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Abstract. Interplanetary dust grains and meteoroids are assumed to deliver oxygen to the atmosphere
of Jupiter. A current photochemical model overestimates the resultant density of water relative to an
available measurement. This paper investigates whether the interaction of photoionisation and meteoric
products can explain that discrepancy. As any process that breaks up water molecules is likely to produce
hydroxyl, the predicted densities of hydroxyl are also investigated as a possible target for remote sensing.
It is found that the densities of water are not changed by the addition of photoionisation, but that higher
OH densities are predicted above about 400 km.

1 Introduction

The atmosphere of Jupiter is composed of H2, He, H and
CH4, with oxygen assumed to be added by interplanetary
dust grains and meteoroids (hereafter referred to collec-
tively as meteoroids) containing CO, H2O and CO2. Moses
et al. [1] introduced a photochemical model in which pho-
todissociation of these molecules and subsequent chemi-
cal reactions leads to many oxygen bearing compounds.
However, if the meteoroids are assumed to be composed
of water ice, the model predicts an abundance of H2O that
is much higher than an available measurement [2].

Campbell and Brunger [3] emulated the model of Moses
et al. and then used it to investigate whether dissociation,
ionisation and reactions with meteor trails could explain
the discrepancy. While the result was that the water den-
sities were unchanged at the height of the measurement,
densities of OH at upper altitudes were seen to be highly
dependent on the processes involved. They raised the pos-
sibility that if electron-impact excitation cross sections for
OH can be measured [4], then emissions from OH might be
used for remote sensing of the processes by which oxygen
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is added to Jupiter’s atmosphere. In the absence of mea-
surements some theoretical values are available [5–7].

In the models above, photoionisation by sunlight was
not considered. Such ionisation was modelled by Kim and
colleagues [8,9]. In this current work the model of Moses
et al. is modified to incorporate the photoionisation model
of Kim et al., to investigate whether the inclusion of pho-
toionisation can explain the discrepancy in the water den-
sities and to predict the change in OH densities produced
in reactions initiated by photoionisation.

The approach here is restricted to emulating the two
previous models of Moses and Poppe [2] and Kim et al. [9]
and combining them to provide a base for the current
investigation that is established in the literature. Thus
many other phenomena, such as the effects of dust, SO2

input, aurora, the electron temperature distribution and
electron-neutral processes, are not included. These possi-
ble complicating processes are considered in the discussion
of the results.

2 Model description

The model is based on one described by Moses et al. [1],
using rates of meteoroid input given by Moses and
Poppe [2]. Photoionisation rates are calculated in an emu-
lation of the model of Kim and Fox [8], with the sub-
sequent ionic reactions taken from the assemblages of
Kim and colleagues [8,9]. Some reactions with unspecified
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products are replaced with equivalent reactions from
the Kinetic Database for Astrochemistry (KIDA) [10].
The simulation of the atmospheric densities resulting
from the mix of reactions was performed by an implicit
time-step calculation, as described by Campbell and
Brunger [3].

2.1 Photochemical model

Altitude profiles of the densities of H2, He and H, pressure,
temperature, photodissociation rate constants and eddy
diffusion coefficients were taken from supplementary data
of Moses et al. [1]. Methane densities were calculated by
application of molecular diffusion [11] to the value given
by Moses et al. at the lower boundary (at −60 km). Gas
input rates from meteoroid ablation were obtained from
Figure 4 of Moses and Poppe [2].

Moses et al. [1] defined sets of chemical reactions (with
rate constants) between the species produced by photodis-
sociation of H2, CH4 and H2O (including photodissoci-
ation of the products). This work uses their set of 120
photodissociation reactions and 232 chemical reactions
in their “Model A”. This photochemical model, together
with vertical movement by molecular and eddy diffusion,
was implemented in an implicit time-step calculation as
described by Campbell and Brunger [3]. In this the prod-
ucts are calculated for each reaction and vertical diffusion
flux for a time interval ∆t and the densities of all species
updated accordingly. As the densities approach equilib-
rium the values of ∆t are increased, so the calculation can
start with very small times steps (e.g. 10−8 s) and then
adaptively increase the time step so that the simulation
can run to equilibrium after about a thousand Earth years.

A subset of the chemical processes within the model
is illustrated in Figure 1, which shows the transitions
between oxygen-containing species at altitude 629 km.
Each transition is represented by a vertical line drawn
from the reactant (labelled symbol) to the product, posi-
tioned at the rate of the reaction (s−1) on the horizontal
axis. The density of each species is also shown by a hor-
izontal line on the vertical axis. The meteoric input of
water is represented by a larger circle.

In Figure 2 curves show the mixing ratios (fractions
of total atmospheric density) as a function of pres-
sure/altitude for H2O, CO and CO2 as calculated by
Moses and Poppe [2] (from their Fig. 8) for the case where
all the icy component is released as water. Error bars
show the available measurements plotted in that figure. As
described earlier, the measured value for water at about
100 km is significantly less than the calculated value.

The current model was initially run to determine a back-
ground atmosphere of hydrocarbons produced by pho-
todissociation of H2 and CH4 and subsequent chemical
reactions. Meteroid input, assumed to be all H2O, was
then added. The simulation was then run until the down-
ward oxygen flux at the lower boundary was almost equal
to that in the meteorid input, which occurred after about
1300 Earth years. The calculated mixing ratios of H2O,
CO and CO2 are shown by symbols in Figure 2.
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Fig. 1. Transitions between oxygen-containing species at
629 km, represented by lines joining reactants and products
plotted at the reaction rate (s−1) on the horizontal axis, with
the densities of the species shown on the vertical axis. Reac-
tants are identified by symbols described in the legend. The
meteoric input rate of H2O (“H2O in”) is shown by a larger
circle.

Above about 110 km the agreement between the current
implementation and that of Moses and Poppe ranges from
fair for CO and CO2 to very good for H2O. In the range
0–110 km there is no agreement because Moses and Poppe
apply a condensation model that was not implemented
here. Below 0 km there is good agreement for H2O, while
the difference for CO is probably due to differences in the
implementation of a lower boundary. Moses and Poppe set
a fixed CO density at the lower boundary, which works in
their equilibrium model but is not possible in the cur-
rent time-step calculation because CO densities above
the boundary would increase indefinitely. Instead the cur-
rent implementation allows free flow through the lower
boundary.
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Fig. 2. Mixing ratios (horizontal axis) of H2O, CO and CO2 as
a function of pressure (mbar)/altitude (km). Values calculated
by Moses and Poppe [2] are shown by labelled curves. Error
bars show measured values. Mixing ratios determined in the
current implementation of that model are shown by symbols:
H2O (◦), CO (�) and CO2 (�).

Despite the differences, the current implementation is
shown in Figure 2 to agree with that of Moses and Poppe
above 100 km to the extent that it can be used in further
calculations to investigate the discrepancy between the
measured and calculated water densities at 100 km.

2.2 Photoionisation model

Photoionisation rates were calculated by iteration over a
series of height ranges where the absorption of solar radi-
ation is calculated for each range and the solar insola-
tion is reduced accordingly for input to the next height
range below. This calculation requires a model of the
short-wavelength solar spectrum and cross sections for
photoabsorption by the atmospheric species present. The
calculated flux at each successively lower height is then
multiplied by photoionisation cross sections and the den-
sities at that height (integrating over all wavelengths) to
determine production rates of photoions.

To verify this model, its predictions of photoionisation
rates were compared with values of Kim et al. [9]. To make
this comparison, it was necessary to emulate the solar
spectrum model used by Kim et al. This was stated to
be the F79050 model of Hinteregger, referenced as a pri-
vate communication and also a publication [12] in which
most of the spectrum is integrated into 50-Å blocks. Kim
and Fox refer to using this spectrum in a high resolu-
tion computation, implying that the spectrum given in
private communication was a line spectrum. This infer-
ence is supported by a plot of a line spectrum in Figure 1
of Solomon et al. [13]. This line spectrum could not be
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Fig. 3. The F79050 [12] solar spectrum, with the 854–1116-Å
range replaced by a scaled section of the f76ref [14] spectrum.

Table 1. Source of photoabsorption cross sections.

Species Source Details

H NIFS data base [16]
H2 Samson and Haddad [17]
He Kirby et al. [18]
CH4 Samson et al. [19] Table II in reference

found in literature or on the Internet. This work there-
fore used the similar “f76ref” spectrum [14], also mea-
sured by Hinteregger et al. [15] for the wavelength range
854–1116Å, scaled to have the same total flux as the low-
resolution F79050 spectrum for that range. The spectrum
thus derived is shown in Figure 3.

The absorption cross sections used are shown in Table 1
and the photoionisation cross sections in Table 2. Kim and
Fox [8] found that by using a high-resolution photoabsorp-
tion spectrum for H2 in the range 842–1116 Å, photons in
the wings of the H2 absorption lines can penetrate down
to produce a layer of hydrocarbon ions. It was found here
that, by omitting absorption in this region completely for
H2 and instead scaling the calculated H+

2 production rate
down by 25%, good agreement with the calculated values
of Kim et al. was obtained. The comparison of this imple-
mentation with photoion production rates calculated by
Kim et al. [9] is shown in Figure 4, indicating satisfactory
agreement for the purpose of this study.

2.3 Combined model

To combine the models, the production rates of photoions
are calculated for the initial atmosphere and then added
as an extra reaction in the photochemical model. The val-
ues need to be updated as the densities of constituents
change. As this is not computationally practical at every
time step, the method was to run for a number of time
steps (typically 10 000), then one would recalculate the
ion production rates for the changed atmosphere before
resuming the simulation.

To simulate the reactions of the added ions, the relevant
ionic reactions of Kim and colleagues were added. These
are all the reactions listed by Kim and Fox [8] (except
R16) and the “Reactions involving O” in Table II of Kim
et al. [9]. Several of these reactions (RC29, RC30, R101
and R108 of Kim and Fox and “CnHnO+ + e− →
products” of Kim et al.) involved undefined products. For
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Table 2. Sources of relevant ionisation cross sections for this study.

Molecule Ion Reference Details

H H+ Samson [20] Correction applied
CH4 CH+

4 CH+
3 , CH+

2 , CH+ and C+ Samson et al. [19]
C2H2 C2H+

2 Hayaishi et al. [21] Figure 2 in reference
H2 H+

2 , H+ Kossman et al. [22] H+
2 , H+ ratio from Backx et al. [23]

He He+ Kirby et al. [18]
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Fig. 4. Comparison of photoion production rates of Kim
et al. [9] (labelled curves) for H+

2 , H+, He+ and hydrocarbon
ions (HC+) with those calculated in the current implementa-
tion: H+

2 (•), H+ (�), He+ (◦) and hydrocarbon ions (4).

these, 97 appropriate reactions from the Kinetic DataBase
for Astrochemistry (KIDA) [10], as listed in Table 3, were
substituted. The reaction rates for the hydrocarbons from
the KIDA database are given there for temperature ranges
of 10–280 K and 10–800 K. As the temperature range in
the hydrocarbon layer at 300–380 km is 175–330 K [1] the
rates for 10–280 K were used here.

2.4 Results and discussion

For the combined model the transitions between oxygen-
containing species are shown in Figure 5. By comparison
with Figure 1 it can be seen that the addition of photoion-
isation produces many more reactions and species.

In Figure 6 the densities of H2O, CO and CO2 pre-
dicted by the combined model (small symbols) are added
to those for the meteoroid-only case (large symbols) pre-
viously shown in Figure 2. Also added are the densities of
OH for the meteoroid-only case ( 4) and the combined
case (4).

There are generally no discernible differences between
the mixing ratios of H2O, CO and CO2 when photoioni-
sation is included in the calculations. Hence the inclusion
of photoionisation does not account for the overestimation
of water density relative to the measurement at 100 km.
However, there is a significant difference in the OH den-
sities, with much higher values resulting from ionisation
at altitudes above 400 km. The shape of this enhanced
OH altitude profile is also different to that predicted for
ionisation of the water emitted from the meteoroids [3].
Thus emissions from OH, produced by excitation of OH
by photoelectrons, may provide a means of remote sens-
ing of the processes by which water is added to Jupiter’s
atmosphere.

Dust could affect the calculation by attenuating the
incoming solar flux or by becoming charged by photo-
electron emission or electron attachment. One possible
source of dust particles is meteoroids that do not com-
pletely ablate. However, Moses and Poppe [2] state that
the incoming velocities on Jupiter are such that all of the
grains completely ablate. This is consistent with the calcu-
lations of Rogers et al. [24] showing that meteoroids ablate
completely if their speeds exceed 40 km s−1. As the mete-
oroids at Jupiter have speeds in the range 60–70 km s−1 [2]
complete ablation is therefore predicted. Another possi-
ble source of dust is the condensation of metallic species
(Fe, Mg and Na) from silicate meteoroids onto aerosol par-
ticles. Kim et al. [9] predicted only very small densities of
metallic ions above 600 km, thus such condensation is not
expected to be significant at 800 km, where the major pho-
toionization effect on OH density is predicted (see Fig. 6).
While the presence of dust could remove ions and elec-
trons in the altitude range 100–400 km [9] and so reduce
the electron densities, this would not impact on the con-
clusion that inclusion of photoionisation does not result in
a reduction in water densities at these altitudes.

Another source of oxygen input to Jupiter’s atmo-
sphere is SO2 emitted from the moon Io. This is trans-
ferred via a plasma torus to Jupiter by ion precipitation
in the auroral regions of Jupiter, where it could possi-
bly then spread globally and contribute to chemistry in
the non-auroral regions modeled here. However, Cravens
and Eisenhower [25] calculated an auroral oxygen flux of
107 cm−2 s−1, about equal to the meteoric flux [2] but
over a much smaller area, and so not significant globally.
SO+

2 amounts to only 0.7% of the ions in the Io plasma
torus, but elemental sulphur ions constitute about the
same proportion (up to 30%) as oxygen ions [26]. Thus
sulphur from Io may contribute to the chemistry of the
non-auroral regions, but to simulate this would require

https://www.epjd.epj.org
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Table 3. Extra chemical reactions from KIDA [10] as utilised
in this investigation. T is the temperature in K. These con-
stants were typically defined for the range 10–280 K.

Reaction Rate constant (cm3 s−1)

C3H
+ + e− → C + CCH 1.08× 10−7 (T/300.)−0.5

C3H
+ + e− → H + C3 1.83× 10−7 (T/300.)−0.5

C3H
+ + e− → C2 + CH 9.00× 10−9 (T/300.)−0.5

C3H
+
2 + e− → C2 + 1CH2 1.26× 10−8 (T/300.)−0.5

C3H
+
2 + e− → H + H + C3 5.46× 10−8 (T/300.)−0.5

C3H
+
2 + e− → H2 + C3 7.56× 10−8 (T/300.)−0.5

C3H
+
2 + e− → C + C2H2 1.13× 10−7 (T/300.)−0.5

C3H
+
2 + e− → H + C3H 1.43× 10−7 (T/300.)−0.5

C3H
+
2 + e− → CH + CCH 2.10× 10−8 (T/300.)−0.5

C3H
+
3 + e− → CH + C2H2 6.0× 10−8 (T/300.)−0.5

C3H
+
3 + e− → H2 + C3H 0.5× 10−7 (T/300.)−0.5

C3H
+
3 + e− → H + C3H2 2.0× 10−7 (T/300.)−0.5

C3H
+
3 + e− → H + H2 + C3 0.5× 10−8 (T/300.)−0.5

C3H
+
5 + e− → H2 + CH2CCH 4.2× 10−8 (T/300.)−0.7

C3H
+
5 + e− → H + CH3CCH 7.0× 10−8 (T/300.)−0.7

C3H
+
5 + e− → H + CH2CCH2 7.0× 10−8 (T/300.)−0.7

C3H
+
5 + e− → H + H + CH2CCH 1.1× 10−7 (T/300.)−0.7

C3H
+
5 + e− → H + H2 + C3H2 2.0× 10−7 (T/300.)−0.7

C3H
+
5 + e− → C2H2 + CH3 4.7× 10−8 (T/300.)−0.7

C3H
+
5 + e− → H + 1CH2 + C2H2 4.7× 10−8 (T/300.)−0.7

C3H
+
7 + e− → H + H + C3H5 8.80× 10−8 (T/300.)−0.7

C3H
+
7 + e− → H + H2 + CH3CCH 3.60× 10−8 (T/300.)−0.7

C3H
+
7 + e− → H + H2 + CH2CCH2 3.60× 10−8 (T/300.)−0.7

C3H
+
7 + e− → H + CH3 + C2H3 1.52× 10−7 (T/300.)−0.7

C3H
+
7 + e− → CH3 + C2H4 3.20× 10−8 (T/300.)−0.7

C3H
+
7 + e− → H2 + C2H2 + CH3 8.80× 10−8 (T/300.)−0.7

C4H
+ + e− → C2 + CCH 6.60× 10−8 (T/300.)−0.5

C4H
+ + e− → C + C3H 8.50× 10−8 (T/300.)−0.5

C4H
+ + e− → H + C4 5.70× 10−8 (T/300.)−0.5

C4H
+ + e− → H + C3 1.20× 10−7 (T/300.)−0.5

C3H
+
4 + e− → H + CH2CCH 3.00× 10−7 (T/300.)−0.7

C3H
+
4 + e− → 1CH2 + C2H2 4.00× 10−8 (T/300.)−0.7

C3H
+
4 + e− → CCH + CH3 3.00× 10−7 (T/300.)−0.7

C3H
+
4 + e− → H + H + C3H2 1.00× 10−7 (T/300.)−0.7

C4H
+
2 + e− → H2 + C4 1.50× 10−7 (T/300.)−0.5

C4H
+
2 + e− → H + C4H 8.30× 10−7 (T/300.)−0.79

C4H
+
2 + e− → CH + C3H 1.00× 10−8 (T/300.)−0.5

C4H
+
2 + e− → CCH + CCH 2.80× 10−7 (T/300.)−0.79

C4H
+
3 + e− → H2 + C4H 1.50× 10−7 (T/300.)−0.5

C4H
+
3 + e− → H + C4H2 4.10× 10−7 (T/300.)−0.7

C4H
+
3 + e− → CCH + C2H2 1.10× 10−7 (T/300.)−0.7

C4H
+
3 + e− → H + H + C4H 6.20× 10−8 (T/300.)−0.7

C4H
+
3 + e− → 3CH2 + C3H 3.70× 10−8 (T/300.)−0.7

C4H
+
5 + e− → H2 + H2 + C4H 1.01× 10−7 (T/300.)−0.5

C4H
+
5 + e− → H + H2 + C4H2 1.01× 10−7 (T/300.)−0.5

C4H
+
5 + e− → C2H2 + C2H3 1.01× 10−7 (T/300.)−0.5

C4H
+
5 + e− → CCH + C2H4 1.01× 10−7 (T/300.)−0.5

C4H
+
5 + e− → CH + CH3CCH 4.50× 10−8 (T/300.)−0.5

C4H
+
7 + e− → H2 + H2 + H2 + C4H 6.00× 10−8 (T/300.)−0.5

C4H
+
7 + e− → CH4 + CH2CCH 1.95× 10−7 (T/300.)−0.5

C4H
+
7 + e− → C2H3 + C2H4 2.25× 10−8 (T/300.)−0.5

C4H
+
7 + e− → C2H2 + C2H5 2.25× 10−8 (T/300.)−0.5

C3H
+
9 + e− → H + C3H8 2.00× 10−7 (T/300.)−0.7

C3H
+
9 + e− → H + H + C3H7 2.00× 10−7 (T/300.)−0.7

C3H
+
9 + e− → CH3 + C2H6 1.00× 10−7 (T/300.)−0.7

C3H
+
9 + e− → H2 + CH3 + C2H4 1.00× 10−7 (T/300.)−0.7

C2H5O
+ + e− → CH3 + H2CO 1.5× 10−7 (T/300.)−0.5

C2H5O
+ + e− → H + H2 + H2CCO 1.5× 10−7 (T/300.)−0.5

C2H5O
+ + e− → H + CO + CH4 3.0× 10−7 (T/300.)−0.5

C2H5O
+ + e− → H + CH3CHO 1.5× 10−7 (T/300.)−0.5

C2H7O
+ + e− → H + H2O + C2H4 1.5× 10−7 (T/300.)−0.5

C2H7O
+ + e− → H + H2 + CH3CHO 1.5× 10−7 (T/300.)−0.5

C2H7O
+ + e− → H + CH3CH2OH 1.5× 10−7 (T/300.)−0.5

HCO+ + e− → H + CO 2.80× 10−7 (T/300.)−0.69

Table 3. (continued).

Reaction Rate constant (cm3s−1)

OCH+ + e− → H + CO 2.80× 10−7 (T/300.)−0.69

OCH+
3 + e− → H + CO + H2 2.00× 10−7 (T/300.)−0.5

OCH+
3 + e− → H + H + HCO 2.00× 10−7 (T/300.)−0.5

OCH+
3 + e− → H + H2CO 2.00× 10−7 (T/300.)−0.5

O + C3H
+
2 → CCH + HCO+ 4.0× 10−10

O + C3H
+
3 → CO + C2H

+
3 1.00× 10−9 e−2600/T

O + C3H
+
3 → CO + C2H

+
3 4.50× 10−11

O + C3H
+
3 → HCO + C2H

+
2 3.80× 10−11

O + C3H
+
3 → H2 + HC3O

+ 2.30× 10−11

O + C3H
+
3 → H2 + H2C3O

+ 4.5× 10−11

O + C3H
+
5 → C2H4 + HCO+ 2.00× 10−10

O + C4H
+ → C3 + HCO+ 2.0× 10−10

O + C3H
+
4 → CH3 + HCO+ 2.0× 10−10

O + C4H
+
2 → H + HC4O

+ 1.35× 10−10

O + C4H
+
2 → CO + C3H

+
2 1.10× 10−10

O + C4H
+
3 → C3H2 + HCO+ 2.00× 10−13

C3H
+
6 + e− → H + H2 + C3H3 3.5× 10−7 (300./T )0.5

C3H
+
8 + e− → H + H + C3H6 3.5× 10−7 (300./T )0.5

C4H
+
9 + e− → C2H4 + C2H5 3.5× 10−7 (300./T )0.5

OC2H
+ + e− → C + H + CO 1.1× 10−7 (300./T )

HOC+ + e− → H + CO 2.00× 10−7 (T/300.)−0.75

CH3OH+
2 + e− → H + H2 + H2CO 9.10× 10−8 (T/300.)−0.670

CH3OH+
2 + e− → H2O + CH3 8.19× 10−8 (T/300.)−0.670

CH3OH+
2 + e− → H + OH + CH3 4.64× 10−7 (T/300.)−0.670

CH3OH+
2 + e− → H + 3CH2 + H2O 1.91× 10−7 (T/300.)−0.670

CH3OH+
2 + e− → H + CH3OH 2.73× 10−8 (T/300.)−0.670

CCH + H → C2 + H2 5.99× 10−11e−14200/T

CH2CCH + H2 → H + CH3CCH 1.42× 10−13

(T/300.)2.38e−9560/T

CH3CCH + H → H2 + CH2CCH 4.50× 10−12

(T/300.)2.00e−2520/T

C4 + H2 → H + C4H 1.60× 10−10e−1420/T

CH3CH2OH + He+ → 1.32× 10−9 (T/300.)−0.5

H + He + H2CO + CH+
3

HC3O
+ + e− → O + C3H 3.00× 10−7 (T/300.)−0.5

HC3O
+ + e− → H + C3O 1.50× 10−7 (T/300.)−0.5

HC3O
+ + e− → CO + CCH 2.50× 10−7 (T/300.)−0.5

H2C3O
+ + e− → CO + C2H2 1.50× 10−7 (T/300.)−0.7

H2C3O
+ + e− → OH + C3H 3.00× 10−7 (T/300.)−0.5

H2C3O
+ + e− → H + H + C3O 7.00× 10−8 (T/300.)−0.7

H2C3O
+ + e− → H + HC3O 0.55× 10−7 (T/300.)−0.7

H2C3O
+ + e− → H + CO + CCH 3.50× 10−7 (T/300.)−0.7

HC4O
+ + e− → CO + C3H 3.00× 10−7 (T/300.)−0.5

HC4O
+ + e− → CH + C3O 1.50× 10−7 (T/300.)−0.5

C + C3O → CO + C3 1.00× 10−10

H + HC3O → CO + C2H2 2.00× 10−10

three-dimensional modeling of the auroral processes and
horizontal transport.

In the simulations the electron temperature Te was
assumed to be the same as the neutral temperature T .
In reality the photoelectrons have a higher mean energy
when initially produced, which is lost in collisions pro-
ducing further ionisation (including more H+

2 ) and exci-
tation of atoms and molecules. This gives Te > T and
thus lower recombination rates. As there are no compet-
ing electron-loss processes at higher altitudes, the elec-
trons must still recombine and so the only difference due
to a different Te would be a different mix of recombina-
tion reaction rates. This was investigated by running the
simulation with Te = 2T , with the finding that there was
no significant change to the predicted OH densities.
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Fig. 5. Transitions between oxygen-containing species for the
case including photoionisation at 629 km, represented by lines
joining reactants and products plotted at the reaction rate
(s−1) on the horizontal axis, with the densities of the species
shown on the vertical axis. Reactants are identified by symbols
described in the legend. The meteoric input rate of H2O (“H2O
in”) is shown by a larger circle.

Electron–neutral processes were not considered, as neg-
ative ions are not considered in either the model of Kim
et al. [9] or in other models of Jupiter’s upper atmosphere
by Majeed and McConnell [27] and Yelle and Miller [28].
However, as negative ions were observed to have unexpect-
edly large densities in the atmosphere of Titan [29], (which
also has methane as a constituent), electron–neutral
processes should be considered in more comprehensive
modelling.

3 Conclusions

Building on a previous model that considered photochem-
istry and meteoric input in a simulation of the compo-
sition of the atmosphere of Jupiter, photoionisation has

CO

H2O

CO2

OH

A
lt
it
u
d
e
 (

k
m

)

- 60

0

50

100

200

300

400

800

1400

103

102

101

100

10-1

10-2

10-3

10-4

10-5

10-6

10-7

10-16 10-14 10-12 10-10 10-8

Mixing ratio

P
re

s
s
u
re

 (
m

b
a
r)

Fig. 6. Mixing ratios (horizontal axis) of H2O, CO, CO2 and
OH as a function of pressure (mbar)/altitude (km). Values cal-
culated by Moses and Poppe [2] are shown by labelled curves.
Error bars show measured values. Mixing ratios determined in
the current implementation of that model are shown by large
symbols: H2O (◦), CO (�), CO2 (�) and OH (4) and for the
combined model by smaller symbols: H2O (◦), CO (�), CO2

(�) and OH (4).

been added. While this change did not alter the calculated
water densities and thus explain the overestimation of
these relative to an available measurement, the calculated
densities of OH were significantly changed. Thus electron-
driven emissions from OH may be useful as a means of
remote sensing of the processes by which oxygen is added
to the atmosphere of Jupiter.
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