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1o I'ntroduction Ous to the strong decrease of the energetic cos-
mic ray flux I%s direct detwection at the top of atmosphere with
air crafts fs limited at the presemt time ta about 10°Gav, The ine
tensits of all primary particles tan be approximatod {n ths yange
1?10 Gov by power Functiom uith power fndex2.65. There are pre-
dominanttly protons (about 40 %) and the restt is represented by se=
veral groupg ofenwclei (He, C=N=0, mean and heavy nuclei). In the
range of I0"=I0"Gev cansiderable disagreement is observed betueen
the estimatfons of the primary spectrum. that is most probably
connectted with the uncertainity of the indirect derivation of the
energy and the type of primary particles on the basis of ground
parameters of extensive air showers.

In this paper we will discuss our results for the primary spec-
trum in the range I09-I08 Gev, obtained by implication of EAS data
from mountain alttitudes™ registergd with Tian Shan and Chacaltaya
apparatusege 5 8 ,
Zy _Energy spectrum of primary cosmic rays at 10°-10" Gev The mean
energy of primary cosmic flux is obtained on the basis of electron
and muon size spectra of EAS, For that purpose we have simulated
the development of electtron and muon components in EAS initiated
by primary particles with fixed enerqgy and atomfc numbere It was
assumed the 'so called high multiplicity model for hadron interac-
ticns,normag massg camposition of primary particles that fs the same
as itelow 10°Geve From the simulated showers we have constructed the
fluctuvatiion Histegrams of the total slectronm number and that of
mrons im EAS far several wvalues of primary emergy and groups of
nuclei.The histograms are approximated by Gamma distributions the
parameters of which are represented as functions of primary energy.
It allows to obtain the conversion factor , W, with which we can
convert shower size im primary energy, meeded In. order: to obtafn
theorstically fluctwation distributiors of primary energieseThey we-
re used to derive energy spectrum of all primary particles from the
measured intensitties of extensive air shouwsrs with different elec-
trorm and muon size.It is compared iIn figel with the curwve that is
an approximation of the direct registration att lower energies. Our
spectrum deriveffrom the measured alectron size distribution of
EAS at mountain altitide smootly links the satelite data shouwing
same tendency of a bump around 10%Gav, The spectral index is chane
ging from Z.4 to Z.76. In the same figure we have compared the
corresponding estimation for primary energy spectrum of Nagano et
al? obtaiped om the basis of Akeno data, Fhey give too lou intensi=-
ties of the primaries most probably due to the relatiyely swall' -
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et alZ gstimatfons: on the basis af Akeno datas Khristiansen
ot ai % § Effmov ot al © G 3 La Pointe et al’ 4 ,

size of shouers detected with fixed intensitye. (As & ground par g
meter they used the number of electrons in the maximum of showers.
5@ Pax as shower cascade,curves are not determined around the ma-
ximum in Akene (920 gﬁcnf @ these authors have multiplied Akeno
data.by the ratio,R=Nlh /NCH ", taken from the Chacaltaya experi-
ments at differemt zemith aAgleds '

Our primary spectrum derived from the muon size distribution
disagrees with the measured spectrum at lower energies.The highe
mulitiplicity model prediets higher intensities of all primary par=
ticles: from the converting of muon data. They do not link té:the
intensities of cosmic particles with lower emergiese. Better cone
sistepcy could be obtaimed If we assumeisy mNew phenamenclegical
modedl with breaked Feynman scalingy, becauss the latter gives
smaller walues for the meam energy of primary particles initiating
showars with a fixed size than in the case of high-multiplicity
modele Apart of that, our complex amalysis of all muon datal gave
also ground im favour of the mew phenomenological model if we
assume mormal primary composition in the range 105-108 Gev, Houwe
ever, when we applied the new phenomenological model for calculae
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tion of electron component characteristics and for convertion of

electron shower size in primary cosmic ray spectrum we obtain
considerable disagreement. It forced us to inspect both our model

assumptions for interactioms and mass compositio of cesmic rayse

3e Discussion In order te clear up why the new phenomenological
model predicts slower development of the electron componemt of EAS
whereas its predictions are fitting the muon data from different
experiments we have to mention first of all that in the simulation
af electron-photon cascades we assumad the upper value (3747 g/
cm~2) of the radiation lengthe The latter fs varying from 35 in
different authors calculations. It is necessary te stress also that
" unlike with the case of the muwon component,the electron cofmponent
is governed predominantly by the wery first pion interactions 1
occurimg at wery high emergies (3 105 Gev)e The highest accessible
energies of the modern accelerators do not exceed 2,107 Gev as is
the case of *he SPS experiment in CERN with protoneantiproton colli
ding beamse. Sg faP as pion interactions are not measured at high
enerqgies we have adjusted their propertiss from the measurements
with accelelerators at Iower energiese. Analysing EAS data we made
conclusion that some increase of the total inelastic cross section
and the total coefficient of imelasticity in pioneagir nucleus colliw
sions should prowvoke increase of the effective multiplicity and
consequently faster development of the electron component in EAS,
Similar conclusign we derive from the examination of the hadron. ..
component of EASSIn fact there are some experimental evidences?" %ﬂm
low emergy accelerator experiments allowing to assume consideralyly
pign interaction cross section and inelasticity at emergies aEﬂ"i?
10%Gev, However , it must be poined out that sewveral authors -
have already shown that such corrections only partly improve the
consistemcy of the calculated properties of electron and hadron
components of EAS with experimental dattae

It is worth-while to note that there is without doubt un ine
crease in the yeld of baryon (snd anti-baryon) production at 1
very high energies: observed already in the SPS Cnllidnr'exp‘erimang.
Tonwarl? finds in cosmic ray experimonts strong evidentce for such
Encrease in the frgution of baryons with emergy, the walue reaching
at least 15 % by 107Gev, (The percemtage of baryons in our calculae
tions with high-multtiplicity model had been neglectad whereas
it was. assumed to be about 10 % in the new phenomwenological modem)s
Tt is certaimly possible that the observed fast development of EAS
gbove 10 Gev is metly due to the considerable baryon preduction that
leads tte shorter mean path of cosmic ray interactions i the adire

At last we canm mot dismiss high energy gamma rays in the prie
mary spectrum abowe 108Gews A1l gamma ray saurces detected at pree
sent time have energy spectrz wkth power index about I fn comparing
with 2,6 of other partﬁsﬂes. Thus, the 6’/prnton ratfo may appro-
aching 10-3 at 166Gey e In this : . copnection fg > the hypothe=
sis of Wdowezyk and Wolfendale<® that about 30 objecits as Cyg X«3 is
meaded Im tthe Galaxy to preoduce the bulk of the cosmiec ray .particles
i as much energy wemt Into particles as irto gamma ray$.H0W®U@P
irm order to dbtaim as much muon as they are observed in showers inie
tisted by oamma rays emitted Ffrom the specific sources (Cyg X3
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and Crab) we.have to assume gome convergenc® of the elsctroe
zagnetﬁcvarmss section of photon production to that of the
strang interaction pion production at teo low ener 3 ‘
abouwt 105-108Gevy), snorsies (ssy,

_ Thas, we cam conclude that the problem of determination
qf the emergy and mass spectrum of primary cosmic flux fnsists
further complex fnvestigation of both particle interactions at

nigu;energies‘and' the astrophysical mechanisms of diffsrent
particles acceleration.
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