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Abstract—From the data on cosmic ray fluxes measured in the
atmosphere the effective cross-sections of ionizati and
ionization rates of cosmic rays as functions of ataspheric
pressure and geomagnetic cutoff are calculated fqreriods of low
and high solar activity levels.

1. INTRODUCTION

From the middle of 1957 till the present time Lebede
Physical Institute of the Russian Academy of Saisnitas
carried out monitoring of charged particles in #tmosphere
at several latitudes with different geomagneticoffat R,
including polar northern and southern latitudes [1]

To measure charged particle fluxes the standaidsaddes
have been used with gas-discharge counters astastesf
particles (see Fig. 1). For the period of 1957 02@bout
80000 altitude profiles of cosmic ray (CR) fluxeavh been
obtained in the interval of altitudes from the grduevel up to
(30 - 35) km [1].
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Radiosonde measures global and vertical fluxeshafged
particles with a single gas-discharge counter {edes with
energy E > 0.2 MeV, protons with E > 5 MeV) andhwi
counter telescope (electrons with energy E > 5 M@dtons
with E > 30 Mev) respectively. The weight of a @&bnde is
about 600 grams.

In each flight of radiosonde the altitudinal depemck of
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Fig. 1. A standard radiosonde for measurementshafged
particle flux in the atmosphere: 1 — a foamed pasdx; 2 —
detectors of charged particles (gas-dischargedtem)n3 —an
aluminum plate of 7 mm thickness; 4 — electronitesoe with
high voltage power and radiotransmitter; 5 — atrhesio
pressure sensor; 6 — chemical batteries.

Fig. 2. Altitudinal profiles of CR fluxes obtainesith single
counters at the latitudes from equatorial to patathe solar
activity minimum of 1987. The values Bf in GV are given in
the right side of this figure [1].
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Fig. 3. Time dependences of the global CR fluximnorthern

density distribution is described by Gauss law éasing from
the maximum in the center of tracks to outside.

3. EFFECTIVECROSSSECTION OFAIR |ONIZATION

The ionization rate of the atmosphere by cosmjs gé ) at
different altitudes and latitudes is defined frdm expression
gl ) = JX R)s(X)N(X), where Jx, R) is CR flux at
atmospheric pressure level(in g cm? and latitude with the
geomagnetic cutoff rigidityR., s(x) is effective cross-section
of air ionization,N(x) is concentration of air molecules.

The values 0§ (x) can be evaluated in the following way. It
is known that in the atmosphere CRs represent Ithe df
relativistic single charged particles. In air swhrelativistic
particle loses 1.8 MeV g cnt. In air to produce one ion pair

polar atmosphereR{ = 0.6 GV) at several altitudes from 25it is necessary to spend ~ 35 eV. Near the groendl lair

km (upper curve) till 12 km (lower curve).

2.IONIZATION IN THE ATMOSPHERE

CRs are the main source of the ionization in tineoaphere
in the range of altitudes of (0 — 50) km. Over auents at the
altitudes from the Earth’s surface up to 3 km rltur
radioactive gases (mainly radon) emanating frorhmoiduce
additional ionization.

CRs give so-called column ionization of air whend and
electrons are distributed along the ionized trabht tthe
charged particle makes in air (see Fig. 4).

sec

density isr » 1.24-10° g cm®, N(x) = 2.6-18° cm®. The
number of electron-ion pairs produced by one nakiic
single charged particle along the path of 1 cm kqtea~75.
From the expression given above we can get thatahes of

s is ~2.5-10% cnt.

To find the values ok(x) as a function of atmospheric

pressurex we have used the data obtained with ionization
chambers in the atmosphere at different latitu8gg4]. From

these data we have got the valuesq¢f) and from our

experiments we have the data &K). Thus, using these two

sets of data we can calculate the valuess@) from the

expression given above. In Fig. 5 the depender(ge as a

function ofx is shown for latitudes with different valuesRg

It is worth to note that CR fluxes falling on tfiat surface
of 1 cnf and on the sphere surface with radiss (1) °° will
differ in 2 times. So, to calculate the ionizatiatesq(h) one
needs to multiply the values dfh) by 2 because the values of
g(h) were obtained with spherical ionization chamber.
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Fig. 5. The values of effective cross-sectoms. atmospheric
pressurex at the latitudes with different geomagnetic cutoff

Fig. 4. Dependence of ion densityrelative units) and radius "9idities Re (given in GV in the upper part of this figure)

R of ionized track in air from the tintg2]. _ ) 8 o
It is seen thas ( ) is almost constant ars] ) 210™° m
As a result of diffusion, with time the width of looans @t all latitudes fox > 50 g/m2. In the polar regions at< 50
increases and some part of ions recombines. Ireticethe @ M? the value of( ) increases as a result of the increase of
diffusion process gives chaotic ion distributionheT jon ionization by helium nuclei and non-relativistiopons.
In Fig. 6 the values of( ) are given for various phases of



11-year solar activity cycle. These values 6f) were derived 4.]ONIZATION RATE IN THE ATMOSPHERE

from the data on ionization ratgé ) obtained by Neher inthe  The ionization ratesi(h) are derived from the expression
polar atmosphere over the Thule station, Greenland,from () = Jx, R)-s(X) ‘N(x). The values ofi(x, R)) were taken

our data on)( ) obtained in the northern polar atmosphere iffom our measurements(x) » 210

Murmansk region [1], [3]-[5].

%, Below we have
used altitudén instead of atmospheric pressure
The altitudinal profiles of experimental data dfn) and

35
; ® 1958 = 1959 calculatedg(h) for polar, middle, and equatorial latitudes are
30 '-n. 0 1964 o 1965 shovyn in Fig. 7_a, b. As_: is seen from Fig. 7b, thnzatlc_)n rate
e o q(h) increases m ~3 t|me§ in passing from equatqaqjolar
g latitudes according to the increase of cosmic ay fig. 7).
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Fig. 6. The values af( ) in the polar regions vs. atmospheric 5. 10N CONCENTRATIONSPRODUCED BYCOSMIC RAYS IN THE

pressurex in various phases of the 11-year solar activitgley
(1958, 1969 — solar activity maxima; 1964, 1965olas

activity minima).

ATMOSPHERE

The Central Aerological Observatory, Moscow, malde t
measurements of light ion concentrations in theoaphere at
different latitudes. The results of these measuntsnare

From Fig. 6 it follows that the value ef ) weakly depends shown in Fig. 8a. These data and data on CR flixahe
on the solar activity level at > 50 g/cm and during solar atmosphere (see Fig. 8b) were analyzed jointly amd

activity minimum aix < 50 g/cm the value of( ) increases.
Thus, at the low and middle latitudes in the indérof
atmospheric pressure of 50x< 800 g m* the value of( )

is almost constant and equals to 1(@®

altitude increase.

important result was obtained.
It was found that in the atmosphere the light i@ahce
equation has a linear form (not a quadratic oneitais

2. At the polar generally agreedyj(h) = (h) n(h), whereq(h) is the light ion
latitudes for <50 g m? the value ok( ) increases with the production raten(h) is the light ion concentration, angh) is
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the coefficient of linear recombination of ions.[6]
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Fig. 7. On the left panel (a): altitudinal profilef CR fluxesi(h); on the right panel (b): ion production rag). The
values ofJ(h) were measured at the several latitudes with rdiffevalues oR; (shown near each curve in GV) during the
period of high solar activity level. The valuesqgih) were calculated for the same latitudes. The wbfdR; in GV are

giver neareach curv.
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Fig. 8. Left panel (a): Altitudinal profiles of lig ion concentrations(h); Right panel (b): Altitudinal profiles of CR fles
J(h) [6]. These data were obtained during solar agtiviaximum at the latitudes with different valuédggeomagnetic cutoff
rigidities R, (shown in GV near curves in the upper parts ohgemnel).

6. CONCLUSION

Cosmic ray fluxes are the main source of ionizatiothe
atmosphere at the altitudes from the ground up56 km.

From the altitudinal dependences of CR fluxes (ldelve
Physical Institute data) and ionization rates i #tmosphere
(Neher data) the effective cross-sections of idiomawere
derived.

From the altitudinal dependences of CR fluxes lggid ion
concentrations (Central Aerological Observatoryajlat linear
relationship between ion production rate and iomcemtration
in air was found.
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