
- 45 -

PREEQU IL I BR I UM EMI SS ION OF NEUTRONS I N  SYMMETR IC HEAVY- ION 
COLqSIONS+ 

* ** . *** w . Rosch • w. Cass i ng • H .  Gemmeke , R .  Gentner . K .  Kel ler .
L . Lassen , W .  LUck ing ,  A. R ichter* . R .  Schreck ,  G .  Schrieder*

*** 

Phys i kal i sches I nst itut ,  Un i vers itat He i del berg ,
0-6900 He idelberg , F .R . G ,  

lnsti tut fUr Kernphys i k ,  Techn i sche Hochschu le  Darmstadt ,
0-6100 Darmstadt , F .R . G .  ** 

I nstitut fUr Theoret i sche Phys ik , Un i vers i tat Giessen , 
D-6300 G iessen , F .R . G .  

I nstitut fUr Kernphys i k  I ,  Kernforschungszentrum Karl sruhe ,
0-7500 Karl sruhe, F .R . G .  

Preequ i l i br ium l i ght-part i c l e  emi ss ion offers an exce l l ent tool to 
study the energy and momentum di s� i pati on in the early stages of heavy- ion 
col l i s i ons before g l obal equ i l i br i um i s  reached . L i ght partic les can be 
emi t ted throughout the course of the heavy- ion react ion and thei r energy 
spectra and angular di str ibutions shou ld  y ie ld  i nformati on on the approach · 
to stati st ical equ i l ibrium.  Espec ial ly the i nt ermed i ate energy domai n from 
about E/A=lS MeV to 150 MeV bombard i ng energy a l l ows for an i nvesti gat ion 
of the competi t ion between mean-fie�d dynamics , domi nant at lower energ ies ,  
and success ive nuc leon-nucleon co l l i s i ons , known fran the rel ati v i st ic  re­
gime .  

Th i s  talk concentrates on preequ i l ibr i um neutron emi ss ion i n  centra l  
co l l i s i ons of mass synmetri c  systems . Experiments so far  �ave been per­
formed with very asynmetr ic  systerns 1 • Theoret ical  precompound model s ( the 
exc i ton mod� l . Fermi -jets , hot spots , the d i abatic  approach) mai nly differ 
in pred i ctions for the differenti al preequ i l i br i um neutron mult ip l i c i t i es 
at larger ang l es (w ith respect to the beam axi s )  wh ich i s  due to different 
assumptions concern i ng the rol e  of two-body co l l i s i ons2 • 

Mass synmetr ic  systems offer the advantage that al l poss ib le  sources 
of part ic le  emi ss ion rest in the over-al l c .m. system. Thus the problem 
of differen t  source veloc it ies  i n  asymmetri c  systems wh ich enter as f i t  
parameters i n  part o f  the data anal yses can b e  avoi ded . We present for the 
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first time results for neutron emi ss ion i n  central col l i s i ons of a mass 
synmetric system on the example 20 MeV/u � 0Ar + � °Ca 3 • Doub le d ifferent i al 
neutron multip l i c ity di str ibutions i n  coi nc idence with evaporat ion res idues 
were taken over a l arge angu l ar range . On top of an equ i l ibr i um component 
(with nuclear temperature T • 5 ± 0 . 3 MeV and mult ip l ic ity MEV= 6 ± 0 .2 )  
resulti ng from stat i stical evaporat ion from heavy res idues there i s  cl ear 
evi dence i n  forward and backward d irect ion for a preequi l ibr i um excess 
yield  with ang le- integrated multipl i ci ty M�E = 2 ± 0 . 5 . The data are com­
pared to a quantal phase-space model '  which i nc l udes time-dependent mean­
field dynamics as wel l  as two-body col l i s ions and Pau l i -block i ng i n  the 
nuclear medi um .  Al l data at al l angles can be consi stentl y described by 
tak i ng i nto account a calcu l ated preequ i l i bri um yiel d with mu lti pl i c ity 
,(E = 2 ± 0 .2 .  i n  accord with the exper iment .

Si nce the phase-space model ' y ie lds a very good descripti on of the 
data we adopt the characteri st ic  va lue of A ;  3 . 5 - 4 fm for the mean free
path of energeti c  nucleons and T ;  4 . 6x10·2 3  s for the average local equi ­
l i bration time .  With these numbers the average number of co l l i s i ons pri or 
to emiss ion i s  1 .8 (more than three col l i s ions lead a lready to an i sotropic  
( equi l ibri um) d i str ibut i on ) . The probabi l i ty of  a fast nuc leon to  escape 
without scatter ing i s  then 16 . 51 . .  

Accord i ng to  our present understandi ng our f i ndi ngs are i ncompat ibel 
with a hot spot or Fermi-jet approach . I nstead. the energeti c  nuc leons 
observed have to be traced back to quantum effects, i .e .  to h i gh momentum 
components i n  the nuc lear groundstate wave funct i on .  The results demon­
strate the importance of two-body processes for the emission of l i ght par­
tic l es even at these energ ies . 
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