approaches

Fully inclusive Sum of exclusive Y
(with lepton tag)
B %‘
S S Q*D

/ i Knr, K rt,etc
eorp X. \;, X
v * Advantage:
* Advantage: Low background
Insensitive to fi nal state Good photon resolution

Fragmentation, theoretically clean - Disadvantage:

* Disadvantage: Sensitive to details of X
A lot of background fragmentation
E7 is measured in Y (45) frame Missing X Modes
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Inclusive B — X,y

[T
n expect
r expect
gl B X Ee.1

* Require E7>1.9 GeV (* means
in CMS). Lowest possible £~
cut is preferred to minimize
model dependence

* Veto ¥ and n backgrounds

* Dramatically reduce continuum
background with opposite-side
lepton tag and event shape

variables

Evenls / 100 MeY

* Subtract remaining continuum
o 2 background with off-peak data

* Plots show the E7 spectrum be-
fore and after cuts

0
1.8 1.8 2 2.2 3.4 28 2.
Reconsirueled E'T = Simulation
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* BF(Ey > 1.9GeV) =
(3.67 £0.29 £0.34 £ 0.29) x 10~ 4
BF(Ey > 1.6GeV) =
(3.94£0.31 £0.36 £0.21) x 10~4
Extrapolated to 1.6 GeV using
Kinetic Scheme

D'(b—(s+d(v)=I'(b—(5+d(v)
I'(b—(s+d(v)+T(b—(5+d(v)
= —0.110 4+ 0.115(stat) + 0.017(sys)

* Acp =

Inclusive B — X,y

89 M BB events

b — s~ efficiency is energy
dependent

Photon Spectrum is before
effeciency correction

Spectrum from best fit to kinetic
scheme(black) and shape function
scheme ( blue)

Moments( £~ > 1.9GeV) :

first moment:

2.288 +0.025 4+ 0.017 & 0.015GeV
second moment:

0.0328 4 0.0040 + 0.0023 £ 0.0036GeV 2

Published (171803,PRL97(2006))
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Sum of Exclusive B — X,y

Sum of 38 exclusive modes with K (nw)vy (n < 4), K(nm)ny (n < 2),
and 3K (nw)vy (n < 1) final states

Background reduced with 7° and n vetoes
Event shape variables used to reduce continuum background

Uses JETSET to model Xs fragmentation

M2 —M(Xs)?
2Mp

El)/:

Efficiency decreases with M (X ), Missing fraction ( and its uncertainty)
increases with M (Xs)
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Sum of Exclusive B — X,y

* Fitmpg = \/(E;;eam)2 — (p%)2 in bins of M (X)

° As an example, mgg fits for 1.4 < M(Xs) < 1.5 GeV region are shown below

Events /0.003 (GeV)
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18 20 21 22 23 24 25 28
ET (GeV)

°* 89 M BB events

* BF( Averaging two schemes):
0.55+0.04 _
B=(3.2740.187)52100%) x 1074
for £, > 1.9 GeV
Extrapolated to 1.6 GeV,
0.56+0.04 _
B=(335+0.19T0551005) x 1074
* Aubert etal,PRD72, 052004(2005)

Sum of Exclusive B — X,y

x1079
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* Moments ( £, > 1.9GeV:
1st: 2.31 +0.038700%% GeV
2nd: 0.0253 + 0.010170-007% GeV/?

* Isospin asymmetry:
A _ (B> X 7)) -T(B~ —Xsuav)
0= = T(BO=X_ )T (B~ —Xsav)
= —0.006 = 0.058 £ 0.009 + 0.024
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Inclusive B — X,y Summary

T w I T—rrr 'I LB e 3 I' IIIIIIIIIIII I TTErY l T % :
- SM Theory o C
B T 24
B = -
[ (n fullyind 05 - . e I
- 86 M - g 23
- L sumexcl 05 - \ 29 L ‘ ‘ ‘ ‘
% i 18 1.9 2 2.1 2.2 2.3
- % Ly S CLEO 01 o
P by m B N N
il S T T—
L. W Sty Delle U - R AR RO
# g fully incl '04 = 004+ , . Theory Central value
¥ " N % C Theory range
n e Belle il E T D e
i iR - sum excl '07 . § 0.02 I e NG S
bic E o - T~ Y
- [ L L
0 - ; -2 -4 Voo 18 19 2 21 22 2.3
BB -» Xgy) (10 ) ' ' Minimum Photon Energy (GeV)

* All BF extrapolated to 1.6 GeV

* BaBar inclusive measurement in kinetic scheme:
B(B— > Xs7v) = (3.944+0.31 £ 0.36 + 0.21) x 10~

* All measurements are consistent with SM theory
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B — X, at NNLO!

* Recently new NNLO calculations for BF are out from theory side
* B(B— XsV)E,>1.6Gev = (3.15+£0.23) x 1074
uncertainty from:
* Non-perturbative O(a mlb), 5%
° Parametric (as(Mz), B¢*P....,3%
* High-order O(a?), 3%
° mc interpolation ambiguity, 3%
M. Misiak et al, hep-ph/0609232
* Taking into account photon energy cut-off effect with above approach

B(B — Xsv)E,>1.6Gev = (2.98 £0.26) x 1074
T. Becher et al, hep-ph/0610067

* The NNLO calculations is 1.2 to 1.4 o below experimental world average, this makes
B — Xy measurement more interesting
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Exclusive Radiative B — Xy

Exclusive B — X v decays are experimentally clean

A sensitive probe of Standard Model

Direct CP Asymmetry is small in SM

Measurement of large CP Asymmetry is a sign of new physics
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Exclusive B — ¢ K~
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Mpiss (GeV/C ) Mrec (GeV/CZ) Mpiss (GeV/C ) Myrec (GeV/Cz)

227 M BB events
B(B~™ — ¢K ™)
—354+0.6+0.4x 106
Acp(B™ — oK) Lo ass 2ae Zas Z7E LS
= (—26+ 14 +5)% | B . oK

B(BY — ¢$KO0~) < 2.7 x 10~
at 90% C.L

* Submitted to PRD

| | | |
1.6 1.88 2.16 2.44 2.72 3
p-K Mass (GeV/c?)
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Exclusive B — n(n') K~
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m, (GeV/c )

(J'I

Events / 100 MeV/c?

g25 5.26 5.27 5.28 5.29 -%.2 -0.1 0 0.1 0.2
meg (Gevic?) AE (GeV)

* B(BT - n'KTv) <42x107°
B(BY — n'K%y) < 6.6 x 1076
at 90% C.L

* Acp(BT — nKty) =
—0.009 +0.12 £ 0.01

° 232 M BB events

* B(B"" —s 77K+'Y)
—10.0+1.34+0.5x 106

* B(BO — nKO’)/)
=11.375840.6 x 1076
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Summary

Review both Inclusive and exclusive B — X,y measurements at Babar
* Inclusive B — X,y measurements are consistent with Standard Model
* Two recent exclusive b — sy measurements are consistent with Belle’s

* New theoretical calculation at NNLO for inclusive B — X,y opens window
for New Physics

* BaBar updating Inclusive b — s+ with much bigger statistics ( 89 M to 400
M BB, new measurements are expected to improve experimental
uncertainty
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Backup Slides
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BaBar Experiment

BABAR Detector

Instrumented
Flux Return

1.5T Solenoid

Drift Chamber

PEP-11 -
Rings
ﬁ e* (3.1 GeV)

Positrons

Low Energy Ring
BABAR Detector

e (9.0 GeV)

Electromagnetic

Calorimeter
Cherenkov Detector

(DIRC) Silicon Vertex

Detector
High Energy Ring ]
* BaBar: the particle detector

* PEP II: asymmetric e e~ Collider * Nice PID: 40 K/ separation at 3.0
°* HER stores a 9 GeV e~ beam GeV/cto 2.50 at 4.0 GeV/c
* LER stores a 3.1 GeV e beam * Good EMC energy resolution at 1 —

2% for 1.0 GeV photon
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Extraction of HQE parameters from

OPE + Bias Correction 0.8 e T : T E T 25
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* Combined fitto b — clv and b — s~y
B (@oV) 1ess moments
* HQE parameters (in kinetic scheme, Buchmuller et al, PRD73, 073008(2006)):
mp = 4.590 £ 0.025¢4p £ 0.030ggr GeV
p2 = 0.401 £ 0.019¢2p +0.035yor GeV?2
[Veu| = (41.96 &+ 0.23¢2p £+ 0.35 59 £ 0.59p_,) x 1073

° my can be used for |V,
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90% CL lower limit on m.

600,
580"
560"
540F
520F
500"
480[
460L
440
420"
400~

400
m, (GeV/c")

HFAG 06: 3.55 + 0.2
b - sy (SM) = 3.57 +

HFAG 06: 3.55 + 0.2
b - sy (SM) = 3.57 + 0.3
PDG 2005: 3.41 + 0.34

b - sy(SM)=3.57+0.3

b — sy constraints on New Physics

Green shade: excluded by LEP

hatched part: excluded by
current b — sy measurement

dashed line: excluded by
b — sy with 800 fb~*

dotted line: excluded by b — s~
with 800 fb~ ', assume 5%
theoretical uncertainty

red and blue: current limits on
H* mass constrained from
b — sv

pink: Limits can be pushed up
with 5% theoretical uncertainty
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