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CP Violation

= CP Violation was discovered in 1964 in K, decay

=2 2 o P

h- K’ all

= Three decades of intense study of this and other
manifestations in K mesons have not produced a conclusive
understanding of this phenomenon

= In neutral K meson decays there are two problems
s Experimental: effects are small

s Theoretical: it Is difficult to relate the measurements to quark
level processes, where theory has predictive power

= In neutral B meson decay the situation is different
s Experimental: effects are large, but BR small
s Theoretical: measurements are interpretable at quark level
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CP Violation

CP Violation one of the necessary ingredients to explain the
Imbalance of matter and anti-matter in our universe

The Standard Model of Weak Interactions makes definite predictions
for the size of CP violating effects, it predicts sizable effect in
neutral B meson decay

However, the size of these predicted effects are orders of
magnitudes too small to explain the Baryogenesis.

Thus, we need to look beyond the SM to find explanations for the
matter dominance — probably not weak interactions!

BABAR Is designed to perform a comprehensive study of B decays
and in particular measure CP violating effects in neutral B meson
decays.
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Tests of CP Violation in B Decays

mDirect CP Violation, both in neutral and charged B decays

—Total amplitude for a decay mode and its CP conjugate have different
magnitudes

—asymmetries expected to be relatively small
—Large hadronic uncertainties - strong phases !

= CPViolation in Mixing, in neutral B decays
— charge asymmetry in semi-leptonic decays
— effects expected to be small in Standard Model (A << AM)

= CP Violation in the interference of mixed and unmixed decays
— Study decays to CP eigenstate (1)
— Large time dependent asymmetries expected in Standard Model

— Asymmetries can be directly related to CKM parameters, in many

cases, without hadronic uncertainties
v. LUth



CP Violation in B Mixing

= Relation between mass eigenstates and CP
eigenstates :

£L.)=7i8") 298" = ()

)

#1 = Prob(B° - B°) #Prob(B° - B)

= CP observable :

4 (D) = N YD =N ) (A _4Re(&)
~ N 0D+ N 0)(AL) 1+|gB |

= Time independent

= Use dilepton events to measure A (At)
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CP Violation in B Mixing - Results

= Data sample :
= 20.7 fb'l on, 2.6 fb! off-peak

= Systematic corrections

= Charge asymmetry in lepton
detection : o(A,) = 0.8%

= Charge asymmetry in non-BB
background : o(A,) = 0.7%

= BB background charge
asymmetry : o(A,) = 0.9%

= Preliminary result :

Re(é‘gd) _
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Dilepton Charge Asymmetry

Acp(Br) =

N L)) =~ N L))

N YD)+ N0 ) ()

!

04—

0.2

0.1

0

0.1

02—

_0.4_ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1

03F

03

'BABAR:

+ Y
| t WW: L ey

1

0 2 4 & g

(1.2 £2.9, £3.64,) %107



CP Violation and CKM Matrix

ass Eigenstates # Weak Eigenstates = Quark Mixing

_Vud Vus Vub_ CKM I\/IatriX

Verm =| Ved - Ves Voo Complex matrix described by
Vid Vi Vo 4 independent parameters

Wolfenstein parametrization:;
= phase

1-22/2 N AN (i
Veru = -\ 1-A/2 AN

. .
.....

CP Violation arises from a single phase in the CKM Matrix

N=0 - NO CP Violation in SM

v. Luth



Unitarity of V implies, e.g.

VigVup + VgV + VgV =0
Can be represented as ‘unitary triangle’ in complex plane

(P, M)

VHE erd

B — D*rn, DK,
Tk, ...

CP Violation in the Standard Model

B'— J/yK,, D*D*,...

(0,0) o

(1,0)

CP asymmetries in BY decays give information on

angles a, 3, y!
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Unitarity Triangle

~ - o=(1-2/2
CKM parameters: ‘ A, A, p and M | P % ;p

n=\1-A*/2n
At the 1% level: |V Unitarity: 1+R¢+R, =0
A =| Vys| =sin B, 4 (5.1)
A =0.2205+£0.0018 R
t
At the 5% level: | V| Rul/Y B X
A =| V| N (0,0) (L0) P
A =0.83+0.06 0
R, _ Vud Vup =—\/§2 ARy
| Vu | and | Vi | Ved Veb
-~ p-Nn plane
Vid Vib 3.2 -ip
R = ~-/(1-p>+n? e
Vcdvc%

V:arszb , a=T-y-[3
v. Luth
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The Unitarity Triangle without CP Violation Measurements

Method described in HOocker et al, hep-ex/0104062
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BABAR’s Goal:

Test SM by over-constraining Unitarity Triangle with
measurements of sides and angles
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CP Violation in Interference between Mixing and Decay

CP violation results RO A,
from interference _ %OAfCP
between decays with [ _.2B |5 ¥ ™ fep
and without mixing ‘3%

R fep

q Zf amplitude
= (1 «— ratio

Ai, Z+l = Prob(BY (1) - fcp)ZProb(BY (1) - fcp)

phys

Define time-dependent CP asymmetry:

C(B)s® — fep)=T (B, (&) > fop)
F(Eghys(t) - fCP)+ r(thyS(t) - fcp)
cos (Am t)+S fon sin (Qm 1)

A o (1) =

=&

phys

=N, I
LT A, |
_ _2Im)\fCP

fcp ™ 2
L+[A¢, |
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The “Golden” Decay Mode: BY - J/y K%

T
C KO - -
= o o mixing 0 0
Y i g B’ - JyK° > Bepy —~J YK
0 0
B g i K B” - JGK B —JIYK,

Single weak phase = no direct 2f —» MJ/ngL =1

sin2f3 sin(Amdt)

= Theoretically clean mode to measure sin23
= Clean experimental signature
= “Large” branching fraction compared to other CP eigenstates

v. Luth
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Requirements for CP Measurement

= Since BR (B- fp) — 104 large # of B Mesons
high luminosity
excellent reconstruction efficiency
= Separate B° from B° B Flavor Tagging
s Particle ID: leptons and kaons

= Measure a time-dependent asymmetry
s B Mesons need to have sufficient momentum
s A high precision tracking system

||‘ BABAR Detector @ PEP-I1 B Factory

v. Lith



The Y(4S) Resonance

Clean source of B mesons:

e'e” Y (4S)- BB

at Vvs=10.58 GeV,

About 50% B°, 50% B*

bb signal =1.05 nb,
udsc background =3 nb

25 s —
~ [ O
gaof 1 2!
a | iy
Baisf 4!

! uj. ':
= p 0
T1op ¢ &

;m [ + B + \ .

L st R R
b [ ¢ b b Mg
e'e” 4YANISBB Y(2%) Y(38)

1034 ID.BI’F II 1ID.5:=1- |
Mass (GeV/ic™)

Q
944 946 10.00 1002

The BB system evolves coherently, until one of the

B meson decays.

v. Luth
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Eleciron
Gun

>-Based B Factory: e
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PEP-11 - Asymmetric Energy B-Factory at SLAC
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Spectacular

Performance of PEP II

PEP-11 maximum luminosity

52
2 / 4.21 x 1033cm-2s-1
- BABAR /] o
p // (design: 3.0 x 10%?)
42
gg —  PEP-ll Delivered 50.6/fb /ﬁ-'/
—~as | BABAR Recorded 48.0/fb // . -
225 BABAR offt peak 5,15/ A Max. recorded L/month: 5 fb™
gl /i Max. recorded L/day 282 pb!
E 5 | 30/fb analyzed _ o
32 7 for g8 BABAR logging efficiency: > 96%
I J/
5)20 ///
218 .
£ 16 7/—————— PEP-ll delivered:  50.6 fb
12 /// = Frpeermresvl BABAR recorded: 48.0 fb
5 / (includes 5.15 fb! off peak)
4
AT A T AT T T LT LT
October 99 October 2001

v. Luth
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The BaBar Detector

: . Electromagnetic Calorimeter
1.5T Solenoid ? i —— /6580 CsI(T1) crystals
Cerenkov Detector = if U} l: e’ (3.1 GeV)
(DI RC) ! it e | e oy |
144 quartz bars
11000 PMTs
e’ (9 GeV) Drift Chamber

40 stereo layers

| nstrumented Flux Return

Silicon Vertex Tracker
iron / RPCs (muon / neutral hadrons)

5 layers, double sided strips

SVT: 97% efficiency, 15 pum z hit resolution (inner layers, perp. tracks)
SVT+DCH:0(p;)/p; = 0.13 % x p; + 0.45 %

DIRC: K-Ttseparation 4.2 c @ 3.0 GeV/c 2> 2.50 @ 4.0 GeV/c

EMC: o/E = 2.3 %[E 140 1.9 %

v. Lith
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Particle Identification

Muon

v. Luth

Elp ~1
d£/dx measured in DCH
EMC shower shape

= interaction length A traversed

= AA between measured and expected A for penetrating muon
= number and rms of hits per layer

= good ) fit

EMC cluster with E> 30 MeV
no match with charged tracks

s d£/dx measured in SVT and DCH
= @ from Cherenkov rings in DIRC
= likelihood ratio for A7 rrdiscrimination

= reconstructed from “neutral clusters” in EMC or IFR
= 7P and y rejection by EMC shower shape
= minimum separation from IFR clusters associated to tracks

20



Event Topology at the Boosted Y(4S)

Flavor
Tagging

Tag vertex
reconstructlon

|
|
|
| >
I —> U
| :
Coherent BB pair | : \ ‘>TC+
— -
At = z : ‘ Exclusive B Meson and I
< IBy >c Vertex Reconstruction
Start the Clock

v. Luth
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Sin2[3 Analysis Strategy

Factorize the time-dependent analysis in 3 building blocks
Obtain All analysis ingredients from DATA (not MC)

Measurements Analysis Ingredient

B B*/B° Lifetimes | (a) Reconstruction _of B
mesons in flavor eigenstates

(b) B vertex reconstruction

[ BO@-Mixing me=d) (C) B Flavor Tagging + a + b

uoisioaid 1aybiH

B CP-Asvmmetr Reconstr_uction _of neutral B
y Y = mesons In CP eigenstates

+a+b+c

v. Luth

Axajdwod buisealou|
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Measurement of the B® and B* Lifetime

3. Reconstruct Inclusively 1. Fully reconstruct one B meson
the vertex of the “other” In self tagging (Brge)
B meson (B:ac) 2. Reconstruct the decay vertex

4. compute the proper time difference At
5. Fit the At spectra

v. Luth
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Fully-Reconstructed Hadronic B Decays

Flavor Eigenstates By, g | B 1
for lifetime and mixing measurements gm'— 30 Tb
Self-tagging hadronic decays: MZZZ: N =~ 9400

BY/BO

- . 0
Open Charm” decays b —cud wp  purity 839%
0 [] + + 200
B - D( )_ 7T /p+ /al 5200 5210 5220 5230 5240 5250 5260 5270 5280 5290 5’)30
B_ - D(D)Oﬂ:_ |
@ g:’.L400— Bi
Charmonium Decays (T S00
B b= s00f NB+/B_= 8500
0 0 + - -
B - J/YK (K1) b ourity 85%
B" - J/IYK", Y28)K"

0
5200 5210 5220 5230 5240 5250 5260 5270 5280 5290 53C

v. Lith Meg = \/(Egr:am ) - (Pg" )? [GeV]
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Exclusive B Decays to Charmonium States

BRANCHING FRACTIONS

Mode BR (x1074)

B° - J/y KO 85+ 0.5+ 0.6

B - J YKt 10.1 + 0.3 +
0.5

B - J/y K*O 12.4 + 0.5 +
0.9

B - J YKt 13.7 0.9 =
1.1

B JyiP 0.20 + 0.06 +
0.02

B - Jymn 0.46 £ 0.11 +
0.08

B° - 2S5) KO 6.8+x1.0x1.1

Bt o (25) K* 6.3+ 0.5+ 0.8

B x4 KO 54+1.4+1.1

BY - xq K* 7.5+0.8+0.8

B 5 x4 K*° 48+ 1.4+0.9

v. Lath

A PG @BABak

i =~ I-:JK*G
""""" G Ic]K
e~ K
"""" 2 wesk |
- ws) kY
""""""""" +_.5_ O wke
"""""""" Tk _ﬁ_JwK“ﬂ
I e
D WK
"""" o, IwK'(K) |
- = WK (Ks—>r'n’) |
% K RerT) |
0 10 20 30 40

Branching fraction
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Az Reconstruction

Bgrec direction
= Reconstruct B, vertex from

= charged B, secondaries
Brec Vertex

) Brec daughters
= Determine B, vertex from

= charged tracks not
belonging to B,

= B, vertex and

momentum

= beam spot and Y (4S) 7
momentum >

.
*
.
.
-
.
.
R
.

= High efficiency (97%)
= Average Az resolution is 180 um (<|Az|> ~ BYCT = 260 pm)
= At resolution function measured from data (B, sample)

v. Lith
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T, Measurement at Y(45S)

LEP/CDF

B production
point known
eg. from
beam spot

| BABAR |

Either B... or

rec

Biag CAN decayse:

first (this
analysis)

true At

At resolution

measured At

Resolution o
lifetime

function

1
=10

-5 0 5 10
Reconstructed propet decay time (ps)

Resolution
Function +

Lifetime

0.02
0.018F / no1af
0.016F e_t T E
E 0.012f-
0.014
0.012F
0.01
0.008
0.00B6
E 0.004
0.004 C
.00z o.00zf-
Col v vy v b vy v by 0 F L C
0
-0 5 Proper’s el 0 I1I|:|I 1'0
roper decay time {(ps) Residusl (ps)
0.01~ 0.03=
0.008[— 0.025~
0.006—
0.002— L
0.005—
pt—1 Py P M
-10 5 o 5

10
Residual {ps)

-10

-5 ] 5 10
Reconstructed decay time difference {ps)

Need to disentangle resolution function from physics

v. Luth
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| _ .y B4Bar
At Resolution Function | H .
B ->D " m,p,ar
t#

= event-by-event o(At) from vertex errors, - 4 0] A -

dominated by tag vertex error - ¢ ** =

= Charm Lifetime induced bias leads to : M |
small correlation between the lifetime ! M,

: . l~0.6 PS e, .
and the Resolution Function parameters bae® W et
0 0.01 0.02 0.03 0.04

G,, (cm)

Signal |

MC (B°)

i

R = (1 _ftail _foutlier)G(Sa-At > M core :O) _
T ﬁail G(SO-At 9 ILI - O) D expeA 4 / O-At Tbias) |

T foutlier G(Joutlier > Foutlier )

tracks from long-lived D’s
in tag vertex
asymmetric Resolution

Function '
v. Liith At (meas-true)/o,,
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B Lifetime Likelihood Fit

= Simultaneous unbinned maximum g&— BABAR
likelihood fit to B%/B* samples Feoo-
. iooo— O
s Use data to extract the properties of B° Mg

800—

background events
= Mass distribution provides the 4oo§
signal probability 200

= Use the events in the sideband

(Mg < 5.27) to determine the
At structure of the background

O =
52 5210 5220 5230 5240 5250 5260 5270 5280 5290 530
4% Beam-Energy Substituted Mass (MeV/c 2)

events under the signal peak a 00 o BABlAR —

= 19 free parameters E 200F =
= T(B*) and 1(B°) 2 150 E

= At signal resolution 5 100; =

= empirical background 12 sof 3
description o :

v. Luth Delta t (ps)
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Events / 0.24 ps

Events/0.24 ps

-
=]
]

10

-
[ =]
]

B/ BO

|'.

r‘.

.

ot

20 fb!

T

B Lifetime Results:Calibration of BABAR Clock

= 1.546 £ 0.032 + 0.022 ps
PDG: 1.548 * 0.032 ps

T, =1.673+0.032+0.022 ps

PDG: 1.653 * 0.028 ps

T./T,=1.082 + 0.026 + 0.011

PDG: 1.062 * 0.029

s Precision measurement !
s 2 % statistical error
= 1.5% systematic error

= Dominant systematic errors:

Parameterization of the At
resolution function

Description of events with large
measured At (outliers)
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B°B° Mixing with Fully Reconstructed Decays

Ao
Tag B T
0, ~ 110 um Y Reco B
. O-Z
) i
Y(4s) | T T
By = 0.56 Az
At A z/y[c
3. Reconstruct Inclusively 1. Fully reconstruct one B meson
the vertex of the “other” in flavor eigenstate (Bye.) v
B meson (Bq,) v || 2. Reconstruct the decay vertex v/
4. Determine the flavor of
EBTVKG
5. compute the proper time difference At v

6. Fit the At spectra of mixed and unmixed events

v. Luth




B Flavor Tagging Methods

Hierarchical Tagging Categories

For electrons, muons and Kaons use the charge correlation

LT L [ Ze<o=h
kaons
Y + 0 W W
VV,." """" l —> B b :...... c :....,. s Z Q > O :> BO
b . Cc — —=Q kaons
BO K
o &t
= = Lepton Tag Kaon Tag
d
—NNoutput
I\/_Iultlvar!at_e analys!s exploiting the other _ BuBAR |
kinematic information of the event, e.qg.,
— MC
» Momentum spectrum of the charged particles (:f — Data
» Information from non-identified leptons and kaons I Eé
» Soft rtfrom D* decay Neural Network i -
005 - %-I- :
Each category is characterized by the probability of 3
giving the wrong answer (mistag fraction w)

. 0 I I PR Y IR T R
v. Luth 0 0.25 0.5 075 1
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B Flavor Tagging Performance Using B Mixing

The large sample of fully reconstructed hadronic B decays
provides the precise determination of the tagging performance

Tagging Fraction of Wrong tag Q = ¢ (1-2w)?
category tagged events €| fraction w (%) (%)
(%0)
Lepton 10.9 +0.3 89+13 » 7.4 +0.5
Kaon 2 35.840.5 176 +1.0 \| 150%0.9
NT1 /' 78+03 220421 )\ 25+04
NT2 / 13.8 +0.3 351+1.9 |\ 1.2+0.3
AL/ 68.4 0.7 \26.1+1.2
Highest : : Smallest
ue?ﬁciency” The error on sin2f3:  Quality Factor Q mistag
1 fraction
o) (sm 2B) [ —

v. Luth

Jo
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60
50 |

40

30?

20§
10]

0= % 4 =2 0 2 4 6 s

perfect
flavor tagging & time resolution

—UnMixed
—Mixed

Decay Time Difference (reco-tag) (ps)

.y
At Ve,

(At)={ &

Unm1x
Mix

41
B,

w. the fraction of wrongly tagged
events
Am,. oscillation frequency

v. Luth

X(lj (1 —2w) cos(AmdAt))

At Spectrum of Mixed and Unmixed B Events

realistic

mis-tagging & finite time resolution

- UnMixed
—Mixed

5% 4 2 0 2 4 o

Decay Time Difference (reco-tag) (ps)

. []ResolutionFunction

Unmixed: BO Bt(c)Zg or BO Bt%g
Mixed: BO Bug OF BO Bl
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R(6At) :(1 _-ftail - outl) |E;core (6At S

Outlier 0.0717]"™

Parameter

O Tail

frait (%)
f Outlier (%)

5Ct1re,Lept0n (ps)
5(301?0,}{3011 (pS)
5Ct1r(:,NT1 (P‘S)
5Ct1rc,NT2 (pS)
Ol (ps)

At Resolution Function for Am and CP Fit

<« |-Core 0.70 vt
core? 66"”@ I ) core - Score I])-e
EAZ‘, S 0O € T ai vt
-ftall tail ( tail tazl) Tail 0.29 tazl Stall Efit
f;)utl outl! (5At9 Goutl = 8pS9 6outl 0)
Use the event-by-event
uncertainty on At
—R(EA'[) } SRR RN RN R
600 [~ B flavour —
i sample |
400 - .
200
0 prlr TR
i CP sample |
w0l .
At Residual (ps) ol B
Different bias i
For each tagging ol ey e
category 0 05 1 15 %fm (355)
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Likelihood Fit for Mixing Samples

Unbinned maximum likelihood fit to flavor-tagged neutral Bs

( A

— At |/th
| e
f (A=) & x( 1+ (1-2w) cos(4m, A1) ) LOR
Mix )[2;
L g X J

Fit Parameters
Am, - 1
Mistag fractions for B® and B tags 8
Signal resolution function(scale factor,bias,fractions) 9
Empirical description of background At 16
B lifetime fixed to the PDG value Tg = 1.548 ps

All At parameters

34 total free parameters II- extracted from data

v. Luth



Events/ 0.4 ps

B°B® Mixing Fit Result

Asymmetry(Ar) = N(unmixed ) — N(mixed ) _

(1—2w) X cos(dm, At)

N(unmixed ) + N(mixed )

400 T 7 T L S

- Unmixed Events E
BABAR | 1 50 it

| | 8o0s BABAR :
200 | 4 £ -

! 1 06 7
100 | . 2\ 0.4 f - e |-
400 : . S0anabinnnaa. 0.2 + b //

- Mixed Events ) 0 ' % ]
300 f * 02F _./ 1
200 f . -0.4 - .
100 | ] 82 C.L. 28 %

CETTST T o s 10 1o 2 4 6 8 10 1
At ps) At] (ps)
Am, = 0.519 + 0.020 (stat) + 0.016 (syst) b ps-
v. Liith
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Am, Measurement in Comparison

BABAR Hadronic
BABAR D*lnu (Osaka)
BABAR Dilepton

Belle Dilepton

ALEPH

L3
OPAL
SLD "

CDF"

LEP+SLD+CDF
ICHEP2000

' working group average

}_._{

04 045 05 055 0.6

Am, (ps”)

0.519+0.020-0.016 ps

0.508+0.0200.022 ps '

0.499+0.010+0.012 ps'l

0.4630.008+0.016 ps’
0.44610.020:0.018 ps’
0.496+0.026+0.023 ps’
0.44410.028+0.028 ps’'
0.479:+0.018+0.015 ps’*
0.526:0.043+0.031 ps’*

0.495+0.026-0.025 ps |

0.486:0.015 ps’!

preliminary

Precision Amy measurement
> 4% statistical error
» 3% systematic error

dominated by MC
correction
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Measurement of CP Asymmetry : Sin2f3

ko T
Tag B S na
0, ~ 110 ym /7 "V CP B K.’
- o O'Z _ 65 um ""
."E T N i “‘." L' u_
Y(4S) -{’\R
By = 0.56 Az ut
At A z/yfc
3. Reconstruct Inclusively 1. Fully reconstruct one B
the vertex of the “other” meson in CP eigenstate (B )
B meson (B1,g) v 2. Reconstruct the decay vertex v/
4. Determine the flavor of
BTAG \/
5. compute the proper time difference At v

v Lith 6. Fit the At spectra of B° and B° tagged events
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The CP Event Sample

: | WK,
“H b K 1 Plots before flavor tagging Ky 0

15

7 Kg- 10T 1999-2001 Data T
El : — I 1 \ \

jz; 32 X 106 B B pai rS 502(1: 5::: 522“0‘ 5?2‘30 52;0*22;: 52‘60’ ZZO 5280 ‘;290 530C
ettt 29 b1 on peak :

o P [ Xa K
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';— B tagged events
-—— B'bar tageed events
60 |-

70 =

50 |
40 | "
30 [
20 |

10 |

7.5 10 +

t(ps)

‘ cp(t) =1, sin2 3 sin( Am,t) | < o
Z,’_-n,z

= In this ideal case, the amplitude is Z_n:,.d
the CP Asymmetry

=0.8
= the time-integrated asymmetry is O

v. Luth

Decay Time Evolution & A, for B - KO

At spectrum and the observed
asymmetry for a perfect
detector (with sin23 = 0.6)

Visible difference between

BY and B°

decay rates

sin 23

I
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At Spectrum of CP Events

perfect realistic

flavor tagging & time resolution mis-tagging & finite time resolution

0 —_—po0 D0 — po
Btag— B Btag— B
" ™ ? = Decuay Tir;; Diffesrence (TIfeco—ta;;D) (ps) " i ® = De(fay Tinz; Diffesrence (-;rfaco-ta; (ps)
CP PDF
Mistag fractions w . o 1AV, (T 280 -2 wrsintAm A0 |OR
= X —_
| and | fCP,i( t) iz, T, s paA-2w)sin(dm , t)}

Resolution function R ¢

Mixing PDF

f mixing,i(At) =

determined from the
flavor sample

R

1V X 1 H(1—-2w)cos(dm ,At)
471, { B d }

v. Luth
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sin2[3 Likelihood Fit

Combined unbinned maximum likelihood fit to At spectra

of flavor and CP sample
Fit Parameters

Sin2f3 _ 1 tagged CP samples
Mistag fractions for B® and B° tags in each Cat. 8

Signal resolution function 16 } tagged flavor sample
Empirical description of background At 20

B lifetime fixed to the PDG value Tg = 1.548 ps

Mixing Frequency fixed to the PDG value Amy = 0.472 pst

Global correlation coefficient for sin2(3: 13%
Different At resolution function parameters for Runl and Run2

45 total free parameters II-

v. Luth

v All At parameters extracted
from data

v' Correct estimate of the error and
correlations
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Blind Analysis

The sin2f analysis was done blind to elimingte
possible experimenters’ bias

—The amplitude in the asymmetry A ,(At) was hidden by
arbitrarily fljpping its sign and by adding an arbitrary offset

—The CP asymmetry in the At distribution was hidden by

multiplying At by the sign of the tag and by adding an
arbitrary offset

—The blind aproach allows systematic studjes of

tagging, vertex resolution and their correlations to be done
while keeping the value of sin2[3 hidden

—The result was unblinded 1 week before public
announcement this summer!

v. Luth
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Raw CP Asymmetry in Clean Charmonium Modes

T I T T i 4“ [ Iljllll' I TI |K.I;_ r r L) T 1 ¥ I L r
] i — iy
All tags : [ B0, w{ES;Hﬂ Kaon tags

30 By K¢

246 B tags 131 B" K tags ]

40 ne=-1] 20 140 B’ K tags
20 e\jents ol L |
“‘gsin2(3:056+I015 I ﬂ.f“r- - T b -
ﬂi D0 = L ‘Raw ACP‘ sin2p=0.59 + 0.20

0.2
0™ + \, AN \
-0.2
04 T -0.2 \

_“-ﬁ ".}14 —_——

-0.6

=
—
=
=
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—
]
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—
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i Raw CP Asymmetry for y K,

R IU 1 ' 1 i
[ B” - JAyK?

1 Background
- contribution

0.55 |
055 14— | - Sin2B=0.700.34 -
-5 0 5

At (ps)

v. Luth
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Calibration: B

Null result in flavor samples .
B (non-CP)

Combined fit to all modes Al CP Modes

] o qu:l{ (m'm)
Sin2B = 0.59 + 0.14 =
JWKY(m )

Consistency of CP
channels P(x?) = 8% WK 'x)
A KS(m'm)
Goodness of fit (CP Sample): v
I:)(l—max obs) > 27% WK (KHH }
JyK;

Phys. Rev. Lett. 87 091801 (2001

v. Lith

Sin2[3 Results

:
1_._|
]
}_._l
]
uqhutt:iuduuhuduuLuL

A5 0 05 1 15 2 25 3 35

sin2[3

0,03 = 0.04

0.02 = 0.04

0.59 £ 0.14
0.45 £ 0.18
0.76 + 0.52
0,47 = 0.42

+ .55
= 1L&6T

0.82 =+ 1.00

2.59

0.70 £ 0.34
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Consistency Checks

lepton tags
kaon tars
™NTL1 tass
MNT2 tags
JM"E —
J"rY — e

BObar tagss

BO tars

Averagse CP=-1

-1.5 -1

sin2f3 vs. P decay mode, tagging category and flavor for n = -1 events

v. Luth

=0Ls

O

Ous

sinz23

0.5 40 20

0. 59+H0 20

067045

0. 10074

D600 222

0. 540y 22

D61 22

O 5000 22

0561015
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CP Asymmetry Corrected For B Osclillation

2 -

1.5 |

‘ Sin 2B value, fitted in bins of At I *

sin 23, fitted in bins of At
and multiplied by sin(Am At)

‘ Ap () =sin2 S sin( Am t) |

v. Luth

0.5 E.----.-...--_?_ ----------- .rI'T'I'rh ------------
I e j ------------
0.5
_1:I |III|II|III|III|IIIIIIIIII
-8 G -4 -2 1] 2 4 6 8
deltaT (ps)

08 F 0.56 xsin Amp At
:I 1 1 | 11 1 I 1 1 1
18 6 -4 -2 0 2 4 6 8
deltaT (ps)
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Major Sources of Systematic Error in Sin2[3

v. Luth

Measurement is Statistics Dominated

Error/Sample | K K, K0 Total

Statistical 0.15 0.34 1.01 0.14

Systematic 0.05 0.10 0.16 0.05
Signal resolution and vertex reconstruction =+ 0.03

» Resolution model, outliers, residual misalignment of the
Silicon Vertex Detector
Flavor Tagging + 0.03
= possible differences between B, and B, samples
Background Characterization: + 0.02 (overall)

s Signal probability, fraction of B background in the signal
region, CP content of background

n Jotal 0.09 for ¥ K, channel; 0.11 for ¥ K™
Total Systematic Uncertainty: + 0.05 for total sample
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Search for Direct CP Violation

4

A o (1) = CfCP cos(Am 1) - § - sin(Am t)

I more than one amplitude
contributes then |A| might be
different from 1

To probe new physics

(only use n.=-1 sample that contains no C/P background)

IA] = 0.93 £ 0.09 (stat) = 0.03 (syst)

No evidence of direct CP violation due to decay amplitude
Interference (S unchanged in Value)

v. Luth
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* CP violation in B® - 11T decays
Decay distributionsf,(f) when tag = BY(BO)

(-At/7)

: _ _2Im(A)
f (At) = I [1£S,sin(Am  At) +C, cos(Am At)] | °¢ = 1+|A P
tree diagram u penguin diagram | ¢ = 1-|AF
b N d | " 1+IAF
Iﬂmb w z;. 17 -
u
qu:'m
d
u
For single weak phase For additional weak phase
_qA. i - M| A |# 1= must fit for direct CP
A =_—f_r]fe AE) —r]fezm Im (A) # Sin2a = need torelate
P A

asymmetry to o
C..% 0, S ;= SN20

C,.=0,S. =sn2a

v. Luth
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B - 1t1t/K*1C Likelihood Fit

Simultaneous extended Maximum Likelihood fit

to the BRs and CP asymmetries:

= 8 event samples (Signal and Bkg: 't , K*1t, K11, K*K")
measure also direct CP violation in charge asymmetry

v. Luth

A = N(K-1)-N(KTT)/N (K1) +N(K*TT)

Discriminating variables (mgg, AE , Fisher, Cherenkov angles,
At)

Mistag rates and At signal resolution function same as in
sin2f fit (uses also untagged events to improve BR
measurements)

Amg, BO lifetime fixed

Empirical background parameters determined from mgg
sidebands
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CP Sample B — m'ir

For lllustration 2" S - LA
> B Lo BABAR: 2 - 4o BABAR:
purposes: §10 B 1z, | TUTC -
Events after ¢ 1 ) % i ]
likelihood ratio cuts € | 1 ¢ i
UE 5 . =5 - -
L: 30.4 fb-l O Jt'l_iﬂ “-Iu"ull \" 1 | : O 7\ | ‘ I ‘ I I ‘ | \7

) ) 5.2 3.3 -0.1 0 0.1
Total Yields (fit): m, (CV) Ap (@)
1-[+1-[_ 65 + 12 N§ 60 B + T T BA\BAR7 %60 7\ T + T T ‘ T \\BA\B‘A\RL
Tuol o KT | 2 [ Kmn ]
K*m~ 217 +18| 3" Eh
g L i L n |
K*K~- 4.3 +63| 22 - Ao | -
— 4.3 1 | i |

O | i O 7\ | ‘ I ‘ | 1| ‘

5.2 5.3 -0.1 0 0.1
(GeV/c) (GeV)
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CP Asymmetry and Fit Results

LI
10+,

)
[0 -

Events / | ps

]

- e |
L

=
< L5}

v. Lith

Preliminary Results

ST 77) =0.037)2 (stat) £0.11(syst)
C(r7 17) =0.257, % (stat) £0.14(syst)

| |4, (K*77) ==0.07 +0.08(star) £0.02(syst)

First measurement
e compatible with no CP Violation

e Statistics limited
e Need ~500/fb for a(Smr)~0.10
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Summary and Outlook

= BABAR has observed CP violation in the BY system at 4.10
level
sin2f = 0.59 + 0.14 + 0.05

= Probability to observe an equal or larger value if
no CP violation exists is < 3 x 10

= Corresponding probability for the n., = -1 modes only is < 2 x 10

= New precision measurements of BB lifetimes and
BOBC Oscillation frequency Am,

T, = 1.546 +0.032 £ 0.022 ps

T, =1.673%+0.032 +£0.022 ps
1,/T, =1.082 +0.026 + 0.011

Am,= 0.519 + 0.020 = 0.016"h ps

v. Luth
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(also other recent global CKM matrix analyses)

Example: HoOcker et al,

v. Luth



Success and Embarassment

The agreement of measured sin2(3 with Standard Model
prediction suggests that the B, mixing phase @, is indeed
due to the phase of the CKM element V4

Like for the EW precision data, the lack of deviations from

the CKM mechanism leaves us with a puzzle

s CKM does not explain baryon asymmetry

= All extensions of the SM contain many new CP violating parameters,
e.g. minimal unconstrained SUSY has 43 new CP phases!

Does this mean that the non-standard CP violating effect

are decoupled just like New Physics in the EWSB sector

appears to be decoupled ??

Further searches for probably small deviations from CKM
with more precise diverse measurements to come!

v. Luth
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ﬁ Summary and Outlook (cont.)

= First measurement of time-dependent CP asymmetry in rare
B decay mode B - 1T'TC

S(rr" 1) =0.037)2 (stat) £0.11(syst)

C(rr" 1) =-0.2571 (stat) £0.14(syst)
= The study of CP violation in the B system has started:

= Sin2p will very soon become precision measurement (i.e.

unitarity triangle constraints will be limited by other CKM
parameters)

= Need to compare sin2[3 from different decay modes to
test standard model

be £0.08, error on asymmetry of B — 1ttt will be 0.3 !

v. Luth

= With anticipated 100 fbt by next summer, error on sin23 will
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More to come ....

= V, and V, from inclusive semi-leptonic B decays
= CP violating effects in rare B decays

= Sin ZB(pk =7 sin 203, b SsSs penguins
= Ap(B - X;y)=?0 radiative penguins
" Yk =? Y tree penguin vs tree

= New physicsinB - K Ff

= New Physics in D (and K) decays
= D mixing
= Charm weak decays
= (Rare K decays, K- T1VV)

s CP violation without flavor violation ?

v. Lith
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Luminosity Plans for BABAR & PEP I

Expect >500 bt By 2006

600
< 500 ’
£ |
= 4
: 00 7
3 300
= :
+§ 200
2 :
= Lo
199 | 200 | 200 | 200 | 200 | 200 | 200 | 200
9 0 1 2 3 4 5 6
vearly Lumi 2 |23 40 45 62 100 100 170
Cumulative Lumii 2 | 25 | 65 110 172 272 372 542
Peak Lumi 1 2 4 5 6 85 11 16

Peak Lumi [10**33]

| Yearly Lumi
B Cumulative Lumi

0O Peak Lumi

v. Luth

61



