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Masses in the Stellar Graveyard

in Solar Mas

discoveries in this field
rejuvenated by the advent
of gravitational wave (GW)
astronomy

stellar BHs: originating from
dying stars
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. intermediate mass BHs (IMBHs)

| - to date no population detected
massive BHs - globular clusters (GCs), dwarf galaxy cores @&
- masses in the range 10° — 10°M

supermassive BHs (SMBHs)

- EM radiation
- both in active and in quiescent galaxies v
- masses in the range 10° — 10'M Cregits: EHT

KB (TianQin)

LISA + E\E&GO
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%al Hsruption Lvents (TDES) : star torn apart by BH tides

unbound debris
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;‘ - half debris circularize Lomnctem carterioss

Luminet and Carter 1982

Image re-adapted by Rees 1988.

Snapshots by M. Toscani with GRPHANTOM (Liptai and price 2019)

Snapshot by M. Toscani with GRPHANTOM (Liptai and price 2019)
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optical, X-ray events

see reviews: vanVelzen et al 2020,

~ 50 eventS Saxton et al. 2020,

lightcurve « =3

high energy neutrinos

Stein et al. 2021, Hayasaki 2021, Reusch

a few potential  etalzom
candidates

Guillochon & Ramirez-Ruiz 2009,

Ste”ar M ass quadrUPC)le Stone et al. 2013

|

i

T S ’] Kobayashi et al. 2004,
BH-star mass quadrupolej resanictal.zon
e . e ———— il Toscani et al. 2021

during circularization

Toscani et al. 2020
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distance 20 Mpc

10—18_

10—20_

v 10-221
White dwarf (WD) with M. =0.5Mg,R. =0.01R; <

disrupted by a BH M, = 10°M,

Sun
10—24_ E— L|SA

— TIANQIN
— ALIA
107264 —— DECIGO
—— BBO

164 160 102 100 100 100 107
Frequency (Hz)

IRAP/L2IT mini-symposium sur les ondes gravitationnelles| martina.toscani@I2it.in2p3.fr | 10 December 2021 6 I ZI I



Toscani M. et al. 2021

©9, Smoothed particle hydrodynamic (SPH) code general relativistic
PHANTOM §% 1L id-dynamics  (price et al 2018, Liptai and Price 2019)

IONLINE OPEN CATALOGUE

'DE CATALOGUE

f gravitational waveforms from tidal disruption events

Home Catalogue Download Links . UetdeS-ﬁSica-U n|m||t

Eccentricity e, BH spin a, penetration factor J3,

243 simulations orbital inclination 6
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https://gwcataloguetdes.fisica.unimi.it

. Standard TDE at 20 Mpc
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Toscani M. et al. 2021

Kerr metric

Face-on signals

h~ 10722
7 ~ 10%ks

cf. Kobayashi et al. 2004




. eccentricity 0.6, orbital inclination angle 0  Toscani M. et al. 2021

Prograde orbits (=5 )
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| GW signal increases for hlgh retrograde orblts

L

Retrograde orbits ( f = 2)
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decreases for hlgh prograde orblts
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P 21e=21 Toscani M. et al. 2021
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. Toscani M. et al. 2020

GW signal from the entire cosmic population of TDEs

!

GW background from TDES
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. Toscani M. et al. 2020

full loss cone, A =2.2, Np =1
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TDEs of WDs promising to
map IMBHSs up to redshift 3
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. 7§I<e %me /I/lessaqes

GWs from TDEs

LISA & CO

The most likely GW

contribution from TDEs GW burst

BH and stellar orbit
parameters

Individual TDEs emission

BH (IMBH!!)
population

"/HANKs ZOR YOUR TTTENTION!
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Background TDEs
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. BACKUP SLIDES Pfister H., Toscani M. et al. 2021

10°
LISA could detect gravitational waves from
\ extreme TDEs (high stellar mass+high beta) up to
10 - - (400 MpC)
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. BACKUP SLIDES

Penetration factor
1 , orbital inclination
angle 0

le—22

Toscani M. et al. 2021
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