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Coming June 23, 2025: First Look at the cosmos

w2 > °

z with NSF-DOE Vera C. Rubin Observatory
2

% Get ready to join us virtually around the world on June 23, 2025 at 11:00 a.m. US EDT as we
e .| === Discoveries unveil the first spectacular images from NSF-DOE Vera C. Rubin Observatory! This First Look event
"'5' 107 Classifications will be live streamed via Youtube in English and in Spanish — links will be made available here and

S e via social media. Join us to celebrate the start of a new era in astronomy and astrophysics with the

F = T
world's newest and most powerful survey telescope.
. J d" d ful y telescop
- - — d
,’ Over the next ten years, Rubin Observatory will create the ultimate movie of the night sky using
-.ff the largest camera ever built — repeatedly scanning the sky to create an ultra-wide, ultra-high-
[BPESSTO+ makes 17% definition time-lapse record of our Universe.
20000 2002.5 2005.0 20075 First Look is just the beginning....
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Son Of X-Shooter

1Single-object wide band
spectrograph from U to H band
@ESO-NTT 350-2000 nm

1’Similar’ to X-Shooter @VLT

JTwo arms (VIS + NIR) with
partial overlap around 800 nm to
cross-calibrate spectra

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

dAcquisition camera to perform
photometry ugrizY-V (3.5’ FoV)

|
=l :

SOXS Day, ESO Garching, 1 July 2025 7

SO La Silla (LPO)



3 Bgranivaglywia B4 OUEEN
ﬁ. % UNIVERSIT '\JL\

&k Turun yliopisto
S8 WEHZMANN INSTITUTE OF SCIENCE BELFAST

“itte University of Turku S

ISTITUTO NAZIONALE

ASTROFHYSICS

Al Turunyliopisto |
ey University of Turku

consortium

Institutes from 6 Countries | .
L 4
~ e
A INAF
‘;— 0. E‘..T;.’L'é.?‘.%zéi”"“ﬁ——_n
o

Jdlstituto Nazionale di AstroFisica (INAF), Italy
JdDepartment of Particle Physics and Astrophysics,
Weizmann Institute of Science, Rehovot, Israel
JInstituto de Alta Investigacion, Universidad de 3 | i T

Tarapaca, Chile o Gl B (. f
(JFINCA - Finnish Centre for Astronomy with ESO & o L T s
Turku University, Turku, Finland
JdQueen’s University Belfast, Oxford University, UK
dTel Aviv University, Israel
JNiels Bohr and Aarhus University, Copenhagen,
Denmark
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Spectroscopic follow up of transients

dClassification of transients

JSupernovae (all flavours)

JGravitational Wave and neutrino events

JGRB and FRB

JBlazars and AGN

I Nuclear transients and Tidal Disruption Events

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

I Novae and cataclysmic variables

JYoung Stellar Objects, stellar variability,
exoplanets

JAsteroids and Comets

JdThe Unknown

SOXS Day, ESO Garching, 1 July 2025
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Synergies

A spectroscopic machine for the transient sky

J New deeper survey: Vera Rubin, LAST, PanSTARSS, DES,
ATLAS, ZTF

] Space optical missions: Gaia, EUCLID
J Space high-energy missions: Swift, Fermi, SVOM, Einstein

\
‘}'r

Pro b e Gravitational Wave Observatories
J Radio new facilities: MeerKAT, SKA
J VHE: CTA

J Messengers: aLIGO-Virgo, KM3Net, ANTARES
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VERA C.RUBIN
OBSERVATORY

cherenkov telescope array
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UV-VIS NIR
Spectral range 350-850 nm 800-2000 nm
Resolution (1” slit) |>3600 (=4500 avg) 5000
Slit widths 0.5-1-1.5-5arcsec 0.5-1-1.5-5arcsec
Slit height 12 arcsec 12 arcsec
Detector e2V CCD44-82 2Kx4K | Teledyne H2RG 2Kx2K
Pixel Size 15 pm 18 um
Detector Scale 0.28”Ipixel 0.25” Ipixel

Camera
Spectral range 360-970 nm
Detector Andor iKon M-934 1Kx1K
Field of View 3.5
Pixel Size 13 ym 3 7
Detector Scale 0.205” /pixel
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Common Path
NIR FM{\ AQC UVV\IS TT

NIR Befocuser Dichroic‘ PT100
IR [T UWISFM | |

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

- AC selection mirror

"~ CU selection mirror

ArcherOpIX gYorTiIMAX

Optical Precision. Optimal Outcome.

—ASAHI SPECTRA= @| PeccHiourt
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UV-VIS Spectrograph

Collimated beam is divided to
4 bands using 3 dichroics.

Each band has its own D\
optimized disperser B\ i

QSingle camera A

15t order dispersion,

R~4500 at a; ;.

4 bands quasi-orders are

imaged onto a single 4kx2k

r-i dichroic i
: Mitror

CCD. Quasi- | Wavelength Range
Order [nm]
u 350-439.5
Winlight System =ASAHI SPECTRA= ? g;; - 22(73
\— = - -
 Fraunhofer | 664 — 850

10F
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UV-VIS Camera

JdThree element catadioptric camera - all aspheric & & Y o

JUsed as 4 off axis F/3.1 cameras.

JCaF2 corrector + Fused Silica Field Flattener

PS4

i

Jsuane|d

Jodn
ouaydsy

JLow CTE=>Athermal camera

Feed + Camera
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UV-VIS Spectrograph

UV-VIS four traces when fed through the CP using SOXS CBX arclamps.
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NIR Spectrograph

4C Design

Spectrograph with
Collimator Compensation
of Camera Chromatism
Echelle Cross-Dispersed

R ~ 5000, 0.25” /px
F/3.7 camera, H2RG +
NGC

| : %
R|chardson Gratmgs QRYSTRAN @DPTIMAX:ASAH’ SPECTRA% ﬁFICINASTELLARE m

R WORLD, YOUR SPACE
ewport Corporal
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NIR Spectrograph Q‘

4C Design

Spectrograph with
Collimator Compensation
of Camera Chromatism
Echelle Cross-Dispersed

TEL AVIV UNIVERSITY

R ~ 5000, 0.25” /px
F/3.7 camera, H2RG +
NGC

VN - x*
Richardson Gratings® '%X§TRAN @ OPTIMAX=ASAHI SPECTRA= > OF FICINASTELLARE

I:-.h,'
SPECIALIST OPTICS OUR WORLD, YOUR SPACE | TN
A Newport Corporation Brar
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NIR Spectrograph

Line FWHM measured via 1.0" slit arc-lamp frame

=
Q— 4 - = -
= ; f - a o A
=, | I'P'M"QJF‘%, o ¥y
E 1 1 1 F 1 1 1 1
800 1000 1200 1400 1600 1800 2000
Resolution measured via 1.0" slit arc-lamp frame
8000 A O
‘ N c e Sy 20
“ 6000 - '”‘+. ¢@+’+ \&w "” ® "
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wavelength (nm)
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NIR Spectrograph

QTH 5s exp. raw frame Arc lamps 15s exp. raw frame 0.5" slit
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Andor iKon M934 1024x1024
13um/px 0.205 “/px

J Target Acquisition Filters: Ligrle +V
] Secondary guiding FoV: 3.5
1 Photometry Grade A CCD
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A&G Camera performance
Encircled Energy Distorsion

—_— Mean
o4 e Zemax 1.0 um -
301 o Real ..
-8
5"‘-” — 7E M AX
¢ — Measured
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_E 06
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- 04
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= 0.2

0l

EE ] Fa .0 - 10.0 1.3 ] 155 20.0
riadius froem Chie CeEntrosd im mdcrons

G wr er W W e T T ae s Image of the distortion chart covering

amin

Distortion measurement: a) Actual measurements of each th e com p /e te 3 5 ’ X3 5 4 Fo V
pattern with the Z filter along with the fitted line, and b) ’ ’
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A&G Camera performance

Linearity Quantum efficiency
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Example of bias

_ — 100
5x10F 3
L ] o0
; ] 0
4x10*f 3
- . 70
- | Feo
3x10*f 3 s ;
] £ w4
™ 3 e Quantity Specification | Measured
C ] <
30
] - Read Out 3.3 3.09 £ 0.02
1x10% - " .
: Noise (e)
10
:l ' L T L y 41 I I A : o A . A A i A A A
° O.OIUS O.OIWU U.(;WE: O.OIZO 0.025 O.(;}O 0.035 200 300 400 500 600 700 800 000 1000 1100 1200 Dark Current 0'017 0.021 i 0.003
RMS
Wavelength (nm) (e'/s) (@ -800)
L . .. H H o)
Distribution of the standard deviation respect to BEX2-DD (red solid) is our CCD Linearity Better than Better than 99% for
perfect linearity for each pixel of the ANDOR 99% 58% of the pixels

frames
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Calibration Unit
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QTH lamp
(Osram)
NeArHgXe
Penray
lamps
(Newport)

Deuterium lamp
(Hamamatsu)

Th-Ar lamp
(Photron)
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Instrument Software Based on VLT Common SW (v.2024)

SOXS Status - @wsxs - x

SOXS State:| ONLINE || idle |Op. mode:|  NORMAL ICOFBs[ ok | @ File Std. Options

S S0XS Status NIR - Mear Infrared Spectrograph

Imaging and Spectroscopy \ MIR Sensors \ Other Sensors \ Piezo and Calibration\ S Ins Mode| Undefined NIR ONLINE | LCU-SIM idle |
i [acfw [ONLINE |[s1M || |[o o.oo | sbssu | || o[ insh |oNLINE [s1M cLOSED = / State| LOADED | Exposure | inactive | DIT Sy
- N Substat idl | Remainil 0 NDIT 1
i [cups [onane |57 | P 1p-00 ] Free (| o [ath Jomnm]sm] ore ]ofF | B e
i [cals [onLINE |[s1M || |[o ocoo ] calb — 4 [ deut Jowurwe [sm| orr |OFF —| Tes NFOC | LOADED [HW |  FAIL  [99899]
_i [acqs [onting |[s1v | o [0.00 | Spectroscopy —[ || - [ neon [omLINE [s1M| OFF | OFF —| State | ONLINE | Tracking| ENABLED \‘ NISE |STaNDEY 1 | o |
[ argo |[ONLINE [sIM| OFF |OFF —| Substate| IDLE Fh LR |
i [vise [ONLINE |[s1M |[Blank |lo |o.o0 | sitos | Access | TGNORE | DEC/ 795221276 [VIS - Visible Spectrograph
[ xeno [omLINE [s1M| OFF |OFF —| i - ‘
i [nise [onLINE |[s1M|[s1it 0.5  |[D | sitos VIS [OFLINE | HW-sIN idle |
= | merc II ONLINE ” SIM “ OFF ‘ COEEN | Shutter and calibration slides Exposure | T DI 5.00]
i [ afoc |onLINE |[sIM | o | mm ] :
: [ thar [onLINE [s1M| OFF | OFF —| INSH [ LOADED [HW | CLOSED | Remaning [ 0  |mMDIT[ F |
i &SR o) o | =] [afet |[onLINE |[s1M] | || | CALS [LORDED [mw |  FaIL  [igzz |||AFC1 [ToapEp [mw | X[ 0 VY[ 0 |
[adet [fonLinE |[sM][ oFF || 0.0 [ 0.0 | OFF —| | Mode[ Rer | Set| 0.0 ][ 0.0 | CUPS [LOADED |HW |  FAIL | 16 | |ADC1 [ TOADED [HW | | ERROR
_I[ade2 |[onnINE |[s1M OFF 0.0 0.0 OFF — ADCZ2 | STANDBY |SIM STANDING
[adez | |[s1u]| | | ) | REF —| cu[ 123 |[ %6.8 ] [ — Sensors s smanpor B ——
W [crot |[onLINE [[sIM|| oN | Actived FaultD StandstillZ  Touched[d -
[afe2 [onning [[s] | || | QTH [ LozpED =W [OFF | | cvTSP[Z.49)|TECH [ONLINE [s1mM | | IDLE
hod REF Set| 0.0 0.0 _: .
ot | 3| | | DEUT [ LOADED 8w CIST 245 ACQ - Acquisition Camera
REEEE=|| S cun [ T2 a0 55 e0] NEON | LOADED |Hw [OFF | | CPTS TBS50. 0 =
ACQ [ ONLINE [s1M | \ IDLE
ARGO CRACH ACQS | LOADED |HW | FAIL [106 |
#ENG S ACFW [ LOZDED [HW | 571151
Command Feedback Window _ Options MERC CRMSE AFOC | LO2DED [HW | FAIL [54671]
14:39:45 SIMULAT > REPLY/ L Successfully put device: CROT in requested mode TRl Gt
14:39:51 ONLINE > INVOKED "-function crot"
14:39:52 ONLINE > REPLY/ L OK ¥ % Ad
L 15
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Scheduler

dSchedule is updated daily P2 system, vOT interface with ESO
JTelescope operator on site JWeb based app

fI’\) g Opened Night: 27-07-2023 30-08-2023 09:50:16 UTC . The Manager
7 SCHEDULER -

————— s—thEdE!eLAfF— —-—— SCHEDULE
- — -~
” & 4
PROI;:JSE}C‘)E.ALS ¢+~ | Filtering kY sehecute |
< ' routines )
%/@ : . | l Scheduled  Target Type Obs. Start Obs. End Ac
ﬁe{‘:ﬁq I /J) ] ° ATLAS23jqc £S0 08 L ' b': nnn
——3 Scheduling ! '
| I — . 1 © e cuswowmon o wnos  (CIEIEE
Local |, — algunthm 1 P2API P2 d b roent 08 7294 00-31:09708 004109704

1| db = : h atabase vt o | @ | TR e =ox G008
| v
N - : N Rl b = G008
I . .
1 \"‘-‘ nght : - o AT20220kx CLASSIFICATION ’.‘,. ,:‘_ ,“L"’ : ﬂnﬂ
1
i manager {l @ ewm oo wmon  CEEE

seee e - -7 @Chunoriesv0103 @ e wom w028 =ox OSSR

ﬁ'nwnt S?’i’ir@ I

5
Science e Ma rShaII
Team
Scheduler

Weather

ASM WEB INTERFACE | operstor interface ';.:;._ Feeders:
* - ZTF, ATLAS, PanStarrs, LSST-Lasair, etc.
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*Presentation of M. Landoni - TNS, Atel, GCN, etc.
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Avalaible: http://192.167.38.34/
Operational (to be refined using on sky data)

Pipeline

* Pipeline extensively tested first with XSH and now with SOXS data

= |t works with full automation (data are reduced as soon arrive on
the workstation)

* Installed in La Silla

= Code available here https://github.com/thespacedoctor/soxspipe

= Presentation of S. Smartt
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Pipeline commissioning

= Easy installation, clear instructions for running, and data products documented
- more than 10 postdocs and students from Queen’s and Oxford installed and
ran pipeline v.0.13.1 successfully, all from documentation

= Detailed documentation available

= After download of appropriate data - one command shown to reduce a full
night of data

= SOXS UV-VIS : runs successfully (>90% of time) if the correct calibrations are
downloaded by the user and available. No persistent, repeatable and obvious
failures.

= Both stare and nodding modes data run through pipeline successfully

= User has control of many parameters
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| CD-BO 1 7706 Optimally Extracted Object Spectrum (VIS)
100000 1
] 50000 A
80000 -
y 60000 - M 20000 “Quick-look” plot
S 40000 | Hi’ .)(‘\ already produced by
| \;‘\ soxspipe example:
20000‘E { \/\\ 30000 -
40 500 600 700 800 \A
wavelength (nm) 200007 |
*Good stitching of orders ‘ f \/ ’
-Lamp flat-fielding works for stitching (compare with unflattened 10000 - Ll
data for throughput)
*\Wavelength solution mostly reliable - some glitches to be "‘.If .
investigated 4
*Flux calibration not yet implemented 0° o o0 . 0 00
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Commissioning Is ongoing

= May 2025 run (done)

= June 2025 run (done)

= September 2025 run (scheduled)

= Other TBD commissioning runs in fall

Operations will be addressed as well
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Commissioning tasks

Alignment

Resolution

ACQ & UV-VIS detector characterisation

Focus parameters

Acquisition procedure

Lookup tables

Calibration OB / end of night procedure

p2ls working

Ingestion of data into ESO SAF

INS & templates test

Observations of spectrophotometric & photometric STDs
Skyflats OB

soxspipe @ La Silla and tested (up to the latest version)
Updated ETC
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Commissioning tasks

FiX issues

Characterisation and tests of NIR arn

More tests on ACQ & UV-VIS (in light of the results
obtained so far)

Check focus parameters

Check stability of calibrations

Check keywords and archive I/F

Implement procedures for QC parameters visualization
and storage

Pipeline update

T1Os training

o Update manuals
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