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The BaBar Collaboration

l 9 Countries, 72 Institutions, 554 Physicists
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Introduction

l BaBar recorded first colliding beam data in
June 1999.

l 13 physics papers submitted to ICHEP
(Osaka) July 2000.
» For details, see BaBar conference papers on

web:
http://www.slac.stanford.edu/BFROOT/www/doc
/public/conf_pubs/index.html
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PEP-II

l 3.1 GeV e+ on 9.0 GeV e–.
l Good luminosity and efficiency; backgrounds

better than expected.
Item Design Achieved

e– Current mA 750 751

e+ Current mA 2150 1286

Bunches 1658 606

Peak L cm-2s-1 3.0 ´ 1033 2.3 ´ 1033

Daily L pb-1 135 135

Yearly L
10 month

fb-1 30 13.6 in 7
months
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Integrated Luminosity

l Results today on 8 – 9 fb-1 out of 15 fb-1 recorded
on-peak & 1 fb-1 of 1.8 fb-1 below BÆB threshold.
Integrated Luminosity Daily Recorded Luminosity

Design
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B Physics at the ¡(4S)

l s¡(4S) ~ 30% of sqq.

l bg of ¡(4S) = 0.56.
l Decays 100% to

BÆB in coherent L=1
state.

Btag Breco

e– e+

Dz »
bgcDt

¡(4S)

l When 1st B decays, other B is fixed to be other
flavor.  Neutral B can subsequently oscillate.

l Fully reconstruct at most 1 B; vertex and flavor
of other B can be determined for sin2b, DmB0
and lifetimes.
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CP Violation from B0ÆB0

l Reconstruct Breco in a CP eigenstate.  Look
for CP violation via an asymmetry in the
decay rate of Breco as a function of Dt:

    f t m D e D m tB
t

B±
-= ± ×( )( ; , , sin ) sin sinD G D G D DD

0
1
4 02 1 2b b

» Where “+” means Btag is a B0; “-” = ÆB0;

» G, DmB0 are lifetime and oscillation parameter;
» D = “dilution”: reduction in effect due to incorrect

tags; D = (1 - 2w), w = mistag fraction.

» Sin 2b = unitarity triangle angle (CKM matrix).
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CP Asymmetry

l Asymmetry is:

    

A
f t f t

f t f t
D m t

CP

B

= ( ) - ( )
( ) + ( )

= ×

+ -

+ -

D D
D D

D Dsin sin2 0b

l Need to include Dt resolution:

      F t m D a f t R t aB± ±( ) = ( ) Ä ( )D G D D D; , , sin , ˆ ; ; ˆ0 2b K

Dt/t
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sin2b = 0.6
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f-

f+
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Sin 2b Issues

l For each event:
» Selection of event and reconstruction of Breco;

» Vertexing/determination of Dt;
» Tagging of other B.

l For ensemble of events:
» Determination of mistag fractions;

» Likelihood fit to extract sin2b.

l Discuss these, but generalize to include
other BaBar analyses.
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Common Analysis Features
Ñ Reconstruction

l Track vertex and angles reconstructed using
5 layer silicon vertex tracker; pt measured
by 40 layer drift chamber (1.5 T field).
» Typical fiducial 0.41 < q < 2.54 in lab;

» Typical spt/pt = 0.45% + 0.14% ´ pt;

» Impact parameter resolution ~60m @ 1 GeV/c.

l Photon energy and location using 6600 CsI
crystal calorimeter.
» sE/E = 1.33%×E-1/4 Å 2.1%
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Charged Particle Identification
l e± are identified primarily by magnitude (E/p)

and shape of energy deposition in EMC.
» Also require dE/dx in drift chamber.

» Use eeg, eeee control samples to characterize
as a function of p and angle; p from t decays.

» Typical performance: e = 92%, p misID = 0.3%.

l Identify m± by the amount of material
penetrated and pattern of hits in IFR.
» eemm and mmg control samples.

» Typical: e = 75%, p misID = 2.6%.
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Particle ID Performance

l K± identified by number
of photons and
Cherenkov angle in
DIRC.
» dE/dx dominant below

~0.7 GeV.
» Likelihood analysis.

» D*+ ® p+D0 ® K-p+

control sample.

3s separation
to 3.4 GeV/c

p/K Separation using DIRC
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BÆB Event Selection

l Typical variables to distinguish BÆB events
from qÆq:

l R2: tighten cut.

l q*
B: angle of B in CM system µ 1–cos2 q*

B;
flat for background.

l qT: angle between thrust
axis of Breco and other
tracks and clusters.
» Flat for BÆB, peaked for qÆq.

cosqT for B0 ® K(*)g
MC and off-resonance data

Off resonance

B0 MC
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l Two kinematic variables used to reject
backgrounds to fully-reconstructed B:

l DE = E*
reco – E*

beam

» Peaked at 0 for correctly-reconstructed B; width
19 – 40 MeV depending on mode.

l Beam-energy substituted mass:

» mES resolution » 3 MeV/c2 dominated by beam
energy spread.

B Reconstruction

    m E pES beam reco= -* *2 2r
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sin2b Event Sample

l Signal:
B0 ® J/yKs; Ks ® p+ p-

B0 ® J/yKs; Ks ® p0 p0

B0 ® y(2S)Ks; (p+ p-)
l Charmonium control

samples:
B+ ® J/yK+; y(2S)K+

B0 ® J/yK*0; (K+ p-)
» No CP violation expected.

)
2

) (GeV/c  -e+M(e
2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5

2
E

ve
nt

s 
/ 0

.0
1 

G
eV

/c
 

0

200

400

600

800

1000
BABAR-e+ e→ ψJ/

a)

)
2

) (GeV/c  -µ+µM(
2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5

2
E

ve
nt

s 
/ 0

.0
1 

G
eV

/c
 

0

200

400

600

800

1000

1200

1400

1600

1800
-µ+µ → ψJ/ BABARb)

)
2

) (GeV/c  -e+)-M(e-π+π-e+M(e
0.5 0.55 0.6 0.65 0.7

2
E

ve
nt

s 
/ 0

.0
05

 G
eV

/c
 

 

20

40

60

80

100

120

140

160

-π+πψ J/→(2S) ψ
-e+ e→ ψJ/

BABAR

)
2

) (GeV/c  -µ+µ)-M(-π+π-µ+µM(
0.5 0.55 0.6 0.65 0.7

2
E

ve
nt

s 
/ 0

.0
05

 G
eV

/c
 

 

20

40

60

80

100

120

140

160

-π+πψ J/→(2S)ψ
-µ+µ → ψJ/

BABARa) b)

m+m-

e+e-p+p- m+m-p+p-

e+e-

Inclusive y(2S) Production

Inclusive J/y Production



Aug. 23, 2000 C. Hearty, BaBar Physics 19

-0.2

-0.1

0

0.1

0.2

∆E
 (

G
eV

)
0

2

4

6

8

5.2 5.225 5.25 5.275 5.3

Beam-energy substituted mass (GeV/c2)

E
nt

rie
s/

2.
5 

M
eV

/c2

BABAR

Charmonium Reconstruction,
Exclusive Final States

-0.1

-0.05

0

0.05

0.1

∆E
 (

G
eV

)

0

20

40

60

5.2 5.225 5.25 5.275 5.3

Beam-energy substituted mass (GeV/c2)

E
nt

rie
s/

2.
5 

M
eV

/c2

BABAR

-0.1

-0.05

0

0.05

0.1

∆E
 (

G
eV

)

0

2.5

5

7.5

10

5.2 5.225 5.25 5.275 5.3

Beam-energy substituted mass (GeV/c2)

E
nt

rie
s/

2.
5 

M
eV

/c2

BABAR

-0.1

-0.05

0

0.05

0.1

∆E
 (

G
eV

)

0

100

200

5.2 5.225 5.25 5.275 5.3

Beam-energy substituted mass (GeV/c2)

E
nt

rie
s/

2.
5 

M
eV

/c2

BABAR

-0.1

-0.05

0

0.05

0.1

∆E
 (

G
eV

)

0

20

40

60

5.2 5.225 5.25 5.275 5.3

Beam-energy substituted mass (GeV/c2)

E
nt

rie
s/

2.
5 

M
eV

/c2

BABAR

168 total candidates
848 control events

J/yKs (p0p0)
18  (91%)

y(2S)Ks (p+p-)
27  (93%)

J/yK+

597 (98%)

J/yKs (p+p-)
124 (purity 96%)

J/yK*0 (K+p-)
251  (95%)

DE

mES
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Vertexing

l Average Dz between B’s = 260mm.  Beam
spot: sx = 150mm; sy » 4mm; sz = 1cm.
» Use sy = 40mm to allow for B flight in y.

l Fit full decay tree of reconstructed B;
» constrain daughter masses and vertices, not B

mass or energy.

» sz ~ 45–65 mm.
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Vertexing / Dt Resolution

l Use remaining tracks to vertex other B with
production point & direction from Breco and
beam spot.
» Remove tracks with poor fit; fit Ks if possible.

» sz ~ 115 mm; bias (charm) ~ 25 mm.

l Model Dt resolution by two Gaussians with
s1,2 = S1,2×sfit, where sfit is the uncertainty
from fit. Additional wide Gaussian for
outliers.
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Dt Resolution

l Fit S1, d1, and fw  to data; fix
others or obtain from MC.

l Same for all reconstructed
final states (dominated by
tag B).

B0 ® D– p+ MC

Core 2nd Wide
f (%) 75 1 – f1 - fw 1.6 ± 0.6
d (ps) –0.20 ± 0.07 0 0
s (ps) (1.33±0.13)×sfit 2.1×sfit 8
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B Flavor Tagging

l Identify flavor of Btag using electrons or
muons (p*>1.1 GeV/c), or charged kaons.

l Otherwise, use neural net.
» Charge of slow pion from D*-

» Lower momentum leptons;
» p* of charged particles.

l sin2b error µ 1/ÖSQi, where
Qi = ei(1 - 2×wi)2, w = mistag Little resolving

power; not used

l Of 168 events, 70 tagged as B0; 50 ÆB0.
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B0 Oscillations and Dilutions

l Fully reconstruct hadronic and semileptonic
B0 decays; tag other B as per CP analysis.
» D-p+, D-r+, D-a1

+, D*-p+, D*-r+, D*-a1
+, J/yK*0

(2577 ± 59 events)
» D*- l+n (7517 ± 104 events).

l Look at rate of same flavor/opposite flavor
as a function of Dt.  Same flavor due to
mixing or mistags.  (+ = opposite, - = same):

  h t m D e D m tB
t

B±
-= ±( )( ; , , ) cosD G D G D DG D

0
1
4 01
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Dilutions and Oscillation II

l Look at difference/sum vs time:

  h h h h D m tB+ - + --( ) +( ) = cosD D0

» D is most sensitive to Dt ~ 0;
DmB0 to Dt where difference = 0.

l Include Dt resolution: H± = h±Ä R
l Include pdf for backgrounds;

» Three components: zero lifetime; non zero
lifetime with mixing; no mixing.



Aug. 23, 2000 C. Hearty, BaBar Physics 26

Fully-Reconstructed Hadronic
Event Sample

l Efficiency for each
tag from Nsig in plot.

l Use mES sidebands
to characterize
backgrounds.
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Fit Results, Hadronic Events

BABAR
Unmixed events

Mixed events
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Signal Background in mES Oscillation

l Good agreement between hadronic and
D*- l+n samples.

Same flavor

Opposite flavor

Dt (ps) |Dt| (ps)Dt (ps)
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Time-Integrated Extraction of
Dilutions

l Extract mistag rate by looking at:

    cobs mix mix unmixN N N= +( )
l Sum over |Dt| < 2.5 ps,

where mistags dominate
same-sign sample.
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) BABAR

B0

B-

B0
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|Dt| (ps)
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Summary of Dilutions

l Good agreement between likelihood (combined
hadronic and D*- l+n) and time-integral methods.

l Use likelihood values in CP analysis.

Qsum = 28%

Tagging Category e (%) w (%) Q (%)
Lepton 11.2 ± 0.5 9.6 ± 1.7 ± 1.3 7.3 ± 0.3
Kaon 36.7 ± 0.9 19.7 ± 1.3 ± 1.1 13.5 ± 0.3
NT1 11.7 ± 0.5 16.7 ± 2.2 ± 2.0 5.2 ± 0.2
NT2 16.6 ± 0.6 33.1 ± 2.1 ± 2.1 1.9 ± 0.1
All 76.7 ± 0.5 27.9 ± 0.5
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sin2b Analysis

l sin2b analysis was done “blind” to avoid
bias — value was hidden until shortly before
ICHEP 2000.

l sin2b extracted by
likelihood fit to Dt
distribution.
» G and DmB0 fixed to

PDG values.
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Result

l Sin 2b = 0.12±0.37±0.09
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Preliminary

±1s

Raw Asymmetry =
(NB0-NÆB0)/ (NB0+NÆB0) Breakdown into categories

Sample sin2β
CP sample 0.12 ± 0.37

J/ψ K0
s (π+π-)          -0.10 ± 0.42

Other CP events 0.87 ± 0.81
Lepton 1.6 ± 1.0
Kaon 0.14 ± 0.47
NT1 -0.59 ± 0.87
NT2 -0.96 ± 1.30

Dt (ps)
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Systematic Error and Studies

l Primary systematic errors from Dt resolution
function and uncertainty in mistag fractions.

l Measure “CP Asymmetry” in charmonium
control samples and hadronic samples.
» Results consistent with no asymmetry.

Sample Apparent CP Asymmetry
Hadronic charged B decays 0.03 ± 0.07
Hadronic neutral B decays -0.01 ± 0.08
J/ψ K+ 0.13 ± 0.14
J/ψ K*0 (K+π-) 0.49 ± 0.26
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sin2β

OPAL  3.20+1.8 ±0.5 3.20 -2.0

ALEPH *  0.86+0.82 ±0.20 0.86 -1.05

CDF  0.79± 0.39±0.1

Belle*  0.45+0.43 + 0.07 0.45 -0.44 0.45+0.43  - 0.09

BaBar*  0.12± 0.37±0.09

* PRELIMINARY
-1 0 1 2 3 4 5 6

sin2b
Summary
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B Lifetimes, Fully
Reconstructed B Mesons

l Knowledge of Dt resolution is critical.
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l tB0 = 1.506±0.052±0.029 (PDG 1.548±0.032)
tB+ = 1.602±0.049±0.035 (1.653±0.028)
tB+ / tB0 = 1.065±0.044±0.021 (1.062±0.029)

B0 B+

Dt (ps) Dt (ps)
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B0 Oscillation Frequency DmB0

l Hadronic sample:
DmB0 = 0.516 ± 0.031 ± 0.018 h ps-1

» Systematic error from Dt function and MC study.

l D*-l+n: DmB0 = 0.508 ± 0.020 ± 0.022 h ps-1

» Additional systematic from B+ backgrounds.
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DmB0 From Dilepton Sample

l Identify B0 oscillations by comparing events
with same-sign leptons to opposite sign.

l Can also get opposite sign lepton from
b ® c ® l decays.  Use neural net with
lepton momenta, Etot, pmiss, and q12.

l 36,631 events; 78% purity; e = 9%.

l Dt from two leptons and beamspot.
l Alternative: look for soft p- from D*-l+n to

enhance B0 purity.
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Dilepton DmB0 Results

l DmB0 = 0.507 ± 0.015 ± 0.022 h ps-1

» DmB0 = 0.518 ± 0.017 h ps-1 in enriched sample.
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0.4 0.45 0.5 0.55 0.6

∆md (ps-1)

LEP+SLD+CDF
ICHEP2000

0.486±0.015 ps-1

CDF * 0.495±0.026±0.025 ps-1

SLD * 0.526±0.043±0.031 ps-1

OPAL 0.479±0.018±0.015 ps-1

L3 0.444±0.028±0.028 ps-1

DELPHI 0.496±0.026±0.023 ps-1

ALEPH * 0.446±0.020±0.018 ps-1

BaBar Dilepton 0.507±0.015±0.022 ps-1

BaBar D*lnu 0.508±0.020±0.022 ps-1

BaBar Hadronic 0.516±0.031±0.018 ps-1

* working group average

DmB0
Summary
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B0 and B+ Masses from
Exclusive Charmonium Modes

l 2–4% background produces
0.3–0.7 MeV uncertainty.

l m(B0) = 5279.0±0.8±0.8 MeV/c2

m(B+) = 5278.8±0.6±0.4 MeV/c2

l m(B0) - m(B+) (from mES)
= 0.28 ± 0.21 ± 0.04 MeV/c2

B A B A R

Mass (not mES) of B Candidates

l Correct for alignment  & B field using J/y ® m+m- &
Ks ® p+p-

J/y K+

J/y K*

J/y Ks



Aug. 23, 2000 C. Hearty, BaBar Physics 40

Branching Fraction
Measurements

l Large luminosity sample permits numerous
interesting branching ratio measurements.
» Inclusive Charmonium
» Exclusive Charmonium + K

» D*-p+, D*-r+

» K*0 g
» Ds

*+

» Charmless 3 body & quasi-two-body
» K* l+l- limit
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Rare Charmless Decays
B0 ® h+hÐ

l B0 ® p+p- interesting for sin2a, but depends on
size of “penguin” contribution. B0 ® K+p- rate
provides estimate.
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B0 ® h+h–

67 ± 11 events

l Continuum background;
use Fisher discriminant.
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BABAR
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Branching Fractions, B0 ®p+pÐ
and B0 ®K+pÐ

l 1st method: Kaon ID cuts.
Correct for e & misID.

l Likelihood analysis of h+h–

sample using mES, DE, Fisher
discriminant and DIRC qc
» Acceptable agreement.

Summary — from Likelihood

qc - qp
qp - qK

K p

After
sideband
subtraction

Mode NS Stat. Sig (σ) B (10-6)
+8 +3 +2.6 +1.2

π+π- 29 –7 –4 5.7 9.3 –2.3 –1.4
+9 +3 +3.0 +1.3

K+π- 38 –8 –5 6.7 12.5–2.6 –1.7

+5K+K- 7 –4 (<15) 2.1 < 6.6
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Comparison with CLEO and Belle
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Summary and Outlook

l Good performance of PEP-II and BaBar
have produced numerous preliminary
physics results.

l Highlight: sin2b = 0.12±0.37±0.09
l Current run will continue until end of

October.  Aim for 25 fb-1.
» Reblind sin2b analysis;
» Additional channels.


