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ABSTRACT. The intensity of solar X-radiation scattered by 
a comet is calculated and compared to the proper X-radia
tion of the comet due to impacts of cometary and interpla
netary dust particles. Detection of X-radiation of dusty 
comets at small heliocentric distances (R < 1 a.u.) is 
found to be an indicator of high-temperature plasma gene
ration as result of grain collisions. 

1. Introduction 

The study of comets has been carried out at present in 
ultraviolet, optical, infrared and radio ranges (e. g. see 
/1-2/). Meanwhile the investigation of the cometary dust 
component interaction with the dusty matter of interplane
tary medium reveals the possibility of arising the measure-
able proper X-ray emission of comets due to production of 
high-temperature plasma balls at heliocentric distances 
R < 1 a.u. /3/. X-radiation from comets may also appear in 
the way traditional for cold astronomical objects, namely 
due to scattering of solar X-rays by cometary matter. 

2. Scattering of Solar X-Radiation by Comets 

The intensity of cometary emission excited by incident 
radiation of the Sun may be presented as 

Xs = ^ ^ 4 A 1 s ? f 1 + Vh f 2>- <1> 

Here the first term in the right hand part corresponds to 
radiation of the optically thick zone of the cometary head 
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(T> 1) and the second term - to the optically thin one 
(T< 1); Io is the intensity of solar X-radiation at the 
Earth's distance; R is the comet - detector distance; Ai 
is the albedo of the part of cometary head having the "op
tical thickness" <r =1; s, = st C nK r«, is the "sight distan
ce" for solar rays passing across the cometary head with 
T =1; fi is the phase function of the optically thick part 
of the cometary head; kz =(4/3)an(rr„. and f2 are the albedo 
and phase function of the optically thin part of the head; 
r^ is the radius of the head; a. < 1 is the factor of absorp
tion: a =1 at zero absorption; <r is the cross-section of 
extinction for incident photons; n is the mean number den
sity of scattering particles in the optically thin part of 
the head; na= n. (r* ,R) is, the number density of atomic 
particles near the surface of the nucleus with the radius 
r„,. This formula may be used for calculation both the spec
tral and, after corresponding integration over the spec
trum, the integral intensity of radiation. 

According to (1) for bright comets of Mrkos 1957V 
type with realistic values of Io(hV > 100 eV, S= 1 a.u.)= 
0,1 erg cnf* 8~> /4/, n(r«. , R= 1 a.u.)= 10M cm'3 , r* = 
3-106 cm, rk = 10'° cm, B = 2,7-107 cm"3 /1/, <f(h>;>100 eV) 
= 10',s cm* , a= A, = 10-4 /5/, f 1 = f2 = 1 we have Is(h>>> 
100 eV, R= 1 a.u., r= 1,5-10<3 cm)= 7-10",y erg cm-2 B'1 : 
both terms of (1) give almost equal contribution to Is . 
The value of Is obtained is approximately one order of mag
nitude lower than the sensitivity threshold of modern 
X-ray telescopes (e.g. see /6/). Hence, comets are invisib
le in solar X-rays at heliocentric distances R > 1 a.u. 

3. New Component of Cometary Emission 

At small heliocentric distances (R < 1 a.u.) the generation 
of proper X-radiation of comets due to interaction of come
tary and interplanetary dusty matter is also possible toge
ther with the solar X-rays scattering. The intensity of 
this radiation I* and the energy of quanta, corresponding 
to spectral distribution maximum, h\>m. =tm , we may present 
according to /3/ as 

I X U > lm , R, r) = Ix1(rx /r)V
( P + 3 / 2 ), (2) 

*m = V 1 • <3) 
where Ix-t = 1,7-10 erg cm^ s~* i s the in tens i ty of pro
per rad ia t ion of a comet at R= 1a.u. and r= r X 

r x = J T n d ( r n , R ^ r 2 (4) 
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is the radius of the X-ray active zone of the cometary 
head, where the interplanetary dust particles penetrating 
into the coma transform into plasma balls due to impacts 
with cometary grains; na(r» , R) is the number density of 
cometary dust particles near the cometary surface; (rd(j is 
the cross-section for collisions of cometary and interpla
netary grains; p=1,5 is the parameter of spatial distribu
tion of mass density of interplanetary dust matter ;£m)s£m( 1 )= 
65 eV is the most probable energy of quanta emitted by 
plasma balls at R=1 a.u. 

4. Comparison of Two X-Ray Generation Mechanisms 

The integral intensity of solar X-radiation may be written 

I 0U > £< ) = 
(y- D^ -1 

(5) 

* 3 Here I0 = 1CK is the parameter of the solar differential 
energy spectrum; 2 < 7 < 4 is the spectral index; the nume
rical values correspond to energy range of solar photons 
102 £ £• < 103 eV at quiet conditions according to 74/. 

For registration of the proper radiation of comets 
the choice of passing threshold of counter as l-t - Im. seems 
most natural. In this case taking into account (3) and (5) 
under conditions of equal contributions of both right hand 
terms of (1) we get its integral presentation as 

I ( I > I 
sv m 

R, r) = 
2I0A1f1 '1 

(T - O^V^U 
(6) 

Here Ai and s, represent the integral values of these para
meters in the energy range considered. 

Prom (6) follows that Is weakly changes with R at?'>2 
while Ix by (2) quickly increases with decreasing R. On the 
basis of (2), (4) and (6) we may find the interval of helio
centric distances where the intensity of proper radiation 
of comets exceeds the intensity of scattered radiation, 
namely 

R<< 
Zx1 < T 1)6, 

r-1 
ml 

2I0A1f1 

nd(rn'R)(rdd 

n(rn,R)CT 

1/(p+T-3/2) 

(7) 
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Inserting into (7) realistic values of 7=3»nd(rn,R)= 
104 cm"3 , <r<j(j =5-10"^ cm2 and numerical values of other pa
rameters mentioned we have R<3 a.u. At the same time the 
initial temperature of plasma balls in the generation zone 
of proper X-radiation of comets according to /3/ will be 
T0(R < 1 a.u.) > 3-10

5" K. 
Thus the registration of X-radiation of dusty comets 

at small heliocentric distances (R < 1 a.u.) in the defi
nite energy range ( I > lm) and at quiet Sun may be an in
dicator of high-temperature plasma generation as a result 
of grain collisions, i.e. of the physical process not rea
lized yet under terrestrial laboratory conditions. 
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