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Introduction

During the lost few years there were some successful attempts to de
scribe the hadron-hadron elastic scattering at low and intermediate en
ergies (below 1 - 2 GeV) within the quark-gluon approach (see Rcfs, [1]
- [4]). In Rcf. [1] -[4] the amplitudes of 7Г7Г-, Kir- and NN- scattering
were found and an agreement of the theoretical calculations with corre
sponding experimental data was reached at the assumption that in the
clastic liadron scattering one-gluon exchange with the following quark
interchange between hadrons takes place (sec fig. la). At high energies
two-gluon exchange appropriation (fig.lb) works quite well (see Rcf» [5],
[6] and [7], [8]). What kind of exchanges can dominate in hadron-nucleus
and nucleus-nucleus interactions?
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The simplest possible diagrams of the processes with three nucleons
are given on Fig. 2. A calculation of their amplitudes according to
Refs. [l]-[4] is a serious mathematical problem. It can be simplified if
one takes into account an analogy between quark-gluon diagrams and
reggeon diagrams: the quark diagram of fig. la corresponds to a onenonvacuum-reggeon exchange diagram; the diagram of fig. lb describes
the pomeron exchange in the t— channel; the diagram of fig. 2a is in
a correspondence with the enhanced reggeon diagram of the pomeron
splitting into two non-vacuum reggeons.' The three pomeron diagram
(fig. 2d) represents the more complicated process. It is rather hard to
find a correspondence between the reggeon diagrams and the diagrams
of fig. 2b, 2c.
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Fig. 2
The reggcon parameters and the functional forms of the amplitudes
of 3-rcggcon processes arc well known. The constants of the reggoon
interaction vertexes are poor determined. The 3-pomeron vortex constant
2
2
GPPP is well established {GPPP = 1.35- (G*eV) , Rcf. [9]). There artonly old data [10] and the estimations of Ref. [11] on the values of other
constants - Gpnn and Gnim which arc large. Nevertheless, wo believe
that the properties of the reggeon amplitudes must be taken into account
a t the consideration of the nuclear destruction.
It is obvious that the processes like one on Fig. 2d cannot dominate
in the elastic hadron-nuclcus scattering because they are accompanied
by a production of a high mass diffraction beam of the particles in the
intermediate state. Thus, their yields are dumped by a nuclear formfactor. According to the same reason, the yields of the processes like
ones on Figs. 2a, 2b can be small too. If it IK not so, one will expect
a large corrections to Glauber's cross-sections. The practice shows that
the corrections to the hadron-nucleus cross-sections must be lower than
' 5 - 7 %.
The yield of the diagram of Fig. 2c gives a correction to Glauber's
one-scattering amplitude. The analogous corrections must be to the other
terms of Glauber's series. A sum of the corrections must lead to small
effects in the elastic small angle scattering because the corrections are

large at, small impact parameters. So, they can manifest themselves at
;i; largo scattering angles. We assume that they have a big influence on the
' inelastic process characteristics, too.
i
According to the roggcon theory, a description of the inelastic reactions
can be renched at a consideration of the different cuts of the reggcon
> diagrams. Here th6 Abramovski - Gribov - Kanchcli cutting rules [12]
1
arc used very often. The corrections to them were discussed in Ref, [13]
in an application to the problem of particle cascading on the nucleus. As
was shown in Rcf. [13], a summation of the yields of enhanced diagrams
allows one to describe an increase of the one-particle spectra in the target
fragmentation region. At the same time the authors of Rcf. [13] did not
, take into account the shadowing effects considered in Ref. [1*1].
• Here we have to note that the yields of the diagrams like that, shown
on Fig. 2c have no shadowing corrections. The yield of the enhanced
diagram of Fig. 2a has a form
Ya ~ C X - P H S , - 62)2/3r* - (b, - btfjbrl

- {b2 - h)2/3r*)

-

where b\,bi and b% are the impact coordinates of1 the nuclcons, At the
same time, the yield of the diagram of Fig. 2c actwding to Refs. [1] - [4]
is given by
Yc ~ е.г-р[-Й - h)2/rl)exp[-(b,

|

- /7;,)2/r?].

In the limit of r„, r\. «С Я^, where Rt\ is a nucleus radius, the yields
coincide. Thus, we can save the results of Ref. [13] considering them as
a summation of the yields of the quark-gluon diagrams.
Let us note that neither Y„, nor Yc depend on the longitudinal coordiI nates or on the multiplicity of produced particles. It is the main difference
between "reggcon cascading" and "usual1," cascading.
1
As well known, the intra-nuclear cascade model (СЕМ) ([15]-[20]) as
sumes that in a hadron-nucleus collision the secondary particles are pro
duced due to an inelastic interaction of the projectile particle with a
target nucleoli. The produced particles can interact with other target
nuclcons. A distribution on a distance / between the first, interaction and
the second one has a form

W(l)dl

?—cxp[

?—/).'

where < / > = 1/crpA, о is a hadron-imcleon cross-section, n is the mul
tiplicity of the produced particles and p,\ ~ 0.15/m~ a is the nuclear
'
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density, At the same time the amplitudes or the cross-sections of the
processes shown on Pig. 2 have no dependence on / or n, Thus, we ex- \
pect that in the quark-gluon or reggcon approach the "cascade" will be
more restricted than it is in the cascade model. The difference between '
approaches can lead to the different predictions for the light nuclei de
struction (an effect of the limited volume) and for the characteristics of
the heavy nuclei interactions (an influence of a large multiplicity of the
produced particles).
To show this, we first of all give in Sec. 2 a simple method to estimate
the nuclear destruction in the framework of the quark-gluon approach.
We apply it to an analysis of the experimental data in Sec. 3 where the
cascade model calculations will be presented, too. There we concentrate
on the characteristics of the spectator part of the nucleus. The simplest
characteristic of such type studied in many photocmulsion experiments
is a distribution on the sum of spectator fragment charges. It was before
described in the paper [21].
The distributions on the summered charge of spectator fragments with
charges greater than 2 were obtained at ALADIN experiment [22] - [25].
At their interpretation within the framework of the cascade model with
an account of the nuclear multifragmentation the authors of Ref. [26] met
some difficulties. They left the cascade model and used a phcnoineuological parametrization for a distribution on the excitation energy and
the mass number of the residual nucleus. It is an evidence that there
is no any successful model of nuclear destruction in nucleus-nucleus in
teractions above 200 — 300 MeV/nucleon. Below we will show that our
proposed method gives an opportunity to estimate the distribution on
mass, charge and excitation energy of the residual nucleus. It can be
used at intermediate as well as at high energies.
At the experiments of E-802 collaboration [27, 28] the distributions
on the energy in the zcro-dcgrcc-calorimetcr (T%DC) f° r the interactions
of Si -f- Al,Cu, Ag, Au at energy 14 GeV/nucleon were measured. The
analogous distributions were determined at CERN experiments [29] for
the interactions of О + С, Си, Ад, Аи at 60 GeV/nuclcon. The latter
were described in the FRITIOF model [30]. Having no opportunity to
take the experimental conditions into account exactly, we assume that
the distribution on TZDC is a distribution on a sum of spectator fragment ,
energies. Nevertheless, we reach the better agreement of our calculations
with the experimental data than the FRITIOF model docs. Thus, we dare
4
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" to give our estimations for the impact parameter and for the number of
ji!;.i intra-nuclear collisions of the evens with different values of TZ'DC-
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A model of nuclear destruction at fast stage of
the interaction

At first glance, the interaction between the second and third nucleons
in the process of Fig, 2c is an clastic rescattering of the second nucleon
on the spectator nucleon. Thus, it seems that the intra-nuclear cas
cade can be simulated by a cascade of elastic and inelastic interactions
of the ejected nucleons developed in the 3-dimensional space of the nu
cleus. The standard cascade-evaporation model assumes that there are
additional interactions of the produced nucleons with target nucleons. !
As the produced particles possess closed coordinates, there must be a
strong shadowing of the particles by each other. A practice of study of
the nucleus-nucleus interactions shows that the cross-sections are mainly ,
determined by the geometrical aspects, especially by nuclear sizes/,So,
one can assume that in the hadron-nucleus collision a cross-section of
the bunch of the particles produced at the first interaction is near to the
NN- interaction cross-section. From this point of view, it seems it is
not extra-ordinary to suppose that only the ejected nucleons can suffer
the interactions. It is obvious that according to the approach the ejected
nucleons must lose their energies in the secondary interactions and the
momentum distribution of the nucleons in the central collisions must be
softer than it is in the peripheral ones. The experiment [31] shows an
inverse tendency.
In the reggeon approach another situation is possible. According to
the par ton model a hadron is surrounded by a cloud of the virtual parton
fluctuations which can fuse or split. If the mean life time of a fluctuation
is of odder т then when a fast hadron with velocity v ^> RA \ Л — V2/T
penetrates the nucleus different fluctuations can interact with different
nuclear nucleons. As the nucleons taking part in the interactions are
in the equal conditions, we cannot expect the softening of the spectra.
Thus, we consider the mentioned experimental data as an indication of
the reggeon scenario.
Unfortunately the reggeon method of the calculation and the summa
tion of the yields of the enhanced diagrams of the hadron - nucleus and
5
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nucleus - nucleus interactions is not developed enough for practical tasks, „и-; 1 *
Thus, wc arc forced to formulate a phonomenological model of particles
','•
cascading into the nucleus in order to estimate the nuclear destruction, '\~\
because the nuclear destruction is used at the experimental study as a
criteria for selection of different types of the inelastic interactions, for
example, central and peripheral ones.
?:
T h e model formulation:
(
1. As it was said above, the "reggeon cascade" is developed in the space
of the impact parameter. Thus, for its description it is needed to
determinate a probability to involve a nucleon into the "cascade". It
is obvious that the probability depends on a difference of the impact
coordinates of the new and previous involved nuclcons. Looking at
the yield of the diagram of Fig, 2c, we choose the functional form of
the probability as
Pdbi-bjD-Ccxpi-ibi-bjjt/rt).

(1)

;")
,

: ;

Here b{ and bj are projections of the radiuses of ilh and j i h nucleons
on the impact parameter plane.
2. The "cascade" is initiated by the primary involved uucleons. If the
constant С is small we can use the Glauber theory for their deter
mination.
3. We assume that all involved nucleons are ejected from the nucleus.
The "cascade" looks like that: a projectile particle interacts with some
of the intra-nuclear nuclcons. They are called "wounded" nuclcons. The
wounded nucleons initiate the "cascade". A wounded nucleon can involve
a spectator nucleon into the "cascade" with the probability (l). The
latter one can involve the second nuclcon. The second nucleoli can involve
the third one and so on.
A Monte Carlo algorithm for estimation of the nuclear destruction in
the nucleus-nucleus interactions, which corresponds the model formula
tion, includes the following steps:
1. The calculation of the impact parameter distribution within the
framework of the Glauber theory [32];
2. The sampling of the impact parameter and the nucleon coordinates;
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3. The determination of the wounded miclcons (sec Rcf. [32]);
4. The determination of the spectator nucleons involved in the "cas
cade" by the wounded nucleons. If the number of the involved nu
cleons is equal to zero - exit;
5. If the number of the involved nuclcons is not equal to zero, a pos
sibility is considered to involve the other spectators nucleons by the
involved ones. If the number of the new involved nticleons is equal
to zero - exit. In other case - it is needed to repeat the step 5 taking
into account only the new involved nuclcons.
The first step is performed only once at the given mass numbers of
the projectile and target nuclei. The steps 2 - 5 are repeated until the
needed statistics is reached. The steps 4, 5 are applied to the nucleons of
projectile and target nuclei.

3

T h e choice of t h e m o d e l p a r a m e t e r s

The allowed region of the model parameters С and rc was determined
in Ref. [21] at fitting the experimental data on the high energy protonnucleus interactions [33]. It is presented on Fig. 3.
l.o
С
0.8
0.6
0.4 0.2
0.0
0.6

Fig.3

The authors of Ref. [21] reached an agreement, with the experimental
data on g-particle multiplicity distributions in nucleus-nucleus interac
tions at С = 1 and rc = 0.6 fm. The authors of Ref. [21] pointed out
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that the agreement can be obtained at other Values of the parameters "(ЛЙ
from the allowed region. In order to specify the parameters arid to: check И | | |
the possibility of the model, we turn to ALADIN data on the gold:inter- г/.,;|
actions with nuclei at 600*A MeV.
!
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On Fig. 4 the experimental distribution [26] on "bounded" charge in
the mAu -+- l2C interactions (histogram) is presented in a comparison
with the model calculations (solid lines) at the different values of С and
rc (the values of С are given by the numbers at the curves). At the
experiment the "bounded" charge is determined as Zi0Ult(i = Ep QF where
the sum runs over the gold spectator fragments having a charge greater
or equal 2. At the given stage of our study when wc don't consider
the nuclear inultifragmentation and evaporation we fail to separate onecharged fragments. So, our calculations represent the distributions on the
charge of the residual nucleus. The variant with С = 0 corresponds to
the pure Glauber approximation. As one can see, the Glauber approach
cannot describe the nuclear destruction. The variant with С =.0.2 is
best of all. We hope that the one-charged fragment selection will shift
the curve to the left. The variants with С > 0.3 are rejected because the
8
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corresponding curves have the dips in the region Zboimd 'У 55 — 70.
On Fig. 5 wc present our calculations at С — 0.2 and rc — 1 fm
for the Au + С, Си, Pb interactions (solid linos) in the comparison with
the experimental data [26] (histograms). Of coivrse, it is very hard to
talk about the agreement. But we fix that the calculations have the
same tendency as the experimental data do. Thus, we believe that the
proposed model can be served as a base for a more realistic model of the
nucleus - nucleus interactions at the intermediate energies.
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Fig. 5

It is interesting to compare the experimental data with the cascade
model calculations presented on Fig. 6. At the calculations we used the
version of the cascade model described in Ref. [34]. The model takes into
account the trailing effect, Pauli principle, the dependence of the Fermi
momentum on the local nuclear density, the pre-equilibrium emission and
the evaporation of the nuclei. On Fig. 6 a distribution on the charge of
the residual nucleus after fast cascade stage is presented by solid circles.
The light points show a distribution on Zbound after the pre-equilibrium
decay. At last the solid curve presents a distribution on Zbound after the
evaporation stage. The experimental data are shown by a histogram.
As one can see, the distribution after the cascade stage has no bright,
peculiarity. The pre-equilibrium emission shifts the distribution on the

Д;.;,'!';i,"! left and leads to a dip in the region oi Z\,0nnd ^ 45. The small fluctuations/^'
;!*
which are not caused by the statistic, appear at Zbound ~ 55 - 75. Tlie* «
)•
large fluctuations after the evaporation stage reflect the shell corrections " f
if
to the binding energy of the nuclei '. Without the shell corrections the ;;
i distribution has no structure (see dashed curve on Fig. 6).
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The lower influence of the shell corrections is quite natural at high im- ,
clear temperature. So, an absence of the fluctuations in the experimental
data point out on the hot nuclei formation in the nucleus-nucleus inter
actions. As follows from our calculations, it is not enough to take into
account the pre-equilibrium emission and the evaporation, processes in , the framework of the standard cascade-evaporation model. Let us mark
that according to the calculations the appearance of the fluctuations is
connected with a large excitation energy of the nuclear residual. Decrease ;
of the energy going from Au+C interactions to Av + P interactions leads
to decreasing the magnitude of the fluctuations.. We.think the magnitude '
of the fluctuations can be a measure of the excitation energy and a disap
pearance of the fluctuations can manifest the multifragmentation of the . v
nuclei2. , , '"
'
' , ' ,! '',,.•','".''.''•
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*The authors arc thankful to S.Yu. Shmakov for a discussion of the f|iiestio» '
This interesting suggestion was proposed by Prof. F-Л. Garecv.
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It is a pity that the restricted resources of our computer time did
not give ин an opportunity to porform the cascade calculations for heavy
target nuclei,
Lot ti« go to the light nuclei destruction. On Fig, 7 the experimen
tal distributions on the energy in the /era-degree calorimeter [27, 28]
(histograms) are presented in a comparison with the cascade model cal
culations (points), As one can see, СЕМ reproduces the gross features
of the data, Only at T„ic < 100 GeV there is a discripance between the
calculation» and the data. As we had no opportunity to take the ex
perimental conditions into account exactly, we plotted on the figure the
distributions cm the energy of the residual nuclei. The account of the pro
duced mesons will shift the distributions to the right, To'sum it tip. we
conclude СЕМ predicts too large destruction of the projectile '**Si nuclei
in 16% of the interactions, So, СЕМ cannot be used for the estimation
of the characteristics of the central collisions.
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On Fig. 8 wc present the calculations performed in the framework of
our model (solid lines) in comparison with the experimentaldata (his
tograms). As one can sec, the model describes the strong destruction of
the light nuclei in the interactions with light and heavy target nuclei. We
hope to reach the better agreement at large values of. Ts,ic after includ11

ing the nuckon Fermi motion and taking into account tho experimental !|l
conditions,
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For the current experiments at BNL we give the characteristics of
Au + Au interactions at 10 A GeV on Fig. 9,10. We believe they will be
useful at the future comparison of the different model predictions with
the data on multi-particle production in the central collisions.
For calculation of the excitation energy one can use an assumption
that each spectator nucleon placing at the distance less than 2 fm from
a nucleon touched at the fast stage of the interaction-receives an energy
distributed as
1 -e-</<(>d€.
P(c)d€ =
<€

>

A sum of the energies transferred to the spectator nucleons gives the
excitation energy. The quantity < б > is treated as a fitting parameter.
The preliminary value of < e > is 10 MeV.
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At last we give the description of CERN data on leO interactions with | Д |
nuclei at 60 GeV/nucleon. On Fig. 11 the data of Ref. (29] (points) are ,. ^;|
presented in comparison with FRITIOF calculations (dashed lines).
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'

Our calculations are given by solid lines. As it was before, we did not
take into account the experimental conditions, the Fermi motion of the
nuclcons, and the influence of the produced particles. All of these factors
were considered at FRITIOF calculations. Nevertheless, we reproduce
the data better than FRITIOF docs.
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Оценки разрушений ядер н высокоэиергетических мдро-иперных взаимодействиях

Е2-95-296

• Предположено, что; I) налетающая чистина вызывает п идрс-мишени каскад кварк-глюонных
обменов; 2) нуклоны, вовлеченные » каскад, выбиваются m ядра, что приводит к его разрушению.
На этой оснопс предложена простом модель, позволяющая оценить paipyiiiciiiic ядер на быстрой
стадии взаимодействий. Область допустимых значений параметров модели определена при анализе
данных о взаимодействиях протонов с ядрами фотоэмульсии при высоких энергиях; анализ
'взаимодействий ядер золота с энергией 600 МэВ/иухлон позволил зафиксировать значения пара
метров.
Представлены распределения но энергии в колориметре нулевого угла (Т?ж) во взаимодействиях
Si+Al, Си, I'b (|4 ГэВ/нуклои) и Au+Au (10 ГэВ/нуклои), рассчитанные в рамках предложенной
модели и в рамках каскадно-испаритслыюй модели. Предложенная модель описывает разрушение
ядер при промежуточных и высоких энергиях лучше, чем каскадная модель,
Даны оценки средних значений прицельны* параметров и числа внутриядерных соударений
во взаимодействиях Au+Au для событии с разными значениями Twc
Работа выполнена в Лаборатории вычислительной техники и автоматизации ОИЯИ,
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Estimation of Nuclear Destruction in High Energy Nucleus-Nueleuslnteraetions
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It is assumed that: 1) a projectile particle invokes into target nucleus a cascade of quark-gluon
exchanges; 2) the nuclcons involved in the cascade arc ejected from the'nucleus which leaU.,,
to the nuclear destruction. On these bases a simple model to estimate the nuclear destruction at the fast
stage of the interaction is proposed. The allowed region of the model parameters is detennined
at the proton-emulsion high-energy interaction data analysis: an analysis of gold interactions with nuclei
at an energy of 600 McV/nuclcon fixes the parameter values.
.
The distributions on the energy in zero degree calorimeter (7*2рС) in the interactions of Si+Al. Cu.
Pb (14 GeV/nticlcon) and Au+Au (10 GcV/nuclcon) calculated in the framework of the model
and in the cascade-evaporation model (СЕМ) arc presented. The proposed model describes the nuclear
destruction at intermediate and high energies better than СЕМ docs.
The estimation of the average values of impact parameter and the number of intra-nuclcar collision
for Au+Au interactions in the events with different Т ? л г is given.
The investigation has been performed at the Laboratory of Computing Techniques and Automation,
JINR.
• , ' • ' ' ' ' . ' . '

Communication of the Joint Institute for Nuclear Research. Dubna. 1995

Редактор Э.В.Ивашкевич. Макет, РД.Фоминой

Подписано в печать 26.07.95
Формат 60x90/16. Офсетная печать. Уч.-изд.листов 1,16 ,
Тираж 460. Заказ 48434'. Цена 696 р.
'

"

Издательский отдел Объединенного института ядерных исследований
Дубна-МОСКОВСКОЙ области •••' • •
•''; ;V;;

We regret that
some of the pages
in the microfiche
copy of this report
may not be up to
the proper legibility
standards, even
though the best
possible copy was
used for preparing
the master fiche

