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Based on focus groups white papers (PASP, in press)
- Mars (Villanueva et al.)

- Comets (Kelley et al.)
- TNOs (Parker et al.)



Tenuous solar system atmospheres

Mars, dwarfs planets, Giant Planet satellites, comets

Role of surface ice as partial or dominant source of atmosphere
(sublimation)

— CQ, and HO on Mars (polar caps)
— N, (+ CH,, CO) on Pluto and Triton

« A few other TNOs (Makemake, Quaoar, Eric...) have tielaces on their surfaces but
no detected atmosphere yet.

— SO, on lo, HO on other galilean satellites
— H,O + many other (sub)surface ices in comets

These “thin” atmospheres present large differences in terms of

atmospheric “robustness”

* Mars (~7 mbar), and Pluto/Triton (~i0ar)

— Dense enough that the atmosphere buffers the ice tatupefrom latent heat exchanges
pressure and ice temperature are ~uniform over tjgeplbut pressure can vary seasonally

— Atmospheric condensation/sublimation cycles infeeegaurface morphology



Mars vs Pluto

Evolution of Pluto’s atmosphere, 1988-2015
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— Atmospheric “robustness”

* Jo (~10 nbar), other galilean satellites(~0.1-1 nbar? H,0), comets
— Atmosphere has negligible impact on surface heat budget
— Surface temperature and atmosphere present large spatial variations
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Mars

EVOLVING SCIENCE STRATEGIES FOR MARS EXPLORATION

------------------------------------ IN DEVELOPMENT - - >
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SAM (Sample Analysis at Mars) on Curiosity reports detectiargdnics (chlorobenzene
and chloroalkanes) — Freissinet et al. (2015)



Mars: remote sensing spectroscopy
can still lead to discoveries !

Present-day transient flows of hydrated salts, indicative of
briny water on steep slopes
Mars Reconnaissance Orbiter / CRISM (Ojha et al. 2015)
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Mars non-siderial rate [arcsec per hour]

Mars with JWST

« Limited windows ! A few months before/after opposition
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Mars brightness [Jy arcsec?]
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Mars with JWST

e Saturation issues

- Dayside brightness comparable to saturation level of NIRSPEC — excegta

micron.

» High spatial resolution: 0.2 arcsec for NIRSP&C150 km at Mars— usually not
achievable from ground

- Permits to isolate nightside

Mars disk - December 14™ 2018
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D/H on Mars: water history

 D/H in water enhanced compared to Eattlescape (thermal escape favors escape of
H vs D).

« Can be used to estimate thest Global Equivalent Water Layer (combining D/H
and current GEL — polar layered deposits100 m

 BUT: the atmosphere holds a fraction of Mars wategr buffer between the H20
main reservoir and the exosphere , atrdospheric fractionation effects occur.
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D/H on Mars:

H,O can condense in atmosphere, and HDO conden$axedifally (lower vapor
pressure)

Thus, the mean atmospheric D/H is not directlyespntative of that of the H20
polar reservoir and a model (GCM) is needed

Recent discovery of large D/H variations (wintesummer) + regional variability,

In poor agreement with model predictions.

Need to characterize this variabilityon small spatial (~100 km) and temporal (day)
scales and at very low,B abundances. Inform models and improve (D/H)bulk
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Organics on Mars: methane

Detection of methane announced several times. Ppb amounts

Different sources are possible — including abiotic ones (e.g. sarzatitin, release from
clathrates, external sources)

Reports of large spatial/temporal variations, inconsistent withaGeimical lifetime of ~300
years—> Contamination of measuremen®fgsence of methane on Mars still unconfirmed.
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D/H and organics on Mars with JWST
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Mars: additional goals

Surface properties Night chemistry Dust and surface H,0, €0, and water clouds HDO and €0,
0.75um (13,333 cm”) 1.27 um (7,874 am') 1.8 um (5,556 cm) 3.0um(3,333m’) 3.67um (2,725 cm™)

NIRSpecslit
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Saturation: 307

O, nightside airglow: tracer of chemistry and circulation in the upymosphere (> 50 km)
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Comets

* Primitive material, providing information on thermaposition of the solar nebula
at the time of their formation, 4.6 Gyr ago

* Very rich composition, dominated by water (50-8@#fice content)

 The composition of comets, ithe relative abundance of different species

- variesfrom comet to comet

- varieswith heliocentric distance

- variesspatially on a comet (Rosetta)

Hale-Bopp; variation with distance Corat diversity
| comet ¢/1985 o1 (ate-topp) ] ~30 species from spectroscopy
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IR spectroscopy from Rosetta
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Ice abundance (%)

IR spectroscopy from Rosetta;®lice cycle
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Local day

Heated by sunlight, water ice on
and 2 few cm below the surface
sublimates, tuming into gas and
€50pNY

155
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Temperature (K)

205

The surface rapidly cools while the
underlying layers are still wam,

so subsurface water ice continues
subimating and Ainding its way to

Local dawn the surface, where it freezes again

On the next comet day, sublmation
starts 29ain, beginning from water
ice in the newly formed layet




Organics In 67P from Rosetta / VIRTIS
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Comets with JWST

« Study evolution of HO:CO,:CO gas vs heliocentric
distance

e Study of icy grains in distant comets and deteatmam of their
crystalline vs amorphous nature

« Search for HO gas in weak and/or distant comets and in main-
belt asteroids

o Search for surface ice and organics on distamtiveacomets
e Simultaneously mapping of gas and dust in comaR(M|

See also poster by S. Milam et al.



Flux density [mJy]

Simultaneous measurements of H20/CQO2/CO vs rh

Akari: Ootsubo et al. 2013
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Mechanism for driving activity at large heliocantr
distance?
— Direct sublimation of pure CO2, CO ices ?

— Exothermic crystallization of amorphous water ice accompanied by
release of trapped gases (also proposed for distant comet outbursts)



JWST / NIRSPEC sensitivity: H20/C0O2/CO for S/N
= 10 on typical comet (C2013 Al Siding Spring)
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Comets with JWST

Study evolution of HO:CQO,:CO gas vs heliocentric distance

Study of icy grains in distant comets and determini@on of
their crystalline vs amorphous nature

Search for HO gas in weak and/or distant comets and in main-
belt asteroids

Search for surface ice and organics on distamtiveacomets
Simultaneously map gas and dust in coma (MIRI)



H,O icy grains: amorphous or crystalline

e |Icy grains are observed in cometary com§
Important secondary source of®iproduction
e Could be a diagnostic of the form in whic
iIces accreted to form cometary material:

— Amorphous?

— Crystalline?

— Clathrates?
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H,O icy grains: amorphous or crystalline

e Diagnostic for crystallinity:
1.65 um feature

- But requires a distant come ! ...
(T<140K,ie.th>~35AU)
otherwise grain crystallization
may occur by solar heating in
coma

e Well suited to JWST/NIRSPEC with R=0.1" resolvitig
coma




Comets with JWST

Study evolution of HO:CQO,:CO gas vs heliocentric distance

Study of icy grains in distant comets and deteatom of their
crystalline vs amorphous nature

Search for H,0O gas in weak and/or distant comets and in
main-belt asteroids

Search for surface ice and organics on distamtiveacomets
Simultaneously map gas and dust in coma (MIRI)



H20 in weak comets / asteroids
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Transition objects: matbelt comets
aka active asteroids

Summary of Mechanisms

Name Sublimation Impact Electrostatics Rotation Thermal
(3200) Phaethon x ? ? T v
133P/Elst-Pizarro E/A0 A - ¢ . - X
(2201) Oljato ? 7 ! ? x
: P/2008 R1 (Garradd) ? ? ? ? x
(596) Scheila x v %, X X
300163 (2006 VW139) ? ? ! ? X
Tk 133P/Elst-Pizarro v X ! ? x
T 176P/LINEAR (118401) ? ? ? ¢ x
P/2005 U1 (Read) 238P/Read v X X ? X
P/2010 R2 (La Sagra) ? ? ? ? x
107P/Wilson—Harrington ? x x

Notes. v': evidence exists consistent with the process; x: evidence exists inconsistent with the process; 7:

insufficient evidence exists.

118401 (1999 RE-) Jewitt 2012

To date, no successful searches for volatiles in these objects

Sensitivity for H20 at 2.am
NIRSPEC/ R= 100Q(H,0) = 1G¢°>mol/s,S/IN=4in 1 hr.
Typically 10 times more sensitive than Herschel/HIFI



Trans-neptunian objects:
composition and thermal properties

For New Horizons
image,
wait until 2019...




TNO composition (and Centaurs, and
cometary nuclel)

* Current knowledge of TNO composition is basedapti¢al
and) near-IR (1 — 2.5 um) spectroscopy.

— Only several tens of objects (out of populatiord600) reasonably
well-characterized

— Classes include: (i) water ice rich (ii) featussl€iii) volatile-rich (a few
large ones) (iv) other (methanol, ammonia...) few)
e Opening of the 2.5-5 um range (NIRSpec, NIRCameggji
access to the strong fundamental vibration mod&sjifting to:

— Confirm / identify new volatiles (e.g. N2, CH4, G@H...) and their
irradiation products (ethane, ethylene, etc...)

— Help with identification of the coloring agentsKBO surfaces:
methanol, complex organics...

— More generally, try to relate composition to otphysical parameters
(color, size, etc...) and orbital parametersvolution diagnostics



Geometric Albedo

KBO Spectroscopy with NIRSpec
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Geom. Albedo

KBO Photometry with NIRCa
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KBO Photometry with NIRCam

NIRCam: 1000 sec Point-Source Sensitivity
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A first-order “photometric approach” of composition on large samples
(all objects > 100 km). Permits a more global assessment of the
compositional trends, esp. determine abundance of watersat surface



Relating albedo to colors
... and to composition ?
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Flux Density (mJy)

KBO radiometry: size, albedo & thermal
properties
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KBO radiometry with JWST / MIRI

* In spite of increased sensitivity w.r.t. Spitzgiv(ng access to
objects < 100 km), MIR&loneis not an efficient absolute TNO
size radiometer because the wavelength range ¢2és a
micron.

— Needs to combine with other measurements
 ALMA: 500 objects reachable MIRI: 1000 sec Point-Source Sensitivity
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(but emissivity issues?) 100,00;_ KBOS 40 AU, py = 10% _—
e SPICA? - Reflected 1 Thermal 200 k
» Occultations— growing number 10.00¢ :
as predictions improve (GAIA)

— If size is known independently,
MIRI becomes an outstanding
tool to studysurface thermal
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TNOs thermal properties
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« Could be extended to more objects and start investigating possible
correlations of thermal properties with other physical properties (density

composition...)
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Pressure [ubar)

And finally, back to atmospheres...
The evolution of Pluto’s atmosphere

L vvvvvvvvv —————— ——— Tr—rr—
1000 ( )
4
F -
| 3 - —
b -
[ e
| - - e -
- --2sg8EZZEE5
-- - - =
MEwae Tl -2
TEE et
- T~ i
e R
I L - -
E=— T
- -
-
-
| 4 g
. |
1.0 * E .
! 1 [
{1 [ SR | IR | PEPEP PP Loy Ak s
1980 1930 2000 2010 2020 1930 2000 2010 2020

Young 2013 fear Vear

JWST cannot observe the N2 atmosphere, but can monitg (@& % of N2)
from NIRSPEC spectroscopy at 1.7 and 2.3 um.



THE END



