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Astrophysics in a Golden Age 

 Full coverage of electro-magnetic spectrum  
MAGIC/HESS/VERITAS àFermi/INTEGRAL à XMM/Chandra/Swift/Rossi 
XTE à Galex à HST/Gaia à ground-based optical/IR à ISO/Spitzer à 
Herschel à Planckà IRAM/JCMT/APEX/ALMA/NOEMA à radio 
telescopes 

 Astro-particles joining  

• cosmic rays, neutrinos, gravitational waves,  
dark matter searches  
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 Large telescopes for a wide variety of investigations  

Current ground-based facilities 
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 Part of the multi-wavelength universe 
Ø central region for many processes 

OIR Astronomy 

Copyright © National Academy of Sciences. All rights reserved.

A Strategy for Ground-Based Optical and Infrared Astronomy 

A Strøtegyfor Ground-Based Optical and Infrared Astronomy

radio to gamma rays. In this strategy, OIR
astronomy plays a central role. Almost every
new astronomical source, whether discovered by
radio telescopes on the ground or by infrared,
ultraviolet, X-ray, or gamma-ray telescopes in
space, must be observed by ground-based OIR
telescopes to understand its physical nature and
significance.

Conversely, observations with ground-
based OIR telescopes are essential for the
efficient use of far more costly telescopes in
space. For example, the Hubble Space
Telescope (HST) has a very nanow field of
view and can observe only a tiny fraction ofthe
sky. We can realize the full benefits of the
HST's superior image quality and unique
ultraviolet spectroscopic capability only if we
identiff its targets on the basis of extensive
studies with ground-based OIR telescopes.
Moreover, the HST will image distant sources
so faint that their spectra can be measured only
by ground-based OIR telescopes offar greater
aperture. The same considerations apply to
other NASA programs under development, such
as the NICMOS infrared instrument on HST, the
Space Infrared Telescope Facility (SIRTF) and
the Stratospheric Observatory for Infrared
Astronomy (SOFIA) infrared telescopes, and the
Advanced X-ray Astrophysics Facility (AXAF)
X-ray telescope. Even ignoring the scientific
discoveries enabled by OIR telescopes alone,
NSF's $40 M annual expenditure to support
ground-based OIR astronomy can be justified
easily on the basis ofthe enhanced scientific
yield from NASA's $800 M annual funding of
space astrophysics.

The AASC report pointed out that major
opportunities to address fundamental cosmic
questions will be enabled by new technologies
and instrumentation for ground-based OIR
telescopes. For example:

o How do stars form? Telescopes equipped
with modern infrared instruments will be
able to observe newly forming stars that are
enshrouded in dust clouds from which
optical light cannot emerge. The images
will reveal the morphology of the disks and

jets around these stars, and the spectra will
tell us about the gas temperatures,
velocities, and magnetism that control the
star formation dynamics.

Ilhat is the origin of the heavy elements in
the universe? Astronomers believe that the
heavy elements are formed as a result of
nuclear reactions in stars, particularly in
their final convulsions as novae and
supernovae. Surveys with2- to 4-meter
telescopes will find many more of these
events, and large telescopes will obtain
detailed spectra, particularly at infrared
wavelengths where newly formed elements
are most apparent, to confirm and enrich
this theory. With powerful new
spectrometers, astronomers will be able to
understand better how the products of
supernova nucleosynthesis are dispersed
and built up in stars, galaxies, and
interstellar and intergalactic gas.

How many stars have planetary systems?
With infrared telescopes, astronomers will
be able to detect and image disks of dust
particles around stars from which planetary
systems are believed to form.

How do galaxies form and evolve? With
large optical and infrared telescopes,
astronomers will be able to find newly
forming galaxies at high redshifts and learn
about their dominant physical processes.

ll/hat powers the central engines of active
galaxies and quasars? Are they
supermassive black holes? Do many other
galaxies, including the Milky Way, also
contain quiescent black holes? If so, what
are the environmental conditions that
determine the rich variety of phenomena
associated with quasars and galactic nuclei?
To answer these questions, astronomers
need to observe many galactic nuclei with
OIR telescopes having high angular
resolution, broad spectral range, and
polarimetric capability. The coordination of

t6

McCray et al. 1995 
A Strategy for Ground-Based Optical and Infrared Astronomy  
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Consider the future 

 Within the decade the following scientific progress can 
be expected: 
Ø Detailed knowledge of a comet’s core (Rosetta) 

Ø Detailed dynamical structure of a fair fraction of the Milky 
Way (Gaia) 

Ø Cosmological parameters determined to high accuracy 
(Planck), but nature of Dark Matter and Dark Energy unclear 

Ø Detailed checks on strong gravity performed (GC) 

Ø Thousands of exo-planets  

Ø Many exo-planet atmospheres characterised  

Ø Fundamental physics questions to be addressed through 
astrophysics, e.g. fundamental constants or quantum 
theories of space time 
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Consider the future (cont.) 

 Within the decade the following scientific progress can 
be expected: 
Ø Combination of objects with very different environmental 

parameters in close neighbourhood (cold gas, shocks, hot 
plasmas).  

•  mass transfer and mass loss in close binaries 
•  neutron stars in supernova remnants 
•  dust formation around stars and in shocks 
•  the environment of active galactic nuclei 
•  cooling in galaxy clusters 
•  detailed structures in transition disks 
•  planetary nebulae  

Ø High-redshift galaxies near the time of recombination 
characterised in deep extragalactic fields 

Ø The first sources of gravitational waves may have been 
detected 
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ESO Science Newsletter 

 Regular electronic newsletter with latest information 
Ø Topics in September 

•  Report on ALMA Cycle 3 
Proposal Review 

•  ESO Period 97 Proposal 
Submission Statistics 

•  Application for ESO  
Studentships 

•  VLTI Resumes  
Observations 

•  ALMA Cycle User Survey 
Results 

•  ALMA Status Report 

•  Release of stacked Images and Source Lists of VST ATLAS Survey 

•  IMPRS Astrophysics Studentships 2016  
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Humble beginnings 



Science and Technology with E-ELT - Erice | 14 October 2015 Science and Technology with E-ELT - Erice | 14 October 2015 
 

Paranal and Armazonas 

M. Tarenghi 
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ALMA transporter 
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ALMA observing 
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Why telescopes and antennas? 

 The strength of black bodies 

 Example: heat images 

2.2µm 3mm 
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Planet dust rings 

 Dust ring around Fomalhaut 

 Hints for two planets à a few Earth masses  

Boley et al. 2012 
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Complex molecules in space 

 Detection of sugar molecule  
Ø glycolaldehyde HCOCH2OH and several alcohols  

•  e.g. methyl formate, ketene (CH2CO), trans-ethanol (t-C2H5OH) 

Ø Class 0 binary proto-star with about solar mass 

Jørgensen et al. 2012 

ρ Oph 

Jørgensen et al. 2012 
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Perreto et al. 2013 

Spitzer 
ALMA  
N2H+(1-0) ALMA 

Formation of supermassive stars 

 Infrared Dark Cloud SDC335.579-0.272 
Ø 5500±800 M¤ complex 
Ø Two massive star forming cores 

 M1:    M¤ core 
Ø mass infall rate:        M¤/yr 
Ø will yield 750±300 M¤  in a freefall time (3 104 years) 

545−385
+700

3
inf 1.0)10(2.5M −±=!
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Lensed galaxy image 

 Cold gas in a lensed galaxy observed with ALMA 
Ø source redshift: zS=3.042 

Ø lens redshift: zL=0.299 
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Lensed galaxy 

 Detection of carbon monoxide 4 ALMA Partnership et al.

FIG. 2.—ALMA images with uv-tapering to 1000 kλ (CO lines and continuum) or 200 kλ (H2O line). Top: CO J=5-4, 8-7 and 10-9 velocity integrated intensity.
Middle: 2.0 mm, 1.3 mm, and 1.0 mm continuum. Bottom: Band 6&7 spectral index, 1.14mm continuum (combined Band 6 & 7 data; see Appendix A), and
H2O velocity integrated intensity. Beam sizes are ∼170 mas, except for H2O which has a larger ∼0.9′′ beam (see Table 3 for spectral line details).

elliptical galaxy.
3.1.2. Spectral index

The combined Band 6 and Band 7 spectral index image, ob-
tained from data tapered to 1000 kλ (see Section 2), is shown
in Figure 2. Pixels<4σ have beenmasked. The mean spectral
index in the unmasked regions is 2.34±0.61, with the mean
value measured in the W and E arcs comparable within the
uncertainties (2.45±0.72 compared to 2.30±0.57). The range
of values is consistent with dust spectral indices from 1.4-4.
We note, however, that from the flux densities given in Ta-
ble 1, which represent the total emission region as opposed to
the higher S/N regions defined by the spectral index image,
the average spectral index is 1.8±0.2.

3.2. CO J=10-9, J=8-7 and J=5-4 line emission
3.2.1. Properties of the CO images

CO J=10-9, J=8-7 and J=5-4 velocity integrated intensity
images are presented in Figure 2. The CO morphology is
broadly consistent with the overall two-arc morphology seen
in continuum, with a larger and higher surface brightness E
arc and a smaller and generally lower surface brightness W
arc. The symmetric distribution of the continuum peaks, how-
ever, is not matched in CO, with the CO emission appearing
more clumpy throughout the arc structures. The CO emission
also appears to trace a somewhat more extended and less well-
defined ring than the continuum at the same angular resolu-
tion. For CO J=5-4, the peak integrated intensities are com-

Vlahakis et al.  2015 
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Distant galaxies with ALMA 

 Follow-up of mm sources discovered with the South 
Pole Telescope (SPT) 
Ø Detected many high-redshift galaxies (<z>=3.5) 

Ø 860µm ALMA imaging (Cycle 0 – 16 antennas) 
•  47 candidates à several clearly lensed sources 

•  Integration times 1 minute 

•  2 objects at z=5.7 with high star formation rate > 500 M¤ yr-1 

Viera et al. Nature 2013; Hezaveh et al. ApJ 2013 
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Viera et al. Nature 2013 
Weiss et al. ApJ 2013 

■ Secure redshifts for many sources 
Ø ALMA 3mm spectroscopy 

Ø Integration times about 10 minutes 
•  Lines detected of 12CO, 13CO,  CI,  H2O 

Distant galaxies with ALMA 
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The three modes of the VLT 

Incoherent combined 
focus 
(ESPRESSO) 

Coherent combined 
focus 
Interferometry 
(PIONIER, GRAVITY, 
MATISSE) 

Individual use of the  
unit telescopes 
(Cassegrain and 
Nasmyth foci) 
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Paranal Facilities 

 VLT 
Ø Instrumentation operating, in assembly and planned 

•  Covers the available optical infrared wavelengths  
300nm to 20μm	
  

•  Angular resolution from seeing limit to 50 μ-arcseconds 

•  FORS2, UVES, FLAMES, NACO, SINFONI, VISIR, HAWK-I, VIMOS, 
X-Shooter, laser guide star facility, KMOS, MUSE, SPHERE, 
Adaptive Optics Facility, CRIRES+, ESPRESSO, MOONS, ERIS 

 VLTI 
Ø PIONIER, GRAVITY, MATISSE 

 VISTA 
Ø VIRCAM, 4MOST 

 VST 
Ø ΩCam 
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Paranal 2015 
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VLT Opportunities 

 Four 8m telescopes 
Ø flexibility 

Ø scientific throughput 
•  1200 observing nights/year 

 Successful operational model 
Ø expand existing model to allow new modes 

•  high time resolution photometry and spectroscopy 

•  faster turnaround (currently DDT) 

•  closer interaction with user, e.g. remote observing 

 Telescope system 
Ø spatial resolution from 1 degree to 2 mas 

Ø wavelength coverage from 320nm to 20μm 

Ø spectral resolutions from a few to 100000 
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VIMOS 

FORS2 

CRIRES UVES 

FLAMES VISIR SINFONI 

X-shooter HAWK-I KMOS 

VLT Instruments 2015 

SPHERE 

MUSE 
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VLTI - Very Large Telescope Interferometry 
The VLTI is a virtual 100-Meter Telescope
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VLTI results 

 Disks around stars 
Ø observe the inner boundary of 

accretion disks 

Ø strong vertical and radial dust 
composition segregation 

•  silicates à graphite à refractory 

Ø evidence for clumps and temporal 
variability 
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Figure 6. Comparisons of the disk structure models with observations. The left panels show the SMA continuum image, the model, and the imaged residuals, with
3σ contour intervals (see Table 2). Crosshairs mark the disk center (see Section 2 and Table 1) and major axis orientation; their relative lengths represent the disk
inclination. The right panels show the SEDs and 880 µm visibility profiles, with models overlaid in red. The stellar photosphere models are marked with dashed curves.
(A color version of this figure is available in the online journal.)

cavities.6 Due to our sensitivity limits, these 880 µm constraints
on the density contrasts are relatively weak (δcav ! 0.01–0.1).
The LkCa 15 disk is a remarkable exception, as it shows a
significant (∼6σ ; Fν ≈ 10 mJy) and centralized residual peak
that suggests a small reservoir (∼1 M⊕) of mm-sized grains are
present inside its cavity.

Aside from the large dust-depleted cavities, these transition
disks have surface density profiles similar to those inferred
for normal disks (see Andrews et al. 2009, 2010b). Both
populations exhibit the same range of characteristic scaling
radii and disk masses, with Rc = 15–135 AU and Md =
0.006–0.128 M⊙ inferred here (assuming a 100:1 gas-to-dust

6 Note that the constraint from the 880 µm residuals in this simple example is
technically less stringent than could be made from the infrared emission. The
1 µm opacities for the large grain population, {smax = 1 mm, p = 3.5}, are
only ∼50× lower than for smax = 1 µm (see Figure 3), meaning these
“mm-sized” grains would produce too much infrared radiation before they
create 880 µm residuals (when Mcav ! 10−8 M⊙). Nevertheless, the example
is instructive in pointing out that the 880 µm data are not quite sensitive
enough to provide very strong limits on δcav.

mass ratio). Surprisingly, the transition disks are distributed
along the same Md–Rc correlation that was noted for normal
disks in Ophiuchus (Andrews et al. 2010b), with essentially the
same scatter. Of course, disk mass comparisons between these
two populations are misleading, as the cavities in transition
disks are substantial mass reservoirs in normal disks. The same
disk models without dust-depleted cavities (i.e., if Σ = Σg at
all radii) would be ∼1.3–3× more massive than indicated in
Table 4 (∼20× for the disk with the largest cavity, MWC 758).
This implies that the surface densities in the outer disk are
typically up to a few times higher in transition disks compared
to their normal disk counterparts.

With a relatively small and potentially heavily biased sample,
there is little that can be concluded from any trends between
the model structure parameters. As noted above, the outer parts
of the transition disks do seem to follow the tentative Md–Rc
correlation identified from a sample of normal T Tauri disks
(Andrews et al. 2010b). With a brief examination of the fig-
ures here (with the disks ordered by spectral classification), one
might notice a possible trend between the stellar type and cavity
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Table 3. Best fits for each sub-epoch (A1, A2, A3, C1, C2, C3) with a star, Gaussian disk, a shifted point source and background model. f ⇤0 : the
stellar-to-total flux ratio, f bg

0 : the background-to-total flux ratio, f g
0 : the inclined Gaussian flux ratio, f ps

0 : the shifted point source flux ratio, T: the
temperature of the Gaussian and the point source, FWHMg: the full width at half maximum of the Gaussian, ig: the inclination of the Gaussian
and PAg: the position angle of the Gaussian, xps and yps the position of the shifted point source.

Epoch A1 A2 A3 C1 C2 C3
�2

red 1.8 2.7 5.9 0.7 8.4 1.0
Param Value Err. Value Err. Value Err. Value Err. Value Err. Value Err.

f ⇤0 0.264 0.003 0.336 0.008 0.185 0.001 0.350 0.012 0.255 0.002 0.329 0.004
f g
0 0.540 0.005 0.468 0.017 0.750 0.008 0.341 0.008 0.268 0.004 0.475 0.007

f ps
0 0.048 0.003 0.081 0.009 0.029 0.000 0.205 0.010 0.086 0.001 0.016 0.001

f bg
0 0.148 0.007 0.115 0.021 0.036 0.008 0.104 0.018 0.391 0.005 0.180 0.008
T 1446 41 1994 93 1298 20 2456 355 1436 19 1490 64

FWHMg 4.60 0.04 5.00 0.09 4.00 0.02 7.71 0.22 2.67 0.03 4.36 0.05
ig 60.2 0.7 55.6 0.7 54.3 0.5 65.7 6.7 56.0 0.6 48.4 0.5

PAg 56.5 0.8 51.3 1.0 63.5 0.3 51.5 2.9 78.5 0.6 65.4 0.7
xps 1.89 0.03 2.10 0.03 -4.68 0.01 3.04 0.17 1.56 0.01 -3.36 0.06
yps -1.60 0.15 0.28 0.08 -0.10 0.02 -1.22 0.11 0.74 0.01 -3.29 0.06

Table 4. Parameters of the best trajectory fit. a is the semi-major axis, e
the eccentricity, i the inclination, ⌦ the longitude of the ascending node
(from North to East), P the period, �x and �y the shift of the center of
the trajectory with respect to the star.

�2
red 711
a 5.18 (mas)
e 0 (fixed)
i 77.7 (deg)
⌦ 250.8 (deg)
P 98 (days)
�x 0.18 (mas)
�y -0.99 (mas)

The temperatures found for both the components are around
1400 K. We also notice that the temperatures are going above
1500 K for epochs A2 and C1, which corresponds to the obser-
vations with the less extended configurations, that are not resolv-
ing the environment enough to distinguish it from the star. In that
case, the star and the unresolved component will contribute to
the stellar-to-total flux ratio ( f ⇤0 ) which will be over estimated.
Moreover the assumption that the model of the unresolved star
is in the Rayleigh-Jeans regime is not right anymore. Indeed, the
average spectral behaviour of the star and the unresolved com-
ponent will di↵er from the Rayleigh-Jeans regime. Because the
spectral index of the environment is defined relatively to the in-
dex of the star, it will be not properly estimated. In fact, it will be
underestimated and the temperature derived from it will be over
estimated.

The size of the Gaussian is stable but for epochs C1 and C2.
The C1 epoch has the smallest angular resolution and it is a↵ect-
ing the size determination. The epoch C2 has the highest angular
resolution and the object can be more complex at this scale. The
size at this epoch can therefore be a↵ected.

The positions of the point source are di↵erent from epoch
to epoch as expected. It seems to follow a trajectory which has
the same orientation as the disk enforcing the assumption of a
rotating disk feature. In order to explore this hypothesis we have
fitted a trajectory to the positions of the point source.

A1

A2
A3

C1

C2

C3

−5 0 5

−5

 0

 5

∆α (mas)

∆
δ 

(m
as

)

Fig. 8. The best fit parameters of the circular trajectory. The red dia-
monds represent the positions of the point sources from the best fits.
The blue hexagones represent the positions of the point sources as fitted
by the trajectory. The black star represents the location of the central
star. The green ellipse represent the fitted trajectory and the green cross
is its center. The red and blue contours represent the 5-� contours from
the image for epoch A and C respectively.

4.3. A disk feature with a circular trajectory ?

We have fitted a circular trajectory to the position of the point
source found in the parametric fit at each epoch. This trajectory
has no eccentricity, that could be shifted with respect to the cen-
tral star. This shift is produced when observing an inclined disk
with an asymmetry orbiting the star above the equatorial plane
for example. The error values on the position of the point source
seem to be unrealistically small. This is because the only pos-
sible way to generated non zero closure phases is to shift the
point source. Therefore the two position parameters of this point
source are over constrained and this is due to the simplicity of the
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 Mass determination through  
stellar orbits 
Ø M�=(4.26±0.14stat±0.2sys)�106 M¤ 

Ø D=8.36±0.1stat±0.15sys kpc 

 M� and Sgr A* within <0.3mas 

 Structure around the black  
hole revealed through flashes 

 Testing General Relativity 
in the strong gravitational 
field 

Our own black hole 
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Galactic Center 

 Pericenter shift probes the nature of the black hole 
Ø measure post-Newtonian effects 

Higher order terms necessary to take into account  
GR in the strong gravity regime 
GRAVITY aims at constraining them 
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What matters in the Universe? 

 Characterisation of dark matter and dark energy 
Ø Requires large samples  

•  sample a large fraction of the universe  

Ø Multi-year and (often) multi-telescope projects 

Ø Measure the distribution of matter and the expansion history 
of the universe 

•  Baryonic acoustic oscillations 

•  Weak lensing  

•  Supernovae 

•  Galaxy clusters 

•  Redshift distortions 
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Planets, planets, planets 

 Planets everywhere 
Ø Radial velocities 

Ø Direct imaging 

Ø Transits 

 Characterisation 
Ø Planetary systems,  

masses,  
chemical composition, 
temperatures 
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Richest planetary system known 

 Five planets with 12M⊕ < M < 25M⊕ at distances 
0.06AU < D < 1.4AU 

 One candidate with  
M=1.4M⊕ at  
D=0.02AU and  
another with  
M=65M⊕ at 3.4AU 

Lovis et al. 2010 
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The ESO exo-planet machinery 

 HARPS at 3.6m telescope (NIRPS) 
Ø best radial velocity machine at a 4m telescope extremely 

stable spectrograph 
Ø ESPRESSO at VLT in the future 

 NACO/SPHERE/ERIS 
Ø adaptive optics supported  

imaging and spectroscopy 
 VLTI 
Ø highest spatial resolution for follow- 

up observations of known systems 
 NACO/ERIS/SINFONI/FORS2 
Ø transit measurements, atmospheres of  

exo-planets 
 CRIRES+ 
Ø spectroscopy of atmospheres 



Science and Technology with E-ELT - Erice | 14 October 2015 Science and Technology with E-ELT - Erice | 14 October 2015 
 

β Pic planet 

 Planet (~10 Mjup) within the massive dust disk  

 Orbit only a few AU 

 NACO imaging 

 SPHERE imaging 
Ø planet – star separation 

•  ~350 mas 

Lagrange et al. 2009, A&A, 493, L21 
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Exciting SPHERE Results 

VY Cam R Dor 

MWC758 
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Transient Sky 

 Changing sky – next frontier 
Ø Solar system objects 

•  near-Earth objects 

Ø Exo-planets 

Ø Variable stars 
•  window into stellar physics 
•  distance indicators 

•  VVV, VMC, VIDEO, VST/SUDARE, (La Silla/QUEST), PESSTO 

Ø Gravitation 
•  time scale depends on the strength of the gravitational field 

–  X-ray binaries 

–  black holes 

•  electro-magnetic counterparts of sources of gravitational waves 

–  merging white dwarfs, neutron stars, black holes 
–  core-collapse supernovae 
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Transient Sky 

 Dedicated telescopes 

 Dedicated operational modes 
Ø large Target of Opportunity fraction 

Ø flexible scheduling 

Ø variable timescales 

 Database requirements 
Ø systematic archiving 

Ø time series 

Ø correlation analyses 
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i z J 

GRB080913 

Gamma-Ray Bursts 

 Most distant stellar objects ever observed 
Ø redshifts 6.7 and 8.2 (tentative) 

Ø lookback time of nearly 12.5 billion years (or 95% of the age 
of the universe) 

 VLT equipped with rapid response mode 
Ø allows to observe a gamma-ray burst 10 minutes after 

detection 
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Most distant stellar object yet observed – 
GRB 090423 

 Optical drop-out, bright in the near-infrared 

 Rapid decline 

Tanvir et al., Nature submitted 
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The Survey Telescopes 

 VST 2.6m for optical and VISTA 4.1m für infrared observations 

 Coordinated sky surveys in  5-year projects 
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Helix Nebula 
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Public Surveys 

45 
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Some early results 

 ATLAS 
Ø discovery of Crater dwarf galaxy 

Ø cold stellar stream 

 KIDS 
Ø lensing by galaxy groups 

•  statistical 

•  velocity dispersions from GAMA 

 VPHAS+ 
Ø combined with IPHAS 

•  northern survey  
with INT 

Crater dwarf and Cold Stream

ATLAS gri Crater dwarf (Belokurov et al) ATLAS Cold Stream (Koposov et al)

Belokurov et al.  

Crater dwarf and Cold Stream

ATLAS gri Crater dwarf (Belokurov et al) ATLAS Cold Stream (Koposov et al)

Koposov et al.  

KiDS early science - group lensing
Viola et al. (2015)

Viola et al. 2015 

Progenitor,age,=,
cluster,age,– WD,cooling,age

+,stellar,models,=>,progenitor,mass
InitialJtoJfinal,
mass,relation

…,currently,only,≃"50,stars,…,
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Some early results 
2 (±0.3) x 1010 M⦿ in stars

and remnants

A&A submitted

 VVV 
Ø detailed structure of the inner galaxy/bulge/bar 

Ø stellar density and mass profile of the bulge mass 

Ø map galactic structure 

 

 VMC 
Ø star formation history in the SMC 

•  not uniform across the galaxy 

 UltraVISTA 
Ø z~7 luminosity  

function deviates 
from lower z ones 

SMC$Star$Formation$History

The$CMDs contain$a$range$of$stellar$
populations$ that$sample$the$whole$history$
of$the$SMC.

(Rubele+2015,$ Paper$XIV)

The3best3combination3of3partial3models3
that3describe3the3composite3stellar3
population3is3obtained3using3
STARFISH.
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Bowler,,Dunlop,et,al.,(2012,,2014)
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ESO Science Archive 

 Rich resource  
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Recent new VLT instruments 

 SPHERE – extreme adaptive optics system in the NIR 
and optical 

 MUSE – largest integral field unit available  
Ø see Dimitri’s results yesterday 

 KMOS – multi-IFU system in the NIR  
Ø examples in Dimitri’s talk yesterday 

 X-shooter – new workhorse instrument for individual 
objects 
Ø covers 400nm to 1.8μm simultaneously 
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Planned new VLT instruments 

 ESPRESSO – extremely stable high-resolution 
spectrograph 
Ø can use all four unit telescopes together 

 Adaptive Optics Facility (AOF) 
Ø “seeing improver” for HAWK-I (ground-layer AO) 

Ø optical AO for MUSE 

Ø 4 laser guide stars 

 ERIS – new NIR AO imager (NACO replacement) 
Ø includes SINFONI upgrade 

 4MOST (VISTA) – high multiplex optical spectroscopy 

 MOONS – high multiplex NIR spectroscopy 

 CUBES – UV high-resolution spectroscopy 
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New VLTI instruments 

 (Existing) PIONIER – closure-phase NIR imager 

 GRAVITY – highest angular resolution system in K-
band 

 MATISSE – highest angular resolution system in 
infrared 
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Planned new instruments for La Silla 

 SOXS (Son of X-shooter) 
Ø copy of X-shooter 

Ø use for transient spectroscopy 

Ø only instrument on NTT 

 NIRPS (Near-Infrared Planet Searcher) 
Ø IR spectrograph with R~100000 

Ø complement HARPS 

Ø search for low-mass planets around low-mass stars 

Ø planet characterisation 

Ø together with HARPS on the 3.6m telescope 

 Start in early 2020 



6 The Messenger 154 – December 2013

of five years. This is on the short side,  
but not unrealistic. Figure 2 shows the 
 Paranal instrumentation and the project 
development in 2019 according to the 
present plan. In a resource-constrained 
environment, the beginning of new pro-
jects will also have to be subject to satis-
factory completion of existing projects.
If existing projects run late, the new ones 
will be re-planned accordingly.

References

Cirasuolo, M. et al. 2011, The Messenger, 145, 11 
de Jong, R. et al. 2011, The Messenger, 145, 14
Oliva, E. et al. 2012, Proc. SPIE, 84462N

Links

The agendas of Council and STC meetings can be 
found on the ESO web pages: http://www.eso.org/
public/about-eso/committees/

Telescopes and Instrumentation Pasquini L. et al., Paranal Instrumentation Programme

Figure 2. Planned 
 Paranal instrumentation 
in 2019. One new instru-
ment in integration, four 
in design and construc-
tion and one in Phase A 
are also planned at this 
time (see Table 1).

Table 1. Proposed 
development plan for 
the Paranal instrumen-
tation programme.  
One year of Phase A is 
expected to be carried 
out, and the overall 
duration is typically esti-
mated as six to seven 
years. Delivery in the 
last column refers to 
start of integration in 
Paranal for instruments 
or to the end of the inte-
gration for infrastructure 
projects (such as the 
AOF and VLTI). 

Year

2012

2013

2014

2015

2016

2017

2018

2019

2020

Phase A 

CUBES
CRIRES upgrade

Letter of interest
NTT

New I (NTT?)

New II

New III

New IV 

New V 

New VI

Design & Construction

ERIS

MOONS 
CRIRES upgrade

4MOST

CUBES (?)

New I (NTT?)

New II

New III 

New IV 

New V

Delivery

KMOS 
VIMOS upgrade

MUSE
SPHERE

VISIR upgrade 
PRIMA astrometry
GRAVITY 
LFC for HARPS

AOF 
MATISSE

ESPRESSO 
VLTI

CRIRES upgrade

CUBES(?)
MOONS

ERIS
4MOST

New I (NTT?)

UT1 (Antu)

CRIRES
KMOS
FORS2

UT2 (Kueyen)

UVES
MOONS
X-shooter

UT3 (Melipal)

VIMOS
SPHERE
VISIR/CUBES

VISTA

4MOST

VLTI

Amber
GRAVITY
MATISSE
PRIMA

UT4 (Yepun)

MUSE
HAWK-I
ERIS
AOF

ESPRESSO

Paranal 2020 
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 ALMA and E-ELT 
Ø Flagship facilities 

 VLT 
Ø Unique capabilities 

•  interferometry  
•  large instrument complement, flexibility, modern operations model 

 La Silla/4m telescopes 
Ø Transients: NTT; exo-planets: 3.6m;  

multi-object spectroscopy: VISTA;  
platform for smaller experiments: La Silla 

 ESO Archive 
Ø Rich resource of optical and near-infrared data 

•  large coherent data sets from surveys 
•  advanced data products 

ESO – an integrated system 
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Astronomy in the 2020s 

 OIR sky measured to ~25 mag 

 Thousands of transient alerts per day 

 Matching capabilities at (almost) all other wavelengths 
Ø angular resolution 

Ø sensitivity 

Ø sky coverage 

 Astroparticle detections  

 Diverse astronomical community with considerable 
overlap with other sciences (chemistry, biology) 
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OIR Future Strategies 

 Flexibility 
Ø Astrophysics covers many topics and techniques 

Ø Completeness of instrumentation 

Ø Reaction to interesting new events, object and topics 

 Coordination 
Ø Instrumentations programmes at different facilities  

•  either through a large pool or through collaboration between 
observatories 

Ø Planning between ground and space 

Ø Time allocation between observatories 

 Operations 
Ø inbuilt flexibility 

Ø archive à open distribution of data 
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