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ABSTRACT )

We show that the physiecs of collision terms, presently
of widening application in connection with kinetic extensions
of mean field descriptions, largely coincides with the physics
" ‘behind the construction of density dependent effective inter-
actions and mean fields in the context of static nueclear
structure problems. The use of collision terms to extend mean
field descriptions based on dynamical extrapolations of the
static density-dependent mean field becomes therefore a

delicate matter.

There are two main categories of problems in nuclear
physics which call for the inclusion of correlations, i.e.,

descriptions which go beyond mean field descriptions: the static
-[1]

properties of nuclei and nuclear reactions involving heavy
'ibns[zl.

In what regards static properties of neclei, it has
long been known that realistic versions of the nuclear force

treated in the Hartree-Fock approximation do not give a guan-

titative account of, e.g.. binding energies and nuclear

radiil3j. In all calculations of this sort it becomes clear

(%)

that ceorrelation corrections are very important andg that it i;_
impossible to do withoyt them if one wishes to adjpst these two
properties simultaneously. Much of the present praficienéy iﬁ-
this field hinges on the use of eFfective'interactions,-following-
the work of J. Negeleia]. These interactions inciudelcorrelation
corrections {(which are density matrix as well as-energf,depaxmnt)
in an approximate -way, namely.én_enefgy.average isﬁberfprmed'
and a local density approximation substitutes the comnlicafed
density matrix dependence. The result of such caletlations is -
an energy independent and density dependent effective inter-
action, which reproduces remarkably well both the binding
energies and radii of nuclei.

On the other hand there is a different.cla$Srof
phenomena, the so-called deep inelastic collisions, which-called
attention for kinetic phenomena in thefnuclear scale. -Since
then much effort has been put into deriving kinetic-éxtéﬁéions
of Time Dependent Hartree Fock. Usual treatments are strongly
polarized in-the direction . of eventudally obtsining.éiéulfzmanna_
like collision term[sl; In order to build the connection -
between the correlation effects to be -added %o mean field
descriptions inm these two categories of problems we need .a
neutral attempt to go beyond mean field descriptions. One
possibility consists in considering the formal exact evolution
of the nuclear one body density matrix. The complete microscopic
description of the time evolution of the nuclear one body
density (single particle states and occupation probabilities)
can he fgormally given in terms of ingredients of two distinct

types: unitary contrisutions whicn contain ths usual time




dependent Hartree-Fock plus unitary correlation corrections,
ang nonunitarity contributions which are essentially related to
changes of the coherence properties aof the one body density.
Apart from initial correlation terms, the description is closed
at the one body level, and derived in ref. [e]. in the weak
coupling regime, {(i.e., only terms up to second grder in the

two body potential .are considered), one gets the simple equation:
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The first term .on the r.h.s. of eq. {1) represents

the Hartree-Fock mean field contribution, the second term,

correlation corrections and the third term represents initial’

correlations treated to the same order im the coupling two body
potential. The DYIS are the occupation probabilitiss f the
natural orpitals |y> at time t, g=1-p, and <aB}G\YG>t
represents antisymmetrized matrix elements of the two body
potential.

It is easy to show that the correlation correction
(second term orn the r.h.s. of eg. (2)) corresponds to a
Boltzmann type equation, provided & markovian agproximation is

l61

performed In the semiclassical limit if a local density

approximation is performed one gets the Boltzmann collision

integral with Fermi statistics[7].

It is important to stress at this poeint, that the
correlation corrections of eq. (1) contain contributions of the
same sort which are considered in the construction of density

dependent interactions. To show this we use eg. (1) with
~ie,t
A

]A>t =& [A>, and take p,(t) at t=0 to perform the

time integral. We get when § =
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This corresponds to what is obtained by varying an energy
functional invelving the G-matrix, as done when discussing the
physics of effective interactions[s], with obvious changes
Telated to the particular structure of the Gomatrix. Eq. (4)

of ref, [8] contazins an additional term which results here



from taking into account the renormalization of cccupation
probabilities, as giver by eq. (3), in h[p].

Similarly, a linearized version of the collision
term, eﬁ.(B) , is found to include time (energy)-dependent self
'éﬁergy and induced interaction corrections to the v terms in
' the RPA. These are crucial to screen over attractive G-matrix
elements when they are used as residual interaetioni9]. Aléb
included are contributions changing ‘ecéupation probabilities
{A=y terms of eq. (3), usually not considered in the RPA)[10].

Now a word about the twe-body poteritial is in order:
egs. (1)-{5} involve the two-body potential ¥ which is assumed
to be smdoth, $p as to produce a reasonable enough Hartree-Fock
mean field. Should there be strong short-range repulsion in
N , the preceding arguments can still be carried through after

_.réplacihg v by an effective object, satisfying a Bethe-Salpeter
'  equation, which essentialiy reduces to ladder sums in the static
“1imit. This can be'obtained;by expansion and suitable ressumation
“of eq. {3.17a) of zef. [s3111]

Density-dependent interactions are known to give .
reasonable RPA modes in nuclel, as they incorporate enough
screening effects, associated mainly with the induced inter-
action, albeit in approximate, eneréy independent form. From
the preceding it follows that it is not consistent to extend
such RPA descriptions by adding collision terms involving
‘anything like the G-matrix interaction itself. A similar
conclusion applies also to large amplitude motion. The subject
of the appropriate effective interaction to be used in a

dynamical context and the form of consistent collisional

connections can thus be profitably studied on basis Df'refs.[s}

and [11].
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