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Talk Overview

e CP violation with B.BAR
— Machine,detector,physics principles

 Measurement of sif(includes
miIxing)

e Results on asymmetries iR-B 1T TC
decays

— Towards sin@
e Summary
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CP Violation 1in the Standard Model

The Unitarity Triangle

VudVJb +Vch:b +thVt; =0

[3 measured through
time dependent decay

PN . (P.) VigVi
rate asymmetriesin ViaVis ’ V..V
b -> ccsdecays such as | VeVl
BO-> J/P Ks
(0,0)

a. (t) = (+1)sin (2B)sin (Amt) B - DK [BYSUMK !

Bd — D*n
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CP Asymmetry in B® -> J/y Ks

|nterference between decays (to CP elgenstate) with
and without mixing produces asymmetry in At

5 o
U utop |
Exclusive
Y(4S) Kg - econstruction
P =

At=Az/<By>cC B-Flavor Tagging
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The BaBar Detector

1.5T solenoid

DIRC (PID)

Csl(TI) EMC

— 4/ e* (3.1GeV)

Drift Chamber

| nstrumented Flux Return

Silicon Vertex Tracker

o SVT: 97% efficiency, 1am z resol. (inner layers,
perpendicular tracks)

 Tracking: o(py)/pr=0.13% R + 0.45%
 DIRC : K-rtseparation >3d for P<3.5GeV/c
« EMC: 0o /E =2.3% EV'4 [ 1.9%



Exclusive B Reconstruction

B, All particles detected
..................................... < Total E, P in Y (4S)
Y(4S) ' .... ~ Ef*rame;
BZ& B'P'B
AE=E'y-Vs/2| So = o o B
— ) T T
Mes =V (54— p'p9)

AE : 0~15MeV Mlal T s
Mgs : 0~3MeV e

0%2 52 524 526 528 53

ﬁ‘ BABAR Siena, October 9t 2001




Beforetagging
é.., BaBar BO->CP Sample 5 " BaBaR

L i

L i1 Events:
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B-Flavour Tagging
Ranked Categories:
e Lepton — charge of fastest electron or muon
« Kaon — Net charge of identified kaonsz 0

e NT1/NT2— Neural Net (slow pions, "Jet
Charge”). Different cuts on NN output

j— BABAR

m NTI1
0 NTZ2

Lew

k 0.05 —
Lepton , Kaon tagging / |
0

NN tagging 0 0.25 0.5 0.75 1
p(B%)

=
p

N\
Number per B per bin




Flavour Tagging Performance

Sample of B decaysto self-tagging modes,
B Ay, Used for measurement of tagging
performance; Q,=¢D.?,D, =1-2w,
D. = Dilution, w, = wrong tag fraction
e = fraction of eventsthat wer e tagged

Tagaing | ¢ (%) | w(%) | Q (%)
category

Lepton | 109+03| 89+13| 74+05
Kaon | 358+05]| 17.6+1.0| 150+ 0.9
NT1 78+03|220+21| 25+04
NT2 13.8+0.3| 35119 | 12+0.3
ALL 68.4+0.7 26.1 +1.2

S{BABAR
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B Ay Sample of Fully-reco’d B Decays

States with definite flavour for measurement of lifetimes,
mixing and Az resolution and tagging performance for sin23
measurement

Cabibbo favoured “open charm” decay: e.g%B DC)-1t/p*/a,*
Charmonium decays: e.gt-B JAp K*

1_11 A
400 o = ,
- Crizirejee) ﬁ INEE
1200 o
F 5 Mesors g2 g Mesorns
000 L1000
o0 N _=8500 *
B*/B - N BO/ §0: 9400
600 1 0 i
urity 85% 80 :
purity purity 83%
400
200
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Boam-Energy Submtitutec Mass (MaVie °) Boam-Energy Submtitutec Mass (MaVie °)
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Mixing Measurement with Br, 5, Sample

| :
20.7 fbl on-resonance £ o BABAR :
- E 06 ;
gm Unmixed Events gﬂ. BABAR % gj W e ;
A N
| 02 H/ :

o | ) 04 |

200 | 06
o | 08 ¢
: To T2 a8 w0 w2

1@
Al (ps)

IAt] (ps)

(At) = (1-2w) cos (Am, At)

mlxmg

Am, = 0.519 + 0.020(stat) £ 0.016 (syst)ps*
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CP Violation Time Distributions

perfect realistic
flavor tagging & mis-tagging probability &
time resolution finite time resolution
0.9
0.6 A 3 jiE 78N
0.5 TR ,flr'-, o7 RO - rO/ \ 0 _ RO
u-d[ B?ag: BO / ':\RB?ag: B° E: Brag B;'ff "~"‘Btag 5
A BE i \
0.3 f." % s F k
u.zL— / 0.3-
F iy ¥ 0.2 v
01 b A o1f Ry
n'|:==E-T-'1—.—|-.-"'J| TETE T | -'.'.—|--H::'=: Df-ﬂ"l_‘.__. [EPEPE BPRTEEE BT BT B e .
] -4 ] 0 z 4 7 -G -4 -2 i} 2 4 6
Decay Time Difference (reco-taqg) (ps) Decay Time Difference (reco-tag) (ps)
] e—|At /ey _ _ ]
fop+(At) =[] x(1F n¢.(1- 2w).sin2B.sin(Amg,At) ) OO R
] 2T By []

IIfCP,+II - B?@ — BO

"fCP,_" - Btoag ZEO

same mis-tagging probability «w
Mixing & CP _ 99 _g P _ y
Time evolution and time-resolution function R(At)




Likelihood Fit for sin2f3

« Fit data with global, unbinned maximum

likelihood including:

— Mistag fractionsAt resolutions (B 5, sample)
— sing3 (tagged sample of CP eigenstate events)

* Total of 44 parameters embody mistag rates,
resolution function and backgrounds

effect Free params
sin(2p) 1
Mistags (avg, delta BO - antiB?) 8
Signal At resolution (runl, run2) 16
Background time dependence 9
Background At resolution 3
Background mistags 8
TOTAL 45
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The sin2[3 Result
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Mode by Mode Breakdown

P(0.59) if CP
conserved: < 3x10°

P(0.59) if CP conserved

(Ncp=—1): < 2x10*

B* reco

0
B reco

JWK,

JPK™

Prob(L<L,,gaq) =
27%

Result submitted
toPRL, July 5
(hep-ex/0107019)

X Ks(M'T)
P(2S)K (')
JMPK (n'n)

JVK (')

Average

—i—

| I.III.IILIII.III.III.IILIIJIIJII

05 0 05 1 15 2 25 3 35

sin2(3

0.03+0.04
0.02+0.04
0.70+0.34

0.82+1.00

+(,55
259 £.67

0.4710.42

0.7610.52

0.45+0.18

0.59+0.14



Systematic Errors

e Resolution function foAt = 0.03
— Residual uncertainties in SVT alignment

» Mistag fraction differences B versus
B Ay Samples = 0.03

e Background in selected CP events = 0.02
— Level, composition and CP asymmetry

Kg K, K*0 Full
Total Sys|[0.049(0.104|0.162 | 0.049
Total Stat|0.151]0.340/1.01 (0.137
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The Global CKM Picture
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sin2a from BY— TT'TT Decays
Decay distributionsf,(f.) when tag = BY(BY)

(-At/1) _ a 9 |m()\)
f (At) = [1£S, sin(Am At)F C, cos(Am At)] | | Sf = 1+AF
tree diagram u penguin diagram | ¢ = 1-]AF

b —= W d ©OLHAF
Vqsfi E b -
u
Vo
d U
For single weak phase For additional weak phase
CqdA i |A|#10 must fit for direct CP
A= EA—f =N€ A = r]fezla Im (A) # sin2a [ need torelate
f

asymmetry to o
C.% 0, S = Sn20




Results from B— 't (with 30fb1)

e Simultaneous ML fit to BRs and CP coeffs:
— 8 event types (sig+bgr, K+, K11, K*K")
— Discriminating variables (m, AE, FB.1,0.1,At)
— Mistags and resolution function from sfhanalysis
— Resolution function for background from sidebands

Preliminary Results
(65 Tutand 217 Ktevents)

S(T*TT) = 0.03*0%(stat) + 0.11(syst)
C(r'Tr) = -0.257045(stat) + 0.14(syst)

A p(KTT ) = -0.07 + 0.08(stat) + 0.02(syst)




Summary

* We have observed CP violation in thedystem at the
4o level

— sin(43)=0.59+0.14+0.05

e First measurement with® 11T also presented
measurement possible but more data needed

 This is only the start of a long road...

— More data for greater precision and comparison of
channels

— Start to really test the Standard Model

* Anticipate data set of 100-ftboy next summer
— sing3 known to better than 0.1
— BY— 1" asymmetry measured 400.3
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Backup slides...
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The current sin2[3 analysis

29fb1 on resonance => 32x10° BB pairs (1999-2001)

| mprovements since last winter
 Enhanced tracking, Ks reconstruction
— 30% more CP events per unit luminosity

* Improved vertex reconstruction and
knowledge of tracking system alignment

— Sensitivity increased by 10%

* JW K, selection optimized for added
sensitivity to sinp

« Added new modes (/K" (Kst?), X, KS)

ﬁ BABAR Siena, October 9™ 2001
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The At Resolution Function

Resolution dominated by B,,, vertex reconstruction

Biases scale with per-event error

: \

core.tai 5 _ 5ccrre ai 2
R(b6:a) = Z Jeore s exp(—(t - 1)) +

L—1 Ocore,tail 2m 2':::'_-::t.:rrae,ta,il
2
f outlier 51;
eEXp | — 5 :
Ooutlier 2m ngutlier

— \

Fixed to 8ps with no Scaled by per-event

offset, accounts for error
<1% of events
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B - 1mvK1t Data Sample and Results

T TC At for 1t 1T enriched sample
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Discriminating Variables for TuVKTT Fits

9
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