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Some recent mvestlgatlons of the spontaneously ﬁssl mng nucleus of 252Cf prov1de'new '
non-tr1v1a.l results concernmg the two extreme mtuatrons m nuclear ﬁssron namely, on the."-. i
true cold ﬁssron [H and ﬁssron from the hyperdeformed states of the ﬁssronmg system [2]

o The role of these phenomena 1n understandmg the full plctur of the process should be a’_» -
sub Ject of through atfentlon In the present day models of ﬁsslon at low excrtatron energles ‘

: the cold ﬁssron events or cold fragmentatlon (CF) are treated as extreme events takmg e

place at the phase space b(lundarres of the ﬁssronmg system [3] In the popular model A 5

proposed by Brosa et al [4] such events are consrdered to be the tarls of the couveutroual it

‘kmetrc energy dlstrlbutlons of ﬂs51on fragments (FF) The models glvmg qualrtatrve [5];‘: v

ﬁnal (for deformed CF) stage of the process Therefor the mass energy drstrrbutrons of (o

2 Exp erlment

The success of mvestrgatlons mentloned 1n [1 2] was condltloned by the use of hlgh

matlve but low efﬁclency method of mea.surmg prlmary fragment masses accordmg to‘

on velocrtles (the 2V method) 1s performed as a mosa.1c detector consrstmg of thrrty";»" s

BTN

he shape of the ﬁssromng nucleus '

Ther47r-spectrometer of‘ charged fragments, ‘_F OBOS » :

modules that cover an angle close to 4x. '

The present‘experiment has been performed using two modules of the FOBOS array [8],
each consisting of a position-sensitive double-grid avalanche counter (DGAC) and a Bragg
ionization chamber (BIC). The velocity of a fission fragment (FF) has been determined
by a microchannel-plate start detector [9] and DGAC stop signals (time-of-flight (TOF)
paths of about 50 cm). The FF energies were measured in the BIC’s. For each pair of
fragments, the mass and momentum values have been obtained from the velocity and
energy measurements, event-wise within a given interval, determined by the resolution
and the neutron emission. Events not satisfying the selection rule were rejected. Thus,
the peak-to-valley ratio in the mass distributions was increased from 34 to 52. As a result,
the combined TOF-TOF and TOF-E analysis yields this ratio a factor of 2 better than the
twin-ionization chamber method does [1]. A total number of 1.5 x 107 FF pairs satisfied
the selection rule:

The improved spectrum obtained after rejecting of scattered events is shown in Fig. 1.
Figs. 1a and 1b demonstrate the total kinetic energy-mass (T K E-M) distributions with-
out and with rejection of false events, respectively. Fig. 2 shows FF mass spectra obtained
in [10] and in this work for CF region. Such data are very sensitive to a mass-energy res-
olution and quality of calibration. The spectra depicted in Fig. 2 agree with each other.

The 2%°Cf(nys,f) reaction was studied [11] using the time-of-flight spectrometer of un-
slowed fission products [12] at the MEPhI research reactor. The energy measurement »
was carried out with a gas-ionization chamber [13]. The energy calibration procedure
was described in'[14]. It is based on the well-known Schmitt ‘parameteri‘zation for energy-
amplitude-mass dependence. Coefficients for this formula were obtained as a result of the
fitting the experimental FF mass distribution of the 235U(n,,f) reaction to the tabulated
one. The Californium target, about 20 ug/cm? thick, was produced by electrodepositing
29Cf onto a stainless steel backing. The overall statistics'collected in the experiment is
6 x 10° events. ‘The integral mass yield distribution of ﬁssion fragments as well as the
mass distributions of FF with fixed kinetic energies are in a good agreement with the

previous results [15].
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3 Experimental results

A comparative analysis of the results on 3201 as well as °°Cf* fission presented in the same
coordinates is given below. Fig. 3 displays the contour maps of TK E-M distributions
of FF for #52Cf and 2°Cf*. Equiprobability lines are drawn with a 4% step from the FF
maximal yield of the light group. A qualitative difference between the distributions at
high TK E values lies in the presence of a two-dimensional "bump” for #°Cf* FF in the
vicinity of the mass split with the heavy fragment mass My =~ 132amu.

A more detailed information concerning the nature of the difference can be extracted
frém FF yields spectra for fixed values of excitation energy, E* = Q — TKE, where Q/is
the energy released in the reaction for a given mass split (Fig. 4). One can see that there
is a shift of the 22Cf FF spectra to the lighter masses. The most significant difference
in the yields is observed for Ay = 132 amu, which becomes more important if one takes
the following two facts into account. First, for 2*°Cf* we have the spectra of postneutron-
emission fragment masses. Second, there is a two-units difference in the masses of the
fissioning nuclei compared. The difference discussed, is also clearly seen between the
mean TKE - FF mass (<.TKE >-M) distribution (Fig. 5a) and the variance of the
TKE distribution for the FF mass given, o*(TK E|M) (F"ig. 5b)." The sharp ‘growth of
the variance is known tol be caused by the multicomponent structure of the distribution.
The variance is the higher the larger the distance between the component centers is. -.

The obtained data oi_l the T K E-M distribution of Cf isotopes permit more definite
conclusions compared(t‘o- [16].- In particular, we can contend, that in the FF TKE-M
distribution of **°Cf* at high energies thereis a distinct component which is especially
pronohncéd in the vicinity of Ay ~ 132 amu and suppressed substantially in the a.na.logou‘s ;
. FF distribution of 252Cf. ’ ‘ .

The low stétistical uncertaiﬁtiés of the experimental findings for 22Cf and the preneutron-
emission character of the mass measured allow us: to make the following analysis of the
proton odd-even effect for Aifferent prescission configurations of the fissioning system. At
every given TKE value the FF mass—yiéld spectrum ' P(M|T K E)is equal to the sum of
the Gaus‘sian—like isotope distributions P(M|Z).‘ The approximately five-amu structure

observed in the mass yields at low fragment excitation energies, being linked to prefer-
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effect in the TKE-M plane we smoothed the original TK E-M distribution and then
subtracted this smoothed distribution from the initial one. Fig; 6 displa.ys the plot of the
fine-structure obtained in this way for 252Cf FF. The vertical ridges of the plot correspond
to the tops of the isotope distributions. The analogous structures-are shown in [17] for
the 25U(n,f) reaction. In order to relate the ridges to specific FF charges the data
of Ref. [10] were used, in which the isotope distributions of 252Cf FF were measured for
high TK E values. Two peculiarities of Fig. 6 have to be stressed. The first is that the
ridges corresponding to the even-charge splits are vertical over the entire TKE range. It
means that the FF neutron-proton ratio N/Z for primary fragments is not influenced by
deformation at the scission point. Second, a sharp change in the proton odd-even effect
is observed at FF excitation energy E* > 40 MeV. Below this borderline there appear
odd-charge ridges concurrent with those produced by even charges (the most pronounced
ones are marked by arrows in Fig. 6).

In order to make the most informative comparison of the experimental findings and
theoretical predictions the characteristics of the phenomenon studied should be described -
in the same or similar coordinates. The choice of such coordinates suitablé to both
descriptions is a nontrivial task. Usually in calculations dealing with system’s evolution
from the ground state to scission, an elongation and mass-asymmetry variable are chosen.
An excitation energy E* which is proportional to system elongation and obtained using
experimental data seems to be a more appropriate choice than TK E. The TKE - values
depend not only on the fragment intercenter distance but on the Zj, x Zg charge product
as well. An additional advantage of using E* as a variable consists in natural inclusion
of a priori information about energy release Q(ML,MH) into consideration. One more
aspect should be taken into account. Bearing in mind the present-day progress of theory,
the absolute FF yields are less preferable for analysis than the corresponding relative
values. The latter fact is due to the complexity of quantitative description .of fission
modes population and to inadequate definition of the scissiog criterion.

With the above-said in ;Ililld, the experifnenta.l TKE-M distribution of BCf FF was
transformed to-the conditional distribution P(M|E*). Tt can be done by normalization-
to unit (100%) area of every cross section at given E* of the P(M, E*) distribution.



According to the probability theory [18], by definition,
P(M|E*) = P(M, E*)[P(E"),

where P(E*) = ¥ P(M, E*). The contour map of the P(M|E*) distribution presented
M

in Fig. 7 gives a vivid presentation of the regression-like links between the M and E-

variables. One can clearly see the two components with a transition region between them

at E* = 40 MeV. The compénents are labeled by letters A and B.

4 Results of the potential energy surface calcula-
tions

To analyze the mass-energy distribution of FF for 252Cf and ?**Cf* the PES calculations
“were performed. The deformation energy of the nucleus was obtained using the Strutinsky
method {19] with a Woods-Saxon-like potential [20]. The nuclear shape was parameterized
in the coordinate system based on Cassini ovals as one of the coordinate line families {21].
The liquid-drop component of the energy was considered in the frame of the conventional
liquid drop model with a sharp surface with parameters taken from [22], and the Krappe-
Nix model with a diffused surface as well [23].

Minimizing the potential energy for the déformation paramefers one obtains PES as
a function of elongation and mass—aéymmetry. The resultant PES shows some separate
valleys. . .

The potential energy of the fissioning 22Cf nucleus as a function of its quadrupole
moment, Q@ = R;° zfR7‘2(4tz2 —r¥)dz [21], 1s preéented in Fig. 8 for the points along every
valley botéom. * /

As the analysis of the valleys mz;rked by 1 and 4 in Fig. 8 is in progress now [24], so
these valleys will not be discussed in this paper: ' o

At the initial stages of quadrupole deformation t.he r\mclear shape can be ﬁresented as
two partly overlapping spherical nuclei (Fig. 8a) with masses & 132 amu. With a further

system elongation a jump to the mass-asymmetric configuration takes place (Fig. 8b).

This configuration’ looks like the spherical. 1*'Te nucleus smoothly connected with the.

deformed 8°-82Ge by a thick neck. The quadrupole deformation of the latter, 3 ~ 0.1,

lies in the region of the maximum shell correction values (see Fig. 1 in [25]).
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For the reasons explained below; we shall call as clﬁsters the two constituents coincide
with magic nuclei by the sHape and composition and separated geometricél}y in the fis-
sioning syétem. Their nucleon compositions are the same as those of Te and Ge nuclei in
this case; A spherical cluster with the mass of s 60 arnu (it is supposed to be SON1) fits
well into the shape of the Ge nucleus.

At large elongations (Fig. 8c) the‘ﬁssii)nixig s;'stem looks as the 128-1328n nuclei linked
to the light naécent'fragrnent having a rather peculiar shape. This nascent fragment can be
described by means of the following nuclear shape hierarchy: $°Ni—8Ge—%Sr—!%\o.
The shapes of 8°Ge and %Sr nuclei are close to their ground state s'hapes [26]. For %Sr
the équilibrium deformation is similar to the one tharacterizing the BB’ shell-loci in [25].
and deformation of the IOGMo,nucIei corresponds to the centers of CC'-shell-loci. In

forthcoming discussion we shall call the states of the fissioning system close by shape to

" those presented in panels in Fig. 8 as mbdes. This modes will be labeled below by letters

(a)-(d) respectively.

With the elongation of the fissioning systém the shape of the light cluster ’fol](}ws at
first the shape of 5Ni (sphere), thenv-soGe (8 =~ 0.1) , then %Sr (3 =~ 0.35) and that
of %Mo (B = 0.55). The last phase, shown in Fig. 8c corresponds to the light fragment
elongation which is equal tb the main axis of the deformed magic nucleus of Cd (82 = 0.85,
K K'-shell [25]). - ' o

Thus a light cluster changes its nucleon composition ‘and its shape according to the
shell channels A B C and B’ C’ K’ of the shell correction maps (Figs. land 2 in [25]).

In the system configuration shown in Fig. 8¢ the ruptufe of the neck in its minimum
radius region provides a fragment pair with a mass ratio of 134/118. The nucleon compo-
sition of the heavy' spherical cluster is the same as that of the 12Sn nucleus. In this case.
the system shape can be treated as two touching nuclei, Sn and Cd, with their contact
area being covered by the neutron "coat” or as two partly overlapping nuclei, Cd and
slightly deformed '**Te. For a further consideration it is important for the light fragment
to be a magic or even double magic nucleus [27]. ‘

'There is another mode (marked by 3 in Fig. 8) with an energy and shape close to the
previous one. It. originates in the vicinity of the state, shown in Fig. 8b. As il can be seen

this nuclear shape is also dumb-bell-like, but the squeeze point in the neck is formed on



the side of the light cluster ('°*Mo) rather than of the heavy one (***Te) (Fig. 8d).

" The cha.ra.éteristic hierarchy of magic nuclei shapes observed as the light cluster shape
in the 2nd and 3rd modes manifests itself also in the fissioning nucleus shape in the 4th
valley. Similar results have been obtained for 2°Cf as well. ‘

The results at hand are in conceptually agreement and substantiélly improve the
understanding of the nature of multymodelity in com;iaﬁson with the results [28] for the

cluster correlations in the fission of actinide nuclet.

5 Discussion

The first peculiarity of FF mass-energy spectra mentioned ‘above is,a;ssociated with cold
fragmentation (CF), i.e. ﬁssiop events occurring at TKE values ‘close to Q. CF products
are expected to be produced in slightly deformed states close to the ground state. Up to
now the problem of correlation between the characteristics of CF products and the shape
of the fissioning system where CF starts remains poorly investigated. Just this problem
should be analyzed at least qualitatively, in order to interpret the data being discussed.
Bearing in mind that light fragments complementary to heavy ones ar‘ound My =
132 amnu (the région of the "bump” - see Figs. 3, 4, 5) are almost sph;arical in the éround
state, the most "cold” fission involQing such FF pairs can be expected to occur in the
states shown in Fig. 8a. However in spontaneous fission these states are skipped over, in
other words, the exit point for subbarriér tunneling corresponds to the system elongation

at which mode (a) has already disappeared (Fig. 8). It should be noted that the latter

statement is principally important. There is a sharp boundary for fissioning nucleus

elongation within this mode. In fact, if the system consists of two independent 332Sn nuclei
being in contact, it should be 24 F'm in composition. If the Sn nuclei begin to overlap in
the sense that nucleons becomé ”common” in the region of overlaf)ﬁing, the 22Cf nucleus
can be formed at some stage of system elongation (overlapping). Similar ’_situations have
been formerly analyzed in the framework of the two-center potential model [29].
Nevertheless another opportunity of the manifestation of this mode cannot be rejected
a priori. The tunneling ffom the ground state of 2201 directly to the Qalley of separated

fragments can occur. This is just the valley where 250Cf* CF products are formed from the

J

S S O S

e ¥

g

states called as the mode (a). An inérease of the variance of the P(T'K E|M) distribution
around My = 132 amu can be due to cold fission through the states of mode (a) for both
50Ct* and 252Cf. The results of Ref. [1], where the true cold fission has been observed for
FF the pair 1¥2Sn/'?°Cd seem to confirm this assumption. Thus, the "bump” observed in
the TK E-M distribution of 250Cf* FF emerges presumably as a result of the difference
in the probabilities of tunneling into the va.lley of separated fragments from the ground
state of 22Cf and from the states of *°Cf* belonging to th‘e‘ mode (a). In the latter case
the probability of tunneling is determined not only by barrier penetrability but also by
the time of passing through the states of the mdde' (a). As the mode (b) shapes are n';ore :
prolate (Fig. 8b), at the initial stage of the‘desé'ent ﬁssién will be more ”deformed” in this

mode, i.e. the TKE of the fragments formed will be far apart from the limiting values,

determined by @, as gompaFeci to the mode (a). _

Another consequence is that the group of ?°2Cf FF formed around My = 140 amu
prevail in the yields at low E*. The light fragments of this group have signiﬁcanf ground
state deformations [26].

An interpretation of the other results mentioned in seétion 3 will be more illustra-
tive. We emphasize a very good agreement between the 2°2Cf ﬁssion scenarios obtained
from calculated results (Fig. 8) and the’:expervimental P(M|E*) distribution contour map
(Fig. 7). As noted above, in the CF region’;pairs prevéil arouﬁd the mass split 110/140
(Fig. 7). In this figure the point where bifurcation of ridges is seen corresponds to that
phase-of the system evolution where the !®Mo cluster is just formed, a;xd a flat neck
connects it with the heavy fragment. At the following stage the neck will be fastened"
near the light Mo cluster (component A) or near the heavy Te cluster (component B)
(Fig. 7), corresponding to modes (d) and (c) in Fig. 8. On the basis of the contour map
one can conclude that ruptures occur in component A near the Mo cluster, and the system
bf:comes more prolate at expense of the neck. If, in accordance with theoretical prediction
for mode (c), the heavy fragment is really a spherical cluster, it has to stay unexcited in
spite of a very high total excitation of the fissioning systeri'l. This is confirmed by Fig. 9
where the contour map of the P(M|E*) distribution for 2*°Cf* FF is presented. Thus‘the

heavy fragment does not really emit neutrons, as the masses are measured for 2*°Cf* after

‘neutron emission. Unfortunately, the coordinates used in Figs. 7 and 9 can not be usedin:



the case of neutron emission. Therefore the light.peak observed in FF .rﬁass’ distribution
for Z°Cf* cannot be analyzed in the same way. -

The data presented in Fig. 6 can be treated as those directlyrreiated. to clustering.
As was mentioned in section 4, the light cluster follows the shell channel A, BB, CC’
of the shell correction map [25] as the system elongates. At E* > 40 MeV, where mode
(c) (Fig. 8) prev;tils, the fissioning system is likely to undergo complete clustering. As
noted in section 4, the system is composed of two touching magib nuclei, deformed Cd
and spherical Sn (Te). No correlations of superconducting type are known to éxist in cold
magic nuclei [30]. Just this fact cén lead to the sharp decrease of fhé proton odd-even

effect, being detected by fine-structure in the TK E-M distribution shown in Fig. 6.

6 Sumrﬁary_

- The present study has given reliable evidence for the dicluster mechani'sm of fission mode
formation, first proposed in Ref. [31, 32].

The results of the PES calculations for 25°Cf* and 252Cf nuclei demonstrate the presence
of several potential energy valleys. Two geometrically invariable constituents, which are
close to magic spherical and déformed nuclei in composition and shape, are responsible
for the shape of the fissioning system in each fission valley. The observed peculiarities of
the shape of the fissioning system allow us to assume that they are due to clustering.

As a result of the PES calculations, it has established that there exist two distinct
fission modes produced by the Sn and Mo clusters. At great elongations the two modes
differ in the location of the area where rupture takes place with the highest probability:

near the liea,vy or light cluster. In the experimental data obtained the modes manifest

themselves as two well separated’ cdmponents in the P(M|E*) distribution. The slight .

excitation of the heavy cluster, expected at the limiting elongation of the fissioning system,
is confirmed by the structure of the P(M|E*) distribution of the heavy fragments produced
in Z5°Cf* fission. '

Crucial evidence for the clustering of the fissioning system is provided by the complete

clusterization of the system volume, which is observed in the form of an abrupt drop (or

possible disappearance) of the proton odd-even staggering in the corresponding fission.

mode.
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Fig. 1 The total kinetic energy-mass (T K E-M) distribution of fission fragments obtained
by TOF-TOFT analysis. The upper part (a) contains all events and in the lower part

(b) only such events are included which give consistent results in TOF-TOF and

TOF-E-analysis.
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Fig. 6 The fine structure of the TKE-M distribution of 2Cf FF demonstrating the
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Fig. 8 Potential energy of the fissioning nucleus 2%2Cf corresponding to the bottoms of
the potential valleys, as a function of its quadrupole moment Q. The valleys found
in the PES calculations are marked by numbers 1 to 4. The panels depict the shapes

of the fissioning system at the p(;ints marked by the arrows.

18 19




This work is supported in part by Russian Foundation for Basic Research, grant 96-

02-17674.

References

(1] F. Génnenwein et al, Proc. XIII Meeting on Physics of Nuclear Fission in rrlemory

of prof. G.N. Smirenkin, Obninsk, 1995, ed. AV. Ignatyuk (in press)

2] G. M Ter-Akopian, J.H. Hamllton Yu. Ts Oganesran, A.V. Damel J.-Kormicki,
AV. Ramayya, G.S. Popeko, BRS Babu Q Lu K. Butler-Moore, W.-C. Ma,
S. Cwiok, W. Nazarewicz, .IK Deng, D Sh1 J. Klrman, M. Morhac, J.D. Cole,
R. Aryaeinejad, N.R. Johnson LY: Lee, F K McGowan and J.X. Saladin, Phys.
Rev. Lett. 77 (1996) 32. .

(3] H. Marten, Proc. of the Int. Workshop "Dynamical Aspectesv of NuClea.r Fission”,
Smolemce Czechoslovakla 1991, ed B.1: Pustylmk (Dubna, E7-92- 95, 1992) p. 32.

[4] U. Brosa S. Grossman and A. Muller, Phys Reports vol. 197 (1990) 167.
[5] F. Gonnenwem and Borsrg, Nucl. Phys. A 530 (1991) 27

[6] A. Florescu, A. Sandulescu C. Croca. and W. Grelner, J. Phys. G: Nucl. Phys. 19
(1993) 669.

(7] J.F. Berger, M. Girod and D. Gogny, Nucl. Phys. A 428 (1984) 230.

(8] M. Andrassy et. al. (FOBOS collaboration) Communication of JINR, Dubna, Russia
E7-95-148, 1995.

[9] S.L. Podshibyakin, Yu.V. Pyatkov, A.L Slyusarenko and A.N. Shemetov, Prlbory i
Technika Eksperimenta 6 (1988) 78 [in Russian].

[10] M.H. Knitter, F.-J. Hambsch and C. Budtz-Jgrgensen, Nucl. Phys. A 536 (1992)‘ 221

[11] Yu.V. Pyatkov, R.A, Shekhmametiev and A.IL Slyusa.renkb, JINR Rapid Communi-
cations 2 (1993) 98. |

20 .

[12] A.A.r Alexandrov, LA, 'Ale)randrova. A.V. Ermolenko, Yu.K. Korjuk, D.S. Nikulin.
Yu.F. Pevchev, S.L. Podshibyakin, Yu.V. Pyetkov, S.I. Sitnikov, A.L Slyusarenko.
A.N. Shemetov and RA Shekhmametiev, NIM A 303 (1991) 323.

[13] S.L. Podshibyakin, Yu.V. Pyatkov and A.N. Slyusarenko, Experimental Methods in
Applied and Fundamental Nuclear Physics, ed. Yu:V. Pyatkov (Atomizdat, Moscow.
Russia, 1991) p. 19. )

- [14] A.A. Alexandrov, .A. Alexandrova, S.L. Podshibyakin et al., NIM A 302 (1991) 478.

[15] M. Djebara, M. Asghar, J.P. Bocquet, R. Brissot, J. Crancou. Ch. Ristori. IX. Aker.
D Engelhardt, J. Gindler, B.D. Wilkins, W. Quade and K. Rudolph. Nucl. Phys.
A 496 (1988) 346.

[16] Yu.V. Pyatkov and R.A. Shekhmametiev, Second Int. Conf. on Dynamical Aspects of
Nuclear Fission Smolenice, Slovakia, 1993, ed. B.1. Pustylnik (Dubna. 1994) p. 236.

[17] A.A. Alexandrov, I.A. Alexandrova, S.L. Podshibyakin, Yu.V. Pyatkov.
A.L Slyusarenko, A.N. Shemetov and R.A. Shekhmametiev, Proc. Int. Conf. "50

anniversary of Nuclear fission”, Leningrad, 1988, ed. G. Petrov p. 383.

[18] G.A. Korn and T.M. Korn, Mathematical Handbook for Scientists and Enginers
(New York, Toronto, London, 1961).

[19] V.M: Strutinsky, Nucl. Phys. A 95 (1967) 420.

[20] V.M. Strutinsky, Nucl. Phys. A 122 (1968) 1

[21] V.V. Pashkevich, Nucl. Phys. A 477 (1988) 1

[22] W.D. Myers and W.J. Swiatecki, Ark. Fys 36 (1967) 343.

(23] H.J. Krappe, N.R. Nix and A.J. Sierk, Phys. Rev. Lett. 42 (1979) 215.

[24] Yu.V. Pyatkov, A.V. Unzhakova, V.V. Pashkevich and V.G. Tishcheuko, lzv. RAN.
ser. fiz., 1996, [in Russian] (in press).

[25] B.D. Wilkins, E.P. Steinberg and R.R. Chasman, Phys. Rev. 14 (1976) 1832.

21



(26] P. Méller and R.J. Nix, Atomic Data and Nuclear Data Tables 26 (1981) 165.
[27] H Marten (private communication).

[28] S. Cwiok, W. Nazarewicz, J.X. Saladin, W. Plociennik and A. Johnsoﬂ, Phys. Letters
B 22 (1994) 304

[29] J. Maruhn, W. Scheid and W. Greiner, in "Heavy Ion Collisions”, ed. R. Bock, vol. 11
(North Holland, Amsterdam, 1980). -

[30] V.G. Soloviev, Theory of Atomic Nucleus (Moscow, Energoatomizdat, 1981).

[31] Yu.V. Pyatkov, R.A. Shekhmametiev, A.I. Slyusarenko and A.V. Taranenko, , Proc. of
the Int. Conf. on Nuclear Structure and Nuclear Reactxons at Low and Intermediate

Energies, Dubna, 1992, ed. R.V. Jolos (Russia, Dubna, 1993) p. 347.

[32] Yu.V. Pyatkov and R.A. Shekhmametiev, Phys. of Atomic Nuclei 5‘7'(1994) 1182,



