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Recap of previous talk

Radio quiet AGN

[De Marco+13]
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Goal: Mapping reverberation throughout
accretion states in BHBs
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Accretion states in BHBs
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Geometry in soft state
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Accretion states in BHBs

) ) ) ) ) 1 ) ) ) ) ) ) ) ) T ' - ' e n m
© ! ] .. rms 20-40% @ >
10° Mt <
O = o 3 ., E < H
= o ] ==
~— L - 0 )
°|’ i .
S F IER
- 2) Rise in §
o t hard state R, |
L | A\V4
O E E
— r .
i — -
i
IO — | | | | | I | | h—
— 0.0 0.1 0.2 0.5 1 F -
F /. requency
6 10 kev 3 6 keV lllll ] | IIIII]I | 1 llll”] 1 | lllllll | P 1T 11
oy : Soft Intermediate |
N Hard
o 107°F v E
Jet ]E - + -
3 ) ’
iy ! i
;3 -9 —— -
hot flow 2 10 ;
o i N
i & [ [Gierlinski+°99] ]
lllll 1 1 lJlllJI 1 Jlllllll 1 | lllllll | L 11 11
1 10 100 1000 1C

E (keV)



Accretion states in BHBs
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Geometry in quiescent state
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The disc inner radius in the hard state
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The disc inner radius in the hard state
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The disc inner radius in the hard state
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Hard lags in the primary X-ray continuum

Cyg X-1 - hard state - RXTE
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Hard lags in the primary X-ray continuum
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Lag (sec.)

Hard lags in the primary X-ray continuum
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More rapid variability associated with increasingly shorter delays, disc driving
power law variability on long (10-30 sec) time scales



Explaining observed spectral-timing properties
Propagating M fluctuations
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Disc reverberation in BHXRBs

GX 339-4 _ [Uttley +’11]
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Evolution of reverberation lag

Distance mapped by the lag decreases towards luminous hard states,
indicating variations of geometry
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Evolution of reverberation lag

Distance mapped by the lag decreases towards luminous hard states,
indicating variations of geometry
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Equivalent width EW(v)/EW(rv<1 Hz)

Evolution of reverberation lag

Distance mapped by the lag decreases towards luminous hard states,
indicating variations of geometry
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Equivalent width EW(v)/EW(rv<1 Hz)

Evolution of reverberation lag

Distance mapped by the lag decreases towards luminous hard states,
indicating variations of geometry
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L3—10 keV/ LEdd
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Evolution of reverberation lag

GX 339-4 [Wang+’19]
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Interpretation #1

Corona
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Interpretation #1

Corona
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Interpretation #2
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Frequency = power (rms/mean)®

Interpretation #2

MAXI J1820+070 [Buisson+19]
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QPO frequency (Hz)
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Interpretation #2
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The amplitude of the lag

GX 339-4 - hard state XMM Newton
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Probing the highest frequencies

GX 339-4 - hard state XMM Newton
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Equivalent Width, eV
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Probing the highest frequencies

GX 339-4 - hard state XMM Newton
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Probing the highest frequencies
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Probing the highest frequencies
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Neglecting instrument response
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Reprocessing time scales

for a pure H slab [Courtesy of ]. Garcial
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Depending on the density and temperature of the disc, recombination time
scales can be of the order of ms

What about thermal reprocessing?



Comparison of lag amplitudes in MAXI J1820+070
and GX 339-4
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Self-consistent spectral-timing modelling
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Spectral-timing models

Propagating M fluctuations (through the disc and the hot flow) and relativistic

precession - PROPFLUC
[Ingram & Done ’11,’12; Ingram & van der Klis ’13; Rapisarda +°14; ’16; ‘17a; ‘17b]

J Propagating M fluctuations (through the inner disc and the hot flow),

relativistic precession and reverberation
[Mahmoud & Done ’17,’18, Mahmoud, Done & De Marco ’19]

Spectral pivoting and reverberation (plus proper treatment of instrumental

response!) - RELTRANS

[Ingram + ’19; Mastroserio+’18; °19; Uttley & Malzac in prep.]
Small truncation in hard state of Cyg X-1

Interference between two comptonization continua (associated with different

seed photons)
[Veledina ’16; °18]



Spectral-timing fits

Spectrally inhomogeneous comptonizing region

GX 339-4

[Mahmoud +’17,’18,’19]
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Spectral-timing fits
Spectrally inhomogeneous comptonizing region

GX 339-4
[Mahmoud +’17,’18,’19] (end of soft-hard transition)
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Spectral-timing fits

Spectrally inhomogeneous comptonizing region

GX 339-4

[Mahmoud +°17,’18,”19] Predictions of the model
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Spectral-timing fits

Spectrally inhomogeneous comptonizing region

GX 339-4

[Mahmoud +°17,’18,”19] Predictions of the model
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Summary

Thermal reverberation lag evolves as a function of accretion state

In the hard state of GX 339-4 smooth evolution of lag with luminosity, in

agreement with a truncation radius gradually decreasing

Hints of a FeK reverberation lag seen in GX 339-4 and MAXI J1820

070

Both in GX 339-4 and MAXI J1820+070 no reprocessing sighal above a few

tens of Hz

Thermal reverberation lag in the bright hard state of GX 339-4 and in MAXI

J1820+070 have similar amplitude



