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~ Introduction

- pcPY: VKT, wivwK, n®/mkK®
~ Time-dependent CPV of N'Kg

~ Summary and Outlook.
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] |ntroduction

BELLE

= Rare B decays are useful in
determination of the unitary
triangle.

B-B mixing
= Test of current
understanding of B physics.

s Search for CP violation and

probe new physics.
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B decays...




>
el CP Asymmetry

BELLE

* Sizable Penguin amplitudes for most modes
» Penguin-Tree interference
> Possible direct CP violation

I[(B-»f)-Ir(B-f)
I(B->f)+r(B-f)
_ 2[P||T [sin (A ¢)sin (A 5)
~|PPH[TP+2|P||T |cos(A ¢ )cos (A S)

CP

* A@(Ad): weak(strong) penguin-tree phase difference
* b-quark convension

» "pure" Penguin modes: oK™, K°mt
> Negligible direct CP violation in Standard Model
> Probe new physics!
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el Particle |dentification: K/

BELLE

* Clear K/p separation is essential in identifying final states of B
meson decay dE/dx (CDC) [

@ DK/DT[, (L)K/(L)T[, TUT/KTI'/KK, etC TOF (only Barrel) i AdEMX ~5%

AT~ 100 ps (r=125cm)

@ K*y/py Barrel ACC T n=1.010 - 1.028
Endcap ACC B - 1030
( only flavor tagging )
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] Darticle [dentification: K/m(cont.)

BELLE
L(K ~10 K
PID (K )= (K)
L(K)+L(m) ~00
+ Calibration:
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] B \eson Reconstruction

BELLE

+ Signature: reconstructed B meson mass and energy
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Al Continuum Suppression

BELLE

* Separate jet-like and B-like events.

*+ Event shape variables:
= Sphericity
» Super Fox-Wolfram moments
» Reconstructed B flight direction e’e —q7 e’e -Y(45)>BB
» Angle between thrust axis and other particles
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was) B — K/t Branching Fractions

BELLE

Updated measurements with 31.7M BB
+ Continuum suppression optimized for each

mode o :

+ Feed-across background from charmless B S
decays studied carefully s .
= fit systematics well controlled = _"‘-<‘7 |

| Kan_ K7 o K"7t+ . K'm g '_; T
T §218£13] . __ 6+10] « 1948
| 7Y Hint
/ (2941.5+0.6)<10"
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el B — Krinmfor g

BELLE

Braching fractions ratios: 1| mewtimeny (A)

(A) 2BF(Kt10)/BF(Krt") = 1.33+0.33+0.14 ™
(B) BF(K*m)/BF(K%m0) = 1.43+0.60+0.28 p I
(C) T4/t BF(K*1T)/2BF(KOrr") -

- 1.27+0.23+0.09+0.04 ‘““(ﬂ
(D) BF(1t"17)/BF(K*1T) = 0.24+0.06+0.02 :

(E) T4/to BF(rehm )/2BF(rt' 10) ——

= 0.40+0.15+0.05+0.01 ; i iz
# 1 (~ 40 effect) il

Evidence for large interf. in Totsystem

Favors large @z, but still consistent with

Br(#+ K 4)/Br(#OKT), (B —

uE.—-IEHL‘u

P 3 D M WO LM L 4
7 {dag)

11 -
- Be{st® FH'@

indirect determinations Beneke, Buchalla, Neubert, Sachrajda
hep-ph/0104110
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sl B — Kn/nr Direct Acp

BELLE
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Acp —0.06+0.08+0.01 —0.04£0.19+0.03 { 0.46+0.15+0.02 0.31+£0.31+0.05

_ _ _ Fluctuation?
No clear evidence for partial rate asymmetries

BaBar 55.6 fb~1: —0.17+0.10+0.02
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] B =K /W

BELLE

+ Test current model of B decays /f’fr-.u-
» Penguin-Tree interference 0 DCPV? b " g
» The w(782) vector meson dominantly B "

decays to ' T TC (88.8%)

T ——

o.T5 =80
Mass (GeV)

Intriguing history of measurements
by CLEO and now Babar/Belle

Matter Anti-Matter Asymmetry
June 16-22, 2002 @ Blois France

CPV in Charmless Hadronic Decays of B Mesons
Ping Yeh, National Taiwan University

11



=4 B — u K Branching Fraction and
Direct Acp
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. BF<82x10"° | BF=(9.9*21+1.0)x10™°

BF (o) BF (oK)
CLEQ'98 2.3 151742 PRL 81, 272 (1998)
CLEO'00 113433414 <19(32'3%08)  PRL 85,2881 (2000)
BaBar'01 6.6 121407 <4 (1411340.3) PRL 87, 221802 (2001)
Belle'02 <8.2 (4.3£2.010.5) 9.9 *2-141.0 H.C.Huang, Moriond 2002
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el B — ") K

BELLE

* The BFs for B—n'Kand B —=n K" are .
unexpectedly large: first discovered by CLEO ”’%&%
then confirmed by Belle and BaBar. " -

= New Physics?
s Possible direct CP violation from Penguin-
Tree interference

(P o VipVis* ~ A%, T o< VipVis*™ ~ A%)

k4

* B—nn" may have large DCPV (Rosner et. al.)

» Studying both BF and Acp enables determination of Ao and ¢-.
(Chiang & Rosner, hep-ph/0112285)
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] Dosylitson B=nK*/n K

BELLE
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(1) 2 (*) \r 5}
Qggu_? 8 —=n" K"In Results a\mf

* Belle found the first evidence of B¥—nK* and Bt— nnt with
31.7M B meson pairs.

BF (B*—>nK*) = (5375+0.6)x107°(490)
BF (B*—»nm™) = (54739+0.6)x107°(430)

* Summary of other results:

Mode BF(Xx107°) Asp
nK** 26577%+30 -0.05% 0%
nK*® 16573+12 0.17% 0%
n"K* 77972  —0.12+0.08+0.01

n'K°  68.07; -
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el Time-Dependent Acp(B—=n' Ke)

BELLE

The possible "New Physics" that's responsible for large B—n' Xs

BF likely introduces phases.
> CP violation

The time-dependent CP asymmetry can be expressed as:

I'B°>n'Ke:t)-T'(B°>n'Kg:t

Ao (At) = (_0_’" si¥ (0_’" st _ A, lcos(Ama s, kin(Amat)
I(B'=n'Ko )+ (B'>n'K:t) :

~ S Ssin(A mAt) =[sn2(¢p,+¢p)| sin(AmAtL)

n'K

o A_., :direct CP violation term
n'Ks

* @p: Phase from "New Physics".

Belle measurement: with 42 fb™ data.
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el Reconstruction of B=n" Ks

BELLE

w F L
= 7 100 |

N(NTITK ") = 78.5 95

80 |

v +_ _— v jz
e e | N(pyK®)= 150 +14

20 [

= Unbinned (M,.,AE) 2D | 9 af N(NTITK 9= 274+§§
likelihood fit for yield. =l
ikelihood fit for yield | 2| N(pyKs) = 45.7 T?_S
0 m01 02 g52 5225 5‘25 52751 %.3 r . N
AE GOV Mo SeV/C Unbinned

S likelihood fit on At

(Fully reconstruct) E :}5 distrib. to get CP
B°(B")>n'k, B'(B) :

. . parameters y
CP Side _ E/ - r] daughters 7
< -
Tag Side B"(B") %‘ AV @ Byc (By=0.425)
. ] B'— X1y, XD(D- YK
( MDLH flavor tagging ) e
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wa»] At reconstruction in B=n' Ke

BELLE

100 r

+0.14

T(Bi) =1.54_4543 pPS
(PDG: 1.653+0.028 ps)

80 r

60

BB + gq contipu

0 +0.31
BB | 20 3 T(B ) = 1 58 —0.26 pS
only —f _ , .
oo e et LAY | (PDG: 1.548+0.032 ps)
45 10 5 0 5 10 15 45 0 5 0 5 10 15
Dz(rec)/(By)yC pe Az(rec)/(By)yC b
Matter Anti-Matter Asymmetry 18 CPV in Charmless Hadronic Decays of B Mesons

June 16-22, 2002 @ Blois France Ping Yeh, National Taiwan University



- N { i
el Acp(B—n' K<) Checks E:
BELLE \\&rx3-
o CP-fit with non-asymmetric sample: n'K*
o . +0.29 % 5
“8S(n'K#)” = 0.110.29 ©
10 |
“ A(nN'K2)” = -0.27+0.17 |
5 10 : + 10 error
EO 75 | : o
3 05| !
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-0.75 |- 5
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el Acn(B—n' Ks) Measurement

BELLE

N
o

Entries/ps

o CP-fit is performed with 73 n'Ks candidates.

0.54
S(N'Ks) = 0.27 425 * 0.07

A(n'Ks) = 0.12 £0.32 + 0.07

—_
o

[ I =e; I Y )

If A(n'Ks) is set to be zero:

0.53
Sin2(@+@yp) = 029" 2, + 0.07

-~ First measurement of time-dependent CPV in

B - n'K, decay. s
£0
-~ Probe phases from New Physics. 50

e
Belle e loeor8 84202468
sin2q, = 0.82 + 0.12(stat.) + 0.05(syst.) : Mps) T
g
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wa»l Summary and Outlook

BELLE

* Penguin-Tree interference brings possibility of

direct CP violation. 'K '-
_ K s
* The firsts: 7
» QObserved wK and performed the first > : K
measurement on direct Agp(wK). rn | e
» Evidence of nK and ntt oK | e
» Time-dependent CP asymmetry of n'Ks. nk* |
» Of all modes, no significant CP asymmetry is A ”
. An’' K ———
found with the possible exception of KgTt (ks) ;
(fluctuation?). Need more data. Sk T

*+ Much more data is coming!
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