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Introduction
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CP Violation and (3 angle

CP-odd phase

in CKM matrix
Vm’ Vw Vaé:

CP violation (CPV)in | T DI
Standard Model (SM) KM~ | "ed  Tes T
Va Ve Vs

Non null apex of the
Unitarity Triangle (UT)

* CPV in neutral B mesons can be tested via their decay to CP-eigenstates

« A BO that mixes into a B° “gains” a 2[3 phase

Am = mixing frequency

» The interference between mixing and decay produces the CP asymmetry

_T(B'(t) ~ fep) =T (B°(t) — fep)

Ace (1)

F(B'(t) » fe)+T(B(t) - fep)

=S, sinAmt)-C, cosfAnt )

2ImA 1- A f
= C. =
> 1+ N LA ! 6

A
Af

In SM with one diagram only:

q/p = e2P
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PEP-II B-factory
and BaBar experiment
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CPV at B-factories

We need to know the flavour of the B at a;reference t=0.

At t=0 we BCP Az = At ypc

BO| know this ! T
: 4::11‘_\‘\ S

meson is B° ‘.7
Y(4S)° ‘ —

| |- (e-, u-)
\, O ~ ~ ~

\4

‘At later, the Bgp

So-

decays.

~
In this example, the tag-
side meson decays first.
It decays semi-leptonically
and the charge of the
lepton gives the flavour of
the tag-side meson :
|-=B% |+=BO

(Kaon and pion tags also used)

The two mesons oscillate
coherently : at any given
time, if one is a B the
other is necessarily a B
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Sin(2(3) measurements
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Charmonium K9 : introduction

 Golden modes:
1. Small SM uncertainties: tree and pengum diagrams have

same weak phase b

JIV

Model-independent data-driven
calculation, using SU(3)-related

process B — J/yrt y
?
— ASJ,qJKS =(0.000 £0.012) [Ciuchini et al., PRL 95, 221804 (2005)]
- ASyus=1(9.3 36 ,6) -10* [Li and Mishima, hep-ph/0610120] Factorization
+ NPQCD

2. Relatively large Branching Fractions B J/pKO~8.5x10-4

B—-y(2S)K%~6.2x104
B—x . K%~4x104
B—nK°~1.2x103

3. Clear experimental signature
Y > J/wKs, J/p —#70", Kg —»mtn™
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Charmonium K°: samples

B.p Sample
e B—-J/YKPO
e JJy —>ee, pup

e KV —>am
« K 0: cluster
* B-ouy(2S5)Kg°
* Y(2S) —ee py, Jdyy

° B_)XclKS0

* Xa— Wy
* B_)r]cKS0

* n,— KK*
e B-J/wyK*0

B, SAMple
* B->D"n' For tagging
e BD™ p* performance
ot and resolution
* B-D"a studies
e B->Dn*
e B J/WK*O(K*0—K* 1)
B- sample
e B- 0
B—D"n Control
e B—D*0 g sample;
e B—J/yK- null expected
. By(2S)K- asymmetry
* B=XuK

B — JIWK*(K*—K- 10)

Friday, 20 July 2007 M. Bomben - beta measurement at Babar - HEP 2007




Charmonium KO°: results

hep-ex/0703021,
submitted to PRL

i
<
=

384 M BB pairs

CP-Even

%
1
|

L]
R

sin2 = 0.714 £ 0.032 (stat) £ 0.018 (syst]

2
=
o
, ~ 200
K (n*m) - 0.702+0.042+0.020 | £
5 >
JyK (n0n%) —e— 0.617 + 0.103 + 0.036 “;
| 2 05
y(2S)K, . ~—=—0:947 + 0.112 + 0.062 %
v Ks —=—— 0.759+0.170+0.037 | Z O
| =
n.Ks —=——0.778 +0.195+0.093 | = .
| ~450
JhyK* . 0.477 +0.271+0.155 | &
| = B’ tags
JIyK - 0.686 + 0.039 +0.015 | =
5 | = 225
JyK ~—=—  0.735:0.074+0.067 | §
: m
JIyK® - 0.697 +0.035+0.016 | .
: g U
All - 0.714+0.032+0.018 | £
2
5

0.5

A| = 0.952+0.022 (stat) + 0.017 (syst)| s
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Charmonium KO° comparison

sin(2p) = sin(2¢,) FE

____________ PRELIMINARY
BaBar 0.{1410.03210.{)18 It has become a precision
hep-ex/0703021 — measurement: O(4%)
—
Bell 0.642 £ 0.031 £0.017
elle P
PRL 98 (2007) 031802
Average * —— oemxooas Good world agreement
HFAG T
0.5 0.6 T 07 0.8 b—)CCS CCP &
o PRELIMINARY
BaB : 0.049+0.022+0.017
aBar E Ll Q049t0,
hep-ex/0703021
. . Belle i -0.018 £ 0.021 £ 0.014
Consistent with Standard Model H————H

~_ PRL 98 (2007) 031802

expectations
Average : 0.012 £ 0.020

HFAG

-0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 008 0.08 0.1
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BO—D(IOKo DO—CP

e B9—D(Oh0 are color suppressed b—cud transitions
. . b - < c _
— hois alight meson (such as 1, n or w) \{ ok

BY _
d 0
1. No penguin contribution Standard Model =
2. Small SM uncertainty (DCS process b—ucd)
3. Potential large New Physics contribution v R-SUSY
il _
- AB=(B—P) <05 b —— 1
Y. Grossman and M. Worah, Phys. Lett. B 395, 241 (1997) Ert

¥ C
-
 We can measure sin(2p3) by reconstructing D° in a

CP-eigenstate

— DOP—KK, DY—K P, DY'—-K. w
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BO—D(OKO DO—CP: results

C:]-—-\ 60" LI T T T 1 N t:-\ i L e L 7 — -
L 7Ha) P even L100f)  CP odd 1 383 M BB pairs
> 131 + 16 T | 209%23 :
s 400 =
Z Wb i S0 _ hep-ex/0703019
2 1 2 L accepted by PRL
5 [t t 1§ | A\
- 524 526 528 F 524 526 528
mg (GeV/c) mg (GeV/c)
CP even
sin20.g = +0.56 £0.23 £0.05 z " N1z p -
C = -023+016+004  Fx 3
First measurement of 4 10 & 20 :
sin2 in these modes! - . d e
o I 5 (d) ]
2.30 from CP conservation. 205 =05t A l
Consistent with SM expectations Z .0 Z S =
““““““ _0.52_ -0.5F F
separate . e 1. L ‘‘‘‘‘‘‘‘‘‘‘‘‘
fit _10 10 -5 0 SAt (psl)O
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BO—D( -D*

« Competition between tree and penguin diagrams

c ¢

b - c G
_ _ - - _

d —= - d d d

e EXxpected small penguin contribution: 2-10%
— Z.-Z. Xing, Phys. Rev. D 61, 014010 (2000)
¢ B Is sensitive to New Physics In loops

— AB = (B — B) up to 0.6 in some SUSY models
* Y. Grossman and M. Worah, Phys. Lett. B 395, 241 (1997)

Friday, 20 July 2007 M. Bomben - beta measurement at Babar - HEP 2007



B°—D-D*: BaBar results

80_ I ! I ' I T —]
133 +16 J[ ©
_signal events .

arXiv.org:0705.1190, submitted to PRL

S = —0.4x0.34 = 0.06
¢ = +0.11+0.22 +£0.07

Events/ 2MeV/c?)
[«)]
o

384 M BB pairs

Consistent with SM expectations

| | | | |
052 5.26 5.28 5.3
mgs (GeV/c?)

Events / 0.8ps
Events / 0.8ps

At [ps]

At [ps]
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B°—D-D*. comparison

Moriond 2007 preliminary

Belle
hep-ex/0702031

4

Average

||'U10riund 2007

HFAG correlated average

B

1.43+0.37 + 0.09

-0.75+ 0.26

Moriond 2007 preliminary

Belle ;
hep-ex/0702031

Average

HFAG correlated éverage

|Moriand 2007

CP PRELIMINARY CP PRELIMINARY
BaBar 1084 +0.34 + 0.06 BaBar : 0.11+0.22+0.07
——% : I—-—-A-—ﬁ:

-0.91 +0.23 + 0.06

-0.37 £ 017

-8 16 -14 -1.2 -1 -0.8 06 -04 02 0 02 04 06 08

. claimed direct CP violation at 3.2 D>
. (hep-ex/0702031, submitted to PRL) Qgg
S = —1.13 +0.37 +0.09 535 x L0°BB
A = +0.91 £0.23 £0.06(=-C)

= —0./4+0.34 =0.06

— 10.114+0.22 +0.07 -

between the two: x2/dof =12/2 (CL=0.003, 30)
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B—D™D*: overview

* |t is not a CP-eigenstate
— We define a time integrated CP-asymmetry:

J-"II"'_D*-I-D— - Jn'l'Dq-—D+

AD*:ED? = T T
J.n'l'Dt-I-D— —|— J_nij—D-F

 However, we can extract information for sin(2[3.«):

SE*:EE‘:F = —1'/1 — {:?J*:EE:F bl]‘.lsz'}.:ﬂr :I:@

Strong-phase
difference

* If penguin contribution is zero: C_, = -C,_ & B.+=P
 |f there’s no CP violation: S, =-S,. = sin(2p) =0
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BO—D*D*: results

%150_ | | i @ 5l T 384 M BB pairs
. = 0 .
« | B'>DTD ~ | B=>D"D’ : arXiv.org:0705.1190,
2 280 £19 || 2 219 + 18
Em %S|gnal events/ | Em g}rnal eve t | submitted to PRL
50 H i{“ . 50 _ ]
% | %i | Evidence of CP
0535 526 528 53 0 524 526 528 5.3 V|O|at|0n
mgs (GeV/c?) mgs (GeV/c?)
Ap-tpx = 012+ 0.06+0.02| gt ST SN (b)-
Cpesp- = 0.18£0.15+0.04| %= SR | B0
Sperp- = —0.79+0.21 £ 0.06 | § 5
C'!D*—D‘f' — 02:3i015j:004 ;-_....110%:“ d)% 2'-110? 'I‘=‘|===I===I==-.- ---- :
= ()1 &
Sp—ptr = —044+0.22+0.06| & 5 + 18 F lﬂ ;
E r [ 1 E L s
; g F e g iﬂ“ + l‘l |
sin(2B) coso#0 @ 40 | 5 | 150 ©
8 -6 4 2 0 4 Alﬁ(ps) 8 6 -4 2 0 At (ps)
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B°—D™D*: comparison

Good agreement S(D'D) BABAR = -0.792£0.211£0.06
S(D™D) Belle  —+— -0.55+0.39 £0.12
S(D"'D)Ave. i -0.74 +0.19
152 x 105BB Cc(D" D)BABAR: m %0.18 +0.15 +0.04
ezl [PRL 93, 201802 (2004)] C(D D )Belle 1 == :-0.37 £0.22 £0.06
C(D"'D) Ave. e 10.0110.13
S(D D )BABAR —— 20.44 £0.22 £0.06
S(D"D") Belle .0.96£0.43+0.12
S(D"D") Ave. —-— 055 +0.20
C(D D) BABAR = 10.2340.15+0.04
C(D D) Belle = 10.23+0.25+0.06
C(DD)Ave. | e 102340.13
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Cos(2[3) measurements
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Resolve ambiguity in 3 (1)

* Sin2[3 has 4-fold ambiguity in 3, reduced using the
sign of cos2p.

* Negative cos2f is ruled out by:

» B J/p K17 @ Interference between CP even and odd; resolve strong
phase using K1r S- and P-wave.
» BABAR [PRD 71, 032005 (2005)]
» BO—DO[Kstr*mr] h° : Time-dependent Dalitz analysis
» BABAR [hep-ex/0607105] 87% CL.
» B>-D*D*Ks : Time-dependent Dalitz analysis
» BABAR [PRD 74, 091101 (2006)] 94% CL.

3 -

BaB4r (3]
preliminary |

2 L

mi(K ) (GeV/eh)

m(K ) (GeVZch

1+

Friday, 20 July 2007
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miK JO) (GeV et



Resolve ambiguity in 3 (1)

‘ Maoriond 2007

n PRELIMIMARY
=
e
. | -
=
-
0.8 R -
O
>
0.6 +
B
0.4 ,ﬁq "
=
mI
02 B ] e N
o)
=T
[ R e e e e i s —
g | I 1 I I =
n'?D.E 0 002 04 06 0.8 1 p
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Conclusions
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£
ﬁ Conclusions

* [(¢,) measurement has reached the 4% precision
level

 Many different decays have been used
e A very large quantity of data has been analyzed

« BaBar has been giving (and will continue to give) an
Important contribution to probe flavor sector of
Standard Model

B=(21.3£1.0)°
(World Average)
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That's It!
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A successful B-factory!

PEP I
Low Ener.
th? ELE
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100,

S

Events /(2 p
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=)

[
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Asymmetry
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M
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o
L«ln
|

]
H
| L
1
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B°—D-D*: further comparison

+ g~ -
D D SCP VS CCP Meriond 2007

CGP PRELIMINARY

.I T
~i__BaBar

P A | ]
08 r 2 Average

:’ :
0 04 08
SCF’

Contours give -2A(In L) = Ayt =1, co rresponding to 60.7% CL for 2 dof
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BO—D-D*: At distributions

8—:25 '_ b o o e e o L B e e B o o o B
4:220 B *ag ] m:n:_
s a I
2 o |
O 15} © 15]
S ]
10 "E'In:
Q [
> L
51 (1T I
i

=
L)

Events / 0.8ps
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BO—D®-D*: systematics

Source Cpstp- Spetp— Cpe—p+ Spe—p+ Cp+p- Sph+p-
Peaking backgrounds 0.026 0.041 0.027 0.031 0.044 0.042
At resolution parameterization 0.011 0.021 0.013 0.012 0.015 0.020
Mistag fraction differences 0.014 0.011 0.016 0.012 0.023 0.013
Beam-spot position 0.004 0.006 0.007 0.036 0.005 0.002
Ama, B 0.002 0.003 0.003 0.004 0.001 0.004
MC statistics 0.011 0.015 0.011 0.015 0.036 0.023
Tag-side interference and others 0.016 0.025 0.017 0.020 0.020 0.013
Total 0.037 0.056 0.040 0.056 0.066 0.055
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BO—DU)%h0 DO—K_tatcomp.

DR’ sin(2p) = sm(2¢1) &

D"”h’ cos(2B) = cos(20,)

ICHEP 20086
PRELIMINARY PRELIMINARY
BaBar : | N . 0.4540.36+0.05+0.07 BaBar | 0.544054+0.08+0.18
co : 1 ] H |
hep-ex/0607105 hep-ex/0607105
Belle . 0.78 + 0.44 £ Q.22 Belle - 1,87 55 053
: l ; H : Dol |
PRL 97, 081801 (gooei PRL 97, 081801 (2006)
Average * 0.57 4 0.30 Average i 116+ 0.42
HFAG | HEAG
04 _0'2 [lJ 0'2 0'4 :Dlﬁ DIB 1' 1'2 -0.4 0.2 0 0.2 04 06 0.8 1 1.2 14 1.6 1.8 2 2.2
. determine the sign of cos(23) to be positive at 98.3% confidence level

» Babar determine the sign of cos(2[3) to be positive at 87% confidence level
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World average

sin(2) =sin(2¢,) fa

PHEL|M|NHHY

BaBar
hep—exa‘D?DSDEﬁ

Belle :
PRL 98 (2007) 031802

ALEPH

PLB 492, 259-374 (2000) "

iL

0. ?1 +0.03 £ 0. []2
0.64 £0.03 £ 0.02

0.84 9582+ 0.16

OPAL : 3.20 *350+0.50,
EPJ C5, 379-388 (1998)

CDF | n 0.79*041
PRD 61, 072005 (2000) I

Average ' | 0.68 + 0.03
HFAG ﬂ :

-2 1 1 2 3
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