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ABSTRACT
The era of the next generation of giant telescopes requires not only the advent of new tech-
nologies but also the development of novel methods, in order to exploit fully the extraordinary
potential they are built for. Global Multi Conjugate Adaptive Optics (GMCAO) pursues this
approach, with the goal of achieving good performance over a �eld of view of a few arcmin
and an increase in sky coverage. In this article, we show the gain offered by this technique to an
astrophysical application, such as the photometric survey strategy applied to the Chandra Deep
Field South as a case study. We simulated a close-to-real observation of a 500 × 500 arcsec2

extragalactic deep �eld with a 40-m class telescope that implements GMCAO. We analysed
mock K-band images of 6000 high-redshift (up to z = 2.75) galaxies therein as if they were
real to recover the initial input parameters. We attained 94.5 per cent completeness for source
detection with SEXTRACTOR. We also measured the morphological parameters of all the sources
with the two-dimensional �tting tools GALFIT. The agreement we found between recovered and
intrinsic parameters demonstrates GMCAO as a reliable approach to assist extremely large
telescope (ELT) observations of extragalactic interest.

Key words: instrumentation: adaptive optics � galaxies: photometry � galaxies: structure.

1 INTRODUCTION

An extensive way to study the formation and evolution of galaxies
and their association in groups or clusters is via deep multi-band ob-
servation campaigns, carried out either from space or with ground-
based telescopes. They offer researchers the chance to investigate
large-scale structures in a selected region of the sky over a broad
interval of look-back time. In the last 20 years, this technique has
represented the most promising way to probe the distant Universe,
translating into a considerable advance in our knowledge of high-
redshift objects, answering fundamental questions and opening new
and often more substantial ones. As new technologies and capabil-
ities were reached, new instruments were designed to prove the
ability of available telescopes to probe even deeper limits. In fact,
the combination of deeper images and new cameras with sensitivity
at redder wavelengths has pushed the redshift limits well into the
reionization epoch of the Universe.

The initial step towards this goal was the observation in 1995
of the Hubble Deep Field (Williams et al. 1996). Afterwards, this
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region was studied extensively by numerous programmes and sur-
veys, ranging from optical to near-infrared domains: the Hubble
Ultra Deep Field (Beckwith et al. 2006), together with the wide-
�eld Great Observatories Origins Deep Survey (GOODS) images
(Giavalisco et al. 2004), which revealed for the �rst time z � 6 galax-
ies at the end of the reionization epoch (Bouwens et al. 2006); the
ultra-deep coverage in the near-infrared of the Hubble Ultra Deep
Field 2009 (HUDF09: Bouwens et al. 2011), which allowed the �rst
systematic exploration of galaxies at z � 10; the wide-�eld multi-
wavelength catalogue of the Cosmic Assembly Near-infrared Deep
Extragalactic Legacy Survey (CANDELS: Galametz et al. 2013),
which improved the statistics at higher luminosities, and the near-
IR counterpart the Hubble Ultra Deep Field 2012 (HUDF12: Ellis
et al. 2013). Moreover, deep X-ray observations of the Chandra
Deep Field South (CDFS: Giacconi et al. 2000) proved the great
interest of the community in unravelling the assembly history that
shapes the objects observed today and advances this region as one
of the primary sites for cosmological analysis, motivating obser-
vations from X-ray to radio wavelengths, from both space- and
ground-based observatories.

In order to make more substantial progress in this �eld and im-
prove the potential of future extremely large telescopes (ELTs),
such as the the European Extremely Large Telescope (Gilmozzi &
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Spyromilio 2007), the Giant Magellan Telescope (Johns 2008) and
the Thirty Meter Telescope (Szeto et al. 2008), one can conceive and
actualize novel concepts and new ideas. As an exciting challenge,
Ragazzoni et al. (2010) proposed an extension of the Multi Con-
jugate Adaptive Optics technique (MCAO), called Global Multi
Conjugate Adaptive Optics (GMCAO), in which a wide �eld of
view (labelled as the technical FoV) can be used to look for natural
guide stars while correction is performed on a smaller, but adequate,
scienti�c FoV. It combines a number of concepts of adaptive optics
(AO), some of them already well known or even proven on the
sky, working in a numerical layer-oriented fashion, consisting of
several deformable mirrors conjugated to different layers of the tur-
bulence, instead of integrating over a single direction. A review of
the implementation of an example of such a system can be found in
Viotto et al. (2015). The fact that GMCAO uses only natural guide
stars translates into the importance of extending the area where the
stars can be found, leading to an increase in sky coverage � one of
the arguments, together with the uniformity of the corrected FoV,
in favour of implementing a laser guide stars (LGSs) based sys-
tem (Rigaut et al. 2014). With GMCAO, the use of LGSs can be
avoided, freeing this method from the associated issues (Fried 1995;
Pfrommer, Hickson & She 2009; Diolaiti et al. 2012).

In this article, we present a scienti�c case in the area of appli-
cability of the GMCAO technique. Some preliminary studies were
performed, recovering the structural parameters of a sample of syn-
thetic nearby galaxies observed with a GMCAO-assisted ELT (Por-
taluri et al. 2016a) and performing the source detection of a sample
of high-redshift galaxies (Portaluri et al. 2016b). These studies give
a hint that the GMCAO approach can produce robust results when
studying the photometry of extragalactic �elds and can provide a
useful frame of reference for a number of science cases. Here, we
want to extend those results by performing a more detailed analysis.

We took the CDFS as a reference for a star-poor �eld, which is the
key (and a mandatory condition) for carrying out deep surveys, and
we analysed a close-to-real observation in that region with a plau-
sible giant telescope. With this aim, we developed a tomographic
simulator, which corrects the perturbation of wavefronts due to the
atmosphere, and computed Strehl ratio (SR) map measurements,
as explained in Section 2. Section 3 describes how we built the
point-spread function (PSF), starting from the instrumental set-up
and the tomographic results. A description of how we obtained a
mock image of a CDFS-like observation is given in Section 4. The
source detection and the photometric analysis are shown and dis-
cussed in Section 5. The conclusions of our work are presented in
Section 6.

2 THE SIMULATION OF GMCAO
PERFORMANCE IN THE CDFS REGION

We used an Interactive Data Language simulation tool (Viotto
et al. 2014) to estimate the sky coverage for a GMCAO system
on an ELT and compute the resulting SR in a given FoV for a
varying number of NGSs. Different technical FoV diameters for the
reference selection and various constellations were compared.

2.1 GMCAO input parameters

The SR performance depends on a number of input parameters,
i.e. on both the assumed atmospheric behaviour and the simulated
system layout. The atmospheric model is composed of 40 turbulent
screens, based on the 40-layer C2

n pro�le (Bergomi et al. 2014), also

used in Sarazin et al. (2013) and Auzinger et al. (2015). The pro-
jected thickness (for a zenith distance of 30�) of the atmosphere in
this model is 29.1 km, the Fried parameter at 500 nm is r0 = 0.129 m
and the outer scale is L0 = 25 m. Recall that the input C2

n pro�le
plays a crucial role in system performance estimation, especially
for high-altitude layers. This is true for all AO simulations, but it
is particularly relevant in this case, because of the wider techni-
cal FoV involved and the higher sensitivity to high-altitude layers.
Some a priori knowledge of the atmosphere (not assumed in here),
moreover, would certainly lead us to obtain a fully optimized per-
formance.

The telescope aperture is assumed to be a non-obstructed 37-m
circular pupil. The AO system includes three deformable mirrors
conjugated to 0, 4 and 12.7 km, respectively, and assumes six GM-
CAO virtual deformable mirrors (Ragazzoni et al. 2010). For each
FoV, we took into account up to six guide stars in a circular 10 ar-
cmin technical FoV with a magnitude limit up to R = 18 mag,
discarding those within the inner 2 arcmin and those with a sep-
aration lower than 10 arcsec (for practical reasons). This choice
leads to a GMCAO approach compatible with an ELT-like system
equipped with MCAO.

2.2 Sky coverage challenge: the Chandra Deep Field South

In order to assess the system�s sky coverage, we used the USNO-
B1.0 catalogue to retrieve the R-band magnitude and astrometry of
stars around the central coordinates of the CDFS (� = 03h32m28s

and � = �27�48�30��). We considered a grid of 10 × 10 tech-
nical FoVs, each of 10 arcmin diameter, with a 50-arcsec pitch.
For each FoV, we selected the asterism leading to the highest
SR in the 50 × 50 arcsec2 scienti�c FoV (called a �sector� here-
after), computed from the wavefront residuals using the formula
(Mar·echal 1947 approximation)

SR = exp (�� 2), (1)

where � is the root-mean-square (RMS) wavefront error in ra-
dians at the observing wavelength (� = 2.2 µm). Three exam-
ples of wavefront residuals obtained from the tomographic simu-
lation tool are shown in Fig. 1. They were used for building the
PSFs of the corresponding SRs: 0.05, 0.15 and 0.25. As expected,
the latter is more homogeneous with respect to the one with low
SR.

Fig. 2 shows the K-band SR map we obtained for the FoVs,
covering a total region of 500× 500 arcsec2, subdivided into 10× 10
sectors with size of the same order as the largest typical FoV planned
for next-generation ELTs. The SR values obtained range between
0.01 and 0.29 and the mean is 0.17. The discontinuities that are
present in some regions of the map are due to the dithering technique
we adopted. In fact, in some cases, the selected asterism is good
enough to let us reach a high SR (i.e. the stars were brighter and
closer to the scienti�c FoV, but outside the inner 2 arcmin), while
in the contiguous �eld we miss one or more important guide stars
and therefore the SR gets lower. For this reason, the distribution of
SR values inside each sector varies signi�cantly, as shown in Fig. 3,
and cannot be associated with a unique analytical distribution. As
expected, the sectors with high discontinuity have a higher spread.
The mean SRs are indicated by the dashed line: some sectors show
the same average value (spanning between 0.4 and 0.22), but have
a different spread. This is even more clear in Fig. 4, where a two-
dimensional map of the mean values is shown. The central regions
of the map have lower values of SR, due mainly to the fact that
there are few guide stars available, while in the corners the SR
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