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Description of the science driver 
 
We propose a new instrument, NEREA, a high-resolution spectrograph for common use at GTC, but 
whose concept design is based on a double science case for exoplanet research. The two science cases 
are: 
  
1- The exploration of the nearest planets to Earth: Nowadays there is a wealth of discovered 
exoplanets, over 4000 and growing, and the interest is shifting from finding more planets to finding 
those more amenable for detailed physical and atmospheric characterization. The TESS mission, 
already in operation, will provide hundreds of transiting planet candidates around bright stars, followed 
in the late 2020’s by ESA’s PLATO mission. Both will need a Northern Hemisphere stable high-
resolution spectrograph mounted on a 10-m class telescope to obtain precision radial velocities of stars 
with small planets near or in their habitable zones. A large fraction (>50%) of these planets will be 
around M dwarfs. NEREA will be uniquely suited to carry out such follow-up. However, because of 
the geometric bias, only about 2% of planets experience transits and thus the other 98% remain 
undetected. The main goal of NEREA is to conduct a search for our closest exoplanets, surveying a 
volume-limited sample of nearby late-M type stars. It will build on the successful CARMENES 
project, but reaching out for planets around cooler, smaller and dimmer stars, where the collecting area 
sets a limitation. A 4-m class telescope can only survey a handful of stars (~10) with spectral types 
later than M6. GTC could bring this number up to a few hundred potential targets from which to select 
the best ones. These represent the immediate Solar System neighbourhood within 30 pc. Recent 
evidence (e.g., TRAPPIST-1 and others) shows that ultra-cool dwarfs host very rich planetary systems 
thus boosting the chances of success of blind surveys.  
  
2- The characterization of atmospheres from Hot-Jupiters to Super-earths: Observations with high 
resolution spectrographs are quickly becoming a key tool for exploring exoplanet atmospheres. One of 
the major advantages of high-resolution spectroscopy is that we are not only able to detect chemical 
species in the atmosphere of exoplanets, but also to resolve their individual spectral features. If the 
SNR of the final transmission spectrum is high enough, it is possible to obtain the temperature/pressure 
profiles of the higher atmosphere by adjusting thermal models to different regions of the lines (from 
core to wings), which arise from different layers of the atmosphere. The cross-correlation technique has 
already allowed the detection of several species in planets from Hot-Jupiters down to Neptune-size, 
including H2O, CH4, CO2, CO, and ionized metals. Complementary, employing the transmission 
spectroscopy technique ground-based studies have been able to resolve the individual line profiles of 
Na I, Hα and He I lines, allowing the exploration of atmospheric escape, an important process for 
understanding planetary physical and chemical evolution. All these studies have been conducted over a 
limited sample of planet with bright host stars, with visible and near-IR spectrographs at 3-4m class 
telescopes, NEREA at GTC would allow us vastly increase this sample, allowing measurements of 
atmospheric escape down to the super-Earth regime and for a much more numerous stellar sample 
(potentially 40 times larger). 
 
As mentioned previously, while being designed with specific science cases in mind, NEREA will be a 
very versatile spectrograph, filling the gap of high-resolution spectroscopy at the GTC, and we expect 
it will become a common user instrument, used by the community for a variety of science cases. 
  
 
 
 
 
 
 
 



Instrument concept and top-level requirements 
 
The top-level requirements allowing the science cases described in the previous paragraph are: 
 
Fiber-fed Spectrograph 
Broad Spectral range: 800 - 1700 nm  
Spectral resolution:  R > 70,000  (requirement) up to 110,000 (goal) 
Stability:  <2 m/s hardware stability (requirement) down to <50 cm/s sky stability (goal) 
Compact design, possibly a double pass, behind an AO system, able to operate under seeing limited 
conditions (R~30 000, or 70,000 with high losses) 
Moderate AO with an input image size: 0.3 arcsec 
Teledyne HAWAII-4RG Detector:  4k x 4k pixels 
 
Note: In the call for proposals, an “ultra-stable high-resolution spectrograph developed by China” is 
mentioned, but no details are given in the call or the GTC public pages. Word-of-mouth speaks of an 
“ESPRESSO-like instrument”. Based on this limited information, we tentatively set up our blue cut-off 
wavelength at 800 nm, in accordance with that of ESPRESSO at VLT, although NEREA could 
potentially reach blue wavelengths, down to 700 nm.   
 
 
 
Evaluation of the international context and competitiveness of the instrument when it will be 
available to the community  
 
The proposed instrument is similar to the recently built CARMENES instrument, and others in 
development such as NIRPS, SPIRoU or MAROON-X. However only IRD at Subaru would be a 
similar instrument (operating at the reduced spectral range of 1000-1700 nm) on a 8-m class telescope. 
 
With the wealth of exoplanet targets provided by Kepler and TESS, atmospheric characterization at 
high-resolution spectroscopy in the red/near-IR spectral range will need to be done either with 3-4m 
class telescopes or wait for the ELTs. NEREA fills the in-between niche providing deep insight on 
Hot-Jupiters to Neptune-size planets atmospheres and super-earth atmospheric escape processes, much 
earlier than the ELTs will.  

 

 
 

Fig 1: A cartoon timeline indicating the approximate first light envisioned by NEREA 
 
For the radial velocity searches of nearby exoplanets, and the precise mass determinations of Kepler, 
TESS and PLATO populations, NEREA will have no superior instrumentation for decades ahead, as 
only a small fraction of the costly ELTs observing time is foreseen to be spent on this more systematic 
work. 
 
 
Basic budget and timeline estimates 
 
NEREA builds on the experience gained from previous instruments such as CARMENES, and we are 
aiming a compact instrument design. By operating behind an AO system, all the instrumental 
components can be smaller, and the vacuum tank enclosure can also be substantially reduced. 
 



To fulfil NEREA’s scientific objectives and operate in advance of ELTs, we are aiming at a “fast 
construction and development phase, 4 years in total, aiming at first light on 2023. 
 
Given the compactness of the design, and estimates of current market prices for detectors, the hardware 
costs of the instrument are around 2.5-3 M€. Main hardware costs are driven by large format R4 
echelle grating (~200k€), Optical bench and optics (~300k€), Enclosure (~50k€), Vacuum systems and 
thermal stabilization (~300k€), Camera & detector (~800k€), AO interface front-end (~150k€), fibre 
subsystems & interventions at the facility (~200k€), calibration unit (including lamps & Fabry-Perot, 
~200k€), control computers, software, and operations infrastructure (~100k€).  
 
Personnel requirements are estimated at 25 FTE (25 person-years), with a cost estimate at about 1.5 
M€, but the actual funding needs will be highly dependent on whether participating institutes can 
dedicate part of their own personnel or all FTEs need to be new contracts.  
 
The total cost is estimated at around 4 to 5 M€. 
 
Project Schedule (4 year total) 

1. Preliminary design phase (o to 12 months). Trade-off study (0-3 months). Initial concept 
decided. One initial design review at 9 months, ends at Preliminary Design Review at 12 
months (system fully specified). 

2. Final design phase: 12 to 18 months (ensure all parts can be procured & adjustments). One 
first final design review at month 16, Final design review at 18 month. 

3. Procurement: from months 18 to 24. 
4. Optical bench assembly & system architecture assembly: months 24 to 36. 
5. Full system lab testing & data reduction pipelines: months 36 to 42. 
6. Observatory deployment: months from 42 to 46, First light 
7. Commissioning: 46-48 months 

 
 
List of the proposing team 
	
Instituto de Astrofisica de Canarias (E. Palle, J.L. Rasilla, R. Lopez, et al) 
Institut de Ciencies de l’Espai – CSIC & Institut d’Estudis Espacials de Catalunya ( I. Ribas et al) 
Queen Mary University of London (G. Anglada-Escudé et al) 
Centro de Astrobiología – INTA-CSIC (M.R. Zapatero-Osorio) 
 
At this early stage, we are open to other institution or individuals to join our team. And we are most 
definitely interested in developing the proposed instrument. 


