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CP Violation in the Standard Model

SM : single complex phase in Cabibbo-Kobayashi-
Maskawa matrix = CP Violation

/dl\ /Vud Vus Vub\ /d\
S' T Vcd Vcs Vcb S

\b ) \th Vts th/ \b/
Weak interaction Mass eigenstates
eigenstates

Unitarity condition on CKM matrix

...................................................... . V* Vg
®
V@d Vﬂ b

= UNITARITY TRIANGLE
in the complex plane

(0,0)
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CPV in the B system

CPV through interference between mixing and decay B0 A
amplitudes : . i
0 0 mixing I I
M(B°(At) — f.)Z (B (At) - f.) =
CP

Time-dependent CP observable
—0
(B (At) - fo)-T(B°(At) - f.)

A (At) = ——; =S, sinfAmAt)-C, cosfAmAt )
r(B (At) - fcp)"'r(Bo(At) - fCP)
CPVin r _
-2 Im(A 1- | A \ decay
where S, = 4) C = AT Afep | A= —@2'
1+ A f wAf e ApN\g ) 1A S J
To a good approximation N mixing
Cy =0 = |Acp(t) = —nysin 2@ sin(AmAt) ng=final state CP value
. . . -1 for J/wK
Theoretical expectation : sin3 = 0.65+ 0.12 1 fg: ] /:ZKf
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Experimental Technique
CPV studies (@ Y (4S): Time-dependent Analysis method

B’s are produced in a boosted frame

:!452)‘_) +§BO ' Reco side
) Y(45) .
resonance//l:
c ) ( e’ l I
By= 0.56(BaBar) w: - ,', 7 Tag side
=0.425 (Belle) Az ~ 260 1 m (BaBar) : - . S

L€ )I —>
200 ¢ m (Belle) |

The proper time difference, At, is measured from the vertex separation, Az.

theoretical At o~ |At]/7p0

distribution fe(At) = - T (1 tain(i\-m.&f.) n:'-m::rz-;(An'a..At))

09/12/2008 CKM2008 5




‘ Integrated LLuminosity from B Factories

Integrated Luminosity(lo
As of 2008/04/11 00:00 g ty(log)

1000

| — KEKB

BaBar

- PEP Il Delivered Luminosity: 553.48/fb
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(4s): 432.89/fb

500
800 /

> <
B e
OELLE

KEKB (Belle) Vet
~853/fb

100 /_,_/_/
olll (LA 20001 2002/1 2004/1 2006/1 2008/1
5 e
’ 1

BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb

400 Off Peak Luminosity: 53.85/fb

Delivered Luminosity
Recorded Luminosity
Recorded Luminosity Y(4s)
Recorded Luminosity Y(3s)
Recorded Luminosity Y(2s)
Off Peak

"PEP-II (BaBar)
200 _~531/fb .......................................

Integrated Luminosity [fb™]

KEKB

300

® ®
S $ S
P by P

TOTAL

> 1380/fb
1170/b at Y(4S)
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Sin2[3 in Charmonium:
b — ccs transition: the golden modes
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‘ BaBar Charmonium Sample

arxXiv:0808.1903v1 [hep-eX]

. . : 6 oo
g = Number of events in the signal (465+5)x10" BB
region satisfying toagglng gnd vertexing 5= N,
requirements. P(%) = purity. Full CP sample 15451
i JKS(rTr) 5426
100011, - S
v e BaBar Jh K9(n07°) 1324
E 2 B™— JiyK’ (28K 861
~ d Yo KO 385
— - 500 cl s '
1000 g CP even neK? 381 79
z i Jh K9 5813 56
ﬁ ﬁ o Jjiy K*0 1291 67
3 AE MeV) Jhp KY 12563 77
1 JW K 6750 05
[ =1 8377 03
5 9 o wol® If
> R > | :
=7 3_}. I’,:" s ; % qf Diiay modes “Bflav” = Flavor eigenstate sample used
. _ITX reo N to determine tagging and vertexing
2 o Nf=*lstates % I \. ‘ in CP 1
o 2l periormance 1n sample.
3 : F eeererereeeas D(*)h* (h* =T, p*a,*).
Sz s.lzz I 534 I slzﬁ I séx P 5.I14 I le I s_lzs J/LUK*O(K*O—»K+T[').
mg (GeV/ic?) mg (GeV/ic?)
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BaBar Results

:& ; ; I I- BABAR 9
3-400 i B~ tags ’ preliminary — —
BOL JYKs B[ °B" s AN e ignall
s200—CP od : i
B> Y(2S)Ks A [ \ckground
BO-, r]cKS Eoaf T | b
B9 XeiKs/ Eosk ey o
1 o S
fooft TRy .
04 —
%2"03— =
\’g of 7 N E Raw
BO - J/YK, 2 - J\asymmetries
B o4f =
é 0.23
0:
E -0.2
04 , ; , =
arXiv:0808.1903v1 [hep-ex] > ° e
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‘ Final Results : S

465+5)x10° BB T T T
( } TyK () BABAR
» Summary of results| == i preliminary
for S VaSIK,
o Errors are the Pl
T]CKS

—_—

quadratic sums of

statistical R ' '

and systematical Tk =

€ITors .
-_—_— —+

I|IIII|IIII|IIIIIIIII|IIIIIIIII|IIIIIIIIIIIII
03 04 05 06 07 08 09 1 1.1

= All “golden modes” together configuration:
S =0.691 £ 0.029 (stat) = 0.014 (syst)
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‘ Final Results : C

(465+5)x10° BB | T T T T T T T T T
A S BABAR

= Summary of results

YK (17) | preliminary
fOI' C YRSK
o Errors are the %K : ' }
quadratic sums of | "% . }
statistical VK, }
and systematical T‘”T} ................................. :
i .

errors :
I VK

= All “golden modes” together configuration:
C = 0.026 + 0.020 (stat) + 0.016 (syst)
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b — ccs
Belle Results

? 5 5

o +1
| | 400k(d) B” — JiyK ©-q=+
B — JwKg, /YK © a0 & o
535 x 10BB ~ Ol S
» 200 A q e

Signal events: -E 100 . o OQQ
7484.7 /1) K TN I o A SO .~ O

6512.J/1) K

O
o

Phys. Rev. Lett. 98, 031802 (2007) PPN I BN BN IS S

ngt(pS) & = ﬂf

sin 2¢1 = +0.642 + 0.031(stat) & 0.017(syst)
A = 0.018 £0.021(stat) = 0.014(syst)
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b — ccs
Belle Results

BY — Y (25)Kg

657 x 10°BB
Signal events:
1384 )(2S) K
0.5E]
% o:si—‘ 1 —L
Soafp T
¢ osE
| - W
PRD 77, 091103 (R) (2008) T e

Sy(2s)ko = +0.72 £ 0.09(stat) £ 0.03(syst)
Ay2syxe = +0.04 £ 0.07(stat) £ 0.05(syst)
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b
Results Summary : BaBar/Belle

sin(2p) = - 5in(20,) JAEAS, b—cés Cep @

PRELIMINARY PRELIMINARY
BaBar All Modes 0.691+0.029 + 0.014 BaBar All Modes . 0.026 +0.020 +0.016
arXiv:0808.1903 ' arXiv:0808.1903 i
0 o
Belle Jiy K° 642 +0.031 + 0. Belle J/y K , P -0.018 +0.021 + 0.014
1 | 0.642 +0.031+0.017 v WP B 1.1
PRL 98 (2007) 031802 PRL 98 (2007) 031802
Belle y(2S) Ky | ~ 0.718+0.090 + 0.033 Belle y(2S) K : . -0.039+0.069 +0.049
H ; * H - * : —
PRD 77 (2008) 091103(R) PRD 77 (2008) 091103(R)
Average i 0.671+0.024 Average - 0.005 + 0.020
HFAG HFAG H
0‘.6 k 0:7 0‘.8 -0.12 —OI.1 —O.IOS —0.I06 —O.IO4 —0.I02 (I) . 0._.02 0.64 0.66 0.68 0:1

[SM expectation: C=0, S=sin2f3]
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Sin2[3 in Charmonium:
b — ccd transition

09/12/2008 CKM2008
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b — ccd'

BaBar Result

0 0 = -
BY — J/ym : ]
466 x 10°BB 3 _
_ z - —
ny=+1 . s —
Expectation in a |
absence of penguin E 20— —
pollution i 111— m
S =-sin23 g
iCc=0 E
....................... :
PRL 101, 021801 (2008) R
S = —1.234+0.21(stat) £ 0.04(syst)

)
|

—0.20 + 0.19(stat) + 0.03(syst)
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Belle Result

BY  — J/yr®
535 x 10°BB
ne=+1
Expectation in

absence of penguin
pollution

b — ccd =

0 5 At(ps)

Phys. Rev. D 77, 071101 (2008)

09/12/2008

S1/p-0 = —0.65 £ 0.21(stat) £ 0.05(syst)

A/ r0 = +0.08 -

- 0.16(stat) = 0.05(syst)
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‘ b — ced =
Results Summary : BaBar/Belle W

0 -
Jyn' S, 0
CP ICHEP 2008
‘ e . . PRELIMINARY . J/\_l] T SCP VS CCP @

) 5 cp PRELIMINARY
BaBar 1.23 +0.21 150.04 : . . |
PRL 101 (2008) 0218 BaBar
Belle -0.65+0.21 £0.05 Belle .
| : Average
PRD 77 (2008) 0711( :
Average -0.9340.15
HFAG correlated ave ; ]
yn'C, HEE N |
ICHEP 2008 108, 8 95t :
Cp PRELIMINARY T e ;
. v v : T v v % 1 " i :
BaBar il .0.20+0.19+0.03 A P
i 5
PRL 101 (2008) 021801 L :
Belle “ * H -0.08+0.16 +0.05
PRD 77 (2008) 071101(R) ;
Average * : -0.10+0.13 ' ! ! ! ! . i
HFAG correlated average 1 0.8 -0.6 -0.4 -0.2 0 S
_0' 8 _d 6 _0' 4 _0. o : 0 0.2 0'4 Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof cP
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Global CKM view

cos(2B) <0
1.5lIIIIIIII|IIII®|IIII|IIIIIIII
excluded area has CL > 0.95 0 %}
Yo

Amy & Amg

1.0 - |

0.5

1= 0.0 |
L > 0

-0.5 — —

1.0 € ]

. K i cos(2B)<0 " A

B fitter ; 'Y sol.w/cos2B<0 -

- ICHEP 08 E (excl. atCL > 0.95) —

_1-5 i | | | 1L 1 1 1 | | Y | I [ I | | | I I | | I I | ]
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

{ Negative solutions of cos(28) D
: excluded at CL > 0.95 :

sin(2p) measurement has a four-fold
ambiguity in the determination of
the angle 3.

Reduce this to a two-fold ambiguity
by measuring the sign of cos(2[3):

Jy K cos(2B) = cos(29,)

ICHEP 2006
PRELIMINARY

BaBar

332 ‘0ee +0.27,
PRD 71, 032005 (3005)

i
J ' [a) |
PRL 95 091601 (2005)

Belle 0.56 +0.79 + 0.11
=

Avéerage * 1,64 % 0.62
HFAG

06()5(2[3) a11so meas2ured instime- ’
dependent Dalitz plot analyses of
B°—D*%h® and B®>—D**D* KO

See also J. Dalseno’s talk in WGVI
(Be—KO K*K-, BO—KO Tr*TT)

Excellent agreement with Standard Model!

09/12/2008 CKM2008
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Conclusion and Outlook Sm(zﬁ = sin (2@&

sin(2B)=sin(2®,) has been

measured in B — Charmonium

decays with great accuracy.

o Excellent agreement with
Standard Model.

Looking forward to high precision

measurements from at LHCD,
SuperB and KEKb upgrade!

= F
1_

09/12/2008

-0.5

0.5

CKM2008

PRELIMINARY

BaBar 0.69 % 0.03 + 0.01
arXiv:0808.1903
Belle JAy K° 0.64 % 0.03 £ 0.02

PRL 98 (2007) 031802

Belle w(2S) Kg

: 0.72+0.09 £ 0.03
PRD 77 (2008):091103(R) !

ALEPH . 0.84*0%2+0.16
PLB 492, 259 (2000)
OPAL . 3.20 350 + 0.50,
EPJ C5, 379 (1'998)
CDF 0.79 54
PRD 61, 072005 (2000)
Average 0.67 £ 0.02
HFAG ;
-2 -1 0 1 2 3
= i A
I 4 i
- sin2p Am,
0.5
g P
o
0.5
4
Coe | o
-1
20




‘ Back up

09/12/2008

CKM2008
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‘ Theoretical background

s boecestransition: e

........... L)
.............. )
5 A BR(BO /’3%0/ Q_OA‘)
L 000 L
B’ Yo
B’ K,
d
colour suppressed tree diagram gluonic penguin (same weak phase wrt
the tree)

= Standard Model predictions: penguin amplitude « tree amplitude

— Sgolden = r]golden Sin2B, Cgolden =0 (r]f =CP eigenvalue)

[M. Ciuchini, M. Pierini,
= Theoretical uncertainties: L. Silvestrini, Phys.Rev.

. . . Lett. 95,221804 (2005
o model independent data-driven calculation: (2009}

......................................... CKMO06
o theoretical estimates

- _ H. Li, S. Mishima hep-ph/0610120 ]
AS =S —sin23 0O(1073 [ ’ PP
" BSypyro Sypyro —SIM2BLOGOT) ol Phys. Rev. D 70 0360006 (2006)]
= ASy k0= Syuko — SIN2B JO(1074)
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Fit configuration

RooFit-based fitter — almost unchanged since previous analysis

Fit CP and BFlav sample simultaneously to measure C and S
o previous fit sin2f and A

Signal

o triple gaussian resolution function

0 mistag parameters and tag efficiency split by tagging categories

o reconstruction efficiency difference between Bo and Bo fitted

Background sources

0 continuum events : prompt time dependent component
o B*B-and B°B° : combinatorial bgd with “effective” lifetime B*B- and B°B° and
mixing frequency

bg effective mixing frequency was fixed to Amd - now a free parameter in the fit
Vary between 0 and Amd to evaluate sys error

o peaking background

Fit input

o  Amg, tg,, tg, from PDG 2006

o effective CP eigenvalue for Bo~J/wK*°(K 1°) from Runi-4 Angular analysis

o peaking background fraction computed on inclusive J/p and generic MC

o J/YK background parameters from J/y sidebands and inclusive J/y MC
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SYS tematic EffOfS Source /sample Full

Beamspot S¢ 0.0013

Cy 0.0006

Mistag ditferences S 0.0077

Cy 0.0047

The table shows a At resolution S¢ 0.0067
summary of the ¢y 00027
svstematic error for J/i KV background S¢ 0.0057
tﬁe configuration . Cy 00007
where all the modes Background fraction Sy 0.0046
are fitted to g ether. -3.1.111:1 CP r:outent‘ . C f 0.0029
) mps parameterization Sy 0.0022

Each systematic error Cy 0.0004
is also calculated for Armg. e AT, /T, S, 0.0030
each fit configuration Cy  0.0013
and mOdeS, Tag-side interference St 0.0014
Cy 0.0143

Fit bias St 0.0023

(MC statistics) Cy 0.0026

Total Sy 0.0135

0.0164
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‘ Systematic Errors by mode (1/2)

09/12/

Source /sample Full Jhah K° i K2 Jfah K?
Beamspot Sy 0.0013 0.0021 0.0027 0.0000
Cy 0.0006 0.0010 0.0021 0.0001
Mistag differences S 0.0077 0.0057 0.0059 0.0083
Cy 0.0047 0.0069 0.0053 0.0052
At resolution Sy 0.0067 0.0068 0.0069 0.0071
Cy 0.0027 0.0029 0.0034 0.0070
Jf K background Sy 0.0057 0.0063 (0.0000 0.0271
Cy 0.0007 0.0008 0.0000 0.0036
Background fraction Sy 0.0046 0.0034 0.0036 0.0044
and C'P content Cy 0.0029 0.0021 0.0009 0.0107
mps parameterization Sy (0.0022 (0.0020 0.0026 (0.0006
Cy 0.0004 0.0005 0.0008 0.0002
Amg, 7, AL ;/T4 Sy (0.0030 0.0033 0.0036 (.0040
Cy 0.0013 0.0012 0.0011 0.0013
Tag-side mterterence Sy 0.0014 0.0014 0.0014 0.0014
Cy 0.0143 0.0143 0.0143 0.0143
Fit bias Sy 0.0023 0.0044 0.0041 0.0063
(MC statistics) Cy 0.0026 0.0044 0.0041 0.0060
Total Sy (0.0135 0.0131 0.0119 0.0311
Cy 0.0164 0.0187 0.0167 0.0270
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Systematic Errors by mode (2/2)

i K0

:rg,_.Ifg

lclﬂg

$(25)K?

iy T 0 0.0
4};.'1".[15(“ T .:I

Jhp K (mtm™)

Source /sample

0.0027

Beamspot

0.0032
0.0074
0.0046

0.0074
0.0043

0.0117
0.0019

0.0

0.0064
0.0047
0.0163

0.0036

0.0065
0.0067
0.0099
0.0039

(0.0089
0.0052
0.0072

0.00

[ Tam]

0.007!

JE‘If

C

Mistag differences

0.0039
0.0072

f

]
=

At resolution

0.0062

0

[

0.0001

St

Jhp K background

0.0564
0.0256

0.0506

0.0187

0.0174
0.0098

0.0156
0.0056

0.0073
0.0034
0.0089
0.0063
0.0073
0.0013
0.0014
0.0143

0.0032
0.0012

;5}'

Background fraction

and CFP content

mps

Cy

parameterization

0.0140
0.0013
0.0014

0.0143

0.0158
0.0020
0.0014

0.0143

0.0009
0.0014
0.0143

1
0.0010
0.0014

0.0143

0.0031
0.0014
0.0014
0.0143
0.0048
0.0042
0.0129

0.0160

'f

Sy
'
.15If

Amg.tp. Al'g/T'g

Tag-side interterence

Cs

Fit bias

0.0389

0.08

0

[

0.00

0.0042

0.039&

0.0019

0.0365

(MC statistics)

Total

76

0.0566

0.0179
0.018

ird
i

Cs

0¢




