
SOXS (Son Of X-Shooter): 
the transient hunter

Paolo D’Avanzo
INAF - Osservatorio 
Astronomico di Brera

on behalf of the 
SOXS team

XVII Marcel Grossmann Meeting, July 2024, Pescara (Italy)



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

Proposal submission (02/2015) 

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

Project	Phase Start End Dura2on
Preliminary	Design 08/2016 07/2017 12	months
Final	Design 08/2017 10/2018 14	months
MAIT 11/2018 06/2024 67	months+COVID
PAE 07/2024 11/2024 3	months
Commissioning	&	SV	&	PAC 01/2025 06/2025 6	months
Opera2ons	&	GTO 2025 2030

Signed MoU INAF-ESO
Signed MoU INAF-Partners
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Institutes	from	6	Countries		

	

q  Common	Path,	NIR	Spectrograph,	

Control	Software	&	Electronics,	

Vacuum	and	Cryogenics,	Detectors	

control	(INAF)	

q  UV/VIS	Spectrograph	(Weizmann)	

q  Acquisition	Camera	(Millennium	

Institute	of	Astrophysics	-	MAS)	

q  Calibration	Unit	(Turku	University)	
q  Data	Reduction	(Queen’s	Un.	Belfast)	
q  Tel	Aviv	University	
q  Dark	Cosmology	Center	

SOXS Consortium
INAF (OA Brera, Capodimonte, 
Padova, Roma, Catania, FGG) 

Weizmann Institute (Israel) 
Queen’s University Belfast (UK) 

Millenium Institute (Chile) 
Turku Univ. & FINCA (Finland) 
University of Tel Aviv (Israel) 
Neils Bohr Institute & Aarhus 



Responsibilities
INAF           ~ 49% (CP, NIR-arm, integration, management, etc.)  

Wiezmann ~24% (UV-VIS arm optics and mechanics) 

QUB            ~8% (reduction pipeline, bought UV-VIS-CCD) 

FINCA         ~7% (Calibration Unit)  

MAS             ~6% (Acquisition camera) 

Tel Aviv University ~4% 

DAWN & Aarhus Univ. ~2% 



Consortium Structure

⩨ E. Cappellaro (INAF-OAPadova) - Italy ⩨ I. Arcavi (Tel Aviv University) – Israel 
⩨ M. Della Valle (INAF-OANapoli) - Italy  ⩨ S. Mattila (FINCA) – Finland 
⩨ A. Gal-Yam (Weizmann) – Israel                ⩨ M. Stritzinger (Aarhus U.) – Denmark 
⩨ S. Smartt (Univ. Belfast) – UK                     ⩨ S. Campana (INAF-OABrera) - Italy

ESO

PI
S.	Campana

PM
P.	Schipani

SE
R.	Claudi

Science	
Board

Co-Is

WP	
Manager	1

WP	
Manager	N

Project	Office

Engineering	&	Operations	Team

IS
P.	D’Avanzo

Science 
WG



Work-Packages & People
Optics WP Manager - Matteo Munari (INAF - Osservatorio astronomico di Catania) 
Mechanics WP Manager - Matteo Aliverti (INAF - Osservatorio astronomico di Brera) 
Electronics WP Manager - Giulio Capasso (INAF - Osservatorio astronomico di Capodimonte) 
Software WP Manager - Andrea Baruffolo (INAF - Osservatorio astronomico di Padova) 
Vacuum & Cryogenics WP Manager - Salvo Scuderi (INAF - Osservatorio astronomico di Catania) 
AIT WP Manager - Kalyan Radhakrishnan (INAF - Osservatorio astronomico di Padova) 
Instrument Model WP Manager - Matteo Genoni (INAF - Osservatorio astronomico di Brera) 
VIS Spectrograph WP Manager - Sagi Ben-Ami (Weizmann Institute) 
VIS Spectrograph Optics WP Manager - Adam Rubin (Weizmann Institute)

VIS Spectrograph Mechanics WP Manager - Ofir Hershko (Weizmann Institute) 
VIS Detector WP Manager - Rosario Cosentino (INAF - Osservatorio astronomico di Catania) 
NIR Spectrograph WP Manager - Fabrizio Vitali (INAF - Osservatorio astronomico di Roma) 
NIR WP Manager - Francesco D’Alessio (INAF - Osservatorio astronomico di Roma) 
Acquisition Camera WP Manager - Anna Brucalassi (Millenium Institute & INAF)  
Calibration Unit Optics WP Manager - Haynino Kuncaraycti (Turku University) 
Operations software lead WP Manager - Marco Landoni (INAF - Osservatorio astronomico di Brera) 
Pipeline WP Manager - David Young (Queens’ University Belfast)



SOXS UV-VIS arm

u: 350 - 440 nm
g: 427 - 547 nm
r: 527 - 680 nm
i: 664 - 850 nm
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•  Andor	iKon	M-934	
•  CCD	sensor	BEX2-DD	
		(Broad	band	coverage		
			and	higher	NIR-QE)	

3.5’x3.5’ Field of view

                        (Imaging!) & Acquisition 
 Camera

+ Y and V filters

Limiting magnitude for a SNR=10 



SoXS      Pipeline 
• Pixel	detrending	–	bias,	flat,	dark,	linearity	corrections	(dark	only	for	NIR)	
• Produce	2D	distortion	corrected,	orders	merged	pre-extraction	spectrum	
for	each	arm	(rectification)		

•  X-shooter like reduction recipes 
and data products 

 
•  But faster production of 

science ready products    

Very quick. Data reduction in near-real 
time. No need for a quicklook.

Written in python and integrated 
within ESO-Reflex

soxspipe works also on the 
photometric data; astrometric 
and photometric corrections 

with Pan-STARSS

The SOXS pipeline will be public



SOXS GTO
➤ 180 n/yr for 5 yr 

➤ Bad weather shared with ESO 

➤ Time: 8.5 hr * 0.75 eff * 0.9 good *180 n/yr ~ 1000 hr/yr 

➤ SOXS GTO fully dedicated to Target of Opportunity 
observations for transient and variable sources, very limited 
time for long term monitoring of variable sources 



Data policy

SOXS-GTO sources selected with clear triggering criteria, 
criteria will be made public before the start of the operations. 

Consortium GTO data will remain private for 12 months (or 
when data are published). 

SOXS will also take classification spectra of sources from optical 
surveys (up to 25% of SoXS GTO observing time). 
These data can be claimed by the SOXS Consortium within 3 
days, if they fall under a GTO proposal (and will then remain 
private for 12 months). Otherwise classification data are public.  



Operations
SOXS DUTIES 

- prepare the overall night schedule in advance  
- one scientist will remain on-call for problems and for 

changing the schedule in case of  unforeseen fast-
track events 

- remain on call in case of  (rare) instrument problems 
or more general problems 

- help ESO users in case of  need (helpdesk during 
working hours) 

- classify “classification targets” 
- quality control



Mountain operations 

After an initial period of  training (of  people) and instrument 
(set up and debug), no SOXS scientists will be in La Silla 
(unless for limited periods). 

ESO people 
- observations are carried out by the night operator at  the 

NTT telescope 
- stay in contact with SOXS people in case of  schedule 

change (i.e. high priority transients)



SOXS Scheduler
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b. Trigger a new schedule during the night according to high priority triggers (GW events) 
and weather (baseline code completed, full tuned code by Q3 2021). 

 
First version of the scheduler, fully deployed, should be available by Q4 2021, well in advance of the 
first commissioning foreseen for 2022, when the software will be tested on La Silla. 
 

 
Figure 41: SOXS Scheduler login. 

 

 
Figure 42: SOXS Scheduler night queue editing. Each OB is synchronized to P2 and sent to VES (Visitor 
Execution Sequence) for execution. 
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Why do we need SOXS
Current & new optical survey: ATLAS, ZTF, Rubin/LSST 
Space optical missions: Gaia, EUCLID, … 
Space high-energy missions: Swift, Fermi, Einstein Probe, SVOM 
Radio new facilities: MeerKAT, SKA 
VHE: MAGIC, HESS, Astri, CTA 
Messengers: LIGO-Virgo, KM3Net

    SOXS@NTT will have 180 n/yr  (for 5 yr) 
~2,000 - 3,000 spectra/yr



SOXS Science cases
• Classification (service) 

• SN (all flavours) 

• GW & 𝝼 

• TDE & Nuclear transients 

• GRB & FRB 

• X-ray binaries & magnetars 

• Novae & WDs 

• Asteroids & Comets 

• Young Stellar Objects & Stars 

• Blazars & AGN 

• Unknown

Long GRB afterglows

Kilonovae

Short GRB
afterglows

•Rapid follow-up
•Dense monitoring
•Always available
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Science Working Groups
WG WG Topic WG Leader WG Deputy

1 Small bodies and comets Fitzsimmond Dotto

2 Stellar variability, exoplanets and 
Young Stellar Objects

Pagano Alcalà

3 Transient X-ray binaries, magnetars, 
ultra-luminous X-ray sources (NS & 
BH)

Casella Veledina

4 Cataclysmic variables, novae and 
white dwarfs

Della Valle Ben-Ami

5 Supernovae Ia and thermonuclear 
transients

Stritzinger Kotak

6 Fast and extreme transients (including 
SLSNe)

Arcavi Mattila

7 Intermediate luminosity transients Kotak Pastorello

8 Core Collapse Supernovae Gal-Yam Pignata

9 AGN and blazars Landoni —

10 Tidal Disruption and Nuclear Events Mattila Arcavi

11 Gamma Ray bursts & Fast radio 
bursts

D’Avanzo Fynbo

12 Gravitational wave and neutrino 
counterparts

Campana Smartt

13 Classification Benetti Botticella



ETC
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Figure 33: Power Distribution Panel in the electronics cabinet. 

 
 

11 E2E Simulator and ETC 
 
11.1 ETC 
 
The SOXS‐Consortium version of the Exposure Time Calculator has been checked in the functionalities 
of black body, power‐law, SED template/User‐Defined spectrum with the collaboration of PI, IS, PM, 
SE and some of the subsystems responsibles. It works fine and no major issues have been detected, as 
per internal progress meeting held (on‐line) on July 15, 2020.  
All  the  available  data  of  optical  element  throughput  have  been  considered  in  the  calculation  of 
instrument and total (from top atmosphere to detector) efficiency. 
It has been upgraded, introducing the following functionalities: 

● The SED‐templates (the ones from X‐shooter) have been stored in a Google Drive folder, which 
can be accessed through a link by all the SOXS consortium people. 

● Some improvements to the Web‐Page have been introduced, more readable plots (similar to 
ESO X‐shooter ETC) are now displayed as outputs. 

● More accurate calculations of the spatial distribution of photo‐electrons introduced in order 
to better calculate the maximum intensity and pixels saturation checks. 

● Point vs. extended source option and working‐mode introduced (first tests ok). 
● Single‐Line‐Emission option working‐mode introduced (first tests on‐going). 

 
The new version will be released before the progress meeting of September 23, 2020. This can be an 
opportunity to discuss with ESO about starting the implementation of the official SOXS ETC (by the ESO 
ETC Team), with an ESO contact person to be appointed. The implementation of the official ETC will be 
very useful for a cross‐check with the SOXS‐Consortium version. 
 
The ETC is now available at the link: http://192.167.38.34/ 
The Web‐Page layout and examples of the SNR and efficiency plots are given in Figure 34, Figure 35. 

ETC for 
spectroscopy and

imaging

Accessible from the SOXS home page 
http://www.brera.inaf.it/~campana/SOXS/

http://www.brera.inaf.it/~campana/SOXS/


ETC - Output
[power-law index = 0, R = 21 (AB), seeing  = 1”, Moon = 0, airmass = 1.2, slit = 1”, texp = 1800 (UV-VIS), 2x900 (NIR)]

Comparison with Xshooter ETC
4.5 6 25



Imaging & Acquisition camera
Preliminary ETC for the imaging with the SOXS acquisition camera

Performances comparable to EFOSC2, slightly worse in the blue-red filters, better 
in the reddest filters

Single exposure 1500s, 0d Moon, 1.2 airmass, 1’’ seeing, BB=5600K, mag_AB=24.5    

 
SOXS EFOSC2

V 4,2 10,0
g 4,1 9,8
r 6,2 10,0
i 5,7 6,1
z 4,0 3,1



Conclusions
•SOXS: single-object, broad-band spectrograph (350-2000nm) 

with imaging capabilities at ESO/NTT 

•The instrument is ready, starting PAE now 

•First light in early 2025, start of GTO April 2026 

•SOXS/GTO: 180 n/yr for 5 years, fully dedicated to transient 
and variable sources. SOXS Consortium is in charge for the 
NTT operations. Possibility to trigger every night with a fast 
reaction (~15min on source) 



Thanks
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3. Science cases 
The construction and operations of SOXS are already fully secured. Here I propose to build and lead a dedi-
cated science team at the Brera Observatory on three main science topics, which are of the utmost importance 
nowadays and to which I contributed significantly along the past years. Without this grant, data will be taken 
anyway. What we will deeply miss is a dedicated task force to coordinate, model, interpret, simulate, and pre-
dict new spectral features based on 
the acquired data. The team I pro-
pose to build will be in the unique po-
sition to take full advantage of these 
data and, under my scientific guid-
ance, to produce breakthrough ad-
vances in time-domain astronomy.  
A. Gravitational-waves and 
electromagnetic counterparts  
    With the breakthrough discovery 
of the gravitational wave (GW) signal 
from two coalescing black holes in 
2015, the GW era started. Two years 
later, the LIGO and Virgo interfer-
ometers jointly detected two merging 
neutron stars. An electromagnetic 
signal was associated with this event. 
First, !-rays from the associated 
short-duration GRB170817 were de-
tected by Fermi and INTEGRAL satel-
lites. After a frantic hunt, a new opti-
cal source in the NGC4993 (at 41 
Mpc) elliptical galaxy was discov-
ered, AT2017gfo (Coulter et al. 
2017). This emission turned out to be 
powered by the radioactive decay of 
heavy r-process nuclei, synthesised in 
the ejecta of the merger. A series of 
optical and spectroscopic observa-
tions were collected to follow its evolution. The most impressive dataset is the almost daily collection of broad-
band spectra taken with the X-shooter instrument at the VLT (see Fig. B1-2, Pian et al. 2017; Smartt et al. 
2017). These data show that the spectrum has a very fast evolution from a blue (T~10,000 K) to a red (T~2,000 
K) emission, with broad lines superimposed, which were not yet definitely identified, but was never observed 
in other sources and are probably related to heavy elements. 
What can SOXS do? We are now (August 2019) in the middle of the third observing run (O3) of the GW experi-
ments, ending in Spring 2020, with the addition of a further interferometer (KAGRA) at the end of the period. 
During O3, three likely binary neutron star mergers and one black hole-neutron star event were discovered 
(with no counterparts, yet). This testifies, however, that the rate of events involving at least one neutron star is 
relatively high. O4, at an improved sensitivity and better localisation, will start at the end of 2021, with perfect 
timing with SOXS. SOXS will follow any GW counterpart candidate visible from Chile to first assess its nature 
and then will follow it up for the next few days. The improved sensitivity of SOXS over its father, X-shooter, 
will allow us to monitor events similar in flux to AT2017gfo, with multiple observations on a single night, if 
needed, to catch the initial fast evolution, up to ~6 d (Fig. B1-1, based on the SOXS ETC). Spectroscopy, 
optical and nIR simultaneously, is the main and indispensable route to understand nuclear physics in such an 
extreme ambient and provide answers to the heavy metals’ enrichment in the Universe.  
B. Gamma-ray bursts 
    GRBs come in two flavours: short and long duration (Kouveliotou et al. 1993). This dichotomy, which could 
have been just incidental, turned out to have a tight relationship into the nature of these events. Long-duration 
GRBs are associated with the death of massive stars and, if close enough, a supernova is virtually always ob-
served in concomitance. Short-duration GRBs are instead associated with binary neutron star mergers, as 
brilliantly confirmed by GW170817. The science of GRBs has grown enormously in the last 15 years, thanks 
to the Neil Gehrels Swift (Swift) and Fermi observatories, and the related follow-up from optical/nIR telescopes. 

Figure B1-2: Left: X-shooter set of 
broad-band spectra on AT2017gfo over 
11 d (adapted from Pian et al 2017 and 
Smartt et al. 2017). Right: Simulation of 
the Signal-to-Noise ratio reachable with 
SOXS with 1 hr (0.5 d-3.5 d) or 2 hr 
(4.5 d-6.5 d) observations (airmass 1.5, 
3d from new Moon, R~1,000, based on 
the X-shooter spectra and blackbody ex-
trapolation with the SOXS ETC v05). 
Spectra are not corrected for telluric lines. 
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