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At present one has not yet obtained quantitative
description of production of particles with high trsnsverse
momenta ( F%Q in hadron-nucleus and especially in nucleus~-
nucleus interactions and abnormally strong A~dependence of
their crogs sections. Numerous discussions about the role of
hard querk rescatterings are still at the qualitative level
and do not allow a detailed experimentel check. As opposed
to this, the situation in explaining transverse energy (Eq)

"/

distributions ias more promising *). The paper provides
arguments in favour of the Egp-spectrum formation due to soft
interasctions. Calculations in the "wounded nucleons™ appro—

/2/

ximation are in qualitative agreement with observation

of K% collisions /3f. It was shown in the experimental inves-
tigation /4/ that for reproducing ET~distribution in nucleus-
nucleus (KR ) interasctions it is sufficient to have informa=-
tion about particle multiplicity in the central region and
fDT-diatribution of the particles. Therefore one cen hope

that the models, satisfactorily describing erultiplicity and
transverse momenta distributions will be able to describe
satisfactorily ET distributions. This paper deals with the
Vtesting of this assumption.

*
) Here and below the transverse energy is defined as the sum
of trensverse energies over the particles of any type produced

in a given rapidity region.




Bote that the calculation of these characteristics within

/5,6/ is a rather compli-~

the framework of the existing models
cated prsblem, requiring s lot of computer time or picking out
vari;ua subprocesses in nucleus-nucleus interactions. To
solve the latter problem, we have used the Glauber approximation
and its Regge interpretation. X

As is known /7/. the amplitude of elastic scattering

in the impact parameter representation is given by the expression:

+ B
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where Ff/}. and “f’B are the wave functions of the nuclear
ground states; XLJ =¥(f-5;+ ’L"{) is the amplitude of elastic
nucleon~-nucleon scattering in the impact persmeter representation;

{55}: (ﬁ: S50 %), (= {T4,%, ye s Tay
are the sets of impact coordinates of the nucleons of colliding
nuclei with the mass numbers A and B. Neglecting dependence of Y
on spin and isospin variambles at high energies and assuming non-

correlated nucleon distribution in the nuclei, one can rewrite

(1) in the form:
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Here PA‘an& pB are the one~particle densities of
nuclei A and B, respectively, integrated over longitudinal
nucleon coordinates. As in papers /8,9/ one can put each
term of meries (2) in correspondence with bipartite or bi-

/10/

coloured graph or net diagranm and consider each term of

the series as a graph function ( 37“( Y )) entering into (2)
with its combinatorical coefficient C/“ due to graph iso~-
morphism.

Considering the terms of series {2) as contributions
of Regge nonplanar nonbranching graphs with pomeron exchanges
and applying Abramovski-Gribov-Kanchely cutting rules 1/
one can find the production cross section to be given by the

relationship
C:/;M: f"’?; Cp G (ch) 3)
Ch=¥(8) + Y8 - ¥ Y8)
f hig)d4 =1,

Cﬁg)d can be represented in the form

C—'*;g = ‘)Z: Cﬂ\) ' (43

where (71) is the positively defined contribution of all
graphs with VY cuts (roughly speaking with Y inelastic
nucleon~nucleon interactions, with v multiperipheral chains

of particles, with 2+V strings)

~ V+ 4 B v /vtfz,
Cy= '(5?9‘” ¢ 57/?—'9;6/[5’/“(?) £ o

In its turn Cy can be represented in the form of

a sum of the graphs with various configurations of cuts

(Cy =3 €x Ry )o If configuration of cuts is represent-
ot

ed by a graph Ry, one can write
LLTEE S 2
1
c;(n,,;:;,(-u /V/, C/ fgﬂ(‘f")df, (6)

where \)Rd is the number of cuts in the graph R, and Nﬁ&‘
ip the number of subgrapha isomorphous to Ry in the initial

elastic scattering graph.



Finally
prool ! R (7)
- an = ;E; Ca ( d) .
ot

To describe CERN ISR data on ol-interactions at VS =
31.2 GeV, we enumerated all the graphs with the aid of compu~

ter and found the coefficients & , '3§f and the graph
function éL,(C“ h) at C = 33.4 mb, h(b) = Eé;' exp(-abz),
a = 0.811 fw®, The results for Cw (Rx) coincided with previ-

ocusly published ones /12/.

Then characteristics of secondary particles were calculated
within the framéwork of the leading hadron cascade model and
the additive quark model.

According to the version of the leading hadron cascade
‘model used in /%, each cut of & graph is treated as inelastic
‘baryon-baryon interaction. Therefore a nucleus-nucleus interac-
.tion in this approximation is a set of beryon-baryon collisions
gequenced in time. Note that according to this model baryons
can acquire high values fqr because of multiple inelastic

rescattering.

We also considered an slternative version of the model
teking into account only interactions of the most rapid hadronsa.
Therefore we further will differ between the model of cascade
baryons (MCB) and the model of cascade of energetic particles
(MCEP). |

In the additive gquark model (AQM) the process of nucleus-
nucleus interaction at the first stage is & set of "parallel"
collisions of constituent quarks. After collisions constituent
quarks "crumble" to point~like quarks-paritons, which later
formed hadrons taking part in further interactions (cascading
of the secondary hadrons). Since each constituent quark inter-

acts not more than once,the collision configuramition of consti-

tuent quarks ' at a given cut graph R g can be determined
(similated) with the help of MCB representations and the
mximal cross section method /14/ assuming that nucleons decrease
their crossksections after each collision by 1/3 » Congldering
the collision configuration of conatituent quarks as a certain
sequence of hadron-hadron interactions in accordance with /15/
one can conclude that without allowence for cascading of secon-
dary particles AQM is equivalent to the MCEP in which the
leading/projecting hadrons can interact not more then three
times.

So, from the point of view of these models the process
of nucleus-nucleus Interaction is a set of inelestic hadron-
hadren collisions. Therefore, to determine charascteristics of
secondary particles it is sufficient to have a program of

simulation of hadron~hadron interactions; in our case it was
the Nikolaev-Levchenko model /16/ modified for better descrip-
tion of the data at high energies. '

The first calculetion gives reassuring results (see Fig. 1) -
multiplicity distribution of negative particles and that cne of
particles produced in the ceniral region of o ~interactions
appeared in reamzonable agreement with the experimental data /17’1%
predictions of AQM and MCB appearing similar .to each other.

The situation with M distribution is somewhat worse.

In spite of the fact that calculations were carried out sepa-
rately for all 316 graphs describing KX ~-collisions with

rather good statistics for each one, we could not reach the

region P > 3 GeV/c (see Fig. 2). It means that soft re-
scatterings of leading perticles cennot explain observed pilcture
production of pafticles with high Pr , since the contribu-
tion of leading hadrons becomes insignificant with increasing

of secondary particle multiplicity. Therefore the hope formulated
720/

in paper should be considered groundless and another
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0 Pig. 2. Invariant inclusive cross sections of Qifip production
in ALK ~interactions at y*~ 0. The curve is a fit of
Fig. 1. a) Negative particle multiplicity distributions. the experimental data /19{. The light and dark points -
The dark and light points are the experimentsl data 1/ the calculated cross sections of charged and neutral
on dol = and pp-interactions at JSNN = 31.2 GeV, 9L -mesons. (Predictions of the three models differ
respectively. The solid, dashed and dashed-dotted . ingignificantly ).

curves are the calculations within the framework AQM,
NCB and MCEP reapectively. mechanism of production of particles with high Pr is ne-

b) Charged particle multiplicity distributions in cessary. For our purpose - an analysis of ET - aistribution -

the centrel region ( |y*[£ 0.8). The dark and light it is, however, sufficient. Really, we reproduce multiplicity

718/ .
points - the data on &~ and pp-collisibns distribution of particles produced in the central region snd

reapectively. Notations are identical to those in the initial part of Pr -distribution which is in the light

Fig. 1a (a fell down of the curves at low multipli- /4/

of paper necessary for successfull description of ET~dia-

citles is due to taking no account of diffractive trihption. Therefore the result given in Fig. 38 ig not sur-

/3.4/

dissociation processes). i prising. Noting, however, that the experimental dats

I over Ep~distributions for charged and neuiral particles are

gimilar in the region Ep < 12 GeV and supposing such behaviour



to be valid in a broader region, one can compare our calcula-

tions over E%h with the data /3/. The comparigson in Fig. 3b

shows that the spectira coincide up to Eva'zo GeV when the
value 2% ;?gg varies within 7 orders of magnitude. But the
theory does not describe ET-distributions for neutral particles
either in pp or in o -interactions.

Digcrepancy between calculated B%— and Eﬁh—distributina
/16

is a natural consequence of the Nikolaev-Levchenkc model

involving isotoplc symmetry. According to the data /3,4/ isotopic

relations are broken for the particles produced in the central
reglion of pp~ and ®K¢ -~interactions. In our opinion three
reasonsg for the discrepancy between the theory and the experi-~
ment are possible: a drawback of theoretical models, incorrect
operation of the experimental equipment or incorrect treatment
of the experimental information.

As to the first assumption, the calculationé glven in
Fig. 1,2 and {quite satisfactory) calculations of the rapidity
distributions which are not given make us sure that at least
AQM and MCB are close to the truth!)Only the suthors of Ref.’//
can draw a conclusion about the second one. As to the third

/3/

one, we note that the paper claime that allowance for
energy losses of particles in the shower calorimeter only
shifts ET~spectrum along the ET-axis.and changes the slope
of the curve only by 1% (paper /3/ p. 143). In a similar
investigation /21/ of pp~interactions at 4“5;;7 = 63 GeV it
is stated that this correction increases the slope parameter
(paper /21/ p. 133). In our opinion this statement is closer
10 reality.

*) We supposSe that single particles and jets with high Pr

( > 3 GeV) does not vary substantially E, -distribu-
tions at low E_ -values. )

Qt,
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Fige. 3« Transverse spectra in the central region.

a) The dotted curve and crogses are the experimental
data /Y on Ep-spectrum of charged particles in o
and pp-interactions at f?aﬁ: = 31 GeV in the region

| y*] £ 0.8, The light points are the experimental

date /3/ on ET~spectrum of the neutral particles in
pp-interactions at the same value VSp in the region
[ ¥*/ £ 0,9+ The s0lid histograms are the calculations

of Eg-spectra in AQM. The dashed curve 1s the calcula-
tion of the ET—apectrum of neutral particles

in pp-interactions.

b) The points are the experimental data /3/ on Ep-
spectrum of neutral particles in <o ~interactions

in the region [y*[% 0.9. Curves are the calculations
of Ep-spectra of charged particles in AQM, MCB and
MCEP in the region |[y*] < 0.8. The notations are
identical to those of Fig., 1.
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Note another detail which is not clear %o us. In 8ll
experimental papers 73,21/ dealing with this subject nothing
is said about the accuracy of determination of longitudinal
components of electromasgnetic showers (along the device axis)e
We think that it is not high enough end, as consequence, the
accuracy of E% determination isg low. Coincidenceuof the E%r
and Egh spectra is probably due to peculiarities of the expe~
rimental device and the data treatment. Leaving aside the ques~
tion about correctnesa of the experimentsl data considered,
we return to the theoretical description.

Consider our calculations of the E;h-Spectra in pp-colli-~

sions as a fit of Eg-distribution.

Then, acco;ding to Fig. 3b, we reproduce the Eg—apectrum
in ool -interactions., A statement in paper /2/ that the Glauber
theory does not describe events with Eg > 8 GeV is based on
the rough "wounded nucleon model” which d4id not teke into account
a complicated structure of high multiplicity diagrams.

In conclusion, returning to the discussion about formation
of the Ef—spectrum as a result of "parallel” nucleon-nucleon

/e2/

interactions s, we note that, according to our calculations
within the framework of MCB, the main contribution to the ET—
distribution is made by the graphs with the number of cuts from
5 to 10 among which there are no graphs of pérallel collisiong.
In AQM where a contribution of multiple collisions is suppressed
because of cross sections for various processes of nucleus-~
nucleus interactions differ from the strict Glasuber expression,

a more rgpid decrease of the Eq~spectrum with increasing Eq

(at Ep > 15 GeV) is observed then in MCB. So, high B; values are
a good indicator of multiple collisions in nucleus~nucleus

interactions, and presence of the accurate data on ET-spectra

will allow & "hard" discrimination of the theoretical wmodel.
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llimaxos C.10., Yxuuckuit B.B. E2-87-5
CriexTp nomnepeuHo 3Hepruy B LEHTPaIbHOM o6acTu
o0 -B3auMONEHICTBHI — pacyeThl B pAMKAX Pa3jIMyHbIX MoOenei

C ucrionb3oBaHHeM TOUHBIX I1ayOepOBCKHX 3HAYEHHH JUJIA ceuye-
HAH DPa3iMyHbIX IPOIECCOB B HEYNPYTHX B3aHMOOEHCTBHAX a-4aCTHI]
NpH nn=31,2 I'sB paccuuTaHpl B paMKax MOJIeNH KackKaja JIHIH-
PYIOLIHX aipPOHOB H B aAIMTHBHON KBapKOBOK MOIEH CIIeKTPbI ITolle-
peunoit aneprun (E;) B ueHtpannHoit obnactu. PacueTn: xopouo co-
rJ1aCyXTCA € JaHHBIMM MO €MEeKTPY IONepevYHOM SHepPruH, YHOCHMOMN
3apAXKeHHBIMH uacTHUamu, npn E S 12 I'sB. OrmeueHa 6au30CTH
3KCHEPUMEHTANIbHBIX CIEKTPOB IJIA HEHTPAIBHLIX M 3apAKEHHbLIX Ya-
CTH1I, TIOCNY KHBILAS OCHOBAaHMEM JUIA NPOBEPKH TeopHH B Gonee 1un-
pokoit o6nacty 3xauenwii B, . ‘

PaGorta BbinonHeHa B JlaGopaTopu# BbIYMCAMTEIBHON TEXHHMKH
u aBTomaruzauun OVAU,

Mpenpuut O6beAUHEHHOro HHCTHTYTa AJEPHLIX Heenenosanni. Jlybua 1987

Shmakov S.Yu., Uzhinskii V.V. E2-87-5
Spectrum of Transverse Energy in Central Region
of aa-Interactions — Calculations within the Framework
of Various Models

On the basis of Glauber expressions for various processes in
inelastic interactions of a-particles transverse energy (E7) spectra are
calculated within the framework of the model of leading hadrons
cascade and the additive quark model at / 8,=31.2 GeV in the cent-
ral region, The calculations are in good agreement with the data on
spectra of transverse energy taken away with charged particles at
Eg <12 GeV. A similarity of experimental spectra of neutral and
charged particles is noted, it was used for justification of the theory in
a broader Emq region.

The investigation has been performed at the Laboratory of Com-
puting Techniques and Automation, JINR.
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