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through the “lens” of X-ray spectral-timing
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T'he canonical map
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Fast X-ray variability

“It is now clear that fast timing variations are a key ingredient
which needs to be considered in order to have a complete view of
the states and state transitions”’ [Belloni et al. 2005]

oo 10°
1000 ° o i b b
i > Ol \ AL R ¢’+ '\Q’"’mww '*‘"'ﬂy"
o 10
&
. <—JET LINE ® 10°
A . 000 @
107"k
. L
= 10‘2_
© 3
o ! &
€ ° 5
= g -
g 1oop| ° ° T 107°F
(g) o, 0% o ° ° =t *g
O = °e Sl
Q. o i
HIMS .
® E
= :
: | 10_65—
Y WEAK NOISE STRONG BAND-LIMITED NOISE i
> TYPE A/B QPO TYPE C QPO @ Sl
10 3
NO RADIO JET RADIO JET e :
10 ¥ P o. : _ ]
-8 Y | Y| | N
i L . ) ) . 1 ) LS ] 19 01 0.1 1 10 100
0.1 1 Frequency (Hz)

Hardness

[Belloni & Hasinger 1990; Belloni et al. 2002; Belloni et al. 2005]



Count rate (2-15 keV)

[Munoz-Darias et al. 2011, Hell et al.
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Fast X-ray variability maps
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From state classification to physical diagnosis

Where does this variability come from and how are the

different spectral components coupled?

Energy

[see E. Lal and F. Garcia talks]



Three fundamental questions:

Where does the X-ray variability come from?

What is the geometry of the inner accretion flow?

What happens at the hard-to-soft state transition?



Where does the X-ray variability come from?
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Where does the X-ray variability come from?

EF, [keV? (cm ™2 s keV )]
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Where does the X-ray variability come from?
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Where does the X-ray variability come from?
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Where does the X-ray variability come from?

[Lyubarskii 1997; Kotov et al.
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Where does the X-ray variability come from?

[Lyubarskii 1997; Kotov et al.
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Where does the X-ray variability come from?
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Where does the X-ray variability come from?

lll. Interference of continuum variability
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[Veledina 2016, 2018]
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What is the geometry of the inner accretion flow?
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What is the geometry of the inner accretion flow?

| LI LA

. ' . ! ) . . 1.2 r T TT T J T !
25 st e L R A |
. . SOft State 1 - XRISM/Resolve <+ NUSTAR/FPMB |
. . . ki +  NUSTAR/FPMA +  XRISM/Xtend ||

Data/Model
5
—=
=

E— e Gmmmmmsm /Ntermediate

-GS 1354-64 S
5 10 50
Energy (keV)

@ @ hard state [Liu et al. 2026a; Garcia et al. 2015; 2018]

0.8

103: T T LI LR |

] —A— GRS 1716-249
1 —e— GRS 1739-278
GX 339-4

1 —e— H1743-322

4 -—® IGRJ17091-3624
] MAXI J1348-630
1 -4 MAXIJ1535-571
] —<« MAXI)1820+070

'—I

o

N
L |

Rin (Risco)

=
o
=

S e . ammm quiescence
' ADAF/hot flow/ tfuncated |
corona... disc 1

[e.q. Esin+’97; Poutanen +'97; Meyer+’00; Narayan & Yi
'94; Narayan & McClintock 08]




What is the geometry of the inner accretion flow?
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A structured comptonizing flow?
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What is the geometry of the inner accretion flow?

I TITTITI] 1 1 11111 | 1T1ITTTI 1 L

Cygnus X-—1

|

- N \\ -
| m\_
05 — Rm=103Rg - .
) \
\ \
i \\ Ao i
\
e — soft state \\ \\\ -
o — hard state \ \/\,
0 Lol Ll | 1%
0.01 0.1 | 10 100

Fourier frequency, Hz

[Gilfanov et al. 2000; Revnivtsev et al. 1999; 2001, Axelsson & Veledina 2021]



keV? (Photons/cm?®/s/keV)

What is the geometry of the inner accretion flow?
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What is the geometry of the inner accretion flow?
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What is the geometry of the inner accretion flow?

e.g. RELTRANS model
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[Lucchini et al. 2023]



What is the geometry of the inner accretion flow?

e.g. RELTRANS model

[Ingram et al. 2019, Mastroserio et al. 2018; 2019, 2(

[Lucchini et al. 2023]
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What is the geometry of the inner accretion flow?
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What is the geometry of the inner accretion flow?

comptonization
region

[Uttley & Malzac 2025,
see also Kotov et al. 2001; Kording & Falcke 2004, Mastroserio et al.
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What is the geometry of the inner accretion flow?
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What is the geometry of the inner accretion flow?
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What happens at the hard-to-soft state transition?
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What happens at the hard-to-soft state transition?

Corona more vertically extended at transition? Corona ejected?
Dissipation of hard X-rays occurring in shocked region along the jet?



Flux density (Jy)

What happens at the hard-to-soft state transition?
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What happens at the hard-to-soft state transition?
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What happens at the hard-to-soft state transition?
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Conclusions

We started with three questions:
Probably propagating mass

- Where does the X-ray variability come from? accretion rate fluctuations, but
model still incomplete

Spectral-timing results consistent
- What is the geometry of the inner accretion flow?  with radially stratified, extended
coronae and truncated disc, but
polarimetry needed to break
degeneracies

Lags support expanding/ejected
- What happens at the hard-to-soft state transition? coronae, but spectral and
polarimetric results disfavour this
Interpretation
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