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ALPHA-GAMMA ANGULAR CORREIATIONS IN  THE 

by Regis F. Leonard, W i l l i am M. Stewart, and  Nor ton  Baron 

Lewis Research Center  

SUMMARY 

The angular correlation between inelastically scattered alpha particles and gamma 
rays  emitted in the subsequent nuclear decay has been measured for  scattering with 
excitation of the 1. 176-MeV state of tin-120. 
tion has been measured for  center-of -mass scattering angles between 15' and 60'. The 
experimentally observed symmetry angles were close to the adiabatic predictions over 
the range of alpha-particle scattering angles ea, studied, except for  a rapid rotation at 
8 
of a distorted-wave Born calculation performed using a wide range of optical model PO- 
tentials, none of which predicted the rotations found in the data. 

The symmetry angle of the gamma distribu- 

= 24', and a possible one at ea, = 15'. The results are compared with the predictions 
Q 

I NTROD UCTl ON 

The inelastic scattering of medium energy alpha particles excites predominately col- 
lective states, and in particular, the first 2+ state of even-even nuclei. Several theories 
can predict the c ross  section fo r  the scattering of alpha particles for  nuclei in the mass  
region of tin with fairly good results. The angular correlation, however, is more sen- 
sitive to the details of the calculation because it depends on the phases of the transition 
amplitudes, while the c ross  section depends only on the magnitudes. 

Previously the differential c ros s  section for  the elastic and first 2+ state of tin-120 
( Sn) have been measured (ref. 1). Good four-parameter optical model fi ts  were ob- 
tained fo r  the elastic scattering data. The optical model analysis of the elastic tin data 
showed considerable ambiguity in the optical model parameters obtained, as is common 
in the scattering of medium energy alpha particles. It has been shown (ref. 2), that in 
the mass  region of tin the ambiguities are due to a surface reflection as opposed to the 
volume absorbtion found in the lighter nuclei (ref. 3). 
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The distorted-wave Born approximation (DWBA) calculation for  the inelastic scat-  
tering to the first 2* state of 120Sn were of no help in removing the optical model am-  
biguities because the DWBA fits to the inelastic data were essentially equivalent f o r  all 
se t s  of optical model parameters.  

particle and the de-excitation gamma ray from the 1. 176-MeV state was undertaken in 
hopes of obtaining useful data complimenting the scattering c ross  sections. It was hoped 
that the DWBA predictions of the correlation pattern would allow us to obtain a unique 
se t  of optical model parameters. If this could be done, then, in the framework of the 
direct  reaction theory, we would have a better understanding of the alpha scattering reac-  
tion mechanism. 

The measurement of the angular correlation between the inelastically scattered alpha 

SYMBOLS 
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magnitude of isotropic component of alpha-gamma correlation function 

diffuseness of form factor for  imaginary par t  of optical potential 

diffuseness of form factor for  r ea l  part of optical potential 

magnitude of anisotropic component of alpha-gamma correlation f unc- 
tion 

reduced transition amplitude 

Clebsh-Gordan coefficient fo r  addition of angular momentum j lml 
and j2m2 to obtain resultant JM 

wave number of incident alpha particle 

orbital angular momentum 

number of data points used in optical model search 

number of parameters used in optical model search 

nuclear radius constant 

simiclassical  interaction radius 

radius of form factor fo r  imaginary par t  of optical model potential 

radius of form factor for  real part of optical model potential 

strength of r ea l  part of nuclear optical potential 

nuclear optical potential 
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W 

ea 

du/dS2 

2 x 

strength of imaginary part of nuclear optical potential 

correlation pattern in reaction plane 

spherical harmonic of order  1 ,  m 

symmetry angle of alpha-gamma correlation function 

scattering angle for  alpha particles in center of mass  system 

angle of emission of gamma-ray relative to incident beam direction 

differential c ross  section 

azimuthal angle for  coordinate system 

measure of statistical goodness of f i t  

EXPERIMENTAL ARRANGEMENT 

Beam Handling 

The experiment wa performed using the 42.0*0.2-MeV alph particle beam of the 
NASA 152-centimeter cyclotron. A schematic diagram of the scattering system is shown 
in figure 1. The system was designed to reduce the gamma-ray background to a mini- 
mum in the target area. The cyclotron beam is focused by a quadrupole magnet on slit 
S1, se t  at a width of 1 millimeter. Slit S1 acts  as a source slit for the 60' magnet. 
The magnet's principal purpose in this experiment was simply to bend the beam into the 
scattering chamber and away from the neutrons coming down the original beam line. 
Slit S2, which was located 56 centimeters from the exit of the magnet, was ordinarily 
set to a width of about 1 millimeter. Slit S3, located 159 centimeters from the exit of 
the magnet and set  at a width of 1. 5 millimeters, defined the direction of the beam inci- 
dent on the target. Slit S3 was 327 centimeters from the target and was located inside 
the concrete shielding wall, with 90 centimeters of lead shielding placed behind it to re- 
duce unwanted slit scattering and gamma rays  in the target area.  The Faraday cup was 
removed from the target room by passing the beam duct through a hole in the wall 300 
centimeters from the target. The Faraday cup was located 137 centimeters in the ground 
behind the target room wall. The unwanted gamma-ray background was very low for  the 
system and the gamma-ray detector count rate showed only a few percent increase for  
the beam passing through the scattering chamber with no target in the beam. 
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Figure 1. - Schematic diagram of scattering system. (All dimensions a re  in cm.) 

Detectors 

The charged particles were detected in  lithium -drifted solid-state detectors, which 
were produced at Lewis (ref. 4). Ten detectors were employed simultaneously in a 
mount previously described (ref. 4). The detectors were separated by 4' and had a full 
angular resolution of 1' fo r  angles greater  than 25O, and 0.25' for  smaller angles. The 
mean alpha scattering angle w a s  known with an accuracy of *O. 05'. 

Gamma rays  were detected by a 7.62- by 7.62-centimeter sodium iodide (Tl) crystal. 
The front face of the detector was 12.7 centimeters f rom the target and the full angle sub- 
tended by the detector was about 35'. 

Electronics 

The electronics used have been described in detail in reference 5. They were for  the 
most part commercially available units except for  the 16-channel router, which was de- 
signed and built at this laboratory by T. E. Fessler.  A schematic diagram of the elec- 
tronics is shown in figure 2. The signals from the individual preamplifiers were mixed 
in the router and proper logic performed so that they were routed to one of the sixteen 
256 channel subgroups of the analyzer memory. The coincidence arrangement was a 
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(7.6 by 7.6 cm) High voltage 

Figure 2. - Multidetector coincidence arrangement us ing  16-channel router. 

typical fast-slow coincidence setup, using crossover pickoff for  the fast timing signal. 
The gamma single-channel analyzer was se t  so  that there was energy selection on the 
coincidence requirements. 
50 nanoseconds, which is approximately half of the cyclotron duty cycle. 

The resolving time of the fast-coincidence circuit was run at 

EXPERIMENTAL DATA 

The raw data for  this experiment consisted of the energy spectra of the scattered 
alpha particles taken in coincidence with the 1.176-MeV gamma ray  from the de-excitation 
of the first 2+ state of 120Sn. Typical results a r e  shown in figure 3. 
counts in each peak of the spectrum was determined by summing the appropriate analyzer 
channels and subtracting the accidental coincidences. These random counts were de - 
termined by using the fact that all elastically scattered alpha particles in the coincidence 
spectrum are accidental. The number of elastic counts in the coincidence spectrum mul- 
tiplied by the ratio of the inelastic (first 2+ state) c ross  section to the elastic c ross  sec-  
tion gave one the number of random counts in each coincidence spectrum. Before and 

The number of 

5 



1 4 r  r 

number  
(a) Singles spectrum. (b) Coincidence spectrum; gamma- 

ray  emission angle, 105". 

Figure 3. -Typical  spectra of alpha particles scattered from the  reaction 
tin-120 (a, a'). Alpha-particle scattering angle, 36'. 

after each coincidence run a singles run was made to check the ratio of the inelastic to 
the elastic cross section. The average of the before and after singles runs taken over the 
range of the 10 gamma angles was used in the random count correction. 

6 5 145'. The gamma angular range was covered in 10' s teps  and the alpha-particle 
range in 2' steps. The coincidence runs were normalized relative to a monitor alpha de- 
tector located at approximately 30 below the beam line in the forward direction. Ex- 
perimental difficulties arose chiefly from two sources. The first is the relatively small  
fraction of the total reaction c ross  section (approximately 2 barns), which may be attri- 
buted to inelastic scattering. This results in a large target-induced gamma-ray back- 
ground. 
visible in the gamma-ray spectrum shown in figure 4. As a result  the true-to-chance 
ratio for  the currents used (25 nA at angles larger than 25") averaged a rather poor one 
to six. Second, as seen in figure 5, a t  forward angles the elastic c ross  section is several 
orders  of magnitude larger  than the inelastic c ross  section. Consequently, it became 
extremely difficult to resolve the inelastically scattered alpha from the low-energy tail 
of the elastically scattered ones. As a result  it was impossible to obtain correlation data 
at angles smaller than 15'. 

in the reaction plane for  a fixed alpha scattering angle is (ref. 6) 

0 The experimental data were taken over angular ranges of 15' f O C u  I 60' and 45 I 

Y 

0 

This is evident in that no photopeak corresponding to the 1.176-MeV gamma was  

For  the sequence of spins (0' - 2' - O+) the form of the correlation pattern W(O ) 
Y 

2 W(e ) = A + B sin 2(6 - eo) 
Y Y 

\ 
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Figure 4. - Gamma-ray singles spectrum from reaction tin-120 (a,y).  
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Figure 5. - Tin-120 dif ferential cross section. 
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90 

Gamma-ray 
symmetry 
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I 
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(a) Laboratory alpha-particle (b) Laboratory alpha particle 
scattering angle, 19'. 

Figure 6. -Typical correlat ion patterns wi th  least square f i ts 

scattering angle, 28'. 

to funct ion W(9) = A t B s in2  2% - go). 

The coordinate system used is spherical with the polar axis along the incident beam di- 
rection and the azimuthal angle measured from the plane determined by the scattered 
alpha particle. All gamma rays  measured in this work were for the azimuthal angle 
cp = 8. 
using a linear least squares fitting program, as described in reference 7. Typical 
experimental patterns and fits are shown in figure 6. The parameters determined from 
these measurements a r e  the symmetry angle 60 and the A/B ratio. The A/B ratio 
was corrected f o r  the effects of the finite geometry of the gamma detector using the 

The measured correlation patterns were f i t  by the functional form of equation (1) 
Y 

TABLE I. - TIN-120 ( C Y ,  0 ' 7  

15.49 
16. 53 
17.56 
19.26 
20.65 
21.68 

23.75 
24.78 
25.81 
26.84 
28.90 
30.96 
33.01 

79.23*32.61 
55.10k6.65 
61.08k7.17 
75. 50k3.53 
72.65k5.98 
78.17k5.50 

15.96k28.70 
54.97k6.36 
60.78k7.03 
63.13k3.14 
67.46k1.95 
64.37k3.23 
67.31k5.17 

EXPERIMENTAL RESULTS CORRECTED FOR FINITE GEOMETRY 

3atio of isotropic 
to anisotropic 

component, 
A b  

Ok2.986 
0.098*0.241 
OkO. 308 
OkO. 100 
OkO. 187 
OkO. 157 

3.042k8.799 
0.084kO. 185 
0.292-tO. 248 
0.081k0.115 
0.2191tO. 008 
0.580k0.188 
0.182+0.207 

Alpha center -of. 
mass  scattering 

angle, 

deg 
ea.' cm, 

35.07 
37.12 
39.18 
41.23 
43.28 
45.33 

47.37 
49.42 
51.46 
53.51 
55.55 
59.62 

Gamma-ray 
symmetry 

angle, 

deg 

58.16k4.97 
62.03k2.36 
67.78k2.88 
67.44k3.64 
68.86k7.90 
44.78kll. 41  

66.53k7.15 
15.71165.67 
51.67k36.57 
60. 14k8.60 
67.76k8.61 
62.11k6.98 

9 0' 

Ratio of isotropic 
to anisotropic 

component, 
A D  

0.022k0.190 
0.070k0.078 
0.001*0.009 
OkO. 118 
OkO. 311 
0.358k0.423 

0.209k-O. 266 
1. 158k6.930 
Ok2.754 
OkO. 441 
OkO. 366 
OkO. 515 
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Figure 7. - Gamma-ray symmetry angle for  reaction IaSn (a, a‘y). 

method of Rose (ref. 8). The parameters obtained are listed in table I, and the symme- 
t ry  angle data a r e  shown graphically in figure 7. 

bly exceed the value of the ratio. 
obtained. 
it is the ratio of two measured quantities, each of which suffers independently f rom the 
poor statistical accuracy. 

The A/B ratios a r e  not shown graphically since in most cases the e r r o r s  considera- 
This is due largely to the poor statist ics that could be 

The effect is more drastic in the A/B ratio than in the symmetry angle since 

DISCUSSION OF THEORY 

Several theories can predict the angular correlation as well as the inelastic scat ter-  
ing c ross  sections. Two of these theories are the adiabatic approximation (refs. 9 and lo), 
and the plane-wave Born approximation (refs. 11 and 12). 
first case follows the adiabatic direction of recoil of the target nucleus. In the plane-wave 
Born approximation the symmetry angle follows the nonadiabatic recoil direction of the 
target nucleus. For angles greater  than 20°, these two theories predict essentially the 
same symmetry angle as shown in figure 8. 

It is well known, however, from studies of other nuclear reactions that neither the 
plane-wave Born approximation nor the adiabatic approximation is very realistic. A 
more satisfactory approach fo r  most (ref. 13) nuclear reactions is the use of the 
distorted-wave Born approximation (DWBA) in which the incident and exit waves a r e  de- 
scribed asymptotically, not as plane waves, but as waves which have been distorted to f i t  
the elastic scattering f rom the same nucleus. 

DWBA calculations have been particularly successful in describing nuclear reactions 
involving medium and heavy weight nuclei, where the statistical assumptions of the optical 

The symmetry angle in the 

9 



Ll I I I I I I 1 1  
0 10 20 30 40 50 60 70 80 90 100 

Alpha centerdf -mass scattering angle, ea, deg 

Figure 8. - Symmetry angle as predicted by adiabatic approximation and plane-wave Born  
approximation. 

model are best  justified. One encounters a problem, however, in that the optical poten- 
tial necessary to generate the distorted waves is not uniquely defined by the elastic scat-  
tering of strongly absorbed particles such as alphas and deuterons. The reasons for  
these ambiguities have been discussed (ref. 3). For the alpha energy involved here and 
for nuclei as heavy as tin, it appears that the ambiguities a r i s e  because the scattering 
is due mainly to reflections at the nuclear surface (ref. 2). Consequently any two nuclear 
potentials that a r e  the same at large radii will produce the same scattering. In the pre-  
sent work a Woods-Saxon nuclear potential of the form 

was used. For this particular potential the requirement that the outer edges of the poten- 
tials be similar takes the form (ref. 2) 

J a, = Constant 

10 



In addition to the four parameters indicated in equation (2), it is possible to introduce 
two others. This is accomplished by allowing the r ea l  and imaginary par ts  of the nuclear 
potential to have different radii and diffusenesses. A s  a rule, this does not lead to any 
great  improvement in describing elastic and inelastic scattering of alpha particles, al- 
though some improvement has been reported in scattering from 58Ni (ref. 14). No data 
of course a r e  available on whether any improvement is obtained by using a six- rather 
than four -parameter potential to describe angular correlations. 

sections are of little value in  determining whether one optical model potential is more 
valid than another (ref. 2). It was  believed then that a comparison of angular correla- 
tion data with the predictions of a DWBA calculation would indicate that some potentials 
are better descriptions of the scattering than others. 
of the expression for  the correlation pattern in the geometry used here  (ref. 15) 

It is fairly well established that DWBA calculations of inelastic scattering c ross  

The basis  for  this belief is the form 

m m '  
2 1  

z m  

as compared with that for the cross section 

2L + 1 (5) 

where the FLMts a r e  transition amplitudes as defined in reference 16. 
the first expression is sensitive to the phases of the transition amplitudes FLM while 
the c ross  section involves only the squares of their absolute values. 

It is clear that 

DlSCUSSlON OF DATA AND CALCULATIONS 

The elastic and inelastic c ross  sections for  scattering of 42-MeV alpha particles 
f rom 120Sn have been discussed in detail in reference 1. The cross  sections exhibit a 
typical diffraction-type structure and obey the Blair phase rule. 

The angular correlation data are distinguished by the presence of a rapid reverse  
rotation of the symmetry angle near an alpha scattering angle of 24' and a possible rapid 
rotation near 15'. Except for  these two regions, it appears that there are no large de- 
partures from the adiabatic prediction. This behavior is similar to that observed in 
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gamma correlation studies on carbon-12, magnesium-24, and nickel-58 (refs. 5, 7, and 17). 
In the carbon-12 nuclei it appears that the rapid rotations occurred at minima in the in- 
elastic c ross  section fo r  alpha scattering angles up to Om, and that the symmetry 
angle remained relatively close to the adiabatic prediction fo r  alpha scattering angles 
la rger  than Omax. Since these minima a r e  predicted fairly accurately by Blair 's dif- 
fraction model (ref. 9), this means in each nucleus Om, should correspond to approxi- 
mately the same value of the scattering argument used in that theory, namely, 
kRo s in  8/2. 

tion at 45'. Recent data have shown that the last large rotation is at approximately 
20°, which corresponds to the rapid rotation at smaller  alpha scattering angle in the 
other nuclei studied. 
shown in table 11. 

The A/B ratios, measured with the accuracy attainable here  contain very little in- 
formation. At only one angle, ea, = 30.96', was it possible to say for  certain that the 
correlation pattern had a nonzero isotropic component, in conflict with adiabatic and 
plane-wave predictions (refs. 11 and 12). 

agreement with the elastic cross-section data, however, ambiguities of the type discussed 
earlier were present. Eight equally good four-parameter potentials are listed in table 11, 
and the resul ts  of calculations with three of these a r e  shown in figure 9. 

In figure 10 calculated inelastic c ross  sections a r e  compared with the experimental 
values. The potentials used a r e  the three optical model potentials whose elastic fits a r e  
shown in figure 9. The inelastic calculations were done using the direct-reaction calcu- 
lation (DRC) program of Gibbs et  al. (ref. 16). 
the whole range of optical model potentials, demonstrating again that the inelastic c ros s  
sections in no way aid in removing optical model ambiguities. 

It was believed that magnesium-24 also followed this pattern with its last large rota- 

The comparison of the rapid rotations in the symmetry angles is 

Optical model calculations using the computer program SCAT 4 (ref. 18) give good 

The agreement with the data is good over 

Second rotation 
in symmetry 

angle, 

TABLE 11. -COMPARISON OF ROTATIONS IN SYMMETRY ANGLE DATA 

Scattering 
angle 

argument, 

Nucleus 

20 

Carbon-12 

0.670 kRo 

Last Rotatior 
in symmetry 

angle, 
deg 

47 

20 

28 

24 

Scattering 
angle 

argument, 
kRo sin 8/2 

0.914 kRo 

0.501 kRo 

0.937 kRn 

1.01 kRo 

deg I kRo sin e/2 

27 I 0. 534 kRo 

I 
I --------- 

-- 

I 
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Figure 9. -Elastic angular distr ibution of alpha particles scattered from tin-120. 

(c) Strength of real part of nuclear optical ptent ia l ,  316 MeV. 
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(a) Strength of real part of nuclear optical potential, 
43.4 MeV. 

(b) Strength of real part of nuclear optical potential, (c) Strength of real part of nuclear optical potential, 
103 MeV. 316 MeV. 

Figure 10. - Differential cross sections for inelastic scattering of 42-MeV alpha particles from tin-la. 



In figure 11 the calculated symmetry angles are compared with the experimental data. 
The transition amplitudes are calculated by the DRC program and the symmetry angle is 
calculated using equation (4). All eight of the potentials predict nearly identical correla- 
tion patterns for  alpha scattering angles larger  than 10'. 
(V = 87.7, 103, and 117 MeV) predict a reverse  rotation of the symmetry angle near 
8, = 5' while the others predict a rapid forward rotation in that region. Beyond 10' 
all the potentials tested predict that the symmetry angle should stay relatively close to 
the adiabatic or  plane-wave prediction, shown as the solid straight line in figure 7. 
There are small  excursions with the calculation crossing the adiabatic line with a small  
positive slope at angles that correspond to maxima in the inelastic distribution and with 
a large negative slope at angles that correspond to minima in the inelastic c ross  section. 
Unfortunately none of the potentials could be said to yield good fits since none of them 
were able to predict the rapid rotation, which is seen experimentally near 24O, nor the 
one which it seems likely occurs at 16'. 

As suggested in  the section DISCUSSION OF THEORY, further attempts to f i t  the 
correlation data were made, using a six- rather than four-parameter optical model. 
parameter potentials were found by using the four-parameter potentials listed in table I11 
as starting points and allowing SCAT 4 to optimize all six parameters. 
which resulted from this procedure are listed with the four-parameter starting potentials 

In every case the optimum imaginary radius  was larger  than the rea l  radius 
while the best  value for  the imaginary diffuseness was smaller than that for the real dif- 
fuseness. 
modification of the DRC program, in which a six-parameter potential is used in the en- 
trance and exit channels, and the form factor which produces the inelastic scattering is 
allowed to be complex and is generated by deforming both the rea l  and imaginary parts of 
the optical potential. 
be expected in the fits to the c ross  sections; however, there is room for  considerable 
improvement in the fits to the correlation data. 
six-parameter potentials a r e  shown as the dashed lines in figures 9 to 11. It is clear 
that there has been a slight improvement in the inelastic fits. In particular, a t  large 
angles the peaks in the c ross  sections have been shifted to slightly larger angles, result-  
ing in a somewhat better fit.  The correlation patterns, however, a r e  essentially identi- 
cal  in every case to those obtained using a four-parameter potential to describe the 
scattering . 

Three of the potentials 

Six- 

The potentials 

' in table III. 

These parameters were used as input for DWBA calculation using a slight 

In the present case it seems clear that no great improvement should 

The results obtained using three of the 
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DWBA calculat ion us ing  fou r -  

para meter potentia I 

parameter potential 
100 _ - _  DWBA calculat ion us ing  six- 

80 

60 

40 

20 

0 
(a) Strength o f  real part o f  nuc lear  optical potential, 43 MeV. 

(b) Strength o f  real part o f  nuc lear  optical potential, 103 MeV. 

Adiabatic predict i o n  

0 5 10 15 20 25 30 35 40 45 50 55 60 65 
Alpha center*f-mass scattering angle, ea, deg 

(c) Strength o f  real part o f  nuc lear  optical potential, 316 MeV. 

Figure 11. - Gamma-ray symmetry angles fo r  t h e  reaction t in-120 (a,a'y). 
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I 

R e a l  strength, 

MeV 
v, 

43.40 
42.84 

58.00 
59.34 

52.00 
51.67 

66.10 
66.38 

87.70 
87.68 

103.00 
103.14 

117.00 
116.93 

316.00 
316.28 

TABLE III. - TIN-120 OPTICAL MODEL SEARCHES 

3adius of real 
potential, 

fm 
rO’ 

1. 50 
1.47 

1.46 
1. 42 

1.48 
1.44 

1.44 
1.41 

1.40 
1.37 

1. 38 
1. 34 

1.36 
1. 32 

1. 19 
1. 18 

Xffuseness of 
,ea1 potential, 

aO’ 
f m  

0.710 
.724 

0.712 
.716 

0.703 
.722 

0.710 
.716 

0.708 
.714 

0.705 
.716 

0.707 
,716 

0.710 
.711 

[maginary 
strength, 

MeV 
w, 

22.50 
22.80 

28.00 
28.38 

24.90 
25.06 

31.10 
31. 19 

38.50 
38.60 

42.60 
42.83 

48.00 
48.03 

145. 00 
145.09 

iadius  of 
maginary 
3otentia1, 

fm 
ri, 

-_-- 
1. 52 

__--  
1.48 

___-  
1. 50 

___-  
1.46 

_--- 
1.43 

-__-  
1.41 

_ _ _ _  
1.40 

_ _ _ -  
1.26 

-. 

Iiffuseness of 
imaginary 
potential, 

f m  
ai, 

____-  
0.605 

-_--- 
0.609 

_---- 
0.608 

-_--- 
0.608 

_-_--  
0.615 

__---  
0.619 

__- -_  
0.615 

----- 
0.609 

Goodness of 
iarameter fil 
x /N - ni 2 

7.28 
5.04 

7.28 
5. 15 

7.28 
5. 31 

7.28 
5. 06 

7.28 
5.12 

7.28 
5.10 

7. 56 
5.10 

29.20 
5. 10 

Number of 
search 

parameters 
n. 

4 
6 

4 
6 

4 
6 

4 
6 

4 
6 

4 
6 

C ONC LU S I ON S 

The study of the inelastic scattering of alpha particles and the angular correlation 
between the inelastically scattered alpha particle and the de-excitation gamma ray has 
been based on the distorted-wave Born approximation theory of inelastic scattering. 
nucleus has been treated by using the macroscopic collective model. 

In the mass  region of tin-120 the optical model is valid and the predicted fits to the 
elastic scattering data are good. The fits to the data exhibit the usual optical model 
ambiguities, and these result  from the surface reflection type as opposed to volume r e -  
flection. The DWBA calculations of the inelastic alpha-particle scattering a r e  of no help 
in  removing these ambiguities. The greater  sensitivity of the angular correlation in a 
DWBA calculation to the optical model parameters also seems to be of no help in remov- 
ing these ambiguities. The DWBA calculations of the symmetry angles are all similar 
over a wide range of optical model parameters, and none reproduced the rotations found 
in the experimental data. Three of the potentials predict a different behavior of the sym- 

The 
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metry angle at approximately an alpha scattering angle of 6O, but it is impossible to  ob- 
tain experiment data at those alpha scattering angles. 

The rotations measured i n  the symmetry angle show a momentum dependence as do 
the c ross  sections. The rotations in the symmetry angle scale approximately as 
kro sin 8/2. So, if structure exists in the symmetry angle data, it will be compressed 
to  forward angles where it is difficult to make an experimental measurement. 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, October 1, 1969, 
129-02. 
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