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The CARMENES instrument
• Single-purpose, high-stability instrument

• Wide wavelength coverage for discrimination against 
intrinsic variability

Near-Infrared channel
• Precision ~1 m/s
• 520-970 nm, R = 93,500, 

2.5-pix sampling
• In vacuum, stabilized at 

ambient temperature
• 4kx4k CCD E2V
• U-Ne & U-Ar & Th-Ar 

lamps (+F-P etalon)

Visible channel
• Precision ~1 m/s
• 970-1710 nm, R = 80,400, 

2.8-pix sampling
• In vacuum, stabilized at 140 K
• Mosaic 2 2kx2k Hawaii2RG 

2.5 µm
• U-Ne lamp (+F-P etalon)

½ of l coverage in far-red/NIR… 



VIS NIR

The CARMENES instrument



NIR 28 orders
0.97-1.71 μm

VIS 55 orders
0.52-0.97 μm



<d> = 13 pc
The CARMENES survey

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

• 750 nights (2016-2020)
• 343 targets
• From 1 Jan 2016 to 14 

Mar 2019: 13800 
spectra in VIS & NIR



CARMENES VIS

CARMENES NIR

The CARMENES survey



…

Normalized to 
SNR150 @J



…

sNIR/ sVIS ≈ 2.5 

sNIR/ sVIS ≈ 1.5 

Normalized to 
SNR150 @J



Internal precision

(1.2 m/s if no 
extra error)

CARMENES VIS

med=1.7m/s

CARMENES NIR

med=7.7m/s



CARMENES VIS

med= 3.4m/s

CARMENES NIR

med=12.6m/s

Measurement dispersion

(identical to HARPS 
M dwarfs)



CARMENES-NIR performance

Stability of ~m s-1 over short 
timescale demonstrated with FP light FP light: fiber A – fiber B

6h

rms = 0.8 m s-1



CARMENES-NIR performance
• The net amount of RV information is lower in the NIR for 

nearly all spectral types (this assumes a flat instrument 
response)

• Over long timescales (months, years), the thermo-mechanical 
stability of the instrument is not sufficient to yield a dispersion 
comparable to the internal error (+ stellar jitter). However: 
Ø There is room for improvement in the telluric correction 
• Right now, masking: Y & H � Dtelluric > 4%; J � Dtelluric

> 2%; + emission
• Masked pixels Y: 25.8%, J: 44.7% (!), H: 18.9% (+ gaps!)

Ø Much less manpower from the CARMENES team has gone 
into the NIR channel instrument characterization 
compared with the VIS
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Accurate RVs in the NIR

19 of the half-
orders used

H: Has RV content. 
One detector has 
many bad pixels & 
odd-even effect

J: Low RV content & lots 
of tellurics

Y: Most RV content



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

Gl 49 b

RV planets
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