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Abstract: The analysis of spatial and time structure of EAS Cherenlgiu bllows to estimate the depth of the EAS
maximumX,,.... The distribution ofX,,,... reflects the primary mass composition. Data of the new arumkd-133 are
used to deriveX ... by two different methods: from the Cherenkov light LDF steegs and form the FWHM of pulses.
We present the results of applying of these methods to daténelol during two winter seasons from 2009 till 2011. We
discuss the change of thé,, .. distribution parameters with energy in the ranga @ — 10'® eV.
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1 INTRODUCTION the more correct one based on the analysis of the whole
Xomae distribution.

The study of primary mass composition in the energy range

10'5 — 1018 eV is of crucial importance for the understand- . ) - .

ing of the origin of cosmic rays and of their propagation2 Experiment: statisticsand data processing

in the Galaxy. The change from light to heavier composi- o

tion with growing energy marks the energy limit of cosmicThe data acquisition by the completed Tunka-133 array

ray acceleration in galactic sources (SN remnants), and 8f@rted in October 2009 and continued during two win-

the galactic containment. An opposite change from hea:;?r seasons 2009-2010 and 2010-2011. As a result the
to light composition towards higher energy would testi ata were collected for 597 hrs of clean moonless nights.

the transition from galactic to extragalactic sources.hBot ! N€ average trigger rate was about 2 Hz. The number of

. . . 6
changes are expected in the energy range of interest in tigeorded events was aboait 10°. Such an amount of
present investigation. recorded data provided the possibility of calibration af th

To study the mean composition we use the relation betwegﬁ)paratus using the data itself. The methods of calibration

the logarithm of mask A and the depthX .. of the ex- were dgscnbed |r.1 [1_]' .

tensive air shower (EAS) maximur X ., >=< X, > A detailed desgrlptlon of the total processing procedure
—6Xmae/0InE- < In A > — which is well-known from Was presented in [2].

electromagnetic cascade theory,, . is derived for ev-

ery event from the steepness of the atmospheric Cherenkgv
light lateral distribution function (LDF). We extend here
the simplest method of performing such analysis (i.e.
relating the average X,,,. > and< In A > values) to

Reconstruction of EAS parameters

0'f‘he EAS core is reconstructed with better accuracy the
higher the value of the fitting function derivative is. A de-
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4 Phenomenological approach

E ° ; The parameters derived from CORSIKA simulations may
§ 8¢ ° slightly differ from the experimentally measured parame-
T . ters. For instance, the linear relation betwétandH )
A observed for MC calculation (Fig.1) may hold also for ex-
6 i periment, but with a slightly different slope. For our recal
: culation procedure we used the slope derived from experi-
50 mental data, not from MC, i.e choosing a "phenomenolog-
g ical approach”.
4 I In our case we can use the zenith angle dependence of the
3 : parameter”. This experimental dependence for the fixed
! energyE, = 3 - 1016 eV is shown in Fig.2. This mean de-
2 [ pendence was constructed using all the 2250 events from
E the energy bin6.4 < logio(Eo/eV) < 16.5. The mean
1] zenith angle can be recalculated to the mean distance to
I the EAS maximum. To make this recalculation we use the
O 95555335 4 45 5 55 6 model of the atmosphere from [6] for the real experimen-
P tal conditions< ¢t >= —30°C and X, = 9659 - cm 2.
This model gives the following expression for the inclined
Figure 1: MC simulation#,,,,.. vs.P dependence. distance to the EAS maximum in units of km:
96 Xinaz - cos0y 0-0739
tailed study of the LDF obtained from CORSIKA simula- Huaz = cos (1- (7)( ) ©)
0

tions [3] has shown that the derivatidég @) /d R fluctuates

very much from event to event in the distance range from© fix the absolute value of H,,,, > we need to fix the

0 to 100 m, but has an almost stable negative value in tfidéan value< X,,., > for the above mentioned energy.
range 100 - 200 m. The LDF shape is described by an exhe most reliable experimental estimation of the mean
pression with a Sing]e parameter, the Steep@ﬁ]‘ To depth of maximum by the data of our preViOUS Tunka-25
get a uniform estimation foP over a wide range of en- €xperimentis< X,,,, >= 560g - cm ™~ [4]. Recalculated
ergies, we remove from the analysis the detectors at col@the meanc inA > this value is in good agreement with
distances more than 200 m during the last step of parani@e results of some other experiments [7].

ter reconstruction. The so derived experimental recalculated dependence

P is strictly connected with the distance from the array td7maz VS. P is shown in Fig.3. It can be fitted with a linear
the EAS maximum [4]: expression:

Hpoz=A—-B-P (1) Hpor = 1279 — 2.085 - P (4)

MC simulations shows, that this relation does not depenthis expression was used for the estimationXof,, for
from energy and mass composition (Fig.1). each individual event.

The second parameter sensitive to the position of the EAS similar approach for the second parameter sensitive to
maximum is the pulse width at some fixed distance to théae position of EAS maximum(400) results in an expres-
shower core. We fixed this distance to 400 m and recalcgion connecting it with the thickness of matter between the
late values measured at detectors 200 to 400 meters awatyay and the EAS maximum in- em ™2

from the core to this value. To recalculate the FWHM,

the width-distance function (WDF) is used. This func- AX e = 3522 — 1699 - 7(400) (5)

tion was constructed on the basis of CORSIKA simula-

tion and descibed in [5]. Also it was shown ([5]), thatWe note once more that both expressions give a measure-
the value ofr(400) is connected with the thickness of thement of X, normalized at the same poirf{ = 3-10'°
atmosphere between the detector @ig., (AXmae = €V Ximaz = 560g - cm™2).

Xo/cost — Xpmaz) by the expression:

5 Experiment: < X,,,, > VS. E,
AX oz = C — D - lgTaoo. ) P mas 0
Recording the pulse waveform for each detector providekhe experimental dependence of meanX.,., > vs.

a more reliable measurement of the EAS maximum deptiimary energyE, obtained with two methods described

Xomaz, USing two different methods of LDF steepness an@bove in the energy range 10 — 3 - 10 will be shown
pulse width at 400 mr(400) measurement simultaneously.at the Conference.
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Figure 3:H,,.. vS.P dependence from experiment

The mean values of X,,.. > can be recalculated to the
mean values ok In A > by a simple method of interpo-
lation taking into account the corrections to the asymmetry
of the X, distribution, estimated at our previous work
[8]. The result of such approach will be shown at the Con-
ference too.

6 Acknowledgments

This work is supported by Russian Federation Ministery of
Science and Education (G/C 16.518.11.7051), the Russian
Foundation for Basic Research (grants 10-02-00222, 11-
02-0409, 11-02-91332).



