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Abatract

By an multidimensional analysis of energy lateral and azi-
muthal aymmetry characteristics of Pamir expariment gamme.~faml-
lies the upper boundary of the flux and fraction of primary iron

nuclel at Eo 7101 eV is eatimated. The derived flux IF9(71016)<
5.9.10"2 m™2gec™'st™! and fraction p?e(>1016)<.22-27% ghow that

iron nuclei do not dominate in primary cosmic reys above the
break of the total energy spectrum.

1, Introduction. It has been shown in paper /1/ that the statis-
Tical declaions give one the opportunity for the estimation of
the fraction of experimental gamma-families produced by primary
iron nuclel. The description of the Monte-Carle simulations as
woll as the other detsils onme can alac find in paper /t/. Here we
shall claessify the experimental femilies (the conirol aample) in
I~ and FPe-classes two times: firstly by use of the familtes simu-
lated with Nemodel (the l- and Fe-class training samples consist
of the N~model families) end, secondly, by the use of the F-madel
families. The esatimated fraction p gm of families produced by

iron nuclei will be used for the estimation of the upper boundarf
16

of primary ivon nuclear flux 136(74016 eV} and fractimn.p?e(>10-
eV). '

2,  The maximum flux of Fe-q;ggg_sgmma—ramilies. The classifica-
tIon In Ewo;dimens!onal apacg oY pairs dg variables leads to the
' fam amn
following p=2" values (max an, + are shown ir bra-
cketa): Fe Pre “PFe *4 Ppe
_ N-model F-model
R, b’ 0.01 + 0.04 Eo.os 0.02 + 0.04 (0,06)
Z'ER, b* ~0.01 + Q.04 0.03) 0.02 ¥ 0.05 (0.07)
zZ'ER, n! -0.001 ¥ ©.04 (0.04) Q.05 + Q.05 (0.10)
b', n' -0.07 ¥ 0.09 (0.02) -0.02 ¥ 0.09 (0.07)
The average p§:m io negative in aome cases, the statistical
fam

error is rather great, therefore we can only consider max Pp.
but not pﬁgm. It means that we can maintain only, that the true
f8M ;o gmaller than the estimated max pio® with probability~0.67.

Ppe

Let us conslder the change of the results if one takes into
account the possible change of the strong interaction model and
35£§?imental bilagses, It followa from <n'> data (see ref./1/)
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1) the simulated ¢n'> values are smaller than the experimen-
tal ones, the difference is rather small, but it is statistically
significant;

2) ¢(n'; does not depend practically on the composition: the
N- and F-model values are within the small statistical erroras.

If one tekes into account the overlapping of the §-ray spots
in ¥X-ray films end the aggregation of the spotas which spaced clo-
sely then the simulated <n')> value decremses /2/, ao the use of
nt in elassificetion leads to the overestimated mex pﬁgm. In con~

trast with n' the sensitivity of b ia:ghe greatest to including
of inelastic change-exchange process 77~ —~ %% The probebility of
the process is equal to 0.3 and deoes not decrease with increase
of energy in the models. Therefore, the probability ia near to
the maximum one and <b') of simulated familiez seems to be near
the minimum value and N-model ¢ b'; coincide with the experimenial
data (see ref./1/). It means that b'wvariable being used In class-
gification leads to the eatimation of maximum fraction ngm.

So, we take max pf2™=0.05 in the N-model case. In the F-mo-

del case the discrepancy between simulation and experimeni is the
greatest for n' varisble (sse raf./1/%6mthe uzge of n' in clesai-
fication leads to the overestimated ppZ™. So, we shall not consi-
der the greatest max pﬁzm value snd take max_p§2m=0.07 in the PF-
model caze. We shell sho; in Sect.3 that the result is not chane
ged in the case of max piSf=0.1,

3, The uﬁger boun%§£§ of flux and fraction of grimagz iron nuc-

el, e direct calcu on o ¢ moaximum Iraction max pp, ©

primary iron nuclei is not posaible by the following reason. The

energies of primary particles belonging to I- and Fe-classes are

d%frﬁrant in simulation {the halfwidih is shown in brackets in
eV

N-model F-model
Li-cless 6.2 (7.5) 8.5 510.1)
Fe-clags 29.6 {13.1} 29.5 {13.1) ,

For example, only 8% primary L-class nmaclel in N-model have
the energy greater than 16.5 PeV, while the iron nuclel energy
is meinly greater than the value.

The vertical flux Ip3M of experimental gamma-families pro-

duced by iron
pan _ pfan rfam, 2 1)
| ]
Pe -] akpa
- -2

where the total fiux IZ®, () w(1.08+0.06)-10 % 2sec™ for ex-
perimental families with ZE =100-400 TeV. The flux IFeC>10163V)
of iron nuclel ia connected with Igzm:

Ige( >10'% o¥) & 158k, 2)

where Kpe iz the efficiency of production of gamma-familiez by
iron nucleus at E'>101 eV. In aimulation the walues are follow-

ing: 2 .
. APe' g/cm a3 Fe K’Fa
N-model 102 0.75% 0.2%
F-model 100 0.75 0.26 ,

where 'hFe is the absorption length of gamma-families induced by

3N
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iron nuclei. The crogs-saec-
’ ' ' I tion &PTOL, 14 o1nE in the
simulation,el =0, 04, €'Prod 14

1018

'%. - Pomodals apparently overestimated at
R i i o£20.06. It ism obviously that
= d
Ty v '}Fe""l/ﬁ'pro ; Kpg ™
R vacsrn o (-x_ /M), Wwh 596
" 1oL A e Oxp(J%o/ A pg)s WheTe Xo=
-~ O JACEE g/cm”. The average energy of
= nucleon contalned in lron
& nucleus is sbout 600 TeV, The
= 1 I L L simple estimation at o« =0.06
1013 T 015 1016 gives minAJl, 0.7, min Kp =
E, ev/nucleus 0.14 for both models,
decreases also when
Fig. 1.The primary total energy prod |
spectrum. The experimental data GFey increases. However,the
are taken in ref./5/. The model decrease seems to be rather
gpectrum ig the approximation /4/ small at great depth in at-

mosphere. The accurate cal-
culationg will he made elsewhere. : 16 -9 -
2 The use of eq.(1) and (2) gives max IFe(>10 e¥)=5.9+10

m2gec~1st~! and 7.9:1072 n2gec”tst™! in the N- and F-model cass
at ol=0,06, The spectra of primary cosmic rays ars identical to
ones in both models (Fig.1). In the case max pFe-0.22 and Q.29 in

N- and F~model. The greatest decrease of the adopted total energy
spectrum that does not contradlict to the experimental data at E>

10"V 1s about 1.2 times. max pp,=0.27 and 0.35 even in the case.
B0, the F-model estimation of Pre is not selfconsistent one: the

input (model) iron nuclel fraction (0.63 st E ;10163V) is greater
than the output (estimated) max Ppe* Even the most suitable case

(for FP-model) when (1) max p§:m£0.1 ingtead of 0.07 (adopted in

Sect.2, and (2) the smalleast primary energy spectrum leads to
pFe-O.BO and the selfconsigtency is not achieved. In the N-model

cape the reault is selfconaistent ons.

4. Ggggg4£am1;x flux. The total flux I s Of ~families
fam? . -5 -1

with ZB,=100-400 PTeV 1s equal to 7.0-10 ~ m sec in the N-

model case, while the experimental flux is equal to (1.0840.06)"

108 nw2aec™!, If one takes o =0,06, then the simple caleulations
give the mmallest flux of the N-model simulated families 2.6-10~8

n 2 sa0~1, The only way exists for the agreement between the N-mo-
del flux and experimental one: (1) the greater size of scaling

violation, and fz) the rather great energy has to go in}g se?gn-
dery ksons and # -(%'~) mesons in hN-interactiona at 1012-101Cey,

Both factors lead to decrease of the simulated flux.

. Conclusion. Pamir experiment gamma-families show that the
ux of pr iron nuclei
e(>1016 av)< 5,910~ n2gec~1at™!
with probability ~ 0.67, because the estimated upper boundary isa
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equal to average plus
one standsrd deviation.
The corresponded frac-

tion of iron nuclei: "%

pre(>101seV)<22$-27%. - ‘fﬁ‘ﬁ i
The estimated upper bo- \? |
undary of iron nuclel ] \

flux 1s consisten¥ with - _
the indirect Tien~Shan "

le extrapolation of

ow energy direct re-
sults (Pig.2).0n the
other hand,the estima- i
tion contredicts to the ;51
assumption on the heavy
enrioched composition at

Eo>10'%eV. The estima- A
tlon hes been made by
uge of the various palr
combinations of energy,
lateral and azimuthal
symmetry characteris-
tics of gamma-families,
The gamma-family
flux has not besn used
ﬁ ther&g-glyﬂil:- lamimd Po, Tien-Shan /4/ ) \
ux o e simulate F . ) ]
families 2.4 times :;.:; 31?';2 . \ \VN
greater at leaat than i ’ 3
the experimental flux. - . 7
The fact is the additi- ‘\
ocnal independent con- T T R DA
firmation of the more KT 012 1013 1014
g:rongiscalinglvigla- ! E, ev/mucleon
on size conclusion
/7/.T™he additional de- Fig. 2. The experimental dats (axcegt
orease of the simlat.d Tien-Shen Oneﬂ) are taken in Raf./ /
families flux can be .
obtained if the rather great energy goes into secondary Kkaoua
and # -mesons in hN-interactions at E >1015 eV,
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