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An A l l - S t r t e  Conference on Cosmic Rays took place in Moscow on 

October 4-10 1%3, where 130 sclentlflc reports were delivered by young 

sclsatisfs. 

rchieveaents in the area of cosmic ray mastering. What are the last 

rcbievanuh? Wsat lir new direction for future study? All these questlane 

aroused Antem& of mast Soviet scientists. 

In thelr reports thcy hd spoken about varlous problclns md 

A U + N d / 2  

With further penetration into the depth of the atmosphere the cosmic 

ray flux is rapidly decreasing and at the sane time its composition be- 

comes more complex. 

the main goal of cosmic rqy studies. 

Therdore ,  the penetration into open space d e w  is 

During last year this idea was 

materialized in the tom of further development and building of new labor- 

atories on top of high mountains in Armenla, Georgia, Kazakhstan, 

Uzbekkistan, in more frequent use of the Air Force (flights at altitudes 

of 6 - 1.2 km) and use of Cosmos-type scientific satellites. 

In order to analyze the nature of cosmic particle interaction with 

atomic nuclei it is important to make a close comparison w i t h  the cosditiom 
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of contemporary exgeriments by aieans of accelerators, ham amre or less 

precise data on energies of colliding particles and at the same time a 

brod energy r6nge by cOarp.rison w i t h  the most powerful of all &sting 

snd even Currenw built rccelerators. 

’Iht is why lmge-scale caorimctr ic  installptions are widely us& 

% d q , f c m  taey ilclov to register all or part of cosmic particle energy on 

the barpis of the cescrdt shovers i o n a d  by cosmic particles inside thick 

filters divided by rows of ionization chmbers. 

A n e w f e a t u r e i n t h e  

field is the introduction for 

~ b o ~ e  ccrtsin FOVS or ianited 

chambers l i e  mosrric  rug^ con- 

sisting of a grert number of 

ptzotoeunil6ionblocke. or 

Fig .  1. - One of the typical calori- 
metric instal lat ions Tor the study. of 1 

high-energy nuclear interactions.  I 

a re  the rows of hodoscopic 
counters, 1 -12 are rows of ioniaa- I 
t ion chambers . 

these, only that under whlch a heavy cosmic particle shower has passed is 

subject to  development and  analysis . 
!Phe application or these various complementary methods helped t o  

achieve more accurate and reliable results. 

wbet unreliable, but decidedly promising results were obtained by researchers 

The first ones still are some- I 
f, 
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poeeible to fir the preciet epstial picture of the chr@ psrticle trril 

Fig. 2.- Wakes ( T r a i l s )  of frjst € a r t i c l e s  in 
the tracking spark chambers 
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The Mormrrtians about the ma@tude of a particle itnpulse can be obtained 

lqr applying a m e t i c  field t o  the spwk chamber. 

in sparking chamber u18 mdi~torted, contrary t o  wht happened in the stand- 

srd tWilson Cb8mber". 

Pauch hi- than tb.t of the U i k n  Chamber. 

perspectivee for the rgprrrtue dcwloged in Yerevan .rad designed ror  a 

direct m e p i s u r e m e n t  of h i g h m a  caSrrged particles. lh is aprwrtus is 

The working material 

Therefore, the accuracy of the spking chuibers is 

! b r e  e m  very interesting 

baseti op the registration oi transitional emission inaide stratified 

media w i t h  periodicrlly modulated W of refaction. 

for  coprplex study of brod atmospheric shouers, which will also provide 

The apparatue 

I 

i a f O = t i o n S  CM -h oi them, bas 4180 been n p i d Q  - m e d o  I 

A new variant of such installetion, occuwing an are8 of ibout 

4 hectare (2,471 acres) bas been created at bbscow uhiversity. 

to- u o r w  area of all gaa-diswge counters is of 100 m* and their 

s c i n t u t i o n  area is of 10 m2. 

The 

0 

SPACE PHYSICS m c m c  RAYS 

Wing last years reaearch i n  the f ie ld  of spece m i c e  
I 

developed mainly i n  two  directions; 

n a t a  acceleration of gsrtfcles sad using these particles as an 

Mastering various processes of 

lnatnrpent for coemic e w e  soamdinga. 

of charged lprrrticles tlmm above the Earthls atmosphere in combination 

w i t h  other geophyeicul, sstraphysical researches, heve hdped to move 

towerd the solution of this fundamental problem. 

The various expmitnentril studies 
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The next object of research in space nearest the Earth and very, 

important for many practical problems consists of Earth's radiation belts, 

w h i c h  hpve been discovered less than 5 years ago. Up until  now scientists 

have been us- In the majority of cases only descriptive and not slvqys 

reliable data abaut this most Anteresting phenomenon of the nature, and 

they w e r e  8 Leg w8y from +&e c-rt?ation ef the tgt3.nti%€&tive theory sf 

radiation mts. 
Strict  eqwrtiom of particle flow inside the Earth's magnetic f ie ld  

could only be written recently taking into account the non-stationary 

processes, conditioned by cotxparatively slow variations of this field 

under the influence of solar corpuscular streams. Calculations have been 

made, vhich show how the slowly varying magnetfc f ie ld  determines simul- 

taneously the acceleration of charged particles end their  bilateral 

scatteriag. 

connected w i t h  the capturing of solar corpuscular flux particles 

(solaw w i n d )  into the magnetosphere of the ~sr th  (as a result of 

scattering, charged particles are completely trapped by the lines of 

force of the geomagnetic f i a d ) .  

factore - diffusion of particles inside the aagnetic field and their  

spreading on atoars of discbarged ejas of the outer atmosphere leads 

toward charscteristic spatial distribution of the htens i ty  of elect- 

rons inside the outer rsdiation belt. 

One of tbe scattering directions fKw space t o  Earth is 

A t  the same time the interaction of two 
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Fig. 4~Dependence of radiation 
intensity on the height H ( i n  
re la t ive units) for fast elec- 
trona of the outer radiation 
be l t  ( i n  the  Eaerth's equatorial 
plane). The sol id  l i n e  gives the 
computations by Tserskaya (1961 1 
and the dashee - the  days free* .. 

The sane theory pedts  the explanation 

of the cause ror the a-e in this 

bel t  of protons with energy of abaut 

10 mil l ion eV. It is interesting t o  

point out 

aCcc1em*r, which is nil!m.uF +a these 

created by men (BETATRON) can p r o w  

use OXIJY & of energy carried to  the 

Earth by the soJar wind. 

that such a celestial 

s m  c&lculations bve 

ex@ained how a relatively low 

altitudes the protons of higher energy 

(about 100 m), injected by coemic rays 

from the Earth's atmosphere, can stay 

VitMp the inner ndirtion belt 

(xmm the exterior border line of the outer blet)  they escape into cosmic 

space after several d.;ys. 

during several years, while a great height 

In -el with the "breathing" of the outer %rthls radiation 

belt, two types of cOBPPIC ray intensity variations, w e l l  studied for  the 

past years, are also being used as sensitive indicators of the electro- 

magnetic processes in cosmic space. 

Tlre flret type of variation (the Forbush effect) consists in the 

decreasing inteaslty of emission because of scattering of charged particles 

along the mn-homogeneous tnagnetic f i e ld  in the area of encounter of the 

Sun's corpuscular streems with the magnetosphere of the Earth. 

* [continuation of caption1 . from magnetic storms (end of 1962). 
The corresponding experimental data are given by crosses and small 

The second 

circlee.  The height is given in Earth's raciius units (R). 
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type (the cosmic rqy intensity outbursts) are connected w i t h  the arrival 

on the Earth of frst-moving charged particles, dispersed inside the active 

areas of the Sun's corona and then coming under the influence of slow 

difrusion through the aagnetieed -ma clouds. The electromagnetic 

sfturfiopl h i d e  the lntew@metaqy space is varying in accordance w i t h  

%he eiatfan yeat &e of periodic Variatiokw of S U ' l  activity. i)wrin@; 

the gerrra of cmximm activity displacement of cosmic ray-s of galactic 

nature by the re- me but w i t h  more p o w e r f u l .  corpuscular streams, whose 

infZuence can be obsemed even at such distances as the orbit of k4au-s. 

Dur;lsg the yoars of the Quiet Sun the msgnetized *ma clouds are 

dispersing and tbis leads an the one hsnd t o  an increasing (approxiaet- 

twofold) af general galactic emission background, and t o  a more effectfve 

egress of the collplewntrry emission, ejected from the Sun during 

chromospheriEflares - on t h e  other. 

A t  subetantiom33.y larger scales of the whole Galaxy one can 

study the processes of cosmic ray diffusion through a non-homogeneous 

magnetized plasm with the aid of analysis of primary cosmic emission 

of higher energies ( d ~ e v ) ,  w h i c h  induces inside the  arth has atmosphere 

gigantic showers, consisting of q millions e v a  bi l l ions of particles. 

However, tbis analysis is, rnade more complex because of the possibility 

for cosmic rays to egress into the intergalactic space, of which we know 

very l i t t l e .  It is nevertheless nearly taken f o r  granted that the 

experimentally observed shrup break ( t o w a r d  the side of steeper energy 

drop) of the energy spectrum of broad atmospheric showers with energies of 

d5 - d6 eV i s  precisely related t o  the variation of the W t u d e  of 

the diffusive path of respective particles in the interstellar space. 
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htring pst several para theoretical and eq?erimestal plpgiciets 

Al- the new eqerimental data obtained in various Idorcrtories 

are not c e t e d  a~ yet, they nevertheless compelled us to consider 

pBFticles vith high energy. 'Ibis process wrst be less effective in 

reletion t o  the &r of nwly fonned particles ( A - mesons) but it ~ 

is very effective for transfering larger amouuts of energy to  the sepwate 

0 IIU2801LB. According t o  a second, m e  radical hypthesis, the fire 

balls are fiction, but in reslity formation and decay of meson-nucleolle 

resonant syeteme or "res0~012~", discovered during the las t  two years with 

the eid of accelerators, beve been observed. Became of their increreed 

mass, the resonans can differ from the dlrectly f o d  It - mesons by 

greater energles and mall= angles of escape. Mscovery of new, earlier 

unknown, processes of particle generation may s t i l l  be used for  the 

qplamtion of two more recently-revealed aadmalies, the "behavior" af 

cosmic pwticles with high energy. A t  first it helps t o  the 
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nature of y - quantum formations, whose number3ery difficult to correlate 
with the existing theory of birth directly through neutral ;t: - mesons. 
Secondly, it has been discovered that in the flow of the nucleoactive component 

of cosmic rays, q c i a l l y  at low altitudes, the part of unstable particles 

(meiriLy charged mesons)%onsiderably larger tban expected earlier and con- 

stitutes tais cf pereat  at mergies a?xme lou = # e~ fur a r e e t i v w  

high atmosphere density. 

toward the development of the quantitative theory of the peripheral nuclear 

collision, at which only a s m a l l  part of the total mass and energy of the 

Efforts of theoretical &sicists have been directed 

a-.f..r..t-.. ...a...+-a-r hsr haa.. -4 4.. +h.. prr-+.inn r\9 nl.w -&iml-- uuyAU&* p c U U + = & Y  - U F a  u .LIl UYI.  .L"L.LYYLVL. "L L.k" -"--"". 
A characteristic feature of such relations is the exchange of the impinging 

particles with on? virtual meson. 

However, certsin arguuents have 

appeared in favor of the idea that 

besides characteristic for high 

energy peripheral interactions, 

7- the central type collision m y  take - i ; r .  ,". - Scheze of p e r i p h e r a l  inter- 

place, 1- to simultaneous r i t h  gzrticipation of v i r t u a l  mesons 

exchange with several virtual. t - e  nevvly creotec' p a r t i c l e s .  

z c t i o n  of hic:-c-eoergy nucleons (BY1 ,:!2 

acd  oi t h e  fire b a l l .  %.shes indicete 

mesons and therefore with high 

efficiency for the utilization of kinetic energy of two impinging particles. 

Final ly ,  experimentators have recently started the study of the pcirticular- 

ities of particle interaction with complex nuclei in comparison with simple 

nucleon-nucleon collision processes. Experimenting with cosmic rays 

pbysicists have heretofore usually observed the processes which take place 



in caprplex, although at times i n  light nuclei, without puWcuhr regard 

to their coplpositlon,and only recently the vilidity and the reliabllitir of 

me&surement8 hve  rch.icbed a level 8% which the results of c ~ i 8 l o s r s  of 

r-te nucleaina with the coaqrler nuclei could be compared qyantllatlvely. 

Because of this, tb4 coardificlrns of the eqerlment becoso clearer. 

wb.t are the prlmnxy sources of C O S ~ ~ ~ C  -4 An accurate ,.ul_vei. 

of rrdioealsslam~ of local murces (shells of the alrea3y coded super- 

nonre) fi.s mtted k, master the energetic spectrm of prtScles matt- 

ered by enlarm shells, .ad to evaluate the whole energy trummltted to 

chugled m d a a  (clsctrono) which become c-e pith the to- auzrm 
of the tshdl'a -la field. 

of the to ta l  

of napemow) is rpproripwtely 100 times greater thn the cosmic e r i ~ ~ i ~ ~ t ,  

It was also ascertained tht the Intemlty 

rrdioclciseion ( w h i c h  ie not copnected with the 

Uandmbg in th! ollluy a6 result of forprtion of s e c ~ g e l e c t r o l n 8 .  

Therefore, there arises the problerp of s e w c h i n g  for dinct sources of 

dect~ane and of high-energy 1 - qurnti (up to lolo - 10 ev).  he 

recently discovered e o s i a n  of the wcleous of one of #e di0-t 

-es pves the vqt toward r new solution o f  the pF0blear of cmmic m y  

sources in our Galaxy. 

u 

It is a fact that the power of such an explosion is milllms of 

I 

times gFslrter thn its effect on the rverrge supernova. Osre such exphm%on 

can sqpp3.y our & l q  with cosmic rays for the next 50 - 100 aillion years. 

Calculations show tht such horpothcsls can even explain, with the help 

of additional asmmptioIIs, the cosmic rays energetic spectrum inside 
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