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“The Exoplanet Revolution” 
8 to 1000 in 18 years! 



From hot Jupiters to 
temperate super-Earths 

• M stars offer a shortcut 
– M stars less luminous  Temperate planets 

are closer in (HZ at 10s of days)  

– Are easier to find for dynamical methods  
• RV signal  M*-2/3; 

• transit depth  R*-2 

• RV signal  a-1/2; 

• transit probability  a-1; 

• transit depth  a-2/3 

– Very numerous and nearby (75% of stars; 
50% of Ms are < 0.2 M)  

 



0.07 < mass < 0.6 Msun 

G2 

M = 1 Msun 

R = 1 Rsun 

T = 5800 K 

M3 

M = 0.45 Msun 

R = 0.45 Rsun 

T = 3500 K 

M6 

M = 0.12 Msun 

R = 0.18 Rsun 

T = 2900 K 

Earth 

--sizes to scale-- 

Figure credit: J. Bean 

M Dwarf Properties 



HZ planet properties 



CARMENES 

Pre-selection January 2009 

CDR October 2009 

pCDR July 2010 

Green light November 2010 

PDR July 2011 

optics-FDR April 2012 

FDR February 2013 

MAIV 2014-fall 2015 

First light, 

commissioning 

Spring 2015 (VIS) 

Fall 2015 (NIR) 

Start of survey End 2015 

End of survey End 2018 



An unexplored niche 



PHZ (0.4 M


)  25 d 

PHZ (0.3 M


)  18 d 

PHZ (0.2 M


)  12 d 

Goal: Detecting Earth-like 
planets 



9 
“classical” visible light RV instruments 

near-IR 

efficiency 

peak 

If possible, 

you want to 

observe here! 

The SED of M-type stars 
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Instrument capability: Large 
wavelength coverage 



Instrument capability: 
VIS+NIR 

NIR Channel VIS Channel 

NIRSPEC (NIR) 

UVES (visual) 

(Martin et al. 2006) 

Active M9 Dwarf LP-944 20 



Basic engineering 

parameters 
NIR channel VIS channel 

Δλ [nm] 
950-1700 

(29 orders) 

550-950  

(53 orders) 

Cross disperser Grism, infrasil Grism, LF5 glass 

Working T [K] ~140 ~295 

Detector(s) 
2 x 2kx2k Hawaii  

2-RG (2.5 μm) 

1 x 4kx4k e2v 

CCD231-84  

Calibration λ 
U-Ne  

[F-P etalon] 

Th-Ar-Ne 

[F-P etalon] 

Optical parameters 
Fixed R=82,000, 2.8-pix sampling (>2.3 pix), 

7-pix inter-fibre spacing 

Single-purpose, high-stability instrument 

– Precision requirement 1 m/s (goal for NIR) 

The CARMENES instrument 



The CARMENES instrument 



Calar Alto 

CARMENES at CAHA 

CCD (DLR) 



Current status 



• Pre-selection: Jan 2009  

• CDR (Conceptual Design Review): Oct 2009 

• pCDR (post-CDR): July 2010 

• Green light: Nov 2010 

• PDR (Preliminary Design Review): July 2011 

• oFDR (optics Final Design Review): Apr 2012 

• FDR (Final Design Review): Feb 2013 

• MAIV: now… 

• First light, commissioning: Spring 2015 (VIS), Fall 2015 
(NIR)  

• Start survey: End 2015 

 

 

 

Project schedule 



Carry out a survey of 300 late-type main sequence 
stars with the goal of detecting low-mass planets 

(50-100) in their habitable zones (a few transiting!) 

Bonus: Very nearby stars  Further 
characterization of planets 

Focus on very cool stars with spectral types later than 
M4V and moderately active stars (VIS+NIR 

spectrographs)  Milestone: 2 M planet in the 
habitable zone of an M5V star 

Primary science objective 



– Our fiducial value is SNR=150 at J=9 

– We define slightly different magnitude cuts at different 
spectral types 

– Given the expected signals, SNR requirements can be 
relaxed for later spectral types 

– This is reflected in the 
CARMENCITA database, where 
all the information is centralized 

– Collected catalog data from a 
variety of sources: PMSU, 
RECONS, literature, … 

Spectral type J 

M0 <7.0 

M1 <7.5 

M2 <8.0 

M3 <8.5 

M4 <9.0 

M5 <9.5 

M6 <10.0 

CARMENES survey: target 
selection 



 Need to determine stellar properties a priori to 
optimize survey  CARMENCITA database 

 Critical information: 
 Teff & SpTyp 

 NIR & VIS photometry 

 Distance 

 Multiplicity 

 v sin i 

 Activity 

 Non-critical info: kinematics, abundances, age, 
variability, and additional activity indicators 

Science preparation 



Asteroseismology of M dwarfs 

Exciting mechanisms: Epsilon mechanism, Flux 
blocking by convection, Stochastic (?) 



Asteroseismology of M dwarfs 

Exciting mechanisms: Epsilon mechanism, Flux 
blocking by convection, Stochastic (?) 

 
ε mechanism & Flux blocking by convection 

Rodriguez-López et al. (2012, 2014) 



Observations of oscillations in 
M dwarfs 

NIRSPEC (NIR) 

UVES (visual) 

(Martin et al. 2006) 

(Kjeldsen & Bedding) 

Velocity vs. Intensity observations 

Radial velocity 

Photometry 

Stellar granulation noise larger in intensity 

than in velocity -> RVs more efficient than 

photometry for detection. 
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--sizes to scale-- 

Oscillations in M dwarfs: First 
results? 



Implications: Internal 
structure 

Pulsations will help determining the frontier 

between partially- and fully-convective 

structure in M dwarfs 

Spectral type 

M3.5? 



2012 

2014 

2016 

2018 

2020 

Conclusions 

We have come a long way in a short time… 

But the future is even more exciting! 

http://en.wikipedia.org/wiki/File:TESS_satellite.jpg

