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Results are presented of a measurement of the production of D'+ (D ) in 250-GeV/c m N interac-
tions. %'e observe 2.1 7.8 events corresponding to a charged-D' cross section o(D ) of 0.4+1.5
~b/nucleon. When averaged with our previous measurement made at 200 GeV/c, the result is

o (D ) =2.3+ 1.0 ub/nucleon with (der/dx) 1~=0-4.6+ 2.0 ub.

Nine years after the discovery of the charm quark, the
study of the production of charmed states in hadronic col-
lisions continues to be a confusing, even controversial sub-
ject. This situation exists despite the high absolute rate of
charm production. The large backgrounds coming from the
total inelastic cross section, as well as the combinatorial
background introduced by the high average multiplicities
produced in hadron collisions, make unambiguous observa-
tions of charmed states in invariant-mass plots a very diffi-
cult enterprise. The uncertainties present in prompt-lepton
experiments, where the charm signal is inferred from what
is not explained as arising from other sources, and in visual
experiments, where charmed particles are tagged by their
relatively long lifetimes, are hardly less daunting.

The experimental literature has not yet arrived at a con-
sensus on several points, ' Comparisons of data from the
CERN Intersecting Storage Rings (ISR) with data taken at
the CERN SPS and Fermilab fixed-target machines indicate
a rise in the total charm cross section by more than an order
of magnitude in an energy domain well above the charm
threshold. This rise is not reflected in the Js dependence
of J/tlt production. Several experiments report charm sig-
nals implying total cross sections much higher than the
averages at the same energy. ' There is uncertainty over the
dependence of the production cross section on the atomic
mass number of the target. An analysis of dilepton produc-
tion data in pp collisions at both the SPS and the ISR indi-
cates upper limits on charm production that are well below
reported results of direct measurements. '

Other complications arise in the extrapolation of the total

charm cross section from a measurement of a single state in

a single kinematic domain. Experiments disagree on the xy
distribution of the charm particles, that is, the relative
amount of forward versus central production. It is not
known whether A, D or DD production is the dominant
mechanism or how that may depend on whether a baryon or
meson beam is being used, nor is it clear what fraction of
the D-meson production is D'. There is still no conver-
gence of opinion on what the values of various branching
fractions of the D-meson decays are.

In view of this situation, we thought it would be
worthwhile to add to our previously reported measurement4
of D'+ in 200-GeV/c m N interactions at Fermilab the
results of additional running at a beam momentum of 250
GeV/c.

The experiment was designed to measure charged-D' pro-
duction by observing all the products of the decay chain:
D'+ D rr+, D rr+E (and its charge conjugate). An
attractive feature of this decay mode is the low Q value, 5.7
MeV, of the D' two-body decay. In the D' center-of-mass
frame, the cascade pion is emitted essentially at rest, leaving
only a small region of phase space in which pions from the
background can compete with the signal.

The apparatus was constructed to accept D 's produced
near x~=0. It comprised two double-arm spectrometers.
The forward spectrometer was used to detect the ECm pair
from the Do decay with each particle having an average
momentum of about 12 GeV. Two smaller spectrometer
arms were used to detect the 1-3-GeV/c pions from the
O' Don which were swept out of the beam by a magnet
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just downstream of the target.
Several small modifications were made to the apparatus

since the original data taking in order to improve selection
and to increase the resolution. Extra drift chambers, posi-
tioned closer to the vertex, were added in all the arms. The
target was segmented along the beam axis in vertical slices.
A matrix was added to the trigger to correlate combinations
of hodoscope signals in the two fast arms so as to reject low
mass pairs. The memory buffer in the data acquisition sys-
tem was doubled allotting a total of 96 events to be written
per beam spill. Isobutane replaced freon in the differential
Cherenkov counter to cut down on multiple scattering, and
the counter itself was used in the differential mode for the
first time increasing the domain over which we could
separate kaons from protons.

As a result of these modifications, the resolution at the
D mass went to SM = + 12 MeV from the original
8M- +14 MeV. The resolution in the Q value of the
D'+ D rr went to an average of SQ +0.6 MeV from
SQ +0.7 MeV. The improvements in trigger efficiency
allowed us to reach a sensitivity comparable to the original
sample in a much shorter running time.

After track reconstruction and particle identification were
performed, the analysis proceeded in the search for excesses
in a scatter plot of nE pair mass versus the Q value associ-
ated with the slow arm pion. The data were summed over
both charge signs. %e found no significant enhancement in
the region of the D', even after scanning above and belo~
the expected values to compensate for any systematic
error-induced shift. The value we take for our measure-
ment is based on the average of the number of events
found in Gaussians fitted to the distribution of events in
slices of the scatter plot at the known Do mass and D' decay
Q value. The widths of the Gaussians and the slices were
determined by our resolution. The result is a net excess of
two events over a background of 61 events.

If we assume a production model with a~ o/dx—(1 —~x))3 and take branching ratios of 0.6 and 0.03 for
the decays D'+ Doe+ and Do m+E, respectively, the

result of the new running is

a.(D ) = T [.o (D'+ ) + a.(D ) ] = 0.4 + 1.5 ii,b/nucleon,

with (da/dx)[ 0=0.8+2.9 p, b/nucleon. Recall that our
original result, taken at a beam momentum of 200 GeVIC,

o (D') = 4.2 + 1.4 p, b/nucleon

~here the error does not include a 30% uncertainty in the
normalization. The two measurements are 1.6 standard de-
viations apart, and there is no reason to discount either.
Neglecting the energy dependence of the cross section, the
average of these two independent measurements is our final
result:

a.(D') = 2.3 + 1.0( + 0.7) ii, b/nucleon

The first error is statistical, the second is the systematic er-
ror in the normalization. This corresponds to a differential
cross section do./dx=4. 6+2.0 p, b/nucleon at x=0, which
is insensitive to the x dependence assumed.

Two experiments at CERN have measured D production
in mN interactions. The Amsterdam-Bristol-CERN-Cracow-
Munich-Rutherford (ACCMOR) Collaboration, experiment
NA11, report a (DD) =45+ 15 p, b/nucleon for 175 and 200
GeV/c m on a Be target, with an additional 50'lo normali-
zation error. ' They also measure a(DD)/o(D') =4 and
find an x dependence do./dx —(1 —~x~)" with n =0.8
+ 0.4.6 Combining these numbers gives for D' production

at x 0 do/dx-10+4 pb/nucleon. The LEBC-EHS colla-
boration measures a cross section a (D ) = 7.7+35 p, b for
x & 0, which is insensitive to the x dependence. Assuming
a ratio D'+/D0-0. 4, consistent with Ref. 6, and n =0.8,
one gets der/dx= 5.5+3 p, b. Because of relative normaliza-
tion problems and differences in detected states and
kinematic regions, the experimental cross sections can only
be compared to a factor of 2. The present result does con-
firm that there is not a large central component to the D'
cross section near x =0.
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