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Presented are preliminary results from the BABAR Collaboration on charm physics, including limits on D0

mixing from the ratio of lifetimes from K−π+, K+K−, and π+π− final states (using 47.8 fb−1 of data) and
branching ratio, and Dalitz amplitude analyses of the decays D0 → K0K−π+, K0K+π−, and K0K+K− (using
22 fb−1 of data). The status of direct measurements of D0 mixing using wrong-sign D0 → K+π− decays is also
discussed.

1. INTRODUCTION

Because of a large charm cross section, e+e−

colliders such as PEP-II that run near the Υ (4S)
resonance produce copious amounts of charm
hadrons. For example, there are approximately
120 million charm pair events contained in the
current sample of 91 fb−1 data collected with
the BABAR experiment. This data, currently the
largest sample of charm available to any single
experiment, is being used by the BABAR Collab-
oration for a series of charm studies.
Presented in this paper are summaries of two

recent measurements: a limit on D0 mixing from
the ratio of lifetimes and Dalitz plot analyses
of D0 decays to KS and two charged mesons.
In addition, recently discovered issues involving
the measurement of D0 mixing using wrong-sign
K+π− decays are also discussed.
The BABAR detector, a general purpose,

solenoidal, magnetic spectrometer, is described in
more detail elsewhere [1].

2. D0 MIXING

Like the K0 and B0 meson systems, D0 mixing
can occur if two D0 states can be distinguished
by either different widths Γ1 and Γ2 or different
masses M1 and M2.1 That is, if either of the
1The convention is that the parameters {Γ1, M1} would
be associated with the CP -even state if CP is conserved.

quantities

x =
1
2

M1 − M2

Γ1 + Γ2
or y =

Γ1 − Γ2

Γ1 + Γ2
(1)

are non-zero, D0 mesons will mix. Both x and y
are expected to be small (10−3) within the Stan-
dard Model [2]. A value of x whose magnitude |x|
is significantly larger than |y| would be evidence
of physics beyond the Standard Model.

2.1. Lifetime Ratios
The parameter y may be measured [3] using the

D0 lifetime τKπ measured for a sample decaying
into the Cabibbo-favored, CP -mixed K−π+ final
state2 and the lifetime τhh from a sample decaying
into the Cabibbo-suppressed, CP -even K−K+ or
π−π+ final states:

y =
τKπ

τhh
− 1 . (2)

Since all three of these final states have similar
topologies, many systematic uncertainties in the
D0 lifetimes cancel in their ratio, making Eq. 2 a
particularly sensitive measurement.
To identify D0 candidates, pairs of oppositely

charged tracks are combined in a fit which as-
sumes a common point of origin. Charged K
and π mesons are separated from other tracks us-
ing an algorithm that employs information from a
2In this paper, statements involving D0 mesons and their
decay modes are intended to apply in addition to their
charged conjugates.
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Cerenkov detector (DIRC) and dE/dx measured
in the tracking chambers. The D0 momentum
p∗ in the center-of-mass is required to be greater
than 2.5 GeV/c2 to remove contamination from
B decays. To further reduce backgrounds, the
D0 is matched to a π+ to form a D∗+ candidate
with a value of ∆m = mD0 − mD∗+ within 2 to
3 MeV/c2 of the peak, depending on the quality
of π+ track.
The lifetime of each D0 sample is calculated

using a unbinned maximum likelihood fit. The
likelihood is divided into signal and background
functions. The signal function is an exponential
convoluted by a resolution function consisting of
three Gaussians, the first two being proportional
to the event-by-event decay time error and the
third designed to catch outliers. The background
distribution is similar, except that it includes a
zero lifetime component. The probability that
an event belongs to the signal is determined by
comparing the reconstructed D0 mass to a fit to
the D0 mass distribution. An example lifetime fit
is shown in Fig. 1.
The values of y extracted from the lifetimes of

the three D0 samples are listed in Table 1 using
47.8 fb−1 of data collected during 2001–2002.
Systematic uncertainties are calculated from the
Monte Carlo by applying variations in event se-
lection and event weights that correspond to the
level of understanding of the detector response.

Table 1
Preliminary results for y. The first error is sta-
tistical; the second, systematic.

Decay y (%)

D0 → K+K− 1.6± 1.2 +0.6
−0.7

D0 → π+π− 1.0± 1.7 +1.2
−1.4

Combined 1.4± 1.0 +0.6
−0.7

2.2. Wrong Sign K+π− Decays
The selection of wrong-sign D0 → K+π− de-

cays is similar to the method described in the
previous section. The ∆m distribution of the re-
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Figure 1. The fit to the reconstructed D0 lifetime
for the K−K+ decay mode for all events includ-
ing the D0 mass sidebands. The white histogram
represents the result of the unbinned maximum
likelihood fit described in the text. The gray his-
togram is the portion assigned to the background.

sulting sample is shown in Fig. 2 and consists of
approximately 600 signal events.
If CP is violated, the decay time distribution

for D0 mesons does not need to match that of
their anti-particles D0. Each of these time dis-
tributions depend upon the parameters |x′±| and
y′± [4]:
∣
∣x′±∣

∣ = |aM (x′ cosϕy′ ± sinϕ)| (3)
y′± = aM (y′ cosϕ ∓ x′ sinϕ) , (4)

where the upper (lower) sign corresponds to D0

(D0) mesons, {x′, y′} are the mixing parameters
{x, y} rotated by an unknown strong phase, and
am = 1 and ϕ = 0 in the limit of CP conserva-
tion. It has recently been recognized that, as a
consequence of Eqs. 3 and 4, there is an eight-fold
ambiguity in the values of {x′, y′, ϕ}. In particu-
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Figure 2. The ∆m distribution of the D0 →
K+π− (wrong-sign) sample.

lar, the existence of one ambiguity {x′,−y′, ϕ+π}
prevents the measurement of the sign of y′.

3. THREE BODY D0 DECAYS

The Dalitz plot analysis is the most complete
method of studying the dynamics of three-body
charm decays. Some of the cleanest such samples
are those involving a KS and two charged mesons:
D0 → KSh+h−, where h is either a pion or kaon.
To identify these D0 decays, KS candidates are

selected by combining all positive and negative
tracks. False KS candidates are removed by re-
quiring a flight distance of at least 0.4 cm. Parti-
cle identification is used to select a clean sample
of K+ candidates. A D∗ tag with a value of ∆m
within 2σ of the peak is used to remove back-
ground and distinguish between D0 and D0.
The selection efficiencies for the four D0 decay

modes are determined by a sample of Monte Carlo
events in which each decay mode is generated ac-
cording to uniform phase space (such that the
Dalitz plot is uniformly populated). The Dalitz
distribution of events selected from these samples
are used to calculate the acceptance of each event
in the data. Background levels are estimated by
fitting the D0 mass distribution to a Gaussian on
top of a linear background. Listed in Table 2 are
the resulting branching ratios, based on a data
sample of 22 fb−1 of data collected during 2001.

Table 2
Branching ratios relative to D0 → K0π+π−. The
first error is statistical; the second, systematic.
All numbers are preliminary.

Channel Branching Ratio (%)
D0 → K0K−π+ 8.32± 0.29± 0.56
D0 → K0K+π− 5.68± 0.25± 0.41
D0 → K0K−K+ 16.30± 0.37± 0.27

An unbinned maximum likelihood fit is applied
to the Dalitz distribution of D0 → K0K−π+,
K0K+π−, and K0K+K− in order to determine
the relative amplitudes and phases of intermedi-
ate resonant and nonresonant (NR) states. Using
a method employed by ARGUS [5] and CLEO [6],
each resonant state is represented by an ampli-
tude that is a product of a complex Breit-Wigner
function and an angular function. The likelihood
function consists of the sum of these amplitudes,
normalized by the selection efficiency, and with a
separate term for a flat contribution from back-
ground, the relative size of which is determined
by the sidebands in a fit to the D0 mass distribu-
tion.
The parameters of the resonant states are held

fixed in the fit, with the exception of the width of
the φ(1020) meson which is allowed to vary in or-
der to approximately account for detector resolu-
tion. The f0(980) and a0(980) are described using
coupled-channel Breit-Wigner functions with pa-
rameters taken from the CERN/WA76 [7] and the
Crystal Barrel [8] experiments, respectively. The
parameters of the K∗

0 (1430) (m = 1.435 GeV/c2,
Γ = 279 GeV/c2) are taken from a recent reanal-
ysis of LASS data [9]. The NR contribution is
represented by a constant term.
The fraction and relative phase φ of each con-

tribution to the fits are listed in Tables 3–5. The
Dalitz plots and their projections are shown in
Fig. 3. Systematic errors in the fractions are eval-
uated by varying the assumptions in the fits in-
cluding removing the Blatt-Weisskopf terms and
assuming a uniform acceptance.
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Figure 3. Dalitz plots and projections for (top row) D0 → K0K−π+, (middle row) D0 → K0K+π−, and
(bottom row) D0 → K0K+K−. On the left are the Dalitz plots, with the kinematic region indicated in
yellow. On the right are the three m2 projections for (points) data and (histogram) the Dalitz plot fit.
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Table 3
Preliminary results from the Dalitz plot analysis
of D0 → K0K−π+. The first error is statistical;
the second, systematic.
Final state Fraction (%) φ (degrees)
K∗0

0 (1430) K0 4.8± 1.4± 1.6 52± 27
K∗0

1 (892) K0 0.8± 0.5± 0.1 175± 22
K∗0

1 (1680) K0 6.9± 1.2± 1.0 –169± 16
K∗0

2 (1430) K0 2.0± 0.6± 0.1 51± 18
K∗+

0 (1430) K− 13.3± 3.5± 3.9 –41± 25
K∗+

1 (892) K− 63.6± 5.1± 2.6 0
K∗+

1 (1680) K− 15.6± 3.0± 1.4 –178± 10
K∗+

2 (1430) K− 13.8± 2.6± 7.9 –52± 7
a−
0 (980) π+ 2.9± 2.3± 0.7 –100± 13

a−
0 (1450) π+ 3.1± 1.9± 0.9 31± 16

a−
2 (1310) π+ 0.7± 0.4± 0.1 –149± 27

NR 2.3± 0.5± 5.6 –136± 23
Sum 130± 8
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