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r.c. MAPTl1POC~H 

OE Ol!HO~ MHTEPnPETAUMM lliMPOKoro Yrnoaoro PACllPEL!EAEHM~ 
HAilPABAEHM~ llPMXOLlA 4ACTMU-OT LIMCKPETHHX MCT04HMKOB (Cyg X-3} 

De Ho Bl:IBaSlc b 

per11cTpau1111 
Ha pe3YRbTaTax 

3ana3tt1:IBa10mero 
HeKOTOpblX 3KCnep11MeHTOB no 

Ha HeCKORbKO t!Hef! c11rHana 
OTHOCHTeRbHO MOillHOf! pattHOBCTiblWKl1 OT "Ae6ettb X-3 " , B pa6oTe 

ttenaeTCSl Bl:IBOt{, 4TO, TIOMHMO r-KsaHTOB csepxBblCOKHX 3Hepr11f! , OT 

"Ae6et{b X-3"' B03MOJKHO' per11CTPl1PYIOTCS! TaKJKe MaCCHBHbie 4aCTl1Ubl. 

OueH04Hoe 3Ha4eH11e Maccbl 3THX 4acT11u - nopS1ttKa 1-2 f38 . 

4anee 06CYJK.llaeTcSl B03MOJKHOCTb 113MeHeH11S1 HanpasneH11S1 np11xoaa 

3Tl1X 4acT11u scnettCTB11e 11x 3ana3ttb1BaH11S1 11 ttB11JKeH11S1 Ha6n10ttaTenS1, 

CBSl3aHHoro c CYT04Hbll'I spameH11eM 3eMn11 . CornacHo 

Ha3BaHHble np11411Hbl MOrYT np11secT11 K nOS!BReH1110 

pac4eTaM 

ROJKHoro 
11306paJKeHl1Sl 11CT04Hl1Ka Ha He6eCHOf! ccpepe . np11 3TOM, ecn11 

3ana3ttl:IB8H11e 60RbWe Ot!H11X CYTOK, BeRl1411Ha P83HOCTl1 11CTl1HHblX 

KOOPt!l1HaT 11CT04Hl1Ka 11 KOOPt!l1HaT ROJKHoro 11306paJKeH11Sl 38Bl1C11T He 

OT a6CORIOTHOro 3Ha4eHl1Sl 3ana3t{blB8Hl1Sl ( cnettoBaTeRbHO, He O'f 

AopeHu-q>aKTopa 4aCT11Ubl 11 pac ~TOS!HHS! tto 11CT04Hl1Ka), a OT 

sen11411Hbl l~t-86400·nj, rtte ~t-3ana3tt1:IBaH11e B ceKYHttax, a n~uepoe 
411cno ttHef! 3ana3ttb1BaH11S1 . B 3TOM c ny4ae , s 3as11c11MocT11 OT 

MeCTHOro 3Be3ttHoro BPeMeH11 H86R!Ot{eH11Sl , KOQi'.Jt!l1HaTbl ROJKHoro 
11306pa)l(eH11S1 BOKpyr 11CTl1HHoro pacnonoJKeH11S1 11CT04Hl1Ka 
pacnpeaenS110TcS1 CHMMeTpl14Ho . C noMOl!lbIO 3Toro 3<M>eKTa MOJKHo 

06bS!CHl1Tb KaK q>clKT Ha6.n10tteH11Sl c11rnana OT "Ae6ettb X-3" BHYTPl1 

Wl1POKoro TenecHoro yrna (SOUDAN-1, NUSEX), TaK 11 npl1411Hbl 

HeHa6nIOtteHl1Sl Cl1rHa.na OT "Ae6ettb X-3 " B PS!tte 3Kcnep11MeHTOB 
(FREJUS, IHB, EaKcaH) . 

EpesaHcK11f! ~113114eCKl1f! 11HCTl1TYT 

Epe s a H 1990 
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H.S. MARTIROSSIAN 

ON INTERPRETATION OF THE WIDE ANGULAR DISTRIBUTION OF 

PARTICLES .ARRIVING FROM DISCRETE SOURCES (Cyg X-3) 

experiments on 

On the basis of the results of a few 

registration of a signal lagged several days 

radio burst of Cyg X-3, there is drawn a 

relative to 

conclusion 

the 

that 

besides ultrahigh energy gamma-rays there are registered 
als o 

massive 
particles. The estimated mass of these particles is 

a possible change of 
direction 

and 

the 

order 1+2GeV. Then 

arrival of these particles due to their 
retardation 

daily rotation 

of 

of 

the 

i s 

observer's movement with the Earth's 

constdered. According to calculations. 
the reasons 

in the 

mentioned 

celestial 
image of the source 

may lead to a false 
sphere. If the lag is more than a day, the~ the 

the real and false images will not depend on the 
the Lorentz factor of 

time (subsequently, not on 

difference 

absolute 

in 

lag 

the distance to 

particles and 

\t.t-86400• n\ , 

of th 
the source), but on the quantity 

whole number 
where ~t is lag time in seconds, n is a sider eal 

a r days of lagging. In this case, depending on the local 

false image 
coordinates 

th 
the real position of time of observation, the 

distributed symmetrically around 
source. BY this effect one can explain the fact of observing 

signal from Cyg X-3 within a wide solid angle (SOUDAN-1. NU SEX 

as well as the fact of not observing anY signal from Cyg X- 3 1 

a number of experiments (FREJUS, IMB. BAKSAN). 

Yerevan Physics Institute 

Yerevan 1990 

1. INTRODUCTION 

The available experimental data . suggest that in modern 

astrophysics there arises the problem of identification of 

cosmic-ray sources. To this first of all indicates the analysis 

of the ~otality of experimental data on extensive air showers 

and underground muons observed in the direction of the galactic 

source Cyg X-3 (for experimental and theoretical problems 

related with Cyg X-3, and for references to the original works 

see the reviews [1,2,3]). 

Although the phase analysis over the known orbital period 

indicates that the source of the radiation detected is Cyg X-3, 

the directions of the observed signal evenia are distributed 

inside a wide angular cell. This is clearly seen in ca&e of the 

underground experiment NUSEX [4], where the size of the angular 

cell is io
0
xto

0
• In the recent work [S] the hadton groups in 

the direction of Cyg X-3 are reported to be observed inside a 

30°x30° cell! 

Th~ experimental observation of such a wide angular spread 

is one of the moat hardly theoretically interpreted problems 

connected with detection . of the radiation of an unknown origin 

from Cyg X-3. Though the earlier efforts have partially solved 

the problem, in most cases they are baaed on yery exotic 

assumptions and do not give a full description. 

ln the present work, assuming that Cyg X-3 emits neutral 

partic.: es with non-zero mass (cignets) and estimating the cignet 

3 
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mass, we shall try to explain this effect as a consequence of a 

Lorentz-factor-induced cignet radiation. The results of certa1 

underground experiments are also analyzed from this point o c 

view. 

2. SOME POSSIBLE EXPERIMENTAL EVIDENCES FOR REGISTRATION 

OF ULTRAHIGH ENERGY MASSIVE PARTICLES FROM Cyg X-3 · 

One of the key problems of detection of ultrahigh energy 

radiation from Cyg X-3 is that of the origin of the radiation. 

From this viewpoint arresting is the circumstance, that some 

experiment& [6-15] reported the fact of registration of a 

statist"ically reliable signal from Cyg X-3 due to its bursting 

activity. Most essential is the fact that in all the c~ses the 

signal was registered in a few days after observati~n of a 

powerful radioburst of Cyg X-3. It seems reasonable to assume 

that the ultrahigh energy radio bursts and particles (cignets) 

are correlated and occur simultaneously in the source. The 

consistency of such an assumption is due to the fact, that the 

measurements of the frequency spectra and linear polarization 

of the burst-like radio emission testify to the fact, that . the 

radio emission fro~ Cyg X-3 has a synchrotron nature (Ref.[l] 

and references therein). The synchrotron radiation from Cyg X-3 

most probably is due . to the process· of charged particle 

injection and acceleration up to ultrahigh energies, which in 

their turn in~eracting with the matter in the vicinity of the 

produce cignets and gamma..:quanta. 
acceleration region, 

Subsequently, assuming that the radio emission and the cignets 

scape Cyg X-3 simultaneously, and taking into consideration 
time of 

that the radioburst observation time 

registrati~n of the signal most delayed 

4 

t , the 
r 

from· the radioburst 

maximum, t , and the energy threshold of 
s 

the setup, Et' are 

known, we can estimate the cignet mass mas: 

/
2c(t -t » 

m ::>: E s r . 
t L 

where L is the distance to Cyg X-3, c is the velocity of light. 

It is supposed here, that the cignets with energy Et are the 

most retarded ones. Table 1 presents the data on observation of 

the radioburst and the signal maxima, the energy thresholds of 

the installations and the corresponding estimates of the cignet 

mass. The data of the underground experiments [13,14,15] are 

not given here, because the threshold energies of the 

particles are unknown. 

Table 1 . . The Cignet Mass Estimates 

Experiment 

CRAO [6] 

CRAO [7] 

DURHAM [8] 

WHIPPLE [9] 

Maximum of 
Radioburst 

Sep.2-72 

Oct.26-80 

Oct.9-85 

Oct.9-85 

HALEAKALA [10[ Oct.9-85 

GULMARG [11] Oct.9-85 

BAKSAN (12] Oct.9-85 

End of 
signal 

Sep.9-72 

Oct.29-80 

Oct.12-85 

Oct.12-85 

Oct.12-85 

Oct.12-85 

Oct.16-85 

Energy Lag time 
thres~old in days 
in GeV 

2·10
3 

2•10
3 

10
3 

4•10
2 

2·10
2 

6•10
3 

2•10
5 

7 

3 

3 

3 

3 

3 

7 

Though the given estimates are rather rough (first of 

primary 

Cignet 
mass 

in GeV 

all 

2.2 

1. 4 

0.7 

0.3 

0.1 

4 . 3 

220 

due 

to the fact that the exact threshold of the installations (by a 

factor of N2+3) and the lag time are unknown), nevertheles s the 

obtained masses are rather close to each other, and in the 

frames of our assumptions we can car.firm that the cignet mass 

5 



is 0 ( 1 )GeV. As to the sh.arp difference with the mass data of 

BAJt~AN experiment, the logics of the model suggested allows two 

possible explanations: either the threshold energy of BAKSAN is 

overestimated by more than an order of magnitude, or there must 

be made a more radical assumption that the radiation from Cyg 

X-3 CONSISTS of cignet families with a rather wide energy 

spectrum. However, the Fly's Eye data (16) may be interpreted 

in favour of the first version. The signal of the same 

radioburst of Cyg X-3 in October 1985 was sought for i~ the 

Fly's Eye experiment during October 17-19 in the energy range 

from 10 to 1000 TeV. But no statistically reliable signal was 

registered. But, as the signal due to that radioburst of Cyg 

X-3 had been detected by several independent experiments, then 

the fact of detecting a signal in the Fly's Eye experiment 

indicates that if the signal from Cyg X-3 actually consists of 

massive cignets, then during that period of ~bservations (the 

delay is N9 days) one could register only particles with 

energies lower than the energy threshold set for the Fly's Eye 

installation. Issuing from the fact that the Fly's Eye did not 

register radiation with energy E>lOTeV delayed by N9 days, then 

the cignet mass upper limit will be m<l2GeV. 

not conflict with those in Table 1. 

This value does 

3. THE EFFECT OF RETARDATION ON THE DIRECTION OF ARRIVAL 

OF MASSIVE PARTICLES 

It follows from the assumptions made in section 2, that the 

burst-like radio emission and gamma-rays from Cyg X-3 are 

tagged in the sense that they are emitted by the source 

simultaneously with cignets. Say, with the help of the 

electromagnetic radiation (ga11111a-rays, optical, radio emission, 

6 

etc.) the coordinates of the source are determined exactly, 

which will be hereinafter called the real coordinates. 

Now assume that at the moment t
0 

(corresponding to ¢
0 

phase 

of the orbital period) Cyg X-3 emits massive cignets and 

photons simultaneously. Let the observer on the Earth be at 0 

point at t moment of the photon registration (see Fig.l}, and 

the related rectangular coordinate system completely converges 

at that moment with the stationary coordinate system of the 

source. We shall assume that the source and the observer are 
always on XY plane. 

The cignets starting from the 

photons will reach the observer at 

L 
6t :.: 2c 

2 
m 

E2 

source together with the 

( l) 

and will be registered at ~t+t. At the moment t of registration 

of the photon in the point S, the cignet during 6t time travels 

SO' distance and is registered in the O'X'Y' system, which, 

owing to the fact that the noninertial reference system of the 

observer rotates with the Earth around its axis, will be 

shifted relative to OXY by v•6t at an angle A=l5•6t (v is 

speed of the observer's motion). 
the 

The positions of the point S in OXY and O'X'Y' systems 
relate as (it is assumed that the 00' 

equal to the 00' chord) : 
arc is approximat e ly 

x v•6t + x' cosA - y'sinA 

y = x' sinA + y' cosA 

Denoting the photon arrival direction in the OXY system by 

and the cignet arrival direction in the O'X'Y' 

from (2) we derive 

7 

system by 

( 2) 

e , 
r 

e , 
m 



ctgtl r 
x 
y 

ctg(8 +A. ) 
m 

After transformation of (3) we obtain: 

V'l'..t 
+ -­

y 

sin(e -e -1') = v·lt sin(e +1')•sine r m y m y 

( 3) 

Using the equality y=V•lt•sin(em+A.), 

velocity, we eventually obtain: 

where V is the cignet 

M = e y 
e 

m 
A + arc s1n(~•sin$ ) v y 

Thus we have 

direction of 

obtained an expression for the shift of 

the massive particle arrival relative to that 

the photon. If in (4) the particle velocity is 

the velocity of light c, then, as far as 1'=0' 

classical expression for star light aberration 

!:;8 = arc sin(~·sine ) . c y 

substituted 

we obtain 

With account of the dependence of A on the particle mass 

energy, the expression (4) takes the form: 

Thus, if 

t:,e :. 15L m
2 

2c E2 
+ arc si~(~· sine ) v . y 

the source emits simultaneously photons 

( 4) 

the 

of 

by 

the 

and 

( 5) 

and 

particles with mass m and energy E, then the observer on the 

Earth, according to (5), detects the ~articles in 

shifled from that of the photons by le. 

a direction 

4. THE EFFECT OF RETARDATION ON THE DIRECTION OF ARRIVAL 

OF MASSIVE PARTICLES: A REAL THREE-DIMENSIONAL CASE 

Let us consider the rectangular coordinate system OXYZ with 

its origin in the Earth's centre of gravity (Fig.2). The Z axis 

aligns with the Earth's axis of rotation, and the X axis is 

8 

directed to the point of vernal equinox. In this system the 

position of the source is determined by -+ p. the radius-vector 

Let the position of the installation at the t moment of 

registration of the electromagnetic radiation and the related 

coordinate system oxyz in the OXYZ system be determined by the 

radius-vector R. In oxyz the position of the source 

moment of time is determined by the radius-vector -+ r. 

at that 

And the 

position of the installation which detects the lagged signal at 

the moment t+/:;t, and the position of the o' x'y' z' system are 

determined by the radius-vector R' . The position of the source 

in the o' x' y' z' system is determined by the radius-vector !• 
It is obvious that these vectors relate as: 

R + t = R' + !-· -+ = p ( 6) 

Now, using the notations of Fig.2 (if we pass from the relation 

( 6) to a coordinate form), in the approximation of R« r we 

obtain the following relations between the coordinates of the 

source in the oxyz and o' x' y' z' systems: 

x' = r(sine•cosip•cosA. - s1ne•sin9•ctg>f•siJ\A - cos8•s1n\) 

y' = r[sine•cosip•sirilf·cos>f•sinJ.. + sine•sin'P(sin
2
1f+cos

2
iv ·cos,) + 

+ cose•sin>f•cos>f(COSA - l)J ( 7) 

z' = r[sine•cosip•sin
2
,.,·siJ\A + sine•sinip•sin>f•cos>f(cosA. - 1) + 

+ cose(sin
2
1f•COSA + cos

2
't')) 

where 'f is the latitude of the installation; \ is the angle of 

the observer's rotation around the Z axis during t:,t; r,e, ip are 

the spherical coordinates of the source in the oxyz system at 

the moment t. One can be easily convinced that when \=O (~t=O) 

the coordinates of the source in both systems coincide. 

Since with the help of the electromagnetic radiation 

detected at the moment t we determine the zenith ( e ) and 

9 



l 
the cignet 

azimuth (rp} angles, then by (7} we can determine 
one must 

arrival angles e• ,rp' at the moment t+ t. t. To do this, 

from the Cartesian x' y' z' coordinates of the 
simply pass 

source, determined with the help of (7), to 

coordinates, and directly relate e,rp and e· ,rp' 

the spherical 

as: 

tgB' (
,2 ,2)1/2/, x + y z 

tgrp' = y' Ix' 

Thus, if the photon registered from the source 

particle 
moment t has e,rp direction, then the massive 

simultaneously with the photon, according to (1) and 

registered al the moment t+t.t and has B' ,rp' direction. 

(9} 

at the 

emitted 

(9), is 

5. THE FALSE IMAGE OF Cyg X-3 RELATIVE TO THE REAL COORDINATES, 

IN DEPENDENCE WITH THE TIME LAG AND OBSERVATION TIME 

in 
We have calculated the equatorial coordinates of Cyg X-3 

case of a delayed signal, depending on the time lag and the 

observation time. As assumed below; the real coordinates of 
Cyg 

X-3 are determined by registering the electromagnetic radiation 

emitted simultaneously with massive cignets during the 

Cyg X-3 . Hence, knowing the real 

Cyg X-3 (the right ascension a=20.5h, 
burst-like activity of 

equatorial coordinates of 

declination 6=40.8°), and using the relations 

H = t - a 

sin6•sin~ + cos6•cos~·cosH 

(sin6 - sin~·cosB)/(cos~·sinB) 

(10) 
case 

cosrp 

between the equatorial and horizontal coordinates of 
e,rp direction 

time t (with 
source, we ~an estimate the value of the 

photon · arrival for each moment of sidereal · 

10 

the 

of 

an 

hourly peri.od from the moment of the rise to the set) and for 

the given observation latitude~· In eq.(10) H is the hour 

angle of the source. Then, with the help of the expressions 

(7), (8), (9) we have calculated the corresponding B' ,rp' angles 

of cignet arrival at the moment t+t.t for various values of lt. 

Eventually, knowing B' ,rp' and t+t.t, and using transformations 

inverse to (10), we calculated the corresponding values of a', 

6' . The distribution of a' ,6' relative to the real location of 

Cyg X-3 as a function of the lag time and local sidereal time 

of registration is shown in Fig.3 (~=41.7°, IMB latitude). 

The calculations show that if the cignets are really 

retarded, then the equatorial coordinates restored by means of 

the experimentally registered cignets must be shifted from the 

real equatorial image of the source on the celestial sphere. 

This shift depends strongly on both the lag time and 

registration time. As is seen from Fig.3, with increasing lag 

time (with decreasing cignet energy) the false i111&9e of the 

source rapidly moves off from the point representing the real 

location of the source towards large a, and the declination 

interval rapidly widens with changing observation time. It is 

also seen that depending on the observation time, the false 

image of the source is distributed asymmetrically relative to 

the real coordinates. However, the signal from Cyg X-3, 

regardless the technique of experiment, is observed inside a 

cell centered on the real coordinates of Cyg X-3. I~ turned out 

that the false image symmetric distribution around the real 

coordinates can be attained only in the case when t.t is 

distributed within the interval 

86400•n - lt
0 

< lt ~ 86400•n + t.t
0 

, ( 11) 

where t. t
0 

is in seconds; n=l,2,3 ... is the number of lag days. 

11 



I 
It follows from eqs.(7) that there i£ n; digression of ' the 

/ 

(~t=O), but also when A=36o
0

• 
real coordinates not only at ~ =O 

the value by which the 

in this case digression 

lag 

of 
In the expression (11) ~t 0 is right 

time differs from a day (360°), and 

coordinates depends not only on the lag itself, but on ~t 0 . 
Fig.4 shows the dependence of the false image of the source on 

the local sidereal time of cignet registration and (11)-type 
fr.om the 

lag for various values of ~t 0 at ~=41.7°. 
figure, the lo 0 x 10° cell centered on 

As is seen 

Cyg X-3 corresponds 

ap~ oximately to the value of ~t 0~o.25h, i.e. in this cell 

imaged the coordinates of only those particles the lag time 

which differs from a full day by ±o.25h 

are 

of 

then 
If we consider only the lag time ~t=~t 0~o.255h (n=O), 

according to (1) it corresponds to particles with energy 

E~ 2.4•lo 4 m, the coordinates of which will be imaged only in the 

right hand part of the cell with size lo
0

x10°. Hence, the 

delayed signal in the energy range E~2.4•10 4m must be sought 
to the 

for in a cell positioned asymmetrically relative 

location of Cyg X-3. The problem gf the energy profile 

signal consisting of massive particles found 

symmetrical cell and t'..c possibility of observing 

phase diagram are considered in Ref.(17). 

of 

inside 

the 

the 

a peak on the 

6. ANALYSIS OF SOME DISCREPANCIES IN UNDERGROUND 

EXPERIMENTAL DATA 

The sensational interest in Cyg X-3 is to some extent due 

to the reports of the SOUDAN-1 [18) and NUSEX (4) underground 

experiments on observation of a muon excess modulated over the 

known orbital period of Cyg X-3. But later the underground 

experiments FREJUS (19), IMB [14), BAKSAN (20] and KOMIOKA [21) 

12 

argued the validity of these results. 

Below a brief analysis of the results of these experiments 

is given from the viewpoint of a delayed signal. 

FREJUS. In Ref.[19] the signal from Cyg X-3 was sought by 

means of a phase analysis of the muon events with E >3TeV 

registered from a celestial sphere region with radius 2° ~nd s0 

around the location of Cyg X-3. It follows from Fig.3 of 

Ref.[19], that the FREJUS has observed Cyg X-3 during about 

Sh<t<l4h of local sidereal 
0 h 

(~=45.1 } trise=lo.5 , and 

time. But at the FREJUS latitude 
h 

tset=6.5 for Cyg X-3. Consequently, 

Cyg X-3 was observed directly about 3.5 hours after the rise 

(the interval l0.Sh<t<l4h) and 1.5 hours before the set (the 

interval Sh<t<6.Sh}. Fig.5 shows the Cyg. X-3 false image 

distribution as a function of the local sidereal time of 

observation for ~t 0 =20m and 30m. In the same figure is shown 

the region with radius s0
, with its centre on the real location 

m 
of Cyg X-3. It covers an area approximately equal to ~t 0~20 . 

If in the mentioned intervals of local sidereal time of 

observation the FREJUS experiment registered particles from 

Cyg X-3 with a lag like (11), then the direction of the arrival 

of these events, in accordance with our assumptions would be 

imaged on the shaded area, which corresponds to the observation 

time intervals. If assumed that the events registered are 

distributed homogeneously over the whole area (in Ref.[19] it 

is illustrated in Fig.l), then, as is seen from F! g. Sa , 

separation of the region with radius 5~ would lead ~ ~ a n 

artificial growth of noise by more than an order, and h~n r. ~ 

to a strong suppression of the signal. Consequently, in t h is 

case to separate the signal consisting of massive particles, 

one must consider only the events which fall in the shaded 

area. 

13 



I 
BAKSAN. As is mentioned in Ref . [20], the profile of ~he 

rock over the BAKSAN installation allows to register radiation 

in the direction of Cyg X- 3 only when the hour angle of the 

source is within 20°-101° (muons with E >200GeV are registered) 
0 0 µ 

and 234 -298 (E >SOOGeV). These intervals of the hour angle of 
µ 

Cyg X-3 correspond to the local sidereal time intervals 
h h h h ' 21.8 <t<3.2 and 12.1 <t<l6.4 , respectively. 

In the present work tL~ phase analysis includes the events 

which fall in the 10°x10° cell centred on Cyg X-3 . In Fig.Sc, 

where this cell is depicted as a square, the shaded area of the 

cell corresponds to the interval of 21.8h<t<3 . 2h. If the BAKSAN 

had registered massive particles from Cyg X-3, then to detect 

such a signal, they would have to include in the analysis only 

the events from the shaded area . In this case the choice of the 

cell with size l0°x 10° has led to an artificial growth of the 

noise by a factor of N3. From this point of view much worse is 

the case with the interval of 12 . lh<t<l6.4h . 

Situation is the same in the !MB experiment . For instance , 

to compare their results with the NUSEX data, 

only the events registered in the zenith angle 

they 

range 

analyzed 

10°-80° 

and having fallen in a cell with radius 7° around Cyg x ~ 3. If 

there are registered massive particles, then in accordance with 

our calculations the area of the celestial sphere where the 

coordinates of particles with such zenlth angles are imaged, 

makes a negligible part of the total area of the cell 

considered : The Cyg X-3 observation time is limited also in the 

KOMIOKA ND experiment. 

As is seen from Fig.3 and 4, with increasing time lag the 

false image of the source rapidly moves off its real position. 

Though at la.rge time lags the region of the celestial sphere 

where the coordinates of the registered particles are imaged 

14 

broadens , and the number density of signal particles decreases, 

nevertheless in the cell neighbouring with the cell centred on 

Cyg X-3 there is a definite number of signal events . In this 

connection it should be noted that in many experiments the 

average noise is determined by the number of events in these 

neighbouring cells, this leading to a higher noise and a lower 

statistical reliability of the signal . Consequently, when 

searching for a lagged signal, we must measure the background 

before the rise and after the set of the source . 

7. CONCLUSION 

First of all it should be noted that the analysis of tpe 

experimental facts of registration of the radiation of unknown 

origin in the direction from Cyg X-3 which is correlated with 

· the burst-like activity of Cyg X-3 in the radio wave band, 

brings us to a conc l usion that the particles of this radiat i on 

" have a certain mass. To draw such a con cl u·s·i on al 1 ows us the 

assumption that these particles and the radio emission were 

radiated simultaneously from the source. Such a situation leads 
• 

to the fact that the observer rotating together with the Earth 

will register massive particles in ~t from the moment of 

registration of the electromagnetic radiation from directions 

which lead to a false image of the source in the celestial 

.sphere . The deflection depends on the time lag as well as on 

the local sidereal time and latitude of observation. If the lag 

time is less than a full day, then the false image is 

distributed asynunetrically relative to the real place of the 

source in the celestial sphere. But when the lag time is more 

than a full day, then the false image is distributed 

synunetrically, the deflection from the real coordinates of the 

15 



source being in this case independent of the total time lag 

(number of full days of lagging). If the lag is defined as 

86400n±tt
0

. whPre n is the number. of days, then the deflection 

depends not only on tt
0

. It is interesting that in this case 

the deflection practically is independent of the distance to 

the source. It is also interesting to note that if retardation 

of massive particles really leads to deflection of their real 

direction, then apart from other reasons, this effect also can 

be a reason for the observed cosmic rays isotropic distribution 

over their direction. 
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FIGURE CAPTIONS 

Fig.l Relative position of the observer's coordinate 

system at t(oxy) and t+6t(o'x'y') moments of time. The wavy 

line OS is the path of photons, the solid line O'S is the path 

of massive particles. 6t is the massive particle time lag 

relative to photons on the way from the source to the observer. 

A is the rotation angle of the coordinate axes for 6t. 

Fig.2 Relative position of the source S and ~he horizontal 

coordinate system of the observer at ~ latitude at t(oxyz) and 

t+6t(o'x'y' z') moments of time in the equatorial coordinate 

system OXYZ. 

Fig.3 The distribution of the false image of Cyg X-3 on 

the celestial sphere relative to its real position (denoted by 

a cross) as a function of observation time and lag time. The 

curves I, II, III, IV pass through the coordinates of the 
. m m h h 

at time lags 20 , 30 , l , 2 The full circles on these source 

curves denote the coordinates corresponding to hourly intervals 

of the local observation time The points corresponding to 

4.Sh, a.sh, 20.Sh and 16.Sh times of observation are connected 

b y lines. 

Fig.4 The distribution of the false image.of Cyg X-3 in 

~ase of 6t
0

<6t<86400+6t
0

. The curves I, II, III, IV correspond 
m m h h . 

t o the values of 6t
0

=20 , 30 l , 2 , respectively. Open 

ci r c les denote the source's coordinates at the moment of 

cbservation at a lag of 6t>86400-6t
0

; the full circles - at 

t< 86400+At. The real position of Cyg X-3 is denoted by a 

ross. The square shows the cell with 6ax66=10°x10° centred on 

'~ yg X-3. 

22 

Fig.5 · The curves I, II correspond to ut
0

=20m and 30m lags . 

The cross (x) shows the position of Cyg X-3. a) The circle 

shows the cell with· a radius of s
0 

chosen in the FREJUS 

experiment. The shaded area is the region where the events 

registered in the FREJUS experiment should have been projected 

in the observation time intervals l0.Sh<t<l4h and Sh<t<6.Sh. b) 

The square shows the io 0 xio 0 
cell chosen in the BAKSAN 

experiment. The shaded area corresponds to the observation time 

interval 2l.8h<t<3.2h. 
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