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Limits on Charm Production in Hadronic Interactions near Threshold

J. H. Christenson, E. Hummel,® G. A. Kreiter, and J. Sculli
New York University, New York, New York 10003

P. Yamin
Brookhaven National Laboratory, Upton, New York 11973
(Received 28 January 1985)

We present the results of an experiment to search for associated charm production near threshold
in 13-GeV/c 7~ p interactions. A large-aperture proportional wire chamber spectrometer was sen-
sitive to the decay fragments of the forward-produced D*~’s expected from the two-body reactions

T +p— D" +AF,ZF, ...

menta of the incident pion and the candidate D*~.

The missing baryon mass was determined from the vector mo-

No evidence for these reactions was found,

which resulted in a 7-nb upper limit (95% confidence level) for each of the cross sections

o(m~p— D*"Af)and o (7w p— D*~3).
PACS numbers: 13.85.Ni

The observation of charmed particles in hadronic in-
teractions has proved to be a formidable task. At high
energy, the production cross section is substantial but
large backgrounds dominate the data. The recent
development of high-resolution vertex detectors has
considerably enhanced the sensitivity of fixed-target
experiments at high energy, but only a small number
of charmed decays have been observed.! We report
the results of a search for charm production via the
two-body reactions

7 p— D"+ (AF,ZF, .. ).

The cross sections and dynamics of these reactions are
of interest in their own right, and the constraints im-
posed by the two-body kinematics allow a sizable
reduction in background in the search for the charm
signal. The cross sections for these exclusive channels
are expected to rise from threshold at 10-GeV/c in-
cident pion momentum, reach a maximum at about 13
GeV/c, and fall with momentum in a manner charac-
teristic of meson-exchange reactions. In addition, the
D*~ meson should be produced forward with a labora-
tory momentum peaked at 9 GeV/c, reflecting the fall-
off in cross section with four-momentum transfer
above its minimum value.

In this experiment, the D*~ was observed by detec-
tion of the secondaries from the well-known decay se-
quence

D*~— DOx-
D'— K*m—

(64% branching ratio),
(3% branching ratio).

The unusually small Q value for the D*~ decay (5.7
MeV) provides a striking charm signature and greatly
improves background suppression. Since the baryon is
slow in the laboratory, its copious decay fragments are
widely dispersed and escape detection, virtually elim-
inating combinatoric dilution of the charm sample.

However, the mass of the missing baryon is nonethe-
less determined by a measurement of the incident
momentum of each beam particle, which reduces the
background further and offers the promise of an in-
clusive study of the baryon mass spectrum. If the
two-body cross section, do/dt, varies as e? with a
slope parameter b=2(GeV/c) ™2, the acceptance of
the spectrometer is 1% for missing masses between 2
and 2.5 GeV/c2, and falls to zero at 2.8 GeV/c2 The
acceptance does not depend sensitively on b, increas-
ing slowly from 0.75% at b=1(GeV/¢)~2 to 1.5% for
large b.

Previous searches at low energy have placed limits
on the production cross section, the most sensitive be-
ing the work of Chung et al.,? that reports the cross
section for #~p— D*~ A/ to be less than 70 nb (95%
confidence level).

Our experiment was performed at the alternating-
gradient synchrotron (AGS) at Brookhaven National
Laboratory with the apparatus shown in Fig. 1. A 13-
GeV/c 7~ beam, with a flux of (1-2)x 107 pulse in a
momentum bite of 4%, was dispersed vertically 1% per
in. immediately upstream of the apparatus. By deter-
mination of the altitude of the particle with a set of
fine-grained scintillation hodoscopes, the momentum
of each beam particle was measured to 0.25% (stan-
dard deviation). The small contamination of K~ and
p in the beam was eliminated by two threshold
Cherenkov detectors filled with CO, at a pressure of 7
psi (gauge).

Secondary particles produced in a 40-in.-long lig-
uid-hydrogen target were observed in a spectrometer
built around a magnet with an aperture 10 ft wide, 3 ft
long, and 2 ft high and providing a transverse momen-
tum kick of 0.5 GeV/c. The trajectories of the K+
and 7~ were each determined by a set of three propor-
tional wire chambers (pwc’s) placed on either side of
the intense beam. Vector momenta from 3 to 8 GeV/c

154 © 1985 The American Physical Society



VOLUME 55, NUMBER 2

PHYSICAL REVIEW LETTERS

8 JULY 1985

TRIGGER A
COUNTERS

CERENKOV
COQQIfR TARGET
[ e of @1
BEAM
HODOSCOPE
o 60

inches

SOFT PION
HODOSCOPE

)

Ts

PWC g 7

T
S

K+

|
|
nn
1

K

120036

(

A
CERENKOV COUNTER

FIG. 1. Plan view of apparatus.

were measured with uncertainties Ap/p ~ 1%, A6 ~ 1
mrad. Clean tracks were easily found, free of back-
ground from extraneous hits. The effective mass of
the K*t7~ system was measured with an uncertainty
of 9 MeV/c2.

Pions were distinguished from kaons and protons in
a large threshold Cherenkov detector at the rear of the
spectrometer, outfitted with a pipe to allow the beam
to pass through unnoticed. The detector was filled
with 30 psia (absolute) of Freon 12, resulting in a
threshold of 2 GeV/ ¢ for pions and 8 GeV/ ¢ for kaons.
The detector was segmented into forty independent
cells to resolve signals from two particles passing
through one side of the detector.

Since the decay D*~ — D% has such a small Q
value, the ‘‘soft’” pion w has virtually the same
velocity as the D°. It is produced at a small angle with
respect to the beam and with a momentum of only
0.5-1.0 GeV/c. The particle passes between the
PWC’s in front of the spectrometer, has its path bent
sharply by the magnet, and passes through the left-side
PWC immediately after the magnet, finally striking a
42 x 42-element crossed hodoscope comprised of 1-
in.-wide scintillation counters. A full 50% of the soft
pions are detected in those events in which the
D%— K*a~ decay is accepted. By use of the K-7
vertex as the requisite third point on the soft-pion tra-
jectory, the Q value was measured to 0.7 MeV. The
missing baryonic mass was calculated from the vector
momenta of the incident 7~ and the K+, =, and
¢ secondaries with a resolution of 25 MeV/c?.

Of the two million beam interactions per AGS pulse,
thirty thousand yielded a particle on each side of the
spectrometer. Electronic requirements that the candi-
date DO secondaries be inbending particles with mo-

menta greater than 1.5 GeV/c¢, that the Cherenkov
detector identify the negative particle as a pion and the
positive particle as a kaon, and that a third particle be
observed in the soft-pion detector reduced the trigger
rate to — 500/pulse. At this rate, it was possible to
calculate the sum of the K+ and =~ momenta in the
on-line computer without serious dead time. By the
requirement that this sum exceed 6 GeV/c, the rate at
which events were recorded on tape was reduced to
160/pulse. A total of 120 million triggers were record-
ed corresponding to a total incident flux of 3x 102
pions. 90% of the triggers originated in the hydrogen
target.

The reconstruction strategy was designated to con-
sider events without regard to particle multiplicity so
as not to bias event selection against possible charm
candidates containing baryon fragments. One quarter
of the triggers had at least one K+ and one 7~ track
emanating from a common vertex in the path of the
incident beam particle and one third of these contained
a valid soft-pion trajectory that passed cleanly between
the front PWC’s. The final event sample is free of
background from spurious hits or extra tracks. A de-
tailed comparison of the data with a Monte Carlo
simulation demonstrates that the resolution of the
spectrometer has been fully realized in the data.

Several direct tests of the measurement accuracy of
the apparatus were made. The observed momentum
spectrum of the incident beam, for various apertures
of the momentum defining collimator, was compared
to that predicted by a Monte Carlo simulation of the
beam. The data at very narrow apertures reveal a
momentum resolution of 0.25%, as expected. Obser-
vation of the K* (1430) in the K-m mass spectrum of
data taken without the soft-pion requirement demon-
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strates that the mean effective mass determined by the
PWC spectrometer is within 1% of that expected. The
missing-mass spectrum observed in the reaction
m~p— 7w 7w~ X contains a clear neutron peak at
892 +7 MeV/c2.  This 48-MeV/c? shift from the
correct neutron mass is reduced kinematically to an
uncertainty of less than 15 MeV/c? at the mass of the
A.. The width of the peak agrees well with the es-
timated instrumental resolution.

A scatter plot of missing mass versus the Kt 7~ o~
effective mass is given in Fig. 2 for all events with
3.2< Q0 < 8.2 MeV. No structure is observed in the
region of overlap of 4-standard-deviation wide bands
centered at the D*~ and A;" masses. The K7~ 7y
effective-mass spectrum of those events with missing
mass greater than 2 GeV/c¢? is shown in Fig. 3. No
evidence is seen for D*~ production above a smooth
continuum background, and a cross-section limit may
be determined from the 230 events within 20
MeV/c? ( +20) of the D*~ mass at 2010 MeV/c? and
with a missing mass greater than or equal to the AJ
mass. The cross-section sensitivity of the experiment,
based on 3x10'? incident pions, a geometrical detec-
tion efficiency of 1%, a 64% branching ratio for the de-
cay D*~— D%r;, and a 2.4% branching ratio for
D%— K*7~,%is 2 events/nb. We find the inclusive
D*~ production cross section to be less than
2+/230/2 eV/nb=15 nb with 95% confidence.

The missing-mass spectrum of those events with a
K*@~m; mass within two standard deviations of the
D*~ mass (1990 < mg,r < 2030 MeV/c?) and with
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FIG. 3. K*w~w; effective mass for events with 3.2
MeV < Q < 8.2 MeV and missing mass greater than 2000
MeV/c2. (a) Data plotted in 50-MeV/c? bins, (b) data in
the region of the D*~(2010) plotted in 10-MeV/c? bins.
The mass resolution of the spectrometer is 9 MeV/ c2.

3.2 < 0 < 8.2 MeV is shown in Fig. 4(b). No struc-
ture is seen in the +50-MeV/c? ( +20) intervals
centered at the A (2282) and the 3./ (2420) masses.
The data are consistent with a smooth background as
seen in control bands on either side of the D*~ mass
[Figs. 4(a) and 4(c)]. On the basis of the 47 events
found in each interval, we find the cross sections for
the reactions #~p— D*"AS and w p— D*~ 3}
each to be less than 7 nb with 95% confidence.

At Fermilab energies, the D production cross section
is ~ 30 ub, about 100 times ¥ production. Our results
reveal that D production is smaller by at least a factor
of 2000 and is no more than 7 times iy production at
low energy (/s =5 GeV).* Calculations of hadronic
¢ production that assume that the dominant sub-
processes are gluon fusion and light-quark fusion agree
well with measured cross sections down to energies
just above threshold.*> On the other hand, naked
charm production seems not to be described simply by
quark and gluon fusion. These two processes alone do
not account for both the large cross section and the
forward, large Feynman x, production observed at high
energy.® Our experiment at low energy, where light-
quark fusion should dominate, indicates that at least
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FIG. 4. Missing mass for events with 3.2 MeV < Q < 8.2
MeV and K*#~m; mass restricted (b) to a 40 interval
centered at the D*~(2010) and (a),(c) in control regions
above and below the D*~(2010).

15% of the charmed quark-antiquark pairs appear in
bound states. Above threshold, at /s =10 GeV,
bound-state production has already fallen to less than
1%.
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