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ABSTRACT

The absolute differential cross sections for elastic scattering of

nat)’ Sn;zo, and Bi have been measured in

31-Mev He3 ions on Be, Al, Cu, Sn(
the angular range of approximately ld to 120 deg in the center-of-mass system.

Thin self-supporting foil targets were chosen to span the parameter Al/3,

where A is the targét mass number. The first excited states of the isotoﬁes

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

to enable elastic scattering to be resolved from inelastic scattéring. The
detection system, consisting of CsI(T4) scintillation crystais, 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 thebdifferential

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 enriéhed.to 85% in Snlzo,

indicated that within the experimental uncertainties over the measured angular
interval, there were no promounced isotopic effects. The data are presented

both in tabular and graphical form to allow detailed comparison with theory.
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. ELASTIC SCATTERING OF 31-Mev He3 IONS FROM SEVERAL ELEMENTS
George :Igo and Jose G. Vidal
Lawrence Radiation Laboratory
University of California
Berkeley, California

and

Samuel S. Markowitz

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

I. INTRODUCTION.

Following'the discovery of He3 in l939,l Barkaslcalled attention to

thefadvantagee of using He3 as a projectile for.production and. study.of‘neutron-

3

deficient'nuclides.a The scarc1ty of ‘He~, however, precluded its exten51ve use.

The natural abundance is only l.3-x 10 4 atom percent of normal helium. - Since
the early 1950's, considerable He3 has been produced by the beta-decay of

tritium, in turn produced by the Li6(n,a)H37reaction in high-flux reactors.

3’)lL

The use of He3 es an ‘incident particle has been discussed more recently,

and an extensive review article has been_prepared'by-Bromley and Almgvist

p)

covering most of the He3 reaction studies prior to June 1959. ‘However, this

3

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

nuclei.

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

7-10 deuteron stﬁdies 11-16 and

20-28

data compared with optical-model celculations;

data analysesl7_l9 have been performed. Elastic scattering cross sections

29-L0

and reaction excitation functions have been measured for alpha particles

l7f21’28’4l-%6 of the alpha-

of-incidentvenergy up to>about 50 Mev. Analyses
particle measurements have dealt mainly with elastic scattering data, pptlcal-.

model calculatlons, hOWever, also predlct the total-reaction cross sectlons,
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and a comparison.of theéory with experiment has been made for alpha-ifduced
47,48 :

Elastic scattering studies have also Been carried out with

Lg-56

reactions.

heavy -ions such as carbon, nitrogen, oxygen, and neon.

3

ions at moderate

63 and Berkeley&L

Experimental studies of ‘elastic scattering of He

57-62

energies have been rerformed at Birmingham, Los Alamos,

and optical-model analyses have been made on some of the angular distributions,65
The importance of He3 as :a. probe- of the nucleus has ‘been ampllfled by the

calculations of Hodgson

The purpose of the present research is to measure the elastic scattering
of moderatemenergy He3 ions from various nuclides, sO that subsequent analyses
of the experlmental results W1th tne optlcal model can be made. _It is also of
1nterest to test wnether there are dlfferences 1nHe3 Vs Heu scatterlng owdng _
to the spln l/2 of the He3 nucleus. The low blndlng energy of He3(7 7 Mev as.

compared to 28.2 Mev for Hen) should make it a sens1t1ve probe of the nuclear

surface.

- IIv. EXPERIMENTAL PROCEDURE :-

A, Targets

The targets usediwere thln selfesupportlng foils of beryllium, aluminum,
copper, tln of natural 1sotoplc comp051tlon, tin enrlched to 85% 1n Snlgp, and
bismuth. They were chosen to span the‘parameter A /3, uhere Ais the mass
numbero An 1mportant crlterlon was that the flrst exc1ted states of the
1sotopes of the above elements have suff1c1ent energy separatlon from the ground
stateJto enable elastlc scatterlng to be separated from 1nelastlc All targets
were subJected to spectroscoplc analy51s, which- shomed that metal lmpurltles

were present at most in trace quantltleslln all the targets except beryllium,

o T
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for which upper limits of 0.5% of cadmium,'thorium, and. uranium were ‘determined.

N

The effects of metalic impurities in the targets- 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 effectjon-the.data_because.kinematic

3

arguments_indigatevthat He~ ions scattered elastiéally from oxygen would be re-

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

-

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

3

ahalysis‘using He® as the incident particle has shown that the amount of oxygen‘

in 0.001-in. aluminum,is approximately.0.03 atom percent;67‘this should not

affect thé scattering»resultg. By theA-Hé3 activation analysis, the amount of
Qxygen»invthe beryllium was found toAbe approx 3%; the detector resolution
should minimizé.the effects]of the oxygen impurity in the beryllium; The foils
of copper,‘tin, and bismuth were made by evaporation; the aluminum and beryllium
foils were commércially available. The foil thicknesses (in mg/cmz) were:

Be (5.13), AL (L.1k and_l‘a6L;), Cu (k.52), Sn_(nat)b (4.04), sn'?0 (1.81), and

Bi (5.24). Thicknesées were determined by weighing a -known area. with a
microbélange;_,invaddition, successively smaller areas were'weighed to check

for target uniformity.

AN

B. Irradiations

The angular distribution measurements were carried out at the Berkeley

- : - oh
heavy-ion linear accelerator with a gas supply of M% He3 in He

The gas contained about'lO~6% tritium and 0,03% Hza Khowledge‘of these im-

purities is important because the desired aécélerated specieé was He3(+l),

aﬁd’He3(+l) and H3(+l) would be accelerated under the same conditions because

"of the same chargé-to-mass ratio. While this would not, contribute to elastically

3 3

scattered He” events, false readings of the absolute He~ beam current would be
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3

obtained if ‘any specie other than He” impinged on the Faraday cup. The low
abundance of Té and'H2 in the gas supply-indicated that even a préferential
ionization of hydrogen over helium in the ion source of a  factor of 10 wéuldu
- not iﬁterfere with the results. Tests have shown that Heu_ions:will.notfbé 
accelerated when the conditions are set for He3(+l). The energy-éf‘the beam -
WéS'3lv2_MeV (10.4 Mev per nucleon)n68’69 The collimating system and bending
magnet (see Fig. 1) restricted.the energy spread to approx 2%. The beam pulses
were checked to be ‘2 msec in length and the repetition rate was éithefvlo or
15 pulses per sec. The 2 or 3% duty cycle limited the rate at which the ex-
perimental data could be measgured. - The absglute beam_intensity and total
éharge passing through the tatgetwere determined with a calibrated Faraday cup
and integrating electrometer. _In.anition the relative intensity wés monitored
with a NaI(T4). scintillation counter thatAdetectedtelastically scattered Hé3
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 resisfors
of luOO.x“lO7,vl,OO b4 108, and 1.00 x 109 ohms resistance. The aveygge*beam
intensities were 0.1 to 100 mua, depending on whether smali'or-large angles
were being measured. The Faraday cup was protected from low-energy electrons
either by magnets or an electric potential.

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

5,mm Hg.

to the linear accelerator pumping system.that gave a pressure of lOf
"~ The He3(+l) beam after magnetic deflectiqn was constrained tguaié;lZSEih;mdiam
circular qut on the target foil at the cénter of the chamber. The beam was
strippeq tQ He3(+2) in the first few pg of target material and then struck the
AFaraday cup. The various tantalum collimators uéed to define the beam are

-indicated in Fig. 1.



Bending magnet

{2-inch-diam
scattering chamber

Csl scintil iction

- crystal on oy
_ vphotomultipWA

Faraday cup to
electrometer

He3 beam

fot—

~\.0.125-inch — diam
Ta collimators

Target foil

0.06%inch -
collimator

4 Amplifier

100-channel
pulse- height
analyzer -

MU-25789

' Fig-' 1. Schematic diag'r'a'm of sébattvering chainber”a.nd' counters.
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C. He3 Dgtection

Those_Hé3(+2) ions that were sCattered.passed through the 0.002-in.

_ Mylar window .of the chamber,vapprox-l_in° of air, and into the collimated CsI

~scintillation crystal detector. The CsI thickness was slightlj.greater than
the range of a 31-Mev He3 ion. The CsI was coupled to a'photOmultiplier tube,
Pulse-height analysis was accomplished with arlOO-channel.analyzer after
amplification of the output pulses from the.photomultiplieru Two separate
scintillation-detegtors were mounted on movable arms at a measured fixed radius
from the center of fhe targef foilﬁ Thé'angle With respect.tolthe beam could
be set within 0.2 deg by means of the mérked dial which was also the chamber

top. The detector collimators,.tantalum:rings; had apevbui@s:ofiel thet: 040625

or 0,125-inzdiam. For a 0.0625-in. collimator aperture, 6.46 in from the target
' 5

the solid angle is 7.35 X‘101 sr. The ahgular resoluﬁioh was ~ 1 deg. Pulse-
height resolution was ~ 3%0 Avpulse—height distribution .is shown in Fig. 2.
The separation of elastic f;om inelastic events was considerably-im-
proved4by placing a 70 mg/ém2 aluminuﬁ absorber directly over»the-CsI crystais:
The following example with copper illustrates the point: The range of a ..

31.0-Mev HeB,ion in aluminum is 133.5 mg/cm2°7o Because the first excited

65 3

state in Cu would have an

is at 0.77 Mev, an inelastically scattered He
energy of approx 30.2 Mev; the range in aluminum of the inelastic He3 ions 1is
127.5_mg/cm20 If, however, the ions pass through .a 70 mg_/cm2 Al absorber, the
3 | 3

residual ranges of the elastic He” ions and the inelastic He” ions will be
63.5 and 57.5 mg/cmz{ respectively, corresponding tb energies of 20.2 and 19.0
Mev. A difference, thereforé,vof only O@??IMev~in.3l,O or 2.6% will become a
difference of 1.2 Mev in 20.2 or 5.9%, if advantagevis taken of_the greater
rate of 'loss of energy for the inelastically scattered io'ns_.j Separation of

elastic from inelastic events by pulse-height analysis is thus enhanced because



* per ‘channel

Counts

/.

10000 ] | T 7T —
[ Pulse - height spectra ]
| Cu(He3 ,He® )Cu 31- Mev He3 _|
| ' 32.6 deg c:m. |

1000 |— " —

- 100 |— —

E it =
|o4— 'f.. L] 1\ __——
| | 1 | [oa -’

30 40 50 60 70 80 - 90 100

v

. Channel position (volts)

MU=22367

 Fig. 2 Pul_se'—height spectrum for scattering from
copper at 32.6 deg. '
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. the energy spread of the incident beam is less than the energy resolution of
the detectors. | |

" The background in the regipn'of the elastic scattering peak, in the
pulse-height spectra obtained from the CsI counters, consisted of: (a)vpulses
due to & particles produced'by'the exoefgic (Hes,a) reactions, (b) ineléstically
scattered‘He3 ions, and (c) scattering from the tantalum collimators. The
spectra were graphed on semilog paper,band the background was subtracted in a
consistent manner with the aid of parabolic templates which,wére 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.betweeﬁ lb and 98 deg, background varied from
0.7 to 1.6% of the peak area; for SanO between 20 and 120 deg, backgrouhd
was 0.5 to 13%;- for Cu between 10 and 6k deg, backgfound was 1 to 5%; for Ai
between 14 and 68 deg, background was 0.9 to 19%; and for Be between 17 and

s

65 deg, the background was 0.8 to 30%.

IIT. RESULTS AND DISCUSSION

The data are presented in Table I through VI, and in Figs. 3 through
9, to allow detailed comparison with any éalculaﬁions. The Tables list the
absoiute differentiai cross section for elastic scattering of 31.2-Mev He3
ions. and the ratio of that cross section to the Rutherford cross séction,in
the c.m. system as a function of angle. The general behavior 1s 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

which includes: the effects dfhStatiStiCS;LEargdayﬁqupgintegpatgnmgeadings,and

graphical analysis was | &pprok 2.3%. The Aindividual .datum was, corrected fordgad-time "



Talle 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 Ruther!ori cross section in the center-of-mass system,

;] (do/aQ) (do/aQ)

: c.m. ,
_(deg) (barns/sr) o R
17.1 5.85%10-1 1.86% 100
19.7 2.01x10-! 1.14%100
22.4 6.38%10"2 4,09x10-1
25.0 7.04x10-3 1.02x10-1
27.1 5.49%10-3 1.09x10-1
27.6 8.88x10-3 1.89x10-1
28.9 1.49%10-2 3.82%x10-1
31.6 3.00x10-2 1.09% 109
32,9 2.92%x10-2 1.24x 100
35,5 2.81x10-2 1.60%109
36.8 2.57%10"2 1.68%x 100
38.1 ©2.43%10-2 1.81x100
38.6 2.36%10-2 1.86 x109
39.1 2.02%x10"2 1,66 %100
39.4 1,95%10-2 1.66 x 100
39,9 1,93%10-2 . 1,72%100
42.5 1.03%x10-2 1.18%x 100
43,0 '6.84%10-3 8.13x10"1
43.8 6.72%x10"3 8.57x10-1
44,0 © 5.40%10-3 7.02%x10-1
46,2 2.74x10-3 4,28%x10-1
46.8 2.12x10-3 .3,47%x10-1
47.6 1.82%10-3 3,19%x10-1
47.9 1.31x10-3 - 2.35%x10-1
49.4 . 1.07x10-3 2.15%x10-1
50.1 1.36x10-3 2.88x10-1
50.4 1.01x10"3 2.18x 101
51.4 1.67x10-3 3.89x10-1
56.9 2.20%10-3 7.51x10-1
57. 2.46%x10-3 .8,95%x10-1
59.7. 2.59%x10-3 '1,05%10
60.7 2.48%10-3 1,06 x100
61.7 3.21x10-3  1.46%x109
64.6 1.82x10-3 9.59% 101
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The differential ¢ross section for elastic scattering of 31.2-Mev

He” ions incident on aluminum and the ratio of the experimental cross
section to the Rutherford cross section in the center-of-mass system.

C. Mm.

{deg) . '~

13.8
14.9

16,0 -

18,2
19.3

20,4 ..

20.6.
21.5
21.7

22.9 .

23.9 .
24.0
26:2.
27.2
28.3
29.5 -
30.6
31.7
32.3
32.6 - .
32.8 -
34,8
34.9
35.8 .
37.0
37.2
38.2
39.1,
40.2
40.4
42.4
43.5
43.7 "
44,6 . ..
45.9
46.9

) 48.0 B
48.9
51.2
52.2

- 53.4
«54.5
55.4
57.7
58.6
60.9
61.8
64.0
65.0
67.2
68.1

(do/ds)

(barns/sr) .

3.96 X100

2. 45><10°

1.51x100

saleo-l'

3.51%x10-1

2.54%10-1

2.37x10-1
2.36:x10-1
2.29x10-1
2.34%x10-1
2.39%x10-1
2.17x%10-1

-zo3><1ol

1.58x10-!
1.26x 1071
9.60%10-2

6,97 %x10-2

4.00%10-2
3.53%10-2

. 2.67%10°2°

2.59%10-2
8.70x10-3
8.92x10-3
7.77%x1073

7:71x1033.

9.90% 103
1.36 X10-2
1.20% 1072

1.43%x10-2,
1.63x10-2"

1i51x10-2

1.36 X102

1.37.x1072

1.18x10-2.

9.33% 103
7.89x10°3

5.24%10-3
3.67.%10°3,
L19xio-3.

1.02%x10-3

9.68%x10°4 . . s~
"1.29%10-3

1.29%10-3
2.12%10-3
1.80% 1073
1.93x10-3
1.41x10~3
1.05%10-3
8. 18)(10':
3.94%x 107

3.73%10-4

{do/dQ)

g/a),

- 47:43%x10° 1
©6.22%x10"1
.5.10%10-1

2.99x10-}
2.49% 101
2.25%10-1
2.19%x10-1
2.57%x10-1
2.60x10-1
3.27x10"!
3.84x10-1
4,00x10-1"
4.82%10-1,
4,39x10-1
4.04x10-1
3.36x10-1

- 3,04x10-1

1.99%10-1
1.90x10-1
149><10-1
1.47%x 10"}

. 6.26%10-2

6.46 X 10-2
6.27x10-2
6.98x10-¢
9.25%10°%
1.40x 101
1.36x10~1
1.79%x10-1"

©2.08x10° 1

2.32x10°1

S2.31x 100l

2.36x10-1"
2.21x10°1
194><10-1
1.78x10-1
1.29%x10° %"
9.68%10-2
3.74%10°2.
3.42%x10-2

3.54%x1072.
X102

5,10x10°
5.42%10-2
1,03x10-1
9.29x10-2
1.14x10-1
8.81x10"
7.52%10-2
6. zo><1o-2
3.36%x10"2

- 3,33%10-2
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Table II}l. The differential cross section for elastic scattering of 31.2-Mev
He” ions incident on copper and the ratio of the experimental cross section
- to the Rutherford cross section in the center-of-mass, system.

, c. m. (do /aQ) (do/dQ)
—(deg) (barns/sr) _—_(?10 7d% 5R.
- 10.9 5.22x10} 0.863%x100

11.6 4.86 10! 1.02 x109
11.9 3.90x 101 0.915x%x 109
12.0 4.30%10 1.05 X10
13.0 2.87)(10} 0.959 % 109
'14.0 1.93x10, 0.864%10
14.1 2.02%10 0.933% 10
15.1 1.24%10 0.748 %100
16,1 8.65x%109 0.676x10°
16.2 1.06 x 10} 0.846 %109
17.1 6.26 X100 0.620%109
18.2 '4,50%x100 0.572x 109
18.3 4.84%10 0.630% 109
19.2. 3,33x100 0.524 %100
20.4 2.59%x 100 0.519% 109
21.7 1.59x 100 0.408 %109
22,3 1.54 %100 0.438%x100
23.2 1.17x100 '0.387 %100
23.8 1.00x100 0.369 %100
25.9 6.18x10"} 0.325%109
26.7 5.01x10-! 0.294 %109
27.9 3.57x10-1 0.251x109
30.0 2.16x10-1 0.198 % 10°
30.3 1.71x10-1 0.163%x100
30.7 1.83x10-1 0.184x 100
32.1 1.40x10°1 0.167 %100
32.6 1.38x10-1 ©0.174%100
34.2 1.11x10-1 0.172%x100
34,7 1.04x10-1 0.169x 100
35.0 1.20x10-1 0.199x 109
38.3 5,68 %1072 0.134x109
38.9 - 4.99x10-2 0.125x10°
42.5 . 2.23x10-2 .0.784x10-1
43.0 1.99%10-2 0.733%10°}
46.6 1.33%10-2 0.665x10-1
47.6 1.37x10-2 0.741x10-1
50.8 8.76x10-3 0.604x10-1
51,9 7.91x10-3 0.590%10"1
54.9 - 3.95%10-3 0.365%10-1
55.4 3.41x10-3 0.325x10-1
59.0 2.11x10-3 0.253x10-1
59,5 2.04%x10-3 0.252x10-1
63.1 1.88%10-3 . 0.288%x10-1
63.6 1,74x10-3 0.273x10-1"
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Table IV. The differential cross section for elastic scattering of 31.2-Mev
He?3 ions 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.

8. m. (do/dq) _g%/%%_ |
(deg) {barns/sr) R
10.7 1.82x 102 1.00x 100
11.7 1.33x102 1.04x109
12.7 9.30x 10! 9.94%10"
13.7 7.13x 101 1.03%x 109
14.7 '5.58% 101 1.07x100
15.8 4.32x10! 1.10%10
16.8 3.31x10!} 1.08 x100
17.8 2.80%10 1.15%x 109
18.9 2.25%x 10! 1,17x109
19,2 2.20x 101 .1.22x10
20. 1.62x10! 1.09% 109
21.2 1.30x% 10! 1.06 x 109
22.2 1.06x 10l 1.04x100
23,3 9.04 %100 1.07x 100
24.3 7.12%x109 9.99x10-}
26.2 4,15% 100 7.83%x10"1
26.3 4.70%100 9.01x10-1
28.4 2.80x%100 7.30%x10-1
29.7 2.29x109 7.07%x10-1
30.1 2.00x109 6.50x 101
30.4 1.88 %109 6.35x10-1
31.0 1.79% 10 6.54%10"1
32.1 1.49x 100 6.22x10-1
32.4 1.33x10° 5.75%10"1
33,1 1.13x100 5.32x10°1
34.5 .8.67x10-1 . 4,79x10-1
35.1 7.84x10-1 4.64%10-1
37.2 5.48x10°1 4.03x10"}
37.6  5.40x10"!1 4,15x10-1
39.2 4.01x10"} 3.62%x10°!
41.2 2.74%10" 3.00x10"!
43,7 1.89% 10" 2.60x10-1
46,3 1.33%x10~1 2.27%x10°1
46.7 1.21x10" L 2.18x10-1
47.4 1.04x10-1 1.94x10-1
49,4 7.39%10-2 1.61x10"}
52.8 5.01%10" 1.40% 10"}
53,4 4.24x10"2 1.23x10-!
54,9 3.79%10-2 1.22x10-1
56.9 3,05% 102 1.12x10*
57.5 2.68x10-2 1.03x10°1
60.9 1.98x10-2 9.33%10°
61.6 1.77x10-2 8.68%10-2
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" Table V. The differential cross section for elastic scattering of 31.2-Mev.
"He” ions incident on tin enriched to.85% in Snl20 and the ratio of the experi- .
‘mental cross section to the Rutherford cross section in the c.m. system.

e e ——————
<
¢
§

(do/dq) . (do/d4Q)

C. m. . . o m

) (deg) - - . (barna[sr)’ "R
208 9.85x%10° : 7.46x10-1
25,9 3.48x100 6.33x10"1!
3l.0 1.28 %100 4.67x10°1
36.1 - 5.67x10°1 3,75%x10-1
41.2 2.39x10°* 6.62x10"!
46.3 1.19x10-1 2.03x10-!
51.4 5.80x10"% 1.46 x10-!
56.5 2.93x10-2 8.71x10-2
60.9 "1.80x 102 8.49x10-2
61.6 1.73x 102 8.48%10-2
66.6 7.90x10" 5.13x10-2
69.0 5.90x10-3 4,32%x10"2
71.7 4.84x10-3 4.07x10"2
75.1 3.33%x10°3 3.30%x10-2
77.7 2.50%10-3 2.77%x10-2
81.1 1.76 x10°3 2.24%10-2
83.7 1.23x10-3 1.74x10-2
86.1 1.11x10°3 1.72x10-2
92.1 6.31x10-4 1.21x10-2:
95,7 4.25%10°4 9.18x10-3
98.1 3.84x10% 8.93x10-3
101.7 2.48x10"% 6.41x10"3
104.1 . 2.04%10" 5.64%10°3
107.7 1.45x10-4 4.39x10-3
112.0 1.07x10-4  3.61x10-3
113,6 1.03x10°4 3.61%10-3
116.0 1.01x10-4 3.74x10-3
119.6 7.06x10-5 2.81x10-3
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He” ions'incident on bismuth and the ratio of the experimental cross
section to the ARutherioraAcross section in the center-of-mass system.

The differential cross section for elastic scattering of 31.2-Mev

0

c. m.

(deg)

10.6
11,2
11.6
12,6
13,6
.14.6
15.6 -

16.6 « .

17.7
18.7
18.9
19.9
20.9 -
21.2
21,5
22.1
22.9. .
23.0
23.1
24,1
25.0
25,1
26.0
26.1
27.0
27.2
29.0
29.2

29.8
30.2

30.8
31.0
31.2
3.7
31.8
32‘2 s
32.9 |
33,2 ¢
33.9°
34,2

34:7 LI LT B

34.9
35,

35.2
35,7
36.8
36.9
37.1
37.8
37.9
38.8

(do /dn)

(barns/sr)
4.86x10
3.66 %102
3.59% 102

T 2.39%102.
LU 179%102 -
S1.31x 102

9.91"x 10
8.09x 10!

.6.26%101

5.16 %101
4.68x10!:
3.91x10!
3.13%x 10!}
2.96 x 101
2.71x1p01
2.41x 10}
2.05x 10!

2.14% 10l |
'Z.OOXIOi

1.63x 10
1.40x 10}
1,47x10
1.19x101
1.13x10}
1.11%x10l

1.02x10!

9.02 %100
8.74%10

7.67%100
6.97 x 109
6.49%109°
6.94% 109
6.78% 109
6.52% 109

6.50%x109

6.37%109
5.83% 100
5.63%10°
5.22%100
5.43x 109
4.64%100

4.27%100

4.-77><108
4,58 %10
4.05%109
3.97%x109
3.52x100
3.75x10°
3.51x109
3.32x109
3.27x100
2.94x100

{do /dQ)

0/ g
9.36x10-1
8.78 x10-1

9.89x10-1 |
C 9.16x10°t ]
.. 9.32x10-1

'9.04%10-1

8.93x10-!
9.30%10-1

9,43%x10-1 ...

9.43% 101
9.00x10-1
9.24% 10"}

8.97 x 10-1

8.97x10-1
8.69x10-1
8.61x10-1
8.44x10-1
8.95x 10-1
8.51x10"}

- 8.19x10-1

8.14x10-1
8.70x10-1
8.10x 101
7.79x10-1

8.74%10- 1

8.23x10-!
9.40%x 101
9.35%10-1

8.87x10-}
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c.m.
__(deg)
' 38.9
39.1
39.8
40.8
40.9 .
41.2
41.8
43.0
43.8
45,0
45,2
47.0
47.4
47.9
49.2
51.3
51.4
51,9
52.1
54.3
55.3
55.5 .
55.9
56.1
- 58.1
. 59.3
59.5
60.1
61.5
62.0
63.3
64.2
65.5
. 66,0
66.4
67.4
68.2
70.2
72.2
75.4
76.2
79.4
80.2
81.5
83.4°
84.2
88.2
90.4
92.2
94.4
98.4

- 2.50% 109

(do/dR)

(barns/sr)

3.15% 100
2.73%x10°

2.19%10°
2.37x100
2.47%10
1.88 x10°
1.94x 109
1.56 %109
1.49x109

1.50% 109

1.29x109
1.06 X 100
9.63x10"!
9.46x10-!
8.24x10-1
6.97x10-1
6.33x10"1

6.31x10"!

5.43%10-1

'5.78x10-1

4,47%x10-1

" 4:00%x10°}

4.70x10-1
3.61x10-1
3.01x10-!

©2.78%10°1
- 3.29%x10-!

2.19x10-1
1.92x10"!
2.29x10-1

2.01x10-1"

1.68x10-1

1.40x10-1

1.55% 10!
1.57%10°}
. 1.33x10-1

9.35%x10"2
9.91x10"2
7.67%x10°2
6.32%x10°2
5.31x10-2
4,79x10°2

"3.72%x10°2

3.70x107%

'3.38x10-2

-2
2.31x10 2

- 2.03x10°

1.55%x10-2
1.45%10-2
9.69%10°3

(do/dQ)
([do7d%)

1.03x109
9.05% 101
8.87x10-1
8.55% 107 -
9.37x10-1
1.00x 109
s.o7x10-}
9.28%10"
8.00x10-1
8.47x10-1
8.67x10-1
8.66x10-1
7.36x10°1
6.93x10-1

©7.51x10-1

7.63x10-1
6.51x10-1
6.15%10-1

" 6.25%10-1

6.28x10"1
7.11x10-1
5.57%x 10"}
5.12%x 10"}
6.08%x10-1

5.32%x10-1

4.78%x10°1
4.47x10-1

' 5.48%10-1

3.97x10-!
3.58x10-1
4.60x10-1
4.27x10-1
3.81x10"1
3.26x10-1
3.69x10-1
3.94x10-!
3.47x10-1
2.71% 1071
3.16%10-1
2.84x10-1
2.42x10-1
2.34%x10-1

2.19%10-1

1.79%x10-1
1.92x10-1
1.82x10-1
1.43x10-1

-1.36x10'i
“1.11%10"°

1.12x10°!
8.43%x10-2
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loss in the 100-channel analyzer; because the duty cycle of the accelerator 
was only 2 or 3%, thefbeamvintensity was alvaysAlimited, sd.that the‘maxiﬁum
average analyzer "dead-time" was 0.1%. Thié‘correéponded to.a maximum. "dead
time" correction of either 5 or 3;3%, &epending.on the duty cycle. Errors in
reading the "dead-time" would cause errors>oflapprox_l% at most iﬁ the measured
cross. sections. - The-laréeét uncertainties are for beryllium and aluminum; where
the background corrections are relaﬁiveiy:lérge at large angles. The error flags
’inhthe_figuressare ms standard~deyiations of the unce?tainties in the data.

The‘He3'beam did not pass precisely through the zero degree dial setting.
of the‘scattefing chamber, and thereforesa cofrection was made to translate the
"dialf angle into the trﬁe.laboratory angle. This correction, determined bj ‘
ogtaining data with both of the detectors over a series of angles, amounfed to
0.6 deg; the error inzthis'cqrrection is approx 0.2 deg.: The error in the listed
c.m. aﬁgleSxis.therefore O.2Ideg.; |

iThé reéults for aluminuﬁ agree wéil with the data of Greenlees, Lilley,
Rowé;.éna Hodgsdp6l af'29.l Mev, but éhe copper results differ. _Our measure-
ments for‘céppef aré lower by approx 40%, The tin results'are.in reésoﬂable
agreemént withbthe data of Greeﬁlees aﬁd Réwévat'29.l Mev,60 although tﬁe present
resulésbafe.syéféﬁatically smaller by approx 25% beyond 40 deg. There are no
data to compare with the beryllium and bismuth rgsults. It is possible thét
the difference between the bombarding energies can account for the difference
in the cross sections for copper and tin. |

Thé'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 nﬁmber, the angles.béing

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 ex@dnentiallya'“In'éopper
some diffraction effects are still observed ét large anglés;
A comparison of the results for natural tin and:Shlzorindicateé that,
within the experimental uncertainties over the measured. aﬁgular interval,
there are no pronounced isotopic effects. _ - :
*Oﬁtical-ﬁodel analyses.for Hé3 elastic scattering at 29 Mev 61,62 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 scatteriﬁg is, at

these energies, predominantly a surface interaction.
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