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CP violation in the SM

e 3Single phase in the CKM matrix (flavor— mass) is the key p| ece
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e Check consistency of the CKM framework:
» measure three angles and two sides of the UT

25-06.2010 » search for potential new physics contributions
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» Right plot compares the peak
luminosity performance of

A tale of two experiments

Integrated Luminosity(cal)
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Zn‘-'r;?tafz:-c‘le samples: > Bel I e and BA BAR have
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s 121 b together collected over

30 10° BB pairs:
ol v’ Test the SM mechanism

Off-resonance: 87 fb!

| ~553 fb-! for CPviolation

On-resonance samples: ‘/ .
a5 233 fid Explorerare B decays, a

KEKB and PEP-11 with rest g
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35: 30 fb? window to new physics
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Principle of measurement

e =) «— EeF rec v |¢
—.°.' ..... » CP
Y(4S) —> .
By ~ 0.43(Belle) AZ = Cc Byt
~ 0.56(BABAR) ' ~ 200 um(Belle)
~ 250 um(BABAR)
Flavor tag Az

» Reconstruct the B — f, decay cBy)y

» Measure proper time dlfference (t) and fi nd the flavor of By,
v arit) = N[B“()—}fFP]+N[B“()—>fFP]
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sin2¢, with charmonium+K® modes

PRL 98 (2007) 031802 PRD 79 (2009) 072009 ﬁ
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S =sin(24,)=0.642+0.031+0.017 SIN(2¢1)=0.687%0.028%0.012
A:=0.018=+0.021+0.014 A;=-0.024£0.020%+0.016
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Standard candle

sin(2p) =sin(29,) HEAS

PRELIMINARY
BaBar : : L 0.69 £ 0.03 £ 0.01

PRD 79 (20091‘ 072009 . O Seethetransition:
BaBar g - | 0.69+0.52+0.04+0.07

arXiv:090 qg 3515 g o * E e E]?PTlrievatronH
BaBar J/y (ha;dronic) K | .. . isBdD4st02d actories

PRD 69 (2004):052001 : b = ¢

Belle JAy K° : A 0.64+0.03+0.02 | Entered the precision
PRL 98 (2007) 031802 5 | phase: 3% uncertainty
Belle y(2S) K 5 0, 0.72+0.09 + 0.03

PRD 77 (2008):091103(R) ™

ALEPH i _5 |, 08498 +0.16

PLB 492, 259 (2000) " | T ;

OPAL : . 3.20 1350+ 0.50,

EPJ C5, 379 (1998) | ik

CDF 5 S R 0.79 *04i

PRD 61, 072005 (2000) e
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The second UT angle: ¢,
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» Tree-level b — uud transitions are sensitive to @,
d B%— n*n, (pn)°, p*p~ and so on..
» Possible penguin amplitudes also contribute, leading to

Ap # 0| and |y = /1 — AFsin (2¢57)
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Error shrinks day-by-day

» Almost a precision measurement Current world-average
--- B — nn/pp/pr (BABAR)
O itter
¢2 — (89,()J_Fi"21) % --- B > nn/pp/pr (Belle)
' 1 3 B — nn/pp/pn (WA)
i ) L R S B I 7 O UL L U R
» Dominated by the B—pp results, [ | ; "

that rely on the isospin relation  °s - i

CKM fit

no ¢2 meas. in the fit

Gronau & London, PRL 65 (1990) 3381 0.6

-CL

-
.,

» New measured BF of B*—p*pP has stretched the base of the two g
Isospin triangles, making them degenerate  pri 102 (2009) 141802

% Belle’s final results on B—pp, especially B*— p*p?, are eagerly awaited for
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What about ¢;?

» Various methods proposed:  Gronau-London-Wyler PLB 253 (1991) 483 PLB 265 (1991) 172

Atwood-Dunietz-Soni  PRL 78 (1997) 3257 PRD 63 (2001) 036005 Giri-Grossman-Soffer-Zupan PRD 68 (2003) 054018

> Basic strategy isto exploit VepViys U
the interference between two W= s
contributing amplitudes b
a
» Main bottle-neck: small signal -
» Now, seems like beginning of an end?
PRD 81 (2010) 112002
Q(B - 04T ( : |)- —] BaBaAr ADS (D—Km) preliminary
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Putting everything together

Frequentist Bayesian
-
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> Measurement: ¢3 = (70731)” frequentistvs. ¢3 = (74 & 11)° Bayesian
> Fit prediction:ps = (67.773)" frequentist vs.¢3 = (69.6 + 3.0)° Bayesian

*» Need a better precision of the measurement
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Current world average
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» As far as @4 isconcerned, it isfair to say that we have made a head-start
O Final word will come from LHCb and (future) super flavor factories

v" The latter would further improve the measurements of ¢,and ¢, t00
22-06-2010
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Probing new physics in CP violation

76 Y- b
T G ke
BD f ‘g< sfd <sfd

q K%n'

» Study of CP violation in decays dominated by the penguin
diagram, e.g., B°— @K, constitutes an ideal probe

1 Potential new physics effects, such as SUSY (right plot)

» Compare the measured CP parameters S and A; with that
obtained from the charmonium+K©° modes; standard candle
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Dalitz-plot analysis of B —>K.K*K-

B Solution 1

» Perform time-dependent
CPviolation study of the

o 0(1020) BO—KK*K~ Dalitz plot

» Measure (¢,)%" without
trigonometric ambiguity
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» Need to handle the issue
background of multiple solutions

W
o

+

Events / (0.025 GeV/c?)
()]
o

20
"l }' 1. 1> Wehave used results of
E G g + +tW-WK+ "
AR ik //, | theB" —>K'K"K* Dalitz
115 2 25,3 35 4 45 5 plot to determine the best

M(K* K) (GeV/c®)  solution

Dveto Jwy veto
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Combined results in B>¢Ks and f,(980)K¢

465x10° BB

657x10° BB Tobesubmitted to PRD arXiv:0808.0700 [hep-ex]
— Solution 1 Name Solution (1)
Acp(foK5) |[-0.30 £0.29 £ 0.11 £+ 0.09
rﬂﬁlﬁf_ﬁdi-gj (31.3 + 9.0 4+ 3.4 + 4.0)° 1 Acp(oK?2) | 0.14 £ 0.19 4+ 0.02
Acp(oK2) [+0.04 +0.20 +£0.10 + 0.02 z .-’fruf{fﬂf.‘é'-)ﬂ (7.7+7.7 ;—LO-9)° )
AR | | GRAERDERELE LT L) | 5755180

third error: Dalitz-plot model uncertainty

K' K Kok, [FH

F’FiELIMlNARY

Merged b—qgs B(f Ky)

| FPCP 2010

PRELIMINARY

BaBar

I -
arXiv:DBOSO?DO

Belle
FPCP 2010 preliminary

7.7+7.7+0.9

322+9.0+26+ 1.4
% f

Average 16.9 £+ 6.0
HFAG correlatﬁed averagd
-10 0 10 20 30 40 50

» Consistent with SM predictions at the current sensitivity
22-06-2010

BaBar

36._2_i 98+21+21

X PRD 80 (2009) 112¢01
o
; Belle , 12.7 '62+2.8+3.3
= PRD 79 (2663) 075404
" BaBa L2 85+7.5+18
X arXiv:Q 08.0700
hd
h Belle 31390434440
< FPCP 2010 prellmlruary o
Nalve average| | 19.1 + 4.4
b=ads  HEAG: J —*—
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CPV results from B°— Kon'n

PRD 79 (2009) 072004

PRD 80 (2009) 112001
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Compilation of effective sin2¢,

sin(2p") = sin(2¢;") EHXS

PRELIMINARY
ok World Average : 067 £ 002
ta...-;nc;..EHE&...:...E.._... e 28 026 008
elle : ; 5 0.90°7

= Average: . 0.56 E]E

el L L A eSS e 0571 0.08£0.02

- Belle : 0.64 +0.10 + 0.04
= _¢_Average. 5 0.59 + 0.07
- g .E'aBéi' R T L R R L e P - -ﬂ,gﬂ-':}—-ég.-:ﬂ:—:.
« Bele . ; 0.30 + 0.32 £ 0.08

o Average . : 4 0.74 +0.17

o X T BaBar v T T TN T T = 0551020003
o Belle ! : 0.67 +0.31 £ 0.08
= Average . 5 . 057+0.17
e EEAIY - e e e n e eon g 361858 30,05 £ 009
X Bele : 0.64 "g1e +0.09 +0.10

o Average ! : )54 '021
B L L | AR et Gﬁ%f?}{ffﬁﬁ?"
= Belle ; 0.11 +0.46 + 0.07
8 Evearagei ! 0.%5%16 0.24
7ol -1 1T,  SIRITTORIE: S o - 0 A
X Belle : G.B.BTEH

s .ﬁveragEE . 0.62 Tp43
I = - 1= - R B+05210.06£0.10
o Average _ ; 0.48 +0.53
TN T BaBar U T T UTRE=—=—= 0+ 05210.07 £0.07
o _x_Average : : 0.20 + 0.53

[ o E B ——— D72F077£0.08

E - - . +

.ﬁ._g._agfgse% T g 0725001
Z % Average: : L 097 B

I y_@‘i S BaBar v T T B— 0T *T31 2 0.05£0.09
Average : _ ———— — : 0.01 +0.33

N BEBAY T e ey ae T 0B E U0
' Belle | .68 £0.15 £ 0.03 753
+_ Average' £ 0.82 + 0.07

O Precisionislimited by the
statistics

» To obtain sengitivitiesat 1%
level, we need O(50 ab™!) of
Integrated luminosity

» One can then compare with

theory uncertainty

oKs
n'Kg
K
oKg
KKK
3K

Cheng et al., PRD72 (2005) 094003
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T =)
Nature 452 (2008) 332
BELLE

Direct CP

violation

'i- &

\

AA=A K0 —Ap(K*) = +0.144+0.029
1 Both decay channels occur viathe

same diagrams at tree level = AA
should be zero

» Possible interpretation within the SM
and with new physics

v Precise measurement of the K%° mode
will be useful to check isospin relation

 Interesting ~36 evidences found:
B—nK"0, B*—nK* and p°K* (circled)
B°—p*n~ and B*—D()OK*
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Closing Remarks

» Both the B factories— Belle and BABAR — have established
the CKM paradigm as the only source of CPV in the SM

 CPV content is however too little (by ~10%) to explain the
prevailing matter-antimatter asymmetry in our universe

* \We know that something is there that we do not know fully

* Thereare anumber of intriguing hints
A sin(2¢,)®" in some penguin dominated decays
d Direct CP asymmetry difference (AA.)
a...

o Look forward to the final updates from Belle (more data and
Improved tracking software), while warming up to the next
generation experiments== |_HCb and super flavor factories
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