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Possible influence of neutron shell closuréN.=126) on fission anisotropies
for 19+ 19419t systems
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Fission fragment angular distributions have been measured®or 1%41%Pt 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%or %Pt (**Fr with compound
nucleus neutron numbé&t,=130) are in good accord with the calculations over the entire range of bombard-
ing energies except at the highest energy point. However, the datéFert®Pt (**Fr with N.=126) though
consistent on the average with the calculations, show noticeable deviation at a few energies.
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I. INTRODUCTION IIl. EXPERIMENTAL DETAILS

n The fission data for the above-mentioned systems have
been measured using the BARC-TIFR 14 UD Pelletron ac-

_ : . 19 — celerator at Bombay. The measurements have been carried
numberN,=126) and normal anisotropies HiC-+ Pt sys out in the laboratory energy range from 88 to 104 MeV,
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e e o et o 35 selupporing ol ol ot (57.4% ervicred
121 1980 nificantly | han th fls_mg/qﬁ thick) and ***Pt (95.7% enriched, 1.3 mg/ém

for CTL i t system are signi icantly larger t an those o thick). Fission fragment angular distributions were measured
the st_atlstlcal sadd_le-pomt mod&SPM [2] predlctlons and  £0m 80° to 170° in laboratory. Twa E— E telescopes con-
the disagreement increases as the excitation endgy ¢ gjsiing of Si surface barrier detectorghicknessesAE
the compound9 nucleus decreases. However, the .amso.trogs/lo_ls um, E=300 um) were used to detect the fission
data for **C+ 't system do not show any deviation with fragments. The Si telescopes are operated deriving the trig-
respect to theory over the entire energy range. To understangér signal from the\E detectors. Most of the fission frag-
this feature, the authors had SpeCUlated that shell effects MQntS are Stopped INE detector while fragments reaching
the potential energy surface were perhaps influencing the fishe E detector were well separated from the direct reaction
sion anisotropies. This result also implied that shell effectfroducts and evaporated particles in the two dimensi&nal
are still not completely washed out at the saddle point evenrs AE plot. Two Si surface barrier detectors, kept at 35° and
at high excitation energies, for a compound nucleus with65° to monitor Rutherford scattering, were used for absolute
N.=126. In fact, almost two decades back Vigdxral. [3]  normalization of fission cross sections. Measured fission
had suggested the need for systematic fission fragment angiragment angular distributions were transformed to center of
lar distribution measurements, as multichance high spin fismass using Viola’s systematifs] for symmetric fission. An-
sion could enhance the sensitivity to shell corrections. Regular distributions in center of mas¥(6) were fitted with
cently, Djerroudet al. [4] from systematic fusion studies the standard expression for angular distribufi2s6,7]. Typi-
related toA~ 190, have indicated the possible importance ofcal angular distributions along with the fits are shown in Fig.
shell corrections, in particular, at the saddle point. It is ofl. Angle integrated fission cross sections and fission frag-
interest to extend the investigation to some more systems tment angular anisotropies, =AW(180°)MW(90°) obtained
verify the correlation betweelN.=126 of the compound from the angular distributions are listed in Tables | and II,
nucleus and observation of anomalous anisotropies reportgdspectively. The fission excitation functions are plotted in
earlier[1]. In particular, this will help in ruling out any effect Fig. 2. As expected, the more fissile compound nuclear sys-
associated with target mass number used in the previousm °F+ %Pt exhibits significantly larger fission cross sec-
measurement. tion over the entire energy range when compared to that of

With this motivation, fission fragment angular distribu- the less fissile'F+ %%t system. At a few energie€ & 90,
tions have been measured foiF+ 419t systems. It may 96, and 103 MeV the evaporation residu@ER) cross sec-
be noted that in this case, tHéF+ %%t system %r, N,  tions have been measured by off beanactivity measure-
=126) has a neutron shell closure similart€+ °%Pt sys- ment after irradiation using an efficiency calibrated 60tcm
tem (*%o, N.=126) reported earlier. If the earlier conjec- HPGe detector. As ther decay half-lives of the ERs are
ture is correct, then it is expected that while thE+ %Pt small, they activity following the electron capture of daugh-
system ¢Fr, N.=130) should exhibit normal anisotropies ter nuclei(formed froma decay has been made use of to
consistent with SSPM predictions, the systéffF+!%4Pt  determine the production cross section of ER. The overall
(?*¥r, N.=126) should display anomalous anisotropies. error on ER cross section is estimated to be about 10%,

Observation of anomalous fission fragment anisotropies i
12C+19pt system %o, with compound nucleus neutron
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0.12 . . . T . . . T TABLE |I. Fission fragment anisotropies for the systems
19F+ 194,192131:.
RGE
otof  Fwr SO ] 19F 4 19py 19F 4 198p¢
Eap Anisotropy Eiab Anisotropy
i (MeV) (MeV)
s 88.6 2.19-0.12 88.1 1.930.12

. 90.6 2.13:0.12 90.1 2.160.12
92.6 2.35:0.14 92.1 2.420.11
94.6 2.86:0.24 94.1 2.630.18

1 96.6 2.99-0.15 96.1 2.880.12
101.6 2.820.12 1011 3.1%£0.12
103.6 3.1220.12 103.1 3.530.14

0.0 1 E,:f $21 MoV 1 these calculations the low-lying states of both the target and
the projectile have been included. As the fusion data are
available only at three energieE{ 90, 96, and 103 Me)/

] thel distribution values of the compound nucleus required at

g the other energies have been obtained fromabeus pre-

] dictions. With the compound nucleus spin distribution fixed
by the above prescription, the statistical model calculations
have been performed using the caetecE [9] to reproduce

1 the ER cross sectiongg and the fission cross sectiery;gs
for both the systems. As has been noted in the literature, the

oe . . . . . . . . three principal parameters that influence the cross sections,

90 100 110 120 130 140 150 160 170 180 the fission probabilityP; and the prefission neutron multi-
0., plicities v, are the angular momentum dependent fission
barrier height B¢(l)], the ratio of the level density param-
FIG. 1. Fission fragment angular distribution f&iF+'Pt at  eters at the saddle to the equilibrium deformatiap&a,, and
El.p=94.6 MeV (top panel and for **F+'%Pt at E.p,  the level density parameter at equilibrium deformatign
=94.1 MeV(bottgm pgne)l Cont_inous lines are the fits using the Besides the measuret}ss and ogr, use has been made of
standard expression discussed in the text. the v, data available for'®F+ 1%t and %0+ 197Au [10]
(populating the same compound nucleus &+ 1%Pt) to
consisting of uncertainties ir branching ratio and detector constrain the statistical model parameters. &grthe energy
efficiency in addition to counting statistics. At these thfeedependent shell correction form Ref1l] with the
energies, where both fission and evaporation residue croggymptotic value of/9 has been employed. Use of the ex-
sections are availablfable ), it has been possible to de- perimental mass rather than liquid drop mass gave better fits
termine the fusion cross sections for both the systems. In Figg the data, in particular, the partial ER data. The values of

2, the fission probability; values are also plotte@nsey. B:(1) [12], anda; /a,, have been varied to optimize the fits to
the entire data set. Final set of SM parameters usedare
IIl. RESULTS AND DISCUSSION =1.17xB¢(Sierk, a;/a,=1.015 for 19F 4 194p¢ system and

B;=1.17x B¢(Sierk), a;/a,=1.050 for °F+1%pt system.

At a given bombarding energy, the fission anisotropy forthe statistical model fits to ther;ss and theP; data are
F+19%t is expected to be lower than that f6fF+'**Pt  shown in Fig. 2.
for the following reasons: The excitation energy of the com-  wjith the SM parameters fixed as described above, calcu-
pound nucleus formed throughiF-+**Pt channel is about 3 |ations have been made for the fission fragment anisotropies
MeV higher than that of the other system. This leads toin terms of the SSPM. These calculations essentially depend
higher temperature ark (variance of distribution atthe  on the spin distribution of the fissioning nucleus, effective
saddle. This will result in lower fission anisotropy value. moment of inertial.¢;, and the temperature at the saddle
Also for the more fissile systen’F+19%Pt, the second mo- point. As pointed out earligf3], multichance, high spin fis-
ment of the spin distribution({?)) related to fission is ex- sion could be very sensitive to shell corrections as fission
pected to be lower than that of the latter system, implyingfrom the later stages occur from relatively colder nuclei. Fis-
smaller fission anisotropy. However, surprisingly the mea-sion angular distributions have been calculated using the pro-
sured anisotropies of the two systems are similar over theedure suggested by Vigdet al.[3] for multichance fission.
entire energy range. However, in the present study the exact expression for angu-

The measured fusion cross sections have been fitted usittgr distribution[2] has been used to calculate fission frag-
the coupled channels codreFus[8], in order to determine ment anisotropy values. Excitation energy and spin distribu-
the spin distribution of the decaying compound nucleus. Fotions of fissioning nuclei for each chance fission are taken
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TABLE Il. Measured fusion and evaporation residue cross section§for 194199t systems.

195 11941 19 4 198

Eian Otission OER Ejab Otission OER
(MeV) (mb) (mb) (MeV) (mb) (mb)
88.6 35.5-2.5 88.1 19.61.5

90.6 72.8:5.1 42.8:4.0 90.1 41.43.0 67.5:7.0
92.6 113t6 92.1 68.34.1

94.6 16110 94.1 1016

96.6 225-13 87.5£9.0 96.1 1468 158+ 16
103.6 498 25 42.3-5.0 103.1 33517 205+ 20

from PACE predictions.J. ¢ values are taken from Rdf12]. been considered in the present SM calculations. So, the dis-
The measured and the calculated fission anisotropies aegreement between theory and the experiment at the highest
compared as a function of bombarding energy fF  energy in case of%F+ %Pt system can be understood as
+ 199t and 1°F+ 198t system in Figs. 3 and 4, respectively. arising due to noninclusion of enhanced prefission neutron
The dashed lines represent the SSPM calculations. It is founeimission as a result of fission dissipation. However, the
that, in general, the calculations overpredict the data. As thabove discrepancy d&y~60 MeV is not observed in°F
various SM parameters have been optimized by demanding %Pt system, which implies reduced dissipation effect
fits to o7fiss, ogr, and vy, data(wherever available the  compared to the other system. This observation is consistent
parameted.;, which influences the fission angular distribu- with the result of Baclet al. [13], who found the threshold
tions, has been multiplied by a suitable factor in order toEy for fission dissipation effect to be significantly higher in
make the calculated anisotropies agree with the data. Thease of shell closed nuclei compared to that for nonshell
final Jo¢¢ values are obtained by averaging over the entireclosed nuclei.
energy range. Multiplicative factors to Sierkk¢; values It is interesting to compare the present results with that
used are 1.2t0.17 for *F+1%%Pt and 1.3%#0.15 for 1°F  reported in Ref[1]. It may be mentioned that in SSPM cal-
+1%pt. The errors in the multiplicative factors represent theculations reported earliil], the fission fragment angular
standard deviations. It is found that tAg;; normalized cal-  distribution for each chance was not determined separately.
culations agree with the anisotropy data in the casé®f In Ref.[1] the angular momentum distribution of the fission-
+19%pt system over the entire energy range except at th#ng nuclei was obtained as(1)P¢(l), where o(l), is the
highest energy point. However, in the case'#+ 4Pt sys-  fusion angular momentum distribution afj(l), is the cu-
tem, though the data are on the average in good accord withulative fission probability (adding all multichance
the calculations, noticeable deviations between the data arfission contributions for each |. Further, in calculating
the calculations are seen at a few energies. Fission hindrantee saddle point temperature an average value of presaddle
and the resulting enhanced prefission neutron emissiomeutron number was assumed. In Fig. 5 the results for
which are significant folEx~60 MeV onwards, have not *?C+'%*19%t systems as reported in Réfl] are shown
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FIG. 2. The measured fission excitation functions for the sys-
tems 19F+ 1941994 (filled triangles for %F+ %Pt and open circles FIG. 3. The fission fragment anisotropyd) values plotted
for 9F+1%pPt) and comparison with the statistical model calcula-as a function of bombarding energy fdfF+ %Pt system. The
tions (continuous line for 1%F+1%Pt and dashed line fof®F  continuous and the dashed lines represent the SSPM calculations
+198pt). The measured fission probability values are also comparethade using Sierk’d,s; values and normalized Sierkk; values,
with the statistical model calculatiorimse). respectively.
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FIG. 4. The fission fragment anisotropy values plotted as a func- 2% [
tion of bombarding energy®F+ %%t system. The continuous and
the dashed lines have the same meaning as in Fig. 3. 20

as dashed lines. Thé’C+1%41%%t data have been rean- " 15}
alyzed taking into account explicitly the multichance fission
contributions(calculating fission fragment angular distribu- 1ok
tion for each chance separatednd the results are shown in
Fig. 5 as continuous lines. Statistical model parameters use
to explain fission and ERs excitation functions aBg
=1.05x B;(Sierk), a;/a,=1.006 andB;=1.07x B¢(Sierk),
as/a,=1.000 for *?C+ %%t and °C+ %%t system, respec- O T T e = x a
tively. Multiplicative factor to Sierk’sJqs; are 1.54-0.12
and 0.96-0.10 for 2C+1%pPt and %C+1%pt system, re-
spectively. It can be seen from Fig. 5 that there is a good FIG. 5. The fission fragment anosotrop) values are plotted
agreement between the experiment and the theory*3r  as a function of bombarding energy f#C+ 1%t (top panel and
+19%pt system over the entire energy range. E@+1%%t,  12C+ %Pt (bottom panel The dashed lines represent the calcula-
the SSPM calculations are on the average in good accoriibn as reported earlier in Ref. 1. The continuous lines are the new
with the experimental data. However, the lowest energy pointalculation taking into account multichance fission as discussed in
is still deviant but much less compared to the earlier resultthe text.

E,(MeV)

few energies. It has been shown that the deviation between
IV. SUMMARY data and SSPM calculations is considerably reduced for

1 19 ; faai htion i
Fission fragment angular anisotropies have been mea-zc+ %t system when multichance fission contribution is

sured and compared with SSPM calculations considerin&rOperIy treated.
multichance fission decay. Fission anisotropy values calcu-

lated using Sierk’sl.¢s values overpredict the data. Hence,

normalized Sierk'sly¢; values have been used in the calcu- The authors thank Dr. S. S. Kapoor for his keen interest in
lations. Measured anisotropy values can be reproduced ks work and useful suggestions. The authors acknowledge
SSPM calculation for*%F+9%Pt system over the entire en- the support of the Pelletron accelerator crew for the excellent
ergy range. In case of*F+ 9Pt system, noticeable devia- beam quality throughout the experiment. Thanks are also due
tions between data and calculated values have been seen abaDr. A. Navin for his help during the experiment.
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