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ABSTRACT

vv Mulﬁi§leHstép processes (core excitafidﬁ) are evéluated fof the (p,t)
reaction at a:tybical energy (30 MéV) and for a typical moderately coliecfivev
spherical nuqieus (nickel). Ouf.modél-nucleus has three kinds of states; the
grbund and céileéti#e 2+, whichvhave a strong direct transition, other typical
non—collectife étates which also caﬁ be produced in.a single step, and a two-
phonon triplet; which can be produced only through multiple-step processes.
We find thatvthese later are produced as strongly as the other non-collective
v states and ﬁhat the angular distributions and polariiations are éharacterized
by the multipolarity of the overall transition and'hot'by the multiplicity of .
the reaction:mechanism. Comparison is made with‘the DWBA. We find that it
underestimatés the (p,t) crosé sections to all three types of states, and that
~even feiativéAchss sections are in error by up to a factor 2, and absolute

cross sections by as much as a factor 5.
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1. INTRODUCTION

Particle ﬁransfer reactions have been treated puétomarily as proceeding
directly frbﬁithe”target ground state to the final state by a simple deposit
or pickup of ihe transferred particie (simplé or éomposife) which leaves the
other‘nucleoﬁs undistﬁibed.l Uﬁdbﬁbtedly this is theidbminant mechanism
by whiéh.most.ioﬁ-Lying levels aré‘produced. vHowever some nuclear levels,
even at low eicitation, will have a ﬁarentage that is based more én an:
excitedvstaté df.the.targét rather than on thé ground state. JIf this excited
state'ié prqducéd withvappreciéble cross section'in"inél#stic colliéions,
thgn alternaté»modés of producing the final state'in the franéfef reaction
are pdssibie;‘-These are the two-step modes that proceéd through the inter-
mediate state p?oducéd by inelastic collisionsiﬁith the incoming or outgoing
particle. In Fig. 1, two extreﬁe cases of pure parentage are illustrated
for the (t,p) reéctioh; One state of (A+2) is aséumed to have a structure
in'whiéh' A nﬁéieons (Which'we shall refer to as the cofe) are in a state
of motion cbrfeéponding to the gréﬁnd state of nucleﬁs-kA). In the~ofhef;
the state of these A nucleons corresponds to an excited state of nucleus
(A). The fofﬁer can be reached by a diréct transition Which'depoéits a pair
of neutrons onfo the target ground state. -The latter can be reached only
through the'higher order processes that involve thé inelastic production of
the parent state. . Of course_in real nuclei, the parentage of any state wiil
notvbe.pure. Instead each state of (A+2) will have many parénts. In principle
therefore thé‘final‘state can be reached both directly through that ;omponent
of its wave fﬁnction that has the ground state of (A) as parent, and indirectly

through:the‘other components. Whether in fact the indirect modes compete with
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Fig. 1. An idealized example of two states in the nucleus (A+2), the lower
‘one having & pure parentage based on the ground state of nucleus (A) and the
other on an excited state. The higher state in (A+2) is sometimes said to
be '"core excited". It clearly can be reached only by multiple-step processes
that involve the inelastic excitation of the core by either the triton or
proton. ' : .
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the direct wii; ﬁepend'both on thé fraction of parentage that is based on
excited statés of the core; and on the strength with Which these states
are produced in inelastic cbllisions.

_The.ﬁrimafy purpose of this investigation is to assess:whether higher
order‘brocesses éré likely ﬁo bevsignificant iﬁ two-nucleon transfer reaétions,
and if so,'whethér there are ény special characteristics bvahich_they_Can be
disfiﬁguished'ffom direct fransitions. While this quéétioh would seem
largely academic as long as>attention was focused oﬁ the loweét—lying statés,
it acquirés ever mofe'importance’as improving experiﬁentél.teChniques allow
defailed iﬁVésfigafipns of higher-iying-levels'whose-parentage is ékpected
to be more éomplicated. It is aifeady evidenf thatha number of interesting
new phenomena invoiving second,order:procesées will.bé gnéovered.'

 It'hés.been:cﬁstomary to compute fhe Cross secfion fér those states
that.can‘bé produced directly, by use of the distortéd‘wave Born approximation.l’3
- In this apprdkimation; the'wavé function for theﬂreiati§e motion‘bétweén'thé
nucleus and fréé particle in the ehtraﬁce and'exitiéhannels are generated by
‘a one—channél»optical potential. However when inelastic processes are very
strong, the usual optical potential may not provide a sufficiently accurate
fepresentatiqn for these wave functions within the nuclear interior, just
where they haVé their largeSt overlap With the nuclear wave funétions appeatring
in the DWBA integral§; Since the optical parameters are chosen so as to
reproduce_the obserﬁed'elastic cross section, this assures that the wave function
is correct in the external region. However if a particular inelastic transition
is very strong, the population of the éxcited state becomes large enough that

de-excitation back to the ground state becomes significant. - This process
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cannot be deséribed by a one—channel optical potential, and it produces
changes in'thé_Wa?e function in the nuélear interior; Just where it is .

" needed in the reaction calculation; In_this circumsténce the inelastic
pfocéésesvpléy:a.fole.eﬁen for statés‘that:are_produced directiy in.the
£ransfer reaétioh} “Therefofevas a secondéry pﬁrposé of fhis inyestigation
we examine'at'ﬁhét péint the strength of inelastic fransitions‘leads to K
significant errors in the usugl distortéd wave Born approximation for direct‘
sinéle-stép'trénsitions;

The'@éthqd fﬁat We_usé to include the multiﬁle—step processes (some-
times referrgd'to as core éXCitation) that proceed through exéited states of
either targét of residual nucleus,_has been described in previous pubiications.h’5
If the inelaétié_processes are neglected, the results correspond precisely to
the uéual DWBA. In other words, we treat the particle transfer reaction in the
usual Way,6 aﬁd.in first order oﬁly. The inelastic transitions are treated
to all orders among the states considered. We refer to it as the source
term method; and it is equivalent in its results to'tﬁé ﬁrocedure described

by Penny and Satchler,7 though apparently it is more amenable to numerical

calculation. . o



5. o UCRL-1957

. 2. NUCLEAR MODEL
To éarry out the inVestigation described above} we adopt a model for
a nucleus‘haviné'a colleétivity typical of sphéricaljnucléi, which we refer
to nominally.és Ni;. The ground state is taken to be.a BCS vacuum. There
are excited;statés‘of:two;quasiparticle_configurations, the-lowest:of which
is the éolleétiﬁe 21 staté.B In addition we coﬁstruct a'triplet_df twé—_
phonon sﬁates.by using\the operator ﬁhat creatés the collective 2+ state.

. This state, which we sometimes call the one-phonon state has the structure,

+ f  + o : v _

121 ) =B, chs ) | | - o (1)
+ -_ £ S+ F . - '

Bom T3 Z Nap 1% 15 . | (2)

. + . :
where a = nfj., and aa creates a quasiparticle in the state a. The nab
are the configuration mixing amplitudes, and the sqﬁare bracket denotes vector

coupling. The. two-phonon states are

7y = & V[B+B+] [Bcs) , J=0,2, 4 . (3)

¢£; 2 2.J
fhey héve the éﬁeéialréignificance fhat they cannot be produced directly
b&'the two-nucleon transfer reaction. This follows becéuse they are four
quaSiparti@le $tateé and therefore cannof be connected to the ground state
vacuum by a‘two—particle process}_bPresumably in real nuclei ideai’tWo-phonon
states do not exist. In terms of guasiparticles, they Would.also have two

" gqp components (and others). We shall comment on this again later after
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presenting our-résults for the idealized model described here. The main
parent of the two-phonon states is, in any case, the collective 2 , and the
two-nucleon transfer reaction connecting them to this state is enhanced in the

same sense as‘the transition from the ground to the Oﬁe—phonon state is en- -

ﬁanced. (The parentage amplitudes in the two cases are.eQual within a statis-
| _ ) ‘ S v

tical factor.)

Our mddel therefore possesses three kinds of states, the ground and

+ : : '
21 which have a strong direct transition, the remaining two-quasiparticle

. + o+ .+ . . . )
states (0 ,2 ,4") which have weaker direct transitions; however the ground
 state is their main parent, and finally'the two—phondn sfates which have a -

strong transition from the collective 21 but which are not fed directly at all.
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3. PARAMETERS
To asses$ the effect of inelastig processes on the two-hucleon transfer
reaction, we cbhsiderlthe'(p;t)nreaction on a moderateiy collective nucleﬁs%
nickel, at a fypical bombarding energy of pr= 30 MeV;: A complete body of

data would consist of the elastic and inelastic cross sections of the 2

collective state (sihce it is the most ihporfant intefmediate state for those
inclﬁded ih bﬁrfmodél) in both the initialvand final nﬁclei,vat the appropriate
energies of fhe'(p;t) reactién. This body of data does.ﬁot exist, but |
forfﬁﬁatéiy thefé is daté'on neighbofing nuclei which is suffiéient to define

the parameterS'realistically for our model calculations.

The ‘reaction we consider is

Puitp,)®m B = somer . - (1)

The Q of the reaction is - 10 MeV. There exist prdton data9 at 30 MeV on

60 0 afi20 MeV on 62Ni. Thisrdata we use to define the

Ni.and ﬁrit§n aatal
optical mgaei parémeters for protons and tritons in Eq. (4), and it is shown

in Fig. 2;_‘Thevelastic crossvsections were computed by.solving the coupled
equations for %he sét of.states described in Section 2; The corresponding
optical model parameters are‘labelled C.C. in Table 1. (The parametrization of
the Oak Ridgé Group is employed.ll)' We also ﬁsed an opgical model seafch
routine to obfain ééfaméters‘dffthe one-channel optical potential that repro-
duce the same elaStid cross section és obtained in fhe céu@léd—channel calcula-
tion. vThesé are needed for com?arison of our results for the (p,t) reaction

“with those predicted by the usual DWBA. The solid line in'the figure. represents

both these calculations. The dashed line corresponds to the usual oné—channel
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Fig. 2. Elastic cross sections are shown. Solid line represents two calcula-

tions 1) a coupled channel one involving all the states described in Section

2 and usging the optic parameters.labelled "C.C." in Table 1, and 2) a usual

- one-channel optic model calculation using adjusted parameters labelled '"elastic"

in Table 1 which reproduce the same elastic cross section as the coupled channel

- calculation. The dashed lines are also one-channel optical model calculations
but use the same parameters as the coupled channel calculation. . The differences
show the effect of coupling to other states. Data is from refs. 9 and 10.
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optical potentiéi_using the same pafameters as in thé coupled channel calcula~
tion. The difference‘shows thebeffect of the éoupling of.other channelsvof
which ﬁhe célie¢tivev2+ is the most important} The figure illuétrates the
importancebof back-angle scattefing for deﬁefmining thé>effect of the coupling
on the opticalgmodel ﬁafdmeters.

In the calculations reported here,’we did not inciude‘a spin-orbit
term.in the triton optidal poténfial. The stréﬁgth of this term is expected,
on theéfeficai grounds, to Be about one third that of the nucleqn spin-orbit
strength. We did'include it‘in several calculations but its éffec%»on the
(p,t) reactioh was very small.

The strength of the inelastic transition to the é+ céllective state
iﬁ both térget‘and final‘nucleus is vital in our analysis becaﬁse it is:the
pareﬁt of thé tw0¥phonon.states.' Again we havevtovrely on an extrapolation
from oﬁher Siﬁuationsvbut thié is quite adeQuate for our purposes.z For tri-
tons12 fhe érdés section to‘fhe 2+ state has been measured in 6%Ni a£ 20 MeV.
For protons,13 we do not ha#e data at the appropriéte energy,vbuf the reaction
has been studied'aﬁ 18 and 40 MeV and we use the strength of £he direct inter-

action obtained there. We are able to handle a direct interaction of the form

~(x/ry)?

V(r) = [V, + V) (0)°0,)] e : )

However since the Vl part is so unimportant for the excitation of the col-

lective staté, we have set it equal to zero in these calculations. The remaining

two parameters V and r

0 for protons and tritons are shown in Table 2. The

0
range parameter for tritons bears the kind of relationship to that for protons

as described'for‘other composite particles elsewhere.lh It is larger because

of the finitebextension of the triton.
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The strength of the interaction causing the (p,t)jreaction is unimpor-

tant in our calculations becaﬁsé_we treat the reaction in first order. Thus
7 . ’/ . .
all our calculated (p,t) cross sections scale as the square of this strength.

However we believe our arbitrary units are approximately millibarnsf~

Finally the single-particle bound state wave functions in terms of which

the nuclear wave functions are expressed are harmonic oscillator functions
2

(v v exp(- Lv9)1. We confirmed (see later)

having a coﬁstant v = 0.25 F >

that as concerns an evaluation of the role of inelastic processes, correction

of the asymptotic behavior of the oscillator funétions is not necessary.
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| u;_'RESULTs"

The complete calculation fdr the 62Ni(p;t)6oNi reaction at 30 MeV, is
showﬁ iﬁ Fig.iB.n~All fhe inelastic couplings between the éight states in each -
nucleus that afé-implied byvtﬁeir microscopic structure are includedvto all
orders.15 All théyﬁafticle transfer couplings leading from all target states
.to all final statés are included with the strengths preséribed by their-struc—
turg?’6”Tﬁé fe;tures fhat detefmine the strength of ﬁhis coupling between a
pair of'stateé are the ffaction'bf'péréntage of the state in the heaviér nucleus
that is béséd on the othéf, aﬁd on the degréebto which the ektra ?air.of neu-~
trons are corre;a#ed in the way they are in tﬁe triton.v As expected, the
grouhd and coilective é+'statesvhave.th¢ largest cross seétiops. TWOFQery
surprising faéts’can ﬂe‘learnéd from the figure. First,.thé two-phqnon:sfatés,
which;:aéﬁdiécuSSed in Section 2;.can be ‘excited only through highér order
processes, ﬁohétheléSs have cross sectibns Jjust éé strong as the other non-
collective»étateé, running about one tenth that of thenc5llecti§e 2+ state.
Second, the angular distributions are largely cﬁaragterized by the multi-
polarity-of tﬁe‘transition, independent of whethervthe éfate was produced directly,
or through_anaintermediate state. The ﬁolarizations of outgoing tritons from
‘this reaction are shown in Fig. 4 and, like the angular distributions, are
characterizea by the multipolarity of the overéll transition. Thué we find
that uﬁdér‘fhe fypical circumstances of this calculation there is nothing about
tﬁe.anguiar.disﬁributions-nor ﬁolarizations that can be used to distinguish

multiple processes from direct'ones, and the probability of the higher order

transitions is as large as typical non-collective ones.
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Fig. 3. Calculated cross sectlons of 62N1(p,t) reaction to ground and two-
qua31part1cle states are shown on left, and "microscopic" two-phonon states
on the right. Solid lines include multiple step processes. Optical param-
eters are labelled "C.C." in Table 1. Microscopic structure of the states

is described in Section 2. Dashed lines show DWBA calculations, using optical .. -

parameters labelled "elastic" in Table 1 which reproduce the same triton and
proton elastic cross sections as the coupled channel calculation.
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Fig. L. Polarlzatlon of outgoing trltons of 6?Ni(p,t) reaction cOrrespohding
to cross sectlons of Fig. 3. . '
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Fig. 5. Dashed lines represent cross sections for ground and collective 2+
corresponding to the direct (p,t) transition from ground to final state, if

. it -alone were pcssible, while dotted lines represent two-step processes going
through the collective 2% state in either proton or triton system or through
the ground state of the triton system as marked by subscripts. The idealized
two-phonon states do not have a direct transition as explained in Section 2. -
Solid lines represent cross sections in which all inelastic and transfer pro-

‘cesses allowed by the structure of the statesftake place. "Amplitudes of the
individual processes add. ' ' »
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In Fig.-3 we also.compafé a DWBA calculation of those states that can
be produced in a single step with the full caléulatioﬁ. 'Thé DWBA cross
sections Were.ébmputéd éécording to the usual prescriétipnf vFor this com-
parison that'means.that_thé opticalbéarameters were chésen_to réproduée the
‘§g§g_protoh and tritonbelastic éfoss-séctions és-emergéd from the coupled—chénnel
calculation aé éden in Fig. 2. One sees in Fig. 3 discrepéncies of up to a
factor 5 ih dbsblﬁte cross sections and up to neérly 2 ih’felative cross sections.
The DWBA in eVery éaée-underéstimates cross sections. Thus even for a nucleus
no more strongly collective than.hickel, application df fhe usuél DWBA leads
to iarge errofs»in‘relatiVeicfoés sections. The higher ordér processes dovin
fact blay_a_#efy importanf role. This is shown in:mOre detail in Fig. 5 where
the cross sections of individual paths leading fb the fipal’states éfe éhown.
One seeS'ﬁhat_thé direct route, if it alone were present, accounts for about
half the.cross section of the’collecti#é 2+vstéte. The ofhér majof contributions
are the tfanéition thrbugh the collective 27 stété oﬁ thé-target.(not shown) ,

and through thevground state of the final nucleus. Although the cross section:

of this latter process‘is only ébout 1/6 that of the direct, its amplitude is
about L40% of thevdirect. Of course the cross section for exciting a state
which can bé reached in several distinct ways is obtainéd by squariné the sum
of the amplitudeé for.the'individual wayé; In our mbdél, the two-phonon states
are not produced directiy. The tWO main paths go throuéh the collective 2+
states of the target and final nucleﬁs.» The corresponaing crossvsecﬁions are’
shoﬁn and if is seen that the oné involving'the inelastic transition in the
triton channel, as compared to the proton channel, differs in two ways: 1)

the freguency of oseillation iz slightly faster which probably corresponds to

S



Fig. 6. Corresponding to the reaction of Fig. 3, the proton scattering from
62y; calculated by the coupled channel method using the microscopic
The optic parameters of

the
‘description of Section 2 is compared with the DWBA.
the former are labelled "C.C." in Table 1 while those of the latter, which
have been adjusted to yield the same elastic cross section

"elastic". The experimental elastic data (Ref. 9) is for
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a more surface dominatéd'reaction, and 2)‘£héﬁ the‘oécillatioﬁs.are deeper.
The second point'éan‘be understood in.terms of the mﬁch stronger forward
peaking ih the‘tritén inelastic sgattering_comﬁared to the proton, as:can'
be seen by coﬁﬁéring Figs; 6 and 7. Thué the strﬁctﬁfe of the reaéfioﬁ’itself
(see the.diéectvpréceéées) is preserved. |

Concerning the non-collective twé—quasiparticlésstgtes (02,22,hl)
showﬁ in Fig. 3, their main parent is the ground state, and tﬁey are‘producéd
almost exclusiyely fhrough the airect transition from the ground. Even sb we
see that ﬁhe DWBA underestimates their cross sections.‘ The cause for this,
as discussed in fhe intrbdﬁction; is the modification of ﬁhe W;VE functién in
the elastic channel due to cbﬁpling“to the ot &ollective state. This is an
important effect:even in suéh moderately collective huclei as theée._ .

In contrast to the above DWBA calculations, we did another in which
the same opfic parameters wereﬁused.as for the coupled.channel calcﬁlatién;'
In this case the elastic cross seEtion (see Fig. 2) is not well reproduced
especially at large angles.v However the DWBA now agrees'better with the com-’
plete calculation at forward angles, for those states that éan be produced in
a Single‘step, as seen in Fig. 8. One can understand why these DWBA cross-
sectionsvare ;arger than thoseiof Fig. 3 since the optic pérameters here do
not contain abéorptioh corresponding’to the low-lying levels. In particular
the imaginary part is smaller. However it is hard to see how this would be a
reiiable prescription in genéralﬁ_

If it is true that in a nucieus as:mildly collective as ﬁiékel, the
DWBA upderestimates cross sections by as much as a factor of fiVe, and fails

in relative cross sections by a factor of two or so, one may ask how weak must



Differential
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both calculations. Elastic cross sections' therefore do not agree (see Fig.

- 2). Two-phonon states not shown because they cannot be reached directly
(therefore zero DWBA cross section). ’ ' '
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be the collectivipy-of the intermeaiate state in the two-step process before
the errors are suitably reduced. .in Fig. 9 we show a caleulation analogous
to that of Fig.j3 exéept that the strength of the direet feaction cauéing
;nelastie traneitions hasAbeen reduced by V2. This cﬁts the inelastie Cross
section tovtﬁe COllecti&e staﬁe‘by ebout 2, so that tﬁd—step processés are
correspondingly'weaker.r The DWBA‘calculation wasiagain carried out by adjusting
the eptic paramefers so that the elaetic Cross sections of the couplea channel
caiculationsbfor both pretons éhd tritons were reproduced. .The'DWBA.still '
underestimafes theb(p,£5’6r035 sections butbdoes conéiderably.betferbthan for
the.case of etrenger collectiﬁely in'Fié. 3. The reletive cfbss sections are
however‘in very good agreement with the full calculation; s0 fhat we may cen—_
clude.that if the collegtiviﬁy'bf an intermediate stéte in a two—step'(p,t)
reaction is gbout half as strong as it is in nickel, then the DWBA works very
well for tﬁose-states that have the target ground etate as their main parent.
The cross sections ﬁo the two—phoﬁon states, which can.be predueed only b&
multiple pfocesses are reduced by almost a factor of 2..vIn other wofds they -
scale, as expected, with the collectivity of fhe parent intermediate state.

| Althoﬁgh the DWBA undefstimafes the (p,t) reaétion‘calculation,.it
does better, especially at forward angles, for inelestic scattering as seen in
Fig.v6 and 7. There the inelastic cross sections corresponding to the reaction
calcglationcﬁ‘?ig. 3 ereishown. The optic parameters of the DWBA were adjusted
to yield the same elastic cross section as the éoﬁpled channel calculation. |
It was noted in connec%ion with the (p,t) reaction that the multipolarity of
the transifion determined to a larger degree the engular distribution. This is

st i il tvue for fyitome ol teag o for the protons which are more sensitive to
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the interior cbhditioﬁs.' This can be uhdersfood easily in tefms of a discus-
sion given elsewhére.16 |

All oufIréaction'caléulatiéné discusséd so far used the same (harmonic
Qscillator) siﬁgle—particle ﬁave-fﬁnctions as were eméloyed in:fhe,originali.'
structure caléulation.. It.has been,recogniied foﬁ a loné timé that a§ concerns

reactions, it -is important to correct the tail of these functions since they

decay too rapidly at large radius.6’17'

To confirm that éuf cdnclusiéns con-
cerning the étrength wifh which the two-phonon states ére.produced is not
materially efféctéd by the treatment of the tdils; Fig. 10 chpares.two'cai—:
culations in:oﬁévofvwhich'the harmonic oscillator functionvdéscribing the

center-of-mass of the transferred neutron pair is truncated and matched to a -

Hankel -function of the appropriate separation energy.
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Fig. 10. Cross-sections for the 62Ni(p,t)’reaction cbmputed using osciliator
bound state wave functions compared to matching these to Hankel function tail.
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5. SUMMARY AND CONCLUSIONS
We haVe studied two-step processes in (p,t) reactions in a model which
contains some states (a triplet) which have as their parent a state which has

, . . S
an enhanced inelastic transition from the ground, namely the collective 2

! .
!

state. We found that‘although thése states can be produced only indirectly

| v
their cross sections are

by two-step transitions through the parent state,
comparable in.magnitude to oﬁher non-collective states Which.cah be produced
directly. This finding holds for a nucleus, namely.niékel,'in which fhe col-
lectivity of-thévintermediafe sﬁate is only moderate. The two-step processes
scale.as thévstféngth of the inelastic transition from the ground to the inter- -
mediate parent‘state. Therefore; since most nuclei are more collective than
nickel,.oqr reéuit ﬁrobably indicates a widespread‘phenoﬁenon. Mofeover both
angular distribufions and’polarizations:ére charactérized mainly by:the multi;
polafity 6f the overall ffansition and not bybthevmultipliéity of the reaction
process. The two-step pfécésses therefore do not have a'sbecial fingerpfint,
at leaét.not uﬂdér the typicél éonditions of our caicuiation.

Presumably in real nuclei, ideal two—phonon'states suph as we studiéd,
do not exist; Some of‘théir character persists since the radiative selection
_rules holdvapprOXimately, but they most likely possess admixtures in their wave
function other tﬁan the two-phonon component of Eq. (3). Conversely other
near—lyingAstates share tﬁe two-phonen character. Suppose that a non-collec-
tive state has a iO%.admixture of tWonhonon character. Previously one would
have ignored thié component and calculated the cross section to this state on
the basis of those components that can be produced'diréctly. Let us denote by

" the amplitude that can be produced directly. Then in this approximation
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tte cross sectionuis 'F2. However since we now know that the pﬁo—Phénon state
is excited asIStrongly'as a typical non-collective state and tﬁat its angular
distribuflon isrnearly the séme, then corresponding tovthe 10% admiXture we
should add to the above emplitude;, F//~_ The phase could vary anywhere from
- 1lto+ 1 w1th the result that the cross-section for the admlxed state could
be anywhere from O 4 to 1.6 times the result based on the neglect of the 10%
two—phonon admlxture

Concernlng those states wﬁlch‘are produced doﬁlnantly by the dlrecp
trans1t10n from the ground, the DWBA does underestlmatexthelr Cross sectlons
also, and serrously. ThlS 1S-due to changes in the wave functlon’ln the
elastic channel lnduced by inelasfic coupling to the collective 2+ state. We
see no reasoﬁbto‘believe that this effect is excluslve to the (p,t) reaction
and suggest‘therefore‘that the DWBA also underestimetes.(d,p) cross sections
more or less, depending on the degree of collectivity. Thus it appears that

'single—particle spectroscopic factors may be overestimated in the usual DWBA
analysis.

Although_our findings'give cause. for pessimism we do point out that
the soécalled source term method that we have used,fo.include higher order‘
processes in particle transfer reactions does provide a feasible means of
incorporatlng these previously neglected processes. Moreover if one suspects
that-speciel'psrentage relations: exist among certain states, one can now
explicitly compute the results of such relations. ’Two interesting examples

have already been studied at this laboratory.2



_Tablé 1. Optical model parameters. The "elastic' ones yield the same elastic cross- sectlon
as obtained in the coupled channel calculatlon which uses the "C.C." parameters.

_ triton

V ‘_-‘ v . - : - ' -r | -f - . r - o . - a
) S . . D ‘ v » - W : c o v , 4
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elastic -1kg.ok 2T, 4.313 1.27h 1.576 - 1.25 0.6559 0.8828
proton
c.c. sk -2 =52 1.09 1.3 1.2 0.772 0.6k
elastic . -54.087 -3.239 -5.367 1.099 1.295 1.2 0.772 0.601
_ . .
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 Table 2. Parameters of the direct interaction
" causing inelastic transitions (see Eq. (5)).

| . Yo - o
"-_Proton ' -55 - 1.85

Triton - R =70 = ' 2.3
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