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Importance of the upper atmospheére
nings are highly variable!



Solar Storms

« X-class solar flares
_ Strongest flares
— Brightest EUV emission
— Nightglow
—Short duration (min - hours)

2003/11/04 19:48

« Coronal mass ejections (CMES)
— Plasma ejection
— Aurora
— 1-2day arrival time
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130.0 nm ‘oxygen em|SS|on PVO
Oxygen 557 / nm
. Highly varlable

X Solar storr
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Dec 27, 2012 — Antisclar Limb
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. What's goingon?
~ « Electron precipitation
vs. dayside flow
. Timing <24 |

. SS-AS flow
. No emission‘aft
isolated X-flare

. Chemistry
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. Venus dayS|de |onosphere
- V2 layer |
. 140 km .
.o++cc'“
_ V1 layer i
+ 125km S &
+ O," (soft X- ray

Patzold et al 2007
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b Patzold et al 2007

. Nightside ionosphere
-/ variable

. lonospheric flow
. Electron pregipits
. V1 source"
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o O +e — O(ls)

: NO++e—>NO+O(1S)
~— Low ionosphere
- Red line quenched
~ Requires low
altitude hig
energy electro'n

10 100 1000 104 105
Density (em~2) Fox 2011




Altitude (km)

250

200

150

Electron Number Density 1 Atmosphere

Altitude (km)

O(1D-3P) 630.0nm emission rate post CME 1 Atmosphere

I il il 250 T T I M I M - 1
Pre CME Red Pre CME (1R)
- = = Post Flare = = = Red Post Flare (2R)
...... Post CME +oo Red Post CME (21 R)
— Green Pre CME (29R)
- = = Green Post Flare (39R)
Green Post CME (261R)
- 200+ -
3
8
<
. 150 A
.............. ]
: — 100 = : =
10° 10 107° 107 107 10° 10’ 10° 10
Electron Number Density (cm"a} Volume emission Rate (photons cm™ 5"1}
240 Apr 19, 2012 Apr 21, 2012% Apr 23, 20127
220 SZA=157 SZA=133 ¢+ SZA=149
05:36 UT 05:33 UT 1} 05:30 UT
200 I -'
CME 1 3

180
160
140
120

3

0

0 1

Electron Density x 10* (cm™)






Peter et al. 2014

Mars Venus
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Measured by' ' (G|rza2|an et al. 2017)

M1 altltudes not.s ampled
- NO* contlnues to Increase with decreasmg altitude

O," co_nt_rlb_utl_on? o

00 A oy e 3000 TRE 1Ny e

300 . ;
! (, | | 1 |
L (A) ] B)] | (C) |
-l*-1| \ Dusk - Midnight 7 [ Dawn 1
- | \ 110°-120° 1 150°-170° 110°-120° 1
250 \ - 250 - 250 7
_t ] 0, 1
E Ly 1! )
= \ : NO \
@ )" 3 i
5 o \ : | 200 Co
£ 200 , 3 \ | ) 200 =
= ] \ \ 0" 1 - )
L \ !
\
i I 1 "
i 1 150 -1 150 5
L l d S \
150 G \ Y ) E f
\ \,

10" 10° 10' 10* 10* 10* 10" 10* 10 10* 10° 1w0* 10' 10° 10' 10* 10* 10
Median ion density (cm™) Median ion density (em™) Median ion density (cm™)




Conclusions

e Svimilarity of nightside ionosphere of Venus and Mars
. Aurora present on both planets after solar storms

. Electron pre
. Persists for
. NO+ dominate ion?™"
. Test GCMs with aurora W clect
« New Venus neutral atmosphere
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Modeling

- Neutrals - Neutrals
To
P - Solar EUV fluxes

- Magnetic field B TOP - Solar wind e- precipitations

- Energy input Qe

R

Continuity, Boltzmann
Momentum, kinetic transport
energy, heat flow

H 0" 0; co,

suprathermal e-
thermal e-

- Plasma densities Ne Ni - Suprathermal fluxes & moments
velocities We Wi
temperatures  Te,Ti - Ion production Pi

& heat fluxes qe qi .
- Electron heating Q.

- Induced magnetic field B

=




Low Dynamic Pressure

What happens to Venus
when it is hit by a CME?

Compression of magnetic
field and ionopause
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Figure 14.7. Layers in the
terrestrial ionosphere (from
Bauer and Lammer, 2004).
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