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

Peter Moliert and J. Rayford Nixt

t Theoretical L)ivisim, LANL, Los Alamos, NM 87545, USA

Abstract. We prmmt sonm new results on heavy-ckment nuclear-structure prrq~-

crties calculated 011 the Imsis of the Ihite-range droplet model and folded-Yukawa

singk-particle pOtClitid. Specifically, wc discuss calculatims of lluclcar ground-

statc masses and microscopic cmrcrtirms, fwdccay properties, /3-decay pmpcrtim,

fimim potential-cmrgy surfaces, and s])olltallmlls.fi~sioll half-livmm Them romltfi,

ohtaimd ill a global Illlrlcar-slrllrtllr(’ npprmch , arc p;Lrticuldy Idiid)lr f(w do-

wril)ing Illw sldhility pr(qwrt.ios of I.hr Imavimt dmnmts.

1. Introduction
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aFamily of shapes considered ~
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Figure 6. Nuclear shapes for whir.h fission l)ott:lltial-(~ll(!rgy surfatm are calculated. ‘l’he
selected Hhapes allow tkion into l)otlI comlmct sl]lmical fragnmnts with high kinetic emw-

gies and elongattxl fragments with normal kilwtic cnergirs,

cnvrgy distributions as tlw rcgirm of known nuclui ACM? uralliulll cxpmdd. IIowvcr, in the

1970’s cvidencc startml to arcumulatc that tlwrc wore rapid cllangm+ in fisr+ion properties ill

the heavy-fcrmium rt’gion. Tho first Olls(’iViltiOll ofthoonsut offiyllllll(’lricfissioll at the end

of the periodic Hyslcm was a~tudy [W] of 2r’7Fnl iission. For 25N1bN lIIC chamgcs arc 12vcII more

dramatic. Fission 1~((,::11~’ssyltltll{*trir with a w’ry narrow ll)ass distrihul,ion, tho kim?lic wmrgy

of the fragments is almllt 35 M{*V higlwr thaII ill tlw asyll~nlotric Iission of ‘J~’’l’’lIl, and t,ll(’

sl)(]lll, all[!olls-l issif)ll half- lifv is OW tIIs, Colllpal”v(l h) 2,x(i h for 25’;II’111. ‘1*Iw fissioll-fr;lglllt’lit

tlli~~ti di~tributit)lls and killt’t.i(.-(’ll~’rgy distril]utitms of 2fiNl:m ;Illd four other lwavy nuclei arc

shown ill fig, h, takvll frolll rvf. [23]. An illl])lwtant fmturr ()[S(MIIP of tlw kindir-cnmgy distri -

I)uliwm is tlliltl t Ill’ tillap(’ is 1101 (i;iussiall. lnslm~l, stulw of IllIi’ dislrilmt i(uls m’ bust dwwrilml

as il slllll IIf tw} (I;lllssi; ms, For 2~’NI1’111, Iiu vxdl Ill JII’, t.hv kitl(ltit’-(~tll’lgy dist ihutim can Iw

rf’ljrosmt.rd Ijy two (iaussiiltls ctIIIlvrP{l ;II ;III(I III 20(1 il]l(l ‘2:{~) hl{*V. This IYIW of Iissi(m is

rl’fwr(vl lo iLS Lilll(dtll lissi~mo

II h;is IJVVII prtqMwd tlldl llw r;il~i{l cll;~llgl’in Ildf-lift’ WlIPII gt~illgfrol112r’(;l’’lll I.oxb”hl

is {IIIU It} III(’ [lis;l]~l)(’;lr;ltt[mf’ (If III(’ SMVJII(I s;III(I141 ill 111[’ l}~lrrior Iwltlw lllf*gr~)lllltl-sl; llf~f’llt’rgy,

I:issiflll Ihnmgll (ml:,’ ‘w{) Imrriw,lllv firsl, giw’s wIryg~NNl ;lgrvvlllwlt with thvtllwrvd shfwl

IINII lif~’ fd’ ‘r’s I’I Ill [’Al,’2~~], IIlmw’w’r, (lllt’ll~;ly;lski;;lll~l IIIIW tlll*s]ll}lll ;lll~’t~lis- lissi~]ll half-lifl’is

rIJIIIIIICl IId ICI I.1111rII; IIIgII in IItl Ior Iissilln llr~lll(’rlil’s iIl Ibis Irhllsili(nl l~l~ihl, Nllrh as Ilw rhnllgv

to s,vll~tl~(ltlit lissi~tll ;IIIII high killl’ti~ wl~’lgi~’s, \\71’SllIm III;II 1114*t)l[l illl{’rl)li’t iltil)ll I.llill 111(’

l];llli{~l (I(2T’”1’’III lIiIs (lisill)l)l~;ll’1 1(1 litll(l\\’ llIILgt’i IlltlIl still I’ is ill{l)llsisl{’lil willl Ixwilllls froth 1111’

l)riIsIIIIl r;ll(lllilli~m iIIIIl lIrIIIIIIWI iI l141w’Itlt’rll;lllihlll It It- 1114* slII~rl ]I:ilflil’i’.
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Figure ‘1. cdcuIiLtd l)[~telltial-cllergy aurfnce for 2G8Fnl, ~ho~illg thr~. pathS to fiwion.

]nitidly, Only 011(! Pid.h NtWllllg iL~ all{? &OUlld Stale t’Xk.S, Latin lllis path divih into

two pdh, OIWleading 1,0 compact sr.issioll Ehapm ill tk lower part of the tigurc and tho
other Icadi]lg to elongated Aapca iu tlw uplwr part of the Iigure. AL a late ~tage in t,he
harrier-l) ellet.rat,iotl I)rorws, a third “swit.chlmck path” I.mmches olr frolll the path leading
b compxt shnpw md lt’iLllfl hack into the valley of elongated sciaaicm shapea, Bccauae thi~
tak- place Iiitr in I,]IVl)iLrrittr-l)(~llrtrntioll I)ror.mw, the iiasion prolml)ilitiw for lisaicm into

colllpact and chmgat.rddI;Llwt4aro cxp(wlld to IM:roughly co[lllmriddv, Exlwrilnrnbdly thr
prohahilitim dih I)y (IIIly on{+nrdm of magnit,udc. Tlm iucrtia mswxiated with firiaicminto
llhc Iowcr viLllry is collsitlrral)ly Hnml]m than tho imwtia for fission illl,o tho ul)lwr valley.
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Figure 8. ShiqmS corresponding to the contour map in fig. 9. Shapcw associated with the
new valley are in the lowm parl of the figure and remain symmetric. AR the switchback
pith from the new valley crosses ovm the saddle al r = 1.4, u = 0.75 into the old valley,
~ymmetry bmomes more and more pronounced. As asymmetry develops, the overall
extension of the nuchws rmllains q)proximately comtant for fixed valmw 0[ r.

fragments. Figure (j rJIowR a sot of shapes that !eads from a deformed ground state to both

them scimion configuration~, all,; fig. 7 shGws the corresponding calculated potential-energy

surface. l’hc three paths are disrmsmd ill the caption to fig. 7

In the shadwl region of fig. 7 we have investigated the effect of a third mass-asymlnetric

deformation. The resulting Illnsl favoral)lc sllalws arc shown in fig. R, with the pot.m~ : ,i Onerg.y

corrmponding to threw shqws slmwl] in fig. 9. Tlw saddlo along tlw Iong-da..hcd ,chl,ar.k

p;lt.h has hew h)worxvl hy lll~ss-;Lsyllllll{’try, I)ut tho saddlr Ir;uling to two touching spherical

fragmont~ is not Iowmx’d hy ln;ws iM~llllllCtry. The mason that this saddlv appears smwwhat

higher in fig. 7 than in Iig. ,‘) is duv to interpolation diffirultivs in a region of rapidly changing

vnurqjf in tlw ftwlnvr Iigurc.

Finally W(’ I)r(w’llt ill Iig, 10 ~ill~lllill(’(1 and m~’a’urcd sllilllt.illl(’t)lls- Iissi(m hidf-liV(’li (01

SOIIIO IIcavy ololllollts of intlrr{lstm Sl)(]llt.;kll(x) lls-lissil)ll half -liw’s ;wv idiLtd to ill) intugral alo:l~

t.llu liti~iou lJ;LIII t)f t II(* Ijr(]ducl {J all inmtia function illl(l tllo I);lrrivr ;dmg t II(I fission pat,h.

!)
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Potential-energy contours at intervals of 1 MeV
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Figure 9. (.!mtrmr nlaI) for 2cgFnI showing tJIe vicinity of Lhe outer saddle along the

ncw valley and the saddle along the s’witc]ilmck IMt.h het.wcen the ncw valley and the old
valh!y, “1’heenergy h~s hem Ininilnized with rvspect to the nlassaaynlmetry coordinate tiz

for Iixwl vnlIII*s of the ollwr symmrt.ric threr-quadratic surfacr shape parameters. The ncw
vall(’y vlllrf!rs ill the dxlrtvm~ Icnwr loft d Lllis figur(!, iin(] fiw+i(nl Inay either evol%e iIlti 111(!

01(1 Villll!Y ilCroK+ t.111’M(l(llt’ ill 1’ = 1.4, c = 0.75 or procwxl in the direction of compact
srission shapvs across l,lIv Na(l(llr at r = 1.ti, c = 0.74, Thww two saddlea arc of about rqcal

lwight.

5. Summary

‘1’11(1inrlusim Of ( !Olllollll)-r(’(lisl rihut ion dli’rls ill t.h(’ III;MH lnmld lowm-s tlh~~ral(mulatd

Innss for 272110 hy ill)ollt :! NIO\’.

‘1’11(’sul)(IrllwLvy isl;ul(l is IIOW j)r(’(li(’t (’d [() 1)0 rvlIl(’r(I(l ;Irollllfl ‘~~1 1(J mid 2!”’I lo.

‘1’11(sc;dcul;d.wl n-dvray II; df-liv(’s of 272 I lo, 2HNI 10, WI(I 2!”’ I 1() illl! 70 111S, 4 j’, illld 15(;5 J’,

rvslwrtivol.v.

l{ol;ltiw, III (I;lrli(tr rvslllts, \vtI {Il)taitl sllt)rl.t~r sl)f)llt ;~llt~(}lls-fissi~~ll h;df-liv~’s ill thu suljt*l-

h{I;Lvy rvgi(lll. l:c)r nurh’i ill 11111\’irillity (J 272 110 ;I “ldlp;wk” VAIN’ is I IIIS, ‘1’IIus, SIMIIII

slMjIIl;III{vIlls Iissi(lll II;llf-livtls II I;Iy I)(* rIIIIIlj;IInl)lv II) fl-rl{q”;l.y Il;llf-lives.

SI)~)llt illl{~{)llsl issii)ll ll;llf-liv~’s III;Iy IMI si~llili~.;llltly llill’iht~’llt I’rt)til tllv “l);llllmrk”q viilII(* of
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Figure 10. Experimental spontaneousfiasion half-livtw colllpared to calculated values for
fission along the old and new valleys, A new valley i~ present iu the calculated potenti?! -
energy wlrfw.e only for N ~ 158. WhtiII half-liww hnve hem calculated for both valleys

for a particular neut rcm number, the uhorter (dolllinating) calcula~d half-lives should be
compared with experimental valuea. The diticrepancy lmtwrwn calclllated and experimemal
VL+IUCWin t,hr vicinity of N = 152 may ariae from citlwr LLnerror in the calculated ground-
st.at.c cnvrgy or the neghwt of fiwioll along the third (~witdhck) puth,
k’c,rNo l,lmrr is n IIWVi~xptirinmntal ft:ature of fnir]y COIINIJMIthdf-lif(! for ~ L 156, which
is reproduced nlodcratloly wfill hy the cnlculatiom
For Rf tlm rxpximentnl half-live iH marly r.umtunt aN a function of N. l’he theorcticrd
hulf-livrn for 1{.fare 100 high near N = 152, lluwmm, tlw (iitirrqmncy corresponds only to
nn error of about 1 MPV in the calculated ground-Htnt,v mwrgy.
l%r Z = Ioti tlw calculated half-life in the new vmllry iti fhirly constant beyond K = 160.
‘1’hi~ HhtJWHthut W dcsttihilizing ellkct of tlw til]lmricnl mngir-frngnmnt neutron numlwr
N = 2 x W al}proxilllnl Ply cnmwl~ tlw vfbrt, of h ddimd ll}~igic-grulltl(l-stal,f: nrutmm
mmdmr N = 1(M.
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