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Introduction

B>wh (h=K*, KO, ¥, ©0) [ Update 350fb'1]

New | B.F. B° 2> oK%U.L->B.F.)
Update | B.F. B* 2 oK*, B 2 onr, Acp

BRI Update 4140 |

New | B.F. B> ¢poKO, Asp
Update | B.F. B* 2 ¢oK=*

 Previous results(78fbt) |

Br(B* — wK*)=(6.5"72+0.6)x10° A, =(-0.06"7; £0.01)
BI"(BJ_r —> Cf)ﬂ'i) — (57j§ iOG) x107° ACP = (—OStggg +0.02) & Large?

Br(B° - wK®) <7.6x10°°
Br(B° - wr’) <1.9x10° [Phys.Rev.D70, 012001(2004)]

We add more data and
add mode.

Br(B* — ¢¢gK*) = (2.67;5 £0.3)x10™° [ Phys. Rev. Lett. 91, 241802 (2003) ]
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KEKB & Belle Detector

Charged particles — Precision vertex, momentum, Particle id.
Energy and direction for 7 /
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_Tsukuba city, JAPAN | (sentral drift ch)
'_E-_ t?. 3 -_.“_'_ : P— ”_ACC (ngils'g%eol cherenkov)
- ___-'--‘_ e o - . - e ' ' ECL (electromag. cal.)

= By : -. i — 2V TOF (time-of-flight)
) S X - = Sit) ~ 100 ps
_— _L-._-."' = gl - i = F e — 3 p = i N ~2000 Gsl(Tl) crystals

i = ! " - S o = . : —= 1.5T thin SC solenoid

. s RN oy & = - B T - = _ - 14/15 layers RPC + iron
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— e ey ey £ i b i ! = BGO crystals
- ey =
._*__l_:,j' F l-'._..- -
S
i
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Continuum suppression with Event topology

e*e~2>dq : dominant background

Event topology ———
Fisher discriminant 0" |
from modified ~ “Y° | A

).05
Fox-Wolfram moments

Spin parity 003 |F
conservation 002
B flight direction, 0.01 t
CoSOg o B

0 025 05 0.75 1
+

{ B flavor tagging information
Tag quality parameter

Decay time

difference U2

Decay time differerfte |
0
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Introduction of B> mh

B>t L QCD Factorization (QCDF)

SBFE. =105~10% There are theoretical
B20K" J> perturbative QCD (PQCD): expections.
B- wK0O N {BI’(Bi — wK*)=3.22x10"°
Br(B° - wK®)=2.07x10"°

Nucl.Phys. B675, 333(2003) | | Phys.Lett.B 525, 56(2002)
Phys.Rev.D72, 013006(2005) | | Eur.Phys.J.C23, 275(2002)

Previous results @ 78fb-1

4 + + +1. -
Br(B* — wK*)=(6.57; £0.6)x10™° 5,5t upper limit

Br(B* — wr*)=(5.7"1% + OW
\ Br(B° - oK®) <7.6x10° Update with 350fb-1
_ Br(B” - wz")<1.9x10°° [Phys.Rev.D70, 012001(2004)]
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B> oK B.F.(350fb1)

B2>oK 2 (ntrn")K

Unbinned maximum Likelihood 2D fit (AE, M,.)

— 80

%70
= 60

01 02

AE (GeV)

L 5
525 5275 5.

M, (GeV/c?)

L 1
5.2 5.225

il SN
. inaﬂ 0oz o1 o AE‘l(Ggﬁ/) 52 5225 SMZZ_C ((ZZ://CQE;'S
Prellm Mode | Yield B.F.(x10) Sig.
oK* |259.57071 8.1+0.6+0.5 19.56
oK? 41.5%% | 4.47°+0.3 9.30
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B->or B.F.(350fb1)

B2>on 2 (ttn n)n
Unbinned maximum likelihood 2D fit (AE, M, )

1Y = I H

+ - ey -’4'.?1?:“’( - h I’} I} l n JJ o2 “ LY
e e 9CICI -0.2 -0.1 0 0.1 0.2 5.2 5.225 525 5275 5.3
M, . (GeV/c?)

& -0z - o — 0.2 . 'nE-.E * 5.225 . S.25 * 5275 5.3
li'mma AE (GeV) M, (GeV/c?)

Pre Mode Yield B.F.(x10°) Sig.
ort 224875 7.0+0.6+0.5 17 16 Still
on’ 5978 | <0.9(U.L) < 156 | upper limit
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Asp of B>wh

Generally Aqp Is small in SM

“-'.'.

b u b -
VUb ..... d qu qu
vV, S
uqg u u1C1t

| (%)

cc| o
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n o
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Acp of B>wh

Generally A.p is small in SM=» sensitive to New Physics.

Pengum(P)

—vrm | [P ,{Ei’i
Yo, _,S u dS
Vig u u,c,t ud,s

New physics in loop
".

If NP in loop, b/' d,s
A~p can be deviated ud=<
CP from zero — New particle? H ’g
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Acp of B>wh (350fb1)

Miss PID
K*as

e*e=2>qq

TB-fH-TB-[)
" T(B- H+T(B- )

CP

0.05+0.08+0.01
B* > wr* |—0.02+£0.09%+0.02

Each Ap Is consistent
with zero.
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Summary of B> mh

@386 M BB

We update the result for charged modes.

Br(B* - wK*)=(8.2£0.6+0.5)x10°, A, =(0.05°% +0.01)
Br(B* - wz*)=(7.0£0.6+0.5)x10°, A, =(-0.02+0.09+0.01)

We succeed to measure B.F.
Br(B® —» oK) = (4.4% +0.3)x10™°

We need more data for this mode.

Br(B® - wz°) <0.9x10°(90%C.L.)

Minori WATANABE DPF/JPS 1st Nov 2006






Introduction of B> ¢¢K

The first study about b—>sssss decay
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Introduction of B> ¢¢K

B%n_c(éclxb)K
b— E) S
< S
C S
;_ S
S
u u

The first study about b—>sssss decay

The same final states through charmonium (n.) decays
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2188

M,<2.85(GeVI/c?)

1.Charmless deacay contributed region:
B-2>¢odK =2 (KK)(KK)K

2.Charmonium decay contributed region: |
B21(299) K >(KK)(KK)K

We perform analysis for each region.

02.8 2.9 3 3.1 3.2

M, (GeVic?)
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1.Background from non-resonant B> ¢(KK)K/5K

Non-resonant components:
B->¢(KK)K and 5K are subtracted from signal yield.

(a)p (b)KK (0)4K

[
]
[

k (GeV/c?)
kK (GeV/c?)

Mkk (GeVic?)

o
=

"
.........................

M
-
o &

> .04
10— 1.0

098 1.0 ID4 1.2 098 1.0 |04 2 0.98 1.0 1.04 |.2

Mkk (GeV/c?) \ MKKQ Mkk (GeV/c?)

Mode case case (b) c:ase/
B* — KE5(KTK~)(K*K~) 40. 98+§ 33 4.371030  1.3179 gg
B - KYK*K-)(K+K~) 7.76751] 0.73%532 0.227915
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1.Charmless B> ¢¢K B.F.(441fb71)

Signal region: M, < 2.85 MeV/c?
Unbinned maximum likelihood 2D fit (M,,.,AE)

b

120

N
0

100
80

Events / 2 MeV/c’
=]
Events/ 20 MeV

60
40

4 a
o0 G O

20

Events /20 MeV
iy

N

2 _—

O =“Lﬂ“ 3 = 5
52 5.25 5.3
M, (GeV/c®)

Yield B.F.(x10)
34272301 3.18%%% +0.27 9.5
7.273% | 23179, +0.24 476
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2. Charmoinum B> ¢¢K B.F.(441fb7")

Select charmonium signal candidates
In M, spectrum.

4

Reconstruct B meson from
charmonium and kaon.
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2. Charmonium B> ¢¢K B.F.(441fb)

—_
o
|

L

Events/ 2 MeV
|

Events/ 20 MeV

LU L{Hl il ] [ 1
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. . K
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[} [ ':I =
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2. Charmoinum B> ¢¢K B.F.(441fb7")

I/y(Mye, AE)
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2. Charmonium B> ¢¢K B.F.(441fb7")

Mode Yield Efficiency (%) B(x107%)

B — 5. K%, 5, — ¢ 20.75T58 272 £001 244703 £0.19
B* — nK* n.— ¢KTK™ 76.76T132% 4854+ 002 3541082 +0.29
B* — 5. K* 5, — 2(KTK™) 104.607 73 9.93 £ 005 235753 £0.19

B* — JfyK* J/p — ¢KTK~ 25557502 467 +£002 1227033 £0.11
B* — J/WK*, Iy — 2(KTK™) 4097102 941 4+005 0971517 +0.09
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B -2 ¢¢K as a probe for new physics
Bm(S90)K

b b— E) S
< S

ic S

S

Interference between two decay diagram

{SM: No weak phase difference A ,~0

New particle?

cuojlunn o

non-SM: New physics can create large CP phase difference
2>Acp ~ 0.4 at most

[M.Hazumi,Phys. Lett. B583. 285. (2004) ]
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Acp B2 0K and B>n (2 d¢) K interference

prelimmary
TB— [)-T(B- f)
" T(B- H+TB = f)

CP
=(0.017 3, £0.02)

Acp IS consistent with zero
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Summar .
Y lakellidRlRale),

Update of B Yh B.F. and Ac, (with 350fb data) | hep-ex/0508052
Submitted PRD

Br(B* - oK *)=(8.2+0.6+0.5)x10° | A_ =(0.05°% +0.01)

—-0.07

Br(B* - wr*)=(7.0+0.6+0.5)x10° A, =(-0.02+0.09+0.01)

Br(B° - wK’)=(4.4"% +0.3)x10°°
Br(B° > wz°®) <0.9x10°(90%C.L.)

Update of B 2¢¢K B.F. and A., (with 414fb-! data)

Non-resonant components are taken in account.
Br(B* — ¢gK*) =(3.1870% +0.27)x10™°
Br(B®° — ¢gK°) = (2.31'72, £0.24)x10™° <first observation

B 2¢gK mode can be one of probe beyond SM.
Acr(B™ = 17,(— ¢$)K™) = (0017735 £0.02)
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Update results for B>¢pK (441fb~")

120 es 2188
1.Charmless B.F: 100
B> ddK > (KK)(KK)K -
M,<2.85(GeVI/c) -
20
2.The related charmoniums B.Fs: °2 3 2 5
B>n(299) K 2 (KK)(KK)K 1k (GeV)

In addition,
Non-resonant for 1. and J/y:

| B0 K> (9KK)K
| B> K> (KKKK)K
[ B2 JIwK=2> (9KK)K

| B>IwK>(KKKK)K 28 28 8 81 s2
M, (GeV)
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B reconstruction

1.Daughter particle Reconstruction

( n*, K*:tracking, particle ID
(Aerogel Cherenkov+TOF+dE/dX)
KO.>n*n~: displaced vertex
. n’2>vy vy : Csl calorimeter

2. B Reconstruction
Two Independent kinematical variables

\/ Ebeam

\AE — Erecon — Ebeam

Pr econ
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HFAG.B.F

Mode

PDG2006 Ave. BABAR Belle CLEO CDF New Avg.
oo K § New 1117+ 0.5 23753 +0.2 2.a%08
wK+ 5.1+0.7 6.1 + 0.6 £ 0.4 81+06+05 3.2773+08 6.9 +0.5
wrt 5.9+1.0 6.1+07+04 T70+£06+05 11.3755+1.4 6.7+ 0.6
wK" a.5¥3d 6.2+ 1.0+ 0.4 39+0.7+04 100733 +1.4 1.8 + 0.6
wn® <12 <12 <15 <55 <12
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B>n1.(2¢09)K, Purifying signals

Non-resonant components:
B->n.(KK)K, 5K or B=>J/y(KK)K, 5K
are subtracted from signal yield.

(a)4K
1.09 :
= 1 TS e
G 1.04 :
%
=
1.0
098 1.0  1.04 .05

Mik (GeVic?)

1.09

(b)pKK

o
“D

Mix (GeVic?)
2&

1.0

098 1.0

1.04 1.05

1.09

Mk (GeVicd)

Mix (GeVic)

=
B

oo
g

(=]

0.98

7. mass region .J/1 mass region

13.56 5%
2.9617 42

715755

4.747500

129175

0 1.04 .05

1.09

My (GeV/c?)
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B> oK (441fb—1), Systematic errors

Table 8: Summary table of systematic errors of B — ¢¢/ analysis.

Mode Tracking PID LR cut Fitting K €5 N Total
Bi i Qx)qb}(i

SVD 1 5% 5% 2.7% 0.3% - 1.6% 08% 7.8%
SVD II 5% 5% 2.7% 0.3% - 1.4% 1.5% 7.8%
B — ¢ K°

SVD I 4% 4% 2.4 02% 4.9% 21% 0.8% 8.3%
SVD 11 4% 4% 2.8% 01% 4.9% 1.9% 1.5% 8.3%
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Summary of B> ®h Nucl.Phys. B675, 333(2003)

Phys.Rev.D72, 013006(2005)

Feynman diagram Phys.Lett.B 525, 56(2002)
Mode

T, | G | Ps | Py Eur.Phys.J.C23, 275(2002)
B> oK O| O | O - )
B-> KO - - | O | - T,: b>u Tree color allowed
B> ort | O - O | ¢ C,: b>u Tree color suppressed
B-> o -l Ol - | O P.: b=>s Penguin

_ P4 b>d Penguin

B2>wn?

QCD Factorization (QCDF)->B.F. =10°~10°

B2oK" J> perturbative QCD (PQCD):
B- KO N {Br(Bi — oK) =3.22x10"°
Br(B° - wK’)=2.07x107°

B> on® NoT,and P, > small B.F.

And small A between B* and B-.
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Summary of B> ®h Nucl.Phys. B675, 333(2003)

Phys.Rev.D72, 013006(2005)

Feynman diagram Phys.Lett.B 525, 56(2002)
Mode

T, | G | Ps | Py ) Eur.Phys.J.C23, 275(2002)
B> oK* | O |0 - T,: b>u 1iree color allowed
B> 0K - - 1O | - K C, b>u Tree color suppressed
B>wr 10| -160 P.: b->s Penguin
B> mn° - O | - O || P4: b>d Penguin

B>ont (7.0£0.6+0.5)x10™° (- QCD Factorization (QCDF)

B>oK* (82+£0.6+0.5)x107° >B.F. =105~10%

08 s ( Perturbative QCD (PQCD):
B>woK? (4.45;+0.3)x10 5 {Br(Bi > wK*)=3.22x10°°

Br(B° - wK")=2.07x107°
B> on® <0.9x10°(90%C.L) } No T, and P, > small B.F.

And small A between B* and B-.
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B-2>®h /Summary

TABLE XVII: Signal vields(N,), efficiencies(e), efficiencies with secondarv decay branching frac-
tions and PID efficiencies (e.; % eprp x B;), fitting significance(X), branching fractions(B5, ), the
90% confidence level upper limits (UL) on the branching fractions for wn”, and Acp.

Mode N, cawdt (%) €piD(%)  Ewd2(T) epp() X By (x107%) UL(x107%) Acp
wK* 2505704 102 £ 015 8.7+ 0.13 10.0 £0.15 8.0+ 0.12 19.50 8.1 + 0.6 + 0.5 — 0.0570-02 + 0.0
wrt 22487303 11.1+£0.159.14+0.12 104 4+0.15 8.0+ 0.12 1710 7.0+ 0.6 £ 0.5 - —0.02+0.09+0.01

wK® 415750 3.0+0.08 274+0.07 3.1+£008 24+0.06 937 44705403 — —

wr® 5975 531011 464000 41401 3.3+0.08 L5o - < 0.9 -
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B> wh /B.F. Summary

TABLE I: Summary of branching fraction results for B deeays to w mesons from CLEO [12],
previous Belle measurements [6] [13], BaBar [14] [8] and the present analysis. The results for all
fits are given as well as a 90 % confidence level upper limit if the measured yields are not judged
to be significant. The signal yields and efficiencies () are also given.

Expt. # BB (x10%)|Fit B (x10~%)|UL B {x10~%)|signif. ()|single vields| ¢ (%)
Bt — wk*
CLEO 10 32t 108 7.9 2.1 79050 26.0
Belle 32 02725+ 1.0 = 6.0 18,0751 6.0
Belle 80 65713+ 0.6 = 7.8 44.6753 8.1
BABAR 80 50+1.0+04 = 8.9 sTo+15 | 180
This result 386 82+0.6+05 = 195 | 25057304 |saLto2
B+ — wrt
CLEO 10 113933+ 08 = 6.2 28.5+82 6.2
Belle 32 42729405 8.1 3.3 10.4347 7.7
Belle 80 577 4106 = 6.0 42,1301 8.7
BABAR 80 54+1.0+05 = 8.4 01+18 | 100 01
This result 386 7.0+0.6+£05 = 17.1 | 22487202 |4 L 0.2
BY — wK?
CLEO 10 10054+ 14 21.0 3.0 70030 7.4
Belle 32 — - — — —
Belle 80 40t3 405 76 3.3 111432 33
BABAR 232 50+1.0+04 = 8.6 060+14 | 65
This result 386 44708 4+03 = 9.3 41,5780 25101
B® — ya®
CLEO 10 = = = = =
Belle 32 — - — — —

2.1
Belle 80 = 1.0 = 0.0155 =
BABAR 89 —0.650T +0.2 1.2 = —00+80| 65
This result 386 0.5 04 +£0.1 0.9 15 50M [38+o01
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B—-2>wh ,systematic errors

TABLE XVIII: Summary table of the total systematic errors combined Set I with Set II for the
B /BY — wh®* /wh® decays.

Mode PDF_fitting detection bias wK* < wn™ reconstruction Sum
AB,(wK%) 105 - 003 =051 I55
AB,(wrt) ~ fou - 001 +043 1§93
AB,(wK9) 100 - — +029 1539
AB,(wr?) +0.03 — — +0.04 +0.05
AAgp(wK*) 13003 —0.005 100003 - +0.005
AAg(wrt)  +0L —0.002 +0.004 - 1 0.008
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