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Introduction

= Summary of PEP-IlI/BaBar performance

= Basics of measuring CP violation at an
asymmetric B Factory

= Detalls of the data sample and analysis
= Extracting sin 20

= Cross-checks and error analysis

= Looking to the future

= Conclusion
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Running began Jan 2000

~24 fb1 total by Oct 31
. ~21 fbl Y(4S):
»  ~3fb!continuum

Shutdown Novl — Febl

» PEPIl improvements

d Luminosity (o)
= o>

A

» BaBar repair/maintenance
» Computing developmentﬁn

for 5 x 1033

BABAR

PEP-Il Delivered 23.7fb

BABAR Recorded 22.2/b

= 2001 Run is underway ° i ;
» Began 3 Feb *
» 1.5103%% As of 15 Feb 2 = l | | —
~ 1; ‘ | |l
» Expect ~40 fb~in CY ‘01 ?}; %ﬂ %; %}; ‘{1 2% %; %;% %
15499 EDIJI:I
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WA Extremely fast PEP-Il Turnon

(foh)
~+ 18
+ 12
B CESR/CLEO (from CESR Web page)
NN PEPII/BABAR
T 6

‘80 ‘90 ‘00
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above design and climbing:

DESIGN: 3.0 nbl/s 135 pbt/d ~0.80fbl/w ~3.3fbl/m
ACHIEVED: 3.28 %---........ 184 1.03 w.....

= BaBar performed just fine at 3.2 x 1033
= This year we expect to reach 5 x 1033

= Luminosity profile - next few (calendar)years

2000 2001 2002 2003 2004 2005
25 43 80 110 130 180 fol

| Ldt >500 fb! by end of 2005
= We’re going to need it — life is hard.
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‘ Muon/Hadron Detector
Magnet Coil

B EiectronPhoton Detector

. Cherenkov Detector

. Tracking Chamber

‘ Support Tube

. Vertex Detector

FFER
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Neutral B and B mix into mass eigenstates, oscillating at a
frequency determined by Amg; Concezio Bozzi talks on
BaBar mixing results at 0900 Thur.

q :thvtd — 2%
A P Vde
We define A :ﬂé where N .
A=< | |

For a single decay amplitude with weak phase ¢D
Im A=sin 2(g,. @)

Leads to CP-violating asymmetries interpretable by
the Standard model
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(0,0)

Vuqu:) +VchcL +thVt; =0

CP-violating Asymmetries in B decays directly measure
phases a, £, and y via— “no” hadronic uncertainties
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CP physics at the Y(4S)

= The Y(4S) decays into a P-wave B°B° state that
evolves coherently till one of the B’s decays. The B'’s
are almost motionless in the Y(4S) rest frame.

= We measure the interference between direct and mixed
decays to a CP eigenstate

i e'?Pdin Amy \fp
foo (23 K Q)
cos Am At/2 /A'
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Decay-time Distributions

e—|At|/TBQ

lop+ (At) = L X |1EZIm Asin AmpoAt

Fora tag B°(B% at@
time tpg, thetime 5 %7
distribution of the & %3
other meson intoa £ %7

CP eigenstate at 0.6

ar

ay Ra

[III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

is given by g:
0.2
1:+ (f) 01 |
0 I I I I 1

-1 0.5 0 0.5 1
Difference in z Decay Vertex (mmy)
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Time-dependent Asymmetries

= Forb - (cc)s |AFland Im A=-p; sin2f
B=arg [VoqVep™ VigVip™]

= We reconstruct the “gold / silver” CP eigenstates:

JYKO, w(2s)K% (n= -1)
JIY KO (n;= +1)

= t-dependent A p(At) = ?(it)_i—(iﬂ
asymmetries: +(At) + £ (A?)

= =Ny sin2/ sin (&mﬂﬂ &t)

JApdt=0 = Asymmetric B Factory!
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-

B Measuring At at PEPII

= E =9.0GeV: E "=3.1GeV

Lorentz Boost = By=0.56
A=Az /[ yc

Ocp= 70 um e
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Overview of the Analysis

Fully reconstruct exclusive B decays to eigenstates of CP
or flavour, and tag flavour of the other B in the event.

= Select B candidates (B® - J/¢ K., etc.) and
B;,, candidates (B® — D* +, etc.)

m Select Biog €vents using, primarily, leptons and K’s from
B hadronic decays, and determine the B flavour.

= Measure the mistag fractions w; and determine the
dilutions D, =1 - 2w,

= Measure AZ between B, and B, to determine the signed
time difference At between the decays

= Determine the resolution function for At
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#wmsl Crucial Elements in A(At) measurement:
. Vertex Resolution

Even at PEP-II, B’s don’t go very far! (=250 um)
—> 5 Layer Silicon Vertex Tracker

o,~/0 um: reco'd B

180 um: tagging B
(rms for 99% of events)

Kevlarfcarbon-fiber support rib Si detector
Carbon-fiber endpisce 5\

Upilex fanoui=
Hybridireadout 1Cs

Carbon-fiker

eupport cona

= =
300 "= oz mr

- Pt

Bream pipe
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Crucial Elements in A(4t) measurement:
I1. Particle ID and Tagging

m J/Ys are detected by their ee and yu modes

= K, modes are an iImportant contributor to CP
sample K, ‘s are detected by their strong
mteractlon debris in EMC and IFR

= The flavour of the tagging B decay is
determined from its lepton and kaon content,
and from slow pions from D*'s
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ParticlelD: Electrons

o 1 Z
:g 0_9? +++++MHH++{OOOS % - Track matching inthe EMC
T 08F ++ BABAR | —'—‘é *«0.89<E/P<12
8 gk ] ga « EM shower shaperequirements
R + Llectrons J00% 5. pcH dE/dx consistent with
5 068 ons =  dectron hypothesis
=S F % ] O
3 0.5F 10.003 5 . .
o4b = 1 = e Efficiency and m misiD
g 1p00n ©  probabilities determined from
o 0.3F 17T
ks e {fiﬁ#}ﬂ} %}ﬂ} | : the data (Control Samples)

He F 4 20001 &  «Typical Tight Electron

0-1M ﬂ%} ‘2 sdlection: ~92% efficiency above
() e 500 MeV, with 0.1% Ttmisl D
0 05 1 15 2 25
Py, [GeV/c]
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«Cut on # interaction lengths and

Particlel D: Muons

difference from that expected for

e consistent with a MIP in the EMC
» Typical Tight Muon selection: ~75%

rack Sk .
.a”,:uR} ﬁ,ct: pattern rejects hadron efficiency above 1.5 GeV, with ~3%
showers pion mis ID

a 1 | rTT T L L R ] (- 0.1 T T T L e e e L
S | BABAR | = | BABAR
O - 1 O i
&= 08 - > o .2  £008 .
2 I gt o B For 17°< 8 < 155°
S ~ L B
S06F o % 4 E006 .
= ]
- s | j
04 |- . 0.04 - ®
I o o i 00 % %%
. For 17° <8 < 155 . X %&&@Wﬁ gﬁ % |
02 - 002 o Qf” 6 -
0 I \. L ! ! ol 0 I T © T T T SRR R S NN R R R
0 1 2 3 4 5 0 1 2 3 4
P4 (GEVI/c) P, (GEV/C)
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Particle ID: Kaons

=)

S -
% ) e ©® o ® o P |
« dE/dx from % 0.8 - - b
DCH and SVT & :
0.6 —
5 _
8 o0a- BABAR _
* & from DIRC = |
5 0.2 —
E e o © ® * e 4 ¢_
o Ole-® — e © © o & & e ]
o 0 1 2 3 4
_ P (GeV/c)

Better than 3 O K/ 7Tseparation

for p, > 250 MeV/c
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= Leptons (I - BOtag)
»  Electron P, >1.0 GeV/c o
» Muon P, >1.1GeV/c e,l
s Kaons
— Bl —r——— —
» = Kaon ChargeZ 0 = B |
= NT1,NT2 (neural net) g ABAR |
» slow pions (from D*) 5 ® lepion
» Isolated unidentified leptons T 40 B Kaon
B R T ALY . A NTI
B BaBar 2 + v NT2
o =
R S, B
E . NT1 | +
E NTZ . *
DS - +
0
1] 1 20 30 40
ok e S Efficiency (%)
_ I
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A candidate in the Golden M odé¢

\V

B WK, KO Tt
with: J/(/I N ,U+/J_

* A negative kaon is found
In the decay products of the
other B meson, which i<
therefore tagged asa B"

* Az ismeasured precisaly,
thanksto the Silicon Vertex
Detector

February 19, 2001
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Reconstructed Hadronic B events

YK (KO K* 1) ! |

=
o
o
o

for mixing and fitting (B;,, Sample)
> 1 BaBaAR A
O I |
é = D) 77, D®) ot D) gt i

=00 ~ 6700 events ‘

O | | | | | | | | | | | | | |
5.2 5.22 5.24 5.26 5.28 5.3

Energy Substituted Mass (GeV/cz)

February 19, 2001 BCP4 Ise-Shima, Japan 21



Events / 2.5 MeV/c 2

B - JIy (K, — 771

, 50f
S
= T
2 40_—
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- BABAR f :
= 20_—
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Events / 2.5 MeV/c 2
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Y(2S) (Ks - 11 m)

s o BABAR
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£ °F B - Y(29)Ks
N = w 6; KS R Tl+Tl_
S 2F BABAR i JY - eter
0 C B
2 20 a—
" = i
" — (_) -
N 18— - B
5. B - W29 K L
c _ - .- o
s + K TUTC B
2 o4 S Dl e v ,

- 5200 5210 5220 5230 5240 5250 5260 5270 5280 5290 5300
12— Beam-Energy Substituted Mass (MeV/c )
F ¢ *t BaBAR
8 0 14

= <+ I F (=
6F- 22 BO L (29 Kg
4 5o Kg o THTT
2: - r +, ,—

le- ol i 4 + a 8: ‘J/LIJ - HH
) R T e S e T e e e ammbiceiNlo gy -

5200 5210 5220 5230 5240 5250 5260 5270 5280 5290 5300 -
Beam-Energy Substituted Mass (MeV/c ) e
F
0¥"'I"'+I-"-I+"'I-"-I """" PN
5200 5210 5220 5230 5240 5250 5260 5270 5280 5290 5300
Beam-Energy Substituted Mass (MeV/c )

February 19, 2001 BCP4 Ise-Shima, Japan 24



Final CP sample of k%, modes

~ 160 i
S - % | INK ;‘(:n:*n') 1 259
o 2Y [ | 50 evts
; E 60 54
. [ Byl .
¢ enb EYI 363
- - @07
: I 011:] 80 0 40 80 120 i
L‘ #wr AE (MeV) i
0 M
5.2 3.22 524 5.26 5.28 53
2
M (GeVic)
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BY - J/¢ KO events in CY 2000
sample

= KO signaled by isolated clustersin IFR (>1 layer) and/or EMC (>200 MeV)

= KO_direction is combined with J/ {/ momentum to reconstruct K°, energy

=~ 205 total events above large background before tagging. Background shape,
amount, and CP structure studied with Monte Carlo. (182 after tagging)

= [ - [
0 - un —
250 | EMC Klong | 2 *° E IFR Klong
. B ~. 35
(R3] mn —
40 - T 30 F
QI ul} [
30 =
20 E
20 15 E
19 F
10 =
5 E
o C g E
—20 0 20 40 BO B0 —7n 0 0 40 80 8D
AF MeV ME Mey
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Likelihood analysis — global fit

= Simultaneousfitto Bop and By, samplesfor sin 25 (plus
34 parameters to characterize the 9etector and the data)

» Signa At resolution function (9 parameters)

» Signal dilutions and B° BP dilution differences (8
parameters)

» Background At structure, resol ution function, dilutions
and CP content (17 parameters)

= Correlations between Bp and By 5, are small

= Extract background parameters from:

» Mgg Sidebands for golden CP modes and By 5, modes

» J/ysidebands and inclusive B° - J/¢ monte carlo for
K 9, modes
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Mistag fractions w; and
effective efficiencies Q.

* Determined from data via likelihood fit
+ Q. = & (1-2w,)? is the effective tagging efficiency

Tag Category (%) w(%) Q%)
Lepton 109404 116+£20 64407
Kaon 507 171£13 168+13
NT1 T7£04 202429  26£05
NT2 137405 3174£26 18405
Total 68.9 x 1.0 2.7 £16
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Time (At ) resolution function

» Sum of three Gaussians. Core (88%), Tail (11%),
and Outliers (1%)
» Parametersdetermined from likelihood fit and other consistency checks

Rreso(At, Atyrye, TA¢ ‘ftaih Joutliers Score, Ocores Stail, Otail; JﬁutliEr)
.&t—ﬁcqm—&th“ﬂ) 2

Exp—%(

— | — 1 = Foutlior SeareT AL
( ftal fD the } \/EchrEg&t
oy L (At_at,,-._mm,g)z
'|'f P=3 Stail TAt
ail
t \/Q_ﬂstailﬂﬁt
1 &t—ﬁnu igr_&tl-ﬂ.ll! ’
eXp 2 ( E;:ltlh‘:r )

‘|'fnut,1ier
v Qﬂgﬂut“EI‘
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g Fitted parameters in At
LA resolution function

Fitted for By and By,
samplestogether

Parameter Value
SCore 18 I o
STail 3.8 0.9
frait (70) 1140
fUutL'u::r (%) 0.8 £ 0.0
5{:11;,11._‘1__&?1;@ (p:‘:‘.) 0.08 = 0.10
OCore.Kaon (PS) —0.21 = 0.05
(5{11,1-[.‘;.;'1'1 (pS) 0.01 = 0.10
Ocorent2 (PS) —0.18 = 0.09
0Tail (PS) —0.46 = 0.38

eventsf.06 ps

events/0.06 ps

401

204

F
=
=]

Fd
=

++* BABAR
; t } B’ :‘amph:
4
t
4
¥ 4
#H"'ﬁ.-'_, .
| BABAR
} B JMK?
| B” 5 y(28)K!
+ IM
1 +++*+H*...++ 3
0 T ;

At error (ps)
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& Cross checks on mistag fractions

BOD* | v B: ., Sample
16,000 events ~5000 events
Parameter | one bin Onebin hadronic | Global likelihood fit
w [Lepton] | 0.108 + 0.013 0.116 + 0.021 0.116 + 0.020
w [Kaon] |0.180 + 0.009 0.176 £ 0.014 0.1/71+0.013
w [NT1] 0.216 £ 0.019 0.197 £ 0.030 0.212 + 0.029
w [NT2] 0.364 £ 0.016 0.323+ 0.027 0.317 £ 0.026
Q 0.255 + 0.017 0.264 + 0.018 0.267 £ 0.017

February 19, 2001

BCP4 Ise-Shima, Japan

31




At distributions and oscillations
for tagged hadronic B decays

n 400
o
ZE 300 > 17
g © 08 [ .
S 200 e ;
> e 0.6 N
L > f
100 g 0.4 i D G
; 0.2 | yE
400 pa ol ,7/ ]
300 | 02| .
; -0.4 i
200
[ -0.6 | f
100 | -0.8 .
i -1 a | ]
0 ectdasas: O 2 10 12
- At] (ps)
ool hkand Rackaran — 1
Signal + bkgnd ~ Background Amgo=0.519+ 0.020 + 0.016 1 pS
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DECAY MODE

. Tag | JWKS (xtn) | JWKS (7°7%) | ¢(29)K? Total
A B BY Tot | B B" Tot|B' B" Tot| B" B" Tot
Sl e+k T2 0 2]0 0 o1 0 13 0 3
| ou+K |10 10 1 1|2 0 23 1 4
N ¢ 5 5 W01 1 2|1 2 3|7 8 15
I 3 6 90 0 02 1 3|5 7 12
C [Lepton [1I 11 22 [1 2 3|6 3 9 [18 16 34
T | Kam |54 54 108 |14 11 25 [12 11 23 {8 76 156
£ NT1 |10 12 22 |1 1 2|2 2 4|13 15 28
S| NT2 |18 18 36 |8 3 114 4 8 |30 25 55
R | Totaltag | 93 95 188 |24 17 41 |24 20 44 [ 141 132 273

Y No tag 76 20 13 109

Tag ¢ (%) 7143 6746 7746 7142
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<TOOGMHEAZX»O OZ-00>»-H

DECAY MODE

Tag CP =1 modes JWK? Total
B B Tot| B BY Tot| B B" Tot
e+ K 3 0 3 1 6 7 4 6 10
u+ K 3 1 | 3 5 8 6 6 12
€ 7 8 15 | 11 8 19 18 16 34
u 5 7 125 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 1o 28 | 16 6 22 || 29 21 o0
NT2 30 20 o0 | 32 27 09 | 62 o2 114
Total tag | 141 132 273 | 138 118 256 || 279 250 529
No tag 109 130 239
Tag ¢ (%) 7142 66+2 69+2
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BABAR | B> JIYK?!

141 B’ tags

At in ps

129 B’ tags

40 -

30

20

CP Sample: At distributions for
tagged K% events

BABAR

138 B” tags
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A(At ) vs At

1F T =
3)

[ BABAR
05| -

o T

> 05 J; KsModes
= 1 s
- T B
< 0.57 |
O/W
05| JIPK, -
-1E | | L

5
At (ps)

1 sin2B= 0.25+ 0.22 (stat)

sin2B= 0.87 + 0.51 (tat)

(Binomial Errors)
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!
!
!
1

O |0

I h I I I I I 1 I

-1 ( | 2
sin 2 =0.34 + 0.20(stat) + 0.05(sys)

(M C study shows 60% prob. of obtaining wor sefit.)
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sin2[3 for various parts of CP sample;
crosschecks from By, and charged B’ s

LLNLARNRARN i i
JWKN ) bl 0.25 £ 0.26
Lepton 5 0.07 £0.43 ™ ‘ o
JyK(x'r') — -0.05 £ 0.66
Kaon 0.40 £ 0.29 N a)
W2S)KY ') . 0.40 + 0.50
NTI . 0,03+ 0.67 0.87 + 0.51
0.09£0.76 | All CP Modes }_._ 0.34 +0.20
B’ i 0.02 +0.05
All categories 5 { 0.25£0.22 B (non-CP) ,. 0.03 + 0.05
Lo i I o | i
A 0B060402 0 02040604 L5 008 1 18
sin2p sin2p
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Systematic Effects

Systematic Jhp KQp(28)KS  Jfp K Full sample
At determination 0.04 0.04 0.04
Jp KD, 9(28)K? back. 0.02 — 0.02
Jfp K? back. — 0.09 0.01
Jhp K? Sig. fraction — 0.10 0.01
7RO 0.01 0.01 < (.01
A go 0.01 < (.01 0.01
Other 0.01 0.01 0.01
Total 0.05 0.14 0.05
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CDF | . |

ALEPH I

BELLE

Average

}_._1
BABAR H
1

|

IIII IIIIII-IIIIIIIIIIII-IIIII-II
0.5 0 o5 1 15 25 3 35

sin2p

320" 05

+ k.l
0.79 _ i

0.84 "5 4 016

— 104 —

+ 03X -+ (.09
0.58 — 034 — .10

034 £ 0.20 £ 0.05

0.48 + 0.16
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_' — ‘ v, T % oy SR v o EIiIUZBEHEm.
ﬂ i . ; ; . i ’ ; . i . | i ; ; e

-1 0.5 0 0.5

Allowed region (blue) is determined using theoretical
Inputs and fitting many experimental measurements
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/O\Bod — TITT

B.R. ~ few 10 6

Theoretically uncertain

\

BABAR can
measurethe _
B, . DK ~| phase angles \Pod - J/IPKOg
(QO) /Y - B\ (10
Eff B.R ~10 °; tough!! Very clean,
Eff B.R.~ 10”4
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30 fb-!

N

- H | S — Illl

‘80 ‘90 ‘00

Projected Luminosity.}. !!

‘05

February 19, 2001

BCP4 Ise-Shima, Japan

43




e

Conclusions

PEF?—II and BaBar are operating at or aove design
luminosity, and have dealt with ~25 fb™ in 2000
The detector is performing as designed, and the
analysisteams are in full operation

We have have made the most precise measurement to
date of sin 2, and many other analyses are underway

We expect to more than double our data by the end of
the run in August, and reduce the systematic effectsto
take full advantage of it.

By 2005, we should accumulate ~ 500 fb

» Measure sin 2a, compare sin 283 in individual modes

» Make serious measurements of direct CP violation and rare
decays.
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