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AKALEMMSI HAYK CCCP
Sty reknit gpuanan CHOHPCKOrO OTACACHHs
FIHCTHTY T KOCMOGHIHHECKHX HCCAEA0BANMA W a3POHOMUN

Hayunsiii coper no komnaekchoit npotGaeme
"Kocmuueckue ayyu”

In 1972, A.E. Chudakov proposed
installing two photomultipliers and
two electron-optical converters with
identical fields of view of 45
degrees on the aircraft. All four
devices were to observe the
snow-covered surface of the Earth
from a height of about 10 km. Nerse RROTORMRS PeRCTES TREBOTOE OOPETETS DemAT M

BOSMOZHOCTH NDPAMOTO WSMEPEHHA NONHOrO NOTOXS YEpPeHKOSCKOro
CBeTE, COSZEBAEMOrO NMBHEM. JII8 BTOF0 HAXKO CBETONPUEMHME
pacTIONOXMTS Ha GOABWON BHCOTE, STOOM PErWCTPUpOBATL CBET,

JRCHHEPUMEHTAJIBHBIE METO/IbI
HCCTEJJOBAHNST KOCMUYECKUX JIYYEIR
CBEPXBBICOKHX DHEPIUIi

(Marepuaavt Beecowsnoro cumnosuyma,

19 - 23 wionn 1972 1., 2. Axyrck)

OTPaXEMHNt OT NOBEPXEOCTH, H8 KOTOPYO Nopser nnsens. Haeans—
HHE YCHOBMR B CMHCNE OTPOXEHNS YEPEHXOBCKOTO CBETS AKBHMA O
NOBEPXHOCTH JSMAM MOXHO OXMAS8TH B 30CHCEEHHON TYHZpPE B CEBEp—
Hux psfiosax CCCP,

SIKYTCK 1974
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The setup rises above the snow-covered surface of the earth
and records the reflected Cherenkov light of the EAS. The
measured signal is proportional to the total flow of Cherenkov
light of the EAS and the energy of the primary cosmic particle.
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It is possible to record the direct flow of Cherenkov light if a

wide-angle lens or a coding mask with a luminosity of about

A
EAs L i %%%%# 100 cm? is installed on the mirror.
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1’ : — L p A set of individual events from
: 2*? p, N and Fe primary particle
107 ta:\%ﬁﬁi obtained using the CORSIKA
E ' : : ; simulation for energies of
g 10° 4 5, 10 and 30 PeV.
% The Cherenkov light is collected on
5 10° : the observation surface on a
2.5x2.5m grid.
The lines show the limits of the

103

data spread in different grid cells.
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Measuring
equipment

Mirror

Mopgnoxka mMmosankn
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Direct
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Characteristics of the designed detectors

Parameter SPHERE-2 Prototype SPHERE-3

Effective sensitive area of optics (aperture 0,5 0,16 1,13
entrance window), m?

Mirror diameter, mm 1500 800° 2200°
Optical system viewing angle, degrees +25 +23" +23"
Number of mosaic elements 109 300° 2-3x103%"
Detector weight, kg 90 15" 100
Detector height, m up to 900 up to 500  up to 2000
(balloon) (UAV) (UAV)

* - preliminary

The 5t International Symposium on Cosmic Rays and Astrophysics (ISCRA-2025) 26 June 2025, MEPhI, Moscow



-10.00 DEG
v.00 DEG

N 21,00 DEG
1.0 B T T T T T T T T
v
w s
= - _
W s L “0BT: P00 DEG * i
O > .: £ :.
% ; n . 3 ﬁ’%*g . —
= & b

0 2 oo
z - b _
w v B

s 5 | IMA 3E97623 MM |
|_|_ x oge -
O s B
- x
g -2 —
A i
@]
(0 .2 1 1 1 I | I L 1 1
& 1YL . LYY 2B LY

RADIUS FROM CENTROID IN wu#m

Lens diameter 200 mm

The 5% International Symposium on Cosmic Rays and Astrophysics (ISCRA-2025) 26 June 2025, MEPhI, Moscow



Dual detection
geometry

200m 100m g

Every event was concerned
as a point in 2D feature
space: a for the direct light
and the ratio of the integral
over the inner circle of the
image to the integral over
the outer ring for the
reflected light
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Energy | 10 PeV 30 PeV
Incline |15° 20° 15° 20°
P 0.25 0.27 0.31 0.30
p-N 0.26 0.28 0.26 0.28
N-Fe 0.23 0.23 0.23 0.28
Fe 0.24 0.24 0.23 0.28
P P-N N-Fe Fe
0.32 0.32 0.31 0.33

Preliminary results of
the mass estimation
using the length of the

Here p - probability of proton
misclassification, p-N -
probability to take N for proton,
N-Fe — probability to take N for

major axis Fe, Fe - probability of Fe
misclassification.
\ p p-N |[N-Fe |Fe
0.22 0.15 0.19 0.14

Preliminary results of
the mass estimation
using dual

Preliminary results of the ege Lo
classification

mass estimation using ratio
of integrals of reflected light
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. Work is underway to improve the method for the detection of the reflected
Cherenkov light

. A preliminary design of the detector and optical system for the SPHERE-3
detector and its prototype has been developed.

. High sensitivity of the direct Cherenkov light to the primary mass was
demonstrated.

. Method of the primary mass estimation using the data of both detectors
was created
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