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Measurement of CP asymmetry in B Decay with the BaBar Detector

(1) Introduction to CP Violation

Wouter Verkerke, UCSB, for the BaBar collaboration



Why is CP violation interesting

It Is of fundamental
Importance

— Needed for matter-antimatter
asymmetry in the universe

very fruitful

Conventional wisdom: Standard Model CP—VioIation IS
unlikely to explain matter asymmetry in the universe

— It means there is something beyond SM in CP violation
somewhere, so a good place to work
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History of CP violation

1964:

1973:

1975:
1977:
1981:
1986:
1993:
1995:
2000:
2001.:

CP Violation Observed in Kaon decays (Nobel)
Wolfenstein postulated the existence of a new force,

called , that generated CP violation in K°- K® mixing

and practically nothing else observable

Kobayashi and Maskawa observed that CP could be violated
in the weak interaction with quarks if there were

t lepton discovery starts the 3" lepton generation (Nobel)
The b quark was discovered b start of the 3rd quark generation (Nobel)
The Bd meson was discovered, lifetime found long — 1ps

Large Matter-Antimatter oscillation was observed in Bd decay

The B, mesons was discovered, huge Oscillation frequency

The t quark discovered b Completes the third quark generation

n, discovered at Fermilab, completes third lepton generation

Dedicate B-factory experiments BaBar&Belle publish first results on sin2b
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CP Violation Iin the Standard Model

LImt‘l I’Iu:-". ]’Iuh CKM matrix

V=1 Veaa Ves Vop
Via  Vis Vi
Wolfenstein
1 — }‘-2/2 A\ A)\3 (,ﬂ N iﬂ) parameterization
R —A 1—A2/2 AN? + O\
AN (1 —p-Hin) —AN 1 _
? = SIN(Ocabbibo) » 0-22
Complex
phase

— commonly expressed in the Wolfenstein parameterization

Standard model with 3 generations accommodates
CP violation through a
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Expressing Unitarity constraints: Unitarity Triangles

e Unitarity constraint on the CKM matrix gives 9
constraining relations on the matrix element.

e Example: Constraint on the 1st and 3 columns of V.
ViaVip T VeaVep T ViV, =0
« Align V_ V7, with the real axis

- Renormalize sides by |V V"]

(r,h) - All side of order | 3
ViaVi , /\ \VAVA = Magnitude of CP violation
VYA _td7th u triangle area
cd “cb / V V ) )
\ cd Ycb = Unitarity test:
Does the triangle close?
(0,0) (1,0)
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Measurement of CP asymmetry in B Decay with the BaBar Detector

(I1) The BY, system as CP laboratory
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Why Study CP violation in the B system

Quark content of the B system

BO = bd, B9 = hd,
B+ = bu, B-=bu

e SM predicts a variety of CP violating asymmetries
In the B system

e Some of these can be
INn term of CKM matrix elements
(= parameters of the SM Lagrangian)

e Asymmetries expected to be large

e B9 mesons can be produced and detected easily
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CP Violating Observables

e In order to generate a CP violating , We must
have the following conditions:
— Interference between at least two different amplitudes

: d

= In B decays, we can consider 4 D] P
two different types of amplitudes: b_,_W._,_ u

— Those responsible for —_— > BO{ d — < a} p*

= This gives rise to three possible * go
manifestations of CP violation:

— Those responsible for
\ B U,é,f B
hb————o— (
d

e (interference between two mixing amplitudes)

e (interference between two decay amplitudes)

Wouter Verkerke, UCSB, for the BaBar collaboration



Direct CP Violation

e We observe CP violation in decay if

GB® f)1 (B ® f)
— In SM, CP conjugates of each amplitude can only
differ by a phase factor: CP Agg s = exp(-if ) Agp ¢

e Conditions for CP violation in decay

— There exist at least 2 amplitudes for this decay, e.g.

GB ® f) = |A, + Al

_ Amplitudes must have 2 phases: CP Ag,, = e 1 (dr+T1) A
e A strong phase (doesn’t change sign under CP)

e A weak phase (flips sign under CP)

— Strong and weak phases must be different,
amplitudes must be similar

— CKM Interpretation of observed direct CP violation difficult

= Theoretical calculations of strong phase complicated
Wouter Verkerke, UCSB, for the BaBar collaboration



Indirect CP violation: B°-B° mixing

- BO° and B° oscillate into each other with a frequency that
IS experimentally accessible!

— Second order weak transition , |

[y " i
— Oscillation _frequency determined by E m9’: Im
M(B?-M(B°) ° Dmgy » 0.5 ps™ 7 os prefiminas
§
L] 0.4_—
(=]

b Vit v d

(4] 0
Bd w W Bd par
d t b _04' | | + | |
th vt b 0 500 1000 1500 Az {m%[]lﬂﬂ

— Condition for CP violation in mixing: |<B0|H|ﬁ>| 7—L |<ﬁ|H|BO>|

— Mixing dominated by diagram with top quark
® magnitude of CP violation L (mM,/m,)? << 1

— CP violation in mixing negligible in B system
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CP Violation in Interference between Mixing and Decay

e Observe 2 processes leading to the same CP eigenstate
via intermediate flavour eigenstate

0 0
/FI- a%o ur\4 /FI- a\?o ur\4

' tate - eigenstate
Bo(t) eigens Bo(t)
Initial Initial
state \ @ / state \ @ /

e Time evolution of B® — B® mixing oscillations:

. Am t Amt q —
IBO(t)) = e iMteTt( cos= " By 4 jsin " . 4 B0y
2 2 P
R - ﬂ:!f- &I.fi-' e
BO(t) = e MteTt(;sin—".2|B% 4+ cos—— |BO)
2 q 2
p/q > 1

_ )] 0
|Bi} iR IG|B } + q|BG} Wouter Verkerke, UCSB, for the BaBar collaboration



CP Violation in interference between mixing and decay

= Probability to observe CP eigenstate f., at time t:

F_(t) = |{f|HIB°(t)))* = e ' |A] % (1+ A7) + % (1—|A]*) cosAmt — ImA-sin Amt
E () £ (£ HIBO)) = e M [4)? %(1+ IAI?) — % (1= |A]*) cosAmt + ImA-sin Amt
qg A | | _
A= Nep 2‘9 1 <+—— Amplitude ratio B°® f.,/B°® f_,
CP eigenvalue 4 A : __
|B+) = p|B°) & ¢|B%) »1

= Observable CP asymmetry A  ()=( F.(t) - F.(©) )/(F,.(D) + F.(t) )

— (1 —|A]?) cosAmt + 2 ImA sinAmt
1+ |A|?

= ImA\-sin Amt

Acp (t) —

Al # 1 Im\ # 0
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Golden Mode for CP Violation in mixing/decay interference

e Dominant amplitudes for b ® ccs decay:

ol
®
°
®

b

. c N s

W\./ C g \\./ C

d d d d
Leading Penguin

= Both amplitudes have the same weak phase: A « V, Vs
no other amplitudes for this decay with competing magnitude

— No CP violation in decay expected in SM

- CP violation in mixing also negligible because G ,<<1
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CKM interpretation of Golden Mode

e For the mode B® —» J/? K°, K® mixing is required

o (g) . (ﬁ};m) (v;b%;fg) (1_,;;.%:1,;1 ) g
PP AR "\ VW) \Vake) \ WiV -

— —

B mixing KO mixing

A,,(t) = Im? sin (?m t) A, () = ?,,sin(2B) sin(? m t)

Vcd V(’:'B
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Measurement of CP asymmetry in B Decay with the BaBar Detector

(11) Experimental requirements and setup
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BY meson production

e Electron-Positron collider: e*e-® ?(4s) ® B°B°
— Only 4s resonance can produce B meson pair

— Low B? production cross-section: —1 nb

— Clean environment, coherent B°B® production

25 -' 1 I 1 I I 1 I ! I

- \

EED_— . ]

2 [ iy

g 15 [ o ]

R .J. ':

=R

T1p o A i

L] 4 : ¢ .

A Y 'Fi 4 $Y . -

b [ ¢ by TN T WY U 7% SPar S (bb) 028
S XAS  YesH  yes) o TUS ] s(had)
944 946 10.00 10.02 1034 1037 1054 10.5% 10.62

Mass (GeV/ic)
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Properties of coherent B°BO production

- BOBO system evolves coherently
until one of them decays

— CP/Mixing oscillation clock only starts
ticking at the time of the first decay,
relevant time parameter dt:

dt = Tep - Tothers

— Bs have opposite flavour at time dt=0

— Half of the time CP B decays first (dt<0)

e Integrated CP asymmetry is O:

+¥ =
_ ¥/ F(t) dt :_ ¥[ F(t) dt

e Coherent production requires
time dependent analysis
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Experimental requirements for Time-dependent CP asymmetry measurement

e Large sample of B°B? events
with one fully reconstructed B° in CP eigenstate

— Branching fractions are low, O(10%)

— Need high luminosity collider

e Determine the initial flavour of the fully reconstructed B.
— Determine from decay products of the other B

— Need good particle ID

e Measure the proper time at decay

— Momentum of B? in Y(4s) rest frame small (=300 MeV),
spatial separation of B® mesons negligible

— Use asymmetric collider to produce a boosted Y(4s)
to produce a spatial separation of ~250 um

Build high resolution silicon tracker close to interaction point.
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The PEP-II storage ring

Electron
Gun

SLAC/LBL/LLNL
SLAC-Based B Factory:
PEP-ll and BABAR

e

Dampin
Rlngg g‘.

d"ﬂ

7 Positron aF
=y Return LI"E@\

| ¢ﬁ
Electrons <%

; i g - Positron
* - < i A" Source

Positrons

PEP-II
Rings -

Positrons .

Low Energ
(new
BaBAR Detector

2 "KE lectrons

High Energy Ring

| ——
e—
——
— (upgrade of existing ring})

Both Rings Housed in Current PEP Tunnel

PEP-I1 accelerator schematic and tunnel view
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PEP-11 parameters

Parameter Design Achieved
LER energy 3.1 GeV 3.1 GeV
HER energy 9.0 GeV 9.0 GeV
No. of bunches | 1658 829

LER current 2140 mA 2140 mA
HER current 750 mA 920 mA
LER lifetime 240 min. 200 min.
HER lifetime 240 min. 660 min.
Beam size x 222 mMmm 190 mMm
Beam size y 6.7 Nm 6.0 "m
Luminosity 3 x 1033 3.1 x 1033 —
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PEP-11 Luminosity

e Recorded since May 1999: 20.7 fb-! on Y(4s) resonance
— Additional 2.6 fb™1 below Y (4s)

e 22.7 X 10 BB pairs &
b 5 BABAR

— Assuming B°BO:B*B- = 1

’
/4

20
PEP-Il Delivered 23.7/0 //
18— BABAR Recorded 22.2/fb /y
fa]
EIB
W
214
£ //
J12
O
3 /
© 10
g Y
£ 8
//— Deliverad Luminosity
e L L e L ELRILELE : 4 — Racorded Lumirost |
: L of 1 fb~! contains (on avg.) : ; / — RTReAk
: 1 event of a process // -
: with a cross sectionof 1 fb | ?
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The BaBar experiment

i LI
.?_l'-.'m LF
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The BaBar detector

Instrumented Flux Return
19 layers of RPCs 1.5 T Magnet

Cerenkov Detector
144 quartz bars

Drift Chamber

EM Calorimeter
5680 Csl crystals

Silicon Vertex Detector
5 layers of double sided silicon strips



Silicon vertex detector: precise dz measurement

Kewvlar/carbon-fiber support rib Si detectors Fy
Carbeon-fiber endpiece

I
I
o
-

20 cm

Gooling ring
Upilex fanouts

Hybrid/readout 1Cs

Carbon -fiber
support cone

SVT Hit Resolution vs. Incident Track Angle

e - A LR S S
El)oLualgllirs?ocl:eg Oslijllijcice)?] detector :gbﬁo} Lagor |- View BABAR
e SVT Located in high radiation area - Dua-Run 73 ]
- Radiation hard readout electronics (2Mrad) D  MoreCaro-562 e
e Up to 98% hit reconstruction i a2y YA
efficiency /2&5 ++¢+=.=¢+ i

e Hit resolution —15 pm at 0° N
50 0 5 "
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Silicon Vertex Detector

Readout
Beam bending chips
magnets

<«— Beam pipe

<—Layer 1,2
= Layer 3

= —Layer 4
“—Layer 5
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Drift Chamber

e 40 layers of wires inside 1.5 Tesla magnetic field
e Measurement of charged particle momentum

e Limited particle identification from ionization loss

L W A

-r
—
-
-
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Cerenkov Particle Identification system

e Cerenkov light in quartz

PR tz |
— Transmitted by internal reflection sanz . 2"} Detector
. . Y . @ l‘l\\ iy \\\\ Vi ' Suri:cz
— Rings projected in standoff box W1, /
— Detected by PMTs S ?aﬁé
— Essential for Kaon ID >2 GeV L o

Wouter Verkerke, UCSB, for the BaBar collaboration



EMC: Electromagnetic calorimeter: ¢/p®/e* ID

!rﬂﬂ

6580 CslI(Tl) crystals with
photodiode readout

About 18 X,, inside solenoid

Excellent energy resolution,
essential for p°® gg

s (E) _ (2.32+0.03+0.3)%

E {E

0

3000

A (1.85+0.07+0.1)%

BaBar

#"-mase = 135.0 MeV
-width = 6.8 MeV

s =5.0%

LA 1

8
IIIIIIEIIIII

2000

1000

0 008 01 042 044 046 OB 02 ﬂ_ﬂvﬂ.Zﬂu

mv:
T
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Instrumented Flux return: p*, K_ identification

e Up to 21 layers of
RPCs sandwiched
between iron plates

e Muons identified
above 500 MeV

e Neutral Hadrons (K))
detected

Wouter Verkerke, UCSB, for the BaBar collaboration



Particle ID performance

Kaons Electrons Muons
e Efficiency: 70-90%0  Efficiency: 90%0 - Efficiency: 60-75%
e Pion misIiD: 1-7%0 e Pion misiD:<0.2% < Pion misID: <3%0

e Momentum dependent

p\ 1 -_\ 11 | T T 17T ‘ T 1T | T T 1T T T T |__ é‘ 1: % ]. | T T T T T T T T | T T T T |
g [ + ‘-0-"'-.-_._ B/ - ++H4—o+.fr+“; g BABAR ]
o0, . 1809 e T 0§ ] _
9 08 L '1- ++_.BABAR J L‘a 0 8:_ M *0005 E 0.8 |+ Muon efficiency _
E o1 D* 1 + ] = T F - BABAR ] ;g - o Pion misidentification st s i oi
- 07F e + 1 Z207F f g o~
St | ‘ | 1 87 * Electrons 70.004 & L f
g 0,6 [ L 11| L 111 L1 || |_|_F.'|_|_ L‘% 06 } g Plons 1 8 0_6 | : .‘-l:. _
o1 2 3 4 5 E b g
.'QE) 0,55— —:0.003 g i
M i TT T T [T T T T 1 T T T T [T T T T T 111 ] g 04;_ 11 T g 04 __ . __
%02_— S 503- 0002 E | For 17°< 8 < 155" |
0o 1 3 f T A %}ﬂ [ ' |
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Online & offline event processing

e BaBar has a two level trigger system to select events of
Interest

— Hardware implemented Level-1 trigger, output rate of ~2 kHz
— Software implemented Level-3 trigger, output rate of ~100 Hz
— Raw event size —30 kB/event ® write ~10Gb of data per hour

e Offline reconstruction of data follows with —24 hours of
data taking

— Offline reconstruction performed in parallel by up to 250 SUN
Workstations

e In total about 1000 SUN workstations available for
reconstruction, simulation and analysis

— All data stored in Object Oriented database
e Raw data and reconstruction level information on tape

e Physics summary information on disk

— Current database size — 300 Tb

Wouter Verkerke, UCSB, for the BaBar collaboration



Data taking efficiency

Efficiency (percent)
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Measurement of CP asymmetry in B Decay with the BaBar Detector

(11l) Sin2b and Mixing Analysis

Wouter Verkerke, UCSB, for the BaBar collaboration



sin2b and mixing analysis overview

la: Exclusive reconstruction of II: Tag initial flavour of B°;,
CP eigenstates (e.g. B® ® Jfy KJ) using tag of other B

- _GB°® (f))- ABY® fept) _ ,
2b A:P(t) G(BO® fCP,'[)+G()B(O® fCP,t)_ACPSIn(Dm)t)

B°® f. .t B°® f 1)
q fIav ) q flav A\AIXCOqD,TI){)

mixing A\/lix(t) = G(BO ® ?t) +G(BO ® ffaﬁ)

Ib: Exclusive reconstruction I11: Precise'measurement
of flavour eigenstates of time from Dz — bgcDt

Wouter Verkerke, UCSB, for the BaBar collaboration



Effect of experimental precision on CP measurement

e True dt, F(at) F(dt) Acp(dt)
Perfect tagging >1
F(6t) ox e I%/7 {1 £ 5in 23 - sin Am 6t}

N S o SR

_1 _I | | | | 1 | | I_

{] =)
© True dt’ -8 ! I I I {l} ! T I I 8 1 -8 T I I I {} T I T I g
imperfect tagging — > ! [ 7 g | g
F(6t) e~ 19t/7 {1£ D} sin2p - sin Am &t} 0 ;\ /\\ ]
: z N
D = (1-2w) where w is mistag fraction. i \'/ i
_1 I 1 1 1 1 i 1 1 1 1 i
-8 0 8 -8 ( 8
® Measu red dt’ )1 L. | | | | | | I | | I 1 I I | | | | I | | | |
Imperfect tagging i ' i ’
]
FU8t"Yoc e~19/7 {1 £ D - 5in 24 - sin Am 6t} &(R(6t,0t')
{] _1 B 1 | | | | 1 | | | |
-8 0 8 -8 ( 8
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la: Golden Modes: J/y K; (® p*p-,p%°), Yy (2s) Ks(® p*po)

e Reconstruct 2 independent kinematic EH: BABAR
variables for each reconstructed B Y- m_: BO® y(2s)
candidate I3 Ke
12
. : — wE-
E 120 I N 8E-
Q - ] L
L6100 |- - 43 }
I ] B ettt Y S
80 - ] . F :
: ] 3'""F BABAR
F ] Yot M BO® Iy Ks i
40 :_ ‘ Mes = V E{;Zan\ Zp*'b @ sn:—
20 [ . AE = — E} oo mf_
~ 0 ;L-'"‘—"ﬂ_rl-’n—"'l = r : r —— T = 25_—
2100 LT - . E ] -
E ] J TIPS, el 1 ; .
E;?si— I E " oF =
50 | T 3 oL BABAR
25 E - E v E 5:;152_ M- BO ® J/y
.ot - .. 7 3 t 1af
0 F . % E § 12f- Ks(PP%)
25 | Co T R E 1of-
E .- E _: 8
20 L i | 3s cuton -
5 T 1 | DE applied " + } ut
2100 £ - o E Haddrot— .T'Hw'*"r"*r"% """"""
:- AR R Y L El n Lo ol SDZBD 8210 522D 5230 524D 5250 526D S§27D 5250 5290 SE‘BBD
3.2 522 5.24 5 26 5. 28 0 10 20 30 40 50 60 ?0 80 90 Beam-Energy Substituted Mass (MeV/c °)
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Ib: The J/y K, CP Mode

J/y K, has opposite CP of J/y K,
same branching ratio
K_ identification challenging

— No positive detector signature,
KL ID assigned by eliminating other

hypotheses

Only direction measured, not energy

— Calculate K, energy from kinematics,

using mB.; = MBppg

— Can no longer use cut on mg to reject bkg. '

Substantial background

— Most background (—70%) has real K, I
from modes like J/y K*0 (® K, p*9) ik

— Background is not CP-neutral. I
Determine effective CP eigenvalue oL

from MC

Enfries’ 2 MeV

40 -

- [T Sk sigmal MC
LI
[ Backgroma
DE: EMC
Nsig ~ 90 J
Purity ~ 40% -

++ﬁ

niries’ 2 MeV

T

I:I i 'I.I'I".':' t.gr.l:.:.' Wi
®  ale
[ Hackgromd

DE: IFR

Ngg — 110 |
Purity — 50%°
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|'alllml I-:ulllnulllm:-
Al (MeV)
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Ib: The B° flavour eigenstate sample

e Reconstructed modes
— B°® DM-p*
— B® D™-r+
— BO® D™-a,*
— BO® J/y K™ (K*p)
— B*® DO p*
— BT™® J/y K*
— B*® y(2s) K*
e High statistics
— 6952 B? (90% purity)
— 7645 B* (93% purity)

0 ‘ ‘
B~ Hadronic Decays to Flavor Eigenstates
> C T T T | T T T | T T T | T T T | T T T i
0 L
2300~ BABAR .
1 L
E L
= i
5 2500 - s
= -
e L
LR
2000 - .
1500 + .
1000 6952 Candidates ]
500 - .
0 1 1 1 | 1 1 | 1 1 | 1 1 | 1 1
52 522 524 526 528 53

Energy-Substituted Mass (GeV/cg)
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II: Tag initial flavour of B°.,

e Determine from flavour of other B In the event

— 4 Mutually exclusive hierarchical categories

b® I',b® I"

— Select leptons from b ® c | n decay

— Rejectc ® s |n by
requiring p*(l) > 1.GeV

— Low efficiency, low mistag fraction

"b® K ,b® K*

— Good Kaon particle ID essential W- W-

— Tagged flavour determined by
total charge of identified K

Wouter Verkerke, UCSB, for the BaBar collaboration



II: Tag initial flavour of B°.,,,, , using tag of the other B

| L
— Sub networks identify ! BABAR -
e Leptons (primary and secondary) I — MC 1
= Kaon, Slow pions from D*+ decay. o1 _ — Data |
— Networks combined along with ﬁ;
addition event shape variables
— Network output is 0.05 I Y ]
continuous variable [0,1] I — ]
— Output binned in NT1,NT2, no tag
— Average mistag rate/efficiency
measured for each bin. o wEmEEeet L e e
0 0.25 0.5 075 1

Wouter Verkerke, UCSB, for the BaBar collaboration



Effect of imperfect flavour tagging

e Affects value and precision of sin2b measurement:

Dilution factor

Value At:p “ D)= (1_ Z\N\)
1
stat
S (Abp) u \/6 Effective tagging efficiency

Mistag fraction

Precision

Q — etag D2 — etag (1_ 2\N)2

Tagging efficiency

Wouter Verkerke, UCSB, for the BaBar collaboration



11l1: Precise measurement of time dt

Tag B
s, — 190 mMm
- S,— 70 M
Srme=== >
/-
U(4s) D
bg = 0.56 Dz
dt @Dz/gbc goct, @250 mm
600_ —
: BO flavour
e J/y - I*I" dominates in determination of CP vertex. o sample
e Tracks not from CP B combined to form tag vertex. 200
 Tracks with large c? iteratively removed. LT SIN v
 Long-lived particles (K , L) I
explicitly reconstructed. 40| CP sample

e Photon conversions (g > e*e”) removed.

 Efficiency for CP sample 86 %o.




Event display of golden event

111:dt measurement

|:CP Eigenstate

Y(4s)®

® B°® K X

/

I1:Flavour tag
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Breakdown of CP events

Tag CP =1 modes Jhp K Total
B BY Tot| BY BY° Tot| B° B Tot
e+ K 3 0 3 1 6 7 4 6 10
p+ K 3 1 4 3 5 8 6 6 12
e 7 8 13|11 8 19| 18 16 34
I 5 7 12| 5 6 11 | 10 13 23
Lepton 18 16 34 | 20 25 45 | 38 41 79
Kaon 80 76 156 | 70 60 130 | 150 136 286
NT1 13 15 28 | 16 6 22| 29 21 50
NT2 30 25 55|32 27 59 | 62 52 114
Total tag | 141 132 |273 | 138 118 (256 || 279 250 |529
No tag 109 130 239
Tag € (%) 7142 66-+2 69+2

Wouter Verkerke, UCSB, for the BaBar collaboration




Fit strategy

e Global unbinned maximum likelihood fit

— Mixing : BO flavour eigenstate sample

— sin2b : CP & flavour eigenstate sample

e Parameters modeling mistag,
Dt resolution and background are
floated to obtain an empirical
description of these properties from data

Parameter #Hparams Driving subsample
sin2b 1 CP

Dm, 1 Flavour

D & DD 4x2 = 8 Flavour

Signal Dt resolution | 4+5=9 Flavour & CP

Bkg. Composition | 4+2=6 mB sideband

Bkg. D 4x2 = 8 mB sideband

Bkg. Dt resolution | 3 mB sideband

High statistics flavour
sample will constrain most
dilution and resolution
parameters

Floating all parameters
simultaneously gives

correct propagation of
errors and correlations

Only in CP fit
Only in Mixing fit
\

\ Largest correlation
with sin2b: 7.6%

J
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Blind Analysis strategy

e The sin2b and mixing results are blinded
while the analysis is In progress

e sin2b is hidden by adding an arbitrary offset and an arbitrary sign flip

e Dt is hidden by multiplying Dt by the sign
of the flavour tag and adding an arbitrary offset

— The blinded approach allows systematic studies of
tagging, vertex resolution and their
correlations to be done while keeping
the value of sin2b hidden

— The result was unblinded two weeks
before publication

Wouter Verkerke, UCSB, for the BaBar collaboration



Fit results: the dt resolution model

Parameterization: Sum of 3 Gaussians:

R(6t,0t") = fo-G. (0t =6t 0c, pei)

+  fi Gy (6t = 6t, oy, ) <
+ fo-G, (6t —6t, 0, =8 ps, pg =0) <
dt residual distribution from fit:
Parameter Value Projection resolution function
over s(dt) spectrum in data
SCore L1£01wl R A B BN
O'Tail 3.840.9 i |
frait (70) 1145 i ]
fouttier (%) 0.840.5 e o
OCore Lepton (DS) 0.08 & 0.10 Y I )
5(301:0,1{:1011 (pS) —0.21 £0.05 Bias
5(301’0,NT1 (pS) 0.01 =0.10 » parameters ........... |
5(301’0,NT2 (pS) —0.18 £ 0.09
OTail (PS) —0.46 4+ 0.38 J
5

"5
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Fit results: mistag rates

e Mistag rate information mainly carried by B° flavour
sample, but is also valid for B® CP sample

— Lepton tag has the lowest mistag rate / highest dilution

— Kaon tag has the highest tagging power

Flavor tag Efficiency Dilution Q=eD?

Lepton 1009 +04% | 77 4% 6.4+0.7%
Kaon 36.5+0.7% | 66 3% | 158+ 1.3 %

NT1 7.7 +049% | 58 + 6 % 2.6 +0.5%
NT2 13.7 +0.5% | 37 =5 % 1.8+ 0.5 %
Total 68.9+ 1.0 %

Wouter Verkerke, UCSB, for the BaBar collaboration



Fit results: Dmg from mixing fit

w “u 1 C T T T

a C

< 08 ¢ .

o 300 -

2 06 ]

S 200 L ]

@ b

i 04 r L]
100 02 ¢t .

0

400 F

- Mixed Events _ ;
300 - = 0.2 i b
: | 04 F _:
200 - 7 C ]
L ] '0.6 C ]
[1] ; e ] _1 - TR T [ T T T AN T A T AN TR N T N ]

) " ...----*""'..-‘...I‘II."'."+ e [ TR R
10 5 0 5 0 0 2 4 6 8 10 12
Al
T (ps) T At (ps)

0 noO
Fitted Dt distribution of events Al (t) = B ® T4,,1)- GB"® fy,,t)

tagged as mixed or unmixed GB°® f, . t)+GB°® f.,t)

Preliminary result: Dmy = 0.519 * 0.020 + 0.016 ps™?

?2my(PDG) = 0.472 + 0.017 ps-!
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Comparison of Dm results

BABAR Hadronic
BABAR D*lnu (Osaka)
BABAR Dilepton

Belle Dilepton

ALEPH "

OPAL
SLLD’

CDF

LEP+SLD+CDF
1CHEP2000

' working group average

—~

0.4

0.45 0.5

Am, (ps™)
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0.55

0.6

I 0.519+0.020+0.016 ps* I

0.508+0.020+0.022 ps*
0.499+0.010+0.012 ps™
0.463+0.008+0.016 ps
0.4460.020+0.018 ps’*
0.496-0.026+0.023 ps™
0.4440.028+0.028 ps’*
0.479+0.018+0.015 ps'!
0.526+0.043+0.031 ps't

0.495+0.0260.025 ps

0.48620.015 ps™



Guide to sin2b fit results
F(dt) F(dt) Acp(dt)

I I ] ] | I ] ] I I

e Input consists of

1
— dt distribution for B° tags ——

— dt distribution for B_Otags

e Fit model accounts for

— Backgrounds

— dt resolution

— Dilution

e CP=+1/-1 modes fitted
with separate PDFs

— CPV moves flavour tagged
dt distributions in opposite
directions 0

— Different backgrounds = 0 8 3 0 8

Wouter Verkerke, UCSB, for the BaBar collaboration



Fit results: dt distributions of sin2b fit by flavour tag

K, modes:

sin2b = 0.34 = 0.20 = 0.05

sin2b = 0.25 + 0.22 = 0.05

| B — JyKY
1B > y(28)K?

30 -
20+
0
-10 -5 0
Atin ps

BABAR

141 B’ tags

129 B’ tags

K, mode:

sin2b = 0.87 = 0.51 =+ 0.14

40
30 -

20 -

1 0
I B = JiyK?

BABAR

138 B’ tags

118 B’ tags

At In ps

5 10
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0.5

sin2b fit: Raw A.p(t) and likelihood scan

BABAR -

5
At (ps)

Combjned
Ks modes
K, mode
é | | | ‘ v | * | | | I |
—l / N
- T ' A .,
Z [ F A K _
_II- :[ ! “ \
dr ﬁ,’-‘ ) "
AL ]
I." | ‘ | | | |I|| | | | |
4
1 0 | sin2b?
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Fit sanity checks: Breakdown by reconstruction/tagging mode

Lepton

Kaon

NT1

NT2

All categories

-1 -0.75-05-025 0 02505075 1

sin2f

JWKS ('
0.07+0.43 W)
INWKY(n'")

0.40i0.29 ] +__—
YR2SK(n )
-0.0340.67 INK]
0.0910.76 A} CP Modes
Bi
0.258022 B (1on-CP)

0 0.5 1 1.5

0.25 £ 0.26

-0.05 £ 0.66

0.40 £ 0.50

0.87 £0.51

0.34 £0.20

0.02 + 0.05

0.03 £0.05

Control samples: expect sin2b=0
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Fit results: systematic errors

e Dominant systematic:
residual Drift Chamber & Silicon tracker misalignment
(dt determination)

e Many systematic error contributions will reduce with
Increasing statistics

Source Ks K. Combined
dt determination 0.04 0.04 0.04
Ks modes BG 0.02 0.02
K. BG J/Y br. fr. 0.05 <0.01
K, BG CP (non-Y, jumble, K*) 0.06 0.01
K, Signal fraction 0.10 0.01
B lifetime 0.01 <0.01 <0.01
Dm 0.01 0.01 0.01
Other 0.01 0.04 0.01

Wouter Verkerke, UCSB, for the BaBar collaboration



Comparison with existing sin2b measurements

—

32075 +0.5
CDF I_. | 0.79 o

ALEPH ‘ . 0.84 0% +0.16

BELLE i_._' R s

BABAR H 0.34 £ 0.20 £ 0.05

Average H 0.48 + 0.16

tilias Ll Lo boaea ool

05 0 05 1 15 2 25 3 35
sin2p
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BaBar sin2b and the Unitarity Triangle

]_ T T T T T T T

I &md
0.8 Am fAm, ]
0.6
B BaBar sin2b
§ not used
0.4 L ) )
LN in CKM fit
0.2
0 / /I / 1 1
-1 05 0 0.5 1

e - CP violation in K9-KO system

— Box diagrams with t and c quarks
Dmy: B® mixing

—  Dmyu [VVipl?

P
IVuo/Veal : Vi Charmless
semileptonic B decay

— Lepton p* endpoint spectrum
e Dmy/Dmy: Bg and By mixing
— Lattice QCD systematics cancel in ratio

Wouter Verkerke, UCSB, for the BaBar collaboration



Measurement of CP asymmetry in B Decay with the BaBar Detector

(1V) Outlook & Summary

Wouter Verkerke, UCSB, for the BaBar collaboration



What's next...

B.R. — few 10-6
(r.h) Theoretically
uncertain

O
B°,® DK BO ® J/y KO
00 (1,0)

Eff. B.R ~10- 7, tough!! Very clean,

Eff B.R. — 10-4

Wouter Verkerke, UCSB, for the BaBar collaboration



Charmless 2-body decays: road to sin2a

e Decay B°® p*p -

e : i d Penguin U
sensitive to sin2a Leading ./U J ./U
— Theoretically less clean, W/ TS g ~
penguins have different 5 T E d—/—
weak phase ® _t.j_
W_
d d d d

« B ® h*h’ analysis with likelihood fit for amount of pp,pK,KK
v’ Large B® K*p br. fraction indicates

non-negligible penguin contribution N§20 - - BaBar ]
% 0 L .+ +\ | | + | ]
Qm' 52 5.225 525 5275 53
I

Mode | Yield BR x 106 a0 | ]
p*p~ |41+ 10 41+1.0+0.7 %2 ;s sk s s
K p" 169 + 17 16.7+1.6+%2 : ]
20 - T

KTK- 8.2+78 ., | <25 o Fremettt et

52 5.225 5.25 5275 53

m..  (GeVic)



Additional CP modes for sin2b

= More CP modes in preparation 2 | BAI;’ B
for sin2b analysis 2 AR
—~ B°® D' D o
0 *0 0 £
— B°® J/y K™ (Kg p®) £
— B°® c.; Kg Al
— Other mpdes in progress -
5.2 5.22 5.24 5.26 )
mg, (GeV/c)
L stk o e L5 o o S
% [ BABAR %2 | BABAR
E 10 [ B” =% Kq N E 10 :_BOAJ/IMK (Kgr°) N
o i o - ]
5 i -I_L‘ ] © L A
b on moldet b 1 e ondh O,
52 5.225 5.25 5.275 53 5.2 5.225 5.25 5.275 53
beam energy substituted mass (GeV/C2) beam energy substituted mass (GeV/c”)

Wouter Verkerke, UCSB, for the BaBar collaboration



Luminosity

e More data on the way
— Expect =>25fb-1 more by end of August

600 18
= 500 T 10
—
2 T e
— | X
= 400 125 @ Yearly Lumi
> +10 = _ )
— 300 8 = @ Cumulative Lumi
-o —
b5 - .
% 00 [ 6 %l 0 Peak Lumi
g T4 8
I= 100

12
ol dh o

1999 | 2000 | 2001 | 2002|2003 {2004 | 2005
Yearly Lumi 2 23 | 40 | 70 | 105 | 130 | 175
Cumulative Lumi | 2 25 | 65 | 135 | 240 | 370 | 545
Peak Lumi 1 2 5 7.5 | 10 12 17
Year
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Summary

PEP-11 and BaBar are operating at or above
design after only one year.

Most precise sin2b measurement to date:
sin2b = 0.34 £ 0.20 (stat) = 0.05 (syst)

Competitive mixing results:
Dm, = 0.519 + 0.020 %= 0.016 ps* (hadronic)

Mode CP modes in preparations for sin2b,
many other analyses in progress.

The 2001 run is well underway
— expect —500fb-1 by 2005

Wouter Verkerke, UCSB, for the BaBar collaboration



