New Robotic Telescope

in the context of EM Detectors and future prospects
for multi-messenger science

A. Melandri - INAF/OAR Third Gravi-Gamma Workshop: The multi-messenger view of the black hole life cycle Volterra - 2022



Robotic is not Remote

A system that makes obs being operated by humans
Humans initiate the schedule at the beginning of the night
Reliability of controlling system and software and are the key
Sets of predefined observational sequences (triggered by alerts)

Robotic Telescope
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This approach works very well for all transients sources!!
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Available Robotic Telescopes

Size < 0.5m (network of small apertures)
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New Robotic Telescope

Largest robotic telescope !!

Located on La Palma at the ORM; site approved
4.2 metre clear aperture, F/10.8

Clamshell enclosure: efficient, no dome seeing

Where is the NRT Site?

2 W LS/ERPOOOA. 3
2 b JOHN MOORE
William Hersthel Tel;&w IWHT)

I.iverpgnl Telescope (LT) 2 ‘:6 / UNIVERSITY
P | e Universidad de Oviedo
o &\ Universida d'Uviéu
Carlsberg Meridian Telescope (CMT) - $444 eect Addd University of Oviedo

> Planned NRT site

Courtesy of H. Jenmak



New Robotic Telescope

e First on target, fast slewing
e Autonomous, robotic operation: unstafred facility

e |ntelligent scheduler with 'look-ahead capabilities’
e Will not replace LT: combined facility

Courtesy of H. Jenmak
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INSTRUMENT | Wavelength Field Of Notes Science Cases

New Robotic Telescope

NR-SPRAT 3750 - 7500 A 12x12 IFU Spectrograph | Type la SNe, Type Il SNe,
arcsec R=360 unknown  transients (e.g.
AT2018cow), strongly lensed
SNe, GW counterparts, TDEs,
exoplanets, solar system

bodies

Ca sseg rain foca‘ station with 7 instrument NR-IMAGER  |3500-10000A |7.5x7.5 | ugrizfilter set lSupe:jlugnr\ilnous SINe, tsttronglty
arcmin ense e, exoplanet transits
:OV 1 4 (S|C e) a nd 30 a rcm | nS (Stra|g ’]t th rO NR-MOPTOP | 4000 - 8000 A 5 x 5 arcmin | Polarimeter GRBs, blazars, unknown
BVRI filter set transients, CTA follow-up, GW

Polarimetric capabilities i
. . NR-RAPTOR 1.6-1.8um 3.2 x-2.6 H band filter Type la SNfa, GW
Segmented (18 hexagons) primary mirror wreme ransionts, dust forming novas

- Lightweight
- Easier to fabricate and for operations and maintenance

Courtesy of H. Jenmak

NRT Project Timeline

M i I estones 2021 2022 2023 2024 2025 2026 2027

Phase A - COMPLETE 2019

Site Approval ‘q/

Design and development

Preliminary Design Review ey

Critical Design Review —————————————

Construction s

Mirror Fabrication - _______________________________________________________________|
Engineering first light ]

(and mirror testing)

Primary Mirror Segment Identification

Subject to changes, graphic illustration of approximate timeline.
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Time Domain Landscape

why now?
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Time Domain Landscape

why now?
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Time Domain Landscape

why now?
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Peak Luminosity [MV]

-18

-16

~14

-12

-10

shock
breakout

Soft gamma-ray
repeater flares

Time Domain Landscape

log (Characteristic Timescale [sec])
2 3 4 5

Gamma-ray burst

afterglows

L uUMINOUS

blue
Core-collapse

Fherm@®uclear
SUREINovae

transients

supernova shock breakout I
(S

Kilonovae

Fast radio
burst

?gll;/gt?eal;/’eg)rts Jliirafast novae
w-ray outioursts

Uiira-iuminou®

A otalrs

-3 -2 -1 0
log (Characteristic Timescale [day] )

1 2

Credits: Jeff Cooke/Swinburne University of Technology

10

10

10

10

10

10

10

45

44

N
w

42

41

40

39

38

Peak Luminosity [erg s'1]



Time Domain Landscape

why now?

€ Survey Era: capacity to follow-up these targets has been massively outpaced

(only 10-20% of transients get a spectroscopic classification )
y 9 p P

s Explore new parameter space for known transients -

(e.g. pre-SN burst, shock breakout, rising emission or precursors, etc...)

osity [M

- Discover new types of transients

(SLSNs, fast rising transients, etc...)

Multi-messenger
Astrophysics

(EM, neutrinos, GW)

Multi-wavelengths
Astrophysics

(from radio to gamma)




No photon left behind
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GW1 9081 4 (Lighter BH ever observed?)

¢ During O1 (~4 months):
o 3 confident BBHs

e During O2 (~8 months):
o 7 confident BBHs
o 1 confident BNS

e During O3a (~6 months):
> 1 consistent with BNS masses
(GW190425)

2 BH+lighter object
(GW190814, GW190426 152155)

o 36 consistent with BBHSs




Dec

-26°26'

28'

30°

32

0"49M50°

GW1 9081 4 (Lighter BH ever observed?)
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Th e pOWQr Of SpeCt [d Spectroscopy is pivotal for classification and characterisation, to mainly

exclude transient sources unrelated to GW signals !!

Piranomonte et al. 2019 a)
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The power of spectra
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The power of spectra
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The power of spectra
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The power of spectra
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The power of spectra

* Mym from surveys is well matched for classification spectra
with moderate-aperture telescopes

PanSTARRS 7 .- |
A\ LSST
.Wide .fa§t d_e\e’p‘,

e For MMA: is beneficial to avoid
duplication (Treasure Map)

+others

100{ Duplicate observation
* Need to build large unbiased sample —> machine learning occurrences by year.

—> better understanding o

60 -

Count

e (ritical to guide the usage of more limited follow-up with
large-aperture facilities (present and future)
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Time Domain MM science desiderata

Multi-messenger

Adapted from Battersby+19



SU MMad ry (wishes for the future )

. of alerts is critical for follow-up and classification (e.g. GCN and TNS)

e |mprovement of scientific understanding if the observing systems is efficient (

)

e Spectra, spectra and even more spectra (current bottleneck for MMA) + fast imaging
e Coordination to (if possible): common science goals

* ‘Survey Era’ means we have to our observing model (robotic, dedicated time, To0)







