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ABSTRACT 

The absolute differential cross sections for elastic scattering of 

3 	 (nat) 	120 31-Mev He ions on Be, Al, Cu, Sn 	, Sn. , andBi have been measured in 

the angular range of approximately 10 to 120 deg in the center-of-mass system. 

Thin self-supporting foil targets were chosen to span the parameter 

where A is the target mass number. The first excited states of the isotopes 

of the above elements had sufficient energy separation from the ground state 

to enable elastic scattering to be resolved from inelastic scattering. The 

detection system, consisting of CsI(Tt) scintillation crystals, was capable 

of 3% pulse-height resolution and 1 degree angular resolution. Characteristically, 

the light-element angular distributions show strong diffraction effects. The 

differential cross section divided by the Rutherford cross section decreases 

exponentially at large angles for the heavy elements, and the differential 

cross sections break away from Rutherford behavior at angles which increase 

almost linearly with increase of atomic number of the target nucleus. A 

comparison of the results for natural tin, and tin enriched to 85% in Sn120 , 

indicated that within the experimental uncertainties over the measured angular 

interval, there were no pronounced isotopic effects. The data are presented 

both in tabular and graphical form to allow detailed comparison with theory. 



-1-- 	 UCRL-9996 

* 
• 	 ELASTIC SCATTERING OF 31-Mev He 3   IOI'S FROM SEVERAL ELEMENTS 

George Igo and Jose G. Vidal 

Lawrence Radiation Iaboratory 
University of California 

Berkeley, California 

and 

Samuel S Markowitz 

Chemistry Department and Lawrence Radiation Laboratory, 
University of California, Berkeley, California 

I. IIJTRODUCTION 

Following the discovery of He 3  in 1939,1  Barkas called attention to 

the advantages of using He 3  as a projectile for.prod'iction and study of neutrpn-

deficient nuclides.a The scarcity Of He 3 , however, precluded its extensive use. 

The natural abundance is only 1.3 x 10 atom percent of normal helium Since 

the early 1950's, considerable He 3  has been produced by the beta-decay of 

3 tritium,in turn produced by the Li (n,a)H reaction in high-flux reactors. 

The use of He 3' as an incident particle has been discussed more recently," 

and an extensive review article has been prepared byBromley and Almqvist 

covering most of the He 3  reaction studies prior to June 1959. 	However, this 

review omitted discussion of inelastic and elastic scattering of He 3  from 

nuclei. 

Elastic scattering, of protons and neutrons has been studied, 6  and the 

. 	11-16 data compared with optical-model calculations; 7-10 
 deuteron studies 	and 

• 	data analses179  have been perfornied. Elastic scattering cross sections2028 

and reaction excitation functions29_ have been measured for alpha particles 

of incident energy up to about 50Mev. Analyses l7,21,28,1-6  . 	
of the alpha- 

particle measurements have dealt mainly with elastic scattering data; pptical-

model ca1c1ations, •however, also predict the total-reaction cross sections, 
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and a comparionof. thOory.w.ith experiment has'been madeforaiph-iiaduced 

47 reactions.' 8  Elastic scattering studies have also been carried out with 

hear ions such as carbon, nitrogen, oxygen, and neon. 6  

Experimental studies of elastIc scattering of He 3  ions at moderate 

57-62 	 63 	 64 energies have been performed at.Birmingham; 	Los Alamos, and Berkeley 

and optical-model analyses have been made on some of the angular d.istributions, 6  

The importance of He 3  as a probe of the nucleus has been amplified by the 

66' 
calculations of Hodgson. 

The purpose of the present research is to measure the elastic scattering 

of moderate-energy He 3  ions from various nuclides, so that subseq_uent analyses 

of the experimental results with the optical model can be made. . It is also of 

interest to test whether there are differences in He 3  vsHe scattering owing, 

to the spin 1/2 of the He 3  nucleus. The low binding energy of He 3 (7.7 Mev as 

compared to 28.2 Mev for He) should make it a sensitive probe of the nuclear 

surface. 

EXPERENTALPR0CEDUEE 	 ,. 	
. 

A. Targets 

- 	The targets used were thin self-supporting foils of beryllium, aluminum, 

copper, tin of natural isotopic composition, tin enriched to 85% in Sn120 , and 

' bismuth. They were chosen to span the parameter A1/3  , where A is the mass 

number. An important criterion was that the first excited states of the 

isotopes of the above elements have sufficient energy separation from the ground 

state to enable elastic scattering to , be separated from inelastic. All targets 

were subjected to spectroscopic analysis, which. showed that metal impurities 

were present at most in trace quantities in all the targets except beryllium, 
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for which upper limits of 0.5% of cadmium, thorium, and.uranium were determined. 

The effects of rnetalic impurities in the tai'gets on the data should be negligible. 

Oxygen, chemically combined or adsorbed on the surfaces of the copper, tin, or 

bismuth targets, should be small and without effect  on the.data because kinematic 

arguments.indicate that He 3  ions scattered elastia11y from oxygen would be re-

solved from those scattered from the heavy nuclei. Thin aluminum foils are 

known to have a surface layer of oxygen present. A new procedure for activation-

analysis using He3  as the incident particle has shown that the amount of oxygen' 

in 0.001-in, aluminum. is approx.imately.O.03 atom percent; 7 this should not 

affect the scattering results. By the He activation analysis, the amount of 

àxygen in the beryllium was found to be approx 3%; the detector resolution 

should minimize the effects of the oxygen impurity in the beryllium. The foils 

of copper, tin, and bj.smuth were made by evaporation; the aluminum and beryllium 

foils were commercially available. . The foil thicknesses (in mg/cm
2  ) were: 

Be (5.13), Al (l,.l 	 n andl,,6), Cu(.52), 	t) (0)Sn10  (1.81) 5  an 

Bi (5.24). Thicknesses were determined by weighing a-known area. with a 

microbalance;..in addition, successivei.ysmaller areas were weighed to check 

for target uniformity. 

B. .Irradiations 

The angular distribution measurements were carried out at the Berkeley 

hear-ion1inear accelerator 8 , 	with a gas supply of % He 3  in He 

The gs contained about 106%  tritium and 0.03% 112.  Iow1edge of these im-

purities is important because the desired accelerated species was He 3 (+1), 

aidHe 3 (+l) and H3 (+l) would be accelerated under the dame conditions because 

of the same chargé-to-mass ratio. WIuile this would not, contribute to e1astiCa11 

scattered He 3  events, false readings of the absolute He 3  beam current would be 
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obtained if any specie other than He 3  impinged on the Faraday cup The lo 

abundance of T2  andH2  in the gas supply indicated that even a preferential 

ionization of hydrogen over helium in the ion source of a factor of 10 would 

not interfere withthe results. Tests have shown that He ionswill notbe 

accelerated when the conditions are set for He 3 (+l). he energy of the beam 

9 was 31.2 Mev (loJi- Mev per nucleon). , The collimating system and bending 

magnet (see Fig. i) restricted the energy spread to approx 2%. The beam pulses 

were checked to be 2 msec in length and the repetition rate was either 10 or 

15 pulses per sec. The 2 or 3% diity cycle limited the rate at which the ex-

perimental data could be measured. The absolute beam intensity and total 

charge passing through the target ere determined with a calibrated Faraday c1p 

and integrating electrometer. . In addition the relative intensity was monitored 

with a NaI(T) scintillation counter that detected elastically scattered He 3  

ions at a fixed angle and geometry. The electrometer was calibrated by passing 

a known current through it for a measured time; the current source was a 

thermally insulated 1,019-volt standard cell using three precision resistors 

of 1,00.x107 , 1.00 x 108,  and 1,00 x 10 ohms resistance. The averagebeam 

intensities were 01 to 100 ma, depending on whether small or large angles 

were being measured. The Faraday cup was protected from low-energy electrons 

either by magnets or an electric potential. 

The scattering chamber (Fig. 1) was evacuated and the system was open 

to the linear accelerator pumping system that gave a pressure of 10. mn Hg. 

The He3 (±1) beam after magnetic deflection was constrained to. :0.:15jn,,djam 

circular spot on the target foil at the center of the chamber. The beam was 

stripped to He 3 (+2) in the first few g of target material and then struck the 

Faraday cup The various tantalum collimators used to define the beam are 

indicated in Fig. 1. 
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Fig. I. Schematic diagram of sc.attering chamber and counters. 
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C. He3  Detection 

Those He 3 (+2) ions that were scattered passed through the 0002-in. 

Mylar window of the chamber, approx 1 in of air, and into the collimated CsI 

scintillation crystal detector. The CsI thickness was slightly.  :greater than 

the range of a 3144ev He3  ion0 The CsI was coupled to a photomultiplier tube. 

Pulse-height analysis was accomplished with.a 100-channel analyzer after 

amplification of the output pulses from the .photomultiplier. Two.separate 

scintiflatjon.detectors were mounted on movable arms at a measured fixed radius 

from the center of the target foil. The angle with respect to the beam could 

be set within 02 deg by means of the marked dial which was also the chamber 

top. The detector collimators ,. .. thntlum......gs.; h4 al ert 

or. 0.125 -in4iarn. For a 0.0625 - in. collimator aperture, 6.46 in from the target 

the solid angle is 735 x 10 sr. The angular resolution was 1 .deg. Pulse-

height resolution was 3%. A.pulse-height distribution is shown in Fig. 2. 

The separation of elastic from inelastic events was considerably im-

proved by placing a 70 mg/cm2  aluminum absorber directly over the CsI crystals. 

The following example with copper illustrates the point: The range of a 

31.0-Mev He 3  ion in aluminum is 133.5 mg/cm2J0  Because the first excited 
state in Cu6  is at 0.77 Mev, an inelastically scattered He 3  would have an 

energy of approx 30.2 Mev; the range in aluminum of the inelastic He 3  ions is 

. 	 . 127.5mg/cm 2 If, however, the ions pass through.a 70 mg/cm 2 Al absorber, the 

residual ranges of the elastic He 3  ions and the inelastic He 3  ions will be 

63.5 and 57.5 mg/cm2 , respectively, corresponding to energies of 20.2 and 19.0 

Mev, A difference, therefore, of only 0.77 Mevin.3l.0 or 2.6% will become a 

difference of 1.2 Mev in 20.2 or 5.9%, if advantage is taken of the greater 

rate of loss of energy for the inelastically scattered ions. Separation of 

elastic from inelastic .events by pulse-height analysiè is thus enhanced .because 
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the energy spread of the incident beam is less than the energy resolution of 

the detectors. 

The background in the region of the elastic scattering peak, in the 

pulse-height spectra obtained from the CsI counters, consisted of: (a) pulses 

due to a particles produced by the exoergic (He3 ,a) reactions, (b) inelastically 

scattered He3  ions, and (c) scattering from the tantalum collimators. The 

spectra were graphed on sernilog paper, and the background was subtracted in a 

consistent manner with the aid of parabolic templates which were fitted to the 

elastic peak over regions where the background contribution was small. The 

magnitude of the background contribution varied with target and angle of 

observation as follows: For Bi between 10 and 98 deg, background varied from 

0.7 to 1.6% of,the peak area; for Sn 12°  between 20 and 120 deg, background 

was 0.5 to 13%;. for Cu between 10 and 64 deg, background was 1 to 5%; for Al 

between li-I- and 68 deg, background was 0.9 to 19%;  and for Be between 17 and 

65 deg, the background was 0.8 to 30%. 

III. RESULTS AND DISCUSSION 

The data are presented in Table I through VI, and in Figs. 3 through 

9, to allow detailed comparison with any calculations. The Tables list the 

absolute differential cross section for elastic scattering of 31.2-Mev He 3  

ions and the ratio of that cross section to the Rutherford cross section in 

the c.m, system as a function of angle. The general behavior is shown in the 

graphs, and in Fig. 9 the ratios are plotted for all the elements studied. 

The number of counts accumulated at most angles gave a standard deviation of 

approx 1.5%.  The reproducibility of a series of points taken at the same angle 

	

whic.h i.ncude.th..effects of .stattics 	 and 

graphical analysis was approx 2 3% The individiaJ. datumwascorrectedfor?leadt1me?t 



Tale .1. The differential cross section for elastic scattering of 31.2-Mev 
He ions incident on beryllium and the ratio of the experimental cross 
section to the Rutherford cross section in the center-of-mass system. - 

(da/dc2) (da/dc) 
m C.

(deg) (barns/sr) (da/d)R 

17.1 5.85X10 1.86X iø 
19.7 2.01Xi0 1  1.14x10 0  
22.4 6.38x10 2  4.09x10 1  
25.0 7.04x10 3  1.02x10 1  
27.1 5.49x10 3  1.09x10' 
27.6 8.88X10 3  1.89x10 
28.9 1.49X10 2  3.82X10 1  
31.6 3.00x10 2  1.09x10 0  
32.9 2.92X10 2  1.24l00  
35.5 Z.81X10 2  1.60100  
36.8 2.57X10 2. 1.68•x10 0  
38.1 2.43X 10-2 1.81X 100 
38.6 2.3610 2  1.86x10 0  
39.1 2.02X10 2  1.66x10 
39.4 1.95X10 2  1.66x10 0  
39.9 1.93x10 2  1.72X10 0  
42.5 1.03X10 2  1.18x10 0  
43.0 6.84x10 3  8.13X10 1  
43.8 6.72x10 3  8.57x10 1  
44.0 5.40X10 3  7.0zx10 
46.2 2.74X10 3  4.28X10 
46.8 2.12><10 3.47X10 1  
47.6 1.82X10 -3  3.19x10 
47.9 1.31X10 3  2.35x10 -1  
49.4 1.07X10 3  2.15X10 
50.1 1.36l0 3  2.8810 
50.4 1.01x10 -3  2.18x10 1  
51.4 1.67x10 3  3.89x10 1  
56.9 2.20X10 3  7.51X10 
57.9 2.46X10 3  .8.95x10 
59.7 2.59x10 3  1.05X10 0  
60.7 2.48X10' 3  1.06x100  
61.7 3.21x10 3  1.46100  
64.6 1.82X10 3  9.59X10 
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Table II. The differential cross section for elastic scattering of 31.2-Mev 
He 3  ions incident on aluminum and the ratio of the experimental cross 
section to the Rutherford cross section in the center-of-mass system. 

6 (da/dcl) (do/dO) 
c.m. 

(deg) 	. .. 	(barns/sr) 	'. 
ldCr/df2)  

R 

13.8 3 96X10° 7 43X10 
14 9 2 45x10 0  6 22x10 
16.0 1.51x10 0  5.10X10 
18.2 5.32X10 2.99X10' 
19.3 	.. . 3.51x 10-1 	- 2.49xi0 
20.4 2.54x10 1  2.25X10' 

Z.37X10 1  2.19X10 
21.5 Z.36.x101 . 2.57X 10 -1  
21.7 2.29X10 1  2.60x10 
22.9 2.34x 10-1 3.27X10 1  
23.9 Z.39x 10- .1 3.84x 10 -1  
24.0 . 	 2.17x10 1  4.00X10 
26.2 2.03X10' 4.82X10; 
27.2 i.58xi0 4.39x10 
28.3 1.26X10' 4.04X10 1  
29:5 9.60X10 2  3.36x10 -1  
30.6 6.97x10- 	

. 
3.04X104 

31.7 4.00X10 2  1.99X10' 
32.3 3.53X10 2  1.90X10' 
32.6 2.67x10 1.49x 10-1 
32.8 2.59x10 2  1.47x10'' 
34.8 8.70X10 3  6.26x10 2  
34.9 8.92x10 3  6.46x10 
35.8 7.77X10 3  6.27x10 2  
370 7.71x10 3  6.98x10 2.  

. 

37.2. 	 . 9.90X10 3  9.25x10 2  
38.2. 1.36x10 2  1.40x 10-1 
39.1 . 1.20x10 2  1.36x10' 1  
40.2 1.43X10 2  1.79X10 1  
40.4 1.63x10 2.  2.08X16 1 . 
4214 1.51x10 2  Z.32X10 
43.5 1.3610 2  Z.31X i01 
43.7 	.. 1.37.X 10 -2  2.36X b -1  
44.6 1.18x10 2 - 2.21Xb0 
45.9 	; 9.33x IO 1.94x 10_1 
46.9 7.89.X10 3  1.78X10.1  
48.0 5.24X10. 3  1.29x10 1  
48.9 3.67.x10 -3  9.68X10 2 . 
51.Z 1:19x10 3 . 3.74x10 2 . 
52.2 1.02x 10 3.42x 10-2 
53.4 	- .9.68-x104- . 	 •3.54X10 2 . 
54.5 1.29x10 3  5.10X10 2  
55.4 1.29X 5.42x 10-2 
57.7 2.12X10 3  1.03x10 1  
58.6 1.80X10 3  9.29x10 2  
60.9 1.93x103 	. 1.14X10 1  
61.8 1.41x10 3  8.81X10 2  
64.0 1.05X10 3  7.52X10 2  
65.0 8.18X104 . 	 6.20x10 
67.2 3.94x10 4  3.36x10 2  
68.1 3.73x10 4  3.33x102 
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Table III. The differential cross section for elastic scattering of 31.2.-Mev 
He 3  ions incident on copper and the ratio of the experimental cross section 
to the Rutherford cross section in the center-of-mass,system. 

(da/dn) (dcr/df2) 
M. 

• 

(deg) 
. 	 . 	 . 

(barns/sr) 
. 	 (da/d2) 

R 

10.9 S. 22x10 1  0.863X10 0  
11.6 4.86x10' 1..02 	X10 0  
11.9 3.90x10 1  0.915x10 0  
12.0 4430x10 1  1.05 	X10 0  
13.0 2.87x10 1  0.959x10 0  
14.0 1.93x10 1 

 0.864x10 0  
14.1 2.02X10 1  0.933x10 0  
15.1 1.24x10 1  0.748x10 0  
16.1 8.65x100  0.676x10 0  
16.2 1.06x10' 0.846x10 0  
17.1 6.26100  0.620x10 0  
18.2 4.50X10 0  0..572X10 0  
18.3 4.84X100 0.630<100 
19.2 3.33X10 0  0..524,<l,0.0  
20.4 2.59x10 0  0.519x10 0  
21.7 1.59x10 0  0.408X109 
22.3 1.54X10 0  0.438X10 0  
23.2 . 	 1.17x10 0  0.387X10 0  
23.8 1.00x10 0  0.369<10 0  
25.9 6.18x10 0.325X10 0  
26.7 5.01X10 . 	 0.294x100  
27.9 3.57x10 0.251x100  
30.0 2.1610 1  0..198x10 0  
30.3 . 	 1.71X10 1  0.163x100  
30.7 1.83X10 1  0.184x100  
32.1 1.40X10' • 	 0.167X10 0  
32.6 1.38X10' ,0.174x10 0  
34.2 1.11X10 1 	 . 0.172X10 0  
34.7 1.04X10' 0.169x10 0  
35.0 1.2010, . 	 0.199x1,0 0  
38.3 5.68X10 2  0.134100  
38.9 4.99x10 2  0.125x100  
42.5 2.23x10 2 	 . . 0.784x10 1  
43.0 1.99x10 2  0.733x10 
46.6 1.33X10 2  0.665x10 -1  
47.6 1.3710 2  0.741x10 
50.8 • 8.76x10 3  0.604x10 -1  
51.9 7.91x10 3  0.590X10 
54.9 3.95x10 3  0.365x10 
55.4 • 3.41x10 3  • 0.325X 10- 1  
59.0 • 2.'11x10 3 	 • 0.253x10 . 

59.5 204x103 • 	 0.252X10 
63.1 	• 1.88X103 • 	 0.288Xl0 
63.6 • 	 1.74x i -  . 	 0.273X101 
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Table IV.. The differential cross section for elastic scattering of 31.2-Mev 
He 3  iOflS incident on tin of natural isotopic composition and the ratio of the 
experimental cross section to the Rutherford cross section in the c. m. system. 

°c.m. 
(d2) (da/dfl) 

(deg) (barnssr) d ) (da f 	R 

10.7 I.82x102  1.00x10 0  
11.7 1.33x10 2  1.04x10 0  
11.7 9.30x10' 9.94x10 
13.7 7.13X10 1  1.03X10 0  
14.7 5.58X10 1  1.07x100  
15.8 4.32x10 1  1.10X10 0  
16.8 3.31x10 1  1.08x100  
17.8 2.80X10 1  1.15x10 0  
18.9 2.25X10 1  1,17X10 0  
19.2 2.20x10 1  1.22x10 0  
10.2 1.62x10 1  1.09x10 0  
21.2 1.30X10 1  1.06x10 0  
22.2 1.06x10 1  1.04X10 0  
23.3 9.04x100  1.07x10 0  
24.3 7.12X10 0  9.99X10' 
26.2 4.15x10 0  7.83X10 
26.3 4.70x10 0  9.01x10 
28.4 2.80x 10 0  7.30x10 
29.7 2.29x100  7.07X10 
30.1 2.00x100  6.50x10 
30.4 1.88X10 0  6.35x10 - ' 
31.0 1.79x10 0  6.54x10 
32.1 1.49x10 0  6.22X10 
32.4 1.33X10 0  5.75X10 
33.1 1.13x100  5.32x10 
34.5 8.67x10 1  4.79x10 
35.1 7.84x10 4.64x10 
37.2 5.48x10 4.03x10 
37.6 5.40X10 4.15X10 1  
39.2 4.01 xl0 3.62x10' 
41.2 Z.74x10 1  3.00x10 
43.7 1.89x10 2.60x10 1  
46.3 1.33x10 1  2.27X10 
46.7 1.21x10 2.18X10 
47.4 1.04X10 1  1.94x10' 
49.4 7.39X10 2  1.61x10 
52.8 5.01x10 2  1.40X10 
53.4 4.24x10 2  1.23X10 
54.9 3.79x10 2  1.22X10 -1  
56.9 3.05X10 2  1.1ZX10 
57.5 2.68x10 2  1.03X10 
60.9 1:98x10 -2  9.33x10 2  
61.6 1.77x10 2  8.68104 
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Tale V. The differential cross section for.elastic scattering of 31.2-Mev, 
He ions incident on tin enriched tó..85 1  in Sn' 2° and the ratio of the experl 
mental cross section to the Rutherford cross section in the c. m. system. 

9c. (da/d() (da/d) rn 
(deg) •. (barns,'sr) (da/d) 

20.8 9.85X 10 0  7.46x 10-1 
25.9 3.48x100  6.33x10 1  

3.1.0. l.28X100  4.67x10 

36.1 5.67X10. 3.75101 

41.2 7..39X16 6.62)<10_ 1  
46.3 1.19x10' . 	 2.03X10 

51.4 5.80.X10 	. 1.46x10 - ' 
56.5 2.93x10 2  8.71X10 -2  
60.9 1.80x10 2  8.49x10 2  
61.6 1.73X10 2  8.48X10 2  
66.6 7.90x10 3  5.13X10 2  
69.0 5.90X10 3  4.32x10 2  
71.7 4.84X10 3  4.07X10 2  
75.1 3.33X10 3  3.30X10 2  
77.7 	. Z.50x10 3  2.77X10 2  
81.1 1.76x10 3  2.2410 2  
83.7 . 	 1.23X10 3  1.74X10 2  
86.1 	. 1.11X10 3  1.72X10 2  

:92.1 6.31.x1o 4  1.z1x10-2  
95.7 4.25x10 4  9.18X104  
98.1 3.84x10 4  8.93X10 3  

101.7 2.48x10 4  6.41x10 3  
104.1 . 	 2.04X10 4  5.64X10 3  
107.7 1.45x10 4  4.39x10 3  
112.0 1.67x10 4  3.61X10 3  . 

113.6 . 	 1.03X10 4  3.61x10 3  
116.0 1.01x10 4  3.74x10 
119.6 . 	 7.06X10 5  2.81X103 
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Table VI. The differential cross section for elastic scattering of 31.2-Mev 
He 3  ions incident on bismuth and the ratio of the experimental cross 
section to the Rutherford cross section in the center-of-mass system. 

B (d/dc2) (da/dcl) 

(deg) (barns/er) 
10.6 4.86 x i ol 9.36x10 -1  
11.2 3.66X10 2  8.78x10 1  
11.6 	 ,. . 	

3.59102 9.89x 10-1 
12.6 2 39x10 2  9 16x10 
13.6 1 79x10 2  9 32X10' 

.14.6 	. 	. 	 ' .... 	1.31.x1o2 	. ... '9.04X10 
15.6 	,. 9.91x10 1  8.93X10 
16.6 	. 	 :' 8.09x10 1  9.30y10' 
17.7 .6.26x10 1  9.43x10 
1.8.7 	- 5.16x10 1  9.43x10 
18.9. 	' 4.68x10 1  9.00X10 . 

19.9 3.91x10 1  924x10 1  
20.9 	. 3.13X10 1  8.97x10. 1  
21.2 2.96x10 1  8.97x10 1  
21.5 2.71x1.0 1  8.69x10 
22.1 2.41X10 1  8.61x10 1  
22.9. . 	 . 2.05X10 1  ., 8.44X10 1  
23.0 	. 	 . 2.14X1O' 8.95x10 
23.1 2.00X10 1  8.51X10 
24.1, 1.63x10 1  8.19x10' 
25.0 1.40x 10,l 8.14X10 
25.1 1.47x10 1  8.70X10 
26.0 1.19X10 1  8.10X1.0' 
26.1 , 1.13X 10' 7.79x10'.1 . 
27.0 1.11X10 1  8.74x1p 1  
27.2 	.' 1.02x10 1  8.23X10 
29.0 	. . 	 9.02x10 0  9.40x10,7 1  
29.2 	. 	' 	 ' . 	 8.74x10 0  9.35x10 

29.8 	' 	- 7.67x10 0  8.87 X10 
30.2 6.97x10 0  8.51Xl0' 
30.7 	. 6.49x10 0  8.44Xl0 
30.8 	' 6.94x1p 0  9.15X10- 
31.0' 6.78x1'0 0  91710 -1  
31.2 	' 	 ' 6.52x 10 0  9.03X10' 
31.7. 	' 6.50x10 0 , 9.59X10 
31.8 6.37'x10 0  9.50X10 1  
32.2 5.8,3X 10 0  9.14X10 . 	 . 

32.9  5.63'X10 0  959x10 1  
33.2 5.22x10 0  9.17x10 1  
33.9 .  5.43X10 0  1.04X10 0  
34.2 	' 
34.7 .............--' 	'"' 

4.64X 10 0  
'' 	- 	 4.27x10

0 
	'''-' 

9.19x10 1  
.8.93X1O' 

34.9 4.77X10 0  1.03X10 0  
35.1 4.58x10 0  1.00100  
35.2 4.05X10 0  8.96x10 
35.7 3.97x10 0  9.30X10 1  
36.8 3.52X10 0  9.26xl0 1  
36.9 3.75X10 0  9.97X10 1  
37.1 3.51x10 0  9.54X10 
37.8 3.32l00  9.68X10 1  
37.9 3.27X10 0  9.62X10 
38.8 2.94x10 0  9.51x10 
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•Table.VI. Si +31.2-Mev He 3  (continued) 

o (da/dc2) (da/dcl) 
C. M. 

(deg) (barns/ar) lea R 

38.9 3.15x100 	 - 	. 103X100 
39.1 2.73X10 0  9.05x10 
39.8 
40.8 

2.5oxio 2  
2.19x10 

8.87X10 
8.55X10 

40.9 . 2.37X10 0  9.37x10 
41.2 Z.47X10 0  1.0OX 10 0  

41.8 1.88X10 0  8.07x10 
43.0 1.94x10 0  9.28x10 
43.8 / 	 1.56x10 0  8.00X10 
45.0 1.49x10 0  8.47X10 1  
45.2 .1.50x10 0  8.67x10 
47.0 1.29x100  8.66X10 
47.4 1.06x100  7.36x10 
47.9 9.63x10 1  6.93X10 1  
49.2 9.46x10 1 7.51X10' 
51.3 

10_rl 
7.63x10' 

51.4 
. 

6.97x10 1  6.51x10 1  
51.9 6.33x10 6.15x10 
52.1 6.31x1U . 	6.25x101 
54.3 . 	 5.43X10 6.28x10 
55.3 
55.5 

5.78X10 
4.47X10 

7.11x10 
5.57X10 1  . 

55.9 4.00x10 5.12X10' 
56.1 4.70x10 6.08)d0 
58.1 3.61x10' 5.32x10 
59.3 3.01X10 4.78X10 
59.5 2.78X10 	. 4.47x10 . 

60.1 
- 

3.29x10 5.48x10 
61.5 2.19x10' 3.97x10 
62.0 1.9Zx10' 3.5810 1  
63.3 2.29x10 4.60x10' 
64.2 2.01X10 1  4.27X10 
65.5 1.68x10 3.81X10 
66.0 ,1.40x10 1  3.26x10 
66.4 	. 1.55X10 3.69X10 1  
67.4 1.57X10 1  3.94x10 
68.2 1.33x10 3.47X10 
70.Z 	. 935x10 2  2.71x10 
72.2 9.91x10 2  3.16x10 1  
75.4 7.67x10 2  2.84X10 
76.2 6.32x10 2  2.42X10 
79.4 5.31X10 2  2.34x10 -1  
80.2 4.79x10 2  2.19x10 
81.5 3.72X10 2  1.79x10 
83.4 3.70X10 2  1.92X10 
84.2 3.38x10 2  182X10 
88.2 Z.31X10 2  1.43X10 
90.4 2.03X10 2  1 . 36 x 101 
92.2 1.55X 10-2 	. . 1.11X10 
94.4 1.45X10 2  1.12X10 
98.4 9.69X10 3  8.43X104 
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loss in the 100-channel analyzer; because the duty cycle of the accelerator 

was only 2 or 3%, the beam intensity was always limited, so that the maximum 

average analyzer "dead-time" was o.i%.. This corresponded to.a maximum "dead 

time" correction of either 5 or  3.3%, depending on the duty cycle. Errors in 

reading the "dead-time" would cause errors of approx,1% at most in the measured 

cross sections. The largest uncertainties are for beryllium and aluminum,  where 

the background corrections are relatively large at large angles. The error flags 

in the figures are rms standard deviations of the uncertainties in the data. 

The He3  'beam did not pass precisely through the zero degree dial setting, 

of the scattering chamber, and therefore a correction was made to translate the 

"dial" angle into the true laboratory angle. This correction, determined by 

obtaining data with both of the detectors over a series of angles, amounted to 

0.6 deg; the error in this correction is approx 0.2 deg. The error in the listed 

c.m. angles is therefore 0.2 deg. 

The results for aluminum agree well with the data of Greenlees, Lilley, 

61 
Rowe, and Hodgson at 29.1 Mev, but the copper results differ. Our measure-

ments for copper are lower by approx L,-O%. The tin results are in reasonable 

agreement with the data of Greenlees and Rowe at 29.1 Mev,60 although the present 

results are systematically smaller by approx 25% beyond 40 deg. There are no 

data to compare with the beryllium and bismuth results. It is possible that 

the difference between the bombarding energies can account for the difference 

in the cross sections for copper and tin. 

The light element angular distributions show strong diffraction effects. 

For the heavy elements, the differential cross sections break away from 

Rutherford behavior at angles that increase with increasing atomic number. The 

"break-away" angle varies almost linearly with atomic number, the angles.being 

approx 13, 25, and 42 deg for Cu, Sn, and Bi, respectively. Beyond the break- 
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away angle, the ratios of the cross sections decrease expoientia1ly. In coper 

some diffraction effects are still observed at large angles 

A comparison of the results for natural tin and Sn120indicate  that, 

within the experimental uncertainties over the measured angular interval, 

there are no pronounced isotopic effects 

Optical-model analyses for He 3 	 61,62 elastic scattering at 29 Mev 	have 

indicated that the differential cross sections were more sensitive to the 

nuclear radius and the surface diffuseness than to the depth of the refracting 

and absorbing nuclear potentials. This suggests that elastic scattering is, at 

these ene.rgies, predominantly a surface interaction, 
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