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Outline

= Brief Theory introduction

= B->KII, K*Il, wilson coefficients c7, c9, c10
= Rate,
= Forward-backward asymm.,
= K* polarization

® Inclusive b->sgamma:
= BF

= Photon polarization measurement
= B->K* gamma
= B->Ks eta/eta’ gamma [to do]
= [ B->Ks Phi Gamma ? Not ready ]

= b->dgamma observation by belle
m [th/VtS]
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Radiative penguin ‘ZE/photon penguin C77C9’ ‘W-box” C10
= Why are EW penguins a sensitive probe for new
physics?
Are FCNC dominated in the SM by top loop diagrams

The contribution from new particles that can appear in
the loop is not suppressed with respect to SM

Can actually calculate several observables in SM:
= BF , Acp, Agg, polarizations

In SM radiative decays the photon is polarized
because of the left handed nature of the interaction
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Where does new physics appear?

(%) il
& i M
l'ff \M = thvtd* X C7 x B a’ %

b = d,s A\
Effective lagrangian
Short distance physics is written in terms of local
encoded in wilson cefficients operators
Calculation using HQE: expansion in
perturbation theory powers of A/mg

= New physics
Can affect the value of Wilson coefficients

Can introduce new operators

= For example can change the polarization of the radiated
photon (right handed currents)
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The BABAR Detector

_ EMC
1.5 T solenoid 6580 CsI(TI) crystals
DIRC (PID)
144 quartz bars -
11000 PMs I
Drift Chamber

40 stereo layers

Instrumented Flux Return

Silicon Vertex Tracker
iron / RPCs&LSTs (u/ neutral hadrons)

5 layers, double sided strips

SVT: 97% efficiency, 15 um z hit resolution (inner layers, perp. tracks)
SVT+DCH:o(p1)/p+=0.13% @ p; + 0.45 %, 6(z,) =65 um @ 1 GeV/c
DIRC: K- separation 4.2c @ 3.0 GeV/c - 3.0c @ 4.0 GeV/c

EMC:  o/E=23%VE¥4® 1.9 %
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Current Belle Detector

SC

solenoic
1.5T

CsI(TD)
16
TOF counte

AT LK N |
8 GeV P e C tral Drlft Chamber
NN \Q’T all cell +He/C,H,

-3 lyr. DSSD i/ K, detection
- 4 lyr. since summer 2003 ~ 14/15 lyr. RPC+Fe



Events/100 MeV

Inclusive B->X_y

= Dominant contribution from radiative photon penguin

m Teoretically clean: inclusive BF computed in SM up to NLL
->powerful contraint on the magnitude of C,

= Aot of background: Experimentally challenging

Two techniques: sum of exclusive modes (Knny), fully
inclusive

Events / 50 MeV

16 1.8 2 22 24 26 28 3 32 34
Reconstructed E*y (GeV)

B[B —Xsy] = (3.61+0.37-0.49)x10-4 (Hurth et. al., Nucl. Phys. B, 704, 56 (2005) (see
also Neubert, Eur.Phys. J C40, 165 (2005); Buras et al., Nucl.Phys. B631, 219 (2002)
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Inclusive B->X_y:constraints on NP
= Measured BF[B->X.y] agrees well with SM
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Gra,,M
Tb—sy)= ;224 * V.V, |” (|C, |* +corrections)

->|C,| has no deviations from SM
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b->sll transitions
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® Amplitude has contributions from all three
penguin diagrams: C7(photon), C9(vector),
C10(axial-vector)

= Exclusive decays are rare: BF ~ 10-°

m Decay rates and three body kinematic
distributions are the tool to measure all three
complex penguin amplitudes
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B->KIl and B->K*l|

= Reconstruct exclusive modes K+II,Ksll,K*Oll,K*+Il, |=e or u
= Require strict PID

= Veto peaking background

N

|

Suppress combinatorial using multivariate discriminants
Extract signal yield using ML fit to Mcg, AE, M.

® BaBar '05 *

® Belle 04 KT

Al °02
[Zhong '02 H—o—H
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| P Plot by Jeff Berryhill,
BABAR rad. penguin group
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& preliminary

I 1 1 l 0 T T S S N P [
82 522 524 526 5.28 5.2 5.225 5.25 5.275 5.3 0 o.los o‘.1 o.‘15 olz o.zxs

My (GeV/e?) Branching Fraction

Aslo Acp consistent with zero at 25% level, e/u ratio consistent with unity
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B->K*II: Ang

ular distribution (Belle)
1— + :'—"—— Fix A7 = -0.330
0sF :}:\- A7A10 sign flipped

A (bkg-sub)

Both A7A10 and A9A10 sign flipped
1 A9A10 sign flipped

ok I.

051

-1§_nelgatl;veAl7 | ! |= ] Kirused for nul test
s AgB>K1=0.50+0.15 (>0 3.40) | 2
5 Ag/A, = -15.3 434 + 1.1
s A /A, =10.3'62,.+1.8
5 -1400<AGA, /A,2<-26.4
m Positive AjA,, excluded @98%
CL
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B->KII: Angular distribution (Babar)

1 dl’
I d cos

%

i i(l— FS)(I—coszé?*)ﬁL%FS + A, cos 0

F<,Arg are allowed to be non zero even for Kil

Scalar contribution from particles that replace
v/Z | the penguin can contribute to Fg, Arg

-
an

~ BABAR B —-Kil | — +0.58
Preliminary FS_O81 _061i0.56

oN
(=) — +0.21
S 10 Arg=0.15"41,,, 4+ 0.08
7 e : :
c g 4= Tbkg Consistent with SM (zero)
LL sk

0 | l | \E N . .

-1 -0.5 0 0.5 1 fficiency corrected pdf projections

cos 0 obtained from signal simulations
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B->K*Il: Angular distribution (Babar)
1{ x c?)I;QK = % F,_cos’ 8, +%( — FL)(I—c:os2 6’K)
Measure also F|,the longitudinal polarization of the K*
F, =0.63018 . ,+0.05 consistent with SM prediction
Low g2 lower limit excludes SM at 98% CL
= At high g?wrong sign C,C,, is excluded >3c

1 _

14— ,
BABAR 08 Arg |
1.2 reliminary 06
1- K* polarization F_ g:g b —— ~7
0.8 )\ 2 .0
w IIIIIIIIIIIIIIIIIIIIII smlll
0.6 SM l 02
0 4 Tllllllllllllllllll||||||'|'||||ll||||| ! :“""“ | e — _0_4 — LR ER AR LI L T A FN AT R
) C7 =-C7(SM) l 0.6 C9C10 = -C9C10(SM)
. BABAR
0.2 -0.8 — Preliminary
0 | | | | | | | | | -1 | \ | | | | | | \
0 2 4 6 8 10Z 12 14 16 18 20 0 2 4 6 ? 102 142 14 16 18 20
¢} (GeV'/c?) q°(GeV'/c™)
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Inclusive b->sll: BF

= [to be completed] BF q2<[1:6]GeV?

= One way to allow large NP
contribu¥ions still J BaBar 2004 | 1.840.9
consistent with the current | Belle 2005 1.5+0.6
constraints is to reverse
the sign of C7 exp. avg 1.620.5

O BF(C7=-C7S )=33iO3 1S SM 1.6+0.2
excluded at 3o -
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b _>d,y Mode BABAR (109) Belle (109)

: (2.1c signif.) (5.50 signif.)

Belle, 386 M BB | | BABAR, 211M BB X R 10.434+0.12

hep-ex/0506079 PRL 94, 011801 (2005) | [B™ — py <l.8 0.55%37 011
Py v S

o 7 > 0 0 0.35+0.09

: B> p'y| <04 | L1703

7 o = 0 0.34+0.14

£ 5 B” — wy <1.0 0.58"51 010
Ez 522 524 526 ) 528 53 Q 522 524 526 5.

M,, (GeVic) O i (Gevich In BO->py big isospin violation [update from
By o i BaBar is coming soon]
o BB (o))

%25 g:h . ]l . B(B=>Ky)

£ 4 T/ | | § !

Luzf| | | | ll-';__ | | | | V 2(l—m(2 )/mé)3 2
2 B2 524 526 B2 53 ,Q

M, (GeVic) S 52;;%&3;,";82} th '02 e é/ (1 + AR)

- 55— Eﬂ_}(ﬂ? ~:‘ L L A T ts (l_mK* /mB)
L 4 > 10f a)
v [ =
= 3f 0 p
3. E l l Vel 0.20*0-026+0.038 good agreement
=, 2 T iy, : -0.025-0.029 | w/CMS Am
2 E'HMth;G:jfczf"za 53 057522 524 526 58 2 - 8 July, Lancaster, UK 15
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P h Oto n p O I ar I Za‘tl O n (A. Atwood, M. Gronau & A. Soni (1997))

B> Ky,

W- L b->s v N P
; \ 22 AN 7 Helicity Flip
- L - - = K Suppressed by
b u,c,t s = 7 \\ ~mJm,

b-> Zind N
ST @ > K"y,
v is polarized in the SM -> final state is almost flavor specific
The interference can happen only with helicity flip
=>Tool to probe polarization: time dependent CP measurement
SM ‘naive’ prediction S~—2M//M,*sin(23)~-0.04

Can be up to ~0.1 (Grinstein, Grossman, Ligeti, Pirjol PRD 71, 011504(2005), Grinstein, Pirjol, hep-ph/0510104)

= Right handed current with m=m,,,, -> mMy.,,,/mM, enhancement [find
reference]

= LRSM: SU2 LxSU2 RxU1
S(Kgn%y)~0.5
m Doesn’t need additional CPV phases
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B->Ksn y: dt reconstruction  /

S T
Bep
___{3___.,,.,______ _ __________________ [ - ’ e __ ."_-._\. ____,,;i TCO
tag
= Need to reconstruct decay vtx of by e s
the B but no tracks coming from S
the B decay point ot
= Exploit precise vertex detector
and fit K¢ track to the IP profile o o
= Validate the method using J/psi i swert I TUUTT0 1 B
KS Sample . . . L K _ tlight length in xy plane [cm]

.
.....
ooooo
""""""""
...........
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B->K.n° y: Belle and BaBar B

—— 275 M BB'’s
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I
Sk, =-0.21 +/- 0.40 +/- 0.05 HFAG Average: Skx, =0.01 +/- 0.51 +/- 0.11
Cyx, =-0.40 +/- 0.23 +/- 0.04 Sieg =013 +/-0.32 Cyx, =-0.11 +/- 0.33 +/- 0.09

Y

Sisno; =-0-21 +/-0.40 +/-0.05  Cyeg =-0.31 +/0.19 |
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Inclusive B->X.y: Acp

= In SM A p(B->X y) ~ <1%
Single phase dominant
GIM suppression

m BaBar: A% (b — sy)~ (25£50£15)x10™ (sum of excl. modes)

= Belle: A¥"(b—sy)~(2+50+30)x10°  (pseudo reconstruction)
= In SM Acp(B->X., ) ~ 102
Unitarity of CKM matrix

= BaBar: A% (b - (s+d)y) =—-0.110£0.115+£0.017
[? | need find a reference for this 7]
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Rate measurements
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