CQrMenes

A Radial-Velocity Survey for
Terrestrial Planets in the
Habitable Zones of M Dwarfs

O
Andreas Quirrenbach
and the CARMENES Consortium

carMmenes



The 3.5m Telescope on "
Calar Al’ro (Sou’rhem Spcm) T




Goals and Plan for '.
CARMEN ES arMmenes

« Search for Earth-like “habitable™ planefts
around low-mass stars (M-stars)

— Number and formation mechanisms
— Properties and “habitability”

« Survey of 300 M stars

— Simultaneously In visible light and near-
infrared

» 10 data points per star and year
— 600 to 750 nights needed
— Guaranteed in contract with CSIC and MPG
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A ‘shorfcut”: M-type dwarfs ‘
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The SED of M-type stars

narmalized Flux = M

near-IR If possible,
efficiency peak you want to
observe here!
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normalized flux
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Relative Precision Achievable
for M4 Star in Visible and near-IR
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Let’s talk about jitTer ‘
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Stellar sample ‘

aarMmenes
1400 i | B LB L Trrrrtrrrry Frrrryrrvrry frrrrrrrry Frrrrrrry i
1200 -
1000 |
800}
< :
600 |

400}

200}




caMmenes

Detectabllity simulations
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Guiding Principles for ‘
INnstrument e e

» Single-purpose instrument
— Design driven by survey requirements

« High stability for terrestrial planet
detection
— Thermal and mechanical stability
— Stable input
— No moving parts in spectrographs
» High resolution for slow rotators

» Large wavelength coverage for
discrimination against infrinsic variability

« High efficiency for faint stars



INnstrument "
Overview _ Fronen a8
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®
Instrument Location ‘

1 Climatic room

for each channel.
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o
Properties of Spectrographs ’
carmenes

« Optical spectrograph

—0.53 ... 1.05 um, R = 82,000

— Precision ~1 m/s

— Vacuum tank, temperature stabilized

— 4k x 4k deep depletion CCD detector

* Near-Infrared spectrograph
—-0.95... 1.7 um, R = 82,000
— Vacuum tank, cooled to 140K, stabilized
— Precision goal 1 m/s
— Two 2k x 2k Hawaii 2.5 um detectors



Spectrograph Layout ‘
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Spectrograph and Vacuum
Tank Layout -l

Figure 2. General view of the CARMENES NIR Optical Bench fully assembled.



Calibration: Wavelength .‘

reference e

« Hollow cathode lamps: Thorium-Argon-
Neon for daily and master calibrations.
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Comparison of Th/Ar, U/Ar "
Cld U/Ne Lcms _ carmenes

Redman et al. 2011
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Requirements for RV precision ‘
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The CARMENES Consortium ‘
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« Landessternwarte Konigstuhl, U Heidelberg, Germany

 |nsitut fUr Astrophysik, U Gottingen, Germany

« MPI fUr Astronomie, Heidelberg, Germany

« ThUringer Landessternwarte, Tautenburg, Germany
« Hamburger Sternwarte, U Haomburg, Germany

« Instifuto de Astrofisica de Andalucia, Granada, Spain
« Universidad Complutense de Madrid, Madrid, Spain
« Instifut de Ciencies de I'Espai, Barcelona, Spain

« Instifuto de Astrofisica de Canarias, Tenerife, Spain

« Centro de Astrobiologia, Madrid, Spain

« Cenftro Astrondmico Hispano-Aleman
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Time Line ‘
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Official Start 11/2010
Preliminary Design to 07/2011

Final Design 07/2011 -11/2012
Construction 11/2012-12/2013

Commissioning 01/2014 -03/2014
Data Taking 04/2014-12/2018




