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The effect of atmospheric pressure on variations in the particle flux

density of extensive air showers according to experimental data from the

Tunka-Grande
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The paper presents the results of a study of the barometric effect at the Tunka-Grande array, which is part of

the TAIGA astrophysical complex and is designed to register the charged component of extensive air showers from

high and ultrahigh energy cosmic rays.
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Introduction

The study of primary cosmic rays (PCR) of high

and ultrahigh energies is of great interest in terms of

understanding the mechanisms and nature of their origin,

which is one of the most important tasks of modern

astrophysics. Radiation with an energy higher than 1 PeV

was detected using only one possible method based on

the property of PCR to generate cascades of secondary

particles in the Earth’s atmosphere — the so-called extensive
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atmospheric showers (EAS). EAS basically contains the

electron-photon, hadron, muon, and neutrino components,

and is also a source of Cherenkov radiation, ionization

and radio frequency radiation. All of these components,

with the exception of neutrinos, can be directly detected

by surface systems, and their reconstructed characteristics

can be used to determine the properties of PCR. During

its evolution EAS components exhibit different variations

because of the atmosphere condition. Here, the largest

impact is observed from the atmospheric pressure. From

an experimental standpoint, the barometric effect manifests

itself in the form of a change in the density of the EAS flux,

which ultimately leads to an inaccurate assessment of the

PCR characteristics [1].
This paper presents the results of a study of the baromet-

ric effect using Tunka-Grande system based on experimental

data obtained in April 2022.

1. Tunka-Grande experiment

Tunka-Grande [2] is included in TAIGA astrophysical

complex (Tunka Advanced Instrument for cosmic rays and

Gamma Astronomy) [3], located 50 km away from Baikal

lake, and is intended for studying the energy spectrum and

PCR mass profile, as well as for studying the diffusive

gamma-radiation at an energy level above 10 PeV. The

system has been operating since 2016 and consists of a

pool of scintillation counters combined into 19 stations

on an area of ∼ 0.5 km2. Each station consists of two

parts: surface and underground. The first one includes

12 counters with a total area of ∼ 8m2 and registers

all charged particles of EAS during observation. The

second one contains 8 counters with an area of ∼ 5m2,

is located under a layer of soil and is designed to isolate the

muon component of EAS. In order to study and account

for the influence of atmospheric pressure and ambient

temperature on the change in the counting rate (the number

of detected events per unit of time), meteorological stations

are additionally installed in the surface systems of the two

stations.

2. Barometric coefficient

Figure 1 shows the graphs of the hourly average

values of the counting rate of the surface part of one

of Tunka-Grande stations, curves of atmospheric pressure

and ambient temperature versus time. Experimental data

were collected in April 2022. The anti-correlation of

the station’s counting rate and pressure is clearly visible,

which proves the presence of barometric effect. At

the same time, the effect of air temperature on the

counting rate variations is minimized. It should be

noted that this behavior is typical for all stations of the

system.

Figure 2 shows the hourly average values of the station’s

counting rate versus atmospheric pressure according to
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Figure 1. Curves of the station’s counting rate, atmospheric

pressure and environmental temperature versus time.
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Figure 2. Station’s counting rate versus atmospheric pressure.

Red line — linear approximation.

similar experimental data that was used to calculate the

barometric coefficient [4]:

β = (k/ f 0) · 100%,

where f 0 — average counting rate for the period of

observations, k — offset ratio of the approximation function

f (P) = k · P + b.

After analysis of experimental data we obtained

the value k = −0.0595± 0.0002Hz/mmHg and

f 0 = 10.1± 0.032Hz. Thus, the barometric coefficient was

β ≈ −0.589%/mmHg.
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3. Prospects of accounting for the
barometric coefficient during
reconstruction of EAS and PCR
parameters

To determine the energy of PCR according to the Tunka-

Grande system, the following expression is used [2]:

log(E/eV ) = log(ρ200/(particle · m−2)) · 0.84 + 15.99,

where ρ200 — density of the reconstructed number of

particles at a distance of 200 from EAS axis.

In order to increase the accuracy of PCR energy mea-

surements, it is necessary to take into account the influence

of atmospheric pressure on EAS power and, accordingly,

the error in determining the parameter ρ200. To do this,

it is necessary to specify the values of the barometric

coefficient, including those depending on the number of

operated stations. Currently, experimental data collected

over 7 measurement seasons (∼ 12 500 h) is available for

analysis.

Conclusion

According to experimental data from Tunka-Grande sys-

tem, the presence of a barometric effect associated with the

process of EAS evolution has been confirmed. It is shown

that the barometric coefficient for the individual system

stations is 0.589%/mmHg. In the future, it is expected to

allow for the atmospheric pressure impact during processing

and analysis of experimental data, which will improve the

accuracy of reconstructing the parameters of SAE and PCR.
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