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Measurement of O' Production in Pion-Nucleon Interactions at 200 GeV/c
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Results are reported of an experiment to measure the cross section for production of
the D* |,'D~ ) in 200-GeV/c x N interactions. We observe 78+26 events corresponding
to a D*-production cross section dg/dy = 1.6+ 0.5 p, b at y = 0.

PACS numbers: 13.85.Kf, 14.40.Pe

We report here the results of a search for pro-
duction of the D* (D* ) in the reactions +N
-D*++X, D*+—n'+O', D'-K +v+ (and charge
conjugate) at a beam momentum of 200 GeV/c.
A number of experiments have indirectly meas-
ured the cross section for producing charm in
hadronic interactions. ' The only published result
with a peak in a mass spectrum reports a very
large forward cross section for D' production at
the CERN intersecting storage rings (ISR).' To
suppress the noncharmed background, the present
experiment required observation of the pion from
the D* decay in coincidence with a K& system at
the D mass. Since the Stanford Linear Accelera-
tor Center (SLAC) branching ratio for D*+ -m'D'
is 60/o, much of the D' signal comes from this de-
cay. Because of the low Q value of the D* decay
(5.7+ 0.5 MeV/c ),' the pion is almost at rest in
the D' center of mass, and only pions in a small
region of phase space contribute to the back-
ground. This technique was used in a similar ex-
periment at charm threshold, ' and in a high-en-
ergy photoproduction experiment, ' as well as in
ane+-e colliding-beam experiment in which the
Q value was first measured. '

The experiment was performed at the Fermi
National Accelerator Laboratory, using the high-
intensity'pion beam in the Proton-West area, with
the apparatus shown in Fig. 1. (A detailed de-
scription of the apparatus is given in Ref. 6.)
The 200-GeV/c w beam interacted in a 2.3-g/cm'
beryllium target. The D' decay products were de-

tected in a double-arm spectrometer, each arm
of which contained a BM109 analyzing magnet with
a transverse momentum of 650 MeV/c. These
arms were equipped with scintillation-counter
hodoscopes and drift chambers for charged-parti-
cle tracking. Two Cherenkov counters, with kaon
thresholds at 10 and 17 GeV/c, provided pion-
kaon separation from 5 to 18 GeV/c and kaon-pro-
ton separation above 11 GeV/c. The associated
pion from the D* decay was directed along th' e
beam line with momentum between 1.0 and 2.5
GeV/c. A large-aperture magnet near the target
bent this pion into two low-momentum arms also
equipped with scintillation counters and drift
chambers. These arms, which are shown in Fig.
2, accepted almost all pions associated with D"s
detected by the double-arm spectrometer. The
momentum resolution 6P/P was about lfo in all
arms. The K& mass was measured to an accura-
cy of + 14 MeV/c' at the D' and the resolution in
Q value was+ 0.7 MeV/c'.

The trigger required an opposite sign pair in
the double-arm spectrometer, each with momen-
tum greater than 5 GeV/c, accompanied by a pion
with momentum 1.0-2.5 GeV/c and angle less
than 50 mrad. The trigger also required that one
and only one arm have a signal in the threshold
Cherenkov counter located in the magnet, which
had a pion threshold of 5 GeV/c. The sign of the
track which fired the pion counter was required
to be the same as that of the particle in the low-
momentum arm, as required for a K+v ~ (K m'n')
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FIG. 2. Eleva tion view of the area nea th tr e arget.
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state. At a beam intensity of VX10' pions per
spill on target, we recorded fift t '

y riggers per

To be assured that the apparat dus an analysis
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idates. A convenient mass calibr

for the double-arm s
s ca l ration

e-arm spectrometer was provided b
events. The |II signal observed has a

mass resolution consistent with that
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the double-
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n e pion in one
of the low-momentum arm Ths. e momentum re-
gions covered b te y he A. decay products match
those populated D* decays, and thus the A' mass
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arms, as well as the ability to merge the two
types of arms.

Figure 3 shows the -v~-value spectrum for events
with 1.835&M &1.875 G V/ s Ac . A fit to the data

o = . MeV c' abovewith use of a Gaussian with o =0.7
a smooth background gave a peak of 60+ 22 e
at a Q of 5.9+0.3 Me

o ~ 2 events
MeV'c, to compare with the
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events. The back-
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FIG. 3. The Q-value spectrum for events with 1.835

& M~~&1.875 GeV/c . Both E+& r and E 7(+r+ events
are included.

FIG. 4. The K'r~ invariant-mass spectrum for
events within the cut on Q value defined in the text.

where Q, =5.8 MeV/c' and 6Q was calculated for
each event, and applied a cut on R rather than Q.
The events in Fig. 4 are those with

~ R~ &1.4, or
those in which the calculated Q value is less than
1.4o from the expected value. The background
form was taken from fits to the M~, spectrum
with no cuts on R, in analogy to the Q-value back-
ground described earlier. A fit to this background
plus a Gaussian with o =14 MeV/c' found a peak
of 72+ 22 events at a mass of 1.852 + 0.006 GeV/c'.
We estimate the systematic shift in the mass
scale to be + 7 MeV/c', so that the total error on
the D' mass is + 9 MeV/c'. The mass value is in
agreement with the measured D' mass of 1.863
+ 0.001 GeV/c*. ' Correcting for events outside
the cut on R gives a total of 86+ 27 events, in
good agreement with the number deduced from
the Q-value peak. The ability to fit the peak in
both variables provides a check of our understand-
ing of the background level under the D*. No
other peak of comparable significance occurs for
any combination of M«and Q. The fraction of
D* events with positive charge is 0.4+ 0.2.

A Monte Carlo calculation with use of a produc-
tion cross section of the form Ed'o/dp' =A(1
—

I x))' exp(- l.lpr') gives a geometric acceptance
of 3.5X10 '. Using the total integrated flux of 1
&&10" pions on target with calculated trigger and
analysis efficiencies, we calculate the sensitivity
to be 0.59 events/nb of cross section times branch-
ing ratio. The branching ratios for D*+-&'D'
and D'-K m+ are 0.64+ 0.11 and 0.026+ 0.004,
respectively. ' The sensitivity for D* production,
which depends on the production model used, is

thus 9.3 events/pb. The sensitivity in da/dy,
which is independent of model, is 25 events/pb.
Using 78+ 26 events for the D* signal, an average
of the two results quoted previously, and assum-
ing equal contribution from D*+ and D*, we cal-
culate the total production cross section to be

o(D*) = &[o(D*+)+o(D* )]=4.2 + 1.4 pb.

The corresponding differential cross section,
which is insensitive to the y dependence assumed,
isdo/dy =1.6+0.5 (+0.7) pb, where the first er-
ror is statistical only and the second includes a
&0%%uo uncertainty in the normalization. This result
is consistent with the level of charm production
expected from prompt-lepton experiments. '
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An analysis of the experiments listed in Ref. 1 yields
a cross section of 25+ 10 pb for D production with 400-
GeV/c protons. (The prompt-lepton experiments are
sensitive to the D-production cross section. Here a
semileptonic branching ratio of 7.5% is assumed for
D's. ) If we assume that the cross section for 200-GeV/
c pions is about the same as for 400-GeV/c protons,
and that the ratio D*+/{D++D ) is 0.30+0.05 {ifone
assumes that relative direct production of D* and D
follows 24+ 1 weighting, the ratio is 0.35; if an equal
amount of D* and D is directly produced, the ratio
after decay is 0.25), we expect 7.5+3.0 I'b for the D*
cross section (average of D*+ and D~ ). Our result
of 4.2+ 1.4 p, b is consistent with this range.

Dip Movement in pP and pp Elastic Collisions
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It is pointed out that the recently discovered dip in elastic Pp cross section is related
to the dips at lower )t ( and lower energies, consistent with the geometrical picture of
high-energy scattering. At 30 GeV/c incoming energy, the dip is predicted by inter-
polation to occur at —t =-1.1 (GeV/c) . The curve for dip position versus or is discussed.

PACS numbers: 13.85.Dz, 12.40.Pp

Recently' a dip in the angular distribution in
elastic PP scattering was discovered in a SPS
(Super Proton Synchrotron) experiment at CERN.
Figure 1 of Ref. 1, which reports on this experi-
ment, is reproduced below. The authors re-
marked that this dip "is possibly of the same ori-
gin as the one seen in PP scattering at a similar
t value and the same value of the total cross sec-
tion (44 mb)." We agree with this assessment.
We wish to comment further on PP and PP elastic
scattering as follows.

(a) That PP and PP elastic scattering should be
similar at high energies is natural in the geomet-
rical picture. ' The curve in Fig. 1 is a plot of
the experimental data for PP elastic scattering at
62 GeV center-of-mass energy. ' The close agree-
ment is striking. Furthermore, the PP curve is
in agreement' with the predictions of the geomet-
rical picture.

(b) It was remarked in Ref. 1 that if one tries to
associate the dip at 1.4 (GeV/c)' with the struc-
ture observed at lower energies around —t =2.0
(GeV/c)', one finds that the dip moves toward

smaller ~t~ while the total cross section decreases.
We point out here that in the geometrical pic-
ture' ' it would be natural to associate the dip in-
stead with the observed structures at —t =0.5-
0.8 (GeV/c)' for the data" "at 2, 2.7, 3.67, 5,
6.2, 8, 10.1, 10.4, and 16 GeV/c. The dip po-
sitions at these energies are plotted in Fig. 2

against the total cross section o ~, and compared
with (1) the experimental dip position" for PP
scattering at the CERN intersecting storage rings
(ISR), and (2) the theoretical dip-position curves
predicted for pure geometrical scattering. ' These
curves are computed with use of formulas (1) and

(2) of Ref. 5, which contain no other input than the
geometrical shape of the proton derived from eP
scattering (and the total cross section o r ).

It is clear to us that all the dips in pp and pp
elastic scattering plotted in Fig. 2 are manifesta-
tions of the dip computed for pure geometrical
scattering. They are not in perfect agreement
with the computed curves because of remnants of
low-energy effects which are expected to disap-
pear at very high energies.
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