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M	dwarfs



PHZ (0.4	M¤)	=	25	d
PHZ (0.3	M¤)	=	18	d
PHZ (0.2	M¤)	=	12	d

Detecting	M-type	planets



Global	science	questions:	M-dwarf	planets

• How	many	planets	are	there?
• What	are	they	like?
• How	do	planets	form	and	evolve?
• What	are	the	architectures	of	
planetary	systems?

CARMENES:
Find	and	measure	a	significant	

number	of	planets



<d>	=	13	pc
The	CARMENES	survey

Typical	target:	M3-M4	
&	J=7-9	(50%	of	all)342	targets



CARMENES
• CARMENES	Survey	since	January	1,	2016
• ~3	years	along	the	survey:

• 342	targets	with	(>5)	observations
• 13294	VIS	RVs	&	12703	NIR	RVs
• ~3500h	integration,	440	nights	(60%	of	750)
• CARMENES	papers:	26	(published,	in	press,	
submitted)

• CARMENES	discoveries:
• New	planets:	7	(published)
• Firm	planet	candidates:	14



Internal	precision

CARMENES VIS

med=1.7m/s

CARMENES NIR

med=6.4m/s

(1.2	m/s	if	no	
extra	error)



External	precision

CARMENES VIS

med= 3.6m/s

CARMENES NIR

med=21.6m/s

(identical	to	HARPS)

(work	in	progress)



GX	And:	M1
Luyten’s star:	M3.5
Teegarden’s star:	M7

…

Maximum
NIR	precision
at	SNR150	@J

Maximum
VIS	precision
at	SNR150	@J



CARMENES	discoveries

Barnard’s star b

GJ 1148 c

HD 147379 b

GJ 1265 b
GJ 3779 b

HD 180617 b
GJ 4276 b

7	pre-CARMENES
9	from	CARMENES



GJ 876

2018,	A&A	
…



…



2018,	AJ	



2018,	A&A	



2018,	A&A	
…



2018,	A&A	



2018,	A&A	



Eccentric	
Neptune	or	2:1	
resonant	pair?

2019,	A&A
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First	cold	super-Earth	with	a	measured	mass



VIS:	rms 3.1	m/s	

NIR:	rms 10.6	m/s	

Morales	et	al.,	in	prep.

• Jupiter-mass	planet	around	a	very	
low-mass	star

• Eccentric
• Possibly	with	a	further	companion
• First	of	its	class
• First	planet	discovered	with	NIR



Zechmeister	et	al.,	in	prep.

Two	habitable	1-Earth	
mass	planets



750	nights
60-70	obs.	/	star 1 m s-1

3 m s-1activity jitter

pure photon
noise

2017,	A&A

From	real	
survey,	½	along	
the	way:	21	
planets	as	sure	
detections	



• The	CARMENES	survey	will	invest	50	nights	in	
the	follow-up	of	TESS	M	dwarf	candidates

TESS	follow-up

•Most	targets	will	appear	
during	the	second	year	of	
the	TESS	survey	(starting	
mid	2019)  

1.
5 

m

• This	should	allow	the	confirmation	of	some	30-40	
transiting	planet	candidates

• It	is	an	optimization	of	the	sample	➙ from	a	blind	to	a	
guided	search



•CARMENES	regular	operations	since	Jan	1,	
2016	for	a	5-year	survey	(750	n.,	2016-2020)

Summary

•Both	channels	are	online	and	acquiring	data

• The	CARMENES	survey	is	revealing	a	treasure	trove	of	
extremely	interesting	planets

•Will	discover	a	statistically-significant	sample

•Besides	planets,	the	CARMENES	survey	data	is	enabling	
the	study	of	many	other	science	cases	(stellar	properties,	
stellar	activity,	binarity,	etc)


