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TWO-PARTICLE TRANSFER CONTRIBUTIONS TO ElASTIC AND ·"" 
INELASTIC HEAVY ION SCATTERING* 

Norman K. Glendenning and Georg Wolschint 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

November 1975 

Abstract: The contributions of two-particle transfer to elastic and in-

* 

elastic scattering of heavy ions are treated simultaneously in the 

coupled channels framework using microscopic transfer form factors. 

. 18 16 16 18 . + As an example, the react10n 0 ( 0, 0) O(g.s. and 21) is in-

vestigated at three energies near the Coulomb barrier. The inter

ference between scattering and tranSfer leads to a consistent in-

terpretation of both elastic and inelastic data. Indirect transfer 

contributions give relatively small, but non negligible corrections 

to the direct scattering plus transfer results, removing a pre-

viously reported energy dependence of the spectroscopic factor. 

Work supported by the U. S. Energy Research and Development Administration. 

tSupported in part by the German National Fellowship Foundation. 
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1. Introduction 

The coherent appearance of scattering and particle transfer can 

occur in heavy ion reactions when.the two colliding nuclei differ by 

only one o\ a few nucleons, leading to strong interferential oscillations 
" 

in the angular distributions. A large number of experiments dealing with 

this process in the elastic channel 1) have been successfully interpreted 

using the method of linear combination of nuclear orbits (LCNO) 2) or a 

coherent addition of the optical model amplitude for elastic scattering 

and the DWBA transfer amplitude 3). More recently, evidence for particle 

trarisfer contributions to inelastic scattering has been found 4' 5). If 

collective states are populated in the exchange process, the inelastic 

coupling between ground and excited states and thus, the indirect transfer 

mechanisms 6) can generally not be neglected, and a coupled channel 

approach is appropriate. We present such a calculation in the-no-recoil 

. . f h . 180 (160 160) 180 ( 2+) t approx1mat1on or t e react1on , g.s., a 

ELab = 24, 28, and 32' MeV. Two-neutron transfer can contribute coherently 

to elastic and inelastic scattering. We compare with the experimental 

elastic 7) and inelastic 8) data as well as with previous LCNO 7) and 

DWBA 9) calculations for the elastic channel, and determine the im-

portance of indirect transfer contributions. 

2. Review of previous analyses 

For the 16o + 18o reaction at energies 24, 28 and 32 MeV we are 

investigating here, no analysis of the inelastic data_of Braun-Munzinger 

et al. 8) has been done yet. Analyses of the ·elastic data of Gelbke 

et al. 7) were performed by several authors using the LCNO model 7), 
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the DWBA elastic transfer theory in the cluster description 9), and, 

ignoring exchange contributions, the optical model with angular-mo

menttmJ.-dependent absorption 9). The latter description is less satis-

factory, because it predicts the phase of the oscillations in the angular 

distributions to be energy dependent, which is in disagreement with the 

data. The first two models lead to almost identical results reproducing 

the elastic data. The agreement between the LCNO model, which includes 

multiple exchange, and the DWBA, where only single-step transfer is con
I 

sidered, indicates that for this reaction, multiple transfer processe~ 

are unimportant, so that a first order treatment of the transfer process 

is appropriate. In the calculations reported in refs. 7 •9) a spectres-

copic amplitude for the transferred "di -neutron" has been used as a free 

parameter to fit the magnitude of the elastic transfer process. To obtain 

a good fit of the backward angle region, the spectroscopic amplitude had 

to be different at the three energies. It has been suggested that, 

among other possible explanations, this difference might be due to the 

neglect of indirect transfer via the 18o (2+) state 7). The LCNO model 

in,the two-state approximation as well as the DWBA treatment both ignore 

the coupling to excited states, and consequently, indirect transfer 

mechanisms 6) are not considered. We note that in c16o, 18o) reactions 

on heavier targets, transfer via the 180 (2+) state as an intermediary 

was found to be very important 10). 

One aim of our analysis is to show that by including the indirect 

f . h 16o 18o . . th b . trans er processes In t e + reaction at energies near e arrier, 

the slight discrepancy between elastic data and cal~ulations 7•9) can 
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be removed. Our second objective is' to obtain a simultaneous fit of both 

elastic and inelastic data. Our approach is different from another re

cent coupled channel analysis by Kalinsky et al. 11) of the 16o + 18o 

reaction at similar energies. These authors employ the molecular sym

metry axis as a reference frame. Therefore, they have to neglect com-

pletely the recoil effects as well as the scaling factor that enters the 

argument of the wave functions in the usual no-recoil limit. We formulate 

the coupled equations including recoil, although we perform the calcula-

tions in the no-recoil limit. In addition, we use two-particle wave func-

tions rather than a cluster description for the calculation of the trans-

fer form factors. 

· 3. Coupled channel calculations 

3.1 Outline of the theory 

We consider the elastic scattering of projectile A from target 

nucleus B 

A+B+A+B 

and the inelastic scattering to excited states of B 

* A+B +A+B, 

where 

B = A + X, 

(1) 

(2) 

(3) 

so tha,t the core of B is identical to A, and the mass of X small com-

pared to the mass of A. For simplicity, we assume A to have spin zero. 

Because of the identity of the cores, the transfer of particle(s) X leads 

into the same elastic and inelastic channels as the ordinary 

(direct) scattering, and therefore the two processes interfere. In-

direct transfer modes such as inelastic excitation and subsequent 
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transfer (or vice versa), considerably enhance the number of interfering 

amplitudes. The coordinate system relevant to our calculations is given 

in fig. 1. We formulate the coupled equations in the source term method 12) 

for the wave functions depending on the radial coordinates R1 and R2, 

respectively. Because in the reactions we want to investigate, multiple 

back-and-forth transfer is unimportant (see sect. 2, and ref. 11)),we in-

elude only first order transfer terms. The S-matrices for scattering 

and transfer can then be calculated separately. The ordinary scattering 

amplitude at angle 8 interferes with the particle transfer amplitude 

at (rr-8). The total cross sections in the elastic channel and inelastic 

channels are computed from the coherent sum of the amplitudes for scat-

tering and transfer, respectively. 

The ordinary (direct) elastic or inelastic scattering leading to 

the ground state of A and B, or an excited state of B, is treated by 

expanding a solution 'l'~IM of the Schrodinger equation for parity rr, 

total angular momentum I, projection M, and incident particles in 

channel b, as 

(4) 

The indices b,b' denote any channel, including the elastic, which is 

otherwise referred to as b0. Here, b stands for the spin j of nucleus B, 

and the relative angular momentum 9., between A and B. The channel func-

tions are defined as 

(S) 
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with ¢.(r) being the internal wave function of nucleus B. The coupled 
J 

equations for the radial wave functions ub (R
1
), obtained after substitu

tion into (E - H) ~ =• 0, and truncation of the problem to the channels of 

. 12) 1nterest are 

(6) 

with 

Here and in the following, ·the quantum numbers n,I,M are omitted. The 

right hand side of the coupled equations represents the feeding of channel b 

by inelastic processe.s from channels b', V is the effective interaction 13) 

within the truncated space considered. The parametrization of the off-

diagonal matrix elements of V in the collective model is given in section 

3.2; The diagonal matrix elements 

(7) 

are parametrized by an optical potential U(~), which is assumed to be 

channel independent. It differs from the optical potential used to 

describe elastic scattering because of the explicit consideration of the 

inelastic coupling. 

We solve the coupled equations with the boundary conditions that 

outgoing (0) and incoming (I) waves 12) are present in the elastic chan

nel (b = b
0
), but only outgoing waves in any inelastic (b 1- b0) chan

nel. The S-matrices S~~ are obtained from the requirement: 
0 

. !z sc 
ub (~) + 0bb I 2 (kO~) - (ko/\) Sbb 02 (kb~) (S) 

0 . 0 
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The momentum in the elastic channel is k0, in any inelastic chan

nel kb, and the calculation of the ordinary scattering cross sections 

from the ·sb~ is straightforward 12). The amplitudes for elastic and 
0 

inelastic scattering to one excited state of nucleus B, with A remaining 

in its ground state, are represented respectively by the two graphs in 

fig. 2 labelled "ordinary scattering (S)". For the transfer process, 

eq. 6 describes the initial partition, whereas the coupled radial 

equations for the wave functions wb(R2) in exit channels b with the 

1 1 ed . h d. . 14) same nuc ear states popu at as 1n t e or 1nary scattering, are 

(9) 

The source term on the right describes the transfer processes from 

initial channels b' to final channels b 

(10) 

where all coordinates except_R2 are integrated. Because of the introduc

tion of the source term in the final partition only, the transfer. 

processes are treated to first order. The inelastic coupling, however, 

is treated to all orders in the effective interaction. Whereas the 

solution of eq. (9) with eq. (10) implies the correct treatment of 

recoil terms, we restrict to the "no recoil" approximation to perform 

the numerical calculation. In the exact expressions 

A X 
~ = A+ X ~ + A+ X r 2 

- X 
R2 - ~ - A+X r2 

the terms of order X /(A+X) are neglected, to obtain 
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For X <<A, the source tenn then reads 

~~ .• 

(11) 

(12) 

If the scaling factor a were absent from the argument of the wave func

tion, ~· could be replaced by wb, to obtain a solution of eq. (9) that 

includes the transfer coupling to all orders-. In that case, and with 

the replacement 
,. ,. 

~,(R,r1)-+ ~,(-~r1) = (-) 

in the source term to account for the exchange symmetry of the cores 15), 

equations equivalent to the ones of, ref. 15) are obtained. Their solution 

with boundary conditions, expression (8), leads to scattering cross sec-

tions already including exchange contributions to all orders. However, 

the approach reported.in ref. 15) does not allow for the inclusion of 

recoil and, in particular, the scaling factor a in the no-recoil approx-

imation cannot be different from one. Therefore, we calculate the ampli-

tudes for scattering and transfer separately with eqs. (6),(9) to add 

them coherently. 

To obtain .the transfer amplitudes, the equations (9) are solved 

subject to the physical boundary condition that only outgoing waves are 

present. This yields the S-matrices ~~ for transfer in elastic (b:: b0) 
0 

and inelastic (b t b0) channels from 

·' (13) 
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The reaction amplitudes for transfer of particle(s) X from the ground 

state of nucleus B (channels b
0

) to nucleus A, forming again nucleus B 

(channels b), are labelled "T" in fig. 2. The indirect transfer processes 

involving intermediate inelastic transitions are labelled "I". 

All amplitudes leading to the same final state interfere with each other. 

The transfer amplitudes, however, have to be evaluated at the correct 

center-of-mass angle (n-8), where particle A would be detected after a 

transfer process, rather than at e. Because of the symmetry property 

A ~ A 

Y (-R) ~ (-) Y (R) 1m 1m 

of the spherical harmonics involved in the calculation of the reaction 

amplitudes, a total S-matrix can be defined as 

s ~sse + (-)~ ~tr 
bb0 bb0 -bb0 

(14) 

where the + s'ign arises ·from the symmetry of the spin zero (boson) 

cores, and the total cross section for elastic and inelastic scattering 

with the inclusion of particle transfer can immediately be calculated 

3.2 Details of the calculation 

16 18 . For the scattering of the nuclei A :: 0 and B :: 0, we cons1der 

the 0+ ground states of both nuclei, and the first excited collective 2+ 

state of 18o at 1.98 MeV. To solve the inelastic scattering problem, the 

off-diagonal matrix elements of the effective two-body interaction V 

in the coupled equations (6) 
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are expressed in terms of geometrical factors, the interaction strength, 

and nuclear reduced matrix elements, whi~h are referred to as nuclear 

. form factors for the inelastic transitions 13) . Using the macroscopic 

vibrational 1nodel, the radial shape of the J = 2 inelastic form factor 
' 

is parametrized, to lowest order, as 

Finel(R) .::.. 
2 l (15) 

\: 

with U(R) being the optical potential introduced in eq. (6), RB the 

radius of the vibrational nucleus B, and Rc the Coulomb radius. We use 

RB = Rc = 1. 2 (B) l/3. For B = 18o, the vibrational description is certainly 
+ . 

not a very good model. The 21 state could as well be interpreted as the . 
+ first excited state of the K = 0 rotational band, with 42 rather than 

4~ as its second member. However, the results obtained in a vibrational 

arid a rotational model for 180(2+) are very similar as long as no higher 

states are included, the vibrational model yielding slightly better 

agreement with the data, so that we treat 2+(18o) as a one-phonon state 

in all subsequent calculations. We take the Coulomb deformation param

eter from ref. 16) as Be = 0.3, whereas ~ = 0.343 is obtained from 

a CCBA analysis of forward angle 180 + 160 inelastic scattering data 5), 

in good agreement with results derived from proton scattering 17). 

The optical potential employed in our calculations is the Woods

Saxon potential "Z" of ref. 18) with V=-100 MeV, W=-40 MeV, rv=rw=1.2 fm, 

ay=0.49 fm, ~=0.32 fm. Corrections for the explicit treatment of 180(2+), 

necessary for more weakly ab~orbing pote~tials~ have not been made. 

To compute the two-neutron transfer contributions with the coupled 

equations (9), we calculate the source terms eq. (12) 
~' (aR) 

Pbb' (R) = < <PbiV(A,X) I<Pb,> -a--
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using microscopic two-particle wave functions. The nuclear matrix ele

ments are first rewritten in terms of geometrical factors, and radial 

transfer form factors F~r(R), which are obtained from evaluation of the 

matrix elements of the Woods-Saxon potential V that binds the neutrons 

to the 160 cores 14 ). With P1 ,pi and Pz,Pz being the coordinates of 
"' "' 

the two neutrons in the initial and final partition, respectively, and 

these matrix elements read 

The ~JM are configuration-mixed states 

with structure amplitudes cK of ref. 19) given in table 1, and two-particle 

states XJM 

xJM(£,£ 1
) = [ Z(l+o .. 1 )1 -~ E (jmj 1m1

1 JM)[<t>~(P) <PmJ. :c_e 1
) 

J J nnn I J ,..._, ·-

m 1 m1 

- <P . (P ) <P . I (P) 1 • 
J-- J ,..._, 

m The ¢.(p) are single particle wave functions of the two s-d shell neu
J ,..._, 

trons in the Woods-Saxon potential V (r = 1.175 fm, a = 0.6 fm, 

V = 7.8 MeV, and the depth being adjusted to bind the neutrons at the so 

average binding energy of the two neutrons in 18o). The 160 core is 

assumed to be inert, and antisymmetrization between the outer neutrons 

and the core particles is neglected. An estimate of its influence on the 
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. 20 
transfer form factors shows ) that it has a small effect only for core 

distances less than six fermi and is therefore completely negligible if 

strongly absorbing potentials are used. 

In the subspace we are considering, three form factors F}rCR) enter 

• the calculation of the source terms, namely for the transitions 

0+ ~ + + 2+ c · d · + +) d + 2· + h · ~ 0 , 0 + 1 ent1cal to 2 + 0 , an 2 + . We use t e same monopole 
+ + + + 

transfer form factor for the 2 + 2 transfer as for the 0 + 0 trans-

ition. We neglect J = 2 and J = 4 contributions, which can also connect the 

2+ states. This approximate treatment of the 2++ 2+ transfer 
~. " 

has to be improved in cases where indirect transfer turns out to be more 

important than in the reaction investigated here. While the parametri-

zation of inelastic form factors in the collective model allows for a 

good fit of inelastic scattering data for collective states by means of 

adjusting the parameters ~' Be, one has to confirm the correct relative 

sign between (macroscopic) inelastic form factors and (microscopic) 

transfer form factors. We ensure the correct phase by calculating the 

sign of the microscopic inelastic nuclear form factor 21) in the tail 

18 region, with the O(g.s., 2) wave functions that are used to compute 

the transfer form factors. The absolute sign of the wave functions.given 

in table 1 leads to consistency with the macroscopic inelastic form 

factor, eq. (15) . 
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4. Results 

Coupled channel calculations for the 160 + 18o elastic and 

180 (2+) inelastic scattering without and with two-neutron transfer con

tributions are compared in figs. 3-5 for the three energies E1 (16o)=24, 

28, and 32 MeV where data are available. Potential"Z"(see sect.3.2) is 

used throughout. Whereas the ordinary elastic and inelastic scattering 

cross sections show no oscillations at backward angles, the coherent 

addition of the transfer amplitudes reproduces the oscillatory and back-

ward-rising structure of the data, although the agreement with the 

(possibly erroneous 22) inelastic 24 MeV data is not good. Thus, the data 

for both elastic and inelastic channel find a consistent interpretation, 

if particle transfer is included. 

To obtain the correct backward angle cross sections in the calcu-

lations with exchange, we have to apply a common normalization constant 

N = 6.3 to all transfer amplitudes at the three energies, corresponding 

to an absolute normalization of the backward angle cross section of 

about a factor five. The necessity of this normalizing factor is not sur-

prising, because we evaluate the microscopic transfer form factors in a 

restricted configuration space (the s-d-shell), and perform a no-recoil 

calculation. The absolute magnitude of the transfer amplitudes 

turns out to be sensitive to the scaling factor a that enters the 

argument of the radial wave functions in the no-recoil approxru1ation. 

Calculations with a = 1 (as implied in the calculations reported 

. f 11) . d 1n re • lea to backward angle cross sections that are about two 

times larger than the ones computed with the value a = 16/18 as pre

scribed by the relationship of the coordinates. However, the possibility 
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of adjusting ~ to obtain the correct magnitude of the backward angle 

cross sections cannot replace a full recoil calculation. We use a== 16/18 

in our calculations, and normalize the transfer amplitudes to the ex

perimental data. We mention that in a recent DWBA calculation 23) for 

the elastic 28 MeV case, the absolute magnitude of the backward angle 

cross section in the no-recoil approximation is in better agreement 

with the data. This is due to the introduction of an effective binding 

energy for the computation of the single particle states, which is dif

ferent from the experimental separation energy, causing an enhancement 

of the transfer form factor tail. In this calculation, the inclusion 

of linear recoil terms was shown to enhance the transfer cross section 

by about a factor of two above the no-recoil result. 

In addition to the overall normalization, the ratio of quadrupole 

to monopole transfer form factors calculated from the wave functions 

given in table 1 is slightly enhanced by a factor of 1.3, to give a 

better account for the observed relative magnitude of inelastic and 

elastic cross sections at backward angles. This is well within the un

certainties of the wave functions, which also do not reproduce the 

electromagnetic transition rates correctly. We emphasize, however, 

that these two adjustments are common to all of the calculations with 

particle transfer, so that the results shown in figs. 3-5 are obtained 

with the same set of input parameters, only the energy being different. 

In contrast, the DWBA calculations for the elastic channel reported 

in refs. 7' 9) required different spect!oscopic amplitud~s for the 

transferred neutron cluster in order to account for the magnitude 

of the backward angle cross sections. The-discrepancy is removed 

by means of the inclusion of indirect transfer mechanisms in-

volving the 18o (2+) state, as can be seen by comparing 
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figs. 6 and 7, where results with and without indirect transfer are shown 

for two different energies. Whereas in the 28 MeV case, the magnitude of 

the elastic cross section is hardly modified at backward angles, the 

indirect transfer contributions (I) cause a considerable reduction at 

32 MeV, allowing for the use of the same normalization constant. In 

addition, the calculated inelastic cross sections are in better agreement 

with the data, when the indirect transfer modes are included. Of course, 

these results remain to be confirmed in full recoil calculations. 

Although the consideration of inelastic coupling and consequently, 

of indirect transfer modes, turns out to be necessary for the detailed 

reproduction of the experimental cross sections, their effect is not as 

d . d . . . . f (160 180) . rast1c as reporte 1n our 1nVest1gat1ons o , react1ons on 

heavier targets 10), again with the coupling of the 180(2+) state. One 

reason for this is that the ratio of one-step and indirect transfer 

amplitudes, which peak at different regions in £-space, is sensitive to 

the Q-value of the reaction 6). In a large-Q situation, the one-step 

transitions are more strongly suppressed compared to the indirect ones, 

which take place closer to the nucleus, and thus the relative importance 

of one-step compared to indirect reaction amplitudes decreases as the 

Q-value departs from its optnnum. Consequently, in the elastic transfer 

case with Q = 0, the one-step transfer is not suppressed. Another reason 

is that the transfer form fact?rs eq. (16) depend on the structure of 

the target, and are therefore different for c16o, 18o) reactions on dif-

ferent targets. 

Like the authors of ref. 23) we failed to reproduce satisfactorily 

the elastic higher energy data for the 180 + 
16o reaction using several 
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potentials, including weakly absorbing ones, which allow for a good fit 

of the elastic and inelastic forward angle region. Although reasonable 

fits to the inelastic data were obtained using the same parameters as in 

the low energy cases; figs. 3-5, the interferential structure in the 

elastic channel could not be reproduced due to a very strong dependence 

on the optic parameters, and theoccurrenceof diffractive oscillations. 

This situation in the elastic channel, already reported by Reisdorf 

et al. 23), is not significantly Tinproved by the inclusion of the in

direct transfer mechanisms. 

5. Sununary 

We have performed coupled channel calculations iri the no-recoil 

approximation for the elastic and ~elastic scattering 18oc16o,16o) 18o 

(g.s. and 2+) including two-neutron transfer contributions, which are 

described using microscopic transfer fonn factors. For three energies 

near the barrier, we have obtained reasonable fits to both elastic and 

inelastic data, confinning their interpretation as being due to the 

interference of scattering arid transfer mechanisms. 

This reaction turns out to be an example where the consideration 

of indirect transfer modes leads to relatively small, but non negligible 

corrections to the direct scattering plus transfer results. Because of 

these corrections, it is possible to use a common normalization constant 

for the elastic and inelasti~ transfer amplitudes at the three energies, 

thus removing the discrepancies previously reported 7) for the elastic 

transfer cases. 

We point out that indirect processes in elastic and inelastic 

transfer will be more important in reactions where the populations of 
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ground and excited states differ substantially, so that the feeding of 

the more weakly populated states by indirect processes via strongly 

populated ones becomes an important excitation mode. Also, the inelastic 

coupling can be considerably stronger than in the reaction investigated 

here, which. enhances indirect processes. An example is the recently mea

sured 160 + 
20Ne scattering 24) to the rotational states of 20Ne. In this 

reaction, a DWBA treatment of the elastic alpha transfer may no longer 

be applicable, because the strong inelastic coupling can produce im-

portant indirect alpha transfer contributions to the backward angle 

cross section. 

One of the authors (G.W.) wants to thank the German National 

Fellowship Foundation for financial support, and the NuGlear Theory 

Group at the Lawrence Berkeley Laboratory for their hospitality. 
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TABLE 1. Configuration amplitudes cK of the oxygen wave fnnctions 

(ref. 19) used in the finite range calculation 'of the 
· .... transfer fonn factors. 

., 2+ g.s. 1 

(1ds;z) 
2 0.8907 -0.6794 

(1d3/2) 
2 0.2230 -0~1034 

(2s112) 2 0.3964 

(1d5/2 2s112) -0.6736 

(1d5/2 1d3/2) -0.1596 

(1d3/2 2s112) 0.2205 
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FIGURE CAPTIONS 

Fig. 1. The system of coordinates used·in the calculations. 

Fig. 2. Diagrams representing the amplitudes considered in our calcula

tion of elastic and inelastic 16o + 
180 scattering. Wavy lines in

dicate scattering interaction (treated to all orders), straight 

lines with arrows two-neutron transfer (first order treatment) . 

Symbols for the nuclear states are 

--.A = 16o(g.s.),;;;;;:;;;:;;;;;:;;;: B = 18o(g.s.), 

F . 3 c d 1 . d . 1 . 16 . 18o . f 1g. . . ompute e ast1c an 1ne ast1c 0 + cross sections or 

ordinary scattering (S) are compared with results where, in 

addition to the scattering,particle transfer {T) plus indirect 

7 8 particle transfer (I) are included. The data are from refs. '). 

Oscillations in both elastic and inelastic channel are identified 

as being due to the interference of scattering and transfer. 

Here and in all subsequent calculations, the transfer amplitudes 

are normalized by a common factor of 6. 3. Potential "Z" (see section 

3.2), is used. The center-of-mass energy is 12.71 MeV. Error bars 

on the inelastic data show statistical errors only. 

Fig. 4. As fig. 3, but F~ c16o) = 28 MeV, corresponding to E = 14.82 -L c.rn. 

MeV. Error bars not shown. 

Fig. 5. As fig. 3, but E1 (16o) = 

Error bars not shown. 

32 MeV, corresponding to E c.m. 19.06 MeV. 

Fig. 6. For the 28 MeV case, the coherent sum of ordinary scattering (S), 

calculated in the CCBA, plus one-step particle transfer (T), are 

comparedwith the full-coupling situation including indirect transfer 

modes (I). Inclusion of process (I) results in relatively small 
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modifications. 

Fig. 7. As fig. 6, but for the 32 MeV case. Indirect transfer processes 

' (I) lead to a stronger reduction of the backward angle cross 

section at the higher energy. The same normalization constant for the 

transfer amplitudes as in the 24, 28 MeV cases accounts for the ob-

served cross sections, if the indirect transfer is included. 

I 
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.---------LEGAL NOTICE-----------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned rights. 
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