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1. Introduction

General cliaracters of hadron-nucleus{4) and A4 interactions at HE and SHE such
as total,inelastic and elastic cross-sections are necessarv to calculate radiation damage of
the matter upon action of cosmical rays.broad atmosphere showers, radiation protection of
accelerators, physical background in some experiments etc. There are detailed compilations of
experimental data on A/ collisions at accelerator energies[1.2].

At SHE cross—sections of hadron-hadron (fh) collisions are calculated in the reggeon theory
[3-5).

Data on hA interactions can be obtained from {6.7].

In an energy region where experimental data on A4 collisions are not existing up to now.
analytical approximations [7]. the "soft sphere” model [8] or Glauber’s type approaches (9] are
used.

The expression of approximate 1neasured values of inelastic cross-sections given in {10,11)
(see [12] too)
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where 7o ~ 1.5fn, ¢ =~ 1.3 and L and B ave mass numbers of colliding nuclei, has been used
often enough. Experimental data are described with expression { 1) quite reasonably, although
r and c are slightly different at various energies. The marked discrepancy between experimental
data and their description by expression (1) takes place both with most light and with most
heavy nuclei.
A better compliance is achieved [13] when the expression
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is used to describe data. Here r = [.2-14 fre, ¢ = 0.7+1 and varies slightly with energy.
nation of A inelastic cross-sections has been pro-
posed in [14] and does for low and high energv. While fitting elastic cross-sections by means
of expression (1) or (2} the conformity to data is worse than applving of these expressions to
inelastic cross—section calculations.

A more universal aud precise approxi

The main goal of present paper is to produce calculations of total. iuelastic and elastic
cross—sections of AA uteractions i Glauber’s approach at /£ and SHE.

2. The Glauber theory of .l.| interactions

The amplitude of scattering of nucleus A on wuclens 3. when each of them transforms
from the initial state i/} into the final states (f). s given in Glauber’s approach [9,15-18] by
expression
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where py4 is the momentum of the projectile nuclens A. ¢ is the transferred transversal mo-
mentum, bis an impact parameter. 5 is an amplitude of elastic V.V scattering in the impact
parameter representation. {§,}, j = [.2,...4 and {7}. & = 1.2,... B are coordinates
of nucleons within, respectively, s and B nucleus on the impact parameter plane. These
coordinates are measured from rthe center of mass of each nuclens respectively, too.



Starting from eq.(3). it is possible to find AA elastic seattering amplitude
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The cross—section of quasi-elastic scattering of nucleus A when it is conserved, but other
nucleus B undergoes all excitations including destruction too {4+ B — A+ X} is given by
expression
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Finally. the cross-section of prodnction of new particles way be defined as
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Eq.(8) may be rewritten in sowe form where cach of terines would be interpreted as a
probability of some process
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Here the first term in te first braces is interpreted as a probability that the only one inelastic
collision between i—th nucleon [rom nucicus - and j-th nucleon from nucleus B takes place
when all nucleons coordinates are fixed. The second term describes a probability of inelastic
collision of the k-th mucleon from nucleus £ with i~th and j-th nucleons in 4 nucleus, etc.

Nucleons involved in collisions were named “wounded™ but others were named “spectators”.

3. The method of calculation
To calculate all cross sections discussed above, iU is necessary to give a function 7(5) and
square of modulus of ground state wave function [vil of .4 and /3 nnelei.
The approximation
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is often used at /7 > Lol neel. Here oy ds total cross section ol VN interaction. a is ratio

(10}

of real part to imaginary part of clastic scatiering amplitude @ zero momentum transfer. I
is the slope parameter ol differential cross-section of elastic N\ scattering. Expression (10}
corresponds to the following paramieterization of the elastic MV scattering in the momentinm
representation
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Sets of values @l and /I ar diffcrent energies are presented i i imunber of compilations

(see [1,2,6]). Function [, s often ghven as
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where p represents one-particle density of nuclein this cise the agpregate of nucleon coor-
dinates does not meets self-evident dewands
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Caking into account of this condition is wammed 7 an acconnt ot center of mass correlation™.
If projectile is a nucleon 1t is necessary toset adensity pyas o delta-function palry = & ()
in this case.
The parameterization from [19] is used  for deuterons
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Here 7 is a distance between a protou wnd @ newtron within « deuteron.
For 3H, 3He and "He nuclei v 4]? has been chosen as

|t ,1‘7: "A"“"\. (14)
where Royy = Ray, = L.&1fm . Jtsy. = 1.37fin. To all other nuclel (A > 6) a one-particle
density has been defined as

palr) = const j {14670, (15)
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with Rq = 1.07- AY? /. ¢ = 0545 m. The ceunter mass correlation has been taken as in
paper [20].

The calculation of cross-sections is performed iu accordance with the method discussed in

[21], where the statement
A B
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is treated as a probability weasiwie 10 find cut different set~ of nucleon coordinates in A or

B nucleus. In this case. the cross sections are searcliod as taean vahies over various sets of
nucleon coordinates. Thus it can be written o the lorm
ally = o > / AEOED T sy (16)
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where

1=l
and N, denotes a number of various sets of wucleon coordinates. Therefore an accuracy of
the calculation depends on the valne of N

Expressions analogous to {161 mav be written to all other cross sections.

The next function is named as distribution over impact parameter for inelastic A4 inter-

actions
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In accordance with expresson (90 the algorithm to sintlation: of inelastic collisions is

described this way.
1. The function pi r';} e calenlared snd tabulated.
2. Impact parameter Bis weneratod inaccondance witl
p(b) distribution
3. Coordinates of uucleons within nuclet are sampled according to
|1,/J,1,B|2 distribution furctions.



4.Pairs of nucleons interacting inclastically
are detected and stored.lor this purposes A - 8 random
numbers &; (1= L......A. j=1,.... B). uniformly
distributed in the '0.1.] interval, are chosen. If
&; < p(lj—- 87+ ;) then ir is considered that inelastic
collision has taken place Letween ¢-th nucleon of A nucleus
and j-th nucleon of B nucleus.
The first step is performed only once with given nuclei A and B.
But steps 2-4 are repeated as many times, as it is necessarv.

4. Program user guide
The method described above was realized as a set of routines. These routines and their
assignments are prescnted in the table.

Table
ok kK ok ok Kk R K R Kk xR K Kb E R ok b x ko ke k bk xR Rk o Kk ko Kk ok K K K Kk K K
N  name " Routines’ function Subject
1 TOTAL * Clale. total cross—sect. alih
2 ELASTIC * Cale. elastic cross-sect. aer
3 AB.TO.AX * Calc. cross—sect. of reaction 44+ B - A+ X
4 AB.TOXB * Calc. cross-sect. of reaction 1+8B—-X+8B
5 AB_.TO.X * Cale. cross—sect. of reaction 1+8B—-X

without process of production
of particles

6 PRODUCT *  Cale. cross sect. of mult] allyl

particle production
7 GXSECT 7 (Cale. all above cross-sect.
8 GL.STAR * Sinmlates the inelastic events
Kok ok ok ok ok Kk ok ok ok ko R K Kk R b o x ok ok ox Ak kR v ok ok ok ok ok F ok m k£ ko ok w kK ok ok F Kk ok K K K K

Program operates interactivelv. A calling sequence is analogous to each routine. While
starting, the prompt “Lvpe output file name” is displayed. Naturally. final results are written
on this file. But if there is another file with the name vou are clioosing, the existing file will
be lost (of course. after that vou will pust C'f pad) il vou dou’t change your opinion. In any
case a new file with the name vou wre detining will be created (of course, after you will push
C R pad, too).

Don’t use symbols ™ and " a user defined file names. please.

Don’t worry, program shall put on a tew questions.

If it prompts you about a mass and charge number of the projectile or target nucleus, type
as your answer the necessary numbers in integer form. For example, if you are interesting in
0+Cu interaction you answer 32 16 on the question about the projectile nucleus and 64 32
about the target one.

Program shall prompt yvou "Euter NN~ interaction characters:
total cross-sect.(mb)” . Thiz value ought be determined as

offhy = kot + doi 4 dott

It is equal approximately to 12ud wi the energy 3-3.5¢0 1 /irael and you are to type 42.
The value of the slope parameter of differential cross-—scttion ol elastic scattering (the next
prompt) at mentioned upper ciergy is close to B = 7.6 aud von type it as a floating point
number 7.6.2

2See comp. [1,2] to various energies



Type your answer in this formiat too, when you are prompted about a value of a ratio of real
part to imaginary part of elastic NV scattering amplitude at zero momentum transfer.so-called
«. At the interval of referred energy o = 0.23 .

The prompt "Enter statistic"does mean an integer number of events (in terms of a set
of nucleon coordinates in colliding nuclei ) vou suppose be reasonable to achieve a desirable
accuracy in assessing averages. If statistics is of order of 10 you have got the evaluated values
with a poor accuracy. but wheu you increase the statistics a time of calculation becomes larger.
too. We would recommend statistics hetween 30 and 100 to light and middle nuclei.

All results of the calcalations you would do, will be displaved and will be written on the
user defined output file.

There is a little remark about the routine GL_ST AR, Here vou will be prompted YEnter
number of stars”. Try to answer 100, please. In running tine it will be displayed to cach event:
the event number, the value of impact paraweter { in fin ). the quantity of NN interactions
within colliding nuclei. the multiplicity of " wounded ™ protons and neutrons to both of colliding
nuclei. These values would Le useful 1o vou.

Distributing of program
The copies of programs can be taken through the ¢.niail: nzbimtderad jinr.dubnacsu
You are welcome with notes and wishes,
Good luck.
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lansnepun A.T'., Yxunckuit B.B. E2-94-505
Beluncnenue ceueHHit SapO-SAEPHBIX B3AMMOAEMCTBHI NTPYU BBICOKMX JHEPIMSIX
B ray6epoBckoM npubauxenun

Tlonnble, HEYNIPYTUE M YIIPYTHE CEUEHMS SPO- A€ PHBIX B3AUMOIEHCTBUI TIPY BbICOKHMX M CBEDX-
BBICOKMX 3HEPIUSIX BBIYMCISIOTCH B Iiay0epOBCKOM OAX0Ae . BbuMCIMTE IbHAS CXEMA PEATM30BAHA
B B1ze Habopa nporpamm. B npouecce BHIUMCIEHMI UCTIONB3YETCS METOA CTATUCTHHECKOTO YCpeX-
HeHwms. IIporpamMmser pa6oTaroT B MHTEPAKTHBHOM pexxume. [Tob3oBaTenpb 3anpammsaercs O 3apsi-
JOBBbIX M MaCCOBBIX UMCIAX B3aMMOAEMCTBYIOIIMX SIZIED, 4 TAKXKE XaPAKTepHUCTHKaxX NN-B3ammo-
JEUCTBHMS NIPYM MHTEPECYIOLIEN €r0 3HEPrMM, 3HAUEHHMSIX MOJHOIO CeueHMs, napamMerpa HakJIOHa
nuddepeHunansHON0 CeUeHHs YIPYroro PacCestHAsS M OTHOLIEHUS PEasbHON M MHMMOM yacTteit
AMIUTMTYAb] YIPYIOro pacCesHus NPy HYJIEBOM MEpeaue [OnepeuHoro uMimyJisca. Heo6xoammbie
JaHHbIE MOTYT ObITh M3BJIEYEHBI U3 COOTBETCTBYIOLIMX KOMITHIIALMIA.

Pe3yabTaThl BbIUMCIEHMI BBIBOASTCS Ha 3KPaH M 3aNIMChIBAKITCH HA YKA3aHRbIM 110JIb30BATEIEM
(B OTBET Ha 3aNpoC nporpammsl) aia

ITporpaMmsl paboraroT Ha PC.

Pabora spinosinesa B J1abopatopyi BIYHCINTETBHOM TEXHMKH H aBTOMaTH3aunyd OUSIU.

Coobuienne OObeIMHEHHONO MHCTUTYTA SAEPHBIX MccegoBanmit. [ybua, 1994

Galperin A.G., Uzhinskii V.V. E2-94-505
The Calculation of Nucleus-Nucleus Interaction Cross-Sections at High Energy
in the Glauber Approach

Total, inelastic and elastic cross-sections of nucleus-nucleus (AA4)-interactions at HE'
are calculated on the base of Glauber approach. The calculation scheme is realized as a set of routines.
The statistical average method is used in calculations. Program runs ih an interactive regime. User
is prompted about charge and mass numbers of nuclei and NN-interaction characters at the energy
he is interested in: total cross-section, the slope parameter of differential cross-section of elastic
scattering and ratio of real part to imaginary part of elastic scattering amplitude at zero momentum
transfer. These data can be extracted from proper compilations.

Results of calculations are displayed and are written on user defined output file.

The program runs on PC.

The investigation has been performed at the Laboratory of Computing Techniques and Auto-
mation, JINR.

'SHE/HE means (super) high energy

Communication of the Joint Institute for Nuclear Research. Dubna, 1994
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