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Estimates of the He loss rate from Mercury have been obtained 
by modeling the atmospheric UV observations (Curtis and Hartle, 
1978) and assuming a thermal loss mechanism. However, Shemansky 
and Broadfoot (1977) have shown that surface accommodation effects 
reduce thermal velocities imparted to He atoms from those charac- 
teristic of the actual surface temperature to those characterized 
by the Debye temperature of the surface. Although loss of atoms 
from the Moon due to high thermal velocities still seems to be 
possible, significant losses by thermal escape from Mercury are 
unlikely due to the larger gravitational field. Shemansky and 
Broadfoot concluded that both t e Moon ~ n d  Mercury must capture 
only a very small fraction (10-9 to 10- ) of He and H incident on 
these bodies. 

For the case of the Moon (unshielded by a global magnetic 
field) such a small capture probability is difficult to under- 
stand. Secondary ion emission under bombardment by protons of 
solar wind energies is typically only about 1% efzicient (Carter 
and Colligon, 1968). Observations by the Apollo 15 Solar Wind 
Spectrometer (Clay et al. 1975) indicate secondary ion emission 
of all species is at most a few percent; no deceleration of the 
solar wind was observed. Thus, the capture probability should 
be 0.99 (not less than 10-3) unless significant back-scatter of 
fast neutral He occurs. We believe that a small capture prob- 
ability does not reduce the supply rate by orders of magnitude at 
the lloon. It may, however, be possible to reconcile the lunar 
atmosphere data with surface accommodation temperature theory by 
allowing for the effects of losses in the lunar corona or through 
the Lagrange points, allowing for some back-scatter of fast neu- 
trals, and including the uncertainties in the surface effects. 

At Mercury, it seemed possible that the planetary magnetic 
field could provide the necessary shielding to account for the 
low estimated loss rate (Curtis and Hartle, 1978; Smith et al. 
1978). However, we present the first quantitative estimates of 
solar wind He flux to the planetary surface; the supply is greater 
than the previously estimated loss rate. This would seem to 
indicate that not much He was escaping from the planetary inte- 
rior. With the aid of information provided by D. Shemansky we 
have therefore reestimated the loss rate due to photoionization 
and it appears the He budget does allow at least a significant 
fraction of the planetary production (if not all) to be escaping 
from the interior. 

Solar wind He can reach the planetary surface via three 
routes: 1) direct impact on the surface (Suess and Goldstein, 
1979), 2) entry in the polar region on open field lines in the 
cusp region, and 3) precipitation on closed field lines from the 
plasma sheet. The contribution from direct impact is difficult 
to estimate as the effects of magnetic reconnection of the plane- 
tary field with the solar wind field may be quite important 
(Slavin and Holzer, 1978; Suess and Goldstein, 1979). It may be 
possible to obtain a limit on the flux return time from the atmo- 
spheric He observations. As we are for the moment interested 
only in the lower limit for the solar wind supply we ignore the 

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



MERCURY ATMOSPHERE HELIUM SUPPLY AND LOSS 

Goldstein, B. E. and S. T. Suess 

contribution from this source which is probably small. The con- 
tribution from plasma entering through the polar cusps can be 
estimated by either of two methods: assuming all particles with 
suitable pitch angles impinging on the magnetosphere ahead of the 
sonic transition line on open field lines strike the surface, or 
by scaling measurements from the Earth's cusps but allowing for 
the more rapid reconnection due to the lack of a conducting ion- 
osphere. The 1 er li it for He flux through the cusps is esti- 
mated as 2. 1x109q sec-y; the upper limit is about a factor of 
twenty larger. For t& plas a sheet supply rate we estimate a 
lower limit of 3 . 5 ~ 1 0  sec-P based upon Mariner 10 observations 
of plasma sheet and densities and assuming an isotropic pitch 
angle distribution for particles entering the tail. Th.ese supply 
rates can 95 compared with a radiogenic source estimate of 
q x 4 . 6 ~ 1 0  sec-I where the supply rate is scaled from the Earth 
(Turekian, 1964), q is the ratio of concentration of uranium and 
other helium sources in Mercury to the comparable concentration 
at Earth, and it is assumed that all helium produced escapes from 
the planetary interior. Values of q greater than a factor of 2 
are unlikely (Fanale, personal communication). 

To calculate the loss rate we assume that thermal losses are 
negligible due to the surface accommodation effect. Shemansky and 
co-workers have do all the actual work by providing me with an 
estimate of 2.5~10'~ sunlit He atoms based on their a mosph~ric 
modeling work. For a photoionization rate2gf 2.8ulO-? sec- at 
the orbit of Mercury the loss rate is 7x10 sec-l; almost all 
newly created photolons will be carried away by magnetospheric 
convection. This iqss rate is considerabl larger than the old 
estimate of 4 . 6 ~ 1 0  sec-1 based on thermal losses (Curtis and 
Hartle, 1978; Kumar, 1976). The difference is due to the much 
larger dayside to nightside concentration gradient in the low 
temperature atmosphere model where surface accommodation effects 
are considered. The estimated loss rate is somewhat ess t an 
the sum of the lower limit solar wind supply (5 x102' sec-') and 
the radiogenic supply assuming that q=l ( 4 . 6 ~ 1 0 ~ ~  sec-l). There 
is sufficient uncertainty in the loss rate estimate to include 
both the solar wind supply and the radiogenic supply within a 
possibly larger loss rate. However, we can already eliminate such 
possibilities as Mercury being enriched by a factor of two in 
radioactive sources of helium (providing that complete escape of 
helium from the interior is assumed). The He budget allows (but 
does not require) a major portion of the expected planetary He 
production to be escaping from the planetary interior. In fact, 
uncertainties in the loss rate and the possibility of reducing 
the supply by backscattering incident He ions as fast neutrals 
allow the entire expected production to be escaping from the 
planetary interior. Kumar (1976) has noted that a possible ex- 
planation for the extremely low densities of all atmospheric 
species is that Mercury is inactive and all volatiles are trapped 
in the interior (the alternative is that Mercury s depleted in i- volatiles relative to the Earth by a factor of 10 ) .  Trapping of 
all radiogenic helium in the planetary interior and providing the 
entire atmospheric supply from solar wind sources is also consis- 
tent with the estimates. Further improved modeling of both the 
surface physics, the atmosphere, and the solar wind supply rate 
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might allow tighter constraints to be placed on the amount of 
helium escaping from the planetary interior. We shall also dis- 
cuss H and possibly some other atmospheric constituents. 
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