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Introduction

* Charmless B decays provide a rich ground to search for
new physics and understand B decay mechanisms.

— extract the angle ¢/y
— New physics in electroweak penguins
1. AA. = Acp(Km®) - Ap(Kr)
2. Ratios of branching fractions, i.e. Rc, Rn
* Update on branching fractions and direct CP
asymmetries for B — hh and nh (h= K or ) with the
final dataset of 772 M BB pairs and improved tracking.
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Analysis Strategy
e Distinguish charged K and T mesons using Belle PID
Typical eff. is 84% (89%) for K(m), fake rate is 7% (11%)
* Identify K° from Ks — n*n~ m° via m° — yyand n
meson from n — yyand n — wtw
* |dentify B candidates with M. (M’,_for yy) and AE

M’,. is computed by changing the
¥y momentum such that AE =0
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Signal-background likelihood ratio

* Distinguish signals and continuum Eare

Jet-like

background using shape variables,
which are combined into a variable
called KSFW, as well as cosO; and AZ

* Form Sig. Bkg. likelihood ratio

e

Spheri

e cutat0.2

e Define R’

R—0.2
R'=1In(
1.0—R

2011/7/21 DCPV and charmless B decays at Belle 4



Signal Extraction

* Perform M, _-AE-R” unbinned likelihood fit to
extract signal yields and CP asymmetries.

— N N ) T
e VAVE R Y H { E _ _1'-\" ] ,D : } El-]].d
v i

3[1 — 4 ALUE]P: (My., AE*, R")

e Simultaneous fit for the hk* and hn* modes.
* Rare B background PDFs are from large MC samples.
 Parameters of continuum PDFs are floated.
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0 BO —» KIng® mrm

*B — K7t B -

N = 7527 0l N=2111=x89

B =(20.00%0.34 £0.63)x10°° HB= (5.04 £0.21 £0.19)x10-°¢
A= (-0.069%0.014 =0.007)
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How the A,(Km) central value changed

since the last Belle measurement?

+ A= (-0.06910.014 £0.007) for 772 M BB
A.p= (-0.094+0.018 +0.008) for 535 M BB

Nature 452, 332 (2008)

* The last data set with 237 x10° BB pairs has
a central value closer to zero.

* Most of the dataset has been reprocessed with
improved tracking.
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N BE (10 6 ) f\'rsig Acp

Old tracking 535 4097 —0.094 4+ 0.018

New tracking 535 5066

New tracking 237 2459 —0.041 + 0.023
New tracking 772 7527 —0.069 +0.014
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2 (2011)
7

average: A-p(Km) = —0.085 =K
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e KXno: emttm0:
N=3731x92 N=1846 =+ 82
B=(12.621 0.31£0.56)x106 B = (5.86 0.261 0.38)x10-6
A, =+0.043£0.024£0.002 A, =+0.025+0.043 £ 0.007
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.\(\3(\‘

we\'\m AA . = Ap(Kn®) - Ap(Km)

Belle Nature paper:
W AA,_=+0.164 £ 0.037 @4.40

|

- FAT - j it J . j‘
N » U R
05.2 5225 525 5275 52 5225 525 5275 5.3

M, (GeV/c?) M, (GeV/c?)
1200

1000

0]
o
o

Events /(4MeV)
(2]
o
o

L N
%2 5225 525 5275 52 5225 525 5275 5.3
M, (GeV/c?) M, (GeV/c?)

2011/7/21 DCPV and charmless B decays at Belle 10



« KOrt* : o KOK* :
N =3229=*71 N=134%23
B=(23.97323 £0.69)x106 B =(1.11%5 15 $0.05)x10
A, =-0.014£0.021 £0.006 A =+0.017£0.168 + 0.002
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N = 103 *iS N = 960 + 46
B =(1 26_0 18 2 10. 06)x10-6 B =(9.66 £0.46+0.49)x107°
Acp values will be given in the time-dependent CP fit.
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Modes Belle 2007 Belle 2011

QF(I{ )/T(K°m +") 1.08 =0.06 £0.08 1.054+0.03£0.05
D(KT7)/2(K%7Y)  1.08 £0.08=0.08 1.04 £ 0.05=+0.06
F('If -) ,r(ﬁ 0. +] 0.944+0.04 +0.05 0.90+0.03+0.03
NG _J /T(KT7~) 0.26+£0.01+£0.01 0.25+0.01+0.01
F(ﬂ' 7)) /20 (7 + 7)) 0.42+0.03+£0.02 0.46 +0.03+0.03
D(rt7Y%) /T(K° “ ) 0.66 +=0.07+0.04 0.56 +0.0440.03
)F(ﬁ f’_) xru&%ﬂ 0.574+0.04+0.04 0.49+0.02+0.03
Consistent with SM predictions with different approaches.

H.-n. Li et. al, Phys. Rev.D 72, 114005 (2005) ; T. Yoshikawa, Phys. Rev. D 68,
054023 (2003); M. Gronau and J. L. Rosner, Phys. Lett. B 572, 43 (2003)
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Preliminary

Evidence of Direct CPV in B* — nK*

* Observe large negative A,
Consistent btw BaBar and Belle

e BaBar 2009 (467 M):

B = (2.94332 £0.21) x10°5
A, =-0.3610.11+0.03 @3.30
M Gevic) e Belle 2007 (535 M):
B=(1.9+03*37)x10°
Ao, =-0.3910.16 £ 0.03 @2.40

Events/30 MeV

>
([}
=
0
3
c
2
w

Events
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Preliminary

Evidence of Direct CPV in B* — nrt*

* Observe large negative A,
Tension between previous BaBar
and Belle results.

e BaBar 2009 (467 M):
$B = (4.00+0.40+0.24) x10°®

- "”Hew A, =-0.03xX0.0910.03 @0.3¢

" * Belle 2007 (535 M):

B=(42120.410.2)x10°
A =-0.2310.0910.02 @2.56
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Preliminary

Observation of B® — nK®°

AE (GeV)

BaBar: (1.15%233 £0.09) x 10°° @3.5c PRD 80, 112002 (2009)
Old Belle: (1.1 £0.4+£0.1) x 10 ®* @2.9c PRD 74, 0711004 (2007)
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Summary 1

* Belle updated branching fractions and direct A,
with the final data sample for B— hh and nh.

* Improve precision due to statistics, new analysis
method and better understanding of our detector.

 The central value of A-p(Kmr) has decreased slightly
but Is consistent with other experimental results.

AA(Km) remains large.

2011/7/21 DCPV and charmless B decays at Belle 17



Summary 2

No CPV asymmetries were observed for K°h* and
n*n0, as expected with a single dominant diagram.

Rc and Rn are consistent with theoretical
prediction with various approaches.

Find evidence of direct CPV for B — nK* and n=*,
while BaBar’s A,(nm ™) Is consistent with zero.

First observation of B— nK° @5.4c.
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Belle Detector

g [- SC solenoid ﬁ . ..'Aerogeln§1hgf5eillk8;’0cnt.
1.5T - e

CsI(T) ——
16X,

OF conter — " _

‘;nall cell +He/C,H,

Si vtx. det.’ w/ K, detection
3/4 1yr. DSSD 14/15 lyr. RPC+Fe
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Mode
B~ =K
Ty K =
nar K™
B* = gt
Ty ™ -
My
B = nK"
Mn KO
N3 K°

2011/7/21

cerr (%)

13.25
194

15.34
5.44

4.15
1.48

Yiell X(B)  B(107")

132 21275, £0.11
10.2 2.07£0.27+0.10
86 2207070 £0.15
224 4.07+0.26+0.21
19.0 4.24703) £0.19

i')' '|'|+E’F.[|E:
Hl'l]'bb—:fﬁ-i-g
an 1~+14.92
80.177 355

1en g1 135.06
180.6173: g,
ag rr+18.50
138.007 15 7-

5.4 1.277;5 £0.08
g nat12.62 g+0.39 Y e
3B03T1 s 40 L18Tg 5 +0.06
1623159 41 1487035 £0.10
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122 3.63 049 £0.25

Y(Acp)

3.8
2.9
24
3.0
1.8

2.5

Summary table of B— nh

Acp
—0.38+0.114+0.01
—0.36+0.134+0.01
—0.42+0.18 4 0.01
—0.19+0.06 +0.01
—0.14+0.08+0.01

~0.317915 £ 0.01
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Summary Table for B — hh

vield Total €(%) BR(x107") Acp
257 150 48.82 20.00+0.34 +£0.63 —0.069+0.014 £+ 0.007
54.79 5.04 +0.21701%

38.30 1262+ 031 £0.56 +0.043 £ 0.024 = 0.002

40.80 586 +0.26 £0.38  +0.025 = 0.043 £ 0.007
15.64 111752 £0.05  +0.017 = 0.168 £ 0.002
: 17.46 239770224 0.69  —0.014 £ 0.021 & 0.006
My 10.61 1.2675 12 £ 0.06
960738 12.87 0.6670-1% £0.49

45

—0.45
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