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COMPARISON OF (d,p) AND (p,n+) REACTIONS ON 28Si AT SIMILAR MOMENTUM TRANSFER

W.W. Jacobs, P.H. Pile, P.P. Singh, T.P. Sjoreen, and S.E. Vigdor
Indiana University Cyclotron Facility, Bloomington, Indiana 47405

A.G. Drentje
Kernfysisch Versneller Instituut, Groningen, The Netherlands

With a view to compare and contrast the (d,p)
stripping reaction with the (p,w+) reaction, angular
distribution measurements of 28Si(p,ﬂ+)2981 cross
sections (Ep=191 MeV) to several low-lying excited
states in 22Si were made. In addition, existing (d,p)
angular distribution measurements at Ed=76 MeV were
extended to larger angles in order to overlap the
momentum transfer (up to qv600 MeV/c) inherent to the
(p,ﬂ+) reaction. Of particular interest is a compar-
ison of the (d,p) and (p,n+) results for the relative
population of states of the same J“, but different
single-particle spectroscopic strengths, in 29gi: two
3/2+ states (Ex=1.27 and 2.43 MeV) and two 5/2+ states
(Ex=2.03 and 3.07 MeV). Such a comparison should be
sensitive primarily to differences in residual-state
wave function components sampled ﬁy the two reactions.
Other differences between the two reactions, e.g., in
angular momentum coupling and matching, and in distor-
tions of the incident and outgoing waves, should
effectively cancel in the population ratios.

Spectra for the two reactions are shown, for nom-
inal momentum transfer qVv550 MeV/c, in Fig. 1. The low-
yield (p,w+) and large-angle (d,p) data were obtained
with a detection/identification system in the QDDM
spectrograph focal plane similar to that used pre-

viously at IUCF for other charged pion production

measurementsl. The (d,p) data (5°§§L§90°) were ob-
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tained with a natural Si target "6 mg/cm? thick. At
angles larger than 65°, the 3.07 MeV 3/2+ state was
contaminated by a contribution from the 5.28 MeV

3 state of 30Si (seen in Fig. la as a high—Ex shoulder).

The 3.62 MeV 7/2  state angular distribution, scaled to
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Figure 1. Comparison of (d,p) and (p,n+) spectra from
St at a nominal momgntum tragsfér qns50 MeV/e. The
location of the 3/2 and 5/2° states of interest in
2957 qre indicated by the arrovs.



the forward-angle 5.28 MeV state yield, was used to make

an accurate subtraction of the contaminating yield to

the 3.07 MeV state of interest at the large angles. The
+

(p,m ) data (30°§ﬁhg900) were taken with enriched

28gi targets of 25-30 mg/cm? thickness. Contamination

of the (p,w+) spectra by products from light target
nuclei (}2C or 160) were eliminated by Q-value con-
siderations.

One can already notice differences in the relative
population of states in a comparison of the spectra in
Fig. 1. However, the difference in relative population
of the 3/2+ versus 5/2+ states may not be related to a
difference in nuclear structure sensitivity for the two
reactions, but may rather arise simply from the fact that
different angular momentum transfers, L, are allowed for
the two final-state spins in (p,ﬂ+), by virtue of the
intrinsic negative parity of the pion. The 3.62 MeV
7/2° state in the (p,n+) spectrum was positioned par-
tially off the region of 100% efficiency of the focal-
plane detection system and thus couldn't be meaning-
fully included in the analysis.

Plots of the measured angular distributions are
shown in Fig. 2. For the (d,p) results, the cross
section for the 3.07 MeV 5/2+ state has been multiplied
by a factor of 2 (the ratio of spectroscopic strengths
for the two 5/2+ transitions observed2 in (d,p) at
E;=18 MeV), The weak 2.43 MeV 3/2" state has been mul-
tiplied by a factor of 30 (this state has a non-strip-
ping character at lower energiesz). The similarity
over a wide range of q (up to 400 MeV/c for the 3/2+
states) of the distributions observed for states of
the same spin and parity, but very different microscopic
structure, suggests that here the (d,p) reaction is
sampling primarily the single-particle components of
For the weak 2.43 MeV

the bound state wave functioms.

+ . .
3/2 state the onset of another reaction mechanism may
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be the cause of the cross section enhancement (relative
to the 1.27 MeV state) at the very large q. The solid
lines in each case are DWBA calculations for the 1.27
and 2.03 MeV states with spectroscopic factors of
0.74 and 0.12, respectively, taken from lower energy
(d,p) workz. The deuteron potential was constructed
from the adiabatic model of Johnson and Soper3, using
global neutron and proton parameters of Becchetti
et al.A For the proton potentials, a recent re-analy-
sis of 135 MeV p + 2831 data obtained at IUCF was scaled
down to 80 MeV p + 28Si using global proton parameter
systematics for this energy regions. The DWBA calcu-
lations are in fairly good agreement with the magnitude
of the observed (d,p) cross sections. In particular
the agreement for the 3/2 states is very good (all the
way out to large q for the 1.27 MeV state). The cal-
culation fails in part for the 5/2+ states in not des-
cribing the experimentally observed J-dependence (in~
creased cross section for J = L + 1/2 at larger angles).
From the (p,n+) results also shown in Fig. 2, one
can see that the two 5/2+ state distributions are qual-
itatively similar although not as close as in (d,p).
However, the weak 2.43 MeV state distribution bears
little resemblance to that of the 1.27 MeV state ,
suggesting population of these latter states by signifi-
cantly different mechanisms. The ratios of (p,n+)
cross sections for the two 3/2+ and for the two 5/2+
states varies greatly over the angle range covered,
from 1 to 6 for 5/2+ and from "5 to 40 for 3/2+.
A simple average of these ratios over the whole angular

range gives 3.5 for the 5/2+ states [compared to a

nearly constant value of 2.0 for (d,p)] and ~16 for 3/2%

(compared to the apparent ratio of 730 for the single
particle strengths, as determined from the (d,p) results
at q5400 MeV/c).

Over the momentum transfer range

+
covered by the (p,m ) data, the (d,p) results for



IO L_ T T T T T 1 L= IO L 1 T L T T T
1 28, 29.. %
[ & 1 r Si(d,p)~"Si a) ]
A 1 T Eq=76 MeV I
= 3/2* sTATES ] | 3 =
= [ 1 [ & 5/2% STATES ]
wn
~N I i - B
Q -
E 0k JI10F 3
5 [ 1 ]
S &l 1\ ‘
B - ] N ] Figure 2. Angular distyibu-
o S - - . tions for 2851(d,p)2%5i" and
! A - i ] 295 (p,+)295:" to J'=3/2*
-3 -3 (E,=1.27 and 2.43 MeV) and
10 + 310 2 — 5/8* (B =2.03 and 3.07 MeV)
- ®(1.27 MeV, 3/727) . 0(2.03 MeV, 5/2+) = states plotted against momen-
T A(2.43 MeV, 3/2%)x30 ] B 4 ! T tum transfer q (note scale
- ’ . L A(3.07 MeV, 5/72%)x2 - difference for q in top
léﬁ 1 ] ! ] ! P |éf ] ] | o ! and bottom panels). For the
(d,p) distributions, the
100 300 500 700 100 300 500 700 date for the 543 MoV 3/ o
! ! ! L T 2'8 T 2?* T b) and 3.07 MeV 5/2° states
i ° h . . . are plotted with multiplying
L4 ° Sl(p,TT*) Si factors of 30 and 2, respec-
R ° . L = MeV 4 tively. The error bars,
L . Ep 191 Me where shown, reflect count-
5 10 ] oo _ ing statistics and an es-
S F 1% o 0 (2.03 MeV, 5/2+)] timation of background sub-
c N . L +1 traction. The solid curves
o i i L 4 (3.07 MeV, 5/27) are DWBA calculations as
(=4 é 'y T described in the text.
S r 2 X % 1 r 1
© 'Y o
~N
5 Ir 4 3 1 10p ]
S B i
L 4 | ; 4
Y
- ° (127 Mev,3/29)] T 4 0o, .
| A(2.43 MeV, 3/2F) a
1 1 1 1 1 L —l 1 1 1 1 1
500 550 600 650 500 550 600 650
g MeV/c q MeV/c

the 3/2+ states yield an average strength ratio of ~9.
For both pairs of states, then, we observe sub-
stantially greater differences between the (p,n+) an-
gular distributions than between those for the (d,p)
reaction. The (p,w+) differences cannot be attributed

to Q-value effects: calculations using a code with

. . . . . 6
distortions included in both entrance and exit channels

confirm the expectation that, within the pionic strip-
ping model, no appreciable change in angular distribu-
tion shape can result from the small change in distor-

tions (corresponding to the 27 change in outgoing
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pion kinetic energy) or a difference in neutron binding
energy for the transitions to the two states of each
pair. The present comparison thus suggests that (p,n+)
is more sensitive than (d,p) to other than single-
neutron components in the bound-state wave functions
(although there is reason to suspect that such other
configurations do also contribute appreciably at high
momentum transfer to the weakest of the four (d,p)
transitions studied). In order to reach more specific

conclusions concerning the nature of the mechanism

differences between the (d,p) and (p,n+) reactions,



it would be necessary to compare the (p,n+) experi-
mental results (especially the state-to-state differ-

ences) with calculations based on various models.
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MEASUREMENT OF THE “H(p,n )3He AND SH(p,r ) *He
THRESHOLD CROSS SECTIONS AND ANALYZING POWERS

M.A. Pickar, A.D. Bacher, R.E. Pollock, H.-0. Meyer, and G.T. Emery
Indiana University Cyclotron Facility, Bloomingtom, Indiana 47405

In this experiment (#95) we plan to measure the
differential cross sections and analyzing powers for
the reactions 2H(E,wo):"He and 3H(3,ﬂ0)”He within
4,0 MeV of threshold. In few nucleon systems the high

momentum components of the nuclear wave functions are

well established ((e,e'), (p,p'), Fadeev calculations).

With this in mind, the study of pion production from
very light nuclei should enable us to separate the
effect of particular reaction mechanisms from the in-
fluence of the wavefunctions of the participants.

The targets for this experiment are CD,, and 3H
in a Ti foil. We filter out the 3He or “He recoil
nucleus by placing the QDDM spectrometer at 00, re-
quiring a coincidence with the two gamma-rays from a
decaying ﬂo, detected by Pb glass detectors placed on
opposite sides of the target. The distribution in
energy of the recoils will give us, after certain cor-

rections, the differential cross section. Because the

flight time of the recoils of a given momentum is a
function of the angle at which they enter the spectro-
meter, a measure of that distribution in time will
yield the analyzing power for the reaction.

In order to stop the beam we must place a copper
block within the QDDM itself. This block also functions
as a Faraday cup. The background generated by this
arrangement was measured in a short test run and was
found to produce a count rate in the QDDM focal plane
in excess of 1 MHz at the 30 nA polarized beam inten-
sities which will be used in the experiment. However,
with reduced intensity we were able to identify recoil
3He, presumably from spallation in the CD, target. To
handle the very high counting rates anticipated in the
actual experiment, we are building a 12 element scintil-
lator hodoscope for the focal plane. We hope to ini-

tiate the actual measurements in the spring of 1980.

STUDIES OF PROTON INDUCED NEUTRAL PION PRODUCTION NEAR THRESHOLD

M.A. Pickar, R.E. Pollock, A.D. Bacher, H.-0. Meyer, and G.T. Emery
Indiana University Cyclotron Facility, Bloomington, Indiana 47405

Experiment 18, the first in a series of experi-
ments to investigate features of the (p,1°) reaction

near threshold, is now complete. In the course of

this study it was necessary to develop Pb glass
derenkov detectors whose response was reproducible

over long periods of time, and which had close to



