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AN INVESTIGATION OF THE ( He,t) AND (‘He, He')
' " 'REACTIONS ON lp SHELL NUCLEI
chrdcn Charles Ball

Lawrence Radiation Laboratory
University of California
‘Berkeley, California

May 1968.

| ABSTRACT |
| 3 ) |
The (BHe t)_and (BHe He') reactlons on 9Be, lgC, 15C, th;

th and 5N have been 1nvest1gated at 3He_

He t) reactlon only]
energles of ' 39. 9, h9 8, 39.6, hh 8, Lk, 6 and 39 8 MeV, respectlvely;

Angular dlstrlbutlons were obtalned for all promlnent states up’ to.

'exc1tat10ns of 20 MeV A mlcroscoplc analys1s of ‘these data has been

carrled out us1ng a local two-body 1nteract10n w1th an arbltrary spin- -

1s0sp1n exchange mixture. Spectroscoplc factors were calculated using

_1ntermedlate coupllng wave functlons for P shell states while simple

3 J conflguratlons ‘were assumed for the levels whlch were populated by

| promotlng ap nucleon to’ the s-d shell A YUkawa 1nteractron with a

range of a p l 2 F was found to give the best results The strength

of the effectlve nucleon-nucleon 1nteract10n requlred to fit these data_

~is in’good agreement with recent (p,p ), (p,n) and: (5He, t) calculations

5l_on llght nuclei. 1In partlcular, dominant L=20 transitions observed in

the (BHe,t vreactlon gave values for the 1sosp1n V VOl and  spin-

igospin .Vll ‘dependent - terms (converted to an effectrve nucleon-nucleon

interaction“at‘a_l = 1.0 F) of 20.6 and 16.5 MeV respectlvely, while

'vthe strengths required to fit (BHe t) L = - 2 3 trans1t10ns were generally

enhanced. For 1nelastlc trans1tlons, the average strengths obtalned for
4 -assuming a Serber exchange mlxture, varled from 47.2 to 67. 3 MeV
dependlng upon the L transfer 1nvolved A comparlson of the - (5He t). and
(BHe He' ) reactions populating ‘analog flnal states (where Te =T, +1)

is also presented In general these tran31t10ns were weakly populated

however, it was p05s1ble to observe the lowest T 5/2 levels in the mlrror

13C and several T = 1 levels in 2N - ;20.

9

Be and 13

N -



A%

,1sosp1n V =V .  and spln 1sosp1n v

: the 1n1t1al and flnal states
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I. INTRODUCTION

There has been a grow1ng 1nterest recently in the appllcatlons of

a mlcroscoplc descrlptlon to the 1nelastlc and charge exchange scatterlng

1-1k

‘of various progectlles by nuclel.‘ Utlllzlng the available. experl—'

. mental data from the (p,n) and (p,p ) reactions, several attempts have

been made to determlne an effectlve nucleon nucleon 1nteract10n in terms

of a 51mple local potentlal w1th an arbltrary sp1n 1sosp1n exchange le—

6-12

'Ature T In partlcular, the populatlon of ground and exclted 1sobar1c

analog states in the (p, ) reactlon prov;de a direct measurement of the

“terms in the effective-two—body o

ST 'Ol_ 11

7j1nteractlon whlle the levels which are strongly pOpulated in 1nelastlc ‘
_ scatterlng are generally sen51tive to the spln 1ndependent terms ‘So far,' =

the (p,n) reactlon has been reasonably successful in determlnlng the

8, lO 12

' strengths of 1sosp1n dependent terms, : however, the inelastic transi- -

'tlons generally glve values for V .'whlch are enhanced due to collectlve '

or core polarlzatlon effects not accounted for by the wave functions of -

3,6~ -9

One of the maln purposes of thls thesls was . to extend the concepts

of a mlcros00p1c descrlptlon to an analys1s of the (5He t) and (BHe e ")

9B
3

120, 13 i

reactlons on several lp shell nuclel, partlcularly, e, C, »C,'

N and 15N These experlments were carrled out at “He energles of MO -50.

.MeV and ‘therefore the populatlon of well known levels up to an exc1tatlon

energy of 15-20 MeV could be 1nvest1gated s1multaneously in both reactlons.‘

‘Some experimental studies of the (3H t)13 16. and (BHe e )17

- actlons on llght and medium weight nuclel have been reported prev1ously
_However, mlcroscoplc ‘analyses of these data have been generally llmlted to

h-an 1nvest1gation of the ground 1sobar1c analog trans1t10ns observed in the " .

He,t) reactlon on several llght nuclei partlcularly, 17 0, 18
| 27A1, 30g4 39K,and u8Ti at B, = 18:25 MeV. 15,1k

JHe 3 K 3 _'3 ¥
In prlnc1ple, an 1nvestigat10n of the (“He,t) and (“He, He') re-

actions on lp shell nuclei has several advantagés which make it attractive

 for a microscopic analysis;?,First of all,'many of the levels which are

strongly populated in these reactions correspond to transitions which

mainly involve the promotion of atsingle nucleon (i.e.,_almost pure single-
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partlcle transitlons)lls Secondly, the shapes and relative magnitudes of';,.

the'angular distributions arising from singleeparticle transitions appear 3
to fall into groups which depend not only on the orbital angular momentum |
“transfer but also on the spe01f1c shell-model trans1tlon 1nvolved 18 gThis \’

.effect has been very useful in. ut111z1ng the (BHe t) reactlon as a spectro—

'scopic tool. 16 In partlcular, it was poss1ble in these experiments to _
make spin and parlty asslgnments for all levels observed in l%o below 8v

MeV 18

Flnally, 1ntermed1ate coupllng wave functlons are avallablevwhdch
hhave already been successful 1npred1ct1ngnwny nuclear propertles for 1p. ‘_
AVShell states 19 Although these wave functions are unable’ to predict the " ~»7
observed E2 tran31t10n rates w1thout 1nclud1ng an effective charge for the
neutron,EQ the collectlve enhancement requlred is much less than that for .
_neav1er nuclel. As a result the ablllty of a. mlcrosc0p1c descrlptlon to
predict the. shapes and relatlve magnltudes of the angular dlstrlbutlons l'““d
for well-known P shell trans1tlons should prov1de a: sens1t1ve test of, the =

appllcablllty of a s1mple local potentlal for the 1nelast1c and charge-
'_exchange scatterlng of complex progectlles. Although the effectlve nucleon-<'
. nucleon 1nteract10n obtalned for complex proJectlles may be dlfferent

from that for nucleon prOJectlles, there is no strong ev1dence that 1t 1s
greatly dlfferent v o v ‘

‘ In the present analysis, DWBA calculatlons have been performed
' - using the microscopic descrlptlon developed by Madsen.5 Spectroscoplc‘_
vfactors were ‘calculated using the. wave functlons of. Cohen and Kurathl9’21,
for p shell states whlle s1mple J- J conflguratlons were assumed for the
levels which were populated by promoting a p nucleon to the s-d shell
The effective interaction’ was agsumed to be a- local Yukawa potential with 2k1
an arbltrary spin- 1sosp1n exchange mlxture The strength of the effective

nucleon-nucleon 1nteract10n requlred to fit these ‘data is dlscussed in ‘ ¥

detail and also compared with the results obtalned from recent (p,p ),,

(o ,n)6 -12 (5H t)lj lu

and calculatlons

Of additional . 1nterest in these experlments was the comparlson of
. the- (3He t) and (BHe,BHe ) reactlons pOpulatlng analog final states where '
Tp T + 1. Assumlng the charge independence of nuclear forces, the

'_angular dlstrlbutlons for these trans1t10ns should be 1dent1cal after phase-



spac'e andr'isospin-coui)li_ng corrections are made. In gene‘i’él, these transi-
tions were weakly populated; however, it was possible to observe the lowest
T = 3/2 levels in mass 9'and i3 and several T = 1 levels in mass 12 . As
a résult,fa corre‘sponde_n.ce» was established between éeve;n excited T =1

levels in °C and T°N.
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~ IT. THEORY
A. Introduction

The inelastic or charge-exchange scattering-of'various projectiles\

- by nuclei. can be described using either a collective or microscopic model.
Both of these descriptions generally utilize the distorted-wave Born-

approximation (DWBA) expression for the transition amplitude given by:22
| R ‘ (+),

. | RUE _ o _ N -

T=f % : (l,c,f,a')wf(g)fv(gf,g) v, (8)) % 7 (kg BIGR 5 (D)

" where .3' 1s a vector- between the center of mass of the prOJectlle and
the’ center of mass of the target and E descrlbes all of the nuclear

: coorddnates. The Xg ) and X§ ) are dlstorted waves which descrlbe

the elastic scatterlng in the entrance and exit channels while the remaln-
. 1ng factor represents the matrix element of the effective 1nteract10n
taken over all nuclear coordlnates of the 1n1tlal and final states.

' Untll recently, the- collectlve model was extens1vely used to de-
fscrlbe 1nelast1c scatterlng since it was known that ‘the states which are
strongly ex01ted by 1nelast1c scatterlng are also strongly coupled to_
the ground state by the electromagnetlc field. 23 This approach:consisted
of generallz1ng the Optlcal model potential to include non- spherlcal
: shapes. The nuclear matrlx,element, Eq. (l), was then replaced by the
fAradial.derivative of the optical potential which gave rise to the. elastic
scattering.24 The resultlng cross sections are proportlonal to the de-

formation parameters B for each multlpole Although the macroscoplc

-descrlptlon has been’ sugcessfully applied to strongly excited states
whlch can be characterized as collectlve in nature, the information whlch
 lS obtalned concernlng nuclear structure is limited and 1n_general the
model is not applicable to weakly excited levels.

Charge- exchange reactlons have ‘also been descrlbed in terms of an
- optical potential model in whlch the ground isobaric analog (quas1 elastic)
trans1t10n results from an isospin or symmetry term in the Optlcal po-
tent1a1 eo- 7‘ By ahalogy, the radial derlvatrve of thls symmetry term
.gives rise to qua51 1nelast1c transzl.tn.onS.e7 While the strength of the

'symmetry term requlred to it the quasi-elastic transltlons is close to

that found in ananaly51s of elastlc scattering data, 26,27 the cross sections

28 -
for quasi- 1nelastic transitions are generally underestlmated 215

“
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If a’ﬁicroscopicvdescription is;used, the»nuclear wave functions
¥, and'_Wf, Eq . (l), are expressed injterms of the motions of the in-
dividual target and projectile nucleons while the effective interaction
is represented hy a sum.of'two—body interactions between the‘projectile
and targetvnucleons, In principle, this model is capable of describing

all inelastic and charge'exchange transitions and also offers a means for

'testlng nuclear wave functlons providing the effectlve interaction is

known I . - o }u

For 1nc1dent protons or neutrons at suff1c1ently hlgh energles

‘(> 100 MeV) the 1mpulse appr0x1mat10n is valid and the effective 1nter-'

actlon can be replaced by the free nucleon-nucleon scatterlng amplltude

1,29
However, at. lower energles, multiple scatterlng becomes more 1mportant

and in addltlon the nucleon-nucleon scatterlng is modlfled by the presence'

of other_target nucleons, therefore, the effective interaction is expected
“to be very‘complex. For'simplicity, the effective interaction is generally
restricted to be real local and only dependent upon therdistance between

"_the prOJectlle and target nucleons, however,'an arbltrary spin-isospin ex-

change mlxture 1s 1ncluded ' Hopefully, a cons1stent set of parameters are

“obtainable for the effectrve 1nteract10n prov1d1ng the nucleon wave functlons‘

are. well known

One final restrlctlon usually 1mposed in & mlcroscoplc descrlptlon_

‘is to neglect the contrlbutlons from exchange processes in whlch “the pro-
- Jectile nucleon ‘(nucleons) is captured while a target nucleon (nucleons)

is eJected, these. effects wlll be dlscussed further . later
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B. 'The Microsccpic Model

1. General Discussion : ' ' g

Several theoretlcal formallsms convenlent for discussion and cal- N)
culatlon have been reported recently, based on a microscopic descrlptlon

of the inelastic and charge exchange scatterlng ‘of various projectiles

-5 >

from nuclel The formelism developed by Madsen has been used in the

present work to carry out - a mlcroscoplc analys1s of the (BHe t) and
(BHe,BHe ) reactlons on lp shell nuclei. _ |
i The effectlve interaction, Eq. (1), can be expressed in terms of a

sum of projectile-nucleon interactions : : ~

- ) VA“_"_ . ‘
V(R',&) = 5 V(B'z) | “ (2)
Lo L . L th : o
where r; 1is the space coordinate of the i~ target nucleon and A is
the'mass of the targetlnucieus. If the wave functions for the projectile:
_are’assumed‘tO‘be'entirely s states (a reasonable approximation for all.
complex:prOjectiles up to & particles), then the projectile wave functions
can be factored into a part depending on space coordinates and a part de-

pending on spin- 1SOSp1n coordinates. ' As.a result, the interaction, Eq. (2),

can be expressed in terms of the effective nucleon- nucleon 1nteract10n

_ o | | ‘ . .
V@' ey) = et (e Vi, ) | (3)
"where‘ r' 1s the space»cocrdinate of a nncleon in the projectile and

b : ; .
-f\g ) is the internal wave function of .the projectile. The effective

v nucleon-nucleon 1nteractlon has the form

RACA i) = [ 00 ¥ V16 %% * 5 H (Vo * % ’"1)] g(r —ai)’ ()

X

where the strengths Vgn

in MeV while the radial dependence g(ré -ri)_iis limited to functional

(for spin S and isospin T transfer) are eXpreSSed _

- forms which yield analytic expressions for the multipole expansion{ In

particular, the Gaussian



el

8(e) = em(Br7) - (52)
and the Yukawa
g(rjzg.éxb(ajr)/ar; | _ | : vp -_'} o v | (50)

are two sultable f1n1te range forms In order to compare the strengths

ST .for potentlals ofr different ranges and dlfferent strengths, Johnson‘

et al.7 suggest u51ng the volume 1ntegral of the potentlal

Agp = Vgn [e(x) ar - RO
AU AN, /- S
where . . . AST = VST x (m/B)~ : . Gaussian

Ao = Vam X (MﬂﬁaB) :  Yukawa

Asr T st

In order to compute the effectlve progectlle-nucleon 1nteractlon,

Eq (3), the 1nternal wave functions of the 5He and triton projectiles are
normally assumed to be Gauss1an _ If the nucleon nucleon 1nteractlon, Eq
(4),_15 also chosen to be a Gauss1an, then the resultlng expression for
V(R',r )‘ 1s a Gauss1an with a longer: range and lower depth but the same -
5

volume 1ntegral Ea. (7), as the nucleon-nucleon interaction.

In the present analysis of the‘(iHe t) and (BHe,BHe ) reactlons,

‘g(r) Was‘chosen to'be a Yukawa. As a result, the express1on obtained for

the effective: progectlle—nucleon 1nteract10n, Eq. (3), is very complex.

. Wesolowski et al. 2 have shown, however, that for large values of

(R';r ' thls compllcated expresslon can be approximated by a Yukawa with

the same range o but normallzed strengths VST given by

| ‘—’stvs'rexp(ag/l&Ye) a - | (8)

where. y is. proportlonal to the size parameter or average size parameters

- for the Gauss1an wave functlons of the 5He and/or t. progectlles (i.e:, vy =

O.Bl8,and 0.291 for the (3He,t) and_(BHe,jHe ) reactions, respectlvely).5
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At a range of a_l 1.0 F the s1mple Yukawa and the exact expression are
almost identical for [B‘ - Ly [> 3 F and only deviate strongly at dis-
tances less than two fermis (1 e. ~20% at 2.0 F). 14 Since complex pro-
-jectiles are strongly abso;bed inside the nuclear surface, the simple
Yukawa interaction‘is'expected to'be reasonably correct but not as accurate
for light nuclei which heve much smaller radii. In particular, when DWBA~

3

calculations were performed for the (BHe t) and (5He, He') reactions on
{ 1p shell nuclel, the computed angular dlstrlbutlons were only insensitive
"to lower radial cutoffs < l 5 F. However, a comparlson of the absolute

strengths obtalned in these experlments with those obtalned in an analys1s

of the (p,p ) and. (p,n) reactions should provide a test of the valldlty of .

this approx1matlon The express1on for the differential cross section can

be wrltten as a coherent sum of single particle tran51t10n amplltudes

| %%'h <;2M > g (éJ'+1§l2J 1) 25: (2J+l)(28+l)
| ‘ | JSIM -

| o I T
. ey S 192, - -1/2
: . -+
,§ Djlj2(JSLT) Ve ?LM (kf)(EL 1)
T

3135

‘where

*

J 3o M A
vt (R>-(x kB')lxg'(Rw 12(3 )lx(”(k DI

1

S o - -
ng“e(Rtv‘)i =fﬂj’2£2(ri) gL(RI ’ri) ﬂjlzl(ri)rigdr. )

- and



5,0 = *<2.~7?fl’_;/-2- CRSES { sl fey)

ddp” S
S ! o : o . : |
e~ . [} P . N ] ', i
X | do '3 ,_:122 [S(‘JJiJf,lTin,JlJz) S '(SJ: _,lT ) |
Jo s 17/ _.
» N _— ) ) .
Pt
T'-+T, Pi'Pf

‘VXC(TTlP-P)C(TTlP—PV)(l) B

| L o)

X aP -Pf,Pf—P qu1: 1 +5’(JJ Jf’OT Tf’JlJQ)

T

‘ -.><5' (s;r' OT ) g,P,P, jaP P (2T +l) 1/2(2']?'*‘1) 1/2_ %’O'J . )

In the above expre581ons the subscrlpts i and f'.label initial

and flnal states prlmes 1nd1cate progectlle coordinates and Quantum'

’-_vnumbers J, L, S and T denote total orbltal, spin, and 1sosp1n transfer

'the quantum numbafs labeled P represent z components ‘of 1505p1n; and

'and J2 represent the orbltal and total angular momenta of the

l) Jl 2)J2
target nucleon in 1ts 1n1t1al and flnal states . The radial form factors

. 3
8y l 2 (R! ) are dependent upon radlal wave functlons A? of the bound

o partlcle 1n its 1n1t1al and flnal state whlle the nuclear structure 1nfor-

mation is contalned in. the quantlty D. where \Y C and ;Y’ C' repre-

Jla

sent target and prOJectlle spectroscoplc factors and 1sosp1n Clebsch-

Gordan- coeff1c1ents, respectlvely. .

- As.was mentloned prev1ously, the levels whlch are strongly popu-

zlated in the (BHe t) and (BHe,BHe ) reactlons on 1lp shell nuclei corre-=

S ond elther to p shell hole states or levels which have the conflguratlon

A—5 4A5

8 or g 19 .‘ Slnce s1mple J J conflguratlons will be assumed for

the levels whlch are formed by promoting a p nucleon to the s=d shell

only one s1ngle—part1cle transltlon 31—932 contributes to the cross sectlon.'
- If 1ntermed1ate—coupllng wave fUnctlons are used for D shell states, then

~ several dlfferent single-particle transitlonsv(all with ll— 2-l) contribute.
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J.d

| However, if the 51ngle-part1cle transition: amplltudes FLM are relatively
insensitive to the blndlng energles of the target nucleon in its initial r
J
and final states, then it is only necessary to. calculate FL& 2 for the
¥

dominant 51ngle-part1cle transition predicted in ‘the J=J limit. The vali-

‘dity of this approx1mat10n w1ll be dlscussed later (see Sec. VA.5)
J1d2
, M

'single—partlcle tran51t10n Jlf9J2, the express1on for the differential-

Slnce in the present analy51s . was computed for only one -

cross section, Eg. (9), could be written as:

5-Y SR w
- gL T SR :
where f_»'-‘. -
. o 2u" 2 k_f 312 1/2 - o
5(313,10) = < 2) =Y |2 ) () (12)
o \bm™ /) T :

fand the nuclear structure factor G(JSLT) is glven by

- Fn(25+i)(28+i)47l/2 - R
G(JSLT) = (2J‘+l)(2Ji+l) | E: Djljz(JSLT) , for _zl=,g2 o
. | : SR I . . - _ o _
- qete o - (13)
m(eg+1)(es+1) |- ' : = '
= |7 D: . (JsLm) for 1. 4 2
] '+ . . b}
_(EJ,_l)(EJifl)f~ 3135 ) 1T

2. Selection Rules

The microseepic'fpfmalism which has been described~ih the preVieus,

section implies several réstrictions on the various quantum numbers:.

G-l asa va, (k) ,
'eljg ;,jil <T <4t B | o o ) (2kp)
. 0 < 5 <1  (2ke)
Iy -] <nl +n (1ha)



-l1;

Jo-sl<t<i+s I | (1ke)
Jrp - T <T< T, T, ©(1kg)
ey -pplcTn (1he)

while.the_conServation of parity gives:
: . - _ l 2 _v; _ L - . . L, o

It is 1nterest1ng to compare the’ restrlctlons on the isospin
transfer T _ak ‘they apply to the (BHe t) and (5He, He ) reactlons. Flrst '
of all, for a (5He t) transition, T must be equal to one (lhg) and

' therefore this reactlon 1s only dependent upon the isospin V ‘and spin-

. isospin Vll “terms in the effective interaction, Eq.. (4). 'Secondly, for

(BHe,EHe ¥y reactlon where T, =‘Tf =0, T ‘must be equal to zero (1ALf)

. and only the V., and V terms contribute to the cross section, where-

OO : - 10

‘as if Ti’='Tf 40, then ;T'=_O,'i' and all four terms can contribute.

‘Finally, if,-Tf'="Ti_ixl' then only the iSospin—dependent~terms are

‘allowed (l4f) for both thve'(B_Hé,t)__'and (’He, He') reactions.

5.' Target.?'NUCleus‘Spectroscopic Facters

The target - nucleus spectr0scop1c factors S(JJ Jf,TT Tf,Jng)

.can be calculated from wave functlons in a coordlnate representatlon using

‘the‘follow1ng relat10nsh1p.:~
J’(JJ Jf,TT Tf,JlJ ) = A(2J +1 ) (27, +l)(2'1‘ +1) (2‘I‘ +1)
N ‘ 1" v nmml.l
X Z W (J g JJE,JlJ ) WT(TiT T2,§Tf>

"T"'Y . - .
x Fy (3 (a J"), T(L")Y) ¥ (J (JQJ"), Te(zT"),) - (16)
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where A 1is the number of partlcles included in the wave functlon of the

target nucleus and WJ are standard Racah coefficients. The guantities

Fi and Ff are coefflclents of fractionalvparentage defined by the

equations

ot = ST R, 7)) P (5,3, TR G (D)

Tam T z A AR e A A e A M A ok R L
_J"T"jl'y o T . - !

for"Fi and an analogous expression for F,, where J" and T” are the spin
~and iscbaric spin of the parent‘state and Y represents all other quantum

numbers (1f any) requlred to characterize the parent state

L. A Crltlcal Analys1s of the Assumptlons of a Slmple Mlcrosc0p1c
: Descrlptlon _ .

Several of the 51mpl1fy1ng assumptlons and poss1ble 1nadequac1es

of a simple mlcrosCOplc descrlptlon deserve further comment. First of all

o the mechanlsm is assumed to: be dlrect SO that contrlbutlons from exchange

and multlple exc1tat10n processes are neglected It is expected “that
multiple exc1tat10n should be relatlvely unlmportant for levels which have
slmple shell-model conflguratlons unless some selectlon rule or ac01dental
cancellatlon of a nuclear matrlx element 1nh1b1ts the direct process

>

However, a comparlson of the (BHe, He') and (@,a') cross sections for

: transltlons restricted to be S =1 1nd1cates that while the contrlbutlonsl
vfrom multlple excitation may be small they are not’ negllglble for these

d trans1t10ns. (See Sec. VB-2) ‘ - S

' Exchange terms result both from antlsymmetrlzatlon between pro-

-jectile and target nucleons and. from’ exchange forces in the effective in-

‘teractlon, in general the overlap 1ntegrals are compl{caEEd and dlfflcult
to compute, partlcularly for complex progectlles. The few calculatlons-
 which have been reported for nucleon prOJectlles3 >3 indicate that the
contrlbutlons from exchange 1ntegrals are small for L = O trans:Ltlons,5 235
though-for higher L_transfersythese terms.become more impo;r"t:an'b}l_35 and

in certain cases the‘direct'and*exchange contributions can be of comparable



,free nucleons.

' approach can be reasonably successful

- din the nuclear wave functlons.

13-

magnitude. 2 Yhat the situation would be for the (Pre,’He') and (CHe,t)
reactions to be considered here is not known. It is evident that more
theoretlcal analyses -are necessary before the real 1mportance of exchange
effects is fully understood , ‘ ,
Another 1mportant approx1mat10n concerns the use of a s1mple local
1nteract10n whlch does not vary w1th energy and also neglects sp1n -orbit
and tensor forces whlch are known to contrlbute to the 1nteract10n between

34

_ The valldlty of thls assumptlon can only be determlned‘

B by a comparlson w1th experlment, $0 “Far the ev1dence 1ndlcates that thls‘

6-12

Flnally, one of the most 1mportant crlterla for the success of a .
mlcrosc0p1c descrlptlon is the avallabllity of reliable. shell-model wave -
functlons which accurately descrlbe the. prOpertleS of the initial and
flnal states. In partlcular, 1f the" wave functlons are unable to- predlct

the observed electromagnetlc trans1t10n rates (E2 and E3 espec1ally) then

'the effectlve 1nteract10n requlred to f1t the corresponding 1nelast1c
llscatterlng data w1ll be enhanced Fortunately, accurate wave functlons

_.are avallable for lp shell states whlch have been- successful in predlctlng

several nuclear propertles 1nclud1ng Ml transltlon rates and Gamow—Teller

'_’beta decays 19 Furthermore, the effectlve charges requlred £0 predlct the

- observed E2 trans1t10n rates only: enhance the E2 matrix elements by factors

. of 1.5-2.0.20 As a result the contrlbutlons from collective or "core’
“po1ariZation effects should be smaller for these tran51t10ns than those

' observed for heav1er nuclel. s

_ Recently, Satchler proposed us1ng a s1mple core polarlzatlon model

in order to account for the 1nadequac1es (1 e, neglected conflguratlons)

8,9

Thls treatment of core polarlzatlon

_-effects is analogous to the use of an effective charge for electromagnetlc

trans1t10ns. As a result the _core~ coupllng parameters for thls model can

L . be obtalned from the effectlve charges requlred to predlct the observed

electromagnetlc transition rates. In the present analysis of’ the (BHe,t)

_and. (BHe,BHe ) reactions the contrlbutlons from core polarlzatlon effects-

have been neglected. The results of th1s approx1mat10n for lp .shell nuclel

will be dlscussed further later.
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III, EXPERIMENTAL PROCEDURES

A. Cyclotron and External Beam Fa01l1t1es o ' A

These experiments were carried out'using L0-50 MeVHBHe'beams from N
the Berkeley 88" cyclotron in conjunction with the external beam fac111t1es
shown 1n Fig. 1. Only a brlef descrlptlon of the experlmental equlpment

will be given in this report s1nce detalled dlscus51ons have been presented
elsewhere. 35 26 : _ ' ' e

v The beam-is focused and analyzed using a series‘of four quadrupole
magnets, onevbending magnet and an'analyzing slit: Varlable beam 1ntensl—_,""
ties between .01 and 1.0 uA were obtalned with an energy- resolutlon of

=0, lh% typical beam spots were 80 mlls w1de by 110 mlls hlgh. Beam.currents

‘ were measured using a Faraday cup and an 1ntegrat1ng electrometer whlle
the energy of the beam was determlned using a serles of remotely controlled
f01l wheels contalnlng alumlnum absorbers of varlous thlcknesses.. _

i Partlcles were. detected using. two 1ndependently moveable counter
telesc0pes located an.an angle of 10 deg. above and below “the median planef
"The SOlld angle subtended by these detectors was deflned us1ng rectangular
tantalum colllmators .085" w1de by 200" hlgh located ~l9" from the center.
of the’ scatterlng chamber. When gas targets were used ‘an addltlonal set y
of collimators .085": w1de were placed B from the center of the scatterlng,f
chamber.’ The angular resolutlon of thls system can be measured by obtaln-J'
ing the w1dth of the peak observed in the p(BHe, He)p reaction. This re-

» actlon has such a high cross section ‘that 1t was observed in the 3He

'spectra from all solld targets. Typlcal values (FWHM) of Q. 32 and 0. 85
degrees were obtalned dependlng upon whether a solld or gas target was -
used in a_glven experlmentr The larger_value_obtalned_for gas targets is.

due primarily to multiplevscattering:in the entrance and exit windows.
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Fig. 1. Schematic diagram of the 88" cyclotron and the external beam facilities used in these
. experiments. PR ‘ - o -
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_B. Detectors and Electronics

The two counter telescOpes mentioned previously each consisted of

an 8.5 or ll Snﬁj.thosphorus-diffused silicoh AV detector, a"l20nﬁj_lithium— ‘

drifted ‘silicon E detector and a 20nnJ.11th1um drifted s1licon E e de~-
37 )

tector; the last was used to eliminate the energy “signals from long range
particles wh1ch passed through the first: two detectors. .In some experi-'
ments it was necessary to rotate the E detectors to an angle of 50 deg '
in order to stOp the hlgh energy tritons. - _ ‘!

' A vlock diagram of .the electronics is shown in Fig. 2.. Energy

signals from the AE, E, and E -j detectors were connected to fast rise,

charge- sens1t1ve preamplifiers whlch then.fed linear amplifiers w1th delay-

"line shaplng networks. 31 The energy s1gnals from the AE and E amplifiers

which satisfied the necessary slow-coincidence requirements were sent to a

38

This 1dent1f1er utillzes the

1.73"

Goulding—Landis particle 1dent1f1er.
"empirical range energy relationshlp R = &g
whlch 1s prOportional to. T/a, where T 1s the thickness of VAV detector'
and a. is a contant which depends upon the particle type A typical

‘particle 1dent1f1er spectrum observed in these experiments is shown 1n

V'.7F1s 3.

Two four channel routers were used to set gates around the triton,
5He and Q peaks, and also the deuteron-trlton valley. (Thlsvlast,regionv .
- was monltored in order to record any poss1ble 1eak-through of tritons{. In-
general th1s leak-through only amounted to ~l-2%, however, in the '_
‘15C(3H t) Iy reactlon a malfunction in the particle 1dent1f1er system v
resulted in a leak-through of ~25% for ‘high-energy ground state tritons.)"
| In'thiS'manner four energy spectra were recorded simultaneously from ‘each
system using a' nuclear data h096 channel pulse height analyzer and a PDP-5
'computer (used in conJunction w1th an elght-channel pulse multlplexer and
a 4096 channel analogue-to digltal converter) both operating in a L.x 1024
- channel mode , Typical energy resolutions (FWHM) for tritons and SHe
particles-were'l50 or 190 keV and 175 or- 210 keV, respectively, depending

.ﬁpon whether a solid or -gas target was used in the experiment

" producing an output 51gnalt -

Y
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A block diagram of the eiectroniés used in these experiments.
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“of particular_importance when

: thick39 was used to contaln isotopically pure (> 98%)

-19-
- A 120mil lithium-drifted silicon detector located in the median
plane at an angle.of 27.5 deg was used to monitor the beam energy and
also to detect anyuchanges in the'composition of the target. This was

15

“C in the form of methane was used es a

'target.‘»

C. ‘Targetsf ,

_ 1: Gag Targets ) : s ' v . ‘

- AT.66 cm dlameter gas cell with a window of Havar foil. 00025 cm
l51\1 l“N and 93%
pure 15C in the form of methane. Gas pressures on the order of 25 to 30

cm HgyWere~use&goand'a mercury.displacement pump was available for the re-

" covery of rare gases.

-'é; SolidfTafgetsf

'TAflkc target was obtained from Brockhaven National. Iaboratory; it

| | 14 ,
- was prepared by depositing C onto a 2 mg/cm gold backing. This target

Contained‘large amountsvof 12C and’ l60 and the exact = C target thickness

was unknoWn. In order to obtain absolute cross sections, the lLLC(BHe a) ¢
 and C(a He) C reactlons were carried out at 44 8 and 64.5 MeV re-

'spectlvely Slnce the momentum of the 1ncom1ng He(outg01ng @) particle

"from the (BHe a) reactlon 1s the same as the momentum of the outgoing 5He

'v(lncomlng o ) partlcle from the (a, He) reactlon,tlme reversal invariance

implies a detailed balarice between these two nuclear reactions. As a

vresult the ground state dlfferentlal cross sectlons should satlsfy the

Lvequatlon o : : -
C (2J +1)(2J ) 2
| (gg) - 150 , .vgx . (gg)
Ade/, T (ag +1)(2J ) 2. \aa/ .
5He,a e 14 k}ﬁei‘ a,5He
! ,
= 1.645 (%%) T (8

a,BHe-
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where ka ~and k ~are the momenta of the a and 3He partlcles,
respectiVely. The angular distributions whlch were obtained from these P

two reactions are shown in Fig. 4. Since the cross section for the =
(a,jHe) reactlon was accurately measured it was poss1ble to determlne the N
cross section for the ( He,a) reaction to * 15%. o
12C'targets were prepared~from'a "Dag" solution consisting of col-
.101dal graphlte in alcohol and acetone. The detalls of this experlmental
procedure are well known and have been reported elsewhere. u; ' 1

A solid adenine (C_H.N.) target, which was used in the L N(BHe ,£)770

ll"Ll\I(BH 5He ") 4N react?ois? vas made by evaporatlng ~l 1 mg/cm? of
adenine .onto a 150 ugm/cm carbon backlng No detectable decompos1tlon‘of
the target was observed Over a perlod of 48 hr at beam 1ntens1t1es of O l
to 0.4 pA, '
A self supportlng 9Be target 650 ugm/cm _thlck was also obtained .
=Egrevaporatlouf ThlS target was found to contaln small amounts of lgc,and"

O impurities.
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IV. EXPERIMENTAL RESULTS AND DISCUSSION -

. The (BHe,t)'and (Bhé,BHe')'react1ons were investigated for several _
1p shell nuclei—in particular, 12C, 13 .luC[(BHe t) reaction only] lh Y
and 5N at 5He energles of 49.8, 39.6, hh 8, Lh.6 and 59 8 Mev, respec—v
tively. Typlcal energy spectra are shown in Flgs 5-11.
A.summary of the levels observed in these experiments and a com-
parison’uith p‘revious_dataue-62 1s presented in Tables I-VI; the results
will be discussed individually later. Exc1tat10n energles were. détermlned
rusing the'peak channels and energies of well known levels.. The analysis
was carried out both with the computer program LORNA65 and by hand'
- In general, angular dlstrlbutlonsbetween 15 and 80 degrees 1n the_
center of mass were obtained for all promlnent levels and are presented
rn Figs. 12-23. All absolute cross sectlons are accurate to * lO% w1th
the: exception' of the C(BHe t) N reactlon where the absolute Cross
‘: sectiOns are.accurate to * 15% due to an uncertalnty 1n "the lLIhC target’
" thickness (see Sec. III-C). In all cases lines have been drawn through

the experlmental points to guide the eye.

"A. The 1P'C(B'He,‘t:)lel\l and leciéHe,BHe')lQC_Reaetions
The energy spectra shown in F1gs 5 and 6 for the C(3H t)

lEC(BHe:BHe ) 120 reactions indicate that several T = 1 leVels ‘can ‘be
readlly Observed in 12C'which-have a corresponding analog'state in‘lgN."
Assumlng the charge 1ndependence of nuclear forces, the angular d1str1-
butions for (5He t) and (BHe e ") reactlons populatlng analog ‘final
states (Tf =T, + 1) should be 1dentlcal dfter phase-space and isospin- |
- coupling correctlons are made. Utlllzlng the known informstion concernlng R
the splns and parities of T =1 levels in 120, it was possible to make
several ass1gnments 1n l?Nr These results will be discussed in detail in v

. Sec. VI.

&
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| Table I. Energy levels observed in 12N

20(3ge ,£) N ' S | - @
(Present Work) (Previous Data)a : Dominant™
Energy i - " Energy T Shell-Model
(MeV * keV) J “(MeV * kev) . I . Configuration
o A S 0 1+ '» (p05/2)g/2 p1/2
o 6 . . '+b L +» ] ’ - 7 v;-' 
.96 * 20 2 0969 % T (p 5/2)5/2 p1/2.
o | . . ) - T -
1.20 *+ 30 . . (2-) 1.198 + 9 ps-
Not observed ~ ' . - o 1.65 * 80 : S .P7sv
Not observed . (2.0 *100) e
B ? , - . gagb
2.43 £ 40° Coeas o+ 80 S
3.10 * 30 735 % 80
3.50 % 40° ' S 3.55 * 80 ' ' »P8 '
b2kt 500
5.27 * 40
85ee Ref. h2'and'45
bA551gnments made in- present work
Angular dlstrlbutlons were not obtained for these levels.
_dBroad level or group of levels. '
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L : 12,3, 12 -
Table II. Energy levels observed in the ?C(5He,3He') C reaction.

' ‘ L : . o Dominant®
Energy - ' ~ .. - Shell-Model
- (Mev ¥ keV) o 3T : : © Configurations

o+ 1k.08 R .'34+§O S Cp

19.58 + 60

00 om0 '. (p 3/2)g * (2 3/2)5 (0 1/2)5

L N T O LR V]
165 oo B S

9,6hr} c 3-30 :,"‘ :p7df
‘_510,8u° o :': e. 1-30. | p7(s;d)

1.8 . a0 - 57(s}d)'

12.71 j'_e, :;,‘ Ls ~ :1+;o o (p 3/2)2/2 p 1/2

| g o |

jl?.i}‘ﬁ5 >> } ,-' ,1:1f;1r;s’f;sf,.v-(pf5/2);/2 ﬁ'l/?
11'6_."11.'. B 5/2);/2:;);/_2
6t e pls s
aree)* 1m0 pTe

(17.77jd. -:t* ..'.ie.,r0+;is "l "_ ,  158]i
18.40°% 60° e EE A

L B :l' (  ;1)6

Energy levels w1thout error bars were well known prev1ously (see Refs.
See Refs 19, 43-&9

e Angular. distributions were not dbtained for these levels

"'dThese levels were not observed in the (5He,3He ) reactlon

Ten+at1ve as51gnments made in present work.

Broad level or group of levels

43-h6).
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TablerlII.> Energy ievelé observed .in- d and l3ﬁ.
13, | | - Ly
BoChe, net) e . ' o (Ohe, +)n : :

(Present Work) Previous Data (Present Work) Previous Data® ’ " DPominant?
Energy . : Energy ' ) ~ Energy . Energy Shell-Model
(MeV * keV) © (MeV * keV) - J" (MeV * keV) (MeV * keV) Jm ‘ “Configuration

0.0 S 0.0° 1/2- ©. 0.0 0.0 o y/e- (p 3/2)3 p 1/2
3.09 3086 £3 12+ - 237 - 2.366 £ 2 12+ (o 3/2)?) s 1/2
5.68 - 3.681 3 3/2- ys 55 {j 3.510 £ 2 - 3/2- (p 5/2);/2 (v 1/2)§
o . _ _ ' t.30 .
1 3.85 o 3.852 £3  5/2+ 3.547 £ 6 5/2+ " (p 3/2)2 a /2
687 . 686t7T /24 6.38 6.382 5/2+ 2 s
[ Taor1s 7/es 7.17 7.166 £ 8  7/e+ 2 a
7.55.#30 < : : ’ v : ‘ 7 B
S . T.550 15 5/a. .39 7.385 £ 8 . 5/2- (p 3/2)5/, (p 1/2);
8.86t3 8.8 t20 1/2. 8.92 * 4o - 8.9 tlho  1/e- (p 3/2)2/2 (0 1/2)?
9.50 £30° . 9.505 15 (3/2-) ¢ ‘ 9.18 oo3fe- | '
e . 11.078 # 20  (1/2-) 10.78 % 40® .. 10.80 30 1/2- 'Y
11.84 t 30 , 11.80 *30  3/2- 11.85 * ko 11.87 * 30 3/2-  (p 3/2);/2'(p 1/2)§
15.11° 15115 5 3/2., T=3/2  15.07 15088 8 3/2., T=3/2 (p 3/2)1/ (» v2);
: b .

15.98 £50°°  15.96 * 50

83ee Refs. 35, b, U5, ho-52.
bAngular dist:ibutions were not obtained for these levels.

CThese levels were weakly populated (see Fig. 7).

A
t
v

- ag_



Table IV. Energy levels observeéd in = N.

=33~

1h

11‘1\1(5He, 3He')luN ‘

" Present Work

1L‘c(3}{e, t)lhw

Previous Data®

" Energy”®. Energy” Energy . sﬁé"{‘ii‘ﬁﬁézl
(MeV * keVv) “(MeV * keV) (MeV) Ja,mr . Configurations .
0.0: , 0.0 0.0 1+,0 (p 1/2)% .
2.31 2.31 . 2‘.311 04,1 (p 1/2)'2 ,’
3.95 3.95 " 395 14,0 (0'3/2, p 1/2)™"
koL b.91° %.916  0-,0 (p 12, s 1/2
5.1¢ 510" .5.1o!+ v 2-,0 (p /2, & 5/2)
24y 5'69 5,685 . 1-,0 (o 1/;, s 1/2)
5.83 5.85 ' 5.832 3,0 (p 2/2, & 5/2)
6.21% 6.21° 6.21 1+,0 (s 1/2)°
6.44° 6.44C 644 34,0 (s 1/2, a 5/2)
05 .05 T.009 24,0 (5 3/2, p 1/2)™
8.0 =50 [ 7.97 + ho® T 7.97 2-,0 (p 2/2, a 3/2)
.. ) ‘ l 8.060 1-,1 (p 1/2, s 1/2)
5.5 £50 - 8.50 + 4o I: 8.489 4,0 (p 3/2);1(;, 1/2)2(d 5/2) ‘
' . 8.617 0+,1 (s 1/2)2
i ot B.TL 0-,1 (p 1/2, & 1/2)
' 8.906 5-;1 (p 1/2, d 5/2)
v 8965 54,0 (a 5/2)°
& 8.979 2‘+,o (s 1/2, d>5/2)
9129 2-,0 (o 3/2)" o 1/2)%(s; )
9.17 21 (» /2, p 1/2)" (s, &)
d 9.388 2-,0
' L 19.508 2-,1 (p 1/2, a 5/2)
9.702 1+,0
©10.096 (1{),(}- R v
. io.215 _ 1+,(0) (s, @)
10.43 10.830 é+,1 ' (p 3/2, ».1/2) M 4(s, @)
10.55 s, ' ‘
L (a

10.85_

(u+),0

3/2, a 5/2)+(p 1/2, £ /2)
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Table IV. Continued.

Present Work

lu1\1(3’He, 3He')luN ) luC(BHe, t)luN Previous Data® Dominant?
Energy® " Energy® ) Energy Shell.Model
(MeV % keV) ) (MeV * keV) : (MeV) J7,p Configuratisre
"11.06 14,0
11.22 *+ kot v , : 11.23 . (3-),1
' 11.299 2-,0
12,4 4,0
c ) f ) ' -1 f
12.49 * ko 12.52 (2+,1) (p 3/2, p 1/2) " (s, q)
12.61 34, - '
12,69, 3-,
12,77 ¢ ko® ~ . , 12.80 b+,
12.83 * 50 : . '
_ 12.83 L.,0
o 13.70 * bo 13.72 11 (p3/2, p1/e)t

aEnergy. ].e?re}.s mb.thoutviefrqr bars were well. knbvm previously.

* Pgee Refs. 18, b4, 45, b9, 51, 53-56.

cAngular distr_ibuti‘ons were not obtained for these levels.

dSevera]_. unresolved levels wére populated in these regions (compare Figs: 8, 10).

eStrong levels were also observed in the__l 62 at. 11.3 and 12.9 MeV.'

l‘N(Oﬁ, a' )lul\l reaction

f'I.‘exrx.t.at:fi.ve assignment '(See Ref. 49).
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bA551gnmentsmade 1npresent work (see also Ref. 18).

Angular dlstrlbutlons ‘were not obtained for these levels

dSeveral levels are populated in this reglon

Table V. Energy levels observed in'luo;'
* N(5H 1) o ‘\ Values from
i (Present Work)' - Lauritsen et_a;, Dominant |
Energy 7 b - Energy ' 'ﬂ Shell-Model
(MeV * keV) i (Mev * kev) - J Configuration
0 o o ox (p 1/2)
5.17 * 40 (1-) | (p 1/2,s 1/é)
. 5.91‘i‘ho° (0+) 5.9 %12 (5 1/2)2
6.28 * 30 (3-) 630 £ 30 '(p 1/2,a 5/2)
6.60 * 30 o 659 ¢ 12 (p 3/2,p 1/2) t+(s,d)
"_-6.79"#' 30 (2-) (p 1/2,4 5/2) | |
7,78 %30 2+ 7.5 (0 3/250 1/2)7H4(s,0)
ER |
9.7k * 30 (2+) 9.3 (0-3/2, p1/2) " +(s,)
io.89 £ 50 ' | | |
Cqishrso o
Lt |
12.84 * 50°
'13.01 + 50°
‘ 1&.15 r.ub-
RETR 60°
' wbo £60
L =' ,' See Ref u5
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Table VI. Energy le‘velsbobserved' in 151\[ and 15O.

> 1 _ 13 415
5N(3He, BHe') %y Previous Data® 5N(3?H¢,'t) O . Previous Data®

Dominant

(Present Work) b (Present Work) p g
Energy Energy Energy ’ Energy Shell-Model
(MeV * keV) _ (MeV * keV) Jr : (Mev * keV) (MeV * keV) 37 _ Configuration®
0.0 0.0 Ye- 0.0 : 0.0 1/2- Copayet :
5.28 ¢ 30 5.21 . 5/2+ 5.24 £ 30 5024 5/3(+) (0 1/2)2 & 5/2,

' I: 5.30 Yo+ ' ’ [ s 1/2+ (p 1‘/2‘);‘; s 1/2
6.32 , 6.32 - 3/2- 6.18 : 6.18 3/2(-)
7.15 a5 e« Gesruo | 6.86 5/2+
T3 7300 2+ - 69 3/2+
s o 7.56 72+ 18 7.28 7/2(+)
PN 8.51 Ver,(3/24) . 1.55 T8 e
8.57 8.57 - 3/2+ ' 8.28 8.28  3/es
» i 9.05 » Y2+, (3/2+) © g5 e+
9.17 * 30 916 3a()(5/2)  Bobtho | 8.8 3/2-
' | 9.2 3/2,(1/2) | 89 3/2(+)
9.79 * ko [ 9.76 s2- - guartso. [ 9.a8s 5/2-
. i 9.83 7‘/2(‘_) o : | 9.9 tuo 3/e+
10.03 * ko [ 9.95 . yes,3/er "9.63 £ 4o [ 960 3/2-
' |+ 0.07 32+ ' : L. o961 (7/2,9/2)-
'10.45 3/2,5/2,7/2 © 1030 £ ho 10.28
_ 10.54 5/2 v 10.49 * %o 10.46
“10.71 * U0 " 10.70 3/2+  10.97 £ 50 [ 10.9% > 3/2
10.80 32 - o ‘ 11.02 .
11.34 + ko - ) a . 11.21 60 ) S a
1192 tho : - 11.69 t ko
12.52 £ bo o  iashilo
112 £ 4o - 13.78 £ %0
15.11 £ ho ‘
45, 57-61. v » v
without error bars were \'_:e_ll known previously.
55-£1. ’ ’

5y ana 20 (see Refs. Wk, 45).
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Fig. 12. Angular distributions from the “°C(°He,t)'°N reaction. When

.no error bars are shown the statistical errors are < T%. Curves
~have been drawn through the experimental points to guide the eye.
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B. The 15065He,t)15m and‘15C(5He,5He')lBC Reactions

A majority of the strongly populated levels observed din these re-
.actlons have negative parlty ‘and correspond to known p-shell hole states
(see Table III). Some of these states, for example the 5/2 level observed
in N and 5C at li .85 and 11.8k4 MeV, respectlvely, were only identified
9-51 35

recently in single- _and two-
known' 3/2-, T = 3/2 levels in 13

nucleon pick- up reactlons. Thevwell
N and 150 are also observed in these re-

actions and will be discussed‘in,Sec..VI.

C. ;The'luc(BHe,t)l%N Reaction

R The energy levels populated in the :' (5H t) AN reactlon are shown
in Table IV All of the well ~known p- shell hole states are obgerved in
,thls reactlon 1nclud1ng the 13.72-MeV 1+, T = 1 state which was first ob-
served in thev N(BH a) l*1\1 reaction. 51 In addition, several T = 0 and
T =1 states are. observed whlch 1nvolve the promotlon of a p nucleon to
the s-d shell ‘ '

va.' The 14 (5He ) uOIReaotion

1h

- _ In the (5H t)luo reaction several new levels ‘were observed in
140 up to an ex01tatlon energy of l8 MeV. By comparing the. angular distri-
butions observed in this reactlon with Well known s1ngle—part1cle trans1-

:tlons in the 15N(BHe t)l50 14 (BH t) uN reactlons, it was p0ss1ble to

© .make spln and parlty a551gnments of (l ) (O+), (3-), 2+, (2-) and 2+ for

" the levels_observed in llLO at 5 17, 5.91, 6.28,-6.60, 6.79 and 7.78 MeV,a
vrespectively (compare Table V). A detailed report on this experiment has

v been publlshed elsewherel and w1ll not ‘be dlscussed further here.
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E. The “(3He, e )N Reaction

Several T = O levels are strongly'populated in this reaetion up'to
‘an excitation energy of 13 MeV; the results are summarlzed in Table Iv.
The angular dlstrlbutlons observed in this reactlon (see Flg 19) prov1de
good examples ofvtyplcal,pl/2~>sl/2 (L = l),‘pl/2—>d5/2 (L = 3), and
p3/2-pl/2 (L = 2) transitions. The pair of levels at 11.22 and 12.77 MeV
| have angular distributionslwhioh resemble'L 3 tran51t10ns and probably

vresult from p3/2—>d3/2 d5/2 s1ngle-part1cle transitions. L

|

F. ‘ 15 (3H t)150 and 15N(BHe 3He ") 5N Reactlons

A comparlson of the mlrror levels populated in the 15N(BHe t) 5
and. 5N(BHe,BHe ) 5N reactlons 1s glven 1n Table VI. All known levels
~of 5N and . 5O were observed up to an exc1tat10n of 10 MeV. In the '
le(BH st 5O reactlon a strong ‘transition to the 6. 18 MeV level is ob-.

|
.'served while a very small populatlon of the (5/2)- level at 8.98 ‘MeV is

‘seen (see- F1g ll) : Thls is in good agreement w1th the information obtalned -

from the 16O(5 He a) O (see Ref., 59) and - O(p, ) O (see Ref 60) re-
actlons whlch conflrmed that the 6 18 MeV level contains most of the:
p3/2 strength . Further supportlng ev1dence is obtalned from the
_15 (BH He' ) N reactlon where the mirror level at 6.3% MeV is also o
'”strongly populated and has a characterlstlc L = 2 angular dlstrlbutlon,v

| whereas the weaker level observed at. - 9.17 MeV does not have a- well~def1ned -
Dy at 9.79 Mev
.does have an L = 2 angular dlstrlbutlon (see Flg 23) and correSponds to
_the populatlon of- the 5/2 and 7/2 levels at 9-76 and 9. 83 MeV,.

respectlvely.

'angular dlstrlbutlon.' The strong tran31t10n observed in

A maJorlty of the remalnlng levels Wthh are: observed in these

. reactlons correspond to positlve parlty states which are populated by

' promotlng ap nucleon to the s-d- shell. The splns of ‘the low lylng posi-
o tive parlty states below 8.7 MeV can be explalned by simple j- J configu-
vratlonsy7 (see Table VI); the valldlty of this model w1ll be dlscussed

.further later
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V. A MICROSCOPIC DESCRIPTION OF THE'(BHe,t) AND (BHe,BHe’) REACTIONS

: The success of a mlcroscoplc descrlptlon of inelastic! and charge-

exchange scatterlng depends to a large extent upon the avallablllty of
" nuclear wave functlons Wthh adequately descrlbe the system. Among the
levels which are populated in these (BHe t) and (BHe,BHe ) reactlons,
h those Wthh correspond to p shell states have been the subject of many

: experlmental and theoretlcal 1nvest1gat10ns Several 1ntermed1ate—f
coupllng shell—model calculations - have been performed64 whlch were success-
ful in nredlctlng many nucilear propertles in addltlon to excitation
energies. The recent effectlve 1nteract10n calculatlons of Cohen and
Kurath 19 for example, were able to predlct magnetic dlpole moments,
. Gamow Teller beta decays and M1 gamma trans1tlon rates. ' '

' The wave functlons obtalned from these calculatlons (denoted CK)
were used to calculate nuclear structure factors G(JsLr) for the (BHe 1)
and (BHe,5He ) reactlons ‘The abllltyJOf the mlCrOSCOplC model to predlct
lthe shapes and relatlve magnltudes of the angular dlstrlbutlons for these
trans1t10ns should prov1de a rellable test of the reaction mechanlsm_and
'the appllcablllty of. a central two-body 1nteract10n In addition, the

mea surement of (BHe t) and- (BHe,BHe ) data allows us to obtain strengths
for all four terms 1n the effectlve 1nteract10n 51multaneously in the same
serles of experlments 7 _

_ In order to carry -out a mlcroscoplc analysis- for other s1ngle—
partlcle tran31t10ns, 51mple J ~j configurations were assumed for the
levels ‘which were populated by promotlng ap 1/2 nucleon to the s 1/2 or

d 5/2  shell. Shell-model calculations indicate that this is a reasonably
) nd c1

‘ 1good approximatlon for-the levels in A 1456 and A = 15 nucle1 For

comparlson, 19 shell tran81t10ns were also analyzed u51ng 51mple J-Jj wave

--functlons

" The theoretical calculatlons descrlbed in thls work were carried
out using a slightly modlfled version of the program DRC which has been
‘described elsewhere.65 This program calculates the quantity'c(jljeLG)
“which was defined in Eg. (12). Before a meaningful comparison with experi-
ment could be made, it was necessary to investigate the effects of various

parameters and approximations on the shapes and relative magnitudes of the

\
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predicted -angular distributions. In particular, optical model parameters,
nuclear structure factors, binding energies'and bound4state wave functions,

range- effects, and nonlocal potentials will now be disoussed'in detail.

. A. - Theoretlcal Calculatlons

1. Optical Model Parameters

The optlcal model parameters used in generatlng the dlstorted

66 e D

wavec were obtained by flttlng he .Hevscatterlng data Wthh was.measuredg_i

simultaneously in these experlments.v-Optical‘model parameters.for tritons. -

3

were_aSsumed-to;be the same as thosedfor He-particleS.' Thevgeneral form

of the optical potential used was

Toaweeh T e

0(e) = () - (a6
e

-and U' is. the Coulomb potentlal between a llght partlcle of p01nt charge .
and a unlformly charged sphere..f, - » '

' The parameters obtalned 1ngthls analys1s are summarlzed in Table VII,
typlcal fits are shown 1n Flg Zh Wlth the exceptlon of C (the dlffl—
culty in flttlng elastlc scatterlng data from this nucleus is well

53, 67 -69

known and w1ll be dlscussed later) the sets of parameters obtalned

for each nucleus are almost 1dentlcal and resemble the 3He potentlals for
scatter1ng from heavier nucle1 (C | ' ' v
Unfortunately, when these parameters were used in- theoretlcal cal—
cultions they were ‘unable to glve reasonable fits for the (BHe t) pl/2,
,p5/2—>pl/2,dom1nant-L =0 transltlons.b In partlcular, the DWBAApredrctlons -
were unable to‘reproducevthe'strOng_minima'Obserued’near Gc z 35-U5

degreesrfor dominant L = O transition with small negative Q values.



» :
Table Vix,‘ Optical model potentials. -
_ . _ Enéfgyj Yo o T o Wy o T, b T,
‘Potential ~  Channel . (MeV) - (MeV). - e ® (MeV) (F (F) - (F)
P 1'15N+5He,' . 39.8  160.0  1.25 - .5% . 12.4k  1.80 .88 1.3
B? | ' >14N+5He kg . 160.0 1.29° 565 11.37 1.78 .811 1.3
< l¥c+3He_ b8 160.0 131 - 569 12.58 1.82° 7% 1.3
T Pedhe T 39.6 160.0 . 1.1 - .565  14.86 173 .826 © 1.3
x* - Average set- . 160.0 - 1.29 .57k 12.82  1.78 . .822 - 1.3
e 123 E ' . ' ' S ]
E B Tc+’He k9.8 160.0  1.hO 572 20.31 1.70 537 1.3
> o 120+ me 49.8  160.0 1.39 .she 12.58° 1.9 L5T1 1.3
M TN+ - ko5 19.00 1.8 - .65k - 21.00 - 1.28°  .65h - 1.3
e o 46.5 ks Al{lua }' i3 9.7 C1.1k3 63 1.2

_gg_

81n order to fit the reactlon data these potentlals were modlfled by setting r = 0.93% ro

bThls potential set wai used in calculating the theoretical angular dlstrlbutlons for tran81t10ns leadlng
to states .in 7°C and

W was fixed at 12.58 MeV
'dData obtalned by Harvey et al. ‘
Coptical potential set obtained from Ref. &7. R . - - E

6
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Figz. 24.' 'plcal optical model fits obtained for the elastic¢c scattering
of JHe and « particles from 1p shell nuclei us1ng the parameters
given in Table VII.
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§

-Identical results were obtained. for several parametervsets'in the

same famlly with real well depths which varled from 160 to 200 MeV.

Further 1nvest1gatlon showed however, that the predlcted shape of these
=0 trans1t10ns was’ very sen51t1ve to small changes in the real radlus,

and good fits could be obtalned 1f thls parameter was decreased by‘~7%

The He(t) Optlcal model parameters shown in Table VII, modified by setting

rt 0.93 r o’ were used in calculatlng the theoretlcal angular dlstrlbutlons

e .
for all tran51t10ns observed in the A = l5 15 nucle1 Furthermore,‘s1nce

b'the energy dependence of the optlcal potentlals for 5He partlcles is known

TO

to‘be weak these parameters were assumed to be the same 1ndependent of

'the exc1tatlon energy of the final state. In Fig. 25 the theoretlcal angular
' dlstrlbutlons shown for several shell-model trans1tlons 1llustrate that -

a small decrease in ro‘ does not,strongly affect the magnltude of these

transitions (i.e.; the integrated)cross sectlons'differ by < 10%) and with
the exception of the pl/2-pl/2, L = 0'and pl/2—d5/2, L = 1 (S =
transltions;it-has'very'little effect on the predicted shapes of these

angular distributions However, the’ deep minimum which is now predlcted

 for the uc(Bﬁe t) N (2 31 MeV, O+). 1= 0 transition-at ec n = Z 35 deg is

. . .

' 1n good agreement with the experlmental data (compare Figs. 16 and 25).

Very few examples of pure or domlnant pl/2>a5/2, L = 1 (S 1)

- trans1tlons were observed in - these data. 1In general these states were

'elther,weakly populated or poorly resolved and therefore the Quality of

the fits for'these-transitions<was not used as ‘a criterion in determining

IOptical'model.parameters (poor fits were obtained using_either_thevmodified

or unmodified optical potentials; these resultsvwlll be discussed‘later

_in Secf'VB).
3 ’ 12, ien | ‘ 67
-a,  “He scatterlng from C. leflcultles in flttlng elastic proton
3_and 3He69 scatterlng data for: 120 have been reported elsewhere. TIn this

' analy51s the. maJor dlfference between the optical model parameters obtalnedv“

~ for l C and those obtalned for. other p shell nuclel is the -large imaginary

depth W whlch was requlred in order to glve the best f1t (potentlal set
E) to the elastic scattering data (see Table VII) Although there is
known - to be a strong coupllng between the ground and flrst exc1ted o+

Iy

statc of l2C an analy51s u51ng coupled equatlons for the scatterlng of
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Fig. 25. Single-particle cross sections o(J1d LG% for typical pl/2-pl/2, L =0 [i.e th et th
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: 46 MeV protons from C 1nd1cated that the coupllng effects _produce only
mlnor changes 1n the.observed optical potentlal 67 The large dlfference
in W requlred to fit the 3He scatterlng data for 12 C seems unreasonable
‘partlcularly in view of the above evidence. '

If W is- flxed at 12. .58 MeV the potentlal set F. is obtained.
‘ThlS potentlal set is s1m11ar to those obtalned for Other nucle1 and the
f1t to the elastlc data 1s almost as good as the one obtalned us1ng the
best fit. parameter set E (compare Fig. 2&) In partlcular, the curves

vewhlch are obtalned u51ng these two parameter sets only differ significantly

{vfor 9 . 2 100 deg and therefore the present data are unable to dlstln—

m
v,gulsh between them. However, 51nce the strengths of the imaginary poten-
'tlals dlffer by almost a. factor of two, the magnltudes of the theoretical
angular dlstrlbutlons calculated us1ng potentlal sets E and F were very .
“different. ' In partlcular, although the shapes of the computed distributions
~were: almost 1dent1cal for both potentlal sets, the magnltudes for all ‘
'tran51tlons were almost tw1ce as large us1ng the potential set F.

' Further,_lt was Observed that ‘the experlmental L =0 tran51t10ns
1tlead1ng to ‘states in - C( N) were best fit u51ng unmodlfled optical
‘potentlals (1 e., no change. in ro) This may be due to the fact that the .
observed L=0 tran51tlons 1n C( N) have large negative Q values compared
,w1th those* of the other nucle1 The unmodlfled potentlal set F was flnally

chosen ‘in calculatlng the angular dlstributlons Wthh are compared w1th

experlment in Sec VB.

- b. Average optlcalApotentlals The dlfflcultles encountered in. obtalnlng a

.con51stent Optlcal potentlal set for - C suggest that poss1bly the search
routlne was also unable to obtaln true optlcal;model parameters for
other 1p shell nuclel It the 1naccura01es introduced in ‘this way pri-

' marlly affect the magnltude of the calculated theoretlcal angular distri-

- butlons, then these 1ndependent Optlcal parameter sets can be used to pre-

dict the shapes of the experimental angular_dlstrlbutlon. However, since
the optical model parameters are not expected to vary greatly from one
nucleus to another, an average optical potentlal set could be used for all
auclel in order to make a better comparlson of the strengths for W b—

oT
tained from flttlng different levels in dlfferent nuclei.
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In the present analysis, the theoretical angular distributions
which are compared with experiment were computedvusing the independent
optical potential sets. " Hovever, the effect:Of'using an'average'potenf
tial set uas also investigated in the following manner. The'potential set
X was - constructed hy averaging the values of the parameters for the poten—_
tial sets A, B, C and D (compare Table VII) When several representatlve
transitions calculated u51ng this potentlal set were compared with thosepredlcted )
using 1ndependent optmcal parameters, it was found that only the magnltudes ‘ ‘

were affected (compard Fig. 26) " In addltlon, the cross sectlons_for‘ )
| different s;ngle-partlcle transltions were'all changed’by a similar amountf
in a given'nucleus As a result 1t was.possible, w1thout actually carrylng
out a complete analy81s, to obtaln average correctlon factors which could
. ST’obtalned from a given target nucleiz ’13
These .correction factors were 0.87, 0.89, 0.98, 1.19 and 0.98 for- , “C
1l+ 1_l+ ang 12 ' -

)

be applied to all values of V
s
N, respectlvely It will be shown in Sec VB that in"
several cases the values of- Vg, am -which were corrected 'in this manner were

1n somewhat better relatrve agreement than those obtalned from the inde-.

pendent optlcal potentlals

2. DNuclear Structure Factors

The nuclear structure factors GQ(JSHT)summarfzedin Tables VIII- .
XIII were computed’ uslng the relatlonshlps given in Sec. II , SpectroscOpfc.jJ'.
factors §(J7. Jf,TT Tf,JlJ ). defined in Eq. (16) were calculated for p
shell states using coeff1c1ents of fractlonal parentage obtalned from the -

1,71

wave functlons of Cohen and Kurath, J - coupllng structure factors
were also computed for p shell states in- order to compare with the pre--
.dlctlons of CK. (For certaln trans1t10ns in mass 14; nuclear structure
factors were also calculated us1ng the 1ntermed1ate coupllng wave functlons
of Visscher and Ferrell (VF)72) .

Simple shell-model conflguratlons consisting of an (s1/2) (p5/2)
core plus an sl/2 or d5/2 nucleon for A = 13 nuclei, a (pl/2 s1/2)

0- l ;T=0, 1
or (p1/e, d5/2)2 (337201 conflguratlon for A = 1k nuclei and a

2
- (pl/E)O)Sl/E l/2+ T 1/2 3/2) [(pl/z)o)dj/e 5/2+ T= 1/2 3/2



Fig.

‘0+; and 13N g.s., 1/2-1 and (

-59-

T T T~ T T 17 |'|1| T T ]
L — Yukawa a'=1.2, [OP]
- . __; s " ' '. - ‘ ’ AOP-
LOEfs &\ 14N 2,310+ 3
cosf o\ L-0) -
S L e d //( )' i
1.0E 5
- 0.5y 7.
0. F .
50k R
. - 7\ ’ I
It "N 3.95, 1+
E 1.0p E
‘o 05 .
ho B .
N .o ® o . . .
3 \ 15N 756, 14
© Lok S\ - "N 756, 3+ =
..‘;|k35 D I =
0.5 .
L B¢ 3.09, 4+
ok -
0.05F E
:' ) ) ;5
R
SO0 B IR U S O BT S T B
.20 Y40 60 ”80 - 100

xBLE83-2188

26. DWBA predictions for regresentatlve (3Hei ) [i.e. ,'luN 2.31-MeV,
He,JHe') [i.e., 1*N 3.05-MeV, 1+; 1ON -

7.56-MeV, 7/2+ ‘and 150 3.09-MeV, 1/2+ tran81t10ns obtained using:

1) the independent optical potentials IOP and 2) the average optical

potentlal AOP (see Table VII). The curves have been nofmallzed “to

glve the best overall fit to the experlmental data :

i
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‘ R e S .
‘Table VIII. - Nuclear structure factors G (JSLE),for the states in mass 12.

, Dominaht S '_GQLJSﬁT)
- Energy - ‘Particle . Pure - - Mixed

Reaction - . (MeV) J ,T Transition. JSLT . ~(33) . (CK)

leC(5 _4 5 

He,5He')12c k3 2+,0 - p3/2—pl/2’ 2020  18. L. .
‘ o ‘ - o 0197
0.
0.

I 2120
~12.71° 1+,0 p3/2spl/2 1120
| = R "1100

0173
W6

N O W

15,11 1+,1 - p3/2-pl/e 1121
S : : 1101

.C664
.uéi'

W AW O O

wo
)
OO

L 16.11  2+,1 p3/espl/fe 2021

| CI.0Th
2121 .

L960.

W
oo .
o

i 120(5

133
0.922
0,148
'17920

He,t)lem 0.00 1+,1f p3/eopl/e - 1121
. ST L 1101 .

00 WO
MR
SR
o

ONFE UO

0.9 2+,1] p3/e—pl/2 2021
o T T o101




o
Table IX. Nuclear structure factors G?(JSIE)'forjstates in mass 13.
L S . G~ (JSLT)
Energy " Dominant 5oy T - o
(Mev) 'Single- ' lBC(jﬂe,5HeV)130' lBC(BHe,t)l3N'
7 ‘ '15 ) 13, ' Particle : ' ~ Pure . . Mixed . f‘-Pure; . Mixed.
J,T STIC N Transition .~ JSLT- (33) . (CK) (33) . (ex)
1/2-,1/2 0.0 0.0 pl/e—p1/2 1121 .0 0 o= ‘ - 2.667 1.895
, : . . . . 1101 - - 0.333 =~ - 0.322
_ . 0001 = - 1.000 - 1.000
1/2+,1/2 3.09 | 2.37 pl/esslfe | 1010 . .« 2.250. -
o _ . R S 1011 0.250% 1.000
~ 1110 0 0.500 -
~-1111 0.500 2,000
© 0110~ 0.250. -
_ © 0111 . 0:2%0 ° , ~1.000
3/2-,1/2 '3.68 . 3.51 .. p3/2>plfe 2020 6.750 12.18° - .-
I e 2021 0,0833%  0.0453 0.333 0.181
- o 2120 7 1.125 0. 64k o=
S 2121 - 0.125% 1 0.164 0.500 - 0.656
1120 0.125 0.0k25 - o
1121 . -0.0139 . 0.0520  0.0555 0.208
1100 - 1.000. 0.507 - -
;1101 0.111 . 0.594 SOk 2.37h
5/2+,1/2 3.85  3.56 pl/2-d5/2 3030 - 6.750 -
. - . 3031 0.750% - 3.000
3130 1.000 - -
3131 '1.000 4,000
- 2130 0.050 S
2131 0.050 ©0.200
2110 1.200 -
1.200 -4 .800

2111

T19-



Table IX. (continued)

N - 6 (Js1r)
Energy . Dominant ' 5 ‘ I
(MeV) .~ Single- : ‘150(;Hé,§He')13C. 15c(BHe;t)IBN
- 13, 13- © Particle . Pure . - Mixed .- Pure . Mixed
J,T C N Transition  JSLT - (3a) . (k) - (33)  (cK)
5/2-,1/2. 7.5 7.39 - .p3fe-pl/2 31200 -- 0.00033 . . - -
| s | - 3121 - 0.00611% - . 0.024k
© 2020 5.40 11.68 S
2021 '0.600 0.517 2.40 2.062
© 2120 - 0.900 - - 0.0T7L - - - -
2121 - 0.900% = 0.486* - 3.60 - 1.938
1/2-,1/2 . 8.86 8.» p3/2-pl/2 1120 0.056 ~ ~-0.002k1 - . o -
e S0 1121 0 L 0.056% 7 -0.0253%  0.222 . .0.101
. © 1100 . Oo.4kLk- - 0,111 - -
1101 o.hLkk* o ok - 10778 -0 0.59
. 0000 - - 0.000 - : -
- 0001, RN 00000 - 0.000
3/2-,1/2 11.8% - 11.85  p3/2-pl/2- 2020  1.35. - 0.00738 - -
Lo : o o - 2021 0.150 ~0.137° 1 0.600 - 0.549
2120 . 0.225 . - 0.002k5 - 7 - -
2121 . 0.225% 0.173 0.900 0.691
1120 0.070 . 0.040 - L -
1121 - 0.070%, 0.0143*  0.278  0.0571
©1100.  0.%555 - - 0.391 0 - . -
1101 - 0.555%  0.0793% .2.222  0.318
3/2-,3/2  15.11 15.07 p3/e->pl/2 - 2021 0.667 . 0:593 .  .0.667 . 0.593
‘ _ : L © 2121 - 1.000 0.636 - 1.000 0.636
S 1121 0.111 0 0.045 . 0.111 0.045
© 1101 . 0.889 0.3 0.889 . .0.316

_29-

x_ R ‘ — — "
G(JSL1) and G(JSLO) have opposite signs for a given JSL.. .-
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Table X: Nuclear structure factors GE(JSLT) for the luC(BHe,t)luN reaction.

. D
: v Dominant oo G (JSLT)
Energy : - Single-Particle Pure  Mixed Mixed
(Mev) © J,T - Transition Jsur - (33) (cK) (VF)
0 ' 1+,0  pl/espl/e 1121 5.333 L.op 5.26
‘ g : © 1101 0.667 Q.luz 0.0000
2.31 C0+,1° pl/aspl/2  1' 0001 . 2.00 2.00 i 2.00
3,095 o 1+,0 p3/2~>p1/2» 1 0.33%  0.0446  0.0450
: ‘ 1101 2.667 4.80 k.205
b 0-,0 - p3/2- s1/2 . ol 1.00
'5.10" e 2-,0 plfe—as/2 ' 2131' 0.200
- - o - 2111 k8o
5.69 .. 1-,0 plfessl/e - 1011 1.00
= ' o 1111 2.00
5.83 3,00 plfesas/z - 3031 3.00
: . ‘ ’ : - 3131 4.00
7.0 . 24,0 p3/espl/2 ©pop1 2.00  0.789 - 1.252
‘ : a 2121 3.00 b.32 3.9
9.17+10.43 24,1 p3/2-spl/e . po21 2.00  3.17hk
' o - i . 2121 3.00 1.133
13.72 o 1+,1  p3/2-pl/2 - 1121  0.333  0.132
S e - 110r . 2.667  1.05
B 24,18 'pi/g,p5/2-;p1/2,3/2.*-2021 - A_'fo.0591
. SR o 2121 . - 0-0559

Thls level has the domlnant shell mode 1 conflguratlon (pB/E 5 therefore
1t cannot be ‘populated in the j-j limit. :
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Table XI. Nuclear structure factors GE(JSLT) for the l-N(jHe;t)lkO reaction.
~ Dominant 2 - ,
Single- - — G~ (JSLT) -
Energy T © Particle .. Pure Mixed - Mixed
(MeV) J°,T - Transition’ JSLT (33) - (CK) (VF)
0 o+ ,1 'ﬁl/Eéypl/2 1121 1.778' 1640 1.753
' S | 1101 0.222 0.0473 0.000
5.17 >-(1-),1 pl/e—> s1/2 1011 0.667: |
' S 1111 1.333
| 0111 1.000
- (o;);l‘ pl/e-s sl/2. 1011 0.333 |
o A 1111 0.667
6.28  (3-),1  pl/esas/e 3031 1.333
, o ' S 3131 1.778
2131 0.156 .
| 2111 3.733
6.60+7.78 2+ ,1 p3/esplfe . 3121 - 0.0748
S IR i 2021 1.00 0.538"
' 2121 ~1.50. 1.470
1121 C0.278 1 0.478
o B 1101 2.222 2.122
6.79  (22),1  plfesasfe . 3031 1.667 |
o 3131 2.222
2131  0.045
_ 2111 - 1.067
(10.24 or (1+),1 p3/25plfe . 2021 . 1.00 1.216
10.89) : T 2121 1.50 1.36
: 1121 0.0556 10,0233
‘ ~1101 O.4hh- 0.187
- o+ 1% p3fespl/fe 3121 . 0.0257
Lo 2021 . - 0.144
2121 - - 0.202
1121 - 0.0103
1101 - 0.0001

%This level has thévdominant"shell-mddel cohfigurations (p5/2)?2

it cannot be populated-in the j-J limit.

5 therefofe
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Table XII. Nuclear structure factors GQ(JSLT)
' w33 1k .
for the ~ N(“He,”He')” N reaction.

03

- Dominant 2
-  Single- _ G~ (JSLT)
Energy o . Particle . Pure Mixed Mixed
(Mev) = J,T Transition ~  JSIT (33) (CK) (VvE)
2.31 O+;1 pl/2—pl/2 ‘51121 0.889 0.818 . 0.877
' - 10 0.111 0.0237 0.0000
3,95 © o 1+,0 =p5/2_;p1/e o éozd‘_j 4)50' k.38 3.91
‘ ' o .. 2120 0.75 0.731 0.6%
1120 0.028 0.217 0.503
- 1100 0.222 . 0.043 0.0232 -
| - 0000 - 0..0000 0.0000 -
k.91 0-,0  plfesslfe 1010 1.50 | |
S o : 1110 0.%33
© 510 ¢ 2-,0  plfesds/e 3030 7.50
B Co R S 3130 1.111
2130 . 0.022
2.11‘0_é 1'0.533
5.69 1-,0  pl/e-sl/e 1010  3.00
. o o - - 1110 C0.667
. 0110 = 0.500
5.83" 3-,0 pl/2—as/2 = 30%0 ’1 6.000
- ‘ o 3130 0.889
2130 0.078 ,
| 2110 1 1.865 _ _
24,0 p3/emplfe 3120 SR 0.0k5k  0.138"
o . .. 2020 L.50 C3.98 1.80
2120 “0.75 S 0.605 0.809 -
- 1120 . 0.139 0.0LOk 0.0011
. 1100 S 1.111 S 1,34, 1.272




Tablé XIIT. Nuclear structure factors‘GE(JSLT) for states in mass 15.

GE(JSLT)
: ‘ . Dominant = ‘
- Enersy (Mey) . Sinele- OnCheHe )N nCRe, )0
T 15 15 ' o Partlgle ;‘-_‘ - Pure ) Mixed Lo © Pure. - Mixed
J,T TN _ 0 ~ Transition - JSLT (33) (CK)-. (3 - (cK)
1/2-,1/2 0.0 0.0 - plfespilfe - ‘11210 - - 2.66T 2.667 .-
B o SR S 1101 - - ©0.333 0.3%3
0001 - - - 1.00 - - 1.00
5/2+,1/2 S5.27 5.2k pl/e—d5/2 . - 3030 10.125 . - -
o o e o 3031 0.125 ' 0.500 -
' 3130 1.500, -
3131 0.167 0.667"
2130 0.075 , -
2131 0.00833% : 0.033
. 2110 . 1.800 o -
2111 -~ 0.200% : 0.800
1/e+,1/2 - 5:30. - 5.19 pl/2-sl/2 1010 = = 3.375 . - o
C 1011 - 0.0b17 ' . 0.167 .
1110 0.750 - : -
1111 0.08%3° . 0.333
0110 0.375 - - -
. o111 oo.okT¥ 0.167
3/2-,1/2 - 6.32 . 6.18°  p3fespl/fe - 2020 4.500° 4.300 . = -
: s e - 2021 . 0.500 . - 0.500 - 2,00 . 2.00
' 2120 0.750, - 0.750,- = = - -
2121 0:750% . 0.730 3.00 - 3.00
. 1120 0.08% - 0.083 - _ -
oo 112l 0.083% © 0.083* $0.333 0.3%33%
. 11100 0.66T 0.667 - -
1101 . - 0.66T* - 0.66T*% - . 2.667 .-  2.667

- -99-
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" Table XIII. (continued)
o G2(J51m>
o Dominant , o . C ' '
' Energy}(MeV) Single- 'l?N(?Hé,BHe')15N;'_' 15N(3Helt)l50‘ o
ﬁ_ 5 15' , - Particle .. Pure © Mixed . Pure = Mixed "
J°,T N 0 . Transition - Jgsur  ° (33) (k) .- (33 - (cK)
5/2+,1/2 7.15 . 6.86 pl/es as/2 3030 2RISR .
- e ’ ' ' 3031 - . 0.268% 1.071
- 3130 0.357. o - -
13131 - 0.35T7 - 1.hk28
2130 - 0.03%51 -
2131 - 0.0351 - . - 0.1k1
2110 .= 0.840 - -
2111 0.8k0 - S 3.36
3/2+,1/2 7:30 7 6.79 pl/aw sl/2 1010 .%.00 c-
. < - ' : - : 1011 -0.333% 1.333
1110 0.667 . -
_ 1111 0.667 2.667
7/2+,1/2 T 7.56 7.28 pl/e—sds/e 3030 7.72 .
: . ' ' o - 5031 0.85T7* 3.43
3130 1.142 - -
3131 1.14p L.57
1/2+,1/2 8.1 . 7.55 pl/2- sl1/2 1010 0,375 -
- o ‘ - 1011 - - 0.0hex 0,167
1110 - 0.0833 -
1111 10.0833 0.333
0110 0.375 -
0111 0.375 1.500
3/2+,1/2 1 8.57 8.28 pl/2— d5/2 - 2130 - 0.040 -
a - ‘ 2131 0.0k0 0.161
2110 0.960 -
2111 0 - 3.839

. __L9_



Table XIII. (continued)

.G2(JSLT)

* Dominant o " _— e S S oae
Single- .~ . ¢ -15N(5He,5He')l5N, 15N(5He,t)l5o
Particle o - Pure - Mixed -Pure Mixed

‘Transition = JSLT . (33) - (cK) - (33) (CK)

S  Energy (MeV).
e By 15

JhT

1/2+,3/2 .62 - plfessife 1011 0333 0.333
o o S o111y . 0.66T . . 0.667 -
S 0111 0.333° - . 0.333

5/2+,3/2 - - pl/e-»as/2 . 3031. - 1.00 " ' © 1,00
- e : 3131 1333 o 1.333
2131 0.067 . T 0.067

2111 1.600 . - 1.600

G(JSL1) and G(JSIO) have opposite signs for a given JSL. -

_99_
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2 e . |
(02/2)1551/2)) jor 3 josparfo O HOHR)19/2)5 ot 500 7 245 g o
configuration for A = 15 nuclei were assumed for levels which were formed
- by promotlng a p nucleon to the s-d shell. The shell-model calculations
56

of True’" for levels in th and of Halbert and French6l for level in 15N
and 5O indicate that this should be a reasonably good approx1mat10n since

these levels only contain small.adm1xturesof other conflguratlons. For

‘example, the wave functlons for. t?e pl/2 51/2 0- l ,T=O 1 and
(p1/2,d5/2) levels of N (see Ref 56), which have been rea-
2-,35-;1=0, 1 73, Th

sonably successful in predicting gamma-ray tran51tlon rates, on]y

contain (pl/2;d3/2) admixtures of < h%.

- 5. Bound—Statelwave FUnctions,'Binding-Energies and Radial Form Factors_

As mentloned prev1ously; in order to s1mpllfy the theoretical cal-
culatlons only one radial form factor gilJ (R ) was computed correspondlng
£0 the’ domlnant shell-model transltlon in the J J llmlt (thls resulted in

Eq. (ll));. Slngle—partlcle radial wave functlons were calculated u51ng a
'-~Woods-Saxon well w1th a radius. of 1. 25A./3F a dlffuseness of a = 0.65F,
and a spln orblt coupllng of 25 times the’ Thomas term; aCoulomb potent:al
'w1tha radlus of 1.254 38 yas also included. The well depths were adjusted
to give the blndlng energies computed from the separatlon energy scheme
1llustrated 1n Flg. 27. If this method is used, a' definite. relatlonshlp
, ex1sts ‘between the blndlng energles EB1 5 -of the particle in its initial

and final j, states given by EB, = EB +. Q(p,n) for the (3He t) reactlon.

Jp >

" and EB, EB + Q(p,p ) for the (BHe,5He ) reaction.

In order to determlne absolute values for EB it is necessary o

to know 1) whether neutrons or protons (or both) aieeexc1ted to form

the final state_and 2) the parent state is the_(Arl) nucleus which has
_the'dominant‘configuration of'the inactive (Arl)"core of the target nucleus.

~In general for. pl/2—>d5/2, pl/2- s1/2 and pl/2- pl/2 transitions, in the

J-3 limit, the parent. state corresponds to the ground state configuration
of the (A-1) nucleus and therefore EB, is simply equal to the neutron or.
011d1ng energy of the target nucleus. The tran51t10ns to levels in

0) with the configuration (pl/2) d5/2 or (pl/2) 51/2 are

exceptions to this rule (see Fig. 27). (When this method gave negative

values_for EBE’ the'nucleon‘in its final'state wasiassumed for convenience

to be bound by 400 keV.)
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.steesézeso_vj

Fig.: 27 The separation energy scheme used to determine the binding
energles of. the target nucleons_involved in typical 51ngle-partlcle
‘tran 1t10n (1 e., the 2 (3He 3He)ION (5.27 Mev ?é and
(°He t) 20 (5.24 Mev, g{{eﬂ 1/2— a5/2; and the TON(’He,JHe')1n
(7 50 MeV,3/2+) and 1ON(“He,t) 50 (6.79 MeV,3/2+) pl/es sl/2 transi-
tions). EBl(EB ) represents the binding energy of the pl/2 nucleon
'in its initial J state while EBQ(EBé) represents the binding energy
of the d5/2(sl/2} nucleon in its final j, state. .
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For p3/2—>pl/2 trans1tlons, the removal of a p3/2 neutron or proton
(1n the J -j limit) does not always overlap with the ground state configu-
ration of the (A- l) nucleus but instead may have large coefficients of
fractional parentage for several excited states.- In thls case the radial

form factor should in pr1nc1ple be the sum. of several radlal form factors
Cd1d0
°L

computed-for separatlon energles correspondlng to excited states in the

(R"), each calculated using bound-state wave functions which were

(A-1) nucleus. If conflguratlon—mlxed wave functlons are used for p shell
' states the situation becomes even more complex since pl/2,p5/2~>p3/2

»transltlons alco contrlbute to the population of a given final state. 1In
_3the present analys1s, when several excited states in the (A 1) nucleus were
cllnvolved “in’ the J - llmlt (i.e., for p3/2~>pl/2 transitions in mass 13
(BHe t) reactlon only], 1k and 15 nuclei) the binding energy EB was
'chosen to be equal to the neutron or proton b1nd1ng energy of the target
nucleus plus the exc1tatlon energy of the findl. state 1n the product
nucleus. ‘The valldlty of thls approx1mat10n for p shell states depends
'upon ‘the sens1t1v1ty of the predicted angular distributions to changes.

in the b1nd1ng energles of the single-particle’ wave functlons.' In Fig. 28,
1ntegrated theoretlcal cross sectlons are plotted as a function of EBl

(the deflnlte'relatlonsh;p between EBl and EB is still maintained) for
“several different singlefparticle transitions In general it was found

| that both the shapes andrmagnitudes'of the predlcted dlstrlbutlons for :
: _L 0 and L = 2 p-shell trans1t10ns were relatlvely 1nsens1t1ve to moderate
changes in the blndlng energy EB '

‘ ~ One addltlonal assumptlon was made in calculatlng the radlal form
factors for 1nelast1c transltlons where the exc1tat10n of protons and
neutrons both contrlbute, as is the case- for transltlons in 120; lLLN, and
15N (i.e., the 5.27 MeV 5/2+ and 5.30 MeV, 1/2+ levels only). Since the
‘neutron and protcn b;ndlng energies are approximately equal for these
nuclei, the radial form factOrs were cOmputed'assuming thatbthe bound
particlec were protons. I luN calculatlons assumlng that neutrons were

excited gave almost 1dent1cal angular dlstrlbutlons which differed in

magnltude by < 5%f (The inelastic transition to the 3.68 MeV 3/2- level
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Fig. 28. 1Integrated single-particle cross sections as a function of the
‘binding energy EB; (the fixed relationship between EB; and EBp was
maintained) for several representative single-particle transitions.

~ The cross sections have been normalized relative to those obtained
‘using the binding energies predicted by the separation energy scheme
described in Sec. VA-3.. ‘ ’ ' :
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-in 15C also 1nvolves both proton and neutron exc1tat10ns. However, gince
‘the neutron and proton blndlng energles of 130 differ by 12 586 MeV, the
theoretical- angular dlstrlbutlon for thls tranS1t10n was computed by

_averaglng-those calculated assuming that elthervprotons or neutrons were

»exc1ted ) R
Typlcal radlal form factors gL (R ) are shown in Fig. 29 for a
Yukawa interaction w1th a -1 = 1.2 F. They exhlblt a variety of shapes,

-
1nclud1ng changes in- 81gn, dependlng upon the 51ngle—part1cle wave functlons

'1nvolved

_h{ Range Effects Of;a'Yukawa Interaction

The theoretlcal angular dlstrlbutlons of dlfferent s1ngle—partlcle
tran51tlons and L transfers are shown in Fig. 30 for.: varlous ranges of the
effectlve Yukawa 1nteractlon between O 5 and 1. 6 F. The predicted differential
,cross sectlons have been multlplled by a6 1n order to compare the strengths .
of dlfferentmultlpole'trans1t10ns as a. functlon of the range of the inter-
'actlon (see Eq. (7)) It can be seen from Fig. 50 that the range. of the
blnteractlon has two- general effects on the predlcted cross sections. First
of all the angular dlstrlbutlons have more structure and decrease more '
rapldly with. 1ncrea51ng angle as the range 1s 1ncreased Secondly;the
;Tstrength of the hlgher multlpole trans1t10ns 1s very senS1t1ve_to the range
bof the 1nteract10n. For example, in Fig. 30,_the strength»of the. 14 N, ’
2.31 MeV (L = O) trans1tlon varies by flO% between a™t - 0.5 and 1.6 F
‘while the strength of the AN, 3.95 MeVi(L = ) transition decreases by a
: factor of flve. Slmllar effects were also observed in an analys1s of the

_9OZr(p?p )9OZr reactlon.7
v - . A range of a.l l 2 F was flnally chosen for the effective pro-

jectile-nucleon interactlon s1nce it gave the best overall fit to the

‘experlmental angular dlstrlbutlons observed for all L transfers In
- order to compare the. values of V o whlch were measured 1n these experi—
ments with those obtalned from analyses of the (p,p') and (p,n) reactions:

at o -1 = 1.0 F, it is flrst necessary to convert the values of VS from

an effective progectlle-nucleon to an effectlve_nucleon-nucleon interaction:

using Eq. (8). Equation (7) must then be used to convert from a range .of
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Fig. 29, Typicael radial form factors ng-i(R') for vai’ous single-

particle transitions observed in the 1 N(’He, He' )1*N reaction
calculated using & Yukawa interaction with a range of a'; = 1.2 F.



Fig. 30. Slngle—partlcle cross sectlons o(g 321. fbr typical pl/2—>p1/2 L=0 [i.e.
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14 (3H ) N (2. 31
MeV,0+) ],p.;./Q—)p}/E 1=2 [i.e., HN(He,
(7. 56 MeV,7/2+)]1; and pl/2—>sl/2 L=1 [1.e. He’) 3¢ (3.09 MeV l/2+)] transitions calculated
using three different ranges Q™ of the Yukawa 1nteractlon A1l cross sections were computed using the
independent optical potentials given in Table VIT and have been multiplied by a6 in order to.compare the
strength of a glven 51ngle=partlcle trans1t10n (and L transfer) as a functlon of the range of the inter-
actlon : : : :

95 MeV, 1+) ; p1/2-as5/2, 1=5 [i.e., 15N(JHe,He ) 10N -
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1.2 to 1.0 F. The total conversion factors obtained for the (5He t) and
(3He,3He') reactlons were 1.18 and 1.10, respectlvely, all values quoted in

this work have been c0nverted in thls manner .

5. DNonlocal Correcfions

_ Since %he optical—model and shell—nodel poﬁential wells are known -
to be nonlocal the wave functions calculated using an equivalent local
‘potentlal should actually be reduced 1n51de the’ nuclear surface. () Thls“
reductlon can be produced u51ng ‘a damplng factor obtalned from the local

6

energy approx1mat10n,

() - Cli-(u /%)u(r) g e

~ where u‘vls the reduced mass of the partlcle,'.B is the_nonlocality:u
range, U(r) is the equlvalent local potential and C islunity for
.scattering wave- functlons. ' B

A.nonlocal correctlon was included in thls analy51s for the e

and triton optical potentlals only, uslng a. nonlocallty ‘range of B = 0. 25
77 From Fig. 25 it can be seen that the nonlocal damping factor hao'
very llttle effect on the shapes of the angular dlstrlbutlons but reduces .
the integrated cross sectlons for various single-particle transitions. by . '
lO - 22% with the exceptlon of the pl/2->sl/2 transition Wthh is reduced

by only 1%.
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"B. Comparison with Experiment

In order to s1mpllfy the comparisons w1th experlment the trans
tlons observed’ 1n the (BHe t) and (5He 5He D! reactions will be discussed
in groups accordlng to the partlcular s1ngle—part1cle transltlon 1nvolved.'
Furthermore, trans1t10ns whlch deviate strongly from average behav1or or
trans1t10ns whlch give new spectroscoplc 1nformat10n are discussed in-
d1v1dually as the end of each sectlon i o _
i ‘As” mentloned prev1ously, the theoretlcal curves which are compared
w1th experlment were all calculated us1ng 1ndependent optlcal potentlals,'
however, strengths were obtalned for both 1ndependent optical potentlals
and an average optlcal potentlal u51ng the correctlon factors glven in
‘ VA 1. The values quoted in this report w1ll refer to those obtalned

from the average optlcal potentlal unless otherw1se stated ln all cases,
:the theoretlcal curves were normallzed to glve the best overall fit to the
experlmental data, hence, 1ndependent values of VST were obtalned for each
.tran51t10n. When two levels were unresolved experlmentally, the theoretl—
cal angular dlstrlbutlons Were computed by summlng the contributions from
each trans1t10n ‘
' 8ince more than one term in the effectrve 1nteract10n usually con-

- tributed to the cross section of an 1nd1v1dual tran51t10n, it was necessary
“to assume some relatlonshlp among the relatlve strengths of the individual
terms in ‘the effective 1nteract10n Three dlfferent exchange mlxtures-
including the ngner 1nteract10n (V only) and a Serber force-'were_used:_
for: (BHe,5He ) tran51tlonS, ‘while' VOl and Vll were generally_assumed:to v
be equal in the analysls of the (BHe t) reactlon,'this will be discussed

'further later. It 1s 1mportant to mentlon once again that all strengths

ST have been converted to an effectlve nucleon—nucleon 1nteract10n at

al-1.0F (see Sec. VA-4).

1. The (BHe t) pl/2, p3/2~>pl/2 Domlnant L = 0 Transitions

Since the strengths Of'the higher multipole transitions decrease
rapidly with increasing range (see Fig. 3%0), the ratio of -the theoretical

cross sections c(jljeh9) for L =0 : L = 2 transitions is = 12:1 at a range
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ofat=1.2F. Asa result, most (3He,t)'transitions which are allowed
by the selection'rules to be L = 0 and/or‘2.are predicted to'be'dominant
L = E:transitionsﬂ The O+ ground sﬁate and the (p3/2,pl/2 1+,T=1 levels

0 and the 1+ ground state of N are the only exceptlons “to thls
rule; these levels all have L = O structure factors which are quite small.
o As was mentloned previously, most of the domlnant L=0 transr-’
tions with. small negatlve Q values have characterlstlc angular dlstrlbutlon“
iwhlch can only e’ reproduced u51ng sllghtly modlfled Optlcal potentlals |
The theoretlcal angular dlstrlbutlons for all L O trans1t10ns are compared
with experlment in Flgs. 51 and. 52 the SOlld curves were calculated using - '
the mixed CK wave: functlon._ In general the fits to these angular d1str1—
butions are reasonably good, partlcularly for those levels whlch have
small negatlve Q values.» e ' B '

' Domlnant L.=0 trans1t10ns should prov1de the most. accurate de- '
termlnatlon of the 1sosp1n V and spin-isospin V1 terms in the effectlve
1nteract10n. There are two reasons for thls 'First many -of the
_tran31t10ns-partlcularly the ground 1sdbar1c analog trans1t10ns_ are very
:1nsenslt1ve to conflguratlon m1x1ng Secondly, L= O tran51t10ns are not
.expected to be enhanced by collective or core polarlzatlon effects.9.
: Among the trans1t10ns Wthh are. observed in these experlments, five. have |
been selected whlch should prov1de the best measurement of Vbl-and V. 11°
they are the g.S., 1/2-- ‘and 6.18 MeV, 5/2— levels in 15O ‘the 2.31 v
MeV O+ and 3.95 MeV l+ levels in th’ and the g:5., l/EL‘ level 1n.;3ﬁ,_

Three of these- trans1t10ns are prlmarlly (or only) dependent upont
ol while the other two are prlmarlly (or only) dependent upon le A
ratio of V11/V l'- 0.8 gave the best overall agreement for these transl—» o
tlons (compare Table XIV). Thls ratlo was often used in subsequent cal-
culations for other trans1t10ns and L transfers. However, when enhanced

strengths were observed_for VO and V.., the ratlo predlcted by the

11>

Serber force (V117V01'= l;O) was used. - In partlcular? for all pure L =2
and all pl/2- d5/2 transitions,_VOl and V-v'were'assumed to be equal. v
The values obtained for Vi and vy, from all I = O transitions.

are summarized in Table'XIV.' ln.gencral the overallvagreement’im reason- o
“ably good, while a slight improvement is observed using the average -

optical potential set. .Furthermore, the average values for Vop = 20. 6*0. M
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Table XIV.

Ex‘jj)el rimental

obtained from. ()lle, t) p 1/2, p3/2 » b 1/2 (dominant L=0) trausltlons

tlength:. for the effectlve nucleon-mu,leon interaction at

1—L.O F

Independent df\t'i.cal Potentials

Average Optical Potential

which are obtained -are enclosed in brackets.

SThe 6.60 and 7.78 MeV levels are assumed to have the copfiguration [\%— (p 3/2, p 1/2)'?‘ 4

2

assumed to have the dominant conﬁguratmn (p 5/2) 2+, D1 with-a dominant L=2 distribution.

Clhe 9 TE Mev 1evel is forbidden in the j-j limit.

SThe .80, 7.7 and 9.7h MeV levels are all assumed to have the configuration [(p3/2, l/:)-l—{-(s, gy with (p3/2, P 1/2) amplitudes

of 3%, 35% and 30%,respectively.

®Phe contribution from the 5 56 MeV, p 1/2-4 5/<

transition is included.

Only these transitions were included in computing average strengths.

fEBE was assumed to be equal to 400 keV (see Section VA-3).

while the 9.74 MeV level is

Eneray . Vi (MeV) - v, (Mev) * Vg (Mev) . vy, (Mev) .
Reaction (nev) 57,1 (33) “(cK) (33 (cx) (JJ) (cx) (vrF) (33) (cx) (v}
nhe, 1) 0.0 ’1/2-,1/2: 21.6 216 (1.3 . (1.3)® 0 ene. . 212 (170 (17.0)2
' 6,18 3/e-,1/2 (22.2)  (22.2) 1801 T80 (2n7)  c(en.T) AT.7 17.7
L3 L - ’ : B . v
Yo (he, o 21 or 1 20 20,4 - - . %0.0 20.0 20.0 - - -
3.95 .1+ ,0 * - - 2.0~ 15.7 - - - 20.6 15.4 16.5
13.72 1+ ,1 - - .17.8 28.4 - - - 17.% 27.8 '
luﬂ(?ﬂe, % 6.60° 2+ 1 (1%.2) - (14.8) 11.3 11.8 (16.9)  (17.6) 13.}; 1.0 -
_7.78b 2+ ;1 (13.8) (ah.b) 11.1 1.4 (16.4) (17.1) 13:2 S 13.6
9.7h° (2+) ;1 ¢ 67.6 c 61.6 . c. 80.5 © 805
J6.60% 2 Sl (17.0)  (17.6) 13.6 14.2 (20.2) (20.9) 6.2 - 16.9
. : 7.,78‘? 2+ ,1° {16.5) (17.1) 13.2 13.7 (19.6) (20.3) - 15.7 116.3
9.'(hd-‘(2_+) ,1 (16.9) © (17.6) 13.6 1k.0 (20.1) - (20.9) 16.2 16.7
BoPte, 0)2n 0.0 1 1.2t 22.6 23.3 {(18.1) (18.7) 7. 20.1 20.7. (16.1) (16.6)
. a . )
345 32512 ara 2o 2.7 20k 27 18.2 2h.7" 18.2
3.56 5/2+.1/2 . K
8.92 1/2 1/2 - - - 18.2 . 316 - . - 16.2 28.1
11.85 . 3/2-,1/2 (22.2) . (bk4.6) 19.7 k.6 (19.8)  (39.7) . 175 39.7
15.07 3/2-,3/2 (21.'2“). (31.0) 21k 31.00 ° (19.0)- (27.6) -19.0 27._6
Zedne, 1) 0.0 1+ 1 - - 1.6 28.0 - - 10.1 2h.y
21.5%0.8 -21.8+1.0 19.6%f1.5 16.9%1.2 20.420.5  20.6%0.4 19.2%1.5  16.5%1.1
815 Some cases the calculated angular distributions are relatively insensitive to the values of either VOl or Vu. In -these cases the strengths
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and Vll = l6.5 1.1 MeV are in very good agreement w1th those obtained

8,10-12 "1/ sarticular, the (p,n)

from an analysis of the«(p,n) reaction.
reactlons on several target nuclel 1nclud1ng MC, 52Cr and 90 zr (see

_Refs. 8 11, and 12) yield values for V,, which range from 19 to 26 MeV

01
and the ratlo for the spin-isospin strength to the lSOSpln strength is
“determined to be ¥ 0. 6- 1.0. 1,12 An 1ndependent measurement from the
Ll(p,n)7Be (431 keV) reactlon at Ll 7 MeV gave a value for V. = 15 MeV
It is also- 1nterest1ng to compare the present results with those

obtalned prev1ously in analyses of the (BHe t) reactlon on 170 l% 27
. 30 39 48 15 14

“78i; 7K and i at E5 18 -25 MeV. ‘Using a Yukawa potentlal w1th a
range of O 110 F, values were obtained for V., 51 .6 and V

: 20 Tl MeV [corrected to an effective nucleon—nucleon 1nteract10n at
= 1.0 F (see Eq. (8))] These strengths are somewhat larger than -

those obtalned in the- present analysis; this may be due to a poss1ble

energy dependence of the effectlve interaction. o _', I

~a. The 8 921 11. 85 and 15 07 MeV levels in lBN. ‘The relatlvely large

‘values of V and Vl whlch are predlcted for these states may 1nd1cate

that the wave functlons of CK are unable to account for the conflguratlon :

' m1x1ng in these states. Thls is partlcularly true for the 11.85 MeV level
since it w1ll be shown later that the 5C(BHe “He'! ) 5C reactlon, whlch
_pOpulates the mirror level in 3C at 11.84 MeV predicts a value for VOO
~which is several times larger than values obtalned for other tran51tlons
25 5

In addition, evidence from an analys1s of the N(p,t) on reactlon

dlcates that the wave functlons of CK underestlmate the cross section for.

. the 8.92 Mév, 1/2_, level by a factor ©of six hundred.

b. The 9.74 MeV level in - lLLO. Recent experlmental ev1dence from the
léo(p,t)lFO and 16O( ,3He) N reactlons78 indicates that»the 9. T4 MeV

level in 1 0 1s ‘the analog of a level observed 1n th at 12.52 MeV. In

addltlon, the. tran51t10n to thls level in the O(p,t) O reaction has a
characteristic L = 2 angular dlstrlhutlon s1mllar to those observed for
the 6.60_and 7.78 Mev levels in luO, 1nd1cat1ng a poss1hle spin as51gnment
of (2+). The 12.52 MeV level in uN was also observed in the 15N(BH a)
reaction 2 and hadva characteristic £ =1 angular distribution. At flrst,

it was thought that this level might correspond to one of the missing
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(p5/2)- states in hN, however, the spectrOSCOplc factor which was obtalned

for this level was eﬁ 5 times larger than the ones predicted by Cohen and

' Kurath21 for these states \
v One p0551ble explanatlon for the population of the 9 Th MeV level

in the O(p,t) o reaction and the 12. 52 MeV level in the o(p, He )

and 15N(BHe,Oc)luN reactions may be that these states have a [(p3/2,pl/2)

t

+ (s, d)]2+ =1 conflguratlon s1m11ar to those Observed for the 9. 17 and
10. 143 MeV levels in ,ui 55orthelr correspondlng analogs at 6.60 and
1k

7 78 MeV 1n 0. The spectroscoplc factors Wthh are. obtained from the
(BH a) N reactlon for the 9.17,. 10. h5 and 12.52 MeV: levels are consls—"
tent with (p5/2,p1/2) amplltudes for these states of 43. 4%, 57 7 % and -
18 9%, respectlvely k9 S ' :
" The 9. 7& MeV level is also observed in the

_ and has an: angular dlstrlbutlon whlch resembles those obtained for the 6.60

4N(BE L) o reaction
and 7 78" MeV levels In order to 1nvest1gate the tentative assignment’

_ whlch has been proposed for this level‘ theoretlcal calculatlons were
',carrled out for the levels in l“o at 6 60 7 78 and 9.7h MeV us1ng the
vfollow1ng models l) the 6. 60 and’ 7 78 MeV levels were assumed to have
the conflguratlon &[- (p5/2,pl/2) N[ (s d)] 2+ Tl whlle the 9. Th MeV -

"1“1evel was assumed to have the dominant conflguratlon (p3/2)2+ 71 @ and

.2) the 6 60 7.78 and 9. Th MeV levels were all assumed to have the conf1gu—b>

ration [(p3/2, p1/2) + (s d) 2+ ool w1th (p3/2, pl/2) amplltudes of 35%, o

'35% and "30%,: respectlvely Nuclear structure factors predlct that the _
angular dlstrlbutlons for the (p3/2) _ and (p5/2 pl/2) ‘conflguratlons
should be dominant L 2 and L 0 trans1tions, respectlvely Since'the

“_9 T4 MeV level has an angular dlstrlbutlon whlch resembleés other L = O

tran51t10ns, the (p3/2,pl/2) conflguratlon is. favored (see Fig: 32) :In

*[scaddltlon, the values obtalned‘for v and V.. for thls transition are much

| ined for Voi 11
too large if a (p5/2)v2‘configuration is assumed, while the model which

considers the 6.60, T.78 and 9. T4 MeV levels to have s1m11ar conflguratlons
predlcts values whlch are in good agreement w1th those obtained for other
transltlons (see Table XIV) " This evidence supports a tentative

(p5/2 pl/2) + (s d)]2+ Tl assignment“for‘the 9.74 MeV level in ll*o.
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é. The (BHe,BHe') E;/2—9];)1/2 (TPfEi> Transitlons

In general,»theﬂ(BHe,zﬁe')‘reaction is expected to be relatively

insensitire to the spin-and isospin- dependent terms in the effective two-v
'body:interaction. ThlS results from the follow1ng '(l)'the Wigner inter-
actlon for compler projectiles is enhanced by a factor equal to the number
of nucleons in the incoming progectlle, and (2) evidence from the nucleon=.

7-9

nucleon (see Sec. VE) and nucleon- nucleus scatterlng data 1nd1cates

that VOO is probably two to. three times larger than VlO VOl and Vll Con-j .
sequently, if V,, is allowed ‘the. (JSLT) —(LOLO) amplltudes are predlcted L
to be the dominant terms for ‘all inelastic trans1t10ns : o

| ' For p5/2—> pl/2 transitions, the (IO0) = (0000) amplltude is
generally forbidden by the selectlon rules, Eq. (lha i) e), and therefore most

~of these tran51tlons are predlcted to have. domlnant L =2 dlstrlbutlons.

" The experlmental angular dlstrlbutlons obtalned for p5/2—>pl/2 transitions
are "shown’ 1n Flgs 33 and 34, only those tran31tlons in which Tf = T w1ll"'
be dlscussed 4in this. sectlon A comparlson w1th those trans1tlons which
are restrlcted Eq. (lha e) "to be puﬁe L=2 (1 e., the k. h} MeV, 2+ level :'v

c and the 7.55 MeV, 5/2- level in 3c) 1nd1cates that all p3/2- pl/2
trans1t10ns have a characterlstlc L=2 dlstrlbutlon w1th the exceptlon of- -

-trans1t10ns which must be S = l Eq. (lha b ,e), (i. e., the 12, TL MeV, l+
level in 1°C and the 8.86 MeV 1/2- level in e (see Ref. 79)).

In order to 1nvest1gate the sen51t1v1ty of these (and other o »

(3He 3He ) tran51t10ns to the Spln- and 1s0sp1n dependence of the effectlve -

1nteract10n, three - dlfferent approx1mat10ns were made concernlng the ex- -

change mixture in the central two—body force "First of all the calculatlons
lwere carried out assuming‘thatfonly VOo contrlbutes to the experlmental

'cross sections (denOted Wigner force). Secondly, a Serber exchange mlxture :

was used, thls force predlcts relatlve strengths in the ratio .

'VOOl: Vio': VOl PV =31 £'l~;-l?f.;

Flnally, a recent analy81s of the (p,p ) reactlon9 indlcated that the pro-

ton-prcton 1nteract10n was appre01ably stronger than the proton-neutron

' 1nteractlon, implying that- VOO and VOl have the same_sign, more tentative
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Flg 34 Angular dlstrlbutlons for (3He,3He ) p3/2-pl/2 trans1t10ns
The s0lid curves are’ DWBA.predlctlons obtdained using CK wave. fUnctlons,
a Serber exchange mixture, and the independent optical potentials: ven .
in Teble VII. The dashed curve shown' for the 7.03 MeV level in EN
was calculated using a Wigner Force (i.e., VOo only). - The dotted curves .
were computed using the unmodified (r! = rg) potentlil set D (see Table -
VII). Force III was used for the 8. 88 MeV level of 17C while a Wigner
1nteract10n was assumed for the 11.84 MeV level '



- for V.

v

. vious analees of the (p,p') reaction, values foerOO

l87_

v.results also showed that p0551bly V _ and Vll’have opposite signs. ?
Since the 1nelast1c tran51t10ns in mirror nuclei are ‘dependent upon the
signs of V (1 e., T =0 and 1 transfers are both allowed, see Eq (1hr
g)) an emplrlcal exchange mixture denoted: force IIT was also used. . This
'force‘was assumed to_give strengths in the ratio |
VOO': Vlo'r Vor P Vqp = -3¢ -l‘:,-l.;'l 2
h'Thls partlcular 31gn conventlon was chosen.to satlsfy the normallzatlon
scondltlon l Vdo +"1 B(VOl + A ) = -1. v ’
The solid curves shown in Flgs. 33 and 3k for p3/2—>pl/2 (domlnant

L = 2) trans1t10ns were calculated using m1xed CK wave functlons and
assumed “the Serber exchange mixture (the s =1 trans1t10ns will be d1scus-
-sed later) In general the shapes of the theoretlcal dlstributlons cal-
'culated u31ng other exchange mlxtures were almost 1dent1cal In order to
‘obtaln 1ndependent values of VOO for each tran51t10n and each exchange _
mlxture, the theoret1cal curves have been normallzed to’ glve the best over-
-all flt to the experlmental data, the results are summarlzed in Table XV.
‘ ' Several 1mportant conclus1ons are ev1dent from these results.
i Flrst of all, the values obtained for VOO are generally 1nsens1t1ve to -
i the exchange mlxture whlch is used and therefore little. 1nformat10n can
.*be ledrned from.these trans1t1ons concernlng the.spln and isospin de-
_ pendence of‘the central lnteractionQd'Secondly, with the exceptlon of the
' 7ll 84 MeV level in ,BC whlch will be discussed later, the relative agree~ f
.- ment for. all trans1t10ns is notlceably 1mproved and the strength requlred
00 is smaller us1ng the mlxed CK wave fUnctlons.

One of the most 1mportant results, however, is the magnitude of
_the strength. obtained here for A = 60.2 % 10 MeV" (the values quoted for

00

00 will refer to those obtalned using a Serber exchange mlxture unless

ﬂ‘otherwlse stated) w1thout 1nclud1ng core. polarlzatlon effects. ' In pre- -

200 MeV were
18 0, 52Cr, 5&Fe,

M

1 .1.0F) for inelastic transitions in

‘obtained (for o
90, R 208, .

_ Zr, Zr and Pb when the ground and lower: excited states were agsumed

- to be well descrlbed by s1mple shell-model conf1gurat10ns.8 If core
polarlzatlon effects were 1ncluded however, VOO

was reduced to approx1mately
80 MeV 9 S



Table XV. - Experimental strengths for the effective nucleon-nucleon interaction at a_l=l;0 F
obtained from (BHe, 5He')-,_p 3/2 - p 1/2 transitions.

. :VOO(MeV)
S C o (vev) g (39) - (ex) (35)  (ex) 33 - (ck)
A. Independent  LON ' 6.32 3/2-,1/2 €8.8° 688 7.3 . T3 49,3 ~lg:3
Potentials S R R W o,0 ML M6 395 - .1 39.5 1.1
. 7.03 2+ ,0° 50.3 53.5 k2.8 . 43,9 . 42,8 43.9
' 130;‘ 3.68 3/2-,1/2 8.2 61.1 . 7L.2 - 58.1 -83.4 . 59.7
) 7,552 . 5/2-,1/2 112.6 76.3 126.5 . 82.0 - 98.3 - 71.1
11.84° 3/2-,1/2 150.2 " 2013.0 168.4 3324 77.0 ° 157.8
_b %o b3 24,0 - 1106.6 o 67.8 105.8 67.8 105.8 67.8
o _ 6.9  BL.5%  T1.1%6 . GLTEIE 9.9%6 35.5%L
B. Average '~ m 632~ 3/z-,1/2 6Lk 6LL . -75.8 - 75.8. 183 18.3
gﬁﬁiﬁiialv ‘ lgm.' 3.95 1+ ,0 8.9 ‘ b5 k.0 k9.3 b7.0 49,3
S L T03 0 e+ 40 59.9°  65.7  50.9 52.2. - 50.9 . 52,2
o .68 3/2-,1/2 - T3.2 C 5k k €3.4 51.7  7h2 . 53.1
' 7.55%  5/2-,1/2 100.2 . 67.9 . 112.6 . T3.0 87.5 - 63.%
o 11.84°  3/2-,1/2 133.6 1792.0 149.8 296.0 68.5 .  140.3
B R Ty 2.7 59.0 9.0 59.0.  92.0 59.0 °

75,755 G0.3%6  T3.6%0  60.2%10 B9 . BE.25

* ' . .
Not included in computing average strengths. -

8The contribution from the 7-49 MeV;'7/2+ level has been neglected.
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Tn the present analys1s, for p shell trans1tlons, the wave functions
of CK are unable to predlct the observed E2 rates without- 1nclud1ng
effective charges ‘of Be for neutrons and (l+6)e for protons where B=0.5 ;.20
- However, the resultlng enhancement factors for. E2 tranSltnon matrix ele-
ments only range from l.5 to 2.0. Therefore, core polarlzatlon effects
‘should be lessvimportant but not negligible for 1lp shell transitions.

Wlthout spe01f1cally including core polarlzatlon in the mlLrObCOplC
analjsls, it is dlfflcult to determine how much this effect would alter )
the present (BHe,BHe ) results, however, the relatlvely small values whlch '
were obtained for VO 1ndlcate ‘that core: polarlzatlon is deflnltely less
- dmportant in this treatment of lp shell nuclei. " Further evidence from an

investigation of the Ll(p,p )7L1 (h78 keV) reaction support this con-

~ clusion: .10 at an 1nc1dent proton energy’ of Ll 7 MeVithe strength requnred
to fit the total cross. section was VCO = 9O MeV- (for a-Yukawa with & -1 =
1.0 F).. In addltlon, an analysis of the C(p,p ) ¢ (L. b3 MeV) reaction
".at E ' h6 MeV'8 (see Sec. VD) gave a value of Vo "86 9 MeV to be cor-

. pared with V. 59 o MeV obtalned from the (3He,5He|) reactlon

00,
;a.. The 11.84 MeV 4/2 - level in 1303 The wave functlons of CK predlct
‘that the: 15C(BHe,BHe )150 (ll 84 MeV, 3/2 ) transition should be very sen-

sitive to the spln-and 1sOspln dependent terms in thé effectlve 1nteractlon

(1 e, the 2020 amplltude 1s predlcted £0 be very small) However; the’

strength requlred for Vb = 296 MeV in order to fit the observed cross

sectlon for this trans1t10n is’ several tlmes larger than those obtained :
13
)

.for other p3/2—>pl/2 tran51t10ns. “In addltlon, ev1dence from the 15 C(a ') C

‘reaction at E,, = 6k.5 MeVSl 1nd1cates that the 11. 84 MeV level is popu-
'_Jated with approx1mately the same: relatlve 1nten51ty as was obgerved in
the (5He,3

' action is. only dependent upon V O’ it 1s ev1dent that the mixed CK wave

He ) reactlon (compare Flgs 7 and 55) Slnce the: (a,a') re-

‘functlons are deflnltely unable to account -for the population of this .
state. ' ' ’
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b. The “°C 12. 71 MeV, 1+ ahd 150 8.86 Mev, 1/2 - levels. Since the 1°C

12.71 MeV, 1+ and ¢ 8.86 MeV, 1/2- levels are predlcted to be dominant

'L =0, 8 =1 transitions, they prov1de a direct measure of the Vl term

in the effective imteraction (the 8.86 Mev level also depends upon Vll)' '
_Unfortunately, ‘both of these levels are populated in the (o,a! )'reaction62’8l
with almost the same relatlve intensity as in the (5He,5He ) reaction
(compare Figs. T and 35) ‘The 12 71 MeV, l+ level in 120 is an example
of the well-known unnatural parlty states which have been 1nvest1gated
exten31vely in ‘the (a al ) reaction. 82,83 In some cases it has been .

. shown that the populagron of these states can be explained by multiple -
05

excitation processes. As'avreSulf the'values:obtained for V in a
mlcroscoplc analy51s of these data only prov1de an upper limit on the
magnltude of this term. o o

_ The theoretlcal angular dlstrlbutlons for these tran51tlons are
compared with experiment in Flgs 33-and.- 34, Both transitions are best

it using unmodlfled optlcal potentials;  however, the agreement

s deflnltely not. as good as that obtained for the (3He t) L = 0 and

(jHe He') L = 2 transltlons ~ The values predicted for V and Vll are
_shown in Table XVI. If a Serber exchange mlxture is used the

13 (BHe,BHe’)lBC (8 86 Mev, 1/2-) transition is forbidden (or almost for-
bldden) u31ng -3 (or CK) wave functions; however, if force III is used
-both tran51t10ns predlct strengths of V *12 * 2 and Vl ~2'7 MeV for j-J
and CK wave functlonS, respectively. No conclu51ve determlnatlons of .this
term have been obtalned from (p,p ) data; tentatlve results give [V O[ ~40

MeV. 9

3. The. (5He t)-p§/2—5p1/2 Dominant I = 2 Transitions

) . The transltlons whlch are dlscussed in this section can be d1v1ded
1nto two groups:. (1) those transitlons which are restricted by the se-
.lectlon ‘rules to be pure L = 2, and (2) those transitions which could be
L‘= 0 and L = 2 but whose L = O amplitudes are predicted to be relatively

small; this second group will be discussed individually'later.



Table XVI. Experlmental strengths for the effective nucleon-nucleon 1nteract10n at a l_l.O F obtained from

(BHe,BHe ) transitions where V -is forbidden.

Dominant . N : _ . ~ -
- Single- : C v : ’ Serber Force Force III
© -Particle . Energy o o ' : . :
 Trensition .~ (MeV) Jeo (33 (k) (33) (ck)
A. Independent  pl/esds/2z N . 8.57 3/e+,1fe VigVyy 2k - f
ggg:rf:ij:alé- pl/2-pl/2 Loy 231 0t v, 12k 170 12k 170
' p3/2-»plf2 3¢ "8-.'86 1/2-,1/2 VooV 11 . .2 330 6.1 29.8
p3/empl/e B el 1,00 Vig . 12.2 . 31.0 12.2 31.0
p3/2—-~>'_pl/2‘. L1511 14,1 vy 11.7 27.9  11.7 27.9
p3/2»plfe 16.21" 2+ ,1 VoV 3.8 53.0 33.8° 53.0 5
" B. Average p1/25 d5/2 Py 8.57 - 3/2+,1/2 ViooVy p2.0 - L &
, ggzi_;ﬁal - plfesplfe Yy 2.31 0+ ,1 Vg ©1k.7 202 1k.7  20.2°
" p3fespife oo 8.86  1/e-,1/2 ¢ VoooVeg =% 20k k3 265
p3/espl/e o 12.71 . 1+ ,0 V1o 10.6  27.0 10.6  27.0
p3/2;>p1/2 | 15.11 - 1+ 1 v,, 1oz 2k3 102 243
p3/2—> pl/2 o 16.11#_ 2+ ,1 VOl,Vll' S 29.k4 L.l - 29.k L1

-f
EB, was assumed to be equal to L00 keV (see Sec. VA 3)
Forbldden in the J=J limit.
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. The pure L=2 tran51tlons all have characterlstlc angular distri-
.butlons which are similar to the corresponding (5He,3He ) dlstrlbutlons
but have much less structure and are not as well reproduced by theoretlcal
calculations (see Fig. 36). The values obtalned for V ‘and Vll shown. in
Table XVII are all consistently higher than those requlred for L = O
tran51t10ns. It would be necessary-to.use a range of a_l > 0.5 F in order
to obtain agreement between the relative strengths required for L = 0 and

=2 trans1t10ns, however,'the fits obtained at this range would be very
poor for all tran51t10ns (compare Fig. 50) ~The apparent enhancemeht of
the (BHe t) L = 2 trans1t10ns may be due to collective or core polari-
zation effects’as dlscussed prev1ously for (BHe, He') p5/2—>pl/2 trans1t10ns;
The structureless features of the angular distributions for these transi-
tlons mlght 1ndlcate, however, that other mechanlsms such as multlple ex-
cltatlon or partlcle-exchange are contrlbutlng

Ca. The lu;ﬁ;H t) O (g s.,0+) and lh ( He t) N (g. s.,l+) transitions.
T o) Py

. The N( He: t) O (g s.,0+) reaction and the inverse “of the
'.(g S. ,l+) reactlon correspond to tran51t10ns between identical 1n1t1al and

' flnal states. When detalledealanceuQ and phase- space correctlons are
- applled “the angular dlstrlbutlons for these transitions should be 1dent1cal
(see also Sec VI) ' Ev1dence from the well-known B decay of AC predicts
that:the L O amplitudes for these tran81t10ns are approx1mately equal to
zero'72 Experlmentally it is observed (compare Figs. 16, 17 and 56) that
‘both of- these trans1tlons have a dlstlnct angular distribution which is
neither pure Lv— O or pure L = 2 in character. Theoretlcal calculatlons
using mixed CK or VF wave functions predict a dominant L = 2 distribution
while'those using j?j wave:functions also include a strong L =0 com-
ponent; none of‘these glve a gOod fit to the experimentalvdata. The values
 obtained for V.

=11
Sults. Uslng mixed wave. functlons, ‘the strengths required are comparable

are shown in Table XVII both levels predlct similar re-

:to, or slightly larger than, those predlcted for L = O trans1tlons.
_ It is interesting to compare these results w1th those obtained in
a recent mlcroscoplc»analys1s of the ° C(p, ) lLN reactlon at Ep 15 3 MeV

When a Yukawa. 1nteract10n w1th a range of 1. L F was used, comparlson w1th
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Table XVIT. Experlmental strengths for the effectlve nucleon-nucleon 1nteractlon at a l_l.O-F‘
v obtained from ( He, t 5 p3/2—>pl/2 (domlnant L—2) transitions. '

Independent Optlcal Potentlals S -~ Average Optical Pofential

L -G6-

- ' Enerey . . (MEV) 11(Mev) o V(e Vg, (Mey) .
Resction _ (MeV) J7,0 (aa) (CK) Q) (o) (G (e () () () (W)
1k (5H t)luN 0.0  1+,0 i:»- . T eegle'_ .- e '1777 ﬂ‘25.7f-' 25.9
7.05 2+,06 362 35.9 3.2 ©35.9 3.5 .. 3.2 3.8 35.5 35.2 34.8
S 10435 2+,1x 45.8. k9.3 45.8 k9.3 hh.9 483 bhig 8.3
lL‘N(jﬁe,&c)l;‘o 0.0 1+,0 - K 12.7 _Ai7'5 - o . ~ 15.1  20.8 23,7
' 10.89b (1+),1 11.8  1k.9- 9.4 11.9 1.0 17.7 B 11.2. PLY-E -
1.28° (14),1 - 16.2 207 13.00 165 193 2h.6 155 0 19.6
7150(3H¢;t)15N 7.39 5/2-,1/e% 37.2 k5.3  37.2 5.3 33.1 ko3 331 ho.3
2oChe,t) Py 0.9 24,1 337 27 3.7 2.7 203 k5.8 293 458
" 38.24 L45.8%5 38.2#k L45.8%5 35,75 La.Lis C35.7%5 0 kedkss
*éhly these transitions were included in cdmputing'aVerage.strehgths, . |
1.EBQ was assumed to be equal to 400 keV (see Sec-. VA-3).

The 10. 13 MeV level is assumed to have the conflguratlon [JF'(PB/E pl/2) (s d)]2+ Tl

These values for Vgm were obtained assumlng that either the 10.89 or the ll 2k MeV level had the domlnant

configuration (p3/2,pl/2)l£ 1" _ . _ ' )




_96_

experiment showed not only a poor.fit to the ground state transition but
"also a strength for Viq (using mixed VF wave functlons) which was three:
‘_tlmes larger (or ~ 58 MeV at a -1 = 1. 0 F) than the value of 19.2 MeV re-
guired to.fit the 3. 95 MeV (domlnant 1=0)- tran51t10n In contrast, the correspond-
-ing values required in the C(5H t) l"1_\1 reaction are 25.9 and”16.5 MeV,
respectively. This'discrepancy’may 1ndicate that contributions from other .
__reaCtion mechanisms such aé'particle exchange arevnot as important‘for

complex progectlles at hlgher 1nc1dent energaes.

b. The 10.89 and 11.24 MeV levels in l”o. The 10. 89 and 11.24 MeV levels o

lI’LO are both pos51ble candldates for the analog to the 13.72 MeV,
p5/2,pl/2)l+ T=1 level in FN~wh1ch should occur.near_ll,h MeV in _AO if

level shifts are neglected Theoretical calculations predict'that the
angular dlstrlbutlon for. thls state should correspond to a dominant L 2
'trans1t10n Unfortunately, the 10.89 and. 11. ol MeV levels are both weakly
pOpulated in the (BHe t) reactlon and therefore a meanlngful comparlson of
the shapes of the experlmental angular dlstrlbutlons could not ‘be made -
(compare Fig 36) However, approxlmate values were obtalned for V. o1
which are glven in Table XVII. Although 1t appears that the values pre-
dicted for the 11. ok MeV level are-in better ‘agreement with those for ‘
Tother L 2 tran31tlons, the 10. 89 MeV level cannot be ruled out .

k. The (BHel?He ) pl/2—)d5/2 Trans1t10ns : _ ,
In pr1nc1ple,;an L=1(s8=1) and/or L=3(s= 0 ,1) transfer is .
allowed'for a pl/é4>d5/2 transitiOn However, since (IOIO) amplltudes are

strongly enhanced for complex progectlles (see Sec. VB-2), the (BHe,3He )
pl/2—>d5/2 trans1t10ns are all predicted to have domlnant L. 5 dlstrlbutlons
(the 5/2+ level in 5N at 8 57 MeV is the only exceptlon, it is restricted
by the selection rules, ' (lha e), to be pure L=1 (S 1) and will be
discussed further later). The angular dlstrlbutlons for these L=3
transitions shovn in Figs.”37 and 38, have a 81mllar shape which is falrly _
well reproduced by the theoretical calculatlons.. The values obtalned for
VOO are summarlzed in Table XVIII. Once agaln, ‘they are relatlvely insen-
sitive to the spin- and 1sosp1n dependent terms in the effective 1nteract10n
The overall agreement is very good considering the simple model which was
assumed for the wave functions of these states. The average strengths ob-

- tained for’VOb are slightly larger than those computed earlier for L = 2
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-The dotted curve shown for the 8.57 MeV, 3/2+ level was computed using
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Table XVIII. Experlmental strengths for the effectlve nucleon-nucleon 1nteract10n at o lfILO‘F'_ .
obtalned from (BHe,BHe ) pl/2—>sl/2 ds/2 trans1t10ns B

‘ (MeV)
Single- _ - | _. Independent Optlcal Potentials | Average Optlcal Potentlal
Particle : - Energy o - ... Wigner Serber ~Force - Wigner Serber. = . - Force .
“ Transition - (MeV) - J7, 0 Force f Force ﬁ IIT __Force ~Force = III
pl/2oasfe N 521 ofentf2 ) oo g g0 g9
5.30 .1fe+;1/2- ST - Ce T }
5.27%  s/evifex 930 93.8. 826 - 9Ll . 919 - 80.9
7.15 5/e+,1/2. - €8.6 - 5020 71.2  67.2 k9.2 ST T
1.6 T7ferife o 952 0 856 107, 3 933 8109 105.2
luN_ 5.10 S o- ,0 1 ' 57.8 . 56.3 - 56.3 68.8 - 67.0 -~ 67.0
' 5.85 . 3-.,0 5.5 2.6 . .72.6  89.8 8.k  86.k
leC 3.85 ' 5/2+,1/2 - 15.0 5.6 84,3 . j66.8 TR Le.8 - 75.0 ) ‘
- e TH.0t8  gh.gt12 77.3%12 . 76.0%10 67. 3413 | 79.0%11
pl/e=sl/e N - 7.30 N 3/2+,1/2  61.6 53.2 . 69.3 0.k ) 52:1j' 679
' | 8.31 L 1/e+,1/2 70.8 53,1 . 79.9 - 69.4 . 52.0 78.3%
Y oke 0- 40 ¥5.0 Mk bR 53.6 528 2.8
| " 5.69 1- ,0 38,9 38,1 38.1 S b3 L5.3 45.3
e 309 1/2+,1/2 45.0  38.2  50.6 k0.0 3.0 Cbs.0

52.3%11  L45.4#5 56.5%15 53.919 L7.2%6 _5T7.9%12

Not included in computing average strengths

8irhe contribution from the 5.30 MeV, pl/2—>sl/2 trans1t10n is neglected

_66_ :



-100--

transitions using the wave functions ofs CK; however, they are in better
agreement with the values computedvfor L=2 transitlons using Slmple -3
wave functions These results are cons1stent w1th those obtained from an

'analys1s of E3 trans1t10ns rates 13, 7h 8 In particular, if the shellf-

56

are used to‘predict the~observed'E5 transi- -

>

tion rates in mass 1 nuclel, then an effective charge B = 0.5 is requlred

model wave functlons of True

>(1 e., the same B requlred to pred1ct the observed E2 rates u51ng CK wave
functlons) whereas if j-j wave fUnctlons are*used a sllghtly larger value‘ p
of B is’ required. R ’ RS o 1:
The 8.57 MeV 3/2+ level in 5N is predlcted to be a domlnant L l‘.
S = 'l tran51t10n Theoretlcal fits are shown in Flg 38 for both the -
modlfled and unmodlfled optlcal potentlal set, the latter appears to glve
a'better overall account- of ‘the’ experimental data. sThe values obtalned
 for Vio i_Vll-%'EE.O'MeY using_a Serber exchange;mirture[(see'Table XVI)
can only be considered as upper limits since this level is also populated
in the (a,a! ) reaction62 with appr0x1mately the same relative 1nten51ty as’
in the (BHe He' ) reaction’ (see Sec. VC) ' - :

5. The (3He t) pl/2—>dj/2 Tran51t10ns

| In contrast w1th the (3He, He' ) pl/2—>d5/2 trans1t10ns, the corres-
pondlng ( He t) transitions are predlcted to have mixed (L = 1 and/or L = 3)
| amplltudes ranglng from almost pure L 1 to pure L= 3 (compare Table ,
XIX). In general the experlmental angular dlstrlbutlons for these trans1-
tlons have a similar shape (compare Flgs. 59, 40 and Ref 18) whlle the ' V
theoretlcal curves. vary, dependlng upon the relatlve strengths of the. L 1
-and 3 components (when two levels were unresolved the theoretlcal curves_”
::were obtained by addlng the - contributlons from each level)
' _Those. transitions which are restricted to be L = 3, such as the
7.28 MeV 7/2+ level in 15O have angular dlstrlbutlons which resemble ."
~ the correspondlng ( e,BHe ) transitions (1 e. 5 the 7.56 MeV, T7/2+ Tevel -
in 5 N), however, the oscillatory structure of ‘these distributions is not
" as well defined as that predicted by theory (e. g., the predlcted minimum
at Q; = 35 deg is completely filled in while the predlcted maximum at

%‘m'; 42 deg appears to occur: at a slightly smaller arngle). The theoretical



Table XIX. Experlmental strengths for' the- effective nucleon- nucleon 1nteract10n at a l;l.O‘F o
obtalned from (BHe t pl/2—>d5/2 tran51tlons '

: . boﬁinanﬁ o ~indepéndéntl0ptical . .. Average Opticai
‘ . - Energy = o , L - '~ Potentials o Potential .
‘Reaction " (MeV) J.,;T - Transfer - j-VOl(Mev) - Vll(MeV) — Vdi(MeV)_ - Vll(MeV).“
| 15N(5He,t)l5o 5.19° 1/2+,1/2 o1y o Coa L e |
: - R - J 059.0 ... 59.0- 57.8 - 57.8 -
5.24 - 5/et,1fer 1,3 | DL R ' —
6.7 | 5/24;1/2 S R B . .
S e R S 23.6 . 236 . 23.1. 231
6.86 5/2+,1/2 1,3 e : -
7.28 - 7fe¥,1/2 . '3 ko b0 _ 39.7 S 39.T '
8.28"  3/et,1/2 [ R 158 - 15.5 g
14N(5He,t)}4o B 6.28T : (3-),1 o 1 | 191 - 19.1 22.7 22.7
6.79+ '(2-),1 R 1,3 ~21.0 o 21;0 . 25.0 - 25.0
ll‘Lc(BHe,t)lLﬁ\I 5,10 5. ,0 1 - | 31.6 - : ©31.0
5.83 3,0 3 . k39 3.9 3.0 43.0
BePre o) Pn 3.51°  3/2-,1/2 -0 20.4 sk 182 18.2
3.5 5/e+1/2 1,3 ] - Y _
o 32,5413 - 30.6%12  32.8%12 30.7%11

*Ehé was assumed t0 be equal to 400 keV (see Sec. VA- 3).
The contributions from these pl/2—sl/2 transitions were included.

The angular dlstrlbutlon for the 3.51 MeV level was calculated using CK wave functions.
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angular distributions for those transitions predicted to have strong or
deminant L=1 components are»not.in very good agreement with the experi—
mental data. vThe curves.shown in.Figs 39 and 4O were calculated us1ng
‘modified and unmodified optical potentlals. Although “the latter give a
hetter fit_to-the data in'the region QLQ_% 40-60 deg, both potent;al sets
~predict minima at 60, . % 20 deg while the experimental data indicate: maxima

1

“(compare Figs. 39 andiﬁo); o
- and V are shown in Table XIX; the -

The values obtalned for v

01 _
relative agreement 1s not as good as that Obtalned for other s1ngle—partlcle '
tran51t10ns : In addltlon, the average strengths predlcted for VO 52 8*12
and V., = 50 7 T ll MeV are larger than the values requlred for L=0 '

11
transitions, 1ndicat1ng that the experlmental cross sectlons for (5He t)

pl/2> d5/2 trans1t10ns are also enhanced.

6. The (5He;3He')'pl/2—>sl/2vTransitions -

_ | The - experlmental angular dlstrlbutlons for pl/2—>sl/2 trans1t10ns -
Wthh are shown in Flg hl have more structure and deeper minima than
those Observed for other s1ngle-partlcle tran51t10ns.. Theoretical calcu-
latlons predlct a well- deflned osclllatory structure for these tran51t10ns, i
_however, the fits obtained are not as good as those for (BHe 3He’) L=2"
and L =3 tran51t10ns. A _ . :

Predicted values for V alre summarlzed in Table XVIII the overall
agreement 1s surprlslngly good c0n51der1ng the 31mple J-J conflguratlons
which were assumed for these states. In. addltlon, the average strength -
obtained for'V = k7. 2 6 MeV'doeSvnot'change 31gn1flcant1y'1f ‘the con-
1'tr1but10ns from the spin and isospin terms in the effective 1nteract10n |
are neglected (compare_TablevXVIII).. Slnce core polarlzatlon effects for
L =1 transitions‘shOuldvbe small, it also is of interest that the values
obtained for V.. are ~ 10-20 MeV smaller than those obtained for L = 2

, 00
and L = 3 transitions.



-105-

LN L L P L L R AL B

[\ Bua 3 ‘ 1
(°He,’He) pl/2 —s1/2 Tronsitions
Y]
05
|
0.1 ‘
0051 .
0.0l
0.5
% ol
3 . P
£ . o
= o5
o :
o
~ -
b .
o onl— 14N 569, I-
: B \ &
00sF
N F oy,
K dﬁ
I
0:51 .
L 3¢ 309, 172+ i
o . ) . ~
A\ ¥ i -
0.05F 3
| 1
) IR T EUR N ANUPR A R
20 40 60 80 100
' fcm, (deg) o :

Fig. 41. Angular distributions for (3He,5H_e') pl/2> s1/2 transitions.
The curves are DWBA predictions obtained using j-J wave functions, a
Serber exchange mixture,and the independent optical potentials given
in Table VII. ' '



-106- -

T. The (BHth)!pl/2—>s1/2 Transitions

In general, the levels which are p0pulated'in the (§He,t) reaction
by the promotion of a pl/2 nucleon to an sl/2.nucleon have much smaller
cross sectlons than- other single-particle trans1t10ns to low-lylng orbi—
-tals 16 18 The angular dlstrlbutlons for these states which are shown in
Fig. 42 have much less. structure than theoretlcally predlcted." However,
the values: obtained for V., = 19. 4 % 3 and’ vy, =173 %5 MeV (see:Table
- XX) are approximately equal to those for L = O trans1t10ns 1nd1cat1ng

.that these tran51t10ns are. not collectlvely enhanced

o, The LéHe,5He') and (a a' ) Reactlons on lp Shell Nuclel

The mlcroscoplc analys1s of the (BHe,BHe') ‘reaction has shown that
this reactlon 1s 1n general very 1nsens1t1ve to the spln- and 1sosp1n-» -
dependent terfis-in the effectlve 1nteract10n and therefore the cross _
sections for. strongly exc1ted states are determlned prlmarlly by the (LOID) 7
amplltude. Slnce the (a a' ) reactlon 1s only dependent upon this term, a
' dlrect comparlson of these two react1ons pOpulatlng 1dent1cal flnal states
could prov1de further ev1dence to support th1s conclus1on.

An 1nvest1gation of’ the elastic and 1ne1ast1c scatterlng of 40 5 .

15C 1& 15, 16

MeV o1 partlcles from several targets 1nclud1ng C N, “’N and Ov'”

 has been reported by Harvey et al. 62 It was found that the angular
dlstrlbutlons obtained from these reactlonscould also be characterlzed
accordlng to the partlcular shell-model trans1t10n 1nvolved. A comparlson
of the (BHe,BHe ) and (a ). dlstributlons indicates that the shapes are
very similar, espec1ally for L 2 and L= 3 tran51t10ns, however the
magnltude of the (a,a') d1str1but10n is always approx1mately two to three
times larger. ‘ , _

In Table XXI, relatlve 1ntegrated cross sectlons are compared for
transitions observed in the (BHe,BHe ) and (@,Q') reactions on. several lp
shell nuclei. The transitions have been grouped according to the partlcular

-shell-model transition involved, and in each case the cross sections have

been arbitrarily normalized relative to the one single-particle transition‘
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Fig. 42. Angular distributions for (5He,t) pl/2- s1/2 transitions. The
curves are DWBA predictions obtained using j-j wave functions and
the independent optical potentials given in Table VII.
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‘Tablebxx. Experlmental strengths for the effective nucleon nucleon 1nteract10n at (04
o (“He,t), pl/2—>sl/2 transitions. - _ v
_ Independent Optlcal ' Aveérage Optical
. . Potentlals - Potential
_ o Energy . . ‘ — T
Reaction (MeV) J°,T | N Ol(MeV) ,Vll(MeV> . VOl(MeV) Vll(MeV)
1= 15 . . ‘ Sl : .
Z0(He,t) 10 6.79 sevife ) -
) ' a' . : T 23.6 23.6 23.1 235.1
6.86 5/2+,1/2 ' R S ,
A 7.55? v 1/2+,1/2 19.8 15.8 19.4 : 15.5 _ ,
luN(BHe,t)luo S 5.1T 1- ,1 - 16.2 -13.0 19.3 . 15.5
b3 1k LT u 5
'C(“He,t)” N 5.69 1= ,0 23.5 23.5 - 2%.0 - 23.0. Sl
150(3He,t)13N o3 1/2+,1/2 - 13.5 S 710.7 12.0 9.5
_ | 1958 17.3%5 C19.4#3 17.3%5
1‘EB vas assumed to be equal to HOO keV (see Sec. VA- 5).- ‘
The contrlbutlon from the 6. 86 MeV, pl/2—>d5/2 tran51t10n is 1ncluded
: 3



Table XXI. A comparison of inelastic “He and a—partiCIe éqatteriﬁg on lp shell nﬁclei. o

5.

Dominant

Integrated Cross Secticns_(ezn1=20— 80 deg.)

.iiifizie Ehérgy:. | ‘ Absolufe "(mb).i S - RElatiVe_" GE(LOLO) Relative
Trapsition :'_ (MeV) ; vJﬂ;T .(BHe,BHe’) '(a,a’)é':i‘(BHe,BHef) (o) .(CK) (33)
p3/2-plfe N . 632 o 3/2-,1/2 - 170 3.80 . 1.3 1.56 - 1.03 1.0
. oy 3.5 1+ ,0 - 1.30 Lol 1.0 - 1.0 1.0 1.0
703 2+ ,0 1.6l 72,59 1.2k . 1.06 0,91 1.0
B 38 3/2-,1/2 0 b.25 12.10 327 ko, 2.78. 1.5
755 5/2-,1/2 k.29 12.60. 1 3.30° 5.16 - 2.66 1.2
1 8.86  1/2-,1/2 0.28¢° e 0.22 - | 0.0000 e .
) 11.84 © 3/2-,1/2 1.58 e 1.22 , 0.0017 0.3 5
oo w3 2+ ,0 g 411 17.6 116.8 10.15 ko v
' 76“/65He = 1.88 dga/§23ﬁé - 1.78
pl/esas/e - n 5.7 - 5/et,1/2 5 . s
_ ' o ‘ 2.02 7.38 1.34 1.k 1.69
S 5.30 - 1/e+,1/2 , _ -
7.15 5/2+,1/2 0.308"} 0.591 0.20k4 0.114- o.udz_-
7.56 _v7/2+,1/2 1.01 9.16 1.26 1.76 1.28
8.57 3/2+,1/2 0.17k 0.516 0.115 0.10 . e
th 5.10 2- ,0 1.10 5.68 0.728 0.71 - 1.25
5.85 3-,0 1.51 5.18 1.0 1.0 1.0
15C - 3.85 5/2+,1/2 1.43 4,18 0. 94T '0,807 1.12



‘Table XXI. (continued)

Integrated Cross Sections (6, =20 - 80 deg.)

Dominant } , _ .
Single- - L . o U - .
Particle = - Energy = o 5A.bsglute . (mb). ~ 5Relatlve . G~(I010) Relative
- Transition - (MeV) S ILT o (THe, He') | (a,qﬂ)'_ (“Be,”He') - (a,a') - (CK) | (33)
B g6 3~ 0 0 ka9 eept 2.8 T 8 | _
Zor " ST DR o | 2,0
' o, /c = 3. h} ¢ /G _
" Jye ol By, = 1.78
pl/ebslfe ¢ N 7.30 f75e5/2f;1/2»e"1 0.659 S 3230 158 v,"f1.98:,~ 2.0
' ' ) 831 1fewlfe 0109 . OUTAT o 0.262 0.458. 0.5 C
. luN -k 0- 0 ¢ o416 . 1.63 .00 . 1.0 . 1.0
| 5.69 . 1- ,0 o€k - 1.82 111 - L12 . 2.0
e 309 1/2+,1/2 . 0.60 - 3.1 166 . .2.09 1.5 1.5
ca/a. =3.92 G a/g - = 1.78

3He 5Hef

~ ZHarvey et al., see Ref. 62.

B A :
6, m —'25 --80 deg.

®Not reported in Ref. 62.

dThese levels are populated in the (a a‘) feactlon at E& 64 5 MeV w1th approximately the’ same relative
~intensities as those observed in the ( e, He') reaction (compare Flgs 7 and 35).

Forbldden in the j-j llmlt
e contrlbutlon from the 5. 30 MeV l/2+ Tevel has been neglected

-0TT-
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~involved, and in each case the cross sections have been. arbitrarily norma-

lized relatlve to the one s1ngleﬁpartlcle transition in that group whlch
was predlcted to be the most 1nsen51t1ve to spin- and isospin- dependent
terms. The overall agreement is excellent considering the s1mp11c1ty of

the comparlson whlch 1s made In addltlon, the nuclear structure factors

,G (lOlO) are able to reproduce the observed trends in ‘the relative magni-

__tudes w1thout actually carrying out a DWBA calculatlon

If these reactlons are only dependent upon the ngner term VOO’

'then the pred1cted cross sectlons for 1dent1cal states should be prOpor—

tional to the square of the- number of nucleons in the progectlle In

Table XXI it can be seen that the ratio of ‘the 1ntegrated cross sections
g /05 ranges from l 88 -3, 92 while the theoretlcally predlcted value
Cis 16/ 9 1. 78 ' '

. In order to prov1de a better comparlson for these reactlons, a

'mlcroscoplc analys1s was carrled out for: the N(a a ) hN reactlon using

-the optlcal potentlal shown in Table VII. A Yukawa potentlal with a

.range of a -1 l 2 F was chosen for the effectlve progectlle—nucleon in-

teractlon whlle a nonlocallty range B =.0.25 was assumed for the &

partlcle. The results are shown 1n Fig. MB, the agreement between theory-

" and experiment is reasonably good_cons1der1ng the fact that no attempt was

made to vary the parameters in order to'improve the theoretiCal fits.

. The values obtalned for VOO which have been converted to an effg;—
tive nuecléon-nucleon 1nteract10n at a . l O.F (1 e., Eq. (8) was used
with ¥ = 0. 3295 and a range correctlon from 1. 2 to 1.0 F was applled) are

compared with those determined for the (BHe,5He') reactlon in’ Table XXII.

o Reasonably consistent results are obtalned for p5/2—>p1/2 and pl/2— s1/2
 transitions but the strengths requlred to fit the (Q,a') pl/2—>d5/2

:_transltlons are somewhat larger. Tt can be concluded however, that the.

m1croscop1c descrlptlon is able to account for the observed experlmental

data from both reactlons
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MeV. The solid curves are DWBA predictions obtained using the optical
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Table XXII A comparlson of the experlmental strengths for the effectlve ntlcigon nucleon 1nteractlon at
=1.0F obtal_ne_d from _the 1\1(5 He ) N and.” (a oA ) N reactlons at E3 ~_{+l+ 6 and Ea=uo.5 MeV
respectively. ‘ Sl e U He .—é e
o . YOO(MeV) . - .
- Dominant 53 g - _
. _ Single- - - . . (“He,”He' )™ - . - — - (a,at)
Energy L Particle = | ‘Wigner Force . ~ Serber Force . _ Wigner Force
(Mev) . 7 Transition —  (jJ) () @) (k) (G - (cK)
3.5 1+ p3/2=pl/2 ] Mh8.9._'~ 49.-5 o ‘_Lq.p-_if ...5_749'_.;5_‘- S __53_.1}_‘_'_; : 54,2,
7.03 - o2k 1599 63.7. . 50.9 - 52.2 7T sh.6 - 58.0
Skl 0. plfessl/z2 556 - 528 8.5
5.69 1- o 46.3. - - ks 45.4 .
. } ) : - ] i . o [
5.10 - | pl/e-d5/2 8.8 - 6100 - 8.7 '
5.83 . 3= . 89.8 - 86k " 112.0
a‘A'l_l values quoted were obtained using the average optical potential 7




' ‘obtalned when the wave fUnctlons of Glllet

=11k

D. The 12c(p,p')12

C and ;20(3He,5He')l2C Reactions

An investigation of the 12C(p, ')120 reaction at.Epv= 46 MeV has
been reported recently by Petersen et al. Q; These data were analyzed
using both an extended vers1on of the collective model whlch included

67,86

spin and 1sospin 0501llat10ns _ and- also a microscopic’ description

‘vhich made use of the distorted-wave 1mpulse—approx1matlon (DWIA). 80 - n
the DWIA procedure, the prOJectlle-nucleon interaction is replaced by the

29

transitlon matrix for free nucleon-nucleon scatterlng 1 Since the
1nteract10n is determlned the agreement with experlment provides a test

' of the nuclear wave functlons used to describe the initial and flnal -

_states prov1ded the DWIA is valld at this energy Fa1r agreement was

87

were used to describe”the ;‘

" levels of 12c - - | A
A comparlson of the effectlve 1nteract10n requlred to flt these
. data u51ng the wave functlons of CK w1th that requlred to fit the corre-
Spondlng (5He,5He ) data should provide a- sens1t1ve test of the approx1ma-
tions made in determining the absolute strength of the effective nucleon-ﬂ -
‘ nucleon 1nteract10n from the scatterlng of complex progectlles (see Eq
"(8) The calculatlons were performed u51ng the optlcal parameter set ,
V1 (see Table VII) .A.YUkawa'potentlal-w1th a range of O l_— 1.0 T was
chosen for the effectlve.interaction while'the nonlocality'rangerfor‘a
- proton was assumed to be B = 0.85 F. The results are shown in Fig. Wh;

’ theoretical angular- distributlons for restrlcted L 2 tran51t10ns are
very 51m11ar to those obtalned previously using- the collectlve67 and
mlcroscoplc80 models while the domlnant L 0 distrlbutlons are still un-
able to fit the experlmental data at small angles. The values obtalned -
~for Vg, are compared with those from the (BHe,EHe ) reaction in Table XXIII.
The overall agreement is fair, 1nd1cat1ng that the approx1mat10ns whlch

_ were made in the (BHe,BHe ) reaction are probably valid.
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Table XXITI. A compafison of the experimental strengths for the effective nucleon-nucleon interaction

at @ 1=1.0F obtained from the 1°C(°He, He') 2c, T2c(PHe,t) 2N and “2¢(p,p' ) 2C reactions at B, =49.8
MeV and Ep=46 MeV, respectively. o . S : R e
o | Creren)® Crev)® ()
' . - : Wigner .- Serber ' Serber . Wigner © Serber
;ngy (Migl T L Force ~Force - . Force Force - Force .
- C NoJLT Vam - (33)  (cx) N (33) - (cx)  (33) (CK) (33) (CK) . (33) (CK)
R - 2H0 Voo o 2.7 59.0 9.0 ‘5'9.0' - - 137.0 87.1 127.0 86.9- .
1271 - 14,0 Vv, - - 106 2710 - - 9 23,7
1511 0.0 141V, - - 102 243 101 2k - - 10.8° 26.1
‘ . o . - o : ' S ‘ o
16.11 .9.96 2+,1 V01,"¥11 - 29.4 .b‘,6_.l | 29.3 L4s.8 - o .20.2 "3l.6 !c‘;
aA;J.l”values'quot'ed were obtainéd usiqg'thé‘évérage.0pticéi potential.
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E. A comparison of the Effective and Free Nucleon-Nucleon Interaction

It is interesting to compare the effective nucleon-nucleon inter-
action required to fit the (BHe t) and (BHe;BHe‘) scattering data with
vthose used 1n 51mple shell-model calcuiatlons and those required to fit
low- energy nucleon—nucleon scattering data.,_ In order to fac1lltate
- this- comparlson 1t is helpful to brlefly summarize the dlfferent forms
in- whlch a simple local 1nteract10n igs generally used. 1In partlcular a
51mple local 1nteract10n w1th an arbltrary‘spln 1sosp1n exchange mlxture

‘can be wrltten in one of three equlvalent forms glven by:

(21)

: v X Lo T

,whefe‘”VO .is in MeV,‘W, M, B and H are constahts andv PX, P’ and Pt

are_spaceg.spin-and iSOSpin exchenge_operators;'or’>‘ ‘ '
:V<r12> Y [ATE ™ SEPSE AoPro - *AgoPgol Elry) o (22)

where ATE’ SE’ TO and ASO - are constants and P is a projection operator.

for the trlplet even, s1ng1et ~even, trlplet odd and singlet-odd states, or

Vlryp) = oo * V1o 827% * 5 (V01+V11 Ak we> alryp) , (23)

3,k

where VST ‘are in MeV. Expressionshave been given elsewhere”’ which re-
late the coefficients of the individual terms for different parameteriza-
tions. .

The coefflclents predlcted for several different exchange

3,56,88-90

vmixtures are glven in Table XXIV.: Although most of these po-
tentials have been used in shell-model calculations, the strengths were
chosen to fit‘low-energy nucleon-nﬁcleon seattering data. 'In particular
‘all of these exchange mixturee, with the exceptibn of the Serber force,

have a 51nglet even potential which reproduces low energy proton—proton
scatterlng data56 90-%2 data.and in addition, the ratio of the singlet-even

- to triplet-even strengths is approximately equal to that required to repro-

duce. the binding energy of the deuteron (or neutron-proton scattering

sata).3196,92,93



Table XXIV A comparlson of VST for various exchange mixtures used in

nucleon-nucleon scatterlng and shell-model calculatlons.

V(rlé)_= v, (W+MP +3p°-HP' ) exp- (ar12 /ar12
‘where ol - 1.0F and vo,= -135 MeV (Ab = 1697 MeV F5)
Exchange : e . » _ : o a a . a a
Mixture ; W M o B H :.ATE”. ASE’v 'ATO_ .'ASQ' . VbO A Vlo Vol v,
1. Serber 05 0.5 0.0 0.0 1.0 1.0 0.0 0.0 -50.6 .16.9  16.9 16.9
2. Glendenning 0.k 0. 0.1 0.1 ~1;o' 0.6 0.0 .. - 0.0 ;ﬁo.s' 6.8 20.2 13.5
& VeneroniP»C: . . S cL S . R T : :
3, mrued ' 0.406 d‘d,uo6-f 0.09%  0.09k ml.O-.EO«ééé;, 0.0 0.0 -41.1° A:f;u | 2o;o_» - 13.7
Iy, Ferrell- 0.317 0.5 0.0 0.18%5 1.0 - 0.634 -0.366 0.0 - -13.5 " 16.9  29.2 6.9
' 'Visscherve : R C : o Lo o EB
5. Rosenfeldt  -0.13 0.93 06 0.26 1.0 0.6 0.3k 2178 0.0 0.0, 13A5 . 31.0
o , (CHe,t) . e |20, 6[ l16.5] |
Effective nucleon-nucleon interaction . 3 3 o o
A o (“He, He') |02 f,(ll-27) |

All values of V were calculated usihg adYUkewa potential with O 1_1 OF and V_ —-155 MeV

A Yukawa with o l—l 13F and V_ -8& MeV (A —1523 MeV FB) reproduces the proton-proton scatterlng length and
effectlve range (see Ref. 91)°

b

Used by Glendenning and Y éleronl3 in a mlcroscoplc analy51s of (p,p ) reactlon on even nickel isotopes; radial
dependence: Caussian, BT/ “=1.85 F, V =-52 MeV (A,=1835 MeV F°). .

‘ dUsed by ‘I'rue56 in a shell-model calculatlon for levels 1n l41\1, radial dependence: Gauseieﬁ, B_l/2=1.82 F,
=-52 MeV (A _=1T60 MeV ). - . o o

Used in a shell-model calculation of o+ states in l60'(see Ref.‘90);.radial-depehdenee: Gaussian, 5—1/2=l.752 F,
Vo =-51.9 MeV (A _=1502 MeV F3), : - . , S

Th Yukawa w1th a'l—l 37Fand V =-5O MeV (A<—l6l5 MeV FB) glves the . s1nglet-tr1plet separatlon for the deuteron.
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In order to ccmpare the"absolnte~values.for VéT prediCtedvby'these
. exchange mixtures with those obtained in the present analysis, a Yukawa

" interaction with a range of a'; 1.0 F and V_ = -135 MeV was chosen.

This potentlal gives a volume integral of A = 1697 MeV ¥ which is rea-
sonably similar to those used prev1ously for all exchange mixtures (compare
Table XXIV) . o ,

' Slnce the Rosenfeld mlxture is charge symmetric, while the Ferrell-
-Vlscher exchange mlxture was'chosen to flt additional propertles in uHe_
and l60 (see Ref. 90) the first three exchange mixtures listed in Table
XXIV should provide the best comparlson with the present data. In parti-

cular, it can be seen that the values predlcted for VO = 16.9-20.2 and'

V11
20.6 and Viq
predicted for V.
in the (BHe,5

_that the enhancements due to core polarization effects are identical to

1

= 13, 5 16 9 MeV are in very good agreement with the values of V o1 =

= 16.5. MeV obtained in the (BHe t) analysis, while the values

00 = Lo. 5 50.6 MeV are somewhat lower than those observed

He') reaction of Vo ® 60.2 MeV. However, if one assumes

- the enhancements observed in the E2 matrlx elements (i.e. 5 ‘1. 5-2 .0, see

Sec VB—2) 20 then the values for V -6092 MeV dre reduced to =~ 30.1-

:40 2 MeV.
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VI. WTHE'(EHe,t)’AND (BHe,5He*),REACTIONs POPUTATING
ANALOG FINAL STATES = -

A comparison of the (BHe;t)'and (Bﬁe,BHe') reactions populating
analog final states‘where'T‘ﬂ~ T + 1 was also of interesf in these eXperi-'
ments; In general these trans1t10ns were: weakly populated; however 1t
was poss1ble to observe the lowest T = 3/2 levels in mass - 9 and l§,the _-
ground isobaric triad 1n mass 14, and several T l levels in mass 12.»

_ Assuming the charge 1ndependence of nuclear forces; the. ratlo of o
the dlfferentlal cross sectlons for these trans1t10ns 1s given by [see

(9) and (10)]

_ dc(jﬁe;t) = kt'>< C'(T'T'I;P"P')x.;"CBHé’t(T TeLP Py
dc(BHel?Hef)ﬁ ,%Bﬁé 3He(T T'1;P;-PL) C3He,5ﬁ (T To1; P P )
2k |
=5 T % 5He,t »(2&)

3He'_ ‘ zHe,BHel

For example, a comparison of the lgC(BHe,t);EN_(g.s.,l+) and»¥2C(5He,5He')l?C .
(15 11 MeV, 1+) reactlons at E, = 149.8 Mev gives: ' '
- He.. T -

3 : : : T

dg(“He,t) n o 161 |(011;01) .
_.2 X . = X | = = 1.90

do(5He,5He )' : l 1'69 :I(Oll,oo) )

ThlS expre531on, Eq. (2&), has 1gnored the dlfferences between the t and
>

He energles, Coulomb potentlals ‘and 1nternal wave functions in the ex1t

"channels.- These will be dlscussed further later
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A, /2 Levels in Mass 9, 13 and. 15

he 9Be(5He t)9B and 9Be(5He,§He )9Be reactions were investigated

= 39 8 MeV; typlcal ‘energy spectra are shown in Fig. 45, The well-
ol

at E5 He
.known 5/2-, T = 3/2 levels in 9Be at 14.39 MeV and.in 9B at 14.67 MeV”
-are both weakly populated in these reactlons Isospln-coupllng factors
predlct that the dlfferentlal cross sectlons for T = 3/2 levels populated

" in the (BHe t) -and (5He 3He ) reactlons should be identical. Although
”angular dlstrlbutlons were not obtalned for these transitions, the sbserved
1ntens1t1es were approx1mately equal at three forward angles between

6 = 13.k-and 16. n deg. S o o

' The lowest T = 5/2 levels in 50 and'l3N were also weakly'pOpulated
L in the (BHe t) and (BHe, He ). reactlons (compare Fig. 7). Unfortunately,
an accurate comparlson of the differential cross sectlons for these transi-

"‘tlons could not be. made due to poor statlstlcs plus 20 and hydrogen target -

13

'1mpur1t1es whlch made the observatlon of the T = 5/2 level in C impossible

' at forward - angles. .
) Slnce pl/2—>sl/2 transitions dre. generally weakly populated 1n the
(5He t) reaction (compare Fig. h2), it was not possible to observe the
lowest T = 5/2_levels in 5N and 15
~configuration [(pl/2) sl/2 l/2+ T=3/2"

,conflguratlons, these trans1t10ns are predlcted -to have a dlfferentlal

O whlch are presumed to have the dominant

In particular, assumlng pure j J

- cross section which is 1.5 ‘times smaller than that observed for the 7 55 MeV
level in 15O. However, this_level has a peak cross section of only 2% ub.
and is barely observable in a;typical energy_spectrum’(compare Fig. ll).

iThe‘situationﬁfor observing the T = 5/2'levels'becomes even’more hopeless

‘when one notes that the 11.62 MeV 1/2+ T = 5/2 level in N is known to
‘have & width of =~ u5o keV h o
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'B. The’luN(BH t) o (g s.,o+), Ly (3He 3He ) N (2. 51 MeV, Ojl
' l‘LLC(BH ;1) uN (g. 5., 1+) Reactlons
 The (3H t) o (g s. ,o+), (5He,5He )luN (2. 31 MeV, o+) and

v the . inverse of the lAC(BH »t) uN (g 5. l+) reactions all correspond to
N tran31t10ns between 1dent1cal 1n1t1al and final states. The experimental
'angular dlstributlons which’ were obtained for these trans1tlons are compared
in Flg 46, the magnltudes have been adgusted to correct for detalled
balance, 1sosp1n coupllng and phase space factors " In general theSe ‘
tran51t10ns all have s1m11ar angular dlstrlbutlons whlle the corrected
1ntegrated cross sectlons are. approx1mately equal (compare Table XXV)
'Although the DWBA,calculatlons failed to fit the shapes of these distribu-
’ tlons the strengths requlred for \ 11 are 1n_good relatlve agreement (compare'
Table XXV). _ - N '
A s1mllar comparlson of the cross sectlons observed in the

N(p,n) o (g s.,0+),:_ N(p,p ) N (2 31 MeV ,0%), N( n,n' )lu (2.31 MeV o+)

_andﬂ.}u (p,n) uN “(gts. ,l+) reactions: ati. Ep = 5- lh,MeV;has been-reported;9)

comparable results were obtalned

.hC} ‘T =1 Levels in 12C and 12N

- Several T 1 levels were populated 1n both the 2C(BHe t)leN and
12C(BH 5He ) C reactlons (compare Fig. 6). In addltlon, accurate angular
_dlstrlbutlons were Obtained- for the "ground and first excited T = 1- levels

C ‘and N which prov1de the best comparlson of the (3He t) and
V(BHe 5He ") reactions populatlng analog flnal states. The two lowest T =
levels located in- l20 at 15.11 and 16 11 MeV have well-known e shell
conflgurations with splns and parltles l+ and 2+, respectively. While the
analogs to these levels in leN are presumed to be the ground and first
excited (o 9% MeV) states,42 the spln and parity of the latter has not
‘_been definitely determined. A comparison of corresponding (BHe,aHe ) and
-( He t) angular dlstrlbutlons for these. levels 1s shown in Fig. 47; the
(BPe,BHe ) distributions have been multiplied by 1. 9@ in order to correct for

phase-space and 1sosp1n-coup11ng factors. In general the agreement is very good;
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Table XXV. A comparison of the (3He,f) and (BHe,jHeY);feactionsi-~
. populating analog states in thé mass 1 triad. = -

_ . ers§'SeCtiOns o S Vli(MeV)
) | (QLﬁ?15'— 80 deg.)  o
5He "~ Absolute - Corrected®

- (AVerage-bptiéal’Potential)-'

R&mtﬁm- : .'_.-U%V)' 'Um)',- ' A (ub) _“b (33) 7 (CK)» - (VF).
B th(Bﬁe,t)luo (g{s;,oé)_ . | ;’1HA.§‘~-i 117 #_185f

luN(BHe)?He');uN (2.31 Mev,04) - bhis - 68 £17° - . 1o i,35§ L7 202 _‘25-3

126 ¢ ;9b  _‘ 15.1’ j 2o.8 - ?3.7"

8gee Fig. 46.

Prstimated errors include uncertainties in the absolute differential cross section plus statistical . -
errors. T o S S S o _ T M -
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solid curves are DWBA fits to the (“He,t) transitions computed us1ng
mixed CK wave functions and the optlcal potentlal set F.
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trans1tlons (1 e., the cross sections of (5He

- cross sectlons for these (BHe,

reactlon are summarlzed and compared with previous data
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3He') ‘transitions appear to be approximately 10% larger.

(e,

however, the

' Although th1s dlfference may be due to an 1ncorrect background subtractlon
for the. (5He,

Sur

He') trans1t10ns, the detalled mlcroscoplc analys1s also
gives an. explanatlon for thls effect "' ' . . o

Flrst of all,DWBA calculatlons predlct s1m11ar (dlfferang in magni -
tude by < 5%) s1ngle—partlcle cross sectlons U(JlJ /k for the corre-
spondlng (BHe t) and (3He, He ) trans1t10ns ~Therefore, the effects of the

"‘dlfferlng energles and’ Coulomb scatterlng in the exit channels are gmall.

However, a comparlson of the theoretlcal effectlve prOJectlle—nucleon in-

teractlon for trltons or 5He partlcles 1nd1cates that the internal wave
Ifunctlons of the complex prOJectlles may affect the experlmental ratio of
, Athese (BHe t) and (5He,5He ) tran51t10ns. ‘In partlcular, Eq. (8) predicts
*.that the values for v,

should be 1. 07 times, larger for (3He e ")

ST . 3

“He') transitions.should be

1. 15 tlmes larger. ) As a result, the observed 1ncrease in the experlmental

o

He') trans1t10ns can be accounted for and

:‘the values obtalned for V. from both reactlons are 1n good agreement

ST
(compare Table XXIII) In addltlon, it can be concluded that the 0.9

MeV level 1n N has a spln and parlty of 2+ and is the analog of the

l6 11 MeV level in ;QC}‘ e _‘v : L | .‘ -
All T=1 levels observed in the 12 (3H t)lgN and lQC(jHe,BHe')lQC

42_”9 in Tahles T -

and_II. W1th the exceptlon of the 17. 26 l7 77 and l9 2 MeV levels, all

‘ welleknown.T "1 states in ;QC Were observed up to an excitation’ energy

of 20 MeV. " In addltlon, all prev1ously reported levels in 12 N were ob-
served w1th the exceptlon of the 1. 65 MeV level. Slnce the spins and -

parltles of several T=1 levels in L C are well-known, tentative assign-

-;‘ments can be made for other exc1ted states in 12 N by a comparison of the

known excitation energies (see also Ref. h2) and relatlve intensities of

the T = 1 levels populated in the (BHe t) and (BHe He') reactlons The
results are summarized in Table XXVI and also compared with' known levels
o 2 u5-u5 %

Unfortunately, in most cases a meaningful comparlson of

the.corresponding (BHe,t) and ( He,BHe ) distributions could not be made

due to poor statistics, large decay widths and unknown contributions from

= 0 levels (in lEC). The individual assignments will now be discussed in

detail.



Table XXVI.

T=1 levels in the mass 12 triad.
2y | IR R 12C:~_ o | S 1gN‘

- . | L o ‘Dominant o

o Energy Level Shift = Energy A Shell-Mo@el ' Ievel Shlft Energy -
J - (MeV) C (keV)P - (MeV) J7;T Configuration (Mev)  (Mev) g

L1+ 0.0 R 15.11 . i+;l ' A(p3/2)3/2 pl/2 - 0.0 o1+
2+ 0-953;'.‘ C(HeTy 16,11 - 2#;1 "-(p3/2)3/2 pl/2 - ko 0.9 e+
2- 1.6k 2 16.57 2.1 p7s‘_.; IR ;'266 120 (e-)
1 2.62 o  &79 - 17.26- 151 pls o s00 1.65
(<34) 2,72 60 - 17.77 0+;1 p8 230 2.43
(< 3+) R 3;59. -100 18.k0° (L 31) , ?;90; _ 3.10
o+ 3.76 | 60 - 18.8i‘ 2+;1 gl 200 3.50
(1-) k.50 210 19.2 - 1-,2-31 T (s3a) .

3. L5k 70 1958 (0 31) 230 booh

-'-gatf

(See Refs. 45-45, %b). - : . o
The level shifts are calculated relatlve to the ground state multlplet.-

4 level observed previously in —oC at 18.40 MeV is known to have g T_0-; however, the iscbaric spin of
this level is unknown (see Ref. 46) . - ' o .

PN
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1. Thevl.EO.and\l.65 MeV'Ievels in 2y

‘The 16. 57 MeV 2- and 17 26 MeV 1- levels in C have the dominant -
shell-model conflguratlon p7s 46, 47 On the ba31s of excitation energies,
' the analogs to these states ‘in 12 N can be tentatlvely identified as the
- 1.20 and 1.65 MeV levels,respectlvely 4? In addition, since 12C is un—v
bound at l5 957 MeV and 12N is unbound at\O.595 Mev; the large level '
vvahlfts observed for these states from 123 to’l C. and from 20 to 12N o

(compare Table XXVI) are ‘conbistent w1th the Thomas Ehrman effect wHich
should be most pronounced for an il state proton 97 The fact that nJ
(v151ble peaks were observed in the (BHe,BHe') or (BHe ) reactlon corre-
spondlng to the"ec 17 26 and 12N 1. 65 MeV levels is also con51stent w1th
the known large width (~1 0 Mev) of the 17 26 MeV level h The experlmental
'angular dlstributlons obtalned for ‘the N 1. 20 MeV .and 120 16. 57 MeV

; tran51tlons are compared in Flg 48 - The agreement is acceptable con-
51der1ng the statlstlcal uncertalnty of the ( e,?He.) distribution.

"Thls ev1dence further supports a. (2 ) assignment for the 1.20. MeV level in 1

2. The 2 ua and 5 50 Mev Levels in l2N

_ 'Evidence from the N(p,a) 2c (see Ref 98) and the 15C(BHe ) 20 o
reactionsug 1ndlcates that the 17 T7 MeV o+ and 18 81 MeV 2+ levels in

‘lec have large p shell components In partlcular, the. spectrOSCOplc
-Vfactor obtalned 1n the (5He o) reactlon for the 17.77 MeV level49 vas- in -
good agreement w1th the. theoretlcal value computed by CK for the lowest

v O+ T =1 level predlcted to occur in 120 at 19 597 MeV. 21-_In the present
- work, the 2. 43 and 3. 50 MeV levels observed in 12N have been tentatively
~ldentlfled as the analogs to 17.77 MeV and 18.81 MeV levels in lgd. Both

the relatlve 1nten51t1es (compare Fig. 6) and the ex01tat10n energles

(compare Table XXVI) are in agreement w1th these ass1gnments. In addition,

the mixed CK wave functlons predlct that the lowest O+, T = 1 level should
‘be very weakly populated: in the (BHe t) and (BHe,3He’) reactions, as is

observed experlmentally.

°x.
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'5..rThe’3JD MeV Lé&él in 12N

, Neglectlng level shlfts, the analog to ‘the 3. lO MeV level in lEN_
: is predlcted to occur in C at 18.21 MeV. In the l,C(5H 5He )l C re—
.actlon a level is observed at 18 L MeV Wthh probably corresponds to the

:analog of the leN 5 lO MeV level Although a T 1 state 1s not known
to occur at thisg ex01tat10n energy in 12 C, a level hasg been reported pre-

' v1ously46 at 18. MO MeV: w1th spln and parlty O Dut unknown isobaric spln

k. The l».al,p. MeV‘ Level' in oy

A broad level or group of levels is observed 1n the C(BH t)
12C(5 JHe' ) "G reactions at h 2l and 19.58 MeV, respectively. The
:,angular dlstrlbutlons obtalned for these transltlons are compared in B
Fig. h8 “the - (BHe,5

1.9 1n order to correct for phase-space and 1sosp1n coupllng factors.

He! ) dlstrlbutlon has been multlplled by a factor of

vBoth dlstrlbutlons have approx1mately the same shape and magnltude indi-

'*catlng that these tran51tlons correspond to analog final states in 12N

and 120. Although no known T 1 levels oceur: at thls exc1tatlon energy

in 12 C a 3- level has been reported in 12B at h 54 MeV. In addltlon,

-a comparlson of the relatlve exc1tat10n energles of the 12B - b, 54 MeV,
“120 - 19.58 MeV and leN -k, 2& MeV states give level shifts which are

comparable t0~those observed for other excited triads (compare Table XXVI).
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VII. CONCLUSIONS

. A microscopic analysis of the (BHe,t)'and (?He,BHe') reactions on .
1p shell nuclei has been carried out using a:local potential'vith an arbi-
trary spin—isospin exchange~mixture. ’Spectroscopic factors were calcu- - o

19

for p shell states while simple j-j configurations were assumed for the {

lated using the 1ntermed1ate coupllng wave functions of Cohen and Kurath

levels which were formed by promoting a pl/2 nucleon to the s1/2 or d5/2'
'Shell A Yukawa 1nteract10n with a range of o - l 2 F was found to
give: the best overall agreement for all trans1tlons . The average strengths

- obtained for V are summarlzed in Table XXVII and algo compared w1th the

ST
results obtained in’ prev1ous analyses of the (p,p ),7 ;O (p,n 8 101225 nd
(BH t)l3 14 reactlons. In all cases, the values obtalned for the effectlve

pro;;ctlle—nucleon 1nteract10n at a -1 =1.2F have been converted to an -

effectrve nucleon~nucleon 1nteractlon at o l’ l OF using the relatlonshlps

given prev1ously by WesOlOWSkl et al. lh and Johnson et al. X (see Egs. (7)
“and (8)). Several 1mportant results were obtalned from this analys1s. _
Flrst the average values computed for V o1 = l9 k=20.6 and Vll = 16 5 17 3
MeV from “the p3/2,pl/2—9pl/2 domlnant L = 0 and pl/2—>sl/2 L = 1 transi-
tions were in very good agreement ‘with those Obtalned prev1ously in '
analyses of the (p,n) reactlon.8_;o -12 Second, the strengths requlred to"
fit the (BHe t) p5/2—>pl/2 L =2 and pl/2—>d5/2 L =1, 3 transitions .
were enhanced while the experlmental angular dlstrlbutlons for these 7 _
transitions had less. structure than those predlcted by theoretlcal calcu-
latlons. Thls suggests that core: polarlzatlon effects or partlcle ex- -
change could be- contrlbutlng to the cross sectlons for these trans1t10ns..
A similar effect has been observed for L =2 tran51tlons ;n the (p,n) "
reaction.ll 12 | : _
 Further, 1t was found that the tran51t10ns which were strongly _
‘populated in the: (BHe,BHe') reaction were generally insensitive to the .
spin- and 1sosp1n dependent terms in the effectlve 1nteract10n. In addi-
tion, the absolute strengths obta1ned for VOO were much smaller than those
required to fit the inelastic transitions observed in the (p,p') reaction
on several heav1er-nucle1.8 As a result, it can be concluded that core

polarization effects are much less important for‘lp shell nuclei. Unfor-



P i % T
Table XXVII. Average strengths for the effectlve nucleon—nucleon 1nteractlon '
at o l—l.O F obtained from ’jHe,BHe ) and ()He t) trans1t10ns
(5He 1) Present Wbrk o | o (Prev10us Work) |
pl/2,p3/2-pl/2 p3/2-5pl/2 pl/2~+ d5/2 pl/eﬂ sl/e o (e (3He t)
A € R ¢ DR €7D SN (- S R ) B '<33> -
Vg, 20k %05 206 £0.4° 35.7%5 ke ts5  32.8%12 194k £3 1926 ‘VVBl 6
L o . e e v o
+ + : * + + 173 k5 SN
Vi 19.2 £ 1.5 15.5_ 1.1 035.7%5 bo.h 5 730.7 11 017.3 5 _Vll X 0.6- 1 o ~ op th
- . L - [
3. 3, e R , G
- | He, He' ) Present Work - - . : (p,p ) Prev:Lous Work , vt
- . . . !
Lo : - p3/2-plfe . pl/2—>d5/2‘- pl/2—>sl/2 : ) Without® ‘ - ‘Withd,
© Exchange co (m=2) (I=3) = - (L—l) R CQre I Core
Vop - Mixture : (JJ) . (CK) o §8) (JJ) Target Polarization Polarization
Vo, ~ Wigner 73.7 £15 60.3*6  76.0°% 10 55 9. i'9 Tr4 "A 90 -
Voo _Serber 73.6 = 20 :60.2 10 67.3% £ 15‘_',47-2 t6 - 20 - 86.9° -
v Force ITI 78.1 #19 5hk.2 x5 79.0 * 11 57.9 £ 12 l80,90’9221», o '
| - °pb
| (1=0) - (L=1) :
V.,  Serber ~11 CART ~22 89y, 9%, g
i ' | | | 208 =40
VlO Force III =12 N 2l ' v Pb

%5ee Refs. 8,10-12. PSee Refs. 13,14.  CSee Refs. 8,10. ' dSee'Ref. 9. ®See Sec. VD.
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'tunately, an accurate determlnatlon of the’ spin dependent Vlo term could
_not be obtalned from these data. In partlcular, the (BHe,BHe ) transitions
which were restricted t0 be pure s = 1 were also populated: in the (a at) .
reaction with approx1mately the same reletive 1ntens;ty 1ndlcat1ng that
other mechanisms such as multipleiexciﬁation also contribute to the cross
sections for thege tran51t10ns.v ' o

_ Flnally, it was shown (see Table XXIV) that the effective inter-
' actlon obtained in the present analysis is very s1m11ar to those used- in
31mple shell-model calculatlons and those requlred to flt low -energy

nucleon-nucleon scattering data.

-
4
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