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TOTAL REACTION CROSS SECTIONS FOR HEAVY IONS
' Bruce Wilkins and Ceorge Igo '

+

- laurence Radiation Laboratory
. University of Californis
: Berkeley, California

April, 1963

. We have measured O ,vthe total reaction cross section, for 150 MeV

| 016 ions and m MeV €2 1ons on the elements Ba, C, Al, Fe, N1, Cu, Ag, 8n,
é:a s and Au. The energy clepenaence of: ox fqr‘ OJ'6 on Al and Ag and Cm on

Al has also been iuvestigated. ' o '

A beam attenuation technigue utilizing millimi\é.rosecona eléctronics '
wag used t0 make thesae measuremen‘ts. Figure 1 shows a schematic diagram of.
the experimsntal set-up. A beam particle was accepted by the electronics ‘ -
|47 1t passed, within the resolving time of a coincidence circuit, throug,h ; .
two 'thin plastic scin’cilla‘tors (coun’cer 1and 3 in figure 1). In order to ,

produce & well defined bean at the target position, two plaatic scintillator
| collimator counters, labeled 2 and & in figure lyvere. placed in anti-coincidence
vwith counters 1 and 3. Tnus the total beam I wvas determined by measuring

the number of 1 ) 3 by events where the bar signifies a counter plaeed 1n

ti-coincidence. _ .
The ‘be.a;n attenuation caused by the target was moasured by placing

- counter 5, the stapping counter, in enti-colncidence with I, de Io-_-I «l2355 R
vhere I refers to the attenuated beam,- The measurement was then repeated
with the target removed to obtain i, .anla \' 151 « The quantity ““R' is’
' obtained from the following relationship: | |
:cé-x B

“- ——— m g, +0
ano ‘nxiﬁo R ,
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where n is the target density and x the target thickness, The 'quantitﬁr o
Oy 18 camposed of inelaatic and elastic couc-rection terns which are
defined more pz'eci sely later. o ’ _
| " In the case of heavy ions, :'which‘ have a relatively éhort :‘anga 1#
matter, the terget must be quite thin in order to preserve energy resolution. i
‘Tha 'targ-etv inftarget out ra'bi\o will be quite emall unless some method is |
dvevis'ed o réduce the attenua“i:ion of jche.beam Whiéh occurs in the ‘sffbpping ,
“counters A solution to this problem was arﬁved at by coné‘tructio;i of a
© tqual® s’i:o@iﬁg counter ghown in figure 2. Counter 5',:a stopﬁing plastic
scintillator with rise and decay time characteristic neceséary fo'r high
“count rates, was placed to intercept ‘the unscattered and miltiple Coalomb _
" scattered beams This counter was uged as the anti-coincidence counter 5 in
the measurement of < I -I. P

The rcmaining counter in the dual configuration catches large angle :

- elastic scattering and reaction events. A surface barz'ier detector vas

chosen because it provided good energy resolution (3%) and exhibited little o
| sa’cu‘mtion for particles of diffezfen:tv charge, an importent eriterion fo'r the o
effici’ent detectién of transfer rea'ctions. This detec'cdr was gated on only .'
by 12 3§ 5 eventa, The angles §° &nd 6" ehown in figure 2 vere adjusted
~ g0 that the correction for elastically scattered particles outside of ' .
- and the inelastically scattered particles within 6" be small. B

The power of this m'e"chodv 'rests oﬁ the fact that the e_at‘cexiuation of
the beam in coun‘ceri‘s can -bé ignored ‘be‘cause‘ it is useé. only as a "yes-no"
éoun'ber. Had this counter been used ‘co catch the reaction events , energy

resolution would ’be needed. and the a‘ttenuation could not be neglected. The



“Be

ﬁa‘;ag@in/targefa out ratio in e case suei; as this would be about 10/9. With.
the dual counter configuration this rét:t_o becémes ~ 25, W:lthl appropriate
modifi;:a"ionﬂ at -conf‘igzwation vsimihi' to tﬁis shbuld ensble one to measure _
proton total reaction cross aac’u:&ons dovmn to about 3 Mev. O |
o ”h.. mjor correctlons which zms‘c be applied to 'the raw daia are fcr |

the elastic scatter.@ng of particleis outside of the angle e', ;tnelast:.c
- evenis be{:ween 6‘ and 9". vhich pmceed through the first few 1ow lm
levels which the surface barréer de'tec‘bor cannot resolve end inelastic
N ?‘73“?3 within 67 which st;f?.l;e ‘?01_13“‘??, 2 and cencel out the event, Thus

the correction term is defined:

g = |
correction = cm <--> Ao ~f . o
. d\Q/ el J ‘m_in oIl K‘m/ﬁn o

) ( i
A

i wnérc | N is aeteminod by 'the rcsolut:uo%x of "uhe surface bax-rier counter,

A roudq dﬁbemination of ‘ohe i‘ire't azxd Jast temzs was mde by mcasuring

‘x.he sracio .;. -I/I as a f‘um'rcion of 9‘ and 8" . The angles could then .be set
‘a’c an op‘timum Valué. | ma coﬁuﬁibu 1on to 'che xmresolved levels was assmned

to be small‘ However, this could be in error which would rosult in too small
R '

«._avaluef')rcf '
I‘igure 9 .,homs the exgerimcmal resul‘bs for 111+ NeV C12 ib‘ns; "‘he

. term éP’“CF (‘whece GCE‘ refers to 'the camoozmd elastic cross section) is
the ac‘tual qua;zmoy.measureld in this e:z:pex:imenc because of 'the imbili‘by to
sepu.:a’ce G'C.., i’rom shape clas*i:ic scatte:*ing. chrcver, vGC;E fo:. heavy iong
is cxpcctcd o ‘bc nogliaibl.f omllg ‘I’he dashed cuxve is “che mheore'cical total

1

reac ion crosa sechon calcu.‘lated by 'I'homas using & pgquare wen nuclcar '



. o

pO’b@“lCiul model with Ty = 1.58. T‘né-agreement is fairly good. It eppears

" that t”*:;e may be & minimum in t¢he measured quanti'ty o in the vicinity

R CE
of 4. This is consistant with %he pror‘c.on and alphm par‘cicle reaction cross

sections weasured eariier by us. 2,5

The total reaction cross seg‘cicn results for 150 Me\f 01'6 ions are
shown in fi.gll‘fﬂ L, ‘The dashed curve is the theoretical prediction for IGR'
using the squave well model with 2 = 1.5%, fThe minimum hear Ni is agaiﬁ
present. ' ~ ' ‘

1%

The energy dependence of o, for ¢ and o on Al is given in

R
figure 5.  The squa*e well pmc‘ii'c’cions of o - for these two systems are also ‘

51;0&3:1. . uhe parabolic mooel the rcal port of "Lh@ opcical model *Jo‘cential

i
f
t

pmposed by, Igol} to xrh alplm particle data was used., L

leeea f N ; . <1"rd("‘il/3+ Agi/%)) | - o

- .VQ.em_*. : 3

LS

'»where V 9 r and d are the paramters m “che rcal pa?-t of the t«Joods-Sazon

0

op‘ti"&l po-tenr.ial. ' Hill and Wheeler5 have saovn th&t the toﬁ&l pOtenti&l

could be :eczp e..,enuea by a parabola ‘tmﬁ is matcb cl in position, heiglrt: and
curvature ;,o the poccmial at i’cs mximm. Figure 5 shows the “R pred:.ctions
of this model for 02 on AL using ry = 1,237, V, = - 70 MeV and 4 = .12-8 £,
6 on Ag

uoing the two diu.erem models are aleo

Flgure 6 illuoora’ces bhe energy depcndence of’ O'R for O

fhe theore‘timl predir*tion of Op

shown. E’he value o:f’ i,he pammeters uged are the same ag those listed for



¢ should be noted that the % resuits for €0

(1850 & 90 wb und 1970 £ 75 ub "evpecuve..y at 'i;he app ropriate energy)

and_ o on ©
zeagured by_V:’.ola and Sﬁ.l:keLanaé are in excel}ent agreement with the trend -
of the data listed in figures 3 and b, They mave also obtained vith the
" parabolie r}aodé‘l gxcellent fifts__ :,E"or t_he energy dépendence vof; O for tﬁese
eystems using Virtually. the same set of parameters as listed here. |
_ The ‘t;o»al reac ion CTOss scc'cions in ccmjunctzoca with ela.,cic
scat'berimb data f*hould oaable one %o eatablish the Vurious pa am.etez- moré:;"'ﬁ -
| precisely in uhé-’ phase shif{ ancl Opfcic&_x;;mel analysese Als»erj and Canett? :
, havev:c_a:fr'iec?; out a phase shlft analysis "_03;1, "i_:.hé e;asﬁic“scattgring of C:‘tg ions.
from sevéral g‘algments’. The og .predict.ion;‘; from this analysis are avbout
'QG?a,higher than the medsured values: “I"L‘zisvdiacrez‘)ancy is too large to be ; 
explained in terms of the small difference in energy of the incident G ionse vv
used in the elastic scattering and vé experiments, It will be interesting -

to see if the phasge shift pax ~ametox's can be adjusted to £1% both sets of

| 'ex;ge imental da'ca.‘

3

o An optical model analy gls carried out 'by R. Pehl and B. Wllklns on
the elastic scactemng of gipha partieles indicates that the total reaction
cross mectlon‘p_l_ag:eg a poweri‘ul constralnt qn the shape of 'the_a imaginaz-y B
. potential at c,he extrene outer surface of the nucleus. It is expected that
this same feature wiil be true for 't_}ge{‘ ﬁ)(p'i:ﬁ;cal model enalysis of heaby :i.c"m'(' |
'éca-}tteriz:g; S L : ‘.
| T :‘soﬁfa "j;hpsigh{;_'vin-to the s‘hap'e‘df _-'t:‘he poﬁen'tial. in the sm‘face‘region |
of the nuclous 15 %0 be gained by the analysls of heavy lon elastic scattering
c’uca, ‘ic would seem that the total r@ac tion c'*css gectlonsg are very necessary
data espeecially since there appears to be some struc‘cure as a i\mcfaion of A

- for G’R'
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l'l’, 3). Thomes, Fhys. Revs 116, 703 {1959)

B. D. Willing and G. Igo, Phys. Rev. 129, 2168 (1903)

Q. Igo and B, D. W&llcins, mm»m%&% (1962)

G, Igo, Phy.s. Rev. llp 1669 (3.959) _
D. Ls HJ._J. and J. A L.neeleJL, Phys. Bev. 89, 1102 (195,;)

V. E. V:f.ola and T, smse.wd. Phys. Rev. 128, 767 (1962).
X Als‘c.e“, (Ph D. ’I’hcsn.a) neav*y-—Ion E.;astic Scattermg » UCRL- 9650,

1961,



Pigure 1.

Figure 2.

| Tlgure 3.

. well medel and the parabolic model. The £ ave the 016 + AL

Pigure 6.

experimentul points and the § are the CJ’2 + Al ewxperimental

...7~

. A schenatic dlag,mm of the e:»c;::ez;ﬁnental setup.

The dual cqm’cef*cdﬁfigu:raﬁion used as the stopping counter
for ﬁl'ﬁ.s@t;emerimﬁn‘t. |

A plct of o‘Rwéﬁ " vcreua A Tor 114 MeV 012 ionel. Thé
daghed curve is Lhc square well model predictions of dR .
for £, = Ll5f. | i |
AA'plm‘: of éR.’GCE.' 'Versﬁs . A forllﬁo MeV O:I'6 iqns. The :

for

. 6&1311@;1 ctrve 1s the square well model predictions of on
1."0 = 105];‘ ) '
The energy dependence of O Sen far- ¢ and 07 on Al. The

_curves represent the theoretical prediction of ¢, using the square
- ' 23

\

~

polate. i .

. The energy dependence of OpTp £OT o0 on Ag. The cwrves

represent the theoretical predictions of GR uging the square

well model and the parabolic model. The dots are the experimental

pointa.
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