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Outline

* Physics motivation
* Measurement of o in B—pp.
* Measurement of o in B—pn Dalitz.

« Summary on o.
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CP violation

* CP violation is explained in the Standard
Model by a phase in the CKM unitary matrix.

* |In the Wolfenstein parameterization:

vV VYD ( — £ A Af(p—@)\
Ve = | VedV Vs | = -4 — ’%2 AX
VidVs Vs ) KA/?(I — P —@ — AL 1 )

with A=0.22 , A=0.83
» CP violation if n # 0.
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The unitarity triangle

VuquZ + VchCZ + VdezZ — OI

Y = phase of V,

B = phase of V,,

(b—u tra*n5|t|on) . (B2 mixing)
Vi Vg td Vio
V_V* Vg Ve

(0,0) (0,1)

o, = T—[3—y = process involving both
BY mixing and b—u transition
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CP violation in the interference
between mixing and decay

* For a CP final state f-p, time-dependent

asymmetry is: B0 _
A, (A1) = I'(B°— f.,)-T(B" = f.) Mixin?/(c;/p) \
Sep - D
F(BO _>fCP)+r(BO _)fCP) BO y g fCP
S, sin(Am,At)—C, cos(Am,At) fer
e N N
2 - L N= § Final =
_ J( fcp) C fep 1 _ q:’ A fcp . State ,
fr 14 2, oo T4 22 o pi,, Amplitudes
\ 2NN 52— B .
( Y[ ) : from mixing '
\S # 0 : Indirect CP violation) ; C # 0 : Direct CP violation | B >: p‘BO>+q‘§O>
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CP violation in B%—p*p-

* Access to a from the interference of a b—u decay

(v) with B’B? mixing (B).
) /{ Tree decay J \ /[ Penguin decay ]—\

/[ BB mixing ] ™
_ v, v, _ Va4 p~ =
i B Lot .
b d
Vi Ve
\\_[q/pOCVtZVzd/Vrsz;]_/ AOCVuqub %Aththb}—
Tree only Tree + Penguin
b LA s e | paTHPETE”
T = tree amplitude PP p A PP T+ Pe7e"”
P = penguin amplitude
o = strong phase difference S =sin(2a) S=+1-C" sin(2a,;)
between penguin and tree C=0 CocsinS

How can
we obtaina |6
from agx?
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Isospin analysis

« Use SU(2) to relate amplitudes of all pp modes.

At
— A—0: AOO
7z
-~ +— 0 + -
AT =AB > pp)

400
; A A+O:A(B+—),O+,OO)
At-
4 I
\/ AOO :A(BO 9IOOIOO)
AOO :A(EO _)popo)

Gronau, London : PRL65, 3381 (1990) Small amplitudes
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Asymmetry measurement

| <
Coherent 130 Az = AtvyBc
BOBO :
production '

r.

t
BO & I (-, u-)

. fully reconstructed B

———

» Exclusive B meson reconstruction.
* Time measurement: Az = 250 ym, o ,,= 170 um.
« B-flavor tagging: Q = X ¢(1-2w)? = 30%.

— with ¢ efficiency and o mistag rate.
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Common features of the
analyses

+ Kinematical signal identification with
— Beam energy substituted mass = /E>, - p?
— Energy difference AE=E,-E,,,

e Hadron ID (separation n/K).

« Event-shape variables combined in a neural

network (NN) or Fisher discriminant to suppress
jet-like continuum event.
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B%—p*p-analys

B—p*p not historically favored for measuring o
» 2 7% in the final state.

0
> 3 amplitudes (VV decay): A, (CP-even longitudinal),
A (CP-even transverse), A1 (CP-odd transverse).

is

But turned out to be the best mode:
1 d’T

» Large branching fraction. [ dcosfdcost, 4

i |B(B' > p'p)=(30£4£5)-10° (89Mas)

BaBar, Phys.Rev.Lett 93, 231801 (2004)

» Penguin pollution much smaller than in B— 7.

Events / ( 0.125333)

»~100% longitudinally polarized! Pure CP-even state.

119" ) = 0.9T8 L0014 %] sz,

BaBar, hep-ex/050349, submitted to PRL
~ June 8, 2005 Georges Vasseur
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Details of the B%—p*p-analysis

Unbinned extended maximum likelihood fit on a
data sample of 68703 events. [ 232 M, }

Efficiency on signal: 7.7%.
8 observables: mgg, AE, At, NN, m__ (x2),
cosO™, , (X2).

Modelisation of signal (1% of fit sample),
continuum (92% of fit sample), and 38 different
modes of B-background (7% of fit sample).

Extract signal yield, longitudinal polarization
fraction, cosine and sine coefficients.
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Acp(t) in B’>p*p~ decays

8§ BaBar, hep-ex/0503049, submitted to PRL

{ 232 Mg }

NB—>p p)=617£52
Siong =—0.33£0.24"
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B*—p*p’ analysis

e RS R R
 For isospin analysis, need other EQO:
B—pp rates. Z
« B*—p"p’ was measured two years E“’;
ago by both BaBar and Belle. JE
{ 89 Mz } [ 85 Mgz }
BaBar : Belle :
B(B" — p'p’)=(22.57] +5.8)10°° B(B" - p"'p")=(B1.7£7.17°)10°
£.(p"p°) =097 1 .04 f.(p*p°)=0.95+0.11£0.02
Phys.Rev.Lett 91, 171802 (2003) @ Phys.Rev.Lett 91, 221801 (2003)
OELLE
World average: B(B" — p"p’)=(26.4£6.4H)10°  f,(p"p")=0.96" 0
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B%—p%p? analysis

15 H-

10 M

e —
|

0

p—p—
e

v

|

5.24

5.25

526 527 528
meg (GeVicT)

BaBar, Phys.Rev.Lett 94,

131801 (2005)

M) |

/N(BO — p'p")=33" £12 A
Rec. Eff. =27%
B(B® — p°p°)=(0.54723 £0.19)-10"°
< 1.1:107° 90% C.L.
. ° y
June 8, 2005 Georges Vasseur

Limiting factor in the
Isospin analysis.
Tree is color suppressed.
No significant signal:

— Penguin are smalls.

Dominant systematic
comes from the potential
interference from
B—a 7 (~22%).
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Isospin analysis with B—pp

10—

AXZ

1O N L [=}) o]

NBF (B’ = p'p )=(30+£4+5)x107°
|BF(B* = p*p°)=(26.4£6.4)x10

BF(B® — p°p")<1.1x107° (90%CL)

Error dominated by
p’p’measurement

Phys.Rev.Lett 93, 231801 (2004)

Phys.Rev.Lett 91, 171802 (2003)
Phys.Rev.Lett 91, 221801 (2003)

Phys.Rev.Lett 94, 131801 (2005)

a=100x13°

90%CL range : [79°,123°]

BaBar, hep-ex/050349, submitted to PRL

June 8. 2005

Georges Vasseur
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B9—(pm)? analysis
* Unlike p™p~, p™n~ is not a CP eigenstate B
— Must consider 4 configurations B> p'nm B> p'n”

. . . ] . BO - ¥ BO _ 4
— Equivalent "isospin analysis" not viable. P —> P

« However, a full time-dependent Dalitz plot analysis can
constrain o. Snyder, Quinn : PRD 48, 2139 (1993)

a0 , 5 —
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Time-dependent Dalitz analysis

Extract o and strong phases using interferences between
amplitudes of B— 7"z 2" decay.

e—1At /750

AL (A = - — [|A31r|2 + |Asx|* F (\Agﬁ\z | Asr| )wa AmgAt)

g0
+ 0 vl
W + 2Im [A‘gﬁ,/-l;ﬁ} sin(ﬁmdil‘)] :
~ for B’

Assuming amplitude is dominated by p*,p—and p° resonances

A, =f A +f A+ fA

Ay, = fA + [ A+ [LA° otars oot

— The "f"s are functions of the Dalitz-plot and describe the kinematics of
B—pn (S—VS).

— The "A"s are the complex amplitudes containing weak and strong
phases. They are independent of the Dalitz variables.
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Result with B—rtr

 Hint of direct CP-violation « Likelihood scan of o using:

A" =T" e’ +P" K€ {+,0}
A+— ~ [ ) & } _ _ T =tree amp.

AK‘ — Tr?e+ia +PK‘ P =penguin
=-0.21+£0.11£0.04

'\ BABAR
[ ﬁ }QEB— p } B preliminary
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047+g};‘i0 06

BABAR

preliminary

05 -

0 30 60 90 120 150 180

[ 213 Mg 1 [ a:[113+fZ(Sl‘at.)i6(SySf-)]o}

N I I T Mirror solution not shown
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Combined o measurement

The best individual . et EoEE
measurement comes [ =1 Gombined
f [ o CKM fit
rom pp. 1} — T
Mirror solutionare .|
disfavored, thanksto © |
pT. T8
Good agreement 04l
with global CKM fit. -

_ 0.2 |5
Combined value: D T

0 I TR el i s | T e R
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http://ckmfitter.in2p3.fr
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Summary

« CP violation has entered a phase of precision
measurements thanks to the B-factories.

* The angle a of the unitarity triangle has been
measured with an uncertainty of ~10°.

a =103

0.5

* Will still improve. -

June 8, 2005 Georges Vasseur
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