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I. INTRODUCTION 

Intranuclear cascade calculations have long been used to sam
ple hadron-nucleus interactions (!). The ideas of these models 
were also used in the construction of nucleus-nucleus interac
tion models. The aim of this work is to construct a simple model 
for the generation of inelastic nucleus-nucleus interactions. 
The model is based 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 nucleon for reaction Aj + A 2 ->h( + X , 
where A 1 2 are colliding nuclei; h(.emitted hadrons; and X . re
maining nucleus fragments. The hadrons h| may be attributed to 
pions, kaons or nucleons. Nucleon evaporation and low energy par
ticles are taken into account only by calculating the sum of 
their energies (excitation energy). The model is described in 
Section 2 of this 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. Basic Features 

The two colliding nuclei are considered in their rest systems 
as spheres with uniform nucleon density distributions. The col
liding matter is divided into different interaction regions: 

a central interaction region and 
a peripheral interaction region. 

The boundary between the two regions is determined from a geomet
rical picture of the interaction / 4 /. 

While in the central region the fractions of both colliding 
nuclei interact with each other, the remaining fragments of the 
nuclei, which form the peripheral region, interact only with one 
nucleon of the other corresponding nucleus. In the central region 
the nucleons interact according to the row-on-row-picture/Б/ 

involving all nucleons from the interaction region of the nuclei. 
The Fermi momentum of the nucleons is taken into account. The 
interactions are point-like: energy, baryonic and electric charge 
and strangeness are conserved. Secondary interactions of the 
produced emitted particles and their absorption are not taken 
into account. 1 



2.2. Geometrical Picture of the Interaction 

In order to model the nucleus-nucleus interactions, a simp
le geometrical/optical picture / 5 / is used. The interaction ta
kes place in the two different regions. 

For a given impact parameter b of the reaction (see Fig.1) 
one has the central region, consisting of two colliding nucle
us fractions AJ' and Ag', and the noncentral (peripheral) region 
consisting of remaining fragments AJ and Ag of the nuclei Aj 
and Ag , respectively. The fragments, which interact in the cen
tral region, are described by the collection of tubes which 
contain nucleons (nuclei tubes) (Fig.2). Within such a tube the 
nucleons are situated one behind the other moving with Fermi 
momenta relative to the original nucleus. The interaction takes 
place with front nucleons between two colliding tubes. 
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Fig.l. Geometrical represen
tation of the interaction re
gions for two colliding nuclei 
in the pure optical model. 

Fig.". Geometrical representa
tion of the nucleon tubes in 
the central region of the col
liding nuclei. 

In the peripheral region (see Fig.l) one nucleon from the 
nucleus Ajg (essentially from its central fraction) collides 
with the peripheral fragment A 2 > 1 of the other nucleus A a l 

like in a nucleon-nucleus collision. 

2.3. Determination of the Impact Parameter and Enlargement 
of the Central Interaction Region 

The impact parameter b is determined by the Monte-Carlo me
thod according to the normalized distributions 
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with r 1 2 °V A I g —the radii of the nuclei Aj 2 and (9N N —the 
azimuthal scattering angle of the nucleon N x on the nucleon N a 

inside the nucleus. 
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Fig. 3. Geometrical representa
tion of the increase of the 
central interaction region for 
the nucleus A 2. 

Knowing the impact parameter, the numbers of nucleons inside 
the central and peripheral regions of the nuclei can be determi
ned. The boundary between the two regions does not follow the 
pure optical considerations of Fig.1. For laboratory momenta 
of -0.5 up to 5 T 7 GeV/c per nucleon the scattering angle of 
the particles is not negligible. Therefore a more realistic 
picture is somewhat different from that shown in Fig.1. The 
central region grows with increasing the average scattering 
angle <<? N N>of the participating nucleons depending on colli
sion energy. The corresponding values are known from hadron 
nucleon scattering data, see, e.g., and references therein. 
A rough estimation of the average scattering angle <8„.> for 
nucleon Nj of the nucleus Aj on the boundary between the peri
pheral and central regions depends on the average collision 
number <n N A>of this nucleon inside the nucleus A ( and on the 
average nucleon-nucleon scattering angle <fl ,>see Fig. 3. 

= <n. >•«? <в N.N, 
< f i V j > > * . 

The increase of the central region is therefore dependent on the 
size of nucleus < n N д •> = z . V A; , z = const and on the laborato
ry momentum of the primary nucleons (Pja|> ) because of the single 
particle scattering mechanisms, which give 

f 
< % j N 1

> = 

v* 15rr P U b 

and finally 

f= const, 

<v,>-
\Tibn 

VA, 
lab 

with F = z. f =4 , 

see, e.g., Figs.2 and 4. 
The increase of the central region acts as an effective lower 

collision parameter b' of the colliding nuclei. Regarding this 
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Fig.4. Representation of the in
teraction regions for two col
liding nuclei at different im
pact parameters b (a) b=rj + r2 , 
(b) 0 < b < fj + ra , (a) b = 0. 
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average deflections, it becomes possible to calculate the 
number of nucleons of the colliding nuclei in the central region 
by geometrical calculation of the volumes of these nucleus 
fractions (sphere cut cones), see also Fig.5: A j'p = 
= A'l',2 (rj,ra,b, < 0 N A > ) • The increase of the central region and 
of the probability weight of effective lower collision parame
ters, respectively,corresponds to the derivation of thermodyna-
mical model velocity distributions for the colliding nuclei. 

The number of nucleons of the remaining peripheral nucleus 
fragments is A' l a = A 1 2 -A'jg • The number of nucleons in a 
tube of the central nucleus fraction is Monte-Carlo distributed 
due to a truncated Gaussian around Aj' s as a rough approxima
tion. The types of interacting nucleons are determined by the 
Monte-Carlo method due to the ratio of protons and neutrons in 
the nuclei Aj and A 2 . 

2.4. Interaction Simulation 

The nucleon-nucleon interaction inside the central region is 
described via the mechanism of Ref. / 3 , /, while the interaction 
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Fig.в. Comparison of the experimental and calculated dif
ferential distributions of гГ-mesons in the reactions 
(d ,a ,C)+ С -> iT + X at P l a b = 4.£ GeV/c, (a) transverse mo
mentum distributions, (b) rapidity distributions in the 
laboratory system, and (c) laboratory scattering angle 
0. . distributions. lab 
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Fig. 7. Comparison of the ex
perimental and calculated dif
ferential distributions of tr~-
mesons in the reactions 
(d,o,C) + Ta->ir-+ X at p ] a b = 4.2 GeV/c^ (a) transverse momentum 
distributions and (b) rapidity distributions in the laboratory 
system. 



in the peripheral region is described by the phenomenological 
model of Ref. / 2 /. The Fermi-momentum of nucleons inside the nuc
leus is taken into account. The Fermi-momentum of nucleons in
side the central region is also regarded. Pion absorptio.n, mul
tiple scattering and secondary interactions of hadrons, going 
out of any nucleon-nucleon or nucleon-nucleus fragment collision, 
are neglected. The energy of evaporated nucleons and low energy 
particles is summed up as an excitation energy, see a l s o / s / . The
se processes are not simulated in the model. 

The particle variables are Lorentz-transformed into the la
boratory system. The simulated events conserve energy, baryonic 
and electric charge and strangeness. 

3. COMPARISON WITH THE DATA 

The single differential cross section data are compared with 
sampled particle distributions in Figs. 6-8. Figures 6 and 7 
contain angular, transverse momentum and rapidity distribution 
of produced negative pions for the reactions (d,a,C) + (C ,Ta)-. 
-»ir~+Xat laboratory momenta of 4.2 GeV/c per nucleon, and Figu
re 8 presents the angular distributions of protons -for the re
actions Fe+(Al.Cu.W)-. p+X at laboratory momenta of 1.88 GeV/c 
per nucleon. All calculated distributions agree well with the 
data over the whole considered kinematic regions within expe
rimental and statistical errors. The energy dependence of the 
distributions as well as the dependence on the nucleon numbers 
of the projectile and target nuclei are described by the model. 
For low transverse momenta of the pions (below «150 MeV/c) the 
calculations show some systematic deviations from the experimen
tal data, particular for reactions on heavy nuclei. The origin 
lies in the neglect of secondary particle interactions; the 
model takes all particles coming from hadron-nucleon or hadron-
nucler.s fragment reactions into the final state of the event 
sampled. But just these secondary hadron-nucleon interactions 
inside the colliding matter play an increasing role at low had-
ron energies. This deviation is unimportant as compared to the 
whole spectrum of the hadron momenta. 

Fig.8. Comparison of the expe
rimental and calculated single 
differential distributicns of 
fast particles from high multi
plicity events at 1.88 GeV/nua-
leon in the reactions of Fa with 
Al, Cu and W as a function of 
scattering angle i9lab in the 
laboratory system. 
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Figure 9 demonstrates a correct dependence of the model re
sults on the nucleon number of the projectile nucleus as compa
red to the experimental data. 
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Fig. j . Comparison of the experimental and calculated ratios 
of the differential distributions from Figs. 6 and 7. The 
ratios of the produced n~-mesons in the reactions are 
(a) C + та to d + Ta, o+Ta to d + Та , (b) С + С to 
d + C j a + C t o d + C . 

4. SUMMARY 

The above modal for inelastic nucleus-nucleus interactions 
is based on simple geometrical considerations to divide the 
collision matter into central and peripheral regions. Nucleon-
nucleon and hadron-nucleus interaction models are used to 
describe interactions in these regions. The Fermi-momentum of 
nucleons is taken into account. The absorption of hadrons, se
condary hadron-nucleon interactions and nucleon evaporation 
processes are neglected. Energy, baryon number, electric char
ge and strangeness are conserved. The model is applicable to a 
laboratory momentum region from =0.5 up to 5*7 GeV/c per nuc
leon of the projectile nucleus. All nuclei are suitable for pro
jectiles and targets. The model is able to describe the distri-
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butione of hadrons versus scattering angle and momentum 
of the observed particles and 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. 

REFERENCES 

1. Metropolis N. et al. Phys.Rev., 1958, 110, p. 185; 204; 
Chen С et al. Phys.Rov., 1968, 166, p. 949; Barashenkov V.S. 
et al. Acta Phys.Pol., 1969, 36, p. 415; 457, 887; 
Barashenkov V.S. Yad.Fiz., 1971, 13, p. 743; Bertini H.W. 
Phys.Rev., 1963, 131, p. 1801; Nucl.Phys., 1966, 87, p. 138. 

2. H&nsgen K., Mohring H.-J., Ranft J. Leipzig preprint 
KMU-HEP-83-06, 1983, to be published in Nucl.Sc. and Engin., 
1984; Hansgen K. et al. Leipzig preprint KMU-HEP-80-07, 
1980. 

3. Hansgen K., Ranft J. Leipzig preprint KM"-HEP-82-ll , 1982, 
to be published in Nucl.Sc. and Engin, 1984, Hansgen K. et al 
Leipzig preprint KMU-HEP-79-07, 1979. 

4. Liu L.C., Shakin CM. Phys.Rev., 1979, C19, p. 129. 
5. Hufner J., Knoll J. Nucl.Phys., 1977, A290, p. 460. 
С Agakishiev G.N. et al. JINR, Pl-84-35, Dubna, 1984; Yad.Fiz., 

1984, 40, p. 1209. 
7. Agakishiev G.H. et al. Warsaw preprint INR 1904/VI/PH/A, 1981 
8. Ihara R. Phys.Lett., 1981, I06B, p. 179. 

Received by Publishing Department 
on February 13, 1985. 

8 



Гришин В.Г., Хангсген К. , Кладницкая L.i'l. EI-85-73 
Применение феноменологической модели для меупругих 
взаимодействий ядер е ядрами при импульсе ниже 
5 ГэВ/с на нуклон налетающего ядра 

Описана феноменологическая модель для неупругих взаимодей
ствий ядер с ядрами при импульсах ниже 5 ГэВ/с на нуклон. 
Взаимодействие частиц внутри нзаимодействукпцнх ядер описыва
ется с использованием феноменологических моделей взаимодей
ствия а.чрон-ядро и адрои-нуклон. Розыгрыш по Монте-Карло дает 
кинематические переменные для изучаемого набора событий. 
Сравнение моделированных инклюзивных распределений для раз
личных частиц и ядро-ядерных взаимодействий находится и хоро
шее c.'i.TicBi: с. экспериментальными данными. 

Работ.) выполнена в Лаборатории высоких энергий ОИЯИ. 
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Grishin V.G., Hansgen К., Kladnitskaya E.N. El-85-73 
The Application of a Phenomenological Model to Inelastic 
Nucleus-Nucleus Interactions for Laboratory Momenta below 
ri 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 гш-dels of hadron-nucleus and hadron-
nucleon interactions. The secondary particles can be attribu
ted to pions, nucleons or kaons, for vhich 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. 
Comnunication of the Joint Institute for Nuclear Research. Dubna 1985 
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