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I . INTRODUCTION 

The existing more than 30 ye ar s heavy i on acce l e r a t o r s 
al low one t o investigate interac t i ons o f the s e partic l es wi th 
nuc le i and to accumulate rich expe r i me n t a l in f ormat i on on the 
na ture of i nteractions, especia l ly in t he ene r gy region of 
incident pa r t i c l e s of -10 MeV/ nuc l eon. 

The ana lysis of experimental spec t ra of l i gh t par ticl e s 
(both ch arged and neutrons) emi t t ed in t he s e proce s s e s has 
r eliably e s t ab l i s hed t he existence of two sour ce s o f these 
partic l e s / 1 , 21 : The f ~r s t i s co nnected wi t h emi ssi on of pa r 
t i c le s f rom a sys t em in the s ta t e of t he r ma l equ i l i br i um and 
i s speci fied by a low nuclea r t emperatur e of - 1- ] . 3 MeV, and 
t he second (high-energj) requi r es the us e of a quit e ano t he r 
co ncept o f t he prope r t i es of a d i nucl ear sys tem . Thus, heavy 
ion r eac t i ons are an inva luable s ou r ce of i nformation on in
terac t i ons of complex nuc l e i . They a re used to ge t in forma
t i on on pr ocess es connec t ed with evo l u t i on of an interacting 
sys t em, wh ich i s a mo r e complicated probl em i n studying both 
d i r ec t proce s s es , wher e an int e r a c t i on is of a surfac e natu
r e , and proce s se s t h r ough a compound nuc leus , wher e the sys
tem " f o r ge t s " its preh i s t or y . 

The r e f or e , in studying spec t r a of emi t ted particl e s, o f 
par t i cu l a r i n t e r e s t is a hi gh- en ergy componen t directl y co n
ne c t ed wi th t he initia l st age of co l li s ion whe n a s t at i s t i cal 
equ i l i b r i um is not ye t e s tabl i she d . We sha l l cons ide r spec t r a · 
of emi t t ed ne utrons wh i c h a re no t distort ed du e to the Coulomb 
fiel d . Expe r i ment al s t udy o f t he s e pre equili brium particles 
se ts t he t a sk of cons t r uc t i ng an ad equat e theor e t ica l mode l . 

A gr ea t numbe r o f ph en omenological mode l s , in spite of 
good a gr eement wi t h expe r i men t a l da t a, d i d not c l ea r up t he 
na t ure of preequ i l ib ri um part i c l es. 

The r efore , att empt s to cons t ruct mi c r os copic approache s 
provid i ng a dynami c descr i p t i on o f a d i nuc l ear sys tem evolu
t i on are ve r y i mpor t an t . 

A micro s copi c tre a tmen t of t he pr oce s s ha s been p ropo~ed 
/ 3 • 4 1 in re f s. in which t he con tribu t ion to t he high-ener gy 

part of the neu tron spec trum was a s sume d t o come fr om exc i t a
tions o f a n inc iden t i on o f t he pa r t icl e- hol e t ype i n the con

© 0 6'be.zumeHHblH HHCTHTYT anepasrx HCCJ1e,nOBaHHH .lly6Ha, 1988 

c: 

1 



tinuous spect r um. We shal l u se thi s model to calcul a t e i n te 
rac t i ons of 12C (1 0 5 MeV) and 20Ne (180 MeV) ions with t he 
nucle i 181Ta , 157,158 ca , 11 4,124 Sn and 56 Fe • 

2. THE ASSUMPTIONS OF THE MODEL 

The model unde r discussion describes the ini tial s t age of 
nucle ar i n t e r ac tions . It i s based on the a s s ump t ion t ha t t he 
singl e-pa r ti c l e mechani sm of t h e k i ne t i c ene rgy d i s s i pat i on 
i s domi na t i ng . It is t hough t to be r easonable a t energ ie s o f 
an incident i ons of - ]0 MeV/nuc leon . Pa r t i c l e-hol e ex c ita t i ons 
produced at the ini tial s t age of the r eaction t ake a con side
r abl e portion of the k i ne ti c ener gy o f an i nc i den t ion. In t he 
proce s s o f reaction , t he decay of t he s e par t ic l e-hol e s t a 
te s in t o mor e compl e x con f igur a t ions wi th la r ge den s ity makes 
t he ene r gy t r ansfe r on to inne r exc i t a t i ons t o a grea t exten t 
i r r eve r s i b l e . 

The co nsidered ex c i t a tions i nc l ude a lso those i n which a 
pa r t i c l e i s i n t h e con t i nuous spectrum. The i r decay l eads t o 
emission of a nuc l eon f r om a nucleus. The Hamiltonian of a 
mu l t i f er mi on sys tem wi t h a t wo-par tic le interac t ion 
" t :3 + 3 3 +	 +H = 2 .r d x V 'l' (x) V 'l' ( x ) + ( d x d y'P ( x ) 'l' (x ) v (x - y) 'P (y) 'l' (y ) , 

m	 ( ] ) 

wher e 'l'+(x) and 'l' (x ) a r e t he Fe rmi f i e l d ope r a tp r s , can be 
expressed th rough the dens ity p (x) and current j( x ) ope r a t or s 

p(x) = '1' +( x ) 'l' ( x ) , 

j(x) = ~- ( 'l' +( x ) V 'l'( x ) - V 'l'+(x) .'l'(x »,	 
( 2 ) 

2 mi 

satis f ying t he commu t a t i on re l a t i on 

11 a[ p ( x ), j( y ) ] = -- - [ 8 ( x - y ) , p ( x ) J. 
2mi ax 

In t his r e pr e s en t a t i on i t become s 

:3 - 1 - t :3
H = .!!l.J d xj(x )p- (x)j(x) + -~- r d x (Vp(x»

2	 sm 

+	 Jd 3 x d 3 yp ( x ) v ( x -y ) p ( y ) . 

2	 - 1 p + 

( 3 ) 

Th e dens ity and current operators satisfy t he equa tion of mo
t i on 

div r( x ) = - iii[ H, p (x ) J. 

To us e t h e Hami l ton i an s (]) or (3) j u s t f or studying the emi s 
s ion of pa rt i cles f r om a s ystem fo rme d in the collision of 
t wo nuc l e i , one shou l d sepa r a t e in i t the dynami c variables 
co nnec t ed wi t h r e lative mo t i on a nd inner excitations. The Ha
mi l t on ian t hus trans f ormed wi l l co ntain terms connected with 
i nne r motion (de sc i bed by the var i ab l e R, t he dis t ance between 
t he nuc l e i and i ts conjuga te momentum) and their interaction. 
I f one de scribes inne r exc i t a t i ons onl y in t he harmonic appro
x i ma t i on , the expr e s sion f or t he Hamiltoni an, with the allow

" ance made f or t he a f ore- said, wi ll be 

H = L :£ _' _O_ /l-1 , 0 + U ( R ) + 2 W b+ b - + 
2 m ke aRk ke""dR'f s 8 5S 

(4 ) 
- - + 

+	 :£ V ( R )( b +5 + U 5 b 5) +:£ (0 s V It V RO B)( b B - U 5 b s ) .
 
5 5 5
 

Let us cons i de r e xpr e ss i on (4) . The fi r st t wo t erms are the 
k ine tic and po t en t i a l ener gi e s o f t he r el ative motion. The 
thi r d t er m is the inne r Hami l ton ian, and on ly the l as t t wo 
t erms connec t the i nner and r el a tive mot i on . One of them des
c r i bes the influen ce of a mean f i e ld V(R) of each nu cleus on 
the o ther nuc l eus, and th e se cond desc r i be s the coupl i ng of 
the r elative mo t ion cur ren t with the inner cur ren t . Using the 
phonon RPA ampl i t ude s we ex pre s s the bo so n ope r a t or s b: and 
b throu gh the c r eat ion and a nnih i lat i on ope r a to r s of pars 
ticl es and ho l e s 

~ 

b = :£ L ('l'pBh a; f3 ; + ¢ ; h u ji U nf3 Iia p).
s 

p > F h < F 

in t he Tamm- Da nco f f a pp rox ima t ionHowev er , 
bracke ts ca n be negl e c t ed a nd hen ce we ge t 
of r e f .:3 1 

H = H + H o + Hin t, Hint = H 1+ H2 . 

fj2 _~ _ /lj ~- + U (R) ; H = 'L E a + aH	 = - - L 
a R k aRe 0 p p p P h2 kf 

( 5 ) 
+ + 

H i L Vph ( a p (3 h + f3 h"a p) ' 
p h 

L (O ph (R ) 'V R+ 'V RG ph ( R» (a ~ f3 ~ - Ph a p ),H2 ph 

the second term in 
( I ) t he Hamiltonian 

+ L E h {3 : {3 h ' 

2 
3 
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Hi and H 2 are respons i b l e f or the transi tion of pa r t i c l e s 
f r om boun d sta t es into a cont i nuum if the dens i t i e s of co llid
i ng nuclei a re overlapping . Just t hey are o f i nte r est fo r t he 
study of emi t ted pa r t i c l e s. 

To 'ca l cu l a t e pr eequ i libr i um emi ss i on of pa rtic l e s from an 
exc i t ed nuc l eus , one should have momen tum d i st r i but i on of nuc
l e ons in th i s nuc l eus . 

I n t he f i r s t pe r t ur ba t i on order 

t 

< t \ a+a I t >= L 11 1il_r dt ' <SIH l! p> eXP [ t~( Ep - Es ) t '-A t'l~ 
p p s< F 0 

(6) 
1 t , _ 1 

+ Ir; £dt < s IH 2 \ p > exp [ r ( E p - E s ) t ' - At ' 112 j , 

where Es= E s + (l /2.)mv~ the f act or e-At ' is conne cted wi th the
 
natural decay wid th of a l ev e l. For f ur t he r con sidera t ion , it
 
is conve nient to r epres ent Hi and H2 in the coordi nat e r epr e 

s en t at i on
 

H 1 = J d 3 x UT(X ) P~( x ) . 

3 - . 1 - (7)
H 2 m f d x j coil (x ) ---- i i n ( x ) •
 
po(X) .
 

Here UT( x) i s the po t en~ial ge ne r a ted by the target-n~c l eus . 

The coll ective cur r en t jcoll has the fo r m f coll = f ( x ) v ( t ) , 
where v (t) i s the r elative motion veloci t y , f(x) "" p p ( x ) , i n 
the l ab . sys tem, Po i s the mean density of a produc ed dinuc
l ear system, and P' is the fl uc t i a t i ng par t of t he nucleon 
dens ity in an inc ~den t particle. The singl e - pa r t icle curren t 
is g i ve n by expres sion (2 ) , where 

" 'I'+(x) = L 'iP * (x),9 +f d3 p(2 " h y 3/2exp( +1 px )a+p ,
 
s <F S s n
 

i - - - '1' * exp ( If mv x ) \V S ( x - R ( t » . s 

Her e 'I'B i s the sing l e- pa r t i c l e wave f unct i on of a bound state 
in an i nc ident nucleu s . 

Subs t ituting ( 7) in to (6 ) we ge t 
t 

2 
< t Ia~ a p it > = L l .r dt ' 1 exp [ ~ (E - E _1!!v ) t "- At') xm h p S 2

B < F 0 2(2" 1i) 

4 

3 [ 1 - - -1 f( x ) - 1 . 2 1 - - )
x f d xexp - -t (p - mv ) x (p-:<X) - l)( V'Y ' t- mv + -f P v x 

_ t 2
 

x '1' ; ei-R ( t ) ) I2 + L Ii- .r dt ' exp [ 4- (E - E s - ~y-) t ' - At ' ] x
 
s < F h o h p
 

x (2: 11 +-312- .r d 3 x exp [ - "*(p- mv) x ] U/ x ) 'I'/ x-R(t ' ) ) ] I2 • 

We have cho sen rather a s i mp l e fo r m of t he wave f unct i ons of 
t he con t i nuous spect r um s t ates , the p l ane waves , and d id not 
take int o account poss i b l e exc i t at ions of an i nc ident i on . 

As in refs/3 ,4/ , we a ssume that t he r adi al par t s o f the 
wave f unct ion in t he surface r e gi on beha ve i n a s i mi l a r man
ne r and can be ap pr ox i ma t ed by a s qua r e r oot of dens i t y. 
The arising prod uct of dens ities unde r the in t egr a l i s chan
ged by t he approx ima t e ex pre s s ion 

-PT( x ) P E ( x -R ) _ 1/ 2 
1/ 2 (x - R)2 

P f exp[ - ---- )
e d 2 ' P o(x ) 

where the quant i t i e s Pe f , d and R a re determin ed from t he r e 
qu i r emen t of t he be s t a pp r oximation of the l ef t - hand s i de . 
Th e pa r ame t ers d and Pe f are r e l a t ed with the depth of mutual 
penetr a t ion of nuc le i . 

Aft e r s imple trans forma tion s expr e s s i on ( 8 ) become s 

+ 1 t 2 (tV) 2 (v'R ) 2 t 2 2<t Ia a It > = 1="i> (- - + --- -- + 4 p U ) x 
P p n3 2 a 2 R2 e f. 0
 

T
 

~ 1 d 6 ( d 2 ( - - ) 2 ] ( 1 - 2Atx ,.. --P f exp - "'J:1.> p -m v - e 
s < F A e n ~ p 

-At ( ( ) mv 2 RT (- - ) - ) t ) 
( 9 ) 

- e cos E - E S - -- - - - p - mv v - x
2 R l'i 

2 R __ 2 2 2 ) _..!!lY T_( p- 1Il V) V) t A t •x [ 12
t 2 
- (E - s , 

2 R 

In deriving ( 9) we have us ed t he s ubst i t u t ion 

P T( x ) 
U'I' = U 

o Po 
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3.	 CALCULATI ON OF THE YI ELD OF PREEQUILI BRIUM NUCLEONS 
AND AN EVAPORATI VE CROSS SECTION COMPONENT 

A nuc leon emitted f r om an inc ident par tic l e under t he i n 
t erac t i on Hint = Hl + H2 wi t h momen t um p may i mmed iately ap
pear out s i de t he ta rget-nucl eu s or pass a par t of t he path 
thr ou gh the t arget -nucl eus . Corre spondingly, one shou ld 
e ither disregard a bsor ption o f t he pa r t i c l e in the sys tem or 
t ake it i n t o account . 

I n t h i s pa per we d i s r ega r ded a bsorption o f part ic les in 
t he sys tem. 

, Based on the above co nside r a t i on f or the doub l e diffe r en 
t i a l c r os s s ec tion of t he emission o f pre equ i libr ium nuc l eons 
we hav e 

2d a 3/ 2 1/ 2 2 2 + 
= ( 2 m ) E ( TT R T) < t l a p a p l t > . 

dEdO 

Le t us di s cus s the value s of t he pa r amet er s use d . It is to be 
not ed tha t t he parame ters o f t he singl e- part i cl e po t ential 
have been taken fr om ref . !5/ ; and t he values of t he decay 
width of t he part i cl e - ho l e l eve l in t he con t i nuous s pec trum, 
from the calc ula ti ons within t he e xciton model / B! . Thus , d 
is the mai n pa rame te r , of our mode l characte r i s i ng the r eg i on 
of ove r lapping of co l l i d i ng nuclei . Thi s value a lso determi
ne s the s l ope of the ob t a i ned spec t rum o f nonequil ibr i um nuc
l eons. 

To anal ys e t he e xpe r i ment a l da t a one s houl d cal culat e the 
y i eld o f eva por a t i ve ne u tron s . For t h i s pur pos e we have us ed 
the GROGIG progr am ' 7/ wh ich i s a mod i f i ca t i on of t he GROGI 2 
progr am/ 8/ . It allows fo r t he compe ti tion be t ween the f i s s i on 
c ha nne l and the c ha nne l o f part i c l e en, p , a) y i e l d an d y 
emi s s i on a nd t he dep end en ce o f the value o f the f i s s i on ba r r i 
er on momen tum. A s ys t em r esul ting f r om the interac t i on o f an 
incide nt i on wi t h the t a r ge t - nuc l eus has a large excitation 
e ne r gy and l a r ge a ngu la r moment a . The r efor e, the contribution 
from t he f i s s i on cha nne l can be es sentia l / 9 even f or the 
nuc l ei tha t are not f i s s i onab l e in t he ground s t a t e . The cr i 
t er ion o f va l idity o f t he pe r f or med s ta t i s tic a l calculation 
wa s t he co mpa r i s on o'f t he ca lcu l at ed and t he expe r i men t al 
va l ues o f an/a: [ or heavy fi s s i onab l e nucle i , whereas for light 
compound sys tem t he va l ue s o f fu sion cross sections were con
pared . Thi s a l l owed us to choos e t he parameters /lO t o f the 
opt ica l po ten tia l f or t he en t r ance ch anne l . However, it i s 
to be empha s i zed th ~ t ca lcu l a t i ons are no t ve r y sensi tive to 

6 

them. The maximal angul a r momentum of t he compound system ha s 
be en es t i ma t ed by the Bas s mode l / I l l . As in r e f ./ 12/ we have 
ca l cu l a t ed t he values of doub l e di f ferent i a l c r o s s sec t ions . 

4 . DISCUSSI ON OF THE RESULTS 

As i s seen f r om formulae of Sec . 2 , t he momentum distribu
tion with al l owance made fo r a l l approx i ma t i ons depends mai n
lyon the parameters Per , R , and d whi ch are all connec t ed 
wi th e ach other as the e f f ec t i ve d i stance be t we en nuclei,R, 
i s a s sumed to be - d , The val ue o f the effect i ve de nR = Rlnt 
s i ty Per i s also connected wi t h the value of d. There f ore, we 
had only one free parame te r varyi ng wi thin 1. 5-2 fe rmi. Now 
we ~ha l l di s cuss the chos en values o f o the r pa rameters. Since 
t he cho s en va l ue of R cor re sponds to the den s i t y t wi ce sma l 
ler than a t the cent r e of nucl i ,u i s t aken ha l f the r eal par t 
of the s i ngl e-partic l e potent i a l , ~.e . 20 MeV. The va l ue of 
t i s 10-22 s according to the ca lcul a t ions / 3,4/ and t he r ela
t i ve v e l oc i t y is v ln / 2 

• 1 13/ / 14 / We ha ve chosen two groups of e xpe r ime n ta l data and 
a nd t r i ed to repr odu ce them. 

For the i n t er ac t i on of 12C and 20Ne with 181 Ta (Fi gs . l , 2) 
we have ca l cu l a t ed neu t r on sp ectra in the i nterva l 1 MeV ~ 

~ En ~ 40 MeV for t he ang le s of emi ss ion o f 0° ,30° , 80 ° , 120 ° 
(12 C i on ) and 0 ° , 20° 40 °, 120° (20 Ne i on ) . I n bo th the reac
t i ons t he be s t agre emen t i s achiev ed at d = 1. 8 f e rmi. Howe 
ve r , i n both the cases, as in other p aperll , 2~ at E n > 12 MeV 
fo r large scat tering angle s t here is no agr eemen t wi t h experi 
me nt a l data. Apparen t ly , th is i s du e t o the ne gl ec t o f ne ut 
ro n r esca tt ering from in te r media te exc i t ed s t a t e s of t he nuc
leus pro j ect i l e and of t he yield of pa r t i cles from the t ar ge t 
nuc l e us . Moreo ver, the cro s s se c t ion at large angles will be 
co n t r i bu t ed by other r e ac t i on mech ani sms, f i r s t of all, by] a d i r e c t knoc kout and str ipping, i. e . qua s ielastic proce s s e s . 

j For a correct descr i p t i on o f ex per imental da t a in the i nte 
rac t i on of 12C i ons wi t h the nuc l ei 56 Fe and 141 ,124 Sn 
(Figs . 3 , 4 , 5 ) the paramet e r d is chosen t o be equa l to 1.3 fm 
and '1 . 6 + 1. 8 fm, r espect ive ly. With i nc r ea s i ng mass of the 
nuc l e us pro jec tile a nd target nuc l e us the yield of neu trons 
~ nc re a s e s . 

I t was inte r e s t i ng t o consider emi s s i on o f par t ic les when 
a compou nd nuc leus pr odu ced i n the i n t e r ac t i on i s the same • 
wh ile ta rge t proj e c t i l e s dif fe r gr ea t l y i n the ne utron bind
. Th . . , h b d i d ' f / 14/ fl ng e ne r gy . is s l t uatlon a s een stu l e l n re . or 
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neut ron emi s sion ; dashed curv es - ca l-du l-at i on by cas 
cade- evapol ative model; cont inuous curve - total theo
r etical cross section r elevant exper i ment a l dat a f rom 
ref. / 13/ . 

the r eactions 15B Cd ( 12C( 150 MeV)) and 157Cd ( 13C( 140 MeV)), 
(Fi g . 6). Both t he r eac tions proceed through the s ame compound 
nu c leus 170Yb and hav e s i milar values of exc i t a t i on en ergi e s 
in the produced sys tem . The dif f er ence in t he neu t ron b in
d i ng ene r gy in 12C and laC i s e ssent i a l ( 18 . 7 MeV and 4.9 MeV, 
res pect i ve l y). 

He r e coi nc i dence with the expe riment al cu rves can be ob
t a ined by varyi ng the parameter d i n t he i nt e r val 1. 7 + 1. 9 f m. 

Thus , t he calcul a t i on s repr oduce t he expe r i menta l da t a on 
t he yi e l d and ene rgy dep end ence of t he cr os s sec t i on f or a 
wide r ange of t arget nucl e i and incident pa r ticle s . The mecha
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Fig .4 . Same as Fi g.l but f or 10 
another compound sys t em. 
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tal data f r om ref. 1 141 

ni sm o f emit t i ng nonequ i libr i um pa rt i cl e s pr opos ed i n 
r e f. / 3 , 4 / is one of t h e sources of emi s sion of t he se pa r t i c l es . 
However , it i s e s s e n t i a l t ha t the va l ue of t he pa ramete r d 
should be obta i ned from gener a l cons i dera tion s of t he na t ur e 
of i n t er ac t i ons . 

ACKNOWLEDGEMENTS 

The authors a re grate ful t o R. V.Jo lo s fo r cons t an t in te 
r est i n t his work . 

11 10 



RE FERENCES 

I.	 Holub E. et a l . - Phys.Rev . , 1983 , v.28C, p. 252 . 
2 .	 Hol ub E . et a 1. - Phys .Rev., 1985 , v.33C, p . 143 . 
3 .	 Jo los R. V. , Ivanova S .P. In: Proc. I n t ern.School on Nuclear 

St r uc tu r e , Dubnn, 1985, JINR, 04-8 5-85 1, p. 304-320. 
4 .	 Jo l os R.V. , Ivanova S .P. - Jad.Fiz . , 1986, v. 43 ,p.1463. 
5 .	 Nemi r ovsky P . E., Chepurnov V.A. - Jad .Fiz., 1966 , v.3, 

p. 998. 
o.	 Blann M. In: Proe.Tntern.School on Nucl. Phys. , Pr edeal ,
 

1974, p . 249 .
 
7.	 Gr usha O.V., Ivanova S. P . , Shub in J.N. - VANT , Jader.
 

Coris t . , 1987 , I, p . 36 .
 
8.	 Gi l a t J. Rep . BNL- 50246 (T-580). 
9 .	 Bohr A., Ho t t e l son B. St r uc t ur e of Atomic Nucleu s , v.2, 

M. :	 Mir , 1977. 
10.	 Pere y C. M. , Pe r e y F .G . Atomic Data an d Nuc l e a r Da ta Tab l e s, 

1976, v . 17 , p , L. 
I I.	 Ba s s R. - Phys . Le tt . , 1973, v. 4 7B, p .139. 
12 .	 Hil s cher D. e t :1 1. - Phys. Rev . , 1979 , v .20C, p. 576. 
13 .	 Kozu lin E. M. e t a l. J TNR Pr e pr i n t P7- 85-3 1. Duboa, 1985;
 

JTNR Prepr in t P7-86- 589 , Dubn a , 1986 .
 
14.	 Gavron A. e t a l . - Phys . Rev. , 198 1, v . 24C, p .2048 . 

Re ceived by Publi sh i ng Dep a r t men t 
on November I , 1988 . 

HBaHoBa c.n. , TOMa c X.	 E4-88-780 
Teo pe THqecKo e Hc cne~OBaHHe 3MHCCHH He HTpoHoB 
npH	 B3a HMogeHc TB HH HO HOB 12C ( 105 M3B), 
20 Ne ( 180 M3B) C HA paMH 

B pan x ax npen rrox enaon pa aee MogenH onacarraa BbLJIeTa 
6blC TPbIX qa C TH~ n a Ha qaJIbliOH c r a rra a peaxuaa nponona r ca 
BbNHCJIe HHH BblXOg OB HHKnJ03HBHbIX He HTpoHoB B peaK1J;HHX HOHOR 
12C ( 105 M3B) , 20 Ne( 180 M3B) C HgpaMH . B b~og HH3K03HepreTH
qeCKHX HeHTpoHoB paCCq HTbrnaeTCH Ha OCHOBe Ka cKag Ho - Hcna 
pHTeJIhHOH Mog e JIH. 

Pa60 Ta BbmonHe Ha B fla6o paTopHH TeOpe THqeCKOH ~H3HKH
 

OHHH.
 

Coofi ureaae 061>eAHHeHHoro HHCTHTyn nnepasrx HccneAOBIlHHH. ,Uy6Ha 1988 

Ivanov a S . P ., Tomas H. E4-88-780 
Th eo r e t i c a l Invest i ga tion o f Ne u t ro n Emi s s i on 
i n t h e Inte r a c tion of 12C (105 MeV) 
and 20Ne ( 180 MeV ) Ion s with Nuc l ei 

The desc r i p t i on o f the high - e ne r gy par t i c l e emi s s i on 
is c a lcu lated i n t h e framework of thc early s u gg e s t ed 
mode l f o r t he rcac t ions of 12C ( 105 MeV) , 20Ne ( 180 MeV) 
i on e s with nuc l c i.. 'I'hc low-e nergy ncu t r on y ie l d i s ca l 
c u l ated by cascauc-evnpo r :1t ivp tIlod e l . 
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