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STUDY OF THE Ca(He3,t) Sc REACTION AT 30.2 MeV

J. M. Loiseaux,T P. Kossanyi-Demay, Ha Duc Long
A. Chaumeaux and H. Faraggi ’
Centre d'Etudes Nucleaires de Saclay, France
F ¥
G. Bruge and R. Schaeffer
Lawrence Radiation Laboratory, University of California,
Berkeley, California 94720 U. S. A.
INTRODUCTION
In the last few years, the (He3,t) reaction has been systematically
used to investigate odd-odd nuclei, especially near the closed shells. 1In most:
cases, the members of low-lying spin multiplets, correspohding to the lowest
shéll—model configurations in the residual nucleus, have been identified using

1

very simple empirical rules’ for spin assignments. In these experiments, the

in-shell transitions were mostly studied. It was however ratherrdifficult to

. study the higher lying levels corresponding to cross-shell éonfigurations since

often no shell-model calculation was available. Nevertheless, the general
trends of the (He3,t) reaction were carefully tested on almost all the lighter
nuclei, confirming the previously established properties, and somé evidence

seemed to appeaur"2

that the cross-shell transitions with parity change were
inhibited. It was also shoyfm3 that a tensor force is needed in order to explain
the angular distributions of the unnatural parity states.

Besides the question of whether or not cross-shell transitions with

pafity change are allowed, it is interesting to study, in a simple case, the
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interference of the central and tensor parts that these transitions allow,
in order to better determine the force fesponsible for the (He3,t) transition.
~ The hOCa targef is well knowri. Its 20 protdns and neutroﬁs can be
roughly supposed to fill the closed shells N = Z = 20. Thus the eventually
observed.states ﬁill involve both bross—shell'énd parifyvchange transitions,
the involved particle being transferred to ah outer bddfﬁarity‘orbit. Moreover,
one can ﬁope to Cﬁéerve a éeries-of levels corresponding‘to higher energy con-
figuratioﬁs in this spécial case where the nuclear structure can éllow simple
theoretical‘estimations for the excited levels in the residual nﬁcleus, at
least from the better known hQK mirrér nucleus. This can be a good case to 
test the spectroscopic possibilities of thé (He3,t)‘reaction..
Thé:leﬁels of hoScinu‘cleus are not well known.'vIn an earlier
hQCa(He3,t)hOSé experiment,.Rickey gﬁ_§;,4 have observed several triton groups
corresponding to levels in hoSc. fheir study of the positron decay of bOSc

R -
allowed them to establish the OSc ground state as a L4 .

2

In contrast, we have more information for the mirror nucleus ¥,

where the levels are known from the 39K(d,p)h0K experiment of Enge et al.’
They identified the first four states in hOK, described by the configuration

-1 ‘ ' ' . :
f - - . i i i t f
{(d3/2)p ( 7/2)n}J"=2 cees In addition they suggested that the position o

. -1 _ .
the hagher energy {(d3/2)p (p3/2)n}Jﬂ=O__..3_ multlplet was near 2 MeV.

Unfortunately, the low incident energy employed in this experiment distorts the

spectroscopic information and leaves the reaction mechanism unclear.

In addition to the one varticle-one hole states observed in this
previous work, two particle-two hole states have been investigated by

. 6 | Lo 3 .50, . - -
. Wesolowski et al.” through the favorable "Ar(He”,t) "K reaction. They observed

. . ok '
a series of nine strongly excited levels .in - OK, between 1.65 and 5.87 MeV

energy excitations, including the 14.38 and 5.87 MeV isobaric analog states of
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the ground and first excited states of hoAf.
: ’ Lo Lo . . 7
A recent study of the Ar(p,ny) K reaction by Twin et al.’ con-

’ X . )4

firms the previous spin and parity assignments for the low lying levels in OK.
. ) +
In addition they identified four positive parity states at 1.6L4 (0 ), 1.959
+, + + . . .

(27), 2.261 (3 ) and 2.290 MeV (1 ) which can be tentatively described by the
o | |
)7 (a

(£ )—2 configuration.

“T7/2 3/2

EXPERIMENTAL PROCEDURE AND RESULTS
The 30.2 MeV 3He beam of the sector-focussed Sacléy cyclotron has
been used to bombard a 0;25 mg/cm2 thick hOCa target; vThe outgoing particles
have been détected and identified.by an E-ME silicon solid state detector

telescope (E = 3 mm and AE = 0.25 mm), coupled to an on-line PDP8 computer.

. The overall energy resolution was TO keV. Angular distributions have been

measured for 13 excited states in a U MeV energy range, between 11 and 70 de-

v N Lo,
grees CMS, The energies are given in Table I and compared to the known OK

states.

figurevl displays an eipérimehtal ééectrum. .Thé four strongest
tritéh groups‘are at 0, 0.77, 0.89 and 2.33 MeV. For the first thrée groups,
the énergieé égree roughly with thé known eqergies of the first three excited

Lo Lo 4o -
states of K. Both K and Sc have 4 ground states. According to charge
symmetry, one can assume thst the 0.010 MeV group is a doublet

LT + 37, the 0.77 MeV level is a 2 and the (.89 MeV has J" = 5 . All of

’ : . " -1 .
these levels are reasonably described by the: {(fT/Q)p(dB/Z)n }J"=2“—5" con-

figuration.
The strongly excited 2.32 MeV level (Fig; 2) corresponds energetically

)
39K )40

K experiment® but to a strong peak observed
P :

to a weak doublet in the (d,p

3 6

in‘thethAr(He ,t)uOK reéction which is expectedvtoiselect two-particle-two
-, ko, . ' + +
holes states in K. It is also close to the 2.261 (3'), 2.290 (1) and 2.2901
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(2=4) positive parity states identified in the hOAr(p,ny)hOK reaction.’

It should also be noted that no strongly extitéd group was seen

Lo

which would correspond to. the {(p3/2)(d3/2)-l}

multiplet known in  K.®»’
Besides these maiﬂ triton groups there are a lot of more weakly excited levels.
The 1.64 MeV state can be compared to the 1.6LL MeV 0% level identified by
Twin g3_§;3,7 bﬁt.its angular distribution does not shoV a typical O+ pattern.
The level obserVéd‘at 1.74 MeVv dqes not coirespond to any ievel in hoKf The

other measured angular distributions except the 2.6L and 3.14 MeV triton groups

do not show very significant patferns. Under these cohditions, it is difficult

to use the hOK.spectrum to make a further level identification, unless an other

attempt is made for Spin assignment.

The low—lying'levéls in 11‘OSc appear to bevdéséribed by the
/{(f7/2)p(d3/2);1} configuration. In this expefimént; they are excited through
a'reaction involVing a parity change between thé»targeﬁ:nucleus ground state
and the fiﬁal_states. The corre;ponding transitions_dre rather.strong since
the cross sectibns have an intensitj around 100 pb/sr at forward angles. One
must take‘into account thét this reaction is nét favoredvsiﬁce the hoCa ground
state has TZ = 0. The measufed Ccross sgétions are very compafable to those -

L8 L8

measured for the Ca(HeS,t) Sc reaction.! Moreover,:the angular distributions

obtained display significant patterns allowirig spin assignment to be made either

empiricallyl or by means of microscopic calculations.

MICROSCOPIC CALCULATIONS

_l}

We shall be especially 1nterested in the loweéﬁ {(f7/2)p’(d3/2)n

states, since they are the only ones for which we can make reasonable assump-
tions for the microscopic structure. Such cross shell transitions allow the

central and tensor parts of the force to interfer and can yiéld some new
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information'oh'the most suitable nucleon-nucleon force v that can be used.

We take

> > — s> >
v = V[f(?)(l + 851 01-02) + 8(r) an 812] .7 T,

V is an effective strength determined in order to reproduce the experimental
cross-section. "~ f{r) is a Yukawa type radial form. Ifs'range is either 1.4

or 1 fm. 6(r) has been calculated' ® from the OPEP_potential.é For both radial
forms, thé finite size of the projectile has been taken‘into acgount.g"° We |
have assumed a Serber mixture with ayr = 1. B is either O -or 1. The dif-
ferent types of forces used in the calculations are summgrized in Table II. We
consider the 1.4 fm range Yukawa central fofce with an O?EP tensor part added
(force.3 of Table II) to be the most realistic.!® :

The optical potentials are given in Table iII. Potential 1 is deri-
ved from 30 MeV 3He scattering and potential 2 from 12 MeV triton elastic
scattering dn'hOCa (Ref. 11). The,DWBA code NENESSE!? has been useé for this
calculation,.a_tensor fqrce is.includéd, using the fbfmalism of J. Réynal.l3

| We shéilvfirét=study tﬁe dependence of‘the~calcu1ated éfbss-segtions‘

on the optical parameters. Several authors'®s!'®

»16 have éthn that one can,

to a good‘approximation, use the same parameters for entrance and exit chénnels.
for the loweét 5 state, using the ﬁsual 1 fm range central force, we have made
two céléulations: For the first, an optical potehtiél:which fits the 30 MeV
elastic He3 scéttering oh hOCa(vl) was used in both.channels. .Almost no‘
structure appears in the calculated cross-section (Fig. 3) in sharp disagree-
ment with experiment. On the other hand, taking anpotential which fits lé

. . i . :
MeV elastic triton scattering on OCa(Vz) for the exit channel, leads to angu-

’ 1ar'diStributibns very close to the experimental one (Fig. 3); both for the

1 fm range and the 1.4 fm range Yukawa force. The choice of the optical
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parameteré is seen to be very important, mainly because of the large Q value

(~14.48 MeV) of the reaction. For all the‘caléulétions,.therefore, we use

Vl for the entrénce channel aﬁd V2 for the exit channél. ' ’
The 0.89 MeV 5  level is the only natural parity state that was

v
measured without ambiguity since the 3  and 4~ statesrare not resolved. A
puré ceﬁtral term (force 1) with a range of 1.4 fm'giyes the typical L = 5 pét~
tern, but a‘ténsor terﬁ (force 3) is needed to explain-the slow decrease of
the experimental cross section at large angles (Fig. 4). The contribution of
the tensor part is rather small, but is exactly what ié'ﬁeeded,to fit the angu4'
lar distribution.  On the ofher hand, a'l fm range central part plus the OPEP
tensor term (fofge 4) gives an éngular distribution in which the tensor part
dominates and which does not fit the experiment. |
For the.unnatural parity states 2" andvhu, a pﬁré central force gives
angular distributions (Figs. 5 and 6), which are in tofél'diéagreement with the
experimental ones. This is as expected for-(He3,t) reactions to unnatural
parity states, where a tehsor'fbrce is known to be’neces5ary;3 " Rather good
fits are obtained using fqrce 3, and indeed, the contribution of the central
term is small compared to the tensor contributiqn. For the 4 - 37 doublet,
a better fit can be obtained by taking the 3~ admixture into account. We have
assumed that the 3~ and h; cross-sections are equal afoﬁnd 45° . as indicated by.
the results of Schultz gE_§;317 The 3  contribution is small for the angles small-
er than 30° (Fig. S), but very important at larger anéles. :Iﬁc:easing
the central céﬁtriﬁution with respect to the tensor one will probably not change
drastically the fit for £he I state:(which is already good), but may improve
the fit for the 2" state at 1arg¢ angles (Figf 6)5
. The strengths V needed to expiain the experimental magnitude of the

. . . . 5\‘ BN -
. cross sections relative to the. {( D a

1

1, .
f7/2)-(d3/2) }J_ multiplet are very



T | , UCRL-19558
v T/2 /2
Sc (Ref. 14). The strengths relative to the 4~ and 3 components of the

comparable (Fig. 7) to those. needed for the {(f );1}J+ multiplet in

L8

)p(f

0Sc ground state‘doublet have been extracted under the previous assumptions.
152 that the excitations involving a

3

Some suggestions have recently been made
parity changevshould be inhibited in the (He ,t) reaction. We have shown that,.
for the simple.case we consider, the excitations presumably occur through the
same mechénism,.whefher or not there is a paritybchange.

TheAﬁost important consideratidn is Qhether or not the transition is
of natural ﬁarity. This has been alréady explained since, in the first case

the excitation occurs mainly through the centralvterquf the force, and in the

second case, the tensor term dominates the transition.

CONCLUSION
In this work we havé‘considéred only the first four levels in ho‘Sc.
This enabled us to.define and teét the force which will be used to analyze the
other experimental results we have neglecﬁed here. Avfurther experiment with‘a
better résolutibn, leading to unambiguous angular distfibutions is needed.
However, this restricfed study has shown that the parity change transition is
allowed in hOCa with a strength comparable to that found for the in-shell traﬂ-

48 . ) .
sitions in Ca, suggesting the same reaction mechanism. -In addition, we have.

‘shown that, if the tensor force is needed for the transitions leading to un-

natural parity states, its contribution appears to be sensible‘in‘the Cross. o

shell fransitions,'even for the natural parity states.

-
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2
TABLE I. Energy levels observed in hoCa(HeJ,t)hOSc reaction. The previ-
ously known levels in the 0K mirror nucleus are given for comparison. Indicated

also are the corresvonding spin and parity determinations. This list is
limited to the 4 MeV range of this work.

4o Lo L0

Ca(He3,t) Se 39K(d,p)' K hOAr(He3,t)l‘-OK ' 'hoAr(p,ny)hO

= = O O

K
this work ~ Ref. 5 Ref. 6 ~ Ref. 7
E(MeV)- a7 E(MeV) J" | E(Mev) J" : E(Mev) J"
1 0.010 K3 { 0. Ny 0.015 ‘ | { 0. L

, 1 0.028 37 0.030 3
T 2~ 0.795 27 } 0.8L . 0.800 2~
.89 5° 10.885 57 0.891 5"
.6 | 1.639 1.65 1.6LL 0"
.75 . . .
‘ 1.95k o 1.96 1.959 ot
2.0k2  (37) 2.04T 2"
2.064 (27) - 2.070 3
2.099 (1) 2.103 1
2.261 3
2.286 2.29 2.290 1
2.33 2.291 b4
- 2.393
2.415
2.565 .
2.64 2.622  (07)
2.743 _
2.781 | 2.77
2.802
2.948
- 2.983
3.01 3.021
o 3.10k4 3.03
3.1k 3.125
3.1h4k
3.225
3.367 ,
3.385 ’ B : (continued)
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TABLE I. Continued

40 3 Lyko ho, 4o b0

Ca(He”,t) ~Sc 39K(d,p Af(He3,t) K Ar(p,ny) K
this work Ref. § Ref. 6 . ‘ Ref. 7 "

)hOK ' o)

E(MeV) Jm - E(Mev) J” E(Mev) J7 E(MeV) J

L1z _ 3.4k
5h79

-599

.629

657

-T15

.738 ' 3.73
766

-T790

.820

.838

.869

.883

.898 -

.920

017

.102

3.45

3.80

L.ob |
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glven OPEP force is averaged over the projectile density, as exnlalned in the text.
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TABLE II Forces introduced in the calculation of the cross sectlons.

The

Force central part tensor part
1 1.4 fm range Yukawa Serber no
2 fm range Yukawa Serber no
3 1.4 fm range Yukawa Serber OPEP
Y fm range Yukawa Serber: OPEP
5 1.4 fm range Yukawa Serber | | 75% OPEP
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‘TABLE ITI. Optical potentials used in the cross-section calculations, -
both extracted from Ref. 11. :

: - : o .
number v RV ay _ WW- RW ay - E _ ' ,
(MeV) . fm fm . (MeV) - fm fm {(MeV) ¢
1 167 - 116 0.715 13 1.8 0.872 30 - |
2 ~172.6  1.k0  0.715 50.9 . 1.ho 0.610 12 _ |
‘ . ‘[
}
o
&
!
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FIGURE CAPTIONS
1. Experimental spectrum for the Ca(He ,t) "Sc reaction at 8 = 25°.

hg' Experimental angular distribution measured for the 2.33 MeV level in
Sc. :

Shapes of the L = 5 anguWar distributions for the 0.89 MeV level in
40 Sc, assuming two central forces (1 and 1.4 fm range, see Table II) and
two different optical potentials in the exit channel, as given in Table III.

' . : - o
4. Angular distribution measured for the 0.89 MeV 5 level in OSc.
Plotted are the experimental points and four calculated angular distributions
using the different forces defined in Table II.

5. Angular distribution measured for the (0.010 MeV doublet in hOSc
Plotted are the experimental points, and four calculated angular dlstrloutlons
corresponding to the transitions

(ot » L4=), force 1 (dotted line)

(o+ + 4=), force 3 (full line)

(O > 37), force 3 (dashed line) :

(ot > 4~ )+(O+ + 37), force 3, (dashed-dotted llne) In this case the
calculated angular distridbution normalization is explained in the text.

6. Angular distributions measured for the 0.77 MeV, 2 level in hOSc.
Plotted are the experimental points and two calculated curves involving a
1.4 fm range central force coupled (full time)vor not (dotted line) with.
an OPEP tensor force. : ' B

7. The effective force strengths V are fepresented as a function of the
transferred spin J. The upper curve is relative to the transitions lead-
ing to natural parity states and the lower to unnatural parity states.

For Ca, the strengths for the natural parity states are taken from Ref.
14 and for the unnatural parity states from Ref. 10. The same force 3

~of Table II), including the OPEP tensor term (averaged over the projectile

density) has been used in the analysis of both experiments.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: .

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. , ;

As used in the above, 'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides a_ccéss to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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