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150° (lamp photometer/polarimeter). The last two instruments allow measurements at 

wavelengths of 0.63 and 0.45 μm with unpolarized incident light. Note that the phase angle 

range < 2° is very poorly studied. One of the purposes of our laboratory studies is 

brightness and polarimetric opposition effects ubiquitously observed in nature for 

particulate (regolith-like) surfaces. We studied a range of samples that are characterized 

with a variety of mechanical structures and albedo. A strong particle-size dependence of 

the negative branch of polarization for powdered dielectric surfaces was found: the larger 

the particle size, the narrower the opposition spike and the negative polarization branch. 

In Fig. 28 we show an example of measurements of a sample of red clay carried out with 

the instrument that covers the angle range 2 – 150°. The plot allows one to compare 

photometric and polarimetric phase dependencies for particles in air (single scattering) 

[Volten et al. JGR 2001. 106. 17,375] and when particles form a particulate surface 

(multiple scattering) at the two wavelengths. Figure 28 prsents data for compressed and 

uncompressed particulate surfaces. Analysing of these data clearly show that the main 

cause of the negative polarization of particulate surfaces is single particle scattering.  

 Figure 29 illustrates results of our measurements obtained with the laser 

photometer covering the angle range 0.008 – 1.5°. One can see 3 normalized photometric 

phase curves measured at λ = 0.63 μm: fine powders of MgO (very bright surface), carbon 

soot (very dark surface), and glass spherical beads with the diameter of particles near 50 

μm (bright surface). Bright samples demonstrate narrow spikes of backscattering related 

to the coherent backscatter enhancement effect. The spherical beads also show several 

resonances. The measurements are used for interpretation of photometric properties of 

Kuiper Belt objects.  

 

 

4.6. Implanted Gases on Atmosphereless Celestial Bodies 
L. V. Starukhina  

 The interest for solar wind implanted gases is due to the prospect of extraction of 

potential thermonuclear fuel 3He, as well as to the fact that implanted hydrogen can be 

ascribed to water in different types of remote sensing experiments.  

Implanted hydrogen in lunar regolith  

The surfaces of airless celestial bodies are exposed to energetic protons – mainly 

to solar wind protons of keV range. They provide severe radiation damage in the rims of 
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regolith particles creating trapping sites for the implanted solar wind ions. In silicates, 

important case of trapping sites are broken chemical bonds of oxygen atoms; they tend to 

be saturated by the implanted H-atoms so that OH-bonds are formed [e.g., Zeller et al. 

JGR. 1966. 71. 4855]. Irradiation-induced OH-groups were found by optical absorption 

near 3 μm, which is due to O-H stretch of hydroxyl groups. Thus, the implanted protons 

can be detected by optical spectroscopy near 3 μm and be mistaken for OH groups in 

water molecules.  

 Our estimates of the upper limit of concentration of solar wind hydrogen trapped per 

unit area of rims of lunar regolith particles, in particular, in OH groups, yield ns 

≈(1÷5)×1017 cm-2. This is in agreement with laboratory experiments. Mass fraction of the 

implanted hydrogen [H] = Smpns for typical specific surface area of regolith S = 800 - 

5000 cm2/g (mp is proton mass) is at least 130 ppm, but even the maximum [H] = 1700 

ppm found in neutron spectrometry experiment on Lunar Prospector [Feldman et al. JGR. 

2001. 106. 23,231] can be achieved at moderate values of ns = 2×1017 cm-2. If this 

hydrogen is interpreted as a constituent of water ice, its weight fraction can be up to a few 

wt.%. Thus, the excess hydrogen found on the Moon can be of solar wind origin and not 

belong to water molecules.  

Optical effects of solar-wind-induced OH  

A 3-μm absorption band was observed in reflectance spectra of asteroids of 

different taxonomic classes, including E and M types supposed to be differentiated and 

hence dehydrated. This unexpected absorption can be due to OH-groups of solar wind 

origin. We simulated this effect on the base of our model of spectral albedo of 

multicomponent regolith-like surface. The model enabled us to calculate the change in 

reflectance of featureless continuum when rims of regolith particles contains OH-groups. 

Simulated 3-μm bands are presented in Fig. 30. It shows that, if the variance of spectral 

positions of OH absorption maxima near different cations is taken into account, neither 

depth nor width, shape and position of 3-μm band can be used to distinguish between 

H2O molecules or true hydrosilicates and OH-groups of radiation origin, at least at low 

band depths (which is the case for most observations). In Fig. 31 calculated 3-μm depths 

of irradiation origin are compared with those observed for asteroids, OH-concentration 

taken about the upper limit. Fig. 31 shows that only 3-μm bands of Pallas, Ceres, and 

Virginia are deeper than it could be due to solar wind OH, and thus can be interpreted as 

due to hydrosilicates. Calculations of band depths due to 1wt.% water ice (Fig. 31) show 
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that fine ice particles can contribute to 3-μm absorption much stronger than solar wind 

OH, and the contribution of coarse ice particles would be negligible.  

 

Distribution of solar wind implanted gases: the effect of temperature and material  

The implantation origin of the hydrogen detected on the Moon by Lunar Prospector 

is supported by the observed regional variations of the excess hydrogen. They are of two 
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types: (1) global, temperature-correlated, excess H being concentrated in the polar 

regions; (2) local spots of excess H in equatorial regions and lack of H in some 

permanently shaded areas. The local variations cannot be explained by ice hypothesis; 

both types of variations are consistent with the implantation hypothesis.  

 Saturation of a particle on the lunar surface with H-atoms takes ~102–103 years, 

which is much shorter than solar wind exposure of the particles, so even polar regions are 

saturated with the implanted hydrogen, the Earth magnetosphere being the source of 

protons for permanently shaded areas. Therefore, H-abundance is controlled by 

degassing processes. Their rate is extremely sensitive to temperature: ~exp(–U/kT). At 

low temperature, the implanted atoms become “frozen” into the regolith particles, which 

provides global [H] trend. Variations of trapping energies U with mineral type as well as 

thermal and irradiation history can provide selective gas accumulation or degassing and 

irregular local features: high U are responsible for excess H in “hot” regions and low U can 

account for lack of H in cold areas.  

 A similar global and local distribution can be expected for the other solar-wind-

implanted elements, e.g., for 3He. Thus, polar regions of the Moon are the most promising 

place to extract this potential thermonuclear fuel.  

 
 
4.7. Solar Studies  
L. A. Akimov, I. L. Belkina, V. V. Korokhin, G. P. Marchenko  

Our Institute is the International Solar Station № 34501 carrying out monitoring of 

solar activity in the chromospheric line Hα. Data on solar flares, active prominences and 

eruptive events are obtained, processed, and sent to World Data Center WDC Boulder 

Co, USA. From 01.01.2001 to 12.31.2007 data about 395 solar flares and 356 eruptive 

events have been obtained.  

Kharkiv spectroheliograph has been equipped with a CCD-camera. This provides 

for higher angular resolution, especially in IR. After the modernization, the 

spectroheliograph allows us to record the images of the Sun in any spectral line of the 350 

– 1100 nm range in 2 minutes. Figure 32 shows an image of the Sun in He I line (10830 

angstrem) obtained with the spectroheliograph, 2007.08.25. Figure 33 shows comparison 

of images of the Sun in He I line acquired in our Institute (2007.08.17, UT 11h09m) and 

National Astronomical Observatory (Kitt Peak) (2007.08.17, UT 18h07m).  


