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INERTIAFOR FISSION IN A GENERALIZED CRANKING ~DEL

J. Kunz and J. R. Nix
retlcal Division, Los Alamos National Laboratory

Los Alamos, New Nexico 87545

cranking model [1] has been widely used to calculate the

associated with collective degrees of freedom. After the

ring correlations, theoretical results obtained with the

or nuclear rotatlnns and y-vibrations were in relatively

ith experimental data. Calculations of ~-vibrational iner-

erformed in the cranking model for fission deformations.

lts were several tfmes the irrotational Yalues [2] and gave

ment with experimental spontaneous-fission lifetimes [3,4],

study a renormalization factor of 0.8 was requfred [4].

pofnted out by many authors (see ref. 5), the Ing”[is crank-

ses two serious deficiencies. Ffrst, problems arise when

cle potential contains momentum-depandent terms. Second, in

ge pairing strength the inertia approaches zero instead of a

onal) limit.

approaches to the cranking model which did not lead to such

ults were developed by Mfgdal [6], Belyaev [7] and Thouless

They showed that these deficiencies of the cranking model

k of self-consistency, since the reaction of the mean field

~ motion Is neglected in the Inglis model. In ref. 5 we

ents and developed a generalized cranking model for station-

otion. Here we show how to develop a time-dependent formal-

to~-vibration~ and fission [9].

th the tfme-dependent equation for the generalized density

1, (1)

nod that tho Hamlltonian Kand consequently the generalized

depend on the collective varlablo c. Furthermore, we

notfon is adlabutfc, which permits the replacement



Choosing the basis so that

[Jtpol=o , (2)

we then obtain to lowest order in the collective variable the ●quation

(3)

for the general~zed density matrix. Here Xand fi symbolize the matrices

The usual cranking-model approximation consists of neglecting the$$ term in

eq. (3). We obtaind$, which appears on the left-hand side of eq. (3), by

differentiating eq. (2) with respect to time.

From this point onwards we proceed analogously to ref. 5 and evaluate thl

first-order correction to the generalized density matrix%. Its trace with

the generalized collective momentum operator then yields the nuclear inertia

B. However, in contrast to the stationary formal!sm, the t.ime-depQndent

formalism leads to an additional pairing-vibration coupling term [3] because

of the implicit dependence of the pairing gap on the collective variatle.

Keeping the? term ineq. (3) gives rise to two additiontil contribution

to the inertia that are proportional to hl andA1. Th@ hl contr{blttion arise

when the potential contains momentllm-dapendent terms. In the stationary case

one obtains

hla (1- m/#) , (4)

where m* is the effective mass. Th!s can lead to a considerable chang~ in th

inertia [5]. We expect a similar r~lationship to also hold in the time-depm

dent case [10]. The additional 41 tern, for which an explicit expression is

obtained from the continuity mquation L6], keeps the nuclear inertia finite i

the limit of large pairing strength.

To demonstrate the effect of the Ai contr’ibuttonon the Inertia, WQ now

specialize to the harmonic-o$cillato~potential. In the limit of zero tem-

perature and a constant pairing gap, WQ obtain fw the inertia



rime dmotes differentiation with respect to e. Note the plus sign

of A2 $n the first term, which arises from the ~ contribution.

lg. lwe show the first tem of the Inertia for ~-vibrations & a

of pairing strangth, calculated with respect to Nllsscm’s spheroi-

nation parameter e [2,4,5]. The pairing-vibration coupling term

een considered here, since it vanishes for large pairing strength.

he ?nglis cranking inertia approaches zero for large pairing, th~

nertia containing the A, contribution remains finite and close to
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1. DependOnce of the #-vibrational Inertia upon the pairing gap A
in a harmonic-oscillatorpotential ●t the ●qulllbrfu deformation
The solld curv~ gtvos tho pro$mt result calculated in the gen-

&ranklng model with 15 oscl:lator @halls, the long-dashed curve
corresponding W$ult cal~ulated in tho Inglls crankfng model ●nd
-dafihudcurve glve$ tk lrrotatfonal result.



the limiting irrotational value. The devidtion arises from the slow conver-

gence of the cranking inertia with increasing basis size [5].

For a harmonic-oscillatorpotential with an effective mass,-relation

(4) holds, and the reaction of the pairing field ’tothe collective atotionis

given by

Al =Y20 .

For a more rsalistic modified-harmonic-oscillator potential we expect simi-

lar results. In particulate, we expect that the proper inclusion of the

effective-mass tam hl for $-vibrational inertias may account for the renor-

malization factor of 0.8 that was originally needed to reproduce experimen-

tal spontaneous-fission lifetimes [4].
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