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MEX-MARSIS (Mars Advanced Radar for
Subsurface and lonosphere Sounding)

e MEX in orbit since Dec. 2003, MARSIS
operating since July 2005

e Capable of operating in two main
modes, one for ionospheric science
(Active lonospheric Sounding, AlS,
mode), the other for subsurface radar
sounding (Subsurface, SS, mode)

(Jordan et al., 2009)

Fig. 2. MARSIS antenna configuration on Mars Express.

Table 1

MARSIS subsurface sounder parameters

MARSIS subsurface sounder parameters

Parameter Description
Subsurface sounding altitude range 250-900 km
Dipole antenna length 40 m tip to tip
Monopole antenna length 7m

Subsurface sounder frequency range
Peak radiated power

Subsurface sounder pulse repetition rate
Subsurface sounder transmit pulse length
Subsurface sounder wavelength
Bandwidth per band

Sounder free space depth resolution
Sounder dynamic range

Nominal depth window

Number of processed channels

Number of simultaneous frequencies
Data quantization

Data quantization rate

1.3-5.5MHz (4 Bands)
1.5-5W

127 Hz

250 us

60-160m

1 MHz

150 m

40-50dB

15 km

2or4

1or2

8 bits per sample

2.8 megasamples per second

Active ionospheric sounder parameters.

Data window duration 350 us
Data rate output 18-75Kbps
Data volume 285 Mbit per day
Dc operation power 60 W
Total mass 20kg
Table 2

lonospheric sounding mode
Maximum altitude

Start frequency

End frequency

Number of frequencies

Transmit pulse length

Minimum frequency step

Pulse repetition frequency
Frequency sweep repetition interval

1200 Km
100 kHz
5.5 MHz
160

91.43 us
10.937 kHz
127 Hz
7.38s




MARSIS AIS Measurements

e MARSIS AIS mode measurements provide:

z, Altitude (km)

At, Time delay (ms)

- electron density profile, ne(z), in the topside ionosphere <- ionospheric echo trace, At(f)

- a measure of ne in the bottomside ionosphere <- e-n collision damping of ground echoes (w ~ Ven)

- local ne <- electron plasma oscillation "harmonics" (waveform clipped in the receiver)

- local |B| <- "electron cyclotron echoes" (periodic return of electrons accelerated by the antenna)
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MARSIS lonogram Processing

Orbit 2277 2005-10-22 (Day 295) 07:21:50.249

 An Autoplot based tool for efficient
manual processing of ionospheric
trace, fpre harmonics, and e- cyclotron
echoes

* |onospheric echo trace -> electron
density profile

- Need to correct for dispersion:
=il Z_gx [ az
Zo Vé j[) c\/] _.<?%§%%>2
* A simple inversion routine (written in
IDL) is provided in Morgan et al. (2013)
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Sept. 2017 Solar Event Context
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MARSIS Observations
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Quiet Orbit
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Nightside Electron Density Proflle

(Withers et al., 2008)

e Correct for dispersion by Morgan et al. (2013)'s inversion routine = i . ]
200 B > ¢ (E) {
T = = ' SZA=120°-122°
e Peak Ne (of 1.7x104 cm-3) at ~120 km altitudes g rd E
£ 100 i
< I r

- Similar peak Ne and slightly higher altitudes compared to Ne profiles E { E B ;

derived from radio occultation during SEP events (Withers et al., 0 20 Electron Density (10° cm®)
2008) =0 2 T (F')

* Given the low peak altitude (<< 200 km), the primary ionization is
most likely provided by electron impact ionization by precipitating

solar particles
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Enhanced |B| in the lonosphere

e Dayside (60° < SZA < 90°) observations by MAVEN/MAG and nightside (100° < SZA <
155°) observations by MEX/MARSIS indicate that the magnetic field intensity at <1000
km altitudes were globally enhanced during the ICME passage

o Extrapolation of B-SZA relation according to Crider et al. (2003) function infers subsolar
BO ~ 105 nT during the Event period

e B =Bp cos0, where 0 is the magnetic pileup boundary normal angle with respect to
the Mars-Sun line derived from the conic fit by Vignes et al. (2000)

* A very rough estimate of peak BO from MAG data implies Bo up to 184 nT
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Payn up to 20 nPa
from MHD sim. scaled to sheath B data
(Ma et al., 2018)

E— B DPanldEEZNEDFHWN?
Sept. 2017 Sept. 2017 Halloween 2608
vaem Peal Event Pea]
_4_L4;|4V
0 50 100 150 200 250
MGS B, [nT]

MGS subsolar magnetic field magnitude
(http://sprg.ssl.berkeley.edu/~brain/proxies/subsoilfield )



Sanchez-Cano et al. (2019)
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MARSIS & SHARAD Observations
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Sample Radargrams
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Figure 3. Radargram examples showing normal surface reflections, blackouts, and partial blackouts (surface highly
blurry). (a) MARSIS radargrams. (b) SHARAD radargrams.
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Estimate of the Attenuation

Surface reflection

f=4 MHz; 131.5°<SZA<160.8°; -14°<lat<17°;-213.9°<long<214.2°
(a) —————
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Figure 4. (a) MARSIS power signal versus delay time for several orbits over the same region. (b) SHARAD power signal
versus delay time for several orbits over the same region.

>17+9 dB at 3 MHz

=> >36+9 dB attenuation for 4 MHz round trip,
>18+9 dB attenuation for one way

>9.5+3.3 dB at 20 MHz

(uncertainty propagation???) 16



lonospheric Modeling

e |RAP plasmasphere-ionosphere model (IPIM) (Marchaudon

& Blelly, 2015) Synopsis of IPIM ionosphere model
(Blelly et al., 2019; http://transplanet.cdpp.eu/)

Ei,Ji External
. E . =

- A web service is available at http://transplanet.cdpp.eu/

- Solves 1D (field aligned or vertical) transport egs.

- Fluid thermal e & i <-coupling-> kinetic suprathermal e

F.E
- The kinetic module solves the steady state transport \
equation of the distribution function, accounting for Fluid Module Kinetic Modul
primary and secondary collisions with the neutrals and N-T,-T,-V-0,-0, HICHE VIOAUTE

Suprathermal

excitation and ionization processes either by solar lons e

radiation illumination or electron impact thermal electrons

e Mars version Planet Independent Module

- Uses the Mars Climate Database (MCD) (version 5.3) as
input for neutral atmospheric conditions (e.g., Forget et
al., 1999; Millour et al., 2015)

- Includes the six major ion species (02+, NO+, O+, § J
CO2+, N2+, and H+) in the Martian ionosphere Solar
EUV oW
couplings
- Considers no magnetic field (Blelly et al., 2019) A;misp(h;;e Flux Pe

* Nightside condition at 23:00:00 UT on 10 September 2017

* A flux of downward precipitating electrons (>20 keV) at 500
km was included in the model as a source of ionization

17



Model Results: Electron Flux
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lon & Electron Density Profile
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Figure 6. Electron penetration depth versus energy. The while line indi-

cates the altitude where the precipitating electrons are stopped. The upper
white line at energy >500 eV is related to secondary electrons, while the
lower one is related to the primary electrons.
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en Collision Frequency

(d) 180 | , ‘ ; (e) 180 — - ‘i
1
160 | / 160 J{
= |
‘e 140 .. £ 140 |
E«. / wac A(h) = 4.61x10” N, (h) Vz(h)
— : Neutral T o 120 (27 f)" +v*(h)
% 120 Electron T | A (. ¥ L S R
5 = BEF1EHEOLD
4 - —_
2 100 | - 2% | EEERe ~ vOBRX
i N~ _ 80 | -
%0 \ q L. . NARSIBE '\ f~vEBIRE:
60 + \ ) 60 | | 4 MHz -> 70 km
i o [ mmimmena st —assssmmestonsitmsammnccsssmina i N 20 MHz -> 58 km
1010 1015 1020 1025 100 10?2 104 106 108 (BB w T F2??)
CO, density [ m3] CO, — e Collision frequency [ s ]
v(e” —C0;) =3.68x 107 n (14 4.1 x 107! |4500 — T.[*”*) (4)

20



180

—
2
S—

160

]
[
F-y
o

Altitude [ km
S B

o]
o

(=2}
(=}

......

108 108

loio
Electron/ion density [ m3] ‘

(f) 180

160

m
Y
F
o

[
N
o

Altitude [ k
g

. s — 80 |
EDRAEHE~TOkmEET

BEEHLFEK 60

A(h) = 4.61x10 N,(h)

|

3 MHz
4 MIHz
— 20 MH2z

L

0 05 1 15 2 2.5
Attenuation [ dB/km ]

v(h)

' Modeled Attenuation

Altitude [ km ]

MARSIS f

o W w——— —

’ 100 10

2xf)?

4

(8) 180

160

=Y
=
o

Altitude [ km ]
® © N
o o o

2
o

21

+ v2(h)

3 MHz
4 MHz
e 20 MHZ

x10

0

20 40 60 80
Cumulative attenuation [ dB ]

106 108

CO, — e Collision frequency [ s ]

Model:
79, 50, and 4 dB
for 3, 4, and 20 MHz

MARSIS:
>17 dB at 3 MHz
>18 dB at 4 MHz
SHARAD:
>9.5 dB at 20 MHz



Ne Profiles Required for Blackout

(c) 180 f3

w0 f [ O

—140| |

km

— 1201/

100

Altitude

80

60 [

Same shape, same peak Ne Same shape, same peak alt.
w/ varying peak alt. recrononderstyim] w/ varying peak Ne

10° . - . ' 146 10° i ' I ; 4.2x10%
136 3.7x10%° s
<100 km7& 5+4%5 o Y3.3x100 2
= Y o " [2.9x10%° 2
35 102 117 8 el 10% | "\ ; 10 S
— 109 : — >4.2x1011 m-3 {2.5x10 o
c = c e, 10 =
c o E 5 \- 12.1x10%° o
‘; c -~ : - o 10 1]
3 94 & S5 >3.5x10°m-3 ' (17107 3
g 10° e = 5100 1.3x1010 Z
09 —
£ o 3 E 8.9x10 3
% MARSIS 76 % MARSIS 4.8x10%° —

C SHARAD < SHARAD 1.5x100%

10-2 i | | | 70 10-2 ) | | |
0 5 10 15 20 25 0 5 10 15 20 25
Frequency [ MHz ] Frequency [ MHz ]

Figure 7. (left panel) Total attenuation versus radar frequency for the electron density profile of Figure 5c at different alti-
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measured for SHARAD. 22



Discussion: lonizing Agent
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Wait Wait...Local Ne?

e Even with an extremely
low local Ne of 0.1
cm-3, the dispersion- _
corrected peak altitude .
is still above 110 km 3

2017-08—13/15:13:05, SZ& = 142
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e Uncertainty in local Ne
cannot explain the
difference between the
observed and modeled
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