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1/. Introduction

The objective of this paper is to exemine the validity
of the ATDHF theory for the case of fission. The application
of the adiabatic theory for fission has a long history [l]-,
the justification of it is that fission motion is characterized
by the motion of a few slowly charging parametiers. Hovever,
the adiabatic treatment does not allow the dissipation of the
energy from the fission degrees of freedom, which indicates
that it cannot be applied for the whole fission procesas, the
best we can expect tnat parts of it can be well described by
the adiabatic theory.

In the following we deduce the ATDHEF equations by re-
writing the equations of Villars [ 2-_\ in coordinate space.
Tne equations we got this way are basically the same as that
of 3erenger and Veneroni[ 3} and 3rink at al L-4], but is nore
suiteble for our purposes. The resulis of the ATDIAF equations
vwill compared with that of the TDEF equatiorns and their

applicavility for fission will be examined.



2/. Deduction of the ATDKF equations in coordinate space

In the last years successfull attempts were made to
solve the TDHF equations in coordinate space [5,6] . .The single
particle TDHF equations can be written as [5.7]
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where h is the single particle Hemiltonian and the *"L -8
‘are the single particle wavefunctions. In the following we
shall consider h which is as3umed  to be 2 function of the

density only
2
h=ty tWI(Q) 12/

Let us assume, that there is a time dependent parameter

q (t) which together with its canonical coniugate p (%)
uniquely characterizes the time dependence of the system’s
motion. This is a basic condition for the applicability of

the ATDHF approximation, and in reality it is very rarely
satisfied. It means that at each time value "(,L , when ({/ H;;)
_and P [-t;.) have the same Qo > Po values, the whole
systenm i:cs to be exactly in the same state, so there cannot

be erergy transition between the different dezrees of freedon,
for example. If this basic condition in satisfied, the vave

function can be written as follows
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‘where Q is an uandefined operator to be determined by the

TDHF equations. If q( t) changes slowly in time, we ca-
expand the /3/ wavefunqtions up to second order in p
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The time derivative of p( %) and o (_t) can be determined
from the cannonical equations (_see. Ref.2] 4
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2 ZL@\?;,?;_“% Y= 4, 2/

Substituting /4/ into /1/, taking into account the /5/
canonical equations, the coefficients of the differeint p
exponents have to be equal to Zero. The zerota and {irsi oxder

coefficients supply the equations
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for Qz"‘? 03 < etc.l( I the adiabatic approxirmation

there is an enbiguity in O\ y Vilich we rovove oy ciloozing iuz

matrix elemenis among the particle stetes o be cquel o zewd,
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Rouations i12/-/13/,‘together vi.th f6/ and /87 have to be
solved by interation. As a first step-we assume.for A‘; a
form A (x )= ggx)‘ﬂ;{' (_x‘w) , with %his choice.the _
/12/ equations are just the constrained HF equations. However,
the constrain operator has to bé determined self-consistently
by the equations /13/, together with i (q) and V\_q)r/eqs;./S/.
- and /8/ /. That is the big advantage of the ATDHF methods of
Villars [2] « In our calculation the self consistent proceiure
converges quite well; from the first to the second siep of
tize interation the value oif V{( q) does not change too nuch,
only beiireen 10-15 ;. However the value of 1i( q) chenged quite
sirnificatly, 35-40°;, which shows that tile self-consitency nﬁst

be enforced.

3/. Deduction of the adizbatic parameters Ifrom the TDHFP

equations

Since the ATDHF equations are only approximations of the
TDHF equations, one can estimate the validity of the ATDIF

equations .solving the same problew wiin both method. For this
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reason we examined the Tissioning os slabs twith both method.
The slab geometry 2::d the solution of the ©Dii? equations fox
slabs are described in deteils i Rei, [ ':‘-] , and tlie fiszsioning
of slebs is described in Ref.f_S] . Tile wavefwiciionsz in the

time t=0 cen be written es

&, (2,k=0)= )20 e /15/

H‘ ) - ~, .
vinere ihe ¢,, -3 are ike static HF wvevefunciions and
LS(% s . . -
c ) awoses & initial gollerent velocivy Tiegld,
) - . - ot At o
T(2) = o Ve considered slab-fisgion foxr differe:ns
wo2
initial conditions, oscilleiions, wlen S(2)= £ A (2-2,) )
N,
Coulonb type of ‘excitations, when S(z)= B P t2-2_| )
4 " ; s % §
cnd {5 5P has different sipjn Jop nmewnviong cnd sooioan,
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end collisionz of bip clebs wieh Ziell o o, whigl corresaonis

to0 ile neusron induced Tiszsion. In the lost cezse we did not get
fission at all, even for lerge excitotion eaerjies /2 13V/periicle/,
in the first two cases sbove E /A“" 0.2 ileV exciaiion

ener;y nowever Iissiol occured.

The ATDI appro:rimation is applicable only if we Tincd a ¢
parameteyr, waleh togeiher with b describes well erougn the
tine dependence of the syzfei’s noiions. At the besimring of
<the Tigsion pirocess in eaci: case the excitation caeryy svrongly
dissipates and it iz vedistributed suong the diflerent desrees
of frcedo,. Tnerefore in this period there is xno ¢ parameter
which gives & satisfactory description ol the riotion. liovever,

if fission occurs al 211, the last pa=t of the process can be



described elmost indeperdeasly
O::ce the 3lebs stert to oscillate, itkere is not

traasfer anoa; ithe different degreez of

froun the inisel conditions.
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-

e nolion

= A -
Treedon.

T
can be described then by e q paremeter. For siabs, the bdest

choice for q turns out to be
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-which zives roughly tiie everage distance of the mexinum

dencity places of the fregmenting slabs.

After the choice of q, I(q) and V \q) cen be determiined

fron tue TDHF equation. Since tie ARDIT melhad

an i 2ad V for p=C, ilat Is to
energy
The comzpazison of treir values
under iavestigetiocna.

The esuthor is indebted do

for wvaluable discussioas.

liqit, we hawe to celcul

=

determiines

say in tire =zmell ex:citeiican
aie tien fo> small exciteations.

in the Vo epproximedions is
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DISCUSSION

E. Goeke: Could it be that the failure of the adiabatic ap-
proximation in the beginning of your one-dimensional fission
process is caused by the fact that you want to use a one-
dimensional collective path rather than a two- or three-
dimensional?

J. Németh: I do not think so, it is rather due to the fact
that with adiabatic approximation one cannot describe the tran-
sition of the energy between single-particle and collective
degrees of freedom.





