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ABSTRACT
The total quasielastic (inelastic plus few nucleon transfer) and fission

cross sections have been measured for 160 + 208Pb at incident energies of 80,

83, 88,90,96, and 102 MeV and for 160 + 181Ta at incident energies of 83, 90

and 96 MeV. The total quasielastic cross sections account for about 50% of

the total 160 + ZOSPb reaction cross section at the lowest incident energy
6

which is near the Coulomb barrier. At the highest incident energy the 1 0

+ 208Pb quasielastic cross section still accounts for 257 of the total cross

section., The measured ratio of quasielastic to total cross section for 160 +

181 16O + 208Pb; however, in the case of the 181Ta target

Ta 1s less than for
181

the inelastic transitions to the low lying levels in Ta were not resolved

from elastic scattering. Within the uncertainties of the measurements the sum
16 208

of the measured quasielastic and fission cross sections for "~ 0 on Pb ac~

counts for the total reaction cross section, indicating that the probability
of fission of the 224Th compound and Th daughter systems is large. In contrast
for 160 + 18]'Ta (197T2 compound system) the fission and quasielastic channels

accoun: for only a small fraction of the total reaction cross section.
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Measurements of the total reaction cross section and the
division of the cross section between the various reaction channels
is an interesting problem in heavy ion reactions. Such measure-
ments are simplified for the actinide compound systems. wherz the
fission barriers are sufficiently low so that nearly the entire
compound system deexcites by fission., The present contribution
reports such measurements of total inelastic, few nucleon transfer,

and fission cross sections for 166 4+ 208pp, (22“Th compound

system) at incident energies of 80, 83, 88, 90, 96, and 102 MevV.
For comparison similar mecasurements were made for 160 + 181Ta
(197Tl compound system where the fission barrier is considerably
higher) at incident energies of 83, 90 and 96 MeV. _

The meashrements were made using the beams of the’ Brookhaven
National Laboratory tandem accelerators. The elastic, guasielastic
(i.e. inelastic scattering plus few nucleon transfer), and fission
differcential cross sections were measured simultaneously using
particle detector telescopes, The energy and mass resolution was
sufficient to resolQe the inelastic and quasielastic O contribu-
tions from the elastic group in the case of the 208py, target.

For lBO + la?Ta. however, where excited states exist as low as
6 keV, the inclasltic contributions below Ex = 1,5 MeV were not
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resolved from the elastic group. Since the incident energies usecd

in these studies are just above the Coulomb barrier, the angle cor-
responding to a grazing collision is large. Therefore, groups cor-
responding to scattering and reactions on light target impurities
could be identified easily and cause nc problems except at the most
forward angles where the guasielastic cross sections of interest
are yery small. The experimental procedures are discussed in fur-~
ther detail in ref. 1.

. The measured totaliquasielastic, oq.e. . and fission, Op
cross sections are given in table 1 and are shown as a function of
isotope in figs. 1 and 2 for the 208pp and !%lta  targets re-
spectively. Also tabulated and shown is the total reaction cross
section, GR , that was predicted from the optical model using para-
meters which fit the measured elastic scattering data }.

Table I. Comparison of measured quasielastic and fission
cross sections with optical model total reaction cross

sections
a) b)
Ejab  Feum. Foun. 9q.e, Op R °q.e./a (Gq.e.+°F)/oR
(Mev) (MeV) (MeV) (mb (mb) (mb) R
16o " 208Pb

80 74.29 27.80 64 8 36+ 4 113 0.57+0,07 0.88+0.11
83 77.07 30.58 12918 108+10 287 0.45+0.06 0.83:0.10
88 81.71 35.22 222%31 35040 562 0.40:0,06 1,02£0.13
920 83.57 37.08 20112? 377%50 668 0.30%0,04 0.87:8511

96 89.14 42.65 >125¢ 68570 939 >0.134) >0.86
102 94.71 48.22 313%28 844290 1175 0.27%0.02 0.9910,11
160 + 181Ta

83 76.26 51.46 130x57 11+ 1 571 0.2320.10 0.25+0.10
90 82.69 57.89 156%15 49+ 5 894 0,18+0,02 0.23+0,02
96 88.20 63.40 187:x16 140+14 1168 0.1620,01 0.28+0.03

a) Total measured quasielastic cross section. Contains contribu-
tions from inelastic O plus a few nucleon 0O, N, C, and B trans~
fer channels (sce figs. 1 and 2). No significant cross sections
were observed for final states having 2 » 8 . The ineclastic 'O

contributions corresponding to states below E_ = 1.5 MeV werc not
resolved from elastic scattering in the Ta datd.

b) Total measured fission cross scction.
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c) Potal reaction cross scction as calculated from the optical
model -- sco text.

d) The values given as loweyr limits do not include the O quasi-
elastic channels which were not well resolved from the elasgtic

scattering at this encrgy.

The total quasiclastic cross secction make up a sizeable
fraction of the total reaction cross section of 1t’() on both
laqu and ?°%pb targets. Ratios of oqc/aR % 0.5 are observed
for 160 + 208Pb ncar the Coulomb barrier (see Table 1). This
ratio decrcases to ¥ 0.25 at the highest encrgy mecasured for
the 298Pb target. For the 18lTa target the ﬁeasurcd quasi=
elastic cross scction accounts for a smaller portion c¢f the total
reaction cross scction {sce Table 1). The diffecrence between the
Ta and Pb quasiclastic cross sections appears to be in the O
channels (sce Table l). The inelastic excitation to the low-lying
states in lSl'I'a, which werc not resolved from the elastic group,
could be large cnough to account for much of the observed dif-
ference.

The observed fission cross section almost certainly re-
sults from the compound system (first chance fission) or from a
micleus in the decay chain of the compound system (second, third,
etc. chance fission). The quasielastic processes that have large
cross sections lecave residual nuclei at cxecitation energies below
(or perhaps in the C channels near) the fission barrier, which is
mich higher than the particle cmission thresholds for nuclei 2.3)
near A = 181 and 208 . Cross sections for 160 induced reac-
tions on heavy targets in vwhich most of the mass of the projectilce
is transferred to the target (such as (IGO,p) or (lsm,a)) arc ex~
pected to be vanishingly small 4).

The sum of the mecasurcd quasieclastic and fission cross

.
. 8
sections for %0 on 2°

reaction cross scction obtained from the optical model. Within
the uncertaintics of the mecasurements these reaction channels ac-
count for ncarly all.of the rcaction cross scction as determined
from the optical nodel. Thus the probability of fission in the
deexcitation of the compound. systom 22%p,  formed from

160 + 2%9%ph  must be large. '"This is not surprising, since the

Pb is compared in Table 1 with the total
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s=wave [issjon bhavricer of the lightest measured Ph nuclei is
[
6-7 MoV J).whiﬁh is of the arder of the particle cmission thros-
hold for these systems (B = 7,73 , .02 and 7.80 ¥V for
224,223,222 L ) .
Ph reoespectively Y. Furthormore there is sufficient
(see Table 1)

nyret

excitation encrgy available in the compound systom
for fission to compote after owission of one or more particles.
Measyred comgound ovaporation residue cross sectiong 7 for

83-91 McV lGo + zosvb arcof the order of a fow mb which is much
less than the uncertaintics in our measured croas sections,

In contrast, for 180 4 l!”'l‘n, the fission and guaniclas-
tie channecls enly account for & small fraction of the total Yeac-
tion cross section as obtained from the optical model (s Table 1
and Fig. ). Presumably this is tho result of a fission barvier
in the lg?Tl compaoundd and lighter T1 systemns that isemuch higher

than the particle emission thresholds. Indeed moasured fission

2 : . ;
03] in this miss region are & 22 MeV compared to nou-
197,196,195,

barriers
tron binding ercrgics 6) of 5.98, 7.55, and 9.36 for
respectively. Therefore, cvaporation residue cross soctions

should accnunt for a large part of the total reaclion cross scc-

tion nf M0 + ln'Tn .
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Fiquae Captions

Fig, 1 Total cross sectiong measured for the various guasielas-
tic processcs and fission induced by 150 and 2°3Pb
as a function of the incident cnergy.

» f
and arc designated hy qolzd circles l poq triungles
open cgrclcu, and crosses aspectively., The curves

shown with the quasielas txc and fission cross scctions
arc only to quldo the cye. Also shown is a comparison be-
tween the total cross sections measured in the quasielas-
tic plus fission channels (solid triangles) and the reac-
tion cross section, Op ¢ predicted from the Eptical model.

Fig. 2 Tot.al cross scctions measured for the v«rlous quasieclas~-
tic processcs and fission induced by 190 on 18"l‘a as a
function of the incident encrgy. o, , 0. , © and

arc designat.ed by sclid circles, open trlangleg opaen
Lficloq, crocsces and closed triangles respectively. The
curves shown with the quasielastic and fission data arc
only to qguide the oye. The OV}qon quasiclastic channel
does not include inclastic %0 processes populatlng
states in !%Yia  below an excitation of 1.5 Mev. 1lso
shown is the total recaction cross section, o, , predic-
ted from the optical model. R
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