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Recent BaBar results in charmonium and charm spectroscopy
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Abstract. Recent results are presented on the study of the n. and 7.(2S) resonance parameters and on
the observation of two narrow states in the D, spectrum, using the BABAR data set. The 1. and n.(2S) are
produced in 7y interactions: a precision measurement of their mass and total width is reported, together
with a study supporting the correct assignment of the 7.(2S) quantum numbers. Two states D;‘j 23171

+ ; ; +
D7, 5,5, are observed in continuum e

e~ production, decaying to DF7® and DI 7%y respectively: their

masses are measured and a study on the resonant structure of the D};(2457) decay is reported. All results

are preliminary?.

PACS. PACS-13.66.Bc — PACS-14.40.Gx — PACS-14.40.Lb

1 Measurement of the 7. and 7.(25)
resonance parameters

The mass and width of the 7. meson, the lowest lying
state of charmonium, are not well established after almost
30 years from its first observation. In particular, the most
recent measurements of the the total width [2] point to
values substantially larger than the current world aver-
age [3]. The first radial excitation of the 7., the 7.(25),
has recently been observed by Belle in exclusive B* —
ne(28)K*, n.(28) — KK+~ decays [4] [5] and in the
J/ib recoil spectrum in ete” annihilations [6], at a mass
significantly higher than what originally reported by the
Crystal Ball experiment [7].

The 7. is known to be coupled to the vy channel
(B(ne — 77y) ~ 2-107%). At BaBar, v interactions result
from virtual photons emitted by electrons and positrons
in the colliding beams: the cross section is highly peaked
at small angles, so that in most cases the electron and
positron remain undetected and the momentum of de-
tected particles is balanced in the transverse plane.

In this analysis, KK 7~ final states are considered.
Events are selected by requiring four charged particles
with total transverse momentum pr < 0.5 GeV/c and to-
tal energy in the laboratory frame FEio, > 9 GeV, in order
to suppress continuum eTe~ — ¢ events. K2 are recon-
structed in the 777~ decay mode, and particle identifi-
cation criteria are applied to K+ candidates. A common
vertex is required.

Figure 1 (a) shows the resulting KK 7~ invariant
mass spectrum. The presence of a peak at the J/i) mass
is due to initial state radiation events, where a photon
is emitted in the initial state, and a backward-going J/i
is produced, its decay products falling into the detector

2 Except for the of D*F(2317) mass determination.

acceptance because of the Lorentz boost of the center of
mass. A fit to this distribution to a sum of a smooth back-
ground shape, a Gaussian function for the J/ peak and
the convolution of a non-relativistic Breit-Wigner shape
with a Gaussian resolution function for the 7. peak, yields

m(ne) = (2983.3 + 1.2(stat) 4 1.8(syst)) MeV/c?,

T'(n.) = (33.3 £ 2.5(stat) + 0.8(stat)) MeV/c?.

The resolution is determined from the J/i peak; a cor-
rection is applied to the mass scale to account for a bias

2 g f E
2300 g, T @ 3
= 200 Iw'h l E
= e bt [ E
S M L :
=100 ¢ Wh -
g = ' ““'l““"h bt b
% 0 E | | L 1 " \NN".\\'m.'.\%'mm\'“”‘""f""""‘ﬁ"’“-'ﬂ-‘.'m#’«.m-;
2.5 3 3.5 4
M(K K 7) (GeV/c?)
(\IU 60 T ‘ T T T ‘ T ‘ T ]
= ]
2 w0 :
O | M
Z 20 [ Jrj
= L |
2 r H
5 0 - Ll A - R ol
3.2 3.4 3.6 3.8 4
M(K K ) (GeV/c?)

Fig. 1. The KYKTn~ invariant mass spectrum for selected
events: (a) the whole region (2.4 — 4.1) GeV/c?; (b) detail of
the 7¢(2S) region, with results from the fit superimposed.
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Fig. 2. Distribution of the total transverse momentum for se-
lected events: the histogram refers to Monte Carlo simulation,
the points to real data.

observed in the fitted masses on simulated events. Sys-
tematic errors account for a shift in the fitted J/b mass
on data, for uncertainties in the background-subtraction
method and for differences in the resolution between real
data and simulated events.

A detail of the highest part of the spectrum is shown
in Fig. 1 (b): an enhancement corresponding to the 7.(25)
peak is clearly visible. A fit similar to the previous one is
applied to these data, yielding

m(n.(25)) = (3632.5 & 5.0(stat) + 1.8(syst)) MeV/c?,
['(1.(25)) = (20 4 10(stat) + 4(stat)) MeV/c?.

Also in this case a correction is applied to the mass value.
Systematic errors are estimated as for the 7..

The final state rules out the J¥ = 0% assignment for
this resonance. Initial state radiation production (instead
of 77v) is excluded by the angular distribution of decay
products, which are concentrated in the forward hemi-
sphere; moreover, the distribution of the total transverse
momentum is peaked at 0 (Fig. 2), as expected for quasi-
real photons: thus the J = 1 assignment is also ruled
out. These observations strongly support the assignment
of J¥ = 0~ quantum numbers, J > 2 being disfavoured
for charmonium states below open-charm threshold.

2 Observation of two narrow states decaying
to D,m°, D%

The current knowledge on the spectrum of ¢5 mesons is
limited to the Sy and 3S; ground states, the DY and
D*(2112)" mesons, and to two other states, the D} o536
[9] and the D’¥ ... [10], for which the preferred J* as-
signments are 17 and 27, respectively.

Another pair of states with the same 17 and 2+ quan-
tum numbers is expected to exist in the c§ system. The-
oretical models typically predict for these states masses
between 2.4 and 2.6 GeV/c? [8]: they should decay by kaon
emission and have large widths.

In this study, DI mesons produced in continuum e*e™
interactions are reconstructed and then combined to neu-
tral tracks. Initial selection requires the presence of two

identified charged kaons, a charged pion and a photon
pair reconstructing a 7% with loose criteria, all originating
from a common vertex. Moreover, events with candidate
D% — KtK~ decays are removed, and a total center-of-
mass momentum above 2.5 GeV/c is required in order to
suppress background from B decays.

Further cuts on the KT K~ and K~ «t invariant
masses select $(1020) and K*(892) mesons as intermedi-
ate resonances. Figure 3(a) shows the resulting K+ K~
7T invariant mass before and after these cuts: signal and
sideband regions are defined around the D} peak.

Figure 3(c) shows the K™ K~ 7t 7V invariant mass
distribution for events in the D} signal and sideband re-
gions: a clear peak around 2320 MeV/c? is visible in the
first case. The same peak is seen when selecting events
from a 7¥ signal region in the two-photon mass, whereas
it is absent in mY-mass sideband events (Fig. 3(b) and
(d)). A fit to the Df-sideband-subtracted Am distribu-
tion, where Am = m(Df7%) — m(D}), with a Gaussian
function and a linear background shape, yields

Am = (348.4 + 0.4(stat) + 3.0(syst)) MeV/c?,

orm = (2316.8+0.4(stat)£3.0(syst)) MeV/c?. The quoted
systematic error is a very conservative estimate of resolu-
tion effects. The D:j 9317 Dotation is used for this state
in virtue of the likely natural spin-parity assignment (not
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Fig. 3. (a) The KT K~ 7" invariant mass distribution for
all candidate events before (upper histogram) and after (lower
histogram) applying requirements for ¢ 77 and K K* modes.
(b) The two-photon mass distribution from D 7° candidate
events. In (a) and (b), signal and sideband regions are shaded.
(c) The D 7° mass distribution for candidates in the D7
signal (white) and sideband (shaded) regions of (a). (d) The
DY~y mass distribution candidates in the 7° signal (white)
and sideband (shaded) regions of (b).
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Fig. 4. (a) The mass distribution for all selected DI 7%y

combinations (top histogram) and for those in the D] side-
bands (shaded histogram). (b) The distribution of Am., ver-
sus Am o for all selected combinations. Horizontal lines define
three ranges in Am,. (¢) The Am_ o distribution for the cen-
tral Am, range (points) and for the average of the upper and
lower ranges (shaded histogram). (d) Difference between the
two distributions in (c), with result of the fit superimposed.

discussed here). The observed width is consistent with de-
tector resolution. A full report of this measurement can
be found in [11]. CLEO [12] and Belle [13] have confirmed
the observation of this state.

A similar search is repeated in the Ds v, DFyv and
DF 7% channels, Wlth or without requiring the D}~ pair

to reconstruct a Ds 5112 meson. No signal around 2320 MeV/c

is observed; however, an enhancement in the D} 7%y mass

in Ao from these regions is properly subtracted from the
projection in the central region (Fig. 4(c)). The resulting
distribution is fitted to the sum of a Gaussian and a linear
background shape, yielding for the peak value:

Am = (344.6 & 1.2(stat) & 3.0(syst)) MeV/c?,

or m = (2457.0£1.4(stat)+3.0(syst)) MeV/c?, where again
the systematic error is a conservative estimate of resolu-
tion effects, and the total width is consistent with detector
resolution.

It is conceivable that the D;FJ o457 — Dm0 decay
can proceed through DY, .. — D%, .70 or D, 5, —
D:j 931777~ In order to distinguish between these two modes,
data are represented in a scatter plot in the (m(DF7?),
plane, where the D*%,,, and the Df,. . appear as a
horizontal and a vertical band, respectively. The allowed
phase space region for the D, ,,.. — Df 1%y decay se-
lects a narrow area around the intersection of the two
bands. A background-subtraction method similar to the
one described above can be performed in both projections:
the DF; o -n — D% 1,70 decay is then expected to ex-
hibit a narrow (broad) peak in the m(Df~v) (m(Df "))
projection, while the opposite is expected for the D:J 2457 =
D:j 23177 decay. Comparison with distributions from Monte
Carlo simulation shows that data strongly favor a domi-
nant DY, .. — D%, 1,70 contribution.
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