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ABSTRACT

MAATa) (Mirror-slicer Array for Astronomical Transients) is proposed as a new mirror-slicer optical system that

will allow the OSIRIS spectrograph at the 10.4 m GTC the capability to perform integral-field spectroscopy (IFS) over

a seeing-limited field of view 14.20′′ × 10′′ with a slice width of 0.303′′. MAAT will enhance the resolution power of

OSIRIS by 1.6 times with respect to its 0.6′′ wide long-slit. All the eleven OSIRIS grisms and VPHs will be available

to provide broad spectral coverage with moderate resolution (R=600 up to 4100) in the 3600−10000 Å spectral range.

MAAT is devised as an IFS-mode for OSIRIS devoted to unveiling the nature of most striking transient phenomena in

the universe. Furthermore, MAAT top-level requirements allow to broaden its use to the GTC community for a wide

range of competitive science topics given its unique observing capabilities. We present the different aspects of MAAT,

including science and technical specifications, an outline of the instrument concept, and a plan towards first light by

the end of 2021.

† f.prada@csic.es

a) MAAT refers to the ancient Egyptian concepts of truth, balance, order, harmony, law, morality, justice, and cosmic order.
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1. GTC IN THE ERA OF TIME-DOMAIN ASTROPHYSICS

Our model of the universe has changed dramatically over the last two decades: we have come to realize that 95%

of the cosmic composition is made of dark matter and dark energy and not in the form of baryonic matter that all of

science had focused on for centuries. This drastic development was originated from novel astronomical observations

facilitated mainly by technological advances. One of the key pieces in the paradigm shift in cosmology was the

detection of the accelerated expansion of the universe (Riess et al. 1999; Perlmutter et al. 1999), attributed to an

exotic component named “dark energy”. This evidence was first observed through transient astrophysical phenomena,

Type Ia supernovae (SN), used as distance indicators in cosmology (Phillips 1993).

Figure 1. Chord diagram showing the structure of the LSST Transients and Variable Stars Collaboration Working Groups.
Each pair linked by a chord represents two subgroups that are shared by a number of members proportional to the width
of the chord. This chart shows at glance the potential discovery and characterization of the transient sky. (Credit: LSST
Collaboration.)

As we look forward, we can identify exciting new avenues where breakthroughs can be expected, many of them

also involving astrophysical transients. To begin with, we have just witnessed the dawn of the era of multi-messenger

astronomy. Mergers of binary compact objects, generating gravitational wave (GW) signals along with electromagnetic

waves (and possibly neutrinos!), allow us to probe the densest states of matter and serve as laboratories for gravity at

its most extreme conditions. At optical wavelengths, the resulting phenomena, dubbed kilonovae, hold great promise
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for scientific explorations ranging from the origin of heavy elements through r-process reactions (Smartt et al. 2017;

Watson et al. 2019), to the most accurate studies of the expansion of the universe (Abbott et al. 2017a; Hjorth et al.

2017; Dhawan et al. 2019).

Gravitational lensing offers yet another way to study the power of gravity and the properties of curved space-time,

thereby tracing the nature and distribution of dark matter and dark energy in an independent way. Gravitational

lensing of transients, most notably quasars and supernovae, is emerging as a new precision tool in astronomy: in

addition to the spatial information, these time-structured light beacons allow us to measure time-delays between

light rays deflected by bodies in the line-of-sight (Refsdal 1964). These deflectors come in many different shapes and

mass-scales: black holes, stars, galaxies, and galaxy clusters. Gravitational lensing offers unique ways to weigh these

structures, along with the measurement of global cosmological parameters, most notably the Hubble constant H0 (Treu

2010).

Figure 2. Synergy chart of OSIRIS+MAAT in the timeline context of upcoming major facilities. MAGIC, CTA, WEAVE, and
GOTO are located at the ORM.

These intrinsically very rare phenomena can now be detected by large scale imaging surveys operating at optical

wavelengths scanning the heavens with unprecedented speed and efficiency. Projects like ZTF1, PanStarrs2, ATLAS3,

GOTO4, and soon LSST5, uncover the variable sky in ways that have not been possible until now (see Figure 1).

It is in this context, that the proposed instrument becomes the critical missing element. While imaging surveys are

essential for the discovery of rare transients, timely identification of the nature and evolution of transients and their

1 https://www.ztf.caltech.edu
2 https://www.ifa.hawaii.edu/research/Pan-STARRS.shtml
3 https://fallingstar.com/home.php
4 https://goto-observatory.org
5 https://www.lsst.org
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Table 1. The MAAT basic parameters

Parameter Value

Spectrograph OSIRIS at GTC-Cass

Module Integral Field Unit

Field of View1 14:20′′ � 10:00′′

Field aspect ratio 1.42

Slit width 0:303′′

Spatial sampling2 0:303′′ � 0:127′′

Wavelength range 360 to 1000 nm

Spectral resolution3 600 to 4100

Detector4 4k � 4k (15 �m pixel)

CCD plate scale 0:127′′ per pixel
1IFU surface on the sky is 142 arcsec2, and 141

arcsec2 without vignetting).

2With 1 � 2 CCD binning0:303′′ � 0:254′′.
3Enhanced 1.6 times resolving power w.r.t. to

that of a 0:6′′ long-slit. All OSIRIS grisms and
VPHs can be used.

4The new OSIRIS detector is a Teledyne-e2v
CCD231-84 deep-depleted standard silicon, as-
tro multi-2.

host galaxy environments requires spectroscopic screening in a telescope with great light collection power. Thus, the

proposed IFU for OSIRIS on the 10-meter Gran Telescopio de Canarias, MAAT, presents us with unique opportunities

to complete the time-domain revolution in astronomy.

The GTC equipped with OSIRIS+MAAT will play a fundamental role in synergy with other facilities operating in

La Palma, opening a new era for transient studies at the Observatory of the Roque de Los Muchachos (see Figure 2).

Furthermore, the MAAT top-level requirements allow to broaden its use to the needs of the GTC community for a

wide range of competitive science topics given its unique observing capabilities well beyond time-domain astronomy.

2. MAAT BASIC DESCRIPTION

MAAT (Mirror-slicer Array for Astronomical Transients) is proposed as a new mirror-slicer optical system that will

allow the OSIRIS spectrograph at the 10.4-m GTC telescope the capability to perform integral-field spectroscopy (IFS)

over a seeing-limited field of view 14.20′′ × 10.0′′ (see Figure 3). MAAT will enhance the resolution power of OSIRIS

by 1.6 times with respect to its 0.6′′ wide long-slit. All the eleven OSIRIS grisms and volume-phase holographic

gratings (VPHs) will be available to provide broad spectral coverage with moderate resolution (R=600 up to 4100)

in the spectral range 360-1000 nm. The integral-field unit (IFU) consists of an imaging slicer optical system with 33

slices (4 CCD pixels separation between slices) each of 0.303′′ × 14.20′′. The IFS mode will take advantage of the

expected significant increase in the overall OSIRIS efficiency due to its new e2v 4k× 4k detector that will be installed

after the relocation of OSIRIS at the Cassegrain focus of GTC. Table 2 compares MAAT with the other existing

seeing-limited IFS on 10m-class telescopes located on both hemispheres. In terms of opportunity, of all these systems,

MAAT provides the unique capability of a broad-band spectral coverage over the entire spectral range from the UV

up to the near-IR (360-1000 nm).

Figure 4 showcases the simulated MAAT view of the galaxy NGC300 (see Section 5 for details). The top-right image

zooms in the circumnuclear region of NGC300 (top-left) around the HII region De74 on the left (green as dominated

by the [OIII] and Hα emission lines) and the SN remnant S14 on the right (orange as dominated by the shocked [SII]
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Figure 3. Sky footprint of the MAAT mirror-slicer IFU.

Table 2. Seeing-limited Integral Field Spectrographs on 10m-class telescopes.

Sky Telescope Instrument Spectral range Resolution Field of View Spatial sampling IFU

Southern VLT MUSE 480-930 nm 1770-3590 59:9′′ � 60:0′′ 0:2′′ � 0:2′′ mirror slicer

Northern Keck KCWI 350–560 nm 3000-4000 8:25′′ � 20:0′′ 0:34′′ � 0:147′′ mirror slicer

N & S Gemini GMOS-IFU 360-940 nm 600-4400 5:0′′ � 7:0′′ 0:2′′ lenslet/fibers

Northern GTC OSIRIS+MAAT 360-1000 nm 600-4100 10:0′′ � 14:20′′ 0:303′′ � 0:127′′ mirror slicer

emission lines). The two images below correspond to the HII region De74 and the SN remnant S14 as seen by the

slicer. The detector spectral images (Figure 5) show the wealth of emission lines typical of these type of objects; an

expanded view around the [OI]6300 to [SII]6731 spectral region includes the bright [OI] Earth atmospheric emission

and it clearly shows the presence of [OI] 6300 in the SN remnant but it is conspicuously absent in the HII region.

MAAT is devised as a IFS-mode for OSIRIS devoted to unveiling the nature of most striking transient phenomena

in the universe, such as gravitational wave electromagnetic counterparts, lensed supernovae and QSOs, environment

of remnants among others. Furthermore, MAAT top-level requirements allow to broaden its use to the needs of the

GTC community for a wide range of competitive science topics given its unique observing capabilities.

In this document we will present the different aspects of MAAT, including science objectives and instrument specifica-

tions, an outline of the instrument concept, the results from data simulations, and a general plan towards commissioning

and first light in late 2021.
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Figure 4. MAAT simulation of two nebular objects in the spiral galaxy NGC300. The HII region De74 (left) and the SN
remnant S14 (right). The two bottom images is how the slicer sees each of the objects that are then dispersed onto the CCD
to obtain the frames as in Figure 5.

3. SCIENCE OBJECTIVES

While the science potential is essentially unlimited, our team proposes to focus on a selected set of outstanding

science topics enabled by the proposed instrument in our areas of expertise, primarily cosmology with time-domain

probes. These include,

• Identification and characterization of EM-GW counterparts,

• Time-delay measurements of strongly lensed supernovae and quasars, including the characterization of the lens,

• Exploration of host galaxy environmental dependencies of Type Ia SN luminosities, the key limiting factor in

their use as standard candles today;

that are described in the sections below.

3.1. Identi�cation and characterization of EM-GW counterparts

The detection of gravitational radiation from the binary neutron star (BNS) merger, GW170817 (Abbott et al.

2017b), along with a short gamma-ray burst (sGRB) just 1.7 seconds later (Goldstein et al. 2017), followed by the

identification of an associated kilonova AT2017gfo in the nearby galaxy NGC 4993, at just 40 Mpc distance (Arcavi

et al. 2017), opened a new multi-messenger window in astrophysics and cosmology. The forthcoming observational runs




