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SOXS in numbers

Spectral Range
Resolution (1” slit)
Slit Widths

Slit height

Detector

Pixel Scale

Detector Scale

UV-VIS
350 - 850 nm
>3600 (74500 avg)
0.5”,1”,1.5”, 57
12”
e2V CCD44-82 2k x4k
15um

0.28”/pixel

NIR
800 - 2000 nm
5000
0.57, 17,157, 5”
127
Teledyne H2RG 2k x 2k
18 um

0.25/pixel

Spectral Range
Filters

FoV

Detector

Pixel Scale

Detector Scale

Acquisition Camera

360 - 970 nm

SDSS u, g, r,1i,z, LSSTy, and VIMOS V

3.5 x 3.5
Andor iKon M-934 1k x 1k
13um

0.205”/pixel
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SOXS subsystems

SOXS

NTT D9rotator

SOXS Flarge . _

NIR Spectrograph ==~

-

e

o

f .:.‘.r. A :. !
T —— kw' N
woem

-

-

< e SP s
T — e | | JLV
o/

Hrfw...‘tw -

e




SOXS subsystems
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Common Path

NIR FM ADC UWWIS TT
NIR Refocuser Dichroic \ \
\NIRTT \

PT100
UWISFM | |

~— CU selection mirror

* Receives the F/11 beam from the telescope and feeds the spectrographs with an
F/6.5 beam







Mounting to the Flange using Kinematic Mounts
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UV-VIS Cryogenic System

@ A Continuous Flow Cryostat (CFC) is used to cool down the
CCD.

e The CFC together with the detector head makes the UV-VIS
cryostat.

"y

CFC principle: 1. LN2 storage tank, 2. De-pressurization valve,
3. Manometer, 4. Over-pressure valve, 5. Liquid nitrogen level
gauge, 6. Vacuum insulated transfer line, 7. Radiation shield
heat exchanger, 8. Cooling heat exchanger, 9. Gas heater, 10.
Bypass valve, 11. Regulation valve.
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Calibration Unit




Where We Started




Mounting the SOXS Flange
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Corotator Holding Structure
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Common Path Mounting
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Mounting the Calibration Unit (old)




Mounting the Acquisition Camera




Cabinets and Cable Chains




Corotator co-rotating...
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Now, some UVVIS spectra ...

17 slit, ThAr arc lamps with DIT of 300s

Multi-Pinhole, ThAr arc lamp with DIT of 300s




UVWVIS

Resolution
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UVVIS Flexure
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And NIR spectra ...

QTH continuum lamp with 0.5” slit and 5s exposure time




And NIR spectra ...

Arc lamps (Ar, Ne, Hg, & Xe) with 0.5” slit and 15s exposure time



R Resolution

Resolving power NIR
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Cryo-Vacuum System

Temperatures [K]
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Instrument Control Electronics

UV-VIS NGC
PSU

NIR NGC
PSU

) Controllers subrack
Main control

subrack

CU subrack




Instrument Control

—lectronics

NIR NGC
LLCU
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LLCU

Alarm monitoring 2@

system

Cryo-vacuum
subrack

Lakeshore &

O

-
- P
[
1 -

.‘l

.y
.
R
-
-

N\

=
AR
-

e
) |
A

TIC controllers =34

Co-rotator electronics




SOXS Status

Instrument Control Software

SOXS Status - @wsxs

File Std. Qptions Help

NIA - Near Infrared Speclrograph

AT

/S/ Ins Mode ~ SPECTROSCOPY |
‘\ = ) Slale ONT.TNE |
N “‘// Subslale setup |
TCS
State  ouL_uE  Trackirg|  ENa&BLED
Suodstale LULE RA| 115.531227
AcCess  NUKMAL DIC -795132.131
Shutter and slides
INS- | ONLINZ || W CLOSED
C_PS | ONLINZ || W Frze 25.00
CALS | ONLINZ || HW Calib J.03
ACQS | ONLINZE || W |[3pectroscooy| 4.32
Callbration Lamps Other
QTH [onninz |[ @w [osE | ||~ROT _ONLINE
_ - Actve @
D=UT | ONLINZ | H¥ |OFF Touched G
NZ=ON | ONLINZ | HW¥ |OFF Moving T
AFGD | ONLINZ || HW |OFF F ault =]
XENO | oNLINZ || #w [OFF |||cprs ~ 31.0
MERT | onranz || 2w |0FF |
THAR | onrnz || @w [oFF |

NIR ONLINE NORMAL Sub. idle
Expos.Jre suzcess LIT - 15.00
Femainng p NPT 1

AFC2 [oNLINE |[HW viode  3TAT
Currentx | 1013.0 |Y| 1014.5

NFCC [ oNLIKE || nw | 2.80

NISE | ONLIKE || IW | Multi Pinhcle || 12.10

VIS Visible Speetrograph

VIS | KT, TKE H NORMAT, Sub. id1=
Fxposure ’ 178 LT
Femainny I C

AFC1 | UNLIKE || HW viode  star
Current< | 1000.0 |Y| 993.49

ADC ORLINE || HW STANDLING UEK

ADCZ | UNLINE || HW STANDING UEF

VISE | OKLIKE || HW Slit_J.5 s )

TECH | ONKLIKE || HW IDLE

ACQ - Acquisition Camera

ACQ ONLIKE || HW IDLE

ACITW | ONLINE || HW SDSS-u 205.00

AFQOC | ONLINE || HW | 9.70




Data Reduction Software
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SOXS Platform




AlV @ |La Silla

Curation

Activity Namae [heuwrs) 1 D2 D3 D4 DS DS D7 DE DPDIWODIIDIZ2DI3DIADISDIEDITDIEDID2OD21D22D23D2ADIASDIASD27D2BD2OD3IOD 3

Farge Mountng

Harge Fotn Kepeatabiity venfication

Flaage Position Night:ime Verification

EBlectranics Cabiaets Instalation

Corotator structure ins:allation and testing

Instrunent Workstation Irstallaton

INS network sotup

Bectranics ard fW functicnal verification

Setlng up later ok b/w corvtatos awd NTT rutato

Corotaror Positicn Vertication and Fun:tioning
Setting up the alarm handling system

CP Alignment Verification

CP Mounting to the Flange

CP Functicaal Verification

P Nighttime Verification

AC Alignment Verification

AC Mosnting o Nange

AL funcuional veniniavon

CBX Meunting Lamgs

CBX Testirg Lamps

CBX Meunting to Flange

CBX Functiomal Verfication

(P < AC + CHX Nighttime Testing

UVVIS: Intzgratiag CCD chamberto the main unit

UWVVIS: Sundalone Alignmen: ard Functional Tests

UVNIS: Warm Fuactional Tests with 5015 dectronics

UWIS: Cryo-vacsum Functional Tests (withouwt connsctngto UVVIS)
UWIS: Cryo-pump Regzneration

UWNIS: Cryvo-vacsum Functional Tests (Warm)

UWNIS: Vacuun ind cool dywa the spectrograph

UWIS: Verification of the Image Quality & Spectral Rescluton
UVNIS: Mounting to Mlange

UVNIS: Alignmest s CF

UVVIS: Functional Verikicasor

UVVIS: Vacuun & Cool Jown on the lange, cryo-vacuum tests
UVVIS: Verification of Image Quality and Spectral Resobution cn the flange
UVVIS: Nighttime Verificaticn

NIR: Mausting on Flangs

NIR: Alignment ts O (using mechasical references)

NIR Cryo-Vaosum Testng (without connexting w HW)

-

Daytime Activity
Technical Night Requested
C_|Contingency day

Slaldaddwosw

NAnininina|niInin Aalnin|n
nniajlan AN alnajlaa

N

LR

=

alnialalnin|n

nnanainininainn |n

n

nnniainann aln|ac|o

@ fjein|slsiniabbsnvjvioe b NN G oG D wisw -

c
<
<
NIR Cryo-pump Regenzraior <
NIK: Warm Funcioral Tests (Inchsding cryd-vacuum) (=
NIR: Cooldown the vessel (=
NIR: Optical Aligyment Verification =
NIR: Verification of the Image Quality and Spectril Resolution 16 C
NIR: N gh:time testing <
Vorfication of the pesition of the TT mirroce fer varbyus NTT dervtator anges
compeasating the flexrs L
Verfication of the U/VIS asd NIF image quality and Spectral resolution lor
variows derotator argles using CRX light cources 18
Tullxysten Ekctronicaand SW testa (ircluding tasting some OBafor repeatab lity
and reliab lity) 10
Trainieg the ESO sulf fyr preveniveand corrective maintesarce Part 1 16
“raning the LSO sualf HHr prevendveand cerrective maintesance - Part 2 16
Full System Nightuene testing tefcre the Lammissoning 32




SOXS timeline

Date

June 2014

February 2015

May 2015

October 2016 - July 2017
August 2017 - Sept 2018
October 2018 - February 2022
March 2022

March 2022 - July 2024
July 2024

November 2024
December 2024

January 2025

March 2025

Activity

ESO Call for New Instruments at NTT

Proposal Submission

SOXS selected by ESO (out of 19 proposals)

INAF approval + PDR phase
FDR Phase

Procurement, Sub-system AIVT (delay due to Covid-19)

Integration Started

Integration & System level tests

Preliminary Acceptance Europe start

PAE complete and start packing
Shipping SOXS to La Silla, Chile
AlV @ La Silla

Commissioning Start

SASSSKSSCSCSsSsACSsSAS
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Extra Slides
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Summary

e SOXS is a Single object spectrograph offering
simultaneous spectral coverage in UV-VIS and NIR, with
imaging capabillities in the visible.

® |t will be a precious facility for the spectroscopic follow-
up of transient sources.

e SOXS installation, commissioning, and science
veritication will be in the year of 2024.



Mounting the UVVIS Spectrograph on the SOXS Flange

Thanks



SOXS Consortium

® INAF - Common Path sub-
system, NIR-spectrograph,
control software and electronics,
vacuum and cryogenics,
detector control.

o Weizmann Institute of Science -
UV-VIS spectrograph

@ Universidad Andres Bello &
Instituto Milenio de Astrofisica -
Acquisition Camera sub-system

e Turku University - Calibration Unit
sub-system

© Queen’s University -Data
reduction




Common Path Alignment

Schematic Representation of
alignment of UVVIS-FM & NIR-FM

Characterized Characterized
CMOS detector CMOS detector
Position 2 Position 1

He-Ne Laser
entering the CP

Characterized
CMOS detector
Position 1

Characterized
CMOS detector
Position 2




Common Path Alignment

Characterized
CMOS detector
Position 1

Characterized
CMOS detector
Position 2

Schematic Representation of
alignment of UVVIS-TT & NIR-TT

He-Ne Laser
entering the CP

Characterized
CMOS detector
Position 1

Characterized
CMOS detector
Position 2




Common Path Alignment

Schematic Representation of
alignment of UVVIS-ADC & NIR-Refocuser

Characterized

CMOS detector
Position 1
Characterized
CMOS detector
Position 1 Characterized
CMOS detector
Position 2

Characterized
CMOS detector

Position 2 TelSim beam
entering the CP
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Integration and lesting
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T=40K T =60K

T=80K T =100K

Figure 2 - HAWAII 2RG Cosmetics at 40, 60, 60 and 100K



Shutter cu CP NIR
AC Slide Slide and Mirror focal plane l—
Pellicle BS
Q CPUWE Field Lens
focal plane Telescope
Pierced Mirror l Nasmyth
. focal plane
Field Lens lp Window
Folding
Mirror Refocuser

Dichroic

NIR Doublet on Fo'dmg
& UVVIS & NIR FM
' Refocuser

Mirror Tip Tilt Mirror

NIR TT Mirror Tip Tilt Mirror  Dichroic

Figure 1. Left panel: Common Path CAD image displaying its components. Right panel: The CP light path.

The optical components UVVIS field lens, NIR window, and NIR field lens (marked within red circles in Fig-

ure 1 are formally a part of the CP, but physically present within the spectrographs. Without these components,
the CP produces an F/6.91 beam at the UVVIS CP exit and an F/6.8 beam at the NIR CP exit.



History (more recent)

ESO call for new instruments at N1'1" (06/2014)

Proposal submission (02/2015)

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

ProjectPhase  Start _End _____
08/2016
08/2017
11/2018
W 12/2022
03/2023

Operations & GTO

2023

07/2017
10/2018
11/2022
02/2023
09/2023
2028

Signed MoU INAF-ESO
Signed MoU INAF-Partners

12 months
14 months
48 months+COVID
3 months
6 months




SOXS block diagram

L

Common

Cal. Unit Pinhole Slide
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Path Instrument
Shutter o\ i
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Focus Slide

VIS VIS VIS
Piezo AFC Slit Spectrograph
Exchanger
ADc \“
NIR | NIR NIR
Piezo AFC : Slit Spectrograph
: Exchanger
NIR
Focus Slide Cryo-Vacuum

...............................................................



4.1 Mounting to the NTT Derotator
The following table describes what all components go on the NTT derotator, their weights, and
where they are attached.

# What Weight measured at | Where is it
INAF-PD [kg] attached

Table 2. The table shows the weight of the components that will be mounted to the flange (highlighted in green) and onto
the NTT rotator adaptor (highlighted in blue).



UV-VIS Cryogenic System

The thermal Section of the UV-VIS
The cold finger of CFC. connection from cryostat showing the

CFC to CCD. thermal connection.
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Common Path Alignment Tools

—
|
————

Portable Coordinate Measuring Machine
Characterized CMOS detector

10cm diameter (aluminum) mirror



What is SOXS?

® Single object spectrograph offering simultaneous spectral coverage in
UV-VIS (350-850nm) and NIR (800-2000nm) with an average R ~ 4500
for an 17 slit.

@ Can perform photometry in 360-970nm (ugVrizY) (3.5 x 3.5, 0.27/pixel).

e Final destination: Nasmyth platform of the 3.58m ESO New Technology
Telescope (NTT) at the La Silla Observatory in the Southern part of the
Chilean Atacama Desert.

e Designed to observe all kinds of transients and variable sources.

© SOXS consists of 5 sub-systems - CommonPath (CP), Calibration unit
(CU), Acquisition Camera (AC), UV-VIS spectrograph, and the NIR
spectrograph.



Science with SOXS

e Classification

© Super Novae

e Gravitational Waves EM counter parts

o Tidal Disruptive Events & Nuclear transients ExtraGalactic
e Gamma Ray Bursts and Fast Radio Bursts
e Blazars & AGN

e X-ray binaries & magnetars

© YSOs & Stars Galactic

@ Novae, Cataclysmic Variables, & White Dwarfs

® Astroids & Comets Solar System

e Unknown




SOXS Consortium

® |stituto Nationale di AstroFisica
(INAF) - ltaly

© Weizmann Institute of Science -
Israel

o Universidad Andres Bello &
Instituto Milenio de Astrofisica,
Chile

o Turku University, Finland

e Queen’s University, UK

® Tel Aviv University, Israel

@ Niels Bohr & Aarhus University,
Denmark
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Common Path

NIR FM ADC UVVISTT
X \ :
Dichroic I\,\ PT100
UWISFM | |

\ \

NIR Refocuser
\NIRTT

* Receives the F/11 beam from the telescope and feeds the spectrographs with an
F/6.5 beam
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Telescope Simulator
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Common Path Alignment Verification

* CP exit beam position, tip-tilt, and focal number

s seen at two different position near UV-VIS fp

pRTT °34“'c Characterized
CMOS detector
In linear stage

600
700
800
Characterized '
CMOS detector 200
in linear stage
1000
] 1100

TelSim beam r—
entering the CP
Decenter—X (pm) | Decenter=Y (pum) | Decenter-Z (pm) | Tilt-X (7)  Tilt-Y () | F/#
UVVIS exit beam | 230 £ 60 -145 £ 60 <30 £ 60 -413 £ 100 37 = 100 | 6.93

NIR exit beam 45 + 60 3+ 60 <30 =+ 60 -250 + 32 -266 + 32 | 6.94




Common Path Alignment Verification

SOXS Inpgt FP

NIR FP O

90 o/ “\ )

{
flexOptometer™ : N 80 \f /

Multi-Channel Radiometer

User’s Manual

70

60

50

40

30
200 700 900 1100 1300 1500 1700 1900 210

Wavelength (nm)



Integration and lesting




Integration and lesting




Integration and Testing

Continuum source spectra ThAr Arc lamp spectra



