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P.diabntic TDHF as a consistent theory for anharmonic collective motion 

P". -G. Reinhard+, Inst. f. Kernnh_vs i k, Uni v /-1a i nz ,0-65 ·�a i nz ,H .Ger11:any 
K. Goeke, Inst. f. Kernnhys i k, KFA, n-517 Jiil i eh,\-!. Gerr:any

Many large amplitude collective phenor1ena, like anhc'trmonic vibrations,
fission etc., can be characterised by cme, or a fe,.,, collective coordina­
tes q==q(t). In microscopic theories of collective r1otion one links the q­
description to the space of A-narticle coordinates xi, using a set of de­
formed Slater deterriinants, or BCS states resn., fq{x1, •.• ,xA) =<xi1q>.
!·lith this collective bctsis I q) and its dynamic !"enf�ralisation lq,n> ,
where p is the r.im�·entum conjur:ate to q, one ohtains tie (classical) col-
lective llar1iltonir.n )e(q,!J)=(ci,r>I Hfq,p) , ,,,hich is to be requantised in
order to 9ive the collective Sclirorlinr,er equation. The questinn of quan­
ti<rntion, alt11ou!:!h pt?rt of a consistent collective theory !), ,.,;11 not be
discussed here, because of linited 5nacP.

The topic of t�is contribution is the first noint, t�e �ro�er choice of 
the collective ?ath lei). llsunlly, it is suessed by assu�ing a pro1Jerly 
defor�ed shell model (e.r. the Hilsson �odel). A less a�bigous way is, to 

,. ,,. 

solve constrained IIF, where II-> H-1Qc. The constraint Qc, however, is
still at choice. /\TDHF riow ciins to give a unique !')rcscripticn for dct;?rri­
ning the rrnth lq). a.nd th� collective operator Q. The full derivation1), 
using TD!IF in the lir:it of sr-nll velocities, is rather lengthy. Mere, we 
r.ierely try to nake the /1.T�:IF equctions !)lausible. 

Startin� roi nt is, of course, a cons tr;d ned !IF, 

(1) 

where ;1 is a la£ran9e r•ultirl l i er, whi eh fi nil lly becor1es ;, = ;:k�q I fit q) . 
For sMall velocities, one ohtains .the dynariic e?<tension fror.? linear res­
ponse to an additional d_vnar.ic _constraint qP, whe�e P=i)q,· This leads to
Jq,o') =exp{ip�d)lq) ={l+io�dJt<J), where the dynar'dc qenerator Qd is given
by the response equation 

<(ql(.a+a,[H,Q
d
]+iP/�-�)lq) = 0 (2) 

and the collective riass is u-
1=(ql[Qd,fH,Qd1Jlri > (.the Thouless-Valatin

mass). He thus hr1ve t\·'O collective operators \ and Qd. If there js real­
ly a decounling collective r10de, one has nli\ce for only one operator Q. 
He therefore have to require "1-conc;ic;tcncy: Qc�1d. This feeds t'1e dymuric
�enerator Qd from eq.(2) as st�tic constrain�ack into eq.(1), leadin�
to a coupled set of equations, which uniquely prescribes a collective 
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path. 
For its exnlicit construction, one corhines eqs.(1) and (2) to one dif­

fcren ti al e'l ua ti on 

(3) 

(where Anh r?eans the ln-lh !"art of �n orerator A). ThP. solution of eq.(3)
requires' as initiill condition one point l q') wit'1 .:t f.O, i.e. one ooint 
off the HF riiniriun. /\t the IIF noint itsr?lf, it rtc\Y he labelled )0>, the 
path has to join c1n RPI\ mode. Thus one cr1n initialise the path hy chosinri 
one particulr1r '1P/\ r-mde at\()> and strr)l')in� to the first noint off the 
l!linimum, tlri) =(1-iSqP) 10), u�in� the ·�PJ\ r·or:antU"l P. Fr�r., llC'J > on, 
eri.(3) is in action. The choice of an initi;1l �PI\ r•ot'� is.thf.! only free­
dor.1 left in the fTnHF schcr�. �Vith it onP. deterninec; thf\ sort of coller.­
tive r:oti on, one i,ant� to study. 
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