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Abstract: Angular distributions for elastic and inelastic transitionS in 

20Ne+160 scattering have been Ireasured at E(20Ne ) = 50 MeV .. For the 0+, 2+ 

and 4+ IreI'f1bers of the 20Ne gd.st. rotational band, the angular distributions 

exhibi t pronounced backward peaking characteristic of an -ex-cluSter exchange 

Irechanism. The analysis of the ground state transition in the first order 

elastic transfer model yields no satisfactory fit although microscopic cluster 

formfactors and full recoil corrections are employed. A coupled channels 

calculation for the 0+, 2+, 4+ transitions reveals very strong coupling 

effects, indicating that the coherent superposition of first-order optical rn<:rlel 

and DWBA arrpli tudes nay not be an adequate merlel for these reactions. 

NUCLEAR REACTIONS: l60 (20Ne,160 ) and 

16 (20 20) 1 t' d' 1 t' ONe, Ne, e as lC an me as lC 

transfer; E = 50 MeV; neasured a (Ef,El) ; 

optical model + DVffiA, and CCl3A analyses. 

+ SUpporh ... '<1 by the' Bundesminister fUr Forschung und Technologie, 
German Fed. Rep.,' 
and by the US Energy, Research and Developl1PJ1t Agency. -
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1. Introduction 

Several recent studies of the 20Ne ground state rotatio~al 

band in microscopic a-cluster plus core models have led 

to the conclusion that it may be characterized as an 

alpha-particle-like configuration of s-d shell nucleons 

rotating around a spherical 160 core 1-6). Furthermore, 

these calculations showed that the core may be, to a good 

approximation, identified with the ground state of 160. 

. 20 16 In the scatter~ng of Ne from 0, the exchange of the 

a-cluster between two identical 160 cores should then 

contribute to the observed cross sections 7). Viewed as 

a simple one-step direct reaction mechanism, the cluster can 

remain with the 160 core of the incident 20Ne projectile 

leading to elastic or inelastic s6atterinq; in the . 

latter case, the angular momentum transfer, ~, of the 

reaction arises from the excitation of cluster rotation 

with angular momentum L = ~ leading to a final 20Ne state 

with J = L. This part of the reaction may be described by 

optical model and DWBA amplitudes, respectively. In a 

coupled chcumels treatment, the corresponding amplitudes 

include the effect of virtual transitions between the 

rotational states of 20Ne in the reaction. If, on the 

16 other hand, the cluster is exchanged to the ° target 

nucleus forming one of the 20Ne rotational states, the 

final reaction products are the same, but the different 

kinematical situations in the two reaction paths make 

their contributions to the cross section show Up in 
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different regions of scattering angles. At reaction energies 

above the Coulomb barrier the non-exchange cross section is 

forward peaked whereas the exchange process contributes 

predominantly at backward angles 7,8). The amplitude of 

the exchange path may be obtained in the DWBA approximation 

16 20 16 20 as an alpha transfer process O( Ne, 0) Ne where the 

transferred angular momentum equals the spin of the 20Ne 

final state. 

In a fully antisymmetric treatment of the reaction both 

contributions would be automatically included along with 

other, more complicated mechanisms. As a first approximation 

for the transition to the ground states of both 20Ne and 

160 , a coherent superpos~tion of the elastic scattering 

amplitude obtained from the optical model with a DWBA, 

£=0 alpha -transfer amplitude appeared worthwhile. Such a 

treatment has been successfully applied 9,10) to the 

tt ' f 11B f 12C d 28s . f 29 s . h ' sca- erlng 0 rom ,an 1 rom 1 were a 

single nucleon is exchanged between identical cores. The 

contribution of "elastic transfer" was demonstrated to lead 

to a substantial bac~ward rise in the cross sections and 

to a characteristic interference structure in the region 

around 90.0 scattering angle where both amplitudes overlap. 

In addition to explaining the observed backward rise in the 

angular distributions, this analysis offered a new way of 

determining the spectroscopic factor of the transferred 

nucleon or cluster in the nuclear states involved. In 

conventional transfer reactions the cross section is pro-

portional to the spectroscopic factor S of the trans-
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ferred object in the final (stripping) or initial (pickup) 

nuclear state. In elastic transfer, the amplitude is pro-

portional to S because the transferred nucleons are 

stripped from the initial and picked up by the final 

nuclear states that are identical. In the case of the 

20 16 Ne+ ° ground state transition, the exchange amplitude is 

proportional to the square of the a relative motion form

factor '1) 

('1) 

where R is the relative distance between 160 and a, 

and the ~ are antisymmetric internal wave functions. The 

~ spectroscopic factor of 20Ne is given by 

(2) 

Therefore, the cross section at the very backward angles 

where interference with the non-exchange contribution may 

be neglected is proportional to 2 S . Furthermore, the 
a 

interference structure at intermediate angles is very 

sensitive to SO(. This quantity can thus be determined 

from measured absolute cross sections more sensitively 

than in a transfer reaction like 160(6Li,d)20Ne. 

In order to test the prediction of microscopic models 

20 that the members of the Ne ground state rotational band 

are alpha cluster configurations with more or less constant 

alpha-particle spectroscopic factors, we have measured 

angular distributions of the reactions 
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20Ne+160 ___ ?160(9d.st.)+20Ne(O+gd.st., 2+,4+) at an 

incident 20Ne energy of 50 MeV which is slightly above 

the Coulomb barrier.The analysis of the ground state 

transition was performed ~ith various microscopic 20Ne 

cluster wave function~ 4,5) and a su~erposition of optical 

model (OM) and DWBA transfer amplitudes; recoil effects 

were included in the DWBA formalism 11) . As we shall 

show in the following sectionS, this analysis can 

qualitatively reproduce the ground state transition data, 
/' 

lending support to the hypothesis of an alpha-eastic 

transfer mechanism. However, the limitations and 

ambiguities inherent in the first order OM + DWBA 

approximation render impossible an accurate determination 

of the alpha spectroscopic factor, calling for a more 

consistent treatment of the reaction mechanism. 

It did not appear worthwhile, therefore, to analyze the 

2+ and 4+ transitions in the framework of our first order 

approximation. The importance of second order contributions 

to all the observed transitions was demonstrated by a 

coupled chan..l1els calculation for the 0+, 2+ and 4+ states. 
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2. Experimental technique and results 

The experiments were carried out at the 88-inch cyclotron 

of the Lawrence Berkeley Lab9ratory. The energy of the 

20Ne beam was 50 MeV, corresponding to 22.2 MeV in the 

center of mass system. The average beam intensity was 

100 nA on target; a collimator was used to fix the beam 

spot and reduce it to an area of about 2 mm2 . Self 

supporting targets of aluminum - and nickel - oxide with 

a thickness of 250 and 100 pg/cm2 , respectively, were 

mounted in a scattering chamber equipped with a liquid 

nitrogen cooling finger close to the target as a trap for 

pump oil vapors, in order to reduce carbon buildup on the 

target during the experiment. 

Two ~E-E counter telescopes with 5~ ORTEC ~E transmission 

-4 detectors and a solid angle of 2·10 sr were used along 

with a monitor detector. The telescope events were sent 

to a computer, stored in ~E-(E+~E) arrays and analysed 

off-line with a program for energy calibration, peak inte

gration, peak unfolding and background subtraction. Energy 

calibration of the spectra was obtained from the peak 

positions of the elastic 20Ne scattering from S8Ni , 27AI 

~nd 160 • The overall energy resolution was about 500 keV 

which was sufficient to separate the transitions to the 

20 + + Ne ground state, 2 state at 1.63 MeV and 4 state at 

4.2S MeV. The corresponding peaks were identified by their 

kinematical shift with scattering angle from the peaks 
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due to inelastic scattering and al-pha transfer reactions 

27 
on Al and target impurities. For each scattering angle 

and telescope, both the spectra of outgoing 20Ne and 

16 O(gd.st.) products were obtained~ Fig. 1 shows these 

spectra for eLab = 36°. Since the 160 (gd.st.) angular 

distributions at forward angles correspond to the angular 

distributions of the elastic andinelastic 20Ne backward 

scattering it was sufficient to cover only the forward 

angles. 

Angular distributions were measured in steps of one degree 

for angles between 100 and 480 in the lab, system, corres-

ponding in the center,of mass system to an angular region 

from 22.60 to 1560 (for the ground state transition) 

covered in steps of about 2.50
• Angular distributions for 

excited 20Ne states above the 4+ level, as well as for 

transitions to excited 160 states could not be obtained 

because the outgoing Ne products were stopped in the ~E 

detectors. The NiOtargets turned out to be very inhomo-

geneous and were only used for a few forward angles where the 

27 kinematic separation of the elastic peaks from Al and 

160 . ff" t was lnsu lClen. 

The relative normalization of the angular di~tributions 

was obtained from the beam charge integration in the Faraday 

cup and the monitor counter. Overlapping angles were 

taken to normalize the data from the NiO and Al 20 3 targets 

to each other. The absolute cross section scale was ob-

20 tained by normalizing the Ne ground state transition 
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to an optical model calculation at forward angles where 0'\10 

(Rutherford). The absolute cross sections were determined 

independently from the known solid angles by weighing an 

area of 1 cm2 of the A1 20 3 target. The results agreed to 

wi t'hin l5!?,. 

The resulting angular distributions for the ground state, 2+ 

and 4+ states of 20Ne are shown in fig. 2. The error bars 

include errors due to statistics, background correction, 

and uncertainties in the unfolding of ~mpurity peaks. For 

the 4+ transition, the peaks could be identified with suffi

cient reliability only in the 160 spectra thus limiting the 

angular distribution to 9 CM ~ 700
• 

A backward rise is observed in all three angular distribu-

tions, suggesting that a mechanism different from direct 

elastic or inelastic scattering takes over at angles beyond 

about 900 .The pronounced oscillations at intermediate angles, 

observed in the ground state transition, appear damped in 

the inelastic reactions. The observed cross sections at 

about 1600 are fourtboos higher for the 2+ and 4+ transitions 

than for the ground state. This would be consistent with 

the assumption that the back angle cross section is due to 

a coherent alpha transfer contribution because ground state. 

t=O transitions are usually kinematically suppressed in 

heavy-ion alpha transfer reactions on s-d shell nuclei at 

energies close to the Coulomb barrier 12). In fact, the 

same ratio of 0+ to 2+ and 4+ cross sections is observed 13 ) 

in the reactions 160(7Li,t)20Ne and 160(160,12C)20Ne. 
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Note that these relative reaction cross sections may be 

compared directly to ours because the a-spectroscopic 

factors should be approximately the same for all three 

states 1,4,5) 
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3. Analysis of the Data 

For the quantitative analysis of our data, we will turn 

first to the ground state transition and apply the optical 

model plus DWBA coherent superposition approximation 8,9) 

(elastic transfer). In order to avoid ad hoc assumptions -- , 
the essential parameters were taken from systematic in-

vestigations of scattering and transfer reactions in the 

s-d shell. Therefore, we used~ standard set of optical 

model parameters that describe th~ average features of 

elastic scattering in the 160, 20Ne region 14). Recoil 

effects in the DWBA transfer amplitude turned out to be 

very significant 35); they were included using the quasi-

classical approximation described by Braun-Munzinger and 

H 11) M' 'f f t d t ' arney . 1croscop1C orm ac ors an a-spec roscop1C 

factors have been _used to specify the a-cluster bound 

state wave function used in the DWBA amplitude 4,5) • Never-

theless, no satisfactory fits were obtained, which is 

presumably due to the omission of second order contribu-

tions both to the elastic and transfer amplitudes. Such 

second order effects should be important because of the 

highly collective, deformed structure of the 20Ne states 

involved. This was substantiated by a coupled charmels 

calculation for the non-exchange part of the cross sections. 
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3.1. Alpha-cluster relative motion formfactors 

In the DWBA treatment for four-nucleon transfer, the Wave 

function ~a for the bound nucleons is usually obtained as 

a cluster formfactor from a Woods-Saxon potential by 

specifying the appropriate number of nodes and the sep-

aration energy of an asymptotically-free alpha particle. 

The alpha-particle spectroscopic factor is then identified 

with the normalization integral of Ya' i.e. 

(3) 

where R is the relative distance between cluster and core. 

sW.S. is then determined by fitting the, DWBA to the experi
a' 

20 
mental cross section. For the ground state of Ne, Ya is 

given as the 5s state 16) with separation energy 

E = - 4.73 MeV. No clear cut prescription exists for the 
a 

choice of the radius and diffuseness parameters of the 

Woods-Saxon well. If they are taken to resemble closely the 

real part of the optical model that describes low energy 

I h 'I I' ,17) (R A1/ 3 'th a p a partlc e e astlc scatterlng 0 = ro core Wl 

ro = 1.4 fm; a = 0.6~ fm), the resulting well depth is 

V 0 = 114 MeV. 

From systematic DWBA studies of heavy-ion induced four 

nucleon transfer reactions such as (160 , 12
C) at energies 

close to the Coulomb barrier it is known that the p~edicted 

cross sections are approximately proportional to the 

square of the bound state amplitude in the external 

region 12). The ins~nbitivity of peak cross sections to 
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the interior parts of the wave functions results from the 

surface localization of direct transfer reactions 18). The 

essential features of the bound state formfactor are, 

therefore, the slope which is unambiguously determined by 

the cluster separat~on energy, and the absolute magnitude 

in the external region. The latter depends on the overall 

normalization, Sa ' and on the choice of the radius para

meter Ro of the Woods·-Saxon well. Thus, the absolute value 

of Sa' extracted from a DWBA fit to the expcrirrental cross 

section, depends strongly on Ro and does not provide a 

well-defined result. However, relative spectroscopic 

factors for states belonging to the same intrinsic four 

nucleon configuration may be obtained by means of this 

procedure 3) 

In order to test the prediction of the first order elastic 

transfer model for the 160 +20Ne ground state transition, 

together with the additional assumption that 20Ne has a 

pure ~-cluster configuration, the asymptotic part of the 

cluster formfactor had to be unambiguously specified. A 

WoodS-Saxon solution was therefore fitted to the external 

parts of various microscopic cluster model formfactors by 

proper choke of S:·S. and Ro. The resulting W.S. s~lu

tions were then used in the recoil DWBA code to generate 

the exchange part of the elastic amplitude. This corres

ponds to specifying the a particle reduced widths,rather 

than the a-spectroscopic factor corresponding to the W.S. 

formfactor, by the fit to the microscopic model relative

motion formfactor. Because of the insensitivity of the 
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transfer reaction cross section to the interior parts of 

the radial wave function, our approach does not imply 

that we consider the W.S. solution as an overall approxi-

mation to the microscopic formfactor. As we shall show be-

low, the amplitude of the latter is drastically reduced 

in the interior as an effect of the antisymmetrization. 

The W.S. solution used in the DWBA code serves only to re-

produce the exterior part. The corresponding normalization 

Sw. S •. 
ex lS, therefore, more or less arbitrary; the alpha 

spectroscopic factor S ex is appropriately given by the 

normalization SC.M. of the microscopic relative motion 
ex 

formfactor (equ. 2). 
/ 

Various microscopic alpha cluster model calculations for 

20Ne have been recentli reviewed by Arima 1) • -In general, 

the ex-particle relative motion formfactor is given by 
r 

= nL<~ ~ YLIA{~ ~ YLFL(R)}> ex core ex core (4) 

where L is the cluster angular mome~tum, a norma-

lization factor, and the quantity in the right hand side 

of the bracket is the antisymmetrized model wave function 

20 
for Ne. The relative motion part, FL(R) , is normalized 

to unity. The probability of finding an~-particle in 20Ne 

is then given by the normalization S~·M. of XL(R) as given 

in equ. (2). In most cases, it is smaller than unity dtie 

to the effect of antisymmetrization on FL(R) • For example, 

+ describing the K = ° ground state rotational band in the 
. 1 ) 

(8,0) representation, of SU 3 ' one finds a maximum spectro-
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soopic factor of Sa(8,0) = 0.23. W~th j-j coupling wave 

functions and configuration mixing in the s-d shell, 

McGrory e't aI., 19) obtained SS.M. = 0.18 for the 20Ne 
a 

ground state. Since the nucleons outside the 160 core 

are limited to the s-d shell, in both cases, one may call 

a value of about 0.2 the shell model limit for S 
a 

In order for S to approach unit~ as is familiar for a 

single nucleon spectroscopic factors, higher lying shell 

model orbits have to be admixed to the s-d shell, giving 

the a-cluster a higher degree of localization than is im

plicit in the normal shell model wave function 1). As 

S ---:> 1, the cluster becomes more discernible in the 
a 

nuclear density distribution and moves towards the sur

face. For the a_ 160 molecular rotator states 6), encountered 

in elastic a-scattering from 160 , clearly S ~ 1. However, 
a 

these are highly excited states; much less localization 

20 is possible in the Ne ground state. 

In our analysis of elastic transfer , we used wave functions 

obtained by Tomoda and Arima 5), and by Hiura et ale 4). 

In the model used by Tomoda and Arima, shell model wave 

functions with SU 3 representations (A,p) = (8,0), (10,0), 

(12,0) and (14,0) are mixed into the relative motion 

function, assuming the 160 core and the alpha cluster to 

be in their lowest internal states: 

= r- aL(A)nLlt {<jl(160 ) <I>(o.>q'NL(R -R )}. (5) 
1\ . a core 
(2N+L=A) 
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The coefficients aL(A) are obtained with a Volkov two 

20 body potential, fitting the ·Ne ground state binding 

LBL-5041 

energy and the excitation spectrum of the K = 0+ rotational 

band. 

Hiura et a1. 4). start with a two centered Brink-Bloch 

wave function 

(6) 

to which they apply angular momentum projection and the 

generator coordinate method with respect to R =/ Ro-R, / 

which represents the distance between the two clusters. 

Using the Volkov 2 force, they obtain satisfactory agree

ment with the 20Ne excitation spectrum, and a ground state 

a_ 160 binding energy of E 
B = - 4.55 MeV (the experimental 

value is E = - 4.73 MeV). The cluster relative motion 
B 

formfactor of both models is obtained by the overlap 

. t 1 ( 4 ) h . f SC • M •. . b 1n egra ; t e spectroscop1C actor 1S glven y 
a 

th 1 . . ( 2) Th l' sC • M . f th 20N e norma lzatlon • e resutlng a or e e 

ground state are 0.32 (Tomoda) and 0.45 (Hiura) ,respectively. 

The corresponding cluster formfactors are shown in fig. 3, 

together with Woods-Saxon formfactarsobtained with 

ro = 1.4 fm that. are normalized so as t6 fit the asymptotic 
I 

parts (R )05 fm) . In the nuclear interior the microscopic 

formfactors are drastically reduced due to the antisymmetri-

zation, and the major pilrt of the alpha particle probability 

amplitude is pushed into the surface region. The formfactor 
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of lliura et a1. with SC.M. = 0.45 exhibits the same sur-
- -- a 

face amplitude as the Woods-Saxon formfactor with ro = 1.4 

d 1 . t . . SW. S • 8 h 1 . 11 b d an a norma lza lon = o .. T e atter Wle use 

in the DWB~ analysis. 

3.2 Elastic transfer and coupled channels calculations 

The 160 +20Ne ground state transition was calculated as a 

coherent superposition of elastic scattering and cluster 

transfer using the code BRUNHILD of Braun-Munzinger ~ a1.20 ) . 

In the reaction amplitude 

(7) 

the relative phase is fixed by the symmetry of the system8 ) . 

The set of optical model parameters 14), used in both 

amplitudes, was Vo = 100 MeV, W = 35 MeV, rv = rw = 1.2 fm, 

a v = 0.49 fm, a w = 0.32 fm, representing a strongly absorbing 

potential. No £-dependenceof the absorption was taken into 

account because several direct exit channels are available 

to carry the grazing angular momentum £0 ~ 10; among these 

the low lying collective states are particularly strongly 

excited in inelastic scattering (c.f. fig. 2). 

Effects of recoil and finite range should be highly important 

in the a_ 160 system because the transferred mass cannot be 

considered small relative to the core mass 15). This is 

different from the situation encountered in single nucleon 

elastic transfer reactions like 28 Si+29 Si and precludes, 

in our case, the use of the LCNO model of von Ocrtzen and 
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Norenberg 21) which does not incorporate recoil effects. 

The DWBA amplitude used'in the code BRUNHILD treats recoil 

in the local momentum approximation, which is applicable 

to reactions with strong absorption in the entrance and 

exit channels where the reaction is localized to a radial 

11) 
domain outside the quasiclassical grazing radius • In 

our calculations, the finite range and recoil effects led 

to a reduction of the extreme back angle cross section by 

almost an order of magnitude, and to a damping of the 

oscillatory structure at angleseCM ) 1200
• 

The results of the optical model and elastic transfer 

calculations are compared with the ground state transition 

data in fig. 4. Both fits are identical for eCM~80o; ip 

this domain, the data are well reproduced. The OM cross 

section continues to falloff towards larger angles, in a 

manner typical for strongly absorbing potentials,whereas 

interference oscillations and a backward rise develop in 

o 'the elastic transfer angular distribution for e CM > 80 • 

However, the experimental cross sections are largely under-

estimated at intermediate angles, where also the phase of 

the oscillations is not well reproduced. 

A variation of the opti~al model parameters did not yield 

significant improvements insofar as a better agreement 

with the backward oscillatory pattern could only be achieved 

at the expense of fit quality at forward angles. 

Apparently, the DWBl\. amplitude falls off too rapidly from 
o . 

backward angles towards 90 , or the OM amplitude is inadequate 
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o for SCM> 80 • Attempts to improve the fit by scaling the 

DWBAamplitude with a larger bound state formfactor 
. 

normalization were unsuccessful. For example, an arbitrary 

normalization to SW.S. = 2 shifted the angular distribution 

upward by a uniform factor of about four for S ~ 1000
, im-

proving the agreement at intermediate angles but far over-

estimating the cross sections at the very backward angles. 

A somewhat better overall fit was obtained by increasing 

the Woods-Saxon well radius from r = 1.4 fm, as prescrlbed o 

by the microscopic models, to ro = 1.75 fm, at the same time 

reducing the overall normalization to sW.S. = 0.5. The 

corresponding fit is also shown in fig. 4. However, this 

procedure implies an alpha-particle surface reduced width 

twice as high as given by the microscopic wave functions 

appropriate to the 20Ne ground state. This corresponds to 

an alpha-cluster localization far beyond the limits indicated 

for low lying 20Ne states by microscopic models 1) 

It was therefore concluded that the first order elastic 

scattering and exchange mechanism, underlying the OM plus 

DWBA approximation to elastic transfer, is not appropriate 

in the 160 +20Ne case. An improved calculation would have to 

include virtual transitions to the excited collective states 

of 20Ne both in the entrance and exit channels, as well as 

the transfer of the alpha cluster among excited states. No 

computer code was available to the authors that would take 

all these transitions into account, along with an appropriate 

treatment of recoil effects. 
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In order to. demonstrate the higher order effects on the 

optical model amplitude alone, a coupled channels calculation 

was done for el~stic and inelastic 160 +20Ne scattering using 

the code of Ascuitto and Glendenning 22). No exchange 

contributions were taken into account. The usual collective 

macroscopic model was bsed 23) for the deformed nuclear 

field: 

v (r-R (e) ) 

with 

(9) 

corresponding to a spherical 160 with radius RT , and a 

deformed 20Ne projectile with radius Rp' All deformation 

constants are to be associated with the radius R = 1.2 (20) 1/3. 

The deformation lengths N S. R were taken from de Swiniarski 

~t "ll.. 24) The Coulomb deformation SC = 0.8 was reduced . 2 

slightly from the value 0.87 reported by Stelson and 

Grodzins 25) because we include A = 4 in the Coulomb field 

expansion, in addition to A = 2. 

The results of this calculation are shown in fig. 5, which 

also gives the optical model fit (without channel coupling) 

for clastic scattering. The effect of channel coupling 

for the ground state transition is clearly exhibited. 

At intermediate scattering angles where the elastic transfer 

calculation (fig. 4) was systematically underestimating the 
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observed cross section, the CC cross sections are much 

larger than the OM cross sections. The 2+ transition cross 

section is underestimated at very fOlWq.rd angles. It 

should be noted, however, that we did not attempt any 

parameter optimization, and that the experimental error bars 

are large in this region (c.f. fig. 2) due to normalization 

and background correction uncertainties. 
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4. Conclusions 

The shape and structure of the cross secti6ns measured ~or 

20 16. 20 the Ne+ Q scatterlng to the three lowest states of Ne 

are in qualitative agreement with the assumption of an 

alpha-cluster exchange process dominating,atpackward 

angles. Calculations in the framework of a first order 

optical model plus DWBA description of elastic transfer 

did not lead to quantitative agreement with our data, 

although microscopic formfactors and recoil corrections 

were employed. The fits did not reproduce the interference 

structure at intermediate angle$, indicating inadequacies 

in either the OM or the DWBA amplitudes, or both. The 
, 

quality of the fit is better at forward and extreme back-

ward angles where higher order corrections to the 

dominating amplitudes are less important. In such a limited 

sense, we may say that the alpha-particle spectroscopic 

factor S~·M. = 0.45 obtained for the 20Ne ground state in 

the microscopic model of Hiura et al. 4) is consistent 

with our data. 

The coupled channels calculation for the ground state 

transition indicates that the OM _amplitude is too small 

at backward angles. This may explain ~n part the low 

cross sections and wrong phases obtained in the inter-

mediate angle elastic transfer calculations. One might 

therefore try to improve the modeL replacing the OM 

amplitude in (7) by a coupled channel amplitude. This was 

not done for the following reasons: 
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a) the higher order effects should be ~lly 

important for the transfer amplitude at inter

mediate angles(indirect transfer via excited 

sta tes') I and 

b) the model would still be unsatisfactory as 

long as 20Ne is treated mccroscopically in the CC 

ampli tude and microscopically in the Dh'BA 

transfer amplitude, resulting in difficulties 

in determining the relative phases of the inter

ferring amplitudes. 

LBL-5041 

We may then hope that the present data and analysis will 

stimulate a more comprehensive theoretical investigation 

of the cluster exchange mechanism, leading to a reliable 

determination of the alpha-particle spectroscopic factor 

in the 20Ne ground state rotational band. 
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Figure ~tions 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Spectra of outgoing 20Ne and 160 at e
Lab 

= 3,,0. 

Angular distributions for elastic and inelastic 

20Ne+160 scattering to the ground state, 

+ + 20 . 2 (1.63 MeV) and 4 (4.25 MeV) states of Ne. 

The smooth curve forthe ground state transition 

is drawn to guide the eye. 

Alpha particle relative motion formfactors for the 

20Ne ground state. Microscopic calculations of 

Tomoda and Arima (ref. 5; upper part) and Hiura 

et ale (ref. 4; lower part) are matched by Woods-

Saxon solutions in the external region (R > 5 fm). 

Results of optical model (OM) and elastic transfer 

(OM+DWBA) calculations for the 20Ne + 160 ground 

state transition. 

Results of optic~l model (OM) and coupled channelS 

(ee, no exchange) calculations for 20Ne+160 scatter

ing to the first three states in 20Ne . Potential 

parameters are the same as in the elastic transfer 

calculation except W = 15 MeV. Deformation para-

meter are s~ = 0.43, B~ = 

B~ :::: 0.4. 

0.26, Se = 0.8 and 
2 
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