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CP violation

CP violation(CPV): the difference of partial decay width between B and anti-B.
(B f)=I(B— f)

interference between 2 amplitude with different complex phase make CPV
S #
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different complex phases for two path are needed.
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CP Violation in B® decays

KM ansatz: CPV is due to a complex phase in the quark mixing matrix
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RICH Detectors
specific feature of LHCb | . \{ertex Locator
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ime-dependent CP Violation in B° decays

We can measure CPV (asym.) as a function of proper time diff (At).

t=t,

[' o (At) $=0.7 A :
A=0 ‘

['50(At) ‘ *

At h A

Decay time difference
between B meson pairs

Acp(At)

_ T'go(At) — T'go(At) e.g. for B’>J/y Ks-

- I'po(At) + I'go(At) if (_)aCPS(,IQZi)l = +sIN2¢,
= S sin AmAt + Acos AmAL (Ecp : CP eigenvalue £1)
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Principle of Measurement
in B-factories

_ ~ L BCP .
) " 4—6—0 | fep
Y(4S) =—p .
g |
By ~ 0.43(Belle) e - Az=cpfyr
~0.56(BABAR) Ty : ~ 200 um(Belle)
g . ~ 250 um(BABAR)
Flavor tag ' Az _ At
cBN

- Reconstruct B - f-, decays

- Measure proper-time difference: At

- Determine flavor of By,

- Evaluate CP asymmetry from At and flavor of B,



sin2¢, with charmonium K° modes
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sin2¢, with charmonium K°
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11



Raw Asymmetry

sin2¢, in LHCb
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sin2¢,=0.53* 328 +0.05
LHCb-CONF-2011-004

when A is floated
S=+0.38%0.35
A=-0.28=+0.32

correlation coefficient p=0.53
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¢, in b>ccs

sin(2p) =sin(2¢,) e

PRELIMINARY

BaBar :
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BaBar y
PRD &0 %OO&] ‘112001
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EPJ C5, 379 (1998} -
CDF N 0.79 94

PRD &1, 0?200'-5 (2000) ”
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¢, in b—>ccd

treé + (plenguin)

Jhy 70
constrain penguin contribution in Golden mode(J/\yK%)
without model dependence.

D&+ DO)- -
penguin contribution is expected to be small.



= CPV in B"%D*D‘

<[>
Belle preliminary

e 772 x 108 BB pairs :
B°— (K m*r*)(K*m ), (K-m*m*)(K m-)+c.c. }4 gtag = go
S =-1.06+0.21+0.07 “ 2 e

Events / 1 ps

A=+0.43+0.17+t0.04

Previous measurement (535x10° BB pairs):

S =-1.13+0.37+0.09, S
A=+0.91+0.23+0.06 : - %
10 1 -2 Ati(lps) 2 | € 1
Unexpectedly large A come closer to zero with more statistics.
] D*D S, vs C,, EENE ) D'D S, vsC., HEHEd
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sin(2p°) = sin(2¢5™) S

¢, in b>ccd
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in b—>s
sin(2p") = sin(20; ") [ 2 44

PRELIMINARY
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BaBar : ——k— i 0.55+0.20 + 0.03
S ' B | : eff
= Belle 5 : — i 0.67 +0.31£0.08 S_SIHZ(I) /Ql O
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| T Average i  p——k—m ... 084
- BaBar : —h—t- ' 0.55 035 £0.02
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¢ measurement

Measurements using interference between Vu, contribution and
another weak vertex.

1
i V
S K— | b X ub = u _
W~— il : = DO
B W
B b o = C 0 , S
5 g - u Y ' . s B
' [ U uw
— . EPS2011
where, D° and D decay to the same final state:
Me//M --- D(*) K(*) GLW + ADS
S\ | (RO i0| 50 #sn - --- D()K()GGSZ [0 Combined
‘ D> - ‘ D >+ rBe ‘ D > Full Frequentist treatment on MG basis = CKM ht
Ll ML B SR BN (AL BLELEL B LRI BN BLARL
i =0.t C B A\ o A ]
phase difference  0=0gt¢; - o r=(esmy ]
litud A(B"—DK") o ool L]
amplitude ratio: [Ig= - ~ : I
P A(B~—DK") - __
0.2 ‘ o _ ]
3 methods LS Vo]
* ADS: doubly Cabibbo suppressed 00 " @ s w0 w1 w0 1

¥ (deg)

 GLW: CP eigenstates (Cabibbo suppressed)
 GGSZ: Cabibbo favored multibody decays with Dalitz plane
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ADS Analyses of B-— D*IK(*)-

- K- _ u K D. Atwood, |. Dunietz, and A. Soni,
W ‘Jf’< i H;(I'< 5 PRL. 78,3257 (1997); PRD 63,
h — — . — 036005 (2001).

B " DO po -
U - U - i
Color favored Doubly Cabibbo suppressed _ —
V Vi ~ALS Choosing both contributing

decay amplitudes are of

h — \:(T(_f po o g “ i+ | comparable size.
. = = 8
- 4% _
b 4 1—L-"~L"< u

_ - _ K- 7
U ! ' | ry, O : from other
Color suppressed Cabibbo favored nﬁeai srome
Vuchs*~A}‘3(p+in)
_ _OK_)
o _ N .\ suppressed _ A(B~——D
Rpk = B(K™m~]pK~) + B(LK 7| K™) '8 = A(B—>DK)

B([K_;Jr]ﬂfg_) +B(KTmIpK™) <— favored A(D°—K*r)

=rg° + I'p® + 2rgly COSO COSP4 =% (D' K )
B(K+n~|pK~) — B(K - n*]pK*) 5=5,+3,
B([K*n~|pK~)+ B([K~7n"|pK™) .
= 2rglp Sind sindo/Rpy Op p: Strong phase difference 19

Apk =
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results in B-—=> D°K-

Suppressed mode D—K*n~

20F

N1

522 524 526 528 53
mes (GeV/e?)

LHCh Preluminay

33 ph!

PRL 106, 231803 (2011)
first evidence with a significance of 4.1c

R px = [1.63704 (stat) *07 (syst)] X 102

o 10.264+0.04
Apk = _0-39—0.28—0.03
PRD82,072006(2010)

R px = (L1 £0.6 £0.2) X 1072
A pg = —0.86 = 0.471912

LHCb Preliminary
40 significance

R pk = (1.66 £0.39 £ 0.24) X 102
Apg = —0.39+0.17 + 0.02
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Suppressed mode D—K*n~

Events /10 MeV

Events/(2.5 MeV/c?)

1
1

results in B> D*9(D%x°,D%)K,

2
0

[ﬁ"'l' :F]L'i'rr”ﬁ-

& N b o
'd'-‘:l f 17

[Ji

0 0.1
AE (GeV)

:F]D]TIIE-

(b)

I

1T '.“" T

TEML

% =] — =) [95) £ L c?\
il T

!
524 526

528 5.3
meg (GeVic?)

Events /10 MeV

Events/(2.5 MeV/c?)

16
14f

_ [K

t 2], KT

1 0 01 02 03
AE (GeV)
K], K
10 .
(c) .

D Belle preliminary
<o
BELLE

Rpxo = [L0T) 3 (stat) T 5 (syst)] x 1072

772MBB

Rp- = [3.6175(stat) + 0.2(syst)] x 1072

Apro = 0.47577 (stat) 157 (syst)

Ap- = —0.517)33(stat) + 0.08(syst)

PRD82,072006(2010)
A67MBB

R ppog = (1.8 £0.9 £0.4) X 1072,
Ripyx = (13 £ 1.4=0.8) X 1072
A paox = T0.77£0.35 £ 0.12.
A {pyx = T0.36 = 0.94757.
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R, Averages

ADS analysis

LP 2011
PRELIMINARY

‘BaBar

"0.011 £ 0.006 £ 0.002

PRD 82 (2010) 072006 ok
Belle : M} 0.016 + 0.004 + 0.001
N PRL 108 (2011) 2315803
B CDF : i 0.022 + 0.009 + 0.003
xl PLHC2011 preliminary ' i* !
a LHCb _'_H'_‘ 0.017 + 0.004 + 0.002
EPS 2011 preliminary
ﬁ.gfarage H 0.016 + 0.003
X TBaBar Y 0.018+0.009 £ 0.004
:E' FPRD 82 (2010) 072006
- | Belle 0.010 "3 507 *5 052
ID-‘-' LP 2011 preliminary
| Average 0.013 £ 0.006
O HFAG :
e BaBar : 0.013 + 0.014 £ 0.008
5] PRD 82 (2010) 072006 3
< Belle 0.036 *1914 + 0.002
5" LP 2011 preliminary
o | Average 0.027 + 0.010
] HFAG i :
¢ BaBar ¢ '"Q'R"'ﬁ"s'i"tjfbéd": 0.010 |
:f_': FRD 80 (2009) 022001
X, Average ' 5 0.066 1 0.033
O HFAG : *
CXTTTTRaBar T LY o o 0,012+ 0.012 + 0.009
D|.—.: FPRD 7& (2007) 111101 |}
-] i
:u::| Average e 0.012+0.015
HFAG
] 2 H H H H
-0.08 -0.06 -0.04  -0.02 0 0.02 0.04 0.06 0.08 0.1

evidence A

\

Aps Averages

LP 2011
PRELIMINARY

' BaBar i : -0.86+ .47 515
% ; :
PRD 82 (2010) 072806 : :
Belle : 5 -0.39 %2500
; ! -39 nze -003
v PAL 106 (2011} 231803"] h— | ;
B CDF 5 : -0.82 + 0.44 + 0.09
<, PLHC20T prelimin‘$y : :
= LHCb : : -0.39 +0.17 £ 0.02
EPS 2011 preliminary ke : :
Average ; -0.45 +0.13
HFAG . ok ; 3
X  BaBar p—0-704: 035 0.12
B PRD &2 (2010) 72008 ; * 2
_ | Belle : : I 0.40 10 %
'D: LP 2011 preliminary : :
. | Average : * 0.72} 0.34
O HFAG : 5 :
I N T T T e —— L. s bdrmimr e mr e i m ek e w ey
v, BaBar : T E 0.36 + 6.94 025
%*
e PRD 82 (2010) 072004 © ; : K
< Belle _ . : -0.51 3% + 0.08
8 LP 2011 preliminary : :
! Average 5 ; -0.43 + 0.31
& ; . S UL
O HFAG : * : :
t, BaBar r * ; -0.34+0.43 £ 0.16
= PRD 80 (2009) 0920 ; ; ;
<, Average * : -0.3% + 0.46
. QO HFAG : | :
-2 -1 0 1
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GLW Analyses of B~ = D*IK(*)-

M. Gronau and D. London, Phys. Lett. B 253, 483 (1991);
M. Gronau and D. Wyler, Phys. Lett. B 265, 172 (1991).

Defining the two CP eigenstates  one can write B — Dcp, decays as
IDcp+ = \/—% (D% £ |50>) {\EA(B*HDCPJPK*) = A(B*—DO%K*) + A(B+—>_DOK+)

where Dep,: \2A(B"—Dp,°K") = A(B"—DK") + A(B—DK")
KK, Tcrc,..:(CP even) A(B*> DOK*)
where Dqp _:

Km0, Keo, Kgd,..(CP odd) A(B=> DK

% s _ .
A(B>DK)  S,+¢,
=A(B*-> D°K*)
_B(B—=Dcp+’K)=B(B*—Dcp+K)  +2r; sind; sing,
Ace " B(B—Dep1 K )+ B(B*—Dgp 0K Rep.

o, Op IS Not needed

B(B —Dcp+°K) + B(B*—Dep ’K)
Rept = — = 1+4rg%+2r; C0SOg COSh,
- B(B~—DK") + B(B*—DK")

A(B~—D%K")

dn:. strong phase difference
A(B-——DK") * P 9P

where rg =



results in B>Dp, K P

KK, nr,...(CP even)

B —DK" B*—DcpK*
S0 = P: = Belle preliminary
—7~ g 9oF B—-Dm g 9%oF
- : :g : :3 Repy = 1.03 £0.07 +0.03
S 40 = 40 .
LI 4 30f Acpy =029+ 0.06 £ 0.02
20 &h
772MBB 1:_ 100, X205,

it '._"' e . ok ! Trntiy . W ) gl
-014]050 005010150202503 01005 0 0.05 0.10.15 0.2 0.25 0.3 /
A E (GeV) A E (GeV)

large CPV

e S - . PRD82,072004(2010)
~ 3o D) B DK’ EPR 22: a) B —DK :
S we DK 13 we DoKX 2 |Repy = 118 = 0.09(stat) = 0.05(syst),
8 25:, D —»n't ,g 25 D —n'n 3
s wE } 18 w: 3
S st 1S ° Acpy = 0.25 £ 0.06(stat) = 0.02(syst),
L VS T L S I IRL S Wi

05?25‘ o I‘S.Il’b — ;‘27 o I5.‘28‘ - 05.25 I ‘5.‘26 * 5.27‘ - ‘5.‘28‘

my (GeVic?) mgg (GeVic?)

LHCb Preliminary

LHCD Prelimminary LHCb Preliminary

Ng 20+ "g 20+
a1 2 Rep. = 1.48+0.31+0.12
L 36pb1 3 lor 3 10 .
£ 2 1 | APE, = 0.074£0.18+0.07
ob R 0
m(B) (MeV/c)
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results in B>D, K

Dep_:
Ksn?, Kso, Kgb,..(CP odd)

3 3 % Belle preliminary  77oMBB
g § 4wt
i P Rep_ = 1.13£0.09 £ 0.05
i i
10} Acp_ = —0.12 £ 0.06 = 0.01
o : ) 0% 1o 5o
414&500“5010150202503 414050005010150202503
A E (GeV) A E (GeV)
WETTTTTT = Wf T T T PRD82,072004(2010) 467MBB
~ 35 & B >DK 3 I 35;_0 B — DK _
jo Lo } Pogm o | Rop- = 1.07 = 0.08(sta) = 0.04(sys0),
S 0t D-K 3 S wg DK ]l E
S sp E S sp 1 Acp- = —0.09 = 0.07(stat) = 0.02(syst),
£ 105 - £ 0E 3
RN TR I gt
05.25 . ‘5.26‘ o 15.27‘ o ‘5.‘23‘ - 05._25 5.26 5.5,7 5.I28
my (GeV/c?) my (GeV/ic?)

(sign of A ) # (sign of Ap,)
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Rp, Averages

LP 2011
PRELIMINARY

A p, Averages

LP 2011
PRELIMINARY

BaBar Y 1.18 £ 0.09 £ 0.05 BaBar i ] 025+006%£ 002
PRD:82 (2010) []?200 PF;?D 82 (2010) 072004 :
Belfe | 1.03 + 0.07 + 0.03 Belle o : L l, 029+0.06 +£0.02
LP 2D11 preliminary ' LR 2011 preliminary : E :
< CDF e 1.30+024+0.12 < CDF Lo, 0393017 +3-0.04 o
Q% PRD:81, 031105(R) (AT{OF Q% PRD 81, 031105(R) (2010) | 7] g
LHGb !"_ 1.48+0.31+0.12 LHCb : 0.07 £ 0.18 £0.07 ®
LHCh-CONF-2011-03p/—*—* LHCb-CONF-2011-031 : =3
Average i 1.1 +0.06 Awerage Pl 0.27 to.oak 9,
""""""" B'aEar 5 1.31+0.13+0.03 Bagar uk -0.11+0.09 £0.01 >
« PRD:78, 092002 (2008) « PRD 78, 092002 (2008) : ;.
o Belle : 1.41+0.25 +0.06 o Belle -0.20 + 0.22 £0.04
O PRD:73, 051106 (2006) .0 PRD 73, 051106 :
o Average : 133+0.12 Q Average : .0.1240.08
HFAG ik USSR ot HOU SO (1 S SO
L BaBar T8 710355 0.08 . BaBar : 0.09+0.13+£0.06
e PRD:80 (2009) 092041 X PRD 80 (2009) 092001 ;.
5  Average ! 2.17+0.36 R Average 0.09+0.14
= HFAG L ! HFAG ) — : t
-1 1.4 1.2 -1 -0.8 06 -04 -02 0 0.2 04 08
R Avera es @
g PRELIMINARY A Averages %
BaBar 1.07 £ 0.08 £ 0.04 , —
PRD 82 (2010) 072004 E%Baazr 2010) 072004 H* 0.09:+0.0740.02
< Belle 1.13+0.09 £ 0.05 \ 0 82 (2010) Gl
S LP 2011 pr'BIiminary o Be"e o ._;*_' -0.12+0.06 i‘;0.01
o S LP 2011 preliminary Py :
Average: 1.10 £ 0.07 o ; = :
HEAG = ﬁgg@r&ge o | -0.11 40.05
TBaBar U 1.09+0.12+0.04 Sty U 1
PRD 78, 092002 (2008) BaBar : 0.06 +0.10 £0.02
e Belle 1540314012 o PRD 78, 092002 (2008) : ,
o H B T U o . . '
'r:.o PRD 73, DSHOB (2008) g ERe[I)I% 051106 (2006} 013030008
Average: 1.10+0.12 c . :
Y orage; - °  Ayerage : 0.07£0.10
""""""" BaBay TP T T i 030571043 Lo HEAG R
& PRD 80 (2009) 092001 ol N 9 Egtl)gaaortzoog) ng_*_i . -0.23+0.21 £0.07
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o oy ade: ol e Q% ’:‘é’f(';age i 0.23+0.22
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¢, with GSSZ analysis

A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)

Dalitz plot(DP) analysis using D—>Ks°rt*t"3-body decay
D) =|D%)+1,e"|D°)  0=85%0,
Dalitz plot amp. M (m,, m_):

m+EMKsh+’

m—EMKsh—

Mi(m+21 m_2): f(m+2, m_Z) +rBeil(|)3+ISB f(m_z, m+2)

\
\

+rBei 1p3+10p

f(m,2, m_?) ...consists of summing over the intermediate

&

“—

resonance amplitudes of Kh*(K;h~) at each fraction.
(Phase term o,(m,, m ) is based on model assumption)

VB 03D 81,112002(2010) 657MBE  CET

GELLE 5’

$5=(78.4*1%8 £3.6+8.9(model))°

Combining the results for B>D*)K

At present, best measurements of ¢,.

468MBB

PRL 105, 121801(2010)
0;=(68 144+ 3(model))°

Combining the results for B->D*K*)



Model-independent binned DP analysis

new

7>
17om DA

BELLE
Belle Preliminary

Model-independent optimal binned DP analysis

A. Giri, Yu. Grossman, A. Soffer, J. Zupan,PRD 68, 054018 (2003)
A. Bondar, A.Poluektov, EPJ C 47, 347 (2006);EPJ C 55, 51 (2008)
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N
o
T

T*) (GeVZ3/c?)
N

0
m3(K
- S
- (%)
T T

o
o
T

-
\

s

Z{ i<0

ok

0.5

-0.5

-1.5—

2 3

mz(K:arc') (GeVZ/c?

1.5

- N W B 0O N

[Bin number i|

Mi(m+2’ m_Z): f(m+21 m_2)

+ _ 2
Mi o J‘-”Mi(m_’_’ m_x dm+dm+ +rBeii(|)3+i6B f(m_z’ m+2)

Area;

M = h{Ki+ 3K i+2\/ KK j(xeci+yssi)}

M+

1

Xt = 1Ip COS((SB + 053) Y+ =1TIpB sin((SB + (,'53)

numbers of events in D — ng+7r_ bins from BT — DK=*

Ki: numbers of events in bins of flavor D° — K2n* 7~ from D* — Dr.

ci, si contain information about strong phase difference
between symmetric Dalitz plots (m,, m_) and (m_ m,)

c; = {cosAd,),s; = {sinAS,)

— estimated from quantum correlations
between D° and D° in {(3770)->D°D° decays
CLEO collaboration, PRD 82, 112006 (2010)
= No model uncertainty
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Model-independent Binned DP yield and plot

+ +
new (D B — ]%? x2/ndf 33.31/15
Q.D _ 9 120 ~ 3 Prob _ 0.004247
S = 40
e (/2MBB Bt 400 < 30p -I- T not flat
— 2 & 20F
Belle Preliminary B~ © so S 1of '|'-|- .|.| _|_.|.
_ _ g 60 < o = 1 1 +
B¥f »DOKF ,D0—>KSTCTC E a0 -10=_|_ +1 |
| cosf,, <0.8, |AE|<0.03 GeV | = :gg -I-
. 20 5 -40
o - I Signal 0 - - -850 g s
3 9% = 5x ¢ | 564202468 5642024638
o 250 IR BB peaking + Bi_) Dni
e f @ BB random
§2005-: uds.c $ For control sample T A YT
£ 150f 1176 +43 ! . Bl400f E100: Prob___ 0.8006
i@ 1002— T 5 B %2005_ f'\ 50: ‘|‘ 'I'
sobsh ; B~ gooot 2 |
: & 800[- Z of T
85522 524 526 528 B3 '2600' .I_
M, _ (GeV/c?) =) s [
. be Z 400 -50[
* Using reprocessed data. 200 :
. . .. . - . L L -100k L N L
* Signal selection optimization o=t il ru 68 %6 4 20 5 463
SEff. increased ~55% " "
%:(77_3‘_“12-3 +4.2 £4.3(c;,s))° 3rd errors are came from

r,=0.145+0.030+0.011 £0.011  uncertainty of ciand s;
§,=(129.9+15.0£3.9 +4.7)° —> improved by charm-factory results



AA, . puzzle

|AA = A

cp(

K) — A (K0) = 07 |
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AA. Puzzle in 2010

Belle Results: Nature 452, 332 (2008) ,
-0.107+0.016* $096  BaBar

-0.094+ 0.018 £+ 0.008 Belle
A(KT) =
-0.086% 0.023 + 0.009 CDF
| -0.041 0.16 £ 0.02 CLEO
+0.012
= -0.098 _0.011 @ 8.1 AVG
+0.030% 0.039£ 0.010 BaBar
A (Km®) = { +0.07+ 0.03%£ 0.01 Belle
-0.29+ 0.23+ 0.02 CLEO
= +0.050£0.025 @2.06 AVG

AAKn = Acp(K+n—) _ Acp(K+n0)
=—-0.147x 0.028 @ 5.3




Solutions to the AA,. Puzzle

Expectation from current theory

T & P are dominant = AA, .~ 0

i

|| |
i
C .f.! & ”. TE .
W il " -
u = -
+
B L 5 +.
;. K*m
+

u F " K u £ Iy n
| | fg = t) |
([g=mwnct) n n

C Pew
EEE EEEEEEEER IIIIIIIIIIII;

e Enhancement of large C with large e Enhancement of large P,
strong phaseto T = New physics

—> strong interaction !?
Yoshikawa 2003; Mishima & Yoshikawa 2004;
Chiang et. al. 2004 Buras et. al. 2004, 2006; Baek & London 2007;
Li, Mishima & Sanda 2005 Hou et. al. 2007; Feldmann, Jung & Mannel 2008
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A, (K*m%) results

5-1201]: - = —
21000 B - K*tn® B-K™n
=
?: 800 [ - > o _
5 600} a4 Belle preliminary 772MBB
G F

400 |

200 | : Acp(K*m0)=+0.043+0.024 +0.002

: | : L4 1

[ i | i i e C i P A P
%2 5005 525 5075 52 50205 505 50275 53
M, (GeV/c?) M, (GeV/c)
Phys.Rev. D76 (2007) 091102

383MBB

A (K*r0) = +0.030% 0.039% 0.010

(sign of A(K*n)) # (sign of A (K*n°) )



updated AA, .
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Y. Kwon @ LP2011
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summary

« B-factory experiments played a critical role to verify SM.

2001 May EPS2011 (not update ¢,/y)
1.5 19,L|udl,ndL“L|-;;cI,|_:u;5 [T T L D B
i v :
n : &AM,
- sin 2B
0.5 — Amy ]
e, ]
= = 0.0 I —————
[ O ]
05 [ /
-1.0 :— £ —:
=il i -
15 IR BT i Lol b e by 0]
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
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summary

 We measured various CP parameters, BRs for rare decays, etc.
There are some puzzles and hints.

CPVin b—>sqq, AA,, puzzle, BR of B2>1v, ...

* We need much more luminosity to clearly see the effects of new
physics; O(0.1) correction to SM.

D f.\
o = G
THCD \—/
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sin2¢, measurement in 2001

<+ g&=+1

0.20 +  a&= 1 i Bﬁ IR j/de |
Belle | B - wesKg B tas
s E; ‘B — XCIKS
.10} L
m [ 5 i — T

@ 0.00

(a) Combined

h 0 5

—
T[T rT

Sin2¢ - sin(AmgAt)
- o
1 I
)
L ii 1 | i
| | L1 Lo ‘ L1

—+ 5 0 5
sin2¢; = +0.99+0.14 £ 0.06 sin 24, = +0.59 + 0.14 + 0.05
@29.1 fb 1

@23M BB_pairs

Critical Role of the B factories in
the verification of the KM
hypothesis was recognized and
cited by the Nobel Foundation




Determination of ¢,/y via CP asymmetries in
Dalitz plots of B2D K modes, with D 2K 7" 7

Use B* — D) K(*)* m{)des with 3-body decay D — Ksm™m
Dalitz plot density: do.(m3,m?) ~ |My|?>dm? dm?

(My(m?, m?)J? m? ) + re’*8=1%3fp(m? ,m%)|?

= fg(mi,

idgTids

i

DY — Kintn~ amplitude fp is extracted from continuum (D** — D7™),
parametrized as a set of two-body amplitudes.

Only ﬁ;,|2 s observable = Model dependence as a result .

Fit variables: x+ = rcos(dg + ¢3), y+ = rsin(dg + @3).



CPV in B°>D**D*-

* Angular analysis is needed to access

the CPV in the P> VV decay

— Distributions of 6,, and 6, give polarization

amplitude ratios, Ro and R .

— We determine S, A, Ro, and R, simultaneously by a
fit to 5-dimensional (At, cos(0,,), cos(6.), AE, M, )

distribution.
MC simulation

80

£ + 70F-
E ]l s0F
" L .H s0F
40
- 'l' o '{'
1 ] «f
. 20F
E— —— N L
e 10 — —
o0 0 e i pEC 0 1 1y e
0 05 0.0 05 10 Ho 0.5 0.0 0.5

MC-simulated cos(6,,)
and cos(6,) distributions

— background \yith input values of

_AJ_

Ro=0.55 and R ,=0.16
together with fitted
curves.



CPV in B°>D**D*-

* FitresultofS, A, Ro,and R} T
$=-079+013£003 Z . - B°
A=+015+008+002 £ 5 =B

R, =0.62+0.03+0.01 g
R, =0.14+0.02+0.01  © o
772 x 10° BB pairs o o

Sources of systematic errors

Category aS dA d(Ry) dR.)
Vertexing +0.019 | £0.021 | £0.004 | £0.004
Flavor tagging +0.004 | £0.003 | < 0.001 | < 0.001
Vertex resolution +0.020 | £0.004 | £0.001 | £0.001
Physics parameters +0.004 | £0.001 | £0.001 | < 0.001
Fit model +0.002 | < 0.001 | £0.005 | +0.002

Tag-side interference +0.001 | £0.008 | < 0.001 | < 0.001

Polarization recon. efl. | < 0.001 | < 0.001 +0.002 +0.001

Total +0.028 | £0.023 | £0.007 | £0.005




Toward SuperKEKB / Belle Il

* We are to start SuperKEKB from 2014.

— x40 luminosity accelerator (8x1033/cm?s), SuperKEKB.

— More hermetic, granular, and faster signal detector,
Belle II.

— The final integrated luminosity will be 50ab™".
Present status

* We hunt for new physics sin(2") = sin(20;") EEEXS

PRELIMINARY

at the luminosity-frontier.  [roe Waiwaerage © 1 7 7 F" Toce oo
o K° Avf:‘rage 0.56 1918

— So far we have found several WK Average i =l o0s9:007
hints of NP. K KsKsAverage 0 : 0.74+0.17

4 12 1 -08 06 04 02 0 02 04 06 08 1 12 14 186

further at SuperKEKB/Belle Il. qia

5ab ! 50 ab !
i) dA i) 0A
BY = ¢K? 0.073  0.049 | 0.029 0.018
B = /K¢ 0.038 0.026 | 0.020 0.012
BY - KYK2KY | 0.105  0.067 | 0.037 0.024




Belle |l Detector

K, and muon detector:
Resistive Plate Counter (barrel outer layers)
intillator + WLSF + MPPC (end-caps, inner 2 barrel layers)

EM Calorimeter:
CsI(Tl), waveform samg \\\\\\\\\\\g‘
\

Pure Csl + waveform sa \\\\\\\\\ "

' tification

agation counter (barrel)

electron (7GeV)

ng Aerogel RICH (fwd)

-
Beryllium beam pipe O,

2cm diameter 7
Vertex Detector /////
N ,'/'//

k2Iayers DEPFET + 4 |aye ! - ~ : .
— 3 X | positron (4GeV)

He(50%):C2Hs(50%), Sma
lever arm, fast electronics
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