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Tidal Energy and the New Goldilocks for Habitability
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Discovering an Ocean in 3 Easy Pieces



Piece #1: Find a Rainbow Connection
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Piece #2. Babysit a Spacecratt
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Europa Cross Section
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Water in either liquid or
solid phase



Piece #3: Adhere to Airport Security
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View to Jupiter

Date: 12/18/96 18:55 UTC
T Range to Jupiter: 755,421 km
Il Range to Europa: 212,569 km
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E ial for all lif . . .
S v sk Periodic Table and Life
|:| Major ions for all life He

I:l Major transition metals for life 2
|:| Essential in traces for all life c | N F | Ne
I:l Specialized uses for some life 6 7 2 |10
I:I Transported, reduced and/or methylated Al | Si Cl | Ar
by some microbes 13| 14 17 | 18

' Cu Ga|Ge | As | Se | Br | Kr
29 31 | 32 | 33 | 34 | 35| 36

Cd|lIn|Sn|Sb|Te| I | Xe
48 | 49 | 50 | 51 | 52 | 53 | 54
u Hg | TI | Pb | Bi | Po | At | Rn
80 | 81 | 82 |83 |84 | 85| 86
Uub | Uut Uuq Uup | Uuh | Uus |Uuo
1121 113] 114 I5 116 | 117]118

Tm | Yb | Lu

69 | 70 | 71

F Md No | Lr

0 102 | 103

Raulin et al., (2010) Adapted from Wackett et al. (2004)
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Towards Enceladus’

Gas and ice grains ] ‘;C""':"' “ surface
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Sodium chloride grains post-irradiation




NaCl saturated brine. T =290 K, P ~ 1e-6 Torr



NaCl evaporite. T = 100 K, P = 1e-9 Torr, 10 keV electrons



Photolyzed H,S+10H_0O
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Sea salt (NaCl) found on Europa

Hubble Space Telescope follows up on lab experiments and finds the fingerprint of irradiated salt

from the ocean below.
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Life alleviates chemical disequilibrium in the environment

Oxidant

Microbe

Reductant

Earth is a dynamic planet with many
niches of chemical disequilibrium




The Surface Radiation Environment of Europa

e CHNOPS
- On+
> »LJ H*, H,, O, UV

1 mm

= * *
10 km H.O+ + e~ -> H" + OH



Eien Solid-state radiolytic-
1) H,O — o|-| +H photolytic oxidant cycle

2) OH + OH —_ HzOz

hv, e, ion

HzOz —> OH+OH — H;0:0

hv,e", ion

4) HyO2eH, O —> (OH+0OH) + (OH4+OH) ...
—>H,0.0+ H OO —> H>0¢H>0 + O>

i
5) H;02 + OH — H,0 + HO: (1)

\ 4
HO2 + HO; —> H20:2 + O3

; : :
(3,4,5) v v
Trapped O,
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Radiolytic Hydrogen peroxide = Energy for Life!?
o e e
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Chyba & Hand 2001
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How oxidized is Europa’s ocean?

Surface age .
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Great, so how do we find it?



Europa Clipper (NASA) JUICE (ESA)



Dragonfly Mission Concept for Titan exploration (NASA New Frontiers, competed mission)
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Europa Lander Mission Concept

/ 2 ™
Carrier Stage ki A
« 2.0 Mrad radiation Deorbit, Decent, Landing

exposure * Guided deorbit burn
Cruise/Jovian Tour  Elliptical disposal orbit + Sky Crane landing system
« Jupiter Orbit Insertion: Sep 2031 + 100-m accuracy
« Europa Landing: 2033 . DTE tones only

Jupiter Arrival

Jupiter \
Orbit

Surface Mission
« Biosignature Science

« 20+ days
Earth /\ / - 3 sampyles from 1 trench
S \[\ | * Direct to Earth Comm or
L ;’ Clipper (backup)
Launch Carth Gravity A \\\q// « 1.5 Gbit data return
* SLS Block 1B I D ralegéS ssist”” Launch * 50 kWh batte.ry'
e Nov. 2026 (Dec ) (Nov 2026) « 2.0 Mrad radiation exposure

Pre-Decisional Information — For Planning and Discussion Purposes Only



6/19/2017

A Connected Set of Goals & Objectives
Addressed with a Focused Model Payload

Microscope Raman spectrometer  Context cameras

Raman
Raman spectrometer
spectrometer -
icroscope
GC-MS GC-MS
Context c
cameras ca(::;?:;
s Geophone

The technical data in this document is controlled under the U.S. Export Regulations; release to foreign persons may require an export authorization.
Pre-Decisional Information — For Planning and Discussion Purposes Only

59



Lander Provides a Robust Suite of
Biosignature Measurements

Model payload provides a minimum

of 9 lines of evidence for identifying i iy
potential biosignatures

Biosignature Investigations are highly /S i
complementary Biosignature

Model payload ensures Rl
measurement redundancy Chirality
Investigations yield high value praselvm

science even Iin the absence of Microscale Isotopes

structures

any potential biosignhatures.

Pre-Decisional Information - For Planning and Discussion Purposes Only
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Viking Results: Then & Now
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Curopa Lander

Potential Future Mission Concept






