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This talk summaries recent results from BaBar and Belle.
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5 Introduction

BELLE

*b — sy: FCNC (Flavor Changing Neutral
Current) process.

* EW penguin diagram is dominant:
Sensitive to New Physics.

* Photon is almost polarized in the SM.

u,d
b— sy penguin

Exclusive modes:

* Experimentally simple analysis, compared to the inclusive analysis.
* Difficult to predict the branching fraction due to form factors.
* Asymmetry can be predicted precisely (~O(1%)):

* Charge asymmetry (direct CP asymmetry)

* Isospin asymmetry

* Time dependent CP asymmetry (tCPV)
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W Introduction

pAY nomieas | *First observation of B — K*(892)y
—— cLeo by CLEO in 1993.
Ktoy — %SE%EQG * Many exclusive final states are
= 4 Ko ‘"‘: “** | found by BaBar and Belle.
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BELLE
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B - K%y

5 Mode Ns e(%) B(x10°)  *Almost
K m~ 2394.1+:55.6  20.6=0.7 4.55=0.11=+0.16 systematic
K 256.0 +£20.6 11.7+0.8 5.01 =040+ 0.37 dJominant.
1L ) el M Lrd - = & B =L ) = .
K 7 872.7+37.6 131’_01’ 5{39_0_2:&02I .BaBar BF is
Kem™ 759.1+33.8 18.8+£0.7 4.56 =0.20 £ 0.17 hich h
B0 — K05 158 +0.10 016 Muigher than
B+ — K**tq 473 +0.15+0.17 Belle?
*No precise
Signal yield Efficiency B(x107?) prediction.
K*%y 473.9+25.0+x6.2 13.92+058 4.01x0.21x0.17
K*"y 274.1x20.1x6.6 7.59x0.39 4.25x031x0.24
(K™m~)y 450.1x242+6.1 12.83+054 4.13+022+0.18
(K%") y 23.8+6.4+1.0 1.09+0.07 2.57+0.69%0.20
(Kim*)y  1450%13.7+36 3.96+0.25 4.31=0.41+0.29
(K*#")y  129.1+x14.7+55 3.63=0.19 4.19+0.48+0.28
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<> B - K*y

BELLE

Charge asymmetry Isospin asymmetry
p [(B—K*y)-T'(B—K"y) A\ (B’ — K™y) - T(B* — K**v)
CP— N . 0+ = .
[(B—K*y)+T(B—Ky || 1B — K +0B+ — K*+v)
Acp<0.01in SM Ag+ = +0.026 £ 0.008 in SM
(Greub, Simma, Wyler Matsumori, Sanda, Keum
Nuc Phys B 434 39 1995) PRD 72, 014013 (2005)

Ag+ = 0.029 £ 0.019 £ 0.016 £ 0.018
assuming fi/fo = 1.020 £ 0.034

Ao+ = 0.012 + 0.044 + 0.026

These values are well assuming fi/fo = 1
predicted, and can be used or Agy=0.034 £ 0.044 = 0.026 £ 0.025

for NP search. assuming fi/fo = 1.044+ 0.050

&% Acp =—-0.009 + 0.017 + 0.011
2 A p = —0.015 + 0.044 + 0.012

So far, consistent with SM  3rd error is from f/fo (BO/B* production ratio)
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BELLE

B - Kny

*1 is reconstructed from n — yyor n — ntn-—no

* Neutral mode can be used for tCPV study.

Mode Yield B{lﬂ_&)
K%y 58714 74153
na- K"y 24713 6.6755
nK°~ 7.172 + 0.4
Ny KTy 2667358 7.8%1%
Ma= KTy 111125 74416
nK+~ 7.7+ 1.04+04

Acp=(-9.03%* + 1.4) x 102

[PLB610, 23 (2005)]

Events /| 100 MeV/c?

Events /| 100 MeV/c?

st

465 M BB

[arXiv:0805.131

7 [hep-ex]]

20F -+ T 5 % Eﬂl]l— T
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Tty o |1
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0 *+ + ++++++++{: E 5[;-

S v ey s S

3':';_ (b) K E Eg:L

zn;— ' ++ + Siy 3 6O} _+_

10F ]

E + ++ + 10
AR Sk B

J 1.5 7 mmi';;ewczf 5025 e
275 M BB

B
Efficiency (%) B (x107% S iem

527 528 529
m (GeVic?)

Mode Yield
Bt > Ktyy 81x147" 350+027 84x157)7 68 M(Kn) < 2.4 GeV
B -~ k%y 209F03+35 087008 87131717 34
B—Kny 102+16713 4372031 85+13+2 7.7Acp=-0.16 £0.09 £ 0.06
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BELLE

5 B . Kn'y

*B -~ Kn'y has not been observed yet.
*B(B" -~ K'n'y) < 6.6 x 10-6 @ BaBar (232 M BB) [PRD74, 031102 (2006)]
* Possible suppression Kn'y of with respect to Kn'y due to interference btW
two penguin diagram [H.J.Lipkin, PLB 254, 247 (1991)] )

— — 1=
nit < 6.6 x 10 ke

H‘ (2) ' ~

Kgn'y
l::rr T Tr <4.2x10-6 mj + ]
ol . + | | | | |“a

32 3528 5127 5.28 3.28
D

New Belle Measurement with 657 M B]_B V) Meg (GeVic?)

BELLE

Veto *DO veto (1.84 < M(Kn) < 1.89 GeV) for K*
*J/y veto (3.07 < M(n'y) < 3.12 GeV)

Fit  Combine all submode and perform 2-d fit on Mj,.-AE

S. Nishida (KEK) New Results on B — Vy Decays CKM2008
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BELLE

B - Kn'y

Preliminary Result

657 M BB

+ + _ +1.2 —6
B_(B - Km'y) = (3.2 —_1.1 +0.3) x 10 Charged Mode

& ||E|| |=||||

Everts | { 0.00625)
-

grrnt

521 5324 535 536 52T
WMy (GeVic)

Significance 3.36

%{ _ (3.40 w/o syst. error)
| A —L First evidence!!
&.-!.V ; -.'_—-llll.ll = -I:ﬂ; - I- = _ﬂl = i . 0.2 = Iﬂ.]

AE {(GaV)
AE

BB? - K'n'y) = (2.4 755705) x 106 <6.3x 10°°

Everts /{ 000833333 )

1w
12
1o
a —_—
- ]
AN
l A
}
; )
523 523 37 szm & 5.3

+ Neutral Mode

Significance 1.3¢

Everts /(00857143 )
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5 tCPV of Radiative B Decays

BELLE

In the SM, the photon from b — sy is almost B0 —» fp11,
left-handed (polarized). '?
—> Mixing induced (time-dependent) CPV does BO —; fortr

not occur in B — f-py

Large time-dependent CP asymmetry is an indication of New Physics.

*B —» K*0y — Ksndy.
*Final state can be any of P0Q0y (e.g. KspOy, Ksny) [PRD72, 076003 (2005)]
* Strong interaction mav enhance S (a few %) even within SM.

o—|At| /750
P{Al,q) = — {1 +q - [S sin(AmgAt) + A Coa(imdﬂ.f)} }
—l’TBD
Technique: .
* In modes like Ksnly, the B Ks tra) ecmry{/'

vertex has to be caluclated %F pI‘Ofile

using trajectory (Ks vertex).

S. Nishida (KEK) New Results on B — Vy Decays CKM2{){)8
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5 tCPV in B - KgnOy

BELLE

465 M BB seqi [arXiv:0807.3103 [hep-ex]] G

535 M BB [PRD 74, 111104(R) (2006)]

K* region non K* region Z& K* + non-K*
0.8 < Mgy < 1 0 GeV 1.1 < Mgr < 1.8 GeV Mg, < 1.8 GeV
IR R G T T T T
e 33924 k v [ 133+20 l ]2 o
2 [ events = 40 } events 1 1 8 < osf
Mo g P, |
gﬁu-_ E 11 gzﬂ:' i ﬂﬂ{} { '- e E-ﬂ.zg} + ‘+_P$
EEI'H{'EHIE{ _16__: : ! I L E gﬂﬂ?g:
€2 52 ©24 526 528 3 52 624 52 528 E3 5 o c ‘roo
. s [GeVicT e Mi[GeVic] 82 5.22 524 5.26 528 53 75 5 250 25 5 75
T ] T 1T ] M, (GeV/c?) At (ps)
‘E l | 1 ] J/l\;\l ' S(KsmVy) = -0.10 £ 0.31 + 0.07
AN \r A(Ksndy) = -0.20 + 0.20 + 0.06
pl l ! | Onny +0.36
e e 15 T o e ey T S(K*Y) = -0.32 533 +0.05

#0y) = — -+ -+
S=-003+029+003 S=-078+059+009 ‘o V=-020£02420.05

C=-0.14+0.06 £0.03 C=-0.36+0.33+0.04 Consistent with no CPV
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5 tCPVin B - Kny

BELLE

[arXiv:0805.1317 [hep-ex]]

B — Ksny
+23
82 _99 events
——t——t+—+—+—+4
o () 1 &
0kt 1 7
10f + 1 £
[ e ] =
201 "5 ] L

D5 526 527 528 529
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m (GeVic?)

-1 | ]
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+0.49 t (ps
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BELLE

tCPVin B - KgpOy

BO _ KgpOy: final state is Kgmtn—y
* Vertex from m+n—: No need to use Kg vertex.

S.

* Contamination from other resonance e.g. K*+mn—y

[arXiv:0806.1980 [hep-ex]] 657 M BB

* CP fit is performed for events in p region : 0.6 < M(nwtn-) < 0.9 GeV

M(Kntn-) < 1.8 GeV

Events/2ps Events/2ps
Pt Pt
o o

Events/Zps

|I—l."-|'|

. ﬁx'-_l_ q= +1
(b) A\ q=-1

Atips)

Effective CP parameter
(events in p region)

Sefr = 0.09 + 0.27 007

Agp=0.35+0.18 £ 0.06
A=-C §

p region (vertex info required)
Y

-

2

O

8

2

2

.

Z

M,. (GeV/c?)

Nishida (KEK)

Sep 10, 2008

New Results on B —» Vy Decays

CKM2008
14



BELLE

5 tCPVin B - Kgp0Oy

B* — K'n'n vy is used for the understanding of other resonant decay.

(1) Determine resonant structure from M(K nn") fit (in K* rich region)

40

20

~ T BT - K'n'ny
S 120
S120L MK nt+r-)
=100l signal
g100- (1+) K1(1270)y+K}(1400)y
& S (2+)K5*(1430)y
| === continuum /
E“; other BG

16 17 18
M(K+rttn-) (GeV)

S. Nishida (KEK) New Results on B —» Vy Decays
Sep 10, 2008

normalization
of each
resonances
are obtained
from the fit.

(1-)K*(1680)y

CKM2008
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5 tCPVin B - Kgp0Oy

BELLE

(2) perform 2D fit on M(K+n-),M(mt+n-) in K* rich region

[the plot is for entire region]

The rate and phase -
p . ~200 B* = Kty
of the K1(1270) — K*t 5,50 o
: S L M(w+mt—) projection
component (relative to =,,,F
. o —
K1(1?70) — Kp) is Eua;— g (1+) K4 (1270)y+K1(1400)y
obtained. 120 |
c . 1-)K*(1680)Y weem
100F- Il| (/ JK*( )Y -~ SCF
80 i S e continuum
SR g I‘u / (2+)Ko*(1430)y
40y +
204"
¥ ST by S
05022 )
S. Nishida (KEK) New Results on B — Vy Decays CKM2008
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5 tCPVin B - Kgp0Oy

BELLE

(3) Using the isospin asymmetry, the composition of BO . Kgntn-yis

determined.
> [ BO - Kgntn—y
= 35;_ M(n+n-) projection
@ 30 *
E C
2 250 (1+) K1(1270)y+K1(1400)y ke O.K
- -l (1-)K*(1680)y 00KsS .58
20— r .
- [‘ (2+)Kg*(1430)y
15— : -
SN ! P N SCF 0 |
10 | 1 p“ component 1s
- \ w7 continuum :
F e dominant
ool ‘j,]l;nr : other BG
o iz g H""”‘" '_-_!_-__-__-_!_!__-_-__!'_'-__!_'_'__
0.4 0.6 0.8 1 1.2 1.4 16
M(nttn-) (GeV)
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5 tCPVin B - Kgp0Oy

BELLE

(Kst'n ) system in B »Kst'ny

Total K2p°y K*t7n~~ Interf. Fi(K):
Fp(K)
Kres(11)y 103.6 151.0  35.1 7.5 1.4
(I{l(li 0)y) (167.6) (151.0) (38.0) (—21.4) (5.2)
Kies(17)y 242  11.3 8.0 4.9 1.3
K3°(1430)y 104 2.2 6.1 2.0 4.5
Sum 228.1 164.4 49.2 14.5 10.2
- >
o _Sen [[1Fal? +2R(F3FB) + () FB(K)] 1 gg+0.19
I'_f.shﬂ oy [[|Fal? +2R(F;Fg) + |Fgl?] — 003
Dilution S0y =Ser/ D=0.11%0. 33 (stat. )y oa(sVSL.)
factor
Competitive to KsnVy
S. Nishida (KEK) New Results on B —» Vy Decays CKM2008
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> Summary
*B — K*y (BaBar) b%sy S
CP FPCP 2008
¢ BF, ACP etc. + tCPV PRELIMINARY
' BaBar : -0.08 + 0.31 + 0.05
*B = Kny, Kn'y - Er}(lulu 0708. 1514 e o
elle : -0.32 *533 + 0.05
+ tCPV of Kgny (BaBar) &  PRD 74 (2006) 111103 %= T
ﬁgigge I l't g L -0.19 £ 0.23
. : +or! correlated average 5 ;
Evidence of K nvy (Beue) "'E%%E%rz ('200;} 051103 *005103?
0 > ! :
*tCPV of KSP Y (Beue) “u Belle o -0.10 + 0.31 + 0.07
- PRD74 {20:}5) 111104(RT X+ ;
< Average ! i -0.09 +0.24
HFAG %orrelated average +
L TTTBaBar T i ] oasti+o0a2
—  arXiv:0805.1317 r— e
2 Average L -0.18 +0.49
X HFAG tT::J';t::nrrel.a}te-::i avgrage * :
=~  Belle ' I R I N R R
o aXiv:0806.1980 k{1 e
0 Average | : * 0.11+0.3a
LE HFAG correlated average T E
-2 -1 0

Other measured exclusive radiative B decays:
B — K;(1270)y, Ko*(1430)y, Koy, Knny (K*ny, Kpy), ApY .....
and more ?

S. Nishida (KEK) New Results on B — Vy Decays CKM2008
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S Backup

BELLE

Backup
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S Belle Detector

BELLE

Aerogel Cherenkov  Particle
Counter . .
Identification

SC Solenoid

energy csi(Tl
Calorimeter

. . TOF Counter
Particle

Identificatmv

momentum

Central
Drift Chamber

Particle
Identification

Silicon Vertex KL Muon Detector
L
ertex Detector

K , n detection
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S B - K*y

347 M BB

>
=

K*+( KSTC-I_)'Y

K*O(K+m-)y K*+(Ksn+)y

~ 300 T T T T —_ e = T
F B > L T T T T T = = T T T —
> BABAR 7 3 100F BABAR ] 9 160- BABAR % 'l' 18 80F " BABAR 3
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N E . a . - F = E
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E.- 150: E' 60 E 100 ‘E 50:
P 2 a0k S sop E I S T
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,,,,, 1 e | | :-.‘-HT"‘*H | il ] 20;_____q___________________,___..----' _: 10;_-.___ _;
%3 0.2 0.1 0 01 0.2 0.3 -%_3 0.2 0.1 0 0.1 0.2 0.3 ol b T G:..|.'.'T'|'.“.'.'r-.-.-.-1-.-7-.-r7-.-.-1-.-.--.-|-.--.-
AE (GeV) AE (GeV) 06 -04 02 0 02 04 c%ge 06 -04 02 0 02 04 c(::.'ge
H H
k *
K*+(K+n0)y K*0(KgnO)y K*+ (K+ TEO)’Y K O(KSRO)Y
_— 120:_' rrrrrrrr T T T T T T T T T T T T '_: i E LA I B L B L B B : ‘r‘-; 100 T T rrTTTTTTT I__ — 35 L B | T T —]
> 12of BABAR | 3 %F Bipir 3 8 BBk {18 P BBk
QO 100F prelimnary 5 QO 355 preliminary El' 80 Jd a 30 —p y
o~ = o E E r — E
- . = 30F 3 - N 1 —~ 25p
g s0f 3 3 £ 6o £ 20
= 6o = 20 E g I 0 3
2 aof v 15E w0 @
e AR T T e p e z il thrfiaPalrle Rl el il A BRI R B e I"":
%3 0z 1 0 01 02 03 %3 0. 0~ 0604 02 0 02 04 08
A E (GeV) cosOy,
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5 tCPVin B - KgpOy

BELLE

| A RooPlot of "mkpipi" | [ A RooPlot of "mkpipi” |
— RMS = 0.1611% 0.0027 RMS = 0.2038 + 0.0025
S ol Mean = 1.4427 + 0.0038 52405_ Mean = 1.4373 < 0.0035
S F _ Entries = 1832 S220F Entries = 3413
= 140 — signal Ezuu:—
E Fl 2180
312001 SCF Emo;—
1001 === continuum 140F
s 120
- other BG 100/
60:— 80—
40:_ Gﬂf_
(I "3
u NN Y 20
B 68" 12 13 14 15 16 17 18 Famr e e R I
mkpipi mkpipi

charged ; rho region charged ; whole region
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Ly > .
L2 Introduction

*b — sy(dy) : FCNC (Flavor Changing Neutral
Current) process.

* EW penguin diagram (loop diagram) is dominant:
Sensitive to New Physics.

* Photon is almost polarized in the SM. ud

. : 9 b—sy penguin
b — dyis suppressed by | Vid/Vis |4 compared =
to b — sy; Annihilation diagram exists for B™. !

Many exclusive measurements:

* Branching fraction measurement. ud

* Isospin symmetry (K*0y v.s. K¥*+y) b—dy penguin

* Charge asymmetry (DCPV). - Y,

*tCPV (photon polarization).

* Exclusive b — dy process for | Vid/Vis |
measurement

d

L}"“-._
b—dy annihilation

S. Nishida (KEK) New Results on B — Vy Decays CKM2008
Sep 10, 2008 24



DD

- B - py, oy

* Exclusive modes of b — dy ; B.F. ~ 1075.
* First observation by Belle in 2005; confirmed by BaBar.

* Constraint for | Vig/Vis!|? from the branching ratio to B — K*y.
* Direct CP Violation ~10% in the SM.
* Isospin relation:

?f BB’ — p™) =22 BB’ — wy)
BO TRo

B(B— (p,w)y) =B(B — p v)=2

Prediction (x1079)

[hep-ph/0610149] [NPB621, 459 (2002)] [PRD75, 0564004(2007)]
Ali & Parkhomenko Bosch & Buchalla Ball & Jones & Zwicky

B* — p*y 1.37 + 0.28 1.58 1923 1.16 + 0.26
BY — pOy 0.65 + 0.12 0.55 +0.13
BO — ay 0.53 + 0.12 0.44 +0.10
S. Nishida (KEK) New Results on B — Vy Decays CKM2008
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- B - py, oy

923 657 M BB [arXiv:0804.4770v1 [hep-ex]] & 465 M BB [arXiv:0808.1379v1 [hep-ex]]
< 60f B — o~ PR E
i 40 (3.30) I JP‘H ﬂ 1(3.20)
= | z mE— - ' 3
-E 20_— sE } 4_:}:{}:*;}:; L _
< 487 ':emé—l IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII —§
: | F R +
= S 12F 3
., (2.60) %—Lﬁ JH} /’ﬁ{ 1(2.20)
E %-_. ........ m_l— .......... LII_I_:
~ 0= -
S 60r 3 °F E
) oo T
3% (5.60) o) b/ 16540
a o T
52 525 53 | o el
M, (GeVic?)
S. Nishida (KEK) New Results on B — Vy Decays CKM2008
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DD

<2 B - pYy , @Y
B.F. (x107%) =
B* — p*y 0.87 1029 0 9 (3.30)
B0 — pOy 0.78 01L 1.2 (5.60)
BO—>ay 040819+ 0.13 (2.60)
B — py 1.21 1035+ 0.12 (5.80)
B—(po)y 1.14+0.20 019 (6.20)

Isospin symmetry breaking

['(BT — p™y)

—1=-0.43722 +0.10.

120042 4 020 (3.20)
0.977025 £ 0.06 (5.40)

0.507035 £ 0.09 (2.20)

1.737535 £0.17 (6.00)
1.637052 + 0.16 (6.50)

/_\p — —AI/(1+AI)

- 2T(BY — pOy)

- Al(B — py) = 2EEB(B® — () /B(B"

. p+"-.) 1= 09?2 10.76 +0.30

= —0.71 —0.35

CP asymmetry |Ap (B — py)

= —0.11+0.32(stat) £0.09(sys) =

BELLE

S. Nishida (KEK)
Sep 10, 2008
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DD

- B - py, oy

Can determine |Vd/Vis| from the ratio to B — K*y B.F.

B(B — (p.w) (1-— m?2 o /m_ﬁ g ¢ = 0.85+0.10 (form factor ratio),
Eg(B _\.(Tr{*j;) = ”Eg’ i/mf)g C[I+AR] AR =01+01 (SU(3) breaking
' ! 'K/ p

correction)
~ +0.020
e |th/ Vts | = 0.195_0_019 (eXp.) i0.0l5(theo.) (from the B — (p,0)y
+0.022 ’

|th/Vts | = 0-233t8:832 (eXp.) oot (theo.) combined result)

= |Via/Visl’

l|,5'_IIII|IIII|IIIIIIIIIIIIIIII

Similar result from B — py Am,,

1.0

Am,; & Am,
B 2Vy
=

0.5

0.0

CDF B mixing (pRL 87 242003) L
[Vid/Vis| = 0.206 +0.001 +0.008 0.5

BaBar exclusive B
[Vtd\Vis| = 0.233 £0.025 +0.022 1.0

Belle exclusive (arxiv:e04.4770)
[Vtd/\Vts| = 0.195 £0.020 £0.015

(first error experiment, second theory)
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