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ALPHA .. ALPHA SCATTEiliNO IN THE RANGE 36.8 TO 47.3 MEV 

Homer E. COB=-ett, George lgo, Harlan C. m.aw and 1\Ddolfo J. Slobodrian-

Law"l"eac:e Radiation Laboratory 
Uni.versity of California 

Berkeley, Califomia 

July 15, 1959 

Abstract 

Absolute cliffereuti.al c:roae sections for the elastic scattering 

of alpha particles floom helium have been obtained at 36.8, 38.8, 40.8, 

41.9, 44.4, 4:6.1, 47.1, and 47.3 Mev. Me&l\lremente have 'been made at 

intervals of l degrees over u angular ranae from about 15 ciegreel to 

beyond <JO 4esreea in the c. m. ayatem. The angula-r distribution •bows a. 

single minisum at 65 degrees at the two loweat •nergiea, and two minima, 

at about 35 and 'fO degrees, at the other enei'Ji••· 

·:. 
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ALPHA-ALPHA SCATTERING IN THE RANGE 36.8 TO 47.1 MEV• 

Homer E. Conzett. Georg~ lgc.' Harlan C. Shaw and Rodolfo J. Slobodrian§ 

Lawrence Itacliation Laboratory 
University of California 

Berkeley. Californ.ia 

July 15. 1959 

__ lntrocluction 

The elaetie aeattering of alpha particlee from helium has been 

investigated in detail in the energy range from 0.4 to l3 Mev, 1• Z, 3 at 30 

Mev, 4 and from l3.1 to 41.Z Mev. 5• 6 The 0.4-to .. Z~·Mev data have been 

analyzed by the varioua authors in terms of the method ·Of partial waves. 

and the nudear phase shifts that were determined have given evidence for 

several virtual excited states in the eompo\lnd nu.cleus, Be 8• The alpha-

. alpha differential cross section• are vt~u·y strongly energy·depondent, and 

<:oneequently data at aevorall\eighborina energies are needed to explore 

resouance effects ln the phase shifts. Since it is expected that data at more 

cloae!y spaced energy intervale above 23 Mev wUl become available soon, 6 

we have explored the region from 37 to 47 Mev. It should thea be posaible 

-to determioe the phase ahifts smoothly aa functions of the energy up to 47 

Mev. 

ln addition, at energies above 34.7 Mev. there can be other end 

product a of the iuteraction ol two alpha particles, namely, Li 7 + p, Be 7 + n, · 

4 4 3 6 . He + t+p, He + He + n. and Li + d. These reachons may proceed through 

the compound nucleus, Be8, or through a direct·interacti.on mechanism. 

• Work done under auspice• of the Atomic Enersy Commlssion. 

t Summer 1957 visitor from Department of Physics, Stanford University, 
California. 

~ Comhion Nacional de Energia Atomica, Buenos Aires, Argentina. 
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Coneequently, the techniqu~ of opticaJ. ... model analysis may be '1.-ery uceful. 

The optical-model parameters determined from alpha .. alpha ecattering 

along with those d•tertnined lor the elastic scattering of alpha particles 

-.from other dememts •hou14 enable ou.e to get a:n estimate of the size of 

the alpha .. partide1 a quantity which cou.tributea to the size parameter 

tle~ermined by tbe opti.cal•model aualyaie for other elements. 

ln addition to the optical-model calculations beiag carried out 

by oAe of uo (G. L ), a p~rtial-wave analysis of the data has been started. 

The reaulto of both analyses wUl be reported Lu subsequent papers. 

E»perimental ?rocadu:re 

The general exp.eriment&l deta.Ua concerning the scattering 

chamber. the beasn-monitort.ng. and the energy-maa..et~ring methocie have 

been described earlier. 7 The external 4t~Mev alpha-particle beam of the 

Crocker Laboratory 60-ineh cyclotron was direG;ted down an evacuated 

pipe aud through aufficieut absorber, placed at the entra.nce to the 

scattering e:bambe~r, to d.•grade it to the deeired energy. An Al abaorber 

was uaed except for the three lowest energies, at which Be was uaed in 

order to reduce the lese from multiple scattering. Following the absorber 

was a carbon collimation ay•tem consieting of three apertures of 1/8, 

1/16, and 3/16 in. diameter. separated 'by 10-1/2 and 6-1/?.·., respectively. 

Their respective fundiOlUil were to (a) stop most of the excess beam, 

(b) define the croaa•eecticmal area o! the beam, and (c) act a.e an 

antiecattering 'baffle. Following the last collimator waa a 0.00 l-in. Al 

vacuum foU (for the two 47 .. Mev runs, a 0.0005-in. Ni. foil was substituted) 
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through which thtit beam passed from the evacuated pipe t.nto the h.~Uurt~ ... 

filled $c&ttering chamber. Th~ foU wae 4-1/4 i.n. from the center of tlta 

, chamber. 

After passing tlu·ough tho chan2ber-. the beam was collected in a 

-Faraday cup and integrated. The mean eae:rgy of the beam w.as determined 

by measuring the ranae of the alpha paJ:"ticlea in Al absorber a with the 

scatterms chamb"l'ir evac:ua.ted. The absorbers were located immediately in 

~rent of the Faraday cu.p. A ploi of beam intensity at th.e i'al'cWAY cup versus 

thicbess o! AI absorber ~!las used to deterrnine the thi,beaHI of Al a.beorber 

8 cor1"espon4ing to one .. half Jr.laximu.m beam intenaity. Rar~.ge .. energy tables 

based -on experimeRtal proton ra.nge:..ene~gy daw9 w~re used. 

The&G tablae uae proje<:ted ranges. and hcm.ce can be \UhJtd directly 

to dGtermine b0a.m energy bom thickt1eas o£ Al absorber at hal£.-nu;..x.in:~am 

beam iateneity. A con·cc:Uon tu tlle energy waa made for dlc length of path 

trav¢r$ed. by the al;.ha-parUcles in h*lium ga& before arl"iving at the (;enter 

oi the scatteriag chamber. An e1timate o! the energy spread in the beam 

. wa• obtaituad from the measure-d integral range ... curve. The widtb o£ the 

di!!orential range .. etu've der'iv&d from it, redacad by tho theoretical width 

due to range etraggling alont:t. gave the range spread in the beam itself. 

This corre11pon<le to a 0. 751!{, ersorgy spread in the inddent beam. 

The elastically scatte:rod alpha .. pal'ticlea were detected with a 

Cal (Tl) scintUla.tor placed approximately 10 in. from the center of the 

c:har.aD6r. A collimating 9'ftHetn. C()n$bsting of a O.lZS·in.·diam. apertu.re 

immediately in front of the scintillator and a 0 .113·-in .... wide vertical slit 

placed 6. '75 in. in front of. th~ apertu~e; defined the target vobune and the 
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solid a.ngle subtend~d by the r:t~untex. The angular re$olution achieve(~ ·t'lith 

tbie geometry W&B 1.:4 deg. The counter collimation system in the scattering 

chamber was aligned radially by optical methods, 

At laborato-ry aq.gles les~ than about 1 l. d~g .... the counter and its 

f1$Sociated. mounting obac11red the Faraday cup !:ro1n the dlrect beam. Under 

these condittous. another scintillation. counter was uaed &6l a beam monitor. 

lt wa.e placed outside the chambor at a fbzed laboratory angle near 19 deg. 

It vie.wed the chambe!" through a window po.rt with d.dining apertures attached. 

so that it detected alpha. particle$ scattered only from the central region of 

the scattering chamber. Calibration was done dhectly by recording its 

total counts and. the corresponding charge collected in the Faraday cup while 

running at large anglea where there was no potllt~ibility of the counter obscuring 

the Faraday cup. 

Puls-es fron"l tho scintillatio'!l. counter were emplified and fed into 

a lC .. ch.annel pulse·h¢\i:ht analy:ter. Figure l shows a typical epectru".'n 

cbtaineti from this counter. At the higher energies, the background was 

quite low oxcept at angles near the minima in the croas section.. At the 

lower energies. however, the cot:rection for bac:kground became quite 

appreciable. 

m cr<ler to provide a check on the eonaistency of the results, 

the data were taken at alternate angles in. •u.ch a way that eaeh angular 

distribution was taken at least twice. 1n addition, several points on each 

curve were remeasured one or more times to ensure that no electrical or 

mec:banieal drift was pree.ent in the apparatus. Sinee the scattering of 

identical partidee impoeea angtllar-distrihution symmetry with respect to 



90 cleg. c. m., some check-points were taken at c. m. angles larger than 

90 deg. 

Secoad·order geometry co&"rectiona to the c.reea sections were 
. . 10 

made, baaed on the calclllation of .Critchfield and Dodder. , Theee 

corrections became ae la.rge as 35% at the narrow m~nima of. the angular 

distributiona. At other angles they were of the O&"der of r~ or less. 

The preaeure of the heiium gas ln the chamber waa measured 

with a mercury manometer, and the temperature was meaa\l:red with a 

tl:u~:rmometer in thermal contact with the chamber. 

Error• 

The charge-collecting system waa calibrated aaa1aat ~voltage 

and capacitive standards and waa eltimatecl to have an over-all accuracy 

oftt: o.so·% relative, and • a. 75% abaolute, for each croaa aeetion. 

The helium gaa ued in the scattering chamber waa supplied by 

Liquid Carbonic Co. from the V. S. Bureau of Mines 'bottling service at 

AmarUlo. Texas. and waa 1ped!led. to have less than 0.005% of impurity, 

mainly air and hydrogeu. Tb.ie amount was negligible. The measurement 

of temperature ancl prea1v.re of the helium gaa in the chamber was estimated 
--. 

to introduce an absolute error in the determination o£ the density of the 

helium gas varyina from • 0.3., to • l.0'1u. This depen4.ed mainly on the 

helium gaa preeaul'e for each rUD. and the percentage accuracy with which 

it could be determined.. 
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The anplar position ofthe counter with respect to the beam 

direction wae reproducible to :1: 0.1 deg. in the la'boratory ayttem 

{OJ> tt 0.2 des. iB the c. m. •vatem). Thie affects the calculation of the eros a 

· aectioa through a. tan nlab factor, causing a relative error varying from 

tt: O.S4% at a laboratory anale of zo deg. to st: 0.36% at 45 deg. 

The calculation of the solid angle eubtended by the counter tele­

aeope wa.e &ffected mainly by the accuracy of meaaurements of the O.lZS-in.­

cliam •. collimation aperture directly in frozat of the eryetal. Tbe resulting 

absolute error in the ·eoUd aught wae eatimateci to be :t:· 3%. The calculation 

of the effective length of the target \'Olume of helium gaa also d.epencie mainly 

on th.e accuracy of measurement of the cl'yatal collimation aperture. Since 

. thb it a linear quantity, the resulting absolute error is only '1!: Z'-1a. 

At each aaale, tl\e energy apectr\lm wae obtained with sufflcient 

pointe above and below the peak corresponding to elastically scattered alpha 

particle• to eaable the background curve to be well determined. This curve 

waa then extrapolated into the el.astic peak, aad those coWltl arf.1ing from 

baekgrou.ad were .ab.btracted from the total c0'\11\tl in the peak. The back­

ground corl'ectlon was quite emall, and generally negUgible at the higher 

energies, except at uglea near mmima in the eroas section. Below 41.9 

Mev, however, the size of this bac'kgro~ncl correction became cG\siderably 

laraer, aad., consequently, at the lower energies the error associated with 

this backgrou.r&d correction accoun~e for moet of the tabulated relativ·e error 

on each eros s eectioo. 

At the low pressures of helium gaa in the chamber. the poasibUity 

of the loss of some beam from the Fal'aday cup by multiple scattering iu the 

gas wae negligible. and wae calculated to be lees than 0.11\ . 
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The errors listed in Table 1 are relative errors. The absolute 

errors were compounded separately and result in a tf:! 3.8'l"~ error which 

should be applied to the ordinates of each bombarding energy. 

Results 

The measured differential croa• sections are tabulated with their 

relative erJ:ors in Table 1 and plotted in Figa. 2 and 3. Angles and cross 

sections are in the c. m. ayatem. The single prominent minimum seen at 

36.85 and 38.83 Mev, gives way to two minima at the higher energies. This 

tranei.tion from one to two minima with increasing energy is abo present in 

the 12.-to-z 3 .. Nev alpha-alpha data, where resonance ecattering from a 

virtual excited state ( 4+) around 11 .!Mev in Be 8 is observed. 11 
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Table 1 

·,. 
Dtfieren.tial c:ro•s •ectiou, .. for alpha-alpha scattering 

. ($l:~r'b = 36.85 It O.Z 1 Mev 

C 147.64 * l.S mg/em2 
Al) 

~ali • 38.83 rJ:, 0.07 Mev 

(161.73 tt 0.50 mg/crr/· Al) 

e (dw /dn) em 9cm (do- /dO) · 
em em 

(deg.) (mb/eteracl) (d•&·, ll'!l~ /..sterad) 

1 i:r 979 i. .. 4a 
13.7 1391 :i 11 1:4.7 910 ti: 28 
15.7 1116 #: ~~ 
17.7 971 ::!; •!.) 17.7 711 *' 8 

.• 

1<?.7 818 u .; ;t. 

2.1.7 691 :t· 10 21.7 6l0 '!t 7 
Z3. 7 6:e6 * 8 
2$.7 505 ;&; 6 ~5.7 444 • 5 

... 27.7 425 :t: s 1.7. 7 !83 * 4 • 
29.7 J51 '* 5 l.9.7 3Z4 1'1': 4 
31.7 290 II; 4 31.7 2.75 'i:-~ 3 
33.7 2.41 :1- 3 33.7 242 ',I-~· 3 
35.7 189 * 3 35.1 ?.17 • 3 
S7.7 159 :I: 3 37.7 187 * z 

.J. 39.7 1.3Z ·z ···~ .- . '. 
J9.'7 162. It z d': 

.. 41.7 108 i: z 41.7 136 ~ l 
43.7 97.7 :t 1.4 43.'1 uo • 1. 
45.7 86.9 '* 1.8 45.7 10.?. * 2 
47.7 79.8 * l.l 47.7 82..7 .. 1.0 
49.7 70.~ * 1.3 4'9.7 60.~ :t l.3 
Sl. 7 61.0 d: 1.0 51.7 48.3 IIi: 0.8 
53.7 49.1 ~ 1.1 51.7 3Z.8 * 0.8 
55.7 41.7 ~ 0.7 55.7 Z6.1 :t 0.6 
57.7 30.8 ;± 0.8 57.7 14.7 li: 0.5 
59.7 2.u .4 d; 0.6 59.7 10.7 ·l'l: 0.3 
61.7 11.4 d: 0.-4 61.7 7.90 lk o.sa 
63.7 4.8P ::t: Ci.l/1 63.7 4.09 :t 0.25 
65 • ., 4.63 .:f:, 0.41 65.7 4.10 I! 0.56 
67.7 7. 72. :t. 0.50 67.7 S.S4 & 0.38 
69.7 18.3 * 0.7 6q.1 8.95 !#: 0.57 
71.7 30.4 • 0.9 71.7 ll.tS :t :) .!) 

73.7 56.4 ~ l.l 73. i 18d; • 0.8 
75.7 76.3 • l.S 75.7 l5.8 ~ 0.6 
77.7 HH • ? 77.7 29.7 * 1.0 
79.7 129 lil::' l 79.7 3l.8 * 0.8 
81.7 160 :I:. 3 
83.7 175 * 4 33.7 37.6 d: 1.4 
85.7 19() :± l 85.7 40.0 * 1.6 
8'1. 7 z.o~ ::t: • 87.7 4l.5 tit 1. 7 
89.7 zoq * 3 89.7 40.8 ~ 1.4 
91.7 194 * 5 91.7 43.9 * 1.9 
(}3.7 192 :11!. 3 93.7 40.9 :.tl 2.2 
95.7 179 * .. q!). 7 35.5 :1- z.z 
97.7 150 * 4 97.7 32.7 :t ?..3 
99.7 115 '!f.! 5 99.7 24.8 * 1.9 
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Table I (Continued) 

Elab = .W. 77 t1: 0.0& M~v 
(l76J)4 * 0.40 mg/ctn A 1) 

E1·ab = 41.90 :i: tl.Ot. M~v 
( tt;·~.56 * 0.15 mg/ctrl. Al) .. 

8 (du /dO)·:m. 9 (dO' /dO) cm r:m c:m 
(des. ) (mbLatera<t) (.de&.-.) {!"'bLeterad) 

lZ.Z l191 * 43 
14.0 182!4 * 35 
16.0 1466 ;d: 2.3 
17.8 1132 il 17 
19.8 954 :A. 18 
21.6 786.1 11: 11.6 
23.4 569.4 ~ 5.6 
zs.z 3,2.1 ± 3.5 

l7 .3 177 !t 2 ;n.o Z68.3 lot 2..9 
Z8.8 173.8 :k: 1.7 

31.3 29.5 * l.l 30.6 94 .. 4 • 1.1 
33.3 12.3 lt: 0.9 3Z.4 45.0 * 0.6 
35.3 '8,8l d: 0.54 3-!.l 16.20 * 0.31 
37.Z 33.Z :t: l.Z 36.Z 12.89 :l: 0.~0 

38.0 z6.79 ~ 0.32. 
39.3 66.6 It 1.4 39.8 50.9 ± 0.7 
41.3 105 ~~ 

.... 41.8 83.0 :t. 0.8 t~. 

43.3 137 * 3 43.6 114.7 • 1.2 
45.8 143.0 d: 1.5 

47.3 184 :1:: 4 47.8 167.6 :!k 1.8 
51.3 18?. :t; 4: 50.0 184.4 ::i:. 1.8 
53.2. 172 $ 3 52.0 184.7 :t 1.8 
55.3 lS~ ~ 5 54.2 17L2 ~. 1.6 

56.2 145.0 * 1.6 
59.3 89.4 tl:' Ll S8.4 120.3 :t: 1.3 
61.3 60.3 ~ 1. 7 60.6 86.2 :!-. 0.9 
63.3 3i.:.l * 1.5 6l.8 51.!) ;.6-~ v.t: 
65.3 14.0 ,..., 0.7 65.0 ZS.66 ~. 0.34 
67.3 5. 31 ~,, 0.58 67.0 7.77 * 0.18 
69.3 4.39 ~ 0.55 69.2 2.l2 * 0.15 
71.:.'. 14.2 '* 1.1 71.4 9.83 :k iJ ., ;._ . ·~.; 
73.3 Z6.9 d: 1.1 73.6 31.2 :!:; 0.5 
75.3 57.6 ::.~ 2.3 75.8 61.8 :~ 0.8 
77.3 91.2 d; ?...7 78.0 95.1 d: 1.3 
79.3 Ill lf, 3 80.2 l·t,4.S :d: 1.7 
81.3 176 :it 4 82.2. 187.5 ¢ 2.4 
83.~ 184 ~~ 4 B4.4 2;;!3,4 :t; 1.:.6 
85.3 213 * 4 86.4 Z43.9 * 3.3 
67.3 Z3-5 ± 4 88.4 ~56. 7 ;.!; 3.5 
89.1 246 * 4 90.4 l68.1 :!! 4.2 

9?..4 258.3 -:!: 4.0 
94.4 2. 30.0 ~ 5.8 
96.4 ~07. 7 ± 4.3 
98.4 1.59.2 :.fa 5.6 

100.4 117.4 lt: 4.6 
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.. Table 1 (Continued) 

Elab = 44.41 * o.oz M~v Elab • 46.12. :t: 0.02. Mev 
'~ (204.33 :t 0.15 mg/em Al) (Z18.Z4 1! 0.15 ma/cm2 Al) 

e (4a/<IO)c::m (iJ (dO" /dO) em em em 
~de1 .) !mbLeterad) (deg.) imbLeterad) 
ll.Z lSZO d: 37 U.l 1319 :t: 35 
14.0 160Z :t: 33 14.0 1012 * 18 
16.0 1263 * 2i 16.0 857 * 15 
17 .. 8 1058 $ ll 17.8 ·666 It 12 
19.8 90S * 15 19.8 580.0 !1: 10.1 
21.6 711.4 * 14.9 21.6 456.1 :.+; 6.9 
24.8 382. d: 5 25.8 .i!Z4 ,!: 3 
Z6.8 · 258 • 3 2. 7.8 147 ;!: z 
28.8 176 • l 29.8 95.1 * 1.2 
)0.8 lZl * z 31.8 48.8 * 0.6 
3Z.8 64.4 :4; 0.8 33.8 Z3.7 • 0.3 
34.8 28.4 • 0.3 35.8 15.!3 :t: o.z 
36.8 13.6 * o.z 17.8 11.4 ::b o.z 
38.8 14.Z * o.z 39.8 :U.7 &!: O.ei 
40.8 Z6.0 :t. 0.3 41.8 50.8 * 0.6 
44.8 12.9 • 0.7 43.8 75.2 • 0.8 
45.8 87.6 :t: 0.9 45.8 93.4 • 1.0 
47.8 1 12.6 • 1.1 47.8 115.5 d:: 1.3 
50.0 134.4 'il: 1.3 50.0 131.3 Jt: 1.4 
52.0 144.2 at 1.4 52.0 137.9 • 1.5 
54.2 143.5 • 1.4 54.l 137.5 * 1.5 
S6.Z 139~9 • 1.4 56.2 125.4 :If: 1.4 
58.4 1Z4.9 • l.Z 58.4 110.1 It 1.2 
60.8 91.6 a 0.9 59.8 85.6 :!: 1.0 

61.8 53.7 * 0.7 
64.8 38.8 .t: 0.4 63.8 34.4 ::1: 0.5 

65.8 15.5 ~ o.z 
66.8 19.2 • 0.3 67.8 4.13 :t 0.08 

69.8 2.07 :1= 0.06 
70.8 1.79 !ll! 0.04 ·n.a 9.7 * 0.~ 

73.8 zs. 7 • 0.4 
74.8 zo.s 6: 0.4 75.8 SZ.9 * 0.6 

77.8 84.7 • 1.0 
78.8 6Z.l * 0.7 79.8 118 1: z 
82.2 103.8 cil 1.4 81.8 136 :f:r 2. 

84.4 131.7 :t Z.l 
86.4 151.2. :t 1.9 86.4 .203.9 ~· z.z 
88.4 160.0 * 2.3 88.4 216.2 ot: 2.3 
90.4 165.1 If; 2.3 90.4 219.4 * 2.4 
92.4 153.6 It: 2.3 92.4 Z06.S * Z.4 
94.4 134.7 * z.6 94.4 192..4 d.! 2.3 

~ ,. 
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._ Table I (Cont~ued) ,, 

$lab • 47 .. 10 i'l 0.04 M~v . Elab = 47 .za * 0.03 M~v 
'f ' (ZZ6.43 • 0.40 mg/em Al) (ll7.93 ~ O.Z5 mg/cm Al) 

8 (clo-/&l) It (dO' /dll) em em em em 
(dea:) (mbLat,:act) (d•J·) (mbLaterad) 

18.3 639 ;t; 10 
i!l.5 368 s 3 20.3 437 • s 
Z3.5 275 * 3 22.3 336 It 4 
25.5 196.6 :!; 1.8 24.3 zza :t , 
Z7.S 127.5 :it 1.4 Z6.3 155.0 !t: 2.1 
29.5 77.4 • 0.7 za,.~3 104.5 :f: l.Z 
31.5 46.0 • 0.7 30.3 59.3 =t: 1.3 
33.5 a&.s; • 0.4 32.3 34.0 ;t: 0.6 
35.5 Ul,t6 * 0.3 34.3 l4.S ~ 0.6 
37.5 Zl.Z zt 0.4 36.3 17.8 It- O.J 
39.5 35.5 * 0.5 38.3 2.7. 3 ::tJ; 0.7 
41.5 S4.l dl 0.9 40 •. 3 43.1 #: 0.8 
43.5 75 .• 1 :l! 1.3 42..3 67.0 .~ 1.4 
4S.$ 98.9 • 1.6 44.3 8S.6 ::t 1. 3 
47.5 11'7.1 iJ:: 1.8 46.3 111.1 ~ z.z 
49.5 131.6 * a.o 48.3 12.0.9 It 1.5 
51.5 14Z.5 * 2.1 $0.3 136.9 k l.S 
53.5~ 118.3 ~ 2. .I 5Z.3 132.8 ell; 1.7 
55.5 130.3 tt 1;.1 54.3 13$.1 ± 3.2 
57.5 112.9 :lk 1.9 56.3 114.9 :i: 1.6 
59.5 ')l.Z :1;: 1.6 58.3 108.1 :lt:: 2.1 
61.5 69.4 * 1.2 60.3 74.7 * 1.0 
63.5 42.4 * 0.'7 6Z.l 46.2 .$ 1.0 
65,5 2.1.4 U: 0.4 6.t.3 Z().O Lt 0.5 
6'7 .5 6.53 .1\t 0.16 66.) 11.2 !'!,; 0.3 
69.5 1.6S * 0.07 68.) Z.liJ * 0.15 
71.5 7.63 1'1: 0.2.0 70.3 2.15 it 0.21 
73.5 2.3.6 :i: 0.4 1~.3 9.6 ::1: 0.4 
75.5 51.2 * 0.9 74.3 28.3 :t· 0.6 
77.5 83.5 * l.S 76.3 55.3 :J! 0.9 
79.5 1Z2.9 ik 1.3 78.) aa.~ ~ 1.6 
81.S 156.7 • z.a 80.3 123.5 * 1.6 
83.5 187.3 tt. 3.Z az.a 151.3 * 2.5 
85.5 216.7 .lf; 3.5 8~.3 176.1 *' 2.8 
87.5 234.l it l.l 86.3 2.05.9 * Z.8 
89.5 233.9 * Z.l 88.3 216.5 :i: 2.3 
.91.5 2.32..0 * 3.0 90.1 l2l.O • 2.6 
93.5 2.06.8 * 1.9 92.! 207.9 1' 1!.2 
()5.5 18tc.l * z .. o 94.3 185.1 * l.Z 
97.5 t45.t It! 1.6 96.3 152.7 !; 2..4 
99.5 108.3 =: 1.6 98.3 124.0 :£ Z.2 

101.5 68.1 :1. o.s 100.3 84.1 * 2 .• 1 
.,.., .. , 

103.5 38.2 .t: 0.7 
105.5 13.5 :t: 0.5 
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Figure Legends 

1. Pulee-bei.ght spectrum ol &lpha-particlee scattered from helium 

0 
at Elab = 41.9 Me~i f1lab = 32.5 . 

2. Dif!erential croas sections for elaatic alpha-alpha scattering at 

laboratory energiee from 36.85 to 41.90 Mev. 

3. Di ~ferential erose sectione !or elaetic alpha-alpha acatterinli at 

laboratory energies from 44.41 to 47.28 Mev. 
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