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Applications of a Global Nuclear-Structure Model to Studies
of the Heaviest Elements

Peter M611ert and J. Rayford Nixt

t Theoretical Division, LANL, Los Alamos, NM 87545, USA

Abstract. We present some new results on heavy-element nuclear-structure prop-

erties calculated on the basis of the finite-range droplet model and folded-Yukawa
single-particle potential. Specifically, we discuss calculations of nuclear ground-
state masses and microscopic corrections, a-decay properties,/?-decay properties,

fission potential-energy surfaces, and spontaneous-fission half-lives. These results,

obtained in a global nuclear-structure al)l)roach, are particularly reliable for de-
scril)ing the stability properties of the heaviest elements.

1. Introduction

The number of elements is limited because nuclei become increasingly unstable with respect to

spontaaeous fission and e_ decay as the proton number increases. Already in the mid-1960's it

was speculated that this trend might be brokea at the next magic numbers I)eyond those in the
208 )

doubly magic nucleus s21 I)12(_.Maay calculations on the 1)roperties of the heaviest elements

were carried out over the next several years, llowever, since that time significant improvements

have been incorporated into the model that we use for these stu(lies and we present here some

of our most recent results. More extensive presentations will appear in a forthcoming review

[1] and in a forthcoming issue of Atomic Data m_d Nuclear Data Tablcs [2]. Tim new results

are particularly reliable in the heavy-elemeat region.

2. Model

In the macroscol)ic-microscopic metho(l the total l)otential energy, which is calcula, te(1 _s a

function of shal)e, l)roton nulzfl)er Z, all(l lwul, ron nulal)er N, is the sum of a macroscopic term

and a microscopic term rel)resentiHg the shell-lflUS-l)airing correction. Thus, the tot;tl nuclear

l_otential energy can 1)ewritten as

Ep,,t( Z, N, sliape) = E.,,,,,(Z, N, shape) + E_+I,(Z, N, shal)e) ( 1)



_4111¢_ilrllllillllill illlllllli'lllllll rl"illll lill ill i'lllllllrrllllllllllllllll'!:

_" 10 - Experimental FRDM (1992) -

o i _=
t_- 10 Calculated _
c-- E =
1.1.1

o -10
ca = Discrepancy (Exp. - Calc.)£ =

0 _'_ --"- -_ "=_ _'_--'=_
"- _ "_" _"--_" VO'th= 0.669 Me

"'4

--10 _i_iliiii_iilliiiii_liiii_iiI_itftjIitI_rjiiiijj_lii_i_i_'_iii_ii_i_

0 20 40 60 80 100 120 140 160
Neutron Number N

O

Figure 1. Coml,arison of exl)erimental and calculated microscopic corrections for 1654
nuclei, for a macroscopic model corresponding to the finite-range droplet model. The bof
tom part showingthe difl'crencebetweenthesetwo quantities is equivalent to (,tiedifference
between measured and calculat_d groulid-sl,ate ma.sses. Theft,' are almost no systematic
errors remaining for nuclei alcove N = 65, tbr which region the error is only 0.448 MeV.

The preferred model in the current calculations has its origin in _ 1981 nuclear mass model

[3,4], which utilized tl_e fol(led-Yuka, wa si_tgle-parti(:le l)otentia] develol)ed in 1972 [5,6]. The

macroscopic model used in the 1981 calculation w&sa finite-range liquid-drop model, whi(:h con-

ta,ined a mo(lifi(;(l surface-energy terlu to account for tile tini_; range of the nuclear force. The

modified surface-(mergy term was giv(m I)y the Yuk;_w;t-l)lus-exl)onential finite-r,'tnge model [7].

I nL' model is used in our calculatio_l of fission l)otential-energy surfares.

Our l)referred macroscopic li_odel is now the filiit(_-rang,(_(Irol)h_t mo(lel, for which a(ldi-

tions of tinite-rnnge surface-eliergy eft'(,cts a_ld all (:Xl)Oll(mtial tertii [8] have resulted in dra-

mati(: improvezn(mts in its 1)rc(lictive i)rOlWrli_,s, as su_ll_li;triz(_(lin the discussion of Tal)le A in

l{.ef, [9]. We refer to this l_(_wliia(:ros(,ol)i(, mod(,l as (h(: tinil,e-ralige tirol)let-model (I:I{I)M),

which a l)l)revi;_tiol_ is also used to (l(_sigliat(_th(, full _lacros(:OlH(:-microscol)i(: nuch, ar-stru(:tur(,

I or the cah:ulation of gt'()uil(I-stat_, l)rOl)(,rties we use her(! the latest versioH, whi(:h isnlo(lel. :

donol,,d by FI{DM (1992)[2].

3. Ground-state properties

Figure. I shows the result,s ()f lh(, Fltl)M (1!)92) ttu(q(,ar-ilias,s (:alcul_ttion. 'I'll(; (lis(:rel)an(:y

I)el,we(:]l ill(;aSlll'(!(! ;tll(l ('.alcula,l.e(1 lliass(,,s sll_Wll ill th(, l()wer l)art of th('. figure is (lui((, slllal],



ill l)articular ill tile ll(,avy regio_. Tile g¢.)d ;_r_,_,_t_'ll_results fr_m_ several essonfial new

fi,atures in the calcula.i.io_ relative It)lho,;e in t.l_(, l!),_l c;_lc_llal.i()_l [3,,/], namely a new _acr()-

sc(q)ic_()(1_'1,a l,il)kil_-Not4a_Hil)airing _11()(!_,1witll an i_nl)r(wedt'_)r_land i)ar;unet(,rs of l,l_e

effecl ive-interacti(m l)airing/4a !) [10], a_ld _Ili_tiltliz;_li()ll ()t 1.1_(,Kr(_u_t(l-sl, at.e energy witll respec!

effects, wi,icl_ are 1)articltlarly i_l_l)(_rt;u_t,ill the lie;Ivy r_'_;i()ll[11]. '1'(_assurethe relialfility of

a nucl(,ar mass t_.,(]('l i'()r exl;ral)(_l;Iti()_ _t)lhe sl_i)_,rlte;_vy j'_,gi()n, it, is i_ our view j_(,(:essary

to us(,a 91.b.I ;tl)l)r();l('h ill wlli('}l I,]1(" _II()(l('l('()11,'41;1111s;11'(' ;ltljllSlo(I |,o ;tla,l'gi, l'('gi()ll O[ the

i)eri()(ti(, STS|.t'lll _ ;|S iS (l()ll(' h(H'(!, Al)])r();l('llps ill wlti('lt l l_(, _ll(Hll,I C()IIS|.;I.III.S ill'O, a(ljust(!(! t()a

lil_iil('(I h(,avy l'(_i()ll, Sll(']l ;IS i.ll(' I'(,p;i()ll ;|[)()V(' 1)1),;lr(, iIl[l(']l I(,s,,-; relial)le f()r ('X|,l';t.l)()l,;t.[i()ll iltl,()

I,]1(' SII])('I']I(,;IVV l't'_i()ll.

T() l,t,,'.;l,l.]l(, l'(,li;l])ilil)' ()['i]ll, I{I)M t'(,r (_Xil':|])()];|li()ll I)(,_,'(}1_(Ii.]1(_llt,;i.Vi('Si, kll()Wll (!](qli('illS

W(' ]|;iV(' l)(q'f'()l'lllml ;1 r;l.til(q" ,'4(_v(,r(, (.l,s Ir i I _ W]li('ll Wl, a(lillSl Ill(' _()(1_,1('_)llSt,;|llls ()lily l,() (I;d;l

ill Ill(' r(,p;i()!l _ ,%; > ,,.S ;lll(l :1 < 2()S. 'l'll(,r{, ;lr_, 11 l()kli()Wll lll;l.SS(!S ill lltis r('Ki(}ll ('()llll);ll'l,(I

i,_) l(i,5,1 iJt Jill' l'('_i()ll ._'_, ,,/V [[_ _ USt'(I ill ()l|r ,,.;t;lll(I;lr(I ;l(Ijll,'41 II1('111. 'l'ltus, ;l.ll()lll, ()11(' thir(l {)[ all

kll()WII ]ll;ISS('S ;-i!'o (,x('lu(l(,(I,Wil]l IIIl('lt'i l'('lll_)V{'(I I'l'()lll I_()ill t'll(]S ()i" lilt, l'('_i()ll ()f il(t.illS|,lll(ql[.

%V(, t.}l(,ll al)l)lY l,ll_, _l()(l(,I wil, lt ll_i,s_, ('()llSl;|lll,"; ll)[lie (';ll('lll;lli()ll ()t" all kll()Wll II1;I.SS(_,';4 ill ()111'

sl;ill(I;ll'd l'('Ki()ll ;lll(I ('_)llll);irt' tl_e rl,slllls I()()llr sl;lll(I;ll(I Illl_(ll,I ill li_. :2. 'i'i_e (,rr()r fi)r tl_(,

kll()WII llll(']l'i iS li()W (I.7'15 _'1_'\', ('()lll]);Ir_'(I l()().(i(J!) _1{'\ / willl ()llr ,sl;lll(I;ll(I _(_(1_,1 a(I.iu,'.;l_'(I
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Figure 3. (',_l_l(mrtlia_,ra_ (_l'ra.irulal,_;dIx_irr(_nv_q_icc(_rl'(,cl,i(_l_sal,I,heez_d(_[the i.;ri__,ljr
_.,,'sl,_._l,S()li(I s(iuarenilidi('a,le nu('i_'i lha.l,an' ('al,-'_l_d,,'dI(, I.. nl.al_l_,wilh rr_l..('l t.()tY

. . .2l'l,_:_, i,_a._,,..;(.ial..(l',villi llw t_inin_m_u_i_
the.sh.II ('(_rr_'('l.i(mi_ tim i,_w,,,r-I,,t'l.-l_._,_tr,.,,r_.,r ,'4_l,,,rl.,_vy _('l_,i at,, i_,_s(_('i;_t_,(tv,,'ilh

1(_all kh(_v,.'__'_(l,'i. :'_ltt_,_l_l_.ll_(,r(, i... _(_li(',,;_l_l_-,i,_rr_,a.,. ,:,t ll_, erl'_r i_ lh. rv_;i(_xlsl,l_a.l

w(,r. x_(_l,i_('lll(l_,(I i_ t l_(, ;_(li_lst_,l_t. ;_n i_sl_(,('li(m (_[tip,, 2 il_li(';llvs float 1,h(,in_('rva,s_,derror

Si}IIIPW]i;I|. i;II'K('I S(';ll|('l' ill Ill(' ('I'I'()1'.

l(i5.(i,_ ]kI,'\:, r_,Sl_,,('tiv_,ly.I_ _,_lrr(,.,,l.'('I(,(I a(l,iusllx_(,l_i,w(, (_l_lail_l;l:l.d.r_,kl,,\: a_(I 1(;(;.7!,_M_'\',

r(,,_l,,('liv_,iy. 'l'l_x, n111_(_41_Z"_l 1{)is ,_()u_its i_ A away t'l_n_ t l_, last xl_l(l_'_,_in_rlu(l(,_lii_ 1I_'

(lilt'(,r(,I_l fr(_ l l_;_t_,l,I;_il_,_li_ I I_, ('_l('_l;_ti(,,_ ,,','l_(_s_,('()llsl ;l ll l .sv,'_,r(, a(liust('d l_ nu('l(,i _I_,l(.,

J)(" ;|('('111';||(' !();ll)(}lll ;111 _1('\" ill II1(' SUl.,rl_(,a,,'yr(,p,i(_,_.

;_r,_,_:s_ll,,' a,..,st_('ii_t_,_l,,vil I_l_i_ir__l _t_i_p,ir l_,,_tl(_n;_(I !_r<_l(,_t_l_l_l_(,l,,., 'l'l_l,'., i_ t l_,,,l_>w+,r-l+,t'l-

]ll;i_i(' li li('l('ll,'-; Kj
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Figure 4. Comparison of measured and calculated c_-decay Q values for tl,e N = 154
and 15,5 isotonic chains.

proton numl)er Z = 115 and lleutx'on ltuxnl)er N = 179, at ;_n energy of -9.44 MeV. At

Z = 114, N = 179 tile energy is almost the sanne. This minimum is loca_ted in the region of

superheavy elemt:nts. All inl,eresting fi,ature of the contour diagram is that there is a penixlsul_

of stability extending from the superheavy island toward the region of known heavy elements.

On this peninsula there is a "rock" of increased st;d_ility centex'(,d a,t Z = 109, N = 1(i3.

The three heaviest knt_wn elellwnts l_'tNs, losl|s, and lo_jMt were all identified fl'om their

¢_-deca.y chains [12-14], wilich linllit.ed their stalfility. The sinlgh,, nlmst imlmrtallt quantity

detex'minilkg the ¢_-decay ILall'-Iifeis the Q v;tllle of the decay. Ill the he;_vy-eh:mexkt region all

uncc_rt,.",Jllty O["1 MeV ill t,h¢'Q)V;|Jli(_ c:orx'eslJunds t,o Illl('(q't;|,illlies Of 1(1_n and l(I_:_ for (,,)c,_, 7

MeV and ()_, _ f) MeV, reslwctiw.,ly [15].

Ill 1989 Miinzexllmv'g et al, [l(l] colnlm, n'ed Q va,lues for t_ decay along the N = 154 and

N = 1r'_o,_ isot,¢mic lines t,o I}redic,ti_}ns -!' the 1988 FIII,I)M [17]. In ti_, ,1 we make a similar

coxnl_rison of mea,suJ'ed data l,c_predictions of the current 1;'I{I)M [2]. These results I_;tsed on

the current FI{I)M show a lliuch ilni_x'ovvd agn'eenwnt with the nwasured values rela,tiw,_to the

comparison with an c_l_l_,x'snass nmdel ill lf)_!)I_y Miinzesllmrg et al. [l(i].

We haw_ esti_iated t_-_lecay half-liw,s 7',, c,_rx'eSlmnding t,_ ,mr calculated Q,, v;due,s by

use _f tile Vi_da-Seal_rg fi.V,";l.Pllll|l[CS [IS] with imralllel, t,r vallles that w_,l'e del,erlllilled ill al_

;|(Ijll,',;t, llit'lit, that il_cluded _lew d;tta l'(_l'('V('ll-('V(ql iluclei [1!)]. 'l'l_e lluch,us 'zT':110 ]las a cal-

culated tt-decay half-lift, ,t' all,out 7(1 I_ls. 'l'h_, l_uch,i _S_110 and "_110 il_ the cel_ter-f the

SUlmrheavy island have calculated _l-decay half-lives _f ,t y a n_l 15(i5 y, respectiw,ly, which, it"

a('_(,Ul';!,l.(', l'lll(',',; ()lit. t]lp I_snilfility that Stllmrh(,;Ivy eletl_enlts _H'cur it_ xlatuu'e.
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Figure 5. Experiment,;d ti,4sion-fragznent;zz;_,,,;savzdkinetic-energy disLribuLions for the
fission of vzuclei close to :t_4l;'ni, wh()se sym;net, ric fragments are doubly magic, The st,rue-
titres of these distril)uti,,ms re,fleet the valleys, ridges, lniliil|Za, and saddle poilits of Line
Ullderlyilzg li|lc]ettr l)Ottqitial-t4l(,rgy surfaces.

Ai,l,licati,,ns of our _n,,d,,I t,_,th,, calculath,n ,,f/_-deray half-lives and/_-delayed n,_,utr,m

ennissionz is discuss,,,I elsewhere [20,21],

4. Fission properties

For a ],,rig t,i;zz,, (,Xl),u'i;Iwllta.I studi,,s ,,f Sl),,t!tan,,(,us.fissi,)lz l,rOl,,,rl, ies sh,)wed _ra,iual, I,r,'-

dictai,le cltaliges ,)f stlch l)rt,lwrlies as Sl),)t;t;lll,,,)_l,4-fi,s,4i,)il half-liv,,s al|d Illass a,tl,l kin,,lic-
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Figure 6. Nuclear shapes for which fission l_ol,ential-energy surfaces are calculated, The
selected shapes allow fission inl,o both compact, spherical fragments with high kinetic ener-
gies and elongated fragments with normal kinet,ic energies,

energy distributions as the region of known nuclei above Ul'_tliUtl| exptutded. However, in the

1970's evidence started to accumulate th;_t there were rtqfid changes in tission properties in

the heavy-fermium region. The first observation of the onset of symmetric fission _t the end

of the periodic system was a study [22] of _'_rFm tissiml, For 2'_sVm the ch,_nges are even more

dramatic. Fission becomes symmetric with a very n;trrow lnt_ss distribution, the kinetic energy

of the fragments is about 35 MeV highor than in the asylnmotric fission of _'_;Fm, and the

,'pontnneous-fission half-life is 0.38 ms, cc_inp;tred t,o 2.X(_h fc_r _'_"F'm. The fission-fl'agment

mass distributions and kinetic-energy distrilmticms of _r'Sl.'tn and four other hea.vy nuclei are

shown in fig. 5, taken from ref. [23]. An intl)ort;ult fi,at,ttre of solne of the kinetic-energy distri-

b H.Ions is that the shape is not Gitussiall. Instead sotne of l,ho distributiolls are best described

as a sum of two Gaussians. For _r'sF'll_,t'_r exa_nlflo, tl_o kinetic-energy distribution can I)e

ropresented by two Gaussians centored a l al}Ollt 200 alld 235 MoV. This type of tission is

referred to as bimodal fission.

It has beeli proposed t,l_;tl,tho rapid change in half-lift, when going from at_t_Fmto _SF_n

is due to the disappearance of the second saddlo in the barrior bolow the ground-state energy.

Fission l,]lrollgh only one barrier, the first, giw,,s w,ry gored agl'oeil_ont, with the observed 8|lOl't

half-life of _r'Sl"_ [24,25j. llowew, r, ono may ask if and I.)w the spontaneous-fission half-life is

COllllOClod l,o Lho cllallge ill oLhor fission I_l(_i)t,l'li_,sa.t this l.t';tltsil,ioll poild,, such ;ts the ch;u|ge

to sytt;lt;et;ric tissi(;ll al|d high kinetic energie.s. Wo sh-w that the {_1(Iintorl)retation that the

Imrrier .f _r'Slg_ ha,s disappeared below tl., gr_mnd sl.ato is il_t'_msist.onl,with results froln the

I)rosenl, calctllal, i(_lt alld l_l'Op(_soa l_ow _noch;_l_is_=_fi_r tl., sl,_rt hall-lifo.
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Figure 7. Calculat, ed pot,clii, itll-energy surface for l_ipln, .howili K three paths to fissioii.
Initially, only Olle lllil, h sttitl, illg iil, the grOlllld tiil,lil,t; I;xisl,s. |.ill, e.t i,his pai,h divides illtO

two ilat,hs, Olie h:adilig I,o eOllilliict, scissioli sliillll..ti ill t,he lower llarl, of the figure and tile
other loading to t;Ioiigal,t_dtilialleS iii the iillller llltri, of the tigure, At a litt,e _lt,ltlll., ill till.'
llitrrier-llenet, rat,ioii liroel_is, a l,hird "ftwil,chllaek llath" braiic,ht:s off froili tilt; path lcltdilig
to eolirilllicl, _]illlleS luid lelid, llaek ilil, o i,lil_'valley of eloligtlt,ed Meissionslialles, Because tlii.
takes place late in l.hl; liarrii;r-llt;iil+.l,rtll,ioii ltroct:l, flit., |hi_iOli llrobabilil, ies for tisSiOli iiil, o
COliilllu_t aiid t_'loligal.edi_]iillll_s till: expecl,t.d I,o lie rollghly COllilllirallh;. Exllerilnl'iil, all i the
llrohabilii, i_:sditf_;r hy _liily olie order of inagliit, lldO, 'rll_: iliert,ili associated wii,h fissioil ilil, o
the lower valh_yis rolisi!h,rtlllly siiiallt;r l,haii the ilicrl, ia for fi._tioli iiii,o l,he Utlller valley.

Although t.h,_,or,,t.ical co_sid_,ra.t.io_s ha.d far e;u'lier lod l.o sligg,_,st.ioiis of several fission

llltths ili tho llOi,enl,ia,l-oliorgy _iiil0fiice, thooroi, icitl SllOlitaliOOllS.fisSiOli liitlf-lif_ citicul;ttions lintil

rlitlior recolil, ly COli,_idel'ed oli].7 ,_hall/, llliraliil_l, orizittiOliS l,hitl, ;l,l]owed for l,he conw_.ntiolial vi_llt,.y

[_i,2_i-30].Eitrly citlculltl, iOli,_ l,hlil showed,i,otelliO oxl,enl,, the illfllil,llCe or t'ragilii_ili, sllells at it

relativdy i_.rly Sl,;igoill t,lil' |is,_illii lll'OCO/4S,hef_li'e .l;issioli, Itlilll, lu'od ill tim oitrly-to-iliid.1970'_;

[31--:13].
The Iirsi, cltlcili;i.l, ioli l,hii,l sliliwl,d llrOllOiliiCed liilill, i-vaill.7 l_l.rlii.Lilrl, lilid llrcdictl,d tho

correspOlidilig Sliolil, alil,oiis-|issioli lialf-Iivl,s was llt.rfol'lii_,d ill I'!q',_.[:14,:l._].All iilillrovod lliod¢;l

thitt ltlso includod odd lilil!ll,i wii,t4ltri;soiitl.d SOlllowhitl, ilttl_,r [',Ill],W_. show resull, s frOlli tlil:se

¢_llclliitti_ lis ill |lgS (l Ill, tli liliil,,_ wlil_l'e i,lil; i'Itdius/til _lf i,ho Sllliel'icltl lilil;h;iis is iiliity, 'l'li_,_,

l'eSilit_; [34,:1U] sli_lwt!d l,hiil ,_liiil, _1£l,]il, good agri,_;ili_,lil, lll:l, wl,t,li i_iill'illli, l,l,i! SllOlil,iill_,Oli,.i-llssion

hitll'-Iivos ltlld liil,li.,.iill'_,d viillil,,_ !llllililil, ii iii i_ili'li/,r ciilCillii, l,iltli_i [7,_,_7]r<,r iiiicll,i c]ll_i_ 1,olr_sl,'lii

wits fol,l,liil, oiis.

Tlit_ higii-kiiit,l,i_'-_,li_,rgy fritgllil_lil, s ili heitv.7 l"lli ti,_sillli wl:rl,_ t,houghl, I,o COl'resllnlid to

tbtsio!i l,hl'_lilgh it scissi<lii Clilifigilrit, l,iOll of two t_lllchilig ,_llhvi'icii,l fl'ii,gllli_.lltl4, itlill low-kiliotic-

01iel'gy Iis_ioii Wlh_ ilil, l'rlll'_ql,iI ,is |i,_siiili thl'llill4h It srissilili COli(igiiritl, i_ili of" l,w_l eloilgltt_;d
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Figure 8. Shapes corresl)on(ling to the contour map in fig, 9. Shapes associated with the
new valley are in the lower part of the figure and remain symmetric, As the switchback
path from the flew valley crosses over the saddle at r = 1,4, tt = 0,75 into the old valley,
asynlnletry becomes more and more pronounced, As _ymmetry develops, the overall
extensionof the I|llclells relllaills approxilnatelyCOllStalfl,for fixed valuesof r.

fragments. Figure 6 shows _ set of shapes th;_t lea(is from a (lefornied ground state to both

these scission configurtttions, and l_g. 7 show. the corresponding calculated l)otenti_l-energy

surface. The three l)aths are discussed in the caption to fig. 7

In the shade(l region of fig, 7 we have investigated the efl'ect of tt third mass-asymmetric

deformation. Tit(,, resulting most fiworal)le shal)esare showll ill fig. 8, with the l)otenti_l energy

¢orresl,on(lillg to tiles(.) sllal)t,s slit)wit ill fig. 9. The sad(lie ;tl()llg tile lollg-(lttshe(l switclll)_ck

path hits I)eell lowered I)y Ii!;t_IS-a,Syllllll0tl'y, but tile sad(lie leading to two touching spherical

fragmellts is not lowered I)y ma.ss asylnlnetry. The l'O_Oll t]lat this saddle appears solnewha, t

higher in fig, 7 than in fig. 9 is (lue to interl)ola, tion (liiticulties in a region of rapidly changing

energy in the former ligure.

Finldly we l)resent in fig. 10 calculated and measured Sl)ontan(,olls-fission half-lives/or

some heavy elenients of interest. Spontaneous-fission ludf-lives are rel;_te(I to an integral along

the fission lmth of the l)rodllct of all inertitL function tuld the bt_rrier along the fission l)_th.

]}O(:allSO the Ilarl'h,r ill tile valley leading to two tOllellillg 8l)h(}rc,_ iS c_lclllttted to be _l)ovo

the gr()un(l.state energy for _r'Sl;'nithe m(:chanisln of the short half-life is itot the absence of

a, st:(;olld lle;tk ill tilt' I)arrier, llisi, t,;_d it, is ;_ very low iliel'ti;_ asst)ci;_ted with fisStOll ill the

I|ew va,lley, No t,l'llly r(ilial)l(, lni(:ros(:ol)i¢ cal('llla, tiol| of tl|(: il!Ol'tia, a,lollg (li|rorelit fission l)a,ths

exists today, I)ut l,ht, level 8l,l'llt't, lll'O ill tile llOW valley 811_g(_SI,S }t very low inertia for fisfliOll

along this l);tt,}l,
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Figure 9. C,ontour map for l_"Fm, showing the vicinity of the outer saddle Mong the
.ew vMley a.d tile sruhlle Mong the switchlmck path between tile new vMley and the old
valley. Tim energy ha_ been minimized with respect to the mass-asymmetry coordinate ct_
for fixed vMues of the other syillll|etric t,hre,:-qtiadratic-surfitce shape parameters. The It(_W

vMley elilers ill the extr,;llie, lower left of this figure, ,tml fisxioli inay eitlter evolve into the
old vnlley across the st.ldle nt v = 1,4, er = 0.7,5 or proceed in the direction of eotnlmet
scissioil sliiqles iicros,sthe stilhll,, at, r = l.(i, rr = 0.74. These two sttddles tire of libout equltl
hl;ighl,.

5. Summary

We COliclude by Silili!n_rizing/4Olile iinllortalii, result,s till the stability of the hetwiest eleulents

in'osented here'.

The inclusion of Couloinll-redistrilmtloll effects in the lnass Inodel lowers the c_lculated

illii,.'iS fOl' 'iTlll0 liy li/)olit 3 MoV.

t The ,siillt;rhl_livy island is li_lw llredh;ted to I}o celltored iu'Oillid lt_S110 and ltlli110.

t The calculated <t-decay hldf-iives of llll 10, 2mSll0, and l'Jlll 1() are 70 illS, 4 y, itlid 15{J5y,

respeciiw_ly,

i lleliltive l,ll i!iu'lier rosull, s, we olll, itili shorl, vr spOlltiiilt,OllS-lti,ssiOil hitlf-lives ili the SilliOr-

lieitvy ro/4i<lii. For liuclei in the vicilill+y ill' 2_'ll 10 a "llaillla, rk" vilillt., is 1 IllS. Thus, 14Ollie

,Spolil.iilleOil,S-fii_SiOli ha if-lives liiiiy lit! i,Olliili_l'Itl)ll! to/l-dl_cliy half-lives.

• _llOlitlUlpOUS-fisSiOli half-lives liliiy lit, Si_liiliCalit, i,y difl'ereni, fl'onl the "lntiliilu'k" Va]llt: of

I Ills f_ll° two ioa.SOllS. ()lie is lily i_Ollt!l';i] Illll't,l.l,;i.ilily o[ the cidculi_tlolis. Allol, hor i,,i that,

for odd svsle!llS SlleCiiilizillitlli ellOi'lii_s (:Jill h,lul I,o hlllt: iliCl'eliso,,i in tSllolil,aneoli,s-lissiOli

htdt'-liw,s, with lip to 1() ordors el[ lliligliitildt, possilllv.

Mlll'e exteliSiVO discussions ill tlio l'_,sull+sln'esolited liore lllllV ll(_ fOulld hi li series (if recoil{

llulflh'ali_lns [1,2, lO, 11,2 ),,14,,1(I,,17]

Tliis Will'k wiis silltli_lrted ll), lli_, II. ,q. ])elliirtillelil, _lf' ]"_liel'14y.
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Figure 10. Experimental spontaneous-fission half-lives compared to calculated values for
fission along the old and new valleys. A new valley is present in the calculated potential-
energy surface only for N > 158. When half-lives have been calculated for both valleys

for a particular neutron number, the shorter (dominating) calculated half-lives should be
compared with experimental values. The discrepancy between calculated and experimental
values in the vicinity of N = 152 may arise from either an error in the calculated ground-

state energy or the neglect of fission along the third (switchback) path.
For No there is a new experimental feature of fairly constant half-life for N >_ 156, which
is reproduced moderately well by the calculations.
For Rf the experimental half-live is nearly constant as a function of N. The theoretical
half-lives for I_f are too high near N -- 152. However, the discrepancy corresponds only to
an error of about 1 MeV in the calculated ground-state energy.
For Z = 106 the calculated half-life in the new valley is fairly constant beyond N = 156.
This shows that tim destabilizing effect of the spherical magic-fragment neutron number
N = 2 x 82 approximately cancels the effect of the deformed magic-ground-state neutron
number N = 162.
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