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Abstract: Distribution of high energy cosmic rays in heliosphere is defined mainly by large-scale dynamic processes
in solar wind. Continuous registration of such particles is made now by the neutron monitirs and muon telescopes.
Characteristics of obsereved cosmic ray intensity are defined by technical possibilities of the devices, its geographical
position and type of observable secondary particles.

In the given paper the information about the modern cosmic ray spectrograph after A.I.Kuzmin and calculations of the
acceptance characteristics of the muon telescopes are presented.
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1 Introduction

Variations of cosmic rays (CRs) reflect dynamic process-
es in solar wind and their studying allows to judge about
physical properties of the heliosphere. Particles of high
energies bear the information on the most large-scale pro-
cesses, up to changes of properties of the heliosphere as a
whole. Continuous registration of such particles is made,
mainly, by the ground equipment. One of the point on the
Earth’s surface for monitoring of high energy CRs is the
Yakutsk CR spectrograph after A.I. Kuzmin. The spectro-
graph consists of the neutron monitor 24NM64, the ioniza-
tion chamber S-1 and the muon telescopes on the surface of
the Earth (MT0) and under the ground in the depths of 7
meters (MT7), 20 meters (MT20) and 40 meters (MT40)
of the water equivalent (m w. e.). Each telescope (figure
1) consists of a set of definitely located 52 gas-discharge
counters SGM-14 and is focused in 5 directions: vertical
and under angles of 30, 60 degrees in the directions of the
North and the South. The purpose of the given paper is
definition of the acceptance characteristics (or acceptance
vectors [1]) of the muon telescopes of the Yakutsk spectro-
graph CR [2].

2 Station Specifications

The coordinates of the Yakutsk CR spectrograph are the
latitude - 61059′N , the longitude - 129041′E and the alti-
tude above sea level - 94.8m. The rigidity cut-off is 1.65
GV. The median energies for the muon telescopes are listed
in the Table 1.

Figure 1: The muon telescope of the Yakutsk spectrograph
on the level of 20 m w. e.

3 Method of the Acceptance Vectors

Distribution of CRs in the sphere I(Θ, φ) is convenient to
present by [1] decomposition into the series of spherical
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telescopes vertical 300 N,S 600 N,S
MT0 60 GeV 63 GeV 82 GeV
MT7 77 GeV 82 GeV 98 GeV
MT20 110 GeV 115 GeV 130 GeV
MT40 146 GeV 156 GeV 168 GeV

Table 1: The median energies for muon telescopes at dif-
ferent angles of the registration.

harmonic functions:

I(Θ, φ) =

∞∑

n=0

n∑

m=0

(amn cos(mφ) + bmn sin(mφ))Pm
n (sinΘ)

where Θ, φ - latitudinal and longitudinal angles in the cer-
tain system of coordinates, Pm

n (sinΘ) - the associated
Legendre functions. If to present distribution I(Θ, φ) in the
form of a multidimensional vector−→A = {amn , bmn }, than for
each device it is possible to define a multidimensional ac-
ceptance vector −→R = {xm

n , ymn } of such kind that the CR
intensity I registered by the device would be equal to the
scalar product I =

−→
A · −→R .

For calculation of the acceptance vectors −→R of the real
device it is necessary to know its diagram of the orien-
tation N(Θ, φ, coupling coefficients for registered parti-
cles W (E), asymptotic angles of arrival of particles Ψ,Φ
and the spectrum of observable variations of CR intensity
fn(E) [1]. Then for calculation of the component of the
acceptance vectors we have the following:

zmn =

∞∫
Rc

2π∫
0

π/2∫
0

W (E)fn(E)N(Θ, φ) sinΘ · exp(imΨ)

∞∫
Rc

2π∫
0

π/2∫
0

W (E)fn(E)N(Θ, φ)

×Pm
n (sinΦ)dEdφdΘ

sinΘdEdφdΘ

where zmn = xm
n + iymn , Rc- geomagnetic cutt-off rigidity,

i-imaginary unit.

4 Directional Diagram of the Telescope

Each device is focused on a certain part of the sky sphere
defined by its directional diagram:

N(Θ, φ) =

2π∫

0

π/2∫

0

S(Θ, φ) cosγ+1 ΘsinΘdφdΘ

here γ- the index of angular distribution, which depends
on the depth of registration under the ground, S(Θ, φ) - the

area of coincidence for the detectors chosen in the direction
depending on the latitudinal Θ and the azimuthal φ angles
of arrival of particles. On the figure 2, 3, 4 directional dia-
grams for muon telescopes of the Yakutsk CR spectrograph
are presented.

Figure 2: The zenithal (a) and azimuthal (b) diagrams for
vertical telescopes.

Figure 3: The zenithal (a) and azimuthal (b) diagrams for
telescopes under the angle 300
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Figure 4: The zenithal (a) and azimuthal (b) diagrams for
telescopes under the angle 600

5 Coupling Coefficients

Communication of secondary CRs with the primary ones
observed by the land equipment is defined by coupling co-
efficients W (E), which show the contribution of various
primary energies in the observable intensity. Muon com-
ponent is made basically by particles with energies above
the geomagnetic cut-off rigidities. Therefore it is neces-
sary to make detailed calculations of muon generation in
the terrestrial atmosphere.
On the basis of a simple model of generation of pions by
primary particles of various energies calculate the muon
fluxes on the surfaces of the Earth and the depths of 7,
20 and 40 m w.e. The generation model is based on the
known representations about a plural birth of pions. The
basic characteristic which is subject to calculation is the d-
ifferential multiplicity of muons m(E0, Eμ) - their energy
spectrum calculated on one primary nucleon with energy
E0. On the figure 5 results of the carried calculations of
multiplicity are presented.
Multiplying the differential multiplicity m(E,Θ) by the
energy spectrum of primary particles f(E) and the direc-
tional diagram we have an expression for calculation of fac-
tors of the coupling coefficients W (E):

W (E) =

2π∫

0

π/2∫

0

m(E,Θ)f(E)N(Θ, φ)dΘdφ

On the figure 6 results of calculations are presented.

6 Energy Spectrum Variations

Experimental results on various variations give a wide area
of spectral changes of CR. For the component of the first
spherical harmonic of distribution of cosmic rays the fol-
lowing spectrum is chosen:
f2(E) = const if E ≤ E0

Figure 5: Results of calculations of multiplicity for muon
detectors of the Yakutsk CR spectrograph

Figure 6: The coupling coefficients W (E) of the muon
telescopes 0, 7, 20 and 40 for the angles 00, 300 and 600
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f2(E) = 0 if E > E0, for E0 = 15, 30, 70, 150 GeV.
The spectrum for the second spherical harmonic is taken as
follows:
f2(E) ∼ E/E0 if E ≤ E0

f2(E) ∼ E/E2
0 if E > E0, for E0 = 15, 30, 70, 150 GeV.

7 Trajectories of Cosmic Rays

More detailed calculations for the Yakutsk station are car-
ried out: asymptotic angles of arrival of CR taking into
account parameters of the calculations of multiplicity and
coupling coefficients. Calculations were carried out with
the use of the model of the magnetic field of the Earth Tsy-
ganenko for the epoch of 2000 year and taking into account
of 10 harmonics. The permissions on the zenithal and az-
imuthal angles made accordingly 8 and 100.

8 Acceptance Vectors

Calculations of the components of acceptance vectors for
the muon telescopes of the Yakutsk spectrograph were car-
ried for isotropic component of intensity and the first two
spherical harmonics of distribution of CR. On the figures 7
and 8 results of calculations for E0 = 15(1), 30(2), 70(3)
and 150(4) GeV are presented.

Figure 7: Components of the acceptance vectors for muon
telescopes (MT0 a, MT7 b, MT20 c and MT40 d) of the
Yakutsk spectrograph for the first spherical harmonic of CR
distribution

9 Conclusion

1. Directional diagrams of the muon telescopes of the
Yakutsk CR spectrograph were calculated.
2. On the basis of more detailed calculations of multiplicity
of generation of muons in the atmosphere, new coupling
coefficients for the muon telescopes were defined.

Figure 8: The same for the second spherical harmonic of
CR distribution

3. Detailed calculations of trajectories of CRs for the
Yakutsk station were carried out.
4. The acceptance characteristics of the muon telescopes
of the new Yakutsk CR spectrograph were determined.
5. The numerical values of the directional diagrams, the
multiplicities of muon generating in the Earth’s atmo-
sphere, the coupling coefficients, the asymptotic angles of
arrival of cosmic rays and acceptence vectors for the Yakut-
sk CR spectrograph after A.I. Kuzmin are available online
at http : //ysn.ru/ipm.
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