NeXt— generation 0 f ()p[iCal Enrico Cappellaro on behalf of

Sergio Campana

facilities in the mulu- INAF - Osservatorio
astronomico di Brera
messenger era: the SOXS case




Peak Luminosity [Mv]

-22

Transients < 2000

I . 10%
E 10"
Thermonuclear ]
Supernovae 110"
A
Core-Collapse o
Supernovae J1o% &
| iz
8
£
5
I i 1 041 ~
8
o
E 1040
i P60-M820T-081119
x % x Classical Novae J10®
APE0-MB10T-071213 & 4 & ol e .
*
& 1
1 . * . . * . N ) o D 1038
1 00 1 01 1 02

Characteristic Timescale [day]

adapted from Kulkarni 2012



Peak Luminosity [MV]

N
®

N
)

N
N

N
N

-10

ransients > 2000

SN2006g

® ]
SN2007bi ]
Thermonuclear .
Supernovae |
SN2002bj E
PTF10bhp Core-Collapse -
. PTF11bii Supernovae 1
la Explosions  preogdare K ]
PTF10iuv v ]
SN2005E ]
SN2008ha ° 1
Ca-rich SN2008S 3
Transients PTF10acbp ]
NGC3000T -
PTF10fgs ¢ LUminous ]
* Red 3
Novae ]
P60-M820T-081119 o® M850T]
V838 Mon -

Classical Novae ® \31 RV

P60-M810T-071213

Luminous Supernovae

SCPO6Fg,

SN2005aggy SNig08es §TFogend

A

1 1 1111111

11 B | 1111111

10’
Characteristic Timescale [day]

—_
o

\V]

10

10

10

10

10

10

10

10

45

44

43

41

40

39

38

Peak Luminosity [erg s‘1]



Current transients’ view

Peak absolute magnitude
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No. of transients

THE problem
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ePESSTO+4 makes 17% of ALL transient classification
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The current answer

ZTF/SEDM

PESSTO

90 nights/year at the ESO/NTT in La
Silla
~30% of ePESSTO+ observing time in 46% of overall classifications
classification activities

resolution ~100

resolution ~500
17% of overall classifications



SOXS

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

Proposal submission (02/2015)

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

\Nain characterstics

e Broad band spectrograph 350-2000 nm

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

¢ Two arms (UV-VIS + NIR) 350-850 nm + 800-2000 nm
 Acquisition camera to perform photometry ugrizY (3.5'x3.5’, 0.2" pixel)
e S/N~10 spectrum - 1 hr exposure Rag~20.5
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Efficiency vs lambda
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Efficiency vs lambda
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ASTROFISICA

Acquisition Camera |y sz

Field of View (FOV)

Detector wavelength range
Filters

Image quality

Detector format

Pixel size

Frame Rate

Readout noise

Volume

Back focal plane

Position

Design

3.5 arcmin x 3.5 arcmin

Up to 1.0-1.1micron, with QE>20%
u,g, iz, y(LSST) and V (Johnson)
Scale < 1 arcsec/pixel

1k x 1k optimized for NIR QE

13 micron

High Frame rate (up to 5SMHz )
Low read out noise (3.0e-)

600mm x 340mm x 393 mm
500mm

Close to the Nasmyth flange/ at least 110mm from the optical axis

Based on Xshooter A&G



100

Acquisition Camera ==/ 7N\

* Andor iKkon M-934

* CCD sensor BEX2-DD |
(Broad band coverage . 1 \\\
and higher NIR-QE) >y I\

200 300 400 500 600 700 800 GO0 1000 1100 1200
Wavelength (nm)

16.7 17.5 17.7 18.4 18.7 19.1

g

.
o

Quantum efficiency (%

18.9 19.4 19.8 20.5 20.8 21.0
18.6 19.0 19.5 20.0 20.3 20.4
17.1 17.5 17.9 18.4 18.6 18.8
15.9 16.2 16.5 16.9 17.2 17.4

VIMOSBand (Wav) ~ 1sec 2sec 3sec  5sec 10sec 15sec  20sec
V(s50nm) 195 20.1 205 21.0 21.5 21.8 21.9
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QTH lamp (other side)

Integrating sphere

Penray lamps

Telescope focus ThAr lamp

Calibration selector
mirror

Deuterium lamp

Calibrator/pinhole selector

Relay optics Fold mirror

. 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




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)

RESEARCH gR3mIai

e X-shooter like reduction recipes
and data products

e But faster production of
science ready products

Flux density [10"*7 ergs~! cm~! A-}) Spatial distance ["]
~N 1}

Pipeline also for the acquisition
camera data; astrometric and

0
Observed wavelength [A)

Very quick. Data reduction in near- §eleleltesslciauleleleinnclelale)at-triatde
real time. No need for a Pan-STARSS

quicklook.

SOXSIpIpelimewallihye pubiic



SOXS timeline & operations
Project Phase mm

Preliminary Design 08/2016 07/2017 12 months
Final Design 08/2017 10/2018 14 months
MAIT & PAE 11/2018 02/2021 27 months
oI [ I I XA (eK (e, TI[J 03/2021 09/2021 7 months
Operations 2021 2026




Building SOXS

Procurement + SOW

Pre sub-system integration = tests on components + facilities
Sub-system integration and tests

Assembly Readiness Review

European System integration and tests

System integration and tests @ NTT

SR e e




Cui protest?

SOXS Consortium time 180 night/yr for 5
years at the NTT

All SOXS Consortium observing time is
dedicated to observation of transient and
variable sources



Consortium Structure

Project Office
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# E. Cappellaro (INAF-OAPadova) - Italy # |. 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



Responsibilities
INAF ~ 49% (CP, NIR-arm, integration, management, etc.)
Wiezmann ~24% (UV-VIS arm optics and mechanics)
QUB ~8% (VIS-CCD, reduction pipeline)
FINCA ~7% (Calibration Unit)
MAS ~6% (Acquisition camera)
Tel Aviv University ~4%

DAWN & Aarhus Univ. ~2%
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SOXS peculiarities

SOXN 15 an mstrument dedicated to the study of

transient and variable so

urces. 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 larget

of Opportunity (10O) o

hservations!

ES+
0
+
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Integrated approach

SOXS Gonsortium will manage the entire schedule
mcludmg ‘SOXS’ time and ‘ESO’ time.

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

wind direction constraints. One SoXS scientist always on duty.
Possibility to change the observing schedule on the fly.

Overall balance among ESO and SOXS time 1n
terms of dark-grey-bright time, water vapour, seeing,
etc.



Mountain operations

After an mitial period of training (of people) and instrument
(set up and debug), no SOXNS scientists will be 1n La Silla
(unless for limited periods).

SOXNS people

- will prepare the night schedule in advance

- one scientist will remain on-call for problems and for
changing the schedule 1n case of unforeseen fast-track
events

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

NT'T 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.
SOXS people will look only at SOXS Consortium data.
Data will be fully compliant with ESO standard.

Data reduction pipeline will be public.



Data policy

SOXS-GTO sources selected with clear triggering criteria,
Criteria will be made public before the start of the operations
(and updated every 6 months).

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.



Why do we need SOXS

Current & new optical survey: ASAS-SN, ATLAS, DES, ZTF, LSST, ...
Space optical missions: Gaia, EUCLID, .

Space high-energy missions: Swift, Ferm| eROSITA, SVOM
Radio new facilities: MeerKAT, SKA, . S
VHE: MAGIC, HESS, CTA

Messengers: LIGO-Virgo, KM3Net, ANTARES, ...

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

f X . IGORRA T
| Under Conatruction (I ‘ y . .
l| Planned ! "’ J
II Y '.‘l ‘ ’
b Gravitational Wave Observatori
~



SOXS Science cases

* Classification (service)

SN (all flavours)

e GW & v

e TDE & Nuclear transients

e GRB & FRB

e X-ray binaries & magnetars

* Novae & WDs

* Asteroids & Comets

* Young Stellar Objects & Stars
* Blazars & AGN

e Unknown

Peak absolute magnitude
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* Rapid follow-up
* Dense monitoring

* ” ASASSN-15lh
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Brightness
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Shock break out
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Summary

®SoXS @ NTT from 2021 (5yr)

e Medium resolution (~4,500)

e Broad-band (350-2000 nm)

* Photometry ugrizY (3.5'x3.5°)

® 180 n/yr for 5 years

* Possibility to trigger every night

¢ fast reaction, T0min on source

*GTO is fully dedicated to
transient and variable sources
(~ 18,000 pointed observations
of transients)







