


1. Introduction .- - - v oo e e Loty ol
The production cross sections of uranium isotopes formed.in the *:?*Ne +
208ph reactions were measured in our experiments”several years ago [3,4].;
In these experiments the new 223224.225(] jsotopes: were identified. : Later .
in the 27Al + Vlg_z_Au.compsléfce fusidn._reactioh, leadinglto the evaporation
residues (ER) withit”he,neutron numbers close to the N=126 closed shell;: .
the new 2!8219U isotopes have been produced .[5]. . A short. description.
of these experiments and ‘main results were already. given in the above. .
mentioned works. In the recent work [6] we summarized these results.and.
performed. analysis_of the production cross sections in the framework of;
the standard statistical model. (SSM) approximatioushus‘ing,thg,'IfI:Ii\{AI?:
code [7,8].. As the result of this analysis we have come to the conclugion -
that the whole set of the data on the produc_tiou,(;ross‘s(\ct\io_ns-_at,x.;t,h,é, -
‘maxima of the excitation functions ‘fof.the:':ER;in_‘the range.from- Bi. to.
U can.be described in the framework of the SSM. by reducing; the fission.
‘ barriervsk':,(t’lieif liquid. drop part and ,sw}rlc__ll'.gc'q_ljr,cvction); - The ,,,()n:ly-.ﬁtt.»édb 3
paranieter in these studies'was the scaling factor at a fission barrier value. .
This.scaling, factor proved to he a 11__11iversa1;(qon_spal‘]vt“fo“r :all considered.
nuclei, excitation energies and nuclear-reactions and it was about 0.7 [6]. |
;_._,R,cccnt_.ly.,wclh;wc obtained the experimental data on.the production -
CTOSS sc(:tioils,'f()r,2‘-49'-}.21?_7‘-’?.’17\‘ m formed in the 2Ne + BT and 2Ne +32Th
reactions [9]. Having the result for these reactions leading.to the same
nuclides we have extracted the (T, /T) values averaged for the initial
two steps of the de-excitation cascade of the ?M\Fr‘n*‘ compound nucleus,
[10]). From this, as well as in our prcbediiig‘bek 1 1];”('1‘ué&1'1't';1taii\fc'.“dat‘a‘
on the mean numbers of pre-saddle neutrons, Vpre—sad, cvaporated from |

de nuclei (Z > 98) were obtained. . In-order to

the excited heavy v;'icyt.i‘n\'
extract the (T,/Ti) values from the cross sections data we .applied the

semi-empirical method developed for this purpose [12], Wth}} deals with
the (\)ic'ita'ti"dl'l functions for different (HI,xn)-reactions leading to, the same
final ER. The similar, but different approaches based on the pair reaction
method Liave been used previously [13, 14] in the study of the dependerce
of the (T'n/I's) values on the excitation energy for actinide nuclei. ..

“Tho aim of presént work s to obtain new data on the (/T values
for the neutron-deficient U muclei with their following coriversion to the
meant mumbers of pre-saddle neutrons, vyre-sa. - The lafter yalues can -
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‘measured efﬁcwncy obtamed in the test reactlon was corrected to. the
calculated one for the test and investigated reactions as it is described
in detail in {1, 9]. The corrected values of the transmission efficiencies
-were used further to.obtain the absolute values of the production cross
sections of the ER. Apart from statistics, we estimate the uncertainties
in the absolute values of the measured evaporation residue production

" cross sections as £50% mainly due to the uncertainty in the transmission
efficiency, non-homogeneity of the target and uncertainties in the beam
dose Ineasurements. :

3 Advanced statistical model and its appllcatlon

3. 1 Maln features of the model

For the ana1y51s of the measured evaporatlon residue productlon Cross
sectlons we used the advanced statistical model wluch takes into ac-

count the time- dependent dynamlcal effects through the transient time

Vneeded to establish a constant flow over the fission barrier. .Previously
we studled the influence of the nuclear shape evolution and viscosity on

the 1nd1v1dual ER excitation functions and observed an 1nterdependence
. among the parameters used to descrlbe the dynamical effects We assume

. that at the relatlvely low 1nc1dent energ1es (less than 10 MeV/nucleon)‘

the reactlon proceeds mostly through the formatlon of the compound
‘_'nucleus and pre- equlllbrlum effects can be d1sregarded Among quanti-
‘ties entering statlstlcal theorles we will dlst1ngulsh between static and
: fdynamlc parameters With the former ones we mean those parameters
~Wthh directly or 1nd1rectly depend on the shape evolution of the rotating
knucleus The shell corrections and collectlve effects fall into this category,
while such quantltles like binding energies, fission barriers at Zero spin
etc. form a static part of the model input. Usually, only static parame-
ters were considered in the analysis of the experimental data. This often
'resulted in the .parameters far away from the reasonable starting- val-
ues, that mlght be due to. the lack of the dynamlcal effects which may
force ‘non-physical ad3ustment of the stat1c ingredients. = As the role of

the static parameters is rather well stud1ed and 1ntu1t1vely predlctable

we shall concentrate on the dynammal effects :
The stat1st1ca1 model used in-the present study was descrlbed in deta1l

9

| SRERLEAEREE dhe i

AERSEAP NSNS, HSERE

in (2, 18, 19, 20].- It:accounts exactly for the angular momentum and
parity coupling, allows for the. neutron, proton, and: a-particle multiple
emission-as well as for: a fission channel and full. v-cascade in- residue
nuclei. Particular attention is devoted to the determination of the level
densities.. These are calculated in the non-adiabatic approach allowing for
the rotational and vibrational enhancements. These collective effects are
gradually removed above a certain energy.. In the case of the rotational
enhancement this energy is related to the Coriolis force which couples
intrinsic and. collective motions. -Our level densities:acquire a dynamic
aspect through the dependence of the Coriolis force and of the rotational
enhancement on the nuclear shape which i is, in turn, obta1ned from: the
classical model of the rotating liquid drop. : Intrinsic level densities are
calculated using the Ighatyuk approach. [21], which’ takes into account -
shell structure effects and- Apairing correlations. Use of the correct level
densities is of fundamental importance for the present analysis‘as they
determine the phase space available for each’ channel a very essence that
governs any statistical decay. In the case of the ER production one should
also. carefully consider. the low energy level densities since this:is the
energy interval in which most of the ER are formed. .That is why we
use the BCS approach [22] in our calculations with the standard value
of pairing correction A = 12/VA VA. The yrast lines are automatically
included in our calculatlons by the requirement that the total excitation
energy is to be higher than the rotational one, otherwise the level dens1ty ,
is set to zero. IR

As far as the fission barriers are concerned, we use the rotating droplet
model predictions’ (angular momentum dependent) as parameter1zed by
Sierk [23] and allow for angular momentum and temperature fade-out of
the shell corrections [19]. It is expressed by the formula for the actual
ﬁss1on barrier used in our calculatlons ’ AR

BN =cBy ()= £ o(J) W, (1)
with A o T<165MV‘V e
f(T) { keXP(—mT) T > L. 65 MeV
and :

(J) {1+eXPl(J Jl/2)/AJl}_



-where BY (J) is the parameterized: macroscoplc ﬁss1on barner [23] de-
pending on J angular momentum, §W. =:§W,,; — W, ~—6W,y,. is the
microscopic (shell) correction to the fission barrier taken from the tables
[24] and the constants for the macroscopic fission barrier. scaling, temper-
ature and angular momentum dependencies of the microscopic correction
are chosen to be as follows: ¢ =:1.0, k = 5. 809 m = 1.066 MeV~!,
Jij2 =:24h-and AJ -=.3h. These constants were obtained as the result
of analysis of large set of the data on-the fissility of nuclei in the Lu~At
‘range obtained in the reactions induced by light (p, t and @) and heavy
(*?C and-'®0) projectiles [19]. This makes our shell corrections become
dynamical quantities-too. - o o C e

-Dissipation effects; which delay ﬁsswn are treated accordlng to [25,

, 26] ‘These include Kramers’ stationary limit [27] and an exponential fac-
tor: apphed to Kramers’ fission width to account for the transient time,
-after which the statistical regime is reached. The systematics obtained
by Bhattacharya et al. . [28] gives the p0551b111ty of taking into account

.the incident energy per nucleon € and ‘compound nucleus mass 4., de-.

pendencies of the v1s(‘051ty coefﬁc1e11t B'in the calculations nlaklng use of
the sunple form:

Bedu) = aedbde e

In the present ASM calculations thc mrg,et projectile fusion Cross sec-

“tion'was determined acc or(hug to the well- Luowu sunpllhod couplod Chau— ;

nel model CCFUS [29].

3 2 Comparlson of the experlmental cross sectlons for ER w1th
the ASM calculatlons '

In ﬁgure 1 ‘the measured productlon cross sections for ER ol)talned in
the 28Pb(?2Ne,xn), 28Pb(2Ne,xn) and 197 Au(*Al,xn) reactions are com-
pared with the results of the ASM calculatlous As one can see the
“calculations reproduce rather well the -experimental data for the indi-
vidual excitation functions. Following the systematics [28], we used nu-
clear viscosity coefficients in the range of (5.2-4.4)x 102! s~! for the 23°U* '
(5.1-4. 6)x10?! 57! for the 28U* and (5.2-4. 6)x102! 57! for the 224U* de-
excitation cascades in order to take into account the energy and mass
dependence of the 3 parameter. , ‘
IIl figure 2 the productlon cross sections of the 246F m and 2$279Fm
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Figure 1: The excitation functions for the production of the U isotopes-in the investigated
(HI,xn) reactions." The experimental results are shown by the symbols: with error bars.
The ASM calculations are given by thé solid lines. The results of fitting the model functlon .
expressed hy eq.(3) to ‘the experimental points are shown by the dashed lmes k

nuch(les are presente(l for the 20Ne+232Th an(l 22N e+232Th reactlons Ex— ' '
citation functions are represented by the absolute values of cross sectlons
in the case of the 2Fm production (b, = = 92%), i.e., for (2°Ne,6n) and
(**Ne,8n) reactions. For the observed act1v1ty 1dent1ﬁed ‘as-referring to -
MU, the excitation curves are expressed via a relative (unknown)
branch of a decay (ba = 50%) for 247-"Fm ~assuming that the main con-
tribution to the observed a-activity arises from this nuchde In the case

~of 20Ne+232Th reactions this assumption is fulﬁlled entirely since the es-.

timated pos1t10n of the maximum of the excitation function for the 5n
evaporation channel in the absence of the fusion barner is close to the
fusion barrler value given by the systematlcs [30] (1t is shown by arrowsv



' k1n the figure), ‘whereas the same one for the 4n—channel leadmg to 2% Fm
is deeply under the barrier. In the case of, 2Ne4 32T the contribution
to the observed a-act1v1ty from 6n—channel (248Fm) could ‘be compara-
ble to the same one from 7n-channel (*"Fm) at -the lowest energy of

*2Ne whereas at the hlghest beam: energy one could expect the negligible
contrlbutlon from 28Fm.
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Flgure 2: The cross section values for the produétion of 2Fm and 2479, 248Fm obtained
in the reactions of ***’Ne + 2*2Th. The experimental values are shown by symbols with:
error bars, the calculated values for 26Fm — points connected with the straight solid
lines. The results of fitting the model function expressed by eq.(3) to the experlmental
points are shown by the dashed lines,

In the calculations we use viscosity coefficients in the range of (5.9-
6:5)x10?'s~! at’ first step of de- excitation cascade of the 252Fm* com-
- pound nucleus formed at the energies of 117-126 MeV of the 2Ne beam
~and (6.2-7. 0)><1021 =1 for the ®*Fm* compound nucleus formed at the

* energies of 133-147 MeV of the 22Ne beam. Through ‘the cascade we
changed (decreased) the viscosity coefﬁments in order to take into ac-

count the'decrease of the mass and excxtatlon _energy of the 1ntermed1ate '

nuclei. In‘figure 2 the calculated exc1tat10n functlons for the 246Fm pro—

_duction' in the (*Ne,6n) and (*Ne, 8n) reactlons are compared with the
experimental data points. As one can see, tlle agreement between exper—
imental results and calculatlons is rather good

In figure 3 the calculations of the total evaporatron residue productlon ’
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Figure 3: The sums of the cross section values for the production of the Fm ER obtained
in the reactions of ***?Ne + 2*2Th.. The experimental values are shown' by ‘the filled
circles with error bars. The calculated va.lues are given by the small circles’connected:
by the straight ‘solid lines (the viscosity parameter 3 accord]ng to the systematics of .
Bhattacharya et al.), dotted lines (the constant values of B as it is described in the text)
and dashed lines (the 8 values accordmg to the systematlcs but with the constant shell '
corrections to the ﬁss1on barrlers) : o '

Cross: sectlons using a constant nuclear v1scos1ty (,B = 6. 5 X 1021 -1 for»

_the reaction leading to the %5?Fm* compound nucleus and B = 7 0 >< 1021 .

~1for the reaction leadlng to the %4Fm* compound nucleus) are shown,
in comparison with the same calculations Wl’llCl’l use the ,B parameter de-
pending on the mass and ex01tat10n energy accordmg to the systematlcs
[28] In this figure the calculations using the 3 values from the- system—‘
atics but- with the constang shell corrections to. the ﬁssmn barrler are.
also shown.  As one can see the calculatlons are strongly sensrtlve to
the nuclear viscosity - and dynam1cal dependence of the shell correctlon\
damplng )




4 The T »/T¢ values as the result of the experiments
and ASM calculations i

4.1 The Tn/Ty values extracted from the experlmental values
of the productron cross sections for ER

According to the compound nucleus model, the evaporatlon residue pro-

duction cross section can be written as a’ sum over partral waves:
A

a(E*)__— (21 + DH(E, J)w(E* Jy, - (3)

J

where k is the wave number, ¢(E, J) is the fusion probablhty at thie center-

of-mass energy E and angular momentum J, w(E*,J ) is the survival

probability, and E* is the excitation energy. In the conventional fusion -
k \model tE, 1) is equal to the transmission coefficient through the fusion :
barrler In the approximation .of the lnverted parabola these: coefficients
~ are given by the Hill-Wheeler expressxon F or the xn evaporatlon channel

" w(E J) can be written as

w:rn(E*v ‘]) = p.:c(é*v J) HF"/FI(E*’J)I ’F’ o ., o (4)

1 1

where pz(E* J)is thc prol)alnhtv of evaporatron of cxactly &z neutrous at

E* and J of the compoun(l nucleus and F,,/F, E* .J); is the probability.
. of the neutron evaporatlou in competltlou w1th the other (hannels at the

K step of the de- excitation cascade

Wlthln ‘the present approach the dependence of the augular lIlOlll(‘ll- .

tum in cquatrons (3) and (4). was excluded by replacmg the varlables
, lncluded 1n the sum by their average values

- T () [T (/DB s
_ {1+ expl2n({Ep) - E)/(huw)]} ’
‘where (Jer) is the mean effective value of the critical angular momentum

determmlng the production of the ER, and the average values of P, (E*),
(EB), (hw) and (T, /Ty(E* ))i correspond to this effective value of the

angular momentum. Equation (5) is some kind of generalization of the

approach proposed earlier [31] for the extraction of the T, /Ty values and
analySIS of the evaporation residue production ‘cross sectlons for hlghly

A
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1(58) -

tron energy (E*) z WlllCh is determlned by the max1ma of the conSIdered

" fissile nuclei. The approach 1mphes that production of the ER is mostly

determined by the cut-off -of higher angular momenta by a gaussran -like;

factor. The. width of this cut-off is.smallest. at the last evaporatron step

and it is of about 10 % for the considered region of nuclei; as follows from‘t
estimations (10, 31]. ’

As well as in our previous work- [11], we used the Poisson distribution
for P,, introduced. earlier [32] to describe the form of an excitation func-. |

“tions for the (HI, xn) reactions. Equation (5) was employed as a model ,

function describing the-energy dependence of the evaporation’ residue °
cross section: This function has four fitted parameters: (Ep) and. (hw) .
— the fusion. barrler (FB) parameters € — wluch is rncluded in. the for-
mula for P, (E J (it is the mean energy carried out by the evaporated
neutron) and GIJ — which can be treated as an amplltude of the model
functlon It is expressed as ‘ e

GIJ— cr2H I.‘n/Ft E*) ' ‘ » (6)
' i=1 : :

The T',, /Ty value can he estimated as'a ratio of ‘amplitudes G,y and"
Gys of the model functions describing’ the energy - dependencics for “the
v g 8 :
production cross sections of the samne evaporation resr(lue formed in the"_'
(HI xn) and (Hl,vu) rea(tlous (1: < 1/) : o et ‘

where (Co/Ty); corrcspouds to the initial (z = J — ) steps of the de— B
excitation cascade.” In’ the (lerlvatlou of cquatlon (7) it is 1mphed that -
(T /F ,(E ))i is the saure for both consr(lered excrtatlon functrons The» -
approxunatlou (] )/ (]y) = 1 follows from the above- mentloned consrder-

atlons concerning the cut- off of angular momentum It is assumed that, o

the’ extracted (T /F,) values are related to the mean value of the excita-

section mtegrated over all values of angular momentum J was: used for :
the extraction of the (T/T f) values with the formula srmllar to eq. (7) S

- In-the present work for" the extraction of the ({Tn/T AN . values, due o
to a lack’ of data’ for the excitation functions obtalned for’ ‘the U andi
Fm' nucle1 -we tised the systematics of the (HI,xn) reactlon parameters;"'f .

11 -~



" Table 1: The (I',/T¢); values averaged over two initial steps of the de-excitation cascade
of the 2°U* and 2Fm*: compound nuclei. The values were extracted from the cross
section values for ER formed in the reactions mduced by 2%22Ne on the 2°*Pb-and 23?Th
target nuclei

(/T

Observed ER | Producing reactions | (E*)2 (l\/leV) (A)g
24y - | (®Ne,6n)/(®Ne,dn) | 475 920.5 | 0. 98 + 0.21
223U (**Ne,7n)/(®Ne,5n) | 59.5 229.5 | 0.90 + 0. 26

2475’Fm (#Ne,7n)/(**Ne,5n) 64.4 | 253.5 0.37i 0.11
H6Fm (**Ne,8n)/(*Ne,6n) 69.2 - [253.5]0.37 £ 0.17

deduced earlier [12] to incorporate in analysis poor data on evaporation
res1due production cross sections. The systematlcs for & (averaged values
over all con51dered reactions w1th the given number of the evaporated
ueutrous) and FB parameters (mean values of the fusion barrier in term of
the Coulomb radius parameter r, and mean values of the barrier curvature
- hw as linear functions of the Coulomb parameter) were obtained with the
o application of equations (5) and (6) to the representative data on (HI,xn)

excitation functions leading to the Cm—No nuclei. In the fitting of the

" model function to the measured excitation functions for the production

~ of the U and Fm nuclei shown in ﬁgure 1 aud figure 2 we obtained a -

good agreement of the ﬁtted € and fiw parameters for the 208Pb("’ONe 4n)
. and ?Pb(?2Ne,4-5n) reaction with the corresponding values given by
systematics. From. this we fixed the obtained value of hw at the fitting

of the data for other Ne+Pb excrtatlon functlons With this value and €. -

from systematlcs we also obtained a good fit for 28Pb(*Ne, 5n) reaction

 data. For 208PD(**Ne,6n) and 28Pb(?2Ne,7n) reactions we needed to use ..

~ gas a free parameter to obtain a good fit to the data For the Ne+Th.

’reactlons we also used the fixed values e and hw glven by systematics with

the” exceptlon of the 232Th(22Ne 6n) reaction data for which variations of . .

Athe € parameter was needed .to obtaln a good fit. The‘ results.of .the.

12

" analysis are givenin table 1.
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Figure 4: Compansou of the extracted expenmental values of (F /I‘ ,) from Table 1.
(symbols with “error bars) with' the results of the ‘ASM calculatlons for the ﬁrst step
of the de-excitation of 20U (small circles connected by’ the solid lme)‘ BiPm* (small
triangles connected by the dashed line), 2*?Fm* (small squares connected by the dashed’
line) and for the third, step of, the de-excxtatlon of #**Fm* (small dlamonds connected by:

“In ﬁgure 4 the extracted values of ( n/ Ft) (obtamed by averaglng over,
“angular’ moimenta which give the main contrlbutlon to the final ER: pro-

duction: J ~ 0-20 h) from table 1 are compared w1th the, calculated val-

“ues of T n/ T, at the 1mt1al steps of the de excitation cascade of the 23°U* ;

and 252 254Fm compound nucle1 Calculatlons for the ﬁrst step of de-.
exc1tat10n ‘were performed for the 1nvest1gated reglons of the compound
nucleus exc1tatlon energles by averagmg over all- the spm dlstrlbutlon
of the compound nucleus The values at the second step are, calculated

,,,,,,

and likewise for the stccessive steps For the 254Fm compound nucleus
the calculated I",,/l"t v*rlues correspondmg to the third step: of the’ de— :
excitation cascade are shown and can be compared with the calculated

13-



T,/T: values at the first step of the de-excitation cascade of the 22Fm*
compound nucleus. Overall agreement between the calculated values and
: the experimental ones is rather.good. Really, if we consider that for highly
fissile nuclei the component of higher spins contributes more strongly to
the fission, the I, /T calculation averaging over all angular momenta is
lower than when we consider the average momenta that give the main
“contributions to the final ER production. This is because in this angular
‘momentum range the fission competition is low, and T, /Ty is relatively
higher than if we consider all angular. momentum spectrum. The differ-
-ence between the two calculations tends to become small when we con-
sider the successive steps of the de-excitation cascade, because for hlgher
fissile nuclei the spin distribution" of the intermediate excited nucle1 af-
ter two, three or four neutron emission from the compound nucleus, is
- considerably lower and tends to becomes closer to the spin w1ndow that
gives the main contribution to the final ER production.

Some numerical values of I', /T for the considered reactions, excita-
~ tion energies of the compound nuclei and steps of their de- excitation,
wlhich were obtained as the result of calculations are presented in table 2.
- Close values of F,,/ T, at the first step of the 252Fm and at the third
. step of the 9P compound nuclei de- exmtatlon quantltatlvely support
“our approach to the extractlon of the (l" a/T4) values from the cross sec-
tions of the ER formed i in pair reactlons Moreover, if- we conslder that

dlfferent nuclei (for example By and 25225Fm) have a different shell cor-

rectlon the dynamlcs play a dlfferent role on the effcctlve fission barrler
and analogously so does the viscosity parameter on the fission Competl-
~tion. Therefore the prev10us analy81s of thc dlfferent 1nﬂuenccs is more
' complex ‘

‘Finally, the comparlson of the results for the 254Fm compound nucleus
obtained for the 22Ne + 232Th reaction at the exc1tat10n energy 76 MeV
with the similar ones for 23°U* obtalned in the 22Ne + 208Pb reaction at

the excitation energy 67 MeV glves us: [ /F,_O 66 (T 7/Te = 0.33 w1thl

B =5) for *U* and T,/Ti=0.50 (I;/T; = 0.50 with § ~7) for %'Fm".

This result is related to the fact that the effectlve fission barrier, (B ), for’

#0U* is about 2 MeV while (By) is about 0.7 MeV for 254Fm at the close

values of the excitation energy of these compound nucle1 In accordance ‘
,w1th the difference between the ﬁss1on barrler values for these nucle1 the
T f/ I’y value for 254Fm should be about tw1ce as high than the same value‘

/“

4.

e

Table 2: The calculated (I‘,,/I‘,) values at the ﬁrst (z = 1) and ‘third (z = 3) steps of
the de-excitation cascade for the considered compound nuclej, reactions and excitation®
energies :

Reaction | Compound nucleus | E¢y (MeV) | (Ti/Ty); | (Ta/T1)s
A1 A -2y 56.5 10.60 -
w 675 0.52
2Ne+28Pb . 1y 344 | 086
‘ ‘ 510 | 048
Ne+232Th B2Pm* '59.3 0.22
‘ ‘ 630 0.26

- 67.6 0.30 R

2Ne4+232Th 254Fm? 680 | 045 | 015

| o 762 S (%

180.8 0.52 | 025 |

for 20U*, but the higher value of the used viscosity parameter for‘?'r"lFm* .
(B=T), relatively to the same value for 2°U* (8=5), leads to T';/I'=0.50- .
for 2*Fin*, i.e.; the higher viscosity shghtly reduces the probablhty off*
fission for the heavier nuclei. &
A good agreement of the experimental values of (I’ ( n / Ft) w1th the cal— :
culated ones I',, /T, allowed us to estimate the mean numbers of the pre-
saddle neutrons and to compare them with the mean numbers ‘of pre- "
scission neutrons for the considered nitclei..-In ‘the case.of thev_2,°f3Pb o
2Ne reaction at the beam energies of 101-153.MeV, the Upre-scis values'
given by.systematics (33] obtained from the data.of neutron measure--
ments give the. values .in the range:1.5-3.5. Qur-estimation of 'Vp;efsad
leads to the values of 1.2-1.3. From this we come to the values of 0.2-2.3 *

for the vygq4—scis contribution. "With these results we estimate the value of

Tys—sad as (1.3-2. 5)><10—21 s and the value of Tyqd-seis as (1.3-8. 4)><10~2l A
within the total fission time scale value of Tfis = (3.8-9. 7)x1072 s .which- -
is comparable with the experimental value (3.51. 5)x107% s [34] These =
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" estimations of Vpre—sad aNd Tpre—sqq for the U nuclei are between those
obtained for the Ra nuclei [15] and heavy actinides [10, 11] reflecting the

increase of path from the saddle to scission point for heavier ﬁss1on1ng

nuclei. -

5 Conclusion .

The obtained data on the production cross sections of the neutron—

deficient isotopes of U and *%2*"YFm formed in the complete fusion re-
actions induced by 2*?2Ne ions were analyzed in the framework of the
advanced statistical model approximations. - A good agreement. in-the
application of this model was achieved for the description of the mea-
sured excitation functions for the observed ER, corresponding to the
different numbers of the evaporated neutrons from the 230:228.224y* and
24252 m* compound nuclei! These agreement was achieved using the
. CCFUS. approximations to the estimation of the complete fusion cross
section, the energy dependent level density parameters ratio, the finite-
- range macroscoplc fission barriers depending on angular momentum with
the shell correction, the angular momentum and temperature dependert
shell correction and the dissipation treated in the time-independent ap-
proach through the viscosity parameter taken from systematics.

*The obtained values of . (Ts/Iy) for the-initial steps of de- exa‘tatlonl

‘ cascades for-the 2°U* and %*Fm* compound-nuclei extracted from the

experimental cross section values for the reactions leading to the same -
evaporation residue are also in good agreement with the results of the =

~ calculations. As the result of the agreement one can'trace the decrease of
the’ viscosity parameter through the:.cascade of the de-excitation of the
heavy nuclei and obtain the effective value of the fission barrier deter-
mining the calculated value of T',/Ty." In particular,  the (I',/T) value
 for.the *Fm* compound nucleus excited to about 70 MeV gives us an

indication about the rather high survival probabilities of the very heavy .

excited nuclei at least at the initial steps of the de-exc1tat10n desplte a
very low value of macroscopic fission barrler :
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