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X-ray Reverberation Mapping
>

X-ray
reverberation

mapping the
inner accretion flow

| ~30 hr light curve

20

Flux (ct/s)

[a—
o

EHT Collaboration 0 2507 S0 75100 100 12510
Time (s)

At ~ tens of seconds for 1e6 Msun
At ~ < milliseconds for 10 Msun



Discovery of X-ray Reverberation
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Discovery of X-ray Reverberation
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X-RAY ASTRONOMY 2009

PRESENT STATUS, MULTI-WAVELENGTH
APPROACH AND FUTURE PERSPECTIVES

Slide from Giovanni Miniutti’s review on Type 1 AGN :

Al |s 1H 0707-495 a unique case ?

Well, there is another suspect: IRAS 13324-3809

Ponti et al 09, MNF




Probing the dynamics of the corona

IRAS 13224-3809: 500ks
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Probing the dynamics of the corona
IRAS 13224-3809
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Probing the dynamics of the corona
IRAS 13224-3809
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Black hole transients: analogous to AGN?
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Equivalent duty cycle in AGN is millions++ of years
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lag (s)
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Studying the inner accretion flow in
BHBs with XMM-Newton
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Reverberation lags due to thermal reprocessing




The NICER
Observatory

Highest ever soft band effective area (2x XMM or 20x Swift XRT)
Highest time resolution: >100 ns time resolution (25x RXTE)
~100 eV resolution at 6 keV



MAXI J1820+070 emerges

March 2018




NICER countrate

NICER observations of MAXIJ1820+070
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NICER countrate

NICER countrate

NICER measures short reverberation lags
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NICER countrate

NICER measures short reverberation lags

NICER countrate

- a 3x107 ——————
2x10*E Lags between
- 0.5-1 keV and 1-10 keV |
104:_ 2x107| E
5000 F
| I | | | I | 1 | | | | I | | | I | : _3—_
58200 58220 58240 58260 58280 & ° |
Time (MJD) g
I ! -
0__
E %107 .
| E 2 5 10 20 50

- ' - F H
0.25 0.3 0.35 requency (Hz)

Hardness (4-12 keV)/(2-4 keV) Lags evolve to higher frequencies

Reverberation in XRBs: Uttley et al., 2011, De Marco et al., 2017



Ratio

relativistic reflection and reverberation
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Consistent picture between spectra and timing analyses!
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Using the narrow core of the line to measure kinematics at large scales
Compare to inner disc

Tilted discs?
w | Liska+19
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But is there relativistic reflection in NGC 41517
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Spectra is complex,

, : : No signatures of reverberation
doesn’t require broad line

High mass black hole, short observations — Are we probing long enough timescales?

Zoghbi, Miller & Cackett 2019



Using the narrow core of the line to measure kinematics at large scales

MCG-5-23-16

I lllllll I | llll

X-Ray Imaging and

Spectroscopy Mission

o

o

o
|

E’F(E) (phot. cm™s™ keV™)

0.02-" [ | |, L 1T THEWPATHENA
2 5 10 20 50 / MISSION
Zoghbi et al., 2013 Energy (keV) e
1.5_ T T | T
1__ A d ] -RAY OBSERVATORY
N e
n - i
o 0.5 —
(qv} |
—

A o

Energy (keV)




counts/s/keV

Where will we be at the next
X-ray Astronomy Conference in Bologna?
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Conclusmns

Spectral timing technlques provm& |
- a new probe of accrehon physm:s |n
Compact objects

‘X-ray reverberation mapping
~ maps out compact corona and

accretion disc and thelr |
. evolutlon |

We are at the dawn of an
~erawith new and future
- time domain and
| tlmlng instruments
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