The MAVEN Mission:
Exploring Mars’ Climate
History .

Sandra Cauffman, NASA/GSFC
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Overarching Question: Did Mars
Ever Have Life?

Mars appears to meet or have met all of the environmental requirements for the
occurrence of life:

* Liquid water

» Access to the biogenic elements

» Source of energy to drive metabolism

Did Mars ever have life?
How did any life interact with its planetary environment?
How has the habitability of Mars changed over time?



Evidence for Surface Water on Ancient Mars
Where Did the Water Go? Where Did the CO, Go?

Abundant evidence for ancient water Volatiles can be lost to space

Xmse, Rm
 Escaping ions detected from Mars
Express

Volatiles can go |

into the crust &1+ . g
Carbonate deposﬂs ina Martlan meteorite



MAVEN Will Allow Us to Understand Escape of
Atmospheric Gases to Space
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The Solar Wind is Able to Strip Off Gas from the Top
of the Atmosphere

Credit
NASA /Nagoya University
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The MAVEN Spacecraft

» Launch (Wet) Mass: 2455 kg at launch
» Spacecraft Dry Mass: 810 kg at launch

 Power: 1135 W at Mars Aphelion ~= BR(G,

Electra (behind)

/’ ’ T t J \ Fixed HGA

MAG (2)

Ty ‘ < Articulated Payload Platform
‘T“ (IUVS/STATIC/NGIMS)
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The Spacecraft Undergoes Final Testing




MAVEN Mission Architecture

Ten-Month Type-Il Ballistic Cruise to Mars

= B g“@ Launched on 18
v Nov. 2013,
first day of its
20-day launch
period
Launch Vehicle:
Atlas —V 401

Arrival

Orbit Insertion: 22 Sept 02:00, 2014 UTC.
33 minute rocket burn

Orbit Insertion:

Northern Approach ~1246 m/s AV

‘a,. ............... . Capture Orbit:

35 hour period
.. 370 km, 2nd Periapsis Alt
k 75% inclination

Orbit shown to scale




MAVEN's Path To Mars

19 Nov 2013 06:30:00.000
Days to Mars Arrival (MisElap): -306/14:00:00.000

MAVEN Range and Yelocity {units of Kilometers)
Earth_Range (km): 192293
Yelocity_wrt_Earth (kmfsec): 4.045
Mars_Range (km): 264525423
Welocity_wrt_Mars (kmfsec): 33.724
Sun_Range (km]): 147718010
Welocity_wrt_Sun (km{sec): 33.019

MAYEN Range and Yelocity {units of Miles)
Earth_Range (mi): 119485
Welocity_wrt_Earth (mifsec): 2513
Mars_Range {mi): 164368478
Welocity_wrt_Mars {(mifsec): 20.955
Sun_Range (mi): 91787716
Yelocity_wrt_Sun (mifsec):  20.517

Earth



Mars Or

DIt Insertion

Preparations

Sept 12 13 14 15 16 17 18 19 20 21 22 23

MOI Rel -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1
A Zs A A A
TCM-4 CLT 27 Hrs Prop Tank Preheat MOl A1l End
Battery 100% CMIC Copies MOl
Pre-MOI Uplinks LV30 Open Phase

Phase = MOI
MOI Countdown (Hrs) Start moi_nom
'2“| I IR N N N ”\
// // I | | | | | MOl
. |
TCM-5a FP Reconfigl TCM-5b GoFast
FP2
Desat LGA

5.5 hr Orbit

4.5 hr Orbit

MOI occurred on 9/21/14 (EDT)

Sequence activated 3 days out

Emergency TCM 5a and 5b opportunities at
MOI-24 hours and MOI-6 hours

Configured for GoFast Recovery (MOI-1 hour)
In contact with Earth during the entire burn
sequence (at 40 bps)

Primary operations at LM-Denver, backup
operations at Goddard



Sunday Monday Tuesday Wednesday Thursday Friday Saturday
21 22 23 24 25 26 27
= i i *
= Conglcn_ﬁ)néy or| Optional, IUVS C/O* w/ MAG and SEP Wk 39
P MOl Trans to Trans PLM 1
o pld_li (35 Hr. Orb) O o (5.5 Hr. Orb)
) PEEEPROM - Midnight -
Sep 28 79 30 Oct 1 p2 3 7.y
3 PRM 2 Delta V Dey/Te
2 Comet Phasing ThrUSte ka0
o |
e (o) O (o) (4.5 Hr. Orb) Ooocal
5 & 7 8 9 10 11
= | N erim De : P Data Collectio
2 PLM PF Checkouts | NGIMS Pre-Deploy SWEA/APP Wk 41
S| (based on OTM Block) Che.CkOUt 1 O
PTE Start © PF Time Sync 00 LPW Deploy [e0 Deploy
12 13 14 15 16 17 18
Background Sequence vt002b
3 P Data Collectio P Data
z <¢> IUVS NGIMS Checkout Start Sidin Wk 42
< Checkout / APP | @2/ Cover Deploy o Spring Science
19 20 Cal. 21 22 23 24 25
2 o = eNce Backgro d Sequence 9]0
w P Olle O
o Siding Spring Siding Spring Science STATIC Atten EUV coarse & Wk 43
S| (Prep/Recover/Sci Closed PLM 3 (OT™M fine scans
Start) 000 0 g 1 Checkout Block) OO Highrate £PS
26 27 28 29 30 31 = Nov 1
f IUVS Checkout Electra BER / Wk 44
2 APP Cal. 1A Electra Sniff
° o o OV O NGIMS Checkout 3
2 3 4 5 6 7 8
Racko e — 004
PTE D
i LPW Sync & SEP & MAG o MAG Roll
= Mode * Scans Electra Relay o e SEP Scan Rpt
80 o KQZcupdate
9 10 11 12 13 14 15
/]
e PTE Data
2 < L IUVS/APP Cal 2
3 LPW Ping MAG — SASM manual O LA ey
. (°] O5tart Science mode OTM 1 Mtg ommiccauiforsun) SCIENCE
© Planned for Dust Off Reviews Margin Date — No planned SC Commanding (contingency) @ Command Conference (Approx. Dates) «___>Out of Contact



o

fen

The MAVEN Team that Got Us Here
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Cosmic Serendipity d“ﬂUEn

s Aimasphere and Ualatile Eoslutien Missian
':I.H.l’ﬁl’ G5FC = BCE/SSL = LM = JPL

C/2013 A1 (Siding Spring)

Jun 2, 2014




The Problem

JNAVEN

Mars Atmasphere and Ualatile Evslutisn Mission

CUTLASP = GSFC » DEB/SSL » UM = JPL
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HST Image of Siding Spring

AUEN

Mars Almasphere and Ualakile Evelulion Missin
CUILASF = BSFC = WCE/SSL « LM = JPL

What you
see in this
Image is
dust

21



Giotto Image of comet Halley

GNAVEN

CUJLASF = GSFC = BCE/SSL = LM =

An image of comet Halley
taken by the camera on
ESA's Giotto spacecratft.
Giotto was hit by a large
dust particle and took 30
minutes to recover.

22



Interplanetary Dust Particle

V2012011
1.5 g."r-t‘
19 km's

CUJLASF = BSFC = WCE/SSL = LM = JPL

23



tmasphere and Ualatile Evelution Misshn

@NAVEN

Actually, Not So Bad

= G5FC = BEE/SSL = LM = JPL
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AUEN

Mars Almasphere and Ualakile Evelulion Missin
CUILASF = BSFC = WCE/SSL « LM = JPL

IUVS Imaging of Comet Siding Spring

MAVEN/IUVS Image of Comet Siding Spring in H-LyA, 10/17/14

1 | 11 « |UVS imaged CSS in scattered
solar Lyman-alpha two days
before closest approach to Mars

» Reflects distribution of atomic H
surrounding comet

* H detected to distance of
~150,000 km (comparable to

0 Mars miss distance of comet)

e (Gas cloud behaves differently
from dust; dust comprises bulk
of tail and is what is seen in
visible images, so LyA images
looks different from most
telescopic images

1

Degrees From Image Center
o

A 0 1
Degrees From Image Center
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The Opportunity ﬂUEﬂ

Mars Atmasphere and Ualakile Evelulion Mission
CU/LASP » GSFC « DCB/SSL » LI = JPL

SIDING-
SPRING




Strategy: Duck and Turn Off High Voltage ﬂUEﬂ

l‘l‘.!lbﬂ'td.l'l Unlatile Evelutiem Missin
L'I.!I'll’ﬁl‘ G5FC = BCE/SSL = LM = JPL

Comet Siding Spring Plans for Mars Orbiters:
Duck and Cover!




@NAVED

CUILASF = GSFC » BCB/SSL « LM = JPL

Complications

2014/10/14 09:06

28



An Embarrassment of Riches d!]ﬂ“f“

Atmosphere and Uolatile Evelutivn Mission
CU/LASP « ﬁﬂ: BCB/SSL »

SIDING-
SPRING




Drama In The Control Room d“ﬂUE“

ars Mtmasphere and Ualakile Evelutiem Missin

W.I'l.l’ﬂl’ G5FC = BLESSL = LM =




A Peak at Results: Dust After All

GNAVEN

CUJLASF = GSFC = BCE/SSL = LM = JPL

MAVEN/IUVS Spectrum of Mars Atmosphere
After Comet Siding Spring

T T T T T Ll T Ll T T T T T T T T T

Meteor Shower l l
Metal Emissions

Intensity -
—

200nm 240nm 280nm

Wavelength—>
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IUVS False-Color Image of Mg*? Distribution

ﬂUEIl

Mars Almasphere and Ualakile Evelulion Missin
CULASF = BSFC = WCE/SSL = LM =

Geographic representation is conceptual.
Atmosphere not drawn {o scale,

* Observed throughout periapsis pass of each orbit following comet passage
* Intensity of emissions decayed in hours to days, likely due to conversion of
Mg and Fe to other forms

32



A Peak at Results: Dust After All

ol

AUEN

ars Mtmasphere and Ualakile Evelutiem Missin

CUJLASF = GSFC = BCE/SSL = LM = JPL

Eight different metal ions from comet Siding Spring were detected by NGIMS

. g X0 Sodlum(Na)
2 -—0— 3Na
§ 6 SldmgSpnng
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SEP Observes a Coronal Mass Ejection
(CME) Arriving at Mars

View of Solar Corona
as seen from Earth

CU/LASP « GSFC « UCB/SSL « LM  JPL

pr. 'Q

~3 days for CME
to reach Mars

Solar Disk

2014/09/26 04:49

First SEP Event Observed at Mars by MAVEN

35 hour orbits . 5.5 hour orbits . 4.5 hour orbits .
EE iy
27 30
ié 20 \/\/\/V\/\/\A/V\AN\/VV\/\A/V‘\
sC 10 NV VYV
o
- % 1000;—
5 P - , B lo.102
é" E 100 é_ ,",,,"'.“"“‘q,"m.‘t . [‘l ' | ‘|‘ |' A 1 'd”‘l‘w ’5
57 oL ’ oo i e o !E 601
Date 2 9 03 07
2014 Sep TTT"‘Y
Onset of
Mol X-rays from SEP Event 5.5 hour modulation caused
Solar Flare 9/291720Z || by shadowing of EPs by Mars
SEP that produced
Turns on CME




Magnetometer Measures Interactions With d“
Solar Wind ‘_ ﬂUE"

Mars Atmosphere and Uolatile Evolution Mission

[ — ORLISF ST WAL N
MAVEN MAGNETOMETER — OB

100.0 : T T T T T T T l T T T T T T T T :
5
[} — —
— - —
o -
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O :
= L
| —]
(]
i)
2 _
53 266.333 — 266.667
g W
= 1.0 _ —
m C Ll 7
- * Field draped over conducting ionosphere -
- - . . —
IR * Lots of wave activity evident in sheath and _
-0 associated with bow shock -
- _
4
0.1 .I | | 1 | I 1 1 1 | 1 | | 1 | 1 1 1 1
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September 23 Decimal Day of Year (DOY) — 2014
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Martian Dayglow: Determining the Upper HUE“

Atmotheric Comeosition d“ W SE
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AUER

Mars Atmosphere and Volatile Evolution Mission
CU/LASP = GSFC = UCB/SSL = LM « JPL

IUVS Maps Changing Mars Ozone

Ozone column = Ozone column

2014 09 22 10h 42mn 03s 2014 10 18 08h 40mn 26s
Orbits 00001-00003 2014 09 25 06h 28mn 37s Orbits 00107-00109 2014 10 18 19h 18mn 12s
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Atmospheric Density at Orbital Altitudes

Shows Seasonal Trend

MAVEN Orbit Phase - Reconstructed Trajectory

RUEN

[ ]
ﬂnmme and Uolatile Evolution Mission

CU/LASP * GSFC « UCB/SSL « LM « JPL
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IUVS Observations of Components of H,O
and CO, on Their Way to Escaping

AUEN

Mars Atmosphere and Uolatile Evolution Mission
CU/LASP » GSFC » UCB/SSL =« LM = JPL

Atomic Hydrogen

Atomic Carbon Atomic Oxygen

Distance from Mars (Ryars)
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MAVEN Impacts All Ages

Sl VG e e A
MAVEN “Send your artwork to Mars” contest, 2013

LASP Clean Room Tour, 2012

ﬂmmwe and Uolatile Evolution Mission

CU/LASP * GSFC « UCB/SSL « LM « JPL

Little Miss MAVEN, Halloween, 2014
42



%mhm and Uolatile Evolution Mission

I:IHlHSP ® GSFC « UCB/SSL « LI » JPL

« MAVEN launched on schedule and under budget!

e It arrived at Mars in September and began its science
mission in November!

e Just beginning to get science results — stay tuned!

Go MAVEN!

[Continue to follow us on Facebook and Twitter: MAVEN2MARS]

[Join MAVEN and Exploration Station — 1-5 p.m. today for hands-on
exploration for the family.]



