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et Atmospheres: Exo-Earths

le planet candidates exist today

eThe FUV+NUYV radiation fields of their host
stars control the photochemical structure of
their atmospheres — including formation of

biomarkers (e.g., O,, O;, CO,, CH,)

eBut we know very little about
chromospheric/coronal structure of average
* low-mass (M and late K) stars

Definitions:

EUV =10 — 90 nm

LUV =91 — 116 nm
i FUV =117 — 170 nm

GJ 667 Cc | NUV = 171 — 310 nm

(Anglada-Escudé et al. 2012)




Exoplanet Atmospheres: Exo-Earths

eMany models assume zero activity/UV flux,
influencing the predicted atmospheric
chemistry and therefore, habitability

Specific Challenges:

* FUV Sensitivity

 Proper treatment of Lya is impossible with
most existing M-dwarf data sets

e EUV radiation (10 — 91 nm) is important
for atmospheric heating, mass-loss, and
photochemistry, but is impossible to
observe for most M dwarfs
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MUSCLES

roject MUSCLES: A pilot survey of 6 M dwarf
exoplanet hosts at d < 15 pc

e\What is the UV radiation environment in the
habitable zones of M dwarf exoplanetary
systems?

eUV variability
on ‘inactive’
M dwarfs?

GJ 667 Cc

(Anglada-Escudé et al. 2012)

http://cos.colorado.edu/~kevinf/muscles.html
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AF(20 — 30 nm)=-0.01 [24%]

AF(30 —40 nm)=-0.03 [18%]
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1) First study of the energetic radiation environment around
M dwarf exoplanet host stars including NUV, FUV, Lya, and EUV

2) Lya. comprises 30 — 80% of the total FUV+NUV flux

3) FUV/NUV ~ 1, important for atmospheric chemistry and the
production of “biomarkers” (e.g., oxygen photochemistry)

4) FUV flares (50 — 500% increases on 102 — 103 second timescales)
are present on almost all M dwarf exoplanet host stars observed to
date. Stochastic fluctuations at 5 — 30% level typical.
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Xo0-Earths

Vlodeling Results,

M4V,
| Age~1-5Gyr

Rivera et al. 2010
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Atmospheres: Exo-Earths

eHabitable planet candidates exist today

eThe UV radiation fields of their host stars
control the photochemical structure of their
atmospheres — including formation of

Gl 667 Co # biomarkers

(Anglada-Escudé et al. 2012)
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Ic Origins Spectrograph

-channel plate detector:
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Cosmic Origins Spectrograph

STS-125 / Atlantis

COS Instrument and on-orbit performance: Green et al. (2012) & Osterman et al. (2011)
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Late Night with Jimmy Fallon

Linsky, Yang, France et al. (ApJ — 2010)


http://www.latenightwithjimmyfallon.com/video/hubble-got-nasa-part-1/n15971/�

Outline

tion Environment in the Habitable Zones of
M dwarf Exoplanetary Systems

2. NASA: Implementation of 2010 Decadal Survey, New
Instrumentation

3. Sounding Rocket Payloads: Pathfinders for Future
Long-duration Astrophysics Missions
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