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Simulation of hadron-hadron, hadron-nucleus and nucleus-nucleus(' .1\) 
interactions with the help of the Monte-Carlo methods is of wider USQ 

in exper~ental and theoretical physics of high energies.The results 
of simulations are quite often used when experimental devices are 
designedand background condi tions are evalua ted.· 

Therefore 1t is important that the characteristics of artifici 
al "events" are as close as poaaible to those of natural events. 
First of alI they must satisfy the energy-momentum conservation law. 
This can be achieved, for example, at simulation of hadron-hadron in
téractions within the framework of the quark-gluon string model if 
one neglects quark transverse momenta /1,2/. This approximation is 
quite just1fied at energies up to 500 GeV. At higher energies~ how
ever, the theory /3/ predicts a more important role of transverse 
momenta of constituents. Rence, a question.of elaborating algorithms 
for generation of artificial "events" satiafying the law of energy
momentum conservation ariaes again. 

Simulat10n of hadron-nucleus and nucleus-nucleus interactiona 
put forward a problem of allowance for the Fermi motion of nuolear 
nucleons. This problem is most often solved under the aasumption/4, 5/ 
that the projectile momentum does not change and alI the nuoleona 
are on the meaa ahell and have momenta distributed accofding to a law 
defined by the nonrelativistic nuclear wave function. It is clear 
that these aaaumptiona lead to the violation of en.rgy-mo~entum con
servation law. 

To take into account the Fermi motion correctly, let us cons1der 
a aimple model task: diaintegration of deuterium under the action 
of a projectile h~dron h. Within the framework of Glauber'a approxi
mation the croaa section of the process h 1- d ---?> -j!, f f>1-h.. is expreaa
ed as /6,7/ 

dõ I Y(--O» jJ ~I !/;-., ~ </1 (
cF. d 3 k ~ 16 7T2.h <- -!Lp fJ \k F) I- tli.lL (fi Y-1 f- "'1')-1: ..l . (1) 
Cf PIO, 

where ~ ia the transverae transf~r, ~ ia the protQD momentum, 
~ '}' 

//{p (11i..nJ is tbe ampll tude of elas tio hadron-proton(hadron-neut~on) 
scattering, ~ is the deuteron wave function. Neglecting double

I1J collisions and interference terms in (1 )f'we have 
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At	 a given set of {Jt:;j, {R:,-J J {.t .. j ~ {B_:J satiafying the condidõ /	 2 t2 
tionsd9d3kp/f=:o,.J /ll?(O)/ jY-J(k;)/ . (2)	 AA	 Z-"Z	 Xi. = _1. o

As	 is seen, the momentum distribution of protons is defined in this ":+=::I. KJ.. ,' 
~", -f 

case by a wa~e function. Let ~ suppose that expression (2) ia true 
in	 any frame, in particular in the center of mass system (CMa). In 
this frame the law of energy-momentum eonservation reads as follows 

1/'<' 2.' 1/ ~-~ 1/ ~ .r:»V t7(j> f I{r + 1/ mh.. f I)~ f- 1/ 1TIl.- f,P1( z: V J Oa) 

K p + f(h. = PIv .	 (3b) 

Here	 ~, Inh... , rrt I( are the. maaaea of the proton, neutron and 
hadron,respectively, @ Ls the total energy, I{,' are the longi
tudinal momenta.. 

According to the system (3) an exclusive hadron state is comple
tely defined by the value of one kinematie variable. Let us take 
)(.:::: Kf> /( I<p"" Kh.) for this variable. Then system O) degenerates 

into one equation in an unknown variable P/v 
,/ I ,/ ~ j< ~' ,r---r-;;~vmj;+ x-Çf>t .rr»: +(I-x jJ~ f Jlh-L~ f Fie . (4) 

.	 .r-) - K (x V'-'" .) une{ K. "'-1::. (,kj;')Suppoaing P-t.... z: PIL ( x, v~ li! f' - P J / h., we getJ 

dõfi9dkf' ""' IIIU.;(o)/<j<P(x,t/;;)/ • Since limit fragmentation takea 
place at higb energy, the dependence of lj./ on v;' ia rather 
weak. Heglecting this dependence and supposing that in a multiple 
production process the decay of the nucleus ia firat to occur, and 

then generation of new partiele takes place, an algorithm to allow 
for t~ Férmi motion of n~cl~ar nucleons in simulation of hadron
nucleus interactions can be formulated as follows: 

.e 
1. From the diatribution /Y (X i ~ X <i?-) •• ') XI'o) / we sample X. -( , 

'i~} .. ,) X"A satiafying the condition ? A
X c' == I ( Á is the maas 

number of the nucleus); ~~1 

2.	 From equa tion'
 
A ~ s: R,' ,/ ~ ,z' .r-:-

2 vm/f-K(' PI... r/n lv f p~ ::- V-Jf 
"[''''1 

we get the value of the hadron momentum in the CMS; 

3. We determine nucleon momenta 1<" z: - .K(.P-I!v • 
Then one can use conventional, e.g. c~scade-type, modela of 

hadron-nucleus interaction. 
Generalization to the case of interaction of two compoaite ays

tema wi th A and 8 constituenta ia trivial. One ahould take two
--'" -.. ) / .z. (j -.,. - / ~funct10na / "fA ( )< c, KJ.. f J •• , J Y A , K..LA e.ndj~ }.( /?Lo 0'0' JI3,P4.1~) • 

e. ~	 (5 ) 

Ll~~-( 2--=-lf:-. = O 

~	 
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one should solve the equation for variable p 
.4 13>...... '.--.-,

Z Vrn.2, +- K 2. I- X .2;. h.:? '+ Z V"tn8 ~ -f-/~:<.. ~J ,<~ ~ -- J! '0. (6) 
~ :: -f A / :..J... c' c I " .e- I ( ( , 

The .longi t-udinal momenta are determined as Pile' ~f/? and X/I_,s;- -~'f • 
c 

The authors would like to thank M.G.Ryskin for fruitful dis
cUBsions. 
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1 lliMaKoB C.lO., YJKHHCKHH B.B. E2-87-780 
KaK ygoBneTBOpHTh 3aKOHy coxpaHeHHH 
::meprHH-HMITynbCa H yqeCTb <t>epMH-gBmr<eHHe KOHCTHTyeHTOB 
npH MOgenHpOBaHHH B3aHMOgeHCTBHH COCTaBHb~ CHCTeM 

ITpegnoJKeH MeTOA, IT03BOnHIDmHH npH MOHTe-KapnoBCKOM MO
genHpOBaHHH 3KCKniD3HBHblX COCTOHHHH B agpoH-HgepHb~ H HAPO 
HgepHbJX B3aHMO;~eHCTBHHX yqeCTb <l>epMH-ABHJKeHHe HgepHb~ Hy
KnOHOB, a llpH MOgenHpOBaHHH agpoH-agpOHHhlX B3aHMOAeHCTBHH 
yqeCTb nonepeqHbJH HMITYnhC KBapKOB f5e3 HapymeHHH 3aKOHa 
coxpaHeHHH 3HeprHH-HMnynhca. 

PaooTa BbmonHeHa B JiaoopaTopHH BbJ<mcnHTenhHOH TeXHHKH 
H aBTOMaTH3a~HH OHHR. 
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Shmakov S.Yu., Uzhinskii V.V. E2-87-780 
How to Satisfy the Energy-Momentum Conservation Law 
and to Take into Account the Fermi Motion of the 
Constituents in Simulation of Composite System 
Interactions 

A method which allows taking into account the Fermi 
motion of nuclear nucleons at Monte-Carlo simulation of 
exclusive states in hadron-nucleus and nucleus-nucleus 
interactions is suggested. In the case of hadron-hadron 
interactions the method allows taking into account quark 
transverse momenta and ensuring energy-momentum conserva
tion. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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