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MaRS radio science

Figure adapted from S. Tellmann
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MEX-MaRS: excess electron density
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MEX-MaRS: excess electron density
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MEX-MaRS: excess electron density

DoY 342 (2005): x = 77.00°

120
o MaRS observation o
[| ==- Straight line fit Oo"
— Residuals o
110+ Do°
M1 OO P 7
100+ i
S v
= o TECym
< hum L%
------- % u
i EI\/Im
90 + .
Ean
80 — { | :
-1 0 1 2 3

Electron density [10"° m™]

266 MaRS observations
— 2004 -12/2014
— solar zenith angle < 90°

— large scale noise level
<1.0°10°m3

The Mm group contains all
observations where

[ Mm TEC > 3000me3°noise level.

| Extracted Mm characteristics

L Ny, = peakresidual el. density

hy, = altitude of ny,,,
TEC,,, = integrated residual el. density



Mm: Solar zenith angle dependence
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Mm: crustal magnetic field 2 Ve

= Isomagnetic contours of the
radial field component at
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Mm: crustal magnetic field [ Vaim=™
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Mm: altitude of lower base .
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e The averaged ionospheric base with Mm observations is found at lower altitudes
than the undisturbed ionospheric base.

e Strong correlation between Mm occurrence rate and SIP solar activity (not shown)

* Neither the full profile TEC, nor the M1 TEC is significantly affected by the
physical processes causing Mm (not shown).

L Possible Mm origins are SEPs or short solar X-ray flux.



Mm: meteoric material
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Mm: meteoric material
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Type

Input neutral
atmosphere

Input electron
temperatue

Solar radiation

Solar flux cross
sections

Secondary ionization

Reaction scheme

Neutral transport

lon transport

1D time-stepping photochemical model with diurnal cycle

Mars Climate Database V5.2,
24h variable neutral temperature and atmosphere
co,, N,, 0, 0,, O,, H,O, H, H,, Ar, CO

Electron temperature from Rohrbough et al., (1979)
derived from Viking lander in-situ observations
Solar2000 V2.38, Tobiska et al. (2000)

Huebner and Mukherjee (2015),
except for O, (Sander et al., 2011) and
CO, and N, (individual calculation from several sources)

W-value approach, Wedlund et al. (2011)

Gonzalez-Galindo et al. (2013), Fox and Sung (2001),
Fox (2012), Fox (2015)

Minor molecular diffusion
C, H,0,, HO,, O(*D), N(2D), N, NO, NO,, OH

Ambipolar diffusion (neutral-ion, ion-ion, ion-el. collisions)
Ar*, CO,*, CO*, C*, HCO,*, HCO*, H*, N,*, NO*, N*, O,*, O*




lonA-2 solar flux 0.45 — 800 nm DoY 336, 2005

Model start at 9 LST Y = 78.78°
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lonA-2 solar flux 0.45 — 800 nm DoY 336, 2005
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Mm: Local ions O, & NO* Dox 336, 2005
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|.> NO density between 65 and 100 km determines the ratio
between NO* and O,".

Q The model results reproduce the observed V-shaped Mm
feature without artifical X-ray enhancement.



lonA-2 solar flux 0.45 — 800 nm

Model start at 9 LST

Altitude [km]

DoY 336,
X =

2005

78.78°

IonA-zvar,ﬂux IOnA_Zvar,ﬂux
140 4|0 Sol, 13h LST 18 Sol, 13h LST =
lon sum M2 lon sum M2
130 +[——+ Omin —e—+ 0 min AR
—— +20 min —e—+ 5min
120 L= +40 min —e— +20 min 1
110 - M1 4 M1 T
100 - ,3@00’0,3?9 | 4
..':QO'
90 ] Mm 065? o Mm ..‘ T
_.of;.ocf,o.. /.,.'.'. A=0.5nm
80 1 %% | Solar flux < 1.5 nm o e Increased by [T
et set to zero = e factor 1000
70 ——HHH——— ?/O/fo’r!':’:?}’. . HHHH——+— -+
10° 10° 10" 10" 10° 10° 10" 10"

Electron density [m™]



lonA-2 solar flux 0.45 — 800 nm DoY 336, 2005
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Comparison of MaRS OCC 2014 - 2017
with MVN-EUV av. model fluxes < 1nm
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Comparison of MaRS OCC 2014 - 2017
with MVN-EUV av. model fluxes < 1nm
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2.5x10"°

Comparison of MaRS OCC 2014 - 2017

with MVN-EUV av. model fluxes < 1nm
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Comparison of MaRS OCC 2014 - 2017

with MVN-EUV av. model fluxes < 1nm

5e9

2.5x10"° .

1.5x10"°

1.0x10" 5

Solar flux [#/m °]

5.0x10° -

[ | |

MVN-EUV model fluxes
provided by E. Thiemann

g S
_" ,-:Ei

+ MVN-EUV
flux < 1nm

= MaRS noise
no Mm

e Mm

— 4e9

— 3e9

— 2¢e9

— 1e9

i
!
Tl WUNE AR
i 2EITREE
- ha gl Vg

Noise level [m™]

l_‘/ More MaRS observations are needed for the further investigation of the role
of short solar X-ray in the formation process of the Mm.



Conclusions

* Implications from the MaRS observations
— The Mm occurrences are less sporadic than expected.

— The observed MAVEN IUVS Mg* density is too small to be the only
responsible ion species for the identified Mm.

— Wind shear is an unlikely process for the formation of the observed
Mm.

— Short solar X-ray (<1.5 nm) or SEPs are the most probable energy
source for the ionization in the Mm altitude range between 70 and 110
km.



Conclusions

e Implications from the lonA-2 model

— The ionization of ambient atmospheric ions
(O,*, NO*) by short solar X-ray provides an
excellent agreement with the V-shaped Mm.
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— The model Mm vertical TEC, peak electron densities and altitudes are
in excellent agreement with the observed Mm characteristics.

— The sporadic occurrence of the Mm is explained by a combination of
observational (e.g. noise level) and environmental (e.g. variable solar

flux) parameters.

— Additional sources might provide additional electron density (Mg?*),
additional substructures (gravity waves) or strong Mm enhancements

with large ionospheric disturbances (SEP events).

Implications from first comparisons with MAVEN-EUV model data

— More MaRS observations are needed for the further investigation of the role
of short solar X-ray in the formation process of the merged excess electron

densities.



Backup slides



200

Altitude [km

100+

Altitude [km]

150+

150

100

50

l@

——t—r 1
DoY 337 (2013)

Y =57.16°

Q, =17.69°

LST=7.9h

"8 10

12 14

Il L Il 1

16

Mm

8°%

M1£f

o-0—90

y =77.88°
Q. =66.73°

lat

LST=13.0h

o
0%
o o—o-0?
o-0—0—

T T
DoY 339 (2005) |

Y |

200

150 +

100+

50

DoY 323 (2005) |
, =8348 T

Q. =6521°

lat

LST=144h

O~

1 2 3 4 5

PR T 4 i i ,
T T 1
%ﬁ :
Q  =59.40°

T T
DoY 006 (2006) |
=65.64°

%B lat
©oq LST=136h

2 4 6 8 10
Electron density [10'° m™]

12

200

% y  =84.97°
%‘F Q,, =67.60°
LST=2.1h
@3&?1,&
150+ " 4
M2 o
moc:cf’°""3“"‘:"z=
100+ +
50 I I i
-1 4 5 6 7

T T
DoY 011 (2014) |

1 L i
I T T

DoY 011 (2014) |

v =85.48°
Q. =6752°
LST=19h




MaRS observational results

e ~44% of the 266 MaRS obs. contain Mm excess densities
& Mm occurrence is less sporadic than expected

e Most observed Mm appear over low crustal magnetic fields
l_,/ Wind shear mechanism unlikely for the observed Mm

e The Mm base is on average found at lower altitudes compared to
the undisturbed MaRS profiles.

e Strong correlation of the Mm occurrence rate with the Suns activity.
 Neither the full profile TEC, nor the M1 TEC is significantly affected

by the physical processes causing Mm.

Ll.)*Short solar X-ray or SEPs are needed for the primary ionization process in
the altitude range of 70 — 110 km.

— Potential ions
e Meteoric material (Mg*)
e Local ionosphericions (O,*, NO*)



Brain et al. (2017)
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MaRS radio science

DoY 111 (2006)
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MaRS radio science
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Mm: Sporadic E / crustal magnetic field

B, [nT] observations B, [nT] observations
low wup| all[# Mm[# Mm[%] | low up all [#] Mm [#] Mm [%].
0 10 200 95 47.5 80 90 1 0 0.0
10 20 37 13 3ol 90 100 1 1 100.0
20 30 9 2 22.2 || 100 110 0 0 0.0
30 40 2 0 00| 110 120 2 0 0.0
40 50 8 3 37.5 | 120 130 0 0 0.0
50 60 5 2 40.0 | 130 140 0 0 0.0
60 70 1 1 100.0 | 140 150 0 0 0.0
70 80 0 0 0.0 150 160 1 0 0.0

B IN 400 km altitude from MGS MAG/ER observations, Connerney et al. 2001

.y MaRS data inconclusive concerning Mm occurrence rate dependence
on high crustal magnetic fields

> Mm layers are available above regions with low crustal magnetic field



MaRS data sets
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Mm: solar flux dependence
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Mm: solar flux dependence

mars.Imd.jussieu.fr/mars/time/solar_longitude.html

Solar flux parameters from
SIP V2.38 / Solar 2000,

1nm resolution, 1 data set/day
(Tobiska et al. 2000)

e Time and space calibration for

the Mars position

— Oyym  =0.45-95nm

full TEC + M2 el. density correlation
— @y, =0.45-10nm

M1 TEC + M1 el. density correlation
— @yc30 =0.45-3 nm

e Solar activity (no calibration)
— Dpppy =0.45-95nNm




Mm: solar flux dependence

(DD.45-3.0

low

moderate
high

(DEARTH

low
moderate
high

all Mm, 5,

[number]| [number] [%]
(DSUNI
low 39 15 38.5
moderate 189 90 47.6
high 38 12 31.6
Dyray
low 28 8 28.6
moderate 199 92 46.2
high 39 17 43.6

Solar flux parameters from
SIP V2.38 / Solar 2000,

1nm resolution, 1 data set/day
(Tobiska et al. 2000)

e Time and space calibration for

the Mars position

— Oyym  =0.45-95nm

full TEC + M2 el. density correlation
— @y, =0.45-10nm

M1 TEC + M1 el. density correlation
— @yc30 =0.45-3 nm

e Solar activity (no calibration)
— Opppry = 0.45-95nm




M2 vertical electron content

Solar zenith angle [°]
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M?2 electron density

Electron density [1010 m-3]
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M2 altitude

Solar zenith angle [°]
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M1 parameter derivation
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M1 vertical electron content

Solar zenith angle [°]
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M1 electron density

Solar zenith angle [°]
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M1 altitude

Solar zenith angle [°]
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Mm: Local ions O," & NO*

 Main production processes for NO* in the lower
lonosphere are
O,*+N — NO*+O0
O,*+ NO - NO* + O,

e NO*is assumed to be a terminal ion in the lower Mars
ionosphere (several source reactions, but loss only by
dissociative recombination).

% The balance between O,* and NO* in the lower
ionosphere depends on the local amount of N and NO.



lonA-2: Background

e Boltzmann equation

ofF 5f
as +v,- Vi +a;- \7]2—5;

=) 5-moment equations (momentum, continuity, energy)

e Diffusion transport from the momentum equation

. m %_ l (<m>g iaT_N) m(msg 1+6 6T5)]
nw, = —(K + D) K oTh +T1v =) 1 Ds T + (neutral)

. o [0 4 g (0 4 LTe)]
ngwg = —Dg l > T s ZRBTP+TP 5 (ambipolar)

e Temporal density change of the individual species from

the continuity equation
on,
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lonA-2 solar flux 0.5 —800 nm

DoY 111, 2006
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Viking & MAVEN: electron temperature

* Viking lander in-situ observations
— 20 July 1976 (23°N, L;=97°, LST=16:13)
— 3 September 1976 (48°N, L.=118°, LST=9:49)
— Start of northern summer, near aphelion, SZA ~ 45°
— Solar minimum conditions (F10.7 ~ 70 at Earth)

e MAVEN deep dip September 2015 (Vogt et al., 2017)

— 37 consecutive orbits from September 2. to September 9.

— Lowering MAVEN periapsis below ionospheric peak for the
first time on the planetary dayside
* below 123 km altitude
e Solar zenith angle 79° to 86° at main peak

— Decreasing solar cycle (F10.7 ~ 88 at Earth)



Viking & MAVEN: electron temperature
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Viking & MAVEN: electron temperature
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Vogt et al., (2017)

MAVEN-LPW T, at ionospheric peak * F: onizing flux 9-10% W/m?
altitude much higher than in Viking a: O," diss. rec. coeff.

observations H: scale height 10 km
Ch: Chapman function for grazing

Electron density equilibrium incidence angle
Ca.lcmatlon of Vogt _et .a/" (2017) e e: baseof the natural logarithm
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Open questions: electron temperature

Altitude (km)

~ Analytic Form of T, Profile

BOO 1T et ses~canm

LPW T,

Ergun et al., (2015)
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Derivation of lonA-2 T, by
interpolation between
MCD neutral temperature
T,at 120 and LPW T, at
130 km.
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MAVEN-LPW T, at ionospheric peak altitude >> Viking observations

Electron density equilibrium calculation of Vogt et al, (2017) from LPW T, without
secondary ionization exceeds observed LPW main peak electron densities.

Using the new MAVEN-LPW T, in lonA-2 causes a large overestimation of the main peak

electron density.



Open questions: MAVEN NGIMS N density

NGIMS Averaged data for SZA 45° lonA-2

Mahaffy et al., (2015) DoY 111, 2006
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Open questions: MAVEN NGIMS N density

lon density (cm )
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MAVEN NGIMS N density

NGIMS Averaged data for SZA 45° Mahaffy et al., (2015)
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NO/N in the upper atmosphere

 Primary reaction N, + hv > N + N(°D)

e Main production NO: N(*D) + CO, - NO + CO
 Main loss process NO: N + NO - N, + O

e lonospheric process: NOt +e~ > N(®D)+ 0
e At night N+0O - NO

The remaining species is transported downwards into
the Martian mesosphere.



Mm: Sporadic E / crustal magnetic field

Earth ionosphere
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Altitude above areoid [km]

N
o
o

(o)
o

oo
o

~
o

(@)
o

II\V\A r)f\f\lf\lﬁ 'FIII\In AE Onn ™ vy = m—

A Mm

A- DoY 111, Morning
+—V— DoY 111, Afternoon
- A- DoY 336, Morning
1=v—DoY 336, Afternoon

a,3km

2 A
A 2
1 _"‘.‘L%&’—:Qaﬁ % A
et A e |
4 2o ad A 4
(:a:)::'::::l::::l::::I::::I::::I::::'::::
50 55 60 65 70 /5 80 8 90

Solar zenith angle [°]

22/25



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57

