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Entrance channel dependence of back-angle yields: Orbiting in 24Mg+ '60 reaction
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The back-angle yields of the oxygen and carbon particles from the ~Mg+ 0 reaction have been mea-
sured at E&,b(24Mg) =79.5 MeV by using reverse kinematics. Comparison with data for the 2ssi+ '2C reac-
tion forming the same compound nucleus at the same excitation energy and with very similar spin distribu-
tion, demonstrates a strong entrance channel effect which is favoring the breakup into the entrance channel
with large excitation energy. This result qualitatively supports the picture of the formation of a long-lived

orbiting complex whose structure and decay is dependent on the entrance channel. The compound nucleus

contribution is inferred to be less than 15'/0 of the measured oxygen cross section.

Recent backward-angle measurements of strongly damped
reaction products from the Si+ ' C, ' Ne+ ' C
'60+ 27Al (Ref. 4) reactions have indicated the formation of
a long-lived orbiting complex. In these experiments large
inelastic scattering cross sections have been observed at
backward angles. The integrated center of mass cross sec-
tions vary as 1/sin8, near 180'. These observations have
been interpreted as evidence for an orbiting deep-inelastic-
like process. A compound nucleus decay mechanism would
however also lead to a near 1/sin0, angular distribution in
the limit of complete alignment of the angular momentum
of the emitted particle with that of the compound nuclear
system. The original claim that an orbiting rather than a
compound nucleus mechanism was responsible for the
back-angle yields relied heavily on comparison of compound
nucleus calculations with the observed cross sections. It was
argued that since a Hauser-Feshbach compound nuclear
calculation predicts appreciably smaller ( = T) inelastic

cross sections, it is not a compound nuclear reaction. These
calculations ho~ever are fairly sensitive to level density and
optical model parameters, the diffuseness parameter of the
compound nucleus spin distribution, and the angular
momentum cutoff used.

We report here an experiment to test whether the
SSi+'2C reaction goes via a compound nuclear process.

We form the " Ca nucleus by the Mg+ ' 0 reaction at the
same excitation energy and angular momentum as formed
in the 2 Si+' C reaction and compare the relative back-
angle yields of carbon and oxygen with that obtained from
the Si+' C reaction. The observation of a strong entrance
channel effect demonstrates that a noncompound nuclear
process is dominant in these reactions at the backward an-
gle. The 2sSi+ i2C system was previously investigated' using
a Si beam at El,b=115 MeV. We have measured the an-
gular distribution of oxygen and carbon particles from the
' 0( 4Mg ' 0) Mg and ' 0( "Mg ' C) Si reactions at
El,b=79.5 MeV. The excitation energy is 47.9 MeV for
both systems and the I„;„ l=2(k values for the two sys-
tems as obtained from a trajectory model calculation5 are
the same within 5 lo. This calculation uses a classical trajec-
tory incorporating the nuclear proximity potential and one-
body proximity friction with radius and diffuseness parame-
ters for the system obtained from electron scattering results.
The measured fusion cross sections for the "Mg+ ' 0 sys-

tems and Si+ ' C system at the corresponding energies
are equal within 10'/0.

A 200 p, g/cm2 Al203 target was bombarded by about 3
pna of Mg beam obtained from the University of
Washington FN tandem Van de Graaff accelerator and the
spectra of the recoiling targetlike particles were studied at
forward angles. This is equivalent to studying projectilelike
products emitted at backboard angles in the bombardment of
a Mg target by ' 0 beams. A gas AE solid-state E tele-
scope was used to measure the angular distribution of the
scattered carbon, nitrogen, and oxygen particles from
ebb=5. 6' to 20' in steps of 3'. A gas absorber cell was
placed in front of the telescope for measurements at
0& b

= 5.6 and 8' to range out the elastically scattered Mg.
A solid-state detector was placed at 0l,b

= 14' for normaliza-
tion and to monitor carbon buildup on the target. Measure-
ments were also taken at all the angles using a 200 p, g/cm2
Al target and a 50 p, g/cm2 carbon target. We subtracted the
aluminum and carbon backgrounds from the A1203 spec-
trum and also corrected for carbon buildup on the Al target
and for a layer of 10 p, g/cm2 of oxygen on the blank alumi-
num. The total subtraction due to aluminum and carbon
background from the raw counts is not more than 45'/o in
the worst case. The absolute normalization was obtained by
bombarding the A1203 target with a 31.5 MeV ~Mg beam
(the Coulomb barrier for the 24Mg+'60 reaction is = 39.45
MeV) and measuring the elastic cross section.

Figure 1 shows carbon and oxygen spectra at 9hb=11 .
Two-body final states of Mg+160 and Si+' C were as-
sumed in calculating Q values shown in the figure. Dif-
ferential cross s'ections per MeV are obtained by averaging
over 2—4 MeV Q-value bins at lower excitation energies and
averaging over 0.5-1 MeV bins at higher excitation ener-
gies. Varying bin sizes are taken to get reasonable statistics.
The Q value at the centroid of the bin is plotted along the x
axis. The spectra are dominated by yields at high excitation
energies which correspond to strongly damped processes.
We have determined differential cross sections for scattered
oxygen and carbon particles for several Q-value bins. They
all vary as 1/sin0, near 180'. We show in Fig. 2 the angu-
lar distribution for oxygen and carbon particles for two Q-
value bins. The smooth curves show a 1/sin0 dependence.
We could not get the angular distribution at Hl,b=8' and
5.6' for the (—18.7 MeV~ Q ~0.0 MeV) bin because of

31 1573 1985 The American Physical Society



1574

100

( &q,~c)~, j

318 Mey

eL+-11

I I i I

3I

101 I

10-1

I

t

j I

C3
I-
C3
LU
M
M
M
D

(3
Ql

C3

C3f-

LU
C9
0-
OC
C3

C3

C3

C
Vp

C
C?I

C'u
'b

100

j I I I

]00
j

Q(

10 E~ 1 8 Mey

eL~-],1o

I

j
I I 'I'

10-1

]0 2

10 3
-25 gp

j. . .
10

I

-5

L~"79.5 Mey

& Ex EL~-115 Mey

''io'''
EX(-ITAT/QN ENERG~

20

n

0-15
@ (Mey)

Rat/o of o
ergy for the 24Mg+ &&&

o carbon cross sect'
o and 28si+ 2C

&ons vs excitati
systems

&on en

multiple scatterinm ering and large ener
yg n particles in the

ergy losses of low
bob 1

oxy

ce l. In

gen cross sectio .

n the Si+' C
c ion is about f'n Inthe2M

a e oxygen cross sec
+,we fHld

Ion m the (
u three to

Considering the 0-
t' 1 th bo p

d 'tation energ b'wide exci
on cross section for

excitation ener
y ins versus the

ergy and show the res

summing o
ci at~on ener b' d oth p

tatio gy

h f ys y
i ation energy r

ac or of
region and by a fac-

tor of about 4 on the aver
results clear

e average in the e
1 d

are consistent with the i

a e an entrance hc annel ef
ese

plex formed in
picture of a ion -li

feet and

th tio
e absolute

'
ns.

com-

oxygen and

y evaporation code
carbon cross section

Mi th diff p

e

."1d-. , - op
g

parame-

tributions t h
ices. %e have f

emitted

o the cross
e ound that t

lf
e con-

y om the tail of the corn
So h p ry much

e ratio of t
- uceus spin istribution.

s sections is c

of the tw
;;.. fd ff, p

ions varies by (20—

diffuseness
b io b f

parameter of t
o for var iying the

a actor of 4.
n -nucleus s inpin distri-

rence between
uations show t

he atio of th
' nasmea

eox e
hat the

same rat
r dfo th '4M

explained
'

ra io as measu d f t}1 28S'
g+ "0 s s

th d- 1 fs ormaiism b

the corn

y g

pound nuclei f
e spin distribu

'

d b Si+'C 24

ese results show that a
sin, angular distr'bu '

se reactions
e ave made a sim lep o h

h M +'0
'

u ion in th
t e corn

Ore
oxygen c

pound-

0 to Lt d

~carbon
y the eva

sect~on as c 1car on cross
CASCADE. Let (y "

P

ons, res
ox e

compound po

tion from t e
ions, respectiv y and ~ox~~en

e oxygen an carbon
pound

un process to the
nri u-

oxygen cross

10.0

5.0-
I I I I I I I

0( NgS1)C
0( "Nq, Mg)0

(-18.7&Q~O ) M V

I I I I ~ I ' II I I I I I I I

Ee~-31.8 MeV

1.0

0.5-

I I I j I I I I j I I I I I i t W II. . . Ij I0.1
CO

E

n
0a

10.0
5.0

' '
I

' ' ' '
l

'

' 0( Nq, sx)c

(-8.5sQsp ) Hey

I I I

j
I I II I I I I I I

E, -31.8 Mey

1.0

0.5

0 1, I I t

120 130 180170160150
ec.m

140

F1G. 2. T~ gT istributions for the i
ves show a 1/sins d

-value
in ependence.

n-v
at

~- lue spectra fo
backward angles. T

or carbon and oxy
" solid line is

ygen Particles en, itt d
is only to guide th

mitted
e eye



BRIEF REPORTS 1575

section. Then

~O~XPell

carbon
expt

oxygen
~compound

carbon
po d

Then since (a",„"„'")~ (o",,' '„"„„d)we obtain

oxygen~noncompound

oxygen
~compound

1

~expt

+CN calc

We find by insertion of the experimental and calculated ra-
tios and considering the uncertainties in the calculated and

experimental values, that the compound nucleus contribu-
tion to the observed oxygen cross section is less than 15%.

In conclusion, these results show that a noncompound
reaction mechanism is dominant for the highly inelastic pro-
cess with the mass asymmetry of the entrance channel. The
1/sint) angular distributions imply the formation of a long-
lived intermediate. These observations are consistent with
the original surmise' that an orbiting process dominates the
back-angle yield.
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