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DEPENDENT HF-THEORY 
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many and 
K. Goeke , I nst .  f .  Kernphysi k ;  KFA JUl ich , 0-5170 JUl i ch ,  Wes t Germany 

Large .amp l i tude co l l ecti ve phenomena are often descri bed by rrieans of a 
clas s i ca l  Hami l toni an )!(q ,  p )  = p2/2 J\!(q )  + Z,(q ) ,  wi th .J\f..(q )  bei ng,mass,, 
the col l ecti v"e""· a·nd Z, ( q )  the col lecti ve potenti a l .  )l. i s  eva l uated as 
expectation va l ue of the mi croscopi c Hami l ton i an ,  H ( xi , P; ) ,  wi th a set 
of col l ective ly deformed S later determi nants ,( xi i q, p ) , where q i s  
a co l l ecti ve coordi na te and p i ts conjugate momen tum . The bas i s  l q , p >
mi gh t be obtai ned , e . g . , frcm the adi abatic TDHF 1 •2 > .  I t  i s  the a i m  of 
th i s  contributi on to show tha t l! can be quan ti zed in a uni que way , 
yi e l di ng the col l ecti ve Hami l toni an 

A " Z  " a " ... " " z · ;I\ · ? 
(,t) He,; : � ( p 2H .,. ,., i:n p + ,J;, p ) .,. V ( a. ) I p = - � 5c2 
I f  there i s  a wel l deve loped co l l ecti ve channel , one can assume a group­
i ng of the 3A coordinates x1 i nto a col l ecti ve coord inate Q and i ntri n­
s i c  coordi na tes (i . Then , He is that  quanti ty whi ch rema ins after aver­
agi ng over the 1 ; •  Hence al l cons i derati ons can be restri cted to a one­
dimens i  ona 1 Q-s pace , representi ng,  e .  g . , the co 1 lecti ve bas i s  \ q ,  p > by 
a one coordinate wave functi on (.. Q I  q, p ) • This  11 i n tri ns i c 11 col l ecti ve 
coordi nate Q i s  to be i denti fi ed wi th Q i n He of eq . ( l ) .  Thus , the wave 
packet ("'Q I q ,  p )  establ i s hes the re l ati on be tween ;e and He , 

(Z.) �,,,,, , = <:q,pt H , q,f) = Sita �q,p ( Q. ')  He; {(l ' " •  p '  . 
Si nce He i s  ass umed to be of s�cond order i n  p ,  \ q , p )  can be assumed 
to be of the form \ q, p )  = e1 pQ \ q � • The remai n ing s tati c  wave packet 
I q ) is determi ned by i ts Q-moments 

( 1 ) <q, p l  d "" 
1 q , p ) = JrAQ <q , p t  Q )  Q. ... < G. 1 q , p >  

Now, He i s  to be defined s uch that  i t . reproduces � i n eq . ( 2 )  whi ch im­
pl i es an unfol di ng of the wave packet < Q l q  > determi ned by eq . ( 3) . 
Th i s  yi e lds , up to second order i n the moments <: Qn ) ,  
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) 
A ,J I!. • If  Z C t.1  V-::.  1'- � 11 - 'tN- 1 J"Z -= N .1 p = 2 <.  a >

(A  genera l i zati on to hi gher orders i s  stra i ghtforward 3) ) .  The potenti a l s
11 and V di ffer essenti a l ly by the zero-pqf nt  energy o f  the wave packet ,  
whose consi s tent subtracti on s tabi l i ses· the process "cl ass i ca l  l imi t and 
requanti zati on 11

• The particular p-orderi ng in eq . ( l )  is not co�pel l i ng ,
but on ly conveni ent i n  the fol di ng procedure . One can chose any other 
orde�f ng , provi ded one changes the zero-poi nt  energy in V accordingly . 
The prob lem of p-orderi ng becomes i rrelevant ,  i f  one cons i ders k i neti c 
and potenti a l  energy as a whole and carri es through cons i s tently the 
fold i ng  and defold ing .  The col lecti ve Schrodi nger-equati on wi th He wi l l  
yie l d  a sol uti on �c(Q) .  To be complete ,  one has to speci fy how to ca l ­
cu l ate matri x e lements wi th �C for a gi ven operator . I f  we apply con­
si stentl y the same defo ld ing  orocedure as above , i . e .  fi xi ng the wave 

. . � 
packet by eq . ( 3 ) and re l ati ng De �,1 th < q ,  p I D t q ,  p )  ana l ogous to

A A 
eq . ( 2 ) , we ob ta in ,  e •. g . , · for a s tatic operato.r O = D (x; ) th� matri x e l e-
ment 
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