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Using the ARGUS detector at the DORIS Il e* e~ storage ring at DESY, we have obtained evi-
dence for a new charmed resonance which decays into D*%(2010)7 ¥. The observed mass and
width are 2420 +6 MeV/c? and 70 £21 MeV/ c?, respectively. The fragmentation function is found
to be hard, as expected for a state containing a leading charm quark produced by nonresonant e* e~
annihilation.

PACS numbers: 14.40.Jz, 13.25.+m, 13.65.+i

Analogous to the excited states of mesons composed short description of the detector, trigger conditions,

of a strange quark and lighter « or d quarks, excited
states of charmed mesons are expected and explicit
predictions for the masses of these states have been
made.! In this Letter, we report evidence for a new
charmed meson with a mass of 2420 MeV/ ¢? decaying
into D**(2010)7~. (References in this paper to a
specific charged state are to be interpreted as implying
the charge-conjugate state also.) This is the first can-
didate for an orbitally excited state of the cu system.
The data presented here were collected at center-of-
mass energies around 10 GeV with the ARGUS detec-
tor at the DORIS II e"e™ storage ring at DESY. A

and multihadron selection criteria is given by Albrecht
et al? The event sample used for this analysis consist-
ed of 82.4 pb~ !, comprising 21.6 pb~! on the Y(15),
36.2 pb~! on the Y (2S), 11.5 pb~! on the Y (45), and
13.1 pb~! obtained in nearby continuum or during
scanning. Particle identification was made on the basis
of measurements of specific ionization in the drift
chamber and of time of flight.?

The search for excited charm states, D*°, has been
made in the decay channel

D*— D**(2010)7 ~,
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where D**(2010) — D% *, and

D'— K—m+, (1)

D'— K ntatm—. )
Together, these channels represent about 17% of all
D° decays. Furthermore, the D**(2010) can be easily
isolated from background with good efficiency by tak-
ing advantage of the low Q value for the decay
D**(2010) — D% *, which results in excellent reso-
lution for the mass difference

A=m(D**(2010)) — m(DY).
Figure 1(a) shows the distribution of A for particle
combinations with m(K~7%) [m(K-wta*tns7)]
lying within +45 [ +25] MeV/¢? of the D® mass and
with  x,(D**(2010)) = p(D**(2010) )/ pyax > 0.45.
The last requirement corresponds approximately to the
region populated by D*® decays with x,(D*®) > 0.6.
For further analysis, a clean D*+(2010§ sample was
obtained by requiring, in addition to the cuts around
the D® mass, that the mass difference A lie in the in-
terval 144 to 147 MeV/ 2.

Mass combinations of selected D** (2010)’s with ali
other m~ candidates in the event were then studied.
Additional cuts were made on the scaled momentum
of the D**(2010)w~ system, requiring x,(D"0)
> 06, and on the angle, 6, between the
D**(2010)7~ line of flight and the D**(2010)
momentum vector in the D**(2010)7~ rest frame,
requiring cosf < 0. The first cut is motivated by the
nature of charm quark fragmentation, which results in
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FIG. 1. (a) Distribution of the mass difference A for
channels 1 and 2, with x,(D**(2010)) > 0.45, not correct-
ed for acceptance. (b) Distribution of the mass difference A
for channel 3, with x,(D**(2010)) > 0.45, not corrected

for acceptance.
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a hard momentum spectrum for the leading heavy
meson,* while the light hadronic background is con-
centrated at lower x,. The second cut reduces the
background which peaks at forward angles due to the
combination of the D**(2010) with random low-
momentum pions.

The mass-difference spectrum,

A*=m(D**(2010)7~) — m(D**(2010)),

for combinations passing these cuts, is shown in Fig.
2(a). A prominent peak is seen around 410 MeV. A
Breit-Wigner form for the signal, plus a threshold fac-
tor times a second-order polynomial for the back-
ground, were fitted to the mass-difference distribu-
tion, yielding the results listed in Table I. All sources
of systematic error, including that introduced by the
assumed mass dependence of the background, are
negligible in comparison with the statistical uncertain-
ties. Monte Carlo study shows the detector resolution
to be 15 MeV/c? in this mass region, while the ob-
served width is much larger, indicating that this new
state decays strongly. The statistical significance of the
enhancement is 3.9 standard deviations. In the follow-
ing we refer to this state as the D*°(2420). It is now
clear that at least part of the enhancement near 2.44
GeV/c? in the recoil spectrum to D°— K~ =7 * report-
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FIG. 2. (a) Distribution of the mass difference
m(D**(2010)7 =) — m(D**(2010)), with xp(D*0(2420))
> 0.6 and cosf < 0 for channels 1 and 2. (b) Distribu-
tion of the mass difference m(D**(2010)7~)
—m(D**(2010)), with x,(D*°(2420)) > 0.6 and cosf < 0
for channel 3.
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TABLE 1. Properties of D*(2420) determined from fits to the distribution of mass difference,

m(D**(2010)7~) — m(D**(2010)).
Mass difference m(D*°(2420)) Full width T’
Channel (MeV/¢?) (MeV/c?) (MeV/c?) No. of events x2/d.o.f.

D°— K—7* and

D'— K wtatm~ 411 £7 2421 =7 64 +26 82+% 20.4/25
D'— K—ntn? 410 £ 11 2420 £ 11 75 £36 52+ 13.2/25
Combined

result 410 +6 2420 +6 70 £21 135+3% 16.7/25

ed by MARK II at the SLAC e*e~ storage ring
SPEAR?® was due to production of this excited charm
state.

Supporting evidence for the observation was ob-
tained by the use of a third D° decay channel,

D'— K~z *(=9). 3)

When the wusual cut on the mass difference
m(K-wtm*)—m(K~n"*) is applied, this channel
produces a satellite peak in K~ 7 * mass distributions,
shifted to lower masses by the missing 7°.¢ Figure
1(b) shows the mass-difference distribution for
1540 < m(K—7*) <1700 MeV/c?, where again
x,(D**(2010)) > 0.45 was required. Events contain-
ing D**(2010) candidates decaying into this channel
were selected by requiring, in addition to the noted re-
striction on m(K~w?*), that A=m(K~w*tn")
—m(K~m*) <152 MeV/c%.. The momentum and
decay-angle cuts described above were then applied to
the D**(2010)7~ combinations. The resulting
mass-difference plot for A* is shown in Fig. 2(b). A
fit to this distribution by the use of a Breit-Wigner
form plus background polynomial yields the values
listed in Table I. The effect of the missing 7% in-
creases the detector resolution to 25 MeV/c2, but this
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FIG. 3. Distribution of the mass difference

m(D**(2010)7 ) — m(D**(2010)), for the combined
result shown in Figs. 2(a) and 2(b).

is still smaller than the natural width of the state.
Monte Carlo studies show that there is negligible shift
in the mass difference due to the missing 7°. Masses
and widths for the three channels are consistent: The
combined significance of the effect is 4.9 standard de-
viations (Fig. 3).

Two different studies have been made in order to
confirm that the enhancement is not an artifact of the
employed kinematic selection criteria. These were
made by use of (a) a sideband of the D**(2010), and
(b) wrong charge combinations, that s
D**(2010)m*. No significant enhancement was
found in either approach.

The fragmentation function for the D*°(2420) was
extracted by the fitting of a Breit-Wigner form plus a
background polynomial to the distribution of A* select-
ed in different x,(D*°(2420)) bins with cosd < 0.
Only channels 1 and 2 were used for this purpose. The
result, corrected for acceptance, is shown in Fig. 4,
along with fits by the models of Peterson er al.,’
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FIG. 4. Number of D*(2420) events in channels 1 and 2
as a function of x,(D*(2420)), corrected for acceptance.
The error bars are statistical only. The solid curve is the
result of a fit to the data by the model of Peterson er al., and
the dashed curve by the model of Kartvelishvili et al. The
plot has been normalized so that the integral of the Peterson
fit is unity.
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and Kartvelishvili et al.,?
N dO’/dxpcc xpa(l ——xp),

The fitted values for the parameters of the models
were €=0.12 +0.05 with X? probability of 0.7 (1 de-
gree of freedom), and a= 1.4 +0.8 with X? probability
of 0.12. No attempt has been made to adjust these
results for the effects of photon or gluon initial-state
radiation. Either form describes the distribution ade-
quately.

The production cross section for the D*(2420)
meson decaying to D** (2010)7 ~ has been estimated
by comparison with the rate observed for D** (2010)
production in the same data set. Channels 1 and 2
were used in determining both rates, so that common
uncertainties in branching ratios cancel in the ratio.
The acceptance for the D*(2420) due to the require-
ments that cosf <0 and x,(D*0(2420)) > 0.6 was
found to be (16 +5)%, from a detector Monte Carlo
study. The error is dominated by the uncertainty in
extrapolating the observed cross section to
x,(D*(2420)) =0. The total number of observed
D**(2010) decays to these channels with
x,(D**(2010)) > 0.45 is 1010 £40 events. Correct-
ing this measurement also for the missing low
x,(D**(2010)) portion of the fragmentation distribu-
tion and for acceptance, we conclude that (2418 +8)%
of observed D**(2010) are produced from
D*0(2420), where the first error is statistical and the
second systematic.

The production cross section o (D*%(2420)) is es-
timated by correction for the neutral decay channel
D*0(2420) — D*°(2008)7° with the use of isospin
symmetry, so that

o (D*0(2420)) B(D*°(2420) — D*w)
=0.240(D**(2010)) x %
On the basis of results quoted in Albrecht er al.,’
Hauser,” and Wohl er al,'® we calculate that
o(D**(2010)) =940 +150 +270 pb at /s =10
GeV. Using this value, we find that
o (D*°(2420)) B(D*(2402) — D*m) =340*13 pb.

The resonance reported here is most likely one of
the lowest-lying orbitally excited charmed states. Of
the possible assignments, 3P,(0*, 1%, 2%) and
IP,(1%), the 0% state is excluded by parity conserva-
tion in strong decays. Predictions concerning the
masses and widths of these states are complicated by
the fact that the 3P, and P, states can, and probably
do, mix. Also, more than one resonance may contri-
bute to the observed signal, because the mass split-
tings of some of these states are less than their natural
widths. However, all model calculations! have predict-
ed P states lying within 100 MeV/¢? of our observed
value.

In summary, we have observed a resonance in the
D**(2010)7~ invariant-mass distribution which we
associate with a P state of ¢ and w quarks. Its produc-
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tion and decay characteristics support some of the
theoretical predictions. The mass of the object is
2420 + 6 MeV/c?, corresponding to a mass difference
Am=m(D**(2010)7~ ) — m(D**(2010)) of 410
+6 MeV/c?, and the width is 70 £ 21 MeV/c2.
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