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The idea of this course

● Present/recall the basics of radiative processes of X-rays emission relevant 
to accreting compact objects (Comptonization, atomic interactions)

● Present ideas and tools to compute the emission (spectra, variability)

● Analyse what the observational data are telling us, and attempt to constrain 
our ideas by confronting model predictions with data

● Use real published research papers



The idea of this course

X-ray data: collection of events: 
(energy; time) 

(and polarization, recently)

● Spectra

● Time variability

● Spectral-temporal analysis



The idea of this course

Done, Gierliński, Kubota, 2007, AARv, 15, 1-66

Pottschmidt et al. 1998, A&A, 334, 201

X-ray spectra                                        time variability



The idea of this course

Zdziarski, Lubiński, Smith, 1999, MNRAS, 303, L11
Done, Gierliński, Kubota, 2007, AARv, 15, 1-66

Correlations between spectral parameters                     reflection/reprocessing



The idea of this course

Done, Gierliński, Kubota, 2007, AARv, 15, 1-66
Tanaka et al, 1995, Nature, 375, 659

Broad emission line (Fe Kα) – disk reflection                                        



The idea of this course

Shaposhnikov & Titarchuk, 2006, ApJ, 643, 1098 

Power spectrum (variability)              correlation between spectral and timing params



The idea of this course

Czerny et al., 2001, MNRAS, 325, 865

Variability in the AGN case:                                       scaling with mass



The idea of this course

Nowak et al., 1999, ApJ, 510, 874 

Timing: time lags                                                       coherence



The idea of this course

Revnivtsev et al., 1999, A&A, 347, L23 

Fourier-frequency resolved spectroscopy



The idea of this course

● Topics considered:

● Continuum spectra and what they say about the main radiative process

● Reprocessed component, Fe Kα line, relativistic effects, evidence for an accretion 
disk

● Correlations between parameters and what they tell us about the geometry of 
accretion

● X-ray variability: basic concepts, more complex approach

● Power spectra (PSD), how to understand them

● PSD, dependence on parameters, application to e.g. black hole mass estimates

● r.m.s. variability as function of energy



The idea of this course

● Topics considered (cont’d):

● Time lags, interpretation, spectral variability

● Spectral-timing correlations

● Fourier-resolved spectroscopy

● Quasi-periodic oscillations

● Non-uniqueness of spectral modelling

● The case of soft X-ray excesses

● Fe Kα line in MCG-6-30-15

● The case of emission from neutron star X-ray binaries



The idea of this course

We will not go through all the thousands of detailed papers on X-ray binaries/AGN

Concentrate on fundamentals



X-ray emission mechanisms. Continuum emission

● Inverse-Compton process

● Bremsstrahlung

● Synchrotron

By Emma Alexander - [1], CC BY 4.0, 
https://commons.wikimedia.org/w/index.php?curid=116390459

Wright, Michael. (2015). Microbeam radiosurgery: An industrial 
perspective. Physica Medica. 7. 10.1016/j.ejmp.2015.04.003. 



X-ray emission mechanisms. Atomic features

● Photoelectric absorption
● Compton scattering

● Emission/absorption lines

● Fe Kα line (fluorescence; recombination)

● Recombination edges/continua



X-ray emission mechanisms. Electron scattering

Cross section                                   Angular dependence (Klein-Nishina effect)

Wikimedia



X-ray emission mechanisms. Electron scattering

Chat GPT



Realistic case of emitting plasma

● Electron energy distribution + the other agent

➔ thermal

➔ non-thermal



Realistic case of emitting plasma

● Why do we think the inverse-Compton is the process 
responsible for X-ray emission in accreting black holes?

(Ruling out synchrotron and bremsstrahlung)

Topic for one of your presentations!



Realistic case: inverse Compton emission

● Spectra: principles and solutions

● Single scattering

Chat GPT
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