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Abstract

Recent HST, MEX, and MAVEN observations reveal
significant variations of hydrogen escape from Mars
in the perihelion season (Ls = 200 to 330°) with
values that reach 10° cm™ s™ and exceed the diffusion
limit for H, This correlates with high H,0O
abundances observed by MEX up to =80 km in this
season. Here we present a 1D self-consistent
photochemical model of neutral and ion composition
at 80-300 km that accounts for H,O chemistry. The
model explains the observed hydrogen escape if the
dayside-mean H,O can reach 40 ppm at 80 km. This
abundance is well within those observed by MEX.

1. Introduction

The martian hydrogen corona is described by two
parameters: density of H at 250 km and temperature.
However, the altitude extent in the orbiter
observations may be insignificant for measurement
of T, and the Mariner 6 and 7 flybys and HST

imaging could provide more reliable data (Fig. 1).
One Component Medel fits to Data

observations correlate with the recent detections of
high H,O abundances up to =80 km in the perihelion
season using the SPICAM IR solar occultations [5, 6].
If H,O can reach the thermosphere, it may
significantly affect its chemistry and increase
hydrogen escape. However, the MAVEN/NGIMS
measurements of the ion composition [7, 8] do not
support significant abundances of water in the
thermosphere. Here we will create a photochemical
model to account for all aspects of the problem.

2. Model

Our one-dimensional self-consistent model of neutral
and ion composition in the martian atmosphere at 80-
300 km is based on the model [3] with nonthermal
escape of light species (H, H,, D, HD, and He) from
[4]. The model accounts for vertical transport of
species by eddy, molecular, and ambipolar diffusion.
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Fig, 1. HST observations of hydrogen escape from

Mars in 2007-2017 [1].

These observations confirm the MEX data [2] that
the escape rate at the perihelion season (Ls = 200-
330° may be very large and exceed the diffusion
limit of 4x10® cm™ s for H, = 17 ppm [3, 4]. The
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Fig. 2. Observed exospheric temperatures and their
linear fit (long dashes). Blue lines are the MGTM
versions of 2000, 2008, 2009, and 2015 at fall
equinox. Solid line is a fit to the MAVEN point by
thermal balance equation.

Temperature profiles are adopted by the least-square
linear fit to observed exospheric temperatures (Fig. 2)
that results in

T.=123+2.19 F10.7.




Temperature at 80 km is either 128 K with no water
or that for the saturation conditions of water.
Temperatures from 80 and 300 km are interpolated
using an analytic expression. 30 reactions, which
account for the basic photochemistry of H,O, H,O",
H;0", O,, and their products, are added to the model.

3. Results

Photolysis of H,O increases significantly the
productions of H and H, and their escape. The
following sequence of the ion reactions is also
important in the balance of H,O and its products:
C02+ + Hzo g Hz()+ + C02

H,0* + CO — HCO" + OH

HCO" + H,0 — H;0" + CO
H,O*+e—>OH+H+H

(OH+ 0 — O, + H)x2
2H,0+20+CO,"+e—>C0O,+20,+4H
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Fig. 3. Profile of the H,O mixing ratio in the model at
F10.7 = 70 and fiyp0 = 30 ppm at 80 km.

Both photolysis and ion chemistry strongly deplete
the H,O mixing ratio (Fig. 3) with a minimum at 160
km and further increase by the diffusive enrichment
of light species.

Our models do not confirm the conclusion in [8] that
significant H,O abundances strongly deplete HCO"
densities and are therefore incompatible with the
MAVEN/NGIMS measurements. Loss of HCO™ in
our models is weaker in the reaction with H,O than
that in recombination, while the production is greater
in the reaction CO," + H because of the greater H for
large H,0.

Variations of the H and H, escape and densities at
250 km with H,O at 80 km and solar activity are
shown in Fig. 4 and 5. The escape flux of H may be
approximated by

Dy (cm? sT) = 1.6x10° + 1.7x10f0 (Ppm).
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Fig. 4. Upward (u, escape) and downward (d, at 80
km) fluxes of H and H, for various H,O abundances
at 80 km and solar activity: F7 = 40, 70, and 100
(short dashes, solids, and long dashes, respectively).

The results agree with those in Fig. 1 if H,O reached
40 and 15 ppm at 80 km in the martian falls of 2014
and 2016, respectively.
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Fig. 5. Densities of H and H, at 250 km for various
H,O at 80 km and F7 = 25, 40, 70, and 100 (dash-
dots, short dashes, solid, and long dashes).
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