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M. Fernández1, J. Garćıa Rojas2, A. Gardini1, R. Garrido1, R. González Delgado1,
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Abstract

GATOS (GTC Astrophysical Transient Octuple-channel imaging Spectrograph) is a multi-channel imager and
spectrograph capable of simultaneously obtaining images of the same field in 8 optical and near-infrared bands or
alternatively performing spectroscopy covering the range between 3700 and 23500 Å in a single shot at a resolving
power of R ∼ 4000. State-of-the-art detectors envisioned for this instrument will have negligible readout time and be
able to perform high-time-resolution observations. An integral-field mode covering the same range simultaneously will
be available as well. In its current design the integral-field unit covers a field of 9.7′′ × 6.8′′ with 0.4′′ slitlets. Finally,
we aim to include a unique spectropolarimetry unit that will give GTC the first broad-band spectropolarimeter on a
10 m class telescope.

1 Science drivers

The instrument concept presented in this paper is a
workhorse-type instrument satisfying the needs of a very
large and varied community, which will enable break-
through science in many different fields. Although the
instrument is primarily conceived for studying of the tran-
sient Universe, it can excel in a wide variety of science
cases as diverse as transneptunian objects, exoplanets, star
formation, asteroseismology, neutron stars, X-ray binaries,
galaxy evolution, active galactic nuclei, supernovae, tidal
disruption events, gamma-ray bursts or gravitational wave
follow-up.

To satisfy such a large variety of science topics we re-
quire an instrument concept that will perform both imag-
ing and spectroscopy, covering simultaneously the optical
and the near-infrared range. The imaging should have ex-
cellent optical quality to allow the instrument to benefit
from the superb seeing at ORM and limited distortions to
allow easy combination of mosaic data. The spectroscopy
should have a resolving power that is high enough to be
able to look between the NIR OH lines, needed for the
observation of faint NIR targets, large enough to perform
dynamical studies in galaxies and other sources, but low
enough to allow us to study the continuum of very faint
targets. We place this sweet spot at a resolving power of
R ∼ 4000. Furthermore, the instrument has to be very ef-
ficient, not only when considering the optical throughput
and quantum efficiency of the detectors, but also opera-
tionally, with a dead time between exposures as small as
possible and very limited needs in terms of maintenance
and calibrations, both nighttime and daytime.

An additional requirement for covering some of the spe-
cific science cases (galaxy evolution, SN remnants, TNOs,
etc.) is the inclusion of an integral-field unit (IFU) that,
for the first time, would simultaneously cover the full range
between the UV and the NIR, and with the full spec-
tral resolving power of R ∼ 4000. The design should
also allow the inclusion of a broad-band spectropolarime-
ter. This will open a window to science cases (geometry

and magnetic fields of GRBs, SNe or kilonovae, geome-
try of the obscuring region in active galactic nuclei) that
are not currently covered by any of the instruments in the
GTC instrument suite. Finally, several of the science cases
(rapidly evolving transients like soft gamma-ray repeaters,
GRBs, fast radio bursts) would greatly benefit from the ca-
pability of performing high-time-resolution observations,
both in the imaging and spectroscopy modes.

Table 1: Instrument specifications
Simultaneous Imaging: g′r′i′z′YJHKS

spectral coverage Spectroscopy: 3700 - 23500 Å
3′ × 3′ or 254′′ diameter

Field-of-view 3′ long slit
9.7′′ × 6.8′′ IFU

Pixel scale 0.2′′/pixel (constant in all channels)
Resolving power ∼ 4000
Efficiency > 42% Imaging
optics+detectors > 35% Spectroscopy
Maximum > 4 Hz full frame
frame > 20 Hz for a 30 × 30 pixel window
rate > 100 Hz drift scan

Multiband imaging
Spectroscopy (long slit)

Observing modes High time-resolution
IFU
Spectropolarimetry

2 Instrument concept and top
level requirements

We propose an 8-channel instrument that will image a
single field-of-view (FoV) of 3′ × 3′, or a circular one with
a diameter of 4.2′, simultaneously in the g′r′i′z′Y JHKS

bands. Alternatively, it will obtain long-slit (3′) spec-
troscopy simultaneously covering the spectral range be-
tween 3700 and 23500 Å with a resolving power of R ∼
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4000. It will have an integral-field unit that, when in-
troduced in the optical path, will observe the complete
spectral range and cover a FoV of 9.7′′ × 6.8′′. An in-
novative design will allow to perform broad-band spec-
tropolarimetry. Independent optics and detectors in each
arm will optimise the efficiency and exposure times de-
livering the best possible performance. The instrument
will use frame-transfer detectors in the optical and CMOS
in the NIR that will yield an almost negligible dead-time
between exposures during regular observations, and also
allow high-time-resolution observations. The instrument
should be able to operate both in the Cassegrain and the
Nasmyth foci. The specifications of the instrument are
given in Table 1.

The design is based on the use of high-efficiency
dichroics to split the light into eight different arms. Each
arm has a classical imaging spectrograph design, with a
collimator, a small pupil where grisms or filters are placed,
and a camera that refocuses the light onto the detector
(see Fig. 1 for a schematic view of the instrument). To
economise space and weight, part of the optics are shared
by different arms. All arms share a common optical path
all the way to the focal plane where a focal plane unit po-
sitions slits, IFU or polarimeter optics. The single focal
plane ensures that all arms will always be observing the
same area of the sky, which simplifies object acquisition
and allows the inclusion of masks, IFU, and polarimeter.

Figure 1: Schematic view of the instrument design.

The instrument will be divided in two optical benches:
the NIR, kept cold, and the optical, at room tempera-
ture. The light arriving from the telescope goes through
an atmospheric dispersion corrector (ADC) which can be
retracted to increase efficiency when not needed. The light
then reaches the focal plane, within the cryogenic cham-
ber, to avoid thermal noise. After this focal plane, the
light is divided by a first dichroic into NIR, which remains
in the cryostat, and optical, which leaves the cryogenic
chamber through a second window and feeds the warm op-
tics. From there on, the light follows similar optical paths,
being collimated and split by additional optics. Each of
the collimated beams passes either through a filter or a
grism and is then refocused by the camera optics. This
design is highly symmetrical with both optical benches
being back to back to help constrain the effects of me-
chanical flexure.

Having a single focal plane allows the inclusion of de-
vices that will increase the instrument’s versatility. We
foresee the addition of an integral-field unit and a spec-
tropolarimeter. The integral-field unit will be based on an
advanced image slicer (AIS; Content 1998), that divides
the focal plane into 17 slitlets, each with a width of 0.4′′,
covering a total FoV of 9.7′′ × 6.8′′, and has an efficiency
higher than 80%. Such a device will allow observations of
the full spectral range between 3700 and 23500 Å simul-
taneously, while guaranteeing the full spectral resolution
independently of the seeing conditions. An additional, al-
ready existing, IFU design would allow us to use the fu-
ture adaptive optics capabilities of GTC to cover a FoV of
2.5′′ × 3.6′′ with 31 0.08′′ wide slitlets.

An additional set of focal plane optics will allow GTC
to have the world’s first broadband full-Stokes spectropo-
larimeter on a 10 m class telescope. This design consists
on a polychromatic modulator and a polarising beam split-
ter based on a Savart plate (Snik et al. 2013). Instead of
attempting to build an achromatic modulator, this design
uses a polychromatic one that modulates the polarisation
of the two beams across the complete spectral range. By
rotating the modulator in subsequent exposures we can
reconstruct the polarisation of the source.

The instrument will be equipped with state-of-the-art
detectors from Teledyne e2V to maximise its quantum and
operational efficiency. In the optical we will use the frame-
transfer CCD231-84 detectors (with an active area of 2×4
kpixels), which allow readout of the data while the follow-
ing exposure is ongoing. In the NIR we foresee the use of
Hawaii-2RG detectors (with an active area of 2×2 kpixels)
with SIDECAR electronics, which allow very fast readout.

3 International context and com-
petitiveness

In 2025, when we foresee the first light of this instrument,
astrophysics will be entering the era of the giant tele-
scopes (GMT/TMT/ELT), massive surveys (LSST) and
new-generation space telescopes (JWST). Telescopes of
the 10m class will need to adapt their instrumentation
to fill the gap between the small and the giant telescopes,
with highly efficient instruments that can do the science
that cannot be done either with the small telescopes, due
to the lack of photons, or by the giant telescopes, due
to the lack of observing time. In the survey performed
by the GTC user’s committee in 2015/2016, optical to
near-infrared multiband spectroscopy was identified as the
highest priority capability for the community. Visible and
NIR integral-field spectroscopy were second and third.
The instrument concept presented here will cover these
three capabilities and add new ones (simultaneous multi-
band imaging, high-time resolution, spectropolarimetry).

This instrument builds upon the heritage of other in-
struments such as GROND (Greiner et al. 2008), X-
shooter (Vernet et al. 2011) or HiPERCAM (Dhillon et al.
2016, 2018), on which part of the team members partic-
ipated. It would be the Northern brother of the OC-
TOCAM instrument (recently renamed as SCORPIO; de
Ugarte Postigo et al. 2010; Gorosabel & de Ugarte Postigo
2010; de Ugarte Postigo et al. 2016; Thöne et al. 2016) cur-
rently being developed for the Gemini-South telescope,
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which was originally lead by part of the team propos-
ing this concept. The instrument that will be developed
for GTC will benefit from the lessons learned by OCTO-
CAM/SCORPIO and extend its capabilities (i.e. with the
addition of IFU and polarimeter) to deliver a unique in-
strument for GTC. Furthermore, we would benefit from
the lessons learned from the design of OCTOCAM. This
will enable us to proceed with an aggressive timeline that
will allow us to be on the telescope faster than would be
otherwise possible with such an instrument concept.

Finally, the usefulness of a broad-band spectrograph
concept has been proven at the European Southern Ob-
servatory by the X-shooter spectrograph, which is still
one of the most demanded instruments. Following this
path, ESO is building the Son Of X-Shooter (SOXS;
Schipani et al. 2016) instrument for the 3.5m NTT at La
Silla, which will help to characterise and follow-up bright
transients in the 2020s by doing multiband imaging and
spectroscopy. As mentioned, Gemini is building OCTO-
CAM/SCORPIO, also in the Southern hemisphere. In
the Northern hemisphere, the 2.5m Nordic Optical Tele-
scope is building the NOT Transient Explorer (NTE1)
with broadband spectroscopic capabilities, and some lim-
ited imaging. All this showcases the strong interest of the
scientific community in an instrument with such capabili-
ties, which is currently lacking in all the 8-10m class tele-
scopes of the Northern hemisphere, where neither Gemini,
Keck, nor Subaru have anything similar foreseen.

4 Budget and time line estimate

The hardware cost of this instrument is foreseen at 8.1
MEUR (based on previous experience) on top of which
we add a 15% mitigation budget for a total hardware cost
of 9.7 MEUR. These costs are divided as follows: Optics
(2.5 MEUR), structure (500 kEUR), thermal (300 kEUR),
electronics (900 kEUR), detectors (3 MEUR), IFU (500
kEUR) and polarimeter (400 kEUR). Additionally, we
foresee a manpower of 35 FTE. In-kind contributions could
come from manpower, labs, small equipment, and auxil-
iary elements during the different phases of the project.

This project is designed with a schedule of 5.5 years as-
suming a reserve of 9 months (15% on each stage). We
plan a preliminary design phase (12 months) that will fin-
ish at a preliminary design review. The final design phase
of 12 months will follow, with an advanced optical final
design review after 9 months, and a full final design re-
view at the end of the 12 months. This scheme allows to
start placing orders on long-lead items early on. The man-
ufacturing, assembly, integration and testing phase would
have a duration of 24 months, which will end up with the
acceptance tests. The instrument would then go to the ob-
servatory where we expect a commissioning phase of up to
9 months. This adds up to a total of 57 months. Adding
15% of contingency on this schedule we expect to start
scientific operations 5.5 years after kick-off.

5 Proposing team

The proposing team is a consortium of IAA-CSIC, IAC,
CAB-INTA/CSIC and UCM, and open to including fur-

1https://dark.nbi.ku.dk/news/2014/nte is a go/

ther partners in the future. It will be led by the Prin-
cipal Investigator (A. de Ugarte Postigo, IAA-CSIC),
with the development work led by the Project Manager
(C.C. Thöne, IAA-CSIC) in coordination with the Sys-
tems Engineer. A Project Scientist (IAA-CSIC) will
lead the science team and an Instrument Scientist (CAB-
INTA/CSIC) will ensure that the requirements of sci-
ence are met by the design. The work will be di-
vided into several work packages, namely: Optics (IAA-
CSIC/FRACTAL), Mechanics (IAA-CSIC/FRACTAL),
Cryogenics (IAA-CSIC/FRACTAL), Detectors (IAC),
Electronics (IAC), Control Software (UCM), Pipeline
(IAA-CSIC), Spectropolarimeter (IAA-CSIC), and IFU
(CAB-INTA/CSIC).

Within the science team we intend to include a broad
representation of the full GTC community. This team
currently includes:

• Transneptunian objects: J.L. Ortiz (IAA-CSIC)

• Exoplanets: D. Barrado (CAB-INTA/CSIC)

• Circumstellar disks and young substellar ob-
jects: N. Huélamo (CAB-INTA/CSIC)

• Star formation: M. Fernández (IAA-CSIC)

• Asteroseismology: R. Garrido (IAA-CSIC)

• Massive stars: S. Simón Dı́az (IAC)

• Planetary Nebulae: J. Garćıa Rojas (IAC)

• Novae: L. Izzo (IAA-CSIC)

• Neutron stars: V. Dhillon (U. Sheffiel/IAC)

• X-ray binaries: T. Muñoz-Darias (IAC)

• Fast Radio Bursts: A. Gardini (IAA-CSIC)

• Gal. evolution: R. González Delgado (IAA-CSIC)

• ULIRGS: A. Alonso Herrero (CAB-INTA/CSIC)

• AGNs: C. Ramos Almeida (IAC)

• Gravitational waves: D.A. Kann (IAA-CSIC)

• Supernovae: C.C. Thöne (IAA-CSIC)

• Gamma-ray bursts: A. de Ugarte Postigo (IAA-
CSIC)
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