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Introduction : Martian ionosphere altitude profiles 5

* Observations of the ionosphere of Mars by the Neutral Gas and lon Mass
Spectrometer (conducted MAVEN) revealed the spatial structures in the density of
ions [M.Benna et al., 2015]

* 0O,*is the dominantion in the ionosphere
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Fig.1 Thermal structure of Martian ~ dltitudes between 150 and 500 km. The total ion density
atmosphere [Barth et al., 1992] N; is plotted in black. [M.Benna et al., 2015]




O.,* production and emission

Solar ultraviolet radiation photodissociate the

produces CO and O
co, - 0+CO

major constituent of the atmosphere, CO,, and @

The predominance of O3 is the result of the ion

H+

molecule reactions below

co,
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Table1l Composition of the Martian
Lower Atmosphere [Owen et al., 1977]

Gas Proportion S
s

[ Carbon dioxide (CO,) 95.32% | S

Nitrogen (N,) 2.7% S

Argon (Ar)* 1.6% ,/’f,/

Oxygen () 0.13% S

Carbon monoxide (CO) 0.07% )

Water vapor (H,0) 0.03%t o

Neon (Ne)* 2.5 ppm Vi

Krypton (Kr)* 0.3 ppm pa

Xenon (Xe) 0.08 ppm Pt

Ozone (Oy) 0.03 ppmt » .

/

* Discovered by Viking experiments.
T Variable. 0,

NO, N2 NO* NO, O

Fig.3 lonospheric chemical reaction
scheme [Chen et al., 1978]
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* O,* emission...resonance fluorescence

Fig.4 Vibrational levels
I of O, and O," showing
excitation transitions
(dashed lines) and
emissions transitions
. (solid lines) for O,* ING
bands [K. Henriksen et
al.,, 1987]
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loss mechanism 4

* A number of mechanism are capable of giving atmospheric particles sufficient
energy to escape from Mars
* Neutral escape through dissociative recombination of O," may be as important or
possibly much more important for atmospheric loss [H. Nilsson et al., 2011; C. J.
Schrijver et al., 2016]
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Fig.4 Schematic loss mechanism for Martian atmosphere
https://phys.org/news/2014-02-maven-satellite-mars-atmosphere.html
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Martian crustal magnetic fie/ds control ionosphere ¢
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Purpose of this study 5

Purpose of This Study

* to detect of O,* emission in Martian ionosphere with Haleakala T60/Vispec
(ground-based telescope and Spectrograph)

* to calculate ion density and temperature

*Martian probe measurements are limited in special coverage, so global models
are needed to calculate global escape rates

Final Goal

* to observe the time and spatial variation of emission of Martian ionosphere

* to determine how the rate of escape of Martian atmosphere gas to space
depends on solar activity and planetary parameters (e.g. temperature,
crustal magnetic fields)

* to estimate the total mass of atmosphere loss to space over the history of
Mars




e T60...main mirror is 60 cm telescope
e Vispec...Visual imager and Spectrograph
with Coronagraphy

Table2. Specifications of Vispec

Instruments : T60/Vispec, Dataset

Fig.9 T60

Telescope facility

Table3. overview of observation

CCD 13 micro-
m/pixel,
1024 X 1024
Spatial 0.52”/pixel
resolution
wave 20.7 pm/pixel
length
dispersion
wave 10,000
length
resolution
sensitivity | 2.17E-4
j counts/R/s
Fig.10 T60 Telescope @561 nm

observation 2018/9/10-
period 2018/9/19 (IST)
observation 549-570 nm
wave length

Apparent ~18”

diameter of

Mars

slit 2” X 90”
exposure time 120 s (limb),
(per frame) 60 s (disk)

total valid frame

limb : 225 frame
disk : 152 frame




Data analysis : How to observe O," emission

limb observation (Fig.12 (b)) disk observation (Fig.12 (b)) O," emission
ionosphere 0,* ING bands Martian disk (Fig.12 (c))
, + , sunlight reflection
Martian disk sunlight
reflection (b) N
9 N
(a) B —_—
—— O,* ING bands
emission
w E
w E
_1slit 2”7 X 90” || slit 2”7 X 90
S
§ 1.2E+006
c 2E
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= 40E+005 = 50 4.0E+005
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Fig.11 (a, b): Schematic view of the observing slit geometry (a) observation of Martian disk (b)
observation of Martian limb. (c, d): The spectrum image of (c) limb, and (d) disk.



Data analysis : How to observe O," emission

Observation data, black...disk observation, red...limb observation
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(b) , Observation data, matching disk mean intensity with limb mean intensity, black...disk observation, red...limb observation
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Fig.12 (a): Observation spectrum. Black curve is disk observation and red curve is limb
observation. (b): Observation spectrum. Disk mean intensity matches limb mean intensity. (c):
Limb spectrum subtracted disk spectrum (=0, 1 NG bands emission).



Observation O," ING bands emission spectrum 44

02+ 1NG bands observation intensity (before high-pass filter)
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Fig.13 Observation O,* ING bands emission spectrum. All frame are integrated. (a) spectrum
before high-pass filter, and (b), (c) after high-pass filter.



Model O, ING bands emission spectrum

02+ 1NG bands model spectrum [K. Henriksen et al., 1986]
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Fig.14 Model O,* ING bands emission spectrum [K. Henriksen et al., 1987]. (a) before high-pass
filter, and (b), (c) after high-pass filter.
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Correlation between observation and model spectruny,
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Fig.15 (a): Fraunhofer lines. red dashed line is intensity =0.97. (b) ,(c): O,* ING bands. black
curve is observation value and red curve is model value. (c) only meeting the data selection
criteria wavelength. No meeting the criteria wavelength is masked by gray line.



Correlation between observation and model spectrumn

(a ) Correlation Coefficient, max(c_coefficient)=0.399162
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Fig.16 (a): Correlation Coefficient between observation spectrum and model spectrum
(Correlogram). Correlation Coefficient is 0.40 at no lag. (b): Scattering plot between observation
spectrum and model spectrum. red line is regression line.



Estimated O," 1NG bands intensity and density 14

(a) black.. observatlon 0O2+1 NG band spectrum, red.. model spectrum [K. Henrlksen et al., 1986]
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02+ 1NG bands model spectrum [K. Henriksen et al., 1986],a=80883.46
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Fig. (a): Fitting O,* ING bands model spectlzvavrglven&t)h gniaservatlon spectrum (after high-pass filter).
black and red curve and gray line are same as Fig. 15(c). Model spectrum intensity is calculated
by using least-square method. (b): Anticipated O,* ING bands spectrum. Model spectrum
i ity s calculated | ng legst- hod.
* 0O,* ING bands intensity is 8.53 +/- 2.11 X 107 (counts)

=> 0,* ING bands intensity is 691 +/- 171 kR

* Inassuming all emission was made by resonance fluorescence, column density is

4.43 +/- 1.10 X 10%3 (/cm?)




Discussion : O,* column density by simulation

) (b)  o2p column density [/cc], 1 grid = 0.3 Rp

Altitude profile of the O2+ density [M. Benna et al., 2015] 1.0
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Fig.17 (a): Simulation altitude profile of the O,* density (referenced of Fig.2 [M. Benna et al.,
2015]),

(b): O,* column density (/cm?), 1 grid=0.3 R, (=~1020 km). Column density is ~2.0 X 10*? (/cm?)

Observation Column density is 4.43 +/- 1.10 X 10% (/cm?)

Simulation Column density is ~2.0 X 10%? (/cm?)

=>

v’ Inaccuracy of subtraction of disk spectrum? (due to distortion of data?)

v’ Excitation on chemical reaction?
v" Global high altitude O,* profile?




Summary 16

We have made the spectroscopic observation to detect Martian
ionosphere O," ING bands since 2018/09/10 until 2019/09/19 (JST)
with Haleakala T60/Vispec

We supposed O," ING bands was detected because correlation
coefficient between observation spectrum and model spectrum [K.
Henriksen et al., 1987] was 0.40 at no lag.

Observation O,* 1ING bands intensity was estimated 691 +/- 171 kR,
so column density of O,* was calculated 4.43 +/- 1.10 X 103 (/cm?).

Column density of O,* was ~2.0 X 10*? (/cm?) by simulation.
We don’t conclude whether or not this column density is correct

because of inaccuracy of subtraction of disk spectrum and not
knowing global high-altitude O,* profile.
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