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Abstract

Analyzing power measurements of the pd + tnt nmwnn»ow are reported
at incident proton energies of 305, 330, 375 and 400 MeV over the
angular range from 68° to 145.5° in the center of mass. The results
are compared with earlier measurements obtained at 400 and 500 MeV.

The analyzing power at 375 MeV exhibits a distribution unlike that
observed at lower energies. The analyzing power at 400 MeV, and for
large pion oanmu»oawﬁam%wm. is in significant disagreement with other

results, for the same energy, reported in the literature.
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The reaction p+A + (A+l)+1t hag been the JwvHQOn of much experi-
i

mental and theoretical study over the recent years. Although the ini-
tial interest in exclusive (p,m) reactions originated from the large
momentum transfer characterizing the reaction, it was soon realized
that reactions of this type span a wide field of interest in pion-
nucleus physics, such as pion-nucleus interaction in the form of pion
distortion, proton-nucleus interaction manifested in proton distortion
as well as the processes involving formation of the A-isobar and 1its
interaction with the nuclear and pion fields. An extensive and updated
compilation of experimental data relevant to (p,7) reactions has been

recently published!).

Polarization measurements in (p,7) reactions have provided addi-

tional constraints to the theoretical treatment of such reactions. To
date, all attempts to develop a general theoretical approach that would
fit both the differential cross section and polarization analyzing
powers H>wn¢v_ for complex nuclei have failed. On the other hand

(for energies below 600 MeV) there is a theoretical model for the ele~
mentary channel pp + dn+ which in general 1is in good agreement with a
wide range of spin-dependent measurements?). In light of the uncer-
tainty surrounding the reaction mechanism for complex nuclei, in spite
of the success in describing the elementary pp + dnt process, it is
important to examine in detail pion production in the very simplest
few-nucleon systems. Clearly the pd + tnt reaction is the simplest
pion production reaction occurring on a complex nucleus, and as such
should be extensively investigated experimentally. This reaction has
indeed been studied in the 400 to 470 MeV region3), at 500 MeV*) and at

800 MeVS). A preliminary report of our results at 305 and 330 MeV has
also been published®).
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detected by a mnpanhwwwﬂ ,counter. The target scattering chamber was

connected to a modified beam pipe incorporating a horn at the end of
which the recoil detector was placed, a scintillator counter having an
angular freedom of movement of ~6° to ~11.5° in the lab frame. The use
of such a double arm arrangement resulted in high quality pion spectra
as can be seen in fig. 1.

For 85 1A = 52° and 69.6° (at an incident proton energy of
375 MeV), the triton recoil angle fell outside the effective horn win-
dow range of 6° to WH.Uo" for these two cases the pions from the cb,
were detected in a single arm arrangement. At these angles, however,
the pd + tnt cross section is sufficiently large so that the pion peak
from this reaction stands out clearly above the pion spectrum generated
from the ~N0Av.=+vx inclusive reaction. As can be seen in fig. 2 the
subtraction of the pion continuum arising from the wnoﬁv.a+vx reaction
(measured using a carbon target) from the CD, pion spectrum resulted in
a clean pd + tnt spectrum. The continuum evident in the lower pion
energy part of the spectrum in fig. 2 1s a result of the break-up
reactions pd + dnnt and pd * pontt having threshold excitations of 6.23

and 8.35 MeV respectively.

The analyzing vmtmn >wﬁov was calculated using the equation

«zﬁ+v - <za¢v
mm+v&za+v + wa+v&zA+v ’

Ay (8) =

-6 -
where Yy and P are the normalized yleld and magditude of the polari-
zation respectively. The arrows indicate the spin orientation as spin
up (t) or spin down (+¥) according to the Madison Conventionl?),

The spin averaged (unpolarized) differential cross section, for
the 305, 330 and the earlier (LD,) 400 MeV data, was calculated using

the equation

do, . _ P($)do(+)/da + P(+)do(+)/da
< P(v) + B(1)

where the do(+)/dQ and do(+)/dR are the differetial cross sections for
the spin up and spin down nonmwwcnwn»oam respectivelyl?),

The calibration of the 65 cm Browne-Buechner spectrograph is cur-
rently being performed by normalizing relative to the pp + dvt differ-
ential cross section. At present then, we can only extract the polari-
zation analyzing power for the 375 and the later 400 MeV (CDy)
results.

The results of the Ay(9) and do(0)/dQ measurements for the 305,
330 and 400 MeV (LD,) together with the 375 and recent 400 MeV (LD,)
>wa¢v results are shown in figs. 3(a), (b) and are also presented in
table 1. For comparison the results for 400 MeV from nom.wv and those
for 500 MeV from ref.*) are also included in figs. 3(a) and (b). The
error bars on all results reflect statistical uncertainties only. The
uncertainty due to the carbon subtraction in the 375 and CD, 400 MeV
results has also been folded in.

As can be seen from fig. 3(a), the results at 375 MeV exhibit a
qualitatively different analyzing power angular distribution Ay(0)
than do those at 305 and 330 MeV. The >%Aav appears nearly identical

at 305 and 330 MeV; at 375 MeV, however, the minimum for Ay(9)
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Table 1

it

Analyzing power, ><on. and differential cross section, do/d(8), of

the pd + tut reaction.

Tp(MeV) 9c.m.(deg) Ay(9) d0/d9(0)(ub/sr)
305 68.0 ~0.36(0.01) 2.04(0.12)
89.0 ~0.60(0.01) 0.93(0.06)
113.0 ~0.40(0.02) 0.57(0.03)
144.0 -0.14(0.03) 0.57(0.03)
330 75.3 -0.47(0.02) 1.50(0.09)
81.0 ~0.53(0.02) 1.05(0.06)
90.0 ~0.53(0.02) 0.92(0.06)
107.0 -0.43(0.02) 0.76(0.05)
116.5 ~0.26(0.03) 0.85(0.05)
126.0 -0.21(0.02) 0.70(0.04)
145.0 -0.09(0.06) 0.65(0.04)
375 69.8 -0.50(0.02)
90.0 -0.45(0.03)
110.8 ~0.13(0.03)
120.1 -0.21(0.03)
130.0 ~0.31(0.06)
400(CD,) 120.1 -0.19(0.01)
130.0 -0.18(0.03)
400(LD,) 125.5 -0.27(0.02) 0.71(0.04)
138.0 -0.25(0.04) 0.68(0.04)
145.5 -0.13(0.03) 0.87(0.05)
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