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Abstract: New SPHERE-2 detector basic parameters are described. Blewneetric method is used
to study the primary cosmic rays energy spectrum and chérodgaposition at energy region 10 PeV
- 1 EeV. The method is practically independent of the pagtinteraction model. Results of CORSIKA
simulation of detector are presented. Lifted by the tetthdvalloon to the 1 km altitude detector will
detect EAS Cherenkov light reflected from the snow frozeffieser of Baikal lake. First measurements
are planned to the beginning of 2008.

Introduction vice (spherical mirror with Shmidt diaphragm ar
retina of photomultiphliers) [3] named SPHER
The main goal of SPHERE-2 experiment on the The first measurements by means of SPHERI
present stage is an investigation of the primary cos- detector were carried out in 1997-2000 years
mic ray (CR) energy spectrum and nuclear compo- 5, 6, 7, 8, 9. The improved SPHERE-2 dete
sition at the energy range 10- 10'® eV. There are  tor creation to be finished this year. The meast
serious indications that the main part of CR at this ments above the Baikal lake snow-covered surf
energy range is formed by extragalactic CR. The are planned to start next year. The detector will
sharp change of CR nuclear composition must be lifted by the tethered balloon to a height of 1-3 ki
detected in this case [1]. The new method of CR composition determinati
The experimental data about CR nuclear composi- is presented here. The preliminary results of 1
tion at energies of 1§ — 10'8 eV are rather poor ~ simulation calculations are discussed. The po:
and controversial. One of way to clarify the prob- bility of the CR mass composition estimation wit|
lem is to study the EAS Cherenkov light (ChL) lat- out X, reconstruction is shown.
eral distribution function (LDF) shape by means
of large array of Cherenkov light detectors covered
area more then 1 kfn

A. E. Chudakov suggested another tecnique [2]. The SPHERE-2 detector consists of the 7-segn

Small dewce. (photo camera and electron-optic 1500 mm diameter spherical mirror with 940 m
transformer) lifted above the snow-covered surface ) .
curvature radius and the retina of 109 photom

of the Earth detects the EAS Cherenkov light re- tipliers (PMT) FEU—84—3. The 930 mm Shmil

flected from the Show. _Later R.A. A’?tO”OV propo- diaphragm is installed in front of the mirror to be
sed to use more sensitive and more informative de- ; : . .
ter spatial resolution. The visual angle is equal

SPHERE-2 detector
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Energy, | Nuclear || Event Qtotal Qo500 Q150 U] o5
PeV number|| Q/Qre | % || Q/Qrc | 0.% || Q/Qrc | 0,% |
1 p 12 1.36 9 1.56 12 1.45 10 3.065| 0.474
Fe 10 1 2.2 1 5 1 4 2.062| 0.220
10 D 13 1.20 4 1.34 6 1.21 5 4.317| 0.860
N 33 1.08 2.7 1.12 5 1.09 3 3.173| 0.377
Fe 16 1 2.5 1 5 1 3 2.731| 0.267

Table 1: Average values and standard deviatio®gf.;, Qo—_500 andQ159, normalized taF'e nucleus

52 degrees. The device is lifted up to the altitude butions of Cherenkov photons within wave-lenc
of 1-3 km by balloon during moonless nights and range of A\ = 310-650 nm at the reflection lev«
registers images of EAS light spots on the snow (Baikal Lake, 455 m above sea level) were stol
surface. The diameter of surface area observedinside the area 1200 x 12002nwith 2.5 x 2.5
by each PMT varies from 60 m at 1 km height to m? squares. The arrival time in each square v
180 m at 3 km. divided in 100 cells 5 ns each. The total nui

Light pulse profiles in each channel are detected ber of Cherenkov photons, reached reflection le
with 25 ns discreteness. The range of each chan-Qtotal, Were calculated as a sum over all square
nel is 1¢* due to use of two 10-bit ADCs and two On the second stage calculated Cherenkov li
amplifiers with rates 1 and 10. Three (soft master) space-time distributions were used for SPHER
or seven (hard master) tangent PMT pulses coin- 2 response simulation and for processing in or
cidence during lus is required for the trigger to  to restore primary particle parameters. The qu.
start. tization of the PMT pulses, errors of the electr
number reconstruction and starry sky backgrot
light fluctuations were not taken into account. T
EAS detector image was presented as 109 pu

_ with 25 ns resolution, calculated for actual devi
One of the SPHERE detector advantages is a ca-configuration.

pacity for the EAS ChL detection both at imme-
diate vicinity of EAS axis and at large distances
from the axis. The new CR composition determi-
nation method is based on the analysis of the EAS
Cherenkov light lateral distribution function (LDF)
shape. As calculations show the slopes of the ChL
LDF are remarcable differ for EAS generated by
the different primary nuclei.

CR composition determination method

Results

Parameters) .4, integral of the Cherenkov ligh
LDF in 500 m radius circlely_500 or light den-
sity at the distance 150 m from shower aglssg
can be used for the primary particle eneigyesti-
mation. The average values and standard devia
of Qtotal, Qo—s00 andQ 150, Normalized taF'e nu-
Simulation calculations cleus, are shown in the Table 1. It shows that"
indefinition of nuclear composition can cause ¢
The main goal of the simulation calculations wasto itional error to the primary particle enerdy, de-

search for ChL measurable characteristics strongly termination from 25% at energy 1 PeV to 15%
correlated with primary particle energy and mass. energy 10 PeV.

The programm CORSIKA 6.50 with QGSJET op-
tion was used for the simulation calculations.

Protonsp, nitrogen N and iron Fe nuclei with

energies 1 and 10 PeV EAS were simulated on
the first stage. EAS with axes within 20 degrees
half-span vertical cone were calculated. The distri-

Spectral indexes of ChL LDF can be used as a b
indicator of nuclear number [10].

New method is based on the SPHERE capacity
ChL LDF measurement in wide range of distan:
from the EAS axis and provides the possibility
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Figure 1: Cherenkov light distribution function 2 3 4 a 5 6
— 0-130
Q250-350

simultaneous primary nuclear energy and kind de- rigyre 2:4) distributions for energies 1 and 10 Pe
termination. Fig. 1 shows calculated ChL LDF for

p and F'e with energies 1 and 10 PeV (curves) and

estimations of the ChL densities, derived from the Qy_500 indicates an average value B§ (avereged
responses of PMT retina cells (circles). Fig. 1 con- for all nucleus),p-group andF'e-group are sepa
firms that Cherenkov light densities in centers of rated by parametef as on Fig. 2, then thé& is
retina cell visual fields can be reestablished using defined more exactly taking into account the pa
integral light signals detected in retina cells. The cle kind.

level of light density corresponding to 1 photoelec-

tron per cell signal is shown on the Fig. 1 too. Conclusions

The greatest difference betweprand Fe nuclei _
LDF takes place at distances 0-130 m and 250-There are two different methods to analy

350 m from the EAS axis. The parametgr= the nuclear composition in SPHERE-2 expe
Qo-130/Q250—350 Was chosen to distinguish the ment. The main parameter in the first meth
nuclei kind. IS Xmaz [11]. The main parameter in the se

The Normaly distributions with mean valuegsand pnd new method of LDF analysis _described h
dispersionss,, of calculated ones for energies 1 'S " = Qo-130/Q250-s50. It take into accoun
and 10 PeV are shown on the Fig. 2. Values of cascade differences of different nuclei better tt
77 ando,, are listed in two last columns of Table 1. Xmaz paramefter. Calorlrr:etrlc. mtEgraI pﬁranj
Distributions forp and Fe showers for fixedE, ters are used for LDF analysis in the method
on Fig. 2 intersects only at wings. Reatlistribu- it caused the lesser depender_nce of the model
tions are more like gamma ones, they have a Sharprameters of CORSIKA calculations.

boundary on the left and exponential tail on the The simulation calculations show that second r
right. Anyway, parameten allows to distinguish ~ thod can improves the estimation of the CR nucl
p andFe showers with uncertainty less than 10%. composition at energy range 10- 10' eV. Fur-
Fig. 3 shows correlation betweenandQ_ s at thermore perhaps it will give a new possibility 1
three values ofj,. One can see that boundary measure the individual energy spectra for distil
value ofn betweenp and F'e groups (solid line) nuclei gr_Ol_"pS' _
depends ofF, weekly. This calculated bound- The devising of new ChL LDF method is at tf
ary curve may be used for separation pfand beginning and all results are substantially prelir
Fe groups in the experiment. Measured parameter nary.
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Figure 3: Correlation betweepand@q_soo

The measurements at Baikal Lake with SPHERE-

2 device are scheduled to start next year and a
few expositions sets are planned during 2008-2010

years.
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