


1. Introduction

General characters of hadron-nucleus(hA) and AA interactions at HE and SHE such
as total,inelastic and elastic cross-sections are necessary 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 hh collisions at accelerator energies{!,2].

At S H E cross-sections of hadron-hadron (hlz) 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 AA 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 measured values of inelastic cross—sections given in [10,11]
(see [12] too)

0in (A,B) = w1l (A3 4 BY3 o), (1)

where 7o =~ 1.5fm, ¢ ~ 1.3 and A and B are mass numbers of colliding nuclei, has been used
often enough. Experimental data are described with expression (1) quite reasonably, although
r and ¢ 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 = 1.2-1.4 fm, ¢ = 0.7-1 and varies slightly with energy.

A more universal and precise approximation of AA inelastic cross—sections has been pro-
posed in [14] and does for low and high energy. While fitting elastic cross-sections by means.
of expression (1) or (2) the conformity to data is worse than applying of these expressions to
inelastic cross—section calculations. .

The main goal of present paper is to produce calculations of total, inelastic and elastlc
cross—sections of AA-interactions in Glauber’s approach at HE and SHE.

2. The Glauber theory of AA interactions

The amplitude of scattering of nucleus A on nucleus B, when each of them transforms
from the initial state |i) into the final states {f), is given in Glauber’s approach [9,15-18] by
expression ’
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where py is the momentum of the plo_;ectlle nucleus A, §is the transferred transversal mo-
mentum, bis an impact pa:ameter, 7 is an amplitude of elastic N N scattering in the impact
parameter representation, {&;}, 7 = 1,2,..,4 and {7}, ¥ = 1,2,..,B are coordinates
of nucleons within, respectively, A and B nucleus on the impact parameter plane. These
coordinates are measured from the center of mass of each nucleus respectively, too.
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Starting from eq.(3), it is possible to find A4 elastic scattering 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 production of new particles may be defined as
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Eq.(8) may be rewritten in some form where cach of terms would be interpreted as a

probability of some process
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Here the first term in the first braces is interpreted as a probability that the only one inelastic
collision between i-th nucleon from nucleus A 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 A-th nucleon from nucleus B with i—~th and j-th nucleons in A 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, it is necessary to give a function () and
square of modulus of ground state wave function |v,b|7 of A and B nuclei.
The approximation -
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is often used at E > 1GeV/nucl. Here ayn is total cross—section of VAN interaction, a is ratio
of real part to imaginary part of elastic scattering amplitude at zero momentum transfer, B
is the slope parameter of differential-cross—section of elastic V.V scattering. Expression (10)
corresponds to the following parameterization of the elastic V.V scattering in the momentum
representation )
Wi sy R 2
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Sets of values af¢ly.a and B at different energies are presented in a number of ‘compilations

(see [1,2,6]). Function [14[* is often given as

A :
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-where p represents one-particle density of nuclei.In this case the aggregate of nucleon coor-

dinates does not meets self~evident demands

7= 0. ' (12)
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Taking into account of this condition is named " an account of center of mass correlation™.
If projectile is a nucleon it is necessary to sel a density p4 as a delta-function p4(#) = & (7)
in this case.. .
The parameterization from [19] is used for denterons

3 .
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11 = 225(GeV)e)?, o = 078/ (dr A
2 = 45(GeV/e)?, o = 0.287/(Ar 33
y3= 25(GeV/c)?, ¢ = 0.535/(4my3)* 2.



Here r is a distance between a proton and a neutron within a deuteron.
For 3H, ®He and *He nuclei y4|? has been chosen as -
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where Rsyy = Rsp, = 1.81fm, Ry, =
density has been defined as

1.37fm. 'To all other nuclei (4 > 6) a one-particle

r=R
pa(r) = const [ (L+e <), (15)
with R4 = 1.07- A1/3fm ¢ = 0.545fm. The center mass conelat]on has been taken as in

paper [20).
The calculation of cross-sections is perfoxmed in accmdance with the method discussed in
[21], where the statement
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is treated as a probability measure to find out different sets of nucleon coordinates in A or

B nucleus. In this case, the cross-sections are searched. as moean values over various sets of
nucleon coordinates. Thus it can be written in the form
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and Ny, denotes a number of various sets of nucleon coordinates. Themfme an accuracy of
the calculation depends on the value of ¥,;,;.
Expressions analogous to (16) may be written to all other cross-sections.

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

N"ﬂ(
p(B) = = S BT (ra), (13}, (17)

Nyar
stat -y

where

(1—p(b- s + 7).

m-‘a
=

prod _ -
Eig =1~

:

1 1

In accordance with expression (9) the algorithm to simulation of inelastic collisions is
described this way.
1. The function p(b) i is calculated and tabulated.
2. Impact parameter bis generated in accordance with
p(b) distribution.
3. Coordinates of nucleons within nuclei are sampled according to
|%a,8]* distribution functions.
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4.Pairs of nucleons interacting inelastically
are detected and stored.For this purposes A - B random
numbers &; (i=1,...,4, j = 1,..., B), uniformly
distributed in the [0, l ] interval, are chosen. If
& < p(b — &+ 1) then it is con51dered that inelastic
collision has taken place between i-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 necessary.

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

Table
R R i s nmnmmMmmTII™mM™mMmMm
N  name *  Routines’ function Subject
1 TOTAL *  Calc. total cross-sect. ok
2 ELASTIC * Calc. elastic cross-sect. Oel
3 AB.TOAX * Calc. cross—sect. of reaction A+B—-A+X
4 ABTOXB * Calc. cross—sect. of reaction A+B—-X+B
5 AB.TOX * Calc. cross—sect. of reaction A+B—-X
* without process of production
* of particles
6 PRODUCT *  Calc. cross—sect. of multi- atre
*  particle production
7 GX.SECT * Calc. all above cross-sect.
8 GLSTAR * Simulates the inelastic events

ok ok ok kK ko kK R K Rk kR R KRRk Rk R Rk ok Rk kR ok R R R K K KKk R K &

Program operates interactively. A calling sequence is analogous to each routine. While
starting, the prompt " Type output file name” is displayed.  Naturally, final results are written
on this file. But if there is another file with the name you are choosing, the existing file will
be lost (of course, after that you will push C'f2 pad) if you don’t change your opinion. In any
case a new file with the name you are defining will be created (of course, after you will push
C R pad, too). i

Don’t use symbols ” and ’ in a user defined file names, please.

Don’t worry, program shall put on a few 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 you ”Enter NN—mteractzon characters:
total cross-sect. (mb)” This value ought be determined as

oty = Loty + botet + dot

It is equal appm\lmately to 42mb at the energy 3-3.5Gek /nuc‘l and you are to type 42.
The value of the slope parameter of differential cross-section of elastic scattering (the next
prompt) at mentioned upper energy is close to B ‘= 7.6 and you type it as a floating point
number 7.6.2

»

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



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

The prompt ”Enter statistic’does mean an integer number of events (in terms of a set
of nucleon coordinates in colliding nuclei ) you 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 when you increase the statistics a time of calculation becomes larger,
too. We would recommend statistics between 50 and 100 to light and middle nuclei.

All results of the calculations 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_STAR. Here you will be prompted ”Enter
number of stars”. Try to answer 100, please. In running time it will be displayed to each event:
the event number, the value of impact parameter (in fm ), the quantity of NN interactions
within colliding nuclei, the multiplicity of ” wounded ” protons and neutrons to both of colliding
nuclei. These values would be useful to you.

Distributing of program
The copies of programs can be taken through the e.mail: uzhin@lcta9.jinr.dubna.su
" You are welcome with notes and wishes.
Good luck.
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lI‘a.nbnepm-r A ., Yxcm{cxpm B.B. . .
- BblUMCIEHNE CEUCHHIT SAPO-STEPHbIX nsaumoneucnmu npu m,rcoxnx ar-repnmx
B rnay6eponcxom npu6.nmxe1-mu

E2-94-505 |

Honubxe, Heynpyme u ynpyrve ceqeuml smpo smepublx Baaumoneucmnu npu BbICOKl{x H cnepx-
BBICOKHX IHEPTHSX BBIUHCIISIOTCS B rnay6eponcxoM noxXoze. Bbmucnmenbuan CXeMa peav3oBaHa -
B nm:e nafopa nporpamu. B npouecce BBIYMCIIEHNI HCHOJIBByeTCﬂ METOA crarucrnqecxoro  yepen-.
Henua. TIporpaMmet paforaor B MHTEDPAKTHBHOM pexume. Honuaonarenu 3anpatimBaercs O 3aps--
AOBBIX M MACCOBBIX UnCJIAX naaumoneucrnyroumx sapep, a TaKXKE xapaxrepncmxax NN-naauMo-
'| meftcreus Tipu HHTepeCyoILest ero SHEPrUH, HAYEHHIX nonnoro ceeHus, napamerpa 'HAKJIOHA
) 'nud)d)epeuuuanbuoro CeueHns yrlpyroro paccesHus u omomeﬂmr pea.nbuon M MHHUMOW uacreit
tammwrynbx ynpyroro paccesHUs IIpH Hynenon nepesaye nomnepevHoro nMrrym.ca Heononanre
na}mme MOl'yT 6bl‘l‘b uanneqenbl H3 COOTBCTCTBleHLMx KOM]‘IHHS{“MM.\ 2 .
Peaynb'ra'rbr BquMCJIeHHH BblBO}IHTCﬂ Ha sxpau H aanucunaxorca Ha yxasauﬂbm l'lO.ﬂbs()BaTBJIBM

“ (n OTBET Ha 3a11poc ﬂpOI‘paMMbI) cbamx :

e HpOI‘paMMbl pa6oraxor Ha PC :

~ E29es0s

: ; in the Glauber Approach

: Total melastrc and elastlc “cross- secuons of nucleus nucleus (AA) 1nteractrons at’ HE

- are calculated on the base of Glauber approach The calculation scheme is realized asa set of rou‘unes
The statistical average method is used in calculations. Program runs in an interactive reglme User .

‘is prompted aboiit charge and mass numbers of nucler and NN-interaction characters at the energy

ﬁhe is interested in: total cross-section,-the slope parameter of drfferennal Cross-. secuon of elastic
’scattenng and ratio of real part to imaginary part of elastic scattermg amplltude at zero momentum
lransfer‘ ‘Thesé data can be extracted from proper comprlanons. SR ; :

Results of calculations are dlsplayed and are wntten on user deflned output flle
The program runs on PC: - S : : L - :
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