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Comparison of rotating finite range model and Thomas-Fermi fission barriers
in the A~190 mass region
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Statistical model calculations have been performed using the rotating finite range and the Thomas-Fermi
models for fission barriers. The results have been compared with the existing cross sectfSAs+#&%Sm
and 8Kr+1%9Ru systems. Analyses show that the use of Thomas-Fermi fission barrier without any shell
correction gives the best fit to the experimental cross sections. This observation is in contrast to the conclusion
drawn fromy-ray fold measurements fdfCa+“2Nd and®°Se+1%d systems reported earlier.
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The fission barriefBy) plays a crucial role in heavy-ion systems leading to same compound nucléd®g) and at
induced fusion-fission dynamics. Variety of phenomena, e.gsame excitation energfe’ =37 MeV). The statistical model
fast fission, quasifission, preequilibrium fission, superdeforcalculations were performed using the Gilbert-Camei&in
mation, K isomer, have been observed depending on théevel density prescription with a level density parametgr
height and position of the fission barrier. The formation of=A/8.0 MeV™* and the RFRM fission barriers. According to
the compound nucleus depends on whether the initial corrthe predictions of the statistical model calculations an en-
posite system of the target and the projectile is more compadt@nced population of high spin states was expected for the
than the fission saddle shape. After the equilibrated comMOSt mass symmetric system, due to large coupled channel
pound nucleus is formed, the competition between the fissioff T€ct: This expected enhancement was not consistent with

and the particle evaporation channel is strongly influence(‘jhe experim_ent.al qbservation. Surprisingly, the gxperimental
by the height of the fission barrier. In addition, the fission y-ray fold distributions for the @ evaporation residuéER)

fragment angular distributiom(6) is sensitive to the effec- for both the systems were similar. The abqve dlscrep.ancy
tive moment of inertia at the saddle poifl.) which is between the_ r_nodel pred_lctlon and the experiment was inter-

: eft’ reted as arising due to inaccuracy of the fission barrier used
related to the saddle point shape. The effective moment

inertia is defined as Alve1/3.—1/3 hered. and 3 the calculations. The experimental fold distributions were
inertia is defined as M=1/5,-1/3,, whereJ, and3, are gy 1nineq py statistical model calculations using the

the moment (_)f inertia for rotation at the_ saddle pqint alongrhomas-Fermi fission barrig®] with a shell correctiorteg)
and perpendicular to the symmetry axis, respectively. They _3 pev. However, the authors did not demonstrate the

availability of new experimental data has always broughtoorresponding sensitivity of the ER and the fission cross sec-
refinement to the theoretical estimation of the fission barriefjgns to the statistical model parameters. It will be interesting

Initially the rotating liquid drop mode&lRLDM) [1] provided (5 jnvestigate this aspect, viz., sensitivity of ER and fission

a simple understanding of the fission phenomena. Fissiogoss sections to the RFRM and the Thomas-Fermi fission
barrier heights from this prescription had to be reduced by §rier.

factor varying between 0.5 and 0.9 to explain the fission-  The experimental fission and ER cross sections are not
evaporation residue cross sections. The valueSeafde-  gyailable for the above mentioned systems. The fission and
duced from the fission fragment angular distributions of acthe ER excitation functions are available fRAr+148Sm
tinide targets were found to be larger than the RLDMgygiem[10], which has a mass asymmetry similar to that of
predictions[2]. This discrepancy was partially removed by 485 142\ ¢ system and forms a compound nuclétiéHg)
the use of the rotating finite range mod&FRM) [3]. The 1o neutrons away fromM®Hg [7]. The evaporation residue
RFRM fission barriers with a scaling factor around unity -yoss sections are also available $6r+%4Ru systen{11]
(0.90-1.10 give good explanation of the available fission- hich populated®Hg with a mass asymmetry similar to that
evaporation cross sections. This model has also removed thg 8ogg 4110p system. In the present work, detailed statistical
discrepancy between the deduckgk values and the predic- el calculations have been performed¥r+14%Sm and
tions f_or_ actinide target#4]. Howeyer, recent studies using seyy4104R, systems to investigate the sensitivity of the ER
preactinide target$5,6] showed disagreement between theyn the fission cross sections to the statistical model param-
RFRM predictions and the deduced valuesig. eters, in particular the fission barrier.
Recently, Djerrouct al. [7] Eave:ﬁported a ggeaiJlrement Statistical model analyses were performed using the sta-
of y-ray fold distributions for**Ca+*Nd and*Se+%®d igtical model codeACE [12] using the experimental masses
and shell corrected level densities. An energy dependent
shell correction13] of the level density parametes,=al 1

*Electronic address: kmahata@magnum.barc.ernet.in +(WIU)(1-e )], with an asymptotic valud=A/8 MeV
"Present address: Max-Planck-Institut ~ fiir ~ Kernphysik, and a damping factor=0.054 MeV'! was employed. The
Saupfercheckweg 1, 69117 Heidelberg, Germany. ground state shell correctiofW is the difference between
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TABLE |. The parameter sets used in statistical model analyses.

Parameter set B¢ eg (MeV)
A RFRM 0.0
B 0.85X RFRM 0.0 N
C Thomas-Fermi 0.0 ﬁ
D Thomas-Fermi -3.0 o

15

PHYSICAL REVIEW G8, 067603(2003

the liquid drop and the experimental mass defedtss de-
fined asU=E"~E,x(J)~A,, whereE,y(J) andA, are the ro-
tational energy and the pairing energy, respectively. The yrast
line obtained from the RFRM was suitably modified to

match the experimentally known yrast line 8fHg. The J@)
level density parameter at the saddle deformatan was

obtained as,(as/a,), wherea/a, is the ratio of level density

parametgr at the S.addle def_ormation to that at the equiIibriur‘Eermi model(continuous ling The dash-dotted line is the Thomas-
dﬁfcl)lrmatloni'As discussed |n|R25]! thtehsalme lgr;unqtstate Fermi fission barrier with a shell correction of -3 MeV. The dot-
shell correction(sW) was applied Tor the 1evel density pa- . yashed line is the RFRM fission barrier scaled by a factor of
rameter at the saddle point. Statistical model predictions ug; g5

ing four different fission barriers, given in Table I, were com-

pared with the above mentioned data. The ratio of leveltion measurements, produces a large discrepancy between
density parametens/a,, was taken to be unity. . _the data and the statistical model predictiosse Fig. 2

The Thomas-Fermi fission barriers are not readily avail-  Athough only the evaporation residue excitation function
able in a parametrized form for use in statistical model calig gyailable for®®Kr+1%Ru system, it contains information
culation. In view of this we have used the same parametrig, the fissionability of the nuclei involved as demonstrated
form as in Ref[7], in Ref. [11]. A dimensionless quantityoed/ 42?2 versus
E.m has been plotted, wherg is the ER cross section and
A is the reduced de Broglie wavelength in the entrance chan-

_ _ nel. The useful feature of excitation functions for the quan-
whereBy(0)=14 MeV ando,=27h. The parameteesrep- i (o /71912 is that they saturate at sufficiently high ex-
resents the difference in the shell correction at the saddlgji i n energy to a value,, The values of(y; vary

sal sal

point and Fhe eqw_llbrlum configuration. Thg above m?n'characteristically with the compound nucleus and are inde-
tioned fission barrier parameters were obtained by fitting
the microscopically calculated Thomas-Fermi fission bar- ——— T
rier for 2®Hg [7]. In the present study the same parameters
for the Thomas-Fermi fission barriers have been assumed 1t
for both the compound nuclét®Hg and°®Hg) and suc-
cessive decay products. The Thomas-Fermi fission barri-
ers at zero spif14] for 88g and®®Hg are comparable.
We have also useds=-3.0 MeV for both the compound
nuclei and the successive decay products. Angular mo-
mentum dependence of different fission barriers used for
190g are compared in Fig. 1. As can be seen from Fig. 1,
a drastic lowering of the fission barrier results due to in- ! e ER
clusion of a shell correction of -3 .RleV. ! |1 & Fission

In the case of thé®Ar+148Sm system, the spin distribu- A ¥
tions of the compound nucleus, required for the statistical 110 120 130 140 150
model calculations, were obtained from CCDEI5] calcu- B (MeV
lations which fits the fusion excitation function. The same em(MeV)
channels as those of R¢fL0] were coupled to reproduce the FIG. 2. Fission and ER formation probability/orge) as a
fusion excitation function. As shown in Fig. 2, the statistical fncrion of E, .. for “0Ar+1485m system. The filled circle and the
model predictions withB;=0.85X RFRM (parameter seB)  en square represent the ER and the fission cross sections, respec-
agree reasonably well with the data for tHar+148Sm sys-

Udid tively, from Ref.[10]. The dashed, the dot-dot-dashed, the continu-
tem. Use of the Thomas-Fermi fission barijparameter set oys, and the dash-dotted lines are the fisgtbim line) and the ER

C) also gives a good agreement between the data and thgick line) excitation functions using parameter sats, C, andD
statistical model predictions. Inclusion of a shell correctionin Table I, respectively. The arrow indicatEs=37.8 MeV, where

of —=3.0 MeV in the Thomas-Fermi fission barrigfgaram-  the entry spin distributions and the other observables in Table Il
eter setD), as suggested in Reff7] from y-ray fold distri-  have been calculats@ee text

FIG. 1. Fission barriers as a function of angular momentum for
190Hg as calculated by the RFRNtlashed ling and the Thomas-

By(J) = By(0)e ™2 + g,

o/ Gfusion

Pl
o1l /A ] “asm
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FIG. 3. Comparison of the measured excitation function of 4 F 1F /'/-\ \.\ 1o
(o T2 (see text for 8Kr+109Ru system with statistical model NI 01 /Y \ %
calculations using different fission barriers. The dashed, the dot-dot- / \ Y \ '\1
dashed, the continuous, and the dash-dotted lines correspond to pa- BPANN . 0.09 e \ el
rameter setA, B, C, and D in Table |, respectively. The arrow 0 20 40 0 20 40 60 80
indicates the same as Fig. 2. J#H)

R FIG. 4. Variation of the entry spin distributions fon 2continu-
us lines, 3n (dashed linesevaporation residue and the spin dis-
ibution of the fissioning nuclefdash-dotted lineswith different
fission barriers used fot°Ar+148Sm (thin line9 and 8Kr+1%Ru
Whick lines systems aE'=37.8 MeV. The sets\, B, C, and D
correspond to those in Table I.

pendent of the entrance channel. This implies that the E
cross sections are limited by competition with fission and noﬁr
by any other fusion hindrance effedtkl]. The value off;
does not depend upon the compound nucleus spin distrib
tion provided the distribution extends to sufficiently large
as compared td,, The quantity(ogs/74%)? has been cal-
culated usingPACE for different fission barriers. As can be sion of a shell correction of —3.0 MeV, as suggested in Ref.
seen from Fig. 3, the calculations with $though close to [7] from y-ray fold distribution measurements, fails to repro-
the data are consistently higher. While €gprovides a good duce the data.

agreement with the data fé&t, ,, >175 MeV, the seD yields In addition, we have calculated several quantities of inter-
results which are in good agreement with the data forest[ogg, Ps, o3/02n W(180)/W(90')] using PACE for both
E.m <175 MeV. As argued earlier, if the data available only the systems under consideratiorEat37.8 MeV, where the

at higher energies are considered they are less sensitive to measurement of fold distributions in R¢7] was made. Sta-
input spin distribution and entrance channdhen setC is  tistical model calculations using the Thomas-Fermi fission
the best in reproducing the data. Even in this system inclubarriers with a shell correction of —=3.0 Me(getD), as sug-

TABLE II. Statistical model predictions of evaporation residue cross sectigsg, fission barrier height
(By), fission probability(Py), ratio of 2n to 3n evaporation residue cross secti@m,/o»,), and fission frag-
ment angular anisotrop/(180°)/W(90°)] at E'=37.8 MeV using different parameter sets. The #etB,
C, D correspond to those in Table I.

Quantity A B C D Observed
40Ar+ 1483m
oer (Mb) 5.0 4.4 4.8 2.8 4.31+0.1B.0]
By (3=29) (MeV) 10.3 8.8 7.9 4.9
Py (%) 1.43 14.8 4.53 45.6 15.6+6[Q0]
O3/ Ton 0.51 0.51 0.54 0.93
W(180) /(90 3.99 351 4.88 371
88K r+104Ru
oer (Mb) 33.9 26.4 21.9 9.9 19.5+0.5711]
B (3=29) (MeV) 10.3 8.8 7.9 4.9 8.7+0.2A1]
Py (%) 28.0 44.0 53.6 79.1
O3n/ Oan 0.40 0.53 0.79 2.29
wW(180) /(90 8.38 7.27 6.68 5.46

4nterpolated.
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gested in Ref[7], do not agree with the observed quantitiesand the Thomas-Fermi fission barriers. It has been found that
in Table II. It has been shown that all these quantities arghe RFRM fission barriers have to be reduced by a factor of
very sensitive to the fission barri€fable I). Hence, these (.85 to get a good agreement between the calculations and
eters. The variation of the entry spin distributions f&(3  11,mas Fermi fission barriers gives a good agreement be-
gvapor?tlpn_rﬁs@#es anfq the spin Q'St”bm'o? of the fissiong,een the existing fission-ER cross sections and the calcula-
ing nuclei with different fission barviers used for tions. Inclusion of a shell correction of —=3.0 MeV in the

40Ar+148Sm and 8Kr+1%Ru systems aE =37.8 MeV is Co _ :
shown in Fig. 4. The predicted entry spin distributions nf 2 1homas-Fermi fission barriers, as suggested in Hgfirom

and 31 channels for both the systems become simigwe  ¥-ray fold distribution measurements, produces a large dis-
Fig. 4) when the Thomas-Fermi fission barriers with a shellcrepancy between the measured cross sections and the statis-
correction of =3.0 MeV are used. However, Thomas-Fermtical model predictions. The-ray fold distribution measure-
fission barriers with a shell correction of —3.0 MeV fail to ments reported in Ref7] are not consistent with the fission
explain the corresponding cross sections as mentioned eaind the ER cross sections available for the s&itfelg) [11]
lier. As shown in Fig. 4, the spin distributions of the fission- or a nearby(188Hg) [10] compound nucleus. In contrast with
ing nuclei are also very sensitive to the fission barriers. Thgne results reported in Ref7] we have shown that then3
same can be: seenin fISSI.O'n fragmept angular af."so.(ﬂﬂ.@/ channel is significantly large irrespective of the fission bar-
'I_'able b, Wh.'ch Is a sensitive function of t_he spin distribu- rier used and the entrance channel asymmetry for the sys-
tion of the fissioning nuclei. In contrast with the results of tems under consideration Bi=37.8 MeV. The ER and the
Ref. [7], we have found significantly largenER cross sec- .~ . . .' ' . .
(_g[ssmn cross sections are crucial to constrain the statistical

tion irrespective of fission barrier used and entrance chann . .
asymmetry(see Table . In Ref.[7] it was reported thatr® model parameters and any conclusions reached regarding

channel represents over 90% of the total fusion-evaporatioRr€Sence or absence of shell effects in fission barrier based
cross section " ~37.8 MeV. on vy-ray fold distributions alone will not be reliable.

In summary, we have performed statistical model analyses ) ) ) . )
for 4%Ar+148Sm and®Kr+1%Ru systems using the RFRM K.M. wishes to thank A. Navin for fruitful discussions.
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