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This Is
«— Mars

0.5 x R-Earth
1.5 AU from Sun

Same rotation
rate as Earth

Carbon dioxide
atmosphere

100x smaller
surface pressure

Target of many
spacecraft in last
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What | S an lonosphere?

llllll spheric and Space Science Series

/z\\ = =

An ionosphere is a weakly ionized
plasma embedded within an upper
atmosphere, often produced by
photoionization
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What does that actually mean?
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Composition Neutrals lons, electrons, Protons and
and neutrals electrons




The lonosphere of Mars
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Transport only important in
topside ionosphere

Withers et al. (2009) Decadal Survey white paper




Outline for this talk

Measurement techniques at Mars

Introduce some “Sun-planet connections”
at Mars

Consequences of bizarre magnetic field

Opportunities for discussion




Radio occultation technique
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Radio occultation results
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MARSIS radar sounding

fp(local) Sounder
400 — 3
- Electric field spectral density(Vzm'sz'l)
U
3 s o—
E 200 — W 0
5 4+t Electron plasma 200 E
100 — | | & oscillation harmonics x
) W
| I £ | Computed from Eq.(1) &
| fp(max) | = | \\‘\ using dispersion  gEIVEE=
o -
T T LA B L B R | l T T E / correCted Z(fp) OE
0 ' o > 7]
| qé Ionospheric 600 g
R Ionospheric £ echo | :
‘Ei - s e | - = | Surface reflection = g:
s 3/ | ZEUC o May 28,2006 o
4 ] Ty w fip(max)| 22:56:50 UT 2
v "N Alt 521 km Lat -33.2° I
s 5 %facstrggg | Long 287.0° SZA 83.8°
a 59 oscillation Cusp~ 10 20 30 40 50
7 ] 1 1 1 T L I Il I 1 T f’ frequency(MHz)
10° 10%

Gurnett et al. (2008) f.Frequency(Hz)




MARSIS results
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Complementary techniques

Radio occultation
Precise vertical scale
1 km vertical resolution
Full vertical coverage

~200 km horizontal
averaging

Alias horizontal structure
to vertical

Limited opportunities

Radar sounding

Derived vertical profiles
affected by noisy
lonograms and coarse
time resolution

Topside only, monotonic
Increase

No horizontal averaging

Many opportunities, no
geometric limitations




Solar zenith angle and Nmax
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Solar zenith angle and Nmax

no = 1.58 x 10°> cm™ + 0.01%

e Fit without grazing iacidence o
: Same fit result with grazing incidence

Ol O U OW
1 l

DD—*’—'-MI\J

n.(Peak) (10> cm

0 20 40 60 30
X, Solar Zenith Angle (degrees)
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The solar cycle matters

_ *°°I Nmax proportional to F10.77(0.36)
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F10.7 1s not solar flux
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k =0.47 +/- 0.02, much larger than past values

(also rather close to k=0.5)
Girazian and Withers (2013)




Solar rotation also matters
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Solar flares

SOLAR FLARE PHOTOGRAPHED AT BOYDEN OBSERVATORY
ON THE 1ITH AUGUST 1972, AT 14h44dm SAST

The accompanying photograph, taken by Mr. H. Bacik and Mr. J. P|
has been sent to us by Prof. A.H. Jarrett, Director of the Boyden Obse

© —— Approx. size of Earth

The photograph was taken with a 15 ¢cm aperture solar telescope using
" SR - ./ SRS~ S oo re = EHE= R0 R o =

http://www.assabfn.co.za/pictures/solar_boydenflare historical articles.jpg
http://rednova.com/news/stories/1/2003/10/24/story002.html




Solar flares have impacts...
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X1.1 flare on 15 September 2005 YT 2005 Sep 1508000900
GOES X-ray fluxes surge at time of MARSIS observations

Nielsen et al. (2008)




...over a range of altitudes

15 April 2001
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Mendillo et al. (2006) Soon after an X14 solar flare




Let's look at that lower peak
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Fallows et al. (2013, under review) Seems a lot like the main peak




More solar rotatlon effects
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Nice agreement — and a bonus
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Withers (2009)
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Upwards to the topS|de
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What controls change In
topside morphology?
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Where's the ionopause?
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Where's the ionopause?
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Mars Is magnetically crazy

Earth magnetic field Mars magnetic field

www.windows2universe.org

Brain (2002)




Magnetic field at Mars

60 300

~! 100

i N B
'30 ;r'-."i". g

Based on

model of  -60}

Arkani-Hamed

(2004) 00 e, T -

0 90 180 270 360
Longitude (°E) |IB| (nT) at 150 km

Latitude (°N)
o




At, Time delay (ms)

What is the ionosphere like In
strongly-magnetized regions?
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Oblique echoes seen over strong
and vertical crustal magnetic fields

Gurnett et al. (2008)
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lonosphere is “inflated”

Mars Express
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Enhancements are localized ...
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Radio occultation view differs
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Exploring the
lonosphere of Mars

 MARSIS and radio occultations are highly
complementary for exploring ionospheric
spatial and temporal structure

» Key questions are the effects of the Sun and
magnetic fields

 MAVEN mission (2013) will reveal chemistry,
dynamics, and energetics




Orbit 4258 2007-04-30T02:34:39.073
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Figure 2A: Electron density profile from
orbit 4258 on 30 April 2007 at solar zenith
angle of 68 degrees, latitude 46°N,
longitude 278°E.



Orbit 2416 2005-11-30T03:17:02.848
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Figure 2B: Electron density profile from
orbit 2416 on 30 November 2005 at solar
zenith angle of 79 degrees, latitude 67°N,
longitude 42°E.
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Figure 2C: Electron density profile from
orbit 2541 on 4 January 2006 at solar
zenith angle of 66 degrees, latitude 60°N,
longitude 17°E.



Orbit 2435 2005-12-05T10:58:48.537
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Figure 2D: Electron density profile from
orbit 2435 on 5 December 2005 at solar
zenith angle of 78 degrees, latitude 67°N,
longitude 333°E.



Orbit 2840 2006-03-28T21:47:09.428
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Figure 2E: Electron density profile from
orbit 2840 on 28 March 2006 at solar
zenith angle of 55 degrees, latitude 15°N,
longitude 217°E.



Orbit 7344 2009-09-23T23:27:00.516
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Figure 2F: Electron density profile from
orbit 7344 on 23 September 2009 at solar
zenith angle of 52 degrees, latitude 34°S,
longitude 137°E.



