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Summary

Some possible us/es of the’"i’ission process to
_synthesize superheavy elements ,are. considered. S -
The’ experimental data, obtained using a 136Xe
ion ‘beam, show that in the reaction 2380' 136¢e
‘.some heavy fragments up to 254Gf are. i’ormed;
On the . basis oi’ these data the conclusion is
drawn that in bombardment oi’ 2380' targets with
136Xe ions near the magic numbers Z=114 and
-N=184 - superheavy elements can be synthesized ,7
i’or which theory predicts considerably enhanced
stability. The experimental technique is ~desc- .
'ribed- the results of the i’:Lrst experiments on .
' the synthesis of superheavy elements using this

" technique are presented.



g fwhile that for residual nuclei was considerably smaller be-

1, Introduction o A o
During the last decade the elements of: atomic numbers ,
102, 103, 104 and 105 were synthesized at the Laboratory of

Nuclear Reactions of the Joint Institute for Nuclear Research. .

The synthesis was performed in the complete fusion reactions

between C, o and Ne proaectiles and U, Pu and’ Am isotopes as ' . .

target nuclei. The fusion resulted in the formation of com-—

’ pound. nuclei that de—excited by neutron emission. The com=-

pound-nucleus formation oross section was about 0.2 = 1 barn

, ‘cause- the excitation energy of the compound nuclei was about

30-40 MeV, and the fission probability was tens and hu.ndreds of

“times higher than the probability of neutron emission. As

a result, ‘the cross section for the production of new nuclei

‘d.rastically decreases with increasing ‘%o For instance, the

cross section for the production of the. element of atomic num-

ber 105 (nielsbohrium) in the reaction 2lBAm (22Ne 4n)261105

was found to be about 10 33cn). ’ i.e.,approximately '10-8 of .-

_ the cross section for the formation of the compound nucleus

265405 ( see. ref. )).
Our attempts to synthesize subsequent elements of
Z..106-107 in’ the nuclear reactions induced by - 2881 and 31P

"ions have not ‘produced favou.rable results. Sinoe 'in addition

to alpha decay, these nuclei should undergo spontaneous
fission, a search was mde for this latter mode of decay.

The crosl section for the nuclei sought for by spontaneous

fission was fou.nd to be less than 5 x 10 35cm2 ¢ ref )).

The use of heavier targets, Cm, Bk and Cf, may have
some advanta.ges. However they make more difficult the identi- .

'fication of new nuclei from their spontaneous fission decay

mode since both the
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target nuclei and their neighbou.rs produced in transfer o
reactions undergo spontaneous fission. '

An analysis of the data on the synthesis of transfer—
mium’ elements allows us to conclude that this complicated . )
.situation is conditioned by some regularities in the- proper—
ties of the nuclei synthesized. _ N

Most of the nuclei of this region undergo either alpha -
decay or spontaneous fission, As follows from the systematics
of alpha radioactive properties, a nuclear lifetime increases
essentially with increasing number of neutrons in the xmcleus.
Therefore, in order to produce comparatively long-lived alpha-
Wrad.ioactive nuclei, one should synthesize preferably isotopes
having the largest possible number of neutrons. Bearing in -
nind that all the known isotopes of elements of Z>,10é pro-
duced in heavy-ion induced reactions have N=150-157, isotopes
with nearly 160 neutrons should be synthesized for the produc—
tion of elements of Z=106 and 107. At the same time the sys-
tematics of spontaneous fission half-lives shows that the
highest stability is observed for the neutron subshell’ N=152,
and the spontaneous fission half-life decreases sharply with
moving away from N=152,.

24 The "Stability Island" in the Region‘of Superheavy
' ‘ Nuclei.

The situation may, however, change in the case of super-
heavy nuclei since the neutron and proton’ shells following
Z=82 and N=126 may manifest themselves here, According to
some predictions” the neutron shell next to aoan corresponds
to N_'IBll-, and’ therefore a considerable increase in stability
can be expected for 2 )110, i.eey far from the known nuclear

region.
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The alpha-decay half—lives for nuclei of Z>110 and
N-'lBlI- can be determined from -the calculated values of nuclear
masses. The problem of estimating the stability of these
nuclel against fission is more difficult since the value of ‘
the fission barrier 1s defined to be the small difference
between two large quantities, the Coulomb and surface nuclear
energies during the process of nuclear deformation. A number
of theoretical papers have dealt with the detailed calculations
of nuclear massesB'u), while the elegant method suggested by
VV M.Strutinsky has permitted the calculation of fission bar- k
rler structures for the wide range of fissioni.ng nucleis)
The values of fission barriers calculated by this method de-
scribe satisfactorily the properties of nuclei near the clo—
sed shell N=126 and give ‘an explanation of the nature of spon-
taneously fissioning isomers’ 'in the region of U—Am, ref.~6).
Therefore this method has been used %o calculate the fiss,ion ﬂl
barriers for heavy nucleil of Z 110, k .

. Numerous calculations show that at Z around 110 there
should exist a large region of nuclel with enhanced stability :
against spontaneous fission; the "double magic“ nucleus 298114
should’ be most stable (114 and 184 are proton and neutron
closed shells, respectively). The values of the fission barrier
height for this nucleus calculated by different authors 7 12).
vary over the range 10 to-: 15 MeV: (see fige.1). Eatimates if
the spontaneous-—fission half-life for this nucleus lie between
‘IO6 and ‘lO13 years. Bince spontaneous-fission half—life is
so long, the stability of these nuclei will:be determined
from their alpha- and beta- decay half-lives which can be -

»estimated from the calculated values of nuclear masses.



"It is rather difficult to establish unambiguuusly which of

the nuclei is most stable against all decay modes since there
are no exact predictions concerni.ng nuclea.r masses and fission :
barriers. However in different papers the highest stability
is predicted. for the nuclel :Ln a relatively narrow region, '
: i.e., 110<Z$114 and 180<. N<188. It is noteworthy that if B
the nuclei of this. region undergo either alpha or beta decay
( once or several times) this will lead to the production of
isotopes undergoing spontaneous fission.

We think therefore that the nain detection method :Ln
a search for superheavy elements, irrespective of the way of
* their production, should be based on recording spontaneous
fission events, v T ,

If the lifetime. of the most stable nucleus exceeds

108

years it cannot be excluded that this isotope. may be
present in’ ‘terrestrial semples and cosmic materials. Therefore
many groups of scientists throughout the world are undertaking
attempts to search for long-lived spontaneously fissioning
nuclei which nay turn out to be- superheavy elements :Ln the
region of Z2» 110, A discovery of this kind would open up excel-
lent possibllities for the investigation of ther properties '
of :these nuclei, the expansion of the nuclear region and the
subsequent synthesis of adaacent isotopes and elements by
means of neutrons, deuterons and alpha—particles.
Although there are some :Lndications of the possible

existence of. superheavy long-lived elements ( the isotopic
composition of Xenon in meteorites 13) the observation of -

rare spontaneous fission events in lead—bismuth ores 14) etc )



‘. none of them, nevertheless, provide indisputable evidence

" for the existence of such elements. .

‘ Therefore, alongside a search for stable nuclei in
nature, the ex:perimentalists have concentrated their efforts
on investigating the possibilities of synthesizing superheavy
elements in nuclear reactions since just:in this case one can
study nuclei of a considerably.wider half-life range, 1.6+
grom 10~13 ‘to 10> years,

3; Attempts to Synthesize Superheavy Elements

in Nuclear Reactions

One of the possible methods of synthesizing the nuclel
mentioned is the common method using fusion nuclear reactions
that proceed with the formation of a compound nucleuss
However, for any tarset+heavy ion combination a compound )
nucleus ot 2 = 110-114 will have a neutron number significant-
1y less than 184, Since the neutron shell N=184 affects strong-
1y the stabj_'l.ity of superheavy nuclei against spontaneous
fission, this " should lead to a gharp decrease in both the life-
time end production cross section of these nuclei.

The first attempt to synthesize element 114 . by means .of
the reaction 2*%cn +*0ar —» 8*114 w4n was made by 8.G.Thomp~
son et al. 15) and led only to the determination .of the upper
limit of the cross section (& <1o'32 a®). One could hardly
hope for success in’ thst .case since the ‘isotope 284114(1!—170)
differs from that of H=184 by ‘14 mass numbers, and the half-"
1life predicted for the former is far beyond ex:perimental
possibilities '( T1/2 (‘10"9 sec).



From this point of view it seems ‘more appropriate to
synthesize nuclei of Z= 122—126, which makes it possible
to produce isotopes with N close to 184. In this case, how-
ever, the atomic nu.mber exceed.s “the "magic mmber" Z=114 i
»_by 10—44 units, wh.ich should also lead to a consid.erable o

decrease of both alpha decay a.nd. spontaneous fission half=
“ 'lives. As 8 consequence, the produotion cross section for 4
these elements will be small,

In 1970 A.G.Demin et al.’®) (s1mm). carried. out some
experiments on the syntheiis of elements in the region of
Z2~126 using the following nuclear reactions'

238y , 66,685, __, 304, 3062122 + xm,

23y 66 1685, — 309= 3'11.]‘25 + xn,
In these experiments no spontaneous fission with a hslf-life
of ’.1.‘1 /2 )10'9sec was observed.. The upper limit of the ProduO'-
tion cross section for the nuclei of 2=122 and 125 was measu—
red to be about 10~ len?, '

Similar experiments with ]cr:ypton ions using somewhat
different tech.niques were performed. by M.Lefort et al, 17)
(1’Institut de Phgsique Nucléaire at Orsay). The reactions

used. were as follows:

232y, , Bl __, 316- X126 + xm,
2380 Bq‘Kr — 322"‘128 + xm,
These experiments also allowed to d.etermine only the upper
limit of the production cross section,é <10 =30, cm 'y for the
minimn detection time of~10"Cgec. 7 -
Although in both cases sufficiently rapid techniques
were used, we believe that the experimental sensiti- :
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' vity was not high enough to detect superheavy nuclei. The -

: ':“‘hope for the formation of a compound nucleus (Z A426) with

’ low excitation energy, which follows from the simplest cal-
culation Ea Ekin(HI) +Q = Erecoil’ may not be justified |
‘because of the specific features of +the ‘reaction mechanism
that can take ‘place for such complex nuclei as 84Kr and )
232‘1‘11 or 238 U. The excitation energy of the compound nuclei_
3161?_6 or. 32‘2'I?_8 calculated by the nuclear mass formula. »
should be E~10—15 MeV. However :Lf this value is found to be '
" 20=30 MeV higher, then the neutron evaporation cascade will
be strongly depressed by fission and the production cross |
‘“section for these nuclei in their ground state‘s may prove to
be 10 3?‘cm or. smaller. Therefore in‘our 'opinion-these expe—
riments should be repeated with higher sensitivity ( Mo 35cm )
In principle,‘ nut:lei of 2;114 and N=184 can be produ-

ced in fusion reactions provided one of the nuclei ha's a
very larse neutron excess, €eBey '

238y 4 G4py __,293114 + 4n

2"’"‘Pu + 580& — 5 298444 + 4 n, etc. ,

. Buch’ nuclei as’ 580a a.nd 6%p4 are very: unstable and,the-
refore, they oannot : be accelerated. That is why- L.West-,
gaard et a1.1%) and later on S.M.Polikanov.et, 8119 made |
attempts to synthesize superheavy elements through secondary .
reactions proceeding in bomba.rdment of 238U with high energy
protons (up %o '70 Gev). Those experiments did not produce )
favourable results, which is not: surprising since neither |
theore_ticalrnor experimental stﬁdies suggest sufficiently



well-founded: reasons to believe that fast proton induced
reactlons should lead- to the formation of: auch heavy un~ -
 stable muclei as ©*ri or “Bca. 4 fu.rther increase-in proton
energy does not .essentially alter.the"situation; and ‘there—-
fore we conclude that this method 1s unsuitable ;Cor“the '
synthesis of superheavy nuclei,

At the same-time it cannot be excluded that in reac-
tions induced by, eay, Kr or Xe heavy ions with an energy
of 1 GeV/nucleon, nuclei with very large neutron excess
(Z=20-25, N=30-40) can be formed. as fragmentation products
with considerably higher probabilitv, : and. whose kinetic
energies will possibly be high enough. to permit their fusion
with the target nucleus, - o '

4, Use of Fission for the Synthesis of N
Superheavy Nuclei

Apart from the above metbods of ntioleer syni:hesis; »
'pa somewhat different approach to this problem is possible.
If one assumes that the fusion of two heavy nuclel- (e.g.,
two uranium nuclei) results in the fomation of a conpound.
nucleus which undergoes fission, the fission fragmente will
bave large mass, charge and excitation energy distributions.‘
Since fission fragments have usua.lly“ a large neutron excess,
they may include muolei of Z = 110114 and N=184 (ref.2°>)

This approach necessitates the acceleration of very
heavy ions, say, Xenon. or ~ursnium, which is & very difficult
' problem from the technical. point of view, The efficiency of
this method will essentially depend on the oharacteristics
to be displayed during all the stages of
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the proceas‘ start:l.ngrfro;n the interaction of the nuclei up |
to the moment when a fsuperheavy nucleus 1is formed _in‘ its
ground state. : V

- We consider this method of superheavy element produc-
tion by maki.ng a detailed analysis of the successive stages
of- this process and their characteristics;

1) Fusion vof two complex nuclel of atomlc numbers Z,\
and Z,3 the _height of the reaction Coulomb barrier. ,

2) Production of a micleus of Z = Zj + Zy, 1ts ‘excita—
tion energy and decey mode,

3) Fission peculiarities of this nucleus, the probabi-
1ity of the formation of fregments with proton and neutron
numbers Z3 and NB’ respectively, that are close to the "ma- ;
gic numbers" Z=114 and N=184.

4) The excitation energy distribution of the fragments
and the production probability for a fragment of Z3 3
the ground state, ‘ )

" In the course of many years these characteristics
have been studied in detail both at our Laboratory and at -
Berkeley using the reactiona‘indnced by heavy ions of smal-
loer masses. ‘ V ' '

The measuremnnts ‘of the angular correlation, angular
distributiona and kinetic enersies of fragments, performed
by T.8ikkeland et a13)) indicate that in bombardment of
2380 with 120 160, 20Ne and qur ions an exoited compound
nucleus is fome‘d_which subsequently,undergoes fission to
two fragmentss The mass and charge diatrioutions for the

figsion fragments measured by ue for these reactions obey



the statistical regularities whioh should be expected for

. the fission of excited compound nuclei 22'24) ( Bee fig.2).

; From extrapolating these data to the heavier proaectiles '
one can predict that in the bombardment of 23BU with 136!e '
' ions the asymmetric fission of the compound nucleus 378146

' will lead, in a small fraction of cases, to the formation of

fragments with masses of about 300 and proton and neutron
numbers that are close to 114 ‘and 184, respectivelqr25) I

e this extrapolation is valid this method may prove successful

for the production of long-lived superheavy nuclei. However, :

the answer to the question,of wnether this method 1s° efficient
enough for nuclear synthesis is tar from being simple sinoe

the various 'stages leading o the production of superheavy
elements in the reaction U * Xe can be, to a considerable extent,
: d:Lfferent from those of the reaction 2380 + Opp,

4 In this connection the results of the studies of the

' . interaction of Kr ions with nuclei, obtained recently by -

M,Lefort et a126) at Orsay are of considerable importance.

On the basis of the measurements of fission fragment cor—
| relations in the bombardment of 232my and 238y witn B‘*Kz- lons,
the authors of this work have come to the conclusion that the
formation of a compound nucleus does not take place in this
case, the upper limit of the cross seotion being 10 mb. .At the
same time in the reaction 11606. + 8l"Kr where the formation of
" the compound nucleus 200IE'o was observed, 8 10-12% enhancement
of the Coulomb barrier was found, which is equivalent to
Viabout 50 MeV for this reaction27) o



o If the natu.re of the process has changed in the stages

‘;.{o.f aignjiicanoe to the production of superheavy elements “ '

. as one. went from qur ‘to 84Kr which resulted in a d:castic ,
decrease in the yield, the same should ocour in the reaotion
238{1 + "36xe but with more dramstio consequencea.

A slisht hope for sucoess in this effort might be
based on the faot that neither theoretical calculations ‘nor

'experimental resulte, especially the:Lr interpretation, are
absolutely faultless. Therefore we have carried out a number e
of experiments to study the meohanism o.f the interaction ‘
of Xe ions with different nuclei with amphasis on the problems
associated with the produotion and decay of compound nnolei.

' ’5. Aoceleration of Xe Ions

.‘In;‘order to carry out this study, we had first of all
to produce a.Xe ion beem. We ohose the tandem method o.f acce-
1eration, namely the use of two cyolotrons of the J’INR Labo-
‘ ratory of Kuclear Beactions in sequenoe.
The xe+9 ions prodnced by an improved ion- /source 28) -
were accelerated in a 310-cm cyolotron up to an energy of
'150 Hev. The intensity of the external beam was 2 X 101%/5.
At a distanoe of 70 neters the beam was injeoted into ‘the .
acceleratins ohamber o.f a ZOO—cm isochronous cyolotrom ‘
In a oarbon stripper, 40 Jus/om thiok, the ions were strip-
ped to have a oharge of +30, and then aocelerated asa:l.n(ﬁg.B).
At the maximum radius of the 200~cm oyclotron the energy and
intensity ‘of the 13614 beam were about 900 Mev ‘and up “to
2 x '10'10

310-cm cyclotron that are currently being made will permit
an increase in the 136xe beam intensity up to 10" p/s

p/s, reapectively. Some small improvements to the

13



: A more deta:Lled desoription of ‘the experimental technique :
‘and possible uses of this tandem systen for the acceleration
of ether ions is given in the ‘paper of I.A.Shelayev et: 3129).

‘The first experiments on the bombardment of “*Mg and
‘ 70Zn by 136Xe ions have been performed by S.A.Karam;yan et al? 1307,
These experiments show that these reactions yield compound
nuclei with a cross section of a few hundred millibarns, Later
on 0cA.0rlova et al.3") nave carried out expyefiments to deter—
mine. the yield of Au isotopes from the bombardment of a thiok 4
2380 target with 136Xe ions. The radiochemioally separated
fraction of gold contained five isotopes of masses from 194
to 199 ( fig.4). The product muclei were lighter than the
238y target nucleus by nearly 40 mass numbers and heavier
- than the bombarding nucleus '2°Xe by 60 units, The prod.uotion
cross section for these nuclei is about (2-<5) x 10~ -22 2,
i.e., substantially larger than those expected for the usual
multi-mcleon transfer reactions,

A detailed study of the fission of heavy muclei has been
performed by Ie.E.Penionzhkevioh etal. by bombarding 1877,
with 136}{e. In these experiments four groups of fragments’
were separasted radiochemioaliy, which cannot: be trensfer
reaction products; these groups are yttrium isotopes ( Z=39); ’
rare earth elements from Pn to Ho (60 <2 (68), gold isotopes
(Z=79), and the isotopes of the heavy elements’ Ea ‘and Ac
(2=88, 89).

On the basis of the yield of 24 isotopes, the mass
and charge distributions for the fission fragmezrts are

14



: plqtteti in £ig. 5. Thé curves displayed are of statistical
character; the position of the maxims and the variation of '
the mass and qharge_vdistril‘)ntions_of the reaction products
appear to be close to the expectations for the fission of
the qompnund. nucleus 317127 produced in the fusion between.
189 ang 13613. Our data. show that the cross section of this
process is about 100 mbe
It is worbh noting that in this case the undqratanding
qf the compoundfnuclens formation process and the very term
"compound nuclep.s" is somewhat different from that usually:
applied to the lighi;er nuclei for which the neutron evapora=
fion process has been 'atudi.ezd. This diiferenée is pn.rely_
conventional here sinne only one decay mode, namely fission
to two fragments ,is considered in this case, The fact that -
in the fiasioning nuélqua equilibrium is established with .
respect to the fisaion degrees of freedom, which leads to
the statistical disti'ibution of the fiaaion fragments over
their masses and charges, indicates that i:hia process does
not in principle differ from that expected ’frdm‘ the classical
concept of a .compound nuclpus; |
Bome important conclusions may be drawn from an anglysia ‘
of the heavy »:f’ragﬁmenﬁ yield; ;As," is seen from fig.5,the yielyi”'
of Ba and Ac isotopes in _i:_heir gmund states is hundreds Of
" times smller»i:han tnat expecteds This can be explained by
instability of these heavy mmlei against fission, in. fact, ;
the original nucleus 31 '7127 will fission %o fragments with
. a wide excitation energy spech:un, the heaviest of which will

v fission again, We have called this mechanism "cascade fis-
- gion"™ _32).



Subsequent experiments were carried out by Ve A.Shche--;_ i .' : ) ‘
golev and M.Hussonnois w:|.th the a:l.m of determ:.ning the pro- B
duction cross section for ‘such heav-y fragments as 2.27Th 3
‘BOU (in the reaction 20931 + 136Xe) 24601’ and ‘54'01’

( in the reaction 2"BU + 13bXe). Tne prodnction cross sec—
tion for tne heavy isotope 5401’ is approximately 2x10 34cm2. :
The fact that such heavy nuclei are’ prodJiced in their ground
state in a noticeable portion of cages. is explained by us

dn the following way.

7 As a result of the le.rge nass and charge d:l.stributions,
‘the fragments will have also a wide spectru.m of excitation
energy. In ‘this case a certain zmmber of- nuclei mey have
" a rather low excitation energy and nay de—excitc with a- high
probability. ‘m

: If we revert to the problem of producing superheavy

nuclei as fission fregments we have to point out that a si— » -

: miler situation exists also in this case. :
e the fission barrier height for the micleus 298114

in the ground state is 8-12 MeV," and this value decreases
with increasins excitation energy due to the elimination of -
‘ shell corrections with the growth of the nucleer temperat‘ure,

‘this implies that the production cross section for these
nuclei will mainly be determined by the low-energy part of | ‘
- the excitation energy spectrum for the fregments ( ; < 20MeV).
It should also be noted that the calcm.ation of the de:t‘orma—
tion of the nucleus 298114, which correspond.s to the vertex
of the fission barrier, gives a relatively small valueEF»vO 2+0 3)'.
whereas the average magnitude of fragment deformation at the
moment of fragmentation may be noticeably larger. However, '



o the wide spectru.m of the intrinsio excitation of the fragments"__.j‘
4 "-y-" is due to their large variations in deformation° in .this. case ‘
it is natural to assume that small deformation corresponds to
a low excitation energy. Thus the: probability of the prodnc- »
tion of superheavy mmlei in their ground states is determined

to a considerable extent by the structure of their fission ‘
barrieru.If we bear in. mind that the spontaneous fission half-'v
1life incroases with increasing values of the fission barrier, -
the . largent cross section can be expected for the most long- |
lived muclel (£ig.6). ' o
' In view of the aoove considerations, the experiments on.
_ the production of superheavy elements in the. reaction U+Xe ‘
haimed at the synthesis of relatively lons-lived nuclei with
a half—lii‘e of 1 day.

‘Be First Experiments on the Synthesis of
' Superheavy Nuolei Using & Xe Ion Beam

A thick target of metallic 238U was bombarded with *
a "36xfe ion beanm during \_3-5~ days at an average bean intensity'
of about'6 x 107 p/s. After the bombardment the reaction ‘
products were ,separated radiochenically into two fractions -
as follows: . ’ o ' '
1. Elements of the actinide family (89¢ z<103), and
d. Sulfides of’ heavy netels from Os to Bi (76< 2K 83)e
The radiochemical separation tecnnique was developed
by Yu.S.Korotkin et-al, and envisaged a thorough purii’ication
of separated fractions from uranium. The uranium content- in
the samples ‘after purii‘ication was determined in two’ ways,
i.e., from the alpha particle spectrum and from ‘thermal neutron;‘



induced fission. The uranium concentmtion in the [ssnples
didnotexceedo.z /tlg. 4 N ', ,’ ‘

After chemical separat:l.on a ~0.5 mg/cm 1ayer of
the substance was deposited onto a phosphnte,glass plate,

12 cn® in area, Then the sample was put into one of the six
proportionsl counters. intend:od‘_:“fon the detection of fission
fragments. Another glsss piate, covered with a thin conducting
lajer was placed in front of the sample. For the detection
of’ f£ission neutrons the apparatns deireloped by G.M;Ter-, S
Akopian et al.has been uged whish consists of a hsﬂroge'neous
moderator with a systen of ‘16 counters ingide it. The counters
are fllled with 3Ele at a pressure of 6 atm, The detection
efficlency of the apparatus for fission neutrons is 30%.

~ The scheme of the detection system is shown in fig. 7.

The neutron detector was triggered by impulses from
spontaneous fission events, and one could easily estimate
the pumber of fission neutrons U ,

. The operation of the fission fragment. counters was
checked by means of glass plates which, efter the occurrence
o£ _a fragment pulse, were removed from the counter, treated
‘and examined onder a microscope, .

In order to check the operation of the neutron counter,

238U target was placed inside one of the s:lx fission frag-
ment sounters so that the neutron detector could record from
‘time to time the neutrons resulting from the sponte.neous
fission of 238U ) -

Of the elements of the actinide family, 25"cf 1s.the
most probable spontaneously f_issioning nucleus ('.D,] /2-:60 days, -
sefs 99%) whereas the spontaneous fission of sulfides ocan
be due only to the decay of superheavy eiements;

e



After a continuous exposure (a few months) there were
" observed only one and eight spontaneous fission events in
the actiiﬂde and heavy mefe.l fractions, respectively, -

Since no spontaneous fission has practically been’ obser—
ved in the actinide series, in our further experi.ments we
used the recoil method of collecting reaction products. For
lthis purpose we employed a target that consisted of a~5mg/cm
layer ‘of nranium oxide deposited onto a T 1,3 mg/cm backing,
" behind which a stack of 2 mg/cm Cu- foils was placed. After
irradiatiop the foils were placed on a glass plate and then
into the fission rragment proportional ccdhter; Otherwise
the experimental techniques were the same as those in the
first case. These experiments led to the observation of six
spontaneous :Bission events, and the range of the spontaneously
fissioning :l;uclei correépcnded_ to 8-12 microns of Al.

The  main results of these two runs of experiments are
as follows: o ‘k o

1, In bombardment of the thick 238y target with 135%e
lons of" about 900 MoV maximm energy the formation of a spon-
taneously fissionins nucleus is observed w:l.th a cross section
of about 10 33 cn® , ‘

2 'rhe observed effeet is 50 times as large than the ~
possible background d.ue to the spontaneous fission of 23811
or another lmo'n transuranic element. ' ‘ ‘

3. The time distribution of the recorded events :Lndicates
that the half-1ife of the sponta.neously :Bissioning nuclei :I.s

> 50 days. )
" 4, The average number of neutrons per fission is not

large, Our estimations give a value of 1540 < 3,5,



_ These: results can be interpreted in the. foliowing ways,

» 1t cannot be excluded. that” the observed spontaneously
fissioning nucleus is an isotope of a superheavy element. )
The fact that the spontaneous fission is observed in the
fraction of heavy metals which are chemice.lly close to ele-
ments of Z ~ 110—114, is an argument for this assumption. .
However, according to some theoretical prediction533'34)
during- the spontaneous fission of superheavy nuclei a large i
nu.mber of neutrons should be emitted ( U~6-10) whereas the ! 7, v
experimental value of U ig considerably snaller. \

The observed effect can- possibly be dne to the sponta- :
neous fission of a lighter nucleus (near Z=92) if one takes.
into account tbat many spontaneously fissioning isomers
belong to this particﬁlar nuclear resion. Then it is not
surprising that 0 is small. owever, the chemical proper- :
ties and long half-lii’e of the observed nucleus make this
assumption nnlikely. )

v Finally, the observed effect mgy be associated with the
"delayed f:.ssion"35)(formation of the neutron-rich nucleus of
2489 increasing its 2 by means of the chain of [! ~decays e.nd
then undergoing fission from an excited state)."'This .hypothesis
is also unlikely since. the lifetim the observedA isomer is .

too long and, in addition, it contradicts our concepts of the
' properties and characteristics of the"- dece,y of neutron-rich ;

heavy nuclei.
From our point of view all these hypothesls are presently

of about the same value since the pred.ictions concerning the

chemical properties and the aversge number of neutrons can not

be regarded as abs‘olutely reliable for the synthesis of ‘nuclei.

so far from the known nuclear region.»

20



’We believe that a Strong'er argun'ent in favour of any e
' of these assumptions will be provided by measu.rements of
“the total “kinetic energies of the figsion fragments, and

» of the mass of the nucleus that undergoes fission, :

7 Conclusion

The experiments performed to study the' interactions

of xenon nuclei with different targets and the mechanism
. of producing various isotopes have indicated the correotness
of the suppositions in 1964 ref,20) and in some subsequent
papers about the possible use .of fission reactions as a
‘method of syntheeizing superheavy elements in the vicinity

of Z=’l’l4 and F=184,
The currently available data obtained from bombarding

2380 with 13619 ions provide evidence for the existence of
a relatively long-lived spontaneously fissioning nucleus
( one or eeveral) that is produced with an effective ¢cross
‘ ‘section of about 10 —33 cm .

' lleam\rements of the average number of secondary
neutrons give ’a value of 145 £ 0 £ 345 Because of the
small number ,of secondsry neutrons one can'hardlyk conclude
,tliat the rare spontaneous fission events are due to the
. decay of superheavy elements.

The purpose of further experiments will be to measure
the total kinetic energy of the fragments and to determine

the mass of the nucleus undergoing spontaheous fi,ssion;

2i




We belleve that a substantial :anrease :l.n experimental'
sensitiv:.ty ( up to a cross. section of about 10 35_ co' ) :
will permit the observation, in fission reactions, of
superheavy nuclei with wide-range lifetimes, atomie and
v mass numbers, Unless spontaneously fission.ing nuclel are
observed. this will imply the absence of the stabllity
region near - Z=11ll- and. N=184,
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