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SUCCESSES IN PHYSICAL SCIENCES. 

Page 185. 

ASTROPHYSICAL ASPECTS OF COSMIC-RAY RESEARCH (First 75 Years and 

Prospects for the Future)1), 

FOOTNOTE ' , Report prepared for the 20th international conference on 

cosmic rays (Moscow, 2-15 August of 1987) . The changes virtually yere 

not introduced in the text of repOrt published in UFN. At the end 

there is placed, however, a supplement which, to a certain degree 

reflec-ts the york of the conference. ENDFOOTNOTE. 

V. L. Ginsburg. 
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Cosmic .rays were not discovered in ilny one experiment. On the 

1 	 C9!'ltrary'., the. existence of ~osmic rays - the charged particles and by,,, " 	 high energy - was established as is ·result of the prolonged 

investigations, which were begun in the first decade of our century. 

, However, any doubts about the fact that to us from outer space comes:j
" 	

I•< the penetrating emission - cosmic rays, vanished only approximately in 

1927-1928. Nevertheless, let it be somewhat conditionally, the date i 
of the discovery of cosmic rays it is possible to consider on "7 August 

., 1912, when Victor Hess completed his most successful flight on a ! ,r 
.' balloon. In this case it was convincingly shown that the speed of the i 

!.,
.; 	 ionization of air in the hermetically sealed containers during the 
:, 	 ~ ., removal/distance from the earth's surface (above approximately two 

:1 
" 

kilometers) it increases with the height / altitude • . By 

achieved/ reached on 7 August, 1912, to height/altitude of
:i 
"" approximately 5 km the speed of ionization grew/ rose already several 

times. Thus, it is possible to consider that the 'present conference , 

, is conducted exactly 75 years after the discovery of cosmic rays. 

This period, very large on the scales of human life, it proved to be 

insufficiently in order to t~orou9hly study cosmic rays - the rich 

program of conference testiiies about this is completely eloquently. , 
" ., " 
, 	 Of course cosmic rays are not in th is respect some 
, 
, exception/ elimination. For example , superconductivity was discovered 

in 1911, its study not only is continued, but also is expanded, so to 

speak, broadwise and in depth. It suffices to say that in 1986-1997 a 

notable event occurred - high -temperature superconductivity was 

discovered. (Incidentally, directly after the present conference on 
"j', 

I 

.' 

i." . . : ' 


' .. • , ." , . II' co . ' 'P ' . 	 ... 
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( 	 the cosmic rays in Japan it takes place so representative 18th 

international a conference on low-temperature physics - cosmic rays 

and low temperatures, can be said, contemporaries). 

Page 186 . 

Study of cosmic rays it is possible in rough approximation to 

divide into tvo directions, or section: astrophysical and nuclear 

physics . There yas the period, vhen special importance had the second 

direction - cosmic-ray research for the solution of the problems of 

physics of elementary particles . It suffices to say that in the 

, cosmic rays they were precisely the discovered positron , muons and 

~ ~-mesons, and also some other particles. At present cosmic rays also 

by no means lost values for high-energy physics. Thus, for emitting 

interaction of particles yith energ i es E of more than 10 1 • eV, also, 

up to 10 1 eV, which are noy unattainable on the accelerators , on• 

Aragats mountain (USSR) there is constructed the installation ANI 

("hadron- nucleon investigationsRj it must begin ~o York in 1989). But 

nevertheless, beginning approximately from the 5015, increasing place 

occupies astrophysical aspect, or as I will speak, astrophysics of 

cosmic rays. Here is involved t he study of primary cosmic-rays 

(observed in essence near Earth}') and the problem of their origin 

(acceleration in the sources, cosmic-ray distribution in the galaxy, 

also, beyond its limits, solar c.osmic rays, etc.). 

FOOTNOTe ' • By primary are understOOd the cosmic rays, yhich are 

) , located beyond the limits of the earth's atmosphere . Belov discussion 
j 

-. 
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-dea:ls only .with. the primary cosmic- rays , but not about the products of 

thei r de'composi tion/decay and mul t iplication in the atmosphere. 

Therefore a'djective ·primary" will be usually omitted. ENDFOO'I'NOTE. 

At present, as this cliarly already , from the program of the conference 

(see supplement), to astrophysics of cosmic rays is especially closely 

related also g~a-astronomy. 

My report is planned as certain introduction, designed not only 

for basic participants in conference, but also to guests. 

Furthermore, even I will not attempt to enumerate all questions, which 

relate to astrophysics of cosmic rays (charged particles), also, one ,! 
vay or another of the connected vith it radio-, by X-ray and to 

gamma-astronomy, or astronomy of high-energy neutrino . There is no 

possibility to dwell here, also, on the history of the study of the 
i
,I,cosmic rays (see l-ll . But it is neverthelEss appropriate to mention 
j 

some landmarks on t·his long path (we concern only astrophysical ) 

l 
.' 

asp~ct). 

1912. The discovery of cosmic rays "{see above }. During the 

first stage of their emission (about 15 years) there was no complete 

confidence in the nonterrestrial origin of the observed emission. 

Independent of it was assumed this that the discussion deals with the 

hard gamma-rays. 

~~~~~ 


1927-192 8 . 
 By this time doubts about the existence of veIl 

• 

-~~ " 
• 

..~~~~--~~~. "~------~~~~~--~----~~~~~~'-'~ 

1 
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per:ae.trating "emissi~n coming from- space" (cosnlic rays) finally dropped 

out. Indications of the 'presence of latitude effect appeared 

(dependence cf the speed of ionization on the geomagnetic latitude). • 

Therefore it became clear that the primary cosmic-rays (particles 

which fall from spaC6 in the atmosphere) at least are partially the 

char.ged particles. 

1936 , It vas approximately finally. acknowledged at this time, 

that cosmic rays - these are charged particles. 

1939-1941. It was explained that cosmic rays have positive 

·charge and in essence are relativistic protons . 

.. 
1948. In the composition of cosmic rays nuclei of series of 

elements are discovered. It was established In the same period (to 

1951- 1952) that the electron stream in the cosmic rays is less than 

" approximately the percentage of their general/common flow." " 
(Incidentally, electrons in the composition of primary cosmic-rays., " 

" they were for the first time re~orded only in 1961). 

" 
" 

I, 
" Thus, only 40 years after the discovery of cosmic rays it became, 

" at least in the first approximation, was kno.wn their composition in 

" 
Earth. But about the sources of cosmic rays and generally about the 

" 
" 

cosmic rays far .from the Earth in effect there was nothing known prior 

to 1950-1953, ~hen c~nnection/communication between the electronic 

'.\ component of cosmic rays and nonthermal cosmic rad io- frequency 

; 
~I_. 
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". .. ·ra.~ iat· ion · was established/installed• 


• • 	 Page 187. 
.;., ~ 
~! Thus· far the cosmic rays related, so to speak , to physics and vere 

~I 
studied only by phys.icists. Therefore, it is presented as to me, it 

~ .. will not by exaggeration establish/install this historical landmark:.~ 
" '., 

1950-1953. Gene~ation of astrophysics of cosmic rays . Since the 

nonthermal cosmic radio-frequency radiation has in essence synchrotron 

nature - it is em·itted by relativistic electrons <electronic component 

of cosmic rays), which move in the space magnetic fields, became clear 

tvo very importa~t facts. First, electronic component is present in 

the intergalactic space, in the shells supernova, in other galaxies. i 
I -. 	 Natural to assume that the same relates also to the basis - proton 

(and by generally nuclear) - to the component of cosmic rays. In the Ii" 	 I
'. 	 Isecond place, estimations testify in favor of the fact that the cosmic 

rays are essential energy and dynamic factor in the mentioned regions I 
. 	 t 
" : 	 <interstellar medium, the shell of supernovas, etc.). Thus, cosmic l 

rays a~tually ~entered~ into astronomy together with its other objects 

.~ 	 - galaxies, stars, interstellar gas, etc . 

-, ., 
..>. 

1953. On the basis of radio- astronomical data obtained 

suostantiation partially considered and previously representations 

about origin of cosmic rays, which are observed in Earth. Galactic 

model with the halo is proposed and developed. In this model galact ic 

cosmic rays fill the large region , which surrounds the galactic disk 

..,....... ...~ . ..; ~ : .",:=., . ~_:~_~~~':..:. .'_ . . . .. .......-! ..,_" . . ,'.0:- 0 .'••• . ', . .. . .... 
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{ 	 (·the "halo of cosmic raysll), and the supernova explosions stars (for 

greater detail, see ',. and lower> are their basic sources. 

Sine,e then (since 1953) already 34 years have passed, end I 

<consider the galactic model with halo (and, probably, many are 

,. considered ) most probable and substantiated. Nevertheless not all 

lying/horizontal at its basis is reliably proved (insufficiently it is 

clear the size/dimension ·of the halo of cosmic rays, nevertheless 

there is no complete confidence in the dominant role of the supernova 

explosions as sources of cosmic rays). In such a manner as frequently 

it. was and is in physics and astronomy, the problem of the origin of 

the cosmic rays (we specifically have here in mind the selection of 

model) proved to he "solid bean", to do completely reliable 

conclusions/outp~ts it impedes a whole series of difficulties. At the 

same time much is already explained and are sufficiently determined 

the paths, on which is feasible further progress. With this still 

viII deal the discussion below. Now we refer to lrables I, to a 

certain degree, albeit schematically, that illuminates the region of 

investigations. which relates to astrophysics of cosmic rays. 

I 
! 
I 

i, 

'. 
n n ' ,:,_ ,:,':"':-:' I '0 I I P H, I .. I n • ' s " It ,. ' 	 'd 
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\ Table 1. Astrophysics of cosmic rays (objects, problem, 

conn~ction/communication). 

) 
PIAIIOICTpOCOMU

tUanaUCI:u • ptr.re­
.000JlU KtpOaOKall

rlMlUl·aCTpOaoMU 
tiTpll..... attpOao­
JalII :lWCORI • .cp­n' 

PAGE 

Key: (1). Primary cosmic-rays. in the Earth: (2). Cosmic rays in 

the galaxy, in the shells supernova, in other galaxies and quasars. 

(3). Radio astronomy. (4) . Chemical (element) and isotopic 

8 

composition . (5). Optical and X-ray astronomy. (6). Energy spectra 

of protons and nuclei. (7), Sources of space and gamma- rays (in 

particular, problem Cy,X-3). (8). Gamma-astronomy. (9). Neutrino 

high-energy astronomy. (10). Electrons and positrons (e~). (11) • 

Antiprotons (p), (12 ), Anisotropy of cosmic rays (6), (13). Origin 

of cosmic rays. (14). Galactic model with halo. (15). Solar cosmic 

, 
) 

,., 
I 

i 
I 
< 

rays. (16) . Cosmic-ray distribution in in~erstellar . (17) • 

Cosmic-ray distribution in solar system, variation in cosmic rays. 

(18) . Mechanisms of acceleration of cosmic rays. 

Page 188. 

Table sho~s also some branches of astronomy, which directly adjoin 

astrophysics of cosmic rays. In this case is intended, of course, not 
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" 

( ent i re/)ll radro 'astronomy, ' but only radio- astronomical !, 

i 
I investigations, which yield info~ation about the cosmic rays in ,. 

dif!er~nt regions of the universe. An analogous observation can be , ,.

i 
I 	

" 

made in the application and to other enumerated in the table regions :it 

j 
! of astronomy . With respect to neutrino high-energy astronomy (is 

intended recording on the Earth neutrino with the energies, which 

exceed, let us say, 10'1 eV, ...hich are generated in space by cosmic 


r ays) it is necessary to also note that there are no real measurements !. 


" still, we thus far deal, unfortunately, only concerning the small 
'! 

installations and concerning the projects. The latter from already, 

so to speak, the born and acting branches of astronomy, ...hich are of :; " 

"special interest fOT studying the cosmic rays, is gamma-astronomy. 
, 
(­

Obviously, recording space gamma-rays yields information about 

.cosmic rays ...hen latter generate gamma- ray contracts during nuclear 	 -: 

. collfsions and by other paths. The corresponding ideas appeared into 

1952 more and 1958, and the first observations (balloons were 

utilized) vere published in 1962. (references see in .). However, 

only on gamma-satellites SAS II (1972-1973) and COS-B (1975-1982) vas 

obtained a considerable quantity of information about the space ", 

gamma-ray contracts with the energies 35 HeV <£,<5 GeV. 

Specifically, similar data are especially important for studying a 

proton- nuclear component of cosmic rays far from the solar system 

(topic, first of all, is about the gamma- ray contracts, vhich are 

formed from the decomposition/decay of .·-mesons). But nevertheless 

the results obtained on these two satellites, these are only first 
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steps, and- it is not obtained ih to some most important questions (for 

example, about the concentration gradient of cosmic rays in the 

galaxy) of precise responses/answers. Meanwhile in spite ~f entire 

obv'ious importance and prospect of gamma-astronomical investigations, 

thus already 5 years (since 1982) work not one gamma-satellite. Sad 

page in the history of physics and astronomy, especially taking into 

account the fact that it is necessary to attempt to examine thoroughly 

gamma-radiation from occured during February 1987 of the supernova 

explosion star in the large Magellan cloud. 

,. 
;-1 Emergence of gamma-astronomy (it conditionally can be attributed , 

,;

:: to 1972) - latt~r/last important landmark in study of cosmic rays, 

1 

-.: . I 
.'-. which we can here fix . 

'. 
.; 

Thus, it passed already 75 years from time of the discovery of 
' .. 

cosmic rays. Done very much (see, in particular, f), but are visible 

and clear still many problems, which wait their solution. Will arise, 

of course, and new problems.·.. · ,
.', 

., To throw light in present report already accumulated giant· ; . . material, it goes .... ithout saying, is impossible. Later, in Section 2,,. 
we will attempt to give the basic information about the cosmic rays , 

observed in the Earth. In section 3 let us pause at some data about 

the cosmic rays in the universe, obtained by radio- and 

gamma-astronomical methods. Section 4 is dedicated to the origin of 

cosmic rays and concretely/specifically galactic model with the halo. 
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l In . ~~ction. 5 ~et us ~ttempt to enwnerate the most important prt;>blems 
• 

of furth~r cosmic-ray research in the calculation approximately to 25 

y~a~sJ i.e. to the ~entenary anniversary from the time of the 

discovery of cosmic rays. 

2. P.rima~y cosmic-rays in the Earth. 

Co~mic rays most fully can be described by differential intensity 

I z.,.. {r, E. 8, cp)dE. measured by nwnber of particles with energies in 

., interval (E+dE, E) of those passing per unit time through single 

area/ site, perpendicular to direction of observation; I is measured, 
.' 

let us say, in units: number of particles/ (ern ' s·sr-interval of 
.' 

ener gies) . 

Page 169 . 
.,, 

Higher than Z - the ordinal number (charge) of -nucleus, A - its mass 

number r - observation po int, E = E. + Me' - total energy (M ~ AMp­

nuclear mass, M,- the mass of proton) and 6, IP - angles ...hich 

correspond to the direction o f observation. If ....e do not concern 

solar cosmic rays and to consider the action of terrestrial magnet i c 
1, .,field as that excluded, then primary cosmic-ra ys to a hi gh degree are , 
.' , " 

isotropic; therefo re they usually disregard the dependence of 8 on " 

but anisotropy they chara . . ~'rize by the introduced bela... coeffiCient 

6 . Thus , i n the Ea r th .... e d eal concerning intensity I'A (E) or f or the 

electron- positron component ..,ith It a (E). Is utiliz.ed also the 

integ r ated intensity 

I ~ 
.,., " 
·,r 

~_: ~_~~~~_ ~ ~' "'f;.,;......... . ..........'.....;0 ..'.. ; '"95;;"W.-•
.~~ · .. .; ... . .' .. ' ...... ...... ' ·f 

http:utiliz.ed


/ 
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I 

(1 

I,t>£)_ J• I,(£) dE, 
retD 

where, obviously, the role of index i play Z, A, e* and so forth. 

Finally, far from always is determined isotopic composition, but, . 

" frequently, especially with the high energies, are not divided 
! 

elements; therefore are utilized intensities 1% = ~ IZ.A. and J=~lz.A ' ;
%,A

'" For the isotropic emission the particle flux from the bamisphere of !, 
,1 directions, ~ , 

F, = JI, cos 8')in 8 de d, =: ni, 

, 
; (in the literature by flow frequently calls intensity 1), and .,' 

Inconcentration of particles, which have speed VI. is equal to N,=-l,. 
" 

Energy density of the cosmic rays 

"'" - J E,.N, (£) dE " ,, 
and "energy in~ensity" 

J, = JE,I, (E) dE, 

For the cosmic rays in the Earth (out of the action of terrestrial 

,, magnetic field) for the orientation it is possible to give such 
" , 

values, relating to all cosmic rays: 

.~ 

(Il
'. 

Key: (1). particles/cmls·sr. (2). particl'ts/cm'. (3) . erg/em ' . 

i· 

..... .. 
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eV/cm ~ • (5) • erg/crr. 1 s·sr . 
, 
<,

In vie~ of modulation effects in the solar system the cosmic-ray 

intensity in the region of energies I. = E,}A " t GeV/nucleon changes 

depending on solar activity and, in particular, during the cycle of 

solar activity. Therefore the corrected above values, which 
;"" ; 

correspond to energies E,,;,;.. 100 HeV, have the approximate value 

(maximum in the spectrw:n of protons i t ~ alls"'ers energy . E~ '" 250 MeV 

and all integral values they converge ) . It is c).ear from (1) that to 

the Earth comes flow F- l particles/cm 2 s. It consists (according to 

the number of particles) approximately to 90% of t he protons (p). 

Nuclei tHe approximately 10 times less, ever more heavy elements 

introduce into the g~neral/common floy of approximately 1t . Primary 

protons, to say nothing of nuclei, virtually do not reach the surface 

of the Ea rth (at the sea level). 

Page 190. 

In the atmosphere {thickness of approximately 1000 g/cm'} secondary 

particles are formed; at the sea level their flay is approximately 

10· I particles/ cm' sr ' s DO\" I'*- leptons, 30% e;t-leptons, i.e. I 

electrons and positrons)"} , 

FOOTNOTE 1, On the surface of the Earth is observed also the 

secondary neutron c,omponent of comic rays/beams; its drip composes 

approximately 1\ of the flo." of muon component. Nl'utron component is 

generated in ~ssence by initial particles with the energy, 

considerably smaller than the ener9Y of the reaching the ~ar th If,uons . 

. , .. __ _ ., =~'"'".... . ... _' ....._ .. ,, __..._ ....... · ....
- .:l.""- __ ........-.,.. ................."'...- .....ill.. . ......... 
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( 	 furth~rmore, the flow of neutron component, in contrast to the flow of 


muons., virtually doe~ not depend o~ the temperature distribution in 


the. atmosphere . All this makes the emission of neutron component 


convenient for recording. the time variations in the intensity of 


primary cosmic-rays with the energy into several GeV. The continuous 

,I I,I 
I recording o[ the intensity of the neutron component of cosmic rays is I 

.eon~ucted by the network of the stations, located in many points/items 

of terrestial globe. ENDFOOTNOTE . I 

I 
! 
! 

Emission of primary cosmic- rays - one of central problems of 

astrophysics of cosmic rays. Colossal effo,rts were already spent for 

" its solution, this work is continued both on the high-altitude" i 
balloons and on the satellites. In order to describe the scale of the 

largest installations, let us point out that on space laboratories., 
(RSpac~elab-2R) flovn during July 1985. dh the RShuttle" there was

'. 

located the installation of the University of Chicago (its name "The 

EggR - egg) by weight about 2 t, intended for studying the nuclei with 

the energy from 50 GeV/nucleon to several TeV/nucleon. The results , 

which concern the composition and the spectrum of cosmic rays, are 

represented at all international conferences on cosmic rays (IeRe), 

including the present; to this are dedicated both original and 

'. revievs'. For the illustration let us exclusively give several 

graphS/Curves. Thus, Fig. 1 presents' the energy spectra (so it is 

called usually differential intensity I, (E). named also flow) for 

nuclei H, He, C and Fe. The spectra relate to the p~riod near the 

minimum of cycle of solar activity. ~he solid line for the spectrum 

" 

.. ' .." 



DOC .• 	 88078901 PAGE 15 

( 	 of hydrogen (H) ansyers extrapolation to the interstellar space ( i.e . , 

beyond the limit of the solar system), of modulation in the solar 

system obtained by the exception/ elimination of effect . Where is 

loca~ed maximUm in the spectrum in the interstellar space - it is 

unknown, and therefore estimations (1) for the galaxy (near the Sun), 

poss'ibly, must be increased several times. Pig . 2 shoys' the element 

composition of cosmic rays in the Earth (line it answers cosmic reys , 

and ·columns· - to the chemical composition of substance in the galaxy 

n~ar the solar system according to astrophysical data) , 

. ' , 

( 

" 

"" '"~-" "" '~-----",,",,",",".... ....... .. ... ....... .. ....
" .... .	 ..... .. .... ...... ....
..._--_ 
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(J) AU/I......'.lIIq6~ 1 1I11/ 11J1UU 

Fig . 1. 


Key : (1), Differential intensity, (m 1 sr ' s MeV/ nucleon) -I (2) • 


Kinetic energy, MeV/ nucleon. 


.' Page 191. , ~ 

Attention is draYn to already long ago (from the very beginning of the 

study of the element composition of cosmic rays at the end of the • 
40's) the established/ installed fact - in the cosmic rays there are 

sufficiently many nuclei, which are rare on the stars and in 

intersteliar medium. The most t ypical examples - nuclei Li, Be and B. 
'I 

j 
" 

~ ,',., 
-,.'
f. 

" L~-~ , · "- - , · -_~~.............___ "-.........",-,""....~_~ ,~ ~· -. - - -- ..... .
, ~~~~~~~~ ·~·_~ ,-:"·,,,:,,,,,,:-. -- .... --- ..:..-.~ .. - .~ ,.-~. ~ 



. .. .:.,. . .. .-. -.".­ " ~ " . . - . 
;,, 

I' 

j .DOC .; ,88078901 PAGE 17 


I l Them in the cosmic rays it. is approximately to 5 orders more (withI, ,• respect to H), than in the galazy. Another striking example - isotope 
1, 
j 'He.. In the cosmic rays with I . =40-":150 MeV/nucleon the ratio of,, 

intensities 'He/ 4He-=7.5·10· 1 (5~C ,), while in nature
i,• 1He/'He-lO-'- lO·4 depending on source (sample), For the ratio of 

•
..: 

deuterium to hydrogen approximately the same: rH/lH)~ r ~ O,t3, and 
" , , 
;1 " (IHJlH)upoIpOa ~ 1,5.10-1 • An abundance in the cosmic rays of elements rare in f 

nature and isotopes is explained by the fact that the cosmic rays
ff 
" arriving to us for long roamed in interstellar medium, and, possibly,f." , ., f' 
~, and in their sources. Therefore more heavy nUClei due to the nuclear 

~ collisions had time partially to become lighter. It follows from data 
" 
; about the element and isotopic composition of cosmic rays that they on 
., 
.j t .he average passed in the substance let x-S-10 g/ cm' . For the 
" 
.; relativistic nuclei speed v can be considered equal to the speed of 
i: 
1. light c and x~cpT, where p - density of medium and T - t ime. For ,
\: interstellar medium with concentration n-l cm-' (p-2·l0 · 2 • g/cm', in 

, . essence it is present hydrogen) with x-S g/ cmJ time T-10I I 5-3·10­
,. •'. years J 

} • 

'. , 

FOOTNOTEI. The time T introduced here by specific r elationship T=x/ cp 
" 

makes physical sense only with the concrete definit i on of model. 

Thus, if nucleer disintegration occurs virtually only in the gas disk 

(i.e. the contribution of halo with this of view it is insignificant), 

then time T is the time, carried out by cosmic rays in the disk. 

ENDfOOTNOTE. . 
i 

I 
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, ': , 
'. 

! {. . -., 
It is very important that the portion of product nuclei with ani . 

t increase in the energy decreases (unfortunately, the data there are 
•,• ., only for energy S", iOO GeV/nucleon). -.:· I '.,r . , , 

f 
In cosmic rays heavy nuclei up to uranium are discovered. A "'..f ­

relative quantity of heavy nuclei (them they usually name even 

superheavy nuclei) in the cosmic rays approximately is the same as in 
.:, 

the solar system (see Fig. 3, undertaken from ,.). In the literature 

appeared the communications/ reports about the recording in the 

meteoritic material of the traces of nuclei vith Z-110; however, as 

far as ~e know , presence in the cosmic rays of such nuclei cannot 

still be considered established/ installed. 

Electronic component of cosmic rays is studied usually wi thout 

separation into electrons (e-' and positrons (e~). 

. , 

.' 

.;• 
• 
" 

I. 
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" 
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• 
" 

, 
. '• 

..". .' ., 
' ., ,. 
 ;. 


*"95\ , "canerF.Ml.Zn-Ot... II•• 
Fig. 2. 


Key: (1). Prima.ry cosmic-rays. (2). Local abundance of element in 


galaxy. 

;. 
page 192. 

With the assigned energy (let us say, E-1 - 3 GeV) the intensity of 

electronic component comprises order 1t of the intensity of protons. 

."Thus, the energy density of electrons (see (1) " 

j~, jt\-u {II I ' (2)"'cr, , - v lDet ,.., v apr eM. 

}C.ey: (l). erg/em J . 

The integra ted spec trum of electrons i n the interval of 5<E<lOO GeV • 
approximat~ly takes the form 

(3) 

Key: (1). GeV. (2). 

. ~... 

pa rticl es/cm's ·sr. 

. . _ __ 

,, 
~ 
" 

__~~--'-~~'-~·~ ' CC"'-' =."."-....--'.'"'....................... 
.
• 
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"'. 

At the- same time for °al1 cosmic rays tentatively (with lO<E<3-10' GeV) 

(4) 

• 

key: (1). GoV. (2). particles/em's·sr. 

ana with E73 · 10' GeV 

;.; 
H 
t'· 

Wraparound ("fracture") of the spectrum of the cosmic rays with E-IO' ; :~ .... 

GeV they usually connect yith the more rapid output fro~ the galaxy 

of cosmic rays with the high energy. 

Only more complete and precise are data about spectrum of 

electrons obtained in recent years: they are reflected in Fig. 411, in 

which is represented differential inten~ity, multiplied by E', i.e., 

.~value E'I(B) in ones (particles/m' s'sr) (GeV)l. Obviously, index 1 ' " 
~ 

in po'JIcr-law differential spectrum It£) = K.£-" answers index 7-1 in :~ 

(5) 

. Key: (l).. GeV . (2). particles/cm's-sr . 

" 
.~, 

integrated spectrum I(>E). Thus, Fig. 4 is in the common agreement 
' " 

'-'. 
with spectrum (3), but the spectrum of electrons wrapped around with 

£>100 GeV. · ':'he intensity of positrons I; in the composition of 

electronic, component ..,ith E>l G.eV composes approximately 10% of entire 
:'. 

intensity I,..." , Unfortunately, available data are still insufficiently .5 11 'precise (Fig. ). Beginning ..,ith 1979 they appeared the data about 

antiprotons p. With the energies of particles E-5-10 GeV relation " 
" 

1,lJp_S. IO-t (see 11 and Fig. 6). with the smaller energies 

(E lf :::: 130- 320 MeV) the measured intensi ty of the antiprotons 
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( .consjq.erably higher than that, ",hieh i t yculd be possible to expect • 

under the natural assumption about their formation as secondary 

particles during the cosmic-ray distribution in i nterstellar medium 

(see lower curve in Fig. 6). The antinuclei (are heavier than P0 in 

the cosmic rays they are not discovered. 

Long years vent disputes about value of anisotropy of cosmic 

rays . 

•' . 
~ ~ 
'. 
': 

'. 

,. 
':. 

., ' . ,.,

.' 
;,
.: 

.. • 
! 

'. 

~~ 

"...., ,..._.- ' --'-'---'-'"--""'";....... ........ . ...,."""................-"..,j
. '' ' ..... . 
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~
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.

i 
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·,-., I 
J 
~ 

,VJ , 

. 

Fig . 3. 

Key: (1). Prevalence. (2). Experiment. (3), Solar system. (4). 
, 

Solar system taking into account ionization potential. (5). Charge . 

· ,.. Page 193. 
," 
, Si nce this anisotropy. at least with E<10' GeV, is very small, is 

." usually characterized ~ith the amplitude of the fundamental ha~onic • 
· , 

i.e ., by relation 6=I J /1, . In this case the total intensity is 

considered depending on the angles according to the lay of 1=1.+1 1 

cos 8 (1 1 «1., angle e it is counted orf from the direction of maximum: " " . 
:. intensity). with E< to' GeV amplitude 6~ iO-' gTo....s /rises .... ith the 
" 

energy (see I. and Fig. 7: in this figure ~ - the latitude of place. 

in ....hieh the measurements were conducted) . 

I 
I
•• 

; . 
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Special, in a sense, is field of study of cosmic rays with ,i 
j t superhigh energies E ;:t ion eV (see -1" ',1.).

I,, fI1J --i. . ~ 
!i ,.it" laD 1¥~!.\\'\' l~ jl 

(oJ 
~ 

f •I t 

~ tI 
i!., 

" '" .I
~ 

,· 
~ 

•I' "~ " 
I, 

t 1t t 
t 

,

· 
· 

t, 
• 

" 

~~~s~~w;--'t~'~~H~~.r-'hO;,~~..~~~-usii~ ,(l'J*,prrl_, fl' , 
Fig. 4. {along axis of ordinates - differential intensity xE'}. 

,
.' 

j Key: ell. (m'sr's)-l GeV ' . (2). Energy, GeV.
'­
;I , 

II,z 

l 

, 

ttl 

•-, W II 

tt-. 
- - .~ 

I ~I ,,-
~. 

...,....-
~.

r.,,'ii 

~r---
-f-

I- f--

,f,I , 
 D. 

" 

., 
~ 
• 
C 

> " ., • 

1~ "" 
i' . .,:, ! 0,0 

," , 
I" ,.. 
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Fig. 5. , " 
Koy: (1). Portion of positrons. (2) . Different theoretical curves 

, 
," (see I I ) • ( 3 ) • Energy, GeV . 
.' 
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The extensive air showers, observed on the earth's surrace, are the 

source of information" in this region. Are observed particles .... ith the 

energy , which reaches E-IO'· eVe The character of the spectrum of all 

cosmic rays is clear from Fig. 8 (on the axis of ord i nates it is 

deposited/postponed value E',lI(E)i see 1'). The element composit.ion 

in this region is known badly/poorly, unclearly, and it does remain 

(especially with the highest energies E ~ tOU eV) the same as with the 

smaller energies. Is not clear a question about the possible 

~cutting· of the spectrum with E- 3 ' 10" eV (this cutting must occur, 

if the corresponding particl~s come to us from the rnetagalactic 

distances as a result ' of ~braking~ of particles during the :ollisio~ 

with the photons of rel~ct emission with the temperature of 2 . 7 K) • 

. ~. ,~ 0_,"0 . _~~_~~..;... ~:_.". . _::... ....:..., .'. ­< .•• _0'_ ~ .. ; .• : ... . .. ' 
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Fig. 6. 

Key: (1). Relation. (2). Retarding/ deceleration. (3) . Different .. 
theoretical curves (see Ir~. (4). Kinetic energy, GeV. 
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Key : (1). Amp1itud•• (2) . Baksan. (3). Chakaltaya. (4). 


Cornell. (5). Haver Park. (6). Ho ldorn. (7) . Musala. (8). 
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\ 	 Norikura . (9) . Ottava . (10) . Peak du midi. (11). Poatina . (12). 

Utah. (13). Yakutsk. (14). Energy, GeV. 

Page 195 . 

We must he hounded here by the given information. They cannot 

replace the detailed coverage (see '-l') . Their goal is one - to 

demonstrate to a certain degree the contemporary state of a question 

(present state of art), to show t how much is done 8S a result of the 

many-year very heavy labor of the whol e army of ~hysicists ­.' 

"cosmicists n. It is at the same time clear that the picture is as yet 

far from complete, OUT data about the primary cosmic~rays_in the Ear th 

must be substantially supplemented. This concerns literally entire, 

but especially element composition with their high energies, isotopic 

composition. spectrum of positrons and antiprotons, cosmic rays of 

superhigh energy (element compOSition, the spectrum, anisotropy). 

3. Cosmic rays in the universe. 

Information about cosmic rays in universe, far from solar system, 

comes to us in all ranges of electromagnetic waves, but is especially 

important radio emission and gamma-radiation . The electronic 

component of cosmic rays is the basic source of nonthermal cosmic 

radio- frequency radiation. The mechanism of emission - synchrotron, 
'j 

i.e . , speech goes abc',.,t the emission of the charges, which move ....·ith j 
I

the rel ativistic spgeds in the magnetic role. AS is known, particle . ) 
1 
Iwith charge e and mass of m into uniform magnet i c field H (discussion 



,• 

,., 
,,. DOC = 8807890l PAGE "-7 , 
! 

deals virtually with the vacuum so that magnetic field H we ident i fy ,, 
I with t~e magnetic induction B} moves along the helix; moreover 

I• ' frequency of revolution is equal to 

I .~ 
" ,.i 

I 

(6) 


! where upon transfer to the numerical factor particle is considered 
,•.. electron (or positron) and field is measured in the oersteds. The 

I 
5 

ultrarelativistic particle (E»mc 2 
), vhich moves at a rate of v, which 

~ forms with field H angle x>nu=IE. emits waves with many frequencies,
; 

multiple wn/sinl;(. i 
c­" o 

, 
, 

,,'>-- ­" 

,. 
.•' 

'. 

. . -') - 1 -1 1"
Fig. 8. (along the ordl.nate-unlts.m"'5 sr GeV .;». 
Key: (1) . Differential intensity. (2). Proton - 4. (3). Tian- Shan. 

". (4) • Akeno. (5). Javiera Park . (6). Yakutsk . (7) • Sidney. 

(8). Energy E, eV. 

i 
.•, 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

(rJ J." r.' l f " 
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Page 196.}
, 
; . Vir:tually the spectrum is continuous, and for the sepanlte electron
• ,! the maximum of the intensity of emission falls for the fr~quency 
r 
! 
 (H! -= Hsin X - "field component perpendicular to speed v): 


(1) 

Key: (1). eV . (2). Hz. 

In the typical interstellar field H-IO-'-lO·J E for the electrons yith 

E-IO' eV frequency \ '111 =1,5.10' Hz (v8velength of ). =...!... =2 mi for the 
y. 

certainty we they assumed HJ. =3. JO-. E). Thus, the electronic 

component of cosmic rays in the interstellar space emits exactly in 

the radio- frequency range. Of course in the regicns with the s t rong 

magnetic field ,and (or) for the electrons with the sufficiently high 

energies synchrotron radiation can fall into the optical, the X-ray 

and even gamma-range. Thus, in the Crab Nebula, for example, with 



, 

~ ,, 
I'
j 
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I: 
" 


I H~lO ~ ' E and E-!OJS eV (electrons are injected by pulsar PSR 0531), 


" 
.1 

• 
according to (7), "m ..... 5·tou· and Am"" 10 A. The optical and X-radiation ,. 
of crab with the continuous spectrum actually has synchrotron nature,H 

" about which especially clearly testifies the high degree of
I" 
'I polarization of the emission (latter typically prec~sely for the~ :.j 

!:of synchrotron radiation. moreover electric field in the waves maximally .. 
!'. ~: 

in the direction, perpendicular to the projection of magnetic field to .. 
-,,.1 plane of figure). In the pulsars, for fields H-I0 11 E, is especially 
~! .."' the effectively allied to synchrotron bending emission (curvature 
~ 

~ l radiation). Here not place, of course, in greater detail to stop on 

'" 
~ the theory of the synchrotron radiation (for example, see .~~,). It
"~, 

suffices to note that the inte~sity of this emission along the line of., I: :: 
' ; sight for the monochromatic electrons at frequency v. (see (7» it is 
,, equal to 

:' , 
 "" t Il ~ J .=1,7 . to-uH.LN.1prk "te.cp. rD;" (8).' •• 
" 

Key: !l) . erg/ em J s ·sr ·Hz. 

where N, = JN. (r) dr "'" N.L - total number of isotropically distributed 

radiating electrons along the ~ine of sight (N. - their mean 

concent ration L - size/ dimension of the radiating region ) . For the 

. . electrons with the isotropiC directional distribution and po....er-la ..... 

, ... spectrum Nc(E) dE =-:KE-Y·dE the intensity 

\ " 
J., = 1,35·10-n ll (yJ LK;r"t+ IIIJ ( S.26~toll )(y,- l lIl Ipr/Ol'cp.e. r~ (9) 

" Key: (1 ). erg/ cin 1 sr·s·Hz. 

(her e \P.' i t h usual values )',-i ,5- 5 coefficient I: {V,}-O,1 and value Xc 

... 
': 

http:1,7.to-uH.LN.1prk"te.cp
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( and" HC?,+III2._ some aver~ge values along the line of sight, field H it 

is considered in this case on the average isotropic). 

Thus, spectrum of radio emission of also exponential: 

(10) 

As it is clear of (8) and (9) and from the very essence of the matter, 

intensity measurement of radio emission J ~ makes it possible to find 

the electron concentration along the line of sight (let us say, from 

measurements <z we obtain v•• and very value of intensity J" it makes 

it possible to find product LK.). 

· In this case, however, it is necessary from independent •,, 
considerations to determine field H. For this there is a number of ; 

,
•methods'). 

FOOTNOTE'. One such method, still rarely used, but promising, is 


such: the spectrum of electronic component can be determined along ~ 
• 
the spectrum of X- radiation, which it creates as a result of the 

so-called reverse Compton effect in the known radiation field, let us •J 

say during the relict emission vith the temperature of 2.7 K. Then 

value LK t is known in (9), and intensity measurement of radio emission 

J. from the same region will make 

region from the same formula (9). 

Her! let us pause ;t one of them, 

in astrophys i cs of cosmic rays. 

it possible to find field H in this 

ENDFOOTNOTE. 

although indirect, having high value j 
'I 
! 
'I 
" 

1 
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In magnetohydrodynamics and physics of plasma in application to 

quasi~stationary conditions both of the theoretical considerations and 

from the experimental data is natural the exemplary/ approximate 

.equality to energy density of cosmic rays and energy de~~ity of the 

magne·tic field: 

(tt) 

In the more general case it is possible to ass\UIle 10. = xWOcr' 

Unfortunately, from the vavelengths and callsign~ density "'cr to us is 

unknovn and , if ve do not drav others given (first of all, 

gamma-astronomical, see oelov), then it is necessary to be based on 

connection/co~unicat i on betveen densities "'u._ and We r -XI"'er,t- Near 

Earth )Ct-iO~ (see (I) , (2)), If ve assign values".... and x., then 

from t he vavelengths and callsigns it is possible to find "'cr. "'cr" and 

H' / Sw (or, are more precise, their average/ mean values along the line 

of sight; for the discrete/ digital sources, for example the shell of'. 
supernova r thus it is possible to determine energies welt Wu .• and 

WH = J(Ht/8 n) d¥). I ntegral by the volume In this vay of already 30 years 

ago (see • and there the literature indi cated), assu!n i ng xI!"'" t and 

)C."" 101, vere obtained the information about the cosmic rays· in the 

galaxy , the shellS of supernovas, in the radio galaxies, etc , 

General conclusions are now vell-known. 
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. , ( COsmic rays - a universal phenomenon, are present in space plasma 

not as an exception, but as a rule. And this is completely 

understandable, since in the plasma the existence of a whole series of 

instabilities and processes is possible, including the motion of , ,I 
heterogeneities and shock waves. As a result occurs the particle 

, 
acceleration of all types; the relativist ic -tails· of the ,

; 
distribution of these particles on the energies they are cosmic rays. 

Acceleration occurs, generally speaking, until begins strongly to be 

manifes t ed the reverse/ inverse action of the accelerateJ particles on 
" .. 

the nonrelativistic space plasma with the -frozen-in- in it ma·gnetic 
" 

!.,fields. Therefore naturally we already noted the approximate 
,J ,

equidistribution (11) between the e~ergy of cosmic rays and magnetic ., 
~ 
:.:field. Let us note, that also the density of internal energy of 

( t•interstellar gas frequently of the same order as "'u and 10.... For <" • 
example, in the regions with concentration n-1 cm- J and T-IO' K energy ~ 

'I 
,1dens i ty WI" '" (312) k8n~ - to-a erg/ em J , i. e., the same I as dens i ty IDcr in 

the Earth {see (1)) and generally in the galactic disk. 

In powerful/ thick radio galaxies energy of cosmic rays w"" , 
evaluated by me t hod i ndicatec, reaches 10'· ergs or even 10'1 ergs 

- tOTM0 c'. OUT ga18'1.Y is "normal". I t s gas disk has a thickness of 

2h, _ 2OO n, -6.IO" cm, and its radius R-5'lO JJ em. In this volume 

V-S'lO" cm l total energy of cosmic rays Wcr - Uler y ...... 5·10" ergs 

-3 M0e'. There are no doubts , however, that the cosmic r ilYs occupy 

considerably l arger reg i on, sir,ce they emerge from disk. As the 

mi nimum the d iscussion deals with t he radio-di~k wi t h a th i ckness of 

-: ,...". ':. -'-'- - - '­



are emitted ever longer 

to stress that besides the 

news were observations Rfrom the edgeR of galaxies NGC4631 and NGC89l • 
.' 

The redio-isophots of galaxy NGC4631 on th~ wave Xe 49.2 cm (~=610 MHz) 

are shown in F1,9 . 9 {white color - image of galaxy in the visible , 
lt 

.; light; figure W8£ kindly furnished by R. Sansizi}. The fact that the 

.. 
radio- halo is considerably more than optical image, is obvious . 

; .' 
Page 198 . 

.. 

, unfortunately, in recent years the study of t,he halo of galaxies did 
. 

not move especially far. One of the reasons, it seems as me, is the 
, 

.. 

absence of contemporary radiotelescopes with the sufficiently high 
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lA, "" 5·10') em . But a t least a number of the authors, including 

myselfl', have considered since 1953 that the galaxy has sufficiently 

expressed radio- halo (it, of course, it is possible to call thick 

radio-disk, especially if halo is sealed) . volume of quasi - spherical 

halo v. - ~ R' _ 5.10"cm' a nd, eve n taking into account incidence/drop 

in density lDu with the rmnoval/distance from the galactic plane, in 

galaxy of WCrG __ 10" ergs. The problem of the halo much was discussed , 

since it i s difficult to determine its parameters at the observations 

from the Earth. This question sufficiently in detail concerned 10 

years ago in its report on the 15th JCRe (see • and also II) . Then 

.!.. 
angular r esolution, whic~ work on the waves of longer than 1 rn.

" 

Meanwhile the longer the wave, the greater the radio-halo must be, ,-, 
since the energy of the electrons and intensity/strength of magnetic, ,.. field, generally speaking , decrease during the removal/distance from 

• 
' . the galactic plane (therefore, obviously, they 

waves). Here, by the way, it is necessary
•f 
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radio- halo·,' it is .possible to speak about the gas halo, the magne·dc 

halo l ' and the halo of cosmic rays'. In the latter case the 

corr~~pondin9 region of york is intended by cosmic rays. In this 

re.gion, especially on its periphery, el ectrons Yith the sufficiently 

high energy it can be already litt!.e (in connection 'tiith energy los,s) 

and magnetic field can strongl y decrease. Therefore rad io- halo can be 

unnoticeably, and energy density Wer will be still considerable. 

Radio-astronomical data attest to the fact that radio-halo in 

different galaxies, even close type, can be bright and weak. From 

this po~nt of view an example of galaxies NGC4631 and NGC891, which 

possess the clearly expressed radio-halo, it is not possible to still 

consider the proof of the existence of radio-halo in the galaxy (for 

greater detail, see lS, p. 208). However, the analysis of galactic 

noise also leads to the conclusion abolJt the presence in it of 

radio- halo with size/ dimension of R-IO ~ps (see t the literature 

given there). 

J! in last decade radio astronomy it did not enrich astrophys i cs 

of cosmic rays oy essential new information, then ga~a-as t ronomy , on 

the cont rary, brought important and sometimes unexpected information. 

True, it ~ould l i ke to lea r n more, but the already noted prolonged 

absence of gamma - satellites this it mixed. In spite of youth, 

9amma-8st~onomy had ti me already sufficiently ~ idely to branch (~abl~ 
11) . Gamma-radiation ~ith the continuous spectrum is created both by 

tha electron i c and proton- nuclear components of cosmic rays. The role 

'. 

, 
j, 
.. , 
,," 

-l ., 
, 
'''. 

,..' 

I 
" 

..' 
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!. 
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I 
I 'of proton 	component is especlally interesting, since relativistic 

~ electrons 	can be studied and are stu"died on their emission in the .i 

" 	 radio-, optical and X-ray ranges. Some contribution to the emission 

in these ranges they can give protons, but usually it is insignificant 

or even generally is absent (for example, in field H-IO·· E the 

synchrotron radiation of protons with energy of E"" 10-11 eV it falls 

for frequency '1",<: toe Hz; see (7) m = M,). At the same time the 

protons and the nuclei, vhich form a part of the cosmic rays, during 

i 
io. 

1 the collisions with the nuclei in the gas give rise to .'-meso, which 

very rapidly (mean life .'-meso 0.84 .10- 1 
' s) decompose with the 

formation of gamma-rays. Decay of .'-meso with probability 98.8% 

occurs along the channel "r'-27, by virtue of which the gamma-rays with 

energy E" = ,(t /2)m",..::: =67,5 eV are formed upon decay of quiescent .. '-meso . 

:. 	 Other reactions and decomposition/decays (for example, 
~: 	

decomposition/ decay of II-A+,) play considerably smaller role, and for 

the brevity ~e will mention only formation and decomposition/ decay of 

wi - mesons. The intensity of the thus formed gamma-rays, naturally, is 

proportional to the concentration of nUClei in gas n and cosmic-ray 

intensity I e,' 

, ­
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Fig. 9. 

Page 199. 

It is concrete/specific, differential intensity according· to the 

number of particles of the gamma-rays (gamma-ray spectrum) along the 

ray/ beam of emission (coordinate r) 

(12)I y (E,,) - l a (E.,. E) 11 (r) leI (r. E) dE dr. 

.', .. 	 yhere a (E.,. £)- corresponding cross section for the formation by 

cosmic rays vith energy E of gamma-rays vith energy E" (section must 

be, of course, averaged taking into account the element and isotopic 

." 	 composition of cosmic rays and nuclei in the gas). For the flov of 

.' 	
gamma- rays from the discrete/digital source, on basis of (12), ve have 

F,(>.E,)- j/,(>E,)d'l", (13)• 
!. ""here 0 - solid anQle at ""hich is visible the source, (O/er) the 

' . averaged along the spectrum of cosmic rays section (see (12) r and ~(V) 

.' 

.... { 
~.: " . . ~.-. .,. .. " . ....... . . . ..... 
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,. 

,. 

\ - quantity of nuclei of gas in the source vith a vO.lume V, ""hich is 

located at a distance of R (for greater detail, see for example, I~I). 

From the aforesaid obviously (see (12), (l~», that the studY of 

gamma-rays from the decomposition/decay cf ~·~mesons makes i~ possible 

to find cosmic-ray intensity (their proton-nuclear component) far from 

the Earth. In this case it is necessary, of course, to knov a 

quantity of gas (in essence of atomic and molecular hydrogen) in the 

appropriate regions (factors nand n in (12) and (13», but exactly 

are the concentration of interstellar ~as (more precise, this it 

relates to atomic hydrogen) it is determined veIl by the 

radio-astronomical method (line ~·21 em from hydrogen atoms). 

Of this - in possibility to directly investigate basic, 

proton-nuclear component of cosmic rays in universe - consists most 

important role of gamma-astronomy for Dstrophysics of cosmic rays . 

other words, gamma-astronomy with respect to the emission of a 

proton-nuclear component occupies the same place as radio astronomy 

with respect to electronic component . 

In 

.' 
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\ Table I I. Gamma- astronomy. 

I (.~(lJrUIII~ ~ 1HI1JII!JIK'1IKlf c:anotp3M ~ • .u_ ..,-otlllla 

. 
(,) 

E., < SfI-50~B «(lPlIOI:" • cayrln.l) :41t+l'..o..WIi to. (rL'IllC,.'lftnl •
E.,> 1¥l-50 .8 II JIO ..eMo.nux riB ~ .,,&rUI.IIU'fCUi)


i5anuIoIel1 carrwn·) 
 UICptmIU! JICtO'PID1 (IIYncap.,. XIQ,l. 

~> ()I'-Inn B (~"'H BIJI1JIOII.- ~f" lII/1J1t1C)'.IIIAPlWt oCiJlUl, en Xo3)
q'JId:!!08I. II ITlllcqrpe) UUUWU D;lJ'IRU (TOp_10., ca·

E.,> ttl" ~mtJ XpoTpoDOil II un610e ua,...... 
II JaG tOil ,8 (IUpo.....~... J«)1IID'tO.~oe pKCIllut, n'_ ,+, 

,,' 
HOn) II T. D.) 

t.~II....wIlIlU:
uau-;l'Illau AUI'. E, - I-tO },f,B (,"'1..1 OJ nOIlOJlIllUCIi lI,Up, taoakUt or JlAtp Kn) 
n'~:Cll ltlUI ,"+e-_ y+,. E.,-O.51t MIB . 

l.J.u.orpol.OI D.lIJ"IOlIt • MH. e.a:.:....,x ~ DOUI ("j,-(,H/,.,).c1/E; 
liP' a"",IOIl3 Awit-O,S )418) . 
~...... . tIl"ft.l' (IItpUiit 1I)-tlUXaztJ:1: 1973 J.): 

It70""": MPOIiTao, nnpo..wt un;zw. Up.peAl? 

Key: · (1). Gamma- radiation with the continuous spectrum. (2) . 

Sources and mechanisms of emission. (3). MeV (tanks/balloons and 

satellites). (4). Diffusion background (galactic and metagalactic). 

(5). MeV and to several G~V (balloons and satellites). (6). 

Discrete/qigital sources (pulsars, quasars, molecu.1ar clouds, eyg 

X-3) . (7). e~ (emission of vavilov-Cerenkov in the atmosphere) . 

10 

(S) . Mechanisms of emission (braking, synchrotron and bending 

emissions, Compton effect, 11'--'+1 and the like) . (9) . eV and up to 

1 
• eV (ex'tensive air showers) . (l0). Gamma peaks: (11). Gamma 

peaks of nuclei, ... MeV (line from the nuclei at rest, "ba.ld· from 

the nuclei C) . (l2). Annihilation: . MeV. (13). Cyclotron emission 

in very strong magnetic fields .•. with •.. HeV). (14). gamma- bursts 

(first publications of 19-73): (15). The sources: probably, neutron 

stars . Nature? 

Page 200. 
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In particular, by a gamma-astronomical method as a result of the 

procedure of gamma-radiation Magellan clouds'· and determination of 

the gradient of cosmic-ray intensity in the direction, let us say, in 

it is possible, in the principle, to 

information about the cosmic rays in the metagalaxy (more 

it goes about the method of the disproof of the 

metagalactic models of the origin of cosmic rays in the galaxy; see 

as already mentioned, gamma-astronomy is developed 

it yould like and, in principle, it would be 

completely possibly. Especially this relates exactly to the 
! 

investigation of gamma-rays from the decomposition/deca~ of w'-me~ons, 

generated by basic part of a proton-nuclear component of cosmic rays. 

Entire/all hope now for the Soviet gamma-observatory "Gamma" and 

American ~GRO, which must begin within the next fev years (th~re is a 

·0 hope for the fact that the "Gamma" will be launched in 1988). Basic 

vith the observatory "Gamma" telescope ~Gamma-l" with a weight of 1500 

kg must record gamma-radiation in the interval of 50-5000 MeV, its 
) 

angular resolution of 2°, also, with ~he special "mask" 17', minimum 

recorded flo... of F., - 5.W'" photons/cm ' s. In the future it is 

necessary always to have a gamma-observatory in orbit, and there is 

desirable not one, but several. Nec~ssary is the complex ~patrol" for 

o., emitting the flashing supernovas JJ 
, so that the history with supernova 

, 
1987 A in the large Magellan cloud would not be repeated . It is not 



DOC = U078901 PAGE 40 

possible to disregard the possibilities of gamma- astronomy on the •
I

high-altitude balloons (let us point out, for example, to the work J~ 

in which were investigated the gamma- rays f rom the radio ga l a xy 
" , 

,;; centaur AsCenA in the range (0.7-20 MeV), 
I 
" 

"' . 

I will return, hoyever, to ·that already done, since completely I " 

:; 
am not accumulated to· understate achievements of satellite SAS II and 

I especially COS-B . As an example Pi g . lO .g ives s ome results oOS-B J' " " E" lIE. 70 
for the ganuna- ray contracts with energy {\ Mt.V - S GeV (sho.yn in Fig . 

".;
lOa is the map of intensity in the dependence o~ different galactic 

i,
longitudes/lengths for galactic latitudeslbls20o; in f ig. lO~ is ,1 

,,' 

indicated the distribution of intensity on the longitude/length, ] 
~. 

moreover is produced averaging in the interval of latitudeslbi<5°). ., " 

~ 
tJnfo~.tunately, the gradient of cosmic rays in the galaxy is not ;., 
reliably yet established/ installed, on this score the disputes (see 

latter/last known to us artic l es on this question J. where there are 

corresponding references), go . It is important to note that the 
'. 

observations do not contradict the assumption that the energy densl.ty 

of cosmic rays drops in the d.irection of anti-center (and generally on 
" 

~ 
the racius, calcul ated off the galactic center) according to the la~ 

of the type Wer ,... e-,/R• ..-here R-10 - 15 kps (in this case as the distance 

from the center to the Sun selected distance of 10 KfS~ now accepted 

distance of 8 ~?S.). This conclusion/output (if, of course, gradient 

is realistic, that, 'strictly spea.king, It is still nec~ssc:ry to 

demonstrate) completely answers galactic model with the halo; with 

this halo of cosmic rays must have the significant dimension of R-l5 

kps . The discussion i n the fo l lowing section of report still vil l 

deal vith this. 

' . . - .. ' . ' ...... . . 
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On COS-B (vith sensitivity F.,>10-' photons/em's) are recorded 

about 20 discrete/digital sources of gamma-rays. In their number 

pulsars PSR 0531 (Crab) and PSR 0833 (Vela), quasar 35273 and the 

hydrogen cloud (moleoular cloud) p-Serpent Bearer (p-- Ophiuchi) . 

Remaining sources are not yet identified, among them Geminga 

(Gem-i'r.gaiiii2CG195+04), one of most powerful in the 7-range (flo.... from it 

F,(>E., ""'iOOHeV) =4.8'10- 1 photons/em' 51. It is suffidently 

probable that some of the non- identified sources are molecular clouds 

or pulsars. Besides the gamma ray sources, which were being studfed 

COS-B , let us note already mentioned :-adio galaxy Cen-A , Seyfert 

galaxy NGC4151 and galactic X- ray source CY9 X-3 (Cygnus X- 3). 

Typical luminous density of galactic gamma- s ources L." •.•: 1O"_ fO" erg/ s 

(for example, lor spectrum F., (E y) = K.,E;I under the assumption about the 

isotropy of emission the luminous density 

L., =(mRI JE.,F.,dE,.- 4ft~~K,. 
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if F" (>F, .... iOO MeV) = i12K,E;',..., 5·10-' photons /an I 5, then vith distance 

of 1000,., -3 -10" em L, _ ·'O" erg/s). For pul sar P5R 0531 (crab) 

L, (50 MeV < E.,< to Gev) _2 · 10 lJ erg/s o The complete gamma-luminous 

density of galaxy L, (>E., = 70 MeV) -lOll erg/s, which ansvers with 

the observed spectr um approximately 2 ·10 It . photons/s o By the 'Way, 

the complete luminous density of galaxy in radio-frequency range 

Lr -3·fO't erg/so 

For quasar 35273 L, (5O<;E,<;SOO MeV) '2 -10" erg/s (accepted 

distance of 790 Mps; red shift z=O . 158). The complete luminous 

density of this quasar, apparently, does not eKceed LE(2-S)·10·' 

erg/s, but its X-ray luminous· density Lx(O.5<Ex <4.S keY) -1.7 ' 10" 

lerg/so 

, 

Especially strikes, perhaps, very high gamma- luminous density in 

region of energies E, > (1-5)·10lt eV (ground observations on emission of 

vavilov-Cerenkcv in the atmosphere) and in region E,> IOU eV (ground 

observations according to ShAL - to extensive air shovers) . The 

greatest attention in these regions dra~s source Cyg X-3, the youngest 

possible pulsar in the binary system Yith the orbital period of 4. 8 

hoursJ'. For Cyg X- 3 luminous density 

erg/s , L, (>£,. == 2·10")~ 5.t~' erg/s, L, (>E, = 2.1016 eV) - 1-10' I erg/s 

(according to other estimations, considering that distance to Cyg X-3 

it composes R""'13 I(,.s luminous density L,S>E,=iOUeV) - 2-5 -10" 

erg/s, and in interval of 3.1015 <£,<10" eV luminous densityL,z3.tO" 

http:densityL,z3.tO
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e ''9/s, and, as in other cases, emission is considered 

isotropic.). For source Vela X- l is given estimation L,(>E.,=3·10u ev) 

...2·,10·)4 erg/so True, luminous density is reduced './0 times, if 

gamma-r.adiation has the directed character and is concentrated within 

the solid angle U. Such pov~rful/thick gamma-radiation can, probably, 

be generated only by the protons, for pover (luminous density) of 

which in the case of eyg X-3 ve come to the estimat ions of the type 

Lp (>Ep = 10' eVi -10'· erg/s and Lp (10" < £, < 10" ev) -10 ~. erg/s .(here ,, 
as everywhere in the report, we we do not approach high accuracy and 

we do' not specify all done during the estimations assumptions, see 

also supplement). 

,
Unfortunately, we do not ··have now possibility in greater detail 

to stop at gamma - astronomy snd its connection/ communication with 

cosmic rays . ~t is possible to hope, however, that even the done 

sufficiently fragmentary observations clearly are shown, a 

gamma-astronomical method of emitting the cosmic rays in the universe 

is ho.... po.....erful / thick and .promising. This fact found, naturally, 

reflection in the program of present conference - gamma-astronomy ..,ill '. 

be on it devoted about 130 communications/ reports, i.e., approximately 

15% of all reports . 

'. 

~ 
' F , 
~ 
~ 

~ 
~ 
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' . ' 

4. ·Origin of cosmic rays. Galactic model with halo. 
" 

V. :L. Ginsburg. 

, 
· ! 

By the problem of origin of cosmic rays it is accepted to , 
" 

understand the complex of questions connected with the origin of · I 

i 
pr.imary cosmic-rays in Earth a~d generally in solar system. :.· ;:;, 

:~ 
Certainly, it is possible to speak also about the origin of cosmic . ~ 
rays, let us say, in the radio galaxies. It is obvious, however, that •• 

, ~ 
~•the cosmic rays in the Earth are isolated in that sense, ~hat only 
·.,; 
' .~ 

about them we have rich ~ so to say direct information. Thus, us it ..· ~ ..j 
viII interest only the drigin of the cosmic rays, which reach the 


Earth . 


" 

For resolution of the problem it is necessary to indicate the , 

"capture region" - the region from which cosmic .rays, where they roam, ·. 
come. It is necessary to indicate the sources· of cosmic rays, the 

mechanisms of their acceleration, the character of propagation in the 
.' 

interstellar space. The set of all these information and their 
.' 

interpretation fo:-mulate the theory of the origin of cosm i c rays. In 

this case the selection of model occupies a central place, for which 

it is necessary first of all to select the mentioned ~capture re9ion~. '. 
Once it ~as considered, for example, solar model - in it the cosmic 

rays, which .arrive to us (only about them and it ...ill go speech 

without further stipulations), vere considered accelerated in the Sun 
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I \ and seized into a certain circumsolar region (let us say, vith 

i 	 size/ dimension of R-I01t-lO lf em). But now we know that the cosmic
i, 	 rays in the same quantity approximately fill at least the region of, 

galactic disk and essentially they come to us from the galaxy. It is ,I 
t 	 another matter that as solar cosmic rays they are of interest and .­
l 	 ,
l 	 widely . are investigated'. But to speak, of course, does not feel ,I 
; 	 ," 

about the solar model of the origin of cosmic rays (in the sense
!., indicated abOve) . Another, it is possible to say, extremity - this; 
~ the metagalactic models of the origin of cosmic rays . In these models" 	 , 
., ~ 

~ 
it is assumed that the cosmi c rays essentially flow into the galaxy 

.' from without - from the metagalactic space. "Metagalactic models were 

• ~ criticized already long ago (see, in particular, ',1' . After the 
tI discovery in 1965 of relict thermal radio emission with a temperature 

T~2.7 K i t became obvious that the electronic component of cosmic 

rays cannot have metagalactic origin and must be generated in galaxy 

.; 	 itself . The fect is that the losses, caused (by the so-called inverse 

effect of comptonf of electron scatterings on the thermal photons, a~e., 
so/ such strong, that even from the nearest to us radio galaxy centaur 

A to us vill not reach the electrons vith the energy E>lO·-lOI. eV, .' 
j 

exactly critical for the signif icant part of the synchrotron galactic 
-

radio emission. Probably", cannot, in connection with the nuclear 
• \ 

losses, reach us from the metagalaxy and the heavy nuclei. Hovever, 

as far as protons and~ight nuclei are concerned, of so direct and 

single- va lued a disproof of metagalactic models there is no their.. 
origin st i ll. Apparently, o~ly gamma-astronomical observations - the 

investiga t ion Magellan clouds 1 . and gradient Wcr in the 
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l 

c 
, t ·g!llfixyJ 1 ,1 J,1' - is capable of introducing here complete clari ty. InJ' 

r . 
our. opinion, however, of the set of all available -data it is already 

~~fficient for the failure of the metagalactic models (this do~s not 
'.r;elate to the particles ~ith high!!st energy E>10l' eV or, faster, 

t, even at Edtt()ll eV, vhich, apparently, have rnetagalactic originJJ~·) . 

They remain, thus, galactic models - in them cosmic rays 

f .(observed in Earth) are generated in galaxy and are seized in it, 
t 
I although in e~sence they emerge into metagalactic space . Galactic ,r 

l models can be divided into the Qisks and the models with the halo . 


I 
I page 203. 
l 
f 
I 	 ln ' the disk models the cosmic rays are concentrated in a certain disk, 

even if thicker than the gas disk of galaxy (half - thickness of, 
Ir.,.,. 100 ps), but nevertheless sufficiently flat/plane, let us say .... ith , 

the half-thickness of radio-disk of h,-5OO-tOOO ps (see Fig. 11). In 
'" 

the models yith the ha~o it is a3sumed that there is a halo (corona ) 
,,

of cosmic rays with significant dimension of R ...... hb __ to-IS kps. Lake · 

of the Ph~cal considerations (it is intended, hoy difficult to hold 'J 
'. 

!
down/retaln relativistic par~icles in the disk) and from the 	 , 

; 

wavelengths and callsigns (then, true, unconvincing) I from the very 1
•.' 
•be9inn~ng (since 1953 ; 1') am the supporter of models with the halo 

(about this has already been mentioned in section 3). As it is , ,; 
ip:-esented to me, all data either confirln this model or, in any case, 
I 
;,.·ley do 	not contradict it. It is another matter that the 

'i,,size/dimension of the halo of cosmic rays is not yet • 

, 
" , 
•

l: 
, · 
i·, 
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t - esta)::il-ished/install~d. Furthermore, sometimes the halo of cosmic rays 

fderitify wfih the radio- halo, which, -of course, is erroneous (see 

above section 3). In this connection appeared purely verbal/literary 
,, 

disagreements . (for example, !latt2n;d radio- halo with half-thickness 
,i 
j lib - 3 II(P .s it is possible to call thick aisk, etc.). ,,~ , I 

I 
 Gamma - astronomical data, which testify about smallness of 


:i g·radient of energy density IOcr. with existing lov accuracy, albeit yet
~ . I 

not completely, they disprove metagalactic models. But, in any case, 

if the discussion deals with fhe galactic models, then the smallness 

of gradient is consistent only with the large halo", Incidentally, 

if in the workl~ there is made an attempt to somehoy revive the 

possibility to utilize a metagalactic model, then in J) on the basis 

of a more careful analysis of data the same COS-B metagalactic model 

is considered as already unlikely. Actually it is very unli kely on .. 
.; 

the series/ row of other considera·tions (see t)' and the litera t ure 

indicated there)l). 

FOOTNOTE %. As so often is the case, positive and negative results do 

not lead to the dlrectly opposite conclusions. Thus, the presence of . .; 

the marked concentration gradient of cosmic rays in the galaxy (with 

the incidence/ drop in this concentration wi th the removal / d i stance 

from the galactic center) would strongly attest about the galactic 

mode l and it contradicts metagalact i c models. But if the gradient, 

let us say, is generally imperceptible, then this yet does not 

contradict galactic models under the assumption about the 
/' 
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( 	 ·closure/isolation- (closed nature) of this model (the presence of the 

strong reflection of cosmic rays on the boundaries is intended or, 

more precise, on the periphery of halo). Thus, for refining the model 

with the halo, undoubtedly, it is necessary to know the value of 

gradient. ENDFOOTNOTE. , 

"Thus, 	 let us pause at galactic model with halo . The 

chAracteristic parameters of this model (speech 

order of magnitudes) it is given in ~able III. 

Characteristic lifetime of cosmic rays 

different considerations_ 

Tcr 
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Fig . ll. (2hr _!l·IOIl em). 


Key: (1). em. (2). Radio-disk. (3). Radio- halo. (4). Gas disk. 


Table III. Galactic model with halo. 

Key: (l). Dimensions of the halo of cosmic rays R-IO-15 kps 

-3-5'1011 em (radio-halo somewhat less, its sizes/dimensions "they' 

depend on frequency they increase with the decr~ase of frequency) . 

(2). Volume .•. em'. (3). Total energy of cosmic rays .•. ergs 

(4) . Total energy of electronic component ergs. (5) . 

·10 l1Characteristic lifetime of cosmic rays •.• years - (3-10) S 

(pratorcs, light nuclei). (6). Power (luminous density) ,of sources of 

erg/ so (7) . Power of sources of electronic componentcosmic rays 

. .• erg/ so 

Page 20• . 
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.\ , The" simp'lest path is based on the expression for the passed thickness 

of sUbstance Z = cpT(r (see above ), determined from the data about the 

• che~ical composition of cosmic rays. For interstellar medium 

p~2· 10- ~ . tn gocm-', where n 

..,hole", taking into account 

speaking in general terms, 

years (with x-5-7 gocm- 3 
). 

the value n accepted (gas 

badly/poorly) are somewhat 

- gas concen~ration. For the galaxy as a 


the stay of cosmic rays in the halo, 


n-lO· ' em-' and Tn_fOIt from -3.10' , 

,

In connection with the unreliability of " 
I 

concen~ration in the halo we we know 	
, 
" 'J 

more convincing the more detailed 	 • 

"calculations, VhiC~ are~~sed on the analysis of cosmic- ray 

distribution in the gala~'). 

FOOTNOTE), Let us note that this most important parameter, as the 

poyer of the generation of cosmic rays in galaxy ucr-Lcr _ (t-3)·101• 

erg/s, only ....eakly depends on" the select ion of model. The fact is 

that 
UlerV ­W<. ~Ucr--:----- ­" let 6. 

Key: (1). erg/ so 

where .==tpTcr -5 g·cm"' - passed by cosmic rays thickness of gas, p­

its average density and M,-pV- fOI' g - total mass of gas in the galaxy 

(for the mass of atomic and molecular hydrogen in the literature 

figure respectively ~alues of Mlf - 2·tOn g and MR. - tOu g; taking into 

account other elements and especially ionized hydrogen, vhich prevails 

in the halo, the value of "1,_ tOu g accepted it is completely 

reasonable), Let us note that the power of the generation of cosmic 

http:p~2�10-~.tn
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.rays 'is called' sometimes luminous density in the coslt.ic rays (hence 

.t11e' designation Ler" Vcr)' ENDFOOTNOTE. 

''l'heir. sources are 'concentrated in the disk, 'Whereas they ...ander not 

only in the disk, but they emerge in the halo, again they are returned 

to the disk, etc. Of course the motion of cosmic rays in the 

interstellar fields is not identical to the diffusion of neutral atoms 

in some inhomogeneous "medium. Hoyever, diffusion approximation is· 

'Widely used on a whole series of reasons in the examination of 

cosmic-ray distribution, moreover with a sufficient basislbase. 

unfortunately, for the discussion of entire this vast series of 

,questions here there is no place. We will be bounded to references to 

the surveys/coverage ',1,1'''', in which is indicated a large quantity of 

other survey and original articles. As an example let us give also 

the sufficiently general / common diffusion equation for the 

concentration of particles of type j (N,(r, I, E}drdE- 8 quantity of 

particles in the e lement of volume and energy dr dE): 

',NI -diveD, 'il -"',)+ ,~ (h,N,)_Q,_P,N,+~,; (14), ­

here the coefficient of diffusion D, (r, t, E) in even the 1t\ore general 

case can be considered anisotropic; coefficient hi (r." E) limit~ energy 

losses, Q, - the "external" sources of the cosmic r ays of type i, term 

- P,N, considers "catastrophic" processes of the departure of 

particles of type i from the interval of dr JE in question and finally 

term ~, considers adm·ission into this interval of particles also due 

to "catastrophic" losses of the particles of other types. ftJr the ,. 

nuclei the collisions with the nuclei of gas (concentration n) with 

http:coslt.ic
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~ the conversion into other nuclei or s ubstantial change in the energy

" 
" ~ 
 .piar the role catastrophic losses, i.e., P, = G,V,'!.. (0'/ - cor responding'f 

~'I~: mean section and VI - speed of the nucleus of type i) . at the same 

.:-: 
, 

time continuous losses for the nuclei - this in es sence the ionizing 

losses, which in relativistic region for interstellar medium are very";i 
" 
" 
c' 	 s mall; therefore b. = O. usually assume/set into (14) for the 
" 

, -, 	 relativistic nuclei Are frequently possible other simplifications, but 

also upon the1T consideration equations of the type (14) are very rich 
~,, 	 in the content J) . 
" 
" 

FOOTNOTE' On the other hand, in equation (14) is not taken into 

:' co'lsideration the possibility of moving the medium (interstellar gas)." 

", Upon consideration of such motions into the left side of equation (14) 

it is necessary to supplement member div (H,li). where u - speed of the 

med i um (necessary to supplement similar the term, which considers a 

change in the energy of particles with their motion in the nonunifonm 
" 

flo.... ). In the galaxy there are different flo.....s, in particular 

convective type. There is not excluded the existence of the -galactic 

wind u 
- the flow of gas, which exits from the galaxy or, let us say, 

that emerg2s into some directions and flowing in others (speech, thus, 

it goes about the large- scale convection or the circulation). 

ENDFOOTNOTE, 

Page 205 . 

, In simplest diffusion approximation is introduced constant 

coefficient of diffusion D. =D and, if lifetime of cosm.'.c rays Tu is 

-. 

I 



i
\, 
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,I , 
I: ( determined by output from system (from halo). then Too - R'/2D , With

•I R-j·lO'1 em of time Tu .... (i-3).10' of years answers value of 1>-10"-10 1 ' 

1 em' 5- 1 , The analysis of the data about the chemical composition 

I of cosmic rays ~n the basis of diffusion model leads precisely to such 

I 
coefficients of D, and thereby it justifies the estimation for Ter 

used.As it is said, tt.ese are ..,hole region - here and the accot'n t ofi 
~ 

! 
the dependence of diffusion (and of the chemical composition) on the 

energy, and the examination of radioactive produc~ r.uclei (first of 

all of nuclei lOBe), and much ",cH·e: · Another aspect of problem is~ ........ ..,,, .. h ......n;l ... ", .. ,; ... ~t5th! "' ....:- ..... _ - - _.,,, . of diffusion approximation, obtaining... .l"' • • .. .. 

diffusion equations from the more general/more common kinetic 

equations, which describe the mot ion of the charged particles (in 

particular, cosmic rays) in electromagnetic fields and, is more 
" 

concrete/mo~e specific, in the galactic magnetic field taking into 

account regular and cha~tic components of this field. This is also 
" 

the whole direction (for example, see' of Chapter 8, ,. and the 

lit.erature indica.ted there), It adjoins one additional vast region of 

in\'~stige.tions - enalysis of mechanisms and processes of accelerating 

the charged particles. 

Acceleration c1 charged particles in space as almost in 011 kno,,'n 

cases, has electromagnetic nature I) , 

FOOTNOTE I. As t he imp'ortant exception/el imination it is necessary to 

ment ion about the particle accelerc!ltion in the shock wave, ....hich is 

spread in the absence of magnetic field in the direction of the 

l 

1 
.j 
!J 
•f 
i 

...... .. .....:. - _.. ._,"--"" .. .. .. . '-1 ' .. .. .. 
I. • ·· ·' _ I oiII 
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decrease of substance density in the atmosphere of star. Under such ,". 
'c:ondit-ions 'Wave velocity can become relativistic and, consequently, 

also all particles behind the wave front acquire high energy'l. Of 

·course, at the mi croscopic level precisely electric field determines 

the transmission of pulse during the collisions of particles, but 

macroscopic electromagnetic field can, be absent. ENDFOOTNOTE. . .. 

In other words, acceleration occurs under the action of electric .. .:: 
fields, but the role of ' magnetic field usually is alse not less 

essential, although energy of the charged particle this field by 

itself and does not change. Depending on situation and conditions 
.,

distinguish the betatron action (it caused by the induction electric 

field, ~hich appears ~ith a change of the magnetic field with time), :e -., acceleration in the dual electrical layers, acceleration vith 
. ' 

reclosing of ' magnetic lines of force, set of energy during interaction - i 

: 1 
of particles 'tdth the plasma 'Waves (vith plasma turbulence) and 

finally regular and statistical acceleration on the moving/ driving 

magnetic heterogeneities, in particular at the shock ~ave fronts. 

Referring to the surveys/ coverage (see " Chapter 9, '~J.J), let us 

make here only several observations. 

Especially essential for analysis problem of acceleration of 

cosmic rays proved to be York of Fermi (l949, 1954, ),). In this case 

at f i rst the attention 'WdS concentrated in the statistical 

acceleration (acceleration of the second order). Specifically, 

collisions of the charged particle 'With the chaotically moving/driving 

. -.. _.. ,. .......:-:.:.. ..- _.._- . " . '-­
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, 

I 
, ! magnetic heterogeneities (~clouds~ ) were examined. Then the mean 

, s tatistical acceleration is connected, in particular, with the larger 
I 
I p"robability of "contrary" collisions in comparison with the 
i 

! "overtaking" collisions. As a result of averaging over all collisions


I with the heterogeneities, distributed isotropically on the speeds, a 


change in the energy of particles is equal (see ',_,l J,l.)
I ,J 

, (15)I, 
l where u - the average speed of ·clouds", u - speed of the accelerated 
1 
,," particle, I - mean free path between the collisions and ( - the 

! numerical factor, depending on the configuration of magnetic fields 
9 
g" and the l ike (i n 5, Chapter 9 it is brought value (=4) . The observed 
< 

> 
~ power-law spectra of cosmic rays can be explained under the assumption 
; ; 

that the particles are accelerated independent of the energy for a~ 
" 

I: 
while T. Then, ~ithout taking into account losses, from equationft 

" dN/ dt=-aN-(N/T) we obtain spectrum N (E) _ KE-', V = I + (l,aT). 

Page 206. 

As the time of acceleration T, in connection with the independence 1 

from the type of nuclei, it is necessary to take the t ime of the 

output of c05mic rays from the syste~ . Assuming/ setting 1-3 and 

T = f er"" 1()1 years, ve obtain a..., tlTer'- 3·10-1' s· I. But a-4u'/CJ (see 

(15 » , the rate of magnetic bumps ( ·clouds· ) in galaxy u-10' cm·s · t , 

and therefore is necessary that would be J-4u' / ca-3'10 11 em. 
i 
, Meanwh i le for the large heterogeneities in the galaxy are faster 

1-3-10 pS - 1- 3) 'lO l t em. The same approximately value follows, if 

we take the coefficient of diffusion D-cl / 3-10 J 
' cmt S"I. The main 

" 
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thihg, with the .low values a particle for time fer will not have time 

substantially to be accelerated. From such considerations 

interstellar acceleration was in its time acknowledged deliberately 

'lneffeet i ve Actually situation is considerably more complicated,4 

since there is a whole spectrum of heterogeneities, and, in the 

principle, the role of interstellar acceleration could be essential. 

For an evaluation of this role it is necessary to connect particle 

acceleration with their diffusion, which occurs on the same 
. 
: :heterogeneities, and to be based in the observational data, the 

, 

portions of product nUClei in the cosmic rays (Li, ee, B, etc.) 

concerning dependence on their energy. If interstellar a~celeration 

:. 
-' - )is substantial, then vith an increase in the energy it is possible to 
: ~ 

expect'· an increase in the relative quantit.y of product nUClei. 	 , 

--,Meanwhile the opposite dependence is observed. Furthermore, even 	 -,
-j 

taking into account acceleration at the shock wave fronts, with which 	
-
;;
; 

. j
will deal the discussion lower, interstellar acceleration is 	 ..: i 

:•. 
"":1represented impossible ... ith the energies E;t 1()l' eV or even energies 

-,J 
•• 

E>t()lt eV'I. 

•:.At the same time from the essence of the matter and formally it 

is obvious from formula (IS) tha t statistical mechanism (Fermi's 

mechanism) is especially effective in regions with small -scale 

(smallness 1) and rapid motions of heterogeneities (high values of 

rate u). Acceleration in the shells supernova answers, generally 

speaking, specifically, such conditions. Therefore, and for other 

reasons , the shells supernova exactly were examined and are examined 

'.1, 
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{ 4 ·- ')1 ',2 I as the most probable sources of galactic cosmic rays. We 

• 


still viII return to this question. ., 
., 

Now let.us mention about " reaching/achievement in field of study 

j of mechanism of acceleration of cosmic rays most important in last 

i 
,i '. 

d~cade. The discussion deals with the acceleration by the shock 

I waves, which are spread in the magnetoturbulent plasma (see " ,. 
3urveys 12,1'). With the reflection of particles from the 

,.
moving/driving "wal ls" (re"gicns vith the strong magnetic field) theI 
energy of particle disregarding by the members of order u' / c· changes '.'. 
according to the law 

where u - rate of vall. Durin"g one 

proportional ul e (acceleration or, 

'" 
., 

(16) ., 

collision the acceleration is 

to more rightly say, a change in ••.. 

the energy, first order), but yith the averaging over the angle 

betyeen u and v first-order acceleration in the isotropic case is 

absent and remains only the acceleration of second order (lS). Of 

course, if particle "is closed" between two converging walls, then 

first-order accele:'ation occurs, but it is limited by the time, 

necessary for colliding the valls. Therefore previously first-order 

accele ration vas considered in astrophysics having only the very 

limited value. Situation changes, if shock vave (vall) moves in the 

magnetoturbulent plasma. Then at the wave front there occurs 

first-order acceleration 1 
). 

FOOTNOTE!. The gas velocity u, along vhich runs the wave, chanqes at ,­

' . .-!. ~ . • ~---,----...""--",--",,, .. ... ' ................................. . ;,
" . . . . , ............... . ..;..; ""'...;,


i 



• 

D.OC = 88078902 	 PAGE ~ $ ­

the shock wave fronti moreover, the compression of gas at the front 
, . 

occurs. 	 Th~refcre, in the region of the front (which upon . 
." 

consideration of the viscosity/ductility/toughnp.ss and other factors 

is somewhat yashed a...ay) div u<O, that it answers the acceleration (in 

more detail, for example, see " Chapter 9). ENOFOOTNOTE. 

Then this particle as a result of scattering on the magnetic 

heterogeneities before or behind the shock wave front again falls on 

front, it again increases its energy, etc. ~s a result the 

accelerated particles with a certain power-law spectrum appear. 

Page 207. 

In the interstellar space there are propagated shock waves, which 

appear as a result of the explosions of supernovas and for other 

reasons. Therefore acceleration in the interstellar space, in the 

principle, could prove to be very effective. But, as noted, actually 

this not so, if ve do not speak about a certain "increased 

acce1eration M of particles l' , accelerated in essence in the compact 

sources. 

We have possibility, and this it i.: necessary, briefly. to dvell 

.' 	 vithin the framevork of galactic model yith halo only on one more very 

important question about are such basic sources of cosmic rays in 

galaxy. Beginning from the pioneer York of Baade and Zvicky (1534,'·) 

as the sources of cosmic rays began to be examined the supernova 

explosions stars. Kinetic energy in shell -10 4 '-10" ergs is 

i 

http:viscosity/ductility/toughnp.ss
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isolated in the supernova e.xplosion, . and bursts in the galaxy occur 
. '> 

every 10-30 years. Therefore the average power of energy release for ,. 
supernova is L•• > tOtO erg/s and, probably, L'Q -- fOU - to'2 erg/so 

However, for guaranteeing the quasi-steady-state with respect to 
f 
0' 

cosmic rays in the galaxy it is necessary (see Table Ill) to inject 

cosmic rays with a poyer (lwninous density ) Uu Ii$ Let"" (1-3).t~ 

erg/so Thus, from an energy point of view supernovas can ensure the 

,.necessary acceleration of cosmic rays. Hypothesis about this role of o 

I 
,! ! supernovas obtained st~on9 reinforcement in 1951-1953, when according 
,! ,.to the data about the radio emission it became clear that in the 
., 

j 
shells of supernovas is a ,large quantity of relativistic electrons .l 

l 
Finally, soon after the discovery in 1967 of pulsars it was explainedI 

1 • 

I 

that some of th~m are located in the shells of supernovas. In '.' 


particular, pulsar PSR053l is undoubtedly the neutron star, which '. 
'. 


':' 

remained from the explosion of supernova into 1054, which led to the 
.' 

formation of the Crab Nebula. This pulsar is critical for the 

observing activity of the Crab Nebula. 

Thus, undoubtedly, supernovas are powerful sources of cosmic 

rays. The stars of different types also generate cosmic rays, 

however, as a rule, with the incomparably smaller power. Thus, the 

average/mean power of the generation of cosmic rays by Sun L~.0 _iOn 

erg/so Consequently, even lOll stars yith this generation yill ensure 

only powe:- L(o"'; t~' erg/ s, ....hich is 4-5 orders less than the required 

power LeT _ (1 _3).1010 erg/so Of course, some stars (star of the type 

0, etc.) are conside'rably more active than the Sun, but them not so 

__~",,-~_~~_~__ . , ......, •.... ....... ~,,1_... 1
'* * __ , " __ ' ' •• . , , ....... ,; , ... _ __ _ .... 
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there is much. On the whole, although this is strict and it is not 

proved, it seems very probable that the nonexploding stars, and also 

new stars cannot compete with the s~pernovas as the basic sources of 

cosmic rays. 

Special position occupies problem of source Cygnus X-3 (eyg X-3). 

As bas already been mentioned, this source generates cosmic rays with 

a power of L" ­ 10" ­ W" erg/ 5'). 

FOOTNOTE!, Apparently, the power of source eyg X-3 strongly changes 

in time . With this fact, and also with a number of others there are 

associated doubts available with respect to the data about eyg X-3 

(see supplement). ENDFOOTNOTE. 

i, 
; 
; 

Therefore one or severa] such sources are capabl e of ensuring the 

necessary power of generation for the entire galaxy . Since there are 

observed photons with an ene~gy which reaches at least 10 1 ' eV, it is 

clear from eyg X- 3 that their generating proton~ (this is most 

probable) have an energy ~hich reaches to 10 1 '-101"1 eVe This fact is 

also very important, since the acceleration in the galaxy of particles 

..,ith the energy E:;,. tOU eV even in the superno\"as ...as always and, 

strictly, it remains problem. We do not kno... , ho...ever, how much 

ex ists sour.ces of the type eyg X-3 in this time (~o!;sibly, only one) 

and as for lc.ng they emit" It is necessary to stress that itself 

power Lef"" tOto erg/ s, al though it, of course, is enormous (let us 

recall that the complete luminous density of Sun /..e= 3,86· tOlS erg/s) it 
.' 

.. , . '. ,_...'. ,. .... " . -'... ~ . '. , 
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( 	 is completely compared with the power of supernovas. In fact, upon 

transfer during the supernova explosion into the kinetic energy of 

10"-10" ergs into the cosmic rays it can convert/transfer to 10 S1 

ergs. If the process of acceleration lasts even 3000 years, then 

exactly we come to power Lr,r"" 10'" erg/s . 

Page 208. 

In the case of the Crab Nebula it is known that the generation of 

cosmic rays is continued already about 1000 years, occurs now with 

power L!r~·t~· erg/s (power of the electromagnetic radiation L-I0 11 

erg/s) and is connected with the activity of pulsar PSR0531. Source 

eyg X-3 is, apparently, young pulsar 1 
}, that is located in the binary 

system. 

" 

FOOTNOTEI. There are indications that this pulsar emits gamma-rays 

..... ith £, >10" eV ..... ith the period of 12.6 MS . ENDFOOTNOTE. 

It is 	completely possible that this is the product of some supernova 

explosion. Thus, new, which introduces in this respect source eyg X-3 

it is of the indication of the possibility oi ~he generation of 

protons pulsar with a power of up to 10 " erg / s and with energy 

&-10 1 1 _10!1 ev . However, earlier it seemed that this power of the 

generation of cosmic rays was connected with the shell or, in any 

case, 	not ..·ith pulsar itself. Ho.....ever, a similar opinion does not 

meet objections and no..... , since sources of the type eyg X-3 and 

generally dual sources with the pulsa~s are formed, apparently, only 



DOC ~ 88078902 PAGE ~~m 

; 
i for· the small portion of supernova explosions. 

One way or another, study of supernovas, their evolution and 

emission is most intimately connected with astrophysics of cosmic rays 

and gamma-astronomy. Much here is not yet clear . For example, why 

does attenuata the luminous density of source? One of the 

explanations - decrease in the velocity of the rotation of the pulsar, 

which remained after flash/burst . However, for the supernova SN 1972£ 

(galaxy NGC 5253) there is discovered the exponential incidence/ drop 
, I 

in the luminous density, which is more natural to explain by 

radioactive decay of the products of explosion. These ra9ioactive 

products must emit gamma peak~. For example, nuclei '·Co via 

R-capture convert/transfer in Sf Fe with the emission of line with 

Ey = 0,84; MeV. Recording such 1ines at future satell ites can much '., ., 
explain (so, there is the design of the ins t rument, capable of 

"
". 

recording gamma peaks from the supernovas, which f lash in other ~ 
I..,galaxi es up ·to distances of R~lO Mps) . .. 
, 

"' 
In light of aforesaid is obvious special importance of study of 

flashes/ bursts of close supernovas 

All the more vorthy are regrets of 

i 
- in galaxy and in Magellan clouds . ..\ 

'., 
jthe already noted unpreparedness 
"·ifor such investigations (appearing based on the example to that flared 

up on 23 February 1987 of supernova 1987 A) with respect to 

gamma-astronomical and neutrino measurements. As one well-kno~n 

physicist noted in a conversation with me, observations SN 1987A weTe 

only "general rehearsal" and they "'ill lead to the improvement of the 

"' 


~i, 

.. "­
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entire observation system of flashes / bursts in the future. We viII 

hope that so it will occur, but, unfortunately, the representatives of 

my generation to Rpremiers· completely can not at all live. Of course 

the probability of the flash/burst one additional . supernova in the 

galaxy or in Magellan clouds in connection with flash of SN 1987A did 

not decrease, but it does not exceed one burst in 10 years, and, 

possibly, in 30 years. It is all the more important to attempt still 

something to obtain for SN 1987A, that is located in the large 

Magellan cloud·' . The exploding star bad large mass M - 15Me. the 

mass of the shell of the same order, the rate of shell is also great ­

it reached (2 - 4) -10' cm/s (for the outer layers), kinetic energy ~f 

shell was (1-3 ) · 10'J erg. Cosmic rays in the shell can be 

accelerated due to three mechanisms: acceleratic~ at the front of 

external shock wave , statistical acceleration on the turbulent motion 

within the shell and the acceleration by pulsar (if it vas formed 

, , during the explosion, which is completely probable). By virtue of the 

sufficiently large mass of shell and its high rate it is possible to 

expect the large luminous density in the cosmic rays (in the protons), 

, , which reaches Lcr_~Ou_ 10. 1 erg/ so Not only with· such, but also 

with to one-two orders of smaller powe r in the shell are formed many 
, " w·-mesons and , therefore, gamma-ray contracts. 
" 
" 

page 209, 

" 

The gantJfla-lun:.inous densi ty L, depends on I,crt the spectrum of cosmic 

' ,' 
rays (natural to consider that it exponential, Le., N,(E) -HE-', 

" 
moreover toas maximum, and, speaking in general terms, it is broken on 

. , 
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I { , ce r tain energy £.1.J and of some other factorsll/". Even with 

Lcr = to" erg/s and "i = 2,i - 2.6, £.111 ..., 1 GeV the flov of gamma- ray 

-J contra cts with Ey> 70 MeV on the Earth can compriseF" (>E ., = 701'4C!V.Jr,b-6) 

-10- ' photons/em I ·s. At the same power Let the photons vi th E" > 1000 

"': GeV, which can be recorded on the emiss i on of Vavilov-Cerenkov, must 

have a flov F, {>E, = 1000 GeV} -10 

flo....s and even somewhat smaller 'can 

existing in the southern hemisphere. 

gamma-rays with E,>70 HeV, perhaps, 

launch i nstruments on the balloons. 

- 11""10- 1. photons/em' . 5 . Similar 

be recorded by the installations 

However, with respect to 

still it will be possible to 

Time for all similar 

gamma-measurements is one- two years after the burst . As far as 

, 9amma-ray~ with E.,> 10U eV are concerned, even with Ler _10u erg/ s 

; their flow on the Earth from SN 1987A would comprise order 10- 14 

photons/ emts (with 7=2 .1) and 10- 11 photons/ emls (with 1:2.3), but 
,• 
, without taking into account absorption during the relict thermal 
, · ,! emission. Absorption decreases the flow 10-30 times, yes even power 

Lr,r -10" erg/ s it is d i fficult to expect for a prolonged time . Is .' 
small probability and recordings of neutrino ... ith high energy E.;:- 11)11 

eV, generated in sh~11 SN 1987A by cosmi c rays. Referring to details 

'. 1n '1, we can note that most real is the recording from SN1987A -' 

gamme-rays wi t h E.,> 1000 GeV. We do not concern here re~ording gamma 

peaks. Thus, according to 'I, the year after flash/ burst from SN 

, 1987A it is possible to expect from decomposition/ decay of tfCo of 

flo .... F., (E., =O.SU MeV) ;t.3 . tO~, photons/emf s . We ... ill hope that the 

,• corresponding ~easurements will have time to carry out_ 

I 
l 

.:l 

.. I 

1 
.. .... " .. . i

' .... '. - . - .' . . .... ' 
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t In f uture, undoubtedly, must work system (see, in particular, 

1 J), in which the follovi.ng f~ash/burst it vill be able to be in 

proper time stud~ed in all ranges of electromagnetic waves, and also 

by neutrino telescopes (necessary to have in mind both the region low 

energies E.,,..., i-10 MeV and neutrino wi th E.,;> ton eV) and 

gravitational antennas . 

5. Some prospect s for further investigations. 

Study of cosmic r ays as by direct methods (let us say, with use 

of tanks/ balloons or satellites), so also indirect methods (for 

example, from radio- astronomical data) occurs sufficiently slowly in 

comparison with a whole series of investigations in physics. One way 

I or another, long years it was impossible to obtain response/ ansver to 

I many questions - this is clear from the historicdl introduction, done 
I in the beginning of report, and the subsequent c~mmentaries. For 

example, a question about the evaluation of the role of metagalactic 

cosmic rays by a gamma-astronomical method according to the 

observations Magellan clouds and from the measurements of the gradient 

of a gamma-luminous densi ty in the galaxy vas set respectivel} into 

1972 and 1975 .' ',1 J. However, an even simpler method of measuring the 

gradient yet did not gi ve the completely specific results and it will 

be debated at the present conference. In this case the discussion 

cannot here solve probl em - are necessary ne...· measur.ements, and they 

already several years are not conducted due to the absence of 

, gamma - satellites. It is necessary to wait another minimum several 

http:follovi.ng
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( years before working/ treatment of the given planned starting/launching 

broad front. The present conference, to which are represented more 

than 800 reports is better to that evidence. International 

conferences on the coimic rays ( ICRC ) are conduct.ed every two years 

and last tvo weeks; constituting several volumes original reports 

previ ously (at the beginning of conference) are printed, after some 

time are published the -invited R and pattern repeat reports. All 

these transactions of conferences ICRe comprise the authentic annals 

of cosmic- ray research'. Of course to participants in conference 

.. ICr.C-20 the aforesaid is vell kno~n. I mentioned this as an example 
, . 

for others. 

.; 
Page 210. i 

i 
I do not know more fruitful and more effective conferences, although j 
it is familiar with a number of the regions of physics and 

astrophysics . 

What are the most important achievements in region of 

astrcphysics of cosmic rays in last 10 years? This pe r iod I selected 

because the report. analogous to present, is made at the 15th l 
conference in 1977 ( YCRC-lS , Plovdiv, Bulgaria)'). Of course what I, 

) 

~~-.------.---'--~. .. ..~'- .~.-' ~...._, .....- .. 

of the observatories of the ~Gamma· and GRO. For years and 

decades await realizations and other projects (for example, 

of the neutrino telescope DUMAND). 

In spite vi similar difficulties, study of cosmic rays 

even 

the design 

occurs by 

L-.~,.._._ . ~"~.'.'.' ~~ 

http:conduct.ed
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~ 
results to relate ·to the important, and yhat - to the less essential,I.. 

< 

, 

( 

.- Is usually disputable/debatable and subjective matter. I ~'derstand 
" " 

this and completely I do not claim to much and furthermore during theG, 
., last decade I less deal vith cosmic rays than earlier . And since it
I 
";J seems me it is possible to isolate such achievements. 
~ 
~ 1. A more detailed study of element and isotopic composition of 
'." J, primary cosmic-rays •

•( I. 2. Detection and beginning of study of antiprotons. 
~ <, 
~ 3. gamma-astronomical observations to COS-B (1975-1982), which
t', 

only now are in detail processed. The study of both the discrete" ~ sources and galacti c background i£ intended. 
,. 
,,," !:' r , 4. Detection of photons wi th Ey> lOU eV and up to E, _ to'. eV 
i;':" 
r·! from eyg X-3 and, possibly, some other sources. The disputes are 

, continued in regard to this. But indeed the same it is possible to 

say almost for each question. 

5. Theoretical analysis of particle accelerat ion at shock wave 

fronts • 

• 
, 
'. Undoubtedly, list can be widened, but then it can become 

,; enumeration of very many leading investigations . 

What us does expect in future? I have in mind in the not ve ry 

distant future (since, incidentally, is somehoy indifferent to 

futurology), but plans Drior to the beginning of the follo.... ing century 

(formal l y until 1 January, 2(01) or to the century from the time of 

( the discovery of cosmic rays (on 7 August 201 2) . A similar 
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extrapolation is not especially daring or purely speculative . We 

indeed are famil iar wi thOthe history of the study of cosmic rays for 

75 years. We know the plans/ layouts of the creation of the serie5/ row 

of the large installations, whose realization and operation occupy 
I 

long years. It is difficult to doubt the fact that they await us and 

the unexpected contingency, possibly, even the essential discovery. 

Detection in 1983 of the extensive showers, which consider the 

generated gamma-ray contracts the energy to lO ll eV, emitted by source 

eyg X-3, was the example to this unexpected contingency. 

Let us enumerate some directions and problems, in sufficient 

measure clear and determined. 

1. Further study of eiement and isotopic property of cosmic rays 

in Earth. In this direction olvays is conducted and is cont inued 

extensive vork. It sufficiently fully is illuminated on ICRC, in 
1it,..,

particular at the present conference. Since I myself am somehov . ,
- ,, 

distant from thi s thematics, I ~ill be bounded to the reference of the ,', 

special urgency of the study of radioactive product nuclei (leBe, I· C, .,: 
-;J·Al, etc.), and also energy spectrum of different product nucl~i . , 
lProjects "Advanced Composition Explorer" (ACE), -Astromag" and, , . ~ 

probably, some others promise achievement of the essential progress in 

the considered reg .. on 1 J , ~ J. 

2. Study of electronic and positron components, in spite of 

successes, it remains completely actual . 
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3. Question about antiprotons is not clear. It is necessary to 

repeat the measurements of their spectrum. if actually much with loy 

energies E.-O.1 GeV of antiprotons (considerably more than 

secondary antiprotons with x-s gocm- i 
), th~n the problem of the 

formation of anti~rotons it remains unresolved (for the state of the 

question on 1985 see·'; as far as I know, since then there were no 

essential nev results). , 

I, 4. Entire region of superhigh energies E>10 J1 eV and especially
I 

i 
 E > 10t~ eV ha~ already long ago been remained chosen: is here unclear 


spectrum (in particular, there is cutti ng spectrum with E:;t 3.1011
) . 

chemical composition, anisotr~py. 

Page 211 .I 
, 


'.
Discove~ed, in fact, is the question about the origin of such 


particles, although the metagalactic version is most plausible yith , 

., 

£ >101. eV (for greater detail, see' of Chapter 5; .,1'11 '). For 

studying the cosmic rays with the energy at least to 10 eV is" 
Ii' 

expedient the creation of giant installations over the area, which 

reaches 10 ' km 1 

t 
5. i.bout the value for astrophysics of cosmic rays of 

gamma - astronomy already much yas said above . Besides the starting of 

the observatories of the MGamma " and GRO r it is necessary to have new 

observatories approximately in the same range 30 MeV < E. < 5-30 

l 
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( GeV, and to also create instrument for the range of 5 GeV 

< E, < tOO-400 GeV II. Only then will be filled existing noW' a "'dip" in 

the investigated spectrum between the measurements on the satellites 

(COS~B, "Gamma-I", GRO) and vith ground-based measurements on the 

brightness of Vavilov-Cerenkov (E r > toll 
- iOu eV). Moreover, 

ground-based measurements (on the brightness of the atmosphere) can 

fix/record only discrete/digital sources. The program of measurements 
i 

on the observatories of the "Ga,.,..,a" and GRO is known. In the large , 


measure, and this is natural, the discussion deals with the 


repetition, the refinement and the expansion of the investigations, 


in itiated on satellites SAS-ll and COS-B. I here wish to stress the 


need of conducting the measurements also on the high galactic '. 

latitudes for the purpose of the development/detection of gamma-halo 


galaxy, for which is c~itical in essence scattering relativistic " 
, 
electrons (the inverse effect of Compton) on the thermal photons in 

the halo (see of Chapt~r 6 and ,,), Is obvious the urgency of theJ 

study of different discrete/digital gamma ray sources (molecular 


clouds, pulsars, etc.), explanation for them of spectrum and 


variations in the intensity . The same it is possible to speak about 

'measurements in region ET :;. 10" -101: eV (Vavilov-Cerenkov brightness in ..' 
" 

the atmosphere) and in region E, ~ to" eV (extensive sho..... ers) I). 

. 
i. 

FOOTNOTE 1 , For this purpose necessary are the installations with the 

large arEa (S-l kro l ), furnished with a sufficient quantity of 

detectors of the muons (latter is necessary for the 

isolation/liberation of sho~ers lean in muons, ~hich are generated by 
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gamma- rays) • ENDFOOTNOTE. ., 

For source Cyg -X-3, yes even for others, are justified the 

observations in all electromagnetic ranges, and also the underground 

observations, which are used for the development/detection of some 

nonphoton emission (its existence it is very doubtful, but it cannot 

be proceeded from the preconception, necessary to seek that seeming 

improbable) • 

6. If we have in mind and indirect effect, then almost all 

directions of astrophysics are interconnected. To be occupied here by 

detailed enumeration is senseless . From the fact that it is nearer to 

astrophysics of the cosmic rays (or even it composes its part): let us 

mention only the study of solar cosmic rays , modulation of cosmic rays 

in the solar system, radio- astronomical investigations by the halo of 

galaxies (especially on the long waves ~~ m) and of shells of 

supernovas, some combined X-ray and radio observations of the galaxies 

(it is intended the measurement of magnetic field on the comparison of 

reverse/ inverse Compton X-radiation and synchrotron radio emission). 

7. Th~ most importanf new direction of cosmic-ray research far . 

from Earth is recording generatable cosmic rays neutrinos ~ith very 

high energies E,. '), 101: EV. Unfortunately , although the correspond ing 

projectlUOMAH.IJ. (DUMAND) is considered beginning .... ith 1975, it, 

apparently, is still sufficiently far from realization . The same 

relates also to other kno....n projects, except, possibly, installation 

. - ._ -- --~_"_'__'"'O......;.._____;.;...;;_____...- . 

http:projectlUOMAH.IJ
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on the lake Baykal. The survey/coverage of situation on 1984 is 

contained in lhapter 7 monographs ., data sequence was given also 

on all latter ICRe·, present conference is not exception. Since I 

myself am the co- author only of one work in this region t1 and neutrino 
I 

astrophysics as a whole not ~my diocese-, I can claim to the known 

objectivity. So thus, the study of neutrino with the high energies 

seems to me the exceptionally/exclusively interesting and important 
i 

direction of astrophysics. j 
.~ 
.-1 
IPage 212, 

And simply by blindness on the part . of the organizers of science seems 

the fact that so many years it is impossible to obtain the 

sufficiently modest means, necessary for the actualization of project 
,

DUMAND or to it similar. It is difficult to doubt, however, ~he fact , ., . 

that even to the mentioned anniversary dates neutrino high-energy 

astronomy will begin to l ive not only on the paper, or, it is more 

precise, it will enter the phase of observations. 

8. Astrophysics of cosmic rays as entire/all astrophysics, is 

not thought without theory. In this respect already of Fermi taught 

to us a good lesson". In the region theory is done much, in 

particular, in the last decade. We have in mind the analysis of 
•

propagation and acceleration of relativistic particles in the 

, turbulent magnetized plasma and much other. Insufficient completeness 
, 

I and accuracy of observational data is usually, ho~ever, are retarded. 


On the whole, here it suffices to note that astrophysics of cosmic 
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, , 

rays has -reliable theoretical guarantee and, as a "hole, not the 


theory retards its development. 


Said in present section of report - this, of course, not program 

of work and even not project of this program. Some known problems 

. were only enumerated. Our goal is to stress that astrophysics of 

cosmic rays and adjacent it directions are at present the widely 

branched and developed region of investigations. It is completely 

clear. at the same time that much still must be done and it is 

possible to do. But the advance forward requires large 

efforts/forces, and in this respect are important understanding and 

aid from the side of the association of physicists and astronomers. 

organizers of space investigations and, strictly, all, the development 

Of science depends on whom. It would like so that the present 

~onference and, in particular, my lead-in report would contribute to 

this understan6i~g. 

I use possibility to thank for observations and councils of V. 

S. Berezinskiy, V. A. Dogel and V. S. Ptuskin. 

Supplement. 

The goal of publication of the present report is to acquaint 

sufficiently wide circle of phYSiCists and representatives of close 

specialties with development of astrophysics of cosmic rays and its 

contemporary state. This region of physics and astronomy so grew also 
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t as a whole just as rapidly it progresses, that, as in a number of 
, 

other cases, to layman increasingly more difficult to be in the policy 

of matter, to see forest after the trees/wood . At the same time many , 
(and, as me it seems, with good reason) they attempt to follow the 

i 
remarkable successes of astronomy, including astrophysics of cosmic , . . ..rays and gamma-astronomy. .. 

In the report I attempted, without entering in part, to ~ .. 
i 

demonstrate how much is already done, as spectrum of considered ., 

problems was wide and prospects and problems of further investigations i
•

i 
were such. But so there is ·much material, that the picture "..~ 
willy- nilly proved to be several impoverished. Therefore it seems . ! ,, 
advisable in the present supplement first at least to enumerate the •

i...,sections, to which ..as ·decomposed the program of conference. This 
~.:]. 

separation was reflected, naturally, in those six volumes of the 
.. 

materials, which were created to participants in the conference 

directly before its beginning. ~hen several observations, which 

concern the considered questions, will be done. 

1. On the 20th international conference on the cosmic rays (20th 0., 

JCRC). 

Entire material was divided into three parts (this concerns both 

the published ",or}:S of conference and its progran\) . 

Origin of cosmic rays and 9ala~tic phenomena (code OG; vals. 1 

j 
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1 I and 7.):

I 1. Gamma-bursts.1 
j 2. 
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G~~-rays from point sources and diffuse emission with 
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E.,:s;; 3.1011 eV . 
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{ Page 213. 

3. Gamma- radiation .,dth energy of E., >3.S01l eV. 

4 . Nuclei in cosmic r ays with energy ESIO'J eV/nucleon 

(composition, spectra, anisotropy) , 

5 . Nuclei in cosmic rays vith energy, E>10 1J ev/nucleon 

(composition, spectra, anisotropy) . 

6 . Electrons, positrons, antiprotons. 

7. Propagation in interstellar space and nuclear interactions. 

S. Acceleration and sources of cosmic r ays. ,9. Technology and equipment. 
, 

10 . Different. · 

Phenomena in Sun and in heliosphere (SN: \loIs . 3 and 4): 

1. Particle acceleration in the Sun. 

2. Charged particles with high energy and neutral emission in 

solar flares. 

; 
3. Propagation of solar cosmic rays in corona and in 

in~erplanetary space. 

4. Particle acceleration and their propagation in heliosphere. •,. 
5 . Composition (el ement and isotopic composition, ionization) of 

particles of solar and heliospheric origin. 

6. Lasting modulation of galactic cosmic rays and anomalous ·• 
component . 

7. Transient and atTnospheric effects for primary anc secondary 

cosmic rays. 

8. Geomagnetic and atmospheric effects for primary and secondary 

~ ..., 
· •.j 
.; .. . 
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l cosmic rays. , 
9. Nuclear cosmogony (cosmogenic nuclides) . 

10. Solar neutrinos . 

II, 	 Technology and equipment, , 
" 

12. Different. 

" 

Processes at high energies (HE; Vo 15. 5 and 6) : 

1. Interactions at high energies. 

2. Hadron and electromagnetic cascades/ stages. 

3. Extensive air showers. 

4. Muons . 
,5. Neutrinos. 	

" 

6. New particles and processes . 

7. Technology and equipment. 

S. Different. 

Volume of each volume from 420 to 530 pages (total vol~~e of 2890 

pages), in all in these volumes are published 852 reports (in certain ,_ 

cases they are published only theses). At conference itself was 

reported a vhole series of new data . On the contrary , the published 
" reports, whose authors did not arrive, as a Tule, were not consid~red. 

The recent three days of the conference (but in all it occupied 12, 

partially incomplete, yorkdays) vere dedicated to the pattern repeat 

reports (all in all it ~as 19 ) . Furthermore, took place the ~invitedft 
" 

(invited) reports: 

.' V. L. Ginsburg (placed above report); 

" 
" 
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( M", -M. Shapiro, 1'175 years of the study of cosmic rays";
'. 	 •I 

D. N. 	 Shra~ , "Nucleosynthesis in the stars"; 

K. de Yager, "processes vith the high energy in the solar 

flares" ; 


Ya. B. Zeldovich, "The universe - ye~terday and today; 


L. B. Okun', "Fundamental interactions: from p ions to wions · ; 


Yeo S. Stone, "Interplanetary investigations out of the plane 

i'. of ecliptic"; 
.' . " ,P. Povinets, "Cosmic-ray research with the use of "cosmogonic" 
" 

radioactive nuclei", 

G. Rubenstein, "State of quantum chromodynamics in a plan of 


study of cosmic rays"; 


G. Folk, "Particle acceleration in astrophysical shock waves", 

Page 214. 

To number of such reports can be. attributed also 

communications/reports of J. Simpson "acceleration of cosmic rays in 

external heliosphere~ and R. Z. Sagdeyeva "processes near Halley's 

comet as model of Fermi-acceleration by galactic shock yaves~, 

although they figured by the name "highl ight" of reports. 

Furthermore, were carried out conferences, dedicated to the collisions 

of relativistic ions, gamma-astronomies of supe~high energies and 

, . 	 neutrino from the supernova SN 1987A . Fina lly, took place different 

the so-called "worki""g discussions" (workshops). 

Invited 	and pattern repeat reports, and also some other 
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, 
I communications/reports will be subsequently published ­

I three additional volumes. 

• 
~ 
, 

PAGE 7'f ~ 

will comprise 

.' All these data are cited here both for information and for
j. 

purpose to illustrate scale and latitude of considered circle of ,1 
problems and that entire region, which dedicated conference. Such·,. .. 

~. conferences occur approximately every two years (following conference 

~ I. ICRC-21, it must take place in Adelaide (Australia) during January 
I'
M 
!j 1990. 
I~ '­

It is important to stress also following: to astrophysics of ..· 
" cosmic rays (or, it is more precise, that its part, which dedicated my 

report) answers only approximately one third of entire problems, 

considered at this and other similar conferences (ICRC). Of course 
" 

all three parts (OG, SH and HE) , with which dealt the discussion 

above, one vay or another they vere interconnected. The character of 

connections/ communications is various in the different cases and it is 

not always immediately obvious. For example, repeatedly was assigned 

this question: vhy at the conference on the cosmic rays of so many 

attention it is given to the Sun and the heliosphere? It would seem, ,
• 

is by this mor~ appropriate at the special conferences dedicated to 
! 
>. 

physics of the Sun and to space investigations. The answer here is 

such. Solar cosmic rays as other aproducts~ of solar activity and 

processes i n the Sun and in the heliosphere, undoubtedly, it is 

characterized considerably less by energy release and energy of the 

emitted charged particles, and photons. But, on the other hand, the 

,,: .~-~-'. '- ..... . - ., -' .. , ,;", .. ... .. .. ';,; 
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f nearness of the Sun and heliosphere makes it possible to carry out 

such detailp.d observations and measurements, about which with respect 

"to of interstellar medium, stars and shells of supernovas, to say 

nothing of quasars, galactic nuclei and radio .galaxies, it is possible 

only to dream. Thus, the study of the Sun and heliosphere for 

galactic and metagalactic astrophysics of cosmic rays, radio astronomy 

and garnma-astronom~ plays role, analogous to laboratory investigations 

for physics it is space of plasma or role of laboratory spectroscopy 

for optical astronomy. The study of shock waves in the heliosphere 

(and even, let us say, near Halley's comet) can serve as a more 

specific illustration of the aforesaid for the purpose of checking the 

· th~ory of particle acceleration in the shock waves. But if we speak.. 
I.. 

about connection/ communication of astrophysics of cosmic rays (OG) 

with high-energy physics, studied in the cosmic rays (HE), then it is 

also sufficiently obvious. For example, the investigation of the 

extensfve air showers (ShAL - EAS), on the one hand, serves for the 

determination of thOe series/ row of the processes of interaction and 

their special features at high energies. On the other hand, the same 

ShAL are utilized for the compositional analysis, spectrum and 

anisotropy of primary cosmic-rays with the high · and superhigh energy. 

In short, complex approach, combined (to known limits) discussion 

of all problems, connected with cosmic rays, it is fruitful and it is 

completely justified. !t is another matter that ~it is not possible 

to fill immense" , something is necessary to sacrifice, something to 

select/take. The bias/displacement of accents, which gradually occurs l 

~ 
I 

1 


1 




; 

j 

I. 

I 

t 
, 
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from one conference to the next, is therefore understandable. ForI 
I example, already ten years ago, to 15 "JCRe, special subsection was ~ 
; 	 , 
;:
., 	 dedi-cated to X-ray astronomy, now there is no such subsection already. 

<. .. At l~RG conferences sufficiently widely are considered the designs of 

.:• 	 different new installations and instruments. In proportion to the, 

.. actualization of these projects begin, naturally" .to be considered the 

I 
. 

. 
' 

obtained results. 
· 

..;:~ . Page 215 • 
'. ' 

,
• 

As a whole 	 international conferences on cosmic rays {JCRe} play 
~ 	 . './ . 	 enormous role for development of entire region. In this respect ICRC1 ; 

• 
:-
' 
.

. 
: 	

can serve as an example, also, for other di'rections of physi~cs and 
. -,;-.; . astronomy. 

rC•t·: 
~. : 	 2·. Several observations on the results of conference with respect to 
.;;: . 	 astrophysics of cosmic rays . 

At regularly conducted, previously prepared conferences in center 

.,. 	 of attention are located usually not hits, but a comparison of nev 

data, the report and discussion of parts and designs of new 

installations. This occurred also at the present conference. At the 

sam~ time, 	 naturally, observations of SN 19B7A vere not forgotten. As 

far as gamma - astronomical observations of the shell of this supernova 

are concerned, they are not yet produced, but the disclosed 

possibilities are briefly illuminated in the text of my report. As 

regards the sensational observations of neutrino from SN 19B7A, this 

·. 
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,( 	 is ,the special theme on yhich here Ye "ill not dYell, although at the 

c~nference it 
' h 

gave much attention (it is possible to think that in the 

UFN there will be published the corresponding survey/coverage). 

Another most widely considered question - observation of 

gamma- rays vi th high (ET > 3.1011 eV) and superhigh (E , > 10lt - 10" evl 

energy. Special attention attract the dual sources: eyg ~~3, Her 

X-l , Vela X-I, "candidate into the black holes" eyg X-I and some 

others. All this is a theme for the special s'uTvey (partially this 

problem "it is proposed to solve in the prepared survey/coverage of V. 

A. Dogel and author). Now we will be limited by several 

observations, which concern eyg X-3, i .e., considered type most known 

. .... ' . 	 . .. 

·source. fhis is clearly unsteady, by virtue of which the 
J 

comparison of the observations, which were being carried out in the 

different time, is very difficult or, it is better to say, little 

about which he speaks. r~ last year two level of gamma-radiation Cyg 

X-3 yith £.,>101'_10" eV, apparently, was very 10..... This gave rise "to-	 , 
even doubts about that, ....as observed generally this emission from Cyg 

X-3. However, In the opinion of the patt~rn repeat (R. Prozero), the 

comparison of different measurements, ~hich were being conducted 

simultaneously for the number of years, makes it possible to consider 

emission Cyg X-3 yith the superhigh energies completely real 

(although, we repeat this which occurs always ). The fact that further 

observations are necessary, in particular on the large installations, 

does not cause doubts. In this case is especially important the 

isolation/ liberation of the extensive showers (Shal), created 

........ . . w ..... . _.

" 
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'" 
( precisely by gamma-rays. To do this they attempt, taking into account 

, 	 that the ShAL, "generated by ' gamma-rays, they must be relatively lean 

in muons, and also to differ from ShAL of nuclear origin in some its 

parameters. Vnfortunately, exactly in these directions of reliable 

data it is not yet obtained. Thus, if ve approach the problem very 

strictly, then the existence. of gamma-radiation of superhigh energies 

from eyg X~3, and, -possibly, from other sources, has not yet been 

proved. It is obvious that the. subsequent observations of any it is 

far going affirmations cannot be done. But if ve speak about the 

impressions and the opinions, then I share the opinion about the fact
.' 

that sporadic gamma- radiation of some du~l sources in the region of 
. superhigh energy (E, > j014 _ 10U eV) occurs.! 
,t· 
,'. 

, 	 Continuous discussion of data COS- B makes very probable existence 

I let and small, but noticeable concentration gradient of cosmic rays in 

galaxy. In any case, the affirmations about the explicit absence of 

gradient and even about the metagalactic origin of cosmic rays at the 

conference vere not repeated. Only new observations can lead to the 

reliable measurement of gradient and, generallv, distribution and 

spectrum of cosmic rays (in essence of protons) in the galaxy. 

Page 216. 

New observations (Ye. A. Bogomolov et al., report OG 6.1-1) and 

calculations (V. Weber, report OG 6.1-5) make problem of antiprotons 

less acute - they attest to the fact that in region of energies E;> t 

GeV quantity of antiprotons, possibly, is not anomalously large 
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n . e. it can prove to be tha't coordinating with that expected with 
" ! 

pas~~~e by cosmic rays of interstellar gas with thickness x~5- 7 9 

cm- 3 ). 'The anomalously large flow of the antiprotons in the region of 

energies E;-0.1. _ 0.3 GeV (speech goes, of course, about the kinetic 

energy) was reported only in one work 
" " 

(Buffington a. et al. 
, 

Astrophysical Journal,c !.98l," V 248, P 1179) and cannot be considered 

established/installed before the independent checking (similar 
" 	 "1 

measurements, as far as is known, at present exactly they are carried 

out in the USA). 

-=;. 

At conference there were reported first results of the processing '
, ­

. 
t of data obtained with the help of the installation ftEgg·, which flew 

! 
! 

for 191 hours on the "Shuttle" ("Spachelab-2") in 1985 (see text of my 

report and reports OG 4.1-5, OG 9.2-1 ) . It is characteristic that 
.r even the most ideal contemporary installation made it possible to 	
.' 

r. 	 ~ 

obtain, even then preliminary, the information about the spectrum with 

the energy, which reaches lO~ Gev/nucleon, only two years after 

flight. Already hence it is clear as to what extent complicated the 

corresponding observations and their working/treatment is labor­

consuming. For the production of a spectrum of nuclei up to energies 

on the order of 10t - ~O~ GeV/nucleon are necessary the even larger 

installations weighing tens of tons. This is the matter of the future 

• 	 (hardly such results t hey will be obtained earlier than the years 


through ten). 


With respect to element and isotopic composition of cosmic rays 
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~ with smaller energies (let us say, with E ~ iOGeV/nucleon), and also 

spectrum-of positrons at conference was reported and was considered 
I . 

series/roY of results. However, in my report this important series of 
· 
· 
, 

questions was only touched upon, and anything drarn9 ". icelly new at the , 
, 
, 

· 
conference Yas not reported. Therefore it is here inexpedient to ,,. ,
concern to concern both the problem of co~position and spectrum of the ,, ,, 

"cosmic rays and series/roY others, reflected in the yorks of the "." ,. · 
conference (they, incidentally, are SUfficiently available, since the 

.. 
I conference occurred in the USSR, and all its numerous participants 
i
/. obtained the complete assembly of works). ·, 

f. 
/ ' .' • " 

Thus, t will be bounded in conclusion only by the observation 
) 

that participation in conference did not give to me foundations for ~ 

changing anything essential in text that placed higher than report, 

In the limits of the limited targets, which pursued this report (and, 

" it goes without saying, my possibilities), it reflects the 

contemporary state ' of astrophysics of cosmic rays (besides the 
·~ 

questions, connected with the solar cosmic rays and the processes in 

the heliosphere), 

Physics Institute im. P. N. Lebedev of the AS of USSR. 
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