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Abstract Selected activities with the aim to describe cosmic ray fluxes and to contribute
the understanding of the mechanisms behindy éeong time period with using the space
research tools in the former USSR and in Russia, are reviewed, and some of the results
obtained are listed. Selection is connected with the institutes where the authors are
working. Thus it has to be assumed asraigdaeview on the wide topic.

1. Some milestones until mid of the last century.

Investigation of cosmic rays began in 190801, i.e. more than 100 years ago. First ten

years the reserchers did not know they study cosmic rays. All began fronmihefti
measurements of conductivity of various gases including the air, when there was
observed some "residual" 1onization, i . e. a
ionising sources. First publications of those experiments relate to perioel @9Q(1].

One of the first researchers of Adark curren
of Wilson chamber (1912), which was widely used for studies of various types of

radiation, including also cosmic rays. Later, in 1927, Ch. Wilson for thisnfindias

awarded the Nobel Prize. Due to those experiments it became clear that at sea level

always exists some not large but strongly penetrating radiation (that was observed also in
strongly screened chambers). At the beginning it was thought that thetioads
emanating from the soil|, similarly to Earth
declining above the Earthds surface. Ho we ve.l
altitude about one km while above this levelinigensitywas increamg The fact that

radiation intensity increases with altitude was known in 1912 after experiments of

Austrian physicists V. Hesg], who measured radiation by ionizati@hamberup to

more than 5 km. VHesscalled it faltitude radiatior’. This name was sed until 1925.

The nature of that radiation was not clarified for long time. There were proposed several
hypotheses of its origin (e.g. it is originated in the upper layers of the atmosphere due to
atmospheric electricity). Finally, the extraterrestgal i gi n o f Afaltitude r
proved by R.A. Milikan (USA) in 1923 9 2 4 , who introduced the t
[3]. At that time R.A. Millikan was already awarded the Nobel Prize (in 1923 he was

awarded the Nobel Prize for measurement of the chafgeleactron). Cosmicrays
remainedoverratherlong time periodthe fimysteryeffectd This is argued by the fact that

Nobel Prize for its discovery was awarded to V. Hess onh0BP, i.e. 20 years after his

experiments.



In this short review there are stussed few selectedhilestones in the cosmic ray
research, to which authors of the paper among many other scientists of the former USSR
and Czechoslovakia contributed.

In 1926 physicists in Leningrad L.M. Mysovskij and L. Tuwim found that intgrei

cosmic rays is changing with the pressure of air. They discovered barometric effect of
cosmic rays which is well known at presg#t. D.V. Skobeltsyn in 1927 during the
works with the Wilson chamber put into the magnetic field, found that cosnscataie

sea level are electrically charged particles of very high erjbigy

Scientists in the former USSR began to persue intensively with cosmic ray research ,
starting from 192@s. Let us mention the works of several groups in Leningrad,
Kharkov andMoscow. Thebasicsuccessesf the groupsare resultsof L.N. Mysovskij

and colleaguesD.V. Skobeltsynand of the group of S.N. Vernov The work in former

USSR was aligned with the same scientific directions as in the other countries of the
world, howeve with some delay due to the tensioned internatiandldomestisituation

as well as with the complicated exchange of information during thastirhmtil the

works of L.M. Mysovski the predominappinionwas that the altitude radiatiomclose

to the radiation of radioactive nuclei. L.V. Mysovskij and his colleagues accomplished in
1925 at the Lake Onega the measurements of absorption coefficient of altitude radiation
in the wate|6], which appeared to be by one order lower than that for gammafr&yes

which indicated that the altitude radiation possesses much higher penetration ability than
gamma rays emitted by radioactive nuclei. These works along with the experiments by
R.A. Milikan and G.H. Camerofv] on the absorption of altitude radiatiamthe water

at various levels above the sea one led to the conclusion that the altitude radiation is
coming to the ground from above and that it has very high penetration ability.

In 1927 D.V. Skobeltsyn found in Wilson chamber inserted in the magfeldc not
numerous tracks of relativistic particles not bent by the magnetic field. He determined the
energy of particles and came to the conclusion that these are particles of altitude radiation
[B,whi ch according to R. A.s mlid I8.&wsno obtained
In 1929 D.V. Skobeltsyn published his paper, where he showed that cosmic rays (CR)
may create several particles, the showers of cosmid3ayafter several years with help

of Wilson chamber, controlled by the system of coincidence fitben detectors
surrounding the chamber, various researclaftained the photos of the cosmic ray
showers with high number of particles ( see €18]). The importance of discovery of
cosmic ray showers is in the awareness of the fact of the processesic rays which

do not exist in the interactions of particles with lower energies. Cosmic rays allowed to
get in deeper into elementary particle structure inicited development of acceleration
technique.

Third group of cosmic ray researchers ebséled and leady S.N. Vernov. Especially

that group, in the following period, carried out most exhaustive and miscellaneous cosmic
ray research in USSR: on the ground, at mountain altitudes, in the stratosphere, and
subsequently on satellites and othgace vehicles. Thesmvestigationsare shortly
describedelow

We should like to say few words about the leader of the works of the gr&agrgey
Nikolaevich Vernov (SNV, 1914982), who started his cosmic ray studies very young,

at the age just aboa®. SNV was a student of D.V. Skobeltsyn. He was familiar with the
works and results of physicists in Leningrad, and he has seen how distinguished scientists



deal with cosmic ray physics, and thus his choose of cosmic ray physics was rightful. In

the firsthalf of 1930es they were known only the hypotheses about the primary cosmic

rays (particles accessing t he Eart hoés atm
understanding the nature of cosmic rays, it was necessary to conduct the experiments

closer to its surce, near the boundary of the atmosphere. That is why SNV decided to

carry out the measurements in the upper stratosphere. However, on this way there was a
serious difficulty because at that time the experimenters had no possibility to arise with

the ingrument to high altitude. That is why the experimental devices with automatic

recording system have been developed and measurements provided without the people.
Research of stratosphere was provided also by other researchers and the flights of
stratostad began. NeaMoscow on September30, 1933the stratostatwith the name

ASSSR1 dawas launchedand reachedl9 km. Stratonauts with help of electrometers of

Hess and Kohlhoester measured cosmic ray intensity and confirmed the data about
cosmic (extraterrestl) origin of the rays and about the role of atmosphere in their
screening. One of the flights of stratostats finished by a trapehdnee stratonauts died.

S.N. Vernov found a solution of that problénto translate the results of measurements

by radowa v e s . He wutilized the experience of Le
who in 1930 for the first time in the world constructed the radiosonde translating the
meteorological information by radio. SNV jointly with P.A. Molchanov and L.V.

Mysovsky in 1934is developing the instrument and for the first time cosmic ray
measurements in the atmosphere are transmitted to Earth by radio. In the Report of
Academy of Sciences of USSR for the year 19
detection of cosmic raysvas provided by thePhD studentof Radio Institute S.N.

Ver novo. First automatically adjusting fligl
[11]. I n the same year S.N. Vernov defended hi
cosmic rays inthe srao sphere by means of radi osondeso
liked the thesis by S.N. Vernov and he invited hinmdoctoral studyto FIAN (Physical

Institute of Academy of Sciences) for continuation his research of cosmic rays. This was

the termination othe research by S.N. Vernov in Leningrad. Since 1935 he moved to

Moscow where he worked continuously until his death.

Improving the method of measurement of cosmic rays on the stratospheric ballons, S.N.

Vernov conducted successful study of the latitutliaffiect of cosmic rays in the

stratosphere in 1936938 at several sites: Leningrad, Yerevan and in the region of
equator[12]. For that purpose S.N. Vernov organized and lead the nautical expedition.

Tanker named "Segro Ordzhonikidze" sailed from Odéssédladivostok and backward

and in in Indian ocean from the boatidere were flown the stratospheric balloons.
Experiments in stratosphere have shown that the flux of cosmic rays near equator is by

~4 times lower than at high latitudes. It was the iatlan that magnetic field of Earth

declines cosmic rays and, consequently cosmic rays consists of charged particles. Similar
experimentswere done slightly earlier by R.A. Millikarj13], which definitely proved

that cosmic rays are not neutral particless eeg. gamma quanta. However, for the
determination of cosmic ray composition still remained several years.

In that period the group of S.N. Vernov was concerned with the research of cosmic rays

in the upper layers of atmosphere by means of instrumdotgn on radiosondes. In

Figure 1 the moment of launch of the instrument on the garland of the balloons which



required the quiet conditions of the atmosphere and the known expertness to get away
from the effect of pendulum and of impact with ti@ighborstructures.
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Fig. 1. Moment of launching the instrument for cosmic ray research on the garland of the

balloons.

The way in cosmic ray research by SNV was spurred. There was only few experimental
facts and they were frequently contradictory, so thatvi@svpoints were changing in
accord with the new facts. First he supposed that cosmic ray particles have small mass
light particles as the electrons have. Later it appeared that the particles in passage through



materials behave nbti@alsi edteicam® nar, e tmeti ri m m;
theory assuming even relativistic effects. SNV was moving towards the idea that primary
cosmic rays are heavier, i.e. protons, and that proving it requires to determine the charge
of particles. This was done hysing geomagnetic field as a giant magnetic analyzer
sensitive to to the charged of analized patrticles. For that the instrument was flown into
stratosphere, where the effect is more pronounced, from board of the research vessel
AVityazo. Frmedghe assumptigrhabout@asitivé electric charge of primary
particles, which by augmentation during passage of atmosphere, produce secondary
particles, electrond 4].

Presently the knowledge about primary cosmic rays is almost complete. We know that
primaries consist of nuclei of all elements of Mendeleev table, basically protons and
alpha particles, however there are apparent also nuclei and oxygen and iron, and very
rarely also uranium nuclei. We know that cosmic rays arrive to vicinity of Earth from
distant space and that they bring negligible flux of energy (Byif®s lower than that of

solar light). We know that the individual particles carry the enormous energy (°by 10
times higher than collider in CERN). We know that these particles with ensremergy

collide with the nuclei of the atmosphere producing thus the extensive air showers, not
the black holes. Cosmic rays interacted with the Earth millions of years and did not
crashed anybody.

The regular detection of cosmic rays in the stratogphtarted in former USSR in 1955

and it is run regularly till today. This allowed to obtain continuous long time series of
cosmic ray data, to study the mechanisms of primary cosmic ray interactions with the
nuclei of atmosphere, to find that also the $@merates cosmic rays with somewhat
lower energies than primary ones. Yd&57 is the starting year of spaceera SNV
immediately used the new technical tool for cosmic ray studies. The takeoff of those
investigations is amazing, the scientific group lieBdSNV accomplished more than 300
experiments onboard of various cosmic apparatuses. The weight of the developed
scientific devices measuring in space in dependence of the tasks and possibilities, ranged
from 500 g to 10 tons. Some of thesgperiments wre not repeated, and in the paper
they are mentioned shortly.

For the investigation of particles with very high energy, SNV created in Moscow State
University a huge (according to that time) equipment consisting of hundrentgt® tver

the territory ofUniversity campus, each of them with the complex device detecting thus
each secondary particle produced in the Ear
equipments have been established later in Yakutsk (in Moscow there was not sufficient
area) and inSamarkand (better atmospheric conditions). In this manner, the whole
scientific life of SNV has been divided into three competitive directions: cosmic ray
research in the atmosphere of Earth, in space, and on the ground. Due to brilliant
experience and tige effort of SNV all three directions were developed.

Below the experiments in the stratosphere and in space will be shortly described. The
research oéxtensiveatmospheric showers is not touched since the authors of the paper
did not participate in thascientific direction.

2. Cosmic ray research on the artificial satellites of Earth, on other
spacecrafts and in the upper atmosphere.



2.1.Galactic cosmic rays.

Preparation of experiments for the satellites began in USSR in 1956. At thmgrefe
Academy of Sciences of USSR there was formulated the task for the leading specialists
on physics of upper atmosphere, magnetic field, ionosphere and cosmic rays to provide
suggestion$ projects of the experiments on artificial satellites of Eakttade mician D.
Skobeltsyn participating at the meeting authorised S.N. Vernov to conduct these
activities. Along with one of the authors of the paper (Yu.l. Logachev) SNV step up to
design and development of the device for detection of cosmic ray psufickgectories

of the first satellites were on the altitudes 3EDO km. At these altitudes, along with the
cosmic ray particles, there has been particles trapped in geomagnetic field (radiation belts
of Earth). However, during the development of the smeament device for the first
artificial satellites of Earth, this was not known, and the apparatus was targeted only to
cosmic ray research. In Figure 2 there is principal scheme of the detectors and of the
electronics for the instruments installed in siezond Soviet satellite flown onto the orbit

on November 3, 1957. The deadlines were tight, the technology was new, and naturally
the suggestions of the authors of the construction of the instrument have been limited by
very simple understanding: to ut#i as detectors the gas discharge counters and
semiconductor electronics..N& Vernov supportedcompletely the suggestionsLet us

remark that presentlythere are working in spacerathersophisticatedcomplexdetector
systems utilizing practically all recent methodsof particle detection scintillation and
semiconductocounters magneticspectrometerdrack detectorsandtheir combinations

The elements of orbit of the second Soviet artificial satellite were the following: altitude
at perigeei 225 km, & apogeei 1670 km and apogee of tl@bit was situated in
southern hemisphere at the latitude <.4elemetry system was switched on 3 times

per day on the orbits passing over the territofyUSSR. Pointsof acceptanceof
telemetryinformation were deployedalso abovethe territory of USSR There was no
memory elements on board the satellite and thus the information about the cosmic rays
encompassed only the latitudes and longitumddSSR and the altitudes in the range of
225 to 600 km.
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Fig. 2. Principal scheme of the detectors and of electronics placed onboard of the
second Soviet satellitédA i amplifier of the signal from counter, T trigger of the
reducer of the count rate.

The flight of the second satellite confirmed the pieces of knoyeleaf cosmic rays: the
observed latitudinal and altitude dependence of cosmic ray intensity dedmadict ©

already obtained data, and just on a single orbit there was registered anomalously high
counting rate of detectors (Fig.3), which was inteigde as penetration of the solar
particles into the polar regions of magnetosphere of Earth. Later, it became clear that on
November 7, 1957, the satellite observed frecipitation of the radiation belt particles

into the upper layers of the atmosphelee to the action of moderate geomagnetic
activity [15, 16].
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Fig.3. Variations of cosmic ray intensity during one of the orbits of the sesatallite
over the northern regions of USSR. Nowadays it is clear that it was precipaétibe
particles rom outer radiation belt during geomagnetic activity. Numbers 1 and 2
correspond to readuts of the two detectors.

Discovery of radiation belts of Earth (RB) strongly changed the plans for future research
works, pushing aside the cosmic ray investigatiblevertheless, in all possibilities,
during the flights of various spaceeshicles,there were conducted measurements of
cosmic rays too. The space flights, where detectors of primary (galactic) as well as of
solar cosmic rays were used, are:

Flights toMoon;

Interplanetary flights: to Venus, Mars, and interplanepanpes;

Heavy satellites Proton;

Selected satellites of series Cosmos.

2.1.1.Lunar program.

By the launch of three satellitesand thus demonstratingthe possibilities of cosmic
technolagy of USSR which was importantduring the nonrquiet time period it became
necessar to provide new stepsin the spaceprogram since the launch of just few
satelliteswould not inducelarge resonanceAnd the task number one became Moon. It

was necessarnp send out the rocket to the Moon to demonstrate that Moon was reached.
There were also discussed the variants of the explosion of atomic bomb on lunar surface.
Fortunately such type of suggestions did not find support. First successful launch was on
Jaruary 2, 1959. The second was launched on September 12, 1959 and the third one on
October 4, 1959, just two years after the launch of the first artificial satellite of Earth. The
task of the first two flights wanmedtatakei val t
photos of the reversed side of the Moon. The first space vehicle did not reach the Moon
although it approached relatively closely to its surface (5000 km). Second device reached
the lunar surface, and before it craslaal was destroyed byitting the surface, it
succeeded to measure the magnetic field and radiation in the vicinity of Moon. The flight
of that device was observed by the Jodrell Bank Observatory inftJEurope just that
observatory had a large antenna capable to receive radaksignals. The Observatory
confirmed the hit of the apparatus on lunar surface just in the computed time. The flight
of l unar station and its Ameetingo with t
absolutely important events in the history of space rebeand they became the triumph

of the of the Soviet rocket and electronic technology. More details about the lunar flights
can be found ifiL7].

The third device made the snapshots of the lunar surface, and although they were not very
bright, they were thdirst snapshots of the reverse side of the Moon. It becametblgar

the reverse side of Moon is similar to the visible one, there are craters, seas and other
peculiarities. In the atlas of the reverse side of the Moon issued, the peculiarities were
assgned the names arhportant persons, whoontributed to the discussions on origin of

the Moon, to the new hypotheses etc.



On all three of the Soviet lunar devices, named subsequently asllunama?2 and
Luna3, there were placedur scientific instrumets for measurement of cosmic ray
particles and particles of radiation belts of Earth.

Especially large complex of the instruments was onboard of the stationslLand
Luna2. In the instruments they were scintillation and -géscharged counters with
various screenings. The complex of devices of the first lunar missions is described in
[18]. The main task of the flight of the station LuBavas to take photographs of the
Moon and that is why the place and weight for other devices was very limited.

Onbaard of all three lunar missioraur device was working very well and iberesting
results were obtained. Along with the US probes Piofige8, the Soviet probes have
flown through the whole thickness of radiation belts and they determined the spatial
digtribution of radiation at large distances from Earth and at slightly larger latitudes. In
Figure 4 the dependencd ionizationin the crystal NaJ(TI) along the trajectory from the
distance and of geomagnetic field lines latitudinal projections for aét®ss Lunal and
Luna2 is shown.
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Fig.4. lonization in crystal NaJ(TI) during the flights of the space stations-Luna
(2.01.59) and Lun& (12.09.1959) through the radiation belts of Earth.

It is apparent that two different flights at close trageets have shown different structure

of outer radiation belt, indicating thus the instability of outer bédtmporal variations of

particle flux within the trapping region. Measurements on Llinfar the first time

allowed toestimate the altitude prodilof the intensity of trapped particles along the
geomagnetic field line. Lurd crossed three times the same geomagnetic field line,

namely at altitudes 8700, 11000 and 18250 km. At those altitudes the scintillation
detectors observed the energy depasithe crystal corresponding to 30, 65 and 145

GeV/M Such values of energy deposition show that the altitude profile at larger distances
from t he Earth S we aker than that obser v
atmosphere plays a more important noléhe losses of trapped particles.

This part of the lunar mission programiaid the foundations of the beginning of
systematic research of radiation belts of Earth, which was subsequently continued
intensively with use of other space vehicles ( ElectMalnija, geostationary satellites
etc.). Onboard of these satellites there were provided studies not only of radiation belts,
but also of the magnetosphere in its complex, its structure, variations, relations to the
solar activity processes and other et

In the following time the research of radiation belts of Earth were not conducted in the
lunar programmes which was targeted exclusively for studies of lunar environment. The
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Fig.5. Flux of radation in the open space and on the lunar surface
according to data of the gadscharge counter onboard the station L-Ane

studies of the Moon, however, included also the fluxes of galactis@ad cosmic rays,
the radioactivity of the lunar surface and fluxes of lunar albedo particles, i.e. of secondary
particles emitted from the surface due to the interaction of galactic and solar cosmic rays



with nuclei of the materials of the surface. Sudéasurements were done on all stations

from Luna4 till Luna-16 as well as during the flight of automatic interplanetary station
Zond-3 (Julyi December 1965) which provided the photos of the reverse side of the
Moon once mor e. A mo spgcific plaee balomgs o dhe statmin §481d 0 n S
9 which landed softly on the lunar surface on February 3, 1966. Results of our
experiment operated there are shown in Figure 5. Fluxes of cosmic rays in the open
spacemust be two time larger than on the dusurface where the field of view of the
instrument was lower by factor of 2 due to screening by the body of Moon. It appeares
that thesurface flux was lower only by factor 1.6, not by 2 as expediedause ofthe
radioactivity of the surface plus albedosmic ray particles. Assuming these factors, it

was possible to estimate the radioactivity emission of the surface of Moon, which was
close to the radioacti Thisresulyhasshownthat th&tmismoh és gr
dangerous radiation on tHanar surface, and that a man can stay there for long time
without specific worrying.

Speaking about the investigations of the Moon from more general point of view, not only

on relations to cosmic rays, it is necessary to recall the phenomenal sucddSs of

scientists accomplishing the landing on the Moon and safe recovery to the Earth of all
astronautwisiting the Moon. For the first time the man come to Moon in 1969 and after

that the expeditions were repeated five times. There is extended lgedsseribing

these activities. These flights have shown principal possibility to establish on the Moon

the scientific stations for the long term operations, including also cosmic ray
observations. Cosmic ray research on the Moon posses a number of glbstant
advantages in comparison with Earthés reseatl
IS in the open space, and only 20% of the total time it is in the distant magnetospheric

tail, where the screening by the magnetic field is not significant. This sméaat
measurements of cosmic rays on the Moon or in its vicinity, from the lunar satellites, are

not affected by the influence of Earthsos ma
magnetospheric satellites of Earth flying even behind the magnetaspbardaries into

near interplanetary space (Soviet satellites Prognoz, Us satellites IMP etc.). Because of

that onboard of all lunar space statidasded on the Moon, on lunochods or on the

artificial satellites of Moon, there were instruments fovesigations of solar and

galactic cosmic rays.

2.1. 2. Satellites AProtono and others studyi

In the former USSR due to initiative of S.N. Vernov there were done for the first time
studies of cosmic rays onboard heavy artificatellites. The commencement was done

by 4 heavy satellites of the series Proton, where they were provided the first direct
measurements of the energy spectra of all particles of cosmic rays up to enétgy,10

as well as dependences of profmmton interaction cross section in the rangé400"

evV.

In 1960es there were provided intensive development and testing of new rockets both in
USSR and in US. In USSR along with the rocketich launchednto the space the first
satellites of Earth and sds towards Moon, in 1962 the rocket of the type Kosmos was
constructed, and in 1965 started the tests of the new rocket which was at that time the
most powerful one and wdater used for the launch of the heavy satellites not only of



Russian production bwalso for many satellites of other countriesocket Proton. Its

name was originated from the name of satellites of the type Proton launched by that
rocket in 1965. The history of those launches is the followitgenthe time for the tests
ofthenewrc k et capable to launch onto the Eart ho:
were discussedwo possible loads: theseveral tons of the sand or the scientific
instruments. Of course the sand was more simple load and there was no risk if the launch
Is na successful. Nobody at that time was constructing any scientific instrument of such
weight and to laonch a unique scientific instrument for the first testing flight was risky.
Whatwill happenif the launchfails? And the deadline of the flight was appcteng,

only less than a year remained. However, the Institute of Nuclear Physics of the Moscow
State University suggested a scientific tagiquiringto carry out the heavy device, and
made a commit oneself to construct such apparatus until the requneeddadline (there

was already hope that also people dealing with the construction of rockets will be
delayed).The scientific task consisted in research of energy spectra and of composition
of galactic cosmic rays in the range of energi€s 100™* el . Measurement of energy of
such particles requires its stopping in the volume of the detector system itself. Stopping
of the particles in the device allows to determine their energy, however the range of
protons and production of secondary particles inffidesystem at such high energies is
equivalent to the thickness more than a meter of iron, i.e. the absorption requires the
device of very large volume filled with heavy material (lead, iron etc.). Acceleration of
charged particles to such high energiess wanpossible by means of accelerators in
laboratories and the planned experiments aside the astrophysical tasks as

measurements of energy spectra and of chemical composition of cosmic rays, were
promising in the sense of nuclear physics aspects, as tamlrgy the behavior of cross
section of proton and/or nucleus nucleus interactions of heavier elements at the
increased energy.
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At that time for measurement of energy of cosmic rays in the grbasdd experimental
equipments they were widely used the ionisation calorimeters devedapkl in USSR
laboratorieq20]. Such methodology was applied also on satellites Proton as well as on
couple of others, launched later with purpose of sintijfpe studies. The method of
measurement was proposed by N.L. Grigorov who led the researchitedri®n
construction of such type of devices and analysis of data obtained. On satellite Proton
there was placed the device SEZ (acronyme of Russian words spectra, energy and
charge up to 114 eV) with the weight around 7 tons. The complex device 3&zlong

with the calorimeter included also detectors of charge of parficiesizationchambers

and the target composed of graphite and iron, where the interactions with the material
took place. The construction of SHZ is schematically shown in Figu6. Even for the
Institute of Nuclear Physics of the Moscow State University (further Institute) , the
design and construction of that complex device within short time interval required
enormous effort. According to the instruction of headquarters (8eé¥nov) for the
construction of that apparatus have been thrown up all resources of the Institute including
the financial ones. Almost the whole potential of mechanical workshops, and in 1960es it
was far not negligible, and large group of electronic exegim was involved in works of
construction the apparatus for the satellites of type Proton. The authorities of S.N. Vernov
and N.L. Grigorov made possible to prepamgatotypeof the device SEA4 and of its

basic elements (construction elements, fixat@f the iron absorber) by utilizing the
power of construction department, where the rocketier and the satellite itself were
elaborated. This was significant component
however, all main questions of the dgsof equipment were discussed and decided in
the Institute: the device was equipped by extensive electronics: e.g. it involved several
hundreds of pulse amplifierBefore satellites Proton such extensive and complicated
devices were not constructed akmunched. The team of Institute accomplished a
scientific recordby construction of the device within very short tim® months. That
devicewasworkingaround3 monthsin spacewithoutanyfailure.

During the flights of satellites Proteh-2,-3 a unique resuk about the stiff change of the
slope of energy spectra around energy of protons 2eMdwereobtained21]. Until now

this resuts are not confirmed and not declined At the sametime the slopeof energy
spectraof the sumof all cosmicray primaries(protons He, heavierelement} remained

without the bend which is in agreemenwith the resultsof other indirect measurements

Ifthe spectra of protons is really bent witignificantchange of the slope, this means that

in the high energy padf the spectra of primary cosmic rays there must exist the change
of chemical composition of primaries with enrichment of heavy elements, since the
fraction of protons at high energies is negligibly small. This means that corrections into
the mechanisms @icceleration in the source must be included, requiring the predominant
acceleration of nuclei with Z>2. Importance of those conclusions is evident, however, it
is desirable to have higher confidence in that aspect.

To confirm that result and to shift temds measurements at higher energies, the new
device withgeometric factoncreasing by factor 10 named-k5 (onizationcalorimeter
up to 13> eV) was constructed for Proteh However results from Protehdid not give



unambigious result on the bend mroton spectra. A couple of more flights with the
device (table 1) gave no clear reply to that question.

Methodological reasons of the change of slope of energy spectra may lie in the nature of

the energetic particles themselves, namely in the creatis@condary particles produced

in the calorimeter where the energy of secondary particles moving in all directions is
measured, including those particles moving into the charge detector, which, in the case of
protons must detect as a single charged pertwith the increasing energy of primary

particle, the number of secondaries produced inttheerial of the device increases too.

This effect, named a®verse flux of particle, is well known. Appearance of particles of

the reverse flux in the detectofo c har ges ficonvertso the event
the event of partiel with higher charge which may lead to the loss of count rate of
protons. Since the effect of reverse flux increases with the increase of energy of primary
protons, the numbeo f Anot counted protonso increase:
observed bend of proton energy spectra. Problem of the effect of reverse flux from
ionisation calorimeter causes serious obstacle for correct measurement of the energy
spectra of protions at highnergies.Analysis of tracks in photoemulsions exposed to

cosmic rays at Intercosmd@swas done in collaboration with other laboratories, one of

them was IEP SAS Kosice.

Table 1.

Earth orbiting satellites with measurements of high energy cosmic rays

Saellite Year | Device Wight of | Time of Comment
device active
(intons) | work in
space
Protonl 1965| SEZ14 7 3 months
Proton2 1965| SEZ14 7 3 months
Proton3 1966 | SEZ14 7 3 months
Proton4 1968| IK-15 12,5 8 months
Intercosmos6 1972| Photoemulsins | 2,4 4 days Device
returned to the
Earth
Cosmos1543 1984 | SOKOL 2,4 27 days
Cosmosl713 1986| SOKOL 2,4 25 days

To struggle with the reverse flux, in the device called SOKOL (acronym from the russian
words of the main task of experimentcompgsition of cosmic rays), working on
satellites Cosme4543 and Cosmes713, launched almost 10 years after satellites
Proton (table 1), the directional Cherenkov detectors of not large dimensions, were used
for measurements of protons Z=1 and of aloha gagiZ=2. This allowed to a large



extent to eliminate the effect of reverse flux on determination of charge. Furthermore, the
picture of passing the particle through the device was visualized, so that it was possible to
set off the particles as well as tbéectromagnetic cascades produced by them in the

alignement of the device. This approach allowed to determine the energy of particle with

better confidence.
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Fig.7. Energy spectra of nuclei of carban©, oxygen[ (B) and iron Fed) in the region
of high energy according to the results of flights equipped with the complex device
SOKOL.

The experiments onboard Cosmth543 and Cosme$713 with the device SOKOL have
shown that this device permits to fight effectively with the effect of reverse flux.
However, the unambigous reply to the main question about the shape of primary proton
spectra was not achieved because the operational time of the satellites was less than one
month and the statistics on protons obtained was insufficient for the substantiated
conclusions. For the conclusive settlement of the important question there is requirement
to launch similar type of experiment for longer time measurement in space.nowtil

such experimentwas not conductedyet As an alternative may be considered the
experiment Atik run in the frame of international collaboration on balloons detecting
cosmic rays at high altitudes over Antarctj2za, 23]. Figure 7 shows the energy spectra
ofua, [ and of the group Fe. Fitting the spectra by power law shape, the inde,s

Almost the same slope is obtained for the energy spectra of He nuclei. Ratios of cosmic
ray fluxes at different energies characterizing the composition of particles at particular
energy, are practically the same as those at low energy. This rheams the frame of

that approximation, cosmic ray composition remains almost the same in the energy range
from 1 GeV/nucl to 1000 GeV/nucl. At higher energies there are indications of
enrichment of heavy nuclei in galactic cosmic rays.

Let us mention thathese experiments allowed to shift with observed energies of cosmic
rays up to almost BeV/nucl for nucledt and/ . Statistical errors in this energy range are

still large. It is needed to continue such type of measurements to accumulate higher
statistcs, especialy at high energies. Utilizing the equipment SOKOL for this aim is an
adequate approach for this task: it is necessary to enhance the duration of the
measurements by factor of-BD, which is fully possible with using the existing tools of
spaceechnology.

Along with that, the Institute prepared proposals for a couple of new experiments
gualified to move to even higher energies of cosmic rays on the sat@fte85]. The
experiments described in the above mentioned publications are nowdistlesion and
they are planned to be accomplished in nearest years.

On satellites Cosme$543 and Cosme$713 there were observed also heavy nuclei of
cosmic rays in the energy ran§&-1000 GeV/nucl, what allowed to obtain the enegy
spectra of nucleaf He, C, O and FE6].

Important data on primary cosmic rays have been obtained recently from the experiment
Pamela installed on theesursDK1 satellitelaunched on low altitude nearly polar orbit

in June 2006. More details about that mission, intesnati collaboration and
publications can be found at httphttp:/pamela.roma2.infn.it/indexphpDescription of the
experiment can be found e.g.[#V]. In mission Pamela there was discovered ineeds

the fraction of positrons in electrgoositron component of cosmic rays with increase of
energy, ratio J+/(J++)[28]. This may be a signature for the existence of dark matter. Or,
alternatively, there may be another additional source of positraatigng them with



http://pamela.roma2.infn.it/index.php

efficiency increasing with energy. The data on positron component are reliable due to
high statistical accurracy of measurements. The spectrometer has a permanent magnet
and separation of electrons and positrons is reliable. The enepgytafes is measured
sufficiently accurately with the help of calorimeter. The excess of positron fraction and

its increase with energy is confirmed recently in mission FE@ji

2.2.Solar cosmic rays.

One of the admirable property oftlgalacic cosmic rays is the stability of its intensity in

t i me. Above this fAbackgroundo they were sin
cosmic ray intensity related to the powerful processes on the Sun. It became clear that the
Sun generates from time tang strong fluxes of energetic particles. Tlwbainedthe
namesolarcosmicrays (SCR)Powerfulsolareventsappearelatively rarely, while less
powerareobservedmorefrequently asit is usualfor nature

First observations of SCR have been donehwielp of instruments on the ground
sensitive only to higher primary energy (> 1 GeV). The experiments on balloons in the
stratosphere could observe particles with lower energy threshold (>100 MeV).
Measurements at high altitudes utilizing the satellite&arth and other space vehicles
allowed to observe less powerful effects, and until now more than 1000 events with
energetic particle emissions connected to solar flares, have been registered. While the
first observed events in energetic particles havenbelated to the effects of very high
power, and only those could be detected only with ground based devices, nowadays the
instruments on satellites and space probes allows tpraegécally all increases of SCR

flux reaching the vicinity of the Earth.t&resent remain not observed only few cases of
not powerful solar events on the reverse hemisphere of Sun, from which the energetic
charged particles did not reach the Earthos
To exclude these gaps tsupposed to fApatrol o the space
heliolongitudes including the reverse hemisphere of the SunsdlbemissionSTEREO
arealreadyfulfilling thisprogramm

Most frequently the energy of accelerated solar particles does not exzéddV/nucl

(1 MeV for electrons). Such flares during the solar activity maximum occur once per
week.Associated particleare observed beyond the magnetospheric boundaries, within

its peripheral regions or in the polar cap. Less frequently, typically pacanonth

appear the flares accelerating particles to energy 4189/nucl and higher. Such
particles in the polar latitudes penetrate into the atmosphere of Earth and can be
observed during the flights of high altitude balloons. In even more rare eabstsyed

typically once per year, particles are accelerated to energy 1 GeV. Extremely powerful
events occurring -3 times per 1ldyear cycle of solar activity, are characteristic with

very high fluxes of accelerated particles with maximum energy 10 Ge\Wem more.

Most frequently they are observed by neutron monitors distributed over the world.

2.2.1. Ground based observations of CR variability and SCR.



Interplanetary magnetic field are partly screening the flux of galactic cosmic rays.
Screening eéfct, especially at lower energies, is variable in time and thus cosmic ray
intensity observed near Earth is temporary variable. Both regular andpgueslic (e.g.
diurnal, ~27 day, ~11 year) variations are connected with the solar activity and provide
the informations about structure of interplanetary magnetic field and on solamatimel
heliosphere. More detailed review on cosmic ray variations can be fo{@d, i and

in monographg32, 33]. Research of cosmic ray variations requires long tierees of
homogeneous measurements. First instrument devoted to this task was ionization
chamber developed and constructed by A. Compton in 1934. In USSR the measurements
of cosmic ray flux with purpose to study its variations started in 1936 by Yu. GeiShaf

the Yakutsk pedagogical institute with using the independently constructed ionization
chamberi electrometer. These works have been broken by the world war, in which
Yu.G. Shafer went through the fighting course from Stalingrad to Berlin, and he
recovered the measurements of cosmic rays in 1947 in Yakutsk Institute of Space Physics
and Aeronomie via construction of ionization chamber ASK. By this instrument the
network of stations over the whole territory of USSR was equipped.

Before and duringhe International Geophysical Year (1957) the whole world network of
cosmic ray stations was equipped by neutron monitors developed by J. Simpson in 1948.
Such equipments were installed also in USSR, among them e.g. in IZMIRAN (Troitsk,
near Moscow), in Apaty (Polar Geophysical Institute) where the measurement is
continuing until present. One of NMs operating in Russia until now is seen in Figure 8.

Fig.8. Neutron monitor in Yakutsk

Neutron monitor (NM) consists of the group of proportional counfidisre are used two
types of counters, namely those filled with the gas including a high concentration of the
isotope'®B or with *He. The counters are surrounded by the moderator serving to slow
down the neutrons before entering the counter and also kxtré&fw energy neutrons.

The moderator is inserted into the lead producer surrounded by the outer moderator
reflector. This is rejecting unwanted low energy external evaporation neutrons produced
in the local surrounding. During the years the neutronitmoconstruction was changed.

First the IGY monitors were used and in some places they are used until now. For that



one the moderator and reflector material is paraffin. In 1964 the network of neutron
monitors with larger counting rate, the supermogittiM64), replaced in many places

the original IGY NMs. The network of NM64 in USSR was done under leadership of
S.N. Vernov and main role in the constructions belongs to N.N. Kapustin, the engineer in
Polar Geophysical Institute. The NM64 monitor has av ldensity polyethylene
moderator and reflector. The differences are also in geometry and tubes. More about
neutron monitors can be found e.g[34].

mportant are high mountain NMs having higher statistics. One of them was constructed
at Lo mni63&nhabgve Sea levél High Tatra mountains, run by IEP SAS, one of
the authors (KK) is PI of it since 1982) during IGY asoatribution of Czechoslovak
physicists to IGY activity. It is operating until now (datah#tp://neutronmonitor.ta3.3k

Let us mention just one result: since 1950es there was assumption that solar protons
accelerated to high energies and interacting with residual solar atmosphere can produce

neutrons which can be detected evenatthettdh 6 s or b i t . After 30 yea
flare on June 3, 1982, the increase corresponding of solar neutrons at two high altitude

NMs i n central Europe, namely at Jungfraujoc
in coincidencewith satellite meawrements of increased flux of high energy gamma rays

reported by E.L. Chupp. High statistical acurracy of measurements (5 min resolution at

that time) at Lomni ckT][35) Bcettedaesultstobtainedivtite d t o t

use of that NM can b@find in[36].

2.2.2. SCR observed on balloons.

Measurement of SCR on balloons are filling the energy range X200 MeV) between

that observed by ground based devices and the measurements on satellites and space

probes. First observations of SCRtive stratosphere were registered independently in
US, Minneapolis, Fort Churchill and in USSR, Murmansk, in 1958. Regular
measurements in stratosphere in USSR started in 1957 by the group of A.N.
Charakhchyan in Moscow (Dolgoprudnyj), in the vicinity otihansk and epizodically

in Yakutsk and Tixie (Yu.G. Shafer, V.D. Sokolov, A.N. Novikov), as well aSiineiz,

Crimea (Stepanyan.ater, since 1962, the regular flights of radiosonds began in Apatity
(LLL, one of the authors). Measurements have beedutied during short time flights
onrubber balloons by

radiosondswvith use of two Geiger counters; a short pulse was transmitted to Earth in the
case of single detector cout, longer pulse meant the coincidence in two counters. Between
the counters theravas metallic screen for the registration of charged particles in two
energy channels. The needle of the barograph interrupted the transmission on seven
contactsi serving as measurement of residual pressure of air above the ballon. Figure 9
shows the schee of radiosond RKR of A.N. Charakhchyan usingalves, which was

later replaced by semiconductors at all devices of regular measurements in Moscow,
Mirnyj and Apatity. Figure 10 shows the results of measureinaititude profile in the
coincidence chanheluring four solar flares with SCR emission. Figure 11 shows the
moment before the launch of radiosond of cosmic rays in Apatity observatory.


http://neutronmonitor.ta3.sk/
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Fig.9. Electronic scheme of the experiment measuring cosmic rays on radiosond.
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Fig.10. Altitude profile ¢cale in minl) of the count rate of coincidence pulses of two
GM tubes onradiosonds during four different SCR events.
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Fig.11. Academician B.M. Pontecorvo visiting the launch site of radiosonds in Apatity
before one of the launches.

Along with the measurements of SCR described shortly above, the regular stratospheric
measurements of cosmic rays are run with the purpose to check the cosmic ray variations
at different depths in the atmosphere by the group in Physical Institute of Russian
Academy of Sciences, Moscow ( G.V. Bazilevskaya and Yu.l. Stozhkov). Figure 12
shows these measuremejdg, 38]
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Fig.12. Temporal profile of cosmic ray intensity measured over Murmansk since 1957
at different depths of the atmosph{ge&, 38]

2.2.3. SCR observed on satellites and space probes.

In USSR, above mentioned S.N. Vernov founded the service of steady monitoring of
cosmic rays in the upper layers of the atmosphetaily launches of the same type of
device in Moscow, Apatity andosnetimes also in the southern part of the country
(region of AlmaAta). Along with that, during each flight of the satellites where it was
possible to put the scientific device measuring cosmic rays, such device was installed on
board.By this way the detgtion of solar and galactic cosmic rays was conducted during
all flights to Venus and Mars, as well as during the flights of several interplanetary
stations Zond.

Especially successful was the flight of Vendravhen the measurement of cosmic rays
was dae over the whole routét that time was the period of enhanced solar activity
(1967) and devices observed large number of solar events. During the subsequent flights
to Venus they were done many measurements, however, flight of Véngaa most
impressve because it was first really succesful one accompanied by obtaining of
interesting information over long time period including that of the landing on Venus.



Fig. 13. Fluxes of particles from a couple of solar flares during-Autust 1967
accoding to measurement of instrument AMS onboard Vederdpper curves indicate
the anisotropy of protong te>1 MeV. Thick line is proton flux from the Sun, thin is

toward the Sun.



