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== Jruncated disk model

State changes from moving
truncation radius (R,=GM/c?)
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Density

Lynden-Bell & Pringle (1974)
- Lyubarskii (1997)




0 [ ]
TTTTTTTTTTTTTTTTTTTTT [TTusion
ANTON PANNEKOEK

Lynden-Bell & Pringle (1974)
- Lyubarskii (1997)




ET Propagating fluctuations

Lynden-Bell & Pringle (1974); Lyubarskii (1997); Arevalo & Uttley (2006) ~ Freauency (Hz)



ﬂﬁ Propagating fluctuations
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ﬂﬁ Propagating fluctuations
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ﬂﬁ Propagating fluctuations
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Freg-resolved spectra

Slow variability has a softer
spectrum than fast variability

Revnivtsey, Gilfanov & Churazov (1999)
Gilfanov, Revnivtsev & Churazov (2000)
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Hard photons lag soft

Harder photons: greater lag

Kotov et al (2001);
Arevalo & Uttley (2006)
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ﬂﬁ QPO Frame dragging
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ﬂﬁ QPO Frame dragging

Tell-tale sign of precession: a rocking iron line

Flux

https://www.youtube.com/watch?v=e1QmLg5mGbU /\/\

Ingram & Done (2012) Energy
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Periodic function: constant phase difference

/\/\/\/ 15t Harmonic

N\ NN\ U 2 Harmonic

/\\/\\/\/ Total

0 2 3

1
Cycles



AAAAAAAAAAA AL INSTITUTE I O WavefO rI I l
NNNNNNNNNNNNNN

Periodic function: constant phase difference
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Quasi-periodic function: changing phase difference
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..but does the phase difference vary randomly or
around a well defined mean?
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Quasi-periodic function: changing phase difference '
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Split long light curve into many segments and measure the phase
difference P for each segment
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Phase difference varies around a mean: there is an
underlying waveform

L GRS 1915+105 (0.46 Hz QPO)
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Y /x Ingram & van der Klis (2015)
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Phase difference varies around a mean: there is an
underlylng Waveform

GRS 191 5+105 O 46 Hz QPO
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Spectra for 4 snapshots of phase
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Spectral modeling
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Ingram & van der Klis (2015)
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* Propagating fluctuations model consistent with power
spectrum, linear rms-flux relation, time-lags, frequency-
resolved spectra. ..

* Can now do propfluc analytically, so fitting lots of data is
feasible (see Stefano Rapisarda’s talk)

* |f the QPO is due to precession, the iron line shape should
change with QPO phase

* PO phase-resolved spectroscopy is now possible (see Abi
Stevens' talk)

* Need to look at more observations



