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ABSTRACT

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

cross sections have been measured for 0 + Pb 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
16 ?O8

the total 0 + Pb reaction cross section at the lowest incident energy

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

+ Pb quasielastic cross section still accounts for 25% of the total cross

section. The measured ratio of quasielastic to total cross section for 0 +
1 ftl Ifi 9f)R Iftl

Ta is less than for 0 + Pb; however, in the case of the Ta target
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

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

counts for the total reaction cross section, indicating that the probability
0 0/

of fission of the Th compound and Th daughter systems is large. In contrast
16 181 197

for 0 + Ta ( 11 compound system) the fission and quasielastic channels
account; for only a small fraction of the total reaction cross section.

* This work performed under the auspices of E.R.D.A.
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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 where 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 0 + 208Pb (22l*Th compound

system) at incident energies of 80, 83, 88, 90, 96, and 102 MeV.

For comparison similar measurements were made for 0 + Ta
197

( Tl compound system where the fission barrier is considerably

higher) at incident energies of 83, 90 and 96 MeV.

The measurements were made using the beams of the' Brookhaven

National Laboratory tandem accelerators. The elastic, quasielastic

(i.e. inelastic scattering plus few nucleon transfer), and fission

differential cross sections were measured simultaneously using

particle detector telescopes. The energy and mass resolution was

sufficient to resolve the inelastic and quasielastic O contribu-

tions from the elastic group in the case of the 208Pb target.

For 0 + Ta, however, where excited states exist as low as

6 keV, the inelastic contributions below 13 = 1.5 MeV were not
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resolved from the elastic group. Since the incident energies used

in these studies are just above the Coulomb barrier; the angle cor-

responding to a grazing collision is largo. Therefore, groups cor-

responding to scattering and reactions on light target impurities

could be identified easily and cause no problems except at the most

forward angles where the quasielastic cross sections of interest

are very small. The experimental procedures are discussed in fur-

ther detail in ref. 1.

The measured total quasielastic, an , and fission, a,, ,

cross sections are given in table .1 and are shown as a function of

isotope in figs. 1 and 2 for the 2 0 8Pb and 1 0 1Ta targets re-

spectively. Also tabulated and shown is the total reaction cross

section, o , that was predicted from the optical model using para-
1

meters which fit the measured elastic scattering data .

Table I.

"lab
(MeV)

Comparison of measured quasielastic and fission

cross sections with optical model total reaction cross

sections

E
cm.
(MeV)

c.n.
(MeV) (mb) (mb)

UR
(mb)

q.e.
/oR

80
83
88
90
96

102

16. 2 0 0 Pb

74.29
77.07
81.71
83.57
89.14
94.71

83 76.26
90 82.69
96 88.20

27.80
30.58
35.22
37.08
42.65
48.22

51.46
57.89
63.40

64+ 8
129±18
222+31
201+25

313+28

36± 4
108±10
350±40
377+50
685+70
844+90

113
287
562

0.57+0.07
0.45+0.06
0.40+0.06
0.30+0.04

1G, 1 8 1

939

Ta

130+57
156+15
187+16

11± 1
49+ 5

140+14

571
894

1168

0.27+0.02

0.23+0.10
0.18+0.02
0.16+0.01

0.88+0.11
0.83±0.10
.1.02 + 0.13
0.87+0.11
>0.86d>
0.99±0.11

0.25+0.10
0.23+0.02
0.28+0.03

a)
Total measured quasielastic cross section. Contains contribu-

tions from inelastic O plus a few nucleon o, N, C, and B trans-
fer channels (see figs. 1 and 2). No significant cross sections
were observed for final states having Z > 8 . The inelastic 1 60
contributions corresponding to states below K = 1 . 5 MeV were not
resolved from elantic scattering in the Ta data".

Total measured fission cross section.
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Total reaction cross section ar; calculated from the optical
model — seo text.

The valuer, givon as lower limit:; do not include the O quasi-
elastic channel:; which wore not v/ell resolved from the clastic
scattering at this energy.

The total quasiclastic cross section make up a si.2eable

fraction of the total reaction cross section of 0 on both
181Ta. and 300Pb targets. Ratios of a

afI/
an £ 0.5 are observed

1 f» 2 0 8

for O + Pb near the Coulomb barrier (see Table 1 ) . This

ratio decreases to % 0.25 at the highest energy measured for

the 20ftPb target. For the Ta target the measured quasi-

clastic cross section accounts for a smaller portion cf the total

reaction cross section (see Table 1 ) . The difference between the

Ta and Pb quasielastic cross sections appears to be in the 0

channels (see Table 1 ) . The inelastic excitation to the low-lying
l s lstates in Ta, which were not resolved from the elastic group,

could be large enough 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

nucleus in the decay chain of the compound system (second, third,

etc. chance fission). The quasiclastic processes that have large

cross sections leave residual nuclei at excitation energies below

(or perhaps in the C channels near) the fission barrier, which is

much higher than the particle emission thresholds for nuclei '

near A = 18.1 and 208 . Cross sections for O induced reac-

tions on heavy targets in which most of the mass of the projectile
;ucl
4)

is transferred to the target (such as ( 0,p) or ( GO,a)) are ex-

pected to be vanishingly small

The sum of the measured quasiclastic and fission cross

sections for °0 on 2 °Pb is compared in Table 1 with the total

reaction cross section obtained from the optical model. Within

the uncertainties of the measurements these reaction channels ac-

count for nearly all -of the reaction cross section as determined

from the optical model. Thus the probability of fission in the
* 2 2b

dcexcitntion of the compound, system Th formed from
1GO + ?00Pb must be large. This is not surprising, since the



s-wavo fission barrier of tho lightest: raoasurcd TU nuclei in

G-7 MeV " , which is of tho order of the particle emission thres-

hold for these system.*; {I»n ~ 7.73 , C.02 .-ind 7.80 MoV for

22««,a23,222Th rO!jpftcl;iVOiy
 (')). Furthermore there is stifficicnt

excitation energy available in tho compound {system (see Table 1)

for fission to compote after emission of one or more particle:;,

compound evaporation residue cross sections for

83-91 MeV 60 + 2 0 6Pb are of the order of a few tab which is much

less than the uncertainties in our measured cross flections.

In contrast, for "o + Ta, the fission and qua;;ielas-

tic channels only account for a small fraction of the total "roac-

tion cross section as obtained from the optical model {sen Table 1

and Fig. 3). Presumably this is the result of a fission barrier
19 7

in the Tl compound and lighter Tl systems that isttnuch higher
than the particle emission thresholds. Indeed measured fission

2 3)

barriers ' in this r.i;jsr» region are % 22 MeV compared to neu-

tron binding energies 6 ) of 8.98, 7.55, and 9.36 for !*'' l* C' I 9 5T1

respectively. Therefore, evaporation residue cross sections

should account for a largo part of the total reaction cross sec-

tion of U o + u l T a .
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Fig. 1 Totiil cro;;s sections jne.isurnd for the various guaniolas-
tic procontjor; and fission induced by 1 6O and 2 0 8Pb
as a function of the incident energy, o * °n ' °u '
and o_ are designated by solid circles, open triangles
open circle;, and crosses, respectively. The curves
sliown with the quasi el as tic and fission cross sections
arc only to guide the eye. Also shown is a comparison be-
tween the to'.al cross sections measured in the quasielas-
tic plus fission channels (solid triangles) and the reac-
tion cross section, o_ , predicted from the "optical model.

Fig. 2 Total cross sections measured for the various quasielas-
tic processes and fission induced by 1 6o on 1 8 1Ta as a
function of the incident energy. a_ , a , c , a and
Oj, arc designated by solid circles, open triangles, open
circles, cros-.scs and closed triangles respectively. The
curves shown with the quasielnstic and fission data arc-
only to guide the eye. The oxygen qviasiclastic channel
does not include inelastic l-'O processes populating
states in lBlTa below an excitation of 1.5 MeV. Also
shown is the total reaction cross section, a , predic-
ted from the optical model. K



S

90 100
Elab (MeV)



1000

500 -

100
EL (MeV)


