Observations of aurorae by
SPICAM ultraviolet spectrograph
on board Mars Express:
Simultaneous ASPERA-3 and
MARSIS measurements
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Je4THZE: Mitchell et al., [2001]

electron’s flux spikes
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Jc4TH%E: Brain et al., [2006]
auroral-like electron event
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Martian aurorae: SPICAM
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Je1THEZE: Bertaux et al., [2005]
Martian aurorae: SPICAM
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Je4THZE: Leblanc et al., [2006]
Martian aurorae: SPICAW ASPERA-3

Bertaux et al. [2005]DA N KRIDUNVT, 103_ \
ASPERA-3DEFEAI(ELS) T —2%EIC ¢
HiRat.

o
CJ

o
Y

e MEX/ASPERA-3/ELSIZ &> TERAISN
FFARVEEDEFDIRILF—0
b, A—ASENZF5IZFELI-DIL,
10eVDEFHE-TLNAA[EEENH 5.

M | " PR T T L PR S S S ST |
' Energy (eV)

« Brain et al. [2006] (or Lundin et al. [2006]) IZ&>TgiEsh =,
A—OSHENESITEIITEFOIRILEF—DWEITELD.

o ARVIEDHENEZHRAT E=-HIZIE, MGS/ERMNELAIL f-=sheathfE1 D
BFAMDIOBLULEDREYIAHTTVIRNILE.

c MEXDBFHEEBLDAHEEM (— -10V 2£0K?).

Flux (cm™ s™ ster™ eV™)

o
N

Q
o




Data sets

Mars Express (MEX)

e SPICAM UVS: ¥4\ 5 Jt88.
AAETIETRDEHAERZFIRT 57012,
F(ZnadirgBIE—FDT—42%{FEH.

o ASPERA-3: 75X TERIZREE.

AR TIIFEICEFEHA(ELS)T—2%FEAA.

« MARSIS: o4 —
subsurface modelZ&-> T, HIRMNSEHEFEFETHTotal Electron
Contents (TEC)Z# E ®I &€ [Mouginot et al., 2008].

Mars Global Surveyor (MGS)

« MAG: #3588, 5LV ER: EFEHAE

« Mapping orbit:

- 400 km circular orbit.
- B\EREHA: — 2 hrs.
- Local time 2AM/2PMTEE.
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Table 1. Set of Auroral Emission Events®

Events

Time 5/C Aurora  Aurora Cameron Emission at
Date Ls SW SPICAM Period Altinde Longitude Latitude Band Emission 289 nm
MEX Orbit (") F10.7 Conditions Viewing (UT) (km) (%) () (R) (R)
2004 07 07 591 57.1 541 SEP event nadir  0539:52-0539.55 670 214 348 241 £ 50 N/A
high SW 105 £ 10 N/A
pressure southward 0541:17-0541:36 586 214 3958 218 £ 34 N/A
IMF 195 £ 10 13+8
2004 08 11 716 724 394 dawnward - limb  0601:21-0601:28 266 178 508 2040 £ 132 126 + 56
southward IMF 1546 = 41 157 £+ 26
2005 12 27 2515 3473 383 no SEP event nadir  2147:31-2147:41 954 158 418 341 £ 74 146 = 70
moderate to high 175 £ 16 50 £26
SW pressure 2151:08-2151:16 700 158 525 588 £ 90 N/A.
southward IMF 662 + 24 120 = 30
2006 01 26 2621 24 327 no SEP event nadir  1404:01-1404:15 564 182 408 414 £ 61 N/A
moderate SW 274 £ 14 34+15
pressure dawnward
IMF
2006 02 19 2705 139 30.0 no SEP event nadir 0237:56-0238:11 387 206 408 187 £ 36 N/A.
moderate to high 105+9 27 £ 11
SW pressure 0238:34—-0238:48 365 206 428 663 £ 51 57 £37
dawnward —southward IMF 547 £ 16 94 + 15
0240:52-0241:02 309 206 528 273 £ 46 31 £30
214 £11 12+ 8
2006 03 17 2800 255 293 southward limb  1709:46-1710:16 314 237 318 597 £ 41 35+ 16
IMF 826 £ 17 164 £ 13

“Two values of the Cameron band emission and of the 289 nm emission are given for each event. The first value has been derived from the average
spectrum of the two spatial bins with the best spectral resolution and the second value using the spatial bins with the worst spectral resolution. Each spatial
bin covered 32 pixel rows of the CCD. F10.7 (10 * W/m’/Hz) values are calculated from daily average National Geophysics Data Center taking into
account the relative positions of the Earth and Mars, the Sun rotation, and Mars™ heliocentric distance. N/A indicates that the emission intensity cannot be
estimated better than one sigmauncertainty. SW conditions: Solar wind conditions as inferred from low altitudes dayside measurement of the magnetic pressure by
MGS/MAG-ER [Crider et al., 2003]. SEP is for solar energetic particles [Brain ef al., 2006]. IMF direction is accurate at ~90°. S/C is for MEX spacecraft.
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Events
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Observation (1)
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Observation (1)

(ZX: Figure 5)
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Results

Table 2. Nadir Viewing Measured Aurora Events by SPICAM UVS/MEX®

Cameron Emission at Cameron

S/C Altitude Band Emission 289 nm Band/289 nm Electron Energy Peak in TEC

Date MEX Orbit  Label (km) (R) (R) emissions Flux 10° eV/(cm™ srs) Energy (eV) Value {10'5 m 3}
2004 07 07 591 591a 670 105 £ 10 N/A. N/A. 4.2 ~350 N/A
591b 586 195 + 10 13 + 8 15+ 10 1.3 ~50 NIA
2005 12 27 2515  2515a 954 175 £ 16 50 +£ 26 35+2 4.1 ~190 N/A
2515b 700 662 = 24 120 = 30 5.5+1.6 7.8 ~150 0.27
2006 01 26 2621 2621a 564 274 + 14 34 £ 15 8+4 1.4 ~30 4.5
2006 02 19 2705  2705a 387 105 £9 27 + 11 4 42 2.2 ~160 11.6
2705b 365 547 £ 16 94 + 15 58+1 2.3 ~200 3.8
2705¢ 309 214 + 11 12 + 8 IR +13 0.4 ~4() 0.9

“The Cameron band and 289 nm emissions are the values given in Table 1 for the lowest spectral resolution that is for the highest sensitivity of SPICAM
UWVS. The electron energy flux values are the integrated energy flux measured in sector 1 of ASPERA-3/ELS during the period of the aurora event. The
peak of energy 1s the energy at which the electron flux distribution reached its maximum in sector 1. The TEC 1s the integrated total electron content during
the penod of the aurora event as measured by MARSIS. N/A indicates either that the emission was not estimated at better than one sigma uncertainty or that
the TEC was not available because MARSIS was not deployed at that time or because MEX was too high in altitude.

e ELS, MARSISIZKAEFEHAESPICAMD FILRE LD I IXARELGKEFLEE
Oy (RAY RN

e FREELTIE, BEBLMOTHETENY, 2REFDEFLE, ELSOEFADEEMY
(BRETH . B TEFEREITHATETLENIL)DM Ei)\% L.

e ELSICKABTEFITVIAEMARSISIZKATECIZXH L THEZRELRHOLNT .

« RERELTIXL, ELSOBAETH, T2 ZLBETEFICLHIXNEEEERERRDAAY
EREXRK[IPTDEFHIC $EF£175\7;L\7‘—&> MARSISHOHEFELI-TECOZ LK.
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Results

Table 2. Nadir Viewing Measured Aurora Events by SPICAM UVS/MEX®

Cameron Emission at Cameron

S/C Altitude Band Emission 289 nm Band/289 nm Electron Energy Peak in TEC

Date MEX Orbit  Label (km) (R) (R) emissions Flux 10° eV/(cm™ sr s) | Energy (eV) | Value {1015 m 3}
2004 07 07 591 591a 670 105 £ 10 N/A. N/A. 4.2 ~350 N/A
591b 586 195 + 10 13 + 8 15+ 10 1.3 ~50 NIA
2005 12 27 2515  2515a 954 175 £ 16 50 +£ 26 35+2 4.1 ~190 N/A
2515b 700 662 = 24 120 = 30 5.5+1.6 7.8 ~150 0.27
2006 01 26 2621 2621a 564 274 + 14 34 £ 15 8+4 1.4 ~30 4.5
2006 02 19 2705  2705a 387 105 £9 27 + 11 4 42 2.2 ~160 11.6
2705b 365 547 £ 16 94 + 15 58+1 2.3 ~200 3.8
2705¢ 309 214 + 11 12 + 8 IR +13 0.4 ~4() 0.9

“The Cameron band and 289 nm emissions are the values given in Table 1 for the lowest spectral resolution that is for the highest sensitivity of SPICAM
UWVS. The electron energy flux values are the integrated energy flux measured in sector 1 of ASPERA-3/ELS during the period of the aurora event. The
peak of energy 1s the energy at which the electron flux distribution reached its maximum in sector 1. The TEC 1s the integrated total electron content during
the penod of the aurora event as measured by MARSIS. N/A indicates either that the emission was not estimated at better than one sigma uncertainty or that
the TEC was not available because MARSIS was not deployed at that time or because MEX was too high in altitude.

e ELSHAERAILI-BETEFOE—IIR/)LF—ECameron band emission&
289nm emissionD LLIZIFXFERENH LS B LML (Leblanc et al., [2006]T
BIEFEINTLVR).

e Cameron band emissionZ3ZEMIZEERITEFDIRILF—IEIHE KZ80
eV [Avakyan et al., 1998], —/AT289nm emission(&150eV [LeClair
and McConkey, 1994].
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Results
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Summary
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Instrumentation: SPICAM UVS

Spectroscopy for Investigation of Characteristics of
the Atmosphere of Mars
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Instrumentation: MEX/ASPERA-3/IMA

Azimuth angle 360 [deg]
(16 sectors)

Elevation angle
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= | 41\\ . FOV: 90 x 360 [deg].
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Instrumentation: MEX/ASPERA-3/ELS
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Preamp board Figure 23. ELS spare {leff) and flight models (right).

Figure 22, Cut-sectional view of the ELS sensor. The electrostatic analyzer voltages are also indi-

cated. BarabaSh et a.l [2006]
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e 4 x 360 deg M2XITLH 7.
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