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•  flexible: prompt classification & adaptive scheduling 
•  broad wavelength range (realistically from atmo cut-off to NIR) 
•  broad band photometry & low-intermediate-res spectroscopy 
•  Homogeneity: few, well characterized instrumentation 
•  (both hemispheres) 

Requirements for (spec) monitoring 

THE solution: 
XShooter-like instrument (+ imaging) on a 4m-class telescope 
(Photom by Opt-NIR camera on a 2m-class robotic telescope) 

MT’s “chiodo fisso” 



•  flexible: prompt classification & adaptive 
scheduling 

•  broad wavelength range (realistically from atmo 
cut-off to NIR) 

•  broad band photometry & low-intermediate-res 
spectroscopy 

•  Homogeneity: few, well characterized 
instrumentation 

•  (both hemispheres) 

➡  robotic telescopes (also for spectroscopy !) 

➡  “ad hoc” follow-up instrumentation 

Requirements for (spec) monitoring 



….. 

………. 

THE solution: 
XShooter-like instrument (+ imaging) on a 4m-class telescope 
(Photom by Opt-NIR camera on a 2m-class robotic telescope) 

MT’s “chiodo fisso” 
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Emphasis	
  on:	
  
•  Wide	
  lambda	
  coverage	
  

(0.4-­‐2.4mu,	
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  least	
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•  Override	
  RRM/ToO	
  mode	
  
•  1	
  north	
  +	
  1	
  south	
  



ESO X-Shooter
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Fig. 2. Functional diagram of X-shooter. The light path runs from the top to the bottom of the figure. Each element is described in
Sect. 2.

In this section, we give an overview of the design of X-
shooter following photons coming from the telescope. For more
detailed discussions of specific aspects and the manufacturing
process please refer to the following publications: Spanò et al.
(2006) for the optical design; Rasmussen et al. (2008) for the
backbone and the UVB and VIS spectrographs; Navarro et al.
(2006, 2008) for the NIR spectrograph; Roelfsema et al. (2008)
for the cryogenic design; Guinouard et al. (2006) for the Integral
Field Unit; Vidali et al. (2006) for the control software; Goldoni
et al. (2006) and Modigliani et al. (2010) for the data reduction
software.

2.1. Key design choices

A number of key design choices were made in the phases of
the project definition. Possibly the most crucial design choice
was on the method used to split the incoming beam from the
telescope between the three spectral arms. The option to use a
single slit in the telescope focal plane was rejected because of
the di�culty of designing a highly e�cient relay system and at-
mospheric dispersion correction for the full spectral range, and
the need for work-packages with clean interfaces to be handled
by the di↵erent consortium partners, which is not possible when
spectrographs are sharing a single slit. The solution that was fi-
nally adopted is based on the sequential use of two dichroics
after the focal plane, used at 15� rather than 45� to minimize
polarization e↵ects. The beams toward the UVB and VIS spec-
trographs are then deviated to 90� with folding mirrors. These
two folding mirrors together with one in the NIR path are ac-
tively controlled to compensate for small motions due to flex-
ures in the backbone of the instrument and guarantee that the
three target images all remain centered on the three slit units as
the telescope is tracking (see Sect. 3.5.2).

The optical design allows the introduction of two short-
wavelength atmospheric dispersion correctors (ADC) and the fo-
cusing of the target on the slit units at the entrance of the respec-
tive arms.

The size, weight and flexure restrictions implied a very com-
pact optical design of the spectrographs, requiring an e�cient
folding of the light path, especially for the NIR-arm. The solu-
tion was found in selecting the “4C” design described in Delabre
et al. (1989).

The inclusion of the K band was the subject of a complex
trade-o↵. With its uncooled optics in the pre-slit area the instru-
ment could not be optimized for a low thermal background. On
the other hand the K band did fit well in the spectral format on
the detector and had a potentially high e�ciency. It was finally
decided to include the band, but its inclusion should not reduce
the performance in the J- and H-bands. It was also decided not
to cool the instrument pre-slit optics.

Another key design choice was the spectral resolution in the
three arms. The goal was to build an instrument which reaches
the dark sky noise limit in about 30 minutes, while still provid-
ing medium resolution to do quantitative work on emission and
absorption lines. In the NIR the resolution of 5600 for 0.900 slit
permits the full separation (and subtraction) of the sky emission
lines. At UVB and VIS wavelengths, specific scientific programs
did call for higher resolving power, e.g. to optimally measure
abundances. The final choices (see Table 4) are obviously a com-
promise to cover a broad range of astrophysical programs.

 

These scientific calibrations will be obtained on a regular basis as part of the X-shooter Calibration Plan. In addition to 
this, instrument monitoring and health check procedures such as full detector characterization, alignment and sensitivity 
checks have been defined. 

3.6 Predicted performance 
We have carried out extensive simulations of the instrument performance taking into account the contractually specified 
performance of the different optical subsystems and  the detectors. In the case of the dichroics and of the detectors the 
values refers to the actual components which will be used in the instrument. Figure 7 show the expected resolution and 
sampling as a function of slit widths .  The computation took into account the finite pixel size, the camera focus error, 
the electronic LSF and the optical component LSF. When the IFU unit is inserted in the focal plane, it creates a pseudo 
slit of 0.6” width  and  the resolutions match  the corresponding values. 
 
The expected efficiency of the instrument over its global spectral range is shown in Figure 8. It is higher than for high 
dispersion spectrographs like UVES at the VLT and HIRES at Keck, while providing parallel coverage of the all 
spectral range from UV to K’. Taking into account the various sources of noise, we have computed the expected 
limiting AB magnitudes for the regions between sky emission and listed them in Table 3.  The instrument has not been 
optimized for the K band observations. The thermal emissivity from the telescope and instrument optics in the K band 
has been assumed at 25%. 
 

 
Figure 7.  Predicted resolving power and pixel sampling of the three arms 

 
Table 3.  Computed limiting AB magnitudes (1 hr exposure,  S/N=10 per resolution element) 
 
Band U B V R I  J H K’ 
mag 21.5 21.7 21.7 21.6 21.2 20.5 20.8 19.3 
 
 
 
 

4.  FUTURE MILESTONES  
 
The Final Design Review of the Backbone , UVB and VIS arms optics had been successfully passed in 2005 and the 
components have been ordered. The detectors and the control system are already in house. 
At the FDR in February 2006, the overall mechanical design of the instrument and its associated software was well 
received but for a number of items where further work was needed to reach FDR level. The Consortium plans to close 
these items by June 2006 and to proceed with the procurement of the mechanics and electronics. The three arms will be 
integrated  at the institutes which are responsible for their design and procurement and upon acceptance transferred to 
ESO for integration with the instrument backbone.  Testing of the overall instrument is planned  to start in mid 2007 at 
ESO. Commissioning of the instrument at the telescope is planned for 2 Q 2008 .  
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Table 4. Measured resolution and sampling as a function of slit width.

UVB VIS NIR
Slit width Resolution Sampling Slit width Resolution Sampling Slit width Resolution Sampling

(00) (�/��) (pix/FWHM) (00) (�/��) (pix/FWHM) (00) (�/��) (pix/FWHM)
0.5 9100 3.5 0.4 17400 3.0 0.4 11300 2.0
0.8 6300 5.2 0.7 11000 4.8 0.6 8100 2.8
1.0 5100 6.3 0.9 8800 6.0 0.9 5600 4.0
1.3 4000 8.1 1.2 6700 7.9 1.2 4300 5.3
1.6 3300 9.9 1.5 5400 9.7 1.5 3500 6.6
IFU 7900 4.1 IFU 12600 4.2 IFU 8100 2.8
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(b) AFC step 2
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(c) AFC step 3

Fig. 10. The three steps of the flexure compensation procedure. For each step, functions that are moved are highlighted in red. In
step 1, panel (a), the ArHgNeXe calibration lamps are switched on, the 3-position mirror in the A&G slide is set to the wide slot
position and the 0.500 pinhole is inserted in the slit unit of each spectrograph ; in step 2, panel (b), the calibration lamp is still on, the
3-position mirror is set to the 0.500 pinhole position and the wide 500 slit is inserted in each slit unit ; in step 3, panel (c), the piezo
mounted folding mirrors are moved according to the measurements obtained in step 1 and 2.

This whole procedure comes at no expenses in terms of over-
heads since it is done in parallel with the telescope active op-
tics setup. It is operationally very robust and does not require
any user interaction. Our measurements show that it reliably
maintains the alignment of the three slits to better than 0.0200,
as illustrated in Fig. 11. As a side product, the first frame of

the sequence is actually an “attached” wavelength calibration
that is used by the data reduction pipeline to correct the wave-
length solution for for thermally- and gravity-induced drifts (see
Modigliani et al. 2010).

Continuum spectrum  S/N=10 - 1 hr exposure


UVB,	
  range	
  300-­‐559.5	
  nm	
  
VIS,	
  range	
  559.5-­‐1024	
  nm	
  
NIR,	
  range	
  1024-­‐2480	
  nm	
  



Tekst starter uden 
punktopstilling 
 
For at få punkt-
opstilling på 
teksten, brug 
forøg indrykning 
 
 
For at få venstre-
stillet tekst uden 
punktopstilling, 
brug formindsk 
indrykning 

Overskrift her 

For at ændre 
”Enhedens navn” 
og ”Sted og dato”: 
 
Klik i menulinjen,  
vælg ”Indsæt” > 
”Sidehoved / 
Sidefod”. 
Indføj ”Sted og 
dato” i feltet for 
dato og ”Enhedens 
navn” i Sidefod 

NOT	
  Transient	
  Explorer	
  –	
  A	
  new	
  work-­‐horse	
  for	
  the	
  Nordic	
  
OpWcal	
  Telescope	
  
 
A cross-dispersed spectrograph covering 350-1700 nm, resolution ~4000 
(possibly with also a higher-res mode), single slit (with different choices for the slit 
width), including ADC and efficient enough to be sky-limited in 30 min integration. 
 
Visible imager with 5-6 arcmin FOV, 2k x 2k detector, sampling 0.15-0.18 arcsec per 
pixel. 
 
Near-IR imager using a 2k x 2k HAWAII-II detector with same FOV and sampling as 
in the visible. 
 
De-scoped version: imaging reduced to a visible slit-viewing camera with FOV of 3 
arcmin (similar to StanCam). 
 
  

Nordic (Denmark Sweden, etc.) + Italian collaboration






•  ESO call for new instruments at NTT (06/2014) 

•  Proposal submission (02/2015)

•  SOXS selected by ESO (05/2015) out of  19 


ESO’s SOXS project




SOXS Main Science case: �
the transient sky


COSMIC EXPLOSIONS (OPTICAL TRANSIENTS) 5

transients this would require spectroscopy. At the final level is a clear pigeon holing of
the transient (classification). The importance of this point was re-iterated, even more
forcefully, in the concluding talk (Bloom 2011). It is frustrating to hear some astronomers,
especially at august meeting such as this, to claim a discovery merely on the basis that
they had observed the transient earlier than others.

Recognizing the above issue we adopted a “No Transient Left Behind” strategy. Three-
color photometry on P60 allows for crude classification. Follow up up with low resolution
spectroscopy on a bevy of larger telescopes (Palomar 200-inch, KPNO 4-m, WHT 4.2-m
and the Lick 3-m)9. As a result we have amassed a set of nearly 1500 spectroscopically
classified supernovae of which a good fraction were detected prior to maximum.
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Figure 3. An update of Figure 1 and 2 with new classes and sub-classes of non-
relativistic transients. Notice the emerging class of Calcium-rich halo transients,
.Ia supernovae and two types of Luminous Red Novae (events in the bulges of M85
and V838 Mon; the others are in spiral arms). The color of the symbol is that
at maximum light. Apparently the new data show that novae do not obey the
classical “Maximum Magnitude Rate of Decay” relation (see Kasliwal 2011).

Given that follow-up is at premium having a small sample of transients with desired or
well-understood selection criteria is more valuable than a large sample of transients with
a potpourri of properties. Thus choice of pointings and cadence control are critical. We
have scoured around the sky to select PTF pointings with large local (d . 200Mpc) over

to have the first level of sub-typing (eg. flare star/DN/CV; Ia/Ibc/II SN). This knowledge is essential
given the very large fog of foreground (M dwarf flares, dwarf noave) and background transients (routine
supernovae at a late phase, burps from an AGN).

9Even so, as in real life, two thirds of the transients are unclassified and left behind.

The Hot and Energetic Universe: Selected transient science with Athena+ 

Page 2 

are the brightest high-redshift sources of light, the fast response capability of Athena+ coupled with its light gathering 
power make it a unique facility for the study of the dynamic, evolving Universe (see Figure 1). 

Time-domain astronomy will be one of the main fields in astronomy over the coming decades. The main reason why it 
is now finally possible to address the important physics questions by studying the extreme time-variable events in the 
Universe is that computational power has become sufficient to sift through huge volumes of data in real time in order 
to find interesting, sometimes brief, and often one-off explosive events. Examples of this capability include radio all-
sky/hemisphere telescopes, such as the Square Kilometer Array (SKA), and scanning optical telescopes, such as the 
Large Synoptic Survey Telescope (LSST). Within a decade we expect to see the first detections of gravitational-waves 
and neutrinos from explosive sources. We require a major facility like Athena+ to truly take advantage of the time-
domain, multi-messenger era.  

 

Figure 1: The absolute optical magnitude (label on the left and colours in red) or X-ray luminosity (label on the right 
and in black/grey) is plotted as a function of the characteristic time. Sources/phenomena that have been barely 
studied are plotted without border and with fading shading. So far, the lower luminosity range in this plot is not well 
studied, especially those sources with characteristic time scales of 1 day or less. The Athena+ effective area is such that 
one can search for flux variability at a signal-to-noise ratio >10 for all source classes and their fluxes observed so far in 
10 seconds. Obviously, the volume we will probe with Athena+ is much larger implying that also lower flux levels can 
and will be observed. This capability will push the frontier for all classes of sources in the upper part of the diagram 
(GRBs, SNe, tidal disruption events) into the high redshift Universe. 

 

In this supporting paper we outline some of the scientific goals of time-domain astronomy using Athena+, including:  
� Using high quality, high-resolution X-ray spectra of bright Gamma-Ray Burst (GRB) afterglows, Athena+ 

will probe the environment of GRB progenitors and their host galaxies at all redshifts. This will trace the first 
generation of massive stars in the Universe.  

� Understanding type II supernova explosions and determining which stellar systems are the progenitors of 
type Ia supernovae by deriving the supernova progenitor properties using observations of supernova shock 
break out and off-axis GRBs. White dwarf detonation is the leading model to explain type Ia supernovae. 
Establishing the size of the companion star in a sample of type Ia supernovae could determine the relative 
fractions of progenitors among the contending models.  

� Study, via bright tidal disruption events (TDEs), the population of dormant super-massive and potentially 
intermediate-mass black holes. Intermediate-mass black holes constitute a group of black holes that is 
invoked to explain the presence of super-massive black holes early in the Universe, but that have remained 
elusive so far. 



Just a few science cases

•  Minor planets and asteroids

•  Young stellar objects

•  Planetary transits

•  X-ray binary transients

•  Novae

•  Magnetars

•  Supernovae (Ia, CC)

•  GRB

•  TeV transients

•  GW & neutrino EM counterparts

•  Radio sky transients & fast radio bursts




Discovery space


First	
  SN	
  shock	
  break	
  out	
  (GRB060218	
  /SN2006aj)	
  

Water	
  vapor	
  in	
  the	
  atmosphere	
  of	
  a	
  
transiWng	
  planet	
  	
  

Major	
  outburst	
  2	
  yr	
  before	
  the	
  SN	
  explosion	
  (SN2006jc)	
  

The	
  most	
  distant	
  object	
  in	
  the	
  
Universe	
  (at	
  the	
  Wme	
  of	
  
discovery;	
  GRB090427	
  z=8.2)	
  



A working example





During 2005-2013 Nature published ~180 
astronomical papers with more than 50 citations.



Among them 36% are on transients objects.






An	
  already	
  working	
  
example	
  



Why SOXS �
Spectroscopic machine for the transient sky.�




Needed:

Now (PESSTO, Asiago, … in place) >70% of  newly discovered 
transients without spectroscopic follow-up.



Near future many transient surveys:

•  WF surveys (GAIA-alters, iPTF, DES, Pan-STARRS, LSST) 

•  high-energy transients (Swift, INTEGRAL, MAXI)

•  GW-alters etc. 


Sexy:

2005-2013 Nature published ~180 astronomical papers with > 
50 citations.

Among them 36% are on transients objects.


but very limited spectroscopic follow-up




SOXS @ NTT

Proposal to build and operate a spectrograph:

•  wide spectral coverage (0.35-1.75 µm) on two arms

•  good spectral resolution (R~4500) 

•  to characterize and follow-up in depth any kind of  transient


A possible optical layout of the Common Path 
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SOXS @ NTT


!



Initial performances


!

BLUE arm 

(0.35 to 0.8)



0.5 arcsec box



0 and ±12arcsec 

positions




BLUE spectrograph


!

!

Pixel size 15 micron

2048x2048




Initial performances


!

RED arm

(0.8 to 1.8)



0.5 arcsec box



0 and ±12arcsec 

positions




!

RED spectrograph


!

Pixel size 18 micron

2048x2048




SOXS performances



•  Goal: 

continuum spectrum R~20-20.5, S/N=10 in 1 hr



nicely matching the limiting magnitude of  current 
(e.g. iPTF, GSA) synoptic surveys



“Extended” guiding camera to use as imaging 
(optical) instrument >3 arcmin FOV




Consortium structure


S. Campana


P. Schipani

R. Claudi




Science Board

S. Campana (INAF-OABrera) - Italy

E. Cappellaro (INAF-OAPadova) - Italy

M. Della Valle (INAF-OANapoli) - Italy

A. De Ugarte Postigo (IAA-CSIS) - Spain

J. Fynbo (Dark-NBI) - Denmark

M. Hamuy (Millenium Inst.) - Chile

G. Pignata (Millenium Inst.) - Chile

S. Smartt (Univ. Belfast) – UK

S. Basa (LAM) – France

L. Le Guillou (LNPHE) – France

B. Schmidt (ANU) – Australia

M. Colles (ANU) – Australia

A. Gal-Yam (Weizmann Inst.) – Israel

S. Mattila (FINCA) – Finland







Funds


>84% secured 



Remaining to be approved by national agencies




Timeline 2016-2020




Operations


ESO will reward the consortium with NTT GTO

(likely ~150 n/yr for TBD years)



From 2018 at existing EFOSC2+SOFI 

then (mid-2019) at SOXS.

(urgent GW, GSA, etc.)



Observers on-site for instantaneous response to alerts




Unknown                                300 hr




Data policy

<5% of  the consortium time open to the community 
as fast ToO (Swift-like) observations (public data) 



Relevant information (redshift, peculiar sources, etc.) 
announced in real time through GCN, ATEL, 
IAUC, etc.



Consortium data public after a short (1-3 months 
TBD) proprietary period.





