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HISTORY

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

Proposal submission (02/2015) 

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

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 overlap around 850 nm 
to cross-calibrate spectra

X-shooter



SOXS@NTT IN A NUTSHELL

- Broad band spectrograph 350-2000 nm 

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

- Two arms (UV-VIS + NIR) 

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

- Acquisition camera to perform photometry ugrizY (3.5’x3’.5) 



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	Neils Bohr Institute



MOU
MoU between INAF & ESO agreed in all details. 
Signed by ESO. To be signed soon (July 30) by INAF. 

 Single MoUs among partners. 
INAF-NBI  
INAF-Tel Aviv University 
INAF-Turku University (Lett. Endors. - Mou Within 2018) 
INAF-Weizmann Institute  working 
INAF-Millenium Institute  working 
INAF-Queen’s University Belfast working 



WHY SOXS?

    SOXS@NTT will have 180 n/yr  (for 5 yr) 
~3,000 - 4,000 spectra/yr

New deeper survey: PanSTARSS, DES, ZTF, LSST, … 
Space optical missions: Gaia, EUCLID, … 
Space high-energy missions: Swift, Fermi, SVOM, … 
Radio new facilities: MeerKAT, SKA, … 
VHE: CTA 
Messengers: aLIGO-Virgo, KM3Net, ANTARES, …



SPECTROSCOPIC BOTTLENECK

• New transients need to be classified (& redshift) 
and studied over time in details 

• PESSTO/ePESSTO (Large ESO program 90n/yr):   
- initially focussed on SN, now open to more  

science cases  
- service classification activity 
- ~80 papers in 5 years and ~600 ATel



SOXS SCIENCE CASES

• Classification (service)


• SN (all flavours) 

• GW & 𝝼 

• TDE & Nuclear transients 

• GRB & FRB 

• X-ray binaries & novae, magnetars


• Asteroids & Comets


• Young Stellar Objects & stars


• Blazars & AGN


• Unknown



SOXS FOR GW
High priority targets 

Spectroscopic study of GW candidates 
  
Deep follow-up of GW counterparts 

Pian et al. 2017



Figure 4: | Spectroscopic data and model fits a: Spectroscopic data from +1.4 to +4.4 days after

discovery, showing the fast evolution of the SED. The points are coeval UgrizJHK photometry. b: Com-

parison of the +1.4 day spectrum with a TARDIS spectral model that includes Cs I and Te I [see text].

Thin vetical lines indicate the positions of spectral lines blueshifted by 0.2 c, corresponding to the photo-

spheric velocity of the model (the adopted black-body continuum model is also shown for reference). c: The

Xshooter spectrum at +2.4 days, also shows Cs I and Te I lines that are consistent with the broad features

observed in the optical and near infra-red (here, the lines are indicated at velocities of 0.13 c and we include

additional, longer wavelength transitions to supplement those in B.).

23

Smartt et al. 2017



SOXS



MASS BUDGET
Mass	[kg]

IF	flange 332

CP 45

NIR 220

UV-VIS 132

Other 46

cc Torque      Torque = 28% allowable budget



UV-VIS ARM

Mirror*	 CaF2	corrector*	

Field	flattener*	

*Aspheric	

Quasi-Order Wavelength	Range	[nm]

u 350	-	440

g 427	-	545

r 522	-	680

i 656	-	850



UV-VIS ARM

We	use	80%	enslitted	energy	diameter	as	our	
figure	of	merit.		
•  80%	EE	≤0.3′′		for	90%	of	band	on	axis	
•  80%	EE	≤0.43′′		for	90%	of	band	slit	edge	



u g r i

Camera 0.920 0.920 0.920 0.920

UV-VIS	Spectrograph 0.656 0.668 0.655 0.652

No	ConKngency 0.756 0.770 0.755 0.751

Common	Path 0.820 0.820 0.820 0.820

Telescope 0.510 0.510 0.510 0.510

Overall 0.274 0.279 0.274 0.272

No	Con@ngency 0.316 0.322 0.316 0.314

UV-VIS ARM



NIR ARM

Collimator Focal Ratio 6.5

Collimator Beam diameter 50mm

Spectral range 800-2000 nm

Resolution (1 arcsec slit) 5000

Foreseen slits 0.5 - 1.0 - 1.5 - 5 arcsec

Silt height 12 arcsec

Camera Output Focal Ratio ~3.7

Detector 2K x2K , 18 µm side pixel

Detector Scale 1arcsec/4pixel

Main Disperser Grating 44° blaze angle, 4° off-
plane

Cross Disperser 3 Cleartran Prisms of apex angle 
20°, 20°, 26°

Total Volume (optical surfaces) ~700 x450 x200 mm

Working temperature 150K. 40K for the last two elements 
of the camera and detector



NIR ARM 
IMAGE QUALITY



NIR ARM 
EFFICIENCY

Tave Tmax Tmin C

Spectrograph

Folding	mirror 0.99 0.99 0.99 0.98

Collimator	double	pass 0.96 0.98 0.91 0.96

Prisms	double	pass 0.94 1.00 0.82 0.96

Gra@ng 0.67 0.85 0.37 0.90

Field	Mirror 0.99 0.99 0.99 0.98

Camera	with	filter 0.92 0.95 0.86 0.98

Total	Spectrograph 0.55 0.78 0.23 0.78

Total	 Spectrograph	
with	conKngency 0.43 0.61 0.18

Common	Path 0.95 0.98 0.72 0.90

Telescope 0.51 0.51 0.51 1.00

Total	Overall 0.26 0.39 0.09 0.70

Total	 Overal l	 with	
conKngency 0.19 0.27 0.06



ACQUISITION  
CAMERA

Value

Field	of	View	(FOV) 3.5	arcmin	x	3.5	arcmin

Detector	wavelength	range Up	to	1.0-1.1micron,	with	QE>20%

Filters u,	g,	r,	i,	z,	y	(LSST)	and	V	(Johnson)

Image	quality Scale	<	1	arcsec/pixel

Detector	format 1k	x	1k	op@mized	for	NIR	QE

Pixel	size 13	micron

Frame	Rate High	Frame	rate	(up	to	5MHz	)

Readout	noise Low	read	out	noise	(3.0e-)

Volume 600mm	x	340mm	x	393	mm

Back	focal	plane 500mm

Posi@on Close	to	the	Nasmyth	flange/		at	least	110mm	from	the	op@cal	axis

Design Based	on	Xshooter	A&G



•  Andor	iKon	M-934	
•  CCD	sensor	BEX2-DD	
		(Broad	band	coverage		
			and	higher	NIR-QE)	

ACQUISITION  
CAMERA

VIMOS	Band	(Wav)	 1	sec	 2	sec	 3	sec	 5	sec	 10	sec	 15	sec	 20	sec	
V	(550nm)	 19.5	 20.1	 20.5	 21.0	 21.5	 21.8	 21.9	

LSST	Band	(Wav)	 1	sec	 2	sec	 3	sec	 5	sec	 10	sec	 15	sec	 20	sec	
u’	(355.7nm)	 15.9	 16.7	 17.5	 17.7	 18.4	 18.7	 19.1	
g’	(482.5nm)	 18.2	 18.9	 19.4	 19.8	 20.5	 20.8	 21.0	
r’	(626.1nm)	 18.0	 18.6	 19.0	 19.5	 20.0	 20.3	 20.4	
I’	(767.2nm)	 16.4	 17.1	 17.5	 17.9	 18.4	 18.6	 18.8	
z’	(909.7nm)	 15.3	 15.9	 16.2	 16.5	 16.9	 17.2	 17.4	



CALIBRATION UNIT

• QTH, penrays, each uses 1 port  

• D2 + ThAr occupy 1 port  

• —> COTS 4-port sphere (Labsphere)  

• cable feedthrough at bottom side, ventilation grills  

• cover + hinge for easy lamp access, with interlock  



END OF FIRST HALF

TIME FOR ADVERTISEMENT



ASTRONOMY & ASTROPHYSICS 
TURNS 50
A&A is the European Journal of astronomy under the  
legal umbrella of ESO. 

Birthday celebration at the IAU General Assembly in Vienna 
this August. 

A&A Letter has recently changed its policy becoming a high-
impact, fast publication, no page limits on supplementary 
material, and free of charge to the world   Impact Factor 2018 

A&A 5.57 
ApJ 5.55 

MNRAS 5.19



SECOND HALF

END OF ADVERTISEMENT



EXPOSURE TIME CALCULATOR

 1 arctic slit - after atmosphere convolution @ zenith 



ETC



ETC



TIMELINE (TIGHT!)

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

Project	Phase Start End DuraKon

Preliminary	Design 08/2016 07/2017 12	months
*Final	Design 08/2017 07/2018 12	months
MAIT 02/2018 06/2020 29	months
Inst.	&	Commissioning	(Chile) 09/2020 03/2021 7	months
OperaKons 2021 TBD

Jul, 20-21   ✓  *    
Jul , 21-22   ✓     



1.  Procurement	+	SOW		
2.  Pre	sub-system	integration	=	tests	on	components	+	facilities	
3.  Sub-system	integration	and	tests	
4.  Assembly	Readiness	Review		
5.  European	System	integration	and	tests		
6.  System	integration	and	tests	@	NTT	

BUILDING SOXS



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

CONSORTIUM 
STRUCTURE

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



RESPONSIBILITIES

Italy ~ 45% (CP, NIR-arm, integration, management, etc.)  

Israel ~30% (UV-VIS arm optics and mechanics) 

Chile ~10% (Acquisition camera) 

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

Finland ~5% (Calibration Unit)



OPERATIONS
SOXS is an instrument dedicated to the study of  
transient and variable sources. Some of  them are 
predictable (eclipses, transits, periodic variability), 
some others have long reaction times (from days to 
weeks, SN, blazar variability monitoring, binary X-ray 
transients), but other need fast reaction times, within 
one night or less.

SOXS will therefore be based on 180n/yr of  Target 
of  Opportunity (ToO) observations!


As a reward for the construction of  SOXS, ESO will 
compensate the SOXS Consortium for 180 n/yr for 
5 yr (MoU SOXS-ESO, already signed on the ESO 
side) at the NTT in La Silla (+5 yr TBD) 



SOXS Consortium will manage the entire 
schedule including ‘SOXS’ time and ‘ESO’ time. 

SOXS GTO will pass through OPC with clear 
triggering criteria. 

Schedule day-by-day, optimising for into account 
the Moon, airmass, seeing, water vapour, sky 
brightness, wind direction constraints. 

Overall balance among ESO and SOXS time in 
terms of  dark-grey-bright time, water vapour, 
seeing, etc. 

INTEGRATED APPROACH



MOUNTAINS 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). 

SOXS people  
will prepare the night schedule in advance  
one scientist will remain on-call for problems and for 
changing the schedule in case of  unforeseen fast-
track events 

ESO people 
 Observations are carried out by the night operator at  
the NTT telescope. 



DATA MANAGEMENT

Data will be first processed on the mountain with the SOXS  
pipeline and  simultaneously transferred to the ESO archive in 
Garching (10 min). Data processing should be very quick. 
Quick look on the mountain. 

Standard 2D & 1D spectra will be available. 

Data will be fully compliant with ESO standard. 

Data reduction pipeline will be public. 



• 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    

PIPELINE



Absolute flux calibration  
•  SOXS	acquisition	camera		
•  Filters	ugriz	
•  Automated	astrometric	and	
photometric	calibration	using		
•  Pan-STARRS,	ATLAS	RefCat	(to	dec	>	
-40o)	+		SkyMapper,	DES,	LSST	
•  Pipeline	can	use	g	or	r		band	image	
to	scale	flux	(or	allow	for	g	+	z	and	
can	then	do	both	VIS	+	NIR)	
•  Reliable	absolute	flux	–	pipeline	
should	ensure	reliable	relative	flux	
calibration		
•  Acq	camera	images	–	flux	calibration	
to	~	few	%	(irrespective	of	
photometric	conditions)		

Example	:	EFOSC2	automated	calibrated	image	with		
PESSTO	pipeline.		
With	sextractor	objects		

4.1	x	4.1	arcmin		
3.6	x	3.6	arcmin		



DATA POLICY

Consortium data will remain private for 12 months. 

SOXS will take classification spectra of sources from (mainly) 
optical surveys. 
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.   



SUMMARY
SOXS @ NTT from 2021 
Medium resolution (~4,500) 
Broad-band (350-2000 nm) 
ugrizy-V imaging (3’x3’) 

180 n/yr for 5 years  
Possibility to trigger every night 
Fast reaction (probably the only instrument mounted at NTT)

GTO is fully dedicated to transient and variable sources



SOXS



PRELIMINARY

Unknown                                300 hr


