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ABSTRACT

EAS development model independent method
of the determination of a maximum depth
of shower (Xp) is considered. Xy values
obtained on various EAS parameters are
in a good sgreement.

1. Introduction. Investigations of the shower maximum

ep are carried out at various arrays and by different
methodsmbut the significant scattering of the obtained data
is still available (Table 1). A reason of most of discrepan-
cies is mainly due to methodical difficulties associated
with the transition from the observed EAS parameters P=P(Xy)
to Xp. Thereby one had to use the theoretical conceptions on
EAS gevelopment difficult to test experimentally.

2. Method. We con- Table 1
sidered one more me-

thod of X, determi-
nitionagn:t%e expe- | Torameter ~E017 X Work
riment ata ob- n .
tained at the Yakutsk & 1.6 1017 660£3 Eﬂ~
ter oonoriations Fush "’4.1017 70015 | 2] ]
calculat .

parameters were found 2 1017 681120 (3]
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ditions:X=1020.sec® .
The calculations were 1017 >00£20 [5]
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(10] and to ng~ £0»25

at E 210" eV. The
cross-sections in inelas-
tic processes on both
models changed with en-
ergy according to [10].
The index of the LDF of
electrons ne at the
distance interval
R=200~600 p from the ,
shower core ( Qe ~R &)
.and ratios of "densitie
of the EAS Cerenkov
light to electrons
1g%Q/9¢ ) and of elec-
§r€ns 70 m%ons R=300

g at R= m
werghcoggidered. The
above parameters are sa-
tisfactorily measured at
the Yakutsk EAS array

( 9e= 35“9,4 ).

%. Results. Calcula~
on results at E, =
101721018 &v and @ =
16, 32 and 40° are shown
in Figs.1=3. From Fig.1
it is seen that nNe is
unambigiously associated
with Xp/X independently
of E ()
use

The obtained Xm
are given in Table 2.

The parameter lg( @ / Qe )
which is the function®of
X-X, Dpossesses the ana-

logous feature (Fig.2).
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’ and characteristics of nuclear interactions. We
$his peculiarity of electron ILDF to find X:

_ ﬂ.e-2.1’|> | 2
Xm —(‘-T;'T . X, g/cm” ,

(1
3] < _ T T T
i 160\\ . \\ 4‘
- 322 -
"ij’é‘ 10 S N 40°
Qg‘;‘_ i \ \\\ i
@ 0,2; 160 320\
—— Sc+ns~E
013 --- Se 1 ] ! \ R
200 300 400 500 X-Xm

Fis 3



50 HE 4.1-19

Table 2

lg E, 17,20 [17,55 [18,02 [18,42 [18,94
X, & om° 1060 | 1060 | 1070 | 1080 1060
N 2,57 2,60 |2,70 2,78 [2,80

X +AX 660430 | 675+30 | 725430 | 765430 | 755440
Ne 5,18 34,22 5426 3,51 3931

X +4AX 665+60 | 69060 | 720460 | 760460 | 750460
1g( Q/?e ) 1,94 1,91 1,79 1,71 1,59

X +AX 61530 | 625430 | 685:40 | 730440 | 760445
1g( /Ry 5,37 5,31 5,19 5,19 5,0

Xt AX) 640£40 | 665£40 | 725440 | 735+40 | 80040

lg EQ - 17;56 17:91 18159 '18’79
X, &/cm° - 1090 | 1080 | 1080 | 1080
18(93/9,4 ) - 0,76 0,82 0,99 " |1,04

X eAX - 670£20 | 670£20 | 71520 | 725425
e /Ny) | - |1,17 1,28 1,57 | 1,56

X AX, - |665£35 | 670£35 | 720435 | 735435

As for 1g( 90. / g ) the unambiguity condition due to the
zenith angle is“bro gn. Therefore the experimental and calcu-
lational data are needed to be compared at similar @ .

The averaging of data in Table 2 results in the follow-
ing expression:

X_ = (700£35) + (66£6)(1g E -18), g/cu. (3)

Note that all the above parameters were experimentally
obtained at fixed Q (300) and calculations were also car-
ried oub under such condition. If to make calculations at

fixed Eo, then X, value becomes ~~ 50 g/cma-.less.

4, Discussion. The integral values 1lg(<P /Ng) and

g m) are close to the parameters 1g(Q/9Q, ) and

1g( Qe /91‘4 ). Here ¢ is the total flux of the BAS Cerenkov
light; "~ 'Nuand N are the total numbers of muons and elec-
trons. Their dependences on X-Xp are analogous to ones pre-
sented in Figs.2 and 3.

Apply this method of the analysis of data to other ar-
rays. One can do it without additional calculations with res-
pect to the parameter 1g( 9“'/91“) [9], since it is similar
to our parameter. According to'{9] at R=300 m, Eo="1017 eV
and @ =15° we have lg(gc /9,4 )=0,3. To recount from Pe

measured at the Haverah Park array to 9 abt R=300 m we
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use the ratio Qp /Qc® 1,8 [11]. Then 1g( §, /P, )% 0,58 and

from Fig.3 we find Xp% 620 g/cm™, i.e. much higher than in
Table 1.

E.‘Conclusion. The analysis of various EAS components
ased on the method of "model independent" parameters yields

Xp=700+35 &/ cn® at Eo=10" eV and at fixed g5(300)
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