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In the past few years the hypothesis that cosmic gamma ray bursts (GRB) are mainly produced 
due to collisions of compact stars at cosmological (metagalactic) distances has become rather 
popular. However observational data show that such collisions should occur, with a relatively 
small probability, in our Galaxy, too. In this case the radiation in the gamma range will be so 
strong that it may lead to catastrophic consequences in the Earth's biosphere and atmosphere. 

KEY WORDS Gamma ray bursts 

In the 1960s the American system of Vela satellites was launched in the Earth's 
environment. On July 2, 1967 short ( w  1 c) increases of the gamma ray inten- 
sity in the range (0.1-1) MeV (Klebsadel et ad., 1973) were recorded onboard the 
Vela 4a satellite. Detailed investigations made later onboard the Vela satellites 
demonstrated the astronomical (non-terrestrial) origin of GRB. 

Though GRB were discovered some thirty years ago unambiguous arguments 
indicating the nature of their sources are still lacking. Moreover, it is now impossible 
to say anything clearly about the distances to the GRB sources. In the papers 
available three possible scales of distances to  the GRB sources are analysed: (i) the 
solar system periphery ( w  100 a.e. N lOI5 cm); (ii) the Galactic halo (- cm); 
(iii) metagalactic distances (- lo2' cm). Similar arguments pro and contra various 
hypotheses of the origin of GRB have been analysed in the latest review (Luchkov 
et al., 1997). 

Let us recall the main mean observational GRB characteristics: 

(1) the duration is - 1 s; 

(2) the observed intensity is N 

(3) the mean photon energy is E, N 0.5 MeV; 

erg cm-2 s-l; 
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(4) similar and simultaneous gamma ray bursts in the soft ranges (soft X-rays, 

( 5 )  the GRB frequency is - 1 burst/day; 

(6) GRB sources on the celestial sphere a distributed isotropically. 

ultraviole radiation, optical and radio ranges) are not observed; 

The latter characteristic is the most significant for the determination of GRB 
sources. It really eliminates the possibility that the main part of GRB appears on 
the Earth, on the Sun or within the Galactic disk. 

Though none of the three characteristic distances to the GRB sources noted 
above may be entirely excluded out of consideration, recently the most popular is 
the hypothesis of the origin of GRB at cosmological distances produced as a result 
of collision (merging) of two compact stars (two neutron stars, a neutron star and 
a black hole, or two black holes) (Band, 1994; Kollat and Piran, 1996; Mao and 
Paczynski, 1992; Meszaros and Rees, 1993; Norris et al., 1994). In a forthcoming 
paper by Rozental and Belousova, observational data on GRB have consistently 
been compared with a theory based on the following hypothesis: some fraction of 
the GRB appears at cosmological distances due to the collision of two compact 
objects. Theory (Rozental and Belousova) incorporates three natural parameters: 
the mean solar mass Mo N g, the dimensions of compact sources RQ N lo6 cm, 
and the electron mass me N 0.5 MeV. The latter parameter defines the GRB energy 
spectrum and the characteristic (4). Using the numerical values of the parameters, 
it is possible to obtain all the main GRB characteristics. 

The conclusion that the main fraction of GRB takes its origin at cosmologi- 
cal distances is strongly confirmed by observation of three double pulsars in our 
Galaxy. The analysis made by Narayan et al. (1991) showed that in the Galaxy 
two compact objects merge with a frequency of N 10-5.5 yearw1 which corresponds 
to the observed GRB frequency. Consequently, though the majority of GRBs occur 
at cosmological distances, bursts seldom occur in the nearest galaxies and even in 
our own. The purpose of the present paper is to briefly analyse the influence of 
such bursts on the vital activity on the Earth's surface. 

It should be stressed that the analysis of the frequency of the merging of compact 
objects is fairly complex, therefore the obtained theoretical values of this magnitude 
differ by approximately an order in different papers. So, in the papers by Tutukov 
and Jorgensen (1993) and Jorgensen et  al. (1995), this frequency is closer to 
year-'. That is why in the considerations below we shall use three values of the 
frequency of the merging of compact stars in the Galaxy: yeare1, year-l, 
and year-l. 

The main idea of the present paper is to estimate the processes occurring on 
the Earth as a result of the merging of double compact stars in the Galaxy with 
subsequent release by gamma quanta with an energy of N 1051-1052 erg during 
N 1 s. Similar processes have been estimated many times when analysing the 
scenarioes of nuclear wars and supernovae bursts. However it should be noted that 
the radiation of the Earth by GRB products has its own peculiarity. So, compared 
with supernovae bursts, GRB occurs practically momentarily, whereas supernovae 
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bursts may last for months or years. Moreover, the energy of supernovae bursts is 
radiated mainly in the soft range (optical and radio) and in the form of neutrinos. 
Meanwhile the collision of two compact objects should be accompanied by strong 
gravitational radiation and radiation of photons in the hard range. 

The total energy of nuclear charges is by several orders less than the GRB energy. 
So, in accordance with data obtained till 1985, the total energy of nuclear charges 
corresponds to N 11 000 Mt of trotyl which gives after transformation to the usual 
physical units an energy release of 5 x erg. An estimate of the total energy Et,  
of the gamma radiation falling on the Earth during GRB shows that Et, - 1030 erg 
if the GRB occurs at a distance R - lo2' cm from the Earth and Et, N erg if 
R N cm. 

It should be noted, however, that the hypothetical nuclear explosions are di- 
rected at some object and occur in the lower layers of the atmosphere. Therefore 
their effectiveness could be significantly higher than that of GRB uniformly affecting 
the Earth's atmosphere which shields them. 

Note in conclusion that the intensity of GRB photons falling on the Earth signif- 
icantly exceeds the intensity of solar flares. So, in the flares the cosmic ray energy 
flux is w 102 erg cmm2 s-l , the intensity of GRB originating in the Galaxy being 
2 10' erg cm-2 s-l. 

The character of GRB action on the Earth's biosphere is defined by the inter- 
action of GRB gamma quanta with the atmosphere. 

The GRB energy spectrum has been measured fairly accurately at the GRO 
cosmic observatory with the BATSE device (Band et  al., 1993; Ford et al., 1995). 
In our estimates below we will use the spectrum (Band et al., 1993; Ford et al., 
1995) 

where E is the gamma quantum energy in keV, A is the dimensional normalized 
coefficient, A' is the coefficient determined from the condition of the spectrum 
continuity; various estimates of the mean values of a, /3, and EO are obtained. 
To perform estimation calculations in the present paper, the following values were 
assumed: CY = 1, ,B = 2, Eo = 150 keV. The energy of gamma quanta will be 
assumed to change in the range from 2 KeV to 20 MeV. 

The characteristic feature of this spectrum is the fact that the main fraction 
of GRB energy is released in the form of gamma quanta with energies E-, N 0.1- 
1 MeV. This circumstance is associated with the fact that the last stage of the GRB 
formation, i.e. free scatter of gamma quanta, occurs when the temperature in the 
GRB source drops to T - m,c2 and the 27 + e+e- reaction becomes inefficient. 
For gamma quanta in this energy range the main mechanism of interaction with 
atomic nuclei is the Compton effect. 
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Table 1. 

Heating of Backward Energy of photons incident 
the atmosphere scatter at the Earth’s surface 

GRB energy fractions transferred to various processes 

8 x 10-1 2 x 10-1 10-~-10-~ 

Table 2.  

Distance R Frequency of GRB intensity Heating of the 
C7R appearance (year-I) (erg crnd2) atmosphere (degree) 

Frequency of appearance of GRB, mean intensity and heating 

10-8-10-12 1011-1012 1-10 
10-6-10-8 109-1010 10-1-10-2 
10-*-10-~ 107-108 10-3-10-4 

Generally speaking, the kinetics of penetration of gamma quanta with energy 
E 5 1 MeV through the atmosphere is fairly complex. In other words, the pattern 
of GRB interaction with the atmosphere can be represented as follows: gamma 
quanta undergoing multiple Compton scattering on air atoms (electrons) lose some 
fraction of their energy. As a result of this multiple scattering, the main energy 
fraction of GRB photons is transferred to air while heating it. A definite fraction 
of gamma quanta leaves the atmosphere due to scattering at large angles. Some 
small fraction of the gamma quanta arrives at the Earth’s surface. The rest of the 
gamma quanta are absorbed within the atmosphere. 

Table 1 lists the GRB energy fraction heating the atmosphere and arriving at 
the Earth’s surface. There is also presented the energy fraction arriving from the 
atmosphere due to Compton scattering at large angles (backward scatter). 

As mentioned above, in accordance with Narayan et al., (1991) and Jorgensen 
et al. (1995), we assume that the frequency of bursts in the Galaxy is equal to 
10-4-10-g year-l. This frequency corresponds to the Galactic disk dimension 
R N cm. It is possible, however, that the distance to the GRB source (and, 
consequently, the probability for GRB to appear at this distance) is significantly 
less. 

Table 2 lists estimates of the frequency of GRB formation at various distances 
R from the Earth (obtained under the assumption that the Galaxy is disk-shaped), 
the GRB intensity above the Earth’s atmosphere corresponding to these distances 
and the mean increase of the atmospheric temperature (presented in K) caused by 
GRB energy absorption. 

One circumstance should be emphasized. Table 2 lists the data averaged over 
the atmospheric height. In fact, the heating is realized non-uniformly. In the upper 
layers of the atmosphere, when the GRB photons do not lose much energy, the 
heating is significantly stronger. At high altitudes (2 100 km) the air is heated to 
several tens of thousands of degrees. This circumstance can lead to the serious eco- 
logical consequences: the production of large concentrations of nitrogen oxides NO, 
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with subsequent destruction of the ozone layer, the production of radionuclides of 
fairly large concentration, significant changes in the electromagnetic characteristics 
of the atmosphere, ionosphere and troposphere, and a change of the climate and 
other factors dangerous for vital activity. 

The estimates obtained for the value of a radioactive absorbed dose at sea level 
( 5  1 rad for GRB formed at a distance of - 1020 cm) show that such action should 
not entail the death of the animal world. Nevertheless, it should cause noticeable 
genetic transformations. In particular, it cannot be discarded that the extinction 
of the dinasaurs about one million years ago could be caused by this phenomenon. 

Note also that the Marsian atmosphere is several times rarer than the Earth’s. 
therefore the action of GRB on the atmosphere (biosphere) of this planet could lead 
to essentially more catastrophic consequences. 

If the temperature in the lower atmospheric layers increases by more than 10 K,  
the momentary heating could lead to  inflamation of organic substances, to numerous 
fires and to  the intensive evaporation of aerosols that, as is known (see, e.g., Pittoik 
et al., 1986), can lead later to a significant global cooling and to serious changes in 
the biosphere (Harwell, et al., 1985). 

Since the total energy of GRB photons incident on the Earth’s surface is com- 
parable with the total kinetic energy of atmospheric atoms, a global shock wave 
with unpredictable consequences will appear during the GRB transition through 
the atmosphere. 

Thus, the GRB bursts in our Galaxy can lead to essential ecological consequences 
on the Earth. 

When this paper was completed, our attention was attracted to the paper by 
Thorsett (1995) dealing with some questions of the possible influence of the nearest 
GRBs on the terrestrial processes such as an increase of the stratospheric nitric 
oxide concentration, greatly reducing the ozone concentration and the growth of 
radionuclide abundances. However, this paper did not examine two of the most 
important phenomena, namely, the heating of the atmosphere due to  the absorption 
of GRB radiation and the direct radiation of the animal world by the gamma rays 
of a burst at  Sea level, which significantly affects our conclusions concerning the 
role of GRB in the catastrophies on the Earth. 

In the paper by Kurt and Zaydel’( 1996) possible consequences of GRR occuiring 
in our Galaxy were analysed. However, in their calculations the authors used an 
outdated form of the splash energy spectrum that led to an underestimated (com- 
pared with the latest data) value of gamma ray energy. So, the mean energy of 
gamma rays is w 50-100 keV according 
to the BATSE data. This discrepancy entails a drastic difference in the physical 
processes occurring in the atmosphere. So, the data of Kurt and Zaydel’ (1996) 
indicate that the main process in the atmosphere is the photoeffect, meanwhile our 
estimate shows that this is Compton effect. 

= 3.15 keV (relation 1) whereas 
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