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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 1?

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 in some given coordinates sys-
tem C; . Determination of ¢ in the system (, is based

on measuring gamma-burst arrival time instants 7,; at the

point r”(Z' ) where the detectors [)5 are placed,mov-
ing in the system C, along_the trajectory Fg(T/ , i_=
=1,2,..., N, To estimate Z; the equations of type [2] are
used

T (F. -2 ) =—c (T ~Ty )

Y G Ly Yia Yo /o (1)

where C is the light velocity. The gamma-burst arrival
time instants is first determined in the coordinate time
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t; of the system ( associated with the detector
Dy . The transformation T — t¢ or

t; >T is called clock sync algorithm. Some geocent-
ric coordlnate system is commonly used as a system (¢, .,
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 svstem 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 € in the
arbitrary coordinate system is described by the differenti-
al equation as?= . 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 ( %

can be written as

oAS* = (129 FENC)CAT*~(1-2¢9 (R c2)dF: ()

_where y’(F} is the Newtonian gravitational at the point
" . Thus

[¢dT| = (L-29(F) /c%) 1dF. (3)

By integrating Eq. (3) along the burst propagation
trajectory from the record point r1 to the point Py

at which there is the source, we obtain that at the point
re the burst generating at the time 'I% will arrive
at the time

Tye =Ty +Ly . /C - 2c*3j y(r-e(L))dL.
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Since in the inertial reference frame the burst arrival
time instant would be equal to

T, =% * Ly/cC,
the correction value to the time rEYi influenced
by the relativistic effects, is equal to

Ly _
ATy, = -2¢3 i (Lnde,

If the gravitational potential of the planet fields is
ignored, for z}j&i we can derived the following expres-
sion

—-T—
~2k*M by + r“_
A‘];)i C3 bn L"Yi +r,7 EV + | eyl_,a,l.:ﬂ »

where bqa is mass of the Sun.
Since Lf‘ > , then
, L

—Tp
~ 2K*Mo r’te‘)""r.f
o~ 2t e OO

2 Liyi
According to (1) only the difference of zs?;i is essenti-
al. As l_,,&.‘ = L"‘,‘.L , the system Co can be assumed

as inertial in describing the burst propagation, if

— T
Q‘___;Mo lnlily £ 1| < ATy ’ (4)

Filly + 17,
where ATsync is required time sync accuracy.

For the spacecrafts being at about the same distance
from the Sun, the expression (4) is written as

2 — .

2o |6 L2S08di| ¢ 4T,
1 —-Cos 2

where C(ii ’ OLQL are angles between the direction to the

center of the Sun and to the source at the points i1
and Iy, respectively. As
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KMo =~ 510 %,

then for extreme case ( a4 = 90°, i, = 15') the relati-
vistic _corrections should be treated if the sync. accuracy
is 1072 ms.

3. CLOCK SYNCHRONIZATION

Let the terrestrial clock is at the point [’y in the non-
rotating system (o, . To determine the relativistic effects
in clock sync. we use the expression (2) in the form

ds} = (1+29(F, ) C* - (1-29(7 ) /) YF CJOaAT*

where b? is the velocity of the spacecraft with detect-
or Oy . Since the increment of the proper time in the
system Cg¢ 1is equal to cid}/c , then preserving only the
terms of the order of C~2¢ , we find

At} = (1+2p(77 )/C* ~y2/c?) T, (5)
since  p(F)/ct<< 1, y*/c*<c{ , then

%‘-ff =1+ P(F)/Cc* -y %/2ct (6)
For the terrestrial clock the similar equation can be writ-

ten as

GF =1 +y(R)rct
Egs. (5) and (6) must be integrated together with the equa-
tions describing the motion of spacecraft and planets at the
initial conditions T, =0, t; =0, T = 0. As a result
the dependences ¢,;(T) and T, (T) can be determined to
reach the interrelation between t; and T, » T being
ruled out. The dependence is designated as t((Th .Then
in synchronizing the clock at the interval (T, . 12 ] the
relativistic corrections can be ignored, if 4 Ha

max lt‘_(Tu) ’Rl ‘ATSWL, TH“TN ‘<1:43,°

For example in the Signe-2 experiment the value Itﬂ(T} ) -
- T, | reached 10 ms (3]. t

H.

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 svsten to lo-
calize the source. The second approach calls for transforming
the coordinates of the source localized in geocentric svs-
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 §&, is linked with the direction of the
some object in geocentric system &g at the same time

through
by =bs ~(E-6,8)) Vo, (7)

where V‘ is the Farth velocity in the heliocentric system
at the moment of £g determination, £ 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 (o is
assumed to move relative to (}f uniformly and rectilinea-
ry with velocity ¥ coinciding with G at T=T'=0 .

_The 4-vector 12[ is comparable with the radius-vect-
or I‘ and the time instant 7, and the 4-vector /2
is comparable with the radius-vector r’ and the time 1n-
stant 7’ _in the system (Sf:

[ IcTy; I A/ = [ rf'rul ’

‘The source I‘ and f} radius-vectors in the systems

C, and (' , respectively, along with the time instants

7' and Ty at which the burst occurs, produce the fol-
1owing 4-vectors

Ay =[Irc:zr.,] 2 lrc'l;,]

As an origin of time 7' and T' we take the time inst-
ant at which the burst goes through the origin of coordinate
system (, (or, that is the same, in the origin of coordi-
nate system (', since at the time T=T7T'= O the sys-
tems coincide). In this case
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{ /

Ty =l k==l
and hence

lrr,) Ay = l‘ff}] (8)

By u51ng.ﬂ? and ‘HW we introduce the 4-vectors

1 « _ 1 {
?X“WR»X ’ 2’3; - '}l ﬂy ) | (9)
to write the Equation (1) in the system C(, as
‘IWT (Qil'—ﬂiz)—:o' (9a)
The vectorsJQ. and Jelrare linked through Lorentz's trans-
formation
AUR,
where —
U=t P+ Q -1py }
167 v’ ’
£l Ipy 1
B=¥X P=VW"N* Q=E-P
Thus
7 /—T,;i((P tABEQIF +V T), (10)
/ 4 :
7;,5=@ (Ty; + 7 rc2), (11)
’} “/7},’.2((9“”* B -V 6/e), (12)
“m(r' "Vf;/C). (13)

By dividing (12) into (13) we find the relationship link-
ing the directions to the source in the systems (, and

« & = (P +/7p7 @)y~ V/c )/ ({-VTE/). (14)

Then to determine direction to the source in the system Cg
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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Gl = Udhy=r[U%
and since UTU =E , then

2R, -R,) = B/ T(R! -£,).

There if Jr meets the equation (9a), 52:/1 meets
the appropriate equatlon written in the system (' . In
particular, for B32<< { we find from (14) the relatlonshlp
(7), and from (10) and (11) the relationships

—y —
rf=F +vT;

L
7;: =T +VTR/CR

As is seen the coordinate transformation is Galilean,
and the time transformation involves the relativistic cor-
rection. If the system (, moves with variable velocity,
it can be treated as the local Lorentz frame for each time
instants with the constant velocity V’(T ;). Thus in this
case the relationship (7) can be used if at the time A7
of burst propagating between detectors b/(]j' changes so

that _ 7
(V(T+aT) -V (7)) F; < c?aTy,,,
where, as earlier, 47},,,5 is the time sync. accuracy.

5. CONCLUSION

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 0.0l 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.
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DISCUSSION

Kreinovich : the forrulae coincide with the formulae for cos-
mic VLBI observation. Perhans it will have other annlica-
tions.
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