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CKOft. ,Uatt o6sop pe3ynbTaTOB, nonyqeHHhlX e ,lly6tte Ha nyqKax 

TIDKeru,m HOHOB B o6naCTH CHHTe3a H IlOHCKOB THJKeilbD{ H ceepx

T1UKeilblX XHMHt.IeCKHX gneMeHTOB H B H3yqeHHH HOBbJX BH,[];OB 

paAHOaKTHBHOro pacna.Aa aTOMHbIX HAep. 

Pa6oTa BbillOilHeHa B Ila6opaTOPHH .R.,D,epHhlX peaKIUiii 0Hfil1. 
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Studies of Induced and Natural Radioactivity on Heavy 
Ion Beams at Dubna 

Close connections are traced between modern study of in
duced and natural radioactivity and basic research of Maria 
Curie-Sklodowska. The results obtained at Dubna with heavy ion 
beams in heavy and superheavy element research and in inves
tigating new kinds of radioactivity are reviewed. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1985 



' . ' . . 

Th~s~·aays when we celebrate' the memorable date associ~ted 
with the name of Maria~··cude~sktodowsk~ we especia,lly·kee~ly 

. . .. ·. realize·. the' impo'rtarice of, what has 'been don~ :by her .~·•a ·ieading;· 

1. 

.. '. · figure in;nuclear· physics. In our' c~nt:ury ~f ·scientific 'prop;:...·, 
. ress the large dimension of· advances in nuclear physic's . .;.. the ' 

corner-stone of the scientific-technica·l revolution··...:: is obvioi:is. 
Therefore it is'."natural that the' name oflthe great daughter of 
Polish people, who·se works had giveri the first strong impetus .. 

ito the iapid develop~ent,of.quite a ·new field of science·is . 
... 'known throughout the WtJrld. Every echicated· man knows oC the 

. discoveries which havebrbught world.:.wici~ fame'to Maria .Curie:... •. · 
Skfodowska. Thes~. ar~. the. first quarititat:Tvec'measurements of .. · .. 
radioactivity and identification oLthe new .phenomenon· as an. 
atomic property of. chemical efements, the discovery' of polonium· 

' arld radium; 'inade together ''with Pie~re ·'cude.,':'nad many othe'rs. . 
'Tho'se ~ho:are more ·closely familiar with this field ·of science· 
re~ember;~ paying tribute to those fundainentaf results,~:that just 

. \n the- process of. those :studies the Curie. couple laidthe, foun~ .. 
dation of radi6cheinistry·,. a· new science' brought forth by. the 

. twentieth centtiry'; ' '. · .. '· '· : · .. . - .. ·, ' . , '. · 
. ,, · ,On the eve: of· the tweritieth ce~tury,' when 'rhos~ discoveri;s 

wer:e made, the hµman· community v;as to a _con
1

siderable<exte~t 
prepared ·for, their. perception~ Therefore· ther_e was. ·no necessity·>. 
in battling for scientific 'trnth by risking one's·'1ife, ~S: it. . 
had o ,ten been the· case ·with the pionEiers of thei remote-past,· 
hmorig"whom we honor. tl!e name of. the great' Polish' scientist .. · 
Nicolai Copernicus.· Yet the' activities oLMaria. Ciirie-Sklodowska 
appear before our contemporaries as iln actual exploit in .. ·. 
science .. The _discoveries ,made by ,'the C~r.ie couple belong· to· 
those really: ;:reat discoveries which substantiai'iy extend ·the 

.· lfoundaries of ou/ knowledge of Nature; in no way c~uld they be 
.predicted theoretically, ~n the basis, of the- tlii::'.n' avaUable: 
knowledge;s'inc:e they themselves shed lighton something quite 
new.and earlier unknown. So much the•'(llore .significant are.the 
consequen2es o( such discoveries. Natura

0

lly th~ discoverers had 
: to possess (\cclusive scientific intuitionand persistence.,to . 

, • 0 , • , .- • ' _ I · . ·. -,, 

overc:ome.· the en.ormous difficulties of scientific. quest-; ,Of cour-
• SC, the_ Curi.es were lµcky to som,e exte1g. The my~terious uranium' . 
. rays .that Henri Becquerel had. ohs'erved by chance might have had ' 
'a rr.ore trivi[\l explanation. Between tiraniuril-:thorium and _bismuth,. 
;._there might have. been 'no elements;· '1,Uite_ a .i-ange of·':them, with: '. 
specific radioactivities exceeding' by·several million and bil-:-

· i ion times .the ra_dioact~vity .of .their .progenitors.• It was ju'st .. ' 



,. I 

keen' insight,. into the essence .of· the phe!)Otllenon undiir study ·1· .· 

· and the hard labour of the researchers that ·allowed them to · 
' foresee . the existence of. the earlier, unkno~ radioactive elements l 
.. on the basis of.sriiall.radioactivity/ deviations observed in.most 
difficult ·measurements of some minerais, and. to - dec.ide to ; ·· 
separate theseelements by chemical methods. •The high ··specfric 
radioactivity of radium and polonium•was 'thefactorwhichde
terniined the .. 'speciaf importance. of . their discovery. But . the high 
leveI of .radiation presented great danger menacing the resear..:.. 
chers 'life, the" danger. which t'he~discoverers· of those ·elements . 
kriew by' their own expedence: .· / ' ; .... •. . •. . . .· . 
. Maria Cu:de'-Skfodowska accompHshed a 're'at by havfng :proces- ·• . 
sed many·tons:of· uraniu111 ore with her·~~ hands inorder to 
obtain about t'wo grams: of radiu~ •. Thus' she was the first tci, sol
ve the problem of large-scaie and firie chemistq' which >is irihe-:
rent in modern n\lclear technologi. :some .. fifty year:s · later a si...:: 
milar situation occurred in cori.nectfon.with,the probl'em of ex..:. 

. tracting plutonium ,from nucle'ai fueL . ,' ' · ..... ' 
·: ·. With innate generosity, an indispensable quality of :::i •~eal 
scientist,. the .Curies. made their method of ~radium ·separation ' 

. connnon proper:ty. As ·a 'result,, powerful •a-sources ·were produced 
·-·- C"• ~in a· number. of laboratories of. many countries~\ The epoch-making 

'experiments of E.Rutherford were carried out with those sources. 
· The radium ~xtracted by-Maria: Curie:-S~l'odowska was ·:just used . 

in the experiments of Irene and Frederfo-Jolio(-Curie who-dis-
. covered~induced radioactiyity a:nd 'obser~ed the .strange radiation 
. that appeared in interaction of cz .:.particles with b'eryllium; By 
using a polonium a· :...source J:chadwick investigated the nature of 
that sfrange radiation.'' As known,.'this. investigation le·d to .. 
the discov·ery of. the neutron. That 'discovery. <!ave 'rise to the 

. rapid development of nuclear physics.' It·is w6rth mentioning 
that ·radium. samples continued tci pi.iy ·an inipoitant role .. for a 
long time: In particular, ,E; Fermi used. "them tci carryio{it his 
famous studies of artificial' radioactiv.ity ari~ing in a. reaction 
involving neutron capture~ Radium sampJ_es were also used· by · .. 
O.Hahn, L.Meitner and F.Strassniann whose studie·s led to the dis..:. 
covery of uranium fission. .; . . . . . . • . • ; ,; 

·· A remarkable aspect of• Maria Curie-Skfo'dowska' s acti
vities is ,.·associated .·with the foundation of the :..curie· 
laboratory withi,n the· Institute of, Radiumin,Paris.France,-

,1·· - ' - - • • ! ' '•• •~ -~ . \ ,> ~:- I• - •• 

the· second homeland of Maria. Curie-Skfodowska ,' can rightfully 
be proud of the. brilliant achievements of, this_ .. scientific .centre. 
Many scientists from various countries :-came there -for tr~ining 
and' work,. promoting to a great,extent,,the development of nuclear
physical and· ~henitcal_res.earch· in their n_ative· coun_tries~ . 

' The international staff of the' .!oint· Institute for Nuclear 
Research ,.is called tci .carry out fundamental . research. arid. to. 
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. Fig /I.~. Gene tic re lil.tion~hip >be.;,,-'ee.n various'. studies in 
the. fiela of natitr:al and induced radioac·tivity, The Dubna · ·, · 
re~uUs and, the~discg_very of. spontaneous 'fission are shown 
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' nromote scientific ·and technical progress in the Institute 
~ember states. This ·f~ct oblidge's us, to be· always -in tbe fore

. front, of' science .and to. develop: international collaboration ·ln 
the appropriate fields of research.. . .. ; ·· ··. ·•. · - •· - : • _· , 

For us, ~'uch a field'is.a:thesynthesis ·of the.heaviesi::che..: 
mical .elements, .the. search for:them· in. nature 'and- studies 'of ., . · 
their physical and chemical prope:rti'es. ·In.pursuing .these '.studies 
we continuously feel their close. relationship to t_he scientific .. 
heritage' of·•Maria Curie.:.Sklodowska; "This .relationship,. _illustra
ted.in fig.I,· reflects··the continuity of knowledge and the de:..., 
vel~pment of'concepts and inethod·s •. It can ~e ti-aced·.from.the .· •. 

. beginning of the century .to the. forefront:,of j>resent...:day_ science 
·about .natural and indilced radio.activity. ' . . 1 

. The discovery' of ·polonium 'and :radium gave ris·e to, the .fil:
'ling' of vacant, slot~ in, the D~ :r.Mendefoev, Perfodic System, which 
belonged to radi_oactive elements with short lifetimes. ,The-. . · 
problem of produdng radioactive;elements heavi_er thart u~aiiium. 
arose•.after>E.FermChad revealed-the possibility of transforming 
eler'.lents as ·a result of neutrori:-capture reactions •. The import.an-· 

>-:- ., •ce of· this field of. research reached;beyond the. scope of know::.C ·. 
- . , ledge.of new"c~emic,al e_lements._The synthesis,;cifpan_sui=a~-~~" 

elements has yielded I a great amount of essential · 1.nformat1.0n ·· 
about .the properties of atomic nuclei, /about ,nucleosynthesis of 
heavy· elements. and the. limits. of. their st~bility; The ··concept · 

. 'of the' sta.bilit:y of chemical .e.lements. may have different ·rnea:-' 
- nings. dep.ending oF the',problem being discmised.' The atomic nuc- · 

' leus Iriay, be radioactive that is unstable; however'if the half-i 
'life of a' chemical element is ·co~parabie with the age of the' 
, solar system· (4.6x1Q ~ years·)', this element·. is stable 'enough to 
1 be detected in accessible :,specimens of the solar' system matter. 

As . to' the investigation of chemical properties, , th~ e·lement . 
· is considered, to be sufficiently ·stable if the lifetime ,of its 
· .. atomic' nuclei exceeds one second - the· period required<for the 
. mos.t rapi'd ~hemical ·methods' to -work. Th.e methods of; ~ynthesi-
zing'nuclei· by nuclear reactions and thedetection of radioac
tive :decay and characteristic X "".'rays permit. observation .and 

' indentHication of new chemical elements./ In principle, a new 
chemical element can be detected if the half'-life of its nucleus 

. .:exceeds 10-15 seconds, .the t.ime required ·for inner: atomic sheils 
to be filled; ' · ,, . · · 

The first'tr.anstiranic element (nepturii~in) way s'ynthesized 
' - - I - ~ , ·- , I • , 

.. •by a neutron-capture reaction~ The discoveries 'of americium,' 
__ einsteinium and. fermium':were also 'made _tising this reaction.: .. 
Other transuranic elements were' first, produced, by bombarding 

~heavy elements by ~euterons (Pu) arid ·helium nuclei (Cm, Bk·,.· Cf 
, Md ) • Those extremely precise studies, classical ones now;. 

. 'were "carried out. in the 1940 's;.:, 1950' s by· the{ g~oup I of physi-
t cis ts· and )!heinists l,ea by G. L'Seaborg; -Apart. from the discov~ry 
4 ' 
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of ne~ elements, the importance of the obtained results.lay_in 
the fact that positive e~idence for the existence, of the acti-. 

. · iiide group. had been· obtained• and ·their phy5:ical an~ chemic:a1 
properties had· been, investigated. :The production of · these ele
ments left ·no rqo~ for: a 4iope to dete,ct .. them in nature; sine~ 

.·their, lifetime ·turned out~ to be· considerably smaller than the'. 
. J age of the solar system: ' .. , .· .• . _ .. 

. The first .stage of _fransur'anic. elements, studie~ ended; in. 
'.:the synthesis:of,niendelevium, ,the element with atom'ic'number ·. 

101_ ~-- Further abvance. in the:.direction :of greater atomic numbers-
with the help of light projectiles ·turned out ,to be impossib-

• le because \1f .the absence ~of :weighable'quantities 'of elements. 
heavier than.einsteinium (Z = 99) .' 1 

.• ··. • 

. . In an att"empt to _find another metho'd for synthesizing 
atomic nucleL with· .. ~.> 101.:we ·turrieci .to reactions induced by , 
heavy ions. , . , .. · ': . _ r . •. . 

. --Heavy ion''physics, a ne~ly_ bor~ science, tool<: a run in the. 
. middle of--the· 1950's. j;fremiiri carried out pio:neering ·studies 
· at the Birmin.gham,Univefsity using'a low-intensity cyclofron. 
· h·eam having a wide:energy spectrum. 1 Nevertheless'. those studies 

., demons
2
trated the existerice, of ·the. mairi type~ of. nuclear. reac.:. . 

tions promising.intere~ting physics. As/a result\ carbon; nitro
- igen.:.and o:-~ygeri beams- were produced at several laboratories in , 
'··;stockholm, Oak Ridge and L~ningr~dp Late i~· the 1950' S· a. linear. 

) 
.. : ~<:_ce.~erator spe-:i~lty• designed for :heavy; ion af.c_e~.e:-a~ion-~as 
· • put 'into. operation 1.n ·Berkeley •. All· the' above ;facilities had 

l. eit_~e-r lo~ i~n ~nergy or insufficient b•e'arn int~'risity.. . ,·_, '-
1 ... We ~btai.ried the first iiit~nse·,heavy' ion :beam in 1.955 on the~· 

· 1,50 cm c;ydotron of, the Institute' for ·Atomic, Energy~ From 1the· 

·, 
· i 

I 
'! 
I 

:I . ,I 

J 

r j . 

beginning of th.at work• we received the considerable support 
·of L V~Kurchatov. In p~rticular, h; .proposecf,to use, the is~:-
topc separationfechnique developed by L.A.Artsimovichand 
co~orkers~ in designing the cyclotron source of multiply-,-charged· 

-- ioris. A: moder~ va~ianLof that olasma source is, used by us until 
now, providin2 heavy i~n b~ain's with reco~d intensity. •During . 
the pa:fr years .some. ten· thousand- so~rces of tl}is .·type have 

' been· assembled; .5he technica 1 docuriien ta l::ion for _;this' source was 
. transfer-red to other cou~tr:ies,_·--.md:t:his fact pronioted more.· .. 
intensive sfodies>with heavy ion beams~ . '·• . . . 
. For a .short period oLtime we. si:icceeded in -investigating··tlie ,· 
main features _of fusion reactions :leading to the formation -of .-

. t•he heaviest compound. nucrei, · and/fo synthesizing some 'elements 
'ranging from californium ;(Z = 98) to mendelevium'( Z =( 101 ). ,Af
ter that we began experiments to ~yrithesize element lp2. Those 
experiments were virtually,. the-heginning,of'the second stage 
of' work aimed_ 'at the synthesis of ~ransuranic 'elements. ' 

. Shortly after. that. those' st~dies ~were carried over to .Dubna 
where in 1960 th_e· heavy ion, caclotro~ U-300 was put into op~-.. . . . . .. . ' ··,. . . 5 
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,Fig: 2. Be~'inte~~itie~'.tdr heavy.ions.wftlz an qnergy 
<50 MeV/nucl. _·The values· of.inte_nsities for io,ns,with 
,mass A are gi.veri f o Uowing the avaifob Ze. pub Zications. : 

, ' . . ., ,. ' ' ~ ..... . '• ' ~ 

/ r;tion. At this 'cyclot~on ~e. obtained 'intens~ hed\Ty', ion
1 

he.ams 
includi~g 40Ar, which ·offer exclusively wide possibilities_ of. . 
synthesizing new elements. The new· 4-me'te~ isochronous <!ye lot~·, 
r~n ·u~400 was built• at Dubna by the early I 980' s; This cycfot..:.
~on allowed us to widen the rang·e of accel,e~ated. ions and to , . 
rais; the-·beam intensity (see/fig~ 2). ·_. . _ _ . • . . 

1 
. _ 

Of.the facilities· of the same clas·s operated: in other, cou_n"'.'. 
tries we ·shall mention the ·linear ,accelerator !JNILAC ~11t into' 
operation in Darmstadt (FRG) in the second half of the.19JO's •. 
This accelerator was designed with a·view of carrying out a:lar
ge:variety.of prospective studies. in~l~ding the.synthe~is of. 
_new etemen,ts ,-.production· bf "exo_tic nticlides, the .. in,ves tigation 
of dive_qe mechanisms· of. .t'nte'i·ac_tions b'etween complex :nuclei, 
studies in. the 'fields of atomic_ physics: and quantum electrody
namics,: as well as the applic3:tions.of heavy fon·beams. > .. • 

·- The great variety of lieavy -ions accelerated and·· the .high . 
beam intensity allowed us at Dubna ,to obtain some new '.results 
on the. induced .radioactivity_ of atomic/nucleL Most of these 
restil ts . are pertinent to: the properties of. the. man::.:made' m.ibiei' I. . ''. ~ - d ~ , • 
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~ith 'Z ;:,·-101. -I~ additiori., important fnf~rrnation about_ th~· 
properties of 0 the:lighter niiclides-has also been obtained. 
. An interesting results is associated with· tlie nuclear struc

: ture studies based on· ·data about the prop'ei-ties of isomeric _ __,_ 
-. states. The,iniH'al. investigatfoi:J.s of this kind were· carried 
·out· by I. V.Kti'rchatov who revealed. the essence of nuclear'. iso- ·· 

' meri~m "as a: result of the di'scovery 'of bromine·_ isomerism, 'made 
by him and.'. his coworkers. in 1935 > In . th~ Dubna experiments · 
designed to synthesize element' 1_02 the high-spin i soker '212 mpo 
decaying via a /t:rans.ition 'to· the{:~08Pb grourid state, was first . 
detected 1 11• The distinguishing-feature of-· 212~Pois its abnormal
ly' large lifetime'.(46s) at a very high a· particle energy, 
(11;65 MeV). Thea 'decay .rate turns·out to'be-a<factorof,, 
10 21 lower than that following from the Geiger-'-Nettol .-law~ The 
212mPodetection is known• as 'the~ first observation of the so"
called configurational-isomeiic state· caused by· t·he' reali,gn.:.: 

t.: .• ·me_ ~t of_._:_the s~_~n-· st_ a ___ t. e. s of.· -~u~leon3>· t __ h_. ·at o_ ~c~p_Y:_. levels lyi .. n.g 
. I " above· filled nuclear. shells; · ~--· -:.····. _ •, : · · .. •··· 

i . - . ii..i:-·Dubna: it was. shown that 'hekvf ions ·'provide exciusive pos:-·1: · s.ibili_ties :for; stud-yijlg nuclei very far from the-lin~ of -{-3- _ 
·. stability. V'.A.Karnaukhov'and coworkerswere·the first tqob-

' - serve. delayed proton emission in the /3-decay: of nuclides lyine 

I 
I' 

. neat the proton drip- lfoe 121:The studies performed at Dtibna· 
• yielded ·valuable •,inform~tion' about· the p~sition o·f this· 1ine. 

_and allowed one to predict· the exdst'ence of a·'1arge. number,: 
of isotopes which decay ,via pro_t_on: emis·sion /3/'. This' direction 
was subsequently developed .at other· laborat.ories;. In Berkeley· 
the isomer, 53mco undergoing pr.oton' dec·ay was detected by·'. ',, 
r: Cerny et: aL / 41:Recently the same g'roup ·observed ·several-'nuc-,
lides· which decay via_ /3:-decay followed by, successiv~:'emission 
oF two. pb::itoris by the daughter nucleus 151

: Studies 'are' underway 
to search'fo~ 'two-pr6ton nuclear.decay pre<licted,by v.LGol
dan;:;ki .'Eil_ In 1981,, nuclei• that are· p~oton·:..radioacdve.' in 'the 1 '' 

,··ground·state:were,synthesized in Darmsta.dt (S~Hofmann,'. P.'Arrnbrus-_ 
ter.-etaL171 and E.Roeckl'et al/81). :··. -- :.:·' :- :, 

, _The great -possibiliti'es offered by heavy:..ion-induced 
trans'fer react ioris . for producing the neu'tron:..rich .isotopes' of 
,light· e'lement-s were first dE!monstratei .by the. studies· carried 
but by V. v; Volkov and coworkers 191· at' I)ubna'; This~group has 

- sho~n. succ.es·sfully" that heavy- fo~ re~ctions are vei'ry: 'e:ffec.ti ve 
in· the ·'synthesi's' of iieufroi-i~rich isot~pe~. They were the' first -
to prov~, the' nucleon ·stability, of nuclides, :such as 18•2°C~ 
:20.21N ~' 22:..240\ 23'-25F, , 25-26Ne,' .etc"; The: synthesis of netitron-

: .rich' i~otopes using he'avy ion· beams ,is ·presenqy·a 'prolific'. 
::trend of~ research which· provides important information about 
the· boundary: of, the neutron stability·· of nuclei 110, ll/: F6r-·the '.- · . 
~hnebeing,· the''grdup>led byM.Sowinski a~d-:S.Chojnacki• at'Dub·.:.:_' 
na' begins' studies· aimed at'' producing neutron;..rich nuclides'~,, ·. 
such as 70ca 72 Ti .; 78 Fe · 84 Ni ·:, etc.· : : ,,: ',>7 

' - • • ', .', ' ' ' • , ' • • • f • 

,,,-. 
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The;second.staze·of work ori .the synthesis of transuranic 
elements. in: fusion reactions induced bf heavy ions. of carbon, .. 
nitrogen~ oxygen and neonoU: plutonium, :americium, ~uritim and 
berkelfom target nuclei .l~d. t? the tii~'i~yery. ~~; e.leme!nts with 
atomic numbers. 102; 103, 104~ and •105 . ~ We named elemen.t 104 
kurchatoviumafter'I.V~Kurchatov, an outstanding_con-tempor~r)'. 
scientist whose ··classical :works ·.formed the basis for a ··number 
of e~sential,trends of nuclearohysfrs-,.such as nuclear iso-. 
merism, neutron physics, nuclear fission, and .others: 0 LV.Kur::-
chatov made a/crucial contribution to /the discovery of ,the . ' 
spo-~taneous fission of:nucleL He. led, .that work, designed t~e 
princi:r,al c_ontro; e~pe~iments ~. and participated dir~ctly in the 
discussic_m of _results:·· ·, , ·. . . . .·. . . . 

Kurchatoviuin is the first man.:..made transuranic·element which 
do~s not helongt:o. the actinide group. Its chemical' si~ilarity . 
to the n~arest light hom~log -;- hafnium -· was 'proved in, the , 

• • . . ·' . • .·. C 1 13 1 
series of. experiments carrie_d out, by LZvara and coworkers : . 
at' Duhna. In essence/ these experir.1ents were, carried oi'.it star.:.. 
ting fromihe principles·laid do~ by Mar-ia Curie-Skloaowska; 

.. In particular,· the new element .was separated togather ,with the. 
carrier ·0:. a. light homolog, . its. participa'tion in the chemical •. 

: · reactionwas tr'aced· according to_its .radioactive decay, the.·, 
slight differences between the properties .of: the"new el,emeni: 
and its ~omolog· (hafnium) revealed in 't.he process of their se~. 
paration at the last stage of the experiment:. At the same time, 

l 

·'· 

·' 

, l 

- . - ,... , \ f ·; ~ . 

obseryation'. of .. even several. ato:ns during prolonged- experiments·; 
Moreover>the'detection 6£ those atoms was complicated fo: · _:. '. -

,. C _the presence' of a 'high' background from the .radioactive 'decay, of 
· transfer reaction products, and- farget nu~leL ·' , . _.· · · ·.' '.• ,· . 

., A solution.to .thi~ pr~blem was.found by•Yu·.Ts.Oganessiari 
who suggested- to -synthesize heavy eleme"iits· by' a''new' type of 

,nuclear reactions involving cold fusion bf' compl·exi nuclei 1.151: / 

Th~· experiment~ ·_carried,_ ?ut by :tis. g~oup. showed t~at ~~n bom~ard~\ 
men ts of spherical nuclei of, thallium, . lead· and bismuth. by" ions· 
~ith inass.? 40 (Ar, Ti , Cr ; Fe; e'tc) ,one ban observe wit:h high 

I,' 'prob'abiHty the complete fusion of the' collidin'g' nuclei';-:: fol~. ',. 
lowed by the fo'nnation of a·slightly exc_ited compound'micleus:' 
Thus. the meth.6.d of cold fusion' oLnuclei was justified and ·· . 
this technique gave rise to the' third stage of research~ cin ·the;,, 
synthesis 'of new heavy elements' in the middle of' the-' i 970 Is!; . ·. '., 

• . The coltl-:-fusion methoa, was· used· to produce in. larg~ quariti- _· .. · 
ties··eleinents with Z = · 100, 102, '104 'and 105 including the;'pre-·< 
viously unknown light isotopes of these. elements~ Hm'.,ever· the . 
most interesting part of that work was associated with' the; 
synthesis of ·elements with'atomic _numbers~ 106, 107; and 168: :· 
The first results 'regarding elements· 106 and. 107 were. obtained 
by>Yu.Ts.Oganessian .and coworkers'1 !6

-:-
18
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1 at Dubna* : Subsequent..: 

ly these elements were pr;oduc~a by. the· ~old-fusion met:hoo: b/·: ,' 
G.Mlinzenberg;-·P.Armbruster. etaL 1 20•211 in Darmstadt~:The ex.::·. 

···· pex:'im~nts ai~ed t:o· synthesize ele~ent )OB were· com~leeed by both 
gr'oups :in .Dubna arid in Darmstadt'·alrriost simultaneotislx'121,2 2/: . 

The ~ew imclides were identified us:ing physical methods by." i~
vcst:igating the. properties of th'eir radioactive decay '.and ace:: ; 

these exp'eriments .. ;ere_ basically ne~ ones;in which one took ... 
~-. into 'account· th'e specific• chemical '.properties of eka-hafnium-: · 

kurchat:ovium-. ·and· the conditions under. which it could be. syn
thesized. ,In the course of these experiments rapid gas-phase 
chemical _methods .. have been developed and first. used, which:pro- .. j l 

'?'id_e the. id1:nt~fic~t~on of, ~ new. elem~nt~who_se atoms are ·.formed· 'j 
· in countable quanti t1es during, the experiment .and decay · for , · 

cording' to the· ·laws 'which govern ,.the synthes.is'.react:ions: . 
. . The' experiments t:o synthesize. ~lement :108 ·were ac~6mplished 

'• q·uite _reel·ntly~ in 1984. 'It might 'seem that one:_h_ad -to~prcic'eed'. ', 
' "" --- . ~ ' . ·. ·. . . .... . - ' ,, ' - ,_ '.- ""' 

the_ same way. in. an at tempt -to ··produce: ele_ment · 109_, and· the fol- '· .. 
a time interval. of the order- of. one second~- , .... . , . 
· ~The cl:ie;ical identification ~f ele~ent, l05~nielsbohrium ~141 -'-
was carried OU t in . a similar. way. ' ••.• . . . . . ' , ' . 

·.At that tiine, early in the 1970'~; there ~g~in arose the 
problem of choosing optimal. reaction_s leading to .the. synthesis 
of elements with Z > 105. · · · · • .. 

As a.matter of, fact, .elements with atomic numbers 102 to 105· 
were produced: in. complete-fus:ion: reacticms·· invoiving: the hea
viest target nuclei.( Pu,; Am, C~, Bk, Cf ) bombarded .by ions of 
car.hon, ni1:r9gen, · oxygen and· neon •. This method of. element syn:.. 
thesis had a restriction .due. to ·a dramati~ .·de~rease in the vield. 

'of new nuclides as a, res~lt of the fission of, highlv excit~d. 
compound nuclei. It should als(j be ,.taken into consid~ration: that 

·. the provision ~.f, the ,rad,iation stability of Pu-Cf 'targets. bom::
barded byi11tense_heavy ioribeams presents ,ari-excfosively· dif-

- ficul t probl~m:, Under, S!,lch condf_t~ops on~ ·:co~ld. ha_rdly !1~pe · for 
·8' ,. "/. ·, . 

' •. 

l 
I 

l 
j 
!·. 

.. \' ·- · ... •· . . . .. . ., . . '• . '•) ., .. ' ' ..... •, 

low1ng~one·s;, But; unfortunately, we·,have come'across. a .restric-' 
tion o{'this technique. As has been shown'by '(u.Ts~Oganessian . 
et _'aL 123 :', i~ moving ·.froni Z ~ 107. to • Z =·109 the yield of th~ 
~~w nuclides'decre;_ses by a factor. of 50-100. Therefore their 
id~ntificati~n tu:rns'ou~ t:o:be a .problem·who'se· soltition°lies -
almost b'eyon"d the possibilities of the .present-day· experiment;' 
In fact,ithe same conclusion c:inbe·arrived at .if we analyse_the· 

: experirri'enta 1. results· o £. P:Armbru~ ter . and ·co~orkers on. the syn-' .': 
·t:hesis' of:el·ement 109-(ref.1} 41 J: In fong·,.·20..:day bombardments< . . . 

_,;·.' 

* ·. \ . . .- . .·' . .· . ' ---
~ Shor>tly after> the Dubna wor>k on the synt~esis of, element. 

. 1oc;. the isotope·. 26 ?106 was produced iri:Ber>keley· (A.Ghiorso 
·. · ei al; ' 19 (,J! by' the _'.'hot:-fusion"·reaction 249 Cf +· 18 0 .. · 

. -~ - ~ - . 
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i. th~; authors detected.· one decay event ~hich, under optimistic -
~ssumptions' was: assigned to the. decay •Of :the element 109' nuc-., 
leus., ... ,.. , , •, .· ·~· '.- , 1 

•· • .: ... • · · .. , ... : ·•. . . • 

.. Clearly; it. is necessary to .. look.for.some.new.and mo_re.ef-.. 
fective methods in order. to advance further in the direction. 
of large at~mic 'numbers. · We search for· such methods by analysing 

.,; extensive :1md. important information about the spontaneous fisc-:- , ·. - . 
sion'.of· these, nuclides ,· obtaining ·of: such 'information being the .. 
main goal· of ,the work befog tarried, out· .at Dubna. This mode of ' 
radioactive decay, was discovered .in 1940 by an"·aui:hor. of this 

. article JG: N. Flerov) together with K.A. Petrzhak, on uranium , 
riu~lei f_or which spontaneous fission prese.nts .i~rare decay. • 

; branch·. Among' naturally radioactive elements -only uranium uri.::. 
. dergoefl, this mode of decay.1ifore accurately~ the l~ngestc-:-lived: 
. isotope-.238 U,as well as its daughter product 234tr, undergo spori-; 
taneous fis.sion. In view o-f a'·ve~y, low. ~oncentration in' natural 
isotopic~ mixt;1.1re: the coritrib1.1tion of. the isotop~ 234u to the: 
spontaneous fissi~n co1.1nt rate. is· negligibly small. Th_e int.er-· 

. pretation., of this \ph~nomenon in te.nns of the liquid-drop model,. 
proposed by: N. Bohr and J. Wheeler, .. and· .Ya.LFreri.kel .- gave good 

~grbunds for assuming•that spontaneous fis'sion should play a'n' 
··, '.incr~asing, role in the radioacti~e decay of nuclei as their ... 

atomic·-numbers .grow. At the end of the first stage of work on 
the :·synthesis .. of transuranic elements th'e f~ith in the validity ~ 

·of., the liquid-'drop model predi~tions was justified experi'men-:-. 
tally. ( Nuclear -1.Jfeq~es wHh. P?Elp_ect_, to_. sp~ntane~us . fiss.ion. · .. 
decreased sharply .with increasing fissility parameter X, 'the 
magnitude of which is·proportiorial to the· ratio between: the 
Coulomb forces acting to- _break .the drop. and '.the stabilizing'. 

. forc_es of nuclea'r at fraction; though therewer_e obs-erved so~e 
· deviations 'from .such a depend,ence, indicating 

1
th~t the_ fission\ • 

barr.ier o_f the nudeus depends not only on its '.'liquid-'drop" 
pn:iperties, but also on its inner s true ture. However there are 
no data available which. could .allow one to forsee the dimension 

.. of those deviations ~n. the regiori _of, the: h_eavier :~uclides. ' ' 
After the second and'.third stages of·the, synthesis of'heavy 

nuclei have been completed', the. number of 'the known spontaneous
ly fissioning nuclides amounted to 60. The. arialysis ofthe•ha.H
life d~t_a shows. that the. fission barrier is stro,ngly influenced · 
by shelLeffects (see'figs:3 and 4).-For example, in.element 
102 isoto'pes the fillirig of the N = 152 riuclear subshell leads' 
to a factor of more than 10 8 decrease in th~ spontaneous fis- . 
_sion probability compared with the adjacent isotopes: StiU. lar
ger-scale deviations .from 'the val.ues. based on the- liquid-:"drop 
model .are ·observed' for. the lifetimes· of atomic ·i'iuclei with· -
·Z > IOI (see fig. 3). iHere, the 1 lifetin{e. increase reaches a factor -. w . . ' . . 
of '19 and .more. 
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' Fig~4- Sys'tem;ti;s of sp~ntaneous-fission ha'lt;-Uves cfor 
. , even-even .niw'lei. The ·connected points sho1..i the .dependen-:

·. ce of the ha'lf~Uves of isotopes ·of ,various elements qn 
th~ number of neutrons in the nud'leus. . . . 

' , I ' \ ' .. 

.•. 
A sharp change'i.n .the systematics of spontaneous-fission half

lives has been observed in going from· the element 102 isotopes.' ·. 
· to kurchatovium isotopes. At .the time; when the. first expe.dments 
to· produce .element ·104 have been carried 'out, such a change.· , 
could riot be·predicted ori the basis of the known laws'goveriiing 
. this mode of nudear. decalc .' Th~refore .. the -comparatively long : 
lifetime of the, isotope 2 °Ku·· seemed: to. be unexpected •.. However, 
all control· experiments· confirmed .that the 26 °Ku halF-:life was 
actually many tens of milliseconds~ ,The production ·of ,other>-

• even~even kurchatoviu~ isotopes, especially 25.6Ku . with neutron'.' 
number:' No= 152 (r~f.J25Z ), provided positive evidence for •the 
charact:'er of the change in ,the half.:...life' sy~temati~s·:iU: this re~ 
gion o,f,nuclides (see fig.4).. .. . :./ _, . . 

· .I~. the process of, work-on:: the synthesi's iof new elements at 
Dubna:ihere have been obtained other unexpect~d.results which 

', ) ' • A ', - • '• • -._ •< > 

h~ve 
0

played_ an essent_iai. role in;_the ftevelopment' of the existing 
. concepts of _riucl_ear,. fission~· One of:_th~sei results is the d~s-::: 

1. covery of delayed. fission 1261:"The study_oLtlie properties of,. 
'.J. nuclei. that· ~ndergo this ml'>de of decay yielded some information· 
c,\ qbout the· fission•barriers of:nucl~i far from the line of'/J-,' 
• I .... -· . . ·. . • . - . ' - • ., . . • . . . . • ' . ,.. . l • ' ' I . - . ~' 

.. ·:I'\ ·stability:' Additional· evidence ·has thus ·been ·obtained for· the · 

.. ·;;fli ' depe. nd:n~~- ·ofjth.· e f.~ is_sion ,b .. ar_r __ ·._ier·o·L .. ~h~:. n_·• ucl:~~ ·_.o·n.: ·i·t· s im~le __ .b~. 
,' · composition, .. that is on· shell effects. In addition to providing, n i:1fo:111atiC!1i abo~t t~e !is~t?n ~arri:F ~aram~ters ,' t~~. ~~l~)'~d·, 

· l,J · fission phenomenon is, in principle important· for, the· theory. of.· 
/'i nllcleosynthesis since, it strongly :i.nfluences die heavy elements : 
,it yie)..d fr~m:the r -process. . . . . . . .. ' , ' I ••• ' • ' 

·l? The discovery' of spont'anequsly: fissioning isomers·, made in 
'. ; ,1961 ,in thejiro:es~ of'~6rkon the'.sy11thesis of kurchat_ovium1271 

l(,. , was of crucial ,1mport;mce for the ,development. of th~,under_stan-f <iing·o~, t~e I fis~ibn b~rrier .. st:uc,t';lr:e •. /A~ ha~ been shown_ at ': 
) Dubna ,- this. basically ·new kind· of· isomerism is not due to the i . high spin' of the ·metastable,' state', 'b~ing; at the same time,.· ,\ 
C .. charactei::'ized. by. a high (2:--3.MeV) -excitatiort ·~nergy of the nuc-:• 
II. -leus .: In such' a state, the nucleus has' an abnormally short '. 
t. spontaheous · rissiori half-:-life: the' .decay rate 9£ this. nud~ar 

.. f; state is. aoove· 23 orders. of magnitude· higher. than _that for _the 
1 ground state!.At the same time, other modes· of decay (for exam-· 
t,l . le·,'~ decay and 'y-ray emissfon) . turh out to be strongly ·for- .· 
llJ bidden. Based on these data~ G.N.Fle'rov ,and A.-Bohr assumed'1281

''. 

il\ ,·'.' that th~ spontaneousl~ fissioni~g iso~ers_ coristi~ute metastabl,e 
,,,· states,that is,shape isomers which are·ch_aracterized by nuclear 
/, shapes. differ'erit from that· of the. nucleus Gi'.the ground state. ·. 
,, \ ' ' ' . . ~ ·' . . -· , ' ' . ' ' ,i The reasons why' this nei{ typ'e ·of isomers -has .occurred were . ....._·· 
lj revealed/291 by .. V.M.Strutinsky who'has·elaborated·a·method.•for. 
., "· . .. I . ,, ' -·. - .. - •• " . - ' •.• I C ' ·, 

i : · calculating the deformatrnn :potential ener_gy of, the. nucleus · · f (the shell .:...correction method) and-obtained a double-humped . . 
11 fiss_ion barrier structure •. There is,-rio doubt ·that all the known/ 
{ ·· spdntaneo4s1y: ~ission.ing isomers .<t~ey•.~re ~?re :tti.a1.1 >30-in_· 
n :number) ,a,re strongly deformed nuclei being _in a state .of· the 
\ se~on.d ji'ot~ntiar weH •· _ . . . . . . -. . ' ' ~ . . . .. 
/', • The double-humped structure oCthe nuclear fission barri~r- • 

· '(, · is a manifestation of sliell effects. These ~ffects also· lead. 

"!,.lL : . •.·_·~.o· e.nh·a· 'nc.ed ... · ·.fi.ss' ion barr. i. e.rs :for_ .... at•.·.o!!tic··•· ri.u· c. lei·. he·. a,vi·. er tha. n u' r.· a .. -. 
\; I' >nium, ~da,t~ve to -~h~ :liq}lid-d:op 'ni~df:1- ~redictimit. This is:-: 
1 · the reason why, for instance, in the region of Z >·JOO the bar-
I · rier:he'ight)changes.only.slightly 1'1itli\the',increasing atomic_, 

I ; , : '- . .. ,, • , : . . • , ·- • - ,_ ' , ., . , - •· • • : . , . ~ •,: J 

,,., number, 70--'90%. of this barrier value berng · due to shel 1 effects.< · 
·I,' . ' . ·_ The me,thod of· calculating' the fission barriers was. us,ed 'i:or 
t . , the atomic nuclei' shown in ,Hg·.!• (re{; 13?1 :> .'-This workj'1asf/ :~ 
li> . carrfed: out::_ by an international, group led by :s. G: mis son,. with' 
' . the:active 'participation of our.Polish colleagues ·K.Ponicirski 

and. A;Baran. from Lublin, Ao. Sobi'czewski from'warsaw;. and others. 
'\ . ·' . . . . .. . . '13,. 
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·,The.agreement . b'etween the calc:ulated:.an_d ;the ,experimental're-
-~ sults shows ,that considerable progress· has been made in the · . . 

understanding. of the .main factors ·determining the fissionprci- · 
hability fo~ heavrrmcl~i. < _. ..· . . . . ._ ... . : . . . 

_\ 

Late in the 1960'sthe method of calculating.fission.bar-:-:. 
rfers ,wai usef by s·everal..gr.ou·ps.)or estiinatfog::nuc,lear· sta-·'.:· 

. bHity ip w_ide rc1.,nges:of atomic a1_1d mass numb~r~ •. far J>eyond:· ., . ') 

t.he region. ()f t. he·n.uc::lide.s inv __ e_s~ig~ted •. Th. e ·data ·_: __ pr.esen~_ed_._, in __ . . , }l' 
fig~4,:where one,canclearly_see the_stabilizing_effe~t:()f.~he,·_ .(' ... I 
N =, 1_52· _subshell,. suggest that ~nhance,d'fissi9n barri~rs .!'1houl~- ..... J'':(J 
be obser'('ed for some nuclei, in-whicli the.filling_.·of new {fol-::> • 

'.lo_wirig -Z= 82. and N;;, 12,6) ·shelfs will ·take_ piace. _Calculations: 
have yielded ,more definite <predictions~: Large. fission barriers . · 
have .been: obtained fo~ ~·a i group. of _nuclide's lying n~ar .the-magk ' 
numbe:rs':Z = 114 -and :N = J84 (se~ fig.5). This fact gav~ rise to 

.. the:·hypothesis'that.a.new islandof•.stahility of superheavy;_ .·: 
t I · .. · . . . * ·' • • • . ., . •• · • . 

· 'elements (SHE) should exist .. It .is noteworthy that the. fission 
. barriers of SHE ~tomic nuclei, are due 'to only, shell effects / . -
. since, t_he liquid-d1;pp _fission barrier-vanishes .for,thesenuc:C. ·• 
lei._ ::· . , . -... . , . . ,: . _. -·.. ,,i .· . . · .. : ~ . 

For nuclei-lying at the.centre of. the island:of'stability .· 
.·,the/fission barrier height was estir1atcd to be above to'Mt'v; · 

that /is de,liber~tely higher ... than th~. ~alue of the ·-.ura-. 
. nium_fiss.ion brirrier .·(6 MeV).: The lifeti~e of a ~~cle~s havi~g 

·such a barrier may be veryJo~g. Specific calculations taking . 
account of the quantum.:.mechanical penetrability ;bf the barrier .. 

. yield half-life values, ran'ging from several. hours t,o values.: 
comparable. to the age of- the solar. system. _Sl!ch a large spread 
oLcafcul~ted ,results is ·due to the.specific 'features of t_he: 
calculadons, which lead 'to a_ high urj.certainty in half-life es
timates f~r nuclides.far from •the 'inv~stigated nuclear region. 
However,' despite' the fact. that the' c~lculation·uncertainty. l1as 
reached. a factor-of ·IO' 10• _the possible .existence' of the· island . 
of.st~bility; as it i~,: is,al~l;St undoubted~•• .. · . . 

~In· addition. fo, spontaneous fission, a and {i decay should·• 
' also be considered for 'the\ SHE l'ifetimes to be· estimated. 'The 
. accuracy of calculating the. probabilities of· these decay 'i:nodes 
is substantially .higher thaI!, that ,for spontan~ous fission~. In 
g~neral, .\relevant ·calculations. did not -change __ the exj.sdi:ig 
concept_ofthe islandof;stability~ and.haveonlyTed,to_the . 
displacement of the longest-::lived nuclide fro~. Z ':-',.114,,_to 'Z ""I JO •.. : 

. Since 1967, several.hundred publications dealing wi i:1/ th,e .. • .. 
-.SHE_ problem haye appeared: \The. nuc;,ear: and_ 'chem~ca1 pi:op~rtie5:~:~ 

. *References .to papers i~ which .'t11e existence of thei'isia~d 
of stability has been predicted are>given in o,ur review_ drtic_--:-
le I 3 ~/.: . . : , . ' .-_.. . . . . , . .. . • . 
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·. of- these elements were assessed, many efforts -were made to. lo..:· · 
cate' more precisely the island of stabi-lity in the nuclidic_ .... 

· chart. i>uiing a considerable period. of about 15 .years, ·the'.._ 
search for SHE· in ·nature and S_HE sy~thesis ·in.heavy ion ·bombar
.d_r.ients has· been a riu¢lear..:physkaFproblem of primary importance. 
'in the 'studies'of natural and induced radioactivity. . .. 
•. ' A fl'Utnbe~. ·of unsuccessful attempt; to synthesize SHE {see 

refs. 131- 83/ .) liav~ led to._a:forced·recess in these· studies. 
. The riegative\:results'of experiments· to synth

0

esize :SHE couia 
be caused by . the following reasons. . . . 

·_ (i) The· heavy-,ion reactions used<in those' experiments- might 
not have' led :·to. the formation of- :SHE. atomic nuclei· in slightly' 
excited states; .Iri.'other words, the probability of the'·ground-.' 
state"production of such nuclei might ·be too low ·for. detecting 
them;· >. _ . ·· :· · · . · ·• . ·_ ... 
. (ii) The/ half-lives· of,< the hypothetical SHE might ·be 'too ' 

smaU·, excluding th~ possibility of their observation.· . : . 
. . In ;the experiments to synthesize" SHE nuclei various reactions. 
induc_ed by heavy :ions were used; of which~ special menti~n should 

.be made of the 'complete .. ftisio,n ,reactioris of ,48Ca ions with plu- . < 

. tonium, americiufu;and curium nuclei. and deep inelastic .reactions . I 

of ithe type u + u-.or Cm+lL The use' of .the latter' two reactions . 
was justified:by'thehope for the possible'production of riucli
des lying near the sunnnit:of the island ofstaoility'.'Unfortu_; 
}1ately, the results of, experiments' using an ;uranium b'eam are, , 
negative ones 1341 and it appears to be: impracticable.to raise~-
the experimental sensitivity~ . .. . · . · .. ·· . . · . . · ._ 

. In principle, it is~possible to enhanc·e the s'ensitivity, of 
experiments with an 48ca 'ion beam by one-two order's of magni
t_ude .. However, other• possibilities· for reaching the· region of 

· ·atomi~ nuclei with Z .> W9 should _be investigated very thorough.:.. 
·, ly prior to starting. these ::extremely difficult. experim~nts. .:<:. 

-_ At pres~nt the niost feasible explanation of' the .r~asons . 
, why the. cold-fosion method has .limitations in. the region of 
, Z >.' 107 s'eeins'to be th~ fact _that, in ad.dition-to'·the_Coulomb 

barrier, there manifests· its elf an additionai:dynamical bar- ' 
rier which makes the fusion of the· compiex nuclei 208Pb'arid ' 58 Fe, • 
,209Bi and 58Fe.~tc.,: d1Hicu1L in terms of-·the liquid,drcip'mo:..., ' 

' 'del, the add.itio_n.itL harder,. the' '.'extra-pusii":, following the·- . 
terminology of W~Swiateckif351; occur~ for those combinatib°ns 
of. the collidi11g .n~clei-~ in' which Coulo~b repulsive. forces siir
pass: the· forces _of ,nuc~eai.attractimt'-at 'the,-moment wheu•ithe . 
diffuse nuclear, surfaces-overlap., To a first approximatiqn; the . 
balance. between .these forces is determined. by th'e. vaiue· of . 

, . ' . , •- . . /. - ' 

. ,2, 
(Z ,/A) = • . 

· · · .. eff 
..,_ 

z1z 2 

A113 A 113 · (A U3 ·. + A.113 ) 
1 · 2 . . 1 .. 2 .. 

. ~-, ,1,· 
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where 'Z 1;·A'1 and· ,Zz, A 2 are_ the ch~rges- and :masses of·. the' ,col- '. . 
·· 1idirig ,nuclei. :It is• not excluded that th_e_ negative· influence 
of such an .unfavourable -balance of. forces 0dqes'.not .yet mani-, 
·fest::itself'inthe:case of .. the 2-4~Cm+ 48Careact:iori's': However,,, 
·for 'this reac.tion the,manifestat:ion,of a second dyna~icaL bar~, 
iie.r is possible, and 'this barrier m.iy •hinder· the :nuclear. system·. 
in it_s'.i:ransit:ion from. a dtimbbeUlshaped, state_ to·a sta:te close·_, 
to ·a sphe_rically."syrnmetric compound nucleus. ;:- . , . . . _· . . __ .. 

·• The available experimental• data are: so _far. insufficient, :for 
the :exact est_imate of the value of the "extra..;;push" barrier. 
It is unpredictable by ·calculations.either~ Indeea, the pos
sibility· of fusion -oL complex .nuclei may dep

0

end n~t, only ;~n · "'. 
the' liquid-drop P!Operties, but also on the· structure_ .. properties '_ 

, oF the colliding par,tners. _In 'the case _of a, delicate collision , 
, . . . . . • , . . _, . I .... 

which occurs at energies somewhat lower. than or.close to the· 
.Coulomb barrier, such structure effects cari make· fusion easier.· . 
· ~han predicted .by the . liquid-dr~p mode L For , the synthesis: of: .. 

<elements 'with Z, > 109; '.the-formulated idea 1361, opens: up. the · 
· possibility, of- investigating a·-1-1ide ,range of>nuclear reactions·· 

··---·-<-·J, .. <« 230 232 ·•4sC· · 231p ':. 48C .. ·. 233-23Su ·._4_8Ca :;,,-·· 
' such -as _, .,Th-+ -: a, a t • a. , · . +. , ,. 

·.1 2ao.2a2_'f1~ ·+ · 50Ti '. 230,232 Th +: ~5 Sc: et'c :· These ~reactions ·art.par~ 
-:-· tt~lty free:fr;m thcise Limitations which we 'have come 'across' in 

the "co1d". synthesis of nuclei \vitn: Z > 107; .. the·_ ''.extra·-push11• · ·:. 

1: .. 

barrier: is. unlikely to· manifest fr self .in th~rri. The; use of va
rious st:ab'ie isotopes· of''argon, scandium, "calcforil and titanium 
as proji;ctiles ·will ·permi't the sfodies .of several 'tens of. com--. 
binations of 'colliding nuclei 'with rather different 'structures 
of, nucleon ~~hens. The physical-c'herriical propert1es 'of thoriuJn, 

,! protacti_ni~rri .and_ uranium tafaets allows thei_r pr?ion'g'ed frra-
diation ·with heavy ion beam of extremely :high intensity. The..:,_'. 
refor~,the.sensitivity:of_stich experiments can be enhariced,by .•. • 
a factor.·of SQ..'.JQO relative to the ··sensitivity of the.experiments 
aimeci'at SHE. synthesis5- . , . ' . . i •. . . -· , 

. w~ .believe 'thaL the o~tlined p;ospe~t will give<~is~ to _the· 
fourth· stage of. work. on the synthesis of transuranic elements·, 
in. particullir, it may make po'ssible the production of elemerits . . . . . . ; . •. . . . . . . 
with atomic numb_e_rs I JQ..:CJ 12._ The corre_sponding region of. isot_o'-. 

"pes .is shown in fig'.S. Their lifetimes with' respect 'to ·u.:.. and 
. /3_;.dec·ay can be estimateid on· the basis of semiempi:ri?-at laws. 
Apparently they wiil _be rather long in 'the' c'onte'xt of experime~-· 
tal p6ssibilitiks. As for spontaneo~s fission, it c.:in·' 11 switch ·. ,. 
on". at any stage :of~- _and: /3-decay chains bf these isotopes. 
On .the basis of what ·'is _known about is'otope's with: atomic num-:: 

· hers '< 109 one may· hope that· in· the region of Zdi 10:::112 the 
spontaneous-fission half-lives will exceed.~O~ I.~ .. andev;n pOS< 
sibly; I second. tf so, _the reliable~h-emical and ohysicai icle11-

·.· tification· of· these elements is feasible; . . . . . , 
/ 
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6n~ d_, .He; ETC FLUXES 
,(1st STAGE) ... 

Fig~ 5. Chart' of heavy ~cl-ides •. The abscissa and .·ordinate' 
czxes givethe neutron nwnber N and proton nwnber Z ,r~spee".".'. 

-
1
tively .. The boundary of .the region of- known nucUdes is -
drawn by a _thick . Une. in the lower left-};and part of the 

-~·figure .. The regions of nucUdes synthesized~in- neutron~' .. 
'deuteron, 4mi,etc. fluxes; as weU as in hot'.and coZd-fusiori 
reactions in'duced by heavy ions,'are.indicated by arrows,. 

.. The .dashed Zine encfoses the region of'future experiments 
.:on Ar',.'da,:Sc'. and Ti ; ion beams: 7'he regjon of hypotnetical 
-SHE. is_ shown _in the. upper r>ight-;hand corner;· The contours 
of this region are. marked with dots, . : their density ., 
roughly reflecting:c:ha.riges in tJ:ze logarithm (or sooner the;, 
log(J,!'ithin of the logarithm). of _the· nuclidic hal-f"".life . -:'. · 
within' the isaland of stability: Also' shoum are the reg·ions· 
of the island orstabil{ty·which have-appeare_d,to be expe-:-. 
'r:imentaUiJ ~ccessible ,with ~.8 Ca arid 2

~
8u· '1~m beams/ 
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, Another .. topic'al trend of the studies of h·eavy nuclides is 
associated with experiments on. SHE•searches in nature. The per-. 
formance of these experihients is virtually similar ,to that .'of . ' 
the classical experiments of Maria Curie-Sklodowska'; :They are ' l 

,: 

-~~· 
.... 

it is,a factor of· 10-100 as :small for ,h~t bri~~s*. The ext:rac_:, 
tion of the spontaneously fis.sioning. nuclide';from,'niete~rites' 
is'-diffic:ult·because of the. unique .nature of: meteoritic ma't--:< + 

based· on , the, search for s~ch geological samples for, which the 
observed spontaneous fission' ·cc>unt .rate exceeds the activity 
level: e:x:pe_cted, fo):' the sp_~~taneous ffs"sion or tiranium admixture. 
The ·.mo·ci~:rn. means of spontaneous fission _detection, primarily :·' 
nrollipt: neutron detecto.rs (s'ee ref. 1311 . ) , , allow one to record ·. · 
~ery/raz:e :~events of, nuclear decay: C~ne' fission per month for 
asampi'e weighing several<tens ofki'lograms. ,The·sensitivity of 
thes:~{Mtectors is- million t'imes the .sensitivity., of apparatus 
used' in, 1940 in the- ·experiments which resulted in the discovery 

. -' {.' . 

-~ l 
l ... 

: te~·; The' nuclide' sep°.iratiorr from the Cheleken'; and Baik.al rift' , 
; z_o-ne . hot brines. requires:, the iarge-·s_caie proclssing. oi 1 seyer~l., 
tens' of cubic ·mefers· of'. brine o'f a' complex composition.· The. ., 
multi-_stage··~·once~tration procedu~e is· iequired · inv~lvfog 
mea·su,rement~ _of tl1e sougllt ~uclidecontent of niapy' chemical 
··fra.ctions.'- ·, ·· · · ··.,. .. " · •· ' , · . 
' . Al though' thes~' exp,e~iments ,fre·.' very complicat'ed it~ condu~t 

. them using chemical; setups the. efficiency' of: which. increases'' ' 
with.time~·•:,. _ . , '. . , --: .... __ · , ·-::·-;--· : 

' . of• th·e .spontaneous fission of -'citomic nuclei. , '''i ,. <· ·. , 
' , ,.._ ·-

T'he majority ~f the investigated samples of ores, .min~rals 
and' t:~cks displ<!yed'no' spontaneous fissiqn events. unassigriable 
to uranium -decay.' However; in _measuring· stony methorites_ 1371-· 
(Allende and· Efremovka carbonaceous ·chondri tes ai{ci Sarat'ov ~r7" 'i 

:·airiary chondr.it'e) and. hot brines· from the Chelekeh Peninsula 
(South..,-eastern coast of the ....Casp,ian Sea) !~Bl and from .the ,Baikal 
rift zone1391 ' we, have detected rare .. spont'aneous.:.fission''e~nts. 

,On, the average·, -~ne spontanemis:...fissioni event was obse.rved ·for 
5 days-in meteorite: samples ,wei3hing.about W kg.' Iri•,some. ~h~-
niical fractions extracted. from hot 'brines·;. the:,count rate. reached 
severaL events a.day, which corresponds l!o one spontarieous-fis- , . 
sion event· per day· per tori of wat~r, .if recalculated for initial 
brine. " ·,·':· : . , .. ·,.. . . . ... , 

:Wetlioio~ghly considered<~he pos~ible·explanations of.these " . 
result;s. and arriv~d at the coryclusi~n .that they can_be chie o·nly 
t'o the presence in t.hes~ smnples of,the natural, spon~aneous_ly,: 

. fissi~~iu'g .nuclide' . fo1'l_ciwirig next to: ~tiranJuni; :, It . seems 
natural' •to', assume· that· .. this· nuclide-·may 'belong ·to' 'the 
new . island ,of :stability, t:hough". i,t. :cannot 

0

'be,·:,exc_ltided 
that .the ~p9nt:~neo~s ,fi~sion ob~erv'e_d :occurs frpm ·a ·.new, as yf,!t 

.unknown isomerfc state of some isotope of a known. ·element.' This 
isotop~ is unlikely -to.be a'n ,isotope .cif' a~: abundant:. heavy ·'eie:-
ment sfnce' the SHE sear~hes' in nature· were carried' ott'~~sinr, . 
samples with' )iigh concenfration ~f almost ~11 heavy' elements~ 
However, this assumption is admiss.ible if we, ~e-an '\iety•'rare _ele

. . ments~ for, ~xample, the d~ughter de~~y.·products~ :from·'uranitir{ or 
thorium ·(actinium,. protactinium arid other's). ., . ; . . .. 

The subsequent studies at. Dulm~. were conducted ~ith:·,the' c:ii~ 
. of' identifying the' new 'spontaneous if fi'ssioninit.miciide. Th Is 
pro.bleni. is' complicate~ beca~se of_ the ._low spci_~t:aneous· r'ission. 
count· rate. and, c.prrespondingly, ;'the low ccincent:ra tion :of: the .-• 
nuclide. For me'teorites, it' is of an ·order' of 10-14 g;/g, · whereas 

. . ' :___ I •, . , , , ' . 
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,'' It is appropriate 'to. seaich for the spOf!!=llneously fi'ssiontng 
nudide. in many geological samples in a"·hope .to' :ffod samples . 
with a higher _concentration of :this nuclide 'relati;e '.:to: stony · ·. 
meteorites., ·speaking of. siicli sea-rches ·we. point out . that li' pfane
tary experiinerit'- is feasible whi~h l{ould aim at invest'igating . ;" 

'Ji _ di~erse pr??uc,t~. of t~e 'l:~~rn~rig. arid/henfcal pro~essi?-_g. of : . __ 
coalsfrpm numerous ; dep_os1.ts differing 1.n age, compos1.t1.on, 1.n, 

· the geolog:i.cal condition~- 'r'equired for 'their occurrence·~ etc'. •-:· 
. · . The l_ikeHhoci'd of detecting. SHE 'in cosmic~ray:nucle'i:is grea-
; ter.thari in solar system matter.· In fact~ as the age.of'cosmic..: 
:ray .nuclei .. (al:i'o'ut IO million years} is ·considerably smaUer ·._ .. 
than that of the solar system (4.6 billion· ·year1>), on'e can.hope 
for·• detecting •in them'·SHE .a,tomic ·nuclei having shorter I°ifeti.:. 

,:...;mes_., In ad~it~on, -,it is expecte_d that •th1;_;~pectrum_of'D:t1cle:C?syri.- ·· 
>'thetic sources 'contributing to th_e ,elemental compositidnof' ;' . 
cosmic"-ray.nuclei-is.i-icherand more,diverse compared with one 
'or s·everal nucleosynthetic ·sources .which have contributed, to i 
solar'systemmatter, shortiy before'its formation'.' For searches 
for ·superheavy. nuclei in cosmic· ray fluxes . it was decided '.t() ; , 
exploit the' ability of 'silicate'mine'ials -from meteorites (olivi-:: 
ne's)' to- record and store the- tracks of atomic nuclei diirfng- . 
tens arid hundreds ofi'inillion years~. The Dubna experiments . 

. · .· · · · ·' /40/ · · .. · ' ' · · .. · · · ' · · 
(V.P.Perelygin,et aL ) were'. performed with olivine crystals 

. from.iron-:stony ineteorites~ In these crystals a search for ,· . 
'. "long" ctracks corresponding to the atomic nuclei. of' elements . 
'with Z:: 110 was carried out; The· length of such. tracks· was·,,' 
· evaluated on the basis of calibration measureme~ts carried out· · 

• .on beams '.of heavy ioii~'.with · z = 24-54. · 
, ... The scanning: of a volume· ~f olivine crystals equaLto about 

-, _1o·cni 3 ::resulted, iri_detection of .s_. tracks having a leµgth-.. ,'. . 
(350-400 µm) which was approximately twice. as .large as - the.-1ength 

.. of. tracks· due. to : the· thoriunr--uranium nuclei. :· t-ie regard these·• 

* The ·haZf--:-Zife of the· hypotheticaf superheavy element is 
:m~sumed to b'e equal 'to oile b-iUion··•uears. ' ''/I 



eight tra~ks (to be' pr~spec~iv~ candidates for the tracks of . 
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. superhe~vy nuclei with Z :::,'I IO; .. · . . . . ... , 
'What" is required for the word. "candidaten to be omitted~ and'' 

for confide11ce that we have actually observed ~the tracks~;.of. :,:i 
'superheavy nuclei?' To. this end severaLroutes· eiist~·.of which' 
we shall mention the one which; seems' t:o us. to· be mos·t promising~ 
This is., the ·search:- for the• tracks of: the .possible spontaneous; . 
fission even:ts due to SHE nuclei. that: inight have stopped'· at · : · 
a. distance of JO µm · fron{ the end_ . of th1e:v,isible track.'.'., ... · _,. 

·At: present. the·. 'appropriate experiment.al 'technique. is being_ 
des'igned and tested at_ DJJbna. :u we succeed in observing fis-: 
sion fragment tracks, .the presence of superheavy; spontaneously 
fissioning nuclet in cosinic:..ray fluxes· will. be. pr~ved ·unambigu""'. .. 
ously .'and tqe estimate of thefr·; lifetime will be given~ The flux 
of these nucleLwill,be' estimated, to be approximately 1/300 
of the- .thorlum..:u'raniuin one .. It should. be rioted that this: value · , · , ·. f! 
substantialif exceeds· the pos~ible ratio of )iHE and uranium con-
centrat:fons (about: 10-6)', · obtained for-Allende, Efremovka and. 
Sarato'v' meteorites. Such a ·great di.'fference · can be explained i · 

.... :>··by the short :lifetiin~ ·of. the new spontaneously fissionin{ nuc- .·· 
·.•;, · . .· lide. (less than 5x)0 8 years) or by· the fact that. different nuc_. 

. ':leosynthetic 'sources have c~ntributed to the .• cos~nic.:ray nuclei 
and solar system ma't't~r. . . . . . . . . ~ . ·. . . . . ~ ~ 
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In carrying.out istudies of artifical:and natural radioactivi-
·ty. we· strive to ·foilow· the 'scientific style~of,.Marfa Curie.:_ . · 
Skfodow'ska. '•As, is':known, this '.style is characterized'by a' pro
found approach ·to the. soiution ~f topical problelllS of physics . 
and chemistry, by ·the'. thorough elaboration of experimental~ Jech;,; 

' nique, the high. level arid perfectlon of which',opei:i. up unique' 
possibilities for'its·application. ,; •, .· .. :' ·•·• ·•· •,· '. · 

The use of heavy iori.be;ms ·which wehave:at our disposal at 
Dubna is <?ne of:-:those ~nique ;app 1 ica t ions• o't which. the most , . 
essential is associated _with 'the development•of a-new typ·e of 
porous· membranes, the:so-cailed' nuclear. filters .pr.oduced at our 
laboratory-~ 411~ ·· · ··· ·· · · · · · ·· · 

There ,are various· exampl
0

~s of ~he ~ife~tive ~pplic'ation of .. 
porous membranes •. Thes.e. are t_he production of, extremely ;pure , 
water. for use in the mimufacture c:ir''semiconductor -instruments,. 
th'e purification of, ga~eous media for ~ario~s ,technical. purpos~k. 
for instance, .to. manufacture respirators for use.-in.cemerit arid 
coal industry, as wen as in 'agri2ulfore for work'. with tmdc. 

• substanc~s. The'. porous filters offer,wide possibilities of .puri..: < 
fication, conceritration and sterilization of vi ruses· and yacci..:. 
nes. Their use for heat•;i.nsulatio~ also lo_oks•:proinising .. 

' ' ; . ' . . ...,.,, . ~ 

. At present we inves,tigate the pos~ible uses of heavy ion 
beaI1.1s in 'some new fields of ,research /42/: 

20 

, ' 
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,· . Fin'ally we shall draw some conclusi~ns conce;ning the furth~r 
development at Dubna of research associated _with progress . 
toward. the. region of ·new;heavy elements. •. ·. ' · ·.· , . · 

()ne' of ;the lines ✓aloh8 which this research is: being. c~rried 
-~tit is the synth~sis of at~inic nuclei with Z > 'no in fusion · 
r·eactioris, betweeq .. 40 ,fr . 48 Ca and 50TLbomba.rding ions and . . 
targets made<~f. various, isotopes·· of Th~· Pa ,· -and, U. In th~· pro,
cess of these experiments .we hope to obtain ·data about the ra- . 
dioactive. decay of. nuclei with . Z "'· 110-t 12; and pri~ari1y about 

. their spontaneous fission: ·. , . . . . · .... ·· .• . . ' .. -
We.attach great iniporta~ce·fo the p~ssibility of. investig.a-;-: 

ting, the cheinica·l properties .. ·of these elements~ . ·. ··.· . .. ·. ,· . 
·. Another.direction of research• is associated'wfrh the search 

for, ithe,-,superheavy 'elements ,in iiatu're.· I~ _this f.ield ,the, prin-=.: ' 
cipal problem~ ,_which we shall be engaged with. in the· nearest 
years.: is' the identification of' the' second. (after uranium)' ' 
natural, spontaneously fissioning nuclide detected in ·stony 
meteorites and hot brines. ·At the present time ~e- conce11trate 
our·-efforts· .on: the chemical processing. of' large v'ol'umes of <_· 

I therinaL brine~ with the a.im ,of 'obtaining samples of coinpara-
tiveiy small weight ( 10.:. JOO mg) containing > 107 atoms of the'•,. 

:miclide sought for. . ' · ·, · .. ·· . - . . . 
; .. With such 'samples ,available, we shair be, in a position to 
carry out-exp~riments .aimed at _the identification of the·new -
nuclide. Itslnass, number ,can be estahlished with the help :of 

,an extr·emely :sensitive mass-spectrometer • .' The modern methods 
of investigating the spectra ~of :characteris.tic X rays induced 
by synchrotrori.radiation'permit: the· unambiguous identific~tion 
of the'at-9mic· numbers" ~LnucHdes.,The,prese'nceJn,the, sainpl'e 
of only 105 :.:w 7 atoms is sufficient for. the. determination of 
the mass arid at~mic numbers of the nuclide~•·' .· . . ,. . . 

Of course;' we are aware' of the fact tl(at the likelihood cif : I 

the existence of SHE' in ·nature~i's' very/low •• we believe,,:howevei·,: 
that, searches for them deserve great. attention since. this is , 
the o~iy pathway ill which we may hope ;t2 ·prodt1ce trl3:CE!. amou/it bf · 
the. hypothetk.al· SHE ~toms. Wit_h such a ,sample .at one~.s .dis- , · 
pos·al, it would be.possible to. synthesize 1in nuclear reactions~ 

. q~i~ec_a' number of m~w nuclides l:ieloriging to tht is~andof sta-; 
· b1lity'. In. case nature shows some benevolence, 1a\w1de range .of 
new possibilities will arise. for the studies of 'natural and 
i11dt'.iced ·,rad_ioactivity'. · · 
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