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1/ .  Introduction 

The obj ective of this paper is to exemine the validi ty 

of the ATDHF theory for the case of fission . The application 

of the adiabatic theory for fission has a long history L 1 J · ,  
the j ustification o f  i t  is  that fission notion i s  characterized 

by the :1otion of a fe\"/ slowly changing paraneters . no\·rever ,  

t!le adiabatic treatment doe s · not allow the di ssipation of · the 

ener8Y from the fission degrees of freedoa , �hich indicates 

that it  cannot be applied for the \·1hole fission proce ss , the 

best rre cen expect that parts of it can be well  described by 

the adiabatic theory. 

In the followinG we deduce the ATDHF equations by re-

vrri ting the equations of Villars ( 2 1  in coordinate space . 

'1i1e equations we eat thi s way are basically the saIJe as that 

O"; 3a :-e.n£;er and Veneroni t J ]  a�1d Brink at al [-4 J ,  but i s  z:1ore

suita ble for our purposes . The results  01' the A?DrIF equations 

Yrill compared with that of the '::DHP equatior..s and ,;heir 

applicability for fission •;/ill be exa::ai;:ied .  
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2/. Deduction of the ATDRF equations in coordinate space 

In the last years success:full attempts were oade to  

solve the TDHF equa.tions in  coordinate space [ 5 , 6 ]  . .  The 

particle TDHP equations can be written a.a l 5 ,  7 J 

where 

. h  .1., 
L )  · 'J 1\. l-& ,t ) , ·  l,c 'i; : ' ---· --A. I � t ).

h is the single particle Hamiltonian and the 

single 

/1/ 

-s

. are the single pa+9ticle v,ave:f'unctions . I!'l the follovrinz we 

shall consider h which is assU!:led· to be a function of the 

density only 

/2/ 

Let us assume , that there is a tirae dependent parame_ter 

q (. t )  which together with its  canonical coniugate p t t )  
uniquely characterizes the time dependence of the system ' s  

motion. This i s  a basic condition for the applicability of 

the ATDHP approximation, and in reality it  is very rarely 

satisfied . It means that at each time val'..le t.t.. , when 'v lt�)

. and p lt �) have the same (t, .o , Po values , the ,·,hole 

system 11;; s to be exactly in the same stat e ,  so there cannot 

be ener� transition between the different decrees of freedori1 , 

for exarJple . If this basic condition in satisfied , the ,,ave 

function can be written as follor,s 



. "
JJ 

) 
, o Lt) Q. 

l � \ "l< , -c  � e. '  � - l ) "' � 4  "X , <4; lt )  -, 13/ 

· ,,here � · is an WJ.de fined operator to be detemined by the

TDHF equations . If q t t) changes slowly in time . we ca"

expand the /3/ �avetun�tions up t o  second order in p

/4/ 

The time derivative of p L t)  and q Lt ) can be deteimined 

from the cannonical equati ons \_ �ee . Ref.  2] ; _

v,here 

and 

i � �� (£> ,l\, ) :.
'J r  L. 

M l'\f ) J. 

p :  - id '£ l� ,°tf )
G '\f  

= - Q\/ lq_; \. 0 l 'JJ ) .
g 'V ? , 

/5/ 

/6/ 

/7/ 

is -:::.e e::pcctc.-::ior� ·,� iue oi· t!:e Hamil tonian bet,·,een the Slater 

dcter . .  ::!.r.a ::� �  of ·,;i :e  /3/  $i:i.;;lc pa1•ticle r:a.ve func tions . To 



/2,/ 

Substituting_ / 4/ into  /1/ , takinG into accou:-,t the /5/

canonical equa.t ions , the coefficient s of the di fferei1t p 

exponent s have to be equal to �ero .  The ze1"'ot� and i'iz·st 01•d.c l"' 

coefficients supply the equations
.,. 

h �.;,_ �  '>- L<v ) D. f� J /9/ 

/:..(/ 

iil p /the hi.Rher ordel"' coc :::'ficie!'l.ts would he ve .:;i·,c�1 cquo tio:1.3" 
i'or 0. 2, -{ J 0. '?> � etc . /  

A 
t!1e1"'e is an e.r:ibic;ui·�y in Q 

I:1 the 2.diaba tic  appro:dr::Ettion 

rno.t ri:c elements ar.1o�i the pa.1,ticle  stc- t e s  t o  oe c<1t�c.l ".; o z�:·::> . 

I\ 

5 "'- =- ( '-f  \ °' \ � · '> 1 J J. / 

/9/-/:..0/ c;:: ; i  ".., ,:: · ::•::. ·.: : s �: 

,- : I - - / 



h � · ':'- '). � · - -+ e..· "'l ·  
J., ,.. '. (., ) 

solved ·by interatio�1 .  As a first step · vre assume for A "- a 

foro A �  l ll.  , fJ./  ) =  f lJ< ) '°'( .t.  L x  l \, ) , wi th thi s  choice _ the

/12/ 

/12/ equatio:is are just the constrained HF equations ·. Ho\'lever, 

the constrain operator has to be detennined self-consistently 
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by the equations /13/ , together with !,I ( q) and V \. q): /eqa ·. /6/ . 

and /8/ / .  T'.n.a.t i s  the bib advantage of the ATDHF cethods of 

V:.llars [ 2 J . In our calci,lation the self consi stent procc�ure

conver;;es qui �cc \'tell ; from the first to t:i1e seco::d step of 

tl'�e int eration the value of V l q) does not chanc:;e to.o nµch , 

only be�\":e en 10-15 ;� . However the va.lue of I.: ( q ) changed qui �e 

sit;nificatly , J5-40 ' ;� ,  \"faich sho\'/s that tiie self-consitency oust 

be enforced . 

3/ . Deduction of the a.die.batic paranet e1"s · froa the �DHP 

eq1.ia.tions 

Since - the ATDHP equations are only approxi!:lations of the 

TDHF ee;uations , one can estimat e  th!3 validity of the ATDiiF 

equations .solving the sat1e probleu rdta both �ethod. Fdr this 
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reaoon we examined the i'is3ior�nc os slabs rli th both ::1e thod. 

�he slab .:;eorJet:::-y e.11d the soluUon of the i:'DE� equations fo::." 

, b d . b d . d ... . , . ':"l .,,. (' - J  . . , '{' '  . . s_a s ai� escri c in e 11e1_s 1:1 .::1.e.1. . L :, , a:.�c. ·.;;:a _1.:::::1.onin;:;

of sla bs is described in aef. [ 8 ]  • '1he v:aveftmctions in ·foe 

tine t=O ce.n be \'/ri.tten e.s 

vrhere the 
� $ (.-i.) E, l.l.!90005

'U'" t2. ) � -t; 95 
\'VI � 2. 

i�itial conditio�a , 

/l�;./ 

s ·�atic HP •,·1f:.ve:ftmc-:ions ru1d 

• ','/e co:1oide::.•ed ola.b-fisoion 101 .. d.i f':'ere;1-:;

oscil:'..e:;;io11s , 

Coulo!:1b type of : e:::cita.tionz , 

\·::ien S l2.. ) = t. J... (. 2. - '2 0 ) �  >
s Lz. ) =- �-..-. , r \ 2 - z. I \ � ) 

.:.;o t;1e net,-;; ron induced r5.s$ion. I:1 the lo E'.; ca se ·.,·o did 110·� cot 

fisaiol1 �-t all , even for le r�e o:-:ci to.tio:1 e�1e1·..;ies /2 I :.:::V /pr;..:•tic'!.e/ , 

in the firot tYro ca.::ies above E ""/A tv 0 . 2  i :o�/ c::cie.ti o:·: 

ener.:.;y !1oweve1• fissio:1 occured . 

The .A':i:Dil appro::i.r.mtion i s  applicable only if ,-,e i'inc. a q 

·i;hc :fiosioa p!'ocecs in eac�1 caze the e:-:ci ta tio:1 c::1e1·�y s·.;1'011...;l;;

of frcedo�J·. The1·efo1•e i11 thi:3 period there is :;.o q pa.1'0!:iete!' 

r1hich ,;;ives a. satisfactor:,,· description oi' J.;he r.1otio?: . l.ioi':eve:::- ,  

i f  fission occurs al  all , the last pa:1t o f  'the process can be 



described e.l.rJos t independen-: ly frou ti1e ini ;;e.:!. co11di ·� :.ons . 

Once the alabs s-;;a:-t to oscillate , t�ere i s  ;.1ot :.�uc:1 e�er;:;," 

trensfel"' anon . .:; tile differe:1t c.ec:;rees  of ::re ed.0::1 . �';.:c 1.1o·;ion 

can be deocribcd then by a q pa.l"'e.t1eter. Por.· slabs , the best 

choice for q turns out to be

. ,·rhich gives rour.;h:!.y tl1e average dis:ta:J.ce of t!".e :ce.::imu:1 

density places of the fra@'Je�ti�g slabs . 

After the choice  of q ,  M(q) and V \. q ) can be detemined 

a:1 i:: and V fo:::- p:::O ,. tl:.a t :.s  to  say in t}1.e s�,1ell e::ci -::at:.-: :1 

e11e:r;;y lbi t ,  ·,,e l1.a•1e to calculat e tl�a:-i :fo:" �all e:-:ci te.tion!:: . 

Tlie co:::pa:"iso� of their val�ea in the t·.'Io a pproxir.ie tio.:_:3 i::; 

u�der investication. 

The author is indebted do drs . v .  :;ecele and ?. Villai·� 

for .valuable discussio�s . 
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DISCUSSIOlf 

K. 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 . Nemeth: 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.




