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Possible influence of neutron shell closure„NcÄ126… on fission anisotropies
for 19F¿194,198Pt systems
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Fission fragment angular distributions have been measured for19F1194,198Pt systems in the laboratory
energy range from 88 to 104 MeV and the fission fragment angular anisotropy data have been compared with
the statistical saddle-point model calculations. The anisotropy data for19F1198Pt (217Fr with compound
nucleus neutron numberNc5130) are in good accord with the calculations over the entire range of bombard-
ing energies except at the highest energy point. However, the data for19F1194Pt (213Fr with Nc5126) though
consistent on the average with the calculations, show noticeable deviation at a few energies.
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I. INTRODUCTION

Observation of anomalous fission fragment anisotropie
12C1198Pt system (210Po, with compound nucleus neutro
numberNc5126) and normal anisotropies in12C1194Pt sys-
tem (206Po, Nc5122) has been reported by Shrivasta
et al. @1#. It has been observed that the measured anisotro
for 12C1198Pt system are significantly larger than those
the statistical saddle-point model~SSPM! @2# predictions and
the disagreement increases as the excitation energy (EX) of
the compound nucleus decreases. However, the anisot
data for 12C1194Pt system do not show any deviation wi
respect to theory over the entire energy range. To unders
this feature, the authors had speculated that shell effec
the potential energy surface were perhaps influencing the
sion anisotropies. This result also implied that shell effe
are still not completely washed out at the saddle point e
at high excitation energies, for a compound nucleus w
Nc5126. In fact, almost two decades back Vigdoret al. @3#
had suggested the need for systematic fission fragment a
lar distribution measurements, as multichance high spin
sion could enhance the sensitivity to shell corrections.
cently, Djerroudet al. @4# from systematic fusion studie
related toA;190, have indicated the possible importance
shell corrections, in particular, at the saddle point. It is
interest to extend the investigation to some more system
verify the correlation betweenNc5126 of the compound
nucleus and observation of anomalous anisotropies repo
earlier@1#. In particular, this will help in ruling out any effec
associated with target mass number used in the prev
measurement.

With this motivation, fission fragment angular distrib
tions have been measured for19F1194,198Pt systems. It may
be noted that in this case, the19F1194Pt system (213Fr, Nc
5126) has a neutron shell closure similar to12C1198Pt sys-
tem (210Po, Nc5126) reported earlier. If the earlier conje
ture is correct, then it is expected that while the19F1198Pt
system (217Fr, Nc5130) should exhibit normal anisotropie
consistent with SSPM predictions, the system19F1194Pt
(213Fr, Nc5126) should display anomalous anisotropies.
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II. EXPERIMENTAL DETAILS

The fission data for the above-mentioned systems h
been measured using the BARC-TIFR 14 UD Pelletron
celerator at Bombay. The measurements have been ca
out in the laboratory energy range from 88 to 104 Me
using self-supporting rolled foils of194Pt (97.4% enriched,
1 mg/cm2 thick! and 198Pt (95.7% enriched, 1.3 mg/cm2

thick!. Fission fragment angular distributions were measu
from 80° to 170° in laboratory. TwoDE2E telescopes con-
sisting of Si surface barrier detectors~thicknessesDE
510–15 mm, E5300 mm) were used to detect the fissio
fragments. The Si telescopes are operated deriving the
ger signal from theDE detectors. Most of the fission frag
ments are stopped inDE detector while fragments reachin
the E detector were well separated from the direct react
products and evaporated particles in the two dimensionaE
vs DE plot. Two Si surface barrier detectors, kept at 35° a
55° to monitor Rutherford scattering, were used for absol
normalization of fission cross sections. Measured fiss
fragment angular distributions were transformed to cente
mass using Viola’s systematics@5# for symmetric fission. An-
gular distributions in center of massW(u) were fitted with
the standard expression for angular distribution@2,6,7#. Typi-
cal angular distributions along with the fits are shown in F
1. Angle integrated fission cross sections and fission fr
ment angular anisotropies, A5W(180°)/W(90°) obtained
from the angular distributions are listed in Tables I and
respectively. The fission excitation functions are plotted
Fig. 2. As expected, the more fissile compound nuclear s
tem 19F1194Pt exhibits significantly larger fission cross se
tion over the entire energy range when compared to tha
the less fissile19F1198Pt system. At a few energies (E'90,
96, and 103 MeV! the evaporation residue~ER! cross sec-
tions have been measured by off beamg activity measure-
ment after irradiation using an efficiency calibrated 60-c3

HPGe detector. As thea decay half-lives of the ERs ar
small, theg activity following the electron capture of daugh
ter nuclei ~formed froma decay! has been made use of t
determine the production cross section of ER. The ove
error on ER cross section is estimated to be about 10
©2002 The American Physical Society13-1
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consisting of uncertainties ing branching ratio and detecto
efficiency in addition to counting statistics. At these thr
energies, where both fission and evaporation residue c
sections are available~Table II!, it has been possible to de
termine the fusion cross sections for both the systems. In
2, the fission probabilityPf values are also plotted~inset!.

III. RESULTS AND DISCUSSION

At a given bombarding energy, the fission anisotropy
19F1194Pt is expected to be lower than that for19F1198Pt
for the following reasons: The excitation energy of the co
pound nucleus formed through19F1194Pt channel is about 3
MeV higher than that of the other system. This leads
higher temperature andKo

2 ~variance ofK distribution! at the
saddle. This will result in lower fission anisotropy valu
Also for the more fissile system19F1194Pt, the second mo
ment of the spin distribution (^ l 2&) related to fission is ex-
pected to be lower than that of the latter system, imply
smaller fission anisotropy. However, surprisingly the m
sured anisotropies of the two systems are similar over
entire energy range.

The measured fusion cross sections have been fitted u
the coupled channels codeCCFUS @8#, in order to determine
the spin distribution of the decaying compound nucleus.

FIG. 1. Fission fragment angular distribution for19F1194Pt at
Elab594.6 MeV ~top panel! and for 19F1198Pt at Elab

594.1 MeV ~bottom panel!. Continous lines are the fits using th
standard expression discussed in the text.
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these calculations the low-lying states of both the target
the projectile have been included. As the fusion data
available only at three energies (E'90, 96, and 103 MeV!,
the l distribution values of the compound nucleus required
the other energies have been obtained from theCCFUS pre-
dictions. With the compound nucleus spin distribution fix
by the above prescription, the statistical model calculatio
have been performed using the codePACE @9# to reproduce
the ER cross sectionsER and the fission cross sections f iss
for both the systems. As has been noted in the literature,
three principal parameters that influence the cross secti
the fission probabilityPf and the prefission neutron mult
plicities npre are the angular momentum dependent fiss
barrier height@Bf( l )#, the ratio of the level density param
eters at the saddle to the equilibrium deformationsaf /an and
the level density parameter at equilibrium deformationan .
Besides the measureds f iss andsER , use has been made o
the npre data available for19F1198Pt and 16O1197Au @10#
~populating the same compound nucleus as19F1194Pt) to
constrain the statistical model parameters. Foran , the energy
dependent shell correction form Ref.@11# with the
asymptotic value ofA/9 has been employed. Use of the e
perimental mass rather than liquid drop mass gave better
to the data, in particular, the partial ER data. The values
Bf( l ) @12#, andaf /an have been varied to optimize the fits
the entire data set. Final set of SM parameters used arBf
51.173Bf~Sierk!, af /an51.015 for 19F1194Pt system and
Bf51.173Bf~Sierk!, af /an51.050 for 19F1198Pt system.
The statistical model fits to thes f iss and thePf data are
shown in Fig. 2.

With the SM parameters fixed as described above, ca
lations have been made for the fission fragment anisotro
in terms of the SSPM. These calculations essentially dep
on the spin distribution of the fissioning nucleus, effecti
moment of inertiaJe f f , and the temperature at the sadd
point. As pointed out earlier@3#, multichance, high spin fis-
sion could be very sensitive to shell corrections as fiss
from the later stages occur from relatively colder nuclei. F
sion angular distributions have been calculated using the
cedure suggested by Vigdoret al. @3# for multichance fission.
However, in the present study the exact expression for an
lar distribution @2# has been used to calculate fission fra
ment anisotropy values. Excitation energy and spin distri
tions of fissioning nuclei for each chance fission are tak

TABLE I. Fission fragment anisotropies for the system
19F1194,198Pt.

19F1194Pt 19F1198Pt
Elab Anisotropy Elab Anisotropy
~MeV! ~MeV!

88.6 2.1960.12 88.1 1.9160.12
90.6 2.1360.12 90.1 2.1060.12
92.6 2.3560.14 92.1 2.4260.11
94.6 2.8660.24 94.1 2.6360.18
96.6 2.9960.15 96.1 2.8860.12
101.6 2.8260.12 101.1 3.1160.12
103.6 3.1260.12 103.1 3.5360.14
3-2
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TABLE II. Measured fusion and evaporation residue cross sections for19F1194,198Pt systems.

19F1194Pt 19F1198Pt
Elab s f ission sER Elab s f ission sER

~MeV! ~mb! ~mb! ~MeV! ~mb! ~mb!

88.6 35.562.5 88.1 19.061.5
90.6 72.865.1 42.864.0 90.1 41.463.0 67.567.0
92.6 11366 92.1 68.364.1
94.6 161610 94.1 10166
96.6 225613 87.569.0 96.1 14068 158616
103.6 498625 42.365.0 103.1 335617 205620
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from PACE predictions.Je f f values are taken from Ref.@12#.
The measured and the calculated fission anisotropies

compared as a function of bombarding energy for19F
1194Pt and 19F1198Pt system in Figs. 3 and 4, respective
The dashed lines represent the SSPM calculations. It is fo
that, in general, the calculations overpredict the data. As
various SM parameters have been optimized by deman
fits to s f iss , sER , and npre data ~wherever available!, the
parameterJe f f , which influences the fission angular distrib
tions, has been multiplied by a suitable factor in order
make the calculated anisotropies agree with the data.
final Je f f values are obtained by averaging over the en
energy range. Multiplicative factors to Sierk’sJe f f values
used are 1.2160.17 for 19F1194Pt and 1.3760.15 for 19F
1198Pt. The errors in the multiplicative factors represent
standard deviations. It is found that theJe f f normalized cal-
culations agree with the anisotropy data in the case of19F
1198Pt system over the entire energy range except at
highest energy point. However, in the case of19F1194Pt sys-
tem, though the data are on the average in good accord
the calculations, noticeable deviations between the data
the calculations are seen at a few energies. Fission hindr
and the resulting enhanced prefission neutron emiss
which are significant forEX;60 MeV onwards, have no

FIG. 2. The measured fission excitation functions for the s
tems 19F1194,198Pt ~filled triangles for 19F1194Pt and open circles
for 19F1198Pt) and comparison with the statistical model calcu
tions ~continuous line for 19F1194Pt and dashed line for19F
1198Pt). The measured fission probability values are also comp
with the statistical model calculations~inset!.
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been considered in the present SM calculations. So, the
agreement between theory and the experiment at the hig
energy in case of19F1198Pt system can be understood
arising due to noninclusion of enhanced prefission neut
emission as a result of fission dissipation. However,
above discrepancy atEX;60 MeV is not observed in19F
1194Pt system, which implies reduced dissipation effe
compared to the other system. This observation is consis
with the result of Backet al. @13#, who found the threshold
EX for fission dissipation effect to be significantly higher
case of shell closed nuclei compared to that for nons
closed nuclei.

It is interesting to compare the present results with t
reported in Ref.@1#. It may be mentioned that in SSPM ca
culations reported earlier@1#, the fission fragment angula
distribution for each chance was not determined separa
In Ref. @1# the angular momentum distribution of the fissio
ing nuclei was obtained ass( l )Pf( l ), where s( l ), is the
fusion angular momentum distribution andPf( l ), is the cu-
mulative fission probability ~adding all multichance
fission contributions! for each l. Further, in calculating
the saddle point temperature an average value of presa
neutron number was assumed. In Fig. 5 the results
12C1194,198Pt systems as reported in Ref.@1# are shown

-

-

ed

FIG. 3. The fission fragment anisotropy~A! values plotted
as a function of bombarding energy for19F1194Pt system. The
continuous and the dashed lines represent the SSPM calcula
made using Sierk’sJe f f values and normalized Sierk’sJe f f values,
respectively.
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as dashed lines. The12C1194,198Pt data have been rean
alyzed taking into account explicitly the multichance fissi
contributions~calculating fission fragment angular distrib
tion for each chance separately! and the results are shown i
Fig. 5 as continuous lines. Statistical model parameters u
to explain fission and ERs excitation functions areBf
51.053Bf~Sierk!, af /an51.006 andBf51.073Bf~Sierk!,
af /an51.000 for 12C1194Pt and12C1198Pt system, respec
tively. Multiplicative factor to Sierk’sJe f f are 1.5460.12
and 0.9660.10 for 12C1194Pt and 12C1198Pt system, re-
spectively. It can be seen from Fig. 5 that there is a go
agreement between the experiment and the theory for12C
1194Pt system over the entire energy range. For12C1198Pt,
the SSPM calculations are on the average in good ac
with the experimental data. However, the lowest energy p
is still deviant but much less compared to the earlier res

IV. SUMMARY

Fission fragment angular anisotropies have been m
sured and compared with SSPM calculations conside
multichance fission decay. Fission anisotropy values ca
lated using Sierk’sJe f f values overpredict the data. Henc
normalized Sierk’sJe f f values have been used in the calc
lations. Measured anisotropy values can be reproduced
SSPM calculation for19F1198Pt system over the entire en
ergy range. In case of19F1194Pt system, noticeable devia
tions between data and calculated values have been see

FIG. 4. The fission fragment anisotropy values plotted as a fu
tion of bombarding energy19F1198Pt system. The continuous an
the dashed lines have the same meaning as in Fig. 3.
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few energies. It has been shown that the deviation betw
data and SSPM calculations is considerably reduced
12C1198Pt system when multichance fission contribution
properly treated.
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FIG. 5. The fission fragment anosotropy~A! values are plotted
as a function of bombarding energy for12C1198Pt ~top panel! and
12C1194Pt ~bottom panel!. The dashed lines represent the calcu
tion as reported earlier in Ref. 1. The continuous lines are the
calculation taking into account multichance fission as discusse
the text.
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