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ABSTRACT 

The experimental resul ts of dissipative heavy-ion col l isions are
summarized and the present status of theoretical deve lopments is
outl ined . Time scales and successive steps of equil ibration are 
discussed . Starting from a general formul ation of a transport 
theory we discuss various approximations . Typical resul ts of cal ­
cul ations are presented . Possible future devel opments of transport
theories are indicated . 

1 . I NTRODUCTION

During the past few years rel axation phenomena in dissipative heavy­
ion col l isions have become an interesting subject of experimental and theo­
retical studies . According to the cl assical pjcture (K � 0 . 1  fm in dissi­
pative col l isions) these col l isions correspond to impact parameters which 
lead to a strong overlap of the nucl ei but not to a compound nucleus . 

2 . EXPERIMENTAL RESULTS

Dissipative col l isions may be regarded as a precompound heavy-ion 
col l ision which provides us with a l arge variety of relaxation phenomena 
of nucl ei . The experimental results 1 -5 show the fol lowing sal ient features . 
( 1 ) Projectil e and target are mostly rather heavy nucl ei with mass number

A �  40. 
( 2 )  They are observed at incident energies of typical ly 1 to 3 MeV per

nucl eon above the Coulomb barrier .  
(3 ) The identity of projectil e and target is essential ly  preserved through­

out , al though 
( 4 )  a considerabl e amount of mass (�A � 20) can be transferred during the

col l isions. 
{ 5 ) The angular distribution is strongly non-isotropic which means that 

the mean time of nucl ear interaction is significantly smal ler than the
time needed for a compl ete rotation of the composite system 
( �rot > 10-2os) . 

( 6 ) A l arge amount of rel ative kinetic energy (typical ly  more than 100 MeV )
and rel ative angular momentum (up to = 50 units of 11') is dissipated ,  
i . e .  transferred from relative motion into intrinsic excitation . 

(7 ) Dissipative col l isions cover the total range between direct reactions 
and compound-nucleus fonnation . Their share in the total cross-section 
increases with increasing bombarding energy and masses of the col l iding
nucl ei. For heavy nuclei typical val ues for the dissipative cross­
section are 1 to 2 barns .

(8 ) The measured cross-sections are incl usive cross-sections because not 
al l reaction products can be observed . Frequentl y  only  the charge and
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the energy of one fragment are detected . Si nce the exci tati on energies 
are large , the channels cannot be resolved and therefore , only averaged
quantities are observed . 

3. NUCLEAR INTERACTION TIMES AND SUCCESSIVE STEPS OF EQU IL I BRATION

From the analysi s  of angular di stri but ion {and energy spectra l ) i t  i s  
poss ible 1 , 6 , 7 to deduce nuclear i nteraction times ti nt as function of the
impact parameter b or the corresponding i ncident angular momentum l = kb .
These interaction times range from about 10-22s for l � l r up to several 
10-2 1 5 for small 1 values .  The relaxation times for the ?oss of radial 
k inetic energy ( trad) ,  for the di ssipation of relati ve angular momentum 
( tang ) and for the evolution of fragment deformations ( tdef ) have Been 
determined i n  a s imultaneous fi t7

,
8 to experimental energy sprectra and 

y-multiplici ties . 

The result i s  

trad � Q . 3 . 10-21 s ,

'" 1 0 . 10-21s ,1ang "' · 

t � 4 · 10-21sdef '\", 

( 1 )  

The values imply that the fast loss of radial k i netic energy i s  followed
by the di ss ipation of relati ve angular momentum and fi nally , by the evo­
lution of fragment deformations . The analysi s  of mass di stribut ions l , 6- 1 0
show that no equ ilibrium i s  reached i n  the mass asynmetry coordinate . The 
correspondi ng equ ilibration time i s  of the order 2 - 10-2 o s ,  cf . ref . 1 1 . 

Of particular i nterest for the formulation of transport theories i s  the
time i nterval tmem for the loss of phase memory . Thi s t ime has been evalu� 
ated 1 2 , 1 3  to be of the order � 0 . 5 · 10-2 3s for excitation energies larger 
than 20 MeV and not too light systems . Duri ng the approach of the nuclei 
the loss of phase memory i s  expected to be somewhat larger l � (2 · 1Q-22s ) . 
The in it ial stage of d iss ipati ve collis ions i s  characterized by the mutual
approach of projectile and target i n  thei r  ground states . Thi s  gi ves ri se 
to a speci fic correlation for the occupat ion probabili ties of s i ngle-par­
ticle states .  Local ( i . e . , for fi xed values for the collecti ve variables )
equilibrium di stributi on for the s i ngle-particle occupat ion probabili ties
is  reached only by res idual i nteractions . The correspondi ng local equ il i ­
bration time tloc i s  expected to be similar to the equ ilibration t ime ob­
served i n  precompound react ions and hence , tloc � 10- 2 1 s .  Consequences 
of the values for the characteri stic times are di scu ssed qual itat i vely . 

4 . TRANSPORT THEORIES

Transport theories of di ss ipat i ve heavy- ion colli s ions have been for­
mulated by several groups 1 s- 1 s .  A recent review has been gi ven by Wei den­
milller l � .  We di scuss here various approaches as di fferent approximati ons 
to a more general formulation l 9  of transport theory for di ss ipati ve colli ­
s ions . Starti ng from a g i ven separation of the degrees of freedom i nto 
slow collecti ve (or macroscopic ) variables and fast equilibrating " i ntri nsic "
variables we deri ve the transport equation 
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(2)  

0 µ 

The l . h . s . describes the change of the probability d istribution fv(t,p;t)
due to the veloci ty itMv and the force - vrUv(r) wi thi n the subset v . The
quanti ties Mv and Uv (1) denote the corresponding mean reduced mass and the 
mean potential, respecti vely. The collision tenn on the r . h . s .  of (2) des­
cribes the coupli ng to other subsets . Di fferent approximations for the 
colli sion kernel Kvµ are discussed . The approximations are div ided i nto 
weak-coupl i ng l 6, 1 e  and strong-coupli ng l S, 1 7, 2 0  limits and accordi ng to the
basis (adiabaticl 6, 20 and sudden or asymptotic l s, 1 1, 1 0, 2 0 ) .  

5 . TYPICAL RESULTS

For a practical use, the transport equations are transfonned to Fokker­
Planck equations and/or simplified by a moment expansi on . Microscopic trans­
port coefficients2 1  are compared wi th experimental values of transport 
coefficients. Numerical results7 , 8 , 2 2-2s for various cross-sections are
discussed . 

6 . CONCLUDING REMARKS

Di ssi pati ve heavy- ion colli sions have become a new field of nuclear re­
search . Transport theories have been developed for the descri ption of these
processes . The major restrictions and approximations of present fonnula­
t ions are critically d iscussed . Possible future developments are i ndicated .
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