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Adiabatic TDHF as a consistent theory for anharmonic collective motion
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Many large amnlitude collective phenorena, like anharnonic vibrations,
fission etc., can be characterised by one, or a few, collective coordina-
tes q=q(t). In microsconic theories of collective rotion one links the g-
description to the space of A-narticle coordinates X;» using a set of de-
formed Slater determinants, or BCS states resn., §§q(x1,...,xA) =-<xiqu>.
Yith this collective basis 19> and its dynamic ceneralisation |q,n> ,-
where p is the morentum conjucate to q, one ohtains the (classical) col-
lective llamiltonian DC(Q,D)=<h,p|qu,p:> » Which is to be requantised in
order to qive the collective Schrodincer equation. The questinn of quan-
tisation, althouch part of a consistent collective theoryl), vill not be
discussed here, becausc of limitad snace.

The topic of this contribution is the first point, the nroner choice of
the collective nath Jq> . lsually, it is cuessed by assuming a pronerly
deformed shell model (e.c. the Hilsson model). A less arbiqous way is, to
solve constrained IIF, vhere ﬁ-é ﬁ-)Qc. The constraint Qc’ however, is
still at choica. ATDHF now aims to give a unique nrescrinticn for detarmi-
ning the path la) gﬂg_the collective onerator (). The full derivationl),
using TD!IF in the lirit of srall velocities, is rather lengthy. Here, we
merely try to make the ATOHF equations nlausible.

Starting point is, of course, a constrained NF,
A
<qlla*a,H-20 10> = 0 (1)

where A is a Lacrange rultinlier, which finally becores J=3q<qlﬁlq> .

For small velocities, one ohtains.the dynamic extension from linear res-
ponse to an additional dvnaric constraint qP, where P=iDq; This leads to
19,09 =exp(ipqd)iq> =(1+inQd)|c1> , where the dynamic cenerator Qd is given
by the response equation

<q|La+a,I_H,Qd‘_(+iP/H]lq> =0 (2)

and the collective rass is “-1=<fQ'[Qd,[H,Qd13h > (the Thouless-Valatin
mass). lle thus have two collective operatars Qc and Od. If there is real-

ly a decounling collective rmode, one has nlace for only one operator 1.

Yle therefore have to require N-consistency: chqd' This feeds the dynamic
generator Q, from eq.(2) as static-constrainf_ﬁz_back into eq.(1), leadina
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-
ferential equation

la> = eyl pte (3)

(where Aph means the 1n-1h nart of an operator A). The solution of eq.(3)
requires as initial condition one point | q> with A0, i.e. one noint
off the HF mininun. At the IIF noint itself, it may be labelled 10>, the
path has to join an RPA mode. Thus one can initialise the path hy chosing
one particular RPA mode at | N> and stenning to the first peint off the
minimum, (0> =(1-i§qP)10>, usinc the ?PA rorentun P. From da> on,
eq.(3) is in action. The choice of an initial PA rode is the only free-
dom left in the ATOHF schere, 'ith it one deterrines the sort of collec-
tive rotion, one wants to study.
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