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:The liquid water “Habitable Zone”
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Which star-planet systems are conducive to the
maintenance of habitable conditions?
Where should NASA and its partners commit their resources?
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Y v N Stellar EUV (10 - 91 nm) flux:
e = the driver of atmospheric escape

High-energy stellar
“photons control the -
~atmospheric phys- -
~ ics and chemistry.

of temperate rocky e

‘planets. The EUV

dominates heatlng

of the upper
- | atmosphere and
- drives escape.
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EUV environment is the dominant uncertainty
for exoplanet atmosphere survival

Upper Atmospheric Heating  Photochemistry Surface Heating
Lower thermosphere 50, 0,
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Adapted from France et al. (2016)



EUV environment is the dominant uncertainty
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EUV environment is the dominant uncertainty
for exoplanet atmosphere survival
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/N Impulsive Stellar Eruptions
/ g Drive Atmospheric Escape
Flares & CMEs

Optically Inactive M star (P,,, ~ 40 days).

UV flare
profile

400
Time [s]

« Flares may dominate EUV output of active stars

» Stellar particle bombardment drives ion
escape, charge exchange, pickup/sputtering
loss processes

NE g R " @
Adapted ffom Loyd et al.
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/st - ESCAPE Science Objectives

1) Determine if stellar radiation environments permit
habitable conditions to exist on rocky exoplanets
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_fua\ . ESCAPE Science Objectives

1) Determine if stellar radiation environments permit
habitable conditions to exist on rocky exoplanets

2) Characterize stellar EUV evolution & flares, and
their impact on habitable environments
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,@@ - ESCAPE Science Objectives

1) Determine if stellar radiation environments permit
habitable conditions to exist on rocky exoplanets

2) Characterize stellar EUV evolution & flares, and
their impact on habitable environments

3) Determine the impact of coronal mass ejections on
atmospheric mass loss
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Yy, . The ESCAPE Science and
s Implementation

EUV & FUV (7 - 180 nm)
spectroscopy of 200
nearby stars, including
most promising exoplanet
hosts

Atmospheric models using
ESCAPE data as inputs
quantify atmospheric loss
rates and identify the most
promising habitable planet
- targets




The ESCAPE Science and
Implementation
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EUV & FUV (7 - 180 nm)
spectroscopy of 200
nearby stars, including
most promising exoplanet
hosts

Launch in spring 2025
with a 2 year primary
mission
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> 100 x sensitivity of EUVE:

First statistical study of EUV irradiance on
planet-hosting stars
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> 100 x sensitivity of EUVE:

First statistical study of EUV irradiance on
important stellar/planetary timescales.
1) Evolutionary (Myr - Gyr)

2) Rotation/Stellar Cycle (days - years)
3) Impulsive (minutes - hours)

AU Mic data dapted from Kowalski et al.
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> 100 x sensitivity of EUVE:
1) CME frequency distribution via coronal
dimming (10 - 15 F, G, and K stars)
2) Relationship between flares and CMEs
3) CME kinetic energy for brightest stars

SDO and AlA data adapted from Mason et al. (2016)
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D V: The ESCAPE Instrument
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ESCAPE Spacecraft:

« Ball BCP 100 spacecraft

« ADCS system (< 5”
pointing stability and <
30” pointing control)

« Ka and S-band comm.

-+ Fabricated and integrated
by Ball, building on
heritage from WISE, GPIM,
and in development for
IXPE and SPHEREXx
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The ESCAPE Mission
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ESCAPE explores the high-energy radiation
environments of nearby habitable zones.

kevin.france@colorado.edgﬁ
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The ESCAPE Mission

(Euv Stellar Characterization for Atmospheric Physics and Evolution)

ESCAPE explores the high-energy radiation
environments of nearby habitable zones.

ESCAPE provides the essential stellar context for

exoplanet habitability and provides a roadmap for
future life-detection missions.

kevin.france@colorado.edg7



vty The ESCAPE Mission

,&»}@0 : (Euv Stellar Characterization for Atmospheric Physics and Evolution)

ESCAPE explores the high-energy radiation
environments of nearby habitable zones.

ESCAPE provides the essential stellar context for
exoplanet habitability and provides a roadmap for
future life-detection missions.

High-throughput grazing incidence optical system

and heritage spacecraft enables EUV observations

of 200 nearby stars of a range of masses and ages
to be surveyed in a 2 year mission.

kevin.france@colorado.edu




The ESCAPE Mission
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Backup Slides

kevin.france@colorado.edw.g9
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w* e ‘ \ Jeremy Drake, SAO
1&‘\ James Mason, GSFC DPS; dimming analysi

-
s e o ra s S c I e n c e I e a m SCIENCE CONTRIBUTION

Joel Allred, GSFC Co-I; EUV flare modeling lead (D.2.3)
Ute Amerstorfer, INF IC : g(D.2.3)

Martin Barstow, Leicester C b lead (D.2.4)

Zach Berta-Thompson, CU Co-I; warf follow-u d(D.2.1)
Vincent Bourrier, U Gen

Luca Fossati, IWF Graz Collab.; escape observer

The St u dy Of Ste I Iar Im paCtS on Cynthia Froning, UT Co-I; FUV observation lec
te rre Strl al exo p I an etS IS AN In h ere ntly Cecilia Garraffo, Cf4 Co-I; stellar wind modelin
i I’]te rd | SCI pl I nary e n d eavo r. Gl/il/(lm'ue’ Gronoff, LaRC (o
Meng Jin, LM Co-
Tommi Koskinen,. Uof4 Co-I;
The ESCAPE science team combines [SlRiiiAe

Herbert Lichtenegger, IWF Coll ion proce

ex pe rts fro m aStrO p hys I CsS ) Jeffrey Linsky, CU Co-I: ISM correction 1‘.’ -
heliophysics, and planetary science. RREREERZ @SSRS TRV LT,

Sabrina Savage, MSFC Co-I: solar contexts

Allison Youngblood, GSFC \Co-I; M dwarf EUV analysis lead (D.2.1)
INSTRUMENT CONTRIBUTION

Matthew Beasley, SwRI Co-I; telescope

James Green, CU Yo-I: EUV calibration lead

Ken Kobayashi, MSFC Co-I- telescope optic scientist (D.2.2)
Randall McEntaffer, PSU Co i ratings lead

David McKenzie, MSFC telescope ication lead (D.2.2)
Suzanne Romaine, SAO optica wment lead

Oswald Siegmund, UCB Detector scientist
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The ESCAPE Mission

(Euv Stellar Characterization for Atmospheric Physics and Evolution)

ESCAPE Hardware: A

E S CA P E Principal Investigator

Dr. Kevin France
(LASP)

Instrument, MSFC,
UCB, SAO, PSU, LASP Mission
Instrument 1&T, LASP  [LUCHECCUEIY | wigaress
Observatory I&T, Ball Team

ESCAPE Data:

Project Scientist
Dr. Jeremy Drake
(SAO)

Instrument Scientist
Dr. Brian Fleming
(LASP)

Project Management
Office
(LASP)

Instrument Systems m’;:;i’:: :ms Mission Systems
Enginear Nic Ferrington Engineer

LASP LASP

Processing, LASP
Archiving, MAST

(LASP)

Detector Lead Instrument Subsystem
Dr. Oswald Siegmund Leads e acecr;fat“Sy SIS
(UC-Berkeley) LASP

Gratings Lead Telﬁscope & Allgnmenl

| P
Dr. Randall McEntaffer I Dr. Dawd McKenme @]’ &Lﬂs
boratory for Atmospheric and Space Physics

(MSFC)
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The EUV *is* observable. The challenge has
been an observational one, not an
astrophysical one.
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Solar System Planets
Known Exoplanets

ESCAPE observations
planned for known
exoplanet systems

ESCAPE observations
planned for systems
without known
exoplanets

Stellar Temperature (K)

2000

10* 102 100 1072 100 102
Bolometric Flux Received (relative to Earth) Distance
(parsecs)

, Target list will be updated with new RV and
transit results during Phases B - D.




