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Outline

e Overview: a little history, physics goals, and challenges

e B">p'y, BY>ply, B%>wy and the extraction of [Via/Vy|

e B>K I*l-and B>K* I*I-: search for new physics using the
lepton forward-backward asymmetry

e Inclusive B>X;y: branching fraction measurements and
extraction of heavy-quark-expansion parameters
(including mp) using the E, spectrum

e Conclusions

Apologies for not covering all results on radiative/electroweak
penguin decays 1n this talk!



Radiative penguin decays of B mesons

Observation of B>K* y
CLEO II (1993): Loops in B decays!

, PRL 71, 674 (1993): cited >500 times!
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Rare, but not all that rare!

Now 1t’s a physics program!
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What can we learn from b-s, d transitions?

e Probe SM at 1-loop level (flavor-changing neutral currents)
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(dominated by t quark) (+ W*W- box diagram)
e Search for new physics: can affect amplitudes at leading order
i, - ~ 0
H X & X
b wet S b wer s b dsh S

e As for semileptonic decays, the amplitude in EM/EW penguins
Involves only one hadronic current = factorizes.



What can we learn from b-s,d transitions?
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e Understand OCD dynamics: single hadronic current allows us

to isolate non-perturbative parameters in well-defined way.
Can be related to same/similar parameters for other decays.

e, Exclusive decays: decay form factors fi(g?). b->s transition
Is similar to b>u (heavy-to-light decays)

% Inclusive decays: parameters of heavy-quark expansion
(Mp, Wi?,...); important input for [Vyp|, |Vep| extractions.

e Measure/constrain CKM elements (|Vi/Vy|): if info on
hadronic parameters is available from data, theory, or both.




Observation of b>d y and Measurement of |Vig/V4|
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+ W annihilation diagram (small)

BB py) _ V| (m—m) LT”(O)J (1+AR)

BB—>K) |V (mB—mK*) T @) T

IO 000 I/¢” AR=0.1¢0.1
=T Y Al Lang, Poneno

Ball and Zwicky, JHEP 0604, 046 (2006) [for I-spin avg ]

Ball and Zwicky, hep-ph/0603232
F(B_ — p‘)/) = 2F(I§O — poy) = 21“(I§O — a))/)
[-spin (p), quark model (®). Expect small I-spin violation: (1.1+/-3.9)%.
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Measurement of b->d y Decays (Belle)
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Signal

continuum background

" B>K*y (BF =4x107)

Good particle ID is critical
in this measurement to
suppress B—2>K* y feed-
down.

Mode B (107°)

B —py 051Enn
Bty 125708
Fowy 056

B (p,w)y 132330




Measurement of b>d y Decays (BABAR)

BABAR hep ex/0607099, 347 M BB rO]ectlons of 4- D ﬁt
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Comparison of b->d y Branching Fractions

P, ® Y (combined)

+ —®— BaBar, 316 fb”
p y preliminary
—&— Belle, 350 fb™
0 PRL 96, 221601 (2006)
Py [ ] cKmFitter
WY FPCP 2006

2 2.5 3 3.5

4

CKM fitter includes CDF
B mixing result.

Error on CKM Fitter
prediction includes uncert.

on B> Vy form-factor
ratio.

[-spin consistency?

(10°°)

BABAR (10) (6.3 & signif.)
preliminary: hep-ex/0607099

Belle (10%) (5.1c signif.)
PRL 96, 221601 (2006).
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B’ - wy
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0.561027 7010  2.30

B — (p+ﬂpoﬂa))l-avg7/

1.01£0.21£0.08

+0.34+0.10
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Extracting |V /Vis| from b—=>d vy Decays

Belle, PRL 96, 221601 (2006). | courtesy M. Bona (UTfit collab.)
= F
\i _ O 199+O.026+O.018 1‘_ 95% prob. intervals
) —-0.025-0.015 = BR(B—p/my)
ts expt thy E BR(B—K")
= Am,
BABAR, hep-ex/0607099 0.5 Am_
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\Vj B
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Consistent within errors! (used CDF hep-ex/0606027) P

Theoretical uncertainties already or soon limiting both approaches.



B-2>KI*l- and B> K*|*|- in the SM and Beyond

Photon penguin r Z penguin o+

u,C,T u,C,T
.cT Wm d_. .d_ W d_.

* 3-body decays =2 dependence of rate on kinematic variables can be
used to study the different amplitudes and their interference effects.

* The mode B->KI*I- is allowed as well as B>K*|*|- (B> Ky forbidden
by conservation of angular momentum).



B->K*I*- Dalitz plot

q2 Can see Arg behavior and g dependence from the Dalitz plot
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Note: B>KI+l- is expected to have very small Arg, even in presence of
new physics; effectively provides a crosscheck.



Amplitude for B>K*I*I-

M (B N K*€+€_) _ G\,:/g;M Vt;\/tb {|:C9eff <K* §7yPLb‘ B> photon penguin

/ dom. at v. low
=2 N2 C, <K

mix of Z-penguin, W*W- box Si Gﬂqu PRb ‘ B>:| (?)/ ﬂf)

g
\ +C,, <K* §7/ﬂPLb‘ B>(Z7/”)/5f)}

Kruger and Matias; PRD 71, 094009 (2005)

Short-distance physics encoded in C;’s (Wilson coefficients);
calculated at NNLO in SM:
C;ﬁ ~—0.3 C9 ~+4+473 C1o ~ —4.7  Aletal, PRD 61, 074024 (2000)
* Interference terms generate asymmetries in lepton angular
distribution over most of g° range.
 C;i’s can be affected by new physics; enters at same order as SM amp.



Form Factors and Observables

Long distance QCD physics 1s mainly described in terms of form
factors, which are functions of S = q° =(p TP, )?

* 4 semileptonic form factors: Ay, Ay, V, Ag (similar to B>D*lv, B>plv)
* 3 penguin form factors: Ty, Ty, T3

Form factor uncertainies = 35% uncertainty in rate predictions.

1
Xm\m\ I ar dcos& I dcosd
_pdcos d cosd,
B ™ 1 0
J' F d cos 6, +j ar dcosd,
[r 72' " d cosd, ° dcosé,
(s—q) C'=-03 C,=+43 C,,=-4.7

m . m .
d?FB oc —C,, {Re(cgff )VA + MM o {VTz (1 —~ _Kj + AT, (1 = —Kjﬂ
S - ~ J @ My My

large S




Predictions for Agg in B2K*|*l-: SM and beyond
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B->KI*l- and B>K*I*I- Signals from BABAR
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B>K®I*I- Signals from Belle

Belle, PRL 96, 251801 (2006) 386 M BB
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(Data sample used for study of Wilson coefficients)



B->KI*l-and B=>K*I*l- branching fractions

@ BaBar '05
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Branching Fraction (x 10 )
Mode | BABAR (10°6) [208 fb-!] | Belle (10°6) [253 fb-!]
PRD 73, 092001 (2006) preliminary, hep-ex/0410006
B K/ ™ 0.347 7 £0.02 0.550"°%% +0.027
B> K/ 0.7807° £0.11 1.65°3 +0.11

Inclusive: B(B— X.£707)=(4.5070})x10° HFAG avg.




B->K*I*l-: BABAR results on K* polarization

1 r . . .
1 _d 3 F cos’ 0, + é(1 —F )sin?@, @pplyin2bins
["dcosf, 2 4 of g?
BABAR, PRD 73, 092001 (2006)
1.4 T .
. a) K* polarization 1 J/y (vetoed)
' 09 b)__SM
1— 0.8
0.7
o 08 [ Data ] 0.6 ~
< 0.5
0.6 SM ' | 0 C7 — _C7 SM)\_
T ' 03
0.4 [ SE——— (] .
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0 2 4 6 8 10 12 14 16 18 2L

g (GeV/c*)
Polarization consistent with SM, but doesn’t discriminate

against new physics scenarios with current data sample.
Theory predictions in graphs: Ali et al., PRD 66, 034002 (2002); Ball and Zwicky, PRD 71, 014029 (2005).



B->K*|*l-: BABAR results on Arpgand I'|
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2
7 (GeV/c') Any Ar<0 excluded at >2.7c
g° range (GeV?) Arg FL
0.1-8.41 >0.19 (95% C.L.) 0.77°0% +0.07
>10.42 0.72",5, £0.08 051732 +0.08

Acg (B — Kﬁ[) =0.157(5, £0.08 (q2 >0.1 GCVZ) (Arg=0 in SM and many BSM)



B> K*I*l-: Belle results on Agg

Belle, PRL 96, 251801 (2006) A =G
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B> K*I"l-: Belle results on Wilson coefficients
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Inclusive B> X vy

» Canonical process for studying b->s transition. Theory uncertainties
currently at 10% level (NLO); pushing toward 5% (NNLO).

* Huge theoretical effort to predict branching fraction & photon
energy spectrum. Also predictions for CP and I-spin violation.

 Spectrum 1s insensitive to new physics but 1s sensitive to my and
Fermi motion of b-quark (“shape function™).

T. Hurth, E. Lunghi, W. Porod, Nucl. Phys. B 704, 56 (2005).
B(B— X y)= (3.61 02 40,02, 1024 +0.14

param scale

)x10_4

me /my,
Acp(g — X y)=(0.42% 0‘08mc/mb + 0.03 fg:(l)g
M. Neubert, Eur. Phys. J. C 40, 165 (2005).

B(B — X_y)= (3.47 032 pamm) <10

M. Misiak and M. Steinhauser, hep-ph/0609241 NNLO all for
B(B—> X7)=(3.15£0.23)x10™" New! E >1.6 GeV

)0

scale

+0.32

pert -0.29




Challenges of measuring inclusive B> Xs vy

* Weak experimental signature: single high-energy photon + event-
shape cuts. Huge background from nt”’s and 1n’s!
* Difficult to carry analysis down to E, < 2.0 GeV.

« Want to push toward 5% precision to match the expected precision
of NNLO calculations.

Method Advantages Disadvantages

Fully inclusive Closest correspondence | Weak kinematic constraints
to inclusive B(B>X; y). | =larger background

Don’t reconstruct Xs
E, known in Y(4S) frame, not

B frame (smearing).
o(E,)=50 MeV

Sum-of-exclusive Less background due More model dependence due
to additional kinematic | to finite set of explicitly
constraints (mes, AE). | reconstructed B->Xs y decays.

e.g., BABAR: 38 modes!
K+(£4r),

K +7+(<27), 3K + (< 17)| Better By resolution.




Fully inclusive B> X vy

CLEO, PRL 87, 215807 (2001), 9.1 fb-1
— T T T T T T T T T

Belle, PRL 93, 061803 (2004), 140 fb"!

25000 3ELLC. hep-ex/0508005 (moments)

>
+ Data | %
— Spectator Model | S_ 20000 I )
background subtracted 2 T ‘{ background subtracted_
n 4 = ffici t
>40 not efficiency corrected E 15000 L efficiency corrected )
E ——
2 | 1] 1 |
g . 10000 | + I §
2 L _ _
I o 4
o 5000 | .
B 0 ] | * | e
(Lt N 1 .-
0¥ —-— T
T T _5000|1.--...|....|.... —_— 1
1.5 2.5 3.5 4.5 = . 2.5 3 3.5 4
E, (GeV) E*, [GeV]
BF =(3.21+£0.43+£0.277 ;) x 107 BF =(3.55+£0.32° 02 )x10™

Measure for E,>2.0; extrap. to E,>0.25 GeV||Measure for E,>1.8 GeV; extrap. to full




Events / 20 MeV

Fully inclusive, lepton-tagged B> X v (BABAR)

hep-ex/0607071 (preliminary, submitted to PRL)

Suppress large continuum background using
* Event-shape cuts (continuum has jet topology)

« Lepton tag: high energy lepton from 2™ B in event (B>X. | v)
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B bbar expect o 600 donllnated - BBlpar expect
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2 s B:Bir
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100 —
.6 22 24 26 3 3.2
E* (GeV) S|mUIatK ) Reconstructed E*, -Slmulatlon

lepton tag



BABAR Fully Inclusive B> Xs vy, w/lepton tag

hep-ex/0607071 (prehmlnary sub. to PRL) 88.5x10° BB events

> 250_I [ | T T I T 1 | T 1 | T T 1 | I T 1 | T 1 | I T 1 | T 1
m — - 1
= [ spectrumnot {f&§- j
o 200— %V , Ll B.B.r
= - LRI (510100 — _ . Spectrum from
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= Lol l Spectrum from
@ 100 .
> ' best fit to shape function
m e
50| ! scheme.
D-... ". L‘;H&T;;T - ]
-50 . . I E
S IR 7]
1214 cgion > +
_10q L1 1 ] |2.|2| ] |2.|4| | |2.|6| ] |2.|8| | |3|l L1 |3.|2| ] |34
E*, (GeV)
B(B — X,7) =(3.67£0.29%0.34+0.29) x 10* E, >1.9 GeV (measured)

stat sys model

4 (extrapolated,
B(B— X,7)=(3.94£031£036+021)x10™ &, >1.6GeV it eme)
ACP)=-0.110£0.115+0.017



BABAR B~ X y with Sum of Exclusive Final States

for BF, sum over all m(xs): BABAR. PRD 72, 052004 (2005) 88.5M BB

o 1o T T T 7T 71 | Energy Range | Branching
D | . =
8 ol | Fraction (10)
3 | > +0.55+0.04
g 800 - comb. BB : i Ey 1.9 GeV 3.27+0.1 8_0_40_0.09
P - - 10.56+0.04
g 400 - continuum 0 f %) 4 E, >1.6GeV 1335+ 0.19707%4 009
LlJ . T egklnngerd.. ;- _'_' | | (extrapolated)
_35'22 524 526 >28 * averages over two shape-function schemes
BF/10 Mes (GeV) . _ - F shane f
0.20 —T—T— ———TT— errors: stat, sys, variation of shape fcn params
-for spectrum, fjlt Mgs 1n bins of M(Xs)
0.15 — - E, Moments | Value (GeV or GeV?)
010 0.017
— (E,) 2321400380017
0.05 [~ I_'_ :
- r i 2 2 +0.0041
0 < E’ > _ < E7> 0.0253+0.0101*20%!
005 T R NN BT NN

1.9 20 241 22 23 24 25 26 Ey (min) =1.897 GeV




Summary: B> Xs v Branching Fraction & Moments

Buchmiiller and Flacher, PRD 73, 073008 (2006)

HFAG 2006: common corrections to for Gambino and Uraltsev, Eur. Phys. J C34, 181 (2004)

. BFs for extrapolatlons to E,=1.6 GeV e BABAR ¥ BABAR
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Fits to moments of inclusive B>X. | v and B> X, y

distributions

Buchmiiller and Flacher, PRD 73, 073008 (2006)
Data from BaBar, Belle, CDF, CLEO, & DELPHI

08 | T | | | 42.5 11 T | |
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02 —t—»d——l— My 410 ' ' ' ' My
4.4 4.5 45 4.7 45 45 48
my (GeV) my, (GeV) B7a0n1

kinetic mass scheme

m, = (4.590£0.025_ +0.030,,,.) GeV 4, =(0.401£0.019, +0.035,,.) GeV"
V| = (41.96£0.23, +0.35,,. £0.59. )x10™ m, used for [Vup| (7.5% error!)



Conclusions

Studies of radiative/electroweak penguins have moved far beyond
B->K*y.

e Observation of exclusive b>d y decays: B>(2°, pf, ®) y

e Use to extract |V4/Vys|; consistent with value from By mixing.
Precision soon to be limited by theoretical uncertainties.

e Electroweak penguins decays B>K " |-, B>K* |I* |-, and
B->X; I |- have been measured. First studies of decay
distributions have been performed and exclude some non-SM
scenarios. More data needed to exploit full potential.

e Inclusive B> X, y measurements provide information on my,
and non-pert. QCD parameters and help improve precision on
V| and |Vyp|. Difficult 1ssues with systematic errors, but goal 1s
to achieve 5% uncertainty on branching fraction.

e We will study radiative/EW penguins for many years to come at
BaBar, Belle, and LHC-b!
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Extracting |V /Vis| from b—=>d vy Decays

Belle, PRL 96, 221601 (2006).

V BR(B_(p/w)y)/BR(B—K*y)
O 199+0 .026+0.018 -
—0.025-0.015 - BaBar ICHEP 2006
Vts @
| Belle 2005
BABAR, hep-ex/0607099 I @
(preliminary) B-Factories average
@
th _ O 171+0.018+0.017
- —0.021-0.014 CDF measurement (Amy)
ts
—.—
CDF, hep-ex/0606027
(preliminary)
V 0208+0001+0008 i [N A A N A N G (N AN N M) NN N T N O A A (s M W
—0.002-0.006 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24
© Vie/Vis

Consistent within errors.

Theoretical uncertainties limiting both approaches.
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B->KI*l- and B>K*I*I- : g? distributions

B> Ku u
; /’/ JIwK
SU?Y1 _fnodels If (25) K]
SMinonres

s [GevE]

dB(B —> K' p* p)/ds * 107 [Gev-2]

honrqs

v, efen in piu-

¥ o

constructive

ID 1 1 1 1 15 1 1 1 1 EU 2
tGE"u"z] q
intertf.

e Solid line+blue bands: SM range (£35%); Ali ef al. form factors  destructive
e Dotted line: SUGRA model (R7 = —1.2, Rg = 1.03, R1p = 1; R; = C;/C?M)
¢ Long-short dashed line: SUSY model (Ry = —0.83, Rg = 0.92, Rip = 1.61)
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B>KI*l- and B=>K*|*|-: the J/wy veto

The decays B>J/yw K and B> J/w K* are huge backgrounds and
must be carefully removed (also B> (25K, y(2S)K*).

These backgrounds are restricted in g2, but there is a tail due to
bremsstrahlung in the electron modes.

But B=2>J/y K and B> J/y K* are valuable control samples; use
them to study efficiency of almost any analysis cut.

Ali, Kramer, Zhu: B(B—> K/*/7;1<q* <7 GeV?)=(2.9277¢)x 107

Jhy and w(2S) veto: MC B->Ke'e m(e*e’) projection: MC B2>Ke'e
0.2 ) ; : 4 “waseol b) . =

| Z1o00- -
W
T 500 |
| g n 1 1 —l_ [

LY
-}-I
l*‘,
3

@ 2.5 3.5 4 p 25 3 35 4
m, @iy M. - m.. (GeV/c?)
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Bremsstrahlung tails well described by MC.



B->KI*l- Signal from BABAR

BABAR, PRD 73, 092001 (2006 229 M BB

40" | -
~ 60- . i b
g % Nsig = 45’5-8?98 _ % )
& S 30 ]
§40 9
= ©20 :
@ )
e
W L T
g | | | | 0 | | | | |
2 5.22 524 526 5.28 02 01 0 01 02
m, (GeV/c?) A E (GeV)

« summed over all K I*lI" modes (K*e*e", KT ir, Ksete, Ks 1 ir)
* significance=6.6 c; rarest observed B decay

B(B— K¢ ¢7)=(0.34£0.07+£0.02)x10™° (averaged)



B->K*I*I- Signal from BABAR

BABAR PRD 73 092001 (2006) 229 M BB
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m D
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mys (GeV/c?) @ 87 o8 09 1 1

B(B— K/7/7)=(0.787"12£0.11)x10™° my, (GeV/c?)
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B->K*I*- Dalitz plot

q2 Can see Arg behavior and g dependence from the Dalitz plot
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Note: B>KI+l- is expected to have very small Arg, even in presence of
new physics; effectively provides a crosscheck.



B->K*I*- Dalitz plot

q2 Can see Arg behavior and g dependence from the Dalitz plot

20
Maximal new physics effect:

= C" — —C,,(SM) or (Cs" — —C,(SM),Cs" — —C,(SM))

— =k
o o

-t
=

-t
M

-t
o

e III|III|III|III|III|III III|III
III|III|III|III|III|III|

!
F
N
S

Ll
£
Il

co

effect of

)]

|
J
I
I
1
I
I
1
||

[T
A :
vz LEE N .

=

Vo —

N

'|||N||
i
Vv
o

o

I AT AP SR KO TR Ry A LR e ettt e A et E T PR
el gt g R e e e I B L S AP e dgh et s e e SN



B->K*|*l-: BABAR results on g2 distribution

BABAR, PRD 73, 092001 (2006)

1 1
09 1 + p— 09+ b * 0+ p—
= 0.8 ) B ) Kg g _ 0.8 ) B ) K Z g
. 0.7} T, 0.7}
T~ a
- % 0'GI_IIllllllllluuuu“ 1-05' 0.6 I
G 0.5f l G 0.5 _ :
[—'N..__,U'd'_ I—”HU-4E“““+““' nnm'Tm
":: % AN EEEEEEEEEEEEEEEENEEEEEEEEEEENENS "Q E . 1
S1v03 S1¥03 I
0.2} 0.2}
0.1} 0.1}
0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10,}13 14 16 18 20
g2 (GeV¥/c?) g% (GeV7/cY)
B— K*€t{~
q*> (GeV?/ch) B (107%) F; A
0.1 — 8.41 0.27+012 + 0.05 0.771083 + 0.07 >0.19 (95%CL)
>10.24 0.37X01 + 0.05 0.51%032 + 0.08 0.72X53% + 0.08
>(). 1 0.7350329 + 0.11 0.637018 -+ 0.05 >(.55 (95%CL)
B— K€t~
g (GeV?/ch) B (107%) Fg Afg
0.1 — 8.41 0.109:94 =+ 0.01 0 —0.491031 + 0.18
>10.24 0.2270:95 + 0,02 0 0.267923 + 0.03

>0.1 0.341007 + 0,02 0.811038 + .46 0.15+021 + 0.08




Lepton angular distribution in |I* |~ rest frame

4 s _ .
- == A\ - - K use I-if B
ral use I if B

_ 2 2
SEq =M,

e o c {Re(C5™ VA +

ds
m.m m. . m .
+—2 B CHIVT | 1-—K|d-m .)+ AT, | 1+
S 7{ 2( mB)( K) A11( mej}}
S0

___mb (:7eff Tz(so) l_mK* +T1(So) l_l_mK*
m; My Re(CI (s,)) [AGGHL Mg ) V(s m,

0.16 2
Sy = (4.07:),13 ) GeV Ali, Kramer, Zhu, hep-ph/0601034




Events /0.2

Extracting Arg and F in bins of g?

| _df ZEFLC()SzeK-l—i(l—FL)SinzHK
["dcosb, 2 4

1 dr 3 . 3 : '
—==F sin°d +=(1-F)(1+cos’ &)+ A, cos8
Fdcosd 4 * | 8( N ) i |

BABAR, PRD 73, 092001 (2006)
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Belle, hep-ex/041006

Mode Signal yield  Efficiency [%] B [=1077) UL [x1077] Signif.
KY%%Te™ —10f} 8509 51040204020 —0703 210 4+ 003 3.0 0.0
Ktetem 28EIDITNY 182+ 07+01 6407101020 4006 - 6.4
Ketem 26688700 qor+os5+01 45470101022 4 006 - 5.5
K*0ctem 220755 T0Y 43240204036 185350 £ 11415 - 4.4
K*tete™ 6204103 14240084+ 006 16051%4 k2407 37 1.7
K*etem 280170+ 0028740154021 18473 +11+12 - 4.8
K% p~ 116335700 676 041 £ 004 62670100 40004 - 5.1
Ktptp~ 300775400 230111405 6287l0+00040.13 - 8.3
Kptp~  5151E410% j50+07+02 62651003 100 - Q.7
;{*ﬂ#'-#- 0TIIETNE A0 £043£0.04 18573 £ 10+ 0.3 - 8.4
K+tptp~ 114733102 oss 014+ 008 163704103 105 - 3.5
Ktptp~ 65251574028 fogy0204008 181730+ 11401 - a.1
KU%te- 107155109 505 £0.36 4011 32871351031 £0.06 - 3.5
Kteti  6eefdffle 108+£00+£02 6327028 +£0.20 4 0.06 - 9.4
Kete ?3.5‘;}3;5—;'5';? 120 +064+04 5 n—” T + 0.27 + 0.02 - 11.0
KT 6. E_.:,E:I:El'] 6.88 £0.37 £ 030 169755 09407 - 0.4
Koty 163755708 29240034002 134735199 400 - 3.7

et 8207 1l4+10 45540244012 165323 £00104 - 10.1




Inclusive B> Xs y: some history

CLEO, PRL 74, 2885 (1995); 2.01 fb-! on Y(4S), 0.96 fb-! below Y (4S)
Backgrounds: B decays, continuum, e*e->qdy (ISR), e*e->qg->n'X

“Event-shape analysis™ “B-reconstruction analysis”
L) BLLLELA BLEL AL DLELEMALE B LA B 0p——T1—— 71 1 T T

(a) 2 (a) E

-
- .
- §

3000 p=r

] total background
2000 . .
N (points w/error bars)

1000 |

150

Weighted Events /0.1 GeV
(=]

50 F

25 | ¢ | | L
1.8 2.0 2.2 2.4 2.6 2.8
E, (GeV)

B(B— X.7)=(2.32+0.57 (stat.) £ 0.35 (sys.)) x 10~




BABAR B- X; y with Sum of Exclusive Final States

Reconstruct 38 exclusive modes

Final States

K~
K~

nt, K9 m~

9, K9 7"
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r, KSnpat n

0 7-0 - _0
™, Kesnm™

K- KTK-, K KTK}

K~
K~

KTK nt, K~

KTK—7°% K~

KTKY n~

KTKS »°

K (+m0)
+(£4rx)

+(£27)

3K
+(£ 1)

* |AE|<40 MeV
* For E, spectrum, fit Mgs
distrib. in bins of m(X;)

* Correct for efficiency of
each mode and missing

modes fraction (-2 model
dependence)

for BF, sum over all m(X;):
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1
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i

- contlnuu_{l}._l_"_m"" P, -
1 Jpeaklngbkq,d. L=
22 5.24 5.26 5.28 5.3

Mgs (GGV)



Systematic Errors on B> Xs y
Belle, PRL 93, 061803 (2004)

TABLE 1.  Overview ol systematic errors.

Source of systematic error X104
Raw branching fraction 3.51 = 0.32
Data/MC efficiency ratio fits +().208
Choice of ftting functions +(0.048

v of R mventc +0.139
Number of BB evenls 0,160
ON-OFF data subtraction +0.026
Other BB photons +0.054
1 veto efficiency on n +(.008
Signal MC +().089
Photon detection efficiency +(0.072
Energy leakage Jjg?ﬁa

+0.282

Total error for partial B(b — gvy) —(.291




Belle: B> X I*I-

Belle, PRL 72, 092005 (2006)
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Extraction of heavy-quark expansion
parameters from B> Xy

Using heavy-quark expansion (HQE), moments of inclusive B decay
distributions can be expressed in terms of non-perturbative QCD
parameters and quark masses.

* B>X; v inclusive E, spectrum

« B2>X. | v inclusive E; spectrum and M(X.) hadron mass distrib.

* My now determined to about 1% and |V| 1s determined to <2%.
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Predictions for Agg in B2K*|*l-: SM and beyond

q2 — qilin q2 — qrznax
/- K’ 0 Ky I
s i
1
0.8 a) Standard Model
0.6 C" = —C_(SM)

0.4

- 0.2

- -0

= "."'-I !
0.2, L, e, Co Clo = =G (SMIC, (SM)
-0.4— ,.I."flIIJ'IIlIlrl|Il:.lllll:==1=1’1|1"'1'1""“‘
0.6 S =(407715) GeV* /

08 G =-Cy(SM), G5TCi = ~C,(SM)C,,(SM)

| ! ! |
-1 2 4 6 8 10 12 14 16 18 20
So: Ali, Kramer, Zhu, hep-ph/0601034  g*(GeVe )




B->K*|*l-: BABAR results on Arpgand I'|

L — = 3 F sin® @ +§(1 ~F)(1+cos’ @)+ A, cosd usein?2bins
["dcosgd 4 8 of g
; A .
05 b) } «—Data i
0.4 7 7 o
0_2 B I K SM -D:E:'_ 2 4 © é" 10 1‘" 14 16 18
S Ommmmm——— o
) 0 —— | e Cgffcfgf =—-C,(SM)C,,(SM)
0.4+ CHELERE R R TATERE AT L LFEFEFRERARAE A o
0.6 ¥. . JC =—C.(SM),
0.8/ o Cgffclegf =—-C,(SM)C,,(SM)
M 2 24 6 s 10,12 14 16 18 20 excluded at 3.65!
q°(GeV/c) Any Arp<0 excluded at >2.7c
g% range (GeV?) AFB FL
0.1-8.41 >0.19 (95% C.L.) 0.77°0% +0.07
>10.42 0.72°2, +0.08 0.51755; £0.08

Acg (B — Kﬁ[) =0.157(5, £0.08 (q2 >0.1 GGVZ) (Arg=0 in SM and many BSM)



