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Time dependent Hartree Fock Theory predicts the

LIMITING ANGULAR. MOMENTA FOR LIGHT HEAVY ION FUSION

AT HIGH ENERGY inhibition of low impact parameter fusion in nucleus~nucleus
collisions at nlgh energy(l} _ Thls fact has provoked & numbe? -
A. Szanto de Toledo - of experimental inv est;gatxons attemptlng to 1solate the .
Instituto de Fisica da Universidade de S3o Paule - Lab. Pelletron - effect(z’ 3).' An unambiguous result, however, has not been
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T forthcoming chiefly be the 1 tial mak
Department of Physics - University of Rochester g o cause & fow par waves mexe an

extremely small contribution to the fusion cross section.

T.M. Cormier™, M. Herman, B. Lin and P.M. Stwertka Recently, it has been shown by Szanto de Toledo et al. (4)
Department of Physics - University of Rochester ' ' o -
that the presence of a low-L cut off will strongly iniluence
and the angular cross-.correlation and the shapes of zero-channel-
spin angular distributions in statistical compound nucleus
M.M. Coimbra and N. Carlin Filho

Instituto de Fisica da Universidade de S3c Paulo - Lab. Pelletron - . o o
Caixa Postal 20516 - Sdo Paulo - Brasil applylng this method to the fusion of 1°0 + 'ZcC.

decay. In the present latter we report the results of

We have studied the ground state tran51tlon

of the !2¢c(lég, u)z"Mg reaction from E(IBOJ - 28.5 MeV to 100 MeV.
A B 8§ T R A CT

The shapes of the LR angular distributions have been
analyzed within the statistical model frame-work, Our

The shapes of angular distributions in ‘2C(150,0) neactions : results show no significant dev:.atxon from compound nucleus

m + -
to the T = 2*lig-ground state ane studied from E(80} = 26.5 MeV predictions using no low-L cut off. Upper limits for the

to 100 Mel. The position of the finst minimum {and maximum) of these
escillatory angular distributions is expected to be sensitive to the pres-
ence o4 a Low angulan momentum cut 044 in the compound nucfeus foamation : established up to E{(160}=100 Mev.
cnoss section. No evidence for a Zow-L cut off 44 found even at energies
well beyond the predicted threshofd.

minimum angular. momentum contributing to. }$0+!2C.fusion are

Angular momentum makching conditions in
statistical compound nucleus decay to-a ‘discrete state
force a localization of the contributing partial cross

sections, in angular momentum-space. The distribution-

O'J,
is strongly peaked with a center of gravity <J>, the

of S5

‘mean compound nucleus spin contributing to the excitation

(5,6)

of the final state If a low angular momentum cut off

occurs in the entrance channel, the average compound nucleus
+ This work vas supported in part Dy the Natfonal Science Foundation
and CNFq - aﬂgzg? P Y spin distribution is shifted to a higher value with a

*  Supported in part by the Alfred P. Sloam Foundation.
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cortesponding incteese in <J>. In the cese of zero channel
spin :eections,.the anguiet;ﬁisttibutioﬁs-&isﬁlaf an
oscilletory behavior with é.peticd related to <J» and a
daméing factor related to the width of the c& distribution.
Consequeﬁtly the truhcetiontof-the.low-L comﬁonents of 95
modify tﬁe shape and'pericd:of.the angular aistribution(4'5t
This effect cac,be.inﬁestiéete& by following the energy
dependence of the angles of the first m;nimum (# and flrst

maxlmum (Q) of the a,

angular distrlbutlon.
The—statlstlcal model glves approxlmately(s)
?=31/4<J> and ) 5w/4<J>., and for zero channel-spin;
<J> is approximately the g;azing_angule:_mcmentum L; of the

outgoing particle. Thus in the absence of a low-L cutoff

one expects that ?L _and ¢L afe constant and independent of

bombardlng energy.

P 2uR2 . ZRTe? T2
(FI = = (BHQ - R = 37/4 (1}

and QL;=5w/4

- Measurements were made on the University .of
Rochester MP Tandem and the University of Sao Paulo 8UD °
Pelletron. Silicon position sensitive detectors were
used for E(!%0) <55 MeV.-and the Rochester split pole |
spectrograph for »55 MeV. An accurate angle calibration
was. achieved in both cases based on measurements at both
positive and negatiye_angles tc determine true zero degrees.

Bolmbarding energy averaged a-spectra (Fig.1a)

were obtained by using either a thick:self supporting ¢

foil (AE{160} = 1.2 to: 1.8 MeV) or by explicitly averaging

the angular distributions measured in fine steps (AE(160)
300 KeV). This procedure should virtually eliminate

Ericson fluctuations.

The excitation function for the @, dif~
ferential cross section at the angle ¢ of the
first maximum is shown in fig. 1B. The dashed lines represent
a Hauser-Feshbach calculation performed using the code
STATIS(G). Averaged level dengity perameters were
adjusted in order to reproduce the experimental cross
section at Erag = 51 MeV {(a v A/B). An uncertainty of
25% is attributed to the absolute experimental cross.
section due mainly to uncertainties in target  thickness
determination. In this calculation, no low-L cutoff has
been applied, and a Lc-critical value has been used:

Y

Le = fus/n:\2 - 1 where the experimental fusion

cross section 9eus has been taken from reference (7).

Some typical angular distributions are shown

in fig. 2. The small points are least square fits to sums of

Legendre polynomials [ g; = z akPk(COSBRJuSed to extract

precisely the values of ?7and ¢ from the experimental data.

The full lines represent statistical model
calculations. An absolute renormalization smaller than 25%
has been allowed (see fig. 1B). WNo low-L~cutoff has heen

applied in these calculations.

The energy dependence of Vgand ¢ plotted times

L;,from eq. 1, is shown in fig. 3. The vertical error bars

give the angle uncertainty resulting from counting statistics
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and fitting, and the horizontal erxor bar gives the energy

averaging interval. The solid line gives the prediction of
a full Hauser-Feshbach statistical model calculation
(STATIS(S)) assuming no low-L cutoff while the dashed line

shows the effect of including a low-L cutoff given by

2 i a2 A (Al‘l“Az} 11
pz = ZuR g - 2%2'e T2 ((1+ B )/2_1)5 (2)
min ﬁ2 CM R Al EF F
' Y3, Ya
where e, = 35 MeV, B= 8 MeV and A _>A. and R =1.4A"+a/7)
F 2 1 2
(1}

This equation has been shown to contain the essential
ingredients of the time dependent Hartree-Fock theory and
in particular is in accord with full TDHF calculations for

16g+160¢1) and, izc+l2c() ang 180427, (B)

Since a sharp cutoff approximation is used in
the calculations and only integer L values are used, the
theoretical trajectory in the VL; X EL plane (dashed lines)

has been smocthed.

Figure 3 shows.clearly that no significant deviation
from the L , =0 statistical model calculation is observed.
To illustrate the effect of the inclusion of a low-L cut off on the shape
of the mguLm;dim:ihnﬂmn, the 100 MeV plet in fig. 2, shows also
the theoretical prediction (dashed line} when the predicted
value of Lmin ig considered. A drastic change in the oscilatory
behaviour is then observed.

To eliminate the influence of the parameters
of the statistical model calculations, on the'results, the
energy dependence of the transmission coefficient has been
investigated in order to fit the low energy data, (EL-=55 MeV) ,
below the Lmin threshold. All the parameters used in the )

statistical model calculations, with the exception of the

limiting angular momenta values, have been kept fixed.

To estimate limits for:Lmin.values, as a
function of the bombarding energy, x? £its to the shape of
the predicted angular distributions (as. a. function of Enin’
have been performed (fig. 4).

The decrease of the x?, even at low-L . values
indicates that these low angular momentum partial waves still
contribute to the dompound nucleus formation, even at énerqies
well beyond the predictéd threshold. For véry_low L—ﬁalues,
our method becomes insensitive due to the localization, in
the angular momentum space, of the dontributing compound

nucleus partial cross sections (UJ) to the ground state

transition.

In conclusion, the experimental angular
distributions of the 120(550,a0) transition were measured

in a wide energy interval 28.5 MeV < E, < 100 MeV, and are

L
reproduced by statistical model calculations without the
need of a low-L-cuteff in the cJ—distributions of the
cdmpound nucleus angular momenta. Results of the present
work suggest upper limits for Lmin that aie muéh.loﬁer than
the values predicted by the Time Dependent Hartree-Fock
theory. However, a probing to even lower L-compohents

could be performed investigating the evaporatioq_of lighter
particles, i.e., profons and neutrons in spite of the

experimental difficulties which may arise from the lack of

selectivity.

One of us (AST) acknowledge the kind
hospitality at the Mucleér.sfructure.Research Laboratory -

Rochester.
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When L # 1] values are con51dered in the calculations,

the maximum angular momentum Lmax

nucleus is recalculated such that the exper;mental-fus;on

allowed for the compound

cross section is reproduced, i.e.,

[
2 . 2 o _fus
g + 12 = (g + 17 =

FIGURE 1:

1B:

FIGURE 2:

FIGURE CAPTICONS

Typical «-spectra observed at Eap= 55 MeV and

100 MeV.

Excitation function of the ground state transition:
(dg) at the first maximum angle 4. The dashed
line shows the theoretical prediction assuning

Jﬁin =0,

Typical angular distributions. The small points
correspond to least sguare fits to sums of Legendre

Polynomial.

The full lines show the result of

statistical model calculations assuming Jmn1= 0. The
dashed line at ELNB = 100 MeV is the result of the same
caleulation, in which a cut off at g, = 14 A is applied.

FIGURE 3:

FIGURE 4:

Experimental values obtained for lfL;(ELAB) and

¢L;(ELAB). The full line describes the theoretical
trajectory if Jhn1= 0 is assumed. If the predicted
Jmﬁlvalués are congidered in the calculations, the
dashed trajectory is obtained.

x? fits of the shape of the experimental angular
distributions to the theoretical angular distfi—

bution as a function of the low angular momentum
cut off. )
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