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Charm and charmonium spectroscopy in BaBar
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The BaBar experiment at the PEP-IT B-factory offers excellent opportunities in charm and charmonium spec-
troscopy. The recent observation of new states in the D, and in the charmonium mass regions revived the interest

in this field. Recent BaBar results are presented.

1. INTRODUCTION

The Dy (¢35 bound states) and charmonium (cé
bound states) mass spectra were reasonably well
described by potential models up to recent years,
when several new states that have been observed
at the B-factories did not match the theoretical
expectations. Several interpretations for these
states exist in the literature [1]. More experimen-
tal results are needed in order to test the theo-
retical predictions and discriminate between the
models.

The BaBar experiment [2] is located at the
PEP-II B-factory, an asymmetric ete™ collider
with center of mass energy in the region of the
mass of the Y (4S5) resonance. It is designed to
perform precision measurements of CP violation
in the B meson system but has a much broader
physics reach and an extensive program of me-
son spectroscopy. In the following we will present
some recent BaBar result about the spectroscopy
of these new states.

2. D; SPECTROSCOPY

Two narrow states were recently discovered
in the decays DZ;(2317)" — Dfx° [3] and
D,;(2460)* — D:* 7% [4] by BaBar and CLEO,
respectively. Their masses are considerably lower
than the potential models predictions for Dg
states and the DE*)J%O decay is isospin violat-
ing. For this reason, other interpretations like
tetraquark or molecular states have been sug-
gested.

A detailed study of the D*;(2317)" and the

*On behalf of the BaBar Collaboration.

D,;(2460)* has been performed by BaBar, us-
ing a data sample corresponding to 232 fb~! of
integrated luminosity [5]. The decay modes con-
sidered in the analysis are: Df7°, Df~, Df 0,
Dfn%° D}~v, and Dfrt7~. The results for
the mass and width measurements are summa-
rized in Table 1, together with the observed decay
modes.

2.1. Inclusive D; production in two body
B decays
An inclusive study of the D,) mesons has been
performed in B — DjeasDx, where Doeqs is
a fully reconstructed DE:))
reconstructed and its mass is inferred from the
mass recoiling against the D, [6]. This tech-
nique allows the observation of Dx states inde-
pendently of their decay mode and the measure-
ment of the branching fractions products B(B —
DieasDx) X B(Dpeas — f), where f is the decay
mode in which the Dj,eqs is reconstructed, which
does not depend on any Dx branching fraction.
Production of the Dy ;(2460)" meson is clearly
observed. Combining the results of this study
with previous exclusive measurements, it is pos-
sible to obtain:

meson. Dyx is not

B(D4;(2460)* — D*(2112)*7°) = 0.56 +0.16, (1)
B(D,s(2460)* — D) = 0.16 £0.05, (2)
B(Dy;(2460)" — Dfrtn~) =0.04 £0.01, (3)

determining that the D,;(2460)" meson decays
mainly (76 £ 17%) into final states containing a

DI,
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Table 1
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Summary of D¥;(2317)", D,;(2460)", and D;;(2536)" mass (m) and width (') measurements and

observed decay modes.

Particle m (MeV/c?) I (MeV) Decay modes

D+, (2317)" 9310.6 + 0.2 + 1.4 < 3.8 (95 %CL) Do

D, (2460)* 2460.1 % 0.2 + 0.8 < 3.5 (95 %CL) DFv, D¥n%, Dintn—
D41 (2536)+ 2534.6+ 0.3 £ 0.7 < 2.5 (95 %CL) Dinta-

2.2. Observation of the D,;(2860)"

A new state has been recently observed in the
DK+ and Dt K, decays by BaBar in the anal-
ysis of 240 fb~! of data [7]. Three inclusive pro-
cesses are reconstructed:

efe” - D'KYX (D° — K—n™), (4)
efe” - D'K*X (D° —» K~ 7" n9), (5)
efe” - DTK,X (DY - K ntr™). (6)

The charged tracks are required to originate from
a common vertex located in the eTe™ interaction
region and the momentum in the e*e™ center of
mass system of the DK candidate is required to
be larger than 3.5 GeV/c to reduce background
from continuum and B meson decays.

All the three channels show an enhancement in
the DK mass distribution around 2.86 GeV/c?,
as shown in Figure 1. The background has been
parameterized with a threshold function, (m —
mth)"efﬁm*wﬁ"img, where my, = mp + mg,
which provides a good description of the Monte
Carlo background distribution, while for resonant
peaks relativistic Breit-Wigner are used. A simul-
taneous fit of the three mass spectra distributions
yields a mass and a width of the new state:

m(D,;(2860)") = 2856.6 + 1.5+ 5.0MeV/c?, (7)
['(D,;(2860)") = 48 £ 7+ 10MeV/c®. (8)

The threshold function itself does not provide
a good background description for the data; an
additional broad structure centered around 2.7
GeV/c? is needed. If a Breit-Wigner function is
assumed, the additional structure corresponds to
a mass m(X (2690)") = 2688 £4 £ 2 MeV/c? and
a width ['(X(2690)7) = 112+ 7 + 36 MeV/c?.

3. CHARMONIUM SPECTROSCOPY

Several states have been recently discovered at
the B-factories. Among them, the X (3872) and
Y (4260) have been observed by more than one
experiment and show properties that are not ex-
pected for conventional charmonia.

The X (3872), have been discovered by the
Belle collaboration in the decay B* —
K*J/¢prtn~. A narrow signal in the J/¢nt7r™
invariant mass is observed at 3872 MeV/c? [8].
The observation was then confirmed by CDF [9],
DO [10] and BaBar [11].

The Y (4260) was discovered by BaBar in initial
state radiation (ISR) events [12], where a photon
(yrsr) is emitted by the e* in the initial state,
by studying the process ete™ — yygrJ/tpntm™.
The structure has been recently confirmed by
CLEO-III (also in ISR production) [13] and by
CLEO-c (through eTe~ energy scan), with the
additional observation of the J/¢m%7" decay [14].

3.1. Study of X (3872) — J/vy

An analysis of the decay BT — J/¢yK™ has
been performed by BaBar using 260 fb~! of data
taken at the Y (4S) [15]. The J/¢y invariant
mass distribution is shown in Figure 2, where
19.2 + 5.7 events correspond to X (3872) produc-
tion. We obtain the product of the branching
ratios B(BT — X(3872)K*) x B(X(3872) —
J/y) = (3.44£1.040.3) x 1076, with a statistical
significance of 3.4 o, confirming a previous result
by Belle [16].

The observation of the X (3872) — J/¢y de-
cay implies even C-parity and isospin I = 1 for
the dipion in the J/¢n T~ decay. X (3872) de-
cays to J/yr070, J/y7r®, and J/ym are therefore
expected to be forbidden.
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Invariant mass distribution for the DK candidate for (a) D°K* (D° — K*n~), (b)

D°K+ (D° — K*tr=7%), and (¢) D*K, (Dt — K~—ntxt) for the D signal (points) and D side-
band (shaded) regions. The result of the fit, as described in the text, is represented as a solid line. The
dotted histogram in (a) is the DK mass distribution obtained from Monte Carlo simulation, containing

all the previously known charm states.

3.2. Inclusive charmonia production in two
body B decays

The inclusive study of charmonia states pro-
duced in two body B decays B — K X.; has been
performed by measuring the mass spectra recoil-
ing against a K [17]. This technique allows to ob-
serve charmonia states independently from their
decay mode and to perform the measurement of
absolute branching fractions B(B — KX z).

No B* — K*X(3872) signal is observed, en-
tailing an upper limit B(B* — K*X(3872)) <
3.2 x 10~* at 90% CL. Using the average of Belle
and BaBar results [8,11] B(B* — K* X (3872)) -
B(X (3872) — J/yntn~) = (13.3£2.5)-10~C it is
possible to extract the lower limit B(X (3872) —
J/prtrT) > 4.2% at 90% CL.

3.3. Study of the Y (4260)

The study of the process efe™ —
vrsrJ /Y7t m™, shows a broad structure at 4260
MeV/c?, shown in Figure 3, the natural quantum
number assignment is J¢ =177 [12].

An unbinned fit with a Breit-Wigner signal
function and a second order polynomial back-
ground yields 125 + 23 Y (4260) — J/¢yntn~
events, with a mass my = 4259+ 8(stat)f§(syst)
MeV/c? and a width I'y- = 88 + 23(stat) ™S (syst)
MeV.

Differently from the other J¥¢ = 1~~ charmo-
nium states, the Y (4260) is not observed in inclu-
sive ete™ — hadrons. To investigate its nature,
other hadronic final states (¢rtm~, DD, pp)
have been studied in ISR processes, but no in-
dication of Y (4260) decay to these final states is
observed. The following upper limits are deter-
mined (preliminary results and [18]):

[(Y(4260) — ete) x B(Y(4260) — ¢rtrn)
< 0.4 eV (90%C.L.),
B(Y (4260) — DD)/B(Y (4260) — J/ynt77)
< 7.6 (95%C.L.), (10)

B(Y (4260) — pp)/B(Y (4260) — J/opmtn™)

9)



10

Signal Events/ (10 MeV/c?)

-10

o
ET ‘ T T T T ‘ T T T T ‘ T T T
4 4
4 - 4
ol
: = :
4 4
.

Figure 2. J/vry invariant mass distribution for
Bt — J/yyK* decays around the X (3872) re-
gion. The solid curve represents the fit to the
data.

< 0.13 (90%C.L.). (11)

The decay B* — J/yrTn~K*, studied by
BaBar using 211 fb~! of data collected at the
Y (4S), indicates a 30 excess of events in the
Y (4260) — J/¢mT 7~ region [19]. More data is
needed to confirm this production mechanism.
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