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WHAT IS SOXS
ESO call for new instruments at NTT (06/2014) 

Proposal submission (02/2015) 

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

Single-object spectrograph R~4,500 from U to H 
(350-17500 nm)  @ ESO/NTT 

   1 hr - SNR~10 - R~20-20.5
J. Vernet et al.: X-shooter, the new wide band intermediate resolution spectrograph at the ESO Very Large Telescope 3
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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.

Similar to X-shooter 
.. but also different, only two arms 
with partial overlap around 870 nm 
to cross-calibrate spectra X-shooter



SOXS IS FULLY DEDICATED TO THE 
SPECTROSCOPIC FOLLOW UP OF TRANSIENT

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.

•  Minor planets and asteroids
•  Young stellar objects
•  Planetary transits
•  X-ray binary transients
•  Novae
•  Supernovae (Ia, CC)
•  GRB
•  GW-&neutrino EM counterparts
•  Radio sky transients & fast radio bursts



WHY SOXS?
Spectroscopic machine for the transient sky.
Even now with PESSTO in place >70% of  newly 
discovered transients remain without spectroscopic 
follow-up.

In the near future years there will be many imaging 
survey wide-field telescopes (iPTF, DES, Pan-STARRS, 
LSST) as well as high-energy transients (Swift, 
INTEGRAL, MAXI), GAIA-alters GW-alters, TeV 
alerts,  etc. but very limited spectroscopic follow-up

    SOXS@NTT will have 150 n/yr  (for 5-6 yr) 
~3,000 - 4,000 spectra/yr



STRUCTURE

Large Italian involvement  
13 INAF institutes  
11 for science &  7 for hardware 

Italian lead

S. Campana

R. Claudi

P. Schipani

PSPI PM



SOXS 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. Colless (ANU) – Australia 
A. Gal-Yam (Weizmann) – Israel
S. Mattila (FINCA) – Finland




(ORIGINAL) TIMELINE

Project(phase( Aprrox.(start( Approx(end( Dura4on(

Phase&A&& 12/2015& 04/2016& 5&months&

Phase&B& 05/2016& 10/2016& 5&months&

Phase&C& 11/2016& 08/2017& 10&months&

Phase&D& 09/2017& 12/2019& 28&months&

Phase&E& 12/2019& >2023&

good timing with GW experiments (4 detectors) -  
LSST - CTA - SKA 



WHAT CAN DO SOXS FOR GW
GW150914 5

Figure 1. Skymaps showing the probability contours produced by LIGO (solid contours), the PS1 pointings (green circles with diameters
of 2.7� degrees and the positions of transients. The contours represent the The panels are separated into time intervals from discovery
epoch of GW150914. A transient is plotted on the relevant panel if it was discovered in the epochs shown. All time is in the observer
frame.

et al. 2006). Standard CCD processing included bias and
flat-field corrections with images then converted into blue
and red channel data cubes for bad pixel and cosmic-ray
cleaning. Wavelength calibration used arc lamp exposures
taken at position of the target to minimise errors from tele-
scope flexure and a rough flux calibration was applied using

a historical response function for each data cube. A one-
dimensional spectrum was extracted from each data cube
using a point-spread function model with sky subtraction.

c� 0000 RAS, MNRAS 000, 000–000

PanSTARSS and PESSTO 
Smartt et al. 2016

GW150914 7

Table 2. Transient candidates in the field of GW150914 (56 in total). Discovery dates refer to the date of the first detection by
Pan-STARRS. For reference, GW150914 was discovered at 20150914.41 (MJD 57279.41).

Name RA Dec RA Dec Discovery Discovery Disc Disc.
(J2000) (J2000) (J2000) (J2000) Date MJD mag. filt.

PS15cbm 08 49 19.85 +03 48 17.8 132.33271 +3.80494 20150917.62 57282.62 18.55 iP1

PS15ccw 08 57 30.60 +04 31 56.1 134.37750 +4.53225 20150917.63 57282.63 19.31 iP1

PS15cci 09 13 22.76 +06 10 47.3 138.34483 +6.17981 20150919.63 57284.63 18.32 iP1

PS15ccx 08 18 03.91 +04 18 04.2 124.51629 +4.30117 20150919.63 57284.63 19.42 zP1

PS15ccv 08 55 23.05 +04 41 19.0 133.84604 +4.68861 20150922.62 57287.62 20.03 iP1

PS15cel 09 34 11.58 +05 46 45.2 143.54825 +5.77922 20150923.63 57288.63 19.53 iP1

PS15cki 09 28 27.24 +08 00 51.5 142.11350 +8.01431 20150923.64 57288.64 19.17 zP1

PS15cej 09 35 19.41 +10 11 50.7 143.83087 +10.19742 20151002.62 57297.62 18.13 iP1

PS15cek 09 36 41.04 +10 14 16.2 144.17100 +10.23783 20151002.63 57297.63 17.24 zP1

PS15cke 09 52 35.14 -07 36 32.0 148.14642 -7.60889 20151002.64 57297.64 16.72 zP1

PS15ckf 09 45 57.71 +09 58 31.4 146.49046 +9.97539 20151003.65 57298.65 17.57 yP1

PS15cwj 09 27 44.89 +08 31 32.1 141.93704 +8.52558 20151013.60 57308.60 20.02 iP1

PS15cwi 09 21 31.27 +05 10 26.8 140.38029 +5.17411 20151013.61 57308.61 20.43 iP1

PS15ckm 09 43 47.15 -02 10 13.3 145.94646 -2.17036 20151013.61 57308.61 19.57 iP1

PS15ckj 10 07 58.59 -02 29 47.9 151.99412 -2.49664 20151013.61 57308.61 18.31 iP1

PS15cko 10 14 01.69 -06 30 46.9 153.50704 -6.51303 20151013.62 57308.62 19.51 iP1

PS15ckh 09 24 55.83 +02 19 25.1 141.23263 +2.32364 20151013.62 57308.62 19.40 iP1

PS15cvz 10 05 41.49 +01 05 33.2 151.42288 +1.09256 20151013.62 57308.62 19.55 iP1

PS15cvy 10 01 45.13 -00 36 06.8 150.43804 -0.60189 20151013.63 57308.63 19.76 iP1

PS15ckn 10 13 29.31 -10 00 06.1 153.37213 -10.00169 20151014.62 57309.62 19.44 iP1

PS15ckk 10 08 48.60 -09 54 50.7 152.20250 -9.91408 20151014.62 57309.62 16.43 iP1

PS15dfs 09 21 37.60 +12 01 38.0 140.40667 +12.02722 20151015.60 57310.60 20.94 iP1

PS15dfr 09 18 29.04 +11 40 10.4 139.62100 +11.66956 20151015.60 57310.60 21.31 iP1

PS15cwm 09 30 01.03 +06 58 12.6 142.50429 +6.97017 20151015.61 57310.61 20.90 iP1

PS15dfy 09 52 48.76 +06 38 04.5 148.20317 +6.63458 20151015.61 57310.61 19.82 iP1

PS15cvv 09 49 30.25 -01 36 37.5 147.37604 -1.61042 20151015.62 57310.62 20.14 iP1

PS15cmr 09 57 03.59 -03 53 24.3 149.26496 -3.89008 20151015.62 57310.62 19.35 iP1

PS15cmq 09 48 22.97 -03 27 41.4 147.09571 -3.46150 20151015.62 57310.62 20.19 iP1

PS15cvx 09 54 35.48 -04 07 22.3 148.64783 -4.12286 20151015.62 57310.62 20.32 iP1

PS15dfv 09 41 38.31 -02 10 21.8 145.40963 -2.17272 20151015.62 57310.62 20.83 iP1

PS15cwa 10 13 18.75 -10 54 43.9 153.32812 -10.91219 20151015.63 57310.63 20.27 iP1

PS15cwk 10 13 55.42 -12 52 49.2 153.48092 -12.88033 20151015.63 57310.63 20.11 iP1

PS15cms 09 58 35.10 +00 44 34.7 149.64625 +0.74297 20151017.62 57312.62 19.93 iP1

PS15cvw 09 52 09.25 +07 26 48.3 148.03854 +7.44675 20151018.61 57313.61 19.86 iP1

PS15cmp 08 54 24.40 +03 54 00.5 133.60167 +3.90014 20151019.58 57314.58 21.82 rP1

PS15crh 08 51 16.19 +04 03 57.9 132.81746 +4.06608 20151019.58 57314.58 21.39 rP1

PS15cwh 08 54 15.18 +03 04 59.0 133.56325 +3.08306 20151019.58 57314.58 22.09 rP1

PS15cri 09 36 50.66 +02 31 20.0 144.21108 +2.52222 20151021.60 57316.60 20.67 iP1

PS15cwb 10 16 21.58 -11 00 10.5 154.08992 -11.00292 20151021.61 57316.61 20.25 iP1

PS15dgc 10 18 20.86 -10 31 28.3 154.58692 -10.52453 20151021.61 57316.61 20.42 iP1

PS15cwe 10 10 24.74 -09 33 10.0 152.60308 -9.55278 20151021.63 57316.63 20.47 iP1

PS15crk 10 30 03.48 -17 31 38.7 157.51450 -17.52742 20151021.63 57316.63 19.97 iP1

PS15dgb 10 04 43.54 -15 00 03.8 151.18142 -15.00106 20151021.63 57316.63 20.71 iP1

PS15dga 10 04 42.37 -09 31 14.8 151.17654 -9.52078 20151021.63 57316.63 20.34 iP1

PS15dfx 09 50 52.07 -04 09 46.3 147.71696 -4.16286 20151023.60 57318.60 20.80 iP1

PS15cwg 10 19 19.55 -09 16 01.2 154.83146 -9.26700 20151023.61 57318.61 20.39 iP1

PS15crj 09 42 42.16 +02 18 09.8 145.67567 +2.30272 20151023.62 57318.62 20.88 iP1

PS15dfz 09 54 59.64 +04 14 08.1 148.74850 +4.23558 20151023.62 57318.62 20.68 iP1

PS15dfu 09 34 24.28 +06 48 01.0 143.60117 +6.80028 20151023.62 57318.62 21.19 iP1

PS15dft 09 33 09.38 +10 28 02.2 143.28908 +10.46728 20151023.62 57318.62 19.41 iP1

PS15dfw 09 44 11.65 +04 54 52.1 146.04854 +4.91447 20151024.60 57319.60 21.00 iP1

PS15cwc 09 59 01.22 -03 48 04.3 149.75508 -3.80119 20151024.61 57319.61 21.11 iP1

PS15cqx 10 05 03.70 -06 29 44.7 151.26542 -6.49575 20151024.61 57319.61 20.32 iP1

PS15dgd 10 27 26.07 -14 58 20.1 156.85862 -14.97225 20151024.61 57319.61 20.55 iP1

PS15cqw 09 45 06.43 +01 17 02.0 146.27679 +1.28389 20151025.60 57320.60 20.99 iP1

PS15cwd 10 08 06.70 -14 25 08.5 152.02792 -14.41903 20151025.62 57320.62 20.93 iP1

c� 0000 RAS, MNRAS 000, 000–000

442 deg2 -4.2% probability  
57 transients
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Table 2. Summary of Tiled Observations

Area Contained probability (%)
Instrument Banda Depthb Timec (deg2) cWB LIB BSTR. LALInf. GCN

Gamma-ray

Fermi LAT 20 MeV–300 GeV 1.7⇥ 10�9 (every 3 hr) — 100 100 100 100 18709
Fermi GBM 8 keV–40 MeV 0.7–5⇥ 10�7 (0.1–1 MeV) (archival) — 100 100 100 100 18339
INTEGRAL 75 keV–1 MeV 1.3⇥ 10�7 (archival) — 100 100 100 100 18354
IPN 15 keV–10 MeV 1⇥ 10�9 (archival) — 100 100 100 100 —

X-ray

MAXI/GSC 2–20 keV 1⇥ 10�9 (archival) 17900 95 89 92 84 19013
Swift XRT 0.3–10 keV 5⇥ 10�13 (gal.) 2.3, 1, 1 0.6 0.03 0.18 0.04 0.05 18331

2–4⇥ 10�12 (LMC) 3.4, 1, 1 4.1 1.2 1.9 0.16 0.26 18346

Optical

DECam i, z i < 22.5, z < 21.5 3.9, 5, 22 100 38 14 14 11 18344, 18350
iPTF R R < 20.4 3.1, 3, 1 140 3.1 2.9 0.0 0.2 18337
KWFC i i < 18.8 3.4, 1, 1 24 0.0 1.2 0.0 0.1 18361
MASTER C < 19.9 -1.1, 7, 7 590 56 35 55 49 18333, 18390, 18903, 19021
Pan-STARRS1 i i < 19.2� 20.8 3.2, 21, 42 430 28 29 2.0 4.2 18335, 18343, 18362, 18394
La Silla–QUEST g, r r < 21 3.8, 5, 0.1 80 23 16 6.2 5.7 18347
SkyMapper i, v i < 19.1, v < 17.1 2.4, 2, 3 30 9.1 7.9 1.5 1.9 18349
Swift UVOT u u < 19.8 (gal.) 2.3, 1, 1 3 0.7 1.0 0.1 0.1 18331

u u < 18.8 (LMC) 3.4, 1, 1 18346
TAROT C R < 18 2.8, 5, 14 30 15 3.5 1.6 1.9 18332, 18348
TOROS C r < 21 2.5, 7, 90 0.6 0.03 0.0 0.0 0.0 18338
VST r r < 22.4 2.9, 6, 50 90 29 10 14 10 18336, 18397

Near Infrared

VISTA Y, J,KS J < 20.7 4.8, 1, 7 70 15 6.4 10 8.0 18353

Radio

ASKAP 863.5 MHz 5–15 mJy 7.5, 2, 6 270 82 28 44 27 18363, 18655
LOFAR 145 MHz 12.5 mJy 6.8, 3, 90 100 27 1.3 0.0 0.1 18364, 18424, 18690
MWA 118 MHz 200 mJy 3.5, 2, 8 2800 97 72 86 86 18345

aBand: photon energy, optical or near-infrared filter (or C for clear, unfiltered light), wavelength range, or central frequency
bDepth: gamma/X-ray limiting flux in erg cm�2 s�1; 5� optical/IR limiting magnitude (AB); and 5� radio limiting spectral flux density in

mJy. The reported values correspond to the faintest flux/magnitude of detectable sources in the images.
cElapsed time in days between start of observations and the time of GW150914 (2015 September 14 09:50:45), number of repeated observations

of the same area, total observation period in days

astrophysical processes that may trigger EM emission from
these systems.

The EM campaign following GW150914 successfully
demonstrates the capability of the observing partners to cover
large swaths of the sky localization area, to identify candi-
dates, and to activate larger telescopes for photometric and
spectroscopic characterization within a few days of an event.
We note that the information about the source’s BBH nature

and updated sky maps were sent out twenty days and four
months after the event, respectively. This resulted in some in-
struments covering much less of the probability region or to
the required depth of GW150914 than they may have planned
for. We expect future alerts to be issued within tens of min-
utes, and more rapid updates of the maps. The follow-up ef-
forts would have been sensitive to a wide range of emission
expected from BNS or NSBH mergers, however the widely

COMBINED FOLLOW-UP: 
PHOTOMETRY + SPECTROSCOPY

SOXS@NTT  
150 n/yr  for 5-6 yr 

~3,000 - 4,000 spectra/yr
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