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Overall geometry

Accretion disk around central black hole
or neutron star.

X-ray source:
+ Compact source

+ Extended corona
Emission from the accretion disk

Reflection/reprocessing by accretion disk

Thermal Photons
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Thermal emission from accretion disks

Usual assumption: Keplerian rotation; locally blackbody radiation

Radial dependance of temperature F(r)~
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Usual assumption: Keplerian rotation; locally blackbody radiation

Radial dependence of temperature

Tots [keV]

Thermal emission from accretion disks
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Thermal emission from accretion disks

Usual assumption: Keplerian rotation; locally blackbody radiation

* Radial dependence of temperature

Total disk spectrum
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SED courtesy of Gulab Dewangan, IUCAA, Pune (India)


https://web.tifr.res.in/~laxpcworkshop17/presentations/20jan17/gcd_laxpc_workshop_20jan17.pdf

Reflection from a relativistic accretion disk
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Reflection from a relativistic accretion disk

Current Theoretical Model
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Effect on a spectrum
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Effect on a spectrum

Radial structure — at each radius (ring) a different input
spectrum and relativistic effects

Corona

Applies to all spectral components emitted at a given Thermal Photons

radius, assuming the emitter rotates — applies to accretion
disk thermal emission, hard X-ray emission, reflection
component ®

Accretion Disk Black Hole



Short summary of spectral components

Primary X-ray emission — (non)thermal Comptonization, E>1 keV, power law N_ ~ ET
- Hard — spectral index '<2; goes up on EF_ plot; most of the energy around 100 keV
« Soft — spectral index '>2; goes down on EF_ plot; most of the energy around 1 keV

Reflection/reprocessing: spectral component peaking around 30 keV

Accretion disk thermal emission: disk blackbody — composition of black body spectra from
different radii. Blackbody emission: disk is optically thick (geometrically thin)

Relativistic effects, broadening of spectral features



Spectra of Cygnus X-1 in hard and soft state

High — mass X-ray binary, M_ =20 M_,M_=30M_, P_ =5.6 day

Discovered in 1964

In 1974 Stephen Hawking bet against Kip Thorne that Cyg X-1 is not a black hole.
Admitted losing the bet in 1990.

One of the most observed BH sources

Shows a number of states, differing in spectral and temporal properties
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Cyg X-1 long term X-ray lightcurve

Cygnus X-1 - MAXI Light Curves and Hardness Ratio
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Spectra of Cygnus X-1 in the hard state

Hard X-ray component, well modelled by thermal
Comptonization, with slope '=1.6, kT=100 keV

Reflection component present, with Fe Ka line at
6.4 keV.

Amplitude of the spectral component = 0.3 of that
expected in the simplest geometry.
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Figure 3. The isotropic one-temperature thermal Comptonization model
fitred to the data set 2. The upper panel shows the data {crosses), the thermal
Comptonization continuum (dashed curve) and the reflection component
(dotted curve). The solid curve shows the sum. This model yields xf < 1, but
there is still a systematic residual pattern for the OSSE data (the lower
panel).

© 1997 RAS, MNRAS 288, 958964 (Gjarlifiski et al.



Comptonization — the amplification factor

Comptonization
black hole 1-f
corona — A corona B A
sandwich
standard disk
7 F_rac_tion of_energy_
~Z A Y6 Beloborodov, 1999 . dissipated in the disk
Lh_(l_f>Ltot
For A=2 the photon index '=2.05 L=fL_+05%(1—f)L,,
L, L
In this geometry I' can never be A:f — amplification:
smaller than 2 s

A hard spectrum is not possible! F. Haardt, L. Maraschi, 1991, ApJ, 380, L51



Reflected component

AN

O
K X

From the point-of-view of the X-ray source, half of the sky is covered by the reflector.

Reflection amplitude RZ% (also need to assume that the emission is isotropic)

Then, R, as determined from the fit to the data, provides information about the
geometry.



Spectra of Cygnus X-1 in the hard state

,Photon-starved plasma” - cannot be a simple

slab disk-corona geometry

Low amplitude of reflection, R=0.3, confirms the

above
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Figure 3. The isotropic one-temperature thermal Comptonization model
fitted to the data set 2. The upper panel shows the data (crosses), the thermal
Comptonizatien continuum (dashed curve) and the reflection component
(dotted curve). The solid curve shows the sum. This model yields x,z, < 1,but
there is still a systematic residual pattern for the OSSE data (the lower
panel).
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