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In this talk I �rst present an overview of Standard Model predictions for CP violation in the
neutral B-meson sector. Then, I present a status report from the BaBar experiment at the
Stanford Linear Accelerator Center which has been designed especially to measure time-dependent
asymmetries whose interpretation in the Standard Model is directly related to the parameters of
the Cabibbo-Kobayashi-Maskawa mixing matrix.

I Introduction

As particle physicists, we study the fundamental con-
stituents of matter and their interactions. Our under-
standing of these issues is built upon certain principles:
that the laws of physics are the same everywhere, that
the laws of physics are the same at all times, that the
laws of physics are the same in all inertial reference
frames, and that the laws of physics should describe
how the wave function of a system evolves in time. The
last two issues are embodied in the special theory of rel-
ativity and in quantum mechanics. While these prin-
ciples do not tell us what types of fundamental con-
stituents exist, or how they interact, they restrict the
types of theories we consider.

Quantum �eld theories marry the requirements of
special relativity and quantum mechanics, giving us a
powerful tool to describe fundamental interactions. A
general feature of quantum �eld theories is that for ev-
ery type of particle in the theory, there must be a corre-
sponding anti-particle with the same mass and lifetime,
and opposite charges (electric, weak, strong, etc.).

We say that a theory is invariant under charge con-
jugation, C, if the laws of physics are precisely the same
for a system of anti-particles as for the corresponding
system of particles. Similarly, we say that a theory is in-
variant under parity inversion, P , if the laws of physics
remain precisely the same under a coordinate transfor-
mation that takes (x; y; z) to (�x;�y;�z). Note that
parity inversion turns left-handed particles (momentum
and helicity anti-parallel) into right-handed particles
(momentum and helicity parallel). The weak interac-
tion violates both C and P maximally; that is, it al-
lows only left-handed interactions of particles and only

right-handed interactions of anti-particles. However, as
a very good approximation, the left-handed weak inter-
actions of particles mimic the right-handed weak inter-
actions of anti-particles. The weak interaction is almost
invariant under CP.

The electromagnetic and strong nuclear interactions
are invariant under CP transformations, and the weak
nuclear interaction has been observed to violate CP at
a low level (� 10�3), and only in decays of strange
mesons which are rare in every day life. However, the
universe is observed to be made up overwhelmingly of
matter and not of antimatter. Thus, at the most funda-
mental level we have studied, the interactions of matter
and anti-matter are almost the same, yet at the most
macroscopic level we see evidence that nature discrimi-
nates between matter and anti-matter most powerfully.

II The Standard Model

In the past thirty years, we have developed a Standard
Model of particle physics to describe the electromag-
netic, weak nuclear, and strong nuclear interactions of
constituents in terms of quantum �eld theories. The
prototype for these theories is quantum electrodynam-
ics. Almost 150 years ago, Maxwell replaced the con-
cept of action at a distance with that of �elds, and he
uni�ed the electric and magnetic forces into a single
framework. The electric and magnetic �elds are de-
rived from the scalar and vector potentials, which nat-
urally form a Lorentz four-vector, A�. Classical elec-
trodynamics therefore conforms to the requirement that
the laws of physics be the same in all inertial frames.
Quantum electrodynamics (QED) quantizes A�, and
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the corresponding particles, which transfer energy and
momentum between electrically charged particles, are
the photons.

The fundamental strongly interacting particles are
called quarks; they come in six 
avors: up (u), down
(d), charm (c), strange (s), top (t), and bottom (b).
Three (u, c, and t) have electric charge +2=3e and are
referred to as up-type; the other three (d, s, and b) have
electric charge �1=3e and are referred to as down-type.
The theory of strong interactions, quantum chromody-
namics (QCD), has a more complicated charge struc-
ture than does QED. Where QED has only one type of
charge, which comes in plus or minus, QCD has three
types of charge, whimsically called color, each of which
comes with its own anti-charge or anti-color. A quark
might be red or blue or green; an anti-quark might be
anti-red, anti-blue, or anti-green. The quanta of the
theory, which transfer energy and momenta between
strongly charged particles, are called gluons. They are
analogous to the photons of QED. However, unlike pho-
tons, which are electrically neutral, gluons carry strong
charge, each having color/anti-color quantum numbers
such as red/blue-bar.

Quarks have never been observed as free particles;
only color-neutral objects seem to exist as asymptotic
states. Color neutrality can be created by combining
three quarks with di�erent colors to form particles we
call baryons, or by combining a quark and an anti-quark
of corresponding anti-color to form particles we call
mesons. The most common baryons are the proton,
which is a uud combination, and the neutron, which
is a udd combination. The most common mesons are
the pions which can be neutral or charged. The �+ is
a ud state. The corresponding strange particle is the
K+ which is a us state. The neutral kaons we observe
experimentally are superpositions of K0 and K

0
parti-

cles which are eigenstates of the weak interaction. The
short-lived neutral kaon, the K0

S, is the symmetric su-
perposition of sd and sd states. Moving up in mass, the
D0, a cu state, is the lightest charm meson. Similarly,
the lightest B-meson is the B0, a bd state. The last
meson we will encounter in our survey of CP-violation
in the neutral B system is the lightest cc state, the
J/	 particle. Although it has no net charm, is contains
equal parts charm and anti-charm and it is produced in
decays of both B and B mesons.

Weak charged-current interactions di�er fundamen-
tally from electromagnetic or strong interactions; the
analogues of the photons and gluons associated with
this interaction, the W� particles, transfer electric
charge as well as energy and momentum. A u-quark
can transform into a d-quark by emitting a W+, for
example. As a �rst approximation, the weak charged
current interaction couples fermions of the same gener-
ation: u couples to d; c couples to s; and t couples to b
so that the 
avor eigenstates (of the strong interaction)
correspond to the weak eigenstates. But the weak inter-

action does allow transformations across generations.
In the Standard Model, the Cabibbo-Kobayashi-

Maskawa (CKM) matrix, V, transforms the 
avor
eigenstates to weak eigenstates at the quark level0

@ d0
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b0

1
A =

0
@Vud Vus Vub
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1
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0
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1
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After absorbing 5 relative phases in the quark �elds,
the CKM matrix can be described in terms of three ro-
tation angles and one complex phase Æ. It is this (non-
zero) phase which leads to CP violation in the Standard
Model.

A parameterization introduced by Lincoln Wolfen-
stein [1] expresses the elements of the CKM matrix in
powers of the Cabibbo angle, �, and three other real
parameters, A, �, and �:

VW =0
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The phase angle Æ of the PDG parameterization [2] is
the arctangent of �=�, and the discussion of the CP vi-
olation is often expressed in terms of measurements in
the �� � plane.

In the Standard Model, the CKM matrix is unitary:0
@V �
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cd V �

td

V �
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1
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0 1 0
0 0 1

1
A :

This leads to a series of \unitarity relationships" which
can be described in terms of \unitarity triangles" in the
� � � plane. The most commonly considered relation-
ship is

VubV
�

ud + VcbV
�

cd + VtbV
�

td = 0 :

Figure 1. This is the unitarity triangle described in the
text. The interior angles �, �, and 
 are independent of
phase convention.

This is illustrated in Fig. 1 which is reproduced from
the BaBar Technical Design Report (TDR) [3] The in-
terior angles of this triangle, �, �, and 
, determine CP
violating rates which can be measured experimentally.
The interior angles of all the possible unitarity trian-
gles are independent of phase convention in the CKM
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matrix. As is true in the Wolfenstein parameterization,
the matrix elements Vcd and Vcb are usually chosen to
be purely real so that the apex of the triangle sits at the
point (�; �). The CKM phase allows for the possibility
of CP violation in the weak decays of hadrons when two
or more amplitudes contribute to the same �nal state.

An especially interesting series of measurements can

be made in the case of B0�B
0
mixing with subsequent

decays to CP eigenstates. Second order weak charged-
current processes, often referred to as box diagram am-
plitudes, provide a mechanism by which B0 particles

oscillate into B
0
anti-particles, and vice versa. The

Feynman diagram for one set of these amplitudes is il-
lustrated in Fig. 2. Because the weak charged current
couples generations, the full amplitude must include
contributions from all of the up-type quarks coupling
to the b quarks in the Feynman diagram. In the limit
that these up-type quarks all have the same mass, the
unitarity of the CKM matrix leads to exact cancella-
tion of the box diagram amplitudes. Because the quark
masses di�er, the cancellation is not complete. The top
quark mass is so much greater than the charm and up
quark masses that the characteristic mixing time in the
neutral B-meson system is about the same as the char-
acteristic decay time. Writing the equation for mixing
as

Nmix = N0e
�t=� sin(t=tmix) ; (1)

the experimental result is

tmix � 1:4� : (2)

Because the characteristic mixing and decay times are
so similar, observing the mixing is relatively easy ex-
perimentally. Were the mixing time much greater than
the decay time, the number of mixed events to observe
would be much smaller. And were the mixing time
much less than the decay time, current detectors would
lack the spatial resolution to resolve the oscillations.
(This is the case today for BS-BS mixing.)

Figure 2. This Feynman diagram represents a series of am-

plitudes which contribute to B0
�B

0
mixing. If all the up-

type quark masses were the same, these amplitudes would
cancel (assuming the CKM matrix is unitary). Because
these masses di�er, the cancellation is not complete and
the mixing amplitude depends on the top-quark mass and
on Vtd.

The amplitude forB0 oscillating into B
0
has a phase

equal and opposite to the phase for B
0
oscillating into

B0. This leads to the expectation for CP violation in

B0-B
0
mixing. Consider a B-decay �nal state f , such

as J=	K0
S, which is available for either B0 or B

0
. If a

B-meson starts life as a B0 it may decay into f either

directly, or having oscillated into a B
0
�rst. Similarly,

if it starts life as a B
0
it may decay into f directly, or

having oscillated into a B0 �rst. The relative phases
of the two amplitudes which take B0 to f , one directly
and the other via mixing, will change sign when we

consider B
0
to f . This leads to asymmetries in the

decay rates to f . And because the ratio of mixed to
unmixed events varies with time, the asymmetry will
also vary with time, providing important experimental
constraints when interpreting results.

The two amplitudes which interfere are the mixed
and unmixed amplitudes (ai and ai) to a CP eigenstate.
This CP violation does not depend on the strong phase.
Interpretation is especially easy if there is only one ai
associated with B0 decay to a particular �nal state.
The asymmetries associated with such decays provide
direct measurements of the angles �, �, and 
.

The algebra is tedious but fairly straight-forward.

The time evolution of a B0 or B
0
is determined by

Schr�odinger's Equation:

c

i
@

@t

 
jB0i

jB
0
i

!
=

�
M � i�=2

M�
12 � i��12=2

M12 � i�12=2

M � i�=2

� 
jB0i

jB
0
i

!
:

d

Diagonalizing the Hamiltonian, Schr�odinger's Equation
has solutions of the form e�i!t = e�i(m�i
=2)t with
eigenvalues

mH;L =M �Re [(M12 � i�12)(M
�

12 � i��12)]


H;L = �� Im [(M12 � i�12)(M
�

12 � i��12)]

for the \light" and \heavy" eigenstates

jBLi = p jB0i+ q jB
0
i; jBHi = p jB0i � q jB

0
i
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with

q

p
=

1 + �B
1� �B

=

�
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12 � i��12
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� 1

2

= e2i�M

 
�

r
M�

12

M12

!

The mass and width di�erences of the eigenstates
are usually discussed in terms of the variables

�m = mH �mL ; x = �m=�
�� = 
h � 
L ; y = ��=2� :

The value of the mass di�erence variable for the Bd sys-
tem, xd, is determined to be 0:73 � 0:04 by the PDG

[2]. No experimental evidence exists for a width dif-
ference, and theorists generally expect y � O(10�2).
Thus, the phase of q=p above depends only on M12. In
the Standard Model, M12 originates in a box diagram
that generates the phase

2�M = Arg

r
M�

12

M12
= Arg

�
VtdV

�

tb

V �

tdVtb

�
! Arg

�
Vtd
V �

td

�

where we assume a parameterization of the CKM ma-
trix in which Vtb is real.

The 
avor eigenstates jB0(t)i and jB
0
(t)i can be

written in terms of the weak eigenstates:

c
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�
jBLie
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�
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d

where m � (mH +mL)=2 and � = �H = �L.

For any �nal state f , there are four decay amplitudes

for the pure B0 and B
0
states:

Af � hf jHjB0i �Af � hf jHjB
0
i

A �f � h �f jHjB0i �A �f � h �f jHjB
0
i :

The decay rate to a particular �nal state depends on
all the amplitudes which can produce it:

d�

dt
/ j
X

Aj2 :

The time-dependent asymmetry becomes

A(t) �
d�=dt � d�=dt

d�=dt + d�=dt

)
(1� j�j2) cos(�mt)� 2 sin(�mt)Im(�)

1 + j�j2;

where � � (q=p)(Af=Af ). For B0 and B
0
decays to

CP eigenstates in which only one tree-level amplitude
contributes,

Af

Af
!

jAtje
�i�t

jAtjei�t
= e�2i�t ;

so that the decay asymmetry becomes

A(t) ! sin(�mt) sin 2(�t � �M ) (�1)CP ;

where the superscript is the CP eigenvalue of f .

Two of the most important CP eigenstates BaBar
will study are B0 ! 	K0

s (BR � 5� 10�4), for which
[4] (using the Wolfenstein parameterization)
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and B0 ! �+�� (BR � 2� 10�5), for which [4]
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assuming only tree-level amplitudes are signi�cant. For
B0 ! 	K0

s , the penguin amplitudes have the same
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weak phase as does the tree-level amplitude, so mea-
suring the asymmetry still allows the direct extraction
of sin 2�. For B0 ! �+�� the penguin and tree-level
weak phases di�er, so extracting sin 2� from the asym-
metry measurement will require more experimental and
theoretical work [4].

Figure 3. This cartoon illustrates the relationship between
the e+e� interaction point and the decay points of the two
B-mesons used in measuring time-dependent CP violation.
Because the B-mesons are produced approximately at rest
in the CM, the vertex separation is primarily along the di-
rection of motion of the CM.

Experimentally, �M�� � 0:7, which makes it pos-
sible to observe the time dependencies of these asymme-
tries. BaBar is doing this using asymmetric e+e� !

�(4S) ! B0B
0
events, as illustrated in Fig. 3. The

high energy (e�) ring operates at 9.0 GeV. The low en-
ergy (e+) ring operates at 3.1 GeV. Because the mass
of the �(4S) is just above threshold for the production
of BB pairs, the B-mesons as well as the �(4S) are
co-moving along the beam axis with �
 = 0:56. The
typical separation between the two B decay vertices in
an event is 250 �m.

Because the �(4S) is a pure (CP = �1) state, the

B0B
0
state is coherent until one of the B's decays. At

this point, one is a B0 and the other a B
0
. For the

evolution equations presented earlier, this de�nes time
t = 0. When one B decays to a CP eigenstate, denoted

as the BCP decay, and the other is tagged as B0 or B
0
,

denoted as Btag, the decay time t is measured from the
distance of the decay point of Btag to the decay point
of BCP (�z). The asymmetries for �z < 0 should be
equal and opposite to those for �z > 0. Measurement
errors on �z depend on both the Btag and BCP vertex
measurements. In BaBar , the convoluted �(�z) is
typically < 80�m, which is small enough compared to
the typical vertex separation that it degrades CP vio-
lation measurements only modestly. The relative decay

rates for B0 and B
0
decay to a CP eigenstate whose

tree-level amplitude depends only on the unitarity an-
gle � are illustrated in Fig. 4 for nominal values of mass
di�erence and �.

Figure 4. The relative decay rates, �(BCP ) / e��jtj [1� sin 2� sin(�mt)], for events which \start" life as B0 (�) and B
0

(+) assuming � = 0:5; �m=� = 0:7.

In the Standard Model, the unitarity angles �, �
and 
 are determined by the parameters � and �. These
are constrained by data from KÆ decay (�), B and
charm decays, and from BÆ

d � BÆ

d mixing. In addition,
theoretical calculations of hadronic matrix elements are
used. The shaded area in Fig. 5, taken from the re-
view article by Richman and Burchat [5], corresponds
to that allowed for the apex of the unitarity triangle
circa 1995.

These measurements indirectly constrain the phase
the of CKM matrix. But they do not establish the exis-
tence of the phase or establish the unitarity of the CKM
matrix. Rather, they assume these features. Measuring
the time-dependent CP asymmetries in B0 and BS de-
cay can directly establish the CKM phase as the origin
of CP violation. Checking experimentally that �+�+

= 180Æ will test the unitarity of the CKM matrix. Com-
paring the angles derived by these CP asymmetry mea-
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surements with those determined from ratios of branch-
ing ratios, the B0 � B

0
mixing rate, etc. will provide

further tests of the Standard Model.

Figure 5. Constraints in the Standard Model in the ��
plane. The shaded area corresponds to that allowed for
the apex of the rescaled unitarity triangle circa 1995 [5].

III The BaBar Experiment

The BaBar experiment has been built at the Stanford
Linear Acceleration Center (SLAC) to exploit PEP-
II, an asymmetric e+e� collider which operates at the
�(4s) resonance. At the peak of this resonance, ap-
proximately 25% of all hadronic events are BB events,

and of these, approximately half are B0B
0
. Shortly

after turning on the detector in the beamline, we ran
an energy scan to �nd the location of the resonance.
The rate of multi-hadron events is plotted as a func-
tion of energy in Fig. 6. The curve plotted on top of
the data is the theoretically expected shape �tted to
the data. Although the agreement is good, the �nal
analysis remains to be done, so no quantitative results
are available yet.

Figure 6. Energy scan data from early summer, 1999.

BaBar has �ve major detector systems. Just out-
side the beam pipe is a silicon vertex tracker which pro-
vides the precision measurements of vertex separation

in the time-dependent asymmetry studies which the ex-
periment is designed to make. This is surrounded by a
cylindrical drift chamber which has 40 layers. In addi-
tion to providing tracking information, measurements
of the speci�c ionization allow particle identi�cation
over a useful momentum range. Surrounding the drift
chamber is the DIRC, a novel ring-imaging Cerenkov
detector whose radiators are quartz bars. This is sur-
rounded by a CsI electromagnetic calorimeter. All these
elements of the detector sit inside a superconducting
solenoid which provides a 1.5 T �eld. The iron 
ux
return is instrumented to detect muons and neutral
hadrons.

Figure 7. This �gure shows the azimuthal and longitudi-
nal resolutions in the �rst layer of the SVT as a function
of track angle measured using cosmic ray data before beam
was available. Monte Carlo data is compared to real data,
showing that the detector performance is approaching de-
sign speci�cations.

The silicon vertex tracker has �ve layers of double-
sided silicon microstrip detectors. One side measures
the longitudinal coordinate, the other measures the az-
imuthal coordinate. In cosmic ray data taken before
collisions started in the detector, the azimuthal and lon-
gitudinal resolutions were measured with r.m.s. values
of 15 �m and 19 �m, as observed in Fig. 7. The reso-
lution varies as a function of the angle at which a track
traverses the detector. Fig. 7 shows how the resolu-
tion in the �rst layer of the SVT varies as a function
of laboratory angle for a single run, and compares the
measurements with Monte Carlo simulations.
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Figure 8. Drift chamber resolution is shown as a function
of track position within a drift chamber cell. Most tracks
occupy regions where the resolution is good, so the average
resolution is now 125 �m where the design value was 140
�m.

Figure 9. Speci�c ionization in the drift chamber from
Bhabha scattering events. The design resolution is 7%, so
once again we see that the detector performance is rapidly
approaching design speci�cations.

The drift chamber has 40 layers divided into 10 al-

ternating axial and stereo superlayers. We use a low

density 80% He, 20% isobutane gas mixture and alu-

minum wires. The detector is designed to provide 7%

ionization (dE=dx) resolution and 140 �m spatial res-

olution. Fig. 8 shows the measured spatial resolution

as a function of position in a drift chamber cell. The

mean value, weighted for how many tracks traverse each

part of a cell, is 125 �m, which is better than the de-

sign speci�cation. The dE=dx resolution measured in

Bhabha events is shown in Fig. 9. The resolution is

about 7.5%, which is approaching the design resolution.

This will allow good �-K separation up to 700 MeV/c,

and good proton identi�cation up to 1.2 GeV/c, as seen

in Fig. 10.

Figure 10. Speci�c ionization measured in the drift chamber
in early summer, 1999. Good �=K separation is observed
below 600 MeV/c.

The DIRC is a detector of internally re
ected
Cerenkov light. Its principle of operation is illustrated
in Fig. 11. When a fast charged track traverses a quartz
bar (index of refraction � 1:47), it emits Cerenkov light
in a cone coaxial with the track's motion. Most of the
photons will be totally internally re
ected at the inter-
face of the quartz bar and air, and will be transported to
a water stando� box where they will be refracted rather
than re
ected. The image of the cone expands as the
photons pass through 1.2 m of water before impinging
on an array of photomultiplier tubes. The angle of an
individual photon with respect to the charged track is
determined by tracing its trajectory backwards, assum-
ing it emerged from the center of the quartz bar and
hit the center of the phototube. The cone of light emit-
ted by a single track will transform into a conic section
in the array of phototubes, and the Cerenkov angle as-
sociated with each track is determined by �tting the
Cerenkov angles of the single photons which might be
part of its image.
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Figure 11. The DIRC measures the Cerenkov angle of light
produced by charged particles traversing quartz bars to
identify the species of the charged particles. Photons are
internally re
ected to the end of the quartz bars where they
emerge into a water stand-o� box and spread out forming
conical images on the plane of phototubes.

The Cerenkov angles for backward positrons from
Bhabha events is shown in Fig. 12. The observed reso-
lution is 3.0 mrad. The design resolution for such tracks
is 2.6 mrad. This detector is rapidly approaching its de-
sign speci�cation.

Figure 12. This �gure shows the Cerenkov angle measured
for tracks from Bhabha scattering events. The observed
resolution is about 3.0% where the design speci�cation is
2.6%.

The electromagnetic calorimeter is a critical detec-
tor for time-dependent CP-asymmetry measurements.
The standard gold-plated channel is B toJ=	K0

S , where
	! `+`�. Furthermore, tagging the non-CP B is done
most frequently and most cleanly with high pT leptons.
In addition, it allows us to identify �0 ! 

 and � ! 


candidates for use in reconstructing B and D decays.
A clear �0 peak is observed in the 

 invariant mass
spectrum shown in Fig. 13.

Figure 13. A clear �0 peak emerges when we require each
photon have energy greater than 50 MeV and the di-photon
pair have energy greater than 500 MeV.

To search for B ! J=	K0
S, we �rst look at inclu-

sive distributions to see the constituents. Fig. 14 shows
a clean inclusive K0

S peak in a �+�� invariant mass
distribution. The two tracks were required to form a
good vertex, and the summed momentum vector was
required to point back to the beam spot. Fig. 15 shows
inclusive e+e� and �+�� distributions in which we see
J=	 signals. The data are very much preliminary, but
the eÆciencies are roughly what we expect at this stage
of the experiment.

Figure 14. kshort caption

To select candidate B ! J=	K0
S combinations, we

calculate the invariant mass of four-track candidates
where the constituents form J=	 and K0

S candidates
consistent with coming from a common vertex. We cal-
culate the invariant mass of the J=	K0

S candidate, and
also the di�erence between this combination's energy
in the e+e� center-of-mass and the energy expected for
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a B-meson produced there, �E. The masses and en-
ergy di�erences for the candidates from very early data
are plotted in Fig. 16. The box in the scatter plot
spans �3 standard deviations in �E and in invariant
mass. It occupies about 10% of the area of the scatter
plot. Two entries are observed outside the box, leading
to an estimate of roughly 0.2 background events inside
the box. Two events are observed. Based on crude
luminosity measurements and our current understand-
ing of reconstruction eÆciencies, we expect somewhere
between 1 and 2 signal events. 4The data is therefore
consistent with our expectations and with our having
observed at least one B ! J=	K0

S decay. We see simi-
lar evidence for B0 ! D���+ (another 2 events inside
the signal region where background is estimated to be
a small fraction of an event). This gives us con�dence
that the detector is working and our goals for the �rst
year of running are realistic.

Figure 15. J=	 data from early summer, 1999.

The design luminosity of PEP-II is 3 �
1033 cm�2 sec�1, which should produce 30 � 106 bb
pairs per year. At the time of this conference, BaBar
had recorded more than 1 fb�1 of data and PEP-II had
achieved a peak luminosity of 1 � 1033 cm�2 sec�1; by
the end of 1999 it had recorded almost 2 fb�1 of data
and achieved a peak luminosity of 1:5�1033 cm�2 sec�1.
We hope to collect 10 fb�1 of data by the summer of
2000. With 10 fb�1 of data we should be able to re-
construct 200 B ! J=	K0

S events and determine the
value of sin 2� with a precision of 0.2, suÆcient for a 3
standard deviation measurement, if the central value is
close to that expected.

Figure 16. For each 	K0
S candidate, the invariant mass

and the di�erence between expected and observed center-of-
mass energies are calculated. The boxes around the signal
region indicate three standard deviation ranges for candi-
dates with 	 decaying to electrons or muons. The luminos-
ity for this sample is approximately 435 pb�1. The signal
region contains 8 entries where just under 1 background
entry is expected. The yield is consistent with our expecta-
tions given the measured reconstruction eÆciencies for this
data set.

Over the next three to �ve years, BaBar should be
able to measure CP violation using high statistics sam-
ples in many decay modes (thousands in B ! J=	K0

S

and thousands in other decay modes). This should al-
low us to test the Standard Model: if the value of sin 2�
we determine does not accord with the range allowed in
the Standard Model by other types of measurements,
as illustrated in Fig. 5, we will have evidence of new
physics; if the value of sin 2� measured in one decay
mode does not accord with that measured in another
decay mode, we will have evidence of new physics; If the
values of �, �, and 
 that we determine are not consis-
tent with �+ �+ 
 = 180Æ, then we will have evidence
of new physics. And if all of our measurements are self-
consistent within the framework of the Standard Model,
we will have made precision measurements of the rel-
ative phases of the CKM matrix elements. Whatever
the outcome, our data will help guide the quantitative
understanding of CP violation.

It is my pleasure to thank the organizers of this con-
ference for inviting me to participate and to present a
status report on the BaBar experiment. As is true
so often today in experimental high energy physics, the
success of the project is the result of very many people
working very hard, and my part in the experiment has
been very small. In addition to the hundreds of partici-
pants in BaBar itself, we are indebted to all those who
made the PEP-II accelerator work so well, so quickly,
and who continue to push its limits. They are heroes.
This work was supported in part by the U.S. National
Science Foundation.
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