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THEORETTCAL STUDY OF EAS HADRONTC STRUCTURE

Le Popowa
Imstitute of NMuclear Research and Nuclear Emergy
8lde Lemin 72, Sofia, Bulgaria

le General remarks on the experimental data The structure of
EAS is determined maimly by the energetic hadronse. They are

strongly collimated iIm the core of the shower and essential
difficulties are encountered for resolutiom of individwal hadrons,
The propertiies for resolutiom are differemt of the variety of Hade
ron detectors used im EAS aexperiments. This fs the main reason ma-
king it difficult to ebtaim a2 gemeral agreememt between actually
reqgistered data with different detectorse

The most plausible source for disagreememnt is the umcertaimity
im determination of the emergy of Individual hadroms. A principal
factor might be tire incidemce of multiple hadroms over large area
detectiors.Such measurements do not distinquish between events with
ome or more Madreoms ower the detpctors and thus,provide am upper
Limit %o the hadrom energy flow 1/, for example,lradron measurements
in Kolar Gold Fields/therfammnq:wiﬁh a deep iron ecalerimeter,ine
clude leakage of emergy flow im the ermergetic electron component
which arrivwes through the top layers and ,particularly,through the
.aides of the calorimeter for iImclimed showers.This ig valid ,to a
lesser extent for the measurements at Tian Sha£3s4952erformed with
smaller fonisatimg detector. The measurements at Pic du Midi/6
wiith flash tube hodoscope were relatively less affected due to the
thickmess of the detectorse. Im the scintilator burst detectors,dise
tortion im hadrom emergy due to multiple hadrom incidence is expec-
ted to play a significant role even though the individual scintilae
tors occypy relatively small area as in the case of Norikura expe-
rfm@nt/7 .

Mary efforts during the last few years were devoted to estima=
tion of the effect from multihadron incidemce/8/. The signals ub79/
served in Ooty experimenﬁ/ﬂ/ with burst detectors were converted
to hadron energy using conversion factor obtained with Monte Carlo

simulaﬁions/ﬂ/. There was pointted out a reasomably good agreemenz /
- between the results fn Ooty experiment, and those from Pic du Wi-?.

Neverthelessygignificant difference is observed with the calprimetwr
measureme s7grg7._Thﬁs situation is shown in fig.l ahd'ﬁcowgkrgpmﬁ

Comp ared the experimental daita of hadrons in EAS at different Lévels.

AIYl data are normaliz7d assuming that. the attenuation length of ha~

drons fs 350 g.cm"2 5/. '

2e Analysis of the model calculations In the begining we want to
point out an umespected effect revealed from the theoretical ine
vestigations,e.ge. the change im the assumptions about the main paw
rameters of high energy interactions,as well as for the mature of
the primary particlessare relatively slightly affecting the proper~
ties of hadronic: component in EAS at moumntain altitudes. For exame
ple, the lateral distribution of hadrons (E,»300 Gev) calculated by
us on the Basis of our new phenomenological model lo,in which is
assumed bresked scaling variable xs=x.Vs", is very similar to that
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abtained by Grieder/I11/ assuming standard model with mOt¥pplicity
ngvE e 37 in the both extreme cases of proton and from primary spee
ctrum. Similar small effect from the change of interaction models
on EAS hadrons with different energies anmd in wide range of shower
sizes is obserwved in compgr}ng our breaked scaling model calcula-
tions with those of Kem%7£12 assumin? standard model with different
multiplicity laws (ngvE*/" and ng/EL/2), ALl those Facts are showing
that in general,the number of hadrons at mountcin altitudes is not
very sensitive to the change of multiplicity law, 6/
By means of the results obtained recently by Sreekantan et al
with similar breaked scaling model we can see In fige3 the influsre
of the assumption about the energy spectrum of the secondary parti-
clesycharacterized by the sceling violation parameter o, They have
assumed slight imcrease of e that equalizes our parameter (o =0,13
in Lab.system) at energies about 210%Geve The stegper shape of
curve 2 can be connected with the larger coefficient of inelasticie
ty (0.72) in pion collisions assumed by Sreekantan et al

Fige3 Comparison of
the theoretical pree
dictions for the

" emergy spectrum of
hadrons im EAS with
size 1.5 105 zt785 .
gsem=2according to
the present calcue
lations for proton
showers (1) with the
estimations of Sree=
kantan et al/9/ for
proton (2) and 4iron
(3) primary spectrum
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Similar effect give the calculations of Danilova et 31/13/.Rssu-
ming k . . =0.84 they obtain Iess number of hadrong . in exteonsive
shouwef® (uith a factor of 2) than we hawve calculated with P

More essential is the effect from energy increase of E@Eaige-
Iagtic cross: section, The numwber of hadrons: calculated In/g for
In 560 411 1 *4 §s_about 2 times smalle¥ than in the case
ofPT8EErithmic incruale of oin assumed in our calculatfons.

The effect of primary particle mass on the properties: of hadron
componvent. is illustrated im both fiqures 2 and 3 . We can see that
gven for the two extreme cases of pure proton and pure iron primary

compositiion there is relatively small change in the energy spectrum
af hadrons. '
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3¢ Compariison witth experimental data In fig.l we have compared

the results for hadron lateral distribution obtaimed in our calcue
Lattions witth breaked scaling model and kadron densities compi led
from different mountain experiments., It is seen that the slope of
the ttheoretical curve differes from the experimental distributions
That differemnce is subistantial near the core of showers,where the
effect of multiple hadrons im hadromfc detectien fs rather stronge.
Appart the aspparatus effect, the obserwed disagreement can be due
to the fact that im our model calculations we have neglected the
possibility for appearemce of secondary pions with large transveme:
se momentum (abowe le4 Gev/c)e In fact there is bbserved in accele=-
rator experimemts up to 2,105Gev slight decrease in the slepe of
pg-distribution, Certainly,existence of such pions should cause a
flattker lateral distribution of shouer hadrons near the cora, Houw
ever,drastic change of pyedistributfon,needed to explain the contree
diction in figel was not observed over the entire range 0,2-103T&w,
It might be supposed that the rise of transverse momenta at UZTev.
could be atkributed to only few secondary particles and jets/ 14,15/
_ From the comparison with the experimental data in fige? we can
see an apparentt difference between the expected total number and
the measurements with burst detectors.It is obvious that the model
calculatfons are fitting the uwpper limit of hadronic flow detected
with calorimeters,

Conclusion The above results allow ws %o conclude that we can
get = better agreement with the average tendency of hadronic measue
rememts if we assume in our new phenomenological modél a larger
coef ficient of Inelastticity and stronger energy incresse of the toe
tal inelastic cross: section in high energy pion interactions. Nevem
theless, EAS data above I05Gav are revealing a faster development
of hadronic cascades in the asfr than it can be expected by extrapo~
lating the parameters of hadron interactions obttained in accelera-
ter measurememts.
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