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Relevance and Context of Lab Data

A

We are stuck, we need better Lab Data
Can you quickly do some experiments?

Funding? Sorry!
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Incubation Time Scale
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Validation — Inverted Pyramid of Models?

s How Reliable is the Lab Data?
s What are the Errors?
¢ Is this a Single Source or Multiple Independent Publications?

Modeling
Work

Single Source?
Reliability Check?
Single Point Failure?

- Lab Data

Building Inverted Pyramids on Thin Foundation

\
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Europa and Lab Data — Case Study

A

:‘l.’"-'y -“

Sulfuric Acid Hydrates
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Science can’t be
“Because | find it believable, it must be True”

Science has to be
An Independently proven Fact
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S+" bombardment of H,O Ice

S (n=1-8) + H,O (ice) 2> H,S0O,.xH,O (sulfuric acid hydrate)

Looks nice, believable, plausible,

but not proven until 2012
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o olytic Sulfur Cycle — Sulfuric Acid Hydrate
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No Spectral Proof until Today
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Radiation Effect on Sulfuric Acid Hydrate
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Loeffler & Hudson, Icarus 219 (2012) 561-566
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Moral of the Story of Sulfuric Acid Hydrates
e o g o OT Europa

Sulfuric Acid Hydrates — May be there, perhaps very likely
BUT NOT PROVEN
Spectroscopically in the 1-2.5 um region
That S*™™ bombardment on H,0O-lce produces them!

_ Dalton lll et al.,Planetary and Space Science
Radiation Effect 77 (2013) 45-63
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Eleétron Penetration Depths — Case Study li

——

Except our Preliminary Laboratory Studies,
NO DATA on Electron Penetration Depths into Europa Ice Analogs
ALL the Models use Liquid Water Data
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Moral of the Story

A

Q"'

 Longer Exchange Time Scales — Deeper Radiation Damage

 We need a handle on the Interior-Surface Exchange Time
Scales for Different Geologically Distinct Features/Regions.

« Laboratory Data for Electron Penetration Depths and Organic
Damages need to be conducted on Europa Ice Analogs.
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@2 on Galllean Satellites — Case Study il
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O,-Dimol Emission
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My Hypothesis:

It is most likely that O, is
radiolytically produced at
centimeters to meters
depth on Europa,
Ganymede, and Calisto

AND

Einstein A coefficient
“Total energy

\ | E (X5, +X% )] Percolated to the top
PR W, A S WP A T surface, during which

i process, form O2-
Tajti et al., J. Phys. Chem. Lett. 2017, 8, 3356-3361 bubbles (dimers and

@ above)
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Moral of the Story

A

"’"

Spencer, Calvin, and Pearson did an excellent job!

O,-dimer absorption in Galilean Moons is a fact!

What could be there in the ice: O,-dimer (a
minimum aggregate required, but could me more
clusters)

Mechanism of (O,),s» through radiolysis in ice is yet
to be established in the Laboratory Experiments!
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Future

Assessment of Europa’s Composition
Future Needs (Laboratory and Modeling)

20

© 2018 California Institute of Technology. Government sponsorship acknowledged.




Key Composition Questions

BT ems

* What are the Non-lce Components?

« What is the effect of Radiation on Ice/Non-lce?

« What are the Surface-to-Interior Material Exchange
Processes (Plumes, Upwelling, Cryovolcanism, etc)?
What are their Rates?

« What is the refreshing rate of the top 1-2 m of
Europa’s surface materials?

 How does Surface Composition effect the
Exosphere?

« \What is the Depth-vs-Concentration of Composition?

 How can we translate Surface Composition into the
Interior?

« What is the effect of Amorphous vs. Crystalline Ice on

Composition?
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Composition

A

If present & detected, plumes directly connect
interior composition to surface and exosphere.
Plumes may originate from liquid ocean or iceshell.
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Material Inventory

A

Molecules and Materials on Europa
(Thermal and Radiation Equilibrium Chemistry)

S :
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Chemical Inventory

>

H,0, Biomarkers?
) m ™ = ?
OH? M X ng Color Carriers

_ TBD...
o Ratio?

SO,7?

MgSO,?

NaCl?

H,S0O,4.xH,O

CO,?

Carbonates?

Organics?

Inorganics (other than Salts)?

Fe and other metals? _ - _
FeS? Accuracy of Chemical Identification

S
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Conclusions

A

.

Evaluate the Source of Input Data to Your Models
(You Need to know the source of your Food)!

Partnership among “Observers/Modelers/Experimentalists

Laboratory Data under “Simulated Europa Environment” is
Sparse.

Come up with “Critical Lab Work needed” to better Model
Europa’s Composition!

25

© 2018 California Institute of Technology. Government sponsorship acknowledged.




Thank You
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