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TRI-PP-82-41 There has been accelerated interest in the past few years in the
Nov 1982

reactions of the type pA > A>+~v=w for protons on light nuclei. This

interest, both experimental and theoretical, was originally based on the

expectation for such reactions of providing a probe of nuclear structure

PION PRODUCTION FROM DEUTERIUM BY THE BOMBARDMENT WITH at large momentum transfer. Although the potential is there, the promise

POLARIZED PROTONS OF 277 AND 500 MeV has not yet been fulfilled due mainly to problems with unravelling the

reaction mechanism. As a result, the current emphasis has shifted to
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measurements designed to provide information primarily on the reaction

Polarization measurements provide additional constraints on the
various theoretical models proposed for these types of reactions. Thus
far, with the exception of the Pp * dmt reaction below 600 chwv. theo-

retical understanding of pion production from complex nuclei has failed
Abstract
to even provide qualitative agreement with experiment. As a target
Analyzin ower measurements of the pd + tnt reacti r rted
yzing p B eactlion are reporte nucleus the deuterium is particularly attractive, being the simplest
at incident proton energies of 277 and 500 MeV. The 277 MeV r 1t
v & © © esults span such system with a well-defined ground state of the resulting daughter
the angular range from 70° to 130° in the centre of mass while the two +
nucleus. The pd + t7n" with polarized protons has previously been studied
500 MeV measurements at large angles were taken as a check of blished
ge ang pubiishe in the 305 to 400 MeV region"), at 500 MeV5) and at 800 MeV6). Results
results. With the angular distribution of the analyzing power at 277 MeV
: & yzing p reported earlier in the 400 to 470 MeV nm:mmqv are inconsistent with
being now available, an examination of the energy dependence of the 4
those of ref. '), basically as a result of severe background problems.
analyzing power shows that it exhibits characteristics closely resembling
The analyzing power angular distributions Ay(6) in the 305 to 500 MeV
the shape and magnitude of the distribution observed for nuclei in the 9-
region are characterized by a large but apparently gradual change in
12 mass number range. +
shape from a Pp + dnt-like negative peak at 305 MeV to large positive

peaking at 500 MeV.
No experimental results were available for the $d » tnt analyzing
Ph
(to be submitted to Nuclear ysics A) power for energies lower than 305 MeV; in the case of heavier nuclei,

i.e. %Be and ~Nn. the An(8) at Hv =,200 MeV (and lower energies for 12¢y
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between the deuteron and carbon reactions are highlighted further. The
AN(0) for the deuteron reaction, when plotted against nn.s..,um very much
like the heavier nucleus. The striking similarities in shape and trend
are, however, even more pronounced at higher energies as shown in

fig. 3(b). The pd » tnt reaction follows the same pattern of change as
the heavier nucleus; a similar behaviour has been observed in the
wwoﬁm'a+v—cwow.m. umnon»o=-v. At equivalent excitation energies in the
centre of mass, the analyzing power angular distribution for the mw + dnt
reaction is positive at all m:muomumv.

If one assumes that the NN + NNmt are the relevant amplitudes in
reactions of the type >Aw.=+v>+~. then this drastic change in the energy
dependence of the AN(6) with the addition of a single neutron is sur-
prising indeed. In addition, there seem to be two quite different
pictures emerging, one Wn low (below 200 MeV) incident proton energies
and the other above this region. At centre-of-mass excitation energies
equivalent to the first 50 MeV or so above threshold, for nuclei in the
A = 10-16 mass number range, the Ay(0) is very similar in shape for all
nuclei tested. The magnitude of the analyzing power is larger for the
nuclear targets, as compared to the single-nucleon case, but at forward
angles the overall picture seems to emphasize the NN + NNwt-1like channel.
At the large angles where the momentum transfer gets larger and rescat-
tering becomes more significant, the nuclear cases deviate from the
single-nucleon pion production behaviour. This common behaviour for the
AN(8) at small angles has been observed also in p-N and p—nucleus
scattering with polarized protons!0»1%),

At energies higher than ~50 MeV above threshold, the angular distri-

bution of the analyzing power for light nuclei deviates substantially

-6 -

from that of the single-nucleon case; at these energies the large angle
AN(O) are nearly identical, irrespective of nucleus or excitation of the
final stated). It is observed in this paper that the pd + twt reaction
AN(8) follows this pattern established by nuclei having a substantially
larger number of nucleons. At these energies then, the neutron in the
deuteron does not act merely as a spectator, as appears to be the case at
lower energies, but it influences the reaction mechanism in a similar way
as the presence of ten or more nucleons. In that respect, the pd + trnt
reaction may be the more appropriate interaction in which microscopic
theories of pion production in more complex nuclei should be based rather
than the pp + dnt reaction as 1s more usually mcvvomou~v. If that is
indeed the case, studies of pion production from light nuclei (d, w=m.
“He, ®Li and 7L1) are particularly attractive because the few-nucleon
nature of the problem would imply that there is some hope of developing
an understanding at the microscopic level. In addition, investigations
of nuclei differing only by one extra nucleon should be able to yield
information on the importance of such effects as rescattering, momentum
sharing and the nature of the "intrinsic" reaction process.
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Table 1. Analyzing power, An(6), of the vawn=+ reaction. Figure Captions
av o:.n.s. AN(O) 1. A characteristic (spin averaged) pion energy spectrum for av = 277 MeV
(MeV) (dee) and Bg j1gp = 51.0° for the pd » tnt reaction. The small pion contam-
277 70.0 -0.42 (0.01) - 1ination due to the 12¢(p,n*)X reaction has been subtracted.
80.0 -0.49 (0.02) 2. The analyzing power results for av = 277 MeV (®) and Hn = 500 MeV (x)
90.0 -0.62 AO.ONV from this work in comparison with the results (Q) at 500 MeV from
100.0 ~0.66 (0.02) ref. 5). Statistical errors only are indicated.
110.0 -0.64 (0.02)
3. Comparison of the analyzing power angular distributions Ay(8) for the
120.0 -0.45 (0.02) R . 2 13
d + t7" reaction (solid circles) and ‘“C(p,T C, reaction
130.0 -0.38 (0.05) P ¢ ) (7, ™) 5.
(crosses) for (a) Hv = 277 MeV for the deuteron and Hv = 200 MeV for
500 (this work) 137.5 -0.24 (0.04) the !2C and (b) at Tp = 375 MeV and Tp = 216 MeV, respectively. The
148.9 -0.22 (0.05) pnnmw.=+v_wom.m. results are taken from ref. 8) for 200 MeV and from
. ref. 15) for 216 MeV. The dash-dot lines in (a) are pp + drt results
500 [ref. 5 137.5 -0.19 (0.03
(re )] ( ) at T, = 375 MeV from ref. !6). Lines are drawn to guide the eye.
145.2 -0.21 (0.03)
Statistical errors only are indicated.
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