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The shapes of angular distributions in reactions ~ C('6O, u) to the J'=0+ '4Mg ground
state are studied from E( 0) =28.5 to 100 MeV. The position of the first minimum (and
maximum) of these oscillatory angular distributions is expected to be sensitive to the
presence of a low —angular-momentum cutoff in the compound-nucleus formation cross
section. No evidence for a low-L cutoff is found even at energies well beyond the pre-
dicted threshold.

PACS numbers: 25.70.Fg, 25.70.Bc

Time-dependent Hartree- Fock (TDHF) theory
predicts the inhibition of low-impact-parameter
fusion in nucleus-nucleus collisions at high ener-
gy. ' This fact has provoked a number of experi-
mental investigations attempting to isolate the ef-
fect." An unambiguous result, however, has not
been forthcoming chiefly because the low partial
waves make an extremely small contribution to
the fusion cross section. Recently, it has been
shown by Szanto de Toledo and Hussein' that the
presence of the low-L cutoff predicted by TDHF
theory will strongly influence the shapes of zero-
channel-spin angular distributions in statistical

compound-nucleus decay. In the present Letter
we report the results of applying this method to
the fusion of "0+"C to search for the predicted
inhibition of low-L fusion.

We have studied the ground-state transition
(o.,) of the reaction "C("0,n)' Mg from E("0)
=28.5 to 100 MeV. The shapes of the a, angular
distributions have been analyzed within the sta-
tistical-model framework. Our results show no
significant deviation from compound-nucleus pre-
dictions using no low-L cutoff. Upper limits for
the minimum angular momentum contributing to
"0+ "C fusion are established up to E ("0)= 100
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MeV.
Angular momentum matching conditions in sta-

tistical compound-nucleus decay to a discrete
state force a. localization of the contributing par-
tial cross sections, 0~, in angular momentum
space. The distribution of 0~ is strongly peaked
with a center of gravity (J), the mean compound-
nucleus spin contributing to the excitation of the
final state." If a low-angular-momentum cutoff
occurs in the entrance channel, the average corn-
pound-nucleus spin distribution is shifted to a
hi@hex value with a corresponding increase in
(J). In the case of zero-channel-spin reactions,
the angular distributions display an oscillatory
behavior with a period related to (J) and a damp-
ing fa.ctor related to the width of the o~ distribu-
tion. Consequently the truncation of the low-L
components of cr~ modify the shape and period of
the angular distribution. " This effect can be in-
vestigated by following the energy dependence of
the angles of the first minimum (y) and first max-
imum (C ) of the n, angular distribution.

The statistical model gives approximately'
qr =3m/4(J) and C =5m/4(J), and for zero chan-
nel spin, (J) is approximately the grazing angu-
lar momentum L, of the outgoing particle. Thus
in the absence of a low-L cutoff one expects that
yL and 4L are constant and independent of
bombarding energy:
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is shown in Fig. 1(b). The dashed lines represent
a Hauser- Feshbach calculation performed using
the code STATIS. Averaged level-density param-
eters were adjusted in order to reproduce the ex-
perimental cross section at Ei,„——51 MeV (a-A/
8). An uncertainty of 25%% is attributed to the ab-
solute experimental cross section, due mainly to
uncertainties in target thickness determination,
In this calculation, no low-L cutoff ha, s been ap-
plied, and a critical angular momentum value
for compound-nucleus formation has been used
L, = (o&„,/my')'" —1, where the experimental fu-
sion cross section 0&„, has been taken from Ref.
7.

Some typical angular distributions are shown
in Fig. 2. The small points are least-square fits
by sums of Legendre polynomials [do/dQ =Q, a„
xP, (cos9)] used to extract the values of cp and C

from the experimental data, . The full lines repre-
sent statistical-model calculations. An absolute
renormalization smaller than 25/o has been al-
lowed [see Fig. 1(b)]. No low Lcutoff -has been
applied in these calculations,

The energy dependence of p and 4 plotted times
L,, from Eq. (1) is shown in Fig. 3. The vertical

(X~ 5~
g g e

Measurements were made on the University of
Rochester MP tandem accelerator and the Uni-
versity of Sao Paulo 8UD Pelletron. Silicon posi-
tion-sensitive detectors were used for E ("0)( 55
MeV and the University of Rochester split-pole
spectrograph for ) 55 MeV. An accurate angle
calibration was achieved in both cases based on
measurements at both positive and negative an-
gles to determine true zero degrees.

Bombarding-energy-averaged o spectra [Fig.
1(a)] were obtained either by using a thick self-
supporting C foil [b,E("0)= 1.2-1.8 MeV] or by
explicitly averaging the angular distributions
measured in fine steps [bE("0)= 300 keV]. This
procedure should virtually eliminate statistical
compound-nucleus fluctuations.

The excitation function for the n, differential
cross section at the a.ngle 4 of the first maximum
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FIG. 1. (a) Typical & spectra observed at Ei,b =55
and 100 MeV. (b) Excitation function of the ground-
state transition: do/dQ at the first-maximum angle 4.
The dashed line shows the theoretical (Hauser-Feshbach)
prediction assuming J~;„=0.
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FIG. 2. T icalyp' angular distributions. The
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same calculation in h' ff at J
a ~, b =100 MeV is the result of
, in w ic a cutoff at J

plied.
ln a min i4~ is aP-

to contain the essssentxal ingredients of the time-
dependent Hartree- Fock theorc eory and, in particu-
ar, is in accord with full TDHF c
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Figure 3 shows clearly that no si nific

ion is observed. To illustrate the ffe e ect of the
usxon of a low-L cutoff o th hn e s ape of the

angular distribution, the 100-MeV lot in
o e heoretical prediction (dashed

One) when the TDHF-predicted value of l. is
considered, A drastic ch
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ic c ange in the oscillator
ehavior is then observed. '

error bars give the angle uncertaint r lt'y resu ing
n sng s atistics and fitting, and the hor-
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where e~ = 35 MeV, B = 8 MeV A &Ae, A, )A„and B
~ 1 +A 2 j This equation has been shown'

FIG. 4 2 fits of the shape of the ex e
lar distributions b

e experimental angu-
u ions y the theoretical an ular di

h 1o e ow —angular-momentum cutoff.
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To eliminate the influence of the parameters of
the statistical-model calculations on the results,
the energy dependence of the transmission coeffi-
cients has been investigated in order to fit the
low-energy data (E„„&55 MeV) below the L
threshold. All the parameters used in the statis-
tical-model calculations, with the exception of the
limiting angular momenta values, have been kept
fixed.

To estimate limits for L,.„values, as a func-
tion of the bombarding energy, y' fits by the
shape of the predicted angular distributions (as a
function of L ) have been performed (Fig. 4).
The decrease of y', even at low-L„, ~ values, indi-
cates that these low-angular-momentum partial
waves still contribute to the compound-nucleus
formation, even at energies well beyond the pre-
dicted threshold. For very low L values, our
method becomes insensitive as a result of the lo-
calization, in angular momentum space, of the
contributing compound-nucleus partial cross sec-
tions (o~) to the ground-state transition.

In conclusion, the experimental angular distri-
butions of the "C("O,n, ) transition were meas-
ured in a wide energy interval, 28.5 & E„b& 100
MeV, and are reproduced by statistical-model
calculations without the need of a low-L cutoff in
the cr~ distributions of the compound-nucleus angu-
lar momenta. Results of the present work sug-
gest upper limits for L that are much lower
than the values predicted by the time-dependent
Hart ree- Fock theory.
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experimental fusion cross section is reproduced, i.e.,
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