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INTRODUCTION esa

X-ray

Dark Energy
U V Accelerated Expansion

Afterglow Light
Pattern  Dark Ages Development of

375,000 yrs. Galaxies, Planets, etc.

‘ Inflation

1st Stars
about 400 million yrs.
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INTRODUCTION esa

Active Galactic Nuclei

Supermassive Black Hole
(Mg>10°M_,)) at the centre of a galaxy
+

accretion disc

Emission that can outshine the whole
host galaxy

N oIl c=C N 4 J1=E oIl oD i = he Il 2K im 22 E1 == B [+l  * THEEUROPEAN SPACE AGENCY



INTRODUCTION esa
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(Mgy>10°M,) at the centre of a galaxy
*

Accretion
disc

accretion disc

Emission that can outshine the whole
host galaxy

Dusty
torus

Not to scale! Radio-Quiet Quasar
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INTRODUCTION esa

Things we know:

 The disc emission peaks in the UV

There is a hot electron plasma close to the SMBH
where UV photons are up-scattered to X-ray
energies
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INTRODUCTION esa

Things we know:

ol Nommssow +  The disc emission peaks in the UV
Nomes0R ]  There is a hot electron plasma close to the SMBH

- where UV photons are up-scattered to X-ray
' energies
] « X-ray emission responds non-linearly to UV
] emission

N log(Ly) = ylog(Lyy) + B

S y~0.6,5~8

log Lyy
Risaliti&Lusso19 The relation is strong using different proxies of UV

and X-ray emission (Signorini+23b) and it must be
intrinsically very tight (Signorini+24), suggesting a
universal disc-corona interaction

9

N oIl c=C N 4 J1=E oIl oD i = he Il 2K im 22 E1 == B [+l  * THEEUROPEAN SPACE AGENCY



INTRODUCTION esa

Things we know:

 The disc emission peaks in the UV

 There is a hot electron plasma close to the SMBH
where UV photons are up-scattered to X-ray
energies

« X-ray emission responds non-linearly to UV
emission

Thing we know that we don'’t know:

« What is the exact geometry of the corona?

« What mechanism keeps the corona hot?

* How do variations in the AGN properties reflect
into changes in the corona emission?

Things we don’t know that we don'’t know: ?
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N
o

c/s 0.2-10 keV

NGC4748 log(Mgy/Mg,n)=6.4

AGN emission is variable at all wavelengths.

=
o 0]

[
(o))

In the X-ray, the timescales are small, ~100s
of seconds

What can we learn from it about AGN
physics?

Can we use it to measure cosmological

0 10 20 30 40 50 60 70 : 2
time(ks) distances™”
Tortosa+23
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X-RAY VARIABILITY Eesa

BASS sample: 151 type-1 AGN at z<0.3 (most below 0.05)

www.bass-survey.com
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X-RAY VARIABILITY

BASS sample: 151 type-1 AGN at z<0.3 (most below 0.05)

BAT AGN Spectroscopic Survey: observation of hard X-ray
selected AGN with optical spectroscopy

Emission line information
* 140 objects with Ha, Hb line (Mejia-Restrepo+22)
* 40 objects with Paschen lines (Lamperti+17,
Ricci+22, Den Brok+22)

Eddington ratios estimates, with bolometric luminosities
from SED fitting (Gupta+24)
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X-RAY VARIABILITY

BASS sample: 151 type-1 AGN at z<0.3 (most below 0.05
XMM-Newton observations: ~20ks-100ks

How do we determine variability?

15
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X-RAY VARIABILITY Eesa

BASS sample: 151 type-1 AGN at z<0.3 (most below 0.05)

Tortosa+23
XMM-Newton observations: ~20ks-100ks NGCA4748 log(Mgu/Msun)=6.4
221
How do we determine variability? 20
> 18-
Excess variance: the variability that we see S 161 k i
In excess to the one we expect giving flux ABIREET TR | E Rt e T T Y EECE R ;W
measurement uncertainties S, ! H .il ‘
10 ___E‘M‘g,&w__.
8 /
60 7

0 10 20 30 40 50
time(ks)

0
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Excess variance: the variance that we see
in excess to the one we expect giving flux
measurement uncertainties

1 N
$* = [(x; — X7)°]
N1

c/s 0.2-10 keV

Tortosa+23

NGC4748 log(Mgy/Msyn)=6.4

=
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e
iPiCA

10 20 30 40 50
time(ks)

0
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Excess variance: the variance that we see
in excess to the one we expect giving flux
measurement uncertainties

N
$? = > [ — %)’
N —1 —
ONXs = =
X:

»
o

w
w

c/s 0.2-10 keV

w
o

Tortosa+23

PKS2135-147 log(Mgn/Ms,n)=9.1

||L|
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~15% upper limits!
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Excess variance: the variance that we see
in excess to the one we expect giving flux 10
measurement uncertainties "
10
It is linked to the Power Spectral Density (PSD) 0
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VARIABILITY VS BLACK HOLE MASS Eesa

_ _ Signorini+25(tbs)
Strong correlation: AGN with
bigger SMBH are less variable o e L reor ]
b : Scatter 6zor = 0.77 dex -
Still, there is a big scatter! S :
.--G‘ -2 :— -‘““‘h"'ﬁ-ﬁhluq- :. b ¢ 2 v -
rE N ]
8 —
-3 :' v Upper limits Hh“"n“':
[ Best fit: 7
-6 7 y-(-3.16) = (-0.79+0.11)(x-7.65) + (-0.12+0.07) a
S - B T R

log(Mpu/Mo)
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VARIABILITY VS LUMINOSITY Eesa

Strong correlation: more luminous
AGN with bigger SMBH are less
variable

Still, there is a big scatter!

Signorini+25(tbs)

oF p-value = 9e — 08
| Scatter 6 = 0.73 dex

2
log(oNxs, 100s)

_5:.

L - Full detections
-6 v Upper limits
[ ---- Bestfity = (-0.68+0.08)x + (26.43+0.06)

_7'...|....|.... I T |

1 i " 1 N
41 42 43 44 45 46
log(L; - 10kev)
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VARIABILITY VS LUMINOSITY

Strong correlation: more luminous
AGN with bigger SMBH are less
variable

Still, there is a big scatter!
Black Hole Mass and luminosity also

correlate with one another... So what
Is variability responding to?

Z
0.0 0.2 0.4 0.6 0.8 1.0
Ll ',
6.5 e
9.0 + + ; + % + i
8.5 ‘
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m —
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1t e $ 3
6.5 L - This4vork fit (Clean2+ExtCorr+Target10) ]
[ & “ o Bentz+13 3
i o) ?“ ’e a Grier+17 i
6.0F . B 4 “§_This work Javelin + VN (w/o artefacts) =
s i This work Javelin (w/ artefacts) i
n 4 L 4 l 4 4 A ' l L 4 A L l L AL L L l AL L L L l L A L AL l ' 24 4 A l L L s L l

42.0 425 43.0 435 44.0 445 45.0 45:
log[ALx(51004
LG0T Read+20
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VARIABILITY VS LUMINOSITY VS BLACK HOLE MASS esa

oF p-value = 9e — 08
If we look at the scatter, the b : Scatter 6= 073 dex
1Ee . n
luminosity has a lower one b T
3 : =
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MEASURING BLACK HOLE MASSES

Locally: direct motion of stars/gas
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MEASURING BLACK HOLE MASSES Eesa

Locally: direct motion of stars/gas

Low-redshift, few object: Reverberation Mapping

//
®~_ N @
® ~ .\‘\
® ~_ \ —
~_ \ =
~Q

https://jnoormann.github.io/
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MEASURING BLACK HOLE MASSES Eesa

Locally: direct motion of stars/gas

T I ! 7
. . . ] - o LAMP sample 0
Low-redshift, few object: Reverberation Mapping  © Other Rif AGNs A ; ]
10° | T %/ ‘ .
i i 4'!' i
Mg = fRV?/G | B0
BH 108 e !iﬁ E
= - M yuasrd Sy

f :‘virial factor’, calibrated by comparing Active and ¢ A E
non-Active galaxies - 1 7T ] ] f
106_/"/T+ - =
-/ —— This work .
o ~ Gﬂltekil’ll et al.| 09 | ]

60 80 100 200 400
o, (km s71) Woo0+18
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MEASURING BLACK HOLE MASSES Eesa

Locally: direct motion of stars/gas e 0.546:002

-0.028

L o= 0.13292 dex

Low-redshift, few object: Reverberation Mapping

Everything else: we use Reverberation Mapping
to claibrate ‘single-epoch’ mass measurements

R~L<

@BH — fRV2/G

— MBH — fLaFWHMZ/G

HB BLR Size (light days)

m Ll REERTT Ll Lol |:
1 042 1 043 1 044 1 045 1 046

AL, (5100 A)

Bentz+13
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MEASURING BLACK HOLE MASSES Eesa

Locally: direct motion of stars/gas

[ = 0.546+9927

L o= 0.13292 dex

Low-redshift, few object: Reverberation Mapping

"9 100 -
Everything else: we use Reverberation Mapping E
to claibrate ‘single-epoch’ mass measurements &

R~La 5 10 n B

— MBH — fLaFWHMZ/G 1 f -

NIRRT B AR R T B A A N T B IR R TTT] B R SRR T B

'] 042 ‘] 043 ‘] 044 1 045 1 046
...the final scatter on Mgy is high, ~0.4-0.6 dex! AL, (5100 4)
Bentz+13
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VARIABILITY VS LUMINOSITY VS BLACK HOLE MASS esa

The o-L relation has a lower scatter Ell
compared to the o-Mg, one i

0.77 dex vs 0.73 dex N p—

—-6F v Upper limits

[ ---- Bestfity = (-0.68+0.08)x + (26.43+0.06)
L L L s 1 s " L

However T e |.I:>g(f23_mkev)l4hl ISiéﬁé?ini+25(€és)
If we consider the scatter on Mgy, the frue £

scatter in o-Mg is probably ~0.60 dex, s Mrmo:

therefore it is tighter than the one in N
luminosity T S F P

% TR é I : I L s T S S é L |l|0|
log(MpH/Mo)

= = DN b= B SZ iam 535 EN == i mm [#] THEEUROPEAN SPACE AGENCY

N o= N 4 J1 = o1l



VARIABILITY VS EDDINGTON RATIO
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If the PSD of AGN is universal, and the
knee only depends on Mgy, we expect a
strong correlation between ¢ and the

Eddington Ratio Az
Aegd = Loor/Leqd
Leyg = 4tGMg,c/k

For the BASS sample, L, is accurately
determined with SED fitting (Gupta+24)

PSD(v)

Paolillo+23
] lllll”] T T 111188
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VARIABILITY VS EDDINGTON RATIO Eesa

If the PSD of AGN is universal. and the cuptaras

“=. 4 Optical + UV Counts
knee Only depends on MBH’ we eXpeCt d 103 + L — g;icaliﬂﬂ Eisk ltflc}del -
strong correlation between ¢ and the - X-ray Spectrum
Eddington Ratio Agy4

— X-ray Model

Aedd = Lpol/Legd

1073
LEdd — 47TGMBHC/k U~ 4 _*_{’_-‘ :é;:;;dua=I5: o
o1
S0 5 [
For the BASS sample, L, is accurately S — AR,
determined with SED fitting (Gupta+24) O 0= 1ot  10° 1o

Energy (keV)
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VARIABILITY VS EDDINGTON RATIO
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Signorini+25(tbs)

If the PSD Of AGN IS Unlversal, and the O;I Y I+I IFuIII r:ietlecltions _

knee only depends on Mgy, we expecta | - . nem ity = (01920 16} + (2.3520.07)

strong correlation between ¢ and the : ’ ’ :

Eddington Ratio Agy4 g |

Aedd = Loor/LEds g 5

-st ]

LEdd — 47TGMBHC/k —52' '
_ ST a— 15 10 -05 00 o5

For the BASS sample, L, is accurately l0g(Aea)

determined with SED fitting (Gupta+24)

...but we see no correlation!
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VARIABILITY

esa

« X-ray variability anti-correlates with
both Mgy and L

« If we account for the spread on signle-
epoch Mgy, the main driver for
variability seems to be the MBH

 However, we do not see the expected
dependence on the Eddington Ratio

2
log(oxs, 100s)

Signorini+25(tbs)

# Full detections
v Upper limits ]
--=- Best fity = (-0.19+0.16)x + (-3.55+£0.07)

NP T
-1.0

05

0.0 05

* Is the PSD not universal? 08heas)
* |s the scatter on Mgy messing up
with our results?
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VARIABILITY FOR COSMOLOGY Eesa

We can use X-ray variability to
estimate the luminosity, therefore

using AGN as ‘standard candles’ | il”ié..
7 L
4D LA
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VARIABILITY FOR COSMOLOGY

We can use X-ray variability to
estimate the luminosity, therefore
using AGN as ‘standard candles’

L
 4AnDI2

F

For example, we know Supernovae
la luminosity given that the process
behind them is always the same
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VARIABILITY FOR COSMOLOGY Eesa

- fgg_\_l‘gl.\'} =4 0 )

We build the distance-redshift or N T s v Y
N N T i -3 1 (15-0.5) (2,0)
Hubble-Lemaitre”, diagram: - s
- <
* the shape constrains cosmological s
models
* inside a model, the shape LI
constrains its parameters (o F cataTolol |
w g'IJan;;; g al, » |
14--‘\<‘-|‘--1---|“-ﬁ
0.0 0.2 0.4 0.6 0.8 1.0
redshift z
Supernova
Cosmology
Project
Perlmutter+1998
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VARIABILITY FOR COSMOLOGY esa

We build the distance-redshift or
“Hubble-Lemaitre”, diagram:

ACDM

* the shape constrains cosmological

Curvature
models v

* Inside a model, the shape
constrains its parameters

Baryonic
Matter
4.9%

Radiation
0.001%
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VARIABILITY FOR COSMOLOGY Eesa

We build the distance-redshift or
“Hubble-Lemaitre”, diagram:

* the shape constrains cosmological
models

* Inside a model, the shape
constrains its parameters

SNla now reach z~2... this leaves the
. . . 00 02 04 06 08 10 12 14
first ~3 billion years of the expansion

history not investigated! Montiel+14
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VARIABILITY FOR COSMOLOGY Eesa

SNla now reach z~2... this leaves the

first ~3 billion years of the expansion Accelerated Expansion

Afterglow Light

history not investigated! s 2o DarkAges  Development o

Galaxies, Planets, etc.

-+

There are tensions in the ACDM model
that suggest us to look deeper (H,, Sg,
DESI...)

1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years
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VARIABILITY FOR COSMOLOGY Eesa

BBN+eBOSS 2022

CMB 2018 Planck L
. d - @
SNla now reach z~2... this leaves the -

B Ho [km s~1 Mpc~1]
BBN-+BAO+Shapefit eBOSS 2022 @ Cosmological Model Dependent

first ~3 billion years of the expansion ™77 e B

HST SHOES 2024 (4 anchors) . = Direct
h . . . ' JWST SHOES 2024 (1 anchor) (D vs 2)
Istory not investigated Cepei 022 2 rung, 10
- Masers 2019 (no rungs)
TRGB CCHP + SNIla CSP 2025
TRGB EDD + SNla CSP 2021
TRGB CATs + SNla PanthP 2023
TRGB JWST + SBF 2025
TRGB HST + SBF 2021
+ Cepheids HST + SBF 2021
Miras + SNla 2023
JAGB JWST SHOES set + SNla 2024
JAGB JWST CCHP set + SNla 2024
JAGB JWST all + SNla 2025
SN Il EPM method 2024
SN Il SCM method 2022
SN 11 2024 (no rungs)

There are tensions in the ACDM model

Tully-Fisher 2022 (baryonic) - .
Tully-Fisher 2020 (baryonic) =

that Suggest US to IOOk deeper (HO! 88, DESI Fundamental Plane + COMA 2024 ]

. Modeled Phenomena
CC (GP) 2022 +
D E S I Strong lensing 2020 (7 lensed QSO cons) -
e Strong lensing 2020 (7 lensed QSO asser) - —0-

Strong lensing 2023 (SN Refsdal) =
Strong lensing 2024 (SN HOpe) A

GWs 2024 (1 bright standard siren) -
GWs 2024 (dark standard sirens) -

GWs 2023 (spectral+1 standard siren) =
Cosmic Voids 2022

FRBs 2022 (16 unlocal + 60 local) — =
FRBs 2023 (18 local) 4

FRBs 2024 (64 local)

| NN TN T T T T T I Y T I |

55 60 65 70 75 80 85
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VARIABILITY FOR COSMOLOGY Eesa

AGN are great potential cosmological probes!

e Numerous
e Luminous
* Observed at all redshifts (~0.001 to ~10)

Their emission is not standard
Lb0| ~ 1040 - 1047 el‘g/S

Many relations have been suggested to
‘standardize’ AGN (Rg gr-L, Ly-Lyy---)
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VARIABILITY FOR COSMOLOGY

esa

We can use variability to estimate the
luminosity!

... but the scatter is very high, so
uncertainties on distances will be huge!

scatter ~0.75 dex

2
log(Tfxs 100s)

L -

Full detections

p-value = 9e — 08
Scatter 8 =0.73 dex

—6:- v Upper limits
[ ---- Bestfity = (-0.68+0.08)x + (26.43+0.06)
5DL~90% _7_ L 1 ' L L L 1 L L L L 1 L ' L : 1 L A [
41 42 43 44 45
log(L> - 10kev)
44
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VARIABILITY FOR COSMOLOGY Eesa

La Franca+14 introduced the width of

. y oF p-value = 9e — 08
broad lines as an additional parameter ; ) e 073 dex
B ® .
If the main driver of variability is the Mgy~ 5 -2 B ;_ R
5 -3F +1$t“ A A -d-v: "y ' v
LYFW HM? v + ﬁ*ﬁf-“*ﬁ :
Mgy = f G 2 T e 1ol
_5:_ o
& Full detections
. . —6r v Upper limits
assuming CZNO.S, then add|ng d g---- BZEtfity:(-0.68:0.08)x+(26.43:0.06)
4*log(FWHM) dependence to the o—L B S T B '(:’3' | ')'4'4' TTas T e
. OglL2 - 10ke
relation would lower the observed S

dispersion

logL =a *logoyys + 4logFWHM + b
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VARIABILITY FOR COSMOLOGY

La Franca+14 introduced the width of
broad lines as an additional parameter

If the main driver of variability is the Mg

L*FW HM?
MBH _ f G

assuming a~0.5, then adding a
4*log(FWHM) dependence to the o—L
relation would lower the observed
dispersion

logL =a *logoyys + 4logFWHM + b

[P T TP IO AN A O O A

L L B L R B L L B I
S I P P B B e
S oL LA LN N N LA BN BN I N B

[ (| | L [FEEEE FERTE FRRE| | |
T T rHHTH R
-\ Lsioo I T L _'
i 1 I :
- N T T - .
P BT T T omom ]
o = \ I I i NN ]
C () T (o) = % T " e
[ ] | | AT I A P | sl Jiwd | Logaa s ol s eyl
5-4-3-2-10 -5-4-3-2-10 -5-4-3-2-10
log(o?) log(a?) log(a?)

~1.12 dex

La Franca+14
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VARIABILITY FOR COSMOLOGY Eesa

In the BASS sample, results are a bit more complicated — starting point: 0.73 dex

Using Hp:
~0.72 dex ~0.70 dex

O ) l T T T l T T T l T T T l T T T l ] O =T T l T T T T l T T T T l T T l l T T l T T T T l T T T T
i p-value = 5e - 07 ] i p-value = 9e — 08
L Scatter 6;,: = 0.72 dex b Scatter 6;,: = 0.70 dex
_1 o . — _1 e
hhhhh . . N = 87 -
-;,_‘-." - v - -
~e_ b b o ] . C
—2F e P o6 p 2 ~2F
S 4 # ® - 8 -
"*._ ki * I k2 4 — L
& L P ! i L
? “'-._;* L Q _3 C
*_ ™ - v N ~ = L
s— 53 + = @ - E’,
S x Te~l =%
$ r 4 I\ "‘"-._“‘ Q

2
log(oRxs. 100s)
|
W

-4 - e
£ + é

I I\ . - |

_sk v Upper limits _ _sk v Upper limits _
i Best fit: ] i Best fit: ]
- 7777y - (-2.96) = (-0.32£0.05)(x - 43.56) + (0.01%0.07) ] - 7777y - (-2.96) = (-0.49%0.06)(x - 43.56) + (0.01%0.07) ]

-6 4|2 I I I 4|4 1 I I 4|6 I I I 4|8 I I I 5|0 -6 L 4|3 L1 |4I4 L1 |4|5 L1 |4I6 L1 |4|7 L1 4|8| L |4I9 L1 |50

log(L> - 10kev/(€rg/s)) + 4*log(FWHMyg/(km/s)) log(L> - 10kev/(e€rg/s)) + 2*log(FWHMyg/(km/s))

logL =ax*logoyys+ blogFWHM + ¢
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VARIABILITY FOR COSMOLOGY Eesa

In the BASS sample, results are a bit more complicated — starting point: 0.73 dex

Using Paa:
~0.69 dex ~0.65 dex

or p-value = 7e — 05 Op~e_. p-value = 2e — 05
P~ Scatter 6 = 0.69 dex T Scatter 6 = 0.65 dex
S1E T N = 40 Pt T N = 40
:_ ““““““““ —"' e + :_ ‘-.‘h""-..._.‘ : & L
f‘g -2 T +_ b f‘g -2 T T ke .
o L ""_F-..._‘ + v ® ® o L q"'-..‘h . v ® ®
- i T4 v v v ~ 3 = v v
sz r y L o —-4*}7 NDZ i It L -
[ i ~~ r -
5 _4_ %’ . :th.“h"-..“_ a _4_ %’ .:]- “"-.,_.‘“1_
Q : & & . = Q : # & .‘h"""'....‘
-5k -5k
—6 R ¥ Upperlimits —6F ¥ Upperlimits
[ ——- Bestfity = (-0.55+0.06)x + (22.58+0.08) [ ——- Bestfity = (-0.75£0.08)x + (32.10+0.08)
[+ Full detections [+ Full detections
_7 L T S S S S [ T ST S S N S SR T NN N S SR SR T [ T T SR S [ S SR T _7 L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L
43 44 45 46 47 48 43 44 45 46 47 48
log(L> - 10kev) + 4*l0g(FWHMpaq) log(L> - 10kev) + 2*l0g(FWHMpaq)
= 3
logL =ax*logoyys+ blogFWHM + ¢ .

N o= N 4 E o] i = om Bl b Bl R im = == B mm %] > THEEUROPEAN SPACE AGENCY



VARIABILITY FOR COSMOLOGY Eesa

In the BASS sample, results are a bit more complicated — starting point: 0.73 dex

Using Paa:
~0.69 dex ~0.65 dex

or p-value = 7e — 05 Op~e_. p-value = 2e — 05
P~ Scatter 6 = 0.69 dex T Scatter 6 = 0.65 dex
“1F ¢ T N =40 -1r N h‘“‘*-n N =40
T * . b ; ~lt. }
n—g =2 N +__ b n-g =2 - T b .
< F -~ ? Ve & — F T~ 4 v & ®
5 eyt ’ v o3l “Shevral — v v
sz s B NDZ i I £ -
o - L -
5 —4F rv = :th“h“-..__‘_ a —4 - %’ .-']' -.-.-._'“1.‘
o ® b ’ 1 o - * ’ e
—5k -5k
—6 R ¥ Upperlimits —6F ¥ Upperlimits
[ ——- Bestfity = (-0.55+0.06)x + (22.58+0.08) [ ——- Bestfity = (-0.75+0.08)x + (32.10+0.08)
[ 4 Full detections [ 4 Full detections
_7 L T S S S S [ T ST S S N S SR T NN N S SR SR T [ T T SR S [ S SR T _7 L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L L 1 L L L
43 44 45 46 47 48 43 44 45 46 47 48
log(L> - 10kev) + 4*log(FWHMpaq) log(L> - 10kev) + 2*l0g(FWHMpaq)

Are there selection effects”? The brightest objects are more likely to be detected in IR
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VARIABILITY FOR COSMOLOGY - X-RAYS ONLY

esa

NewAthena ~2037

The Wide Field Imager can detect
the excess variance from ~50.000
unobscured AGN in the first months
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VARIABILITY FOR COSMOLOGY Eesa

NewAthena ~2037

I E— —— E—— N S R R T T B . T 1
| —— ACDM Qm0=0.3 7]
50F -

L —-= ACDM OQmO0=0.15

The Wide Field Imager can detect D A0 s e
the excess variance from ~50.000 +or - E
unobscured AGN in the first months o ]
Q i
. . < :
For N objects, uncertainty on the 3 35 .

distance measurement is lowered &

by a factor VN 30

We could distinguish between
cosmological models that are DY A S S TS S SR
overlapping at low redshift! z
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CONCLUSIONS esa

« X-ray variability is an intrinsic property of AGN that can help us understand their physics

« We confirm in the BASS sample a strong anti-correlation of variability with the Mg, and the
luminosity, with Mg, likely the stronger driver

« The scenario of a universal PSD with a ‘knee’ only depending on Mg, is challenged by the
absence of a significant ¢ —Ag44 relation

* Uncertainties on single-epoch Mg, make it harder to draw conclusions

« \We can use variability as a luminosity estimator, using AGN as standard candles

« The current dispersion of the o — L relation is significant, and introducing optical/IR line
information does not improve the situation much

« Future generation of X-ray telescopes can help us go deeper in the X-ray sky — with the
detection of tens of thousands of objects, we could constrain cosmological models up to
redshift ~5

52
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CONCLUSIONS esa

« X-ray variability is an intrinsic property of AGN that can help us understand their physics

« We confirm in the BASS sample a strong anti-correlation of variability with the Mg, and the
luminosity, with Mg, likely the stronger driver

« The scenario of a universal PSD with a ‘knee’ only depending on Mg, is challenged by the
absence of a significant o —Agy relation

* Uncertainties on single-epoch Mg, make it harder to draw conclusions

« \We can use variability as a luminosity estimator, using AGN as standard candles

« The current dispersion of the o — L relation is significant, and introducing optical/IR line
information does not improve the situation much

« Future generation of X-ray telescopes can help us go deeper in the X-ray sky — with the
detection of tens of thousands of objects, we could constrain cosmological models up to
redshift ~5

THANK YOU!
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