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Tne determination or· recoil ranges of_heavy ion reaction products provides a 
i 

·aomrenient means f'*- .distingUishing between compound nucleus (i.e. total n;o:mC;;ntum 
. . I . . . . 

' tra."lsfer) and d ir~ct interaction reaction mechanisms" 1 ' Once. the compound nucleus 
I • , - ' 

and t:mgulru· distrib~tion' of the recoils can be used t~ obtain further insight into 
_ .... 

j 

'1!'',·: 

· the details ot the evaporation cascade. 
2 

Simonoff and Alexander have · shown tbat r-

.... .,~ .· . . . ... 2 
bo'l;;s.l the range straggling parameter p 1 and the mean _square. angle, w.~e proportional 

. to the ·average kinetic energy of tho evaporated particles and have applied angul~ 
'. . . . 

· · distribution measurements to the study or angular momentum effects on the relative 

-

roles of neutron and photon emission in tl:ie deexci tation process o llcWe\"er 1 their 

results are subject to systematic errors due to unoerta.inties in the MG-ul&r distributic: . . . . .. 
. . . 

of the evaporated neutron.s. 'l1lia difticul. ti can be overcome by using both range 

straggling 8l1d angUlar distribution of recoils in which case the average neutron energy 

can ba determi~ed independent of .their ~aular distribution. 

The measured range straggling is a composite of s~aggling due to several 

different causes: (a) nuclear or reaction st~aggl.ing (b) finite. target t.."r).ickness 

·(c) experimental effects, S!-4Ch as inhomogeneity of the stopping mcdium. (d) inherent 
. . . 

straa;ting ot the s~opping process. Recoil range measurements of Dy and Tb nuclei :i.n 

1 a · . · . · 
PJ. toils , !1ave shown that the c::ontribution of. the latter three effects is pl~cdom-

. . . 

inant, and the values ot the .purely. nuclear straggling parametd: obtained by oub-

traation1 are not accurate ~oUgh for any quantitative evaluation. 
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IJlea.surement of range straggling in gas rather than solid should have at 
. ' 

lear:lt two advantages: (a) . it eld.minates the problem of inhomogeneity of the 

·. medium (b) ·,the inherent strs.ggling ·can be greD.tly reduced through the use of 
; . 

~··' 

lig..."lt gas.es .. (bydrogem or bel'ium) •. On the other hand; apparent straggling cen be 

caused during·~ the collection· of tho stopped ions •. 

In the present paper results of preliminal~ experiments on r~~ge straggling 

of .rare earth recoils in helium are reported. The appnra.tus, essent~ally_similar 

. to that used by Ghiosso and Sikkeland, 3 consists of two parallel flat electrodes, 

i'f ·approximately 1 11 apart. The electrodes a.re placed1 together With an ap:J?rOpriate •i' 

tru.·get, :and parallel to the bornbarC.ing bef'..m, inside a heliuin filled chember, 

·and an electrostatic 'field of 100-200 Volts/em is maintained between them. · Special 
•. . . . 

care \·18.$ taken in the design to m?J-~e this field as uniform and homogenous aa possible• 

~e surfaces of the electrodes facing the beam (and the recoils) are. covered 'tvith 

aluminum foil, \-lhich is removed e.fter bombardment, cut into strips, and counted f'or · 

t the collected recoil activity.~ 

144 
The following reaulta ·.were obtaine-d using Nd. . targets bombarded 'I·Yith about 

12 . 
llO MeV C ions at the Berkeley, HJLAC and counting tl}.e 4.1 hr alpha activity cf 

mu..l:l-i;9 . ""' . d . . D' 149 l . · 00·· ed. Ndl44(Cl2 ).D llt-9 . ""'""' that :cesUJ.. ts .. rom the eca.y of y recoi s pr_ uc by the . 7n y 

reaction. '.t. 
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'1) . . 4 . In agreement with previous obeervations the r0spective amounts of activity 

collected on J.;he negatively and positively ch&·ged plates are simUar 1 . i.e. · . 

a large f:.:action .(30-7~) of the rt::coils bec;ome negatively charged towards the · 

end of: their range. 

) · 2) ·Thetotal collection efficiency (positivee.nd negative) is 70-90%· 
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3) The range distributions of ~he positive and negative ions are almost identical 

and ce.n be closely approximated by a Gaussian i'unctioi~ with a straggling para-

meter P. = 0.;160 :.t .• 005. · · This vt:ilue is much smaller than the value of 0~24 obtained for 

the same reaction by using aluminucJ foils. It seems, therefore, that the effect of 

non nuclear straggling processes is less important in helium than in aluminum, and a.· 

'· quantitative ans.l.ysis .of results obtained in .this way should be feasible. 

' . ;:: '-

Further work is in "Prosre.ss. 
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