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One of the possible effect of ionizing radiation on solids 
is formation of so called colour centres which change the optical 
spectra so that additional absorption in the visible and the 
nearest ranges appears. This absorption can be observed as 
pronounced features or as almost structureless if the bands 
of different centres overlap or the spectrum of the centre 
assemblage is nearly continuous. Radiation induced coloration was 
found in many materials and, in particular, in those which can 
occur on the surfaces of atmosphereless cosmic bodies, for 
example, in quartz and silicate glasses of various composition, 
and the induced absorption tends to increase with increasing 
metallic cation content. Energy flux of ionizing radiation on the 
surfaces of atmosphereless cosmic bodies sharply increases during 
a solar cosmic ray flare, mainly, due to energetic protons [I]. 
It may result in increase of light absorption and,, consequently, 
in decrease of albedo of the surface in rather short space of 
time. In the present work an attempt is made to evaluate the 
possibility of observation for this effect. 

The influence of corpuscular ionizing radiation - mostly, 
kev-protons of solar wind - on the optical properties of 
atmosphereless celestial bodies was previously discussed and 
simulated in many ion bombardment experiments. Principal 
difficulty of such simulation is that the results are dose rate 
dependent, and the dose rates used in laboratories (i.e. current 
densities of energetic particles) exceed those in nature by at 
least a factor of lo4-lo5 even in "slow" experiments. Therefore 
it is quite possible that under cosmic conditions there would be 
enough time for annealing of some radiation defects and they 
could not accumulate so as to cause such effects as observed in 
laboratory. 

This difficulty can be overcome in simulation of the effect 
of cosmic ray flare. Due to high energy of solar flare protons 
(>1 Mev) practically all flare energy is transferred to target 
electrons, i.e. the effect of solar flare is similar to that of 
gamma- and X-rays. Hence it can be simulated by laboratory 
gamma- or X-irradiation [instead of ion bombardment) and be 
characterized by energy D absorbed per unit volume of solid. 
Estimation on the base of the data on solar flare output [I] and 
of those on penetration depth hl for energetic particles of 
different types shows that in energetic flares both dose D and 
dose rate dD/dt reach the values used in laboratory gamma- and 
X-irradiation (up to lo6-lo7 erg/cm3 and lo3-104 erg/cm3s, 
respectively). 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



1 3 5 2  LPSC XXIII 

SOLAR-FLARE-INDUCED VARIATION OF ALBEDG 
Starukhina L.V. et al. 

Change in albedo of atmosphereless cosmic bodies due to 
solar flare can be evaluated as follows. Since the irradiation 
doses are small, it can be assumed for many materials that the 
increment 6a of absorption coefficient is proportional to the 
dose: 6u = DD. For minerals at temperatures up to 300 K B is 
usually from to 10-7cm2/erg by the order of magnitude [ 2 1 .  
The increment of optical density is 67 Z(6ai)h5 s E?Dlhi x 

DZ(&El) = D6E where 6E is the total energy output per unit area 
over the period of solar event. For the most energetic flares 6E 
is of the order of 1OSerg/cmz near the earth orbit T l l ,  so for 
the Moon 67 = 10-4-10-2 and albedo change is 6A/A s exp(-2671-1 x 
-267 = -2D6E. i.e. up to several percents. It means that for 
lunar regions of high radiation sensitivity ( or high 
colorability) the decrease in albedo immediately after energetic 
flare can be, in principle, observed. 

A s  for other atmosphereless bodies of Solar syste~, t h ~  
change in distance from the Sun means a change not only of 6E but 
also of D because radiation induced absorption is very sensitive 
to surface temperature and material. For instance. radiation 
sensitivity of freezed compounds of light elements is probably 
higher than that of high-melting materials, so cosmic ray flares 
may alter the albedo of Jupiter and Saturn satellites despite of 
their remoteness from the Sun. High surface temperature, as on 
Mercury. can favour the formation of radiation induced absorption 
centres but it also favours their annealing. Thermal (under 
heating to some hundred degrees) and optical (under W photons) 
decoloration is characteristic of materials coloured by 
radiation: induced abscrption can decrease in a space of time 
from small parts of a second to several months, depending on the 
type of centres and surface temperature. Therefore, albedo of the 
surface regions darkened by energetic soiar flare can increase 
afterwards even to its previous value. 

Observation of the albedo variation of atmosphereless cosmic 
bodies after energetic solar flare can provide information about 
radiation resistivity of their surface material nnd.consequently, 
about some details of its structure and formation conditions. 
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