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Prelude on black holes

Event Horizon Telescope observes supermassive black holes

M ~10° - 10° Mqun
Thank you Shiro!




Prelude on black holes

Event Horizon Telescope observes supermassive black holes

M ~ 10°¢ - 107 My

Muse - Supermassive Black Hole Link to Youtube


https://youtu.be/Xsp3_a-PMTw?si=qZOVcfkm8woPQ-0p
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LETTER TO THE EDITOR

Discovery of a dormant 33 solar-mass black hole in pre-release Gaia BH3

Gaia astrometry™

Gaia Collaboration: P. Panuzzo m"*,T, Mazeh , F. Arenou m,B. Holl E. Caffau III, A. Jorissen , E.
Babusiaux , P. Gavras ,J. Sahlmann U. Bastian , b. Wyrzykowski L. Eyer , N. Leclerc m, N.
Bauchet III, A. Bombru, N. Mowlavi , G.M. Seabroke , D. Teyssier , E. Balbinot , A. Helmi
, A.G.A. Brown , A. Vallenari , T. Prusti , J.H.J. de Bruijne , A. Barbier , M. Biermann ,
O.L. Creevey C. Ducourant D.W. Evans ! R. Guerra , A, Hullo, C. Jordi
, L. Lindegren , X. Lur F. Migna.r,C. Nicola,S. Randich ,P. Sartoretti A\
g , R. Smiljanic , P. Tanga , N.A. Walton C. Aerts , C.AL. Baﬂer»]one, M. Cropper @, Nt
R. Drimmel , F. Janse, D. Katz III, M.G. Lattanzi C. Soubiran ,F. Thévenin ,F. van Leeuwen
(@\] , R. Andrae , M. Audard , J. Bakke, R. Blomme J. Castafeda , F. De Angeli , C.
St Fabriciu M. Fouesneau , Y. Frémat , L. Galluccio , A. Guerrier , U. Heiter , E.
2 Masan, R. Messine, K. Nienartowicz F. Pailler ,F. Ricle W. Roux , R. Sordo , G.
Gracia-Ab ', J. Portell , M. Altmann , K. Bensorlm,l. Berthier: , P.W. Burgess D.
O\ Busonero , G. Busso C. Cacciari , H. Cénovas , J.M. Carrasco ,B. Carry , A. Cellino
v , N. Chee, G. Clementini ,Y. Damerdji , M. Davidson ,P. de Teodor, L. Delchambre ,
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Orbital period
11.6 years

Credits: ESA/Gaia‘}DPAC - CC BY-SA 3.0 IGO. Based on Gaia CoHaboratiorv\."P. Panuzzo, et al. 2024

https://arxiv.org/abs/2404.10486


https://arxiv.org/abs/2404.10486
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holes in the Universe?

Asuap JaquinN

https://catalog.cardiffgravity.org/bhbubble
How abundant are stellar mass black

0o

Mass (M)



https://catalog.cardiffgravity.org/bhbubble

https://catalog.cardiffgravity.org/bhbubble
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Muse - Starlight Link to Youtube

Chorus

‘Our hopes and expectations
Black holes and revelations”


https://catalog.cardiffgravity.org/bhbubble
https://youtu.be/Pgum6OT_VH8?si=26fbKKRHSJDGwFSr

Science run O4
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Update:

O4b will end on Jun 9 2025
O5 expected to start in Jun 2027



https:/gwosc.org/detector_status
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https://gwosc.org/detector_status

https:/gracedb.ligo.org

«|p GraceDB PublicAlerts ~ | atest Search Documentation Login

Please log in to view full database contents.

Latest as of 22 April 2024 14:41-20 UTC First preliminary alert with 20 to 60 sec latency

Test and MDC events and superevents are not Signiﬁcant detecﬁon Candidates : 105

included in the search results by default; see the

query help for information on how to search for % 3 Signiﬁ Ca nt alertS/Week Of Operaﬁon

events and superevents in those categories.

e | Low Significance Detection Candidates: ~2000

for:
OA4b: Virgo data used for localization

Tap on entry for detailed information Example . SNR > 2.5 for Vl
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https://gracedb.ligo.org/superevents/S240530a/view/


https://gracedb.ligo.org/
https://gracedb.ligo.org/superevents/S240530a/view/
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https://gracedb.ligo.org/
https://gracedb.ligo.org/superevents/S231206ca/view/
https://gracedb.ligo.org/superevents/S231206ca/view/

= GW230529
GW230523 \\=

Full name GW230529_181500

o'\scovered on 29 May 2023 ¢ 5h15 U—((z

most likely a merger between a
Neutron Star & Black Hole (NSBH)

a @
~1.4M, ~3.6 M,

Most symmetric NSBH event so far

more likely than prior GW NSBHs to have the
neutron star ripped apart by the black hole

Primary object in lower mass gap
further supports that this region is not empty

—
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Mass (M)

Detectors Offline OR not operational

©® Online BUT not used for analysis*
DO ®® .« cninemoccs oronase Credits: I. Markin (Potsdam University), T. Dietrich (Potsdam University and Max Planck
T —— Institute for Gravitational Physics), H. Pfeiffer, A. Buonanno (Max Planck Institute for
was insufficient to impact the analysis of GW230529 - Gl’aVItathﬂa| PhySICS)





astro-colibri B> Geogle Piay

*AS‘II‘O-COUBM [Selectac(ion: (_ Latest transients )GJ < [? L™ /[Personahze 8 98¢ ,[Stalus: Infos: )
[:s::wa‘] Swift] (o Fermi (¢ HAWC| [ IceCube) [« AMON] [« Integral ]« GECAM] [+ FlaapLUC] - LVC| ¢ Catalogs) (e Other ‘

(© pl20240007 4 | ) | | | | | | ) | | | 7 | | l | ) | J 20240422 /)
e \) ( \(Custom cone search * (Detailed info about selected source (©science mbde [l
° : e S240421ar q VoEvent: XML VoEvent:JSON  History: 0 41 #2 43
(_Cone search ) | name: $240421ar®
. Detection time: 2024-04-21 05:29:350

RA [deg]: 159.177 Dec [deg] : 49.707
RA:10h36m40s9 Dec: 49d42m8.61s 9
RA/Dec: 159.17°/49.70° classification: BBH: 0.41 / Noise: 0.5

2024-04-21 05:29:35 The astrophysical event S240421ar was observed on April 21, 2024, at 05:29:35 UTC, by the Laser

Interferometer Gravitational-Wave Observatory (LVC). Located at right ascension 159.17 degrees and
declination 49.70 degrees, the source is positioned in the constellation Leo Minor. With a false alarm rate
of approximately 1.14 per year, the event's signifi is i The observatory
detected this event using the CWB pipeline, primarily from instrument readings H1 and L1.

Preliminary analysis indicates that this event is likely due to a binary black hole (BBH) system, with a

RA/Dec: 270.26°/-29.14° confidence level of 41%. The probability of the event being a binary neutron star (BNS), neutron star- IceCube-21 1216A Q
2024-04-20 04:22:45 black hole (NSBH), or mass gap event is currently zero. The g wave noise is at 59%. RA/Dece.r?;f.DS /1579 cone
The source has a low extinction of 0.016, suggesting relatively clear visibility. The event is situated at a selected 20211 2—1‘6 67:07:38 s

° comfortable sun distance of 106.41 degrees.
Learn more about GWs: link

Discuss this event in our forum: ™

RA/Dec: 165.72°/11.64°
2024-04-13 02:20:19

o x ualgs_g,&}'\

External information:
(@9 TrcasueMap @ ALADIN % IS
Information on the Follow-ups of GW events || Displays event in an Displays event in an Tran:
gravitational wave event interactive sky atlas interactive sky atlas

J —



https://astro-colibri.com/
https://play.google.com/store/apps/details?id=science.astro.colibri

Conclusions (1)

One more year of O4 till June 2025

LIGO L1 = 180 Mpc, LIGO H1 = 160 Mpc, Virgo = 55 Mpc
200 more detector sources eventually ?

Mostly BBH (but not only)

Much better view of the BH mass distribution

4-detector data with LVK end of the year?

First signs of precessing binaries (next slide)



Conclusions (2)

Precession
GW200129 -- link

Hannam et al, General-relativistic precession in a black-hole
binary, Nature 610 (2022) 7933, 652-655
https://arxiv.org/abs/2112.11300

“Here we report the measurement of strong-field precession in
the LIGO-Virgo-Kagra gravitational-wave signal GW200129.
The binary’s orbit precesses at a rate ten orders of magnitude
faster than previous weak-field measurements from binary
pulsars. We also find that the primary black hole is probably
highly spinning.”
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Primary mass, m; (M)
Secondary mass, m, (M)

Total mass, M = m;+my (M)
Mass ratio, g = my/m;

Primary spin, a;/m

Primary spin tilt angle, 05, (rad)
Secondary spin, ay/n,

Binary inclination, 6y (rad)
Luminosity distance, D (Mpc)
Redshift, z

397
20+
6213
0.
oo
1 :41§§
(undetermined)
0. 5t0v3
100092%)0
02140038
215004

Table 1 Properties of the binary-black-hole source of GW200129. Source parameter measurements
from our analysis of GW200129, with uncertainties at the 90% credible interval. The posterior
distributions for both the secondary spin magnitude and tilt angle s, are essentially flat, and for this
reason we have indicated the secondary spin as “undetermined”. This is expected for a signal of
GW200129’s strength, as explained in the main text. A naive application of our 90% credible-interval
calculation gives a» /m» € [0.05,0.95] and cos(fys,) € [-0.93,0.85], i.e., an arbitrary 90% stretch of the

range of possible values.


https://gwosc.org/eventapi/html/GWTC-3-confident/GW200129_065458/v1/
https://arxiv.org/abs/2112.11300

