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Ø  Exoplanet	detec;on	

–  An	exoplanet	is	a	planet	that	does	not	orbit	around	the	Sun	but	
around	another	star	(well	sort	of…)	



Ø  Exoplanet	detec;on	

–  Astronomers	have	imagined	an	undirect	detec;on	method:	the	radial-
velocity	method	



Ø  A	bit	of	history…	

–  In	94/95,	Didier	Queloz	and	Michel	Mayor	were	actually	analysing	
their	data	on	the	fly	with	the	Elodie	spectrograph	at	Observatoire	de	
Haute	Provence.	

–  …	and	found	a	;ny	signal	in	their	data…	



Ø  A	bit	of	history…	

–  ASer	almost	one	year	checking	their	data,	they	extract	this	signal	from	
the	star	51	Pegasus	

–  …	and	found	that	an	object	(51	peg	b)	is	orbi;ng	with	a	period	of	only	
4.2	days	



Ø  A	bit	of	history…	

–  How	do	we	get	the	mass	of	the	object?	

–  How	do	we	get	the	orbit	of	the	object?	



Ø  A	bit	of	history…	

–  Minimum	mass	of	0.5	mass	of	Jupiter	orbi;ng	at	0.05	au	of	the	star…		
–  Strongly	irradiated	by	the	star:	Hot	Jupiter	



Ø  A	bit	of	history…	

–  Nobody	has	ever	predicted	this	kind	of	planets	to	exist:	a	huge	part	
of	the	astrophysics	community	(and	the	press)	was	not	ready	to	
accept	this	detec;on:	

•  Instrumental	error?	(the	signal	around	51	peg	was	immediatly	
confirmed	by	compe;tors,	Marcy’s	group)	

•  Astrophysical	ar;fact?	E.g.	from	the	atmosphere	of	the	star?		
star	spots	?	

•  A	binary	star?	
	



Ø  A	bit	of	history…	part	2	

–  Astronmers	have	imagined	a	second	undirect	detec;on	technique:	the	
transit	method		

You	get	the	radius	of	the	
exoplanet	



Ø  A	bit	of	history…	part	2	

–  Astronomers	had	to	wait	un;l	1999	for	the	first	detec;on	by	this	
method,		a	0.7	Jupiter-mass	hot	jupiter	called	HD209458b	

–  Finally	confirming	the	existence	of	exoplanets	!	



Ø  A	bit	of	history…	part	2	

–  Since	then	astronomers	have	observed	up	to	3500	exoplanets	with	an	
important	diversity	in	terms	of	mass,	radius,	orbits,	etc… with	a	few	
rocky	planets	in	the	habitable	zone	of	their	parent	stars:	



Ø  Characteriza;on	of	the	atmospheres	
–  Use	1D	model	to	get	the	abundances	of	molecules	in	Emission	spectra	
–  Evans	et	al.	2017	(in	press):	detec;on	of	a	stratosphere	in	a	hot	Jupiter	



Ø  Characteriza;on	of	molecular	abundances	
–  Use	1D	model	to	get	the	abundances	of	molecules	in	transmission	spectra	
–  Wakeford	et	al.	2017:	low-metallicity	hot	neptune		



Ø  Characteriza;on	of	molecular	abundances	
–  Huge	breakthrough	thanks	to	JWST	upcoming	observa;ons	!	
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Exoplanet	atmospheres	

Ø  We	want	to	get	the	structure	of	the	
atmosphere:	
•  The	pressure	profile	
•  The	temperature	profile	

Ø  For	that	we	need	to	solve	the	sta;onnary	
conserva;on	laws:	
•  The	Hydrosta;c	balance	
•  The	Energy	conserva;on	
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dP/dz=rho	g	
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Ø  Radia;ve	transfer	

Need	the	gas/cloud	opacity	i.e.	abundances	
Ø  Chemistry	
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Ø  We	want	to	get	the	structure	of	the	
atmosphere:	
•  The	pressure	profile	
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Ø  Emission	transmission	spectra	

Ø  Atmospheric	composi;on	
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Ø  Why	is	it	complicated?	

Ø  Need	sophis;cated	radia;ve	transfer	schemes	(e.g.	correlated	K)		
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Ø  Need	a	benchmark!	
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Ø  Obtain	a	good	agreement… aSer	we	converge	on:	
•  Input	parameters	(elementary	abundances,	molecular	species,	…)	
•  Modeling	issues	(def.	of	the	planet	radius,	def	of	the	mean	molecular	weight,	…)	



Ø  But	s;ll	some	differences:	
•  Importance	of	up-to-date	opacity	linelists	



Ø  But	s;ll	some	differences:	
•  Chemistry	model	
•  +	other	modeling	uncertain;es	remaining	(alkali	lines,	line	shapes,	etc)	
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Exoplanet	atmospheres	
Ø  3D	Hydrodynamic	modeling	of	Earth	atmosphere:	DYNAMICO	hydrodynamics	on	a	

spherical	icosahedral	grid	developped	by	T.	Dubos	(LMD)	and	Y.	Meurtdesoif	(LSCE)		



Exoplanet	atmospheres	
Ø  3D	Hydrodynamic	modeling	of	an	atmosphere:	DYNAMICO	hydrodynamics	on	a	

spherical	icosahedral	grid	developped	by	T.	Dubos	(LMD)	and	Y.	Meurtdesoif	(LSCE)		



Exoplanet	atmospheres	
Ø  Adapta;on	to	Hot	jupiters:	S.	Fromang	

Shallow	hot	jupiter	DYNAMICO	model																						(comparison	to	Mendonça	et	al.	2016)	
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