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Fission fragment angular distributions and fission cross sections
have been measured for the 19¢ 4+ 18175 reaction over the bombarding
energy range from 99.2 to 159.3 MeV. The experimental K% values are
extracted from the fission fragment angular distributions. The K%
values are compared with the calculated values using Jgff cbtained from
a rotating finite range model (RFRM) and a rotating liquid drop model
(RL.DM). The calculated K% values by RFRM agree with the data better
than those calcualted by RLDM.
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1. Introduction

Fission decay mode of excited compound nucleus produced in heavy
ton fusion reaction has been studied experimentally and theoretically.
The measurements of fission fragment angular distributions and excita-
tion functions are important to test the validity of current theories.

The !9F + 18lTa fusion reaction has been studied(l’z) in a bom—
barding energy range from 80 to 125 MeV. In this paper we present the
experimental results of excitation functions and angular distributions
of fission fragments in the 197 4+ 1817, fusion reaction in the energy
range from 99.2 to 159.3 MeV. The measured results of fission excita-
tion function are compared with the statistical model calculation using
the code PACE2(3), The K% values extracted from the fission fragment
angular distributions are compared with the calculated values using
Joff obtained from a rotating finite range model (RFRM) and a rotating

liquied drop model (RLDM).

2, Experimental Procedure

The experiment was performed at the JAERI tandem accelerator. A
self supporting target 18171a of thickness of 0.8 mg/cm2 was bombarded
by the 19F beam of 99.2, 109.2, 114.2, 119.2, 124.2, 129.3, 135.3,
143.5, 151.3 and 159.3 MeV. Fission fragment were detected and
jdentified using a gas ionization chamber. The gas ionization chamber
consists of a single anode (AE) and 8 energy counters (E), which enable
to measure fission fragment at 8 different laboratory angles. The gas
ionization chamber was filled with 10 Torr isobutane gas. A polyester
foil of thickness 65 ug/cm2 was used as an entrance window of the
ijonization chamber. Fission fragment angular distributions were
measured at laboratory angles between 30° and 172°. The total fission
cross sections were obtained from the angular distribution data by
fitting them with Legendre polynomial with even terms up to sixth
degree. In the transformation from the laboratory to the centre-of-
mass systems, the total kinetic energy estimated via Viola's

systematics(q) was used.
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mass systems, the total kinetic energy estimated via Viola's
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3. Results and Discussions

The meausred fission cross sections of the 19¢ 4+ 18174 reaction
are listed in Table 1 and are plotted in Fig. 1 as a function of the
bombarding eﬁergy Erap- In the figure the present data are shown by
the solid circles. The present data agree with the measured values of
Charity(l) and Forster(z), which are shown as open circles and triangles
in Fig. 1, in the over lapping energy region. The solid line in the
figure 1s the calculated result of the statistical model code PACEZ.
In this calculation the fusion cross section was estimated by the Bass
model(S), which is shown by the dashed curve. The level density para-
meter of a = A/10Q0, where A is the mass number, and the ratio of the
level density parameter of the saddle point deformation to the ground
state deformation agf/a, = 1 was assumed. The fission barrier height
Bf was assumed to be 0.91BrwgrM according to the anzlysis of ref.(l),
where Bppgpy 1s & value calculated by RFRM. Although the agreement
between the measured fission cross section and the calculated results
is good at lower bombarding energies, the theoretical prediction
underestimates the fission cross section at higher bombarding energies.
The calculated fission cross section increases with increasing the
ratio ag/ap and decreasing Bg. However, the ratio af/ap is limited in
the range 1.00-1.04 to reproduce the pre-scission neutron datal®),

The measured fission fragment angular distributions of the L9 4
18174 reaction are shown in Fig. 2. The solid curves represent the

best fit te the data obtained by using the expression:
o« £
W(e) = ngzo(zm)mkz 20.5(22+1) |df, () | 2exp(-k?/2k2)/

%
n exp(-k?/2k§), (1)

were Ty is a transmission coefficients and K is the projection of the
angular momentum on the nuclear symmetry axis. The transmission
coefficients were determined to reproduce the experimental evaporation
residue cross sections and fission cross sections(1). The fits to the
experimental angular distributions shown in Fig. 2 were obtained by
varying K%, which is the only one free parameter in this expression.
The obtained K% values are listed in Table 2 as a function of the
compound nucleus excitation energy and are pletted in Fig., 3 as solid

circles.
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The parameter K% was calculated as K% = Jeffoﬁ, where Jgoff is the
effective moment of inertia, Jgff = JyJ /(1= ), at the saddle point;
Jy and Jj are the moments of inertia parallel and perpendicular to the

symmetric axis, respectively. The nuclear temperature T at the saddle

point was estimated as T = /fU—Bf—Erot)/a, where U is the excitation
energy of the compound nucleus and Ep,¢ is the rotation energy at the
saddle point. The theoretical K% values have been calculated using the
Jeoff values obtained by RFRM and RLDM. In Fig. 3 the solid line and
the dashed line represent the calculated results assuming these Jeff
estimated by RFRM and RLDM at the average angular momentum for each
excitation energy, respectively. The calculated K% values by RFRM
agree with the data better than those calculated by RLDM. The calculat-
ed K% values, however, deviate from the data with increasing excitation
energy.

The fission fragment anisotropies W(180°)/W(90°) are shown in Fig.
4 as a function of the compound nucleus excitation energy. The data
show that the fission fragment anisotropies become constant in the
excitation energy range from 82.6 to 114.3 MeV. The two model calcula-
tions are also shown in the figure. The anisotropies at high excita-

tion energies are reproduced by RFRM.

4., Summary

We have measured fission cross sections and fission fragment
angular distributions over the bombarding energy range from 99.2 to
159.3 MeV. The experimental K% values are extracted from the fission
fragment angular distributions. The calculated K% values by RFRM agree
with the present data better than these of RLDM. However the calcula-
tion of RFRM underestimates values at high bombarding energy. The
fission fragment anisotropies become constant in the excitation
energies of compound nucleus range ifrom 82.6 to 114.3 MeV. Further
investigation of the fission fragment angular distribution at the high

excitation energy is necessary to clarify the throretical models.
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The parameter K% was calculated as K% = JagfT/Mi, where Jqgr is the
effective moment of inertia, Jgff = JiJL /(I =T ), at the saddle peint;
Jy and J_ are the moments of inertia parallel and perpendicular to the

symmetric axis, respectively. The nuclear temperature T at the saddle

point was estimated as T = /fﬁ—Bf—Erot)/a, where U is the excitation
energy of the compound nucleus and Eyq¢ is the rotation energy at the
saddle point. The theoretical K% values have been calculated using the
Jogf values obtained by RFRM and RLDM. In Fig. 3 the solid line and
the dashed line represent the calculated results assuming these Jeff
estimated by RFRM and RLDM at the average angular momentum for each
excitation energy, respectively. The calculated K% values by RFRM
agree with the data better than those calculated by RLDM. The calculat-
ed K% values, however, deviate from the data with increasing excitation
energy.

The fission fragment anisotropies W(1l80°)/W(90°) are shown in Fig.
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show that the fissiﬁn fragment anisotropies become constant in the
excitation energy range from 82.6 to 114.3 MeV. The two model calcula-
tions are also shown in the figure. The anisotroples at high excita-

tion energies are reproduced by RFRM.

4, Summary
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angular distributions over the bombarding energy range from 99.2 to
159.3 MeV. The experimental K% values are extracted from the fission
fragment angular distributions. The calculated K% values by RFRM agree
with the present data better than these of RLDM. However the calcula-
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Table 1 TFission cross sections as a function of
the bombarding energy

E,,(MeV) UMeV) O 4.{mb)
99.2 59.9 152+23
109.2 69.0 428143
114.2 73.5 578x58
119.2 78.0 721+72
124.2 82.6 835+84
129.3 87.2 937+94
135.3 92.6 1054+158
143.5 99.1 1262£126
151.3 - 107.1 1331+£133
159.3 114.3 1434+143

Table 2 The experimental K% values as a function of

the compound nucleus excitation energies U

EoMeV)  UMev)  K2(exp.)  KS(RFRM)  KS(RLDM)

352 59.9 97210 110 04
109.2 60.0 110£10 123 107
114.2 73.5 118110 130 113
119.2 - 78.0 128210 136 118
124.2 82.6 147+12 138 123
129.3 87.2 157417 148 128
135.3 92.6 174315 156 135
143.5 95.1 195215 171 144
151.3 107.1 205+£15 181 152
159.3 114.3 220+15 195 158
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Experimental fission excitation function for the 19p + 18lpy
reaction together with the calculations of statistical model
code PACE2. The solid line and dashed line represent the
calculated fusion and fission cross sections, respectively.
The fussion cross section is calculated by the Bass model.
The present data are represented by the scolid circles and
the fission cross sections measured by Charity 1) and
Forster(?) are represented by open circles and triangles,

respectively.
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Fig. 2 Fission fragment angular distributions for the 19F + 1811a
reaction at ten bombarding energles. The solid lines are
the theoretical calculations of eq.{l)({(see text),
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Fig. 3 K% as a function of the compound nucleus excitation energy
U. The solid circles represent the K% values extracted
from the experimental fission fragment angular distributioms.
The solid line and the dashed line represent the calculated
values with J,ff estimated by RFRM and RLDM, respectively.
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Fig. 4 Fission fragment aniscostropies as a function of the compound
nucleus excitation energy U. The solid line and the dashed
line represent the calculated results by RFRM and RLDM,
respectively.




