Spectral and timing modelling of
accreting black hole binaries

' Alexandra Veledina (Nordita)

KITP, 7 Mar 2017




Outline

General properties
Spectra: radio to X-rays

Short-term variability in optical and X-rays:
— Aperiodic

— QPOs

Long-term behaviour



companion <:> 0 . o

star
: Sun Mercury
accretion

disk and
black hole

Cyg X—1

— P: 3h—33d
. GRS 19154105 25 confirmed BHs
XTE J1650—-500
IVIBH: 3M5un_ 15MSun

XTE J1118+480 XTE J1859+226

*0 @ @
GRS 1009-45 GRS 1124—-683
@e -« @
GS 2000+25 H1705-250
@ e @e
A0620—-00 GRO J0422+32

By J. Orosz

GS 20234338  GS 1354-64 GX 339-4 4U 1543—47 (http://mintaka.sdsu.edu/
faculty/orosz/web/)




|: Spectra



Outburst, g-diagram
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X-ray spectra and geometry
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X-ray spectra and geometry
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Thermal Comptonization in the hard state:
what is the source of seed photons?
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Thermal Comptonization in the hard state:

what is the source of seed photons?
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A weak non-thermal tail is present

1C

Huge increase in synchrotron luminosity (wardzinski & zdziarski 2001)
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Synchrotron Self-Compton (SSC)
mechanism in hybrid plasma
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Broadband spectra of LMXBs
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Broadband spectra of LIVIXBs
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Inhomogeneous accretion flow
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Inhomogeneous accretion flow
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Il: Aperiodic variability



Frequency x Power

Propagating fluctuations
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Squared rms * Frequency
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...and two components in X-rays
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Interference of two components

AV16



Interference of two components
nterference
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Irradiated discs
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UV/X-ray cross-correlation

June 24-25
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OptlcaI/X-ray cross-correlation
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SSC mechanism in hybrid plasma
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The optical and X-ray fluxes
are anticorrelated
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Optical and X-ray PSDs

X-ray
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Outburst decline — changing CCF
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CCF (opt/X-ray)
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Outburst decline — changing CCF
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I1l: Quasi-periodic oscillations
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Power X frequency
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LFQPO in optical and X-rays
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CCF (g/X-rays)

QPO in CCF and phase-lags
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Quasi-periodic oscillations

* A number of kinematic models were proposed,
but most of them have difficulties to predict a
rather limited frequency range of oscillations

 Some people believe in the model of Fragile et
al. 2007, based on the Lense-Thirring precession
of the entire hot flow around the black hole spin
(I am one of them!)



Precessing hot flow

Fragile et al. 2007, Ingram et al. 2009

Lense-Thirring precession of the hot flow as a solid body, H/R>«

We have a kinematic model, how do we relate
these oscillations with the observed flux?



Precessing hot flow

Emission pattern of the hot flow in X-rays

2"d harmonic because of two peaks

Photon scattering
probability is higher
in the direction along s /
the hot flow
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AV et al. 2013



Precessing hot flow

Emission pattern of the hot flow in X-rays

2"d harmonic because of two peaks

Photon scattering
probability is higher
in the direction along
the hot flow
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Precessing hot flow

Emission pattern of the hot flow in X-rays

2"d harmonic because of two peaks

Y

The X-rays are produced in the inner part of the flow

Optical emission is produced in the outer part of the hot flow
The QPOs are produced by the same precessing flow, thus the
optical and X-ray QPOs are phase-connected
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Precessing hot flow

Emission pattern of the hot flow in X-rays
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Modelling of broadband noise and QPO
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IV: Long-term behaviour
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but no corresponding flares are observed in the X-rays
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XTE J1550-564 in 2000 in OIR

Hard rise

HS transition
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Summary

* Hot accretion flow with non-thermal particles:
— Naturally accounts for 100 keV temperature
— Bright optical/infrared emission and flat spectra
— Anti-correlation in optical/X-ray CCF
— Phase-connected optical and X-ray QPOs - inclination
— Consistent with model for propagating fluctuations
— Multi-peak X-ray PSDs - a-parameter, H/R

— Long-term optical flares - A,

ol v’
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Open questions

e Spectra:
— Radiation of simulated discs (nth radMHD)
— Origin of non-thermal particles
— Accretion flow-jet connection (simulations; MIR, sub-mm)
— State transitions, hysteresis
* Variability:
— Timescales: viscous vs. dynamical
— Subharmonics

— QPOs in quiescence



