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ABSTRACT

Absolute differential elastic scattering cross sections were
measured for the scattering of 20 Mev He3 particles from V, Ni,
Cu, Rh, Sn“e. Sm, Yb, ;nd Pb. Where practical the measure-
ments were made at laboratory angles extending from 20 degrees to
170 degrees. The diffraction-l#ke oscillations exhibited by the
elastic-to-Coulomb cross section ratios are 'not highly pronounced.

A preliminary optical model analysis was carried out using the

. HUNTER automatic search code of Drisko and Bassel, A Woods-

- Saxon potential with Thomas type spin-orbit coupling was

considered. Reasdﬁable fits to th.e data were obtained.
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INTRODUCTION
Absolute differential elastic scattering cross sections were measured at
20 Mev for V, Ni, Cu, Rh, snll8, sm, Yb, and Pb from 20 degrees to 170
degrees (laboratory angles). The measurements were made to provide He3
data at this energy over a wide range of the periodic table.. It is expected that

1,2,3 As

these data will complement those at both higher and lower energies.
expected, the clastic-to-Coulomb cross section ratio was found to deviate from
unity but the diffraction-like oscillations are not highly pronounced. In addition
to the 1iated> elements, rr;easurerhents were carried out for yttrium and bismuth,
However, due to experimental difficulties these data have not yet been analyzed.
A preliminary optical model anaiysis of the data . was carried out. The lnteixt of

the analysis is to indicate the general appucab‘ulty of the model to the data and

to obtain reasonable ’model'parameters.

EXPERIMENTAL APPARATUS AﬁD TECHNIQUES |

Doubly ionized He3 ions were accelerated to an'energy of 20.0 £ 0.2 Mev
in The Ohio State University cyclotron. The beam -wa,s extracted from the
cyclotron chamber and focused by a pair of quadrupole magnets and als 'degree'
beam-analyziné magnet onto a target located at the center of a 22 inch diameter
scattering chamber. Within the scatterlng chamber, a rotating platform, |
driven by a remotely controlled variable-speed dc'motor. carried the scattered-
particle detector and collimator through an angular span of.l70 degrees
(labora'tory); The a;xgular position of the dctegtor was tracked by a pair of

Selsyn motors and measured to an absolute accuracy of £ 0. 1 degree.
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A movable target holder capable of supporting three mounted targets was
located at the center’of the scattering chamber., The holder could be moved
vertically and rotated about its vertical axis without breaking the chamber
vacuum. An external scale indicated the position of the holder with respect to
each mode of movement. Positioning of the holder was done manually and was
independent of all other movements within the chamber.

The beam collimator consisted of a tapere';:l brass tube 8.1 inches-long

~ with aluminum defining apertures press fitted'lnto the ends. The final aperture

was 0.064 inch m diameter and was located three inches from the center of the
chamber. In addition, a slightly larger aperture at the center of the tube |
reduced internal beam scatter. The resulting beam spot, as it appears at the
target, was a well defined circle‘with a diameter of approximately 0. 1 inch.
The targets consisted bf thin foils mounted in brass frames designed to
fit into t.hé holder in the scattering chamber. The several targets varied in

thickness from 0. 332 mg/cm? to 8.27 mg/cm®

. -Thlckne_op measurements
were cons;idered accurate pnly to £ 10 per cent. 'fhe lead target was mounted
ona 0.02 mg/cm2 aluminum backing.' All otker targetj were self—supporgtng.
A gold-silléon surface barrier solid-state detector was used as the
scattered-particle detector. The resolution of the detector was measured and
found to be 37 Kev, FWHM for 5. 30 Mev alpha particles, A dc bias voltage of

'120 volts applied to the detector created a depletion region 340 microns in

depth. This depth was sufficient to stop 25 Mev He3 particles and proved
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adequate for this experiment. A solid angle of 3.42 x 10-% steradians was sub-
tended at the detector by means of a collimator. Measurements of this solid
angle over the range zero degree's. to 170 degrées (laboratory) indicated its
value to be constant to within one per cent.

A closed-loop gas handliqg system was’px.'ovided in order to reduce to a
minimum the inventory of He3 gas necessary. The system was patterned aIter-
t;\e Los Alamos system4 and consisted easentially of a main recircula.ting' loop

and a series of smaller loops which transferred the gas to a storage tar;lé. Only

‘minor modification of the pumps was necessary to provide ‘adequate integrity

for the He> application. \‘:’hen the cyclotron was not in use or when other ions
were being accelerated, the He3 gas was pumped out of the recirculating loop

and into the storage tank.

ANALYSIS OF THE EXPERIMENTAL DATA

An optical model analysis of the experimental data was made using
the HUNTER computer code of Drisko and Bassel. 5. The HUNTER code com-
bines an optical model calculaﬁon of differential elastic scattering cross sections
and the associated élaatic-gg-Coulomb ratios with an automatic search of tixe
optical potential parameters. Gross agreement between the calculated cross
sections and the corresponding experimental data is indicated by a Chi-square
(#2) test. |

The analysis carried out in this experiment considered an optical i:oten-

tial of the Woods-Saxon form with a Thomas type spin-orbit interaction:
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The calculations for this analysis were done at Oak Ridge, Tennessee on

the Union Carbide Central Data Proce saiﬁg Facility lBMﬂO90 digital computer.
The initial set of parameters chosen was that obtained by Bassel® from an
analysis of the 30 Mev¥ l_-Ie3 elastic scattering data of Greenless ot al, 1,2 The

| parameters repres‘ent the average optimum set for V, Ni, and Cu and will hence~

forth be referred to as the average 30 Mev parameters.

)
The calculations were relatively insensitive to the values of V, and R.

Therefore, in all but a few special cases, V, was held fixed at 8 Mev and R, was .
held fixed at 1.3 fermis for V, Ni, Cu, Rh, 5n}18, and Sm, 1.4 fermis for Yb,
and 1.5 fermis for Pb. In all cases a maximum .o_f twenty partial waves was

sufficient.

After the first few searches had been made, it was found that the experi-

mental points for nickel, copper, and lead all were significantly displaced fiom
the calculated curves, indicatlné an.error in the absoluts normalization of the
measured cross sections. A similar but smaller displacement was noted in -
_ the tin~113, samar_lum. and ytterbium data. Included in the HUNTER program
is the calculation of a multiplicative factor to correct for this Aiaplacement. By |
multiplying the measui;ed cross sections by the calculated displacement-cor-
rection factor, the ;ralue of '}(Z is minimized withoﬁt affecting the shape of the

distribution,

Table I contains the measured cross sections as a function of center-of-

mass scattering angle. The relative error associated with the measured
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cross-sections is estimated to be less than ten percent. The angular distribu-
tions of the elastic-to~-Coulomb croas-section ratio, as obtained from the
displacement-corrected cross sections, are also included in Table I, v

During the analysis many searches were c;onducted. As a result several

sets of parameters were obtained for each element. In many cases the value of

)(2 was relatively small though not absolutely minimized. Following the sug-
gestion of Bjorklund et al. 7 that the real part of the nuclear potential is a

function of Z 1° Zz and mass numBer. A, fhrough the relation

S VEY

Vo T K +K; Z,Z, A

the various values of V, were plotted against Z;Z, IA'”3.

The nuclear radius is defined for the Woods-Saxon form factor as.

R = R AM3,

Several studies® % 10 yave indicated that good fits to experimental data can be

obtained if the nucleaij radius is defined as

1/3

R = CA +.Cp =(C1.+C, A"”3) Al/3

This suggests that the nuclear radius parameter depe;ido upon A through the
relation
-1/3

RO = C1+CzA

1/3

Values of the diffuéivity parameter a, showed a tendency to decrease with
increasing mass nuinbe:. This effect can be loosely attributed to the increasing

Coulomb barrier resulting in a lower effective incident pa‘rtk'clo energy. As a



result the target nucleus shows a greater reflection coefficlent by means of a
smaller diffusivity parameter. To illustrate this decreasing tendency, a was
plotted against the target mass number, A,

By correlating the best curves through the spread of data it was possible

" to establish two distinct trends:

Trend A V,=33+1.752j2, A"/3

Ry = 1.27 + 1,25 A~1/3

"a =0.658 - .0008 A

o -1/3
Trend B .V°=27+ 1. 97 ZIZZA

R, = 1.47 +0.2 A"}/3

a =0,658 -.0008 A
No correlation could be {ound for the im#ginar.y part of the nuclear potential, W,.
The only difference between the two trends is in tﬁ;s'vana;diurn. rhodium, and tin

parameters.

The optimum parameters associated with each trend are listed in Table

1/3

II. The plots of V, against 2,2, A'l’3. R, against Af » &nd a against A are

given in Figures 1 and 2.

The establishment by Bassel of an average set of parameters for 30 Mev |
He3 elastic scattering frorﬁ vanadium, nickel, and copper suggests that average
param'eters for these glemenfs may exist for 20 Mev scatfering. The best

parameters obtained in the present analysis for vanadium and copper do not




differ greatly and were therefore averaged to give a single set. These para-
meters are referred to as the average 20 Mev parameters. Table III lists the
average 20 Mev parameters obtained in this analysis and the average 30 Mev
parameters of Bassel. Good fits to the vanadium and copper data are obtained
using the average 20 Mev paramelters. However, the experimental data extend
only to 110 degrees. The nickel .da.ta. which extend to 170 dégrees. are‘ﬁt
equally well up to 110 degrees, but very poorly beyond; the theoretical curve
oscillating too vigorously. Using the experimental data obtained for vanadium
and copper precluded HUNTER calculations of the back angle curve, This is
because the code is programmed to provide calculations only at angles for which
input cross sections are given, In order to obtain an indication of the degree
of oscillation in the vanadium and copper angular distribution curves at back
angles, HUNTER calculations were forced to 170 degrees by providing as input,
extrapolations of the experimental data. This was done for only one case and
used the aw)erage 20 Mev parameters. The resulting curvéq‘ showgd oscillations
similar to those of the nickel curve.

Figures 3 and 4 contain the theoretical angular distribution curves as
oiotalned from the optimum parameters and the displacerhent-.cor’rected cr‘osvs

sections. The shapes of the vanadium and copper curves byyond 110 degrees as

obtained from the forced Hl'JN'TER_calculationa are indicated,




- COMPARISON WITH OTHER RESULTS

The average 20 Mev parameters established in the experiment for vanae-
dium, nickel and copper can be compared to the avérage 50 Mev parameters
established for vanadium, nickel, and copper by Bassel. The real part of the
nuclear potential is larger in the 30 Mev case while the radius parameter is
smaller. The other parameters are relaﬁvely unchanqu. However, it must be
notéd that these parameters are based on experimental data ’extending to scatter=
ing angles no greater than 120 degrees.

Extensive optical model analyses of 30 Mev He3 scattering data have been

done by Hodgson et al. 11,12,13

and Greenlees ot al. 2 These analyses tend to
equalize the values of the real and impginary parts of the nuclear potential at

approximately 30-50 Mev. In the analysis conducted for the present experiment,

the imaginary part of the potential was held to a value less than that of the real

part; the ratio being approximately two or three to onq.{ Consequently, quanti-

tative comparison with the Hodgson results cannot be readﬁy made.

CONCLUSIONS
Departures from Coulomb scattering have Been observed in the elastic

3 particles from V, Ni, Cu, Rh, Sn“s, Sm, Yb; and

scattering of 20 Mev He
Pb. Diffraction-like oscillations in the elastic-to-Coulomb cross section ratio

are evic‘l_ént. although not pronouhced. in the lighter element data.

|
|
|
|
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The optical model analysis carried ouf in the experiment considered only
a Woods-Saxon type potential with a Thomas type spin-orbit lnteractit;n. In this
regard the analysis cannot be considered exhaustive even though reasonable fits
to the data are obtained and trends among the parameters noted. '

Experimental data for vaga.dium and copper ;were obtained at scattering
angles extending only to 110 degree's. An’average set of parameters was esta-
blished which éives good fits to these data. The same set of parameters gives
a géod fit to the nickel data up to 110 degrees, but gives an angular distribution
for the cross section which oscillates too vigorously beyond 110 degrees. By
providing extrapolated input data to the HUNTER program, calculations of the
back angle cross sections for vanadium and copper using the average 20 Mev

parameters were obtained. Oscillations similar to those for nickel were

¥

indicated.
The relatively small oscillations in the observed nickel cross sections
suggest that only small oecillaﬁons may exiet iln the vanadium and copper cross
sections. Consequent‘ly. the average 20 Mev parameters éstabllahed in this
experiment and the average 30 lMev parameters established by Bassel may not
provide a géod fit to the data at back angles. In this regard, an interesting
extension of both the present experiment and the 30 Mev experiment would be -

the investigation of back angle elastic acattering for elements below copper.
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The results obtained for the heavy elements show a smooth and gradual
departure from Coulomb scattering at large angles. As a result, equally good
fits to the data are obtained with a wide choice of'.parameters. In order to
unambiguously define the parameters, additional data a;'e needed. Analysis
of reaction cross sectiona‘ provides a means of.de"termining the nuclear
absorption, and hence, leads to values for Wo as well as defining the -form'
factors. In addition, polarization studies are needed to establish the form of

the spin-orbit potential.
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TABLE I
Absgolute elastic cross sections and elastic«to-Coulomb cross section ratios vs.

center-of-mass scattering angle for 20 Mev He3 acattered from several elements.

Vanadium (B = 1.00)* Nickel (B = 1: 19)

© (Tg) - Adgg/oR) © () (T /IR)

(dggi-ee ) (nﬁﬁ%) ETR'cMm (dggi'ce s) %Fﬁdx‘) ETR'CM
21.24 6381 .869 21.09 7987 . 9351
26.51 1872 .611 26,32 2571 . 7200
26.51 1835 . . 599 31.55 1064 . 6060
26.51 1799 . 587 36,77 . 459.9 S 4742
31,78 785.2 a .520 41,97 199.8 . 3424
37.03 331.5 . 397 47.16 104.5 © L, 2787
42,26 140, 8 .280 ] 52.33 57.53 . 2267
42.26 151.9 . .303 - 57,49 31.80 1773
42,26 150.7 .300 | 62. 63 20, 62 . 1568
42,26 149. 4 .298 67.75 13.36 . 1344
42,26 148.2 .295 72.84 7.887 . 1021
44, 87 100. 7 - .252 77. 92 4. 850 . 0790
44,87 0e.1 . 255 82.98 - ' 3,693 . 0741
47.48 . 75.51 . 234 ' 88.01 2. 400 .0582
47,48 76.75 .238 88.01 . 2.708 .0653
52. 68 24,11 . .201 93,02 1,744 .0503
57.86 24,76 . 160 98.01 - 1. 192 . 0403
63.02 14, 65~ . 129 102.97 - . 844 .0321
65.59 11.23 114 102.97 .835 . 0321
65.59 11.52 RS § & A 102, 97 . . 840 ~.0333

" 68.15 8.821 . 102 . 107.92 . 677 .0301
68,15 9.220 . 107 112.84 ' «5G7 . 0241
73.27 5. 322 . .079 .112.84 .513 . 0249
73.27 5.335 .079 112.84 . 497 .0238
78. 36 3,329 .062 117.74 . 395 . .0221
78. 36 3.290 . .061 122,62 . . ,310 - .0190
80.89 - 2. 740 . 057 122. 62 .291 .0178
83, 42 2.251 .052 127. 48 .261 .0176
83,42 2.436 .056 132, 33 . 225 . .0164
83.42 2,357  .054 141. 96 . 152 .0127
88. 46 1.832 .051 151. 54 .118 .0108
88,46 © 1.859 . 4051 161,08 .110 ~ .0109
93.47 1. 324 - 043 * B = Displaceme::t corraction factor
93,47 1.221 . 040 . ;

by which measured cross sections are

98. 46 - 844 -032 multiplied to agreec with theoretical
98, 46 .8249 . .032 dis m‘l’mﬁon 8

103, 42 .4815 . ,021 :

103. 42 .4636 . ,020
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TABLE I (continued) --2

Copper (B = 1,24)

Rhodium (B = 1.00)

© (7g) SglTR) © g) (dglag)
(donreos) (bl otr) ETRICM | (CM ce)  (mbfXh) E"RcMm
21,01 9066 . . 1.014 20.65 . 27010 . 992
26.23 3045 . 8160 25,179 11320 : . 999
26,23 3094 . 8281 30. 92 5939 1.070
26,23 3072 . 8279 36,04 3057 . 996
31. 44 1226 . 6681 41.16 1703 . 925
31.44 1236 . 6750 46,26 941, 2 C.799
36, 64 558. 8 . 5520 48, 82 733.2 . 759
36, 64 553, 3 . 5455 18. 82 726.0 . 752
36, 64 540. 3 . 5341 51. 36 528.0- .. 663
41.83 254. 6 .4180 56. 45 311.9 . 555
41.83 251. 3 <4131 61,53 190.1 . 462
41.83 248. 6 . 4075 61.53 188.3 . 458
47,00 132, 6 . 3392 64.07 = 135.9 - .382
52.16 72,25 . 2731 64.07. - 146.1 .410
57. 31 40, 58 .2172 66. 60 121.5 . 392
62.43 22.63 . 1652 66. 60 119.1 ~ . 384
67. 54 14,35 . 1387 71.65 76.22 . 317
72.63 ~ 8.680 . 1081 76.70 . 50.51 . 265
77.70 5.432 .0831 79.22. . 36.64 .21%
77. 70 A, 415 . 0843 81.73- . 35,25 .229
77.70 5.335 ..0841 86.75 . 20,77 . 164
82,76 3. 620 . 0694 91.75 18,12 .171
82.76 3. 383 . 0645 96. 75 .13, 64 . 151
87.79 2,551 . .0597 101,73 110,77 . 138
92. 80 1. 705. . 0471 111,65 i 5.708 .095
92. 80 1. 664 . 0459 121,53 = - 3,341 .068
97.79 1. 146 .0374 131.36 -+ " 2.111 .051
102,75 .834 . 0314 141.15 1.242 . 034
107. 70 . 559 . 0241 150,91 .9184 .028
112. 63 .424 \, 0206 150. 91 1,051 .032
122,43 .268 - 40160
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TABLE I (continued--3)

Tin-118 (B = 1.07)

Samarium (B = 0, 95)

o () (“plog) ) (i) (gl 7y)
(d%:g’ree 8) (m%ﬁl&) ETTRICM (dgglree 8) (m%f;sr&) E''R'CM
15.46 - 100500 1.010 20, 47 56860 1.011
20,58 31700 . 991 25.56 22730 . 971
25.70 13530 1.018 30, 65 10760 . 936
25.70 13180 <990 35.74 5992 . 948
25.70 13710 1.030 40, 82 3691 . 974
30.81 6586 1.008 40, 82 3601 . 948
30. 81 6932 1.060 45,89 2427 1.000
30, 81 6622 1.012 50, 96 1601 .978
35,92 3740 1.038 56,02 1152 + 999
11,02 2316 1.070- - 61.07 801. 6 .953
41.02 2209 1.022 66, 12 582, 3 . 920
46.11 1394 1.006 71.16 412,9 . 844
51,20 821.2 ~ .879 76.19 303. 1 .783
56,28 494.8 . 750 81.21 223.0 . 647
56,28 490. 3 . 744 86.22 163.7 . 636
61. 35 310. 6 . 646 91.22 122.5 .570
66. 40 198. 5 . 5148 96,22 92,178 . 507
71.45 135, 6 . 484 96.22 . . 95,94 . 524
76. 49 86.03 - . 388 101.21 74. 12 .471
81.52 57, 9% . 323 101,21 70.57 . 448
86. 54 39. 38 . 267 106.19 .~ 59,00 . 430
91, 54 30. 20 .251 - 111.15. 7 j46.21 . 381
96.53 22. 14 .211 111,15 . 44,61 . 368
101,52 16. 63 .183 116,12 ' ° - 38,71 . 358
101,52 16. 82 o .185 121,07 28,88 .296
101,52 16.26 . 179 121,07 28,60 .293
106. 49 12.29 . 155 126,02 ' 23,84 .267
111.45 - 9,711 . 136 126.02 24,79 .276
111,45 9.522 . 138 130. 95 21.30 .236
116. 40 7.877 . 126 135,89 18.71. . 246
121, 34 6. 368 .113 135.89 . 17. 19 .225
121. 34 5.769 . 102 ' 140, 81 17.23 .241
126.27 4, 627 . 0890 140. 81 13.97 . 196
131.20 3. 687 . 0814 145,73 14,00 .208
131.20 3. 801 . 0794 145.73 14.29 212
136.11 3.083 . 0700 150, 65 12. 49 . 195
141.02 2.688 .0651 155,56 11. 74 . 191
145,91 2. 338 . 0600 160.47 10. 70 . 180
150.81 1.985 . 0525 165, 37 10. 61 .183
150.81 2.053 . 0546 170,27 10. 33 . 182
155, 69 1. 805 . 0506
160.57 1. 682 . 0481
160,57 1.672  .0480
165 45 1.596 .0474
169. 35 1.568 .0473




TABLE I (Continued-<-4)

€3

Ytterbium (B = 0, 98) ' : Lead (B = 1.28)
o (o R)en © () (O /T)
3 (d%ﬁ"reee) (mbﬁt:) ETRICM. (dggree 9) (mb/cstr) R'CM
20. 42 68710 - 999 20. 36 71830 . 999
25, 50 29400 1.008 25.43 30150 .979
30,58 14300 1.010 30. 49 14850 1.012
35, 65 7870 1.018 35,55 8100 1.005
40,72 4993 1.098 40,61 4858 1.004
40.72 4836 1.041 45, 67 3132 1.012
¥ 45,78 2976 . 1,003 50, 71 2101 - 1.006
- 50,84 2027 1.013 " 55,76 1470 1.002
55.89 1428 .975 60. 80 1087 1.015
* 60. 94 1069 1.040 65,83 795, 6 . 988
60. 94 1061 1.035 70.86 = 626.3 1.010
65.98 787. 3 1.018 70.86 630. 4 1.015
: 65. 95 819.2 1.062 75,88 501. 1 1.020
71.01 600. 1 '1.008 80. 90 408.2 1.030
71.01  592.1 . 995 85. 91 329, 8 1.013
76.04 444.0 . 942 90. 91 - 274.4 1.009
76.04 468. 1 1.008 95.91 2:6.3 . 989
81.06 351.4 .924 100. 90 202,17 1.022
| 81.06 338.0 . 835 100.90 . 191. 7 . 966
86,07 . 264.5 . 845 105.88 '165.9 . 959
86,07 269.1 . 860 110.86 142, 7 . 935
& 91.07 ©  214.8 .821 115.83 - 125.0 .918
96,07 164.0 C.739 120.80 - 108. 3 . 882
96.07 170. 8 . 770 125.76 .. . 1 95.72 . 856
101.06 130. 6 . 684 130,71 - 87.66 .852
101,06 134,4 . 704 135,66  79.28 .831
106. 04 110.8 . 666 140.61 - 72,82 . .815
106.04 108.9 .654 145,55 . 67.46 . 800
111,01 87. 68 . 596 150.49 © - 61.36 . 764
111.01 92. 60 .629 155.43 ' 57.48 . 746
115. 9¢  74.51 .568 160. 36 55.71 . 748
115,98 75.33 571 165.29 52,93 .730
115.92 - . 75.06 .569 170.22 50.98 .  .716
| 115,98 72.04 . 549 .
120. 94 65. 92 .556
i 125. 89 54,52 . . .505
130,84 47.48 . 478
135,78 40. 39 . 438
140, 72 34,93 . 405
145,65 31. 94 . 392
150.57 29.49 . 380 iy
155, 50 27.86 .374
~ 160, 42 26. 69 . 371
165, 33 -24.26 . 346
170,25 /23,88 . 347
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TABLE 11

OPTIMUM PARAMETERS FOR TRENDS A AND B

E3 3 1 E3 3 E3 Ex3

Vo Wo L R, a R, Ve ')(2
(Mev) (Mev) 4 (fm) (fm) ° {(fm) (Mev)
\Y 54, 8 11,87 1.477 . 618 1.3 8 - 46, 1
Ni- 60. 1 23.5 - 1.597 . 600 1.3 8 41
Cu 55,2 16. 4 1.475 . 628 1.3 8 31
Rh 67.8 14.2 1.54 . - .55 1.3 8 70. 3
Sn 68.5 14. 4 1.52 .55 1.3 8 27.9
Sm 74. 4 47. 6 1.51 .55 1.3 8 32
Yb 77.1 10.0 1. 50 .51 ‘1.4 8 41.1
Pb 80. 5 1.73 1.50 .51 1.5 8 4.1
\% 51,6 13.4 1.52 .. 619 1.3 8 59,8
Ni 60, 1 23.5 1.597 ", 600 1.3 8 41
Cu 55. 2 16. 4 1.475 .628 ''1.3 8 31
Rh 63.1 27.7 1. 50 .60 11,3 8 62.6
Sn 67.6 13.8 1.51 .551. - 1.3 8 27.9
Sm 74. 4 47.6 1.51 - .55 1.3 8 32
Yb 77. 1 10,0 1,50 .51 1.4 8 41,1
1.5 8 .1

Pb 80.5 1.73 I.50 .51

E3 B E E3 Ea &3
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TABLE 1l

AVERAGE OPTICAL MODEL PARAMETERS FOR

VANADIUM, NICKEL AND COPPER AT 20 AND 30 MEV

20 Mev 30 Mev®
V, (Mev) 55.0 68. 1
Wy (Mev) 14. 6 14.4
a (fermis) | 0. 62 d. 611
R, (fermis) 1,475 1.508
" R, (fermis) 1.3 1.3
v, (Mev) 8 e

85ee reference 6. .
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FIGURE CAPTIONS

FIGURE 1. Plots: of mass number (A) va diffusivity parameter (a). nuclear
radius parameter (R,) vs. a1/ 3, depth of the reai part of the optical
pétential (Vo +1 W) vs. lezz A'1(3 for the elastic scattering of 20 Mev
He3. The optical model parameters are those of Trend A given in
Table 1. |

FIGURE 2. Plots of mass number (A) vs diffusivity parameter (a), nucleiar
radius parameter (Ry) vs. A=Y/ 3, depth of the real 'part‘ of the optical
potential (V, + {1 W) ve., 212, A'Jl:sfor the elastic scattering 'of 20 Mev
He3. The optical model parameters are those of Trend B given in
Table I.

FIGURE 3. Angular distributions of the elastic-to-Coulomb cposs section ratio
for the scattering of He3 by (a) vanadium, (b) nickei, {c) copper, (d)
rhodium. The smooth -curves represent the distributions given by the

optimum parameters as determined using the HUNTER search code.

. FtGURE 4. Angular distributions of the elastic-to-Coulomb cross section ratio

for the scattering of He3 by (a) tin-118, (b) samarium, (c) ytterbium, (d)
lead. The smooth curves represent the distributions given by the

‘optimum parameters as determined using the HUNTER search code.
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