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1. INTRODUCTION AND MOTIVATION 

Although nearly 50 yeara have elapsed since the discovery of spontaneous fission 

made by Flerov and Petrzhak Ill, the stability of heavy nuclei ~ith respect to this 

unique decay mode continues to represent a challenging problem for both experimental

ists and theoreticians. The reasons for this long-standing interest are easy to under

stand. On the one hand. the instability of heavy nuclei against spontaneous fission 

is conaidered as the main factor that limits the maximum posaible number of elements 

in the Mendeleev Periodic Table. On the other hand. the absolute values of partial 

spontaneous fission half-livea. Ts f' and the pattern of their (Z.N) variations 

contain valuable information about the mechanism of large-scale cold rearrangements 

of nuclear matter 12/. 

Theoretically, the spontaneoua fission proceso Is treated aa quantum-mechanical 

ponetratiun through s (multidimensional) ~otential barrier. The ~roblem is uaually 

simplified by conaidering the prohabllity of tunnellinq throuqh 0 one-dlmenoiunal 

potential barrier V(q) alonq no"", flffective trajectory I 'liven In a multldlmenulonol 

"pace uf defol'mallono.,(1 (I = 1,2, ••••m}, Further, un i nq The WK!llI~~roxlmati(Jn Anti 

the \nullt-actlon pr i nc Ip l e the npont.anooun flll"t"n hnlf-Ilfo I" d"t"rmIJl"'! I'~,I tu 

hn 

TnI' [rua r u] = l~~ ~ J[J-2A"x~ [~i(lnJi,,)J • (I) 

n:r 1070. 4 ,,-I11"1'0 I" t bu nu,"t",1' uf nunnu l t u of thu nudlllm un tho f Iuu lon barr J,,1' 

1'''1' unl I limo, III III p In It,,, pr obnb l l l t y "I' lu","IIII"'1 thI'OIIf~' Ih" hBulen rur If ljlv,,,, 

uflfuudl, 
fl {I. '''p [i(lml..>]}·I. (7) 

Whl'l'll 1,(1 min) ~II Illti 1lI1ntnllJfIl valu" uf th., ur-l Inu InttHII' .. 1 

\"7{2 [ ]} 1/2 01"',( I ) 7 -;'l V(,,) - I M('1) (l)

"I tl 

III f''I. (5) I"" pltl"UIII"t"!' II upttl'lrlttu til" ponlt l ou ur II point un IIIr' I."njrwlul"y I J 

wllh 'II nnd q, C'OlrtH1l1ulldlrllJ III Ihe' I' InrHl Il'Ia I IlJlIJIr"J 1'111,,111 I1t whll'" V(q) "', mill 

I In t11(1 tolol nmU"'j., ot" Ihn flfw'uldlUI fllll'luUfI. IlIf"I Inl-1l1l-~f" 1011 Il'r:IIJrwlol'Y IIII~n 111 

d",lf'llllllJ,Wtd by Illn \l1I11"11011U1 l'lIllll~t 11111 

6',(1 ) II (4 ) 

whrlnlr:llll II", nrr.,I'1 1\1., numu IIUUtll 'ulml with lIlul 1011 Hlullq tlill IItI,I.wlllly IInl1 I"n 
1',/1/rUI nl 

d ..

M(,,). M (,,) }, M.. J. (,,(.('I 1..7('1) ••.. ,..l ('I» l (',)
 

Ul 'loti 

~~~ ;foI 'h,"" I·' I I '" 
wlltHU f\ll"-,J nlu I UIIIIIIUII'"'" 1_' Ill" (hyn."nlill') ",nflt. ,.,IItI411 wldl II "HI H11111nlltl III Ill.., 

If,,' III lIIul lUll p ....."... I"I'I.I .... 1 HlIIl1 .... . "" rOI Illn ,,,,I.,ltllnl n'lfllUY or 11th f'IUllullllUI
1
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nucleus, it can be expressed in the framework of the macroscopic-microscopic 

approach /3/ as 

V(q) =V(q) + L [SU(q) + OP(q)] , (6) 
p,n 

where V is the macroscopic energy part, and 6u and OP are, respectively, the shell 

correction and the pairing correction calculated for protons and neutrons separately. 

It is now important to stress the dynamical traits of the fission barrier 

penetration problem. In fact, along with the potential energy V(q) which determines 

the generalized forces acting in the fissioning system, the action integral (3) 

involves an essentially dynamical quantity -- the effective mass M(q). The latter 

characterizes the response of the system to the forces applied and, together with 

V(q), determines the trajectory of th€' syGtem's motion tOliisrds scission. The system 

";dy not follow the mi.n inurn potential energy patti (i.8., the static fission trajcctory) 

provided the ef f'ee ti ve muss on thin path is too 181g8. Therefore a kine! of cornpr omiuc 

is realized between the values of V(q) ane! M(q) on the least-action trajectory (i.e., 

0/1 tl", dynnmi(;ul t.ru jeutur y 01 fission). Ihe quantities V(q) and M(q) enter the []c

t i on irlLeqrnl C~) in lUi .~qllivalellt vay no that comparatively small var i at i ons in UIIY 

uf them can lend t.o larql'-!.H'ale charujcs in I Therefore t.he problem of calculal iflq
n r

I~;f nnd iut.ei-p re t i nq qUHI~~ ..1 ttd ively t tn: expuri munt.u l l v (J1>~;l'[,V(HJ (I,N) vnri a t i onu of
 

T~_.d ilfli'()!](~n cqua l l y IIi"" 1'l~qlJiJ'mll(HII!I (In ttl" l ovn t of tluuu-t-t Lcn l lI"dpr~;IarltlllllJ ut ul 

nC.~'lrncy of ca!/'lIll1tllHI t l ur IullllJuUlllifio:l -- till' polplltilll pnnr'lY 111111 till! ,-IIPI'lnll' 

rua~i~;. ll(l\u~\lcl', a:; I'CJIIIIHII'pd w i t h t l m I'0tollt iH~ nllnl'qy nurf'nr-r- \lIhjdl IHIli 1"'(,11 IIIV':~llllJil 

Ipd hy t houry titorolJqllly P(Hlllqll~ l'upncin] Iy in 1I1l' vi riu i l v uf ill! u t ul i unu ry 1'0111111 

\1I"'~fI' ro rt n it r PI'(JptTl.iH~1 of t tu- ~llJl'rll(,1l I';m hl~ dU'I"k(~d 1')l,pt'rilllulllully, IIIIl "ffl'I'lllfl' 

IIllW!; I~: II 1I1I1t'1i IIIOI't~ complex wltl fill' In:.:; u l ud i ut! dlill':H'tl'f1f1IIf'; furlhnnllol'r', Illtl 

I'tllHJillilit ir-u tlf uht n i n i rtq ,IllY 1~lIlpil'if'lIl i nt'nrmnt i on l'OIWl'l'llilHI 1'1'01'1'1'1 illt: til 1111' 

(\111,..1 i vu uuu.u u ... • vt'ry I illlill~d. 1111 ilu: ut lu-r IUIIlIl, It", olnu-t'vuh lo qU1I1l1 ily 1 
111 

l'hllllwln!'I/I!!1 l ho Ilyll,UIlIC'1I1 prOI'l'lill II' IUIIIlnlI LIICI lhl'(JlJqll t tu I i nu i nu 11l1l'1"1('!" III illI 

Ptl!lclfdllilly IIVOJ'lIql'd l nuh t uu • l'UlIplnl'll. II PI'ltVl'lI rnt luvr d r f f r r-u l l 'II III \ jill l"ll I 0 IIIP 

1111" III "llllllf'I'\J111 I,," Ilild 1111'11 tn l O'flll tl l III till' I'flllPlltlllOIl pl'l"'l'll:I 1111 1111' I.HlIIII III 

"mpil'h'lll dnlll lor qnlllll,1 11111'" IllllllltllllPOll!l 1111l11ll1I. WI' lu'IIl'\ll\ 111111 IllIhl1l1 11 1 

1'/lIIIHII'I llTlplll'lulIl 111'01"11111111111 1"1111 hi! IIldnlll"d Ily 1111101:11111111 IlIr \/lIll1l'fl lill \lIIllnllll 

1III1IOllllc' Hinton III lhl\ lillli plllllllllni \111111 IlIld 1llllily/ilUI 111"111' !"I'lllIll!j 11111"1111-1 \111111 

iplllllld III Ulll I!d dHIIl. 

Ily Illl\ll, lhn 11111'11111 hull II\"~II I ' 111"'" 11111'11 lIl"WIIIl~1l1 101 IIIl' qr~llIllti lIllIll' 
pl 

111111111111111111111 1111111"1101 liOllll' III 11111·11111111 \IIltll I 1111111 III 1lll1l1llJIi 11111. III llllllllllllll/llllj 

III II" IV IIII' qllllt.. 1 1i'lItlllllll III Ihlll 1'111111111 ill 1111,,111101 '"11 11/ It !!IUlllld, 111111 0' 1111. 

I,ll IlfIP'U,c'd 111.1\ 1111' 1111111\111 01 Ilu. (/.N) \1111 illt 1111111 III I Oldllllll" d,ulllollt d,'vl" 
"I 

I illllll Iinm Ihl: 1IIIIIId dlnp Illltlfpl !llndllI 111I11l. I ""tll' dll\/illl't111n Ulll /I dll1111 101111111111011 

I" III Ilul 11111111111111111 illli III Ihn 111~tl\lldlllll nlllli InlP ill IUli Ipi. III 'lull 11:.1 pl,u·p. III 

lUll loUi 11111,11 lilllil 11111' ,1/111111 Illlllllqly III' IIIPlll PH Illp IllUdlllllpil III 1111' pill 1'111 iut 

1111f1lqy 'UII 'til n nlln"l Inl,,11 \IIilh IlwIIII". 1111' 11l\Il'lllllllll Itt lhl\ I'IUlIldlClJd Ildll ill 1114, 

shell structure effects in strongly deformed nuclei /3/ has resulted in a consider

able progress in fission theory as a whole and, in particular, in the understanding 

and theoretical description of the patterns of change In Ts f with respect to Z and N 

(see, e.g., refs. /2-16/). Yet a closer examination of the available T f calcula, s 
tions /4-16/ shows that these theoretical achievements are far from exhausting the 

problem. 
In addition to the shell structure, another essential feature of atomic nuclei 

is the presence of nucleon pairing correlations of superconducting ty~e /17-22/ 

However, as opposed to the shell structure effects, the role of pairing correla

tions in subbarrier fission remains still to be much less clear both experimentally 

and theoretically. Direct experimental data in this res~ect are so far virtually 

absent, yet theory predicts quite convincinqly /3,4,6,7,21-27/ that the cffective 

mass M asnoc i at.ed with fj"',ion should depend strongly on the mnqn i t ude of the pair

i nq gap parnmeter "" • rhus, accnr d inq to the adiabatic crnnk inq mude l /21,22/, at. 

.6::»(; (where r. is the pairinq mntr i x (dement /17-21/), thp f'o l lov i nq npprox irnct c 

,,,pl',,,,,,ion in derived /3,4,22,2>/ 

Mqq(q, "" ) z ~ ''1' ( 7)f::,.2 

\lIlIol'o t fll'r'ond t \lilliI'll uppr-ox i mut o y ronn l nnt qf'rll'rllily very r.ma lho r-rm , in l und l 

l'tJIllIHII'Pt! I" tho "il'~Jt orin, pfovidon Ihl' ('[JlTI·"t I i mi t illq Illnll of r-q , (7) at IlIl'lJB 6

vu luuu , II in illlportoill II) nul n Ihut I'll. (7) (01', l)l'lu'I'lllly, tilt· rlle'l t hnt thn 

dt'rivnl i vo .~ l u flll ('!l!loIII iulJy ftPlJulivl' nr ut 11I1-CJH qllllllt i t y ) (')(PI'I'!I01·!J. Illq'llnjln, 

Itlp mnul i11'1 flllt,· uf /III tlu' Ih"Iu'l'll(,lIl pl'pdll't iUllO ('IIIII'l'l'II111'1 jll'UI'I·rI i"~1 1I1 tho 

flll"f,t.VI' 11101111. Ill,. t1ttptHHh lolli'f of til,' 'YII" (I) '1I·1~,.. q 1101 nu l y til tho l'rl\llklllCl IlIod,,)'
 

hill III m01'1I lIc1vlHU'llcl lIppl'HndlPIl 1110, fur 1~)(lIl11plr', I" Ill,. r-u It-u lut j m ur /'16/ 1'l\l'l'io41
 

II1It If I 'tiP "I'lIlIlU\llIl"~ of II", '11'111'1'111111' C"ollrdillut" "If"hod 1'11/. 

1111' qtu'lltlolllUlW III how 6 dUlllllll1J I" II", 11111111,1111111 pl'Ottlll!l. III 111l' tallllldunl 

114'1111111'111 ul pili I 1'"1 1"01'1",1111 i"lln I" 11111111' 1111111 (\111114'11 \III' !II Itt II t f'l'lII n l uu I ltc' 

"'.Iid l('III" tl111llmPllt) 1111' dfdol'lIllll 11111 tll'l'lIlldlllll'P 01 tilt' qlll' Pllrlllllldl'l' 6 ill d'dlll'lnill 
1'.'11/, 

ad 1'.'1/ hy m rl v i rn] 11111 111"1 pqllul IOIlI! 11 1.1',. Ily ,p'!lllrlllql nl ,,"("II dt'llllllllO· 

1I1I1I, Ilul ""'plll'llft lOll \/UIII4' I" IIIH pllllllllj '''"l1lI141111111! til I", Ill"llnllluy (II ml rr tnu nn l 

w t t h IflUp!'I'1 \0 umul l ViII lilt IOllri III l\ 

(}(II) 

al\ 
(II)II, 

II 1IIf' 1I1I1111I111IIulll ... nlllllltlld I; III 11111111'11 III Ill' illllllpl'lllll'lti Itl Illl~ 111111111111111111111' .) 
111(1(1 • Illtlll Ih,. qllp !,lun".""1 l\ 'UIIIIII '111111 Pq. (II) Illlflil IInl 111111\11 ulqn" IIUI,t 

I IHlIllJflti III Illn IlllU1t1 I I 11111 I" 1ll"ll1lH II 11111'1 I lullllI 111'11111 Iy UllIIlIlIl 111111"' HVflIUtJ'1 

\IIlIUfl I Itllill III Ihn 11111 lui 111111 (l\ ) 1IlIIlmlni '/111'1 1IIIII'lliluid 1'IIIPllIII,Hl "' Illn 
" /11/ 

11111 1r'1I11 III thll 11''11111' of 'II (11111l. 11,'1., IltJ't. flllli (. III 111', ). 1111111, flUPIl'I" 
II Illlqld \IU'uld 1ll l lllj II' pHil 111'1 11111'111'11 I HIIII III Ilu' lid I I,ll "I "I,. "I I I IPIIi! III " 

-1
lln'v Ilul nllI 'w'P 1IIIIfllillfilipIll 11111.1.11' ('111111.11111111111" 1,,1111\10 111111111111 lilly'll! III 
pl!d Ir 11111 Inn) III 1IIIIIIidt'll'd ill Ilul I'IPlltlid 1IIIp'II, 
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perceptible increase in the magnitude of the action integral 

Sc;...,~-l (9) 

and hence to a sharp increase in Ts f due to the exponential dependence in eq. (1). 
At the same time,tunnelling through the fission barrier represents, as we have 

stressed above, an essentially dynamical problem. Therefore, as proposed by Moretto 

and Babinet 1281, it would be more appropriate to determine t::. in this problem by 

minimizing the action rather than the expectation value of the Hamiltonian. In other 

words, the gap parameter t::. should be treated here as a dynamical variable similar to 

the deformation variables (see also ref. 
/ 29/ ) ; hereafter this treatment based on 

determination of t::. by minimizing the action integral will be referred to as the 

"dynamical" treatment. The dynamical treatment of pairing correlations, in contrast 

to the standard one, predicts 128,301 a large enhancement of superfluidity in 

tunnelling: while at q4; q t the spontaneously fissioning nucleus is characterized by 

the gap value 6 = 6 , in deepening into the barrier the value of 6 increases, r efIect
0 

ing	 the barrier profile, and reaches its maximum 6 % 26 at the saddle pointmax 0 

deformation; after that l:i. decrease" down to 6=-6 at the turning point q = q2 (see 
/ 3l / ) .	 

0 

FiC]. 1 in rHf. In U", dynamical approach, a weakeninlJ of pa i r i nq in the i n i tiu l 

"tate ,,1"0 leads to an irwreHsc in f"f but the uca Ie of thin increase turns out Lu b.. 

much umu l l e r 131/ than in t.hr- ut andnrd c-onu i der-at i on, Ilein'l uomevbat eurpr iu i nq, t.he 

dynnm l cu I treatment of pu i r i Ilf) cor rr-Iot. i onn in t linn., I I il\q, un haa been ullown in 

ror./J 1/ , donn not r-ont rud ic t any omp i r i cu l nvidf1nce or qfHlfH'1I11y acccpt eu tho"l'nt.i~
III knowltldqt, .. (JII the runt rurv , it ulloUlti IJ murc udequat r- I\XldlUlUliur! or UUlIlf' nn1pll'lt' 

n I rrH'tu to lm vuu , for oxumpJr- , or ho	 vu l uouq i tllIIl t typirul urdof-nf-mnqrlilud.' of 

tlul htfldrmU'o flU'IOI'~1 UtlBIH'iilllld with fjl'lllHtd-utntp upont mu-nun f tun i on of wld-I\ Will 

mid-odd ltu(,lul (lHm u I no (i.-c" Ion 1-1). 

IIIIH"" ('III"" 'oUr' "UVll til l'lllWllido I.hul lin' hllulr' qlll'~lt t un IIfj In \IIhut plryu l ru l 

1'1'III('ipitl IJIIV~H'lm Ihlt ln-uuv rruu ot olliulr' lui.! I'I'oIH'I" lOll (l'.q., t lu. plIll'lll'l qup Ii. ) 

01 U IIlWluUI' uvut om llrlllt'I'lJllillq II IlIrqn·OI'III .. ""hlllll'l'If-'I' l't1111'l' U1 UIt"' . HII 1'I'IlIu11111 111'''11. 

In 'tin L:i. hl1huvlour 111 tWIIIC,IIIIIf) dc,I., r "dllt"d hy "ul mlrtlllllllll IlflllllltmllUIl 1'111,111' 11111 III 

I'ftlJlllutnti hy tlln Inlillt -1Il'I tlill 11I'11l( lph''1 III nl' ./ 
511 II l uur Ill"C'1I dUIllClllnt IlIlud tlllll 

Ihrult' 1",0 dH 1('1'0111 tl'f!Ulllltllll1l III pu, .. III'I l'olTnllllllllltl yHdd IIl1hulltllt 1I111y dll,,'1 11111 

pl"HIIl'tleulfl fnr UIJlllil'Vuhll' qUlIlllil,.,t,l: uti 1'OIllI'U nil 1 III thl Il'utllllonol UU",) UPpl(IIIl'tl, 

til., dyrlUmll'lIl II'"ulml'"' JIHad'l 10 n 1'lllllildfllUIJiti \IIl'u"',,"1111) 01 tliH dt1plHUlfllll'" IIf 'lip 

111111100 tlllll'it~r ptlllll'IUI,lllly 1111 111M IllUll, 1IIIIIIInllloill 01 II", JllohlOIll, \III" 1111 t"I' 

pull 11111 11111' 111 11111 11111 illl IIlltt .. ('\11, 1111 II", 11'111101 1II'IIIId (",), 1If1t1 III' 111.1 I'1l1'l 

'IY 0' Ih" Inlt 1111 Ilt"'tl (I). '".'1 dirr,lllllll'll h"tWf"fIH I'lf,tlll"IIUIHI lJ1V"'1 qlll~1I1l1r1 III 

h"llflvrl tlml Ih" flllptllJluldlly allllllH ~'mllll' lit" ill.'11 HII 111,1 h'I"~1I of "lIIlIllh«l1 dlll~l, 

110m '"" nnnlynitl "'fllill ." IPI,I'11 il 1lIIIu\IIIl Illnl 11111 mont dil,,(1 1IIIIIImullllll fIJI 

1ft•• pIli 1111111' lu vlu", 1«111 hI' 1I1,IIIIIUIIII,y 1".'lIIlIlIllIq '1111 lllulluhlljl\' IIf 1I11111ll,ut,qlllil fill 

utilll IIUffl '1luHllptili 1,'IfI (,.1') IrUllllt1111 tll,.flll! III hl~II\IY ""I'll tl\/fHI lUll ,.'i ulllll' Ill., 

1"1,.'1\,., dU"UI__ Ilf 11111 pUlllnl .. "olllflllllllHII fllllllll'IIIlIII Illn if I qnllll' '10m illl' qllrUI,d 

I 
,,) " state to s high-spin q-p isomeric state, Tsf/Ts f' is predicted to be stronglyjl 

dependent on whether or not the dynamically induced enhancement of super fluidity tak

es place in the tunnelling process. Accordingly, we have designed experiments to

I probe the stability of q-p isomers against spontaneous fission. 

Quasi-particle or K isomers are expected to occur when breaking up of one or 

several pairs of nucleons in an even-even nucleus and appropriate recoupling of the 

spins of the unpaired nucleons lead to the formation of relatively low-lying states 

having high values of the total spin projection K onto the symmetry axis of the 

nucleus. The high K values cause a strong retardation of Xtransitions, which, in 

turn, favours searches for a spontaneous fisaion branch in the decay of the K-isomer

ic states in the heaviest nuclei. By now, a number of K isomers has been found in the 

region of even-even nuclei with Z~92 1321 and the occurrence of many other K Iaomern 

in this region can be expected on the baoi" of theoretical considerationo 1331 (aee 

Table I). 

Experimentally, apontaneous f i se.i on from K-inomeric q-p atutcs in the f i rnt 

put cnt i s l well *') hoo never boon obaer ved , Tho only at tempt t o obae rve it wae mode hy 

Vandellbmwh e t III. 1361. for the 34-mo K-l"omoric at.ut.o In 244Cm; hovnvor, no o ffec t 

hBn been ,let,,,,lo!l ("00 SlIdiu" 4). Au tum bonn empllOol'<H1 in ref. 131/, tile 1111",1 

uppruprl ut e ohjocto for 80archtJB fur t.ho apont anoouu-fIuu l on dncoy from K-iOOllltH'jc 

q-p	 uluhm Ilro nxpuct od to btl lhH Imavioot uvon-even nur: 1., I f1ho\llilltJ flJ.,mutru\HOUn f 111

u iun liB l& predominant ur qu Ll u Jll'ohuhh' dUCHy M1ndtl uf Lhn i r qrolJnd ut at en , ACI'onl
](,081 • ~ 

111I11y, 101' our OXpl1rilllnlltuI nt ud i au \110 huvu ehmlllli iflf" K Innmflro rill (I, :: 1.11 

11.10) ",,,I 2'.4111 Il1i (T~ D./II ~ 1I.1l/, til d"I""t,,<I hy (;111"1'011 "I ul. IIJ,}H/. 1\1111"'''111 

(,lUll"q l ou , Opilifl ntu l "litH l ou of Ihnllt' l'IUlllfH'U Ul'U lIol ynl t'lIluhlluhlld oxpo rIment n l . 

Iy, 11,,,1,, IIII'H'p,..,IIIIIII" 110" '1-1' "'"II ...." Ill' proto" "1"1,,,, wi til K
lr 

, II nr 7- (""" 

lohl', I) I" lu l l v ,'o"llrll.,d loy Ill" "",,dmll','o""III'I,' /',,1"111,,110"" uf (V"""VII "I ,,/"~ 
Hll1t1 1 Ihr' mill" (llIl"flllllt1 nf nUl' .1)(pul'lrnt''''u \Unll U f1tHH'i'h '111 n f1PUII'UIUlOlllI flulIll)ll 

1,11111 

Iu um-h 111 Ih" dtH'lIy (If tho K IUOI1ll:1rll 1 1 111 ullll 'I'JllIlIlnf'. III Ih., ql'OII1Ullllultl, Ill" 

IIIIl'I~lllTfi l~llfll1 IIIICI '1';1&'11'1 Itr" f.tlIlJ\IIlI 10 "ll lln,dollllllnill lyJ..-pnl'tl('lu umlllCiI'1I w~111 
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the reaction recoils from the target were collected on a 0.2 mg/cm2 Al catcher foil 

fixed in a vacuum chamber at a distance of 1 mm from the target. Upon the completion
Table I. 

a) of an irradiation, the catcher was first brought, for an ~ppropriate time, into
Properties of some 2 q-p K-isomeric states in heavy even-even nuclei

contact with solid state nuclear track detectors registering spontaneous fission 

fragments and then placed in a semiconductor rJ,. spectrometer for determining the 
Energy of the Nilsson Half-life of the
 

Nucleus isomeric stat.e KTT configuration isomeric state total yield of the 250Fm nuclei by detecting their g( decay. After the ol-decay
 
E*, MeV	 T* ~\ 

J.,	 measurements, the catcher was put in contact with track detectors again in order to 

check whether there is present any long-lived spontaneous fission background. Thus,234U 1.421 6 {[633] n r[74~n 33.5 : 2.0 fls spontaneous fission and g( -decay measurements wer e carried out al ternotely.

236U 

'j
 The search for spontaneous fission	 from t.he 1.8-s isomeric st.ate of 250Frn lUas1.054 4	 120 : 20 nsr[743] n f[63 1] n 

made in on-line experiment.s using a tape transport system that is similar t.o a tape
1.082 I~	 8.5 :!: 0.5 ns238U	 ;T743Jn f[63~ n 

recorder lUith spools separated by a dist.ance of about 1.B m in order to form an
 
244[rn 6+
1.042 {[622] n ' r[62~ n 34 : 2 ms	 appropriately long rect.ilinear pst.h of the t.ape mot.ion. In t.his system the resction 

recoils from t.he tsrget. (placed near t.he middle of the rect.ilineor psth) lUcre collect2~OFm A i.a t o.i » 
ed on a Ni tape, ""'150 m Ionq, 25 IMI w i de , and O.D5 mm thick, IUhich moved lUith a q i vcn

f[ml, f[514]p connt.nnt velocity. Mica f i sn i on f'rnrment de t ecto rn IUpre ar r avcd a lonq t.he reel i l i nour 
256Fm 9 7+[ J n .u-[725' path of t.he t npc and covered a din t anre of D.H m in both d i rect i onu lUith rnupert to 

f[624Jn f[734]n 

1.3 1 615 2 'J n 
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Table II. 

Summary of experimental results on detecting the ground-state 

spontaneous fission of 250Fm and searching for a spontaneous 

fission branch in the decay of the 1.B-s K isomer 250mFm 

wa ) Ie) "d,e) Nf) 6
e , h ) 

2] O(.,() sf (sf)
[pg/cm [mb]	 [nb] 

250Fm 27 : 3 0.6 0.45 : 0.09 29 : 7 29 : 10 

27 : 3 1.4 0.53 : 0.12 97 : 11 3B : 9 

250mFm 11 _ 29 b)	 ~B q ) 7.7	 ~0.3 

a)Effective target thickness calculated according to ref~. /42,43/ with
 

experimental data of refa. /44,45/ taken into account.
 

b)rour targets of different thickneas have b"en used in these experimont".
 

e)neam dose in units of 1017 
Lnc Ldent; pu r t i c Ieu ,
 

d)fol'lIIf1tilln q'oOll sec-lion of 2511f m obt nmod from al. decay IIIOUHlJreme"t". UII Llu:
 

I)(1Ul11 of oil the moaBuromonlu performod 111 tim pftfHunt ut udv (Lm-l ud nuj 

t hune not IOOnt ionod in thn t ab ln ) , t he \IItdqhlluJ uver-nqe 6(.) vn Iue tum hOI'1I 

de t errntned to btl 0.41 : U.lJ6 ,nI, HI d~~ H.4 MtlV.0 

e) 
All l'rOBS lmet l ou vn Iueu IJ'Vf'f1 In 11m tRhln c-nt-r-nnporul 10 ttl" homllflnl'f1tj 

1lllltl'lIY t !~~ 1'1.4 M"V.0 

t")NumlJnl' U,. upont uneouu tj uu l rm event n nt l rIbut ud III thin drWHy (If 2'-,U1rn (II 
2511111 250·

Lrn, fur' lm thn N r lIIurtwnl ur" thurU' nf l o r hR('kf,rmHIII t1Uhtrfll'tlfJll 
750M ,

(1111" tim t".t) I fill' 1m .....' I I". 11>. 

1I)llItn rouu l t IIht0 l ..ftll hy II.., mu)(lmum llk.dlhootl 1I1f1111(JlI /4/,/ ('fllTflflpOlllhl
 

t n Um llI'I(J',~ ('lIfl' loI"'"'II I"v" I.
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er" system. A summary of the results obtained is presented in Fi". 2b and in Table II. 

As demonstrated in Fig. 2b, the time distribution of the recorded spontaneous fission 

events is practically uniform, showing no evident excess in the initial part. The 

observed yield of fission activity corresponds to that expected from the ground

state spontaneous fission of 250Fm• An analysis of the distribution of Fig. 2b within 

the maximum 1ikelihood method 1461 makes it possible to set the upper limi t for the 

effect in question (see Table II) and then, taking the isomeric ratio*) into account, 

to establish immediately the lower limit for the ratio of the partial spontaneous 

fission h81f-Ihf>s of 250mFm and 250r m, T*f/T f~O.I; correspondingly, b*f~ 8.2xlU- 7 
* s s s
 

and Tsf~U.07 yr (see a l sn Table V in Section 4).
 

3. STUDY or 2541U2 AND Z54m l U2 

~. 1. Fxpe r i mnn! a 1 t onhn i que 

It,,· 2IllJ"b(11111'a , 2" ) reac t.i on 'I"''' uuerl 10 producn 2',4 IU2 and Z54111 11J2. l xpor iment s 

U{PCt' l'arrind DUt. lit. ttl.· tJ-4DO ryc Iot.r'on of the .JINH LnlHll'l-Itory or Nllclt'ur Rc ac L i ons 

(Dulu m ) Ily 1J~;iflq t lu: tt'dUliqlw dl~~'I'J'iht:d 111 ref. /1.7/. 1\ llfll'a tH'arn .it tuck 11iIull'lli i,'I1

2ly till' lu t ornl lilll'fill'I' n f a c-oo lnc!	 f'Oppl'(' t'yl i ruh-r uutu \Lillich dhlllt ~ mq/nll or HIf' 

11It·ttlllic lilnWt mnt n r i n l Uta'i df'p(J·~lh'd. Ihi~II'yliIHll'ilill 11l1-qpl (~ltlr\liIHJ ni mu l t nrn-. 

\1I1~;ly It:, II rer-u i l l'lIl('tu~l') rollill'd ci t h II {"lJlndllllt vc l rxi Ly roln t i vc- t.o lln: mi r-u 

II~i:li(H1 I rurjnn-nt dt'lt'('llll'!1 1l1'1'1I1lq('d :l!'IHllld it. Il«- 2lUl p tJ lilrlJet mut r-r Ia l 11:;('d III 1111' 

pn'!I!'1l1 ~Itudy IUHI Ilul 111111111111111 I~HII()Jlll' l'(J1111HJ:JII i uu : \}(rll~ 01 /llIl,lll lI,fl"'; III 111"'11, 

IJ./lu,~ 0' i'11('jlhf~II.IJIOl~" of i'fl/
l 
p l l ; utnm- 1'llIltl'ol PXpOI imPIlI~l W.·I'l~ IJollorrnl'd witl l II 1111(11'1 

III rlJ('P l l "lIl'll'IlI'll ttl ~JI~.~}"(;. 1111'111'1, llll:~ ~H'llIP \IIiH) widl'ly Il1lPd III "\(1'1'1 illll'ld~, ,lllIlI'd 

nl lIyllllH'1ll/illll t rutm t r-r m trnn ,'I('Illf'ld'j ('II~I'. 1',1/., l'I"~I.III/,/ffl/) \lItWI'4~ It 1II"IIIlIII"d 

IfU' i1l'II\I'lllJlI 01 TlIHlIdlllll"lJlI'lly 1l'l'IIOflillq IIlWll·j prlJdlu·,'c1 willi (Tnll'i '11'1·1111'1'1 III IIII' 

JlII'IIIJlllIl r r-qruu. It Wil', IIITIII "lllpillypd III 1"1""'111 ")(I"·(·IIIlI'IlI~1 lulJll'l, 111,,11' Il'd III IIII' 
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(see, e.g., ref. 1~8/). Therefore the Cm-Fm nuclides detected in our off-line measure

ments should be products of the sequential radioactive decay of the Z = 10Z isotopes 
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IPIH'lloll: (II) ItH' d i n l rtf utt Iilil Ilhlllllll'd Illl'llll ~1"0("1'1I I'I'i'Ol'duci III ttl" IllllP 

III d.-1'·('1 illl] I lu- ql'lltllul ~llllil' :qlOId 11l1f'OIl!l '1111'1"\/11111 1.1·1. ~ II (,t) fIIld :r!.ll-VL S d 

f 1:1!lItlll 01 'lld- 1I1/ (tlU' 11111 IPlIlIlI !II (I,) lit I e r l,olll!llll'dl1l11r,t " ('IIII' 1:111 II' III) 

IlllllIlllll.ltIll'ldq ',,/lId fIJi (II) 1111' r l luLt f lu r I l'~ 11111 r I 11111 IIIIP "I llu- t \!Ill I I I ( 1\11' ~ .ru 

IllIll ullli'lIll'd III 11"lItddllll fill' U 111lClilt 1111 flU''' lJIIII' II'I d"lllt-lol'lI !I uuu I t ,"If'l/Illi I v 

~'1l1l'1 r l'jTlIHlI 1IIIIIwh ill II", d('('lly 01 1111\ 11!ltul ill tl u- IIlfllllilllPlllflrdll. Inl lllill {1I1'v 

11 • .'/1 II K 1110111111 'I',{IIIIIU/ (1111' 111'1 Il'lIull /"1'llillIIP,d IlIlly 111'1111' ')11\ III lllt,at "\/1'111 

III 111111111111 dml'lIlll I .. lid Ill. "'l' u ] <1t-II<I,Ind, 1111' tJ.. 'II lit II'" 111 ,0", .'011 r1,'\./ i.lld 

1.,ltlfl Ill. ".111 t1l'\1 IIi" Ilw, 10 1'111 111111" 11111 11t I 1\11 f It"J 

/11 I /11 /1 .~"I '\111 ruu l l ur• 1\11 1'111111 till II.,. 1.11.' 

t1i,~/P(qllllll'l HI'!' 1111' Ifl"d 

11111 1101,"11'1 II' qlll" d"IIIY 1l1l"lilllll'lllf'lIll1 ql\H'1I III luldn III IlIltI Ill' iq. 

dllllll'llldllllp Ilull III Illlld,ulillq il "lllllf," /111'1 11, 1111111" hy 11I1'UII'IIII1IIIIIIlJ tat Illfl 
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reaction and of the subsequent decay chain 255102 [C(3B.4%») 255Md [C(93%» 255Fm• 

It should, ho~ever, be stressed that the~-decay properties of 255Fm are very similar 
252 1321 ° to those of Fm (E".."'7.04 MeV, T)" = 25.4 h) • On the other hand, an our case 

252Fm can be produced only via the 2rather exotic reactions (4BCa,~) and (4BCa,~)whose 
cross sections are expected to be much lower than that of the (4BCa,n) reaction. 

Indeed, according to the direct measurements 153/, the radiative capture cross sec

tion for the system 204pb + 4BCa does not exceed 0.5 nb whereas the measurements / 481 

demonstrate the 20Bpb(4BTi,n) reaction cross section being at least a factor of 65 

larger than that of the reaction ZDB pb(4BTi ,01.). I f we neglect contributions coming 

from the exotic channels of the ZOB pb + 4BCa reaction, from the yield of the=7.0Z

MeV ~activity we obtain6~ax = 0.13 pb for the (48Ca,n) channel. The cross section 

of the (4BCa,3n) channel ca~ be estlmated from the yield of Z~3[s_ This gives 

6~ax~O.1 pb. Unfortunah>ly this estimate involves somewhat uncertain informo
, n I~B 59! 253 Z~3bon ' about the electron capture branch of 10Z and Md, as well as an 

ex t rnpo la t cd value of the yield of Z5\s since a part of the (48r a,3n) exri t.at ion 

f'unr-tl on is expected to lie u t I >IBB MeV. Finally, BS to th" (4Br a ,'m ) channe l , 
ern 

t.tlt~ df~tprmination of6~~x doi-u not. nnf'm pons ib l o from t.hc mPAfiurpmenhJ carried oul 

at r = IBO MnV; WI- not r- , howevnr , t hnt at thia nnmoqy 11,1' th ir.k-f ar qct. yi e l rl 0[' 

2'Z em 2'4
) JIl2 in u ['ador of AI. 1"",,1. 1110 low!'r t hnn tlml of 1112. A rompnr i uon 01 our:J 

dnt n Oil Uw 2()(,,208 p h(4fJ r ll,)(n) ('rOWI nr-rl Lonu with Lilt" rr-uu l l n uf pruv l oun IIltHHHII'I' 

IIIl'II1!1 i n qrvcn in l nb l n IV. 

I )(jJ('rimolll3 1 nod n dp~li('11Pd to HPIlITIl 1"01' ,Itt' upnnl m n-oun fillll~Ofl <!('('uy of t tu
rJ4rn 

iIIlJIIH'!" 2 ll JZ ~WI'O r-nrri m l out fit 1111 inl'l'f'wlt1d rotutillllol VOIOI'ily of thtl l nrue t , 

ill nr-r-ut-druu-t- wilt! t lu- 1I.1l1-!l IIIIII-lil" (If Ihl' 11IolmH'. III l h iu ('BlIP ttlp qrulJIld-lIll1ll" 
2')/1 

'lpollIIUHlOIJl! f i uu i ou of 111'1 IIIIould pl'OdlJl'I' II un l IlInTlly d lu t r ilHltt'l'd IllWkql"lulflll. ItH' 

'1lIIIIIlllrdl11lJ f'f,,'rqy WIJ~1 dUlllflll 110 1111 III l'ovnl' nlll/ll or ttll' PIlI'I"IIY rill "'" ,'Ol'rr\lIllfIlHUIlI, 

til IIUl (/,JUl'lI,/II) 1\~Tilllllnll IUIIC'I tllll lind yrd III 1lIIIIIml"" II l'lIlltrilJllt lOll '1'11111 I 'If' 
illl /"/

( l'll,ill.) 1'1'IIt'I Luu I"lldtlllf III t lu- 1!lllttlllt· !Ill tlu' '11)111"1"" lit lUI 1')(1 rn IIPOlllwu,. 

ru u r 11:lfdlllllllwJ,.:lJllJlIlId. fill' 011 111111d-.-dfWUY H111tllltll'I"ItIt'IIITllUIII"d 1I1I1.1I111'1' bOlllhlll't1 

r.'1 
IliflllI "('Ill" l ub l r- III) 1IIIIl\ll ll tu t 1111' I·lllll r tbllllllll rlllllllllltlldllllt'IJlHI 1~I"dlJlIlJl 1111 

111 
1'1111 l!C"'IHllly 1111 Ill'qlfwlfld. flllWI1\/lll', Ill" (/ 1'11 . 1 '11) 1"lIIlll~lll, III till"11111 IlIlllln "llf'PI, 

'III '11/1 I' I 
111,1/ ( I'll ndllllltlllll·tl Lu Illp I'h I,"qf.t 'lllill U flol il'tlillill' ylpl" of I 111/.J 

1\ 1111/11 HI I(,'~ Iljltlldlllli'llllll '1IlIliHII "\11,,1111 1111\/11 1'1'1'11 tllllltl'llIt! III 11I11I~H1l"thllfllllti 

!lIlt! II. I\!l (ifIll" 1111 'q. \II, t lu- tlllll' ili!,lllllldl(11I 11111,11"" 1'\11'1111 1 IlIlIllllllllIJJy 11111 

tut ur , '111l'\lIllIlJ 110 P\dd1'1I1 "IooII'H!1 III Ill!! 11111 lui pm ! . 111" 1I"'H11\1I111 yh'ld II' r 1111111111 

III I 1\111 Y I 1I11llfll'IIlIliti 10 1111" ,'I\P"1 llld 1111111 I It,l 1'111111111 111,11" '11'"IlIIUIf1flIHi ""llIulI "' 
,",11. "', °1 

111/1ultI Ili/. J\1l IIIHllYlllll tl' 11111 dl'~'llIllIt 11111 "' Ill). \I, \Ullllll1 "u' llllllllllllUIl 

111."llhllnd llIPII",,1 /111,/ 111 •.1.11'111 il 11IIfllll"II' III tllil 11111 IIp,,.'1 IIIlItt fill til .. pi 'tI, I III 

'1"Il,d )1111 // 1'1I1'1I1!! lit 111f1~'JII"" 111I.rldtllUfl Ipl/f1I. IIIPII, IlIlIillftdlHI till! illllllltllll· llltill 

I I HI 



------------ --

to be equal to 0.4*), ~e obtain immediately the lower limit for the ratio of the 

partial spontaneous fission half-lives of 254ml 02 and 254102, T*f/T f~5 x 10-3; 

."* -3 * s s
correspondIngly, bsf~ 2.0 x 10 and Tsf ~140 s for the K isomer 254m102 (see also 

Table V). 

Table IV. 

Maximum cross sections of the 206,208pb(48Ca,xn) reactions 

(in micr obarns ) 

<6 max a)Reaction	 Reference xn 

206pb(48Ca,2n) 0.5	 1531 
0.19 :: 0.03 157,581 

0.5 :: 0.2 present study 
208pb(48Ca ,n) 0.40 :: 0.15 b,c) 1541 

~O.035 (181 MeV) 1551 

~0.03 (172 McV) /581 
0.13 :: n.06 c) prcscnt otudy 

2I1A ph(4HCn,2") 4.1J :: 11.7 d) 1541 

5.4 :: 1I.4 I~~I 

1I.}') ! 1I.1I7 1~7,~[j1 

1.' ~ 1I.' PI'Uflt!llt. tIt IIdy 

2118ph ( /l lJr u, l ll ) 
~1J.fI2 (1B4 M"V) I'J',I 

~'I.lJ7·, «1111	 M"V) } I'JIJI 
~11.lll (IUI-IIJI M"V) 

1I III .1I.7/, l'n1fU,"t Ililldy• _(l.Ol, 

II)Whnll II (brlH'~ntl\d) ,1/111111 "' I'll' IllI r ll Il{JII~Jnl'dlllll til l nd it-u!('fllllt'I"-OI"-IIIIJ1U1	 IlIIlH'IJY 

!lei, tllo ("(1111'1'('11\,., t''''''''1 ,Ilwllllll vlIIIIII l'lIlrl'lll'OIltlll III LIlIII pOI'III>1I11I1 nllPlqy 

1'111 II" r 1111111 I tl 111o mnx 111111111 II' Iho 1')(1 r t nt t on t um-! 11111. 

iI)111I1" l'IIIII1lHI .. ollllllllnd on ,,,., 111111111 III lili' fnqlllf'lmf'nllll dlltll IIf I'll! .1')/11 II"IIHI ,Itt' 
II~I ~"'" 1',',

utup Lr Lr-u l V"'III'" 1111	 Ihl' ,,1111'111111 Illplllll' 11I"lIldu~11 of Ill:! lind Md, 

Ill'. Il. Hili .. lid 11.'1\, IPllpPI'!l\ll'ly. 

to)	 I 

Ilbfullllld 1111 11111 1lI111'lt1l1'111111l1 llnt i l ln- IWllf1 III 111l' 11__ 1 r l ut 11111 1111t! I 1'111 III II / Mp\! 

WIU'ltllHi 1'1(1'1'1 tlf'l 11~1l11l .11 Illl' ('lltlll,(A,) 111111 ('lllllI,K) 1"1"11 t 1.11111 lilt! /lllllill 111111111111'11 

'It I 
w t ll r l lm l IIf ifill ( 10,111	 I Pili 111111. 11t'1I I!IIIO 1111< ItI ... 1 

11)11111 1IIIIIIIIIIhl Illdllillf.d 1111 Ihll hlllll'l lit till' I'''-PPIIIIW'ldlll dlltll HI ltd /',(,/ IlIillIlj 11,,1 

VU'lIlt III I,ll f1p\/ fHI III,. IWl1r1111 Illp p"'lllnllllll 11ll1l'11HII, IlIllllllldlltl'" 11/1111 'bll 
1

I'U1l1Ho 11'111111. " ., , ',11 / lin \Ilftll 1111 1111' "ui II III tin' plllHIIIl' ,dlldy. 

'1 "	 11111 
111111' 11111 lltlllllll)' '1111 I,HIIIU\111 IlllIIl ,nlllllllllP111'r 1.11101.,1/ .. 1 Ill. fill 1111' IllllllllllI 

.'/lfll ",f 1/1 ,/111) I', 1111 111/ , I III 1111' JllIIl111 ( Iitli II, /It I I t-tu I j 1111 till' 1tillltit'! II I III III .tIl'" 1111" 

lull III "U\/11 II rjl 11lIlllllilli I .111'PIP.d \111\111, \11111111'1 \111111.11111 IlI1IV n l Lur I rur r Itllil III 

"I'll! 111111111 1111'111'11111101,1 I il r III IIII' itHIIIIl" :',/1 111111,.' lIqllillld 'llfilldilldllliti f Ijillllill 

I HIli' t ll ' l I 1,," 'II. 

4. DISCUSSION 

Our experimental data on the stability of the ground states and 2 q-p isomeric 

statea of 250r m and 254102 against spontaneous fission are summarized in Table V, 

together with the results of previous measurements; here one can also find the 

corrssponding data for the ground state of 244Cm as well as for the 2 q-p isomer 

244mCm• As a matter of fact, the ground-state spontaneous fission of 250r m and 254102 

has been detected for the first time and this has all~ed us to make an accurate 

determination of Ts f values for both nuclei. Although the results of our measurements 

do not lead to crucial chsnges in the Ts f systematics, they introduce quantitative 

certainty into the systemstics in ita essential part -- near the N = 152 subshell. 

Table V. 

Summary of experimentsl results on the steb i l Lty of the qr-uund state" 

and 2 q-p K-isomeric states of 244Cm, 250r m and 254102 against 

apontaneous fiaaion 

Total Spont.aneouu Partial upon
"Iucltlutl 1li'lf-hle fission t ane ouu risuiurl Hef c-n'n('(~ 

branch tmlf-IHn 

244Cm l8.I!U.1 y r (l.l'!.". IhlO 6 (J .1::O.U,I07 y. IWI 
-------- 

244m"" 14 2 IOn u ) " fl. III' 1~ ~ 1.1.. III y r 11(.1 

2"01m }(J - m1'1 11) ~ I,x 10-(, ~IO vr I I'll 

U"Y!I.O)x in 1J.1I1~1I.I'J 1"" prt~!lfmt tit wly 

/')1I11l
1 111 I .A~O. 1 u	 < 0.2 1111/ 

~ II./x 111-' )0.11' yl I'n1 Hl' II t lIludy 

I,~"/ll II/ I}~	 ~ I) f1 II J " 'xIII-I, )I)'W, 10 II .'"II.' 
1'6 I 1"" ',11,'" Ixlll-MI -lli " 

~h .u 
Of -(I H 11.,'0.',), III (I.I'll. ',]x I,i' .. pl"HI"r1t III lilly 

/,1"tIll 
I 111 11.211'11.0/, tI < 1I./ 11111 

" l.llxlO 
~>1,/,. III ., "nt....... 1 nilidy 

til I I Oil' '" f. 112 I 

Iltt1 f1I'U"IIlIlI:tOU" r IlfuloJ! dncuy "' Ih... J II II Inlllllul" "',lhu1 1I1 uflll '1',/11111111 Iltiti f101.
 
"'1(1[1 r"vnulnd. Ihll ""'''flrlm""l" IUlv,", only IIIIUIII",11 III" III'P'" IlllIllu 01 IN' til 1m uull 

'MlIld. tllrl ~,hJ"ll 111 luldtl \1. II II, r1utlt.."t hll til I UllIpHI'" IIU 1 Il t , l Iuu t u with 1111' I,JHUlld

•
'111111' '"r ".Iun.. Ily dttlnllllllllfUI III., 11.41 tu 1 , / ' " , I

0 

1(. 11 



244mCm :). 10- 5 1361 
250mFm :).10-1 present study 
254ml 02 :). 5)(10-3 present study 

While the 244mCm result seems to be inconclusive (see below), our data allow us to 

state quite positively that, despite the excitation energy E* ~ 1.0 - 1.3 MeV, the 

stability of the 2 q-p isomers against spontaneous fission is practically not in

ferior to that of the ground states. According to theoretical estimates (see, e.g., 

Fig. IX-7 in ref. / 3/ ) , all other things being equal, a 200-300 keV change in the 

energy E of the initial ntat.e leads, via eqs , (2) and (3), to a factor of approxima

tely 102 variation in the fission barrier penetrability. From this point of view, a 

faclor of 106 - IOU decrease in the partial upont.aneous fission half-life could be 

expected for a 2 q-p excited state, as compared with the ground state. Yet our 

experimental renults demonstrate unambi quoua ly that practically no decrense taken 

pl acc , Thin means that the spec i f i c structure of the 2 q-p isomeric at.a t nn strongly 

hindpr~-; ~ipontaneOlm f i s s ion. l ct 1I~ r-ons i dcr pnuu Lble noureeu of this hi ndr'ance , 

Tilt) qround u l at us or even-even nuclei are known to have np i n-pnr i t.y (t and in 

tt'rrr,,, uf tt", uuper-f Lui d mudo I of 1.1", IIUC"'U" 117-211 ttu,y r-or r-enpond to a q-p vacuum 

(th" 1I0ml"'" of quuni vpar t idc" yc (J), TI", 11II1I"'ll-lyi"q nonr-o l Iect Ivo excited state 

of !til f"Vnrl-f'vr~1l nur-Leun i~i II !ltot.· with IIl1e tn-okr-n pu i r of nurleonu , i .c . , a V= 2 

u tn t n with f\lltl qlluui-pnrf it'll'll IOl'ull'l! (III t ln- IpVI!I!1 ot" Ihn uvprrHI(' tLn Ld , The un

prdrl'c1 pilrl il'It'!1 C'Xl'rl lIll"o(lq lllfIIlPIU"I' Olt tlu' ~ltll)l'rI lu l d pl"oprf'l if'II or UTe nuc l eus 

lilld (lIi'l illf IW'II('I' tn I't't"prn,d ttl nu tilt, b l m-k i ruj l·fll'c't /1/-71/. I" plIl'til'ular t t.he 

IdlwkiHC) I" 1(,1'1 II'ulh to flip jJlllrlll'l lJlIl' PlIl'Ofllldllr 6.(1 hl'illq, OIl tho IIVP~('t by 
/ 01. 

:III I~lll:;, !)(ll1l111'1 101' "';.1 u t nt r-u 1'11111 Lu r '"11111' 'Uith'tJ (1/ 1 / 
-- II !Ihuultl n l uo be 

,'mpil/lill/l'd Llrnl t lu- 1J1()l'villll "Il('t'l IllI~1 l'ulll('1' ('IHIViIWillll r-mu l rl r-u l jUld i Iir-ut i onn 

(,,,'1', ",,,.. .... ln , I 1/·111/ ). 

IIIIPI, II hrllkllil pUll' 1111111' tu.u! I rur (II) 01" pnl'oll (II) IlnhllyHllI1ll of till' tllwl('u'; , 
Hoi Hilly I.'wlll III lill ('KI Jl 1.1 lOll l'lIl'l"IJY I z: 1.0 I. J t1pV 11111 rllllll Pili 01111 \I !I Iqllli I 

"11111 \IIlllll.:PIlIIIIlll' IllIl,I(lUI I'"plll' l utrf t t v • Ih l u, 111111111, Illoy ,qll"ullqly Ifl,.,..t I III I II II,,· 

1101.,"11111 l'llfllIJY \1 I,"d tlu' I-I"""tl\,,, 111111111 M IUI'HwJulpl! 111111, t tuulr m , 1lllIddilloll, 

tllt1 1"1l11l1'11( ntul,." III qtlf'" I I III I I'(lIIIlI"lll lutll.·, Illq" 111'11111, IlU'IUlllln, III dill. 1I11'lllltj 

Ihll u tuh t l l Lv III II I' 1I11l!1It1l1l IUIIiIIIIlI IlPO"flllU'HIIII t 1111111111 II 1'1 IlIWI'"IIIUY u)rHI I" 

III"" lllitl Illt'llIlIt! till' 11l111l1111l"fI ~t1IPIII·d III I \11111d M fly 11111 filii" (qlltillllllli 11I1lI11'Il' ~) 

III 1111' Ifllt lui tlllill'. 1I'II,q .. 'fill til IIII' tlIIIO pllll1lllll", 'Ill .....11111111 •• , 'illllll' ,f1111'lll"l fl 

/1'1/
III Ilnlllllllllll.1f1 uf Illp 11111111141 flt,lll' lIf1d l "11'11111.1 • Ihl 1111' \IIhoI.. , • lllU,ldPllalll,1 

IlulIllJflll III I,ll II". illllll'd'l'lllti Ilf tl1l1 Itl"llllil jillpllIlll (\) 1111\ 1'lIquultllllo 1111.11 III 

"lIIIUI ""111 lilt, qllllllltl,dlllll ttl II K IUIIIIII',I. }" P "'111,1, II III Ihll '"l1lllllu'" flf','" 
II' "11\1:0 1'''llllll'lI 'IIllt IlIJII III,IflIIUllll' Illfl tlil'flll'lllf' 11111\11tlnii IIIf' rn'lIlllllllfl VUllillfi III 

Illp III filiI! I"I'HIIOIII "~ Ulld 'I land flllill 1110 \I111l1l~ ill '·,11 ." II \UtI Iltll,ltal' 1)llIlIlalll l ' 
II Ii II
 

,IUIlIl,''!1 III lilt! pill 1l''1UIIIOIII I,ll I,u 1111 ill I'q, I I J, I"n I/ltllu lll,m II' Ilu' IH,/I!I'
 

1It1111 111111,,1 dl1lll111d 1111 rH111I1l1I1l 

III 

_Ts f 
*

* 5 *oTsf == Ig T f - 0.434(5 - S) =0.434 5emp(S- - 1), (10) 
s 

where 5 is the empirical value of the action integral for ground-state spontaneemp 
ous fission, which can be found from the experimental T value by means of eq. (1).s f 

A further consideration, as we emphasized in Section I, will essentially depend 

on the approach adopted for treating pairing correlations in the tunnelling process. 

Let us first discuss the problem in terms of the statical (8CS) approach. In thio:; 

case changes in the gap parameter in tunnelling are expectcd to be comparatively 

small 13,4,23/, so that a wcakening of the pairing in the initial state will 

proportionally decrease the super fluidity of the system in the subbarrier region of 

deformations. 

Now we shall eut i.mate the parlisl spontaneous f i sn i nn hindrancc factor due to 

an increaoc in lhc effectivc mass M in lhe presence of q-p excitations in lhe 

f i sn i on Inq nuc Ieua ; a Lt.hoooh Lhi u problem IU[W cons i dr-r-ed uarl i e r by l.lr in and 

Zaretsky 1231, not a l l of their ronclusions proved to be jLJntifif~l.J. Lot LIB mWUrJ1p 

for H momeut tlJat in eq , (n the uvo rnqc: vn Iur: nf lhe quunl i ty [V(4,6)-r] does not 

chanqn if I qoill<j from l lu- (,rOland nt.ut o 10 (] 1 q-p IHUIIIPrlf' ntntp nnd that llu- 1''-'' in 

[M'(q, 6')/M(q,6)] "",[A'( ~')/M(~)] I:; i"II"IH'"II",,1 III 11"101'"",1,,",.11,,," 

,,' '-="'r~~J 1/1 (11) 
, nl f\ I 

"lIllI' 

M M I r1 (In 
II II 

ruu l M N 
~ ~ 

(I IIM A ' 

t or lilt' 1t,III!IVI' dUlllt!C' III l ln- "fI ... 'thlt' muuu , '"1111111'" IIY th" IlppI'UJ'llIlt'1' Ii ... 'l q-p 

I' .. , r t ut t ou , i'.lJ., lit Itll' Itt'IJlIlIII 1I1111l'ylilMlIl til II mnLr-uu , lUI' old.dfl 

11' ~! ' . .NPil'_ ( II,) 

. r1 A 

11/111 ' 1 1' ~ '\111/'\1111'1 til" hlll4"J..;lllq t urLn r • Iltl"~11 11.1, I'll' (III) 1"lldq III 

r1'! tl ,,<" .i.r. 111'11111, by 1I!lhll' 1'1111. (Ill} lUlll (II) \IIf' tlIIIIII" l}1 I 1'lIlilllltli''1 III t .« 
}',II I'~/I o. 
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I",lilllld,." lUll !In dl'll\llIti tlltHI IlIl ItH' ,;"11' ttf l "" (lltlllllliUI'" III tll'l pltdlllJ qtl" 

',,, ," 11m" til "II 1I1l' Ill/. II d 1 S" d ".' 1111" 11.11, 11'Ill'fll III/ply, ftll ~I' II. I, 

1\'1 filII II I' I II IIIlhll I V Itllll'll'I"lI, 'J".), '"l' tnllHIHIli trllllllllllill., III (Iul pnlll"" IIul1 
l 

·dllllJld dill ,IlHIII' III f ll11till" ttl IIll'fllf'1 it ld 11I1.dll llllllll (ill1ft, Il,q., I.JlIl, Il J t/II,(,1 ,t~l1 
') 

dllil III,! • ." Inll • 1'1 II,rll, 111 1'~1'1ll 11111 III I ""111-1 II 'Ill 1111'1 Jill IllUllll III 11/41 pf 1,'1 f 1\/11 

"Ill'l'; IIIIIIII11111"d \IIllh tJ,Il~'tlll. Itli II "-1II11pIn, rlJl oJ (I '1"-lllull'lIll1 of 1/11 1 llll,/i') IYIIl' 

.\ .. 

Not,,_ IIIHII"lIfll , lilul ltll'ln lIluy 1111." pint" ,11'10 'II lilli' 11111111 nfllllill I .. !' ..hlp "f 
tlllllU,IIIi! ""' P"P.lj\/fllIlflllll wI'h 11111'll1l1llul P"I 11."tuII11f1('llIY. 
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the following estimate can be made: 

-* M z~2 + N~2 
- % , (15)
M A 

where ~n(p)~0.6 - 0.8. For ~n = ~p e 0.7 it follows from eq , (15) that M/MZ2. 
Calculating average pairing gap values for V= 4 excited states of the (4n) or (4p) 

type represents quite a complicated problem; some examples of such calculations can 

be found, e.g., in refs. /61,62/. Finally, if superfluidity of one of the subsystems 

of a nucleus is destroyed completely, the effective mass for this subsystem should 
i P(decrease to the independent-particle value M )which is known to be several tens of 
n p /3 4 23/

times smaller than the Mn(p) value for a super fluid subsystem •• (remember 

that for 6. ---+ 0 eq , (7) is invalid). For example, if super fluidity of the neutron 

subsystem vanishes, lhen 

i p M* M + M - M (6)p n - p 
and 

-* 
M Zz 
M A 

Such a s i tuat ion for, ooy, 2~llrm would lead to ST f ~ -Ill.'. i.ll., to a strong
o 

incrcauc In thll probabiiity fa!' opontonooulJ finllion, which !'"oulin frum a faclor of 

2.', docrllafJo in UIO cffert ivr- 1Il1I1l1l. In 1966 lIrin lind Lo!'otoky /2S/ lJUlJ'loBt"d lhat 

thin kind of "ff,,,,1 mi qh], o xp lu l n the or i ql n of Ih" npont anaoun ly nllnionin'l isomem 

of t he nr-tl n.lde 'nil' 101 , In pnr t l r-ulnr , 242fAm• ~;nrprluln'lly onou'lh. nowAdayfJ onme 

nt t ompt u UI'O nt i 11 hninq marle to rolnt .. upout unuouu l y fluulunllll' ionnlflrll to q-p 

«xrl t nt l onu lit doformutton (n~(J.2r] chuructnrtnt.tc of tbn IIl'Ound-olnt.t" put unt.i e l 

\11011 of ttltl ,wi I'lld" r"u'lu~ (lit,." t'_q., rot . /65/). At thn oHmo IIIIM'_ our uxpcr i c

rlIt"llltul ruuu l l u lUlumhlqllollilly IIhuw that lui rn-c-ul e rnt Lun of IIPUlttl-llllHtllfI f1fI!i~(J1I t ukuu 

It lnetl 101' 'I q-V IllOmtu'it til nt ou hi ttt,· f I rill 1'111 oul t u l \110 II; I h., IIlTO lurut illil ('WI 

1o"l'lIly I", "XI"",I "II "I"" '''1' " '1-1' I"'''''l! k ul nt nu "f tI,,, (I".tl') I Yl'''. 

110" "1,,,,,,,,,,1,,,, "' 1'"1,.111,, "ClI'I''' lui I01 III ,,"l ou l v "t"'''''Jly 1111 I",,,,,'"'' lin' 
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1hllr r lt, r, 1\11 11111 "lit, I 1 !'lJrr"l'l 111116" Hlld 111" {'IIITIII' 1 10" til 1111' I'ull"lnll "I1"I'IIY. 61 , 

1It1I'lllult, out of pIUUl" \111111 l,wl't'u"llllJ dnllll'lllllllllil 1'1, tllnll III ft"II ud lOll 01 1'~III'llIq 
\11111 qfln"rully 1"'ld III 1111 I,WI",lIln III I I If' Illiul IIllt'llHll'lJpl,' l'llllfll'lllIll (cSll. 61 1

) , 
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method /3/, with non-axial variations of nuclear shape taken into account. The 

results of our analysis of these calculations are presented in Table VI. Hence it 

follows that the blocking effect can lead to a noticeable increase in the fission 

barrier heights of odd nuclei. 

Table VI. 

Increments (in MeV) of the calculated fission barrier heights 

for odd-A and odd-odd nuclei due to the blocking effect 

Odd-even character 

4:lB f 

even 7, odd N 0.2';, 

odd 7, pven N 0.15 

olld I, odd N 0.4 

/65,66/Howard and MBller/64/ CWiok et al. 
96~Z.pOO 100~ Z ~ 104 
140~N ~160 142~ N~ 162 

aJ Il.Bmin b) Il.B f 6B
mi n ll.B~axIl.B~ax 
ff 

0.15 0.45 0.5 0 1.1 

0 0.3 0.2 0 0.6 

1J.2 1J.6 D. ') 0 1.1 
-

d )... 1\ iu the ave rnqo j nr-r-emcnt. ubl.n i nod Oil l lu: huu Lu or 1~-211 i nd i v i rlua l .6fl, VUIIH'B
I 

fIJI' nurl e i with a q i von odd-r-ven c1IUI'lH.'tpr. III t ur-u , I h« i nc-roment 6H r , I~.q., for 

;111 ,·\/l,".I, orhl-N nurluuu i" 1It'f'illud a:: 611,.U,N) - IIt U ,N) - i[Il,U.N - I) 

HI(/,N I- I)]; fur uuc l c i of (,lhl:1 (Idd-t~\Jllll chu I'Ilr' I 01'11 , u i mi l n r i nl e rpo l at i on 

l urmu l m: IUive lJnPII IHH'd. 

Ii) 1"1111 mux I ' I· I I I . II1\ If unit 61\f Irulll'lI I' 11l111111ll11ll IHl( 1Il11)(IIIHHlI \JII 111':; 1I .6 II "I'pl'illlrill III u '
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associated ~ith passing from the qround state to a 2 q-p K-isomeric state. In other 

~ords, one can hardly cxpect that the fission barrier for a K-isomeric state will be 

lower than that fDr the grDund state. On the contrary, the barriers for K-isDmeric 

fission are expected tD be increased, by SDme 1 MeV or even 2 MeV, as suggested by 

the simplified estimates for 250mf m and 254ml 02 made in ref. 1731 where the fissiDn 

barriers fDr these isomers were cDnstructed by adding the energy Df 2 q-p excitatiDn 

tD the ground-state defDrmation energy. In ref. 1731 the logarithmic hindrance fac

tors f or spontaneous fission of 250m,m and 254ml 02 were estimated t o be 8T 3-8s f z 

(sec also ref. 174/). We emphasize that these hindrance factors are due only to the 

potential barrier increase. As might be expected, this increase turns out tD be 

~onsiderably different for different assumptiDns concerning quantum numbers of an 

isomeric state and their conservatiDn during the tunnelling mDtion. 

All in all, due to the blocking and specializatiDn effects causing a consider

able i ncreuue in the effective mr-r t i a and a noticcable autjmentat i on in the potential 

barrier. upont.encous f i un i on from 2 q-p K-isomeric states is preuictcd t o be at r onq ly 

h i nde red compurcd to qruunu-o t.at e ~'lJol1t.[lneOlW f i ns i on , An for the hindrance f ac t oru , 

<r/T,;! values uf t he urder of 1IJ~) - 1OJ[] lind even qrent"r vou t o not be uurpr i s i nq 

df'~;pilt' all t he uru-e r t a i nt ll'D involved ill llll! qunnl i t.at ivo mil lmnt nn and their 

~lell!lllivity 10 a:i~Jllfnpliorm l'orU'nnrJ.nq pr-upo r t ifl:1 of u pari l r-u lnr nucleus and 

u t rurt uro or a pnrt i cu lur 1~IC)fnerlt· .rt.u t.u , 

Now 11'1 1I~1 dincuH:J Ille p r-ub lnm for Lho "!I~H' (If If If' dyruunit'lll t rr-u tmont of pru r, 

lIlCll'OITPlillioll~1 12B,5IJ,51/ which pn'dll'I'11I IIl("lJl' ('flh/UtI'OlHf·,,.t uf 1I\lC'lnlll' nuper

l Lu t d t l v '" 1111' 11111111·11111'1 pl'lll'!'!)!; 111I1!l ('IIlHlidl'f'Hhly dllllHI'lllj Ihl' hllltl"lInn~ f'ac t o r-. 

10 r llpwdaru'ou:i I i~nilnll frum q,,1' i!IOJl\(\"ll n t ut ou. IIH' difll'lllln'OIl wi II hi· d(Jru~ ill 

1I'I'IIltl 01 /111 1III1IIyt Il'nlly ',ulvdhll' mud,'1 II d,,Ini II,d .h-nr r l p t 1011 1I11c1 lluhntufllint i nn til 

\11111£'11111'1' qiVI'II III 1"1"<I./
1H 
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/I'1~, 1"111111r 

\IIIIt,. "II, 1'1 1111' 11111 I Ipi 1,,-111"1, I 1'1 1111' l1111'[ '1Y "I "11' 111111111 !It lit I' (I II 1111 

I I /111/
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'11111I11"llIllId udlll fill' 1'II'HlIIII!' III 1111' "'UIIUl'ulp I'lIll 1111) Ild,qll\,t 11111 III IIIW1l.1,
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1l~1 ~llfft'lPlllfl IlI1IIIIPl'11 Illllltljlllli IIlUlllllllollll1 Ilil1 11I1I11'lI'i III II'lllillll'lfl~1 1''1 II 1111" 

1IIIIII'llllllid fiYfllPllI (IIHIIIl 11'1 Ill'd Ily 11111111,. 'II "'111\111 plill lnq lIlli' Ilul lIlIIfll"l'. III 11111 t I~ II 
l 

1111, 1111 11111 Ijllllllid ,dill" t1'111 i!l 11l/1~lp jl' I III' 1It1l111 "ltl Wllfd I I"I! IUII{\ I " .ll'~ Mtj 
\ / /A I 

/ /"/ , , I / 1I 

(QI1I' lid. I. 1\'1 d",tlllllli!lull·d ill 1111. , 'Il Ih" dYllfl1hll "I 11I1u'1II1,,1I I" I'll I I ill,! 

1IIIIllIIII Ilflill 11111 IIlilllltllltH \1111111' Ilf 1114' tU I ilill Ildllqllll 11011111 Inilld liIllh '1111111111 IIlldl' 

Iqlllllllllllllllitl 11111111111 II, '1hll111 II"" till'	 lid 111111111'1 ""I"llilliilllli 

n 

sdyn(~) = sD3l1/( ClEV '	 (9) 

where 
.i 2 1/2

sD =TT(q2 - ql)('Dg/Ol ) (20) 

with f is < f(q» and:v>! = (Bf/g /l)l/2. The universal f'unct i on f(3e) is defined as 
o q -"tl 0 

rf(ae) =l!... d +Clt2 )1/2 [ E(k) _ ~J, (21)
211' ae 1 +~ 

where K(k) and E(k) are the cDmplete elliptic integrals Df the 1st and 2nd kind, 

respectively 176 / . The modulus Df the elliptic integrals is 
r. ] 1/2

k =Lae2
/ 0 +~) (22) 

We nole that in the framelllDrk of the uccepted model 128,31/ the statical treatment 

of pair i nq cor relations leads t.o the ~c ll-knDwn f'ormul.a 

2 2 1/2 
Sstat(1eo) = SDC!E;, = IT(q2 - ql)(I3l/2tl .6u ) 

(23) 

Ihu" 

llyn _ c [ S:~f(~) ]	 (24)cS'"f - O.434"emp S <Ie f()e} - I 
o () 0 

1II1",n'n" s,stfat is 'liven by the same formuta f or f(<!e') = f(X ) = t. uno 
Tu make numerical est unat ea we aasume A

f 
= () MpV and (1~ = 1).1) M,~V (m~p the 

t ont nnl o on P"'Ie 256 in ref. ISl/).	 for It", b Iork i nq trn-Lm- "'=.6'/.6 ~e t nke th"
 
120 271 ~ 0 0
 

vn lru: ~:;;: 0.82 which r-harart nr i len ' lhf~ onl~-('ompmmnl A ':" LH,O oyn l em hnv iru]
 

iI 'I q-p f~xc1l8tion. At f i rnt we supponn thai Ihp pot ont i u l burri r-t: II, tim Home for
 , 
1",11, II", inolOOrie utate and II", qround olnl,·. IIw,,3t: =~ /~ lind eq , (24) 'live"
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either to neglect completely one of the strong effects (for example, the blocking 

effect on the effective mass, as is often done) or to weaken several effects 

simultaneously by making rather artificial assumptions. The possibility of avoiding 

such manipulations represents an important advantage of the dynamical treatment of 

pairing correlations in tunnelling. 

5. CONCLUSIONS 

The experimental results obtained in the present study demonstrate that the 

stability of the 2 q-p K-isomeric states in 250Fm and 254102 against spontaneous fis

sion is rather high -- it actually is not inferior to that of the ground states of 

these nuclei. Again, the principal outcome of the theoretical considerations we have 

presented in Section 4 lies in that, irrespective of the approach used to treat pair

ing correlations in tunnellinq, spontaneous fission from 2 q-p K-iuomeric states is 

predictcd to bc cssentially hindcrcd rathcr than faciliLated compared with ground

"tate upontuneous fi!l!lion; quantitotively, the cor r cupondlnq hindrancc faelors, 

T·I-IT f' call 1.Ie expected to vary ill a very wide i-aruje , 'my, from 102 - 103 Lo lOB_ 
s 0 9 

10 and moro. Thuu , we uuqht to not e a 'loud qualitative aqreomont belllmen Lhn theory 

and oxper iment , H"mcmb"r now t hut 2 q-p i uomo r ir: "tat,,,, call occur not. only in th" 

Ii rnt. but IIJlIlI ill Lh" uecond pot r-nt i a l well IIIhid. qivon r Iuu III Ih" f'xint"ncn of Ihp 

uponl uneouu l y fj unIun i nq nhapo Iuomcru Dr Ih" no t illide nurl e i , III I'llI'!, uur-h n l.n l cu 

l v inq ut an f'nenJY ofzl.~ Mf'V nhuvo t tu- hottom of t ho nncond \lInll hnvu boon oIJOnrv(~(1 

for n lIuntlor of r~V('lt-eVI'II l'u und rill l nul upou /~4,5l)/. for upont nnnnuu fi nu i nri lr-nm 

llu'nI' "doubly" illulIIl'ric 1IInl"lI. 11t(' plI1piri"lIl vu l ueu 01 till' IlllJnrllllllli(' h l ndt-nuc-o f m
(I) '(1) (I) 

t-l. S wlUln.lItl IhfOornl i r-u l IlIIt 111luilHI 

. [, (f )dy" 
I" t- " 1i'''1 Iq(I", II"f?, "1Il1l1" Lr-nrn 1.1 III 

u un i 1111' 10 l lmnu ,"uefn t'o r "1 >lIlIJl m ill ~itl('t ion ,~ lJ I vn I t II I. (, '. f} lind~ 
I) (I )olul , Ilil


lIlt ~ 'I. 5 ·,.1(1I0t' u l uu ro l , ). 

I'nnlll'llIill'llhp 11I0011·llt'ul pl'lldlt'liullllhllul 11111 l r iqh IIl1lhlll'y LJf '1 '1'-1' ~ 11111 

111111,1" ul ul nu nqlllnllt IIpolltWHlulIl1 f 1011'011, Iho ll\lui l uhl r- OXpOI'IIIlU"lul tlnln do 1I0t rIo 

fur ullo\ll linn to IIUIJ..1' II IIf·.'I.doll IH,(W/I'I'II thn 1\110 ullnl'lIll! Ivtl t (fllllmUIII" II' Pllllllll) 

I'lll'l'nlniiolill III 111I1I1Pllllul. 1\11 f1ltfllllpt l'lIIlld b" IIllld!' In dlll'lllfl tll,t 1'llIlU l 4tll tlu' IIUIIIIl 

cd lIu' H1npil'll'lIl dlltu fetl K I II IIl11f'I II 1111111'11 III II lit 1IC1I'Olld pol"II' lui Willi It III'PUlOy." 
10 ht l u lilt' 11'1111 tWIJ. ,dlU'1I ill tllHI l'Ullf' Iht' diffl'l'OIIl'P Iltd\llOI'1l Illp lllflnntt ~1'1I1 

• (I) (I) "I "I 'II) (I) dyro
hl"dnu",!' "lI'l't1'II (I I II ,) ","I (I I II ,) III "'I"",I ..d to I". 1Il,I "olllO'i

I II ') fI II II 

llllily lUll'" (,viII Ill) "" Ilull it lIluy 1'10\11' 10 I,,· lllnll'lInHI by IIIUI'lIIlW'IIII' W'hldl 

I UI1IIlli 1", U\10ltlfld "VlllI 11111111111 Iflull,,1 I" CUII'ulllll"!)11 uf tllll IIllldnull't1 Inc'IUI"II \111111111 

0111'1, III Ih" hlO ullfllnnll\ff1 11'f1ullll",d,"f pl1ll'llIl', 1111 'I II I' I( Ilullllt'I'''' UI""'II III 11.0 

flllil pol,.."llul \IInll, IIlf1 .11 I rO"f1[Il'O ll'ltWf'I .... 'I Ihn "ulnlll, .. l ll Jllld IldVIll-lllllc, ...I" IdlllhUlII"t' 
I " 

IUI,lolll hi uk!,.wlod III hr. ur 111,1 Iudl" II' III tIl III I whldl III lilllllill'loltn flU IlO hll III) 

IIUl Illoblmll. IlIul"I\I••", n 1II1IIuIUl" 11.11 III('IIIU"P III l'''I''II'I'''''ll1lul "p!Hlli I\IIIV 1'1 IflqlJlllld 

1IIlIP wllidl \IIollbl Pt'lllItt Illlltfll\/Ullllll "' rll1liUluIU111l1tl fllmloll '1lIUI ) 'I II ~ iUOIIlf,,11 ,,1,,1 

t'lt 1I,lfllllt •• Ilu' l·'llllfildfllllill.' hllldlUUitl. AH III~/l luwn d,iIlMlIluIIUI,.d III ItI'. /'1/ lallli 
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'·'nphasized in Section 1 of the present paper, removal of the ambiguity in treating 

1'3iring correlations in tunnelling would be of great importance for a deeper insight 

,nto the physics of large-scale subbarrier rearrangements of complex nuclei in fission 

.md fusion. Therefore undoubtedly justi fi"d seem to be any efforts to increase the 

·,ensitivity of experimental searches for spontaneous fission from q-p isomeric st.at.es 

<IS lIIell as attempts to perform thorough realistic calCUlations of the corresponding 

hindrance factors to replace the order-of-magnitude e9timates. 

It is extremely difficult to increase the experimental sensitivity to the requir-

ed level in dealing with q-p isomers in relatively long-lived nuclei for which the 

probability of ground-state spontaneous fission i9 low. Thus, for 25Omf~ or 254ml 02 

une could try, by using a different technique, to enhance the sensitivity of searches 

for the Gpontaneous fisGion branch by several tens of times relative to the one 

achieved 90 far; however, one can hardly achieve more than t.hat , .lH the aame t.i rlle, 

the requircd Gens; U vi ty can sooner be obtained in the regi on of nurl ei fur wh i ch 

spunt.aneoua fission is the predominant mode of decay wherens parti al apont.aneous I' j 5

"jon half-lives are so short that they fall i,,t 0 the rnnr]e of churncfer i s t ic Li I'r-

t i meu for K-forbidden t( transitiuns~ Such ~;itunt i unn are pofi,!.ihJp for, Bay, the knoll/!' 

-<'L'o-evon iDot.opes of kur-chat.ov ium -- c l cnu-nt lU4 -- Ulilidl nrr- r-lun-urt er i zod hy 

"::f~] und T\; ...... ]O-1_ 10-] s ; t.heo r o t i ra l l v , thp OCClJrTf~IWP of K-i~mllpri(' ::tatl'!; irl 

t;;,'"e nut- lol 'j" quiLe probable ("e" , I·."., ...'f/n/J. Onloi1"d th"",'"!;,,ul I"'cdir'

t ionn fIJI" the occur renr-o of spin i~;uroe!"ic nt.al.ea in the req i on of nluu-Lc.Li vr-d 

::pJIIIIIIIIHJlJlJly f i su iuni nq nur-l i deu Wi wpll lH-i the perf ormaru:u of nxperimonts df~:Ji{Jllj:d 

..::,;l!'l'ill] Iy to auar ch for nur-h st at cn lilT' l op i r-u l i~muP~J. f i nn l l v , WI' would III",p 'II 

or'lplultd/l! l.hnl. lhe ex iut.ence of u vuri o t y ul :;plfl ruumert c lJlllt .. u ill hnuvy 1I1Jt'lt'J nut 

nly Ilponu up new proeoec tu (01" nludil'B ot d i vr-r-u- t·f 1"11:, IIf 1It II" 11'111' !d r-urt u ... ' III 

'dId f I illJ i on but n l no muv have implll'ton' uupIicutillllH 101 till' \lIOI'J.. olfll('d to !lynllll'

Ill' 111111 idtllill ty ""W' II fIIHIfU"t Inldp run: l c i . 

IIIKNIJWIIIW;I HI NI'. 

WI! luku p111U1I1I1'11 III IhunJ..lull AI'lJdlllllll'iull I~.N.I IIIIUV '01 hili Plll'llllllllllllq utt IIl1df t 

1,uwllnhl Ihlll '11111'''. Wit fllf' ttltlllJ..fll1 to 1;.I;.f;lIlh('i.:~tI,., V.II~I(II'IH'I fllld Ih(1 ulufl ul lilt> 

'1-20U tllulll,-/IIJlI 1'~i'lollllUli fOI I'lovldllll' '''.'1111 ".pflIIIllWltti with 11'1' ~lIluIlO.l 4t1o nud 

4°'11 1lr'1I1ll1l. W., willI! III UUJfl" 111,.0 II.UllldUlllonU,n, 1;.V.lIl1lo1uIIIlV, 1t.l'ullolulIllfUt ll C'1I 

,illt! ¥1I.·I.~ol'olltill fill pt'l ftllltlllllj Il1illul'h"llIil'ul Up.!,,"t IPIIII, I\,V.If'yI.hlyllt. ,"uul 

\'II.',.llIYIJUtlIlV lUI "u'll hulp ." lUI r~IIUJ 0111 uiplul d." Ity rutlIIlHlIllm j,"to, I .\1 •. luln,. "lid 

"_I.Mf'lI'lllu fill' Ihl'll Jol. "' PJ'lIl'tIIWlllq III,d IWU'lIlillll 'Iflllinil 111'IIU1l101 lnwlt d"lr~("'-

'll • 111,11 \'"(.~Iullhon&olo lUlll \/.H.I'lo'kn Jill t""'1 u""lltltunl.~ ~1l111"f.II'I""q tlilldin 
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Jlaaapea Ill. A. " Iii' E15-88-573 
HccneAOBaHa.1 r- ' , If," 111.11, II Ht OCHOBHWX 1o1 K-J,130MepHWX coc TOAHI-1~ 

250Fm M 2~-41{1' ,.r"" ,Ill'JlbHQ cnOHTaHHoro AeneHlo1H 

C ~cn()/II, ,.. """"." "AepHblX peaKll~i1 2'+I'Cf("He,3n) ~ 20BPb("BCa,2n) "3Mepe
Hbl OTHOC~T"I"""," ''''I'''''THOCT~ bot "onpeAel1eHbl napll~al1bHble nep~OAbl nonypac 
nana T. t JIll'" ",," 1dHHoro Ael1eH~R 250Fm " 25") 02 ~3 OCHOBHoro COCTORH~R. 

AnR 250FIII '"'"y''' ,"., 3Ha4eH~A bot =(6.9:':1.0).10-5 " T. t =0.83:':0.1511eT, 
A11R 25"10.' II" ~(1.7:':0.5)·10-3 ~ T l r =(3.2:':0.9).10 4 c. n0l1Y4eHa r axxe 
HOBaR ~"lI>< '1'''.III'HI a ce4eH~RX peaKll~i1 206, 20BPb ("BCa, xn). B axcnepaxe-rrax no 
nO~CKY ~"HM LnoHTaHHOrO Ael1eHHR np~ pacnaAe K-~30MepHblX ABYXKBa3H4aCTH4HblX 
COCTOA'H'M ..'50Fm " 25"102 (c 'I 1/2 =1.8 C ~ 0.28 C coo r ae r c r aeu-ro ) 3«1l~KT He 
06Hapy~eH. AnR OTHoweH~R napllHal1bHblX nep"OAOB cnOHTaHHoro AeneHHR "3 K-"30
Mep,<oro ~ OCHoBHoro COC TORH"i1 YCTaHOBneHbI CneAy~~e HH*H"e rpaH"llbl: T:r IT st:: 
.; 10- 1 A11R 250 m Fm" T~r IT ,r ~ S' III -3 1\"" . rn 102. 3TO 03Ha4aeT, "ITO 
CTd6",nbHOCTb K-H I()Mt'pHI.l)( J\IIYXHltd.H1Q.t{ H1ljlt~X U)( TOAHIt1H 250 F m 1o1 25~I02 OTHOC""' 

fl'Tltdlo (rllH'IoIllIllllll Jwrl."tnol IIPdKIHlU'( K~1 lie y c r yn ae r cTd6Lo1nbHOCTLo1 OCHOBHbAX co-

I '111011111 l'lt~ "Ht'l) II IlllIIllllM I ill n.« 1011.-1 (" pCJynbTaTaMLo1 3KCnepI-1MeHTOB, BblnOJ1HeH

HbH' "'Itill' 111'11"1 1001(' 'llll'HK~1 T·. r / T. r TaKM<e nOKa3b1BdK:lT, 4TO ~3-3a BJ1Lo1AHLo1A 34>

cl>eKTull I III'ItlL1IHt I.lIl~H-1 H {HIUKHpOBKLo1 Ha nOTeH,-,Lo1allbHYKJ 3HeprHIO H 3cJ)¢)eKTHBHylO 

Macey, I 1'" 1.1111I1.1l" ( HI_'llt'HLo1eM, cnoa r a-o-oe AelleHHe H3 K-~30MepHblX ~BYXKBa3H4ac

T~4HblX lilt IlltIlnH' IIf" 'U}lbKO He Mo*eT 6WTb 06ner4eHO, HO,. HanpOTHB, ~OJ1*.HO 

6blTb 3Hd"" 11'11'."" '''''lll'UWHO no cpaBHeH"OO CO cnOHTaHHblM Ael1eHHeM H3 OCHOBHoro 
COCTORHHR. 

Pa6oT" ""''''11'''''''' B Jlafiopa ropaa RAepHblx peaKllH~ 0111111. 

npeIlI'H'" (It'M'JlHHeHllOro HHCTHryTa lUlepHbU HCCJleliOBaHHA.llyooa 1988 

t.a z ar ev Yu.A. e t .,1	 EI5-88-573 
Stud~ of the Stab iii t Y of the Ground Sta t e s and K-I vomer i c States 
of ~ °Fm and 2~" Ill.' AQa i n s t Spontaneous F I ~~ 1()!1 

By emp l ov l no the """Cf("He,3n) and ..OIlI'I>("·CII,;'Il) r e nc t lon s , ex~eriments 
to study the stability against spon t aru-ouv fission of the nuc l l de s 2 °Fm and 
~~"I02 as well as of the two-quasl-pdrll, It' U 'I-p) K I~olllt.'r~ ""oFm (1'112 ~ 

-1.8 • 0.1 s ) and 2""'02 ('II '2 ~0.2H' U.u l• 5) h.'VI' I"'",, I,,·rformed. l he qrouncl
·,t~te spontaneous f i s s ion of the tw" "'" lid", h,,'. I>n·1t d I" oVI'rl'd ,Iltd I tw 
c o r r e spond l nq branching ratio; bit ,1[,,1 p.rr r l a t ha l f l Lve T,t , r e s pe-c t l : v 

vely, have been determined to 1)1': (h.q f 1.0)' 10-& • 0.83 t 0.1 1, yr lor ~~"FIII; 
(1.7: 0.5).10-3, <3.2 f O.'J)·10 4 " (or '~4111'. fl·; ,1 hy-~ro<.l')I.1 ,II Ih,'''' 
studies, new data about cross s e c t ions of tilt, .lon, .... ouph( -('ll,XU) rr'",,( t J(lll~ 

have been obtained. Experiments designed to sl'~r, h lor th.. 'I'OIll..It"II'" t l v: 
sion decay of the 2 q-p K-Isometric states in 2"oFm and """10;' h"vl' nnt 
r evr-a l ed the effect In question. The lower 1 im i t s of the roll i o s of t he- I',l[ 

t i a l '.pOItl.lllt'OUS fission half-lives for the 2 q-p K-isomerle 1l.11(", III thll~" 

for the' r ''''I'I'( t lVI' q r oun d states, T:~I T s t ,have been e s t ab l l vlu-d 10 {u- .; 

102/ 25"'O:l..:. 10- 1 1,,1 ''''It II F,"/''''''Fm and .: 5'10- for 2S"m This mean', t h.v: 
the sL,I>illly,,1 t Iu- 7 '1-" K-Isomerlc states In 250Fm and """IO:l .rq.r i n s t 
s pon t aneou s f i,,·.j,," I', I",ll t II.lIly not Inferior to that of the ground ~t.ltl'·. 

of these nuclei. III .,,,,,,,1 wl t h t hr- r-xpe r imen t a l findinqs, the theoret 1<.,11 
,,~tlmates of T'.t l'l. III"tI.· III Ih,' 1"1""'nt paper show' that, due to t lu- ill r 
t l uenc e of the s p« i,d 1'0111,," "r,,1 hi", ~ 111'1 .. I f cr t s on the po t cn t 1.11 t'[ll'rqy 
,\1,,1 the effective "'.' •....,~'''' I"I"d wltl, I h-.IIlIl. ·,pOIll.lfll'OIl' fl s v i on from 
J frp K-isomeric s t.r i .«. ','lIlll11 II.." f.-u 111111t("d hill, 011 t lu- r on t ra rv , ~h()lJld 

hl.'	 e vs en t i a l l v hind('It"l1 ll""I'j.llt·d w l t h qllllJlHI ~""l' "'plllll.lI\1'llll', I j·.·.I()ll. 

The i nv c s t i qa t i ou II,t'; Ilt1 ( t l ' jJilIflllllll1d t,1 lilt! 1.,llIll.1IoIY III NIH It'oIl Hi'di 

Illl"~. JINR. Preprint or I.h., .1"I"l I""t.llul,, r"r Nud...r It"."Ilrt'h I luh"" I111m 


