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The inner emission regions in quasars
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Follow-up photometry of ULAS J1120+0641:
F,;=(0.1£0.4) x 1077 Wm2um™;i,5 2 25
F,,=(0.6£0.2) x 1077 Wm2um; z,, = 24
F,y=8.1%£0.4)x 10°7"Wm2pum™; Y,z =20.3
F,,=6.0+0.4) x 10°7"Wm2pum™; J,g = 20.2

Flux density, F, (W m=2 um™)

Mortlock et al. 2011

Wavelength, 4 (um)



The non-linear relation between Ly and Ly in quasars

Observational NON LINEAR
relation between UV (disk) and
X-ray (corona) emission

__ This work
___S06

108(Ly)= 0.6 108(Lyy)+8.5
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L,(2 keV) L, (2500 A)

Lusso et al. 2010



The non-linear relation between Ly and Ly in quasars

NEW SAMPLE:

SDSS-DR16 +
4XMM-DR10
~15,000 quasars

N = 8947 § = 0.40
N =1598 § =0.24
* N=18§=0.12

108(Ly)= 0.6 108(Lyy)+8.5

/ \

L(2 keV) L, (2500 A)

Risaliti & Lusso 2019
Lusso et al. 2020



Sample selection

Main subsample: SDSS quasars with serendipitous X-ray observations

E(B-V)<0.1
(N=5,377) 1.7<<2.6
(N=4,026)

Nciean=1,598 Nrota=7,237

FEXP< FM|N+26
(N=3,4009)




Quasars as Standard Candles: tests of cosmology
Hubble Diagram with 2420 quasars

Pantheon
-=- flat ACDM Qy=0.3
== Cosmographic fit (quasars + supernovae)
1 1

Residuals

redshift




Quasars as Standard Candles: tests of cosmology

“Cosmographic” fits to the Hubble Diagram

D; = aqlog(1 + 2) + a,log?(1 + z) + aslog(1 + 2)+..

Assuming a flat LCDM model:
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Quasars as Standard Candles: tests of cosmology

“Cosmographic” fits to the Hubble Diagram
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Quasars as Standard Candles: tests of cosmology
Hubble Diagram with 2420 quasars
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Hubble Diagram with 2420 quasars
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Quasars as Standard Candles: are they reliable ?

Residuals

Pantheon
—=- flat ACDM Qu=10.3
= Cosmographic fit (quasars + supernovae)

redshift

Is the X-ray to UV relation constant
with redshift ?

Are there selection effects in the
sample ?

Are the quasars in the cosmological sample
really average quasars or are we “cherry-
picking” the ones we like?

Are there systematic effects in the
flux measurements ?

Can reddening (extinction, host galaxy
contamination) affect our sample?



Quasars as Standard Candles: are they reliable ?

Residuals

Pantheon
-=- flat ACDM Qu=0.3

= Cosmographic fit (quasars + supernovae

redshift

Comparison with SN Ia in
the common redshift
interval

Relation slope vs. redshift

Detailed spectral analysis
(dust reddening, etc...)

Quasar spectral properties
as a function of redshift

Reduction of the dispersion

Analysis of the intrinsic
dispersion



Quasars as Standard Candles: are they reliable ?

- Comparison with SN Iain
the common redshift
interval

- Relation slope vs. redshift

- Detailed spectral analysis
(dust reddening, etc...)
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Quasar spectral properties
as a function of redshift

- Reduction of the dispersion

- Analysis of the intrinsic
dispersion



Quasars as Standard Candles: are they reliable ?

- Comparison with SN Ia in
the common redshift
01 Ry - interval

) D=0233
37 4=0673

- Relation slope vs. redshift

—-30 z=0.61

N=173

~a1) D028 s oRescE - Detailed spectral analysis
(dust reddening, etc...)

- Quasar spectral properties
as a function of redshift

- Reduction of the dispersion

- Analysis of the intrinsic
dispersion




Quasars as Standard Candles: are they reliable ?

—30 z=0.40
N=66
_314 D=0.215

a=0.652

- Comparison with SN Ia in
the common redshift
interval

- Relation slope vs. redshift

- Detailed spectral analysis
(dust reddening, etc...)

- Quasar spectral properties
as a function of redshift

- Reduction of the dispersion

- Analysis of the intrinsic
dispersion




Quasars as Standard Candles: are they reliable ?

Optical/ UV Complete spectral analysis

Signorini et al. 2023a,

Comparison with SN Ia in
the common redshift
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as a function of redshift
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2 ev-1 A Counts s~' cm~2 keV—'

Countss~' cm

Quasars as Standard Candles: are they reliable ?

X-ray Complete spectral analy51s (z >1. 9)

J1407 64 (40 é J1426+60 (4o - J1459 00 (3o)

%__

Energy (keV) Energy (keV) Energy (keV)

Nardini et al. 2019, Signorini et al. 2023a
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Reduction of the dispersion

Analysis of the intrinsic
dispersion



Quasars as Standard Candles: are they reliable ?

Analysis of stacked spectra,

- Comparison with SN Ia in
the common redshift
interval

2=0.13-0.77 Ny =484 ; s . ;

2=0.77-1.12 Npyj=479 - Relation SlOpe AVASH PedShlft
2=1.12-1.52 Noy=473 ' ' |
2=1.52-2.03 Noyy=483
2=2.03-5.42 Noyj=474

- Detailed spectral analysis
(dust reddening, etc...)

- Quasar spectral properties
as a function of redshift

- Reduction of the dispersion

- Analysis of the intrinsic
dispersion

Trefoloni et al. 8023, in prep.



Quasars as Standard Candles: are they reliable ?

Analysis of stacked spectra, - Comparison with SN Ia in
the common redshift
interval

- Relation slope vs. redshift
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- Detailed spectral analysis
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- Quasar spectral properties
as a function of redshift
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- Reduction of the dispersion

Trefoloni et al. 2023, in prep. - Analysis of the intrinsic

dispersion



Quasars as Standard Candles: are they reliable ?

- Comparison with SN Ia in
the common redshift
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- Detailed spectral analysis
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Trefoloni et al. 2023, in prep.



Quasars as Standard Candles: are they reliable ?
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z=0.13-0.77
z=0.77-1.12
z=1.12-1.52
z=1.52-2.03
z=2.03-5.42
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A[A]

Trefoloni et al. 2023, in prep.
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Quasars as Standard Candles: are they reliable ?

- Comparison with SN Ia in
the common redshift
interval

Check for reddening

- Relation slope vs. redshift

- Detailed spectral analysis
(dust reddening, etc...)

2=1.0-1.24 Nopj=314 E(B-V)=0.001

7=1.24-1.53 Nopj=322 E(B-V)=0.004

2=1.53-1.89 Nop=351 E(B-V)=0.032 _ t l t'
1-1.89.2.34 Ng—303 E(B)0.043 Quasar spectral properties
2=2.34-2.89 Nopj=191 E(B-V)=0.069

12,893,585 Np68 E(B1)=0.07 as a function of redshift

2=3.58-4.43 Nop,j=18 E(B-V)=0.102
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Quasars as Standard Candles: are they reliable ?

Check for reddening

2=1.0-1.24 Nopj=314 E(B-V)=0.001
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Treffoloni et al. 2023, in prep.
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Quasars as Standard Candles: are they reliable ?

‘v
=
[
-]
>
O
(]
[
=
O
[
5,
<
Yy—

Check for reddening

E(B—-V)=0.06
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—— This work
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Quasars as Standard Candles: are they reliable ?

Lower dispersion with better

data and better analysis - Comparison with SN Ia in
the common redshift
v interval
& ((ijf& - Relation slope vs. redshift
35 - Cani " - Detailed spectral analysis

(dust reddening, etc...)

- Quasar spectral properties
as a function of redshift

- Reduction of the dispersion

—33.00,
—29.5 29. 28.5 —28.0 —27.5 =27.0 —26.5

log Fyv (erg/s/cm?/Hz)
- Analysis of the intrinsic
Sacchi et al. 2022 dispersion



Quasars as Standard Candles: are they reliable ?

Lower dispersion with better
data and better analysis

Literature
(800 QSOs)

New sample
(2,400 QSOs)

*

z~1.5
z~3 QSOs

Comparison with SN Ia in
the common redshift
interval

Relation slope vs. redshift

Detailed spectral analysis
(dust reddening, etc...)

Quasar spectral properties
as a function of redshift

Reduction of the dispersion

Analysis of the intrinsic
dispersion



Quasars as Standard Candles: are they reliable ?

At least two main “external” effects are
still present:

1) X-ray variability

&) Inclination of the accretion disk:

Comparison with SN Ia in
the common redshift
interval

Relation slope vs. redshift

Detailed spectral analysis
(dust reddening, etc...)

Quasar spectral properties
as a function of redshift

Reduction of the dispersion

Analysis of the intrinsic
dispersion



Quasars as Standard Candles: are they reliable ?

At least two main “external” effects are
still present:

1) X-ray variability

&) Inclination of the accretion disk:

Signorini et al. 023D, in prep.
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Analysis of the intrinsic
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Quasars as Standard Candles: are they reliable ?

At least two main “external” effects are
still present:

1) X-ray variability

) Inclination of the accretion disk:

<6>=0.15
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Quasars as Standard Candles: are they reliable ?

At least two main “external” effects are
still present:

1) X-ray variability

) Inclination of the accretion disk:

<0>=0.26
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Quasars as standard candles:

No satisfactory physical model for the disk-corona
connection
Dispersion still higher than that of supernovae

BUT

Slope not evolving with redshift

Spectral properties non evolving with redshift
Perfect match with supernovae in the common
redshift range

Dispersion decreasing with better flux measurements
Dispersion entirely explained with “external” effects
(inclination, variability)



