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Black holes

» No-hair theorem: BH can be described by mass,
spin and charge (M, a, Q)

» We can measure mass and spin from
observations

» Necessary for modelling the evolution of
galaxies, processes in the close vicinity of BH,

the formation of BHs and supernovae
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N , » From core-collapse supernova: max 0.75
> oy (Baumgarte&Shapiro 1999)
' . . » Spherical collapse on mass-shedding limit
- v 33 - » NSs merger: max 0.9 (e.g. Shibata+ 2002)

» Gravitation wave radiation — angular momentum
loss

: - ol - » ‘BH:mergers:

"7 S » Comparable masses: a > 0.8 (Gammie+ 2004,
S Smarr 1979, ...)

» Merger with smaller BH leads to spin-down (Hughes
& Blandford 2003)




Change of spi

Dy accretior

Bardeen 1970: BH can spin-up to a =1
Thorne 1974: thin disc, a = 0.998

Radiafion torque counteract the angular
momentum accumulation

Abramowicz+ 1978: Thick disc, a > 0.998
Popham&Gammie 1998: ADAF, a ~ 0.7
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How to measure spin

Position of innermost stable
circular oroii (S

Shidpe (ngEHT)




How to measure spin

Orbital meiiEs
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X-ray binaries

Compact object

Accretion disc luminous in X-
ray

Sometimes radio-loud jet

Donor — not observed (Low
Mass) or bright in UV/Opfical
(High Mass)




Accretion




X-ray spectrum

Cyg X-1

Gierlinski&Zdziarski 1999
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Where does the disc ends?

OBSERVED
SPECTRUM




Does ISCO matter?

» Recent studies show that the ISCO
boundary condition is not correct (Wielgus+
2022, Lancova+ 2023, Mummery+ 2024)

» Magnetic torques act on plasma under
ISCO and keep it stable

» Puffy accretion disc (LanCova+ 2019)

» Sub-Eddington accretion on stellar-mass
non-rotating BH

» GRRMHD simulations

» Stable in radiation-pressure-dominated
regime

» Optically thick all the way to the horizon, \ J
sonic point deep under the ISCO







puffy 6 = 10° puffy 0 = 60°

slimbh kerrbb slimbh kerrbb

s 0.8213-9%  0.861: 23 0.557025  0.4879-12
Laisk/Lraa | 0.737012  0.7975:7 | 0.2110:22  0.1710:05
r 2.857030 2. 72+3 21 | 3627036 3.677037
T. (keV) |14.95153% 13.051552119.517;7:34 19.26721.3!

Tob (keV) | 0.50100> 0.671932 | 1.01190:57  0.97103%3
x°/dof 9.32/29  8.51/29 | 11.58/29  27.97/29

* SLIMBH or KERBB + thermal comptonization NTHCOMP

» Spin overestimated - especially for high inclination — the innermost part of the disc

WIELGUS+ 2022



Fitfing the Fe line

HOI leads to spin
Blue horn for high a overestimation
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BH binaries spin estimations

SPECTRA
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