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Recent Hot Topics

* ¢3/r measurements - Unitary triangle
ADS, Dalitz (GGSZ)

* Direct CP violation

In B / hon-B decays -

VeaVeb™

[o)

* KEKB shutdown for upgrade to superKEKB

Contents of this talk

- Review of time-dependent CP violation
measurement

- Recent results of CP violation measurement
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Review of time-dependent
CP violation measurement
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Overview of Time-dependent
CP asymmetry measurement

P(
P(

(At) — fer) — P(BY(At) — fep)

AP = DB(AY  for) + PBIA) — for)

BO
BY(A

Tag side B

u

= § sinAmA¢ + A cosAmAt i (45)

mixing induced CPV direct CPV E
Am: B-B mass difference

At: B-B decay time difference 2);2?22\\//2};28” 1l
Angles of unitary triangle can be w
measured in several CP-eigenstates: - Decay time is measured from
ex. B —J/yY KO (b—ccs tree) difference of vertex position
S=-&£fSIN2¢1 - Flavor of B is measured from
BO—mm, oo (b—~uud tree) information of daughter of
S =-&+/1-A? sin2 ¢ 2¢ff companion B (high momentum

b2 = gp2- Ao lepton, kaon, etc. )
(extra-CP phase from other diagram)
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sin2® 1/ B measurement

beam constraint mass:

CP odd (& ;= -1) " BABAR 465M BB | Mo = V{Escon/2) - e - mes

D N -
¥ Belle 535M BB ‘ (full data set) (signal: = Mso )
PRL 98 (2007) 031802) (PRD 79 (2009) 072009)

BELLE

1200
B'—]JI K’ “ .
"o 1000 | Lo B JWK Average of b—charmonium
2 oo [ Nsig = 7482 2 B'— w(zs)K(S’ +
= * & Purity 97 % 5 By K . B=¢ I
g 600 —~ 0 el 0 T] 1 PRELIMINARY
= £21000F B'—n Kg | '
2 400 L +data = ¢ : O
§ — signal+background 2 NSig = 8377 Cﬁ
LL *  background = Purzi;y 93 9, Tr C<) i
. C
g.2 5.22 5.24 5.26 5.28 0.8 r % N
Mee (GeV/cd) >
. . <
. 2 L A BoIKen) @] | 06T s
) 2 0B tags i/ " . : A
% S 0.4 <9, « o g -
= § %0 ' @ 0.9 U,g
- 0.2 | ' .
Q 15 g
= = 0sf 0 bt | L TSN >
2 3 - l L L L 1 —
; 2 *’51 ] 1 Y22 0 02 04 06 08 1 0
-7.5 -.5 -2l.5 6 2i5 é 7.5 ) _‘5 6 5
At(ps) At (0s) .
sin2 ¢ 1= 0.642+0.031+0.017 sin2 ¢ 1= 0.666+0.031+0.013 QS HS measured '['_O
A=-0.018%£0.021%£0.014 A=-0.016%£0.023%0.018 0
(B’—JI K total) (B’—JI K total) <b% accura CY
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Motivation of further
sin2® 1/ B measurements
-SiIN2¢ 1« |Vup| from B*—=>1+v
Recent global fit result by CKMfitter

IS
0.6 A

05 :C:: / ’ sol. w/ cos 2¢p, <0
'8 . . 7% (excl.\at L>10 95
1= - ;é W . ///// 7 b,
0.3 €k i

0.2

0.1

P 1 L]

0.0
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

B(B*—1 v) = (0.861+2191 )x 104 (CKMFitter, ICHEP10)

Hints of new physics contribution? —
Bellerpreliminary b4 40307 D2z s 0-4

=iy mICE
BaBar preliminary (1.76 £ 0.45) x10-4

Average (1.64+0.34) x104

Precise sin2 ¢ 1 measurement contributes to reduce global fit error
10th International Conference on Heavy Quarks and Leptons, Frascati Oct. 13, 2010
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Further sin2 ¢ 1/ 8 measurements
- Belle final result will be shown In near future

772M BB, full data _,:
“o 3000 O 5000 -
= - B9—(cc)KOs * > | BO—J/YKOL
= Al combined = 4000 + Data
IO - L = I
P EOZS'J(ZE’SK & 3000} BG w/ KL
S = : BG w/o KL
@ i > 2000 [ B J/Y combinatorial BG
1000 | Signal region of @ :
‘reconstructed energy | 1000+
02522 524 526 528 5.3 00 02040608 1 12 116182
M,. (GeV/c?) P (GeV/c)
J/WKOs J/WKOL Y (2S)KO% X c1KOs
Signal yield 12727115 10087+154 198146 949+33
Purity (%) o7 63 93 89
Signal yield (535M BB) 7484+87 6312+123 = =
Purity (%) (5635M BB) o7 59 - T

Expected statistical error on sin2¢1 = 0.023
— 30% smaller than previous result and close to systematic limit
(c.f. sin2¢1 = 0.642+0.031(stat)+0.017(syst), Belle 535M BB)

10th International Conference on Heavy Quarks and Leptons, Frascati Oct. 13, 2010




o2/ a measurement

- 30%71-_'_71'_

Belle 535M BB (PRL 98 211801) BABAR 465M BB (arXiv:0807.4226)
D

S

W
@)
@)

—

@ r g 160 : j
</ O —~— g = +1 ER BiBar o
2000 Bey:E i | g G
e - 801 = GE)O.8:—
Hie B 60~ ; 0.6F
-c—2100 : ‘ : ;13;: ; %0.4;_ + =
2 . o Raceer” i , oheg Ty ed €02 E
Q T At (ps) oF . |
i o S4B ]
: % 140F E -0.22_ _‘7//_:
a Eno? E 0.4F E
< ° i o5 -
: 60? -0.8F BE
b I AN B e
At (ps) T e At (ps)
S =-0.61£0.1010.04 S =-0.68+0.10%0.03
A=0.55%20.08+0.05 A=0.25%20.0810.02

— Extra CP phase is determined using isospin relations
(Gronau and London, PRL65 3381) with other measured values

V2 BR(B® — n*rr) = 5.16 £ 0.22 -
— ]. e AT + +
A0 — \ﬁ At 4 A% BR(B* —» n*'r®) = 5.50 041, 4, Agp(B* = n*r®) = 0.06 + 0.05 (units: 106)

- I 1L BnE LN =1. L B0 - - 0.43 ¥0.25
(49 : Decay amplitude of B mimi/pip) @ <) =158520.19  Acel rfrf) 024

= exclude 9° < ¢ <81° (95.4% C.L.) = exclude 23° < ¢ <67° (90% C.L.)
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0 20 40 60 80 100 120 140 160 180
0, (deg)

®2/a measurement

Both asymmetries and branching fractions will be
updated with full data samples in Belle and BABAR.
¢ 2 will be measured with better accuracy in near future.
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Recent results of CP
violation measurement
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B*—J/ YK+ Direct CPV

b—c tree b—s penguin

Cc
b ? c Jp
+ w (o]
B ;
S i+
U————————— — ] K
Direct CPV-~0 New physics contribution?
CAsymmetry :

Previous measurements  Asymmetry (%)
Acp(BY = J/HK™)

B(B~ » J/9K~)— B(B* - J/$K*) Belle (2003, 32M BB) ~ -26+22+ 1.7
= BB~ 5 /0K ) T BB J/uKT) BABAR (2005, 124M BB) +3.0+ 1.4 £ 1.0
DO (2008, 40k signal) +0.75 + 0.61 + 0.30

~ 0.3% in Standard Model

O(1%) extra U(1)" gauge boson EDGIARG9) i 0'8_
Phys. Lett. B. 598, 218 (2004) 772M BB
O(10%) extra coupling to charged Higgs | <
Phys. Rev. D. 62, 056005 (2000) s
\_ / o

Precise measurement using 2

huge data samples i - 5.2 5.2 524 5.26 5.28 5.3

Nsignal = 41315£205 events ' oF

beam constraint mass: %.2 J 5.|2'; | M5.|24L 5.I26 5.28 5.3

Moc = w/(Ebeam/Z)Z - Prec? (signal: = Mgo ) M, (GeV/c’)
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http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVN-4D4MFWK-8&_user=950960&_coverDate=09%2F30%2F2004&_rdoc=10&_fmt=high&_orig=browse&_srch=doc-info%28%23toc%235539%232004%23994019996%23518997%23FLA%23display%23Volume%29&_cdi=5539&_sort=d&_docanchor=&view=c&_ct=21&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=f85193ff973cc19906e66627f53d3b65
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVN-4D4MFWK-8&_user=950960&_coverDate=09%2F30%2F2004&_rdoc=10&_fmt=high&_orig=browse&_srch=doc-info%28%23toc%235539%232004%23994019996%23518997%23FLA%23display%23Volume%29&_cdi=5539&_sort=d&_docanchor=&view=c&_ct=21&_acct=C000049112&_version=1&_urlVersion=0&_userid=950960&md5=f85193ff973cc19906e66627f53d3b65
http://prd.aps.org/abstract/PRD/v62/i5/e056005
http://prd.aps.org/abstract/PRD/v62/i5/e056005

— estimate from control samples:
Ds— ¢ (&KK) r+, DO—>Km+

/A\reCDS — /A\FBDS [

B+—J/ Y K+ Direct CPV

Asymmetry from K+*/K- detection efficiency should be considered
(detector acceptance, interaction rate difference between K+ and K-)

forward-backward m detection K detection
measured asymmetry of D efficiency efficiency

—) AreCD — AFBD + AcT

n A87T_|_ AgK

Consider K momentum/flight direction

A:K (Assume ArsPs = ArgP)

dependence on AgX

-

ACP(B+ — J/¢K+)

B(B~ — J/YK~) — B(B* = J/yK*)

B(B- — J/YK~) + B(Bt — J/YK+)
= (-0.76x0.50£0.22)%

D

O

J

K}

K

Asymmetry (%) cosb,,

Acp (%)

o.si—

° I * K+ momentum and
05 | flight direction in
-1:_ ! ! ! B+|_)J/|sz4|- delcay|

1.2 14 16 18 2 22 24 26
pK, (GeV/c)

5:

aF | AcK

o { : (ArsP+Ac 7)
1 ; :

of i Py bty
-AE LI B

1=

. ) Y Y B Y S

1 2 3 45 6 7 8 9 10

55

¢ Acp (B*—J/YK*)
2F ’

1E

0 ] l l

-1_ ........................................................ { FE
2F l

-3F l ‘

4

B3 S E—

1 2 3 4 5 6 7 8 9 10
Bin #
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CP violation In b—s transition

| oop appears In first order diagrams of
~lavor Changing Neutral Current transitions
0—SgQJ penguin, b—sy

= Sensitive to new physics contribution

— Extra CP phase

10th International Conference on Heavy Quarks and Leptons, Frascati Oct. 13, 2010
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CP violation In b—s transition

| oop appears In first order diagrams of
~lavor Changing Neutral Current transitions
0—SgQ penguin, b—sy

= Sensitive to new physics contribution

— Extra CP phase

/ : e
ipREn g 3
wo o = 9 =
—_— i — S b —&——— SSE
PR s are you LHC
¥y b o SR .
f/' R guys doing?
S g
iknaFaRR"
— — S

Indirect search for SUSY and Higgs

10th International Conference on Heavy Quarks and Leptons, Frascati Oct. 13, 2010
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(sin2 @1/ B)eT measurement

- sin2 ¢ 1«<— sin2 ¢ 18" (b—sqgqg penguin dommant modes)

’f’ sin(2p°™) = sin(2¢;™) S

PRELIMINARY
bocos  World Average o i 067£002

' 3, BaBar —— | ' 0.26 = 0.26 = 0.03

New phyS|cs = Belle g - 0.90 3%
o X BaBar g - . 0.57 0.08 + 0.02
contribution’ = , Bele : —ft« ! 0.64x0.10 = 0.04
“» BaBar i ——+—  000733370%

d __\ < Belle ——— ! 0.30=0.32:x0.08

d ¥ BaBar :  ——f« ! 0.55x0.20+0.03

g Belle g ——#— 0.67=0.31=0.08

Slight positive shifts from sin2 ¢ 1 are & BaBar ————| 0.3505; = 0.06 = 0.03
_ _ °c Belle § 41 —0.64 *332 £ 0.09 = 0.10

expected by contribution from b—u o  BaBar : ¢ 055702002
3 Belle — |l 1011x046+007

tree and so on. o BaBar | i L 0.60 218
J. Zupan, ECONFCO70512:012, 2007; - gege ; i i 0.63 1s
_ f, Kg aBar - ;048;052 +0.06 = 0.10
Hai-Yang Cheng, hep-ph/0702252 f K, BaBar : — 10.20 i 0.52 + 0.07 + 0.07
7’ Ky BeBar——— ;: | 1-072:071:008

¢n° K, BaBar : —i— 0.97 *023

n v K NBaBar ————  |[|0.01£0.31 +0.05 +0.09

= = X ' : | [ + +

sin2¢1 is a reference  Dapar s | 086=008=003

_ : +¥ Belle : E '— 06.8 +(0.15 = 0.03 -013

point for this study b—qqs _ Naive average r ' 0.64 = 0.04

-2 -1 0 1 2
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BO—K+K-KY (BY—foKY, BY— ¢ KY)

Dalitz-plot

c.f. Time-dependence

: , Dalitz-plot | ,
Interference in BOBO (04 6)* intermediate states (Dalitz phase) St S, =|\/|21EK1JR“P£“O;;
Belle 657M BB NeW'a BABAR 465M BB
% 9of % » d v, ! '
Te) 7°E g: “ 2 a7 :
S 60f “ Q |
S sof ‘ 1f :200
. 2 osf : s C B
S 30f E | 9100 Sost —
“oaopl Yy | g % . ) 3 — _
10‘)~ VA G é-o.sé 0 4)‘5;:- + o BERE
095 225 3 35 4 45 5 B 4 . . . :
M(K* K) (GeV/c?) Mo, (GEVIE) R " )
d1¢" (PpKOs)= (32.2+9.0+2.6+1.4)° P 1€ (@ KOs)= (7.7+£7.7£0.9)°
¢ 18ff (foKOs)= (31.3+9.0+3.4+4.0)° @ 1€t (foK9%)= (8.5£7.5+1.8)°

10th International Conference on Heavy Quarks and Leptons, Frascati Oct. 13, 2010
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D. Atwood, M.Gronau, A.Soni,

Events /7 ( 0.02 GeV )

PRL 79, 185 (1997)

By

BO— ¢ KsO

In SM, radiative photon from b-s¥y transition is flavor-specific.

B% B0 interference can occur only through a helicity flip.

The CP asymmetry in SM is suppressed by the quark mass ratio.
S~ —2(ms/myp) sin(2¢1) ~ 0.03

B0— @ KOsy

141

12

03 02 01 0 01 02 03

A E (GeV)

Events / ( 0.0025 GeV/c?)

beam constraint mass:

Mpc = x/(Ebeam/Z)2 = prec2 (signal: = MBo )

energy difference:

’_‘_r:‘_lnght-handed photon in SM ('I +75
C
final state
\ Eg / ) _ left-handed photon in SM .5 ~ g ¢
(1-75) B0
d . S K3
772M BB
(2.66+0.600.32)x10°6

0
5.2 5.215.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 5.3

M, (GeV/c?)

AE = ErectM -Ebeam/z (Signal: = O)
10th International Conference on Heavy Quarks and Leptons, Frascati Oct. 13, 2010
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3b+38 events — CP study
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BO— ¢ KsO

BO— @ KOsy

Events/(1 ps)

2 N H O

ooo
2000 .

\

o
N

0
-0.2
-0.4
-0.6
-0.8

I A RN R N

At (ps)
S(BO—@KO%y) = 0.74 +0.72+0.10

A(B°— ¢ KOs 1) = 0.35 +0.58 +223

Belle preliminary
Consistent with SM expectation

Raw Asymmetry

b—sy S
ICHEP 2010
CP PRELIMINARY
BaBar H -0.03 = 0.29 + 0.03
PRD 78 (2008) 071102 X :
-~ Belle : 8.32 5% £ 0.05
& PRD 74 (2006)'1'1'11'&'—"5 ' : =
Av : -0.16 =+ 0.22
FAG rrelated av H
B = V-1 = -7 S iy oo " 5'{-7"'0"2'5';' ~ 003
~ PRD78 (2008) 071 : [
S : -0.10 = 0.31 = 0.07
® BEI®74 2006) 111 H— ‘.
= Avera%o : -0.15 =+ 0.20
............. HFAG Correlated avgrage 1 =~~~ - |
R r H [ P18 12 +012
— PRD 79 (2009 : :
Average ¢ -0.18+0.49
X ’T'AG.%PF'?'?‘. ................ |
-~ ' 0.33 008
., Eﬁ]_ 101 {(2008) 25160f % —— ° e &
5 € +’ : | { 0.1120.34
.---_._..’.‘.--.H.’.:A.cf;..-. ’.‘Z‘?‘.'?!t.'?.‘?..a.‘.’!%'.'?cg.‘! ........................ S S
— Belle | £ 1 0.74 Sos ofd
< ICHEP 2010 prelimina : -
v Avera : * i 0.74 040
x HFAG Borrelated avera L = x_:
-2 1 0 1
b : SY CCP ICHEP 2010
PRELIMINARY
BaBar . H -0.14 2 0.16 = 0.03
PRD 78 {2008) 071102 : ;
-~ Belle - 20 + 0.24 + 0.06
& PRD 74 (2006) 111104 *—=4 :
-0.04 +0.1%

. ....HFAQ%QTEF’.'?!F?.‘?E‘.’.‘%T‘T‘.QE ..... T O

..............

BaBar
PRD 78 [2008) 071102
EﬁB 74 {2006) 111104(R)

) HFAG %on'elated average

BaBar
PRD 79 (2009)

Aver
HFAG rrelat

HfA.G. %9@‘?.'?!‘.?9.?.‘.’2'.’?.9?5 N
Belle

018+ 0.14 + 0.03
20 +0.20 = 0.08

-0.07 +0.12

-0.05 = 018:006

-0.05 = 019

-0.35 + 0.60

0.4 a5 0.8 1
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Summary

- sinZ2 @ 1 study using full data will be finalized soon
- Further constraints on @2 are expected from
asymmetries/branching fraction measurements

- New results using large data sets

- B*—=J/ YK+ direct CP violation

- B—KKKs time-dependent Dalitz analysis
- B9— ¢ K% r time-dependent CP violation
and other modes in backup slides

10th International Conference on Heavy Quarks and Leptons, Frascati Oct. 13, 2010
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packup
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Fully inclusive B—=>Xs r

347 fb! Y(4S) Data and 36 fb"! Off resonance Data Y B
»Signal signature:
One 1solated High Energy photon (ygg),

do not reconstruct the hadronic system.
Veto ;s from n9%n.

sig

“»Lepton tag and event topology criteria used
to suppress continuum.

Monte Carlo (MC) after select I . -
HE photons + re]ect QED events Domlnant BG 1500 —— B,a]?a,r ,P,r,elllml,nﬁn'}'l ——T
components are - background subtracted-
~BB contro] Continuum control
photon from 7%/ n, - :
e* bremsstrahlung 2% 'H' 7
and fake photon. 2 [ w | % 3 Z
sl [T :
«10° Y : ~ - .
SN S NN 4 - i" S [ 1] ]
After selections /Signal MG ] MC BB bar ‘>) i el i

] . . . . n
1 distribution is used = ol | e :
Sighal Region 3 ] 5 1 ) 3 ¢he :F: -
5296y | 3 after correction - | | . :
_z USiﬂg ContrOl 115 1 1 1 2 | 1 1 1 25 1 1 1 3 1 1 1 1 35
s b3
1.6 1.8 2 2.2 24 26 zg. (Gevi’ S a m p | e E -Y (GCV)

10th International Conference on Heavy Quarks and Leptons, Frascati Oct. 13, 2010
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Fully inclusive B—=>Xs r

Acp(B—X,, ) preliminary

SM

N(1") =2623+158 Babar I-tag B N
N(") =2397+151 o

Babar B-tag | B
Babar preliminary ®
Ap =0.056+0.060+0.018 . >

CLEO l-tag ®

Babar - N

preliminary 8-

347 fb! 04 0302 01 0 01 02 03 04

Consistent with SM expectation:

Acp(B—Xs+d 7 )~10° (T.Hurth, et. al., Nucl. Phys. B704 (2005))

Statistical error dominant

e —— i ——

Acp * stat t syst

01100115+ 0017

010+ 018+t 005

022501811 0.027

0.056 £ 0.060% 0018

10th International Conference on Heavy Quarks and Leptons, Frascati Oct. 13, 2010
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Inclusive B—Xsn

Unexpectedly large branching fraction observed in B—>Xsn °
CLEOZ2003 (9.7/M BB) (4.6+£1.1£0.4+£0.5)x 104

BABARZ2004 (88.4M BB) (3.9+0.8+0.5+0.8) x104
(2.0 GeV/c < Pn< 2.7 GeV/c)
— No explanation so far, comparison to Xsn gives some hints

5%

s |

a3

Xs: pseudo-inclusive £ 300

: . b f
reconstruction with 200} TR
(KoS or K%) + nmt (n=1-4) : P

' N
100 ; z

lllllllllllllllllllllllll

M (GeVlc’)

10th International Conference on Heavy Quarks and Leptons, Frascati Oct. 13, 2010
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Inclusive B—Xsn

10f <$0.6F
- 0.4F
8_ -
! 0.2

o A
] _l_ 0.2f ++++

4: + T 0.4f ‘]’ 1+

28 -l- 0.6]

! S 0.8
o — o TSP [T TR S SN RN A S NN TN S NN S S | N
0.5 1 1.5 2 2.5 0.5 1 1.5 2 2.5

M, (GeV/c?) M, (GeV/c?)
Br(B — X 1; Mxs < 2.6 GeV/c?) = (26.1 £ 3.0 (stat) £ +19,;; (syst) 427, (model)) x 10-5
Br(B — X 1n; 1.8 GeV/c2 < Mx, <2.6 GeV/c2) = (16.9 2.9 (stat) £ +15; 5 (syst) 3359 (model)) x 10-5
ACP (B — Xs n; MXs <2.6 GeV/c2) =-0.13 £ 0.04 (stat) 0923 (Syst)

dB/dM,, (10°/ (0.2 GeV/c?)

(Belle preliminary arXiv:0910.4751v2 [hep-ex])

Lack of strong suppression / Mxs spectrum shape
— disfavors n = specific mechanism
(I. E. Halperin and A. Zhitnitsky, Phys. Rev. Lett. 80;

D. Atwood and A. Soni, Phys. Lett. B 405, 150 (1997) 438 (1998))
= We still have puzzle

10th International Conference on Heavy Quarks and Leptons, Frascati Oct. 13, 2010
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DD

S>> CP violation in T —=Ks0m v

BELLE
CP violating phase in s =
T~ /' ~ S a > = D::.::.&n-’m
New physics i<y o o E.WMM
(ex. Multi-Higgs model) |- & =y | P &
Ve . E
. . 1 Ir- ) I.:_. : | -
Higgs coupling constant: :~»«H/'<: | 5| e T 3403 ::Egnals
"4-' <|m(77 S)<-I 6 (CLEO) [ with couplingS : 180002 | H‘FUHH_ 1 data
\ - Cconstant ng 1m5
4 1 1 N In hadronic rest frame
ASE ~ N Z cos 1; cos [3; — N cos ¥ cos [3; o Wigew
€™ jert Results after background subtraction
= (costcos3)_ — (costcos 3) 4 =3
(1077)
\ ) A"IKB';]' iIl (GeV) Agg Ustat Us}rst
s 0.625 — 0.890 7.97 1 3.35 | 2.85
%t“"é satstical erorsonly Te— % éstatisrticalen:rorsonh% FT 0.890 — 1.110 1.74 | 2.19 | 1.40
g = ooming § | | T Fo11.110 — 1.420 | 4.92| 8.02 | 1.62
e 1.420 — 1.775  ||-3.15|22.09]5.47
(e Wy
L Im(15)|<0.05-0.2 @90%CL
N ) o L
wﬁé'tféu e N before background wsf, 1 T e Be”e prellmlnary
08 i |1\;| KsnM(GeL\G/ 1c2) subtraction ’ Mksn ('GeV' /c2)

I VLI ITTILTI T IdUVI Al vUTTTTI THIVO Ul 1T 1CdVy \Wudl No dliJ I_eptons, Frascatl OC-I: -I 3, 20] O
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Experimental Apparatus
KEKB/Belle at KEK,Japan

Central Drift Chamber

/ SlV

small cell +He/C 2H . A(

SC solenoid 1.5T

CsI(T1) EM calori

ter\ N

TOF co

=

\\j/

J
U
14/15 layers RP¢+Fe

.

>
Lo

x detector - charged particle tracking
s DSSD

- momentum measurement

1]

L

Aero gel Cheren

C
n=1.015~1. 0;§

35G - particle identification

- ey energy measurement

- Ki cluster detection

N PEP- II/BaBar at SLAC,USA

Detail see: Nucl.Instrum.Meth.A479:1-116,2002

Detector of Internally
Reflected Cherenkov
light (PID)
144 quartz bars <«—
11000 PMTs

‘ Drift Chamber

ElectroMagnetic Calorimeter
6580 CsI(TI) crystals

e (3.16eV)

40 layers

e (

Silicon Vertex Tracker
5 layers, double sided strips

Instrumented Flux Return

Iron / Resistive Plate Chambers Trigger
or Limited Streamer Tubes L1 ~2KHz, L3 120Hz
(muon / neutral hadrons) ‘ Trigger eff. ~98%
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B'—=D[K'st* -] h® W=7’ n,w,n’)
Time-dependent Dalitz plot density:
(A.Bonder, T.Gershon and P. Krokovny, PLB 624 1-10)

e~ 1AU/T50 F(m3,m2)

P(m2 . m?2 . At —
(m3.,m=, At,4p) gL IN

(1 + gp X {A(mQ_,mi) cos(AmAt) + S(mQ_, mi) sin(AmAt)})
T

$_ —200(=D)'Im{f(m2, md)f (m3, m2 )%}

F(m2,m?%)
Im( f(m2,m2) f*(m2, mg) Jcos2 @ 1+ Re( f(m?, m3) f*(m%, m?2))sin2 ¢ 1
Dh” cos(2p) = cos(29,)

LP 2007
. PRELIMINARY
f : decay amplitude of D’—K/st* - - —
: : Koot BaBar N . 042 + 0.49 + 0.09 = 0.13
m+ : two-body invariant mass of K's = PRL 99, 231805 OO
& ,a CP eigenvalue of A’ i
Bellej +0.40 +0.22

1.87 o553 -
I ! 053 OIS?

F — |f(m2_,mi)|2 4 ‘f(mia m2_)|2 PRL9§7, 081801 (2006)
Average 1.01 = 0.40
N = / |f(m2,m2)|dm3 dm? ' iy

HFAG:

‘\"".’.4 -02 0 02 04 06 038 1 12 14 16 1.8 2 2.2
>

i cos2 ¢ 1>0 at 86% C.L.
=S cos2 @ 1>0 at 98.3% C.L.

BELLE
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sin2 @1/ B systematic error

In future experiment, error of sinZ2 @ 1 measurement will be

systematic dominant

=) Bell% 535M BB o
at CLOr1CS (sin2(|)1)
Vertexing 0.012
Possible fit bias 0.007
/At Resolution function 0.006
BG fractions (JApK ) 0.005
Wrong tag probability 0.004
BG fractions (JApKy) 0.003
Fixed Physics parameters: Am, ,tp, 0.001
BG At 0.001
Tag-Side interference 0.001
\‘ Total 0.017

Vertexing detail o(sin2¢,)

IP tube constraint vertex fit 0.0072
Poor-quality vertex rejection 0.0064
Imperfect SVD alignment 0.0056
Az bias 0.0050
Track error estimation 0.0033
Track rejection in B, , decay vertexing 0.0026
At fit range 0.0002

Total 0.012

Colored contents are

Independent of Increase

of data sample

— Jechnical improvement
IS needed.

ex.

- select good quality tracks,
reconstruct vertex without ete-
Interaction point information

- Improve detector mis-alignment

uarks and Leptons, Frascati Oct. 13, 2010
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® 2/ a measurements

Acp = P(BY(At) — for) — P(B(At) — fop) W Y
P(BYAL) — fop) + P(BY(AL) = fep) b 3
= S SINnAmA¢ + A COSAmAt 5
mixing induced CPV direct CPV
d > d
where § = - £ s V1-A? Sin2 ¢,
. . penguin contamination
Es: CP _elgenvalue VY .
Am: B-B mass difference b g U
At: B-B decay time difference B
u
b= po- Ad, (“effective” ¢ 2) d — d
- Isospin relations between B— m'm// p'p/ decay amplitudes
(Gronau and London, PRL65 3381)
AT = LA*‘ =AY ; : I
NG (4v : Decay amplitude of B— m'm//p*pJ)
T R B . . : .
AU ﬁfﬁ— + A% = A ¢ » is determined with four-fold ambiguity.

- Dalitz analysis for m @ ©9 3-body system
(A. Snyder and H. Quinn, PRD 48 2139 (1993))

Interference between three B— p  states

At fit with coefficients of Dalitz plot functions
= constrain ¢ 2 without ambiguity.
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Interpretation: ¢, constraint using isospin

M. Gronau and D. London, PRL 65, 3381 (1990)

Amplitude for

—+- —

A (A ) |B(B)>rn'nm

—00

;{m A””(A ) BIZ:'(E{1'_}—>?Z'[}E{]

ol

A4 ) |[BY(B ) > n'(n x’)

,-.,_{*j? s
A7 = o247 The cleanest

l method to
sz — \/1 — Amz Sln(2¢2 + 29) extract (|)2

We use the statistical treatment of
J. Charles et al., Eur. Phys. J. C 41, 1 (2005)
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longitudinal (CP-even)
transverse (CP-even and CP-odd)

From angular analysis, longitudinally polarized dominant for this decay.
(94.1% from Belle, 99.2% from BABAR)

P—VV decay =

Belle 535M BB (PRD76 011104) BABAR 387M BB (PRD76 052007)

3 S =0.19+0.3010.07 =-0.17£0.20+9:9 al |
A=0.16%0.21£0.07 A =0.01%£0.1510.06 g'

BELLE

(small penguin contamination)
— (¢ 2 constraint by isospin relations with other measured values

BR(B® = p*p7) =242 %1 4, =
BR(B* - p*p%) =24.0*1° 5,45 Acp(B* = p*p% = -0.051 + 0.054

(units: 109)

BR(B® — p%°) = 0.73 4027 55 —

=59° < ¢, < 117° (90% C.L.) = ¢, =[73.1, 117]°(68% C.L.)

40

- - p+pY parameters are updated in BaBar
A I S l ________ PRL 102 141802 (2009)
' S u +6.0
i I ‘g -0.2 l(iilfl,_);l)r i — ¢ 9 _(92.4 it )o
BF x 10~° -0.4 (2:5;

] Bt I * -1.8° < A¢p2 < 6.7° (68% C.L.)
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Coefficients of Dalitz plot functions are interrupted to CPV parameters of
quasi-2-body decays, B—» p*m-and B— p’m?

C+:£ C‘:E 3+:& 5—:& CP:UJ—:_U:L
ESk ot ger g A TR UT —
+ + + UO 210
Apowo = T T and Spowo = e
ric ct—c 5t +8 S1=ts d b
T T TG —Cr St 48 St -8
e A e S e A e
Belle 449M BB (PRL98 221602) BABAR 375M BB (PRD76 012004)
)y A = —012+£0.05£0.04 & Lon = SO o000 002
) C = —0.13£0.09+0.05 g Cm=mmibEa L2 Vs
AC = +0.3640.10+0.05 I 9 = ~003:£0.11 =004
AC = 0.39+0.09 % 0.09
S = +0.06+0.13+0.05 . AS = —0.014014:0.06
AS = —0.08+0.13+0.05 it U_O+ L o o A o s
Ao = —0.49+0.36+0.28 Uo
Spmo = +0.17+0.57%0.35 Swo=220 0040444018
0
68° < 1) 2< 95° (68 3% C.L.) ho= (87 ng )° (68.3% C.L.)
[ ‘ \ ‘ \ ‘ \ "]
1
BT 7'C i
0.8 0.75 |
(—Ji 0.6 5' i
- : ~ 05
0.4 . i
oz B\ \s / | |\ cL=68.3% 0.25 |
B- e "‘sespln combined S e —
0 30 60 90 120 150 180 0 50 100 150

$o (degrees) o (deg)
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Dalitz analysis for B’— p n(m*r-r?% 3-body decay.

al’ —T|At| 2 X 2
x e Az (s, 5 )" + |Aszr(s4,s_
dAt ds ds_ D (e )E (o 5-) Dalitz plot variables
— (tag - (|A37T<S‘|‘7 S—)‘Q T |A37r(8+7 3-)’2> COS(AmdAt) S4 = (p-l- +p0>2
—t- e 2
+ Gtag - 2Im (gAgw(er, S_)Asx (s, s_)*) sin(AmdAt)} s- = (p- +po)
. . / o So=(py+p)
Asr(s+,5-) = [+(54,8-)A" + f_(s4,5-)A" + fo(s4,5-)A" .
%Z3W(S+78—) = fi(s4,8-)A" 4 f-(s4,5-)A" + fo(s+,5-)A°
Decay amplitudes
At =TV Viuat Pt Vi Vg T tree transition
PV Ve P:penguin transition
Py, v, C:color-suppressed tree transition
¢ 2
[Asn(s4,8-) 2 £ [Aan(s4,5-)P = Y 1fulP(1A% £ [47)
k€{+,—,0}
o3 (Re[f,i £ Re[A® A7* + AA%*] — Im[f. f*] Im[A" A7 iZ“Z(’*])
k<oe{+,—,0}
Im <gzgﬁ(3+,s)A3ﬁ(s+, 3_)*) = Z | fro |2 Im [ A" A"*]
P o Gfts—i0}——-
- SaAmEE (Re[M;] Tm[A% A% + A A% + Im[f. f*] Re[A" A —ZUA”*])
k<o€e{+,—,0}
,o . 9 Dalitz plot functions e
S0 P — 27 coefficients measurable

X
3 types of distributions in At direction (lifetime, sine, cosine)
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SuperKEKB at 5 ab™ SuperKEKB at 50 ab™ LHCh (0,002 ab")l
T | Y | - | v J ' | Y e | ) i " — N

| . | ] : |
AS(¢Ks) p——i AS(¢Ks) H AS(¢Ks) ——i
AS(K'K'Ks) - AS(K'K'Ks) K AS(K'K'Ks) ; o Info
AS(1)’Ks) b < AS(1)’Ks) I As(iss(]r(]sx; .
AS(KsKsKs) ———t (KsKsKs) - H
AS(°Ks) —iy AS(n°Ks) Hy AS(n°Ks) H
sin2y(Bs — J\yg) H sin2y(Bs — Jy9) 3 sin2y(Bs — JAY¢) -
S(K *{) ——i S(K y) [ S(K “{) H
Br(B — Xsvy) - Br(B — Xsy) - Br(B — Xsy) 5
Acp(B — Xs) 8 Acp(B — Xsy) j Acp(B — Xsy) ;
C“/—\m(l\ll) b : ’ Cvs/—\ (KTT) ——ip C“/~\ (KTT) = o Info
C,o W/ xmu\n) | g : Cm“/-\m(]\ll) —— Cm“/ Am(l\ll) : 1 Info
Br(Bs — ['1) H Br(Bs — [I'l1) H Br(Bs — |l i H i
Br(B* — K*vv) H Br(B* — K*vv) e Br(B* — K*vv) H
Br(B* — D1v) ——i Br(B' — D1v) ,;, Br(B* — D1v) :
Br(B’ - Dv) : g : Br(B’ — D1v) —— Br(B’ — D1v) H
sin2¢, B sin2¢, M sin2¢, B
¢, (7 isospin) —— ¢, (7 isospin) o ¢,(r Isospin) .
¢,(pT) b ¢,(p) M 92(p7) +
¢,(DK™) i ¢,(DK) o ¢,(DK"”) ——
¢,(Bs — KK) r ¢,(Bs — KK) : ¢,(Bs — KK) ——
¢;(Bs — DsK) H ¢5(Bs — DsK) H ¢3(Bs — DsK) I , i
V! T = = TR V! O | B S| "H | | A e e e e e
05 03 01 01 03 05 05 -03 01 01 03 05 05 03 01 01 03 05
Super
(Lol for Belle |l at superKEKB) RERD
4 —
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