OPTICAL SURVEYS IN THE
MULTI-MESSENGER ERA

ENRICO CAPPELLARO
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TRANSIENT SEARCHES

More statistics “many" rare events

homogeneity
becomes diversity

Better S/N, resolution,
spectral range, ....

Improved temporal unexplored phases
sampling | eg. flash spectroscopy

... unique, unusual, peculiar, extreme ....

...... use of the word reflects incomplete knowledge.

Milisavljevic & Margutti 2018
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SUPER-LUMINOUS SNE

SLSN: luminous & long lasting
Why not found before 2010 ?

"popular” explanation: bias of targeted searches
pointing preferentially bright galaxies

e The Palomar SN search in the ‘70 was using the same telescope/
FoV of ZTF

« Cosmological search of the ‘90 were un-targeted and sampling
large volumes.

e LOSS was limited to z~0.05. From 2010, 1 SLSN found at z<0.05. The
host is a bright galaxy.

The key is the transient selection criterium:
1- time scale, 2- color, 3- host properties, .....

SLSN: rare & long lasting |



SUPER-LUMINOUS SNE

« A typical story for a new transient class
1 - 10 - 100

peculiar —> homogeneity —> diversity

“The energy source of SLSNe-l is still an open question, with viable
models including central-engine models driven by a newborn rapidly-
spinning magnetar or an accreting black hole, interaction with
hydrogen-poor CSM, or, perhaps for the most slowly-evolving events,
models powered by large amounts of radioactive 56Ni.

The energy source for SLSNe-Il is even less well understood.”

Gal Yam 2019

Statistics alone does not guaranties for interpretation
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FAST EVOLVING OPTICAL TRANSIENTS
AT2018COW

« Compact objects (BH/NS) engines (accretion/
rotation/magnetic field) are more often invoked

e Ejecta/shell/CSM shocks can outshine other
luminosity contributions (but may also provide
efficient central engine)

« Multi-wavelenght is needed but may not be
sufficient
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THE SHORT GRB

D’Avanzo et al. 2018

Hajela et al. 2019

X-rays (0.3—-10 keV)
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DISCOVERY OF A KILONOVA

Without GW signal AT2017gfo would not be discovered.

Yet, kilo-novae are in a time domain that is monitored by
current surveys

It all NS/NS merger produce kilonova they must be
relatively rare

If we only had electromagnetic signal we will be left
with some ambiguity.

Multi- -messenger can break the degeneracy



Masses in the Stellar Graveyard

in Solar Masses

° e®e0 ©
LIGO-Virgo Neutron Stars ‘.

LIGO-Virgo | Frank Elavsky | Northwestern




THE FATE OF
MASSIVE
BINARY STARS




TRANSIENTS AND MULTI-MESSENGER
SN 1987A IN LMC

Progenitor direct
identification

1-2 dozen progenitor detections

Detection of two dozen

LSraes still unique

where is the neutron star (or the BH) ?

1985 Super-Kamiokande upgraded
1987 Nearest optical SN in ~400yr

Schmitz & Gaskell 1988: ..... very common SN type .....
Pastorello et al 2012: ...... 1-3% of all core-collapse



FROM IMPOSTORS TO REAL SNE
SN20091P

Pastorello et al. 2013 ApJ 767, 1

Frazer et al. 2015 MNRAS 453, 3886 ey N L
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STELLAR MERGERS ARE COMMON

Kochanek et al. 2014

V838 Mon: A major outburstin 2002 (Munari et al. 2002)
Most likely the merger of 5-10 Mg + 0.3 ? Mg (Tylenda & Soker 2006)
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L R N TO S N I I Morris & Podsiadlowski 2007

Merging of a 15Mg and a 5M¢

Supernova 1987A Rings 20.000 yr ago
explains the blue supergiant

progenitor and the triple ring

unstable mass transfer

spin up of common envelope partial envelope ejection

D ejecta from merger /
* ] o

~ blue supergiant wind_
= " equatorial

> (<R
\mass shedding

e
y
Hubble Space Telescope ; :
. . 4 ' red-blue transition and
@ Wide Field Planetary Camera 2 | ‘ sweep-up of ejecta by
%EEESCOPE My W6 blue-supergiant wind
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Current transient alert rate ~40 x night

8.4m telescope /4= EE.
FoV 9.6 deg?’ iE i

The Large Synoptic Survey Telescope Corporatlon

. L) 10.000 deg? per night

. | limit 24 mag X visit.
I | stacked mag 27
B T :
real time alert latency 60 sec

~ 50 106 150 200

wJ

acquired number of visits: r

Ietart 2024 |




SEARCH FOR FAILED

SUPERNOVAE

Gerke et al. 2015 MINRAS 450, 5289
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