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The  East of the Orion Belt (Alnitak, σOrionis, The Horsehead , The Flame…) 



Planets: our Solar System  

8 planets (+ 5 dwarf planets) 



Planets: our Solar System  

a = 0.39, 0.72, 1.00, 1.52, 5.20, 9.54, 19.22, 30.06 AU 



Planets: our Solar System  

Gaseous, giant or Jovian planets 
vs. Terrestrial, Earth-like, telluric 
planets 



La pluralité des mondes habités 

G. Bruno (†1600) 
Mártir de la Ciencia: 
“Manifestar la 
existencia de una 
pluralidad (infinitud) de 
mundos y su eternidad”  
(+ otros 7 cargos) 

I. Newton (1713) 

C. Flammarion (1862) 

S. H. Dole (1968) 
Habitable Worlds 



The first exoplanets? 

70 Oph (Jacob 1855) 

Barnard’s Star (van de Kampf 
1963) 

PSR 1829-10 (Lyne et al. 1991) 



The first exoplanets? 

γ  Cep (Campbell et al. 
1988) 
Confirmed in 2003 

HD 114762 (Latham et al. 
1989) 
Likely a brown dwarf 

PSR 1257+12 (Wolszczan & 
Frail 1992) 
Two terrestrial planets around a 
pulsar 

Plus: Aldebarán, Proxima 
Centauri, CM Dra, β Pic... 



1995: the first exoplanet (really) 

51 Peg b (Mayor & Queloz 1995) 

Primary: G2V 
M2 sen i = 0.468 MJup 
P = 4.23077 d 
a = 0.052 AU 
e = 0.00 





Exoplanetas: velocidad radial 



Exoplanetas: velocidad radial 

Desplazamiento del baricentro del sistema estrella-
planeta  efecto Doppler  

Estrella se aleja: espectro desplazado al rojo 
Estrella se acerca: espectro desplazado al azul 



Exoplanetas: velocidad radial 



Exoplanetas: velocidad radial 



Exoplanetas: velocidad radial 



Exoplanetas: velocidad radial 



Exoplanetas: velocidad radial 



Exoplanetas: velocidad radial 





What is CARMENES? 
/kár-men-es/ 

a) An instrument 

b) A consortium 

c) A science project 

d) All of the above 



What is CARMENES? 

a) An instrument (for the 3.5 m telescope on 
Calar Alto) 

b) A consortium (of over 100 people in 11 
centres in Spain and Germany) 

c) A science project (to be carried out during 
guaranteed time – 600+ nights) 

d) All of the above 



What does CARMENES mean? 

Calar Alto high Resolution 
search for M dwarfs with 
Exoearths with Near-
infrared and optical 
Echelle Spectrographs 



A bit of history: Feb 2003 

First light of 
HARPS at the 
ESO 3.6 m 
telescope, the 
“exoplanet 
hunter” 

(aka HARPS-
South…) 



(the smaller, the better) 



HARPS Δλ = 
533-691 nm 

But M 
dwarfs are 
faint (and 
active) in 
the optical! 

(the redder, the better) 



A bit of history: Jun 2004  



A bit of history: Mar 2008  
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A bit of history: Jan-Feb 2009  

Calar Alto design studies decision: XMS and… 

Guenther+Amado+Quirrenbach’s proposals 
merged into one: HRS (“High Resolution near-
infrared and optical Spectrograph”) 

Kick-off meeting in Heidelberg – Project start 



A bit of history: Oct 2009  

Conceptual 
Design Review: 
“do one thing, 
and do it well” 

HRS becomes 
CARMENES 
and XMS pulls 
out 



A bit of history: Mar 2010 



A bit of history: Mar 2010 



A bit of history: Sep 2010 

HARPS GJ 581’s planet in habitable zone and…  
We get money! (Calar Alto 2013-2018) 



A bit of history: Feb 2013 

The frequency of (habitable?) planets around M 
dwarfs from Kepler (~50%!) and…  

CARMENES passed the FDR! 



CARMENES, the instrument 

Two fibre-fed stabilised 
échelle spectrographs 
(R=82,000) inside the coudé 
room of the 3.5 m CA 
telescope (NIR and VIS) 



Basic engineering 
parameters NIR channel VIS channel 

Δλ [μm] 0-95-1.70 
(29 orders) 

0.55-1.05  
(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-Ne 
[F-P etalon] 

Optical 
parameters 

Fixed R=82,000*, 2.8-pix sampling 
(>2.3 pix), 7-pix inter-fibre spacing 

CARMENES, the instrument 



CARMENES, the consortium 

MPIA (Heidelberg) • IAA (Granada) • LSW (Heidelberg) • 
ICE (Barcelona) • IAG (Göttingen) • IAC (Tenerife) • TLS 

(Tautenburg) • UCM (Madrid) • HS (Hamburg) • CAB 
(Madrid) • CAHA (50% MPG + 50% CSIC)  

Germany + Spain ≥ 5.0 MEUR (hardware) 





2012SPIE.8446E..0RQ 



Project schedule 

•  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 
•  AIV: now… 
•  First light, commissioning: Jan 2015 (Front-End), 
Summer 2015 (VIS), Autumn 2015 (NIR) 
•  Start survey: Winter 2015-2016  





































CARMENES goes shopping 

Component Company Status Price 
(kEUR) 

NIR & VIS échelle grating mosaics Newport, USA Verification 705 

NIR detector (2+1) Teledyne, USA Integration 760 

VIS detector (1+1) e2v, UK/France Integration 121 

NIR cooling unit SDMS, France &  
ESO, Germany 

Verification 34 

VIS camera FISBA, Switzerland Assembly (final) 200 

NIR camera and detector filters Winlight, France Assembly (final) 314 

NIR & VIS collimator and folding mirrors Winlight, France Assembly 260 

NIR & VIS image slicers Kaufmann, Ger. VIS: being tested; NIR: ordered 15 

Vacuum tanks + turbopumps NTG & Pfeiffer, 
Germany 

Acceptance next week ~300 

Mechanics (mounts, front-end, cal-
units…), CMOS electronics 

Being manufactured in consortium workshops 

Other (CCD electronics, cross 
dispersers, fibres+, optical benches, 
lamps, computers…) 

Already manufactured or being ordered 









































CARMENES, science prep. 

The SWG’s aim: to define the best target sample 
(the 300 brightest, lowest-mass M dwarfs) 



The best target sample? 

•  Comprehensive stellar 
characterisation and 
data compilation… 
•  CARMENCITA: 
CARMENES Cool 
dwarf Information 
and daTa Archive 
•  “CARMENES input 
catalogue” 



CARMENCITA: the catalogue 

Selection criteria: 
•  δ > -23 deg (-13 deg) 
•  The brightest M dwarfs with the latest SpTs (i.e., 
M0V J<7.0 mag, M1V J<7.5 mag… M5V J<9.5 
mag…) 
•  Single (no SB, no companion ρ < 5 arcsec) 

2100+ stars catalogued up to now  300 
Three different subsamples, 100 stars each, 
classed by mass and rotational velocity vsini 



CARMENCITA: which data 

Karmn | Comp | Flags | SS | Name | GJ | SpT | RA_J2000 | 
DE_J2000 | muRA_masa-1 | muDE_masa-1| Vr_kms-1 | 
pi_mas | d_pc | U_kms-1 | V_kms-1 | W_kms-1 | FUV_mag | 
NUV_mag | u_mag | BT_mag | B_mag  |  g_mag | VT_mag 
| V_mag | Ra_mag | r_mag | i_mag | z_mag | IN_mag | 
J_mag | H_mag | Ks_mag| W1_mag | W2_mag | W3_mag | 
W4_mag | WideCompanion | WideWDS| Widerho_arcsec | 
WideCompanionSpT | WideCompanionJ_mag | 
WideCompanionFeH | CloseMultiplicity | CloseWDS | 
Closerho_arcsec | pEWHalpha_A| 1RXS  | CRT_s-1 | HR1 | 
HR2 | vsini_kms-1| P_d  |  Flare  | MovingGroup  |  TiO5 | 
CaH2  | VO1  |  PC1  | PC2…  |  zeta  | MV_mag  | Teff_K  |  
logg  |  R_Rsol  |  L_Lsol  |  M_Msol  |  Age_Ga  |  
LoRes_spectrum  | HiRes_spectrum  |  LoRes_image  |  
HiRes_image  |  RV | Planet | Origin | Class | Notes 



CARMENCITA: preparation 

•  Low-resolution spectroscopy (CAFOS, IDS): SpT, pEW(Hα) 
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CARMENCITA: preparation 

•  Low-resolution spectroscopy (CAFOS, IDS): SpT, pEW(Hα) 



CARMENCITA: preparation 

•  High-resolution spectroscopy (CAFÉ, FEROS, HRS): Vr, 
vsini, other activity indicators, spec. multiplicity (N >1)  



CARMENCITA: preparation 

•  High-resolution imaging: 
close resolved multiplicity 
•  Compilation from the 
literature 
•  Our own observations 
with FastCam (e.g., GJ 
1081 AB, ρ ≈ 0.2 arcsec) 
•  Near future: AstraLux? 



Is there anybody out there? 
(How many planets will we find in our 300-M-star sample?) 



Is there anybody out there? 
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Is there anybody out there? 



Is there anybody out there? 



Is there anybody out there? 



http://carmenes.caha.es/ 



http://carmenes.caha.es/ 





Summary of advantages 

•  Simultaneous near-infrared and visible observations 

•  Both high resolution and wide spectral coverage 

•  Dedication to stable high-precision radial-velocity 
survey of exoplanets around M dwarfs 

•  Long guaranteed time for the completion of the 
project 

•  Early first light with respect to “competitors” 

•  Plenty of planets for astro-statistics! 



Final remarks 

•  You can do your science (whatever you like except 
exoplanets around M dwarfs) with CARMENES in 
open time 

•  Complementarity with current and near-future 
instruments (HARPS N&S, ESPRESSO, HPF…) 

•  Synergies with space missions: Gaia, TESS, JWST 

•  Pathfinder for E-ELT instrumentation 

•  And what about Calar Alto? 


