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HIGH ENERGY INTERACTION MODEL DEDUCED FROM
THE ACCELERATOR DATA
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1, Intreductien, Calculatioens ef extensive air shewers in
atmesphere have been perfermed using fermulae describing
pP-p and p-air nucleus interactiens presented elsewhere in
this preceedings /HE 1,2-4/, The fermulae fitted te the ac~
celerater data have been extrapelated taking the same trend
up teo 10% eV, Abeve that energy it was assumed that the de~
gree of scaling vielatien /o =parameter/ is saturating er
even decreasing., The latter assumptien fellews frem earlier
work of seme ef us /Wdowczyk and Welfendale, 1984/ where we
feund that witheut this restriction shewer maxima at the
highest energies are lecated toe high in the atmesphere.
Results of calculatiens have been compared with experimen-
tal data, The cemparisen was made separately fer the curves
ebtained frem the se called equal intensity cuts and fer
the Cerenkev data,

2, Methed ef calculatiens, In the first stage using Mente
Carle methed there were calculated EAS lemgitudinal devel-

wpment curves fer three different requirements, These re-
Qquirements are: fixed primary energy, fixed size of shower
at every ebservatien-.level and fixed size at the sea lsvel,
Examples of the curves fer proten primaries with energies
areund 1016e¢V are given in figure 1, In the next stage
the curves calculated fer fixed sizes at every observatioen
level and fer different primary masses are cembined ac-
cording to the assumed mass compesition, The mass compe-
sition have been taken accerding te the two cemponent mo~
del ef the galactic cesmic rays /Wdewczyk, 1984, also see
0G 5,4-6 this preceedings/,

3, Results, In figure 2, the 1lengitudinal develepment
curves are compared with experimental data, In figure 3.
the pesition ef the shower maxima ebtained from the equal
intensity cuts are cempared with predictions /here the pre-
dictions are taken fer fixed shewer sizes at the obsewatien
levels/, Finally in figure 4, the data on shewer maxima
pesitiens ebtained from the Cerenkev observations are
compared with the predictiens /in that qase the pre-
digtiens are taken fer the fixed size at sea level as the
observatiens are perfermed usually at sea level/, Sepa-
rately are shewn curves ebtained under the assumption that
the scaling vielation parameter o« = 0,25 above 1076 eV and
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Fig.,1, EAS longitudinal devolopement curves. 1-fixed prima-
ry onersy, 2-Tixoed size of the shower at cvery obser-
vation level, 3-fixed size at soa level,
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Tis,2, The longitudinal developement of EAS in the atmosphe-
vo obtained for proton-air nuclcus interaetions com-
nared with the ecxporimcntal data,see J.Gawin et al.,

/1984/, A
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of shower maxima, Calculations were
performed with fixed shower sizes at every observa-
tion levol.Experimental points are from equal inton-
sity cuts.Prcdictions are from the following models:
proton-proton interactions /e ==/, proton-air “nucleus
interactions with full mass composition /~—/ and
vith prlm ry protons only /e+++/, Scaling sets for
energics highor then 1E16 eV /~~~¢.
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Predictions for the locations of shower maxing
obtained with fixed sizc at scea level.,Full line is
for proton-air nucleus interactions with scale-
breoaking model,the dashed one is from the model with
scaling for encrgics above 1E16 e¢V. The experimental
points aro from Cerenkov measurements,
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assuming that effectively scaling sets at that energy.

In figures there are given results ef calculatiens eb-
tained with the farmula for preten - air nucleus interac-
tiens, In figure 3, fer comparisen there 1is alse shewn the
develepment curve ebtained using fermula fer proetén-preten
interactiens /we may say for a preton atmesphere/.

4, Cenclusiens, If we use the model based on direct extra
polatien of the accelerater data the predicted variation
of the shower maximum pesition 1is different than that eb-
tained from the observatiens, The predicted positionl of
shower maxima are lecated toe lew at energies 1015 ~-3x10"6 oV
and too high for energies above. The situation can net bhe
significantly impreved by the variation of the primary
particle mass as the used eompositlon is already preten
dominated at energies above 107 eV and reasonably heavy
belew that energy.

Practically sufficient improvement is ebtained if it 1s
assumed that some sort of scaling 1is intreduced above 101
eV. By term of scaling we mean hare that the multiplicity
of the secendary particles at these energies saturates,

It seems extremely difficult to restere the agreement
with the data at energies 10% - 1076 ¢V, Introeductien of
heavy particles here 1is net only insufficient but alseo
contradictery with other observations /for instance mul-
tiple muens/, It seems that the observations require an
assumption about ex1stence of some new feature at energies
around few times 1047 - 10%% eV, That reqirement is
strengthened by the fact that the same tendency is observed
both in the data obtained frem the equal intensity cuts and
those from the Cerenkev observations,

Impertant point which fellews from the comparisons
made in figures 3, and 4, is that the positions ef shower
maxima should be calculated differently for the case of
the equal intensity cuts and for the case eof the Cerenkev
observations,
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