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1. INTRODUCTION 
1 

Intranuclear cascade calculations have long been used to sa~
pl,e hadrorr-nuc l eus interactions (1). The ideas of these model a/ 
were also u~ed irl the construction of nucleus-nucleus interac
tion model s ,' The aim of this work s ' to construc t a simple modelí 

for the generation of inel~stic nucleus-nucleus interactibns. 
The model is base~ on the phenomenological hadron-nucleus and 
hadron-nucleon interaction models developed in a series of pa
pers / 2 ,3/ . It is applicable to incident laboratory momenta from 
0.5 GeV/c to 5-7 GeV/c per nuc l eon for reaction Ai + A2 ... ~i + X " 
where Ai ,2 are co ll í.ding /nuclei; h i .emi t t ed hadrons; and X. re
maining nucleus~fragments. The hadrons h 1 may be attrib~ted to 
pions, kaons or nucleons. Nucleon evaporation and iow energy par
ticles arei taken into account on1y by calculatlng the sum~of 
their energies (excitation energy). The mo.del is described in 
Section 2 of tnis paper. A brief comparison with the data is 

, given in Section 3. Section 4 contains a short summary of the 
main results. 

2. DESCRIPTION OF THE MODEL 
\ 

2.1: Basiê Features 

The two colliding nuclei are considered in their rest system~ 
as sph~res with uniform nucleon density' distrihutions. The col
liding matter is divided intd differ~nt interaction regions: 

a central interaction region and 
a p~ripheral rinteraotion regioI1~ 

The boundary betwe~n the two regions is determined from a geomet
rical picture of the i~teraction/4/. 

While in the central region the fractions of both colliding 
nuclei interact with each other, the remaining fragments of the' 
nuclei, which forro the peripheral region, interact' only wi,th one 
nucleon of the 9ther correspondina nucleus. In the central region 
the nucleons interact according to the row-on-row-picture!5! ' 
involving all nucleons from the interaction region ~f the nuclei. 
The Fermi momentum of the nucleons· is taken into acc~unt. The 
iqteractions are point-like: energy, baryonic and electric charge 

,and strangeness are conserved. Secondary interactiàns of thé 
prqduced 'emitted particle~~,_,.the!!.j~~,~E1ionaTe' not taken 
into account. r,''!b 11'~",;, ~ü\.!--n'ry, t I.......nw1l
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Fig.3. Geometrical representà
tion of the inc~eaBe of the--- fI!1JA:/

2.2. GeometriêaL Picture of the Inte\raction ~r 

. 

~ .... ~ ... ' 

\ 
central interaction region for 
'the nuc Leue A2 •

In order to model the nucleus-nucleus intexactions, a simp-' 
,S*,,' ,A~ 

le geometrical/optical ?icture!5/ is used. The interaétion ta
//

kes p~ace ~n the two different ~egion~. 
~or a given impact parameter' b of the reaction (see Fig. f)	 

/ 

one has the centtal region, consisting of two colliding nucle~ 
us fractiohs Aí' and A2' . and t he noncentral (peripheral) r-egi.on : 
consisting of remaining fr:agments Aí and. A'2 of the nuc Le i. A1 

and A • respectively. The fragment·s, which í.nterac t in the cen-: 
2

tr"'!-l region, áre describ~d by the collection of túbes which "( 
'I 

contain nucleons (nuclei tubes) (Fig:2).'Within such a tube tha 
nucleons are situated óne behind the othet moving with Fermi 
momenta relative to the original nucleus. The interaction 'takes 
place with front nucleons between two colliding tubes. 

I ~__ 
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Pig.l. Geomevrical représen
tati~n of the interaction re
gions for two colliding nucle~ 
in the pu~e optical model. 

~-

Fig.2. Geometrical rev~esenta-/ 

tion of the nucveon túbes 'in 
the central region of the col
liding nuclei. 

In the peripheral region (se~ Fig.l) one nucleon fro~ the 
nucleus Ai,2 (essentially from its central fractiun) collides 
wi ih the peripheral fragment A2 , 1 o f t he other nuc'l eus A2 , 1 

/ 

. Knowing t he- J.mp~ct parame't e r , the numbers o f nucleons n's í'deí 

the ceÓtral and peripheral regions of the nuclei canbe dete!mi
ned.IThe boundary between ihe ~wo regions does not follow the 
pure opticdl considerations of Fig.l. For laboratory momenta 
of r-: 0.5 .up to 5 + 7 GeVIc per: nucleon the sca t t.e r í ng -angl e o f ' 
\th~ parttcles is·noi negligible. Therefore a more realisttc 

", 'picture 'is somewhat different from that shj2>wn in Fíg.l. The 
central region grows 'with increasing the average scattering 
ang l e <8 N N> of. the par t i c í.pat i hg nucleons depending on colli 
s.i on energy , The co r r eapond i.ng val ue s are known from hadron 
nucleon ~cattering data~ see, e.g.,/2/ and referentes therein. 
A rough estimation of the averar,e scattering ªngle <8..NA>~ for 
nucleon.Nj of the nuc1eus Aj on the boundary between the, peri 
pheral and central regions depends on the average colltsion ~ 
numbe r <nNA> of this nuc l.eon inside t he nucleus A1 and on the 
aver age núc l.eorr-nucl eon scattering angle <I)

/.. , 
<o >=<~ >·<8 > <()N .. Nj Aj Nj ~1 N'.l N1 j 

=fT <()N" 

'1\., ,>,see Fig. 3.
Nn 

N > < tt 
1 

A »fTl 
j 1 , 

The inçrease of the central re~~n is therefore dependent on the 
s í ae of nuc leus <n NA> = Z,· 3J A· • Z = cons t and on the laborato

f j ,1 1 ' 

ry momentum of the priniaty .nuc Leons (P 1a b ) because o f the single 
particle scattering mechani.sms ,. which gi've . 

like in a pucleon~nucleus collision.	 ':,.. 
(,	 f ---l 
)\)11 >--	 r ~ const : 

2.3. Determination of the Impact Parameter and Enlargement	 <O Nj N1 - J 1517 Plab 

of	 the Central Int~raction Region
 
and'finally
 

;:~~ The impact parameter b is determ~ned by the Monte-Carlo me

thod according to the normallzed distributions IH'. 3J~-

F ---!.._<--_ ' __ 
( 

' >--- with F'=:z.f::::4.
 
dn 2b dn ) ~ <() N j A1 - Jf5;f" 'p Ia b
 

1 __ = • ---- = ---w 
(db ( r + 1')2 'Q()) 217 

~ 1 2 see,~ e.g., Fig~.2 and 4. 
vlith r 2 tX~rA;-2- -the radii oí' the nuclei A1 2

1 and (J.N N - fhe The increas~ of the ceQtral region acts as an effective lower 
, collision parameter b' of the eolliding nuclei. Regarding this 

1• ,	 , I 1 2 

az i.mu t ha L s ca t tering ang l e of the nucleon N1 on the nucleon j-.J 2 

inside the nucleus. '" '.-, 3· 

2 
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Fig.4. Representation of the in
teraction regions for two co~W"J '_]

(.) Ziding nuclei at different im"?~~~ . 
pact: parameiere b '(a) b = ri + r

2 
., 

(b) Q,<b < ri + r2 • (c) b = O. 
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Fig.S. The average nucleon
 
nv~ber of the central nucleus [nu'~JL(.,-, -=\
 

10 \fra~tion 'as 'a function of impact~ 
P'ob' '.2 G.V/< pern.. \parametfr b for several nuclei 

---- P'ob' 15 GeV!< po' n 
\and laporatory moment~. 

\ 

5 \ -'.Plob • 0.5 GeV!c ~r n. 
.. I, '" 

O6. "5 \ f. u,'rt ....r ! ) 

average deflections, it becomes possible to caldulate the 
number of nucl~ons of the colliding nuclei in the central region 
by gebmetrical calculation of the volumes of these nucleus 
fractions (sphere cut cone~), see also F~g.5: At2 = 

= A~í,2 (r i.r2 . b . <8 NA» · The Lncr eas e of the centr a I region and 
of the probability weight of effective lower collision ~arame
ters, respectively,corresponds to the derivation of thermodyna
mica~ model velocity distributions for the colliding nuclei. 

The number of nucleo~s of the remaining periph'era'l nucleus 
fJ;..agrnents is A ~i 2 = A 1 2 - A ~í 2' The number of nucleons in a 
tube of the !central micleus I f r ac ti.on is Monte-€arlo distributed 
que to .a truncated Gaussian around Aí:2 as a nough approxima
~ion. The types of interacting nucleons aré determined by the 
Monte-Carlo method due to the r;atio of pro tons and neutrons in 
the nuclei Ai and A •

2 

2.4. ,Interactipn Simulation 
r' 

The nucleop-nucleoh'interaction inside the cent~al regipn is 
described via the mechanism of Ref.~3~, while the'interaction 1 

4. 
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Fig.6. Comparison of the experimental and calcula~ed dif
1,,~tI f~rential distributions of~ tr--mesons in the reactions 

(d.a,C)~C~tr-+X at Plab=4.2 cev/», (a) t.raneoeree tno
·I»,} mentum diptributlons" (b) rapidity distributions in the 

laboratory system, and (c) làboratory'scattering angle 
0lab distributions. 
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meeone in the reactions 'Y/o" 

(d,a, (3) + Ta ~ «: + X> at: p Iab = 4. 2 G~V/c, (a) tiraneveree momentum 
distributions and (b) rapidity distributions in the laboratory 
system. " 
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• t 
ln the peripheral region is described' by t{le phenomenological 
model of Ref; /2/. The Fe rmí.-momérrtum of nuc l.eons Lns i de ,the nuc 
leus is taken ~nto account. The Fermi-mómentum 'Qf nucleons in\ 
side the central r egíon is also regarded. P'í on absorpt Lon; inul
tiple scattering and secondary interactions of hadrons, goiRg 
out o f any nuc Leorr-nucLeon or nuc l.eonj-nuc Leus fragment co ll ís í.on , 
are neglected. The energy of eva~oratéd nucleons and low ~nergy· 

particles is suimnéd up as an exc i t.at.ion energy-, see a1'so /3(. The
se processes ate not simulated in the modelo 

The particle variables are Lorentz-transformed into the la, - . .'	 ~.
boratory system. The s ímuLated event s, conserve energy, baryon i c
 
and,electric charge and strangeness. .
 

~~ COMPARISON W!TH THE pATA 

The single d'ifferential c r'cs s section .da t a are compared wi th
 
samp.l~d particl'e distribútions in Figs. 6-8. Figuref 6 and 7
 
contpin ~ngular., transverse momentum and rapidity d~stribution
 
of produçed ne~attv~' pions for Xhe reactions.(d,a,C)+~C,Ta)~
 

"';"'IT-+Xat Labor-atory momenta of 4.2 GeV/c, per nucleon, and Figu
re 8 presents the angular distributions aí protpns for the re
actions Fe+ (Ál,CU,W)~ P+ X at l abo nat ory momenta 0~ 1.88 GeV/c 
per nucleon. AlI calculated distributions agreé 'well with. the 
data over thé whole considered kiflematicregions- within expe
rimen~al~aQd statístical ~rrors. Th~'e~~rgy depend~nce of the 
dfstributions as well as the dependence on the nucleon numbers 
of the projectile and t arge t nuclei are de scr i.bed by t he modelo 
~or'low transverse momenta of the pions (below -150 MeV/c) the . 

íç a Lctrla t í.ons show some I sys't emat í.c devi.a t ons from t he experimen
tal data, particular for reactions on heavy nQclej. The origino 
lies in t he negléct of secondary par t i cl e Lnt e r ac t í.ons ; 'the 
model takes alI párticles coming f~om haqron~nucleon or hadron
nucleus fragment reacti9ns into the final ~tate of the eve~t 
sampl~d. But just these secondary ha~ron~nucleon interactions 
inslde the colliding matter plây'an increasing role at low had
ron energie~. This deviation is unimportant as compare~ to the 
'whole spec t rum o f the hadron momenta.' 

, 
Fig.8. Comparison of the expe
pimentaL and caLcuLated singLe 
differentiaL distributions of 
fast particLes from high ~Lti
p~icity events at 1.88 GeV/nuc
Leon in the reactions of Fe,~ith 

AI, CU and Wa? ~ f~nction,of 
scattering angZe in the30 GO 90 o 30 (;0 90 

B[') 8[°)	 
91a b 

Laboratory system. 
6 

.1 
:' 

,\J~~k 

~	 .' ,
( 'Figu~ 9 d~monstr~t~s a correét 4ependence of the'model re
sults on the nucleon numb~r of the projectile nucleus ,as cúmpa~ 

r ed to the experimental da t a.. 

1, 
I"I':t/< 

fi 
'" \ 

~.HI ."/'1 A/;''i + CId/'	 
'" + rl.ld:>...:: 

+	 ~~ 
'):;:	 ~o}. 

t	 r :I~r
~-

.:+~!
1\ '-' +	 .;

~ 
2 J ,-I	 I ~ L 

, ~ l_rL.! T, il : ..; ~ t-ej ~':------"1	 0.1 , , • ,I'= ~ 
~ ;;::......, -1.6	 O. 1.5 3.2 r/oh 

k ~ 
,~. ----- mot: i . 'h fa!-! (,/d 

modtl dol.h! A/d- f' c1/d ' ><:: 
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It:: I	 I --- ~ rI./d 
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--::::2 
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Fig.9'. Compaxrieon of »he exper-imental- and cal.cul.at.ed rat.ioe 
of the pifferentiaL distributions from Figs.6 and 7. The 
'r!atios, of the produced 71- -mesons in the react.ione are. 
(a) C + Ta to d + Ta -' a + Ta to d + Ta , (b ) C + C to 
d +'C -' a + C to 'd + C'. . 

'" \ 4'. SUMMARY 

The above model for ,inelas~ic nucleus-nucleus interactions 
.i s based on sí.mpLe "geometrical cons i.de ra t i.cns to diví.'ae the 
collision matter into central and peripheral regions. Nucleon

• • l
nucleon· and hadron-nucleus lnter~tlon modeLs are used to <. 

r'\ describe interactions in these regions. The Fermi-momentum ofII 
" !\ 

nucleons is takeri into account. The absorption of hadrons, se
., condary hadron-nucleon interactions .and nucléon ~vaporation 

, , 
proces.ses are neglec ted. Energy, baryon number, e l.ectr í.c char
ge and ptrang~ness are conserved. The model is applicable to a 

, I	 Labo r a t or y vmoment um region from I", 0.5 IUP to'5 + 7. GeV/c per nuc
leon of the projectile nucleus. AlI nuclei are ~uitable for pro
jectiles and targets. The mo~el is. able to describe the distri-

I	 ' , 

....	 7 
11' 

I' 



butions of hadrons versus scattering angle and momentum 
of the observed particles ~nd versus the nucleon numbers 
of the colliding nuclei. Deviations from the experimental data 
occur for low momenta of the observed pions because of the 
neglect of secondary hadron-nucleon interactions. 

The model provides a Monte-Carlo computer program, which can • 
be used to sample exclusive events. It is suitable for the simu
lation of detectors and for tests of event analysis methods. 
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rpHDlHH B. I'•• XaHrcreH K •• KnSAHHlI;KaR E. H. El-85-73 
npHMeHeHHe $eHoMeHOflOrHqeCKbA MOAerrH An.R HeynpyrHx 
B9aHMOAeHCTBHH .RAep c .RApaMH npH HMnynbce HHEe 
5 r3B/c Ha HyRnOH HaneTaMmerO .RAPS 

OnHcaHa $eHoMeHOnOrHqeCKa.R MOAenb AnR HeynpyrHX B9aHMOAeH
CTBHH HAep c .RAPaMH npH HMnynbcax RHEe 5 I'3B/c Ha HYKnOH. 
B3aHMOAeHCTBHe qaCTHlI; BHYTPH B9aHMOAeHCTB~x .RAep onHc~a
eTCH c Hcnonb90BaHHeM weHoMeHOnOrnqeCKHX MOAeneA B3aHMOAeA
CTBH.R SAPOH-.RAPO H SAPoH-HYKnoH. P09~rpwm no MOHTe-Kapno AaeT 
KHHeMaTHqeCKHe nepeMeHH~e AnH H3yqaeMOrO Ha60pa C06~THH. 
CpaBHeHHe MOAenHpoBaHHb~ HHKnm9HBH~ pacnpeAeneHHH An.R pa9
nHqH~ qaCTHlI; H .RApO-.RAepH~ BSaHMOAeHCTBHH HaXOAHTcR B xopo
meM COT'naCHH c 3KcIIepHMeHTanbH~ AaHH~. 

Pa60Ta B~onHeHa B TIa6opaTopHH B~COKHX 3HeprHH OHHH. 

Cool'S.eHHe O6'I.eAHHeHHOrO HHCTHTyT. IIAepHWX HccneAOII4JIIIA. JlyGaa 1985 

Grishin V.G .• Hansgen K., Kladnitskaya E.N. EI-85-73 
The Application of a Phenomenological Model to Inelastic 
Nucleus-Nucleus Interactions for Laboratory Momenta below 
5 GeV/c per Nucleon of the Incident Nucleus 

A phenomenological model for inelastic nucleus-nucleus 
interactions is described and compared with some data. The 
model is based on a geometrical picture of the interaction. 
Particle interactions inside the colliding nuclei are descri 
bed by phenomenological models of hadron-nucleus and hadron
nucleon interactions. The secondary particles can be attribu
ted to pions, nucleons or kaons, for 'Thich the Monte-Carlo 
model provides the kinematic variables in the events sampled. 
The simulated events conserve energy, baryonic and electric 
charge and strangeness. The comparison of the inclusive dif
ferential particle distributions of the sampled events with 
the data shows a good agreement. 

The investigation has been performed at the Laboratory 
of 	High Energies, JINR. 
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