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Exoplanets: current status

Don’t we have good-enough statistics of inner planets?

Winn & Fabrycky (2015)



CARMENES: motivation I 
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Good statistics only for FGK-star inner-planetary systems!



CARMENES: the survey sample

<d> = 12 pc

Since Jan 2016: observing ~325 single M0.0V – M9.0V stars



CARMENES: the expectations

Exoplanet yield will highly depend on our ability to model
simultaneously planetary- and activity-induced RV signals.

Garcia-Piquer (2017)

Assumptions
•    750 clear nights.
•    5 years.
•    ~60 obs. per

star. 
•    ~1m/s precision.
•    ~3m/s RV jitter.

CARMENES is most sensitive to planets of >1 MEarth on orbits of <1
Year.



Optimal wavelength range for M dwarfs

Most of the flux and RV information of M stars 
are in the red-visible and NIR wavelength regime.

K2  (5000 K)
M0 (4000 K)
M4 (3000 K)



NIR: 28 orders
0.96-1.71 μm

VIS: 55 orders
0.52-0.96 μm Simultaneous

FP spectrum
for drift correction
(Bauer et al. 2015)



CARMENES: the spectra

Example CARMENES spectrum of an active M dwarf:
Unpresedented spectral coverage at R~105

dichroictelluric O2 telluric H2O

telluric airglow (OH)

VIS NIR



Stellar template

Radial velocity

χ2 fitShift & co-add
spectra

RV fit

Start: Highest SNR spectrum

(2018A&A...609A..12Z).

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2018A&A...609A..12Z&db_key=AST&link_type=ABSTRACT&high=53a19cc45623703


“We find that for all M-type
dwarfs, the highest RV
precision can be reached
in the wavelength range
700 –900 nm.”

The CARMENES sample + average activity indicators:

many fast rotating stars with Hα in emission.

Estimates of achievable RV precision: VIS~1.2 m/s;

NIR~5.0 m/s.

 + additional ~150 coauthors.(2018A&A...612A..49R).

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2018A&A...612A..49R&db_key=AST&link_type=ABSTRACT&high=53a19cc45623703


Binaries

RV-loud
stars:

activity +
planets

RV-quiet
stars:

planets + 
activity 

2018A&A
614A.122T

 + 17 coauthors

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2018A&A...614A.122T&db_key=AST&link_type=ABSTRACT&high=5c052b108420536
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2018A&A...614A.122T&db_key=AST&link_type=ABSTRACT&high=5c052b108420536


 + additional 23 coauthors.(2018A&A...619A..32B).

Two-dimensional correlation
(todcor, Zucker & Mazeh 1994).

Orbital solution M1,2 sin3 i

Will become astrometric binaries in Gaia DR4 (2022)

https://ui.adsabs.harvard.edu/


• Second planet with a longer period in the system.
• Favors formation via disk instability + planet-planet

scattering over pebble accretion.

Morales+19 (Science, Sep 27, 2019)

A giant exoplanet around a very low-mass
star challenging planet formation models 

GJ 3512



CARMENES: active RV-loud sample

• significant std(RV)-vsini, and
marginal std(RV)-Hα
correlations.

• Expected signature of active
regions on rotating M stars.

Active
RV-loud stars

Tal-Or et al. (2018)



For M1.0 – M4.0 stars
CARMENES VIS RV
accuracy is comparable
to HARPS.

Expectation:
For later than M4.0
stars CARMENES
should do better than
any other instrument.

 + additional ~150 coauthors.(2018A&A...609A.117T).

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2018A&A...609A.117T&db_key=AST&link_type=ABSTRACT&high=53a19cc45623703


CARMENES: the first 15 planets in context

Transit + RV
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CARMENES: the first 15 planets in context

Transit + RV +
Other techniques

Mass of the host star (Solar mass)
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Barnard’s Star b (Nature, 2018)

Teegarden’s Star b & c (A&A, 2019)

GJ 3512 (Science, 2019)

CARMENES
motivation I



Snow-line super-Earth around Barnard’s Star

Follow-up options:
•  More RVs
•  Astrometry
•  Direct imaging



Teegarden’s Star b & c: two HZ Earths?

Unfortunately, no
transit of planet b:

Zechmeister+19 
(A&A, 2019)



CARMENES: transiting-planet confirmation

 + additional ~19 coauthors.(2018AJ....155..257S).

ρplanet ~  4
g/cm3

TESS: almost full-sky
survey for short-period

transiting planets

https://ui.adsabs.harvard.edu/


CARMENES: exoplanet atmospheric study

Alonso-Floriano et al. (
2019A&A...621A..74A)

Transit spectroscopy via CCF: 
cross-correlating the observed spectra, after
correcting for tellurics and the star light, with
a model of H2O in the planet’s atmosphere 

https://ui.adsabs.harvard.edu/


CARMENES: magnetic fields in M dwarfs 

Ti

FeH

Shulyak et al. 
(A&A, 2019)

Modeling magnetically-sensitive lines
with a radiative transfer code to measure
magnetic flux density distributions.



3.5 years of CARMENES’ M-dwarf RV survey

Excellent tool for spectroscopic and RV study of M dwarfs:

confirming transiting planets and detecting new ones.

The first 15 planets agree with previous observations:

rocky planets are more abundant than gas/ice giants.

Progress in M-dwarf’s activity research: magnetic fields.

Excellent tool for atmospheric characterization of

transiting planets (mainly in the NIR: He I, H2O, CH4, …).

Next challenges: 

• Detecting many new planets by simultaneous

modeling of planetary orbits and activity.

• Better atmospheric characterization.


