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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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p +d - 3He + 7° IN THE RESONANCE REGION*
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ABSTRACT
The reaction p + db*_3Hé + Fo was studiea at incident proton
energies of 377, 462, and 576 MeV. A comparison of our data with others
suggests thé existepce of a sharp forward peak.in eHe at 377 and 462

MeV; which is unexplained by the theory and disappears at highérAenergies.'
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Recent interest in the (p, T) reactions in nuclei stems. from the

work of the.Uppsala group ~on 16w energy pion prodﬁction fom ;ZC and

9Be. It was generally felt that the detailed structure evident in these

_ reactions together with the largé monmentum transfers involved wbhld make

BN

(p, ™) reactions a sensitive probe of the high momentum compoﬁents of
nuclear wavé functions. Thevdisappoiﬁting'results of some of the early
calculations, ﬁowever, demonstrated a fundamental dilemma: it is dif-
ficult to understand the reaction mechanisms involved without'detaiiéd
knowledge.of éhe nuclear wave functions, aﬁd coﬁversély, it is hard to
obfain this information without first settling-on'the'réactidn mechanisms.
One way out of this dilemma is to study systems that are simple
enough so that either the wave functions are known from other sources
or the reaction mechaﬁism can be readily inferred. .The simplest non-.
trivial reactions of this sort are pion production from deuterium leading

: ' : : _ L+
to either 3He or 3H in the final state. The reaction p + d %-BH + T

was investigated in the work of Dollhopf et al.[Z] as

[3-91]

well as in several
older experiments .. We report here the results of .m° prdddction,
which is part of a comprehensive study of radiative final sfates in 3He
formation from.proton—deuteron interactions af incident proton energies
of 377, 462, and 576 MeV.

The experiment was perfdrmed'af the 4.6 meter éyclotron of the
Lawrence_Berkeley/Lanraﬁory} The 746‘MeV external proton beam‘wés
degraded to the deSiréd enetrgy and refocused to obtain a secondary beam

of 2 x lO8 protons/sec at the target with a momentum spread (sigma) of

0.5%. The beam intensity was measured with ionization chambers, which



were caiibratéd by diréct proton counting. The beam energy was deter-
mined by degrading the protons and measuring the raﬁgé corresponding'

to the Braggvpeak as detected in an iqnizatioﬁ chamber. A 1.3 cm

thick, gas ballasted, liquid deuterium target was used. The product

of effective target thickness and Beém intensity was’moﬁitored by
meésuring the proton-deuteron elastic scattering rate witﬁ twb scintilla-
tioﬂ counter range telescopes in coincidence.

The momentum of the 3He particle was measured by a'spectrometer
consisting of two magnetostrictive wire spark chambers for trajectory
definition aﬁd a large plastic scintillator, which was used as a.total
absorptiQﬁ counter. The construction and calibration of this detector
are described in reference 10. A thin enefgy—loss sciﬁtillator situated
before before this counter aided in rejecting singly chafged'particles.
One of the decay photons froﬁ the m° was detected in a photqn spectrom-
eter, consisting of a sciﬁtiilation counter to veto charged particles,

a slab of lead glass two radiation lengths thick to‘convsrt the photon,
a scintillation counter to defect any resulting charged particles, an
array of magnetostrictive wire spark chambers to define their tfajec—
tories, and finally a thick (8 radiation lengths) lead glass block to
measure thebenergy of the electron shower;

An event was defined by reduiring a trigger from the energy-loss
counter, a stopped particle in tHe thick scintillator with'a'pulse
height in a prescribed interval, and a conversion in the photbn spectrom-
eter. A conversion was defiped as a signal in the second scintillator;
The photon enefgy as measured in the lead glass wés not used either in the

trigger or in the subsequent analysis. The photon conversion
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efficienéy was calibrated as a fqnction.bf energy in a separatebexperi—
ment at. the California Institute of Technﬁlogy‘élecfron synchrotron.

A Xz minimization procedure waS»qsed to fit the events to the
p+d +'3He'+ nq hypofﬁesis; andaa Mdnte.Carlo program was used to
calgulate“the geometric acceptance._“The only non-negligible background
'réaction is pd -~ 3He‘y, which'is kinematicéliy very similar but a factor
of 20‘lower in cross section. The data were corrected for this back-
ground as well as for accidental.triggers and break-up of the‘sHeeparticle.“
These corrections were typically less than 5%. The empty targef contribu-
tion to the cross,seétion was negligible.

, The results are shown in Figs; 1-2. . The vertical error bars ‘in-~
clud¢ statistical errors and an estimate of the systematic errors. The
width of. the angulaf bins (determined by multiple scattering of‘the 3He),
is always less than +3°. The 377 MeV data are shown in Fig.‘ia ﬁogether
with the results of several older experiments. The cross sections of
Frank et al. (as well'és thosé_of Dollhopf et al. in Fig. 1b) were
derived from the reaction p + d > 3H + ﬂ+ by multiplying by 1/2 as
fequired By'isospin. The three experimehts in Fig. la taken together
seem to suggest the existence of a shérp peak at forﬁard eHe angles;

This peak.also'appears at 470 MeV in the data of Dollhopfvet al. as
shown in Fig. 15. The existence of so sharp‘a peak in this angular
region is sé far unexplained. A possible mechanism based on oﬁe pion

[11] L [12]

exchange has been considered by Barry and by Bhasin and Duck ,

but they obtain a broad enhancement rather than the_éharp peak which '

[13]

‘is observed. Fearing has studied the effect of D-state components



in the deuteron wave function, but again the effects are small and show
né sharp structure. By 590 MeV the peak has totally disappeared as shown
in Fig. lc.

Although most of the cglculations done so far on (p, M) reactions
involve assumptions that limit their validity tb threshold production,
there have been some attempts to apply the impulse appréximation model
of'Ruderman[la] top+d->t+ ﬂ+ in the resonance region.‘ Tﬁe results
of these earlier calculations are summarized in reference 2. In its
simplest form‘the approach seems to give qualitatively’correct results
both for normalization and angular distributions. More recent calcula-

[15] and Fearing[l6]

tions by Locher and Weber , which include corrections
for spin, reséattering (distortion) and exchange diagrams, reproduce the
experimental cross sections quantitatively except for the backward peak.
Since tHe data taken in this experiment span thé energy of the
A(1232) respnance it is of interest to display them as excitation
functions. The eﬁergy at which the resonénce peak occurs depends upon
the diagrams thaF contribute to the reaction and upon distortion effects
that tend to shift the peak toward lower energies. Estimates of ‘the .
resonance position vary from 450 to 600 MeV. Unfortunately, un-
certainties in the relative normalization of the differenf experiments
have so far made the comparison inconclusive. Figure 2 shows excitétion 
functions for several angles including data compiled from Refs; 2-9.
(Some points on these curves were obtained by interpolation and were

consequently assigned generous error bars). There is no sign of an

enhancement; all the curves fall off smoothly with increasing energy.



This behavior is surprising at first sight since the éxpgrimental data
on the reaction p + p > d + ﬂ+, which.was used as input for most of the
calculations of p + d 3He + 1T°, show a bronouﬁced peak near .450 MeV.
An explanation of thiS»pﬁenomen;n has been provided by Fearing[l7] in
arrecent preprint: since the distortion effects in the exit (pion)
éhéﬁnel are predominately ébsorptive, the A(1236) tends to reabéorb the
pion and surpress the reaction in this energy rahge. Residﬁal'effects
of this resonance wo#ld appear as a.small.ehhancement at energieé
mugh-below'those measured in this exberiment followed by a graduél>fa11
of f ﬁith"eﬁergy above 360 MeV._ If this is so it may be very difficult
to extraét.any fﬁrthef information in this energy region either”abdut
the detailed'reaction mechanism or thé nuclear wave functions éiﬁce

the erss sections are'dominated by reiativeiy triviai absorbtién

effects.
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FIGURE CAPTIONS

Fig. 1. .a) Center-of-mass differential cross section for p+d- 3Hé +

o
m at T

p = 377 MeV. The other data points are Franck et al.

' - *
at 340 MeV and Chapman et al. at 325 MeV. eﬁ is the

center-of-mass angle betWeen pion and proton.

P

b) Same as Fig. 1_for T, = 462 MeV. The data of Dollhopf

et al. is multiplied by % as required by isospin.

¢) . Same as Fig. 1 for'Tp

576 MeV. Also included is the data

of Gabathuler et al. (600 MeV), Harting et al. (591 MeV),

Dollhopf et al. (590 MeV), and Booth (562 MeV).

Fig. 2. Excitation functions at several angles. The 750 MeV points

are from Banaigs et al. and Booth.
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