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GLOBAL NUCLEAR-STRUCTURE
CALCULATIONS

P. hfolkr and J. R. Xix

Theoretical Division, LQ5.41am2s National Laboraton, L436Alanm, NM 87545

Theoretical studies based on the single-

particlc model and its various extensions,

such as the macroscopic-microscopic method

and RPA treatments of additional residual

interactions, have over the Isut 40 years
hccn enormously succcs~ful in providing a

quantitative thmrelical iuicrprctation of a

large number of different Iow-energy nuclcar-

structurc properties. In the early 1950”s

the nuclear magic numbers were explained

in terms of a simple, spherical singleparticlc

model with a spin-orbit interaction with an

adjustable spin-orbit strength. III 19.55 .Sils-

son cxtcndcd t hc model to a deformed single-

pnrticlc well, mid this mo.lcl w= very suc-

rms[ul in interpreting a v~t amount of ex-

l)orilll(mtal Iow-energy spcctroacopic data.

h singlr+particlc mof!cl serves es ,1 stir; t.

i nR point in the macroscopic-microscopic

Illctho(l for CalCUliltiUg I IIC t’lUCICilr potcnliill

(!ncrgy as a function of ~hapc. In this ap-

proach, the macroscopic crmrgy is CillCUlilt(Wl

for the Sh~i)r! d intorcst, and sillglu-pi~rtic!c

Iuv(h am Calcu]fitcd for a well of this shape

illld Ilsml to (Ictcrmiuc a micrcscupic corrcc-
Iion I)y IISC of Struiinsky’s UW.M. Thc totill

l)~)l~~nti:ll (morgy is Ihvll ObLitill(ld il~ 111(!s:llll

t)f I ]1(~ Ill:l(mll)scopic twin plus 1h{’ mirr(wropir

(vlrrlv-li{)fl, Ily mlrulating I II(* pohwtinl Pn-
(*rgy for ;I l;lrgf- nullll~or nf .;h;lprs olw Illay

fl(~l(~rlllinn nurlvar ground -st;ltt~ massrvi all(!

slI;Il)OS. Iiyhif)u- l)ilrrif’r tlvigllls, illl(l fissi[)n-

i+omvri(” slalwi. :\l I Ilis r(m[(wwco w(8 will

:IIW) Iwnr ;Il)(llll II(JW 1110 ll)f)ll~’1 IIWJ I)(WI! ill)-

I)liiul II) SI !I{lit-i I)r Iligll.sl)ill plIo:If)IIII*Il;I,

l’lIv single’ pnrl irl(’ IIIINII’I ;~l%() wlrvm as

il ,I;lrlillg I),)illl lilr r;llrlllatill~ f.ilri~)lls

transition-rate nuc]car matrix elements, (’)M

example of this type is Gamow-Tcllor A-

strength functions, Since the transition am-

plitude is sensitive to small pcrturbatinns

from residual interactions, it is necessary to

add residual pairing and Gamow-Telier in!cr-

actions to the basic single- partirlc model to

obtain reasonable agreement with data.

l’he goal of such theoretical studies i: tn

understand. the experimentally estahlislw(l

properties of nuclei in terms of a simple

underlying physical picture. it is parLicu -

Iarly important to understand whether devi-

ations between the model and data nrc dII(I

to poorly dct crmi nm! model pfiramct(vs, or

alternatively if a rcfincmcnt of t hc mrxhd or

CVCIIa comldct(:ly IICW mo(lcl is rmldir(d,

Usually a mo(lcl can bc characterized as l)ro-
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vialing a simpl= underlying physical picture

only if it has relatively fcw parameters. .Al-

though few-parameter models often exhibit

larger deviations between calculated re.writs

illltl data than do multi-piuametcr models,

t hcsc deviations are often open to intcrprcta-

tions that yield ncw physical insight. These

deviations may, for example, be due to a

known approximation in the model or re-
ve,a.1a previously unknown phenomenon. As

an example, we mention a mass calculation

that showed unusually large deviations bc-

twccn calculated and mciisured grou rid-state

m,asses in the vicinity of ‘~2fla. These dcvi-

:I[ions were shown to be due to the neglect

of octupole shape degrees of freedom. Their

occurrrncc stimulated a revival of the study

of octupolc shape dqyecs of freedom in this

region.

The model used here represents a uni-

tlcd macroscopic-microscopic approach with

about 10 parameters in the macroscopic

part and 10 in the single-particle model,

Imt counting such previously well dctcr-

minwl parnmctcrs as the proton and neu-

tron nmssq I’l;mck’s constant, and the

spmxl of light. our aim here is to show
snmc r(~[llilrkd)l(~ strengths and soInc wmk-

IIWWS of threw sillglc-l)outiclfq-l)tuccl models

hy npplying llwln g!oh~ly to ~alClllilti0116

of SIII’11 ilivmrie proportics ;ul ground -stato

Madd spinandparitymrnpuod to●parimenl
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Figure 3: Corer mison of experimental Imlfm

lives for W and ~+ decay wit L Q RPA calcu-

lations in the Lipkin-Nogarni pairing tnmld.

m-scs, deformations, spins and pairing uf-

fccts, &decay. fission-harrier structure, imd

spontaneous-fission half.livm. Some WJ;LIII-

ples of results obtained arc shown in figs. 1-4.

Our analysis in the full c.cmfcrcncc contril)u-

tion will point to a direction for t hc n; nr[im

for these types of models.

Thiti work was supprtcd hy the [!, S. l)r-
partmcnt of Ihcrgy.
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