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Outline of the talk

O PEP-11 and BABAR
O Selected measurements
O B lifetimes
O B mixing
O JYyK* polarization
O 7, Km,KK branching ratios
O Measurement of CP-violating asymmetriesin
B decaysto CP eigenstates

O Isolating and tagging the CP sample
O Determining the Az resolution

O Determining the mistag fractions
O Determining the CP-violating asymmetries

O Conclusion
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PEP-I1 and BaABAR

m

Qa

With the goal of measuring CP-violating
asymmetries in B° meson decay, construction of the
PEP-11 asymmetric storage ring and the associated
BaBARr detector were started in 1993 and 1994,
respectively
PEP-11 had first collisions in the Summer of 1998
BABAR was rolled onto the beamline in Spring 1999
and saw itsfirst events on May 26, 1999
PEP-11 peak luminosity is
2.28x 10  [3x 10%isdesign]
using 606 bunches [1658 is design], with
1286 mae* and 751 mae

PEP-11 efficiency has been higher than expected

and BABAR efficiency has typically been > 95%;
the integrated “design day” luminosity of 135 pb
(delivered) has been exceeded

PEP-II has delivered 16 fb* as of July 28

O BABAR hasrecorded 14.8 fbt
# The results presented today are based
on ~10 fbt
© Much of the early data requires reprocessing
to improve calibration and alignment
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BABAR talks at ICHEP2000

O Pardld Sessions

O Study of inclusive and exclusive B decaysto
charmonium final states with BABAR.
Gerhard Raven, UCSD

O BABAR results on B decays to D* and D_(*).
GloriaVuagnin, Universita di Trieste
O Study of B lifetime and mixing with fully-

reconstructed B° decays with BABAR.
Fernando Martinez-Vidal, Univ. ParisVI et VI

O BABAR results on B lifetime and mixing with

partially-reconstructed B° decays.
Christophe Y eche, Saclay

O BABAR study of the decays B->K*gamma,
B—KI*l-and B — K*I*[-.
Colin Jessop, SLAC

O Study of charmless two-body, three-body and
quasi-two-body B decays with BABAR.
Theresa Champion, Univ. of Birmingham

O DIRC - The particle identification system for

BABAR.
J. Schwiening, SLAC

O Plenary Session

O First Physics Results from BABAR
David Hitlin, Caltech
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PRELIMINARY

Dilepton Mixing: Results
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7w, Km,KK Branching Fraction Results

Global likelihood fit using m., AE, Fisher discriminant,
and Cherenkov angle measured in DIRC

Mode N, Stat. Sig. | B (10) CLEO
(0)

| 29777 5.7 | 937%12 | 4310105

Ktr= | 38727 6.7 |12.5°92 (17.272°4+1.2

K*K- |7°(<15) | 21 <6.6 <1.9

PRELIMINARY
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Amplitude Analysis of B—J/yK*

IA//|2= 1

« BABAR
mCLEO

Statistical errors onl

1A= 1 1A =1
Eraction of L ongitudinal
z CP odd l Polarization
<
Z | AR |013£006+0.02 _—
Z — MR |
| A2 |0.60+0.060.04
= 1 .CLEO el
% ¢, |258%0.39+0.20 0, 0,
¢, |0.01+027+0.10
05005 TS 005 35
(rad)
10 Will be used for future sin(23) measurement.
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CP violation and the Unitarity Triangle

The Wolfenstein parametrization of
the CKM matrix

( 22 )
1—3 A AV(p-in)
2
Y 1l2 INE
M(p-in) —ARZ 1

\ )
A and A are well-determined; p and » are not

The unitarity of the CKM matrix provides six constraints,
the most useful of which

\ qu*b +Vcdvc*b +thVt; =0

u

is called the unitarity triangle:

n
(p:)

(0,0) (1,0) 0
The area of the unitarity triangle, the “ Jarlskog Invariant”,

IS proportional to the strength of CP violation in the

Standard Model:
11

David Hitlin BABAR!




Overconstraining the Unitarity Triangle

The sides of the unitarity triangle are determined
by the magnitudes of the CKM matrix elements.

Uncertainties in theoretical modelsfor V,, fg, By, €tc
limit the determination of the triangle

The CP asymmetry in B® decaysto CP eigenstates
measures X

David Hitlin BABAR!




Measuring CP violation at the 7°(4S)

The 7' (4S) resonance decaysto BB pairsin
acoherent L=1 state

At PEP-II, with e energy of 9 GeV and e" energy
of 3.1 GeV, theT (4S) is produced with 3y=0.56

The mean decay distance Az between the B decay
verticesis ~250 pm, making it possible to ascertain
the time order of the decays

If we can measure the flavor of a B°(B”) decay

(Big) Occurring at atimet, then at that time, the
flavor of the other B°(B’) is known.

We then reconstruct the decay of the second B at a
time At=t-t, into a CP eigenstate:

f:l:{‘ﬁ“ Iy, Ay, ﬂﬂiﬂﬂ.ﬁ} =
%I‘e_”m' [1 + Dain2F x gin Amg At ]
where the dilution D=(1-2w) is derived from the

measured mistag fraction w
13
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Measuring CP violation at the 7" (4S)

There are four time distributions
f.: B,=B,At>0

+

B, =B, At<0
f: B,=B,At>0
B, =B, At<0
0.6
sin23=0.6

0.4

Decay probability

S
)

0 :
4 -3 -2 -1 0 1 2 3 4
AtlT
The CP asymmetry is
A= ACORMRCY —Dsin28 xsin Am At

f (At)+ f (At)
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Overview of the analysis ‘

Reconstruct the B decaysto CP elgenstates
and tag the flavor of the other B decay

e : .
Select B, events using, primarily,

leptons and K's from B hadronic Select B, events

_decays & determine B flavor /\(BO — YK , etc)

~
Measure the mistag fractions w, and determine the}

dilutions D, = 1- 2w
\

( Measure Az between Bcp and By, to determine the
L signed time difference At between the decays

(Determi ne the resolution function for Az
=2  f
R(AL; &)= L exp(—(At—46)%)/ 207
\( );O_i\/z p(( .)) o
Fa{At; T, Amg, Dein23, &) =

Fr( AL T Amg, Dain23) @ R{AtL; &)
FL(AL) — F_(At)
F{At) + F_(At)

15 A-m‘y{ﬂt:] X

x Dein2 x sin Amg At
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A tagged B’—J /¢y K? event
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The B.p sample
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J/lb KS (KS — T T ) 005 & cpit R 3
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The resolution function for At

The time resolution is dominated by the z resolution of the
tagging vertex

The vertex resolution function is well-described by a
five-parameter sum of two gaussians

R(A6E) = Tt exp (~(At-6)7/207)

In the likelihood fits, we use event-by-event time resolution
errors. We introduce two scale factors S, and S,

o, =8, X0,,

To account for ~1% of events with very large Az athird
gaussian with a fixed width of 8ps, isincluded

>
<
=
=
=
~
-

The parameters extracted from the fit are:

P ksl Ngitils

dy o [psl | 020 000G froom fit
-l LER 14 Troo it
I [al LG G Irpns fit
N (A&) T fiorxd

¢z [ pal L fiecnd
-z 2.1 fimeiadl
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Particle ID and mis-ID
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Measurement of mistag fractions & Am,

O Mistag fractions and Amy are directly measured

O We use alarge sample of eventsin which one B°
candidate, called B, ., is fully reconstructed in a
flavor eigenstate mode

Hadronic sample: 2227 events
Dn",Dp",Da,Dn",Dp",Da
O semi eptonic events: 7517 eventsD™ ¢ v,

O We apply flavor-tagging algorithms to the rest of the
event, which constitutes the potential B

O Tagging categories:
Electron
Muon
Kaon
ONTl
ONT2

O We classify tagged events as mixed or unmixed,
depending on whether the B, is tagged with the
same or the opposite flavor asthe B, .

O The time-dependent rate of mixing, which best
exploits information at small valuesof At=t -t

Is used to extract w; and Am,

O Thetime-integrated rate of mixed eventsin each
tagging category:
agging calegory Xi:Xd+(1_2Xd)VVi

tag

L epton

>
<
=
=
=
~
-

Neura network

tag?’

2

X

| 201+ x3)
20 IS used as a cross check

where y, =

_Am,
A
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Measurement of mistag fractions & Am,
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PRELIMINARY

Hadronlc sample

Htﬁ’m i
et !

=| Lepton tag /|

5250 B275  BAN
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Sl NT1tag |! |.
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= ol 1
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T
&30 [T
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&l i
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.ﬁ'-:'c.w Im.':l._ inbrtitwred Moes (Gre 170}
BT T
Baltan %
|- ﬁ |
NT2 tag il
[
|
B i
i
I

lr
h
5300

Sample Final State | Yield Purity (%)
Hadronic D*n* 622 £+ 27 90
(neutral) D* p* 419 + 25 84
D*-a,* 239 +£19 |79
D-7* 630 + 26 90
D 315+ 20 |84
D*-7+ 225 + 20 74
totall 2438 =57 |85
Hadronic Dr* 1755 =47 |88
(charged) D'r* 543 £ 27 89
totall 2293 =54 |88
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Measurement of mistag fractions & Am,
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PRELIMINARY

Semileptonic sample
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Measurement of Am,

1a0 Enuies 1428
Signal region, 1403 Unmixed Events ek e
1720 " \ s oo
all tags e
20
60 'y
40
20
68 ; i |. ) e
Mixed Events <) i

8 6 A4 .3 0 2 4 6 8
At in pico secands

PRELIMINARY

] Enmiex Bz
1203 Unmixed Events o e
- i . . TTELY 1
Sideband region, |- R
20 -
all tags :
6l o
40 -
zn—f
c0d Mixed Events Sy R
23 2 & 4 2 0 2 4 f b

At iifpico seconds
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Time-dependent measurement of w, & Am,

The time-dependence of mixed and unmixed eventsis
h (AT, Am,, D) = zllre” 1+ DxcosAm,At]

Thisis convoluted with the Az vertex resolution function
H, (AT, Am,,D,6) = h, (AT, Am,, D) ® R(At;6)
and used to form a likelihood function

Ing, z[ S InH, (t;I",Am,, D,6)

unmixed

> InH (t.1',Am,,D,6) ]

from which we extract w = (1-D,)/2 and Am,

The period of the mixing rate a(At)= “”’“'X(At) m'x(At)
yields Amy Noix (AL) + N, (At)

The amplitude yields w. for each tagging mode

>
<
=
=
=
~
-

100 ———————————— Hadronic sample

m

| BABAR o F

&
]
wh

0.50

Mixed#¥ Unmixed + Mixed)

!
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PRELIMINARY

Results of the tag/mix likelihood fit

David Hitlin

o hadronic — semileptonic
arameter
FitValue {=¢1-2w0)*| FitVYane §=¢(1-20)
Amg hps'] | 0516 £ 0.031 H 0.503 & 0.020 -
w(Lepten) | 0.116 £ 0.032 (.0a2 {.084 £ 0.020 0.071
w(Kaon) (.196 £ 0.021 0.134 0.199 £ 0.014 {.133
w(NT1) 0,135 £ 0.035 (.064 0.210 & 0.028 0.066
w(NT2] 0314 L 0.037 0.023 (.361 & 0.025 0.013
502l .z, g 133 £0.13 ot 1.32 1 0.07 G
beoce, g (B8] | 020 £ 0.07 B —0.25 & 0.4 —
foutlier 0.016 & 0.008 = 0.000 & 0.002 —
5°Q=0.285 5°Q =0.283
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Tagged events and mistag fractions w,

Mistag fractions (likelihood method) from
the hadronic sample

Tagging Category | £ (%) w (%) Q (%)
Lepton 11.24+£05 | 861713 | 73L£03
Kaon 36.7+09 |19./+£13x11 | 13503
> NT1 1LEE0S | 18672220 | 5202
&2 | | NT2 166 0.6 | 33.1+21+21 | 1.9+0.1
é all 76.7+0.5 27.9 £ 0.5
> The effective tagging efficiency is
5 Q| =& (1_2\Ni)2
ag
A Tagged events by decay mode and
tagging category
JpKY (28 }F.' : CP sample
Tagging Category || (KL = 7t7) | (KU =20 || (KY +7f77) | (tageed)
B”E“a]JB“E“a,HB“B“aHB”ﬁ“aﬂ
Electron 1134|1011 ]2|3 (3 |5]| 8
Muon 113 4)J0(0j0)3210]23][3]| 6
Kaon 20 (18|47 ) 2 |2 |4\ 5|7 1236|271 | 63
NT1 g2 | 1|10 |1)2(02|12]2| 14
NT2 0911933 (6314|6132
Total (50 |35]8 [ 7|5 [12[13[10]2 |70]50]120

26
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Amy from the tag/mix likelihood fit

zgm 4 B ) Hadronic decays
: ‘ | Am, =0516
S | +0.031 (stat)
S _
E m/ +0.018 (syst) » ps*
% :g—cm— —_
| = _
< 3 | | 1 | 1 1 L
IS o 2 4 G 8
Z o ,'I\.rr:-;ea - -
=1 :
é % 04? BaBAR 1| Semileptonic decays
asN - + l
=i PO - |Am, =0508
: ~L_ | 1+0.020 (stat)
£ o 140.022 (syst) » ps*
§ o > M}Lm : .
Combined result
Amy =0.512+0.017 (stat) +0.022 (syst) » ps’|
27 [PDG: Am, =0.472+0.017 » ps"]
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PRELIMINARY
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Systematic uncertainties in Amy& w,

Hadronic decays

Source Amg  Lepton  Kaon NT1 NT2
[ ps']
mmp At Resolution 0.011 0.004 0.004 0.004 0.004
Background At 0.002 0.002 0.002 0.002 0.002
Background Resolution | 0.002 0.002 (0L002 0.002 0.002
Background Fractions 0.004 0.004 0.002 0.006 0.004
m==p B lifetime 0.005 0.001 (.001 0.001 0.001
z seale 0.005 — = = —
z boost (.003 — - — =
mmp Monte Carlo Correction | +0.013  -0.001 0.000  -0.010 -0.015
+ 0.011 £ 0011 =+ 0.008 =+0.015 =+ 0.014
Total Systematic Error (0.018 0.013 (.010 0.017 (0.015
Statistical Error 0.031 0.032 0.021 0.035 0.037
| Total Error [ 0036 0035 0023 0039  0.040 |
D*lv decays
Source Amgy  Lepton  Kaon NT1 NT2
[h ps']
==> At Resolution 0.012 0,005 0.009 0.012 0.005
Background At 0.002 0.002 (0.002 0.002 0.002
Background Resolution 0.002 0.002 0.002 0.002 0.002
Background Dilutions 0.006 (0L008 0.013 0.026 0.031
Background Fractions 0.006 0.009 0.011 0.017 0.032
B™ Backgrounds 0.010 (.009 0.010 0.004 (.003
m==> BY lifetime 0.006 0.001 0.001 0.001 0.001
z scale 0.005 S == = —
z boost 0.003
==> Monte Carlo Correction | +0.008 -0.010 -0.001  -0.002  -0.006
+ 0.009 =+ 0.008 =0.006 =+0.011 =£0.011
Total Systematic Error 0.022 0.018 0.023 0.035 0.046
Statistical Error 0.020 0.020 0.016 0.028 0.025
| Total Error | 0030 0027  0.031 0045 0052 |

David Hitlin
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reconstructed hadronic decays

Uses the same vertex fitting technique as the CP analysis

2261 + 53 events

2210+ 58 events | ', -
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30

e )
_01(:.3-5.4_1024(,3"] A00F 4 4 2 0 2 4 6 8 10

At (ps)

0= 1.506 + 0.052 (stat) + 0.029 (syst) ps

Tg+ = 1.602 £ 0.049 (stat) + 0.035 (syst) ps

At (ps)

[PDG: 1.548 + 0.032]

[PDG: 1.653 + 0.028]

T/ Too = 1.065 + 0.044 (stat) + 0.021 (syst)

[PDG: 1.062 + 0.029]

David Hitlin
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Blind analysis

O Thesin25analysis was done blind to eliminate
experimenters bias
O The amplitude in the asymmetry A o(At) was

hidden by arbitrarily flipping its sign and by
adding an arbitrary offset

O The CP asymmetry in the At distribution was
hidden by multiplying At by the sign of the tag
and by adding an arbitrary offset

O The blinded aproach allows systematic studies of
tagging, vertex resolution and their correlations to
be done while keeping the value of sin2G hidden

O The result was unblinded two weeks ago

David Hitlin BABAR!




Extracting sin2

O The At distribution of the tagged CP elgenstate decays,

which is analyzed using maximum likelihood to extract

the asymmetry A (At)
- B° and B® tags
as
< A B | AL : I L Las e et o
Z o fBE . MAR =
= % = B tags . PRELIMINARY 3
— 75 F =
— : ole ;
M=l 5 sE =
% = o * a
Al Y a5k =
S BT | [
O E =0 E
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Extracting sin2

Results of the likelhood fit to the full sample
and various subsamples

sn23=0.1240.37 (stat) +0.09 (sys)

E Log likelihood function
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sin25in different tagging categories
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Extracting sin25
sin23=0.12+0.37 (stat) +0.09 (syst)
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Statistical error

O The probability of obtaining a 1o statistical error of
0.37 with a sample of 120 tagged CP eigenstate decays
has been estimated by generating a large number of
toy Monte Carlo experiments with a sample of thissize

O The errors are distributed around 0.32, with a
standard deviation of 0.03

O The probability of obtaining a statistical error larger
than the one we observe is 5%

O Using aset of full Monte Carlo simulated experiments
with the same number of events we observe, we estimate
that the probability of finding alower value of the
likelihood than our observed value is 20%

Checks

CP asymmetry of channels that should have none

Sample Apparent CP
asymmetry
hadronic charged 0.03 + 0.07
hadronic neutral -0.01 + 0.08
Jp K+ 0.134+ 0.14
35 Jp K*¥O (K*0 — K*77) | 0.49 + 0.26
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Fit including direct CP violation

Dsin26 sin Am,At+ (1—\ACP\2)cosAmdAt
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Systematic uncertainties

Compute fractional systematic errors using the
measured value of the asymmetry increased by 1o.

Different contributions are added in quadrature

‘e
% Source of uncertainty Uncertainty
Z, on sin2j3
=
> T g0 0.012
5 Am, 0.015
o< Az resolution for CP sample 0.019
P : : :
Time resolution bias for CP sample 0.047
Measurement of mistag fraction 0.059

Different mistag fraction for CP and 0.050
non CP samples

Different mistag fractions forB° and B° | 0.005

Background in CP sample 0.015

Total systematic uncertainty 0.091
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Constraints on the Unitarity Triangle

The set of ellipses represents the alowed range of (p,7)
based on our knowledge of the magnitudes of CKM matrix
elements, for a set of typical values of model-dependent
theoretical parameters:

Experimental inputs

Theoretical inputs
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Summary and Conclusions

PEP-11 and BABARr have had an exciting and
productive first year, producing more than 15 fbt in
the T (4S) region and recording more than 14 fbt

In 9 fb! we have reconstructed and tagged

120 decays of B° to CP eigenstates

sin23=0.1240.37(stat) +-0.09 (syst)
Am, =0.507+0.015+0.022 di-lepton
Am, =0.5164+0.031+-0.018 hadronic

Am, =0.508+0.020+0.022 semileptonic
With 8 fb! analyzed at the 1 (4S)

Tgo = 1.506 £+ 0.052 (stat) + 0.029 (syst) ps
Tg+ = 1.602 £ 0.049 (stat) + 0.035 (syst) ps
Tg+/ Tgo = 1.065 + 0.044 (stat) £ 0.021 (syst)

Measurements of B(K*~), B(wm), B(K7), B(KK), ...
A wide variety of other results have been presented
in parallel sessions and contributed papers
The PEP-I1 run has been extended to the end of
October, with the goal of integrating 25 fbt

This should allow for a measurement of

sin2b with interesting precision
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