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The	Mercator	telescope
• Roque de los Muchachos

Observatory, La Palma − Spain

• 1.2 m,  F/12  (RC)

• Commissioned in 2001
• Operated by the Institute of Astronomy, 

KU Leuven Belgium

• Built in collaboration with Observatoire de 
Genève  (Euler twin)

• Niche in telescope market:
• Permanent and long-term availability
• Flexible scheduling
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• 2016 – 2017: New TCS commissioned 
• Oct. 2017: Mirrors re-aluminised



Mercator	instrumentation
1. P7-2000  2-channel photometer, decommissioned in 2008

2. MEROPE  imager:
2003 − 2012
6.5’ x 9’ FOV,
decommissioned
in 2013

3. HERMES  HR spectrograph, commissioned in 2009

4. MAIA 3-channel imager:  Fast photometry with large FT CCDs
Simultaneous  u’, g’ & r’
Commissioned in 2013
9.4 x 14.1 arcmin2 FOV
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Time series in radial velocities and in individual spectral lines, high 
SNR,  high resolution

=
HERMES:  High-Efficiency & high-Resolution Mercator 

Echelle Spectrograph

The	HERMES	project
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Requirements:
• High resolution:  R = λ/Δλ > 80000
• High stability:     < 5 m/s
• Small telescope  ð High efficiency!

• High throughput
• Broad wavelength coverage in single exposure (380 – 900 nm)
• Efficient exploitation

Pooling of observations from a priority driven queue 
(MESA scheduling software, Merges et al. 2012)
All HERMES consortium nights are 80% scheduled from pool

• Robust  and flexible  operation



• Project Kick-off:  January 2005
• First light:  November 2008
• Start of science observations:  April 2009
• Instrument consortium:

ULB
A. Jorissen

ROB
H. Hensberge

IvS, KU Leuven
H. Van Winckel

G. Raskin

Thüringer
Landessternwarte

H. Lehmann

Observatoire 
de

Genève

The	HERMES	project
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HERMES	white-pupil	layout

377nm

901nm
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R2.7:  69.7°
408x154 mm
52 gr/mm 

XD: 37.4°
2 x PBL1Y

F=475 mm
F/3.1

CCD:  2028 x 4608 pixels
Sampling: 2.3 pix (R=85000)
377 – 901 nm
55 spectral orders

F=1400 mm
F/9.1

Beam dia.: 154 mm
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Observing	modes	/	optical	fibres

Calibration unit

Telescope interface
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2 Observing modes:
• HRF:  high resolution (R=85000)  &

high efficiency, with image slicer
• LRF: low(er) resolution (R=63000), 

no slicer, Scrambler for high illumination
stability (70% eff.), interlaced with 
wavelength reference fibre (WRF)

WRF: 60 μm

CF: 300 μm

HRF: 80 μm
2.5 arcsec

LRF: 60 μm
2.15 arcsec

Scrambler



Fibre	link:	image	slicer

Sliced HRF
Unsliced  interlaced

LRF & WRF
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Fibre	link:	upgrade

Use sliced HRF (highest efficiency, highest resolution) in combination with 
simultaneous wavelength reference:

• Replace 60-μm WRF with narrow unsliced 25-μm or single-mode 
fibre that fits HRF inter-order space 

• Use octagonal fibre for better scrambling of HRF

• Increased throughput  (lower FRD for octagonal fibres) ?
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Commissioning planned early 2018



Fibre	exit	optics	/	exposure	meter
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PMT
window

CCD – PMT calibration

Compact shutter
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ADC

Telescope 
beam

CCD

Optical fibres

Mirror in 
focal plane

Fibre	optics,	guiding	&	acquisition
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ADC

Telescope 
beam

CCD

Optical fibres

Mirror in 
focal plane

Fibre	optics,	guiding	&	acquisition
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Star image on fibre
Instead of pupil image
=> More complex optics
=> Better stability
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Fabry-Perot	absolute	stability

Fabry-Perot spectrum drifts with T and P

Þ Install FP in temperature controlled vacuum vessel ?
Þ Lock one FP transmission peak to a hyperfine atomic (Rb) 

transition through saturated absorption spectroscopy
• Poor man’s laser

frequency comb
• Relative accuracy  

< 10–10  (< 10 cm/s)

• PhD student starts 
next week

• Commissioning: 2020

3

suring and controlling the temperature at this level is
experimentally challenging (Savani & Johnson 2013).

3. LASER-LOCKED ETALON

We take a more direct approach to producing a stable
etalon spectrum. Instead of measuring and controlling
a secondary indicator like the temperature, we measure
the frequency of one etalon fringe directly by referencing
it to a hyperfine transition of rubidium (Rb). By probing
both the etalon and the Rb simultaneously with the same
laser, their frequencies can be directly compared and the
etalon peak locked to the Rb peak. This technique places
much less stringent requirements on the passive stabil-
ity of the setup, as the etalon must only be stabilized
to within one FSR to ensure that we always lock the
same etalon peak. Since the Rb transition is an absolute
frequency standard, the etalon can be locked repeatedly
and reliably to the same frequency. To control the etalon
frequency, we can either change the mirror spacing me-
chanically (by incorporating a piezoelectric transducer
(PZT) into the cavity) or use the temperature of the
etalon, which changes the length of the spacer and also
the refractive index for a solid etalon. For an air-spaced
etalon, tuning by varying the air pressure is also possible.
Care must be taken to ensure that no non-common path
e↵ects can lead to a shift of the white-light etalon lines
compared to the one measured by the laser. In practice,
this can be achieved by modal filtering of both the laser
and the white light source by feeding them through the
same SMF.
We chose Rb as our atomic frequency standard be-

cause the Rb D2 transition provides a large absorption
cross section, enabling good SNR with a compact gas
cell. At 780 nm, the wavelength of this transition is to
the red of the bandwidth of typical visible spectrographs
and to the blue of the bandwidth of NIR spectrographs;
this eliminates contamination of stellar spectra by laser
light. Furthermore, laser diodes and optical components
at 780 nm are readily available. Other elements such as
sodium, potassium, cesium, lithium, or iodine could also
be used if their transition frequencies are better suited
for a particular study.
Our locking technique provides substantial simplifica-

tion compared to other methods typically used for sta-
bilizing lasers to atomic transitions, for example lock-
in techniques (Wallard 1972) or the Pound-Drever-Hall
method (Drever et al. 1983; Black 2001). Indeed, since
the laser is not used as a frequency reference for locking
the etalon, but only as a light source for simultaneously
recording Rb and etalon spectra, we do not need to lock
the laser to the Rb transition at all. A PC-based mea-
surement system and a software proportional-integral-
derivative (PID) loop are used to lock the peak position
of the etalon directly to the Rb frequency. The advantage
of this method is its simplicity: to our knowledge, this is
the only scheme that does not require locking the laser
to the Rb transition and then locking the etalon to the
laser. While more sophisticated setups provide higher
precision, with stabilities of < 10�12 (Ye et al. 1996; Af-
folderbach & Mileti 2005), we adapted our method to
the precision requirements of RV studies. Removing the
added complexity and hardware necessary for other sta-
bilization methods maximizes reliability and makes for a
cost-e↵ective solution that is easy to set up, making our

Fig. 1.— Diagram of experimental setup. ECDL: external cavity
diode laser, FF: feedforward, FI: Farady isolator, HWP: half-wave
plate, PD: photodiode, F: filter, BS: beamsplitter, PBS: polariz-
ing beam splitter, QWP: quarter-wave plate, L: lens, Pol: polar-
izer, WLS: white light source, FFP: fiber Fabry-Perot etalon, DBS:
dichroic beam splitter, DAQ: data acquisition device.

instrument well suited for an observatory environment.
Our method is useful even if a particular calibration

etalon has no control parameter with which it can be
locked to the Rb frequency or the time needed for the lock
to stabilize is too long. In this case, our technique can be
used to continuously measure the position of the etalon
relative to the Rb frequency, making it possible to correct
RV measurements for etalon drift, even without locking
the etalon. This is similar to the currently used technique
of regularly recalibrating the etalon against an emission
lamp, but our method provides real-time drift correc-
tion and much more precise knowledge of the etalon’s
frequency o↵set.

4. APPARATUS

4.1. Laser

Fig. 1 shows a diagram of the apparatus. We use an
extended cavity diode laser (ECDL) in the Littrow con-
figuration (Ye 2004; Wieman & Hollberg 1991), which
we built in-house. Our design is similar to Ricci et al.
(1995). The extended cavity is formed between a di↵rac-
tion grating (Thorlabs GH13-18V) and the back facet of
the laser diode (QDLaser QLF073D), and can be tuned
by rotating the grating, in our case using a fine-pitched
screw for coarse tuning and a PZT for fine tuning. Two
Faraday isolators (Isowave I-780-LM, isolation > 36 dB)
protect the laser from unwanted optical feedback.
The temperature of the laser diode and grating mount

assembly is measured with a thermistor and regulated
with a Peltier element using a PID controller (based
on Analog Technologies TEC5V6A-D). We cool the as-
sembly to bring the free-running wavelength of the laser

• Mercator 
telescope

• HERMES 
project

• Spectrograph 
design

• Spectrograph 
performance

• Conclusions

17

Hermes GR
BINA 2017

A rubidium-traced white-light etalon calibrator 5

Figure 2. Snapshot of a single ECDL scan of our FP etalon line (green), the rubidium reference spectrum (red), and the confocal
etalon used to linearize the scan axis (blue). The scan spans approximately 6.6GHz or 5 km s�1. The rubidium transitions are
hyper-fine lines of Rb85 and Rb87 D2.

night and 1m s�1 over 60 days were reported for a pas-
sively stabilized FP etalon when being measured against
a ThAr lamp on the HARPS instrument (Wildi et al.
2011). This level of precision is not enough for the de-
tection of Earth-like planets, where final instrumental
uncertainties must be well below 1m s�1 for M-dwarfs
and below 10 cm s�1 for Sun-like stars, respectively. The
stability of the calibrator must be several times as good
to reach this limit.
The solution to this problem is to track the position

of the FP etalon lines by referencing them against an
absolute scale, for example, to an atomic transition.
This solution eliminates the need for comparing the FP
etalon signal to emission lines on the CCD of the spec-
trograph and provides absolute calibration of the FP
etalon zero point during observations at a level of preci-
sion unmatched by other techniques, exceeded only by
the laser frequency comb itself. Such a system shares
many advantages with the optical frequency comb but
can be built entirely with simpler and less expensive
components.
Various implementations of this idea have been dis-

cussed in the recent literature (Gurevich et al. 2014; Mc-
Cracken et al. 2014; Reiners et al. 2014; Schwab et al.
2015). The proposed realizations typically use a fre-
quency stabilized diode laser in conjunction with a ru-
bidium gas cell, the latter serving as an absolute, NIST-
traceable, frequency reference providing a relative fre-
quency accuracy of 10�11 (Steck 2015, 2013). The long-
term stability of the FP etalon is then directly tied to
the long-term stability of the atomic reference lines. Af-
folderbach & Mileti (2005) give rubidium line shifts due
to temperature (⇠ 4 kHzK�1), laser power fluctuation
(⇠ 13 kHz µW�1) and magnetic field (⇠ 1.2 kHz µT�1).
These are not limiting the achievable stability since the

temperature, power, and magnetic field can be stabilized
to better than 0.1K, 5µW, and 1µT over all relevant
timescales. Expected systematic drifts of the rubidium
reference are thus well below 10 cm s�1.
Two general approaches can be taken to tie the FP

etalon to the rubidium reference. Locking techniques,
common practice in laser physics, use a piezo in the FP
etalon to modulate the cavity length and lock one line
of the FP etalon to the laser frequency which in turn
is locked to the rubidium standard (McCracken et al.
2014). Alternatively, two tunable lasers, one locked to a
rubidium transition, the other to the FP etalon produce
a RF beat frequency that is used to measure the drift of
the etalon (Reiners et al. 2014). The locking precision is
a function of the line width and the relatively broad lines
of a low-finesse FP etalon limit the achievable locking
precision to ⇠ 30 cm s�1. The use of dual-finesse FP
etalons have thus been suggested, with the low-finesse
part (F ⇠ 10) for comb generation, and the high-finesse
part (F ⇠ 200) for frequency locking (Reiners et al.
2014).
A much easier approach is to use a single tunable laser

to scan simultaneously over the D2 hyper-fine transi-
tion of rubidium in a saturated absorption spectroscopy
setup and over a full line of a FP etalon to measure a
single etalon line at extremely high resolution and accu-
racy against the rubidium spectrum. Using a fiber FP
etalon, a radial velocity stability at the 3 cm s�1 level
(10�10 relative precision) over timescales of hours was
reported with this setup (Gurevich et al. 2014; Schwab
et al. 2015). The error signal from the measured etalon
drift against the rubidium reference can either be used
to actively stabilize the etalon (e.g., via minute tem-
perature corrections, see Gurevich et al. (2014)) or to
track the zero point of a passively stabilized etalon at
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• HERMES was 1st

HR spectrograph with 
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(e2v)
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CCD	with	graded	AR	coating:	does	it	work?

Increases QE ?
ð Not in the blue
Our engineering CCD with 
standard astro-broadband 
coating performs better at 
380 – 400 nm

Why?

Reduces fringing ? 
ð Yes
~ 9 times @ 900nm
Better than deep-
depletion CCD with
standard coating !
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Spectrograph	room

• Triple isolation of 
spectrograph bench

• Instrument temperature stable 
to  s < 0.01°C

• Pressure control to be
implemented…
(over-pressure: 0 – 20 mbar)
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sLT=0.01°C

snight=0.001°C

13.5°C
s=0.1°C

cooling

heating

Better solution: 
Install in vacuum tank
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Spectral	resolution

Sampling:
LRF:  2.7 – 3.7 pix.

HRF: 2 – 2.7 pix.

Resolution:
RHRF ≈  85000
(Design: 82000)

RLRF ≈  63000
(Design: 58000)
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• Most data taken in HRF mode with wavelength calibration only at  
beginning and end of night:   sRV = 50 – 100 m/s 

• HRF + regular Th reference spectrum:   sRV < 3 m/s   

• LRF + WRF simultaneously:   sRV < 3 m/s 

Radial	velocity	accuracy

LRF + WRF
RV Standard
Texp = 10 s
300 exposures
4.5 hours
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HRF efficiency:
28%  peak  (500 – 600 nm)
18%  including telescope

LFR efficiency:
20% peak
13% including telescope

Sub-specifications below 400nm

Throughput

HRFLRF

Flux measured from standard 
stars (blue) and calculated 
from exposure time calculator 
(red line), normalised to Mv=0 
(ke-/s @ 550nm) 

ETC:  0.7”, Fz=1, ext.=0.12
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SNR  &  limiting magnitudes 
(1” seeing,  1 hr exposure):

Mv = 10.5  ð SNR = 100

Mv = 13.5  ð SNR = 20

Throughput	and	limiting	magnitudes

Comparison with other HR spectrographs on La Palma:

Instrument Telescope 
diameter R  (λ/Δλ)

Flux (e-/Å/s)

0.6” 1.2”

HERMES 1.2 m (1.05m2) 85000 1050 1000

FIES (NOT) 2.5 m (4.5m2) 67000 1200 700

HARPS-N (TNG) 3.5  (9m2) 115000 4000 2000

Flux @ 550nm from ETCs (Mv=8)
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How	to	obtain	high	efficiency

• Optimise mirror and AR coatings
• Minimise number of optical surfaces
• Use a prism as cross disperser instead of a grism or diffraction 

grating
• Sky aperture larger than seeing disk (1.5” – 2”) 

=> Use image slicer to increase resolution
=> Large telescope implies large optical components

Use largest echelle grating (800 x 200 mm2)
• Do not use a double scrambler
• Limit focal ratio degradation => Pay extreme caution to 

quality of optical fibre confectioning
• Regularly clean and re-aluminise telescope mirrors

• Highest efficiency is often incompatible with highest RV stability!
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HERMES	productivity
Since start of HERMES observations in 2009:

- 2500 nights with spectra over 8.5 years 

- 75k HRF science spectra

- 5k LRF spectra with simultaneous wavelength reference

- 280k spectra including calibrations

- 230 Papers, 165 Refereed
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A small but dedicated telescope with an efficient spectrograph 
can still be used for competitive science.

HERMES is a very efficient HR spectrograph with good 
stability.

HERMES productivity is a key element in many of the 
science programs at the Institute of Astronomy at KU Leuven.

HERMES is available through Spanish TAC (20%) or through 
collaboration with a consortium member.
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HERMES observing 

Thank you.


