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Abstract. A new state with invariant mass near 2.32 @e/has been observed by tiRABAR
Collaboration in the inclusivB{ r° mass distribution using 91 f3 of e"e~ annihilation data taken

at the PEP-Il asymmetric-energy storage ring at energies near 10.6 GeV. The new state is narrow,
with an observed width that is consistent with the experimental resolution. This narrow width
combined with the quantum numbers of the final state imply that the decay is isospin-violating.
The state has natural spin-parity, and its low mass suggdSts-&* assignment.

INTRODUCTION

Quark potential models have been successfully used to describe the properties of charm-
strange mesons for some time. Two examples are the models of Godfrey, Isgur, &
Kokoski [1, 2] and Di Pierro & Eichten [3]. Four of the states predicted by these models
have been observed experimentally: B!, theD$(2112 ", theD, (2536, and the
Do, (2573 [4]. Two predicted but as yet unobserved states are expected to have masses
in the 2.4-2.6 GeXt? range. Expected to decay B*)K, these states should be very
broad, with widths on the order of a few hundred MeV, making them difficult to observe.
However, if their masses should be belb#’'K threshold, they could be much narrower.

A new state, shown in Figure 1, decayingg r° with mass near 2317 Mg
and experimental width ~ 10 MeV, was first noted by Antimo Palano, of tBaBAr
Collaboration, in early 2003 [5].

THE DATA SET, EVENT SELECTION, AND ANALYSIS

The BABAR detector is a general purpose, solenoidal, magnetic spectrometer, and is
described in detail elsewhere [6]. A data set of 91.5lof efe~ data taken near

1 Charge-conjugate states are implied throughout.
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FIGURE 1. (Left) Spectroscopy of charm-strange mesons, showing known states (blue dots), potential
model predictions (red lines), and the né&y,(2317)" state (red dot). (RightD;rnO invariant mass
distribution (white) forDJ decay modebd — KK~ mrt, showing the knowD%(2112* and the new

state. The distribution for candidates in g sidebands is also shown (shaded).

10.58 GeV, on and off th&r(4S) resonance, was used. Events from continuzmm
production were selected and inclusive productionDgfr® studied, whereD —
KK~ (n®). Combinations of three charged tracks were required to fit a common
vertex consistent with production at the interaction region. Pairs of photons fomfing
candidates were found and constrained to originate from the intersectiorkof Knerr"
candidate flight direction and the beam envelope.

Backgrounds were reduced by removing two-b@f\ydecays, by selecting quasi two-
body @™ andK*°K* decays of th®{', and by helicity angle cuts on tiggandK*° sub-
decays, producing the distribution shown in Figure 1(right) with some 2200 events near
2.32 GeV. Additional checks showed that the signal was associated with bofiy the
and ther®. The mass resolution was improved by use of a nominal mass [4] constraint

Ep; = \/pﬁ+K—n+ +mg. (PDG)

The D¢ ° mass distribution was studied in intervals of center-of-mass (CMS) mo-
mentump* from 2.5 GeYcto 5 GeVc. The signal was present in all intervals; events
with p* > 3.5 GeV/c were retained, further improving the signal-to-background and
mass resolution. Th® ° signal was also seen in anothigf decay modepPd —
KK~ P, where ther® was required to originate from thetK —mrt vertex.

Fitting the mass spectrum yields a value for the mass ef 23168+ 0.4 MeV/c?
and a width ofc = 8.6+ 0.4 MeV/c? (errors are statistical). We call this state the
D,;(2317)". Studies of detector response to a state at 2317/bfeshow that this width
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FIGURE 2. D{nly invariant mass distribution (white) showing no obviddg;(2317)* signal, but
does show some structure near 2.46 (®8\is visible. The same distribution additionally requiring the
sub-decayD;(2112* — D¢y shows an enhanced peak near 2.46 (8&\shaded).

is consistent with the experimental resolution.

The decay angular distribution of i€ angle in theD 1° rest frame with respect to
the D¢ ri° flight direction in the CMS was consistent with being flat (43% probability).
This would be expected for a spin-0 state or a higher-spin state produced unaligned.

Tests were performed to find reflections from known charm states and for particle
identification problems by exchanging kaon and pion particle hypotheses. No significant
signals near 2.32 G were seen.

Searches for other decay modes of thg,(2317)" were made:D{y, Dgyy,
D%(2112*y, Dn®m®, and D mPy. No significant signals were seen for the
first four modes. However, a small peak was observednipg y), where the
D;(2112" — D¢y andD¢(2317)" — D¢ n® decays overlap. See Figure 2. A narrow
state near 2.46 Gé¢® would produce a peak iDZ 1° near 2.32 Geyt?. However,
simulations showed that the number of events in the small peak in the data could only
explain~ 1/6 of the observed,;(2317)" signal, and therefore could not be its only
source. The presence of the peak near 2.46/@aéquires further study.

SUMMARY & CONCLUSIONS

BABAR has observed a narrow signal in the inclusDgn® mass distribution with
m=2316840.4 MeV/c? and has assigned a conservative systematic error on the mass



of 3 MeV/c?. The mass distribution has a gaussian widttref 8.6+0.4 MeV/c? which
is consistent with the experimental resolution, implying a small intrinsic width
10 MeV. Angular distribution studies show consistency with a spin-parity assignment
JP = 0%, but other natural spin-parity possibilities are not excluded. A small peak in
the D ¥y invariant mass distribution near 2.46 Ge¥ has also been observed and
requires additional study
If the D_;(2317)" is acsstate, it does not fit well into existing potential models, being
too low in mass and, in particular, below DK threshold. The small intrinsic width is likely
due to an isospin-violating decay @f). Alternatively it could be a four-quark scalar
state as proposed earlier by R.L. Jaffe [12, 13] and N. Isgur & H.J. Lipkin [14, 15, 16].
We expect interesting times ahead for experimentalists and theorists alike.
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2 Much more has been learned since the time of this talk [7]. The observationDf j{&817)* has been
confirmed by CLEO [8] and BELLE [9, 10], and the existence Bf§2460 " state established [8, 9, 11].
The latter has also been observedidecays and via another decay maig(2460 " — DJy.



