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Indirect search:
observa1on of 

extra-solar planets
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Tangible search: 
life in the ocean worlds 

of our solar system

Is there life elsewhere in the universe?



Six steps to “find and understand life elsewhere”

1. Find liquid water

2. Quan2fy its habitability

3. Detect biosignatures in it

4. Confirm that life is present

5. Understand how that life operates

6. Learn the limits of life
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Ocean worlds contain vast quan66es of water
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Ocean Relicts Kuiper Belt ObjectsSaturnian icy moonsJovian icy moons

Pluto

Triton

Charon

Titan

Enceladus

Dione

Europa

Ganymede

Callisto

Mars

Ceres

About 16x as much liquid water as on Earth
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Venus



Europa: theoretically best place for life?
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A source of 
oxidants

Almost as large as 
Earth’s Moon

Salty ocean 
in contact with 

silicate rock 



Titan: best place to look for weird life?
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Huge moon with thick 
nitrogen atmosphere

Salt water inside, 
complex organics 
outside

Methane 
weather



Enceladus 
is the most 

habitable 

off-Earth place 

we know of 
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Porco et al., 2014

A tiny but active world
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Global ocean beneath an ice 
shell, kept temperate by tidal 
heating

Polar crust is split by a system 
of warm fissures... 

...venting gas, dust, and ice 
grains through 101 jets.

The ocean comes out here.

Howett et al., 2011
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Cassini sampled the plume seven 9mes:

Ice grains of frozen ocean spray à alkaline salt water

Silica dust à 90C̊ seafloor hydrothermal circula2on

Detected: organic chemistry, excess hydrogen



Ingredients for life
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Phosphorus is a 
“habitability limiter”

Critical for energy storage 
in living systems

Cells have much more of it 
than do nonliving systems



Compositional analysis
Straightforward for space flight mass spectrometers
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Murchison 
Meteorite

Water in Earth 
seafloor rocks

Relative abundance within organic families Molecular construc=on pa>erns 



We need multiple independent tests
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Chemistry experiment by three types of mass spectrometer
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...on a solar-powered spacecraft to Saturn

2m
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E L F the Enceladus Life Finder

͞�ĞǇŽŶĚ��ĂƌƚŚ͕�ĂƌĞ�ƚŚĞƌĞ�ŵŽĚĞƌŶ�ŚĂďŝƚĂƚƐ�ĞůƐĞǁŚĞƌĞ�ŝŶ�ƚŚĞ�ƐŽůĂƌ�ƐǇƐƚĞŵ�ǁŝƚŚ�ŶĞĐĞƐƐĂƌǇ�ĐŽŶĚŝƟŽŶƐ͕
��ŽƌŐĂŶŝĐ�ŵĂƩĞƌ͕ �ǁĂƚĞƌ͕ �ĞŶĞƌŐǇ͕�ĂŶĚ�ŶƵƚƌŝĞŶƚƐ�ƚŽ�ƐƵƐƚĂŝŶ�ůŝĨĞ͕�ĂŶĚ�ĚŽ�ŽƌŐĂŶŝƐŵƐ�ůŝǀĞ�ƚŚĞƌĞ�ŶŽǁ͍͟

ʹ WůĂŶĞƚĂƌǇ�^ĐŝĞŶĐĞ��ĞĐĂĚĂů�^ƵƌǀĞǇ

ϭϬ�ĨůǇďǇƐ�භ 3 complementary mass spectrometers භ���ŚĞŵŝĐĂů�ĐŽŵƉŽƐŝƟŽŶ�ŽĨ�ŽĐĞĂŶͲƉůƵŵĞ�ŐĂƐ�ĂŶĚ�ŐƌĂŝŶƐ

�ǆƚĞŶƚ�ŽĨ�ŽŶŐŽŝŶŐ�ŚǇĚƌŽƚŚĞƌŵĂů�ĂĐƟǀŝƚǇ
,ǇĚƌŽƚŚĞƌŵĂůͲǀĞŶƚ�ƚĞŵƉĞƌĂƚƵƌĞƐ
Acidity of the ocean water
�ǀĂŝůĂďŝůŝƚǇ�ŽĨ��,EKW^�ĞůĞŵĞŶƚƐ

DĞƚĂďŽůŝĐ�ƵƐĞ�ŽĨ�ĐŚĞŵŝĐĂů�ĞŶĞƌŐǇ�
�ŵŝŶŽ��ĐŝĚ�ĂďƵŶĚĂŶĐĞ�ƉĂƩĞƌŶ
DĞŵďƌĂŶĞͲŵŽůĞĐƵůĞ�ĐĂƌďŽŶͲŶƵŵďĞƌ�ƉĂƚƚĞƌŶ
�ĂƌďŽŶͲŝƐŽƚŽƉĞ�ĞŶƌŝĐŚŵĞŶƚ�

/Ɛ�ůŝĨĞ�ĂĐƟǀĞ�
there now?

How habitable 
is the ocean?

ELF has had 
significant 
investment

already:
$2M in its 

engineering, 
$3.6M in its 

science
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NASA has 
no 

standard 
way to 

select ELF 
before 
2023

2016 version

The cost information contained in 
this document is of a budgetary and 
planning nature and is intended for 
informational purposes only. It does 
not constitute a commitment on the 

part of JPL and/or Caltech.
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$1B 
(plus launch)

By 2035 you 
could learn 

whether 
Enceladus 

has life
The cost informaIon contained in 

this document is of a budgetary and 
planning nature and is intended for 
informaIonal purposes only. It does 
not consItute a commitment on the 

part of JPL and/or Caltech.
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