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Manifestations of accretion: a rich phenomenology
Changes in the contribution from optically thick and thin plasma

Evolutzon of a BHXRB in outburst
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Variations of inner flow geometry
A plausible scenario to explain the outburst evolution
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Evolving disc geometry: observational evidences
Disc non-truncated during soft state, highly-truncated during quiescence
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Evolving disc geometry: observational evidences
Disc non-truncated during soft state, highly-truncated during quiescence
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Reflected component
Intensity/shape of reflection features used to constrain geometry
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Reflected component
Intensity/shape of reflection features used to constrain geometry
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X-ray reverberation

Independent method to constrain geometry of the inner accretion flow
[review: Uttley+’14; E. Kara’s talk]
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X-ray reverberation
Independent method to constrain geometry of the inner accretion flow

time delay maps physical distances
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Disc reverberation in GX 339-4
XMM soft band sensitivity allows observing the disc during the hard state
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Disc reverberation in GX 339-4
XMM soft band sensitivity allows observing the disc during the hard state
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Disc reverberation in GX 339-4
XMM soft band sensitivity allows observing the disc during the hard state
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Disc reverberation in GX 339-4
XMM soft band sensitivity allows observing the disc during the hard state
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Disc reverberation in GX 339-4
XMM soft band sensitivity allows observing the disc during the hard state
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Reverberation lags vs accretion state

Sample: 10 sources observed with XMM
[De Marco+’15, De Marco & Ponti’16]
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Reverberation lags vs accretion state

Sample: 10 sources observed with XMM
[De Marco+’15, De Marco & Ponti’16]
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Reverberation lags vs accretion state

Sample: 10 sources observed with XMM
[De Marco+’15, De Marco & Ponti’16]

[De Marco+’13
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Reverberation lags vs accretion state

Sample: 10 sources observed with XMM
[De Marco+’15, De Marco & Ponti’16]

[De Marco+’13
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Evolution of reverberation lag during outburst
Variations of lag amplitude as a function of luminosity in the hard state

i
T Y 18
- o
~ T GX 3394 f
[ H1743-322
8O.l 012 | | 015 |||| i i}

L6—10 keV/L3—6 keV



Evolution of reverberation lag during outburst
Variations of lag amplitude as a function of luminosity in the hard state

[De Marco+’15; De Marco & Ponti ’16]
) ) ) ) ) LI I ) ) ) ) LI

' I
GX 339-4

° H1743-322 |

0.01
|

L3—10 keV/LEdd

1072

L3—10 keV/ LEdd

5%x10°20.01 0.02

' GX 3394
 H1743-322

1 1 1 1 1 1 _._ |
0.1 0.2 0.5 1 - .

L6—10k6V/L3—6keV 1 1 L 1+ 1 19l 1 L 1 1 19l

20 50 100 200 500 100cC
Lag (r,/c)

The reverberation lag decreases as
the source rises in luminosity
through the hard state



Evolution of reverberation lag during outburst
Variations of lag amplitude as a function of luminosity in the hard state

[De Marco+’15; De Marco & Ponti ’16]
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Aim: mapping the reverberation lag during an

entire outburst
End of soft-to-hard state transition and return to quiescence
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Aim: mapping the reverberation lag during an

entire outburst
Overall results

GX 339-4 [De Marco+’17, submitted]
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Aim: mapping the reverberation lag during an

entire outburst
Overall results

GX 339-4 [De Marco+’17, submitted]
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Aim: mapping the reverberation lag during an

entire outburst
Overall results

GX 339-4 [De Marco+’17, submitted]
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Lag (s)
5%x10~° 0.01

Mapping the reverberation lag during outburst
Evidences of evolving disc geometry throughout hard/hard-intermediate states
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Mapping the reverberation lag during outburst
Evidences of evolving disc geometry throughout hard/hard-intermediate states
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Mapping the reverberation lag during outburst
Evidences of evolving disc geometry throughout hard/hard-intermediate states
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Lag (s)
5%x10~° 0.01

Mapping the reverberation lag during outburst
Evidences of evolving disc geometry throughout hard/hard-intermediate states
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V' Possible detection of FeK reverberation

3. Conclusions: What do observations of X-ray reverberation in
BHXRBs tell us?

v Variations of inner flow geometry characterize hard/hard-intermediate states

V' Results consistent with a truncated and evolving accretion disc



Thanks!



