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Gravitatonal-wave astronomy

© Gravitational waves: small perturbations of the metric
that propagate with the speed of light

© Sources: compact, non-axisymmetric, accelerating
mass distributions

~ compact binaries, rotating neutron stars, core-

collapse supernovae...
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Gravitatonal-wave astronomy

© Gravitational waves: small perturbations of the metric
that propagate with the speed of light
© Sources: compact, non-axisymmetric, accelerating
mass distributions
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collapse supernovae...

The first detection - GW150914:
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Ground-based GW observatories
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[Credits: Caltech/MIT/LIGO Lab ]
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Ground-based GW observatories
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Ground-based GW observatories
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Ground-based GW observatories: detection range for BNS merger

Updated == O1 02 wm O3 == O4 05
2023-05-16
80 100 100-140 160-190 240-325
LI G O Mpc  Mpc Mpc Mpc
30 40-50 150-260
V_ Mpc Mpc Mpc
0.7 1-3 =10 = 10 25-128
KAG RA Mpc Mpc Mpc Mpc Mpc
: : : : : = : | = : : i i : i
G2002127-v19 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

[LIGO Public User Guide: https://emfollow.docs.ligo.org/userguide/capabilities.html]
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Masses in the Stellar Graveyard
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Abbott et al. 2019, PRX, 9, 031040; Abbott et al. 2021, PRX, 11, 021053;
Abbott et al. 2021, arXiv:2111.03606; Abbott et al. 2021, arXiv:2108.01045

Irina Dvorkin

NeuTel 2023



Masses in the Stellar Graveyard
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Black hole populations: mass distribution
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[Abbott et al. 2023, PRX, 13, 011048]
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Black hole populations: merger rate evolution
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Black holes in the lower mass gap
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Black holes in the lower mass gap
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Is the mass gap real?
Is it an observational effect?
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Black holes in the lower mass gap
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Black holes in the lower mass gap
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Black holes in the upper mass gap
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[Abbott et al. 2020, PRL, 125, 101102]

[Abbott et al. 2020, ApJL, 900, 13]
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The hink between stellar-mass and massive black holes?
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The hink between stellar-mass and massive black holes?
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Stellar black holes [Volonteri+2022]
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Binary neutron stars: multi-messenger observations!
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Binary neutron stars: multi-messenger observations!
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Binary neutron stars: multi-messenger observations!
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Binary neutron stars: multi-messenger observations!

500 . rmi

Ll LIGO - Virgo Fermi/GBM _ o

N 300 T < SOAR

N GW170817 Ju o

&200 Ii.- L] 1o @ -

& L I T T KA "

8'100 INTEGRAL/SPI-ACS g g

I [l . S 2 M
O

400 600 1000 2000
wavelength (nm)

()

Jet—ISM Shock (Afterglow)
Optical (hours—days) ,
Radio (weeks—years) I/

Ejecta—ISM Shock |
Radio (years) SRS Chandra
e -d
___________________ : ‘ . \ ;
Kilonova, & : . ;
ptical (t ~ 1 day) .
’ ~ '~ 3 9d X—ray
" Merger Ejecta 30 : | VA
/' Tidal Tail & Disk Wind .
™~ /vt 0.1-03 ¢ |
(@ )
~~ ~ '
----- 16.4d Radio

[Metzger & Berger. 2012, ApJ, 746, 48]

Irina Dvorkin 11 NeuTel 2023



Binary neutron stars: multi-messenger observations!
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~ No neutrino detection...

[Abbott et

al. 2017, Apd Letters, 848, 2]
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Binary neutron stars: multi-messenger observations... but no neutrinos

GW170817 Neutrino limits (fluence per flavor: vy +7,)
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Binary neutron stars: masses
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Probability density
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Binary neutron stars: masses
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[Abbott et al. 2020, Astrophys. J. Lett. 892, L3]

How do binary neutron stars form?

[Zhu & Ashton 2020]
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Neutron star-black hole: mixed binaries
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Prospects for 04./05 runs
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Cumulative detection rate (events / year)
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[LIGO Public User Guide: https://emfollow.docs.ligo.org/userguide/capabilities.html]

Prospects for 04./05 runs
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04 run ongoing...

O4 started on 24 May 2023 and will last 20 calendar months including up to 2 months of

commissioning breaks for maintenance

w\fWGroceDB Public Alerts ¥ Latest Search Documentation Login

Please log in to view full database contents.

LIGO/Virgo/KAGRA Public Alerts

= More details about public alerts are provided in the LIGO/Virgo/KAGRA Alerts User Guide.

= Retractions are marked in red. Retraction means that the candidate was manually vetted and is no longer considered a candidate of interest.

= Less-significant events are marked in grey, and are not_ ually vetted. Consult the LVK Alerts User Guide for more information on significance in O4.
. Press "Show All

» Less-significant events are not shown by de blic Events" to show significant and less-significant events.

04 Significant Detection Candidatgs: 55 (64 Total - 9 Retracted)

04 Low Significance Detection Candjdates: 1174 (Total)

[as of October 25, 2023]
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Third generation detectors: Einstein Telescope and Cosmic Explorer
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[Evans et al. 2021,
Cosmic Horizon Study]

This material is based upon work supported by NSF's LIGO Laboratory which is a major facility fully funded by the National
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