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A possibility was considered to detect cosmic particles and neutrinos of super-high energies using the electromagnetic induction of
the excess electrons in an extensive air shower (EAS) as well as in showers occurring in condensed media (ice, halite).
Electromagnetic induction caused by the showers occurring in the mentioned media was calculated. The structure of a detector based
on this principle has been offered. The detector response was calculated for different distances from the shower axis. The detector
energy threshold was estimated to be ~10'? eV for the showers in condensed media, and ~10'® for the EAS.
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The galactic sources of cosmic charged particles and neutrinos of super-high energies are the same astrophysical
objects. Supernovas and their remnants (pulsars) are the most powerful of them. Charged particles are accelerated
within the shells of Supernovas and in the immediate environment of the pulsars. Neutrinos are, mainly, decay products
of - and K-mesons. The latter are born in nuclear interactions of the accelerated charged particles with the medium
ambient to the mentioned objects. Dispersed background of such neutrinos that are born under the influence of cosmic
rays in the atmospheres of stars and planets, as well as in the intensive Galactic light fluxes also occurs. Cosmic
particles of super-high energies in the Earth atmosphere give rise to extensive air showers by which they are detected.
Neutrinos of super-high energies (>10'" eV) in thick layers of the medium interact via a stage of vector W-bosons birth,
which when decaying into hadrons and leptons are forming electron-photon showers as well. Unlike their characteristics
in the air, in the dense medium the showers have short periods of their development and transverse dimensions.
Therefore, in order to enlarge the effective detection area a technique is required to detect these showers at a large
distance from their axis. The showers in condensed transparent medium are generally detected by their Cerenkov optical
radiation.

This paper suggests detection of extensive air showers in the air and electron-photon showers in condensed
medium by magnetic induction of their excess electrons. The latter are formed in three elementary processes:
annihilation of shower positrons and the medium electrons when they are in flight; scattering of shower positrons and
electrons on the medium electrons and consequent generation of d-electrons; Compton electron generation caused by
the shower photon scattering on the medium electrons. Askar’yan G.A., a physicist from Moscow, was the first to
estimate the shower excess electrons [1].

DIFFERENTIAL ENERGY SPECTRUM OF EXCESS ELECTRONS OF ELECTRON-PHOTON SHOWERS
IN VARIOUS MEDIA
The calculation of excess electron differential energy spectrum as well as magnetic induction in the extensive air
showers (EAS) and in electron-photon showers originating in the condensed media was grounded on simulation of their
development process with using simplified approximation formulas for the shower theory. The procedure like this
allows simplifying rather intricate calculations without essential sacrifice of accuracy.

Energy spectra of charged particles and photons in the shower maximum development
The equilibrium Tamm-Belenky integral energy spectrum of shower electrons has been assumed as the basic one
[2]. From it the equilibrium integral energy spectrum of shower photons was derived [3]. Both equilibrium spectra are
of the same form as the spectra of particles and photons in the maximum shower development. Electron differential
spectrum approximation in the maximum shower development was derived from [4]:
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Spectrum (1) was normalized so, that j(p (E)dE =1. In formula (1) E is kinetic energy of shower electrons, MeV;
0

E.; — critical energy of shower particles in a selected medium. Spectrum (1) can be applied for extensive air showers at
the sea level too since its effective age at relatively small distances from the axis remains near one (what corresponds to
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the shower development maximum) in the wide range of development depths due to its replenishment by the nuclear-
cascade process. Relying on the spectrum (1) and on the interconnection between the integral energy spectra of
electrons and photons that was obtained from the shower theory [3], the authors suggested the approximation of the
photon differential energy spectrum in the shower maximum development in the form [5]:
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Here €=2.29E,/E.; E, — photon energy, MeV; 1y=0.7 — coefficient of photon absorption in light matters at high energies,
calculated for one radiation length [3].

Total number of charged particles at all the energies for light enough substances in the shower maximum
development is described by a simple expression [3]:
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where Ej — energy of the primary electron or photon that caused the shower (Ey >> E,;).

For extensive air showers expression (3) is non-applicable since they are detected on the Earth surface (at the sea
level) and not in their maximum development, and they are superposition of a number of partial showers produced by ¥-
quanta. Therefore the number of EAS particles was calculated by transforming the empirical formula that was derived
during investigations carried out on the Yakutsk EAS array [6]:
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where E, — cosmic particle primary energy in eV, N — total number of the EAS particles near the sea level.

Shower electron excess caused by positron annihilation in flight
Annihilation of shower positron in flight occurs both with bound medium electrons and with free ones. The
residuary shower excess electrons have the same energy spectrum as positrons absorbed in the process of annihilation.
Total effective annihilation cross-sections, as energy functions of on-flying positrons, are universal for any medium and
depend only upon the number of Z-electrons contained in a neutral atom [7]:
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Here indices "anl1" u "an2" are for the bound electrons and the free ones, accordingly. The other symbols are: a=1/137
— the fine structure constant, r;=2.8175-10"% ¢cm — the electron classic radius, y,=(E;+mc”)/mc® — on-flying positron
Lorenz factor, mc’=0.511 MeV — the electron (positron) rest energy. Minimal positron energy was assumed to be 1
MeV.

Ice (fresh water)
Differential energy spectrum of excess electrons formed in the process of annihilation is written as follows:
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The symbols in (7) denote the following: n,,=3.065-10" cm™ — concentration of water molecules in the ice;
Ax,, =0.12E/{p;..(dE/dX)a1} cm — ice layer thickness for single collisions (1/5 of the positron free path average length

with respect to interactions of all kinds); p,=0.917 g/em” — ice density; (dE/dX), — total specific positron energy
losses, MeV-cm?/ g (tabulated or calculated values); E., =73 MeV;

Air (75.5% N, + 23.15% O, + 1.292% Ar + 0.046% CO, +0.012% (Ne, etc.) in mass)
N (E)E = 0.5Nn,, Ax,, {0 (E) + 07, (E) jp"™ (E)dE . (8)
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Here n,=5.0-10 cm™ — effective concentration of conditional air molecules at the sea level;
Ax,, =0.12E/{p ., (dE/dX)w}cm — air layer thickness for single collisions; pair=1.205-10'3 g/cm3 (1 atm., 20°C);
Z.=7.233 — effective ordinal number of the conditional air atom; E.,=81 MeV; N is defined from (4) at the selected
energy of the primary cosmic particle Eo.

Halite (NaCl)
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Here ny,c=2.231-10% cm™; Axyac=0.12E/ {PNaci(dE/dX)ora} €M PNaci=2.165 g/cm3; E.=36.2 MeV. Table of symbols is
the same as in (7).

O-Electron excess caused by shower positron scattering on atomic electrons

Here only scattering of positrons, having kinetic energy E.:>1 MeV, is considered for the following reasons: only
the electron whose energy after the process of scattering is higher remains in the shower at low energies which happens
owing to the identity of shower electrons and medium electrons. This situation does not result in forming of the electron
excess. On the contrary, positron scattering results in appearance of the electrons in the shower, which were absent in it
before scattering, and in departure of the scattered positron from the shower, which is virtually tantamount to doubling
of the excess electrons number. Both the positron and the electron when scattering at high energies retain the on-flying
particle and the scattered one in the shower. Therefore one may not go beyond the calculation of the electron scattering
by shower positrons, and double the result.

Cross-section of positrons differential as to the energy of d-electrons is represented by formula [7]:
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where y,=(E. + mc?)/(mc”) — Lorenz-factor of the on-flying positron, E — kinetic energy of §-electron.

Ice (fresh water)
Differential energy spectrum of excess d-electrons in the shower maximum development is calculated by
integrating all the positron energies exceeding the energy of the knocked-out d-electron:
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In (11) all the symbols are analogous to those in (1), (3), (7), (10).
Air
N§"(E)dE =2-0.5Nn,, { jGW E,,E)Ax,, o™ (E,)dE, }dE. (12)
E.=E
The symbols are the same as in formulas (1), (4), (8), (10).

Halite (NaCl)
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The symbols are the same as in formulas (1), (3), (9), (10).

Compton electron excess caused by shower photon scattering on the medium electrons
Cross-section of the Compton scattering per one atom differential as to the scattered electron energy has the
following form [7]:
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Here E, — energy of the shower photon, MeV.

Ice (fresh water)
Differential energy spectrum of the excess electrons in the shower maximum development is calculated by
integrating all the shower photon energies exceeding a certain minimal energy EYmin which is the function of the
scattered electron energy. The Compton electron minimal energy E =1 MeV.
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Here E,"" =0.5(E +VE* +2mc’E), MeV; Ax,, = 0.2/,ul.a, (E,) em (1/5 of the average length of a photon free path)
where £, (E,) is linear coefficient of y-radiation intensity attenuation in the ice. The other values are described in (2),
(3), (7), and (14).

Air
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All the symbols are the same. Ax,;=0.2/W,i(E,) cm, where W,;(E,) — linear coefficient of y-radiation intensity attenuation
in the air.

Halite (NaCl)
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The symbols are the same. AXnac=0.2/Unaci(Ey) ¢cm, where pnaci(E,) — is linear coefficient of y-radiation intensity
attenuation in halite.

Total energy spectrum of the excess electrons in a shower or in EAS
Differential energy spectrum of the excess electrons summed up with all the considered effects taken into account
and normalized to the total number of particles in the shower maximum development (ice, halite) or to the total number
of EAS particles at the sea level (air) is:
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In Fig. 1 spectra (18) for ice, air, and halite are shown. The steps in all the spectra are due to the minimal linear
coefficient of y-radiation intensity attenuation [, at energy E =10 MeV. Relative integral excess of shower electrons
with energy E = 1 MeV is ~ 23% for ice, ~ 20% for air, and ~ 15% for halite. Integral excess for ice agrees well with
the data obtained using Monte-Carlo method in [8]. At an arbitrary depth of the shower development in a condensed
medium the spectrum (1) was transformed to the form:
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where s — age parameter (see below). Accordingly, the spectrum (18) is roughly replaced by s-F.(E)dE.
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Fig.1. Differential energy spectra of the relative excess of shower electrons in ice, air, and halite. Integral relative
electron excess at energy E > 1 MeV in the shower maximum development makes 23%, 20% and 15%, accordingly.

MAGNETIC INDUCTION OF ELECTRON-PHOTON AND EXTENSIVE AIR SHOWERS
A shower is a relativistically compressed, thin, azimuthally symmetrical disk formed of relativistic electrons,
positrons and y-quanta that is traveling in a medium with velocity virtually equal to that of light in vacuum. Radial,
relative to the shower axis, distribution of charged particle number density (the number of particles referred to the unit
area element) for the sake of simplicity is generally described as a Greisen approximation [9] for Nishimura and
Kamata function [10,11]:

PU,U:W(L] (1+L) | N(x), (20)
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where r — is the distance between the particle and the shower axis, r,,=(EX0)/(EcrPsub) — 1s Moliere radius, E=21 MeV;
Xo — radiation length in the matter where the shower is developed (for ice x,=36.08 g/cm’, for air x,=37.1 g/cm?’, for
halite x;=22.2 g/cmz; Psub 1S the matter density g/cm3. Moliere radius r,=11.3 c¢cm for ice and r,,=5.95 cm for halite. The
electron excess is supposed to have the same distribution in the shower as all the particles have. Cascade curve of the

electron-photon shower [9] is:
N(x)=—23L_exp (i](l—l.sm(s)) , @1
In| —
Ecr
where x>0 — the matter present thickness; s=3x/[x+2x,In(E(/E;)] — age-parameter (N(x)=N.x — in its maximum (see
formula (3)) for s=1).

The EAS particle radial density at the sea level is often described by Greisen approximation for Nishimura and
Kamata function, but with Linsly modifications [12]. For the EAS whose energy is higher than 5-10'% eV (N>107)

p(r) = 1'62 (L] {1+LJ lN, (22)
20\ r r
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and Moliere radius r,,=78.9 m. At lower energies the distribution (22) becomes more flat due to the second exponent
decrease as to its absolute value, what is caused by EAS "aging".

In the medium at the distance R from the shower or the EAS the excess relativistic electron forms magnetic field
H(t, R), which is the function of the running time t common for all the particles [13] (see Fig.2):

efll— B*)sin@
H(t,R)= ZIB( Zﬁ)z 3/2 " (23)
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In this formula e — electron charge; P — ratio of the particle velocity to the velocity of light in vacuum; L=[(R*+r*-
2chosq)r+[[3c(t—r)]2)]1/2 — the distance from the point of observation to the shower electron at the point of time t;
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2
. t— . . . . . . . .
sinf = 1—[@} , 0 — the angle between the particle velocity direction and its electric field direction;

n’ . . . . . .
T=—\/ R* +7r*> —2rRcos ¢, — time of the electric and magnetic field spread in the medium from the shower particle
c

to the point of observation, which coincided with the shower bunch plane; ¢, — azimuthal angle of the radius-vector r of
an electron in the shower disk; n” — index of the sphere refraction in the radio-frequency range: n’i.e=1.3; n'nuc=1.4;
5 =1.00027=1".

Longitudinal relativistic current of the excess electrons produces magnetic induction in a medium at a distance R
from the EAS axis (see Fig. 2).

B(t,R)=10""u deT rdr j” F. . (E)p(r)H(t,R)cos odg,, (24)
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where L — is relative magnetic permeability of the medium in which the magnetic induction is measured. It will be
shown below that | should be chosen equal to 150. Functions F.(E), p(r) and H(t,R) that have been described in
formulas (18), (22), and (23) were included in the subintegral expression. The projecting cosine coso=(R-r-cos,)/L, in
which the angle o is counted out between vector H and the direction normal to the shower axis and the radius-
vector R of the point of observation. Magnetic field in (23) is calculated in gausses using CGSM system of units. Factor

10 appears in (24) when we turn to SI-system. In media with radio-wave refraction index n>1 the magnetic field lags
behind the field-generating particles, therefore it follows the shower to its axis under the Cerenkov angle.
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Fig.2. Geometric scheme of the shower magnetic induction formation at the point of observation. The symbols are
described in the text.

Within the condensed media the path of the shower development and degradation is estimated to be several
meters, therefore the expression (24) will be changed. s(x) (age parameter) and p(r,x) (shower particle density) should
be inserted under the integral sign, and x should be expressed as a function of the running time t (see formulas (20) and

21):
B(t,R)=10"u deT rdr j” S(OF. (E)p(r,t)H(t,R)cos od @, , (25)

x=xoIn(E¢/E)+Pc(t-T). Here x and x, are assumed to be measured in centimeters. Since a shower starts at x=0, then
minimal time t,,;, at any values of T should not yield negative x.

" After completing this calculations the authors specified the values of refraction indices within the radio-frequency range:
<(o>=1.775, <n’nac>=2.366, <n’,;>=1.00034 (with water vapor influence taking into account). The calculation results for the value
and shape of the output magnetic induction pulses will be corrected in the process of preparation to real experiments.
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Figures 3 and 4 summarize the calculation results on magnetic induction of electron-photon showers in ice and
halite, as well as that of extensive air showers in air as functions of time and distance from their axis, based on formulas
(24) and (25). The pulse amplitude of the magnetic induction is quite predictable to decrease in inverse proportion to the
squared distance (see (23)) with increasing the pulse duration. In condensed media the pulse duration for long distances
is limited by the time of the shower development and absorption, and its shape roughly replicates that of the cascade
curve as the time function t.

1510 B(t), T 2410 B(M), T 281079 B(t), T
10" r I
i 12107 141079
510710~ L F
r [ r t,ns
0 ! L ng 0 ! tns 0 ‘ o
2 4 6 8 30 40 50 60 420 440 460 480
a) b) c)

Fig.3. Magnetic induction per one particle in the maximum of the electron-photon shower B(t) in ice (bold curve),
and in halite at different distances.
a) R=1m, b) R=10 m, ¢) R=100 m. B(t) was calculated in teslas (T), t — in nanoseconds (ns), u=150.

Now a certain technical device should be chosen to efficiently detect the shower magnetic induction.
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Fig. 4. Magnetic induction per one particle in extensive air showers B(t) at the sea level at different distances.
B(t) is calculated in teslas (T), t — in microseconds (us), u=150.

DETECTOR OF SHOWER MAGNETIC INDUCTION

A coaxial cable coil in the form of a circle is used as a magnetic induction detector. For simplicity sake the
detector area S may be assumed to be 1 m”. The outer cable conductor should be cut half way around in order to avoid
short circuit electric currents running through it and, hence, compensation of the currents running through the inner
conductor. It will serve as an electric shield for the inner conductor. It is advisable to use a miniature coaxial cable with
wave resistance pp=50 Ohm. To amplify the shower magnetic induction the coil area should be filled with a high-
frequency thermostable ferromagnetic material. M-metal type 150-HF nickel-zinc ferrites, whose relative magnetic
permeability u=130+170 does not change up to 20 MHz, may answer these demands to some extent. The tiny cable is
put down into a slot at the edge of the ferrite plate. Technological feasibility to manufacture a plate of such a large arca
has not been considered yet. The coaxial cable loop forms a sneak parallel oscillatory-circuit with a resonant frequency.

1
= 26
res 2ipy it (26)
where I, pp, C — are, accordingly, length, wave resistance, and linear capacity of the cable section. The product of
poC=5-10" Ohm'F for conventional coaxial cables. Assuming / =3.55 m (S=1 m?), p=150 in equation (26) we will have
f,c=7.32-10° Hz. To make the detector pass-band wider one should use a band-pass filter of a ladder type [14], with the
detector parasitic oscillatory-circuit serving as an input component. A version of the detector is shown in Fig. 5. The
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filter parameters are as follows: p;=pol’=612 Ohm; lower cut-off frequency f,=25 kHz, upper cut-off frequency

f.1=21.44 MHz, Af=f,—f,=21.44 MHz, C,=C4=355 pF, Li=L,s~=133 pH, C,=532 pF, L,=88,8 uH, C;=0.61 uF,
L;=0.0778 uH. The authors calculated and measured minutely the real frequency response of this filter, but in order to
simplify further calculations they assumed it to be ideal.

band-pass
amplifier

| |

storage
oscillograph
TDS 3014

a) b)
Fig. 5. The shower magnetic induction detector.
a) Block diagram of the detector. The detector space was filled with a high-frequency thermostable ferrite having relative magnetic
permeability u=150. b) Possible configuration of the ferrite infill for three-coordinated system of magnetic induction detectors.

MAGNETIC INDUCTION FLOW ACROSS THE DETECTOR AREA
Let us place the detector in the plane formed by the shower axis and the observation-point radius-vector R. The
magnetic flow across the detector area does not cover it straight away, but moves over it in the longitudinal and radial
directions. Therefore it constitutes composition of the magnetic induction and the detector area component variable in
time:

d%t,R):i#z2 j‘B(t,R)\/%(t—t')—(t—t')zdt‘, 27

where d=2(S/Tt)1/2=2/Tcl/2 — is the detector diameter (S=1 m?), t'<t, t;=(n’d)/c — maximum time of the magnetic induction
motion over the detector area, n” — refraction index of the medium where the shower develops. The results of the
calculations made using formula (27) for the showers in ice and halite are summarized in Fig. 6. EAS magnetic flow at
long distances, expressed in webers, numerically coincided with magnetic induction (see Fig. 4), therefore its graphic
chart has not been shown.
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Fig. 6. Magnetic induction flow per one particle in the electron-photon shower maximum F(t) in ice (bold line),
and in halite at different distances.
a) R=1 m, b) R=10 m, ¢) R=100 m. F(t) was calculated in webers (Wb), t — in nanoseconds (ns), u=150.

MAGNETOINDUCTIVE SHOWER PULSES ARISING AT THE DETECTOR INPUT AND THE FILTER

OUTPUT
Electromotive force (EMF) of the electromagnetic induction Uj,(t, R) at the filter input was calculated by formula:
dd(t,R
U, (t.R)=-22CR 29

dt
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and was measured in volts (V). The results of EMF calculations by formula (28) for showers in condensed media are
shown in Fig.7.

21070, . V 410970, (0, V 4107 U0, V
107 210°— 2107~
o o o
407 2.10°— 210"~
L t,ns r t, ns [ t,ns
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0 4 8 12 16 30 40 50 60 420 440 460 480
a) b) c)

Fig. 7. Magnetoinductive pulses per one particle in shower maximum in ice (bold lines), and in halite at the filter input at different
distances. a) R=1 m, b) R=10 m, ¢) R=100 m. u=150.

Magnetoinductive pulse at the detector output is the evaluation result of convolution of the incoming pulse and the
normalized pulse-response of the band-pass filter h(t):

U, (t,R) = ij ¢, RYh(t - ")dr". (29)

Here h(t) = Mcos[ﬂ(}‘+1 +1, )t], the normality condition: Ih(t)dt =1 and #'<t, as the signal at the

output cannot pass ahead the signal at the filter input.

Fig. 8 shows the magnitude and shape of the magnetoinductive pulses at the output of the detector of the showers
that have reached their maximum in condensed media (according to (29)).
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Fig. 8. Magnetoinductive pulses for one particle in shower-maximum in ice (bold curves), and in halite
at the filter output (Fig. 5) at different distances. a) R=1 m, b) R=10 m, ¢) R=100 m. p=150.

In Fig. 9 input and output magnetoinductive pulses caused by EAS and recorded by the same detector are shown.

It should be noted that the described method has restrictions for small distances, both in condensed media, and in
air. In condensed media the detector considerable dimensions, comparable to radial distance from the axis of the
shower, cause indeterminancy due to strong diversion of the magnetic induction magnitude and shape as a function of
time within the detector overall dimensions. In air the Moliere radius is long (r,,=78.9 m), and the detector, which has
appeared inside a shower, will add up magnetic fields of various directions, including mutually antithetical. This will
also cause distortion of the function radial distribution of the output signal amplitude at small distances. Therefore,
when showers are detected in condensed media, minimum detection distances should exceed overall dimensions of the
detector several times, and for EAS — R>(2+3) 1y,

To increase sensitivity of the EAS magnetic detector (Fig.5) at considerable distances one should use the M-
manganese-zinc ferrites such as 2000MN3 with higher thermal stability. Their working frequency range lays in the
interval f=0+1MHz. In this case the filter parameters will be: relative magnetic conductivity u=2000, f-,=40 kHz, f, ;=1

MHz, Af=f,-£,=0,96 MHz, pl=p0 [y =2.236 kQ, =02 MHz, C1=C4=355 pF, L1=L4=397 uH, C2=53.2 pF,
L2=1,19 uH, C3=1,636-10* pF, L3=38,7 uH.
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Fig. 9. Magnetoinductive pulses per one particle of EAS at the detector input and output (bold curves).

The distance from the point of observation to EAS axis R=1 km (a), 3 km (b), 10 km (c), u=150.

Epures of magnetoinductive pulses at the output of the filter with the above-mentioned performances are shown in

Fig. 10.
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Fig.10. Magnetoinductive pulses per one particle of EAS at the magnetic detector input and output (bold curves).
The distance between the observation point and the EAS axis R=1 km (a), 3 km (b), 10 km (c). p=2000.
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Fig.11. Radial distribution of magnetic induction normalized for one particle in the shower maximum
and corresponding amplitudes of the output magnetoinductive pulse of showers in ice (bold curves) and halite, u=150.

As the result of all evaluations, in Fig. 11 and 12 radial distributions of amplitudes of the magnetic induction and

the output induction pulses of showers, accordingly, in condensed media and in air are given. Using them one can
evaluate the energy threshold for the neutrinos detected in thick strata of ice or halite (EY~1012 eV) and the galaxy
cosmic charged particles (Eg~10' eV).
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Fig. 12. Radial distribution of magnetic induction normalized for one particle at the sea level and corresponding amplitude
of the output magnetoinductive pulses of EAS for p=150 (a), and p=2000 (b).

CONCLUSION

The calculations of the magnetoinductive effect similar to those demonstrated above were performed with the
assistance of the authors earlier as well, although they were not so comprehensive [5, 15-17]. Every time they were
stimulated by putting into operation of large-scale experimental EAS detecting facilities such as Yakut device and
AKENO (AGASA), or by such outstanding projects as EAS-1000, PIERRE AUGER. The experiments with neutrinos
performed in Baikal lake (ND-200) and in the Antarctica ice stratums (AMANDA) became an analogous incentive for
the authors. We have known about some independent works of some other authors in which magnetoinductive effect
was evaluated and a technique of its detection, different from that described above, was proposed [18, 19].

Possible applications of the magnetoinductive method were considered by the authors earlier [5, 17]. First of all, it
was an examination of the initial power spectrum of cosmic rays in the range of relict truncating energy [20, 21]. It is
possible to manufacture a system of induction detectors, with the effective range of EAS detection up to 300 sq. km. For
this purpose, it is necessary to arrange three detectors in three mutually perpendicular (vertical and horizontal) planes at

one point of observation. Then, the total amplitude of their output pulses U, (R) = \/ (U )2 + (U out )2 + (U out )f , Where

out /x y

indexes x, y, z were for the pulse amplitudes defined by the detectors versus magnetic induction projections to the
coordinate axes, would not depend on the direction of EAS arrival. But, at the same time, the direction cosines of EAS
axis would be defined. By the least estimations, productivity of the combined detector in registering EAS with energy
E>4-10" eV (N>10'") is likely to be 3+4 events per year. The system comprising three detectors does not require a lot
of place and can be located in a region proof from anthropogenic electrical and magnetic disturbances, for example, on
top of a predominant mountain. In this case the solid angle of detectors would increase almost twice and can attain 7 sr,
what would give the same increase of productivity in EAS detection. But here selection of EAS and fixation of the
instant of its arrival should be done using two charged particle detectors of considerable dimensions connected to the
coincidence circuit, and located in immediate proximity from the system of detectors. A principal shortage of such an
application of the magnetoinductive method is a serious error in definition of the EAS arrival instant owing to the
considerable curvature of its front and growth of its width at the circumference. Application of considerable number of
detecting magnetic systems is much more favorable.

Promising (but not unique) territory for the arrangement of systems of magnetic induction detectors is Antarctica.
Despite severe climatic conditions, conducting of experiment in Antarctica has advantages due to lack of thunderstorms,
industrial radio noises, and its vast not populated territory. Mounting the above mentioned systems of magnetic
detectors with a local entry of the information at the distance of ~5 km from one another, it is possible to provide as
much of effective area of EAS detection as you like. As long as Uy (R)=¢& N/R? (see Fig. 12), where & — a dimension
factor of proportionality, one can do without application of detectors of charged particles. Distance R between the
observation point and the EAS axis was proportional to the induction pulse delay time relative to the moment of the
particle bunch central part passing through the plane in which radius-vector R (see Fig. 2) was situated. Uniform time
scale for all self-sufficient systems of magnetic detectors at given accuracy ~10 nanoseconds ensures precise enough
measurement of value R. For this purpose the induction signal arrival at not less than two observation points is
necessary. Factor & for the magnetic detectors to be used was computed and then checked and refined in the process of
preliminary tests on one of the operating EAS detecting facilities. The number of particles in EAS was determined at
known U,(R), & and R.

In the same place, in Antarctica, deep in ice, vertical chains of analogous systems of magnetic detectors can detect
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neutrinos of ultrahigh energies, and such an experiment under the title AMANDA, but with application of traditional
optical Cerenkov method, has already been under implementation [22]. The distance between the chains was
determined by the energy threshold of the detected showers (see Fig. 11). Polarity of the registered signals would
depend on the global direction of neutrino arrival (from the upper or lower hemispheres).

Halite-fields also may serve as a natural target for interactions among cosmic neutrinos of super-high energies.
Just such a halite-field is Solotvin salt-mine (Transcarpathian region, Ukraine) whose cupola volume is more than 1 km’
[23]. The cupola top part together with the layer of pebbles and marl with thickness of about 34 meters is at a height of
283.7 meters above the sea level, and its base is at a great depth (more than 1 km). The layer of pebbles shields fairly
well the volume filled with halite from the outside high-frequency electric disturbances, thus maintaining rather high
sensibility of recording apparatus. Therefore, the Solotvin field would be rather promising for arranging the systems of
magnetic induction detectors at its area. Most likely, it is not an unique example of a salt-mine of this kind in the
terrestrial globe. As, for example, the Artemovsk field that is also in Ukraine.
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BO3MOXKHOCTDb JIETEKTUPOBAHUSI KOCMHUUYECKUX YACTHUILI U HEUTPUHO CBEPXBBICOKHX
SHEPI'U1 B ATMOC®EPHOM BO3AYXE U KOHAEHCHUPOBAHHBIX CPEJJIAX
MATHUTOUHAYKIIUOHHbBIM METOAOM
B.M. Kaprames, B.E. KotyHn, O.K. Muuko, 1O.I1. [loaropaukasn, E.C. lImatko, U.U. 3am060Bckuii
Xapvroeckuil Hayuonanvhwiil ynusepcumem um. B.H. Kapasuna, Xapvros, Ykpauna

PaccMoTpeHa BO3MOXKHOCTH JETEKTHPOBAHMS KOCMHUYECKMX 4YaCTHI[ ¥ HEHTPUHO CBEPXBBICOKMX OSHEpPrMH Ha OCHOBE
NIEKTPOMArHUTHOI MHAYKINH JIEKTPOHHOTO W30BITKa B ITUPOKOM aTMocheproM juBHE (IIIAJ]) 1 B TUBHAX B KOHACHCHPOBAHHBIX
cpenax (n€n, ramut). IlpomsBemeH pacyér >IEKTPOMArHUTHOW HMHIAYKUMH OT JIMBHEH B YyKa3zaHHbIX cpenax. [Ipemmoxena
KOHCTPYKIIHSI AE€TEKTOpa, OCHOBAaHHOTO Ha JAHHOM INIPUHIUIE. PaccunTaH OTKIMK AETEKTOpa Ha Pa3IWYHBIX PACCTOSHHUAX OT OCH
nuBHS. OIeHEH SHEPreTHUECK i MOPOr JeTeKTOpa, cocTaBisomui ~10'2 3B s HBHel B KOHASHCHPOBAHHBIX cpenax i ~10'¢ 5B
s HTAJL.

KJ/JIIOUEBBIE CJIOBA: mmpokuii atMocepHBIl JHMBEHb, AIEKTPOHHBIA H30BITOK, AJIEKTPOMAarHWTHAs WHIYKIHS JIUBHS,
HHJTYKI[HOHHBIH TETEKTOP.
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