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SPONTANEOUS PISSION AND SYNTHESIS OF FPAR-TRANSURANIUM ELEMENTS
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«USSR-

[Pollowing ie a translation of an article by G. N, Flerov, Ye, D. Donets
and V. A. Druin {(affiliations not given), in the Ruasian lsnguage periodic

cal Agggg!xgzgggfqixg (Atomic ®nergy), Vol 14, No 1, Mosoow, Jamuary 19612,
nages 18 = 26, e artiols was submitted to editors on 30 August 1947). ]

The possibility of the spontansous fission of nuclel was predicted theoret

jcally in 1939 on the basis cf a modal concept regavding the nucleus as a drop of
charged 1iquid [1], Just after the publication of this report, in the lahoratorie
of meny acountries, intensive research got underway on apontanecus fisaion for the
~— heavieat elemamts known at that time, namely wranium (V) and thorinum (Th). In the
Leringrad Physico-Technical Institute of the USSR Academy of Sciences, in Prof,
I. V. Korchatov's lahorstory, a highly sensitive method was developed. Withita at
K. A. Potrsha¥ and G, N. Flerov ware the first acientiats tc be able to observe
fragmenta of the spontaneous fission of p? 38 r23.

The experimental detection of the fission of 0253 from the ground (unexei-

ted) state greatly atimulrted the intareat in studying the new type of radiocactiv

decay of nuclei. Research was conducted basically along two liness an explanatic
of the meghanism of the natural fission, and a search for nes spontaneously fiss-
fonable nuolei. It was established that many trarsuranium elements, obtained arti
ficially in reactors or accelators, undergo natural fission.

CERTATN REGULARITIES IN THE NATURAL FISSION OF NUCLET
By 1952, extensive experimental material had been acoumulated on the pere
{0ds of natural fission and this permitted Seadborg to systematize the data for th
firet time [3]. He constructed n graph of the dependence of spontaneous fiasion
periods Ty upon the figaility paranmeter ZZ/A: in the liquid drcp model, thig re
resents the ratio of the Coulomb force of the protone' repulsion to the stabilisi
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surface force of the nucleus. This approach was refined and expanded later [4, 5);
it is represented in FPigure 1 in contemporary form. We can note three basic fea~
tures in the behavior of the natural fission periods for the various elementss 1
a general tendency toward a decrease in T with an fnorease in Zz/Ag 2) a "pare~
bolio" form of ourves, in which there fall the values T,f of the various isotope:
of one element, and 3) an inorease in the T:4 Of muclel with an odd number of ne
trons or protons by 103 = 107 timee in comparison with the T{f of an evaneeven
nucleus with the given nerameter ZZ/A. The fivet feature agrees qualitatively wit
the prediotions of the hvdrodynamic model, whereas i+ is impossible to explain th
other two from the standpoint of this nuclear model. The thecry of the natural 4.
sion was developed in close conjunction with the overell theory of the nuolear
atmeturs znd of raclear reactiond, Various model representations of the ruclear
structure were also used for an expianation of the features of the behavior of Tg
as a function of zz/a. Tt is evident that, for a proper understanding of the fis-
esion pattern, it is insufficient to considex only the collective properties of th
rusleus, but it ia also necessary to coneider the behavior of individual nuoleons
in ocage of the origination of distortion of the nuoleus as & whole, As was demor-
strated bv Nielason [6], the energy of individual nucleons varies greatly with tr
increese in nuclear distortion., This could lead to an appreciable variation in tk
kydrodynamic fission barrier. An aralysis of the effective fission barriers with
the uee of the Nielsson diasrems was conducted by Johansson [7], who showed that
with a consideration of the single-particle corrections to the hyvdrodynamic bar-
rier, one ocan ohtain a more regular behavior of T{/ as a Dmotion of ZQ/A. The
coattering of the points becomes much lessj thoy oluster near the streight line
(Figure 2),

In spite of the considerable advances of the theory in explanation
of natural fission, it (the theory) still is qualitative, Specifically, it is
quite difficult to estimate theoretically the lifetimes of the far transurane-
ium elements, Therefore for such estimations, we resort to various semi-empiriocal
formulas and to extrapolations of the experimenta’l dependences in the region of
the unknown nuclei., The formulas developed by Svystetskiy (8] and Dorn [9] are
widely used, The precondition for their derivation was the circumstance that
the axperimental vslues of thc mssses of nueclei in their ground atate deviate
(from the pointa on the smooth mass aurface, oomruted on the basis of a hydro=
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Figure 2. Dependence of experi-
mental values for Ts7 , taking

single-particle corrections
into scoount, upon ZR/A (7).

Figure 1. mpondon.ce of periocds,
P3¢ , of naturel fissign upon
fiseility paremeter, /4.
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dynamic model) by the value 0 g, while the experimental values for the periocds
of spontaneous fission deviate by the value 3T from the values expected for
thiz model,

Svyatetskiy noted that the values for 3T and dp ocorrelate in a definite
way with one another. This now appears natural, since we already know that the .
hydrodynamic formula for the masses disregards the shell structure of the nuclei,
the fluctuations in the pairing energies, the hetorogomity of the angular and
radial distributions of the charges eto., and all trese energy effects affect

= the lifetime of the nuclei in relation to natural fission. Introducing the

empirical corrections K& m into the observed periods of natural fission, Svye-
tetskiy obtained the uniform dependence of 'r,f + Kom upon 22/11 for the even=-
even nuclei at K a § = (ZZ/A e 37.5) .

Dorn modified somewhat the Svyatetekiy formula, having added the torm
4/ 2/A in order to get a greater smocthing of the lines. The analytical Svya-
tetskiy-Dorn expresaion for the periode of natural fission has the forum:

. . - N
108 Ty ven~even = 20.006
2
(108 Toyy 4 . 23,46 7.80 + 0.356 2 +
108 T i 0dd - 18.86

+0.0730° + 1389 yZ/A - (4 — ) $n

where © = Z?'/A - 37.5% T-ff is exprasced in seconds, while Om is given in
mega-nlectron-volts (Mev), For an estimation cf the natural fission peviods
of unknown ruclei, Om can he found as the deviatior. of the tebular value

of the mass ac¢nording to Cameron (10} from = point on the smooth maas surflaces

2

7
Ms 100041-8.5557A+19.12A2/3~.- 0.76278 1/‘ +
A/

b

2
+25.444 _(_N,[___z_)_ + 0.420(N = Z).

The results of computing the natural fission periods based on the
Svyateta'fci.y—Dom formula for oartain isotopes of curiun, ocalifcrnium, fermium,
and also for the elements 102 and 104 are given in Figure 3, For comparison,
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" xperimental points are merked with an "x", through which broken lines are drawn.
It is obvicus that for californium isotopes, there is satisfactory agreement
with the formula, whereas for fermium the position and the pattern of the
broken and 801id lines differ appreciably. For the heavy curium isotopes, the
formuls prediots an abrupt inorease in the probability of natural fission,
while for the elements 102 and 104 in the range of neutrons' numbers > 152,

' the rates of the decreass in the natural fission periods are somewhat retarded

as oompared with californium and fersium. In report [11], analyzing the yield

~ ourve of various transuranium elements during the thermonuclear explosion

dubbed "Mike", Dorn demonstrated that this formula gives depressed T,)( «values
for very heavy isotopes (e. g., ™74 and hzss). The suthor concludes that
for an explanation of the yield curve, it is necessary to assume that in the
region remote from the line of P-stability, natural fission can not ooccur fas-
ter than the f-~disintegration, i.e. that the Svyatetskiy-Dorn formula is in-
correot for nuclei enriohed with neutrons. At present, it does not eppear pos-
sible to determine exactly the range of the N-value where this formula is

valid, If we speak of new, as yet undiscoversd clements, direotly containing the
ones that are studied, evidently the most reliable method of estimating the
lifetime of these elements in relation to spontaneous fission will then still
be the extrapolation of the empirical dependences '!'# upon Z and A. For this
purpose we can use, e.g., the dependence of 'l‘,} upon the number of neutrons N
in the nucleus at constant 2 (Pigure 4) or the dependerce of T;£ upon the number
of protons, 2, in the mucleus at fixed N (Mgure 5). A simple graphic extra-
polation ylelds (for the elements 102 and 104) T, y ~values differing sub-
nt.mtially from the ocomputed ones. Specifically, for the isotope 104260, from

Figures 4 and 5, we can expect lifetimes of 0.0l = 1 scoond, whereas the Svya-
tetskiy-Dorn formuls leads to a value, for the period, equalling 1 hour,

Quite signifiocant for a prediotion of the properties of new elements is
ths explanation of the question as to how great is the effect of the sub=
shell with N » 152 upon the fission barrier in the range of high A-values,

At very high Aevalues, the parameter z"/A becomes appreciably less than
(2? /A)y.5o+ Tn oomformity with the position of the hydrodynanic model, auch
nuoclei should be more stable in respect to fission. Competition on the part of

.5.
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Figure 3, Dependence of T%f -values computed from the Svyatetskiy-Dorn formula
upon the number, N, of neutrons in the nucleus:

e = results of caloulationy esweXeee « experimental data.

N

Caption to left of figure T , seconds

the shell effect leads to a decrease in s however the role of this effect
should be considerably less, remote from N » 152, and then we can expect a
rise in the right branches of the curves in Figure 4. It is diffiocult to prea
dict the beginning of such a rise. Johansson [7], analyzing the behavior of the
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neutron levels all the way to ¥ « 160, concludes that the “eavy isotopes of
californium and fermium will live longer than follows from the graphic aztrae
polations, For instance, the extrapclational value of 1},)‘ for Pm?c"q consti tntes
several minutes, while according to Johansson estimation, it should equal un
hour, Por Cf256, in the seme way there was obtained a T, Y. -value of between a
year and a month,

l L
0" o
x 152 nextrons

w "

Figure 4. Variation in T, 4 in dependence on number, N, of neutrona in nucleus.
Captions with figure:s to left: '1'_,, » Years, Within figure, npper vight:s 1577
neutrons

Only by experiment can all these prodlems be solved. Mowever, in the
course of an experimental determination of the spontaneon: fission periods of
certain relatively heavy isotopes of Pm and Cf, certain majnr difficultie;
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arise in oonnection with the problem of their synthesis.

To estinmate the various possible variante of obtaining such isotopes, we
shall examine first of all the modern state of the problem of deriving and
atudying the pz‘oporﬁies of new transuranium elements, and we ghall also try to
point out certain approaches that will permit us to delve more deeply into this
field.

-~
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Plgure 5., Variation of T, Y as a funotion of the number, Z, of protons in
a molsus,

SYNTHESIS OF 'I'RM?%NIUH ELEMENTS WITH THE AID OF MULTTPLY CHARGED

The beginning of the work in this direction in the USSR is closely
linked with the name of I. V. Kurchstov. Thas first roactor, the first cyolotron
of multiply-charged ions, and thon s large accelerator of heavy ions in Dubna
ware developed with the direot participation, suy:rvizion, or the enthusiastic
support of Igor Vasill'yevioch. The mounting of a 300-centimeter oyclotron in the
Zantralised Institute of Nuclear Research, whioh permits one to obtsin intensive
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baama of ions in a wide range of Z and A, ovened further oxtensive ponaidilities
for cornducting exveriments on the syrthesis cf rew elamerts, In many countries

in recent years, various acceleratore of multiply-charged ions have been dbuilt
and put into operation.

Up to the present, with tha aid of heavy ions, there have been syne
thesized all the earlier knowr transuranium elements, snd also the new elements
19? erd 103 (Lewrencium) [12 - 15],

The success®™l use cf this method permits us tc consid:r it *Xo most
promicing for the syrthseia of the rew clemcnts, However, the difficulties
arcounternd in thia cornection are nevertheless 2o considerable thet they comnel
us ‘o analyze and to tert all protebwls methnde of expanding tre rus:zibilities
of tho aynrosch,

Rased om the synthesis of tha nhasvy olamert Bé from trhe target A:‘and
+he paocelerated ion Tﬁl, there ia a ruclear reaction of the tyre: -

)
&
Aﬂl(rgi,
‘ %
Tha heavy ion, ercrelerated to an eneryy alightly orester than the enerzy of the

A

Coulemd barrier, havine renetratad into the tarsetenuclene with a section elosge
to a geometric one, adde gll ef ji= kiretic energy to the cnﬁpound nuclens,
Singe the mucleons in the commdund rnclens are bound more weakly than in the
targetearuclers end in the nuclsus of the heavy “om, 2 part of thiz energyv je
axpended in wnpacking, and the balance (vsuslly 20 = 60 M:v) e experded in the
evcitation of the compound nuclens, The nucleus cun be freed of thie srerey by
tho evaporation of aevare] mucleons (uavally three - five)., However, since we
are discussing heavy nuclei, i,e, those with a low fission barrier, the basic fo
of disintegration of the compound nucleus ie fiascion, which as a ™mle pre-
dominntes at all atages nf the nuclecns' evaporation. This leads to the 8it=
uation thst tha orsga aeationa nf the yield of far transurenium elementa nrrove
t» be several orders of magnitude lower than the geometric onea ard ususlly

«29 . L
amount to 10 7 - 10 cm e

Sometimea for ¢the aymtheaie of a heavy element, we use a reaction of

the *:r;.p H
A=d

“';:(Ié:' Hem) Bl



whioh differs from the reaction considered above in that, during the oapfurb
of a heavy ion, there is emitted an c=particle, and in other respects the
process transpires analogously. Since here also there is n stage of evaporation,

the oross sections of formation of the l;:; isotopes are also several orders of
magnitude smaller than the geometric ones.

At present, at dispdsal of the experimenters, there are fairly inten-

10,11, 012,13. l'14.15’ 016.18’ N.2(),‘4'.’2

sive beams of ions B s and adequate

amounts of materials for the targets from 0238 to cf252. Por a long time, the
ouestion remained unclarified regurding the selection of z1 of the target and

Z? of the particle for the syntheais of an element with the given 2 = z1 + 22.

Th2 assumption was expressed that an incorease in Z, by unity and the correse
vonding decrease in Z1 stould lead to a decrease of the cross section of yield

of an alement with the number 2 dy 10 times, Howevar, an analysis of studies
conducted previously [16, 17] and of the new data derived in report [18], shows
that these estimations were too pessimistic, The transition from a synthasis

2% 4n the reaction Pu 41(ct3, an)M?0 to the synthests of ™> 0 in the

250

of M

reaction Th?z?(Nezz. 4n)m
twonty times in all, and rot by four orders, as had been postulated,

laoads to a decrea:z- in the cross section by

Thus, in principle there is already a possibility of a synthesis of all
the elements up to 108 inclusive, 'owaver, in exploiting this poesibility,
difficul+ies arize that are linked, not with the s;mtheais psr se, but with
the investigation of the properties of the newly derived elements and new
i=otopes.

As a rule, the reactions of the avaporation of neutrons lead tn the
formation of light isotopes of new elements with a short lifetime 1n.respect
to a =decay. This excludes the uae nf the chemical methods of identification,.
In connection with this, the entire research process becomes considerably
complicated, and the reliability of its results often decreases.

At the basis of the physical method of the identification of the new
a -active element with s short lifetime, there lies the recording of the

«10=
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a =aotivity with an energy assumed acoording to systematics., Simultaneously,
there is required the exclusion of all possible causes 5f background. It was
experimentally established that in reactions with heavy ions, in admixtures
of lead, bismuth and other elements, in the targets there ocan originate o -active
nruclel in the range Ac=Po, for which the decay properties are close to the
nroperties expected for the new elements [13, 19].

Moreover, in recent papers [13, 19] devoted to an analysis of the
products of nuolear reactions Th + Ne, it was demonstrated that similar hacke
ground activities are formed owing to the reactions of deep splittingeoff. An

sdditional source of backgmound can be the unkmown light isotopes of Cf, Fu
and others, '

The subssquent advance to a synthesis of the heavier elements by the
method of recording the Qeactivities will be ever more difficult, and the
rasults will ba ever less relisble. This is associated with the fact that in
the transition to the heavier particles, the rmber of background activities
increasas, while the cross seotions of formation Of new elements decrease. At
present, the researchers have proceeded all the way to a synthesis of the ‘
eslemant 104, Thie is a region where zpontaneous fission can become predominant
in comparison with other forms of disintegration.

It would have se=med much simpler to record the fact of the formation
of a new element according to its natural fission than according to the a <decay
or the eleotron capture, owing to the high sensitivity of the method, associated
with ‘the absence of baokground. The residual nucleil of the reactions, occurring
in admixtures in the target, can not undergo spontaneous fission. For the
identifioation of a new element, it would have heen sufficient to use the
combined investigation of tha excitation functions for the formation of a
spontaneously fisaionable product (this furnishes a knowledge of the atomic
weight A) and of the yielda of the given nucleus in the oross irradiations
of various targets by particles with various values for 4, and Z (for the

establishment of the atomic number of the product beins stndied). Fowevar,
the actuality proved more ecmpiex than was expected,

In the report [22], it was shown that in the irteraction of heavy iors

«lle-



(Nezz, 016, 2 ana others) with uranium nuclei, there ia formed a spontnnes

ously fisaionahle isotope with an anomalongly short hslfelife (sbout 0.015 sec.)
An inveatigation of the functione of the excitation of this ismotope's formation
in various remctions led the authors to the conclusion that its synthesis ocours
owing tc the tranafer of a part of the nuecleons of the bombarding nucleus to the
targetwnucleus and that its stomic number is & 97. The maximum coross seotion of
the reacticn 3258 22 amounts to about 2 10"52 cmz. Howevar, the aroms sec-

11

+ Ne

tion of the yveamotion U235 + B in uxporimants ueing neon is several times great-
er than the indioated value, The suthnrs oxpress the hypothesis that the cbserved
effeot is linked with the natural fission from an fsomeric atate. In reality, in

the expoeure.ot 0238 to Bll jons, there are formed the known isctopes of elemente

with 2 € 97. All of them have lifetimes of ground state oonsideradly longer than
0,018 aee.. wherein the periods of the natural fisesion of theae isotopea amount
to T,; 10‘ years, It follows from this that the natursl fiesion of the nucled
being de'ivvd ia facilitated by more than 1016 times,

Ae vat, there are no dire~t proofm that this isomer is an isolated case
or whether this phenomenon is widespresd in nature, and in the reasotions 190-
mers can originate with a varying duration of 1life, The extensive atudy of these
nuclei permits us to et new additionsl date on the mechaniam of s "conventione

el" apontaneous fission,

Thus the problem of the synthesis and jidentification of the trans-Fermian
slements according to natural fission from tne ground (unexoited) state proves
to be connected with the obhtsinment of heavier isotopes, which would provide the
posaibility of oconducting not only phyeioal but also chemical studies of thQ new
elements and would inorecse considerably the reliability of the identifiocation.

After these preliminary remarks, we now proceecd t0 s consideration of
certain possible remations, whioch in principle permit us to synthesize the nuclei
with the number of neutrons, consideradly sxceeding the "magic" number N = 162,
whioh can not yield a reaction with the evaporation of neutrons even in the use
of the heaviest tarsets. For exauple, in case of the irradiation of targets of

szie by 013 ions, one can never get isotopes of the elament 103 heavier than
259, As is shown by syetematios, these isotopes should have bdrief lifetimes,

-12.

T e b e ol



N TSR ALY L L . L

Reaction of Incomplgte Pugion in s Heavy Particle, If we use
40 A8

Arle or Ca?O A8 A bombarding partiocle, it {s to be hoped that in the reaction

of the marginnl interaction with the targetenucleua, thers occura the capture of
a considersble part of the bombarding particle, wherein the nuclens iz in a near-
ground strte,.

As an examrle, we consider ‘he reactions cf the synthesia af certain
heavy isotopes of Fm during the intevastion of Ar4o with uranium:

Fm?ﬁﬁ 22

3238 * Ar40 —— « Ne ™3

210 10 5Q 21
n + Ay --)."‘t".?”" + Yo'

o 2R 60 , yol8,

+* Ardq --»Pm?
Our hepan for tre success of such resotiona are based on the following, First,
thage reactions are threchold ornas, wherain their thresholda lie above the Coue
lomb harrier, This 12 conditiored by the fact that theve occurs the centure of
avyren nuelei from the bound state in Ardh into the bound etate {n ferminm,
Hence, thers 18 a certain ranga of enercing of the bomharding partic.es at
which conaiderable exeitations of the fermium nuclei will be energetioally
imposeible, and this signifies that there will ocour neither an evaporation or
fission of nuoleons, Secondly, we have data regarding the faet that in the re-
actions with the multiply-charged iones, there occurs a considerable yield of

auch products which in particular can be formed by way of the above-indicated

mechanism (for instance, 0238 - Nl‘ ——tp Cm242°244). Thirdly, we know reliably
[21] that with a large cross secticn, renctions proceed in which there occurs
the capture from the target-nunleus of a large number of the nuacleons ¢¢ the
impinging particle., If we increase the mass and charge of this narticle, ac-
celerating, let is soy, argon or heaviaer elements, it can then be expected that
the reverse resction will occur: the capture reaction of a large numbver of nnue
cleons from the impinging particle into the target-nucleus,

Por the verifiecation of ¢his mathod, moat feasible ia the first of the
roted rerctions, in which we derive the spontaneously fissionable isctope of

Fm256 with ka =2,7 hours, which should assure hish sensitivity.

-13.



Radiation Capture of s Heavy Ion, Another possidility of approach-

ing the region of B ~stability oan be the reactions of the radiation‘capturo of
a heavy ijon. In these reactions, the amission of one high-snergy vye-quantum
should lower the energv of exoitation of the compound nucleus to a level beneath
the fission threshold. Such reactions should yield a product with mass numbers
larger by four units than thoge usually obtained in resctions with tha evapora-
tion of nucleonas, It is clear that the procesa of emisaion of one higheenergy

Y -quantum from a heavy compound nucleus is poor competition for the processes
of the fiasion and evaporation of nucleons. Nevertheleas, the faot that in thia

process, there ie but one degree of emission of the gamma quantum( T h

g} +T+ T+
in oomparison with the usually four stages of the evavoration of neutrons

([

T
< T :'T ) vrovides a certain hope that the effective croas section of
n

this procees will not rrove to be very small.

Unfortunstely, at present there ave very few reports [ 23,24] devoted to
reactions of the radintion canture of a hervy'ion (moreover, all the atudies are
conducted for light targets). In this case, the section equals about 10730 om?,
There i2 no poasibility to obtain in any way from this result a croas section
corresponding to the ragion of heavy transuranium elements,

In our oﬁinicn, here it is simplest to establish exrerimentally the reacti
ocross section of radiation capture »f 018 by a 0238 21eleus with the formation
of T’

3238(018’ Y)Fm256.
Witk the use of 100 mioroamps of current of 0‘8 ions, the senaitivity of this
mathod permits us to observe the reactions ocourriry with a cross section of
10’35 cma. T™e aeffect at sunth a cross section is about 10 fiasfions per hour,
Reactions of Bveporztion of Nucleons at Use of Producta of Muclasr
Reactions as Bombarding Particles. ' let us dw211 in more detail on the data ohe

tained in the report (P17,
32 to N922 ions, the authors of this psyer —ge

During the exmosure of sz e
2 2 2 b4
venled o large yield of isotopes of Ac2'4, Acg“s, Ac‘2 and Th?z'. As the sole
mechanism which could explaln their obtainrani, there is the kreskingeamay of

several muclcons from the targctenuoleus. 4t th- same time, the suthors obtaine

«li=



ed dats indicating that the nucleons being torn away are: in all liklihood trane-

ferred to the bombarding particle. Thus, in the exposure of Th232 to 3022 ions,

there is a beam of secondary partioleo. among which there will be very heavy iso-
topes of neon, sodium and magnesium.

Let us estimate the possible intensity of a beam of seoondary partioles,
Procoeding from the report data, we can expect that the oross seotion of the
formation of these pertiocles oan equal about 10'27 . With & ocurrent of the

Ne2? ions' beam equalling 100 mioroamps, and with a Th232 target with a thickness
of 10 mg/omg, we will have about 106 particles/sec. Not dwelling on the problem
of the high-energy distribution of the secondary partiocles, we note that such
a beam is quite adequate for investigating the reections proceesding with a oross

section 3 10-28 cmz, if the reaction products assure the reocording of several
fission events in one hour,

0-28 om? 1s not too high even for the re-

The value of the oroes section 1
gion of far transuranium elemsnts, since the fisaility of the compound nucleus
in this case should be lowered greatly owing to its increased mass, and the
process of neutrons' evaporation can compste successfully with the fission. In
any case, the verification of this possibility is not associated with major dif-
ficulties and can bhe accomplished successfully during the exposure of a thick
target of Th232 to Keza
will serve as a transformer of the beam, and as a target, on which there will oo~
cur reactions of Th232(N028 4n)Fm 256 and Th?sz(Nh28, 4n) Md256 314~325520Fm256

If successful, the methods examined above for the synthesis of far trans-

ions, having sufficient energy. Therein, the thorium

uranium elements (enriched by neutrons) would, in our view, considerably expand
the potentiality of the method of nmltiply-charged ions in this direction.

We now need to note only certain particular cases of obtaining individusl
heavy nuclei, and to analyze briefly the reactiona of the protons' evaporation
from the compound nuclei, since such reactions also lead to the formation of heaw
isotopes of the transuranium elemnents.

From the viewpoint of the systematics of naturally fissionable nuclei, the
synthesis of cr256 and rn258
ting the lifetime of these isotopes) oonducted by various methods, &re too cone

tradictory.

is of great interest, since the results (of estimae

15~



The 02256 igotope in amounts suffictent for its investigsticus can be

synthesized in a renction of the type cf254(018’ OIG)Cf256
)
or has at his disposal but 1077 nuclet of Cf o4,

Tn the reactions with miltiply-chazzed iona (e.g., Cm245(311.4n)
MaR55 el. capty 255 for whioh Tyem 21.5 hrs., about 109 PR35 nuclet can
collect, and, if the capture reaction of three nmm-cgg mzsny

particle proceeds with the oross section of about 10°°° em“, we can synthesize
25R8

y even 1f the researche

an amount of Fm sufficient for tre investig=tion (eeveral disirtegrations per

hour).
Another pcacibility of getting relatively heavy isotopes iz sonstituted

by the reactions with the evaporation of charzed varticles, For instance, such

2K
can ba represented by the resction Pu242(N022,.2 3 g)lO}z"O. Trere are sdequnte

260

beses for exvectirg that the isctope 103 will be unstable in relation to

elestron capture. A3 the result of electron capture, there forma the icotope
102260, whioh should be a 2pontaneourly figesionable isotape,

Tha nuclear reection (Nezz, p3n) was nsed successfully for the syntheais
10 of the element 1a2%6 at irradi;;ion or 7278 [25,26]s An anslogous reaction
of the evaporation of a proton =nd of two neutrons can lead to the form~tion of
even hecvier isotopes. Specifically, in the reaction Pu?42(N922, p2n)10326l,

we can hope to derive a relatively long-lived isctope of the element 103,

The prchbability of reaction with the emisgion of s proton and of cnly one
neutron is very slirht, This is explained by the low value of the cross section
of the formation of the compound nucleus at low erergies of the dombarding perti-
cle. Expeviment shows that the reaction cross section of 0238 (N°2O, pn) Mdzsb
6 cmz. This circumstance fixes the limit of the possibilitier
of reactions with the evaporation of'charged particies in the process of synthe-

-x
does not axceed 10 -

sizing the heavy isotopes,
TONCLUSTON

The further inveatig tion of the featmres of natural (spontaneous) fission
is linkéd t0o a great extent with progress into the fiels of as yet undiscovered
elements and the synthesis of the heavy isotopes of Cf, Fm, and the element 102,

\oreover, the investigation of an interesting phenomenon, nemely the fis-
sion of isomers of transuranium elements and of nuclear resctions, in which they
form, will also provide much naw information on the mechaniem of nucled fisoion'
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from the ground state,

The conclusions from recently conductes studies, in which a relationship
is eatsblished between the probability of spontareous fission and the arrangement
of the energy levels of the nuolecns in the nueleus [7, 27, 28], permit us to
hope for the nbtainmert of additional Aata on the structure of the nuclet in a
study »of the perioda of their spontaneous fission,

On the ntrer hand, a study of the regularities in the varistion of the
periods of spontanecus fission in a wide range of the 7- and A=values will provir
the opportunity of answering the quection as to how great the role of natural
finsion is for those isctopes of the trans=fprmian elements, the derivation of
which i3 the concern of the immediste future,

The probler of thes synthanis of a new clemen* is very complex. For its
solution, the development of meny speciel diverse methods is required, wherein
tre choice of any riven method dervends grestly on the trne of disintesr~tion and
the lifetime of the elsment beins studies, The rore we know sbout nstural fisa
aion, the more vrecicely we can estimate tr- T,f -valus of the new element, and
the grester are the chances for succesafully solving the simthasis prohlem,

Thus the prohlem of the further atudy of *he regularities of natural fiee
sion ani the question ¢f the synthesis of new elements are insePETﬂbly linked,
#0 that the pro;ress in one field inherently determines the progress in the othe:
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