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IN THIS TALK

If you care about cosmology:

a hew homogeneous sample
(Risaliti+26b) to convince you the
relation is solid

If you are bored with the Ly-L
relation:

a new work on the I'-1,,, relation
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THE Ly-L,, RELATION esa
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log Luy Tension with ACDM!

See Beta Lusso’s talk from yesterday ©
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THE L,-L,, RELATION esa
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z Tension with ACDM!

Risaliti&Lusso19

See Beta Lusso’s talk from yesterday ©
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SAMPLE SELECTION esa

SDSS DR16 (Wu&Shen 2022)
+
4XMM-DR14 (Webb 2020)

28.0 .

Ly-Lyy in one redshift bin: dispersion is
very high, ~0.4 dex

Residuals
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log(L
SV Risaliti+26b
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SAMPLE SELECTION esa

SDSS DR16 (Wu&Shen 2022) N R I T

+ N " i

4XMM-DR14 (Webb 2020) 27,50 1 O/_;/f

GED I

= 265—% \ + ]

Ly-Lyy in one redshift bin: dispersion is 26-0;'1 i3

very high, ~0.4 dex oo S AL L R

When we clean the sample we get ~0.15 = 1?_%-~ . ; ]
dex! [Lusso+20 sample: 0.20 dex] 3 P s

< _qF b

29.5 30.0 30.5 31.0 31|.5 32I.0 32I5
oallov)  Risaliti+26b
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SAMPLE SELECTION esa

1) Remove Broad Absorption Lines &
Radio-loud objects
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SAMPLE SELECTION esa
1) Remove Broad Absorption Lines & RERRREF B0 B RSRURE
Radio-loud objects “ 7 W0
2) Remove objects with reddened UV M v >
colors (dust reddening and/or host 3 | ] M2 €
galaxy contamination) m T F Q
also remove z<0.7 objects 2 [ 9 é
- -l:- -: 4 101 g
Y ,‘ AR
i = ; i
e W e
(0.3 = 1um)
Risaliti+26b
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SAMPLE SELECTION

esa

1) Remove Broad Absorption Lines &
Radio-loud objects

2) Remove objects with reddened UV
colors (dust reddening and/or host
galaxy contamination)

also remove z<0.7 objects

3) Remove objects with I' — AT’ <1.8
(flat X-ray photon index = likely
obscured and/or X-ray weak)

counts s~ keV-!

10-7 106 105

-5 0 5

Sacchi+22
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Energy (keV)
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SAMPLE SELECTION esa

1) Remove Broad Absorption Lines & . .

'. 7=0.8-1.0 I:\Iob,- _167
Radio-loud objects © z=1.0-12 Noy =212
10_ O z=1.2-1.4 Nopj =225
— i O z=1.4-1.6 Ngpj =177
2) Remove objects with reddened UV *g | B oo s
colors (dust reddening and/or host 2 ® -2.022Noy=54
galaxy contamination) =
also remove z<0.7 objects =
S
3) Remove objects with [ — AI' <1.8 =
(flat X-ray photon index = likely =
obscured and/or X-ray weak)
1000 1500 2000 3000 4000

all the objects all look the samel!

t—f ALA
(See also Trefoloni+24) rest — frame A[A]

Risaliti+26b10
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SAMPLE SELECTION - EDDINGTON BIAS

Due to X-ray variability and the relation
scatter, we detect objects close to the

flux limit only when they are in a positive

fluctuation state

This flattens the slope

log L_X [erg s Hz™]

285
true slope y~0.6 o
biased slope y~0.5 o o
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log L_UV [erg s Hz™]
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SAMPLE SELECTION - EDDINGTON BIAS

O
®
N
QO

Due to X-ray variability and the relation
scatter, we detect objects close to the

flux limit only when they are in a positive

fluctuation state
This flattens the slope

The effect worsens with redshift as the
flux limit gets higher

log L_X [erg s Hz™]

28.5
tr_ue slope y~0.6 o
biased slope y~0.4 o ©
| o~
28.0 o © p-
o & " -
o © V’ ----- :
275 o____..t--;!‘/‘ °
.......... «e 970 o @
L SO N - Y S, S flux limit
® o /o/o o ©
270 ¢ o 9% o o
® o0 o o
/0 o o
2%65“® o o
® o
o
26.0 . | - , -
29.5 30.0 30.5 31.0 31.5 32.0

log L_UV [erg s Hz™]
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SAMPLE SELECTION - EDDINGTON BIAS

O
®
N
QO

Due to X-ray variability and the relation e true slope y~0.6 .
scatter, we detect objects close to the biased slope y~0.4 o o
flux limit only when they are in a positive 2s0 o © o
- 4%
fluctuation state o :/:/ e
- : 275 . .:/:/o """ o o
This flattens the slope A I e e e
s L e el O flux limit
The effect worsens with redshift asthe > ,,, . ¢ © 57 o °
flux limit gets higher 2 o LZ *
- ./:/ e O o
e O
We only keep observations where the X- 26.5 ’i : °
ray would flux have been detected even °
during a low-flux state 260 L | | | | |
30_ 295 30.0 30.5 31.0 31.5 32.0
IOg(FX,min) < Iog(FX,exp) - K / log L_UV [erg s Hz™]
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SAMPLE SELECTION - EDDINGTON BIAS Eesa

Mock sample with slope y=0.6
0.65 -

no correction —»tr_end with z | . +—+— +
not enough correction — trend with z —— e B

full correction — we recover the injected .. | —e——e—
constant slope ~—

_ —— —0—++ +

0.45 1

0.401 —gp— _+_
0.35 —4;—

1.0 1.5 2.0 2.5 3.0

RBaHU+26bM
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SAMPLE SELECTION - EDDINGTON BIAS

Mock sample with slope y=0.6

no correction — trend with z
not enough correction — trend with z

full correction — we recover the injected .45-

constant slope

e 0.40
Complementary test: if the truth was a .
slope that evolves with z, we would |
recover it! 0.30

4
- 1
4+t
1.0 1.5 2.0 2.5 3.0
Z
Risaliti+26b15
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SAMPLE SELECTION - EDDINGTON BIAS Eesa

Mock sample with slope y=0.6

<y>=0.58+0.01

no correction — trend with z 0.8f
not enough correction — trend with z
full correction — we recover the injected _ 5L X
constant slope -

D.rl_
Complementary test: if the truth was a :

slope that evolves with z, we would

recover it! -
-
When we look at the real data, we see no 0.1¢
redshift evolution ook L | B | | :
1.0 1.5 2.0 2.5 3.0
s
Risaliti+26b16
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SAMPLE SELECTION - RECAP Eesa

« Constant slope with z
« Dispersion ~0.15 dex : <y>=0.58+0.01
e The intrinsic scatter must be <0.05 :
dex (see Signorini+24)

« A new way to use quasars to measure
distances (Dutra+25) gives cosmological
results that are consistent with the Ly-Ly
ones (see Lusso’s talk from yesterday)

« The sample is public!
« A bigger sample that extends at high

redshift is on the way gD
COMING |
_SOON
Risaliti+26b
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DISC-CORONA INTERACTION esa

A refueling process

tantlv bri UV photons from the
e anfy rlphgs / disc are the seeds for
o X-ray the X-ray emission
disc to the corona

~
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DISC-CORONA esa

A refueling process
constantly brings
energy from the
disc to the corona

UV photons from the
/ disc are the seeds for
X-ray the X-ray emission

How does this
energy transfer
happen?

How do the corona
properties change with
changes in the accretion?

What are the shape
and geometry of
the corona?

Why is the log(Ly)-log(yy)
relation so tight?

19
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THE M-A.4, RELATION

J1415+11 (40) Lo
[ Apdg =
=X LEga
S . t I
- 2F E
w ]
7] ]
2 +i X
3 . |
=33
0 == ———
4 ol W; R Standard picture: more energetic UV
o L L photons from the disc cool down the
0> 1 2 > Corona, producing a steeper spectrum
Energy (keV)
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THE M-A.4, RELATION Qesa

N I S I [ IS | [rrr[rrrprrrprrr | R DL L |
H ces

L || | Jekenororiz - Slopes from ~0.2 to ~0.6
EZSE‘ f + L‘ +_ . .
LJ: R LEe e  Different results for different
& i Aeqq Fecipes and sample
2 selections
= ]; all 425 low-z BASS 1
S Lolmmenttiy o Some question the existence of
-4 =) -1 0 1 " .
Eddlngton ratio, log (20 La_10/LEqq) the I‘e|atI0n entll‘e|y

. Kamraj+22
‘ Brlghtman13 ( J )

%ﬁ i%%

rg= 0.57
. P=1.8le-04 T,

ﬁ%f "l AN sof 2
+ i

« Alternative physical explanations
(e.g. Yang+15)

1.5
—— Shemmer+08 1.8 }_I_{
+—+— Brightman+13
——- Trakhtenbrot+17 1.8F E
4+  Multi—epoch X-HESS | 1
* Single—epoch X-HESS | 1.4F
job v e e e e ey 1 1 1 L "I IR P . L L
—0.4 —0.2 0.0 0.2 0.4 0.6 42 43 44 45 46-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
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THE M-A.4, RELATION

esa

© BASS - all 125
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'[rakht nbrot17 Slopes from ~0.2 to ~0.6

« Different results for different
Aegq Fecipes and sample
selections

all 425 low-z BASS 1

sources with L/LE(M‘ °
PRI IR B B R AN BN | il

Some question the existence of

Eddlngton ratlo log (20 Ls_10/LEqq)

-1 0 1

the relation entirely
(Kamraj+22)

;BnghUnan13

%?E i%%

rg= 0.57

« Alternative physical explanations
(e.g. Yang+15)

1 , . P=1.8le-04 T,
‘. $ 1 . B ' ' ' 1
ﬁH + ° %HP Our goal: to test the IN'-Agy4
4 2.0F T - - =
e _— {’%{H + relation on the biggest uniform
-—=-— Brightman+13 e =
——- TragkhtenbroHl? 1.6 '_E' Sample pOSSIbIe
Multi—epoch X—HESS 1
* Single—epoch X-HESS | 1.4}
Lo —(‘3-4‘ ‘—fl)-El ‘ IOIOI ‘ '0.‘2‘ ‘ I0{4‘ ‘0-5 4I2 4I3 4I4 4I5 4I6—{;.0 —é.ﬁ —QI.O —£.5 —ll.O —(;.5 O:D
log Agda log,o Lagoo log oAgaa 22
- == = E ol o i = e Bl K im == — [+]  » THEEUROPEAN SPACE AGENCY



THE M-A.4, RELATION

esa

i  Slopes from ~0.2 to ~0.6
LJ: « Different results for different
= Aeqq Fecipes and sample
2 selections
A = Q L
Very relevant for Little Red Dots! vl Some question the existence of
| | 5 the relation entirel
e Studies suggest LRD are undetected in X-ray | (Kamraj+22) y
.. B4l because they are accreting very efficiently and ]
therefore have very steep (I'>3) spectra _ _ | _
-{__(Madau & Haardt 24; Pacucci & Narayan 24) | * Alternative physical explanations
ol AL T —— T =TT (e.g. Yang+15)
B #* . t [ .1 0-5¢ :rs:l t?12704 7, ;s::s.slogggqa } :
fty %%: - Our goal: to test the MN-Agqq
* e —+"." 1 relation on the biggest uniform
-—-— Brightman+13 = 1.8 }_P T _
T Tekmenbratrir | | L6} Ea T T sample possible
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SAMPLE SELECTION

SDSS DR16Q l
+
XMM-Newton serendipitous sources catalogue

25548 objects

Cleaning criteria:
 remove reddened objects using optical colours
 remove BAL

 remove radio-loud
« require SNR>1 in each XMM band
« require '-Al' >1.5 to avoid obscuration

« require well-defined SMBH mass measurement 5805 objects

1
I
i
I
|
.I.
I
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MEASURING Ag44 Eesa

different recipes:
Lusso+12, Krowczyk+13,
Netzer+19, Duras+20...

Lol _ Lol
Lgaa 1.26 x 1038 (Mg /M) ergs™!

Agdqd =

Single Epoch
(HB, MGII, CIV)
from Wu&Shen22
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THE I-Agyy RELATION - RESULTS

esa

LT P (W, KSPSL SV O IR AL S S [ FR
3.25 H Data: RL_to4400 Duras (N = 5599)
[| == RL t04400 _Duras (a=-0.027, b=1.965)
[|— RL_Krawczykl3 (a=-0.029, b=1.959)

[| == RL _Netzer19 L3000 (a=-0.018, b=1.978)
3,00 K= Duras4400 (a=+0.217, b=2.271)

|| = Krawczyk13 BC2500 (a=+0.129, b=2.145)
Netzerl9 L3000 (a=+0.167, b=2.147)

H === SSdisk MBH (a=+0.087, b=2.077)

I cut[1.5,3.0]

275 1 @ Avgerr (o x=0.26, 0 y=0.22)

...............................

2.50

L 2.25 MALR

2.00

1.75 oy

1.50 | |

Hp
0.06+0.01 to 0.23+0.02

MGII
-0.11+0.01 to 0.22+0.02

CIV
-0.1240.01 to -0.03+0.01

 Different results for
different SMBH masses
and Ly

« Always flatter than the
~0.3 from the literature

1.25}
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0
. . . Io A
Signorini+26 (tbs) e .
= s I ESINI =S E S - he B0 SE im 2= = = I#] - THEEUROPEAN SPACE AGENCY



EDDINGTON RATIO DISTRIBUTION Eesa

Risaliti, Trefoloni & Salvati 2026 700008 T T T
(arXiv 2601.19412) 60000° Qi (oo =o10020%)
There is no room for an intrinsic 200008 i
dispersion in Agyqq higher than ~0.2 dex 540000 -
30000¢ |

Most SDSS quasars likely populate a 20000¢ [
tiny Agpp rage, so a relation can be 10000"
easily washed out! : J

556 15 ~1.0 ~05 000310

log(Agqq)

See Bartolomeo Trefoloni’s talk from yesterday ©
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EDDINGTON RATIO DISTRIBUTION Eesa

Risaliti, Trefoloni & Salvati 2026 70000 T s T
(arXiv 2601.19412) 500001 Il | [0oatheash = -1.08:0.35
There is no room for an intrinsic 20000 i
dispersion in Agyq higher than ~0.2 dex 540000 -
30000~ B

Most SDSS quasars likely populate a 20000- ||
tiny Agpp rage, so a relation can be 10000:
easily washed out! § J

557250 =15 -1.0 0.5 0.0 05 L0

log(A
...S0 are we doomed? 09(Agdd)

See Bartolomeo Trefoloni’s talk from yesterday ©
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MULTIPLE OBSERVATIONS esa

1900 objects in the sample have multiple XMM-Newton observations

If we look at an object and it varies in luminosity, the mass is constant, therefore
the change can be attributed to a change in Agyp

fit '-L, and then translate the slope to a I'-A,,, relation

29
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MULTIPLE OBSERVATIONS esa

1900 objects in the sample have multiple XMM-Newton observations

If we look at an object and it varies in luminosity, the mass is constant, therefore
the change can be attributed to a change in Agyp

fit '-L, and then translate the slope to a I'-A,,, relation

Caveats:

S _ _ 500} -~ Nmin=2

« Variability is stochastic 8 = Nmin=5 |

- Observations not homogenously &% — Nmin=10};
spaced in time « 300}
. 3 200}
We require: E |
« Std(Ly)/median(err_Ly) >1 Z 100¢

D' ..........................

- 15 20 25 30 35
1046 objects Number of observations per object
o I ESI =S - == @ mem || - THEEUROPEAN SPACE AGENCY




MULTIPLE OBSERVATIONS

esa

141745.75+250243.5 N=17 105239.59+572431.3 N=17 105316.75+573550.7 N=16 151527.25+560721.0 N=15

a=-0.07+0.48 a=+063+0.39 a=+051%0.27 a=+0.76+0.40
——— ————r A 22 —— . — _ — ——— T
[ j 241 . ] 1
26 | 1 [ p p 24 :
| g F 1 21 . ]
I 1 23y ] 1 1
[ ] [ e ] j 1
241 ] F 1 20 1 23 )
[ 1 1 221 5 —— ] ]
22 F = [ 1 19 ] g
| p [ ] 1 20 L1 R
b — 1 21 b ] [ |
- ] : ] ] " :
20 | B [ b 18 [ .
L ] aof . ] 18 F =7 g
w1l ] r b 17 ] 1
[ ] 19| . ] 16 ]
[ ] r ] 16 4 1
16 1 : ] ] ]
I T PR M B b S T T [N TN S [ S S T [ T TN [N TN TS (TSSO S SN (PO~ M B L id P M T M R
%63 65 %67 26775 26850 26875 26.925 26950 2695 27.10 7. 27 6.1 %3
log Ly(2 keV) log Ly(2 keV) log L2 keV) log Ly(2 keV)
120359.09+443714.9 N=14 000601.31+200353.4 N=14 122931.19+015248.0 N=14 000524.22+201510.4 N=12
a=+0.17%0.36 a=+0.38+0.44 a=+0.10£0.31 a=+0.34%052
—————————————————————— T T T T T T ————————————————— ] ————————— T ————————
[ ] 26 E 24 1
26 | E i ] |
I 1 26 |
3 1 24r ] 22 .
24 L e ] |
| _ p 24 |
F I 1 22 q |
a3 b —— ] . [ P | i 20 S N -
| . 20 r J | |
L 4 L | —— |
20 i ] 20 e e 1 18 4
| g - 18 B 1
8 b 18 E ]
I 1 16 ] 16 ]
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2610 2615 2620 2625 2630 2635 2640 2645 2630 2635 2640 2645 2650 2655 2660 2665 6.0 6.1 2.3 5 2650 2655 2660 2665 2670 2675  26.80
log Lui2 keV) log Lui2 keV) log Lui2 keV) log Lu(2 keV)

Signorini+26 (tbs) »
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MULTIPLE OBSERVATIONS esa

The object-to-object difference is significant
(different times, different numbers of observations, different uncertainties on I" values)

We stack the posterior distributions for the slope value a yx using PosteriorStacker
(Baronchelli, Nandra & Buchner 2020) Signorini+26 (tbs)

! — Gaussian HBM (median)
1.50 Gaussian HBM 68% band ]
- U= +0.342
IN'=ax ¥ log(Lokey) + b & 1.25 68%: [+0.314,+0.370]
-
L 1.00
L
3 0.50
o~ 0.22 o
* 0.25
{]DU 1 1 i | ] 1 |
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5

a., (slopel vslogL;gey)
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MULTIPLE OBSERVATIONS

We can now translate the a x to the a,pp.

« use the log(Ly) - log(L,y) relation to
derive log(L>5g0a) [Lusso+20]

 choose a recipe to go from
monochromatic to bolometric luminosity

For different K,,, the values go from
Q,epp = 0.48 + 0.05 to a,gpp = 0.58 + 0.07

T T T T T T T T T T T T T T T T T T T T T T

Netzerl9 (a=0.48 £0.05)

261

| === Krawczykl3 (a =0.53 £ 0.06)
| = Duras20 (a=0.58+0.07)
4 F == whole sample (a=0.03)

-2.0 -1.5 -1.0 —-0.5 0.0
log Aedd

Signorini+26 (tbs)

I
I

- o lc= W 4 JI1:

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



MULTIPLE OBSERVATIONS esa

3.0 Global: a=-0.13+/-0.02 i
4 122934.73+015658.0 (N=36, logM=9.0) _
151547.49+561032.6 (N=29, logM=7.7)

2.8

¢ 151627.15+562044.7 (N=27, logM=8.6) |
o 172122.82+575029.4 (N=26, logM=9.2) |
» 151510.10+562834.7 (N=25, logM=7.7)
« % 151453.86+561031.9 (N=25, logM=8.9)

Multiple objects together 2.6
in the M-Agy4q plane:
dividing by Mgy shifts 24

objects so that the -, :
resulting slope goes from ]
positive to negative 2.0 )
1.8 -
16 :
Signorini+26 (tbs)-
I_zl.ol | ] I_]I“5I ] ] I_]I--OI ] | I_(I].5I ] ] ] l::]-Il:::‘ ] | ] | OI5 | ] ] |

log ARY, [Ix->RL->Lbol->MBH]
= I EE TS - = S I = 55 = mm O be B0 SE iem 52 EX I i mm [#] > THE EUROPEAN SPACE AGENCY



CONCLUSIONS

esa

I
« We build a clean, homogeneous
sample to study the Ly-L,, relation

« We check our methodology
against the Eddington ratio using
mock samples

 The slope y is constant with the
redhisft and dispersion ~0.15 dex

 Dutra+25 shows consistent
cosmological results

« A bigger sample with high-z
objects is on the way

II
We start from the same
homogeneous sample to study the
the -Agq4q4 relation

In the whole sample, we find
slopes that are almost flat and
that change with different Mg, and
L, choices

Using X-ray variability we remove
the Mg, scatter and get a strong
S|gna| aAEDD NO.S

THANK YOU!
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