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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 
(350-1750 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 800 nm 
to cross-calibrate spectra X-shooter



SOXS@NTT IN A NUTSHELL

- Broad band spectrograph 350-1750 nm 

- R~4,500 (3,500-6,000) 

- Two arms (VIS + NIR) 

- S/N~10 spectrum - 1 hr exposure for R~20-20.5 

- Acquisition camera to perform photometry ugriz (2’x2’) 
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SOXS IS FULLY DEDICATED TO THE 
SPECTROSCOPIC FOLLOW UP OF TRANSIENT

•  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



Discovery space

First&SN&shock&break&out&

Water&vapor&in&the&atmosphere&of&a&
transi7ng&planet&&

Major&outburst&2&yr&before&the&(probable)&SN&explosion&

The&most&distant&object&in&the&
Universe&(at&the&7me&of&
discovery)&



A working example


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



Among them 36% are on transients objects.
 and variable objects
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PESSTO evolved into ePESSTO  

-   Large program at ESO  
-   No longer fully public (even if there is still a 
service activity to classify transients) 
- Approved for 4 semester for 90n/yr 
-   Not only SNe but open to other science cases  
- Pathway to SOXS 
- Italy involved (also thanks to SOXS) 
- Two Italian scientists (out of 12) within the 

ePESSTO board

EPESSTO PRESENT



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 180 n/yr  (for >5 yr) 
~3,000 - 4,000 spectra/yr

FUTURE



BLUE spectrograph

!

!

Pixel size 15 micron
2048x2048

BASELINE

Innovative design with VPHs 
and 4 different optical cameras 

(Israel)

VIS/



!

RED spectrograph

!

Pixel size 18 micron
2048x2048

NIR/



TIMELINE (TIGHT!)

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

Date to be operational on sky: end 2020 

PDR                                          July 2017 
FDR                                          July 2018 
End of  Procurement               April 2019 
AIT & Test in Europe              June 2020 
Instrument in Chile             August 2020 
End of  Commissioning  December 2020 



FUNDS SITUATION

• SOXS fully funded up to PDR  

• SOXS has been selected by INAF to participate to 
the ‘best practice’-project competition (to cover 
~40% of the total Italian involvement) 

• MoU up to PDR signed with ESO



Consortium structure

S. Campana

P. Schipani
R. Claudi



E. Cappellaro (INAF-OAPadova) - Italy 

M. Della Valle (INAF-OANapoli) - Italy 

G. Pignata (Millenium Inst.) - Chile 

S. Smartt (Univ. Belfast) – UK 

A. Gal-Yam (Weizmann) – Israel 

I. Arcavi (Tel Aviv University) – Israel 

S. Mattila (FINCA) – Finland 

S. Campana (INAF-OABrera) - Italy 

still contacts with NL, DK, F, USA, UK

Science Board



OBSERVING TIME/MONEY SHARE

• Still evolving… 

Italy ~50% 

Israel ~25% (VIS-ARM optics and mechanics) 

Chile ~10% (Acquisition camera) 

UK ~10% (VIS-CCD, reduction pipeline) 

Finland ~5% (Calibration Unit?)



OPERATIONS
ESO will reward the SOXS consortium with NTT observing time. 

now ePESSTO 90n/yr  
future SOXS 180n/yr 

Observers on-site and instantaneous response to fast alerts. Possibility to 
trigger fast ToO out of  consortium time. 

<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 (6-12 months TBD) proprietary 
period. 



PRELIMINARY

Unknown                                300 hr



thank you

working…


