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On the Rel ation between GCM and ATDHF 

P .-G .  Rei nhard•1and K . Goeke•• 

Al l microscopic theories of col l ective motion have i n  coC1111on that they 

use a col l ective path l q> _(or l q , p> ) , which is a set of deformed S l a ter de­

termi nants dependi ng on a cl ass ical col l ecti ve parameter q (and i ts conju­

gate p ) . There are essenti al l y  two cl asses of approaches . One is the Genera­

tor-Coordi nate-Method ( GCM) whi ch descri bes the many body wave functions as 

the superposi tion I '¥> = f dq f( q) I q> and l eads f i na l ly  to a quantized col ­

l ective Schrodi nger-equ�tion wi th the mass MGCM = < l { P {H , P } } I >/4<P2
>

2 where 

P I > = - i aq l > .  On the other s ide ,  there i s  the group of more cl ass ical ly  

mi nded approaches ,  thi nki ng i n  tenns of an expl i c i t  time evol ution of the 

col l ective wave packets l q ( t ) , p ( t ) >  and der iv ing a cl assical Hami l tonian , 

,'i'
'"C 

= <q,p l H l q , p> .  Thi s  group embraces the static theories for potential ­

energy surfaces and al l the various , more or l ess refi ned , vers ions of 

crank ing ,  up to the ful ly consi stent ATDHF descri ption1 • 2 ) . The col l ecti ve 

mass i s  here MA�DHF = <q l Q , I H ,Q l l q> where Q l q , p> = - i ap l q , p> .  In general 

i t  i s  d i fferent from MGCM ' Mak i ng use of an expl i c i t  dynamical parameters p 

i n  the bas i s ,  MATDHF must b e  considered to be superior to MGCM ' One has to 

pay, however , for the better descr iption of dynamios wi th the detour . over 

the cl assical Hami l ton ian � which requi res a further quant i zation . Ob­

viously i t  woul d  be desi rabl e to combi ne the better �asi s  ! q , p> wi th the 

thoroughly quantum mechanica l  descri ption g i ven by the GCM . Thi s l eads to 
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a GCM w 1 tn two conjugate parameters which , however, i s  not easy to handl e .  

A strai ght-forward expansion, e . g . , l eads t o  a col l ective Hami l toni an 

'cfc (q , aq ,P ' �p) which depends on too many quanti ti es . It is a sort of 

doubl e counting ,  express ing the fact that remnants of non col l ecti ve 

motion are l eft i n  the bas i s  l q , p> v ia  imagi nary parts of q and p (which 

are unavo idably taken i nto account by the GCM) . One ought to reduce th, 

two parameter GCM to a one parameter GCM, taki ng care , however,  not to 

destroy the proper dynamics in l q , p>3 > . To thi s  end we cons ider smal l os­

c i l l ations about each g iven poi nt on the col l ective path . They are de­

scribed by the RPA-al gebra about j q , p> ,  consist ing in the four lplh opera­

tors Q0 1 > = - i ap l >, P0 1 >. = i aq l >, €Q1 1 > = ( i P0 +>. Q0 ) l  > and £P1 1 > = 

( iQ0 - P of 11) I > (where the operators Q1 and P1 are i ntroduced to compl ete 

the a l gebra ) . Thi s amounts to d i agonal i ze the RPA matrices < [Qi , [H , Qj] ] > ,  

< [Pi , (H , Pj] ] > and can b e  done analyti cal ly .  The ground states o f  the l ocal 

osci l l ations provide a new bas i s  j q�p> = f dq ' dp '  g(q , p ;q ' , p ' ) j q ' , p ' > . 

The state l q�p> i s  the boson vacuum b0 l q�p> = (Q0 + i P/o) j q�p> = 0 .  Thus 

we have obta i ned a redundant basi s ,  s i nce aq l > � ap l > wh ich means that 

a p-progression i s  equival ent to a q-progressi on and therefore the p degree 

of freedom can be expressed by a purely statical superposit ion . For a re­

dundant bas i s  i t  can be shown that the GCM wi th l q�p> is .compl etely equi­

val ent to  the one parameter GCM wi th l q�o> . Thus ,  by prediagonal i z i ng the 

l ocal oscia l l ations we have obta i ned a redundant bas i s  which can rel iably 

be treated i n  a one parameter GCM l eadi ng to a wel l defined col l ective 

Hami l tonian 

He . = +  1 

42 Q2 p2 
p /2M"TDHF : + V - 6 V" - 6 "' 2 2MATDHF

which i s  identi cal to the one obta ined from the consi stent quanti zation 

wi thi n ATOHF2 ) . The col l ective paths g iven by ATDHF or the l ocal harmonic 



approach4 ) are parti cul arly sui ted to the above GCM treatment , s i nce the 

l ocal RPA matrices have al ready been diagonal i zed i n  those schemes . 

To concl ude : 1 )  From the GCM wi th two conjugate parameters a col l �· 

tive Schrodi nger equation can be deri ved by means of a transformation. to 

a redundant bas i s .  2) I t  i s  identi ca l  to the Schrodinger equation derived 

by means of consi stency agruments purely wi thi n ATOHF . 3) Thus we have 

embedded the cl assical  theories l i ke ATOHF i nto the framework of the GCM. 

References 

1 ) F .  V i l l ars , Nucl . Phys . A285 ( 1977) 269
2 ) K .  Goeke , P . -G.  Rei nhard , Ann . Phys . i n  press and these proceed ings
3) P . -G .  Rei nhard, K .  Goeke , prepri nt 1977
4 ) P .-G .  Rei nhard , K .  Goeke, Phys . Lett . 69B ( 1977 ) 1 7  and preprint

1977 . 

369 



·, 




