TEMPORAL EVOLUTION OF FLUCTUATIONS
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INTRODUCTION

2 .
1 constitutes

The Time Dependent Hartree-Fock (TDHF) approximation
the basic tool for dealing with the evolution of an uncorrelated many-body
wave function. The approach has been extensively applied to a wide variety
of many-fermion problems, yielding in general a reliable description of
single particle (s.p.) expectation values. However, in situations where
fluctuations become relevant, as for instance in the prediction of spreading
widths of s.p. operators, TDHF fails to provide an accurate picture, due to
the inherent neglect of correlations. The addition of involved collisional

terms becomes thus necessary3_3.

CORRECTED MEAN FIELD APPROACH (CMFA)

In ref. 6 a systematic and tractable procedure for improving TDHF
predictions was developed, based on a suitable approximate closure of the
semialgebra formed by the Hamiltonian H = H0 + V with the observables of

‘ (1)

interest. Starting with a set of one-body observables Oi , the ensuing

scheme can be cast as (we set h = 1)

~a0Pyrae = quoPn, 5= 1, (1a)
~a<o™y/at = (0™ 1> + <tv,0™ 1y, . (1b)
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(1
Oi
with H in the j-1 step. The subindex hf indicates an uncorrelated evaluation

where s jz2 , denote the j-body operators arising in the commutators
(i.e., by means of Wick's theorem). H, denotes an unperturbed s.p. Hamilto-
nian (it can be for instance a static HF Hamiltonian) and V the corresponding
residual interaction. Thus, the semialgebra with H is exactly closed up to
m-1 body operators, while in the last step, it is closed just with H,. System
(1) is then complete if all one-body operators entering the uncorrelated
evaluation are included in the original set.

For m=1, the scheme becomes equivalent to TDHF. For m>l, we attain thus
an improved description, which yields exact (m-j-1)th order temporal deri-
(1
i
time derivatives of the one-body observables O

vatives at t=0 for operators O . In TDHF, only the initial first order

1)
i
to the violation of Ehrenfest theorem for higher order observables.

are exactly evaluated, due

If the non-linear evaluation in the r.h.s. of (lb) is omitted, we attain

a linear perturbative scheme , in which the mth power of V is discarded in
(1)
i
order in (1) to obtain the correct mth order time derivatives of observables
O(1)
i

the time evolution of O . In this case, it is necessary to go up to mt+l

at t=0,

THE EVOLUTION OF FLUCTUATIONS

In view of what has been said above, it becomes clear that the temporal
evolution of the fluctuation of a one-body observable cannot be correctly
described, even for short times, using TDHF. The exact equation of motion

2
for the fluctuation F of an operator O,, F = <O§> - <Oi> , can be cast as

i’

. ex — 2 _
-4dF¥*/de = <[H,0} - 2¢0,>0,1> = 2C{[H,0,],0,} (2)

with C{Oi,sz = 55(010j + Ojoi> - <Oi>(0j>(quantum covariance), whereas in
TDHF,
- @r™ /a4t = ([h,0? - 2¢0,50,1> (3)
: Ui i” 71" “hf

B _ 2 ) L)y (1)

since id(Oi>hf/dt: ([h,Oi]>hf, where h Z;(a<H>hf/2<0i >)Oi is the
s.p. mean field effective Hamiltonian (with the sum running over all one-
body observables appearing in <H>hf). Thus, even at t=0 we attain a non-

vanishing difference between both evolutions, given by
. ex hf _ 2
WET - Foy/ael g = <1V 205 Dpe (4)
where Vres = H - h is the residual interaction. In fact, the l.h.s. of (4)
is identical with the initial rate of increase of the correlation <Ozi>c =
2 2
03> = <03 dpe-

On the other hand, the CMFA yields exact initial temporal derivatives
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of fluctuations already for m=2, providing at least the correct initial
trend. Perturbative treatments require m=3. Higher qualitv nredictions of
s.p. fluctuations can be obtained in CMFA for m=3, in which case the second

temporal derivative of F coincides with the exact value at t=0.

As a specific example, we have calculated the temporal evolution of the
fluctuation of the operator Jx, under the action of the Hamiltonian H = thf

) " 8
V(J; - J;), within the framework of the Lipkin model , where

Bt £ ;
J, =% Z%fcppcpp I P R A (5)
P. ¥
with p = 1,...,N, »=t1 (N is the number of particles). The s.p. density
*

matrix <C:pcpp> = 5pquXV" E;ub|2= 1, provides the allowed initial con-
ditions to solve the system (1).

It can be easily seen that in this case the initial difference (4) is

given by

2 = -
([VreS,Jx])hf = 4v<JX)<Jy><Jz>/[N(N 1] (6)
(where v = V(N-1)), which is of the same order of magnitude of the fluctua-
tion (O(N)), for fixed v (in (6) we have neglected terms of order 1). The

evolution of the fluctuation of JX in TDHF is given by

_a.thf/dt = =26<T ><JT > /N + 4v<d 3T >¢J > /N?, D)
Xy X ¥y z

so that a situation in which the sign of the exact initial derivative differs
from that given by (7) may occur. A typical situation is illustrated in Fig.
1, for real initial values of x,. In this case, (6) and (7) vanish at t=0,
but nevertheless TDHF fails to provide the correct initial trend. It also
predicts a wrong amplitude, and the extrema are out of phase with the exact
ones.

Results obtained with CMFA and the perturbative closure (for m =2 and
m = 3 respectively) are also shown, and are of similar quality, yielding
both an acceptable agreement with exact results, at least for short times.
Time is given in units of h/e, which for £= 500 Kev yields 1.3x10_21s, lar-

. -22
ger than the nucleon transversal time (z10 s).

In conclusion, we have shown that TDHF predictions for fluctuations are
in general inadequate, even for short times. However, a corrected mean field
approach which does not violate Ehrenfest theorem for two-body operators,
provides a reliable picture, being at the same time sufficiently tractable
and simple. This fact allows possible applications to more complex and

realistic systems.
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Fig. 1. Temporal evolution of the fluctuation of the operator Jx
for N=8 and v/¢ = -0.30. The initial conditions correspond
to x, real, with xf = 0.034. Exact results,————; TDHF,

...... ; CMFA,. .; perturbative treatment,—+—+-+-—,

o
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