CPV in B decays at Belle

Masaya lwabuchi

Yonsei University

iwabuchi@post.kek. jp

December 9, 2010

M. Iwabuchi (Yonsei) CPV in B decays at Belle DISCRETE'10 1



@ Belle and KEKB
@ End of operation
@ Luminosity

© Experimental results for CPV at Belle
@ Angles of Unitarity Triangle
@ New Physics Search in CP Violation

© Summary
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End of operation

The operation of Belle and KEKB has ended with great success
(on June 30, 2010)

KEKB control room

@ Upgrades to Belle Il and Super KEKB have
already started

@ Analysis is ongoing in parallel using the full
data in Belle ..
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© Experimental results for CPV at Belle
@ Angles of Unitarity Triangle
@ New Physics Search in CP Violation
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Unitarity Triangle

d’ Vud Vus Vub d
s | = Vcd Vcs Vcb S
b’ Vid Vis Vib b
Weak . Mass
. CKM matrix .
eigenstates eigenstates

@ A triangle can be drawn using an unitarity condition of the CKM

matrix ;
Vud Vub* + Vcd V:b + Vig V;Z =0.

Precise measurements of these angles are
the search for New Physics as well as the
ViaVi, test of the Standard Model
- may reveal a new source of the CP

b2
2R
VeaVa

Viud u*b

violation
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@ Golden mode: B® — J/wK°

@ Contribution from the penguin diagram is bV ¢
negligible W\; .
@ Time-dependent asymmetry is: B Vis 5
[(B°(At)—fcp) T (BY(At)—fep) _ ; . K°
T(BO(At)—fep)+T(BO(At)—fep)
Scpsin(AmAt) + Acp cos(AmAt) DM
tag-side B
Scp = —E€sin(201) ey I~
{ACP =0 e~ e’ CP-side B
K
@ The flavor of the accompanying B is
determined from the flavor information of "

the final state particles
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¢1 from BY — J/9K?

_ Nojg = 7,484 £87 B® — J/¢¥Ks
© 535M BB [PRD 98, 031802 (2007)]: { p, — 6,382 + 123 BY — J/yK,
< Eoy e . b) J/ 73
%ggg A s ( )Jdtw “ S400H@ BT - UK et

g
>
8 $ [=P7H S300)
= 800 3 3 J/'YK X BG, $200
8 600 S K , detected ‘5100
S > e J/'\PX BG ] Ofmaenet
% 400 2 m combinatorial BG >
£ S £os
§ 200 g o Waacui |
%2 5.25 53 0 05 1 15 2 Zos I
2,
My (GeVIc?) p*, (GeV/c) 7552505 s s
£ M(ps)

sin(2¢1) = 0.642 + 0.031 & 0.017 (B® — J/4Ks, J/1K, combined)
< will be soon updated with the full data (772M BB)

@ All ¢T resonances will be included with the reprocessed data (high eff.)
@ Expected stat. error on sin(2¢1) ~ 0.02

@ The size of stat. error on ¢1 is approaching to that of syst. error
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@ Scp =sin(2¢7), Acp = 0 with the tree

diagram (T) only i
@ Acp # 0 is possible due to a large b Vi Vi o
penguin contribution ~ T B
u
@ An SU(2) isospin analysis is used to d a"

extract ¢y from ¢St

At

S

~ Amplitude for
A0 AT (AN BB - nrn
A00 (A00Y BY(B%) — n0n0

A0 (A0 [ BF(BT) = at()n0

A0 — A0 Al — @203 Al
_ _ A2 H —
Sep = V1 Ap sin(202 = 28¢2) B(B® — nmn7), B(B® — 7°7°%), B(BT — ™ x°),
=\/1— A2, sin(205T) Acp(n*77), Scp(ntn™), Acp(B® — °n°)

are used for the determination of ¢»
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@ ¢ measurement using B® — w7 535M BB [PRL 98, 211801 (2007)] :
Nsig = 1,464 + 65

£ 1 1
g —q=+
200 ~e-q=-1 08l Belle
£ 05
Ewo . ‘ 7 ‘ ) . 06t
e <0 _'.04\
50 LN 05
< opre N 0.2}
1 e
0 5 1108 0 05 00 30 60 90 120 150 180
Ot (ps) snn @, (degrees)
(a) At and Acp (b) Confidence regions (c) 1-C.L.

for SCP and -ACP

@ (a) The difference in the heights of B-flavors is due to direct CP violation
@ (b) Acp = +0.55+0.08 £ 0.05 (5.50), Scp = +0.61 +0.10 +0.04 (5.30)
o (

(c) Scan ¢ and construct X° for the five amplitudes (A™, AT—, A%,
A=, A%): WA are used for B(nr)s, Acp(B® — 7°7°)

¢p = (97 £ 11)° : exclude [11°,79°] at 95% CL
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¢, from B® — pp

@ ¢ measurement using B® — pp 535M BB [PRD 76, 011104 (2007)] :
Nsig = 576 53
@ Best environment for constraining ¢» because of relatively small penguins

@ Assuming 100% longitudinally polarized ( ~pure CP-even state)

@ lIsospin analysis : Use Belle results for B(B° — p°p°) (< 1.0 x 107° at
90% CL) in 2008, otherwise WA
- before BaBar's B(p"p°) update

7| Em 1
@ Qo) )
3% )
N Tos |
M
w o 06 [
o g 5 RS o
¢

04 10

A

o LLUN

Events/ (12575

zgsga
&

Raw Asymemetry / (25 ps)
ttt.ge
) + .

L(”) 20 40 120 ¢2(1&°egr1ggs) 180
(a) At and Acp (b) 1-CL. ppp 7g, 111102(R) (2008)
¢2 = (91.7 £ 14.9)° )
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¢, from BY — pmr

@ ¢ measurement using B® — pmw 449M BB [PRL 98, 221602 (2007)] :
Neig = 971 + 42

@ Dalitz plot-dependent differential decay rate is:

dr —|At|/TBo 2 —_ 2 > _ 5
-~ Az, Az, — Giac(|Asx|” — |Asr A At
dAtds;ds_ € ([Asx|” + [A3x]") — Grag(|Asn|” — [Asx|") cos(AmgAt)

+Gtag2lm [% A;WZ%} sin(AmgAt) }

where As is the Dalitz plot-dependent complex amplitudes for
B°(B®) — ptn~, p~ ™, p°n°, with dynamical properties.

T 2 —— tdCPV + isospin
pom e tdCPV (p°7°) only
s gat@ .
B R0
I 5 08
p T g Eolr Sl A [
= 57113: 3 0.6
g R Toafl N AN
0.0 “ ) L i 02 [\ / \// 7]~ cL=e83%
poT ; s o ' K
A &
06 08 _1 ur ”/, e 1, 6 0 0 30 60 90 120 150 180
m, (Gev/cz) cos8, At (ps) @, (degrees)

(a) mass, helicity and At (b) 1-C.L.

68° < ¢ < 95°at 68.3% CL



¢3 from BY — DK™ (GGSZ)

b U U
0 K~

W @ b w= s

. : ; f_’

S c
K- B~ DY

U u

B~ — DK~ B~ — DK~
; ; oy Vi Ve
@ Amplitude ratio (rg) = AR color sup. ~ 0.1

@ For the same final state of D° and D° decays:
|D%) = rge’®|D°) + |D°) (6 = —¢3 + J5; strong phase difference)

@ D can be distinguished as D°/DP on the Dalitz plane

D° — Ksmtm™ D° — Kgntm™
2 s 2 S 3
Kgm— Mkgm—
2 2 2 ‘
|A(mK57r+7 ngﬂ’*)| = ‘ + rel0Eivs
| 2 2
MKgnt Myt

[A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)]
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¢3 from Bt — DK™ (GGSZ)

@ Fit x4 = rgcos(dg = ¢3), y+ = resin(dg £ ¢3) with a Dalitz plot model
of D decay and other kinematical variables

@ Model of D decay is determined using D** — D°1™", then used for the
CP fit — large model uncertainty for ¢

@ model-independent approach is now tested using CLEO-c data
[A. Bondar, A. Poluektov, Eur. Phys. J. C 47, 347 (2006) and C 55, 51 (2008)]

@ 657M BB [PRD 81, 112002 (2010)] o ’7"565
-

DK, D = D’ | 149
D*K, D" — Dy | 141

model-dependent approach
(Plots of BT — DK™ are shown here)
Ewdence for direct CPV (3.50)

“““ 350 e g
7
035F o .
& 300 f . E
03 a0 @
025F Ezoo
02f
oxsh 150 f-
o1f a3
00sf SoF
AL o
0 == 0 50 100150 ZUO 250 300350 0 50 100 150 200 250 300 350
7
S22 s 5% i ¢, (degrees) @, (degrees)
(a) mass (b) CL (rg, ¢3)  (c) CL (38, ¢3)

p3 = 78.4°T19-8° + 3.6°(syst) + 8.9°(model) (all modes combined)

M. Iwabuchi (Yonsei) CPV in B decays at Belle DISCRETE'10



¢3 from B¥ — DK™* (ADS)

@ New result from Belle for ADS mode
@ BT — DK* (D — K—rt) where D = D° or D°
{B+ — DK+ D° s K—gt

Bt — D°K* D° — K~ 7t

Either B or D decay is suppressed
@ (P asymmetry and partial rate are the key for ¢3 extraction :

B(B~ — [KTn |ph™) — B(Bt — [K~nt]ph™)

A= BB S [Kerloh) T B(BY = [K-ntloh")
= 2rgrp sin(éB +6D)Sin(¢3)/RDh
Rpy = BB = [K'nloh) + BB — [K™n']oh™)

B(B~ — [K-n'loh-) + B(BT — [K*n|oh")

= rgrp2rgrp cos(dg + 0p) cos(3)

[D. Atwood, I. Dunietz and A. Soni, PRL 78, 3357 (1997)]
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¢3 from B¥ — DK™* (ADS)

@ First evidence of ADS BT — DK™ signal
with a significance of 3.80 with 772M BB .
(full data in Belle) (Preliminary)
Apk = —0.39 £ 0.26(stat) *%% (syst) ;
Ropk = [1.62 & 0.42(stat)* 5 (syst)] x 1072 |

5

AE

5E

@ Discrimination between signal and
background is improved using NeuroBayes
(NB), a technique for multi-variate R
analysis ;

NB

@ 2D fit is performed using
AE = Eg — Epeam, and NB

@ External information will be used to constrain ¢3:
rp and dp may come from HFAG and CLEO-c

M. Iwabuchi (Yonsei) CPV in B decays at Belle DISCRETE'10 17



Constraints on Unitarity Triangle so far

B L L I L
’m

ey
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S

el bbb

i
e i s (e arcL>00)
[P O I A I P i
-1, -0.5 0.0 05 1.0 15 20 b i
b 08 10
(a) CKM fitter: full inputs (b) CKM fitter: angles only

@ No discrepancy from SM, still in consistency
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New Physics Search in CP Violation

New physics search by ¢{" measurements in

b — sqq modes

- deviation from b — cCs indicates the physics
beyond SM (prediction: dsin(2¢1) ~ O(%))

@ New result from Belle for B — KsKTK™ sin(2B™" = sin(2¢") EIIX4

657M BB [PRD 82, 073011 (2010)] ey

Various approaches for ¢
still consistent with SM

9K’
@

BaBar 263026003

. . . Rigtage [ Gse il
gl g T

@ Time-dependent Dalitz-plot analysis R i N R

off T ey%rgge " 0900591007'

H H aBar = 520 001

simultaneously determined ¢5" for ¢Ks, o bele Ll owtasten

+ p— g BaBar o 650,20 % 0,05

7(980)Ks and other KsK™ K “ " Bl i oeionion

G BaBAr e 1505 000 5 005

X' Belle — 6481010095 0.00

Sa Average 054528

E, w BaBar A £0.027

@ e ) —+ ¥ Bele %*[: 04120485007

2of v 8 3 Average 450,24

& gosp (> BaBar i TR0

g £ Belle 'E_ 063 418

S 20F B! o +°_Average 062 033

g 2 & BaBar F EUB2F006%0.40

2 2 0l ~ Average L 0481053

S 1of 1 &0 " BaBar F 0Bz E007 £00

» “x_ Average I 0.20%0.53

< " _ By 1 %@ : O72E0TT£0.08°

G5 s ms o a5 s 7S e A e

“"(6 mass region) " o e B Sorea
[ & BaBar TOI*VITT005%0.

(a) At EMb) 4 A I —— iz

cpP ‘e & Belle 410680152003 27

<. Average 25 0.82+0.07

@ A solution preferred from multiple solutions: 2 1 o/ 1 2

v

$Ks : s =3224900+1.4
£(980)Ks : 5T =31.3+9.0£4.0
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© Summary
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Accuracies of CKM angles are improving day by day
@ ¢ - Stat. error on ¢ is approching to the syst. error

@ ¢» - B — pp mode currently gives tightest constraint on ¢, but
B — pm mode can constrain ¢, without ambiguity

@ ¢3 - Error on ¢3 from the Dalitz plot analysis has started to be
saturated by the model error

@ New Physics search through the CPV in B decays achieved many
results, but still consistent with SM so far

Need to improve stat. errors for further inspection of CPV
@ Belle will soon update important analyses with the full data

@ Belle Il will further extend our knowledge on CPV in near future
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