UV OBSERVATIONS OF
EXOPLANET ATMOSPHERES:
THE CURRENT LANDSCAPE

e Christia C lte h/IPAC

(W’rh nput fr mJ a Spake, Hannah Wakeford)



THE ERA OF EXOPLANET
ATMOSPHERES IS HERE

P

-

> > > Mas
o] o) 5 ac H S/OSS
() a ) (LU 06 3 ’O
qE) 'd e §o o)
e O —
Pressure 5 = % / Prebssure
(bar) Exosphere = Jn (bar)

10+

108F Terminator
106}

oo ThermoSphere 5 J
Al daysid 7 - {2
102k S ratosphere {102
100 | - 4100
C 4101
101 ]
1000 0

Temperatu ) (Mixing ratio)

Image credit: M. Lopez-Morales & D. Sing



MAJOR EXOPLANET
ATMOSPHERES PROCESSES PROBED BY UV

1. Atmospheric escape

2. Metal rain-out In ultra-
hot atmospheres

3. Aerosol production in
cooler atmospheres

M. Kornmesser/ESO . |



ATMOSPHERIC ESCAPE

GSFC CCMC
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ATMOSPHERIC ESCAPE

NASA Exoplanet Archive
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ATMOSPHERIC ESCAPE

NASA Exoplanet Archive
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——— ATMOSPHERIC ESCAPE

Planet Size [Earth radii]
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ATMOSPHERIC ESCAPE

NASA Exoplanet Archive

102

ST

() ‘.‘. [
.&4’0&‘”.”..0 R
T3 A
..-n. Y ' o
»,.’()w.a- ~Ooo.o o0
}kr o®
RN
3 e Q“ooo

LA A oofoo

0‘ L4 °

oq o
oo.o“oof“o Mo. ooo oo
P {
20 (82,75 T
o T LA
o Yo o

101

Orbital Period [days]

100

L1 1 1 1 1 11
@ o N~ [(e} e} < (s} N o ©
~— o

o o
— ~—

[snipey yue3] snipey loue|d

Mon Mar 13 12:06:02 2023



ATMOSPHERIC ESCAPE

Wavelength (A)
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ATMOSPHERIC ESCAPE
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ATMOSPHERIC ESCAPE

Takeaway: we need to study atmospheric
escape for a larger sample of planets, around
younger stars...

...UVEX?
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AEROSOLS

PHOTOCHEMICAL CONDENSATION
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AEROSOLS

keford+(2018)
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AEROSOLS

“...without the signature of molecular Rayleigh scatftering—even with robustly detected infrared
absorption features (>100)—there is no reliable way to tell from the transmission spectrum whether the
absorber is a main constituent of the atmosphere or just a minor species” (Benneke & Seager 2012)

Takeaway: JWST infrared spectra will likely need
addifional fransmission spectra at NUV/blue optical
wavelengths fo constrain aerosols and enable the
Most robust characterization of the atmospheric
properties - especially for small, cool planets...

...UVEX?
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At T> 1000 K, absorption
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METAL RAIN-OUT

dominated by gaseous metals
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METAL RAIN-OUT

NUV - Red spectral index
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METAL RAIN-OUT

Takeaway: TESS will give us Red fransit
depths for all bright tfransiting planets — a
complementary NUV transit depth could

point to planets out of disequilibrium
chemistry...

UVEX?
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UV FACILITIES

Stars are not actually very bright in UV, and
exoplanet observations typically hours of

observations per event (or days of observations
to characterize the stellar UV flux)

There are limited facilities (HST/STIS+WFC/UVIS,
XMM-Newton, Swift, CUTE, SPARCS for stars) to
address these questions




SUMMARY

There is a real need for UV observations of exoplanets, even
with/especially with missions like JWST flying, Ariel upcoming

A modest survey with UVEX (described in the next talk by Jessica Spake)
could address multiple outstanding questions in exoplanet formation
and evolution

- Can we break the flat spectrum degeneracy in the infrared with a
suite of complementary NUV transmission spectra¢

- Can we diagnose planets in disequilibrium by producing a set of NUV-
Red spectral indices?

In addition, longer targeted observations with UVEX could address how
atmospheric mass loss sculpts the planet population features we see
today



