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'l:OTAL REACTION CROSS SECTIONS FOR HEAVY IONS 

Bruce lvilkins and. ·George Igo 

Lawrence Radiation Laboratory 
university of California 

Berkeley 1 California , 

·' 

tva have measured erR 1 the ~otal reaction cross section, for 150 MeV 

o16 ions and 114 MeV c12 ions 'on the elemGnts 'lkl, C, Al1 Fe, Ni, Cu1 Ag1 Sn, 

Ta; and Au. The energy dependence ot:, aR for OJ.6 on Aland Ag and c12 on 

Al baa a.l.so been utvestigs.ted. 

A beam attenuation technique utilizing millimieroaecond electronics 

v1as used to make these measurements. Figure l shows a schematic diagram of 

the exoerimental set-up. A beam particle was accepted by the electronics 
:I 

if it passed, 'tdthin the resolving time of a coincidence circuit, thrOugh :'. 

tiro thin plastic scintillators (counter l and ; in figure l). In order to , · 

produce a well defined beam at the target position, tt-10 plastic scintillator 
. I 

collimator counters, labeled 2 and 4 in figure l,were,placed in anti-coincidence 

vrith counters 1 and 3· T'nus the total beam I 0 was determined by .measuring 

the nu:niber of l 2 3 I; events ~1he1~ tl;le bar signifies a counter placed in 

anti-coincidence. 

'rhe be~ attenuation caused by the target was measured by plac:t.ng 

coun;cer 51 the stopping counter; in ant:t .. coincidence ~th I0 ie. X0-I =-·1 2 3 4 5 
where I refers to the attonuated beam.· The measurement was then repeated 

'\nth the target removed to obtain 10 and. 10-1 .. 'rhe quantity .aR is· 

· obtained from the follotd.ng relationship: 

•..... 

,. 
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where n is the ta:t'"get density a.nd. x the target thiclmeaa. 'lhe quantity 

acorr ia composed of inelastic and elastic correction terms which are 

defined more precisely later. 

In the case of hes.Vif' ions;, 'Which· have a relatively short range in 

ruat .. cer, the target must· be quite t~n in order to preserve energy resolution. 

The target in/target out r.;rti~ will be quite Small unless some method ia 

devi.sed to reduce the attenuation of the beam lrhich occurs in the stopping 
. i . . 

. . 
· eoWlter • A solution to this problem Y.'aa arrived at by construction of a 

11duai'i stopping counter shown in figure 2. Counter 5, ·a stopJ;>ing plastic 

scintillator-with rise and decay time characteristic necessary for high 

count rates, 't-ta.S placed to intercept the unscattered and mt.Utiple Coulomb 

scat·l;ered beam. This ·counter was used as the anti-coincidence counter 5 in·. 

I 

The remaining counter in the dual configuration catches large angle 
. I ~ 

elastic scattering and reaction events. A surface bar.der detector was 

chosen because it provided good enGrgy resolution (3%) and exhibited little 

saturation for particles of different charge,. an important criterion for t.~ 

efficient detection of transfer reactions. 'l'his detector Wcl.s gated on only . 

by l 2 3 4 5 eyents. IJ:tlJ.e angles $ 1 and. e" show in :f'igure 2 were adjusted 

so that Jche correction for elastically scattered particles outside of e' 
. B..'l').d the inelastically scattered particJ.eo vithin e" be small •. 

The power of this method rests on the fact tbat the attenuation o~ 

·too beam in counter 5 can be ignored because it is used only as a 11yea-no" 

coun"cer. Had this counter- been used to catch the reaction events,. energy 

resolution would be needed and the attenuation could not be neglected. The 

I 
'! 
} 
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·~:rgct in/target ou .. c ratio in. a case such as this would be about 10/9. t-lith 

·the dual coWlter configuration. this ratio becomes - 25, With appro-priate 

mod:t:tications a configuration eimila r to this should enable one to measure 

:proton to"'cal reaction cross sect:t.ons dovm to about 3 MeV. 

·. The major corrections which must be applied to the ravt data are for 
• _.• • • , ·t , ' • '• '' • , • , \ •, , \ , 1, , 

;th~ elastic scattering of :particles o~tsid.G of the angle e' 1 inelastic 

events betvreen 8 1 
. and e" whic:h proceed throue;h the f'irst fev lovr lying 

' ' ' I ' ' I ~ ' '.' ' , l , , : : ' ' • : 1,' • !' _: , j. '; '. . , ' '· , ' • : < 

levels t-rhich the ~face ba~<ier detector cannot resolve and inelastic 

events within e" which strike counter 5 and ce.ncel out the event. Thus 
"" .,., .. _ . ,~ , ' • i : ; : • t : I 

1 
; • '.. ' ' 1 ·, • ' : ' "; 1 ' .i 1 ' ' ~ ~ • ', ' ' ' ' • 1 ' ,' ', 

the correction term is defined: 
: \. ' ' • ,J/. • ' ' ' • • • ; • ' • • ~ ' ••• ~~ ' • ,. '· ,': •• : ' ' 

. c'' \. ·. : /.,. efi' '\' 
d#· ' ) (da)' 

. . a..r-e ;~1 an. . :- . ' 't . dn i~ 

' ' ' . : ' .. ·' e" ' '1 00 

.dn· ... -. o··f · 

.: :· ,'• I t 

'• 

·..;•,.: .. I ,1' .... ~ :> '·, : ', ,·.· 't ' ,, 

tvhere N is detcrmi.OOd by the' resolution of the surface barrier counter; 
' ; . ' , '· . , .. ,' .' , . . ' ' ', ; I ' . '., , ,'. ' . ' :-'. , . 

A. rough determination of the first and lo.st t~ was nude by measuring 

th~' l~at~o Io~I/Io .;a~·-~· function ~f e~ .. ~nd e'' .. The.~gles'·:~~~ld then::)~e set 
0 1 

1 , , ' 
1 

' 
0 

' ;· • , I ; • ' '\ 'II • \ I • 
0 

' ; , t I I , • ~ 

at an optimum value. The contribUtion to the unresolved levels "m.s ·assumed 

to be small. Hovrever1 . this could be in errol'" "1hich would rosult in too small 
.. '· .'.. ; -~·· . \ . ' 

-~-

.'. I. ,' 

a. value for a~ • 
. ' •; .' ; ! ,· •. :. ·: •• ',' ·, • ' "'· •· ·•• ; . ' ' ! ·i; . l ., ~-· . J2 .. ' ·. 

Figure 3 shm~ the experimen .. cal results for 114 MeV C ions. 
.. ·.,_ 

' ~ . . / .. :· ; ,' ' 

The 
' •• 1 ~ 

., 
·~ ';,J .. , ' ,. 

· term a -a (v1here Orw:t refers to the compound elastic cross section) is R , CE '-'4:1 
, , , , ; . . : ·~ . ' ' .. ' , ·I 

the actual quantity measured in this experlmen .. c because of the inability to 

sepa:.-.ate aCE from shape elastic scattering. H~rever, aCE for heavy ions 
. . ' . . "' ' 

is expected to b·e negligibly snnllo. The da_shed curve is the theoretical total 

reaction cross section calculated. by, ~om~1 usins a square well -~uc~~ 

... 
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poten·tial model"tri.th r 0 = 1.5:f'. T'no agreement is fairly good. It appearo 

that thcn."e may be a minimura in the measured quantity aR~CE in the vicinity 

of l~io· This is consista.nt 'With the proton and alpha particle reaction cross 

sections raea&~ed earlier by ua.~ 13 

The total. re~ction cross section :results for 150 MeV o16 ions are 

shovm in figure 4. ·The ·aashed cU.-ve is the .theoretical prediction for aR 

using the squaJ;•e ~·reli mbdelvri:ch r 0 ;a 1.5:r •. The minimum· near Ni ·is again 

present. 

The eneTgy dependence o:f' o-R for .. c12 and o16 on Al is given in 

fig1..1.:r'e· 5• · . ':!:he squ.?l.re '!.>Tell predictions of aR . for these tvro systems are also 

shown. . In the parabolic model the real pOJ:""tj of the optical model potentia~ ' .. 
"'''··· . 4 . . . . . . . . 

proposed .by, Igo to fit alpha particle data '\vas used: .... · 

where V • r and 0 ' 0 . 

optical potential. · . 
. '. 

. . . 
d.. are the parameters in the :real :part of the H'oods-saxon 

Hill and. ~fueeler5 ~ve shcnm tlnt the ".botal potential 
' ' ' , 

coltld 'be represented by a. parabola that . is matched in position, height e.nd 

curvatuxe to thC: po"'ccntial at its :maximum. Figure 5 shovts .the erR predictions 
.. ~ . . 

o?.this model ?oro ·on Al using r 0 = l,23f1 V
0 

=- 70 V~V ~d d = .48 f.. 
. . 16 . 

· Fi&rure 6 illustrates the energy C.ependence or:· O'R for 0 on .Ag. 

!l1J:le theoretical predictions of" aR using the two different models are also 
• ' • • • I • ' ' 

sho-wn. The value of' the pa:remeters. used are the same as those listed for 

figure 5· 

... . 
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It .should be noted that the a results fo~ c12 and 016 on u .R .· .. 

(1850 ± 90 wb and 1970 ± 75 mb respectively at the appropriate energy) 

ru.eastu~ed ~Y Viola and S:U>!~:eland.6 are in excellint \agreement v7i"ch the trend 

o:f' the d.a:t.a listed in figures 3 and. 4. They have also obta:ined 'With the ... ..... :~···- , .. ' . . ' ,,_ ' . ' 

lXl.rebollc ~od.el excellent fits for the energy dependence. of: O'R for these 

systems using.vi~cun.lly.the sa~ set ~f parameters as listed here. 

The to·i:;al xeaction cross sections in ccrnjunction vlith elao:cic 

sca.tteri..'J,g ds.ta should ena.ble one to establish the various parameters more::·.~· 

precisely in. the pba~e shii"'c and optical 1nodel analyses. Alster and Conzctt 7 

have .carried out a phase shift analys:ia on the elastic scatteril'.g of c12 ions 
' ,· ' ' I ,· ' ' I' 0 

from sev·eral ~lements. The O'R prediction~ frcrill this analysis ~re about 

2~higb.er tlm:n the measu.redvalues. 'J]:l1s disct .. epancy ie too large to be 

·12 explained in tenus of the small diffezoence in en.'::}rgy of the incident C ions 

used in the elastic sca·ctering and . aR. experiments. It 'tr.lll be :l.nteres·cing 

to see ii' the phase shift; pm ... &~te'rs can be adjusted to f:t:~ 'both sets of 
'•. 

Jin aptical model anal:~rsis carried. out by R. Pehl and B. '-Tilkins on 

"'chif; elastic scattering of al1)m particles indicates that the total rea.c·cion 
. . 

cross section places a p0111erfuJ. constraint on the sha:pe ·of tl~ iroagioory 

poten·tial a.t the extreme outer surface of' .. che nucleus. I·t is .e~ected that 

th:i.s same feature t·lill .be .true for the optical model .. analysis of r.ea.'iry ion 
:. ' . •,' '.' .:; ' ·.. . 

If some ~sight . in·to the shape of t?e poten"'dal in the si.l.rla:ce :region 

of ·th;;! nucleus is to be gained by the analysis of heavy ion elastic scattering 

data, it; tvouid seem tbat the total rea,ction cx·oss sections are very necessary 

data especially since there appears to be some structure as a function of A 
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·Fic,ure 1. A schc:r:l:l'tic diagram of the- e:>tperi.mcntal setup. 

Fig,'Ul"e 2. Tn.e dual countcl.; · conf::I.gu.l:'at;:ton used as the stopping counter 

tor this<:e:x:periw.ent. 

li'iG"l.ll:'e :;. lt plot of oR-o-CE vcreua A for 111~ !,1eV cl? ions. The 

dashed. cm'V"e is t.he square 'i'lell model predictiOl:lS of crR 

for *'o = l.?:f:' .. 

Figure 4. A plot o:f' erR-aCE. ycrsus ~A for 150 MeV o16 ions. The. 

dashed ·Cl.U""v"e ·:1.s the sqtU::I. . .re i·Iell model predictions of crR. for 

r 0 r:.:: 1..5f .. 

Figv.re 5· ·The energy dependence of crR-O'CE t<:A~ · c12 o.nd o16 on Al. The 

CUl"V'CS repl .. esent; the ·theorc·cical prediction of cr-o using the oquare 
. " 

well model and the parabolic model~ The I are the o16 + .A1 

experlinentJ.:.i.l pointe and the 1: are t:P..e c12 + Al experim.c;;ntal 

points. 
/. 

Figuxe 6. · i!ne energy clepen<lence of a1f-crCE for ol6 on Ag. The curves 

repl"COent the theoretical predictions of erR using the. square 

v~ell. model and the pm·a.bolic model. The dots are tl'>..e e:x;perimenta.l 

points. 

,. \.. . 
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