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Multimessenger sources VIENNA 2023

I’ll focus on GW sources, and emission

e Binary neutron stars (GW170817)

e Neutron star — black hole

e Binary black holes?

e Supernovae, magnetars/GRBs/FRBs?

e Something else? =

Geoffrey Mo Elizabeth Wheatley (STScl), LIGO Lab 2
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First NSBHs
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Upper limits on GW from
fast radio bursts and GRBs

°
LIGO-Virgo-KAGRA | Aaron Geller | Northwestern

Rates and populations

Knox (Swinburne), Futselaar (Astronomy), Geller (Northwestern), Abbott+ 2020, 2021
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How often?

BNS merger rates
span 8 orders of

magnitude!

Very unconstrained,

keep observing

Geoffrey Mo

1073

GWTC-3, Abbott et al. (2021¢): PDB (ind 4 Gravitatio
WTC-3, Abbott et al. (2021e): MS
GWTC-3, Abbott et al. (2021e): BGP |—
Coward et al. (2012) #= +
Short gamma-ray bursts Petrillo et al. (2013) et
Fong et al. (2015) §
Della Valle et al. (2018) jrmmmme e
Jin f al. (2018)
Zhang et al] (2018) |prmm— e
Dichiara et al. (2020) fmrme@mmg

Zevin et al. (2022) ®

nal waves

TAUP

VIENNA 2023

Kilonovae

Jin et al. (2016

Doctor et al. (2017),

DES o

Mandel &
Broekgaarden 2021

10° Gpc™ yr!

Kasliwal et al. (2017), PTF
Smartt ot al. (2017), ATLAS
Yang et al. (2017), DLT404
Andreoni et al. (2021), ZTF
Galactic pulsar binaries o y and Kim (2009) § 4
Kim et al. (2015) e
Pol et al; (2020) frtpmf
Grunthal et al. (2021) =@t
Isolated binary evolution et al. (2010) # N
Lipunov and Pruzhinskaya (2014) g
Mennekens an (2014) 4 +
de Mink and Belczynski (2015) {—g-Gmib—ep@mo—~e
Dominik et al. (2015) §Ep——af
blimit and Maeda (2018) ¢wecssasbeed
Belczynski et al. (2018a) et
Chruslingka et al. (2018) @ +
iacobbo and Mapelli (2018)
Klencki et al. (2018) @i
Kruckow et al. (2018) § +
Mapelli and Giacobbo (2018) (i@ @)
Vigna-Gémez et al. (2018) ¢-o=moam-ensh
Artale et al. (2019) ®
Baibhav et al. (2019) it
LIrIAge et al. (AU1Y) gEp—
Neijssel et al. (2019) @r——g-aa08
lezynski et al. (2020) (rome-asoemd
Giacobbo and Mapelli (2020) (Pr@-@iS-@ic=@O-E0§
‘Santoliquido et al. (2020) g=o=
Tang et al. (2020) @UED——ameh
Zevin et al. (2020) PEIEIS-aE-ad—ep
Chu et al. (2021)
Ghodla et . (2021) g @t
Olejak et al. (2021) @pmmp
etal. (2021) # +
Briel et al. (2022b) @
Broek et al. (2021, 2022) &
lejak et al. (2022) 4
Triples/Multiples Hamers and Thompson (2019) e @mmme@mmmmetp
Vynatheya and Hamers (2021) ¢= 4
Lee et al, (2010) ® Globular clusters
Bae et al. (2014) (@i
Samsing et al. (2014) ®
ety Belczynski et al. (20182
+ <4 AqYe et al. (2020)
* 4 Antonini and Perets (2012) Nuclear star clusters
Petrovich and Antonini (2017)
§ Belczynski et al. (2018)
Fragione et al. (2019) frmmmmmmd
McKernan et al. (2020)
Wang et al. (2021)ptp
Ziosi et al, (2014) e} Young/Open star clusters
e Fragione and Banerjee (2020)
Santoliquido et al. (2020) §=o=p
T T T
1072 10! 10° 10! 10? 10° 104 10°
Local NS-NS merger rate density [Gpc=3yr™]




O4 so far
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Event ID Possible Source (Probability)
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Significant  UTC

35 events, 2 NSBH, 0 BNS
No EM counterparts (yet)
LIGOs only, Virgo joining soon
for better localizations,

sensitivity
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Current multimessenger searches VIENNA 2023

e Swift/BAT early warning

e GRB/X-ray: Fermi, Astrosat,
MAXI/GSC, INTEGRAL, AGILE
e Ground-based surveys: ZTF,

GRANDMA, Gecko

e Neutrino: IceCube

Geoffrey Mo NASA, IPAC/Caltech, lceCube 7



New and upcoming EM facilities
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SVOM, 2024

Vera Rubin, 2024

GOTO, 2022-2023

SVOM, VRO, GOTO 8
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Wide-field Infrared Transient ExploreR, on-sky and in commissioning
‘ 100 ﬁ v\ [r } ::JY

1m telescope at
Palomar

1 sq. deg FOV

Other new O/IR surveys:
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End-to-end BNS simulations N VIENNA 2023
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WINTER - kilonova detection il Uy 0 SR
Pessimistic Realistic Optimistic
GW Triggers 1 24 49
Localized 1 week 1 9 26
0 1 3
0 1] 3

e ~1 detection in IR per year, up to 3 possible

Geoffrey Mo

Frostig, Biscoveanu, Mo+ 2021 11



TESS

TAUP
mss VIENNA 2023

Transiting Exoplanet Survey Satellite
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Simulated results in TESS TOss VIENNA 2023

Another mode: subthreshold searches in TESS

BNS which were not found in GWs but in the TESS FOV

BNS rate Found Covered Bright at limiting mag
(Gpc?yr~') in GWs by TESS 21.5 21 20.5
50 0 0.6 (0F3) 0.2 0F;) 0.2 (0%;) 0.1(0%p)
250 0 2.7 (372) 1.1 12 0.7 (1%]) 0.6 (0%2)

1000 0 11.0 (1173) 1 4.6 5F3) 3.0 (3%3) 22 (25

Geoffrey Mo Mo+ 2023 13
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It's a really good time for multimessenger science VIENNA 2023

e 04 continues and will get more powerful ol

e BNS, NSBH counterparts, BBH? SNe?
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Search in TESS data for O3 events T@ SS

181 TESS Sector 22, 2020 Feb/March
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TESS bandpass
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O4 early-warning pre-merger alerts
i
I
i‘i

18

Magee+ 2021

Geoffrey Mo, gmo@mit.edu



Low-latency data products

gracedb.ligo.org

TITLE: GCN CIRCULAR

NUMBER: AYE

SUBJECT: LIGO/Virgo S200115j: Identification of a GW
compact binary merger candidate

DATE : 20/01/15 06:08:31 GMT

FROM: Deep Chatterjee at University of Wisconsin,
Milwaukee <deep@uwm.edu>

The LIGO Scientific Collaboration and the Virgo
Collaboration report:

We identified the compact binary merger candidate
52001153 during

real-time processing of data from LIGO Hanford
Observatory (H1), LIGO

Livingston Observatory (L1l), and Virgo Observatory (V1)
at 2020-01-15

04:23:09.742 UTC (GPS time: 1263097407.742) . The
candidate was found

by the GstLAL [1], PyCBC Live [2], MBTAOnline [3], and
SPIIR [4]

analysis pipelines.

S2001157 isasan event of 1intd GCN CerUIar

alarm rate,
estimated by the online analy

about one in le3
years. The event's properties can be found at this URL:
https://gracedb.ligo.org/superevents/S200115]

The classification of the GW signal, in order of
descending

probability, 1is MassGap (>99%), Terrestrial (<1%), BNS
(<1%), NSBH

(<1%), or BBH (<1%).

Assuming the candidate is astrophysical in origin, the
probability
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http://gracedb.ligo.org

Prospects for early warning BNS in O4
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e Alerts received 1 second before ISNR = 12 threshold
merger per year: 5
o Optimistic: 5*7_, o 101
R '; 0-second
o Pessimistic: O(1) 5 latency
1?0 190 8'0 69 4.0 2,0 0 .9
Time to merger (s) "5
: 2
H D
b (o) 100_ ............
o s 25-second
/ / i latency
== T TN~ TS
N N -,-" \: N A \ “\
I T A A N O T W 4 1) 1071 e
/AN N U I IV VA NI I 102 101 10° 1071
e 4 SN A N P Time before coalescence (s) 20

Magee, Chatterjee, Singer, Sachdev, Kovalam, Mo et al. ApJL 910 L21, 2021



Future observing runs

Updated
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