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SUMMARY

A theoretical study has been made of high energy hadron-
hadron interactions using results from recent accelerator
experiments and the consequences to problems 1in cosmic ray

physics.

The study is concerned with two maln sublects; the first
is the derivation of the degree of scaling vlolation in hadron
inclusive reactions at accelerator energles up to VB = 540 GeV
and the sacond deals with the darivation of cosmic ray muon
spectra and the composition of primaries if scalilng viclation

featuresg are extrapcolated to the much high cosmlc ray energies.

An extensive amount of data on the inclusive cross sec-
tion for charged pion production in pp interactlions has been
analysed in the centre-of-massa energy range 23 < v§ ¢ 53 GeV
in the =P plane, where x 1s the Peyoman scallng variahle
and Py is the transverse momentum. The main results are as

follows

1) In the kinematical regidn 0 ¢ x ¢« 1.9 and Pp ¢ 1.0 Gev,
the invarlant cross section can be well desacribed by the
formula :

Ay asz :l -8 X
E gpﬁ (x,py) = a, {1-x} T exp { -{a,p, @ 4 1}

where a a &. and a, are parameters,
1% 727 Céntral Librhr i
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2) The above proposed formula indicates scaling violations
since lntroducing the parameter ay prevents factorization of

the cross-section into separate functions of x and Paq-

In order to determine the degree of scaling viclation
for charged particle production in hadron inclusive reactions,
the pseudo-rapldity distributions for the produced particles
are derived for anergles ¥S < 53 GeVaswell as for the recent
results from the SPS collider at the much higher energy ¥S =

540 GeV. The main results are as follows :
1! The particle spectra can be described by 2 scale break-

ing formula

E_  d%cg ( 5
= 3 =
I:'Tt apide 50

o S .
} f[x(—ggl r Byl

whare S0 ls a datum energy and (¢) 1is a scale breaking

parameter.

2) The scale bhreaking parameter (a ] derived from the
pseudo-rapidity distributions of all charged particles
uging a constant ipnelasticity 1s found to have a mean
value o = 0.,10120.005 o%er the energy range considered.
Such value may be consldered as a lower limit to the

breakdown of Faynman scaling.

3) Another evidence for acaling vioclation is obtained from
a sBlow variation of mean transverse momentum with energy
in the form

P> = 0.231 + 0.03 £a¥S
Central L|brar'3r} - Ain Shams University
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In grder to study the conseguences of the above break-
down of scaling to cosmlc ray phenomena, a detalled mathem-
atical model has been put forward to describe the muon cas-
rades initiated in the atmosphers Ly primary nuclei. The muon
spectrum at sea level has been derived in the frame of multi-
fireball production for three different models, namely :
strict Feynman scaling, scaling violation model, and a con-
ventional statistical model. Tha rise of pp cross section
with energy as well as the contribution of kaons have been

taken lnto consideratlon.

From predictions of the scaling wioclatlon model and a
normal compositlon for primary nuclel, we derive a new sstim-
ate for the apectrum of Fe nuclel above 1G13 e¥ in the form

GaV

nucleocn

4 _-2.406 2_-1_ -1

JFE(EN}dE = 5.569x10 iy inuclel, cm “s  sr_ { ol

Y o}

with energy E_, in GeV/nucleon. This result shows that if the

v

breakdown of scaling observed at accelerator energles con-
tinues Lo cosmic ray energies (}1013 eV/nucleon) then the iron
gspactrum should be much stesper than that cobserved at low

energlies | ~1L'}11

eV/nucleon), Thie means that the conventional
ldea of a posgible domlnance cf Fe nuclel in the primary beam
at high energles has to be excluded and that the composition

15

around 10 eV/nuclaon is in fact not much different from

that at low energles.
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INTRODUCTION

Recently, the study of hadron interactions at extremely
high energles has become a subject of great interest both in
problems concerning the substructure of hadrons {i.e. Quarks
and gluons) and in those problems relevant to the production
of cosmic ray particles in the atmosphere and the mass comp-
osition of primary cosmic rays.The nature of ultrahigh energy
hadrenic reactions has now been enhanced by the great sxten-
sion in accelerator energles made avallable by the CERN Inter-
secting Storage Rings (ISR) (20-60 GeV c¢c.o.m. energy), the
proton synchrotron at FNAL {(200-400 GeV protons or mescns on
a stationary target), the pp colliders {5P35) at CERY {Jg =
540 GeV) as well as the most recent pﬁ; experiment at CERN
{5P0} in which the c.o.m. energy ¥S reaches 900 GeV {e.T.

Rushbrooke, 1985).

Two problems are in fact fundamental in the study of
cosmic rays as a high energy physics subject. The first is
the high energy interaction model which best describes hadvons'
spectra while the second deals with the spectrum and compos-
ltion of cosmic ray primaries at energles unattainable by
direct measurements, The study of the production and propag-
ation of cosmlc ray mucons in the atmosphere is considered as
one of the important tests of the combination of an inter-

action model with a certain primary mass composition,

Muons are produced mainly as a result of the decay of

charged pions and Kaons which are the products of the interactions

~
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of primary cosmlc ray nuclei with air nuclel in the atmosphera.
A wvariety of experimental technlgues are now available for
Imeasuring muon intensities at sea level, under sea water and
underground in the TeV energy region and at different angles
from the vertical (e.g.magnatic spectrograph, burst vy -cascades,

etc).

Conventionally, two interaction models have always bheen
competing for the interpretation of cosmic ray high energy
phenomena namely the CKP and Feyuman's scaling models (e.q.
Goned et al, 1975). Recently, howaver, the passibiiity of a
plgnificant breakdown in Faynman 8callng has opened a new
window ontc the subject, {e.g. Wdowczyk and Wolfendale, 1%84,
1987). Such scale breaking model carries features from each of
the first two models and should have lmportant consegquences
as to the problem of mass composition of primary cosmic rays

at very high energles.

The CKP model of Cocconl et al, (1561} is based on the
older twoc fireball model of Clok et al (1958} and Cocconi
{(1958). This model is characterized by an energy distribution
for secondary plons consistent with a statistical type emiss-
ion and a dependence of plen {kaon} multipllicity nscxlprimary

&
ene E s n, =E,
gy &, 4 g p

On the other hand, accelerator results in the late 1960g

lad to the so called "scaling” model of Feynman ([196%) in
Central Library - Ain Shams University



