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U V  D E S T R O Y S  S O M E  B I O S I G N AT U R E S



U V  P R O D U C E S  O T H E R  B I O S I G N AT U R E S



the ratio:                  mattersfar UV  
near UV

Ozone Production:

Ozone Destruction:
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Rugheimer et al., 2015

U V:  S M A L L  PA RT  O F  F L U X  B U T  C R U C I A L  T O  AT M  V I A  P H O T O C H E M I S T RY

Flux at the top of the atmosphere 
at 1AU equivalent
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M U S C L E S  S H O W E D  Q U I E S C E N T  M  D WA R F  U V  I S  M O R E  S I M I L A R  
T O  F L A R E  S TA R S  T H A N  P H O T O S P H E R E  O N LY  E M I S S I O N

France et al. 2016

Rugheimer et al. 2015

(AD Leo) 
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Compare two UV extremes of an  
Earth-like planet orbiting M5 star



Two UV extremes - otherwise same planet same outgassing
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M  S TA R S  M AY  H AV E  P R O B L E M S  
R E TA I N I N G  T H I N  AT M O S H E R E S

T R A P P I S T- 1 B  ( G R E E N E  E T  A L .  2 0 2 3 ) T R A P P I S T- 1 C  ( Z I E B A  E T  A L .  2 0 2 3 )

F I N G E R S  C R O S S E D  F O R  T R A P P I S T- 1 D , E , F



B R O W N  D W A R F S ?



B R O W N  D W A R F S  FA C E  
S O M E  C H A L L E N G E S  T O  
H A B I TA B I L I T Y

B R O W N  D W A R F S  C O N T I N U A L LY  C O O L  S O  
T H E  H A B I TA B L E  Z O N E  M O V E S  I N W A R D  

W I L L  H 2 O  B E  R E TA I N E D ?

adapted from Barnes & Heller 2013



T H R E E  M O D E L S  F O R  U V  O F  
B R O W N  D W A R F S

1 )  P H O E N I X  P H O T O S P H E R E  
O N LY,  N O  E X C E S S  U V  



2 )  J U P I T E R  A U R O R A  U V  M O D E L  F O R  
B R O W N  D W A R F S

H S T  J U P I T E R  A U R O R A J W S T  J U P I T E R  A U R O R A



M E T H A N E  E M I S S I O N  I N  W 1 9 3 5 :  
E V I D E N C E  O F  A U R O R A  O N  A  C O O L  
B R O W N  D WA R F  

Visual: NASA, ESA, CSA, Leah Hustak (STScI)
Faherty et al. 2024



3 )  E X T R A P O L AT I N G  U V  F R O M  M U S C L E S  
Q U I E S C E N T  M  D W A R F  ( G J  1 2 1 4 )



T H R E E  U V  M O D E L S  W I T H  4  B R O W N  D WA R F  T E M P U R AT U R E S

Parsons, Rugheimer et al in prep



B R O W N  D WA R F S  S T E A D I LY  C O O L  A S  T H E Y  A G E  
P R O G R E S S I O N  O F  U V  F O R  E A C H  M O D E L

Parsons, Rugheimer et al in prep
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Parsons, Rugheimer et al in prep



H Y P O T H E T I C A L  
T R A N S M I S S I O N  
S P E C T R A  F O R  A N  E A R T H  
O R B I T I N G  A  B R O W N  
D W A R F  A N D  T H E  S U N

Parsons, Rugheimer et al in prep



D I F F E R E N C E  I N  
T R A N S M I S S I O N  
E F F E C T I V E  H E I G H T  
C O M PA R E D  T O  T H E  S U N

Parsons, Rugheimer et al in prep





LIFE shall obtain thermal emission spectra with sufficient spectral resolution, wavelength coverage and 
sensitivity to investigate at least 30 (requirement) / 50 (goal) extrasolar planets with radii between 0.5 
and 1.5 Earth radii and receiving between 0.35 and 1.7 times the insolation of the Earth in order to assess 
their diversity, habitability and search for biomarkers.

Tim 
Lichtenberg



Nulling Interferometry
in a Nutshell
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Habitable Worlds  
Observatory

Konrad et al. 2022

Complementary Missions:
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LIFE needs a minimum S/N of 10 and R = 35 or ideally 50, 4 - 17.5 µm (3-20µm ideally)
And compared to HWO get CO2, CH4 and Tsurf but can’t get O2





B R O W N  D W A R F S  M I G H T  H AV E  H A B I TA B L E  P L A N E T S

T H E I R  U V  E N V I R O N M E N T S  M AY  VA R Y  S U B S TA N T I A L LY  

K N O W  T H E Y  U V,  K N O W  T H Y  P L A N E T  

L I F E  I S  A  C O O L  M I S S I O N  C O N C E P T  Y O U  S H O U L D  
F O L L O W  



Q U E S T I O N S ?




