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A COMPARISON OF THE 0% (p ) and (p,He’) m\c’mozm
- POPULATING ARALOG FINAL STATES IN o ana wHt

Joseph Cerny and Richerd H. Pehl
Denartmcnt of Chemistry and Lewrence Radiation Laboratory

University of California
Berkeley, Cal*fornia

- Detalled comparative measurements of direct interaction transitions
from an initlal state to analog final states provide a sensitive experimental
test of the charge independence of nuclesy forces. Since few cqmparisons
of direct transfer reactions to analog final states have been made and none
under uhambiguous direct reaction conditioné, we have investigated the 1

6(5,4)0 5.8, [0+, T = 1] and 0%0(p,Be? )N *(2.31 Mev, O+, T = 1] trensitions
induced by 43.7 MeV protons. Previous two-nucleon transfer invesﬁigations
of the mass 1L 1sob“r1c triad have been reported utilizing the Clg(He3,n)0 g.s.

and Cle(He sD )R (2 31 MeV) reactiona at bombarding energies up to 2.6 MeV,

1.8 to 5.5 MGV,- end 6-11 Mev.5 However, rigorous comparison of these low

energy measurements is handicapped by the relatlively largér Coulomb effects

and interference between the compound nucleus and direct reaction contributiona to
the transitions. A further difficulty arises in comparing the aboolute CYoss=
sections since two différent detecting systems must be employed.

The‘(p,t) and (p,He5).measurements were induced by & beam of 43.7 MeV

: protons from the Berkeley 88-inch cyclotron. After energy enalysis, the
:‘ protons ﬁeré brought into a %6-inch scattiering chamber énd'impinged'on a

gas target. An improved particle-identifierh fed by e 4O mg/cm2 dg/dx - 480 mg/cm2
E semiconductor counter-telescope distinguished the reacﬁ;on products. A

. typical particle-identifier spectrum is shown in Fig. 1. Total energy pulses

were fed into a Nuclear Data analyzer vhich wes approyriately eated so that

the triton ‘and helium-) spectra were recorded eﬁmultaneousxy, each apectrum
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in a 1024 channel proup. The deuteron-triton valley and the ventim o-porticle
spectrum of the identifier were also facoz'ded in the a.na.lyzer to measure any '
small but possiblé loss of the t and He? groups in question. The average. 3
eneryy resolution was 190 keV for the trlions and 240 keV for the helium-3,

Figure 2 presents a.bsvovlute cross-secti§n reagurements of the -
0% (p,)0% 2.5, ena 020(p,HP W (2,31 Hev) transitions; the (p,Hed) aiffereatisl
crosséections nave been mul‘cipiied by the theoretic&lly ‘requixed factor of
1.83 as will be discussed below. Representative statisztics are shown on the |
figure. Ouxr independent dbaolute ‘cross~sections should be ecourate to _&10 per

cent; however; since the gpectre were obtained simultaneously, the relative

" ervore should be given primarily by the statistics. Although the f&ifferen’tiei

crosg-sections vaxry by a factor of ong hundred over the angular range investigated,

- only slight departures from exact agreement ore apparent.

In Born approximatiori the ratio of these differential cross-sections
is givén by v
Y 2
B, M|

].‘n'r!?;?:5 |ﬁ;1:3|2 .

Asewring pure 1-spin states for all nuclei involved in the transitions end an

a.p,t) o
CZ—B(P: He )

i-spin conserving interaction, the theoretical ratio of

2 2

mﬁe3l2 c(tthHeg,,tp,tHe; -,TPV P

trensferred poir). Since the ratio of k/k; 3 1s 0.9%, the (p,t) reaction

should be favored by & factor of 1.88 over the (p ,.Hez'5 ) reeaction.

The ebove calculation has aleso ignored the effects of the differing

energies and Coulomb _sca.ttering in the exit channels &nd an indication of

g thig 48 of interest. DIr. N. K. Glendeiming has performed a rreliminary

[
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calculation of these O+ - O+,L = O -t;:'ansitions using his two~-nucleon tramsf_c‘er s
distorted wave Born epproximation code.’ The fits ere also shown in Fig. 2. |
identiczil optical model potentials vere used in the incident and ex.ii‘i‘ channels
o (no i-spin 'depenaent ‘term was iﬁcludf—kd) and both calculations required e
cutoff radius of 5.2F; the nmucleons were assumed 1o be picked-up from the
Py /2 ghell. Since at present these. theoretical calcwlations do not give
absolute cross-sections, the two curves were normalized to each other at 0°.
and the Olé(p,t)olhg.s. £it was normalized to the experimentel data at the -
30° pealk. ‘ ‘ . | _
The theoretical engular distributions shown in Fig. 2 it the data
very well. It can be seen that a reduction of the 016(13 ,HeB )le(e.ﬁl MeV)
créss-section relative to the Ols(p,t)olhg.é. croass-section at the 30° peak
~ is predicted in accord with the experimental results; ﬁhe £1ts at the 65°
peak agree with the data within our statistics. Further calculation ghows
that the varistion at the 30° pesk arises primarily from the difference in
energy of the outgoiﬁé particles.
The ratio of the integrated cross-sections (11-90°c.m.) for these

transitions, after correcting for the phase space and i1-spin coupling

ofp,t) _ 0.50%mb _1.12
G p’He ) 0.80723"0 l *

the absolute cross-sections » end the anguler distributions, implies &

This excellent agreement between

factors, is

stroné;w charge~independent intersction operator. Further, the analog states -

e | of oL % must ve extremely similer. In addition to the principal

end W
. [(pl /2)2]0+,‘I' e 1 component in these states, there can be admixtures of
- 0+ states of T # 1 and adnixtures of other O+,T = 1 states, Since these
, _amplimdes enter linecarly into the matrix elements, though approﬁria‘;ely

" weighted by trensition-dependent factors, the matrix element ratio is &
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sensitive measure of differing smplitude and phase admixtures in the analog

states. - , _
- 14 b, o :
Exact comparison of the O g.s. and N~ (2.31 MeV) weve functions
must aveit an accurste calculation of the effect of the different enargles
and Coulomb scattering in the exit channels on the relative croas-sections.
For exsmple, however, let us agssume that the ratio of the matrix elements -

depends solely uvpon differences in the wave functions of the a.na.log states

1k 1k

of 07 end N© ', Also, we will essume that this difference arises only from the '

unique T = O impurity in the N*¥(2.31 MeV) state® of 2 x 1072 vith a

single emplitude and phase of -0.0L45, | The predicted ratio of %g"%g%would

then be-]-'-i-rjlg, vhich is comparable to the experimentel ratio, even though

the admixture is quite small.

We are indebted to Dr. Normen K. Glendenning for meny valuable aiscussions.
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. FIGURE CAI’I‘ION"; '

Figm‘eile Paxticle 1dentifier gpectrun from 43.7 MeV protons on 016

" | Figure 2. fngular distributions for the 016(p,t)01Lg 8.[0+,T = 1] and
016( P ,,Ii’e3 )I"lh%[2 31 MeV, O+, T = 1] transitions; the latter
cross-sections bave been mltiplied by 1.88. The solid and

- dashed lines ere L = O, two-nucleon transfer DWBA its to the
(p,t) and (p,HeB) ‘trensitions, respectively. The optical model

pareneters for these fits were

¥ W 2 b Ts 1
I -55 -12. 0.6 0.6 1.3 0

4 end He’ 60 20 0.5 0.5 1.3 1.2

)
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