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ABSTRACT. The paper discusses influence of relativistic 
effects in gamma-burst propagation and the time sync. It is 
shown that the phenomenon of gamma-source aberration, while 
using the localization algorithm based on the estimates of 
gamma-burst arrival time instants should be regarded as re
lativistic effect. Criterions are derived which determine 
whether it is necessary to account for the relativistic ef
fects, depending on the localization accuracy. 

1. INTRODUCTION 
In recent space astrophysical experiments much attention 
was focussed on studying the phenomena of the so-called gam
ma-bursts, i.e. nonstationary space gamma-radiation [l]. 
The identification with the celestial bodies observed in 
other electromagnetic radiation bands is a major portion of 
these experiments. The basic identification technique is a 
comparison of gamma-burst source coordinates with the coor
dinates of the known celestial bodies. In determining gamma-
burst sources coordinates (the so-called localization) one 
may consider gamma-burst sources as infinitely far removed, 
only estimating their celestial coordinates, that is the 
direction to the source jln some given coordinates sys
tem Cc . Determination of Cy in the system C0 is based 
on measuring gamma-burst arrival time instants Tyc at the 
point ^c(T^c) where the detectors Oi are placed ,mov-
ing in the system C0 along the trajectory PcCT9/ , i = = 1,2,..., N. To estimate A , the equations of type [2] are 
used 

where C is the light velocity. The gamma-burst arrival 
time instants is first determined in the coordinate time 
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t i of the system C{ associated with the detector 
0£ . The transformation 7* t i or 

t i ~* T called clock sync algorithm. Some geocent
ric coordinate system is commonly used as a system Co t 
since there is a clock H to control the time. On the 
other hand, the coordinates of celestial bodies are usually 
catalogued in the heliocentric system. So, the transforma
tion of the source coordinates from the geocentric to helio
centric system is a final stage of localization. Here the 
source parallax can be neglected, since the localization 
accuracy for the present time does not exceed the angular 
second units and the expected parallactic shift is suffici
ently less than one angular second. Thus, only the gamma-
burst source aberration should be taken into account. 

According to the foregoing approach to localization 
the relativistic effects should be borne in mind in const
ructing algorithms for the following cases: 

- in describing the gamma-burst propagation model; 
- in constructing the sync, algorithms; 
- with regard to gamma-burst source aberration. 

2. DESCRIPTION OF THE GAMMA-BURST PROPAGATION MODEL 

The signal propagation with the light velocity C in the 
arbitrary coordinate system is described by the differenti
al equation ctSl = 0 • According to the Schwarzschild so
lution, for the coordinates system related to the center of 
masses of a Solar system planet, expression for the inter
val with an accuracy to the terms of the order of c 
can be written as 

dsz = {±+Zf{r)/&)C2dTz-(i-2f(r)/c*>)dr\ ( 2 ) 

_where f (F9) is the Newtonian gravitational at the point 
r • Thus 

\cdTj ^ (i-lyir)/^) idf\. O) 
By integrating Eq. (3) along the burst propagation 

trajectory from the record point V[ to the point r v 
at jwhich there is the source, we obtain that at the point 

Ci the burst generating at the time will arrive 
at the time 

Tn=T* +Lfl/c - 2 c ~ 3 j y{re\U)dLt 

where ^ p. + ^ [_, f 
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aZ - * J £ & En r ; % + r i 

where H o is mass of the Sun. 
Since r >? P: , then 

According to (1) only the difference of AlL-
al. As ^ ' t h e system C c < 
as inertial in describing the burst propagation, if 

is essenti-
can be assumed 

where A L*yo< is required time sync accuracy. 
For the spacecrafts being at about the same distance 

from the Sun, the expression (4) is written as 

where 0 ^ , oti^ are angles between the direction_to the 
center^ of the Sun and to the 
and respectively. As 
center^ of the Sun and to the source at the points f\ 

Since in the inertial reference frame the burst arrival 
time instant would be equal to 

Til = 1 V + * W C > 

the correction value to the time ^ V T influenced 
by the relativistic effects, is equal to 

If the gravitational potential of the planet fields is 
ignored, for ATJ* w e c a n derived the following expres
sion »l 
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then for extreme case ( <Xit = 90°, °^t^ = 1 5 1 ) the relati
vistic corrections should be treated if the sync, accuracy 
is IO""2 ms. 

3. CLOCK SYNCHRONIZATION 

Let the terrestrial clock is at the point R * H in the non-
rotating system C 0 . To determine the relativistic effects 
in clock sync, we use the expression (2) in the form 

ds* ' (i+zwr()/cz - a-z<p(Fi)/c*-;%?c*-K*-dT*; 
where J£ is the velocity of the spacecraft with detect
or Of . Since the increment of the proper time in the 
system Ci is equal to ctS{/C , then preserving only the 
terms of the order of C~z , we find 

oitf = U+Z<p(F, )/cz -vf/c*JdtT\ (5) 
Since f(F)/C2« i , VC*/CZ« i , then 

- {+¥(r2)/c*- -i42/£c*; (6) 
For the terrestrial clock the similar equation can be writ
ten as 

Eqs. (5) and (6) must be integrated together with the equa
tions describing the motion of spacecraft and planets at the 
initial conditions 7^ = 0, = 0, T = 0. As a result 
the dependences t / f T j and T^(T) c a n ke determined to 
reach the interrelation between and 7*H , T being 
ruled out. The dependence is designated as t(Tf<) •T'len 

in synchronizing the clock at the interval (T ( , ^ -j the 
relativistic corrections can be ignored, if * 

m a K | t L (T H ) - T H | « A T . ^ , V T h £ T H a . 
For example in the Signe-2 experiment the value I t . (Ti« ) " 
- 7 J reached 10 ms [ 3 ] . L 

4. ABERRATION OF THE GAMMA-BURST SOURCES 

Aberration can be allowed for two ways. In the first place 
the coordinates of detectors and the burst arrival time in-
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stants can be transformed to the heliocentric system to lo
calize the source. The second approach calls for transforming 
the coordinates of the source localized in geocentric sys
tem . 

As is seen both approaches are identical only if the 
geocentric system motion relative to the heliocentric system 
is assumed to be uniform and rectiliner while the burst pro
pagating between the detectors. The second approach is used 
for the photometrically measured celestial object coordinat
es. In this case.the direction to the object in the helio
centric system £ q is linked with the direction of the 
some object in geocentric system at the same time 
through 

4 « 4 - ( e - ^ t y v i / c , (7) 

where Vq is the Earth velocity in the heliocentric system 
at the moment of determination, E is unit matrix.The 
typical feature of the experiment is that its duration may 
be arbitrary large. Thus if the Earth motion while the burst 
propagating can not be considered as uniform with regard 
to the localization accuracy, the relationship (7) cannot 
be used in treating the aberration. Here we must follow the 
first approach based on relativistic transformation of the 
burst arrival time instants and the detectors coordinates. 
We consider this approach in more detail to clear up the 
possibility of using the equation ( 7 ) . The system C 0 is 
assumed to move relative to Cj uniformly and rectilinea-
ry with velocity V coinciding with Q/ at T ^ T ' ^ O • 

_The 4-vector j^l is comparable with the radius-vect
or /"Y and the time instant Tyc 5 n d t h e 4-vector JZ'{ 
is comparable with the radius-vector /-V and the time in
stant 7"̂/, in the system Q' : L 

The source and ' radius-vectors in the systems 
C0 and C0

/ , respectively, along with the time instants 
7̂  and T# at which the burst occurs, produce the fol

lowing 4-vectors 

As an origin of time T and T ' we take the time inst
ant at which the burst goes through the origin of coordinate 
system Co (or, that is the same, in the origin of coordi
nate system Co r since at the time •p^f*'^ O the sys
tems coincide). In this case 
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and hence 

By using FLY and J L Y we introduce the 4-vectors 

to write the Equation (1) in the system C G as 

( ^ - # ^ , - ( 7 . (9a) 

The vectors and are linked through Lorentz 1s trans
formation 

where 
P*JFPQ -JPI 

Thus 

(10) 

Vc^ITY.+^/CV, _ (11) 
-^((P+TFFQ>T*-Vr,/C)9 (12) 

R*=FFALT* ~7TrT/C). (i3) 
By dividing (12) into (13) we find the relationship link
ing the directions to the source in the systems Co a n d 

C : ' %'«((P+SI^Q)EF-V/C)/(I-VTEY/C). (i4) 
T h e n t o d e t e r m i n e d i r e c t i o n t o t h e s o u r c e i n t h e s y s t e m DF 
we can use either the equations of coordinates and time 
transformation (10) and (11), or the aberration relation 
(14). The result is the same. Indeed (8) and (9) imply that 
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/y o£y XJ Jlf — /y If oCy 

and since (JT(J — , then 

There if J£f meets the equation (9a), f meets 
the appropriate equation written in the system C0

9 • I n 

particular, for £ we find from (14) the relationship 
(7), and from (10) and (11) the relationships 

As is seen the coordinate transformation is Galilean, 
and the time transformation involves the relativistic cor
rection. If the system Co moves with variable velocity, 
it can be treated as the local Lorentz frame for each time 
instants with the constant velocity V (^ti) • Thus in this 
case the relationship (7) can be used ir^at the time /^p 
of burst propagating between detectors V(T) changes so 
that _ _ _ 

(V(T+AT) - v ( V ) r £ x< C 2 4 T ^ C f 

where, as earlier, ATsync i s t h e time sync, accuracy. 

5. C O N C L U S I O N 

The relativistic effects in localization of gamma-burst so
urces may be sufficient for: 

a) description of burst propagation model in coordi
nate system where the source is localized if the measure
ment accuracy is above 0.01 ms. 

b) the aberration in localizing the gamma-burst source 
should be regarded as relativistic effects. This peculiari
ty is associated with that there is no time instant which 
could be used as a reference in determining the direction 
to the source. Particularly unlike photometric experiments 
the velocity of the detectors is insignificant when the 
aberration is accounted for. 

https://doi.org/10.1017/S0074180900148223 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900148223


2 2 2 G. A. M E R S O V 

DISCUSSION 

Kreinovich 
mTc VLBI 
tions. 

: the f o r m u l a e coincide with the f o r m u l a e for cos-
observation. Perhaps it will have other a D n l i c a -
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