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1 )  

I t  has been sugges t ed that nuc l ear 
t emperatures can be charac ter i zed by the re l a t i ve popu l at i on 
of bound s t a t es o f  reac t i on product s  em i t ted i n  nuc l ear 
co l l i s i ons . By assum i ng that the popu l a t i ons of 
these s ta tes are g i ven by Bo l tzman d i atr i but i on , the rat i o  of 
the popu l at i ons shou l d  be re l at ed to the temperature kT as : 

R= < 2* I + 1 )/ (2*J + l ) *exp C -dE/kT) 

where I and J are the sp i ns of the two states , and dE i s  the 
energy d i fference between the sta t es . Based on th i s  
assumpt i on the techn i que has been dev e l oped end emp l oyed for 
stud i es of the bound states popu l at i ons at var i ous 
pro J ec t i l e target comb i nat i ons and broad range of pro j ect i l e 
energ i es . The t echn i que has been a l so ext ended to the 
measurement s of t he popu l a t i ons of t he unbound stat es . The 
stud i es wh i ch hav e  a t t emped to determ i ne nuc l ear 
temperatures from the measurement s  of bound and unbound 
state popu l at i ons hav e  report ed i ncons i s t ent resu l ts . The 
measurements of the popu lat i ons of unbound states 
sys tema t i ca l l y g i v e the t emperatures around 4 or 5 HeV , wh i l e  
those o f  bound states i nd i cate  the t emperatures between . 5  
and 1 .  HeV for pro ject i l e energ i es i n  the range E=20A-60A 
HoV . I n the same t ime i t  l s  observed that the temperatures 
obta l ned from the measurements of these popu l a t i ons are muoh 
S l gn , f i cant l y  l ower then the apparent temperatures l nffered 
from the measured k i ne t i c  energy d i str i but i ons of the 
react i on products , ueua l l y rang i ng between 10 and 20 HeV . 

Severa l mode ta were t ryed i n  order to 
reso l ve these descr l panc i es . I t  was recogn i sed tha t  the 
presence of t he sequent i a l  decay o f  the unbound states of 
heav i est nuc l e i  hard l y  destroys the accuracy of the 
t emperature measurement s  , espec i a l l y in the case when the 
ra t i os wh i ch i nvo l ve the ground state  popu lat i ons are i n  
quest i on , s i noe i n  that case i t  can not b e  expected that the 
Bo l tzman d i str i but i on descr i bes the observ ed popu l a t i on 
rat i o . The success of the therma l mu l t i -source mode l i n  the 
i n t erpretat l on of the therma l , i n i ts appearance , spectra of 
the l l ght part i c l es and comp l ex fragments e� i t ted i n  heavy 
l On nuc l ear reac t i ons a t  i ntermed i at e  energy strong l y  
suggests the cons i derat i ons o f  t he s i m i l ar mode l s  i n  the 
i n t erpretat i ons of the descr l panc i es i nvo l v ed . Recent l y , the 
re f l ec t i ons of  the mode l of  two sources at the d i fferent 
t empera tures on the unders tand i ng of the  exper i menta l 
resu l t s were d i scussed 

The proposed mode l based on the fo ijow i ng 
statements can B l gn i f i cant l y  cont r i bute  to the  bet t er 
under s t and a ng of the na t ure of the dl screpanc 1 ea of the 
phenomena l nvo l v ed :  
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1 . The assumpt i on of Bo l tzman d i str i but i on imp l i es the 
thermodynam i c  approach l n  ana l ys i ng the em iss i on of � 
part i c l es from an i ntermed i ate nuc l eus or thermodynam ica l y
equ i l l i brated p i eoe of the nuc l ear matter . I n  th i s  case the 
popu lat ion rat i o  ref l ects the t emperature T of the f i na l 
nuc l eus .The unbound states of res i dua l nuo l e l  popu l ated 
through the em i ss ion of the l i ght part i c l es or the comp l ex 
fragments from i ntermed i ate hot thermod l nam i ca l y 
equ l l l ibrated p i ece of nuc l ear matter are pos i t i oned �t 
h i gher energ i es then the b�nd at.tea of. the same res idua l
nuo l e i . Con&oq\ilOnt l y th.ct correspond i ng tempera tures w i l l  
�•f l eet these energy l eve l pos i t ions i nd i cat ing the 
d i fferent temperatures for the d i fferent axo l tat l on energJ es 
of the f i na l  nuc l eus . 
2 . The assumpt i on that the intermed i ate nuc l eus or the 
equ t l l l brated p l eoe of exa l ted nuc l ear matter ·deoays in  
channe l X+x . where X l s  res idua l nuc leus and x l e  the 
e j eot i l e ,  and that the temperature  ls det erm ined from 
popu lat ion rat i o  of the g i ven exc i ted and ground atates · of ·  
the compos i te fragment x ,  imp l i es that l n  the case of pure· 
b i nary-co l l i s i on mode l :  
a . )  the ground state or the g i ven exc ited state of the 
comp l ex fragment ·x can be popu l ated by fragment X wh i ch i s
i n  i ts ground or some of the exc i ted states or what l a . from 
the po i nt of v i ew of the mass-energy b i l anoe of the 
react lon , the same 
b . ) the correspond i ng exc i ted s tates of fragment X can be 
popu l ated by fragment x wh i ch ta in i ts ground state or i s  
Just exc i ted t o  the l ev e l  o f  the S i ven exc i ted state .  

The popu lat i on rat io of  the around and 
the S l ven exc i ted state can be measured and us l nS standard 
teohn l quea the i nformat ion about the temperature and the 
v e l oc i ty of the mov i ng source can be extracted from the 
exper imenta l data . The d i fferent modes of bu l l d l ng of the
partners ln the x+X ex l t  channe l of the nuc l ear react ion
w i l l  have the d i fferent Q va l ues and consequent l y  the 
d i fferent k i net i c  energ i es l n  the CH system.Th i s a l so means 
the d i fferent s lope of the spectra i n  the laboratory 
system . The resu l ts of the ana l yses based on the statements 
of th i s  mode l show that the t emperatures ex tracted from the 
popu l at i on rat ios ,  shape of the spectra and the apparent 
temperature l nffered from the measured energy d l str lbut lons 
of the react ion products are in asreement w i th the most 
probab l e  Q va l ue d i str i but ion ca l cu lated for the ana l ysed
nuc l ear ·reaot lons i n  the range of the pro ject i l e energ i es 
between 20A and BOA HeV . 

References : 
1 . D . J . Hor i asey , W . Benenson , E . Kaahy , B . Sherr l l l , A . D . Panag lotou , 
R . A . B l ue , R . H . Ron ingen , J . P l i cht and H . Utsunom iya , Phys . Let t , 
1 488 , ( 1984) , 423 




