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It is known that the probability for heavy nuclei to decay 
Ьу spontaneous fission is subject to strong variations with 
Z and N due to shell effects on the height and shape of the 
fission barrier. This fact manifests itself in а sharp change 
of the dependence of spontaneous fission half-lives TsF on 
the neutron number as one goes from Z = 102 to Z = 104. The 
experiments to study the properties of the element 106 isotopes 
with N = 153-155 and 157 have demonstrated that these isotopes 
are а -emitters/ i.e., they are rather staЬle against spontane
ous fission/l-3 . It is of consideraЬle interest to determine 
the proper ties and, in particular, the ratio between the main 
decay modes for t he heavier nuclides and element 108 in the 
fi rst place. 

The element 108 isotopes can Ье produced in "cold fusion" 
reactions Ьу bombarding РЬ and Bi targets with 55 мn and 58 Fe 
ions *. The mechanism of the complete-fusion reactions leading 
to the formation of heavy compound nuclei with z2/ A > 40 under 
the conditions of а strong Coulomb interaction in thё entrance 
channel ( Z 1z 2 ~ 2000) was investigated both experimentally and 
theoretically / 4,5/. As а result of the strong decrease of the 
compound nucleus formation probability with increasing Z 1 Z 2. 

the cros s sections of the (Hl, 1, 2 n) reactions leading to the for 
mation of the isotopes of element 108 may turn out to Ье rather 
small ( 10-35- 1о-36 cm2). 

It is possiЬle to assume that the main decay modes of nuclei 
with Z = 108 and N = 154-157 are a-decay and spontaneous 
fi§sion whereas the ~-decay (electron capture) probability 
is negligiЬly low / 6/ . The а -decay of these isotopes of element 
108 and their daughter products with Z = 106 results in the 
formation of the N = 150-153 isotopes of element 104, the 
radioactive properties of which are known well. Additional stu
dies of these properties were carried out in seкarate experi
ments involving bombardments of 208 РЬ with 48 - 5 Ti ions. As 
а result of electron capture in 257104 decay, the a-active 
isotope 253 Es (Т I/2 = 20 days, Еа = 6.63 MeV) is pr·oduced 
with -35% probability. This isotope can Ье radiochemically se
parated and detected in small amounts. It has also been shown 
that in bombardments of РЬ and Bi targets with ~5.5 MeV/nucleon 

* The results of the first experiments to synthesize 263108 
in the reaction Bi + 55 Mn are prese~~n ref. 14/. 
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ions with А ~50 the formation of heavy nuclei results from 
the decay of а compound nucleus Ьу emitting one or two neut
rons. The contributions of the (Н1, pxn)and (Н1, axn) reactions 
involving charged particle emission. as well as those from 
multinucleon transfer reactions ( /1А ~ 30) are negli g iЬl y small 
and can Ье eliminated from consideration. 

Thus. with intense ion beams (~Io 13 p/s)from the U400 cyclo
tron the experiments to synthesize isotopes of element 108 can 
Ье performed with fairly high sensitivity. The technique for 
detecting spontaneous fission events was described earlier. The 
observation of one spontaneous fission event corresponds to 
а production cross section of about 2xlo-37 cm 2 (ref. / 41 ). The 
determination of the yield of a-active products. 253 Es in this 
case. was done Ьу the radiochemical separation of the Es frac
tion. followed Ьу the measurements of the energy and time cha
racteristics of the sample а -radiation. The total de tection 
efficiency was equal to about 70%. In observing one a-decay 
event due to 253Es during the period Т= Т 1/2( 253Es ) = 20 days 
the sensitivity of this technique corresponds to the cross sec
tion of forming the primary isotope 265 108, about Sxlo-37 cm 2 . 

The experimental conditions and results are listed in the 
taЬle. The enriched isotopes 208 РЬ (99.0%) and 207 рь (93.2%) 
were used as target material. The experimental technique was 
rapid enough to allow the detection of spontaneously fissioning 
activities with Т1 1 2 2: 1 ms. 

From the data presented in the taЬle and from the results 
of control experiments it is possiЬle to draw the following 
conclusions. 

The observation of the isotopes 255 104 and 253 Es indicates 
that the isotopes 263 •265 108 formed in the reaction 
Bi(55Mn,n)26 3108 and 208рь(5!Уе,n)265108 undergo a-decay with 
consideraЬle probability. this providing evidence for their 
high stability against spontaneous fission. 

In bombarding 208 РЬ wi th 58 Fe ions we have de tec ted seven 
spontaneous fission tracks the time distribution of which cor-

resvonds to а decay with Т 112 = 8~2~ ms. If we assign the ob

served effect to the spontaneous fission of the isotope 265 108 
produced in the reaction 208Pb(58Fe, n) (the a-decay chain of 
this isotope does not yield any spontaneously fissioning pro
ducts /3/ ), then the comparison of the yields of spontaneous 
fission and 253Es P.ermits the estimate of the partial half-· 
life Т SF( 265108) ·'7! 

It is however possiЬle that the observed effect may Ье asso
ciated with the formation of the isotope 264 108 in the reaction 
201Рь ( 58Fe, 2n ). This case is of interest since it would mean the 
high stability of the even-even isotope with Z = 108 ~ainst 
spontaneous fission. The study of the reaction 207 РЬ + Fe 
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ТаЬlе 

Е~ Веаm I'UnЬer Decay Emitter Rюction Б.<Jporotion Cross 
Reaction dose of mode т,11 oЬserved channel residue section 

~) СхЮ18 ) events ( nb) 

208РЬ•50тi 5.45 0.8 72 о. 3d 253 Fiтt 1n 257104 5 

7440 sf 6.7!Q2мs 25~04 2n 256104 5.5 

380 sf 1.7~Q2s 255104 Зn 255104 0.6 

208РЬ•5'Сr 5.5 0.5 34 d.. 20d 253Es 1n 2611()) 0.3 

1.6 472 sf 6~~ MS 
256104 2n 260106 0.4 

05 16 sf 255104 3n 259106 0.02 

2~.~ 5.5 3.0 3 сА 253Es 1n 2651~ 0.004 

12 7 sf в:2о l. MS 2n 26'Jo8 0.002 

207РЬ•58Fе 5.5 21 13 sf s:~мs 1n 2бl.Ю8 0.005 

209Bi•55Mn 5.5 13 21 sf 1.1~g2s 255104 1n 263108 0.002 

allows one to answer this question unambiguously. As is seen 
from the taЬle. the yield of the spontaneously fissioning acti
vity increases Ьу а factor of about 3 as one goes from 208РЬ 
to 207рь targets. This excludes the possibility of assuming 
the spontaneous fission of 265 108 (as well as 263 108 ) since 
the probability for the reactions ( 58Fe, у) and (58Fe, 3n)to 
occur is low. 

Thus the spontaneously fissioning activity observed is as
sociated with the formation of the isotope 264 108 in the reac
tions 208 РЬ (58Fe, 2n) and 207рь (58Fe, n )*. The time distribution 
of ~ontaneous fission fragment tracks in the reactions 
207 • 8рь + 58 Fe does not differ from that observed in the 
reaction 208 РЬ + 54 Cr. Bearing . in mind that the expected а -de
cay half-life of the isotope 264 108 (ref. 161 ) is smaller than 
the value measured Ьу detecting spontaneous fission we arrive 
at the rather essential conclusion that the even-even isotope 
264 108 undergoes mainlv а -decay followed Ьу the formation of 

the daughter а -emitter 260 106 and the spontaneously fissioning 
granddaughter nuclide 256 104 .i.e., 264 108 !! ... 260106 ~ 256104(SF). 

*rt should Ье noted that the ratio between the channels of 
reactions involving the emission of one and two neutrons is 
nearly the same in the case of 265 108 and 264 108 production 
in the reaction 208 РЬ + 58Fe and of 26 4-tos production in the 
reactions 207 • 208 РЬ + 58Fe ( see the taЬle) . 
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This indicates that in the given decay chain the stability 
of nuclei with Z = 106, 108 against spontaneous fission turns 
out to Ье com~raЬle to (and possiЬly even higher than) that of 
the nucleus 2 104. 

The spontaneous fission half-lives of heavy nuclei with Z = 
, = 104-108 exceed Ьу а factor of 10 15 - 10 18 the values predic
ted Ьу the liquid-drop model. Such а high stability of these 
nuclei seems to Ье caused entirely Ьу the fission barrier due 
to shell effects, the height and shape of which have been pre
dicted/8/ to remain almost unchanged in this region of the Z 
and N values. This fact leads to qualitatively new regularities 
in the dependence of the spontaneous fission probability on the 
nucleon composition of the heaviest nuclei. 
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Note added in proof: Ыhile the present paper was in print 
we received the information (submitted to Zeitschrift fU r 
Physik) that !Шnzenberr, et al. (Darmstadt, GSI) have detected 
three а -decay chains of the isotope 265 108 ( Еа = 10.36 HeV, 
Т 1 ;2 = 1.8 ms) formed in the reaction 208рь (58 Fe, n) v1ith 
а cross section of about 2x1o-35cm 2 which does not cont radict 
the present data within experimental errors. 
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