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SMALL COMETS: IMPLICATIONS FOR INTERPLANETARY LYMAN «

T. M. Donahue
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Abstract. If small comets are as numerous in the inner
solar system as Frank et al. [1986a] have recently proposed,
large and easily detectable amounts of hydrogen would be
generated in interplanetary space. Inhibition of water vapor
production by a factor of 3 x 10~ by very thick dust mantles
would be necessary to prevent excitation of a detectable inter-
planetary Lyman « glow. Other optical problems associated
with the cometesimals are also discussed.

Frank et al. [1986a], henceforth FSC, have proposed
that small comets 12 meters in diameter, whose" density is
0.1gmcm—3, impact the earth at a rate of about 20 per
minute. This rate requires that the average distance between
these cometesimals at 1 AU, before gravitational focussing by
the earth, be about 5000 km and their spatial density be about
3x 10~2% cometscm™? [Frank, et al., 1986b]. The “standard”
rate for production of water molecules from comets at 1 AU
is between 1017 and 108cm=25! or 3 x 10?* molecules
every second from each small comet. Dissociation of the
water would result in the production of hydrogen atoms at a
rate of 0.14cm=3s~! from this family of small comets at 1
AU, if the water production rate is 5 x 107 cm=2s~1. If the
lifetime of these atoms before charge exchange with the solar
wind ions is 2 x 10% seconds, their density near 1 AU would
be about 3 x 10° per cm®. FSC, recognizing the problem
of loading the solar wind with so many pick-up ions, pro-
posed that the rate of gas production from the small comets
must be kept low by sufficiently thick dust mantles on their
exteriors. Reducing the production rate by orders of mag-
nitude, to a level between 3 x 101 and 3 x 10! em~257,
would avoid the difficulty with excess generation of pick-up
ions [Frank, et al., 1986b]. It would not be sufficient to es-
cape another difficulty — the excitation of Lyman « radiation
by the cometary hydrogen. If gas generation is assumed to
vary with heliocentric distances as r—26 [Meier and Keller,
1985], a column perpendicular to the solar direction at 1 AU
would contain 4.5 x 10'® atomscm=2 and have an optical
depth of 7 x 10° for Lyman ¢, a fact already pointed out by
Chubb [1986]. Interplanetary hydrogen is not optically thick
in the inner solar system [Purcell and Tousey, 1960; Meier
and Prinz, 1970].

The interplanetary Lyman « glow at 1 AU is about 400R
at solar minimum and 1.2kR at solar maximum. If the spe-
cific rate at which solar Lyman o radiation is scattered by
hydrogen atoms at 1 AU is taken as 1 x 10~3s~! at solar
minimum and 3 x 10~3s! at solar maximum [Hintereg-
ger, 1981; Mount, et al., 1980], and the water production
rate from small comets is 4 x 10'° moleculescm—2s~! (107
times normal), the entire interplanetary glow would be as-
cribable to small comets. This interplanetary glow would be
confined to the inner solar system. Observations performed
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by ultraviolet instruments on Pioneer 10 and Voyagers 1 and
2 have demonstrated that this is not the case. The gas pro-
duction rate set by FSC to prevent mass loading of the solar
wind would result in Lyman o emission rates between 250
and 750R (solar minimum and solar maximum) for the low-
est part of its range (3 x 101°cm~25-1). A contribution to
the interplanetary Lyman o radiation at 1 AU of as much as
25R by the hydrogen associated with small comets would
have been detected as a signal rapidly decreasing with helio-
centric distance by the ultraviolet spectrometers on Voyager 1
and 2. The FSC comets could emit water molecules at a rate
no larger than 1.3 x 10°cm=25~! (3 x 10~? times the nor-
mal value for comets) if their contribution to interplanetary
Lyman & is not to exceed 25R at 1 AU, when the specific
excitation rate for Lymana is 2 x 10~3s~1, This limit is
0.04 times as large as the smaller of the limits set by FSC to
avoid mass loading of the solar wind.

FSC have invoked a model for cometary mantles devel-
oped by Fanale and Salvail [1984] to demonstrate that gas
production rates can be kept as low as 3 x 101 cm=25~! at
1 AU, if the cometesimals have dust mantles whose thick-
ness is 1cm or less. As Morris [1986] has already pointed
out, there is a serious problem with such comets retaining a
mantle. Apart from this issue, the Fanale and Salvail model
in fact does predict that the gas production rate will be be-
tween 3 x 100 and 3 x 10!! molecules cm~2 s~ ! if the mantle
thickness is between 15 and 1.5cm. To drop the production
rate another factor of 25 to meet the Lyman & constraint, the
mantle would need to be 3.75 meters thick — and the come-
tesimal mostly mantle — according to the model of Fanale
and Salvail.

It is important to notice that the model of Fanale and Sal-

vail leads to production rates for a given mantle thickness
that are orders of magnitude lower than those obtained by

others [Gombosi, et al., 1986]. This seems to be due to
the assumption of an extraordinarily small value for the ra-
dius of the mantle capillaries through which the escaping gas
must flow (half the average dust grain radius or less than
1 pm), as Gombosi, et al. [1986] point out. More typical
of other models is that of Hordnyi, et al [1984], where the
characteristic capillary dimension is that of the intergrain dis-
tance. When mantles are thick, the gas flows predicted by
other models tend to be as much as four orders of magnitude
greater than those of Fanale and Salvail for a given man-
tle thickness. For example, a calculation by Gombosi (pri-
vate communication, 1987), using the Hordnyi, et al. [1984]
model, requires that the mantle be 750 m thick to hold the
gas production rate to 3 x 10! cm~2s~! and 172km thick
to keep it at 1.3 x 10°cm=25~1, as the interplanetary Ly-
man ¢ limit requires. Whatever mantle theory is valid, the
influx of dust into the earth’s atmosphere accompanying the
FSC cometesimals would appear to be forbiddingly large, as
Rubicam [1986] and Morris [1986] have maintained. The
fluxes would be very much larger than those discussed by
FSC [1986b, 1986d] in their reply to the comments of Ru-
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bicam and Morris. The carbon influx, for example, would
be more than 350 times as large, far exceeding the rate of
burial of fresh carbon in sediments. Except in the case of the
Fanale and Salvail model, a cometoid mantle thick enough to
supress excess Lyman a excitation in the inner solar system
does not appear to be physically attainable. If it were, the
dust influx into the earth’s atmosphere would be intolerably
large. Even relaxing the Lyman a condition by a factor of 4
(100R contribution to the interplanetary Lyman a glow at 1
AU) would not materially affect these conclusions.

According to FSC [Frank, et al., 1986¢], the water vapor
released from cometoids striking the moon would cause the
moon to be surrounded by a hydrogen corona similar to that
around an ordinary comet. This would be the consequence of
the remarkable, almost perfectly elastic, collisions of small
comets with the moon for which they argue. The collisions
would result in rapid outstreaming of the water vapor asso-
ciated with the cometary ice. They predict that the emission
rate of solar Lyman « radiation scattered by this lunar hydro-
gen coma would be about 80R, when observed from afar,
in a direction tangent to the lunar surface, at the subsolar
point. Fastie, et al., [1973] repeatedly measured the emis-
sion rate of Lyman « from the Apollo 17 service module as
it was orbiting at an altitude 45 to 70km above the lunar
subsolar point, with the direction of the field of view of their
spectrophotometer perpendicular to the direction of the sun.
The emission rate measured in this way, just as the service
module was beginning its return to earth, was 196R. The
counting error in this measurement was negligible (1R). The
field of view (68° R.A. and 26° dec) was in the direction
of minimum interplanetary emission. Because the contri-
bution of starlight to this measurement is uncertain by 5R,
the brightess of the diffuse sky background was 196*%R.
According to FSC [1986], 40R of this emission would be
ascribable to the lunar Lymana glow, leaving only about
155*% R attributable to the interstellar wind. This is much
lower than values obtained from other spacecraft at times of
similar solar activity — about 250 R. The Apollo 17 spectrom-
eter recorded geocoronal Lyman ¢ emission rates comparable
to those measured by other instruments under similar condi-
tions, so it does not seem likely that a serious calibration
problem would explain this discrepancy.

The interplanetary Lyman o glow was monitored almost
continuously from the service module during transearth coast.
Since the lunar glow has a scale length of about 106 km, ac-
cording to FSC, its brightness should have increased to about
S0R when the service module was entering the geocorona at
a distance of 10° km from Earth. Unfortunately, the uncer-
tainties involved in accounting for stellar Lyman & and so-
lar Lyman ¢ variability exceed the 10R variation that would
occur because of the lunar hydrogen halo. Hence these ob-
servations probably cannot be used to determine whether the
water from the cometesimals issues from the moon at the rate
claimed by FSC.

Finally, it is interesting that a comet 12m in diameter
1700km above the earth would be observable to the naked
eye in twilight as a moving object brighter than 6 visual mag-
nitude, unless its surface reflectivity is less than 15 percent.
The reflectivity would need to be less than 0.15 percent to
preclude detection with a 75 mm diameter monocular tele-
scope. This is 0.04 of the Fresnel reflection coefficient of a
smooth sphere at 45°. A physical light trap to achieve this

condition could be built, but its dimensions would be very
much larger than those of dust-grains (W. G. Fastie, personal
communication, 1987).

Thus, there are two reasons that these remarkable comets
would need a dark protective covering: one is t0 suppress
water vapor production by a factor of 3 x 10~? in order
to render them unobservable at 1216 A, and the other is to
make them invisible to comet hunters. In neither case does
it appear to be physically possible to achieve the conditions
required.
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