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Pion production on a CD& target has been measured using the high-resolution magnetic
spectrometer SPES I. Differential cross sections for the reaction D(p, m+)T have been de-
termed at T&

——410, 605, and 809 MeV. The present data, together with previous results
establish a complete angular distribution of the reaction D(p, x+)T at - 600 MeV and the
energy dependence of the differential cross section for this reaction at several constant
momentum transfers.

The interest in the study of the (p, m) reaction
on nuclei has been stressed by several authors
in many theoretical and experimental reviews. '
The underlying motivation is the extraction of
useful information concerning the high-momen-
tum components of nuclei, since such reactions
involve high momentum transfers, of several
hundreds of MeV/c. Recently' results were re-
ported on the reactions 'Li(P, n+)'Li and 'He(P,

w')'He as part of a series of experiments on the
two-body final-state pion production, undertaken
at Saclay, aiming at the measurement of pion an-
gular distributions well above threshold energies.

The particular interest in studying the reaction
D(p, m') T is due to the small number of nucleons
involved in the initial and final nuclei. The reac-
tion can be considered close to the elementary
process NN- NNp and its reaction mechanism.

Differential cross sections for the reaction p+D T+7t+ in pb sr
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uncertainty is 2~.
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The differences between the two reactions can
then be expressed through a nuclear form factor
and rescattering corrections (incoming proton
and outgoing pion distortions) which can be cal-
culated quite extensively, in contrast to those
necessary for heavier targets. In the present
work angular distributions have been measured
for the reaction D(p, m')T at 410, 605, and 809
MeV, with special emphasis on the 600-MeV re-
gion, where a 0' measurement' and extensive
larger-angle measurements have been previous-
ly reported. " The energy dependence of the dif-
ferential cross section at constant momentum
transfer should yield information about the re-
action mechanism involved, since most of the
nuclear structure information, contained in the
nuclear form factor, should be possibly separat-
ed out of the data. We thus measured differential
cross sections at the most forward possible an-
gle (5' lab) and at a few more angles at 410 and
809 MeV (see Table I) in order to "complete"
earlier measurements.

The experiment has been carried out with the

proton beam of the SATURNE synchrotron. The
pion spectra were measured with the high-reso-
lution magnetic spectrometer, SPES I. Detailed
information concerning the spectrometer is giv-
en elsewhere. " Particle trajectories were de-
termined with four position-sensitive drift cham-
bers with an accuracy of 0.7 to 1.2 mm. The pi-
on identification was made by three lucite Ceren-
kov counters following four planes of plastic scin-
tillators and the trigger was defined by the coin-
cidence between all Cerenkov and scintillation
counters. The total detection efficiency varied
from 60/p to 9(P/p depending on the pion energy.
The data have also been corrected for the pion
losses through decay (31% to 66/o), including pi-
on counting through detection of the decay muon,
and for the pion losses through interactions (14%
to 21%), depending on the pion energy. The esti-
mate of the latter correction has been experimen-
tally checked for 300-MeV/c pions. The beam
intensity was monitored with a secondary-emis-
sion counter downstream of the target. Two scin-
tillator telescopes, pointing at the target at 40'
and 140, provided the relative normalization of
the data. All monitors were calibrated, using
the carbon activation method.

The overall absolute normalization uncertainty
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FIG. 1. Angular distributions of the reaction D(p,~+)T

as established in the present experiment and previous
results at -600 MeV. In order to allow a better com-
parison of data due to different experiments we repre-
sent the limits of the absolute normalization uncertainty
for each experimental point by carets and inverted car-
ets. The vertical bar represents the statistical uncer-
tainty of each point.
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FIG. 2. Energy dependence of the reaction D(P, sr+)T
established with earlier data and the results of the pres-
ent work at q~ » -480 MeV/c and at q~ ~ -500 MeV/c.
The error bars include the absolute normalization un-
certainty of the differential cross sections.
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of the data was+ 20%. As an additional check on
the absolute accuracy in the measured cross sec-
tions, we also measured cross sections for the
reaction pp-dn' at 410, 600, and 800 MeV, at
laboratory angles between 5 and 15'. Our values
are in good agreement with previous CERN data, "

Table I contains the differential cross sections
determined in the present experiment. Figure 1
shows our results at 605 MeV and all the avail-
able information on the differential cross sections
of the reaction D(p, m') T around 600 MeV, ' ' and
our results at 410 and 809 MeV.

The present 600-MeV results are in good agree-
ment with previously reported data' ' with the
exception of the 0, =87 point which is some-
what higher than the Dollhopf et al. ' 90', point.
The full lines on Fig. 1 represent the results of
a distorted-wave impulse-approximation (DWIA)
calculation made by Fearing. " The calculation
uses a D-state component in the deuteron's wave
function and a realistic wave function for the
three-body system, reproducing the dip in the
electromagnetic form factor of the triton. It al-
so includes the distortion of the incoming proton
and the outgoing pion obtained in the Glauber ap-
proximation using experimental NN and pN cross
sections. Changes in the wave functions or in the
distorting-potential parameters and diff erent
ways of incorporating distortion effects each lead
to a theoretical uncertainty in the normalization
of the calculated cross sections, of about a fac-
tor 2 or 3. We arbitrarily chose to normalize
the theoretical results to our 5 ~b experimental
points.

The theory reproduces qualitatively the experi-
mental angular distributions but fails to repro-
duce the forward angle slopes at all three ener-
gies.

Figure 2 represents the energy dependence of
the reaction D(p, ~') T at the momentum-transfer
values of -430 and - 500 MeV/c. When neces-
sary, interpolation of the data was made in the
momentum-transfer q representation, to mini-
mize systematic errors. The data tend to follow
a common energy dependence, that is, a peak
around 400 MeV. Such an energy dependence is
in qualitative agreement with the hypothesis of
the (3, 3) resonance influence on the pion produc-

tion mechanism. ""The downward shift of this
bump with respect to the energy of 450 MeV, ex-
pected from kinematic arguments, could be due
to distortion and nuclear-form-factor effects. "

From Fig. 2 it can be seen that there is a large
variation in the differential cross sections mea-
sured around 450 MeV. More experiments on
this reaction in the presently reported energy re-
gion should help to clarify the situation. How-
ever, even at the present state of the experiment,
extensive calculations of the reaction D(p, 7T')T
are desired in order to explain not only the com-
plete angular distribution at -600 MeV but also
the energy dependence of this reaction at various
momentum transfers.
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