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EXCHANGE EFFECTS FOR COMPOSITE PARTICLES+ '
. i |
Richard Schaeffer
Lawrenée Radiation Laboratory
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January 1970|

.Aﬁstract: Inelastic and charge-exchange scattering Qf light projectiles.byb
a nucleus is considered, including the exchange effects‘arising frém.the
antisymmetrization of the projectile and target wave functions and from the
exchangé nature of nuclear forces. It is shoﬁn that the projéctile nucleon-
target nucleon interacfibn has to be déScribed by antisymmetrized tWo—body"
matrix,élements of the nuclear force rather than by the direct ones only, as
is commonly assumed. - Exéhénge effects'changé only slightiy the'angular

distribution, but may increase the cross-section strength up to a factor k.

TWork performed under the auspices of the U. S. Atomic Energy Commission;

"on leave of absence from: C.E.N. SACLAY, France. .
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1. Introduction

The microscopic description of inelastic sqattering {or Chargé exchange )
of light projectiles is generally made in térms of an effeétive interactionl)
between the exéitéd'nucléons of the target and the cenﬁer of mass of the
projectile,_but neglecting exéhange effects érisiné frbm‘ahtisymmetrization
of the projectile and target wéve funcﬁions and from'fhe:exchange.nature'of
,nucleér forces. Analysise) of the (HeB,t) datas)‘at 3Q_MeV on N = 28 targets, -
where states wifh'spins up_to T wére excifea, éhows hOﬁever serious discrepancies
(fig. 1). 1In order to fit“expérimeﬁt, the strength of the effective fbrcé,
which should.be the same for any final state, has to be strongly increésed fdr
high angular momentum transfér.' The same discrepanéy is found in the inter~

sk 90

and 7 Such

6—12)

prétationu) (fig;fl) of the 37 MeV (He3,t) reaction on Fe
discrepancigé aépearedS)'also for (pp') scaftering.buf.Were removed by :
introducing a knockfpn‘term‘which takes account of the'antisymmetrization'of
the»inéident particle and target wave functions and for the exchange nature of
nuclear forcés. - It was not possiblé td draw defiﬁite conclusions about the
importance of exchange for composité pérticies from anﬁearlier attemftZ) to
introduce theée_exchange effects Eecause of the approximaﬁions made, i;e.,

we assumedz)_that the nucleons in the He3vand H3 Wére concentrated at thé
center of mass- of the projéctile. As previously explained;3) we take account.. 
of the space_ektension of the projectiles (this was suggested in Ref. 2));

" The formalism ﬁe'propose is simple, but accurate enéugh to give a definitive

. answer about the size of the exchange effects. These‘are still treated
approiimately, bﬁf the approximation.we use was introdﬁced'by Petrovich gg

9 | |

al. fdr (pp') scattering and was seen to be reélly a good one, especilally

for high spin transfers.
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2. The Formalism

We assume that the particles in H63 énd.tniton_are in relative s

‘ v N o
states. Therefore, the spatial part w(rl,rg,r ) of the projectile wave

3
function is symmetric. Furthermore, as is done for any calculation of

. _ .
composite projectile scattering, we write . Y: as a product of a function X(R)

: . -> 1 - > > . .
of the center of mass coordinate R = §-(rl +»r2 + rs) and an internal function
- > > > -> . - : )
w(rl - R, r2 - R,,r3 - R). That is, we assume that the nucleons in the

projectile move mich more rapidly than the projectile“itsélf.v This approxi-
mation, which is very good in ﬁhe'projectilebinterior, is'leSS goéd at its
surface wherefthe nucleogs_héve rather low energy, i.e., the projectile ﬁayH
be polarized és it appfoaches the target nuéleus. We ha&g neglected these
polarization effeéts, although it is not obwvious tﬁat they are-unimportaﬁt.
X(ﬁj will bé caiculated using the usual optical modeliapﬁroximation. The
initial and finél states (denoted |I) and |F)) of the sysﬁem are described
as the antisymmetrized product of the projectile and theitafget wavevfunctions.
We cqnsider all'parficlés as identical and use isospin'formalism. In the
D.W.B.A. approximation, the tfaﬁsition amplitude T is (see Appendix) the
matrix element (F|Zv|I ) where Iv is the sum of theii#teraetions between
target and projectile nucleons. The hypothesis we have to make, in order to
obtain this expression for T 1s that the projectile wave funbtion can be
expressed in terms of Slater déterminants of unoccupied shell model étates

of the target. This same hypothesis had to be madé'invorder to getll) the
similar formula including exchange for pp' scattering. In this case, it is
possible to calculate directly the overlap of the proton optical wave.funciion
and the occupied shell model states. This overlap is’ found to be small in

general, with however a few exceptions. Nevertheless exchange effects are
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quite important_for ‘pp' scattéring (up to a factor of 10 with f7/2”v
Ca1,12y, . o ‘ e
region )). ‘Even for composite particles, this hypothesis is therefore
probably not really restrictive.
The transition amplitude T can then be written (see Appendix) in

terms Qf the anfisymmetrized matrix elements of the two—bbdy nucleon~-nucleon

force v taken'between the target shell-model states - A, a, B and b:

(Ra|v|Bo )y = (Chalvi[Bb) - [bB )}

A and B refe} to the prdjectile nuciéoﬁs (whosé Wavevfunction has been
expanded in terms of the‘targetﬂshell~model states) and:'é’ and b are states
of thé taréet hﬁcleéns.

Using a similar approximation as in Ref. 9), %e replace the exchange
termv (A;|v]bB ) of the nucleon-nuecleon matrix élemén£ 5y a.direct matrix

element of an effective force with zero range and an energy dependent strength.

<AaJV}Bb.;t ~ ( Aa|w|Bb )

wir) = v e(r) + V' 5<;) lEx £(x)ax , vir) = v f(r)

V' has the same form as V (Appendix 2), but with a diffefent mixXsure paré—
’ meters, E is the relative momentum'of the‘ékqhanged’nuclééns.

In the expression of the T matrix for compoSite particles, this
matrix elemenf ié éveraged over the projéctile matter distribution

> > > _
T2 s T R | 4ar.dr
2" )r3" . ; 3 - . 1‘2 I‘3

-(+§7» > > —>).
wt r- ,rQ—R,r3~R w

The average over the direct term {(Aa|v|Bb ) 1leads to the usuall) effective

force acting between the projectile ceﬁter of mass and the target nucleon:
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o

-> -+ > >,
vl @y v | o) sGa
He™,t
;) is the radial form and - V the exchange mixture of the nucleon-nucleon
interaction

WD) =V ) .

The effective interaction for the (He3,t) reaction when antisymmetrized
wave functions are ﬁsed and the exchange nature of nuclear forces is taken

into account can therefore be written:

2Bl o [ o) wE-Dak
He",t
= vy s vED (3
He™,t He™,t
V[E% ) = o) | S (D
He™,t .

E is the relative momentum of the two exchanged nucleons (one nucleon is in
the projectile,.the other one in the target). The reiative velocity of these

two nucleons is

-+ - > ->
V.=V , t Vv
proj targ

> ’ . . ‘
V is the projectile velocity, ;éroj is the velocity of the projectile
.nucleon in the projectile system of reference and v

targ is the velocity
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of the targetvparticle'in the target system. Thus, thejfelation between

the wave numbers

> >

k.
Tproj

X
“targ

_ PB7
m bis the nuclébn’mass and M the projéctile maSS.

We can now use the fact.that'the féaction takés place at the‘nuclear
surface and also at the projectile Suffécé,:i;e.,‘the ﬁfojectile_does not
?enetrate very much into the nucleus. This propefty caﬁ'bé seen by con-
sidering that,:whateyef‘the faaial_efféctive interaction Eetween the projectile
center—offmass and the target nuéléon is, its ﬁagnitude aﬁlrelative distances
smaller than'é fm is completely unimportanté). -That is, the.target nucléOné
remain very faf‘from the projectile center-of-mass since.ﬁhe radius of tﬁe':
projecfiles ﬁe“consider never exceeds 2 fmf _At the éurface, kproj and" 5
ktarg are small. A bound particle in a potential well :V(r) with a bindihg.>
energy € _haé ah energy of the order of €(R) = € - V(R) at the surface
(R is the surface réaius). This quantity is.generallywsmall (fig. 2) and

the energy of the particle is on the average much smaller at the surface than

inside. We take thereforeJr

=¥

e
=1

=¥

I would like to thank N. K. Glendenning for pointing -out an error on this

point in an earlier stage of this work.
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that is

3

where 'kn = y2mE is the wave number of an incident nucleon with the same
eriergy as the composite projectile.

[p] 1h

The direct effective potential V has™ ) a .YukKawa shape at distances
larger than 2 fm when a Yukawa nucleon-nucleon interaction is used. The
average over the projectile leads only to a slightly larger strength. A

Gaussian nucleon-nucleon force of range 1.78 fm leads to a Gaussian effective

force of range 2.32 fm. For the exchange part, p(r) can be taken as a
- o
'ef(r/k)

Gaussian where A is determined by the mean square radius.

/i3
More realistic shapes

15) (fig. 3) have exactly the same tail between 2 and
4 fm, and therefbre from Ref. 2) we know that a Gaussian form iS‘perfectlyj
adequate. The (He3,t) reaction leads to a range X = 1.48 fm for p(r).
Siﬁilarleffecfive forces taking_exchange'into account ‘can be derived for

inelastic scattering of projectiles with masses up to 4 (in order that the

nucleons can be considered in relative s states).
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3. Exchange Effects for (HeBJt) Reactions
v L8

, ‘ hg
The lowest states of uBSc, excited by Ca(He3,t)Sb at 30 MeV

can reasonably be’assumed to be due to a_recoﬁpling'of:a f7/2 neutron hole and
'a<f7/2,PrOton parﬁicle, and t?ét make; this reaction e;pecially intefesting
among oﬁhers liké inelastic>séattering'of,He3 or o particles. We shall
study only the natural parity states (O+ to 6+) siﬁce fhe_excitation of .;
unnatural pafity states occurs thrbugh a strong tenser-force, as preliminary

l5)

calculations indicated in Ref. 2) and as it was snown in Ref. . The

exchange term.for-unnétural parity states requires therefofe.the iﬁtroduction
of a tenser term built with K instead with ;.:.The céiculation of exchangé
effects can still be donérsimply by aSSuming that the diréction of ﬂ and”-;
are the same, which is in érinciple only true for.largé% “r. We have not’
included such.aﬁvintéraction. With.that reétriction, the only strength

‘

2) is the coefficient of

parameter‘for an in-shell transition'(fT/2 tq f7/
> > ‘ : ) -
Tl'T2 in .V (denoted VJ, J =0 to 6, since we want to emphasize its

dependence on the transferred angular momentum J), and the similar coefficient’

1

' VJ in V'. The exchange mixture of the force enters only through the pafa—

. 1
meter p = VJ/VJ in the calculation.

When exchange contributions are neglected, the usual 1.37 fm force leads )

to a ratio V6/V of about 10.  V

0]

o is then about 7 MeV, which corresponds

to 1.4 times the Serber strength. For (pp') very good agreement with exper-
6,910, | '

iment could be obtained using a Serber like force, except at ldwer

energy where the inelastic cross-sections where slightly underestimated.

A value of 7 MeV for VO

is therefore consistent with the pp' experimenté

and is .a good support for our assumption.of‘simple shell model structure.

’ql o I3
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Configuration mixing is presumably importéﬁt.bnly forvfhe 2+ state. The matrix
elements of the residual interactioh decrease when~the.gpin of the consiae£ed
level increases. For the O+ state, however, the f7/2'f;}2:state is.fhe oniy
candidate, ;ince the dduble—closedvshéll picture for Cah8 is probably vefy‘
goodgo). For higher spin levels, there are in generaIISGVeral (Froton)
.particle—(heutron) hole configurations which may be mixeq'(fY/g f;}g and

p3/2 f;}g mainly). Rough estimates, based on the results obtained in Ref. 21)

1

+. =]
show that the coupling is important only for 2 states, where the f?/? f7/2

configuration represents still more than 85% of the wave function. For
usualgo’gl) pafticle—hole excifations, the residual intefaétion is |
attractive and configuration mixing terms add coherentiy‘in the scattéfing'
“amplitude and increase the inelastié cross-section. Here, the force also
has to exchang¢ a.charge and is generally repulsive.. In fhis case the
-coherence is destructive and lowers therefore the croéS—séction. The samé o
(rough) estimate as previously shows that the 2° cross-section may be lowered
By a factor.onQ,_and therefofe the corresponding V2: is increased in this
case by 40%. In the calculations which follow, we have only considered pure
f7/2 f;}z wave functions.

| The'range of 1 fm for the nucleon-nucleon force is genérally
used for (He3,t)vreactioné since it leads to better angular distributions.

With such a force, the ration V6/V © is sbout 4 when'exchange effects are

0
neglected. These effects, when a Serber mixture (p = 1) is used, increase
+ .
the 6 cross-section by more than a factor of 2 at the first maximum

: : +
(fig. 5 and Table 1). They are slightly larger at backward angles. The O -

cross—-section on the contrary is practically not modified (fig. L4 and Table 1).
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These contribﬁtions increase‘regularly.with increasing spin transfer (Table 1) 
and therefofe thé discrépancy beﬁween theory and expefiment due to the relative
strengths of 6 anda oF cross—sectioné is partly removed (figs. 1 and 5). A
Rosenfeld mixture (p = 2) proﬁides the larger.value for{vp wﬁeﬁ'usuél“
exchange mixtures are used. ‘Exchange effects.in tﬁat‘gase are much more
important (about a factor of U for'6+ crpss-séction); Such a force gives
however very poor results for ‘pp' scattering calculatioﬁs6).

The relative contribution of direct and‘éxchéﬁge‘at the firsﬁ maximum -
éf the cross—section does not depend strongly on fhe Slbpe of the interaction
used as shown in Table 1. When‘the variations with r of the radiéi shape
f(r) of the nucleon-nucleon force are smooth, the direct contribution falls
down more rapidly with increaéing spin tranéfer J. ‘The‘exchange term ié
‘also reduced by the factor %(k)' which is smaller for smooth shapes, but
this reduction is independent of J. This is illuétrated.by the Yukawa
force of range 1;3?. Compared to the calculation with a 1 fm range Yukawa
exchange effects are smallér for 0" transifions (this is the effect of the
reduction factor ;(k)), but larger for 6" transitiohs:(reduction of the
direct part for large J). The Gaussian aﬁd the quawé.force gi&e very
similar results. The explanation was given eérlier: .the Fourier transforms
of these two forces have the éame 1oﬁ—energy components}

Even if the effects due to exchange processes are quite important,

) 2). _

they are not strong enough to explain the discrepancy seen in Ref. The

ratio Vg/V, is still of about 2.5 in the best case, i.e., with a Rosenfeld

0]

mixture and a 1 fm range Yukawa radial shape.
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The energy dependence of exchange effects is.veryfweak;, Theré i$ 
practically no difference forv18 and 30 MeV inéident‘pértiqles,.and
even .at 75 MeV, éxchange effects are bnlyISiightly redﬁced (Table.l)..
Using mére realisfic forces (Kéllid—Kolltﬁeit.for instance), the Variationé;.

: 9 .
with energy &dre probably more important, as was shown” ) for pp' scattering.
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b Exchéngé Effects for Inelastic Scatfering of Light Particles

The exchange effects have about the same magnitude for inelastic o,He

. ‘ . 3 -
and H3 scattering, when a Serber mixture is used. Werave taken the He and_H3

. - o .
-+ .
potentials from:Ref. 2) and computed (Table 2) the ratio-—%2~gl"of the cross-

(D]

sections at their first maximum for a f, > f transition, with various

7/2 7/2

spiﬁ transfers. The'two—body interaétiqn is taken to have a Serber mixture-

and a Yukawa type radial form of range 1 fm. - The optical'potential for o

17).

particles is taken from Ref. The small differences have their origin in

the projectile size, but they'may noﬁlbe really signifiéant.when consider%hg
- the uncertainties in the opfical.parameters. The magniﬁﬁde of the exchange
effects, as studied for the He?,t reaction are therefbré-typical for inelastic

scattefing of composite particles with masses up to 4. In particular, their

energy dnd_range dependence are approximétely the same for OL,He3 and H3.* They

. , . 5 10,
have also the same qualitative features as for pp' or p,n scattering ’8?ll’ ).

The quantitative features differ, however, to a large extent.

o R | '8~'
For (pp') scattering exchange effects depend considerably on energy 12).

(E]
HeS

The strength of the effective potential V
' . €,
“the Fourier transform of the radial part f(r)

is proportional to f(k),
t R
of the nucleon-nucleon inter-

action. f generally decreases for increésing k, and is 1 for k = 0. fThis

factor reduces the exchange effects at higher energies. -For (pp')'scattéring; ‘

N

however, this reduction factor is f(kn) whereas for composite particies'it is.

A ‘/;I? . . .
f<' = kn > which depends much less on energy. We see also that, at a given
energy , this factor is larger for composite particles than for nucleons. The
heavier is the projectile, the closer to 1 is f, but there is also the strong

absorption Whiéh lowers considerably the exchange effects for composite:
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particles, so:they are finally less important than for ﬁucleons. One must
however remember that it is precisely because fﬁere;is-a strong absbrptioh
that one could choose such a low value for k < —-K V/_wk

For»inéiastic Scaﬁtering, a Rosenfeld mixture wou}d provide a'value 
p = -65 for an excitétion with an isospin transfer T = 0 (this is probably
the case of ali collective excitationslB)); Such a largé Ya1ue is probably-
very unrealistic since it leads to describe the inelastic scattering
as dominated by the exchange contributioﬁ. For (pp")
scattering ﬁhérefore, very bad results were obtainele) with a Rosenfeld
mikture, whereas a Serber mixture waszsuccessful. Moreover, the physicai
idea that thé nucleons interact with a very low relative energy is Very.much'

l9). The latter deécribeslg) to a good

in favor of a Serber type of force
extent low-energy free nucleon-nucleon scattering, and‘alsolg)_the scattering 3

of two nucleons at the nuclear surface. We think therefore that the results

obtained with a Serber mixture are the more reliable, even for He3,t scattering;



1l S © UCRL-19537

5. Conclusion

For composite particle seattering, exchange effeotstarising from
antisymmetrizatioﬁ of all nucleons and from.the exchange‘nafure of nuelear
forces are'vefy'iﬁportant. They increase with increeeing‘spin.tfansfer. Their
effect is mainly'e normaliiation‘effect and ‘a typicel ﬁagnitude for a spin |
transfer 'J =6 is an increaee of more fhan.a factor 2 ;n>the differenfial
cross-section. .The approximation of Petrovich eﬁ_gl,g) made for the exchange
part is probably ﬁery goOd,vas was seen9) for (pp') eceﬁtefing. The major
improvement of the theory is probebly to study polarizafion effecfs of the
incoming projectile. bAt the surface of the projectile;_its.nucleons may have
- velocities compafable to the velocity of the projectile iﬁéeif, andvthe

separation of its wave function into a product of an optical and an internal .

part is questionable.
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Appendix 1
Let ﬁs éonsider the reaction between the two fragments P aﬁd‘ T:
P+T~> P'v+ T*. The total Hamiltonian of the system‘ié'generally split inﬁo
two pafts which describe the motion of the two fragments.indepeﬂdently of

each other and a part which describes their interaction:

= + +

= Hp -HT 2Vpry
= +

HP ZtP . Z\_,PP
= +

HT ZtT ZVTT

t 1s the kinetic energy operator.' H dis symmetric in all coordinates, but

HP + HT is not, and the eigenfunctions of HP + HT have no symmetry character.-

However H is symmetric in all projectile coordinates and H in all target

P T

coordinates. There are therefore antisymmetric eigenfunctions of HP

(denoted |P?) and H, (denoted |T)), separately. The antisymmetrized

T
product

|PT ) =»04|P YT

is a fully antisymmetric function and therefore can not be an eigenfunction of .
HP + ﬁT" For that reason, the transition amplitude is generally not'gi§en by
T = (P'T*[ZVPTIPT ), e?en in the D.W.B.A. approximation.

It is possible to escape thisvdifficulty, exactly. the same way as

for pp! scatteringll). Let us definé a complete basis of shell model states

relative to the target: ‘li > and the corresponding creation and destruction
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+ ' > R e :
operators '&i and ° 8i.— The antisymmetric projectile wave function can be:
expanded in terms of three particle Slater determinants built with the set

{i}:

Py =3k, . & & &

ijJk 1 J k lp >

|0 is the vacuum relative to the operator &. A similar expansion can be

"given for the N particle target states IT ) .~ These states are generally’

calculated in a restricted space. of states Ii ) .. We shall call this space” :
. o v - . _ . : ve.

g and the corresponding states a, b, ¢, d ... . [For instance, for Ca _and Se

q contains all orbitals up to the 1f orbitals. The remaining space @Q

| /2 | |
is built With'thé states A, B, C, D ... . We shall now assume that the projectile

"wave function is made oniy.of states belonging to Q ~only:

LW + . ot o+
!P} =I K., & & & |o)

+

|Pr) = 'k &, &, &, lo) .

A'B'C' TA'

The total,Hamiltonian'can therefore be split into

Hy —Z e, 6, & + Z (ABIvICDZL &, By & &,
A ABCD - '

+ E-: ' ot oF o
= & + { y & & & &
Hq Z Ea aga abIVICd/L a b 4d ¢
a abed

<3
|

= : | ) g:,+ 81+ ) o - . '
% Z (Aa,v|Bb24- L, B8 G+ W _
~_ AabB ‘
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W~ contains all‘tefms with an odd number of & operators belonging either to.
Q or to q. The antisymmetrized two-body matrix element of the nucleon-nucleon
interaction is <ij|v|k224.; [P ) is now an eigenstate of HQ’ IT ) an
. ' o o '
i ) = ) >=Z A S LR
eigenstate of Hq’ and |PT ,4{P | KABC_gA 8B . | is an

ABC

eigenstate of H + Hq.

Q

In the DWBA approximation, the transition ampliﬁude is then:

T = <P'T§]VQq[PT )
Since IT ) éontain; ﬁo statg belonging to  Q, it can be éasily seen that
only the term

) %Ag|i\r|Bb}){ 8{ & & &

contributes to T, that is

_ . + g ‘ .v* | '

T —Z(Tﬂ&aab[j) }: Ky 15e KABC(A'aIVIAbZ,L

ab - ABC ' )

Al
+ ' +, '

T = Z (r*|& & |T)(p'|8 & [P )(AaIVIBb}L

ab :

AB.

The antisymmetrized matrix element of v <Aa!leb_Q_ can be written in a

direct matrix element of a non-local .force v'= v(1 - PéP P_) where PO,PT

T X
and PX are the permutation operators of spin, isospin and space coordinates. -

We shall make a local approximation w for v, and have therefore to consider

the quantity
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W=I(P&&|P) <A|wlB-> :
which, in.coordinate space is
W=z (P nTann@) [P |wl1)

).

+ . ‘ ’ : : . ;
n (1) and n(l) create and destroy a particle with codrdinates 1 = (?l,o

1

That is, for thé spatial part g of W

N A A + YEs __'> A _+| ] >
T3a73) WlryTpers) 8(rymry) 8(r r X rilelr, ?

T | Gt ar ahranar prr (5 1)
| 18703 drpdrpdrg WIE A >

We can introdﬁce the additional variableé

3. 3

PHEIEE RS

R=2-L ang Rr=23

3.0 3

by changing -

- T Iy,
T S e . A D U SR e 8 > i >, i-
dr_dr,.dr drldr!dr into [ dr,dr_dr_dr’dr)dr! dRdR -5_ R -~ = §{ R' = —

17273717273 17273717273

Taking now adVanfage of the locality of W, that is, (;élgl;i’> = 5(; _;y)g(;]) and

> > >

’ >y > >
separating W .into the product X(R) w(rl—R,rz—R,r

_> .
3—R), we get

]

g=| x*® x(®) | o(r,-R) a(¥)) dr, aR

1 1 .
(7.-2) = (7. B2 RT3 (+_§+§+._§)8R.idd
o rl‘ = w'*(r -R,r - T 5=R) wlr -R,r,-R,r -R) ( - 73 r,dr,

nly . ) . ]
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Appendix 2

The effective force for the exchange part of a two-body matrix element..

The principle of this calculation is the same as the one used by

Petrovitch9). - Some of the formulas given here can also be found in Ref. 7).
The antisymmetrized two-body matrix element
(Aav(|Bb) - |bB Y )
can be_written as a matrix element of the non-local force. v + v' defined
such as

- (Aa]v|eB ) = <Aa]v'ij>

That is

1 —
v _VPSEPOPT
P,»P 5P are respectively the permutation operators of ‘the space, spin and
isospin variables. We define

v £(r)

1]

\2

3 4 - + 6 > > > >
179 T Y 1T, 9179,° 17T,

, > > >
V=a+8o - T

g

Petrovich9) has shown that ‘f(;)Pg can be replaced by 6(;erelk.p f(g)dg.

Then, V' = - POPTV has the same form as: V, since
1433 14T, -7

p o212 e o2t

o] -2 0T 2

Iﬁ can therefore be written
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Vst e g dd, vy TR, 8 808, T,
TR Y% 1 2 2 "1
with7)
a' = - E-(a+38+3Y+g5) B! = - Z-(a—8+3Y- 38)
,, 1 ' ' , 1, . |
Y' = —E‘(OL+36—Y-35). 6_ = —E(OL-S—Y"‘;S)

“~

For a Serber fbrce, the relation between V' rand V is much_éimpler. IWhen
POPT act on a sﬁaﬁe of given spin- S -and isospin T,‘POPT-= (—)S+T. Since
a Serber force ac£s énly on statés where S+T is odd, fPOPT is in that:case:
equal to 1, and ‘V"= V. The values of the mixture parameters of V and V'
vare given in Table 3.

For a natﬁral parity transition, if_‘a and B réfer td the same.
shell-model orﬁital, only'.Y and Y' (denotedv vy and ’Vj in the text)
contribute to fhe transition for a charge exchange reéction. The force mixﬁure.r
enters in the ratio of the direct and exchange cross—sectiqn.tb the pure:difédt.”
one only through the parameter p = Y'/Y. Similarly, f§r inelastic scatteriné
with isoépin -T'= 0 transfer, the ratio of the'cross;sectibns with and withbﬁt :

exchange 1s determined by p = %—v, for a Serber force, p = 1 in all cases.

The author gratefully acknowledges’N. K. Glendenning for interesting
comments and for - carefully readlng this manuscrlpt He would like to thank
" the staff of the Nuclear Theory Group, and especially V. J. Swiatecki, for

stlmulatlng discussions.
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* Table 1

)

. f - . . . - . ) .
Ratio O[D+E]/G[D] of the cross section including exchange effects»(q[D+E]

to the one neglecting them (0[ ) at the first maximum. for various spin

" transfers. Column 1 gives theDinergy of the incident'Hes.particle and
column 2 gives the type of radial shape used for the nucleon-nucleon |
interaction, that is, before averaging over the projeétile. This average
has been performed in the calculation. vThe.mixtures used are the Server (S)

and Rosenfeld (R) ones.

- Energy. Rad. Shape of Mixture

(MeV) N-N' force o o* b 6"
30 Yuk. 1 fm S 1.3 1.5 1.8 2.2
30 Yuk. 1 fm R . 1.6 2.1 2.8 3.9
30 Yuk. 1.37 fm = S 1 1.3 1.7 2.
30 Gauss 1.78 s 1 1.6 1.9 2.5
o (2.32) ' ' ' :

18 . Yuk. 1 fm S 1.3 1.5 1:8 2.3

75~_ Yuk. 1-fm S . 1.2 1.k 1.6 - 1.9v'
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Table 2

Ratio O[ of theé cross-section including exchange éffects (O[

p+£1/%[p] v , p+E]))
to the one neglecting them (O[D]) at their first maximum for various spin
‘transfers and various projectiles. X is the range of the Caussian used for

the projectile‘méss distribution. The transition is éssumed to be

-1 o0t -1.,J*
; . = o] .

(f7/2 fT/g) > <f7/2 f7/2) , J ,O’ 2, b, andv6 |

T = ‘ |

r o -

et | 148 1.3 1.5 1.8 2.2
3 3t . : . ‘ I : ' :
He” ,He . 1.61 1.3 1.5 1.8 2.1
t,t! ‘ [ 1.37 1.3 1.5° 1.8 2.3

L0 | 1.31 1.2 1.4 1.7 2.3
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Table 3
Mixture parameters of the Serber aﬁd Rosenfeld forces. The strength of the
' force is assumed to be Vd = L0 Mev. ‘
o o' a . 6 R! b Y Y! c -8 -0t d
. |
Serber -15 -15 -30 |5 5. 7 10}5 5 - 10| 5 5 10

Rosenfeld -0.375.-24.375 -2L 0.125 3.875 L4 | L.125 7.875 12| 9.375 -1.375 8
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Fig.

 mean distribution. w and 2z are taken from Ref.
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Figure Captions

1. Ratid'of the effective Strehgths 'VJ ana VO. néeded in ordgr to”
fit the.magnitude of fhe experimental crbss—sections,‘ (D] is the
calculation heglécﬁing exchange effects and [D+E] - the one including them.
5 stands . for a Serber and R for a Rosenfeldbmixtﬁfe for the nucleon-
nucleon intgraction. The h8Sc states and the 6 state of ShCo are taken
frog the.Saciay experiment3) at_BQ MeV. The other_cross sections were
measuredh).wifh 37 MeV incident pfojectiles. Thevéfrengths obtained when
neglecting exchange effects are cqnsistentT'with earlier calculationég’%);_
The result for the 2% state of h8Sc is only indica£ivé5 since this state
ié'mixed with the 7+ staté: '

‘2.' Cdmparison Between Gauésian and Fermi radial.forms'fdr the He3,t

; 15)‘ _

A and c¢ have

. .. o on ‘ .
been chosen in order to fit the mean square radius 2). p(r) is normalised

'vto er(r)rgdr = 1.

Fig.

Fig.

—_— _ .\ o
fThe strength V) relative to the L~ state of

the

3. Comparison'of expériméntal and theoretical predictions for the cross-

L8

section relative to the excitation of the O state at 6.72 MeV of ~Sc.

[D]. is the:calculation neglecting and [D+E] the one including exchange.
S stands for Serber mixture.

4. Comparison of experimental and theoretical predictions for the cross-

L8

. — o
section relative to the excitation of the 6 ground state of Sc. [D] is

54

Co is not in agreement with )

" 0.5 was obtained instead of

result of Ref. h) where a ratio VM/VO

Vh/vo 2.
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the calculation neglecting and [D+E] thevone including~exchangé. S

stands for Serber mixture and R for a Rosenfeld mixture.
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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 access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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