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On the basis of the diffusion model of cosmic ray propa-

gation in interstellar space, the density of cosmic ray energy

in the circumterrestrial space is calculated under assumption

that the pulsars are indicators of place and time of super-

novae explosions which in turn are sources of cosmic rays.

The analysis has shown that the sources making the basic con-

tribution to the observed energy density of cosmic rays are

distributed within the radius t = 0.9 kpc around the Solar

system.
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Г.С.МАР1ИР0СЯН

ПУЛЬСАРЫ И ВОЗЮШОЕ ЛОКАЛЬНОЕ ПРОИСХОВДШИЕ

КОСМИЧЕСКИХ ЛУЧЕЙ

Предполагая, что пульсары являются указателями места и

времени взрывов сверхновых, которые в свою очередь являются

источниками космических лучей, и основываясь на диффузионной

модели распространения космических лучей в межзвездном прос-

транстве, рассчитана плотность энергии космических лучей в

околоземном пространстве. Анализ показал, что источники, вно-

сящие основной вклад в наблюдаемую плотность энергии космичес-

ких лучей, вокруг Солнечной системы распределены внутри радиу-

са X = 0,9 кпс.

Ереванский физический институт

Ереван 1987



1. Introduction

In the modern models of cosmic ray (CR) origin it ia

assumed that the particles may accelerate both at the super-

nova explosion itself and in the supernova shell or in the

magnetospheres of young pulsars [1] •

At present, it is established that the pulsars are origi

nated owing to supernovae explosions [2] . We assume in this

work that the pulsars are indicators of place and time of

supernovae explosions which in turn are sources of cosmic

rays. Under this assumption and based on the diffusion model

of-particle propagation in turbulent magnetic fields of inter-

stellar medium, we have calculated the CR energy density in

the circumterrestrial space from these sources as well as

determined the distribution region of those sources which

make the basic contribution to the observed energy density.

The calculations are based on the well-known space-time coor-

dinates for 293 pulsars [3] «

In Kef.[4] , on the basis of such model, an attempt was



made as to explain the observed energy density and restore

the GH prehistory using 12 pulsars known by that.time.

2. Simulations

It is experimentally established that the CR spectrum

extends up to energy ~10 eV. There is a number of argu-

15

ments in favour of the fact that up to -«10 eV the cosmic

rays are of galactic origin. In the circumterrestrial space

the energy density of galactic cosmic rays is We* ~

~ . 10" erg.cm"^ for particles with E » 10° eV, whereas

for the particles with E > 10
1 5
 eV We* <" 10~

1 6
 erg.cm"

3
 [1].

q

Following these and the fact that in the range lO-'eV ̂  E <

< 10 ' eV there are no sharp peculiarities in the energy

spectrum, chemical composition and anisotropy, we shall imply

under galactic cosmic rays the particles with the energy

10
9
 eV < В •£ ю"'"* eV for which the diffusion model is a good

approximation when describing the motion of cosmic rays in

the interstellar medium.

Further we shall assume that the supernovae are the

sources for the cosmic rays and that the latters may accele-

rate both directly at supernova explosion an'' in its young

shell. So long as the lifetime of supernovae young shells,

where the cosmic rays may be accelerated, is appreciably less

than their age, we shall consider the OR acceleration instan-

taneous in this case. ThF. supernova age is determined by the

pulsar age according to data on deceleration of pulsar's

rotation. If there occurs an instantaneous point-like explo-^



sion of the supernova at a distance "Z from the Earth, and

the propagation of produced particles in the interstellar me-

dium obeys the diffusion equation, then in time t the ob-

served energy density of cosmic rays from the given source

will be:

2

e
3

j
 d)

where Wgn *
s
 total energy release during the outburst in the

form of cosmic rays, D = 1/3AV is the diffusion coefficient,

Л is the mean distance between magnetic inhomogeneities,

V - С is the particle velocity, ^e
 =
 3d*/2AC is the cos-

mic ray lifetime relative to the escape from the capture re-

gion with linear dimension d . The total energy density from

n
П sources will be W

e
 ZI W: . In expression (1) we have
t«1

neglected the contribution of CR nuclear interactions with

interstellar matter, since the CR lifetime relative to nuclear

interactions is substantially larger than t
e
 .

The value of the free path length A was chosen following

Refs. [1,5,6] .

In Ref. [1] , after a detailed discussion of the avai3rable

experimental data, it is mentioned that in the galactic disk
27 2 —1

the diffusion coefficient must be ~10 ' cm с

( Л ~ 3.2- 10 pc). In Ref.[5] the authors, assuming that

the supemovae, being the CR sources, have random spatial dis-

tribution inside the galactic disk with the frequency of
—2 —1

appearance 10 year , and using the diffusion model, have

calculated the energy density, anisotropy and the ratio of L

to M of CR nuclei. Prom these calculations the authors con-
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eluded that A - the free path length of diffused particles
О Л

- must vary within 10*" pc < A < 10" pc.

Prom experimentally observed abundance of Be isotope, in

CH in Ref. [6] for £g in the galactic disk there was obtained

the value £g = 1.7 • Ю 1
 years, which at d=500pecorresponds to

X ~ 7 • 10~
2
 pc.

In this work the calculations were carried out at the

following parameters: W
s n
= Ю ' erg, d=500 pc and A =

= 5 • 10 pc. At these values of A and d the time of CR
7

confinement is C
e
 = 2.45 • 10 years.

In order to reveal sources with coordinates ( Z
t
 t )

which at the present epoch make the basic contribution to the

observed energy density of CR, the equation 3W(2,t)/3t = 0

was solved. For expression (1) the solution of this equation

with respect to t has the form:

T = 0,25 f e (-3+ 49 +4z2/treD ' ) (2)

Expression (2) at definite values of £g and D points out

the time T in which the CR energy density from the given

source attains maximum at a distance z *

In Fig.1 the dashed area points out T=T(Z) dependence

corresponding to the interval 10 pc < A < 10 pc.

3. Discussion of Results

Prom the number of supernovae mentioned above, the selec-

tion of the CR sources which make a substantial contribution

to the observed energy density in the present epoch was

carried out by two criteria.

6



1. Only those sources were considered for which

W
m a x

> 1 0 ~
1 5
 erg.cm"

3
 = 0.1% W

e
x(E»10

9
 eV) at Л =5 10"

2
pc.

m a x

2. Prom the number of sources satisfying the first condi-

tion there were selected ones in which the lifetime t (the

time passed after the moment of supernova explosion) satisfied

the condition T, 4 t < J^ , where Ti and Tg were calculated

according to expression (2) respectively for A = 10 pc and

Л = 10 pc at the given distance t from the source.

The calculations have shown that from 293 supervovae the

parameters of only 39 supernovae satisfy the above-cited two

conditions. In Pig.1 the black points refer to the space-time

coordinates of these 39 supernovae. As seen from the figure,

all the sources are distributed by distsnce inside the band

0.2 kpc 4 1 < 0.9 kpc, and the characteristic age of these
"7

sources amounts to ~ 1.04-10 years. The calculated total den-

sity of CR energy from these supernovae near the Earth is

~ 6.6-10
 3
 erg.cm"

3
 = 0.4 eV.cm . Experimentally observed

density of CR energy near the Earth is 0.5 eV.cm" .

Table 1 lists parameters of 39 pulsars determining coordi-

nates and time of explosions of these supernovae as well as the

values W
m a x

 at Л = 5*10 pc.

Fig.2 presents projections of 58 sources on the Galaxy

plane, for which W ^ ^ ̂  W erg.cm"
3
. The black points refer

to coordinates of above-mentioned 39 sources. The circles re-

fer to coordinates ol 'C sources from which W
m a x

 for 10

sources near the Earth was observed in the past and for 9 ones

in the future» For example, from the well-known supernova in



the Vela (PSR 0833-45; Z= 0.5 kpc, t = 1.12-10
4
 years) the

CR maximal flux ( W
m a x

e 3«5 10" erg.cm"^) will reach the

Earth in T=6.88 10 years. In this connection, it is interest-
ed у

ing to note that 1.74-10 and 3.09-10' years ago the CR energy

density near the Earth must have increased respectively by a

factor of 5-6 owing to explosions of supernovae producing

pulsars PSR 0950 + 08 and PSR 1929 + 10. Such increase of CR

energy density might have brought to biological consequences

discussed in Ref.[7] .

As one can see from Pig.2, all the 39 зоигсез around the

Solar system are distributed isotropically with the consequence

of observed low anisotropy of CR at E < Ю -
3
 eV. Prom the

given calculations there follows that if the diffusion

approximation describes the CR motion in the interstellar

space sufficiently correctly, then the observed CR are of lo-

cal origin. So, we can make the following concrete conclusions.

1. The main contribution to the observed CR energy densi „y

comes from the sources located in the region with radius

Z < 0.9 kpc around the Solar system.

2. The confinement time for CR in this legion is
7

~ 2.45* Ю
1
 years.

3. To ensure the observed CR energy density

—12 —4
We* ~ Ю erg.cm

 J
, it is enough that the luminosity of

the sources in CR was L
cn
~'10

J
 erg.sec , which is by

2-3 orders of magnitude lower than the required luminosity of

sources at the galactic model of CR origin.

Authors of some works have come to the same conclusion

from other assumptions. ^.g., the authors of Ref.[8], follow-



ing the reasons connected with the GR lifetime, L/M ratio,

low anisotropy and high-energy electron spectrum, have come

to the conclusion that low-energy particles ( R. > 10 Gv/c),

while diffusing, may reach the Earth from the near sources

( Z « 100 - 300 pc), while high-energy particles ( R > 10 Gv/c)

from sources with distances % 4 1 - 10 kpc. The authors of

Ref,[9], on the ba~>is of observation data connected with

44 OB stars inside the Gould's Belt which also are a powerful

source of $ radiation, have come to the conclusion that OR

observed near the Earth are of local nature (sphere with a

radius ~1 kpc, confinement time ^2-10' years).

The author is sincerely thankful to P.A.Aharonian for the

valuable remarks and discussions, and also to E.A.Mamidjanian

for the stimulating interest to the work.
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1.
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6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

PSR

0105 + 65

0149 - 16

0203 - 40

0301 + 19

0403 - 76

0450 + 55

0538 - 75

0656 + 14

0823 +26

0834 + Об

0844 - 35

0853 - 33

0905 - 51

0906 - 17

0940 + 16

0943 + Ю

1112 + 50

1237 + 25

150а+ 55

1530 + 27

г [РС]

850

440

470

560

790

450

650

400

710

430

610

580

860

510

750

560

320

ззо"
730

490

t [year]

1.55. 10
б

1.02- 10
7

8,32 • 10
6

1.69 • Ю
7

5.62 • 10
б

2.29 • 10
б

3.47 • Ю
7

3.80 • 10
б

4.90 • 1О
б

2.95 • Ю
б

1.12 • 10
7

3.09 • Ю
6

2. '9 • 10
б

9.55 • Ю
6

1.91 • Ю
7

4.90 • 10
б

1.05- Ю
7

2.29 • 1Q)
7

2.34- Ю
6

2.19 • Ю
7

Table 1

Wmox/1 o~
14
[erg. епГ-

0.18

2.29

1.82

0.97

0.25

2.12

0.55

3.17

0.39

2.48

0.71

0.85

0.17

1.36

0.31

0.97

6.64

5.99

0.35

1.57



Table 1 (continuation)

No.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

PSR

1530 -

1540 -

1601 -

1612 +

1702 -

1706 -

1747 -

1845 -

1919 +

1946 -

2021 -t-

2045 -

2048 -

2151 -

' 2152

2315 +

2321 -

2323 +

2327 -

53

06

52

07

18

16

46

19

21

25

51

16

72

56

31

21

61

63

20

1 [PC]

650

660

800

800

740

810

660

530

330

880

680

380

640

500

600

710 ''

580

530

290

1

1

4

8

1

1

9

2

1

4

2

2

2

5

1

2

1

7

5.

•fc[year] W^/I

.51 • Ю
7

.26 • 10
7

.07 • 10
7

.13 • 10
6

.15-Ю
6

.62 • 10
6

.12 • 10
6

.95 • Ю
6

.58 • 10
6

.47 • 10
6

.75 • 10
6

.82 • 10
6

.75 • Ю
7

.13- Ю
6

.32 • 10
7

.19 • Ю
7

.45 • Ю
7

.94 • 10
6

.62 - 10
6

л-14

0.

0.

0.

0.

0.

0.

0.

1.

5.

0.

0.

3.

0.

1.

0.

0.

0.

1.

9.

55

52

24

24

33

22

52

19

99

16

45

77

58

46

75

39

85

19

16
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Figure Captions

Fig.1. The distance dependence of time T after which the

maximal energy density is observed at a distance z

The dashed area refers to the interval

10 pc 4 Л < 10 pc. Black points refer to the

sources making the basic contribution to CR energy

density at the present epoch.

Pig.2. Projections of sources with W
m
cuc^10 erg.cm"*̂

on the Galaxy plane. Black points refer to the

sources making the basic contribution to CR energy

density at the present epoch.
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