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Introduction

At least 2 amplitudes for CP violation to occur.
3 types of CP violation:
* Direct charged and neutral B strong phases

* In mixing neutral suppressed
* In the interference neutral
between mixing and decay + others.

* One or several types.
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Standard ornot7—

 The standard model (SM) accommodates CP
violation through the CKM quark mixing.
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Amplitude structure in the SM
T - P w i

EWP

Cabibbo and
color

suppression
gz — da

Charmonium Kg;

DK PBeff

Accd 7 th th* P+ Vcb \/vcd>!< chd D'Dr B-HI)

Auud X th th* P+ Vub Vud* Tuud T Oleff
(T, t T s) common D decay modes DK Y
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Time dependent CP Asymmetries

For B decaying to f-, (CP eigenstate) .
rgo_}f(&ﬂ — FBO_}flfi\'ﬁ}

Ar(At) = , : -
#(80 I'go_ s (At) + Lo s (AF) NSIN2Q
= Sysim(AmAt) — Cpcos(AmAt)
..q ‘ 2]:1].][:/\}[‘) 1 — |\ |2
Ae = 1L Sy = Cr = —A, = ~f
”f pAf L+ [\ ! I
» Statistics (low B.R.) B factory
» Exclusive B mesons reconstruction  tracking/calorimetry
* At measurement asymmetric collider,
vertexing
* Flavor tagging particle identification
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SLAC PEP-II
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Experimental T

: J/
Tech nique v e nt EBxcl\:,:usive
eson
B(r)ec / Reconstruction
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At=Az/<By>c
B-Flavor Tagging

BY. = B%av (flavor eigenstates) = lifetime, mixing analyses
BY. = B%P (CP eigenstates) » CP analysis
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Beam-energy substituted mass

B Meson Reconstruction
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Amplitude analyses

Use kinematics at BB threshold (Mes, AE)

Fight combinatorial (mainly continuum
with MVA) and peaking backgrounds.

Can use At and tagging information, e L
TDCPA analyses o | sws s

Meo(GeVic)
Isobar expansion to model amplitude for

Eventa.l'(s_?!\-‘lev:‘c )
Events/(0.93 Me\ic?

— N
:B.{f.?.—lﬂ

B(bar)>3bodies with a non resonant term ' %

and resonances.

Each term is a complex amplitude
multiplied by a complex (isobar

coefficient) whose argument incorporates " e
the CKM phase.

Extended UML fits to the isobar
coefficients and yields

Misreconstructed signal events included

Events/(0.067)
Events/(1.5)

Events/(0.02)
Events/(0.02)
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-b—>c cbars

* b->s, gluon (b—> qgbars, )
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D

b > ccbars @

S=0.714 £ 0.032 £ 0.018 S=0.642 + 0.031 £ 0.017
C=0.049 +£0.022 £ 0.017 C=0.018 + 0.021 + 0.014
Preliminary arXiv: 0703021 PRL 031802 (2007)

0r ' T Jhy Kg

T

[\e]
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(d) BY = JApK®

25 0 25 5 75

Raw asymmetry Events/( 0.8 ps) Rawasymmetry Events/(0.4ps)

_{; | -GAt(ps)
s b R In SM, expect, S=nsin2p, C=0
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Status of charmonium KO

sin(2) = sin(2¢,) EE

PRELIMINARY
BaBar 0.714+0.032+0.018
A
hep-ex/0703021
Belle 0.642 £ 0.031 £0.017
—H
PRL 98 (2007) 031802
Average L 0.678 £0.026
HFAG E
0.5 0.6 0.7 0.8

All charmonium (HFAG)
sin23=0.67810.025

b ; CCS CCP |M0riond 2007

PRELIMINARY

BaBar 0.049+0.022 £ 0.017

- P

hep-ex/0703021

Belle -0.018 + 0.021 £ 0.014
PRL 98 (2007) 031802 1|

Average ; 0.012 +0.020
HFAG '

-0.12 0.1 -0.08 —D.IOB -0.I04 -0:02 0 . 0.62 0.ll}4 O.IOG 0.08 0.1

B=(21.3 £ 1.0)° or (68.7 % 1.0)°
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cos2p
*J/Psi K*

3.32 +0.76 -0.96 + 0.27 BABAR PRD 71, 032005 (20095)
0.56 £ 0.79 £ 0.11 PRL 95 091601 (2005)

* Bd - DO(kspi+pi-) hO (NEW!) arXiv: 0708.1549 preliminary
» cos2b>@84% c.l. (assumptions)

* D*D*Ks
» cos2b>0 @94% c.l. (assumptions) Phys.Rev. D74 (2006) 091101
* Not conclusive arXiv:0706.2045 preliminary

Now, amplitude analyses measure 3!
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b — gQg-bar s (penguin)

g2

qs — g2

 Loop diagrams with same weak phase as ccbar s in SM
* new physics in loops ?
* New results available, in particular from amplitude analyses
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Preliminary arXiv: 0708.2097

Resonance Parameters Form Factor

T mass = 965 & 10 Flatté
gr = 165 £ 18
g = 695 4 93

o mass = 775.5 + 0.4
width = 146.4 £ 1.1

K*T(892)  mass = 891.66 & 0.26
K*~(892) width = 50.8 £ 0.9

KF(1430) mass = 1415+ 3
K+ (1430) width = 300 & 6
cutoff = 2000
a=207+0.1(GeV1)
r=332+0.34(GeVH

Fx (1300) mass = 1449 + 13 RBW
width = 126 £ 25

F2(1270) mass = 12754 £ 1.1 RBW
width = 185.2131

el LP) mass = 3414.75 £ 0.35 RBW
width = 10,4 £ 0.7

NR decays flat phase spac
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b — qqg-bar s Ksmt+n—

Parameter Value Parameter Value

— C(fo(980)K9) 035+ 0.27£0.07£0.04 | C(p(770) k0 0.02 £ 0.27 £ 0.08 £ 0.06
1285 (fo(980) K 2) (89152 £ 54 8)° 128 (p°(TT0) K2) (37H12 £ 54 6)°
TS (fo(980)KY) —0.94T0-07H0-05 + 0.02 iS(p"(770)KY) 0617037 + 0.09 4 0.08
143775 £1.540.6 F(p (TT0)KY) 90+14+1.1+1.1
Acp(K*H(892)7~) —0.18+£0.104+0.03+£0.03 | TAs(foK, pP°K9) (59715 4 6+ 6)°
TAGK*(892)7) @ (—1644 24 +£124 15)°
TR (892)7) [TTET3ET3E00

FK(1430)7) 380+25+07+1.3 f(NR) 25.6+L25+1.0+05
F(£o(1300)K2) 6.3+1.3+0.6+0.3 F(£(1270)KY) 2.1+0.8+0.0+0.2
F(xeo(1P)KQ) 1.2+ 0.5+0.0+0.1

[

Asymmetry/((1.5ps)
Asymmetry/(1.5ps)
TTT |T| ]

.
e
in

LA I
| L

I

L

=3
o
—
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)
b
[
[=]
ta
=
o

At (ps)

fOKs B=44.5 £11 £ 2.5 £ 4 degrees
Preliminary arXiv: 0708.2097 185+ 6+£25+4
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b —> qq bar S (pengum) KsK+K-

=]
G

Measures 3 for

b

5 w 0 ¢Ks
-1 _0'_5(I) 015 1 ® fOKS Wlth fO%K‘l'K-
M i} ?SBH-' « K+K-Ks in the high mass region

] [M(K+K-)>1.1 GeV/c2]

115225335445 1 1.021.041.061.08 1.1
2 2
(GeVic) m_. _(GeV/c’)

Lh
O
T

% 050 05 1 ]

cosfy

Events / 0.09 GeV/c >
Events / 0.003 GeV/c 2

Acp G.os( rad) (degrees)
Whole DP | —0.015 4+ 0.077 4+ 0,053 | 0.352 + 0.076 £+ 0.026 20.2+4.3+1.5
High-mass | —0.054 £ 0.102 £ 0.060 | 0.436 £ 0.087 1005 25 0
(1) B —008 £ 0,18 £ 0004 011 £ 0,14 £ 0,06 648

1] f.;.f'i.' 041 +0.23 + 0.07 014 + 0,15 4 0.05 8;8

(
2] & 011 +0.18 0.10 = 0.13 6+7
(2) —0.20 £ 0.31 3.00 4+ 0.19 177 + 11

CPV established at 4.8 c; n—P¢ disfavored at 4.5 o
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b->s gluon (LPO7)

sin(ZBEff) = sin

‘ LP 2007

PRELIMINARY
bccs World Average | T, B S 0.68 +0.03 |
. BaBar . : : 0.21+0.26+0.11
X  Belle : : ! 0.50+0.21+0.08
i Average ! : 0.39+0.17
= BaBar - : o 0.58'£0.10 £ 0.03
s Belle : : 0.64 +0.10 + 0.04
= Average ! : bl 0.61 £0.07
¥ BaBar : 071 H 054 £ 0.04
" Belle e 0.30 +0.32 + 0.08
0 Average: | H  0.58+0.20
a BaBar : 0.40 +0.23 £ 0.03
2 Belle 0.33+0.35+0.08
R Average _ ; 0.38 £0.19
" BaBar ’ 0B 0.00 + 0.08
B Average: (] P b ) 081%%F |
- BaBar 5 L : .62 025 1 0.02
> Belle : . 0.11+0.46 £0.07
® o Averagei i =l |  048+02¢
BaBar g  0-25 £ 0.26 £ 0.10
%ﬂo Belle i | DNB:0.23:0.11
. T Average: S E. 3. . OEDIS
v BaBar — ] .72+0.71 £0.08
S Belle -0.43 +0.49 + 0.09
%% Average . : -0.52 + 0.41
B o= L S N
% BaBar L30T ore 041
v Belle , # 068+0.15+0.03 7%
L Average: : e 0.73+0.10

'Af E

2 4
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Wlthout the outlylng B->Kg fO(n+n—)
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PRELIMINARY

" BaBar “0.08 £0.18 +0.04

x Belle : -0.07 +0.15+0.05
e Average . -0.01+0.12
o BaBal T el 0.46+0.07+0.03

X Belle: | i 0.01 £0.07 +0.05
g Average b .. -009+006
< BaBat — 0.02£0.21 £0.05
<" Belle: —— -0.31+£0.20 £ 0.07
I i T - O AL i4d 08
. BaBar : 0.24£0.15+0.03

X Belle: 0.05+0.14 + 0.05

¥ Average 0.14 +0.11
T T BaBar T D8+ 0.27+0.08 £0.06"
o, Average : 0.02+0.29
et CBaBar NG TS T 0aa 0210103 ]

X Belle S— 0.09 +0.29 + 0.06

°  Average ‘i P -0.21+0.19
. BaBai @ ——= . -0.41+£023+£0.07
X  Belle; eofe - 15+0.15+0.07
o Average + -0.03+0.14
g BaBar T ™. 023+ 0.52+0.13
o, Belle % 0.17+0.24 +0.06

o Average =g i 0.18+0.22
T BaBag T 005 £0.10+0.06
v Belle el 0.09 + 0.10 +0.05
L. . Average . . . . i 007+0.08
1.8 -16 -14 1.2 1 -0.8 06 -04 02 0 02 04 06 08 1 12 14 16 18

20




* Original idea B> nn.
* Penguin pollution.
» Gronau London (GL) isospin scheme.
* Big BF(n0n0)
* B> 3 pion Dalitz.
* Snyder Quinn et al.
« Babar and now Belle
*B-> pp

* like mt but twice lucky (polarization, B> p0p0 small)

25/8/07 Xlll-Lomonosov J.Chauveau CPV in B and CKM
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b — uu-bar d

LP 2007

Cep PRELIMINARY

T T T T T

I s 1 o
" Belle |

B9 Average

02t -
1 1 j

-0.6 -0.4 -0.2 0

aurs give -2A(In L) = &x” = 1, corresponding to 60.7% CL for 2 dof

PRL 99 (2007) 021603
PRL 98 (2007) 211801

BELLE
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0_0
pn CvsS [EEEH
5 FRELIMINARY
r v T
E BaBar
12 r Belle
I Average
[VE:]
04
o
04 -
08 F
a2 :
1 N 1 k-1
SR S
pm.DCPVA  vsA [sisl
FRELIM NAFY
v ! : ! - .
© BaBar
Belle
04 G Average
0z r
o
0.2
04 -
L 4 i n X
0.4 -0.2 o 02 04 A
2L = g 1, e 7% 6L tor 2l '

PRD 76 (2007) 012004
PRL 98 (2007) 221602
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+ -
P P Scp Vs Cep E
CCP PRELIMINARY
T T I T T
£ BaBar
7 Average

| |
-0.4 -0.2 0 0.2 0.4
‘ 3 ; g CP
Contours give -24(In L) = Ax” = 1, corresponding to 80.7% CL for 2 dof

preliminary arXiv:0705.2157
PRD 76 (2007) 011104
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BABAR PRD 76 (2007) 012004
BELLE PRL 98 (2007) 221602

\ i E_u _B”—n(*rz‘rt“ (kin.) *prme L
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2 ¥ 2 -1
c OF w o F I N -
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_ New pp GL isospin analysis

% 35F
=
TDCP p°%°
Preliminary arXiv:0708.1630v1 [hep-ex] S
g 15
106xBF=0.84 + 0.29 + 0.17 i
f= 0.70 + 0.14 + 0.05 5

Scp= 05£09+£0.2 e =
Sos & =
Cecp= 0409102 5:3 0 S B } g
+ " E =l R
-6 -4 -2 0 2 4 6
+ ~— . A.t(ps)
p p § 1 . 00 00
Babar preliminary arXiv:0705.2157 ot e i G it S
Belle PRD 76 (2007) 011104 -
la—a.4|=16.5 deg. @ 90% c.l. ey \
eff 0 ;2{' ' 1|0 (l) 1JIJ o l\tt 30 4IIJ I
O, (deg)
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1-CL

o combined

>, 0.008~
- Om === B—pa(WA) | = - [UTe
12 Lgdlsc - B—pp(WA) comBiNeD| & | fit
B—an(WA) ) L
1 ﬂ O 0,006/
: f > I
e g 5 |
H: 8 0.00a}-
ol : CKMfit @ o L
: no a meas. in fit \‘\‘ g ] o .
04} ;i , : L
: 1 etE i 0.002[-
0.2 [ _l ; |‘|\j/%\ ,' P |
(0 20 40 60 80 100 120 140 160 180 e
(o]
o)
o (deg)

a=[80,107] or [156,171] deg @95%_c.l.

25/8/07 Xlll-Lomonosov J.Chauveau CPV in B and CKM 25



* Tree by GLW,

* new result GLW B+/-->D_ CP K+/-

25/8/07 Xlll-Lomonosov J.Chauveau CPV in B and CKM
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GGZS method

GLW,ADS, GGSZ [stwmeto

ADS method
V u * h V”T’ o *) () P
K §K()+_’fCP b %HL<[<J:D() — K7t
_V . + —
B + Db b C 5(*)0—) K Tt B Vi 3 K (*) +—) KS7Z.+7Z.
“ u — Ksz+n— Y u
~ Colour favoured b—>c amplitude  Colour suppressed b->u amplitude
® ®
Cabibbo suppressed c—>d amplitude ~ Cabibbo favoured c—>s amplitude
GLW analysis A 2rprpsin (dg + dp) sin (7]
Repy 1+ -"% + 2rgcos (dg) cos () B ."% + r‘% + 2rgrpcos(dg + dp) cos (v)
Aecpas +2rpsin (0g)sin () /Ropt
ADS analysis =g
Faps ."% + ."% + 2rgrp cos lirjg + er:Il COs [“] rg = |‘:1 [B — D 'ﬁr ] |
Aaps 2rgrpsin (dg +dp)sin (v) / Raps |A(B- — DK~}
Dalitz analysis .
T4 rgcos(dp £ ) R | A LJ? — [
Ut rpsin(dg + ) |{ (DD — f}|
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B->DK GLW update

Preliminary arXiv:0708.1534

Table 3: Comparison of the preliminary results of this analysis to the previous measurements by
BABAR [3] and Belle [4]. The decay mode D” — K2¢, used in the previous analyses, is not included
in the present measurement.

Parameter Present analysis BABAR (2006) [3] Belle (2006) [4]

Rep_ 0.81 + 0.10 + 0.05 0.86 +0.10 + 0.05 11T+ 0.14 £ 0.14

Reps LO7T£0.10 £ 0.04 0.90 £0.12+ 0.04 113+ 0,16 £ 0.08

Acp- —0194+0124002 —006+0134+004 —0.12+0.14 £0.05

3.4 ¢ |—=r>C D.SB:I:D.DE!:I:D.DE-:I:D.IE:I:D.D4 0.06 + 0.14 + 0.05
AIOOE"“\""I"“\"““"\“"\""E ~ 100 T L O N
% 9= BaBAR FoDK 3 %= BABAR FoDk o
- 80 preliminary = - 80C preliminary 3
- E CP even = s = CPeven 3
S. 70 ¢ = S 70 =— =
S 60 3 2 60: =
% 50 = = 2 50 3
2 a0} 3 S a0 E
20 = 20 =
0 ; oo T E
E \ l Lo v | \ \ = 0' R S T RS SRR MAVER I MR

0.

2 -0.15 -0.1 -0.05 -0 0.05 0.1 0.15
AE (GeV

0 e T | N I L L I I 1
-0.15 -0.1  -0.05 -0 0.05 0.1 0.15
AE (GeV

<

2

"
—
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y from tree processes

+H

Includes a new
preliminary result:

0.001—

=)
d

Ansuap Aljqeqod

29
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Direct CP violation in B> K-t

Interference between tree and penguin amplitudes produces a CP
asymmetry in B2>K 7.

ACP(K+n—)=-0.133 +0.030 +0.009
ACP(K+n0)= 0.030 +0.039 + 0.10
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CP Asymmetry in Charmless B Decays
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CKM fits

| Ltter

http://www.slac.stanford.edu/xorg/ckmfitter/plots fpcp07/ckmEval results fpcp07.html

‘ UTﬁ'f

http://utfit.roma1.infn.it/ckm-results/ckm-results.html#summ

* synthesize the measurements with different
statistical assumptions

« Other measurements not covered here are input
to the fits, among which:

— Bs mixing, UT sides
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Summary and perpectives

With 1.15 ab-1 the B factories have validated the CKM
model.

NP effects actively looked for have not shown up.

bring precision on quasi-2-body
final states.

PEP2/BABAR: one more year. 1st generatlon B
factories ending.

Expect final results 2009-12. g LHCb

TeVatron impact via Am, and now more.
LHCb: major contributions forthcoming.
New e+e- machines (Super B, or SFF) under study.
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Outlook at LP07

- UTfit
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Now B factory
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LHCD
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FIG. 3: The raw asymmetry between B”- and B"-tagged
signal-weighted [23] events for B, _,. in (a) the low-mass re-
gion and (b) the high-mass region. The curves are projections
of the corresponding fit results.

F1G. 2: The distributions of m -1 4 — for signal-weighted [23]
B._, data in (a) the entire DP and (b) the low-mass region.
Insets show distributions of cos &z . The histograms are pro-
jections of the fit function for the corresponding, result.

TABLE II: The CP-asymmetries for B” — KTKTK" for the
entire DP, in the high-mass region, and for @K and K" in
the low-mass region. The first errors are statistical and the
second are systematic. The solutions (1) and (2) from the
low-mass fit are discussed in the text.
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617 .
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b — qgQg-bar s (penguin)
KsnOr0

S=-0.43+0.25-023%0.03 (expectation =+0.7)
C=0.17 £ 0.24 £ 0.05
arXiv:0708.1845v2 [hep-eX]
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b — qgg-bar d (penguin)
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D0-> Ks nt+m—

AB") = 1.4,0°k)1x

x Ap(m2+,m2-)

Also DO~ n+n—n0

25/8/07 Xlll-Lomonosov J.Chauveau CPV in B and CKM




Dalitz method: sensitivity toy

... varies strongly across the Dalitz K°n*n™ plot !
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Relative event weight:
W=1/(d2L / dY2) and
o2(Y)~1IW

Interference of

EB’—) DK, D°—>K°Sp°
P with B

B— D°K, D°—>K°Sp°
: = GLW like

, Inte.rfere.nce o.f

B-— D°K-, D°— K™

. (suppressed) with

' B— D°K-, D°—K*n-
= ADS like
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HFAG Compilation
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ltter
http://www.slac.stanford.edu/xorg/ckmfitter/plots fpcp07/ckmEval results fpcp07.html

http://utfit.roma1.infn.it/ckm-results/ckm-results.html#summ

UTflt
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CKM
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Figure 9: The Unitarity Triangle.
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Calculating A for specific final states

/fL:Vt;)\/ td | VuZIVub
thvtd Vuqub

(assuming only tree diagram for 1llustration)
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sin2p in b—sqq Penguins

LP 2007

PRELIMINARY

boces  WordAverage  SITT20§ om0
BaBar . ' v D +05 011
* Bele 0.50 +0.21 + 0.08
= Avarage: ; ' 0.30+0.17
o BaBar 7T TR 4 © T DE8L010£0.03
35 Balle : : L 0644010+ 0.04
= Average ! : Fr : 0.61 +0.07
» BaBar 7TV P01 024 £ 0.04
" Balle ; 0.30 + 0,32 + 0.08
o Averagel (o 0582020
o BaBar E 0.4+ 025 + 0.03
= Balle : 0.33 40,35 £ 0.08
= Average ; : 0.38 £ 0189
S BaBar T 4 0.61 354009008
o, Average- i1 i .61 it
BaBar : .' RO R )
= Balle : E LD D48+ 007
= Average - : ; 0.48 + 0.24
~, BaBar © i el 089+ 007
% Bele e Wi DiBroza:oid
- Average : : by 0.84 £ 0.07
T HBAR T e R
Che Bells : i D43+ 0.49 + 0,00
S Average - D52+ 0.4
% BaBar . R EY TR
L Balle BEB+0.16 +0.03 )5
. Average - ' 073+ 0.10
-2 -1 o 1 2
Ty
:\JT_W?;] 21

* b S+ P »P

> S 2 »

(sin2B,; ) =0.67 +0.04

1% CL for the average

New naive HFAG
average <1o from the
naive golden mode
sin2p value

#= New/Updated
BaBar/Belle Result "T}I A

D. Brown, CKM phase and CP Violation in B Decays H\t
HEARECEE L



Belle’'s CPV in BY — D*D-
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Belle @ CKM 2006 BO | BO
(Ngg = 535M):
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Evidence for large direct CP
violation in B — D+D-
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C=-091£0.23£0.06 (3.20)

Belle @ LP 2007
(Ngg = 657M):

A, =(B" > D'D")=0.01+0.08+0.02

(expect same direct CPV in charged B mode)

25/8/07 Xlll-Lomonosov J.Chauveau CPV in B and CKM 56




vy,
o
J

Events / 2 MeV/c
%]
=

Same quark

diagram as BY —

D*D-

— VV final state (not a
CP eigenstate)

cP= Determine effective
'%eg‘PCL?é‘iWS Ll'ﬂ@'?iecay

- 638+38
- signal events

_IIIIIIIII 1111 1111
&23 524 525 526 527

528 529 53

mg, (GeVic?)

R, =0.143£0.034+0.008

Al IGI.YOIO,

CP asymmetries from CP-even amplitudes

7S, = 0.7240.19+0.05
C.=-0.05+0.14+0.02

25/8/07 Xlll-Lomonosov

nS consistent with
Sin2p!
No direct CPV!

J.Chauveau CPV in B and CKM

Events / 1.0ps

Raw asymmetry

&

]

Events /0.2

[ %3]
=

[=1] =]
=] =]
TT T T T T T

-
=

= w
= =
|

%]
=]

:IIIIIIIIIIIIIII|III|III|III|III|III|III:
“-1 08060402 0 02 04 06 08 1
cos(6,)




