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RELAXATION IN FINITE FERMION SYSTEMS 

GEORG WOLSCHIN 
Max-Planck-Institut fiir Kernphysik,Heidelberg 

Abstract: The derivation of a collision term extending time-dependent 
mean-field theories to describe the equilibration in f in i te fermion 
systems due to the residual interaction is discussed. Nutaerical results 
based on a relaxation ansatz for the collision term exhibit its qualitative 
effect. The equation for the time-dependent occupation numbers of the s.p. 
orbits is reduced to a non-linear partial differential equation which is 
solved analytically. In the equilibrium l imit , a Fermi-type distribution 
for the occupation numbers is attained. 

To include both one-body and two-body dissipation in nuclear collisions 
in a microscopic dynamical model, TDHF calculations have recently been 

1 2 supplemented by phenomenological collision terms ' ) . On the other hand, 
microscopic theories have been developed to derive collision terms which 

3 
are due to the incoherent effect of the residual force ) . We give a 

3 
survey of the formulation presented in ) . A random-matrix model has been 
used to account for the irreversible behaviour due to nucleon-nucleon 
collisions. Carrying out an ensemble-average we have derived the time-
irreversible equation of motion for the average A-body density matrix 

0 ( A ) / * * . T * ' T » ' . t x 
Vr \ A i » • • • A 4 » * l » • • * * A ' * 

The reduction to the equation of motion for the average one-body density 
matrix is done by tracing over (A-l) variables. The elements of £ v ' 
in a diabatic basis of time-dependent single-particle states ) are 
governed by 

4:i • [ v (?), ?%, + * c^ eft p;. (1) 

The mean field-part is reminiscent of the Hartree-Fock equation. The co l l i 
sion term contains gain and loss contributions. I t is s t i l l a function of 
the average two- and three-bodv densities. Upon factorization into anti-
symmetrized prducts of P ' , the diagonal elements of the occupation num
ber matrix obey 
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'ff-^^-vK^- (4«b)f<-fy)t.n,].. (2) 

Whereas TDHF corresponds to occupation numbers n-j = 1 or 0, the collision 

term(2) describes the equlibration due to the action of the residual force. 

In a finite system, the energy conserving function G{£L + £j.l £^+£n ) is 
not a 6-function as in the Boitzmann equation but it acquires a width of se

veral MeV such that collisions between nukleons in s.p. levels lying far 

apart become possible '. 

To obtain a transparent treatment of the equilibration process in the s.p. 
41 

occupation numbers we have transformed ' eq.(2) into a nonlinear partial 

differential equation for n s n(£„,t) 

à « - - à [">«-«)+ «* f£J+ £ £*>«}•(3' 
The transport coefficients v,D determine the speed of the relaxation pro

cess as well as the diffuseness of the equilibrium distribution. In 

the limit of constant v,D we have solved (3) analytically through a non

linear transformation. The equilibrium distribution is of the Fermi type 

noo(£) = £l + exp £ - v(£ - ép)/DjJ " where the temperature has been 

replaced by - D/v. The equilibration time is derived as V • 4D/v which 

is « i/V*- j V*" the second moment of the residual force. An example for 
the analytical results is shown in Fig. 1. 

The mean field-equations for the Wigner transform f(x,k) of the one-body 

density have been solved in ' with the phenomenological collision term 

based on a relaxation ansatz. Typical results are shown in Fig. 2. It will 

be of interest to replace the ansatz for the collision term by the micro

scopic form derived above in order to obtain a consistent picture of the 

equilibration process '. 
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Fig.l.:Analytical solutions of 
the non-linear differential 
equation for the occupation-
number distribution. 
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Fig.2.:Effect of a phenomeno-
logical collision term on the 
Wigner-transform of the one-body 
density matrix for different 
relaxation times T7 r e l (10fm/c), 
Ref.l. 
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