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Supernova Ia

We build the distance-redshift  or 

“Hubble-Lemaître”, diagram:

• the shape constrains 

cosmological models

• inside a model, the shape 

constrains its parameters

Supernova 

Cosmology

Project

Perlmutter+1998

INTRODUCTION
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Supernova Ia

We build the distance-redshift  or 

“Hubble-Lemaître”, diagram:

• the shape constrains 

cosmological models

• inside a model, the shape 

constrains its parameters

…not observed at high redshift!
Brout+22

INTRODUCTION
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INTRODUCTION

Quasars are interesting candidate for 

being standard candles:

• Very bright 

• Very numerous

• Observed from low (z~0.001) to 

high (z>10) redshifts
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INTRODUCTION

Quasars are interesting candidate for 

being standard candles:

• Very bright 

• Very numerous

• Observed from low (z~0.001) to 

high (z>10) redshifts

However, their emission is clearly not 

standard!

Lbol ~ 1040 - 1047 erg/s
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THE LX-LUV RELATION

log 𝐿𝑋 = 𝛾 log 𝐿𝑈𝑉 + 𝛽

log 𝐷𝐿 =
1

2 − 2𝛾
log 𝑓𝑋 − 𝛾 log 𝑓𝑈𝑉 + 𝛽′

Distance measurements!

𝑓𝑋 =
𝐿𝑋

4𝜋𝐷𝐿2
𝑓𝑈𝑉 =

𝐿𝑈𝑉
4𝜋𝐷𝐿2

UV

X-ray

2500Å

2 keV
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THE LX-LUV RELATION

log 𝐿𝑋 = 𝛾 log 𝐿𝑈𝑉 + 𝛽

log 𝐷𝐿 =
1

2 − 2𝛾
log 𝑓𝑋 − 𝛾 log 𝑓𝑈𝑉 + 𝛽′

Distance measurements!

𝑓𝑋 =
𝐿𝑋

4𝜋𝐷𝐿2
𝑓𝑈𝑉 =

𝐿𝑈𝑉
4𝜋𝐷𝐿2

Risaliti&Lusso19

𝛾 ~ 0.60
𝛽 ~ 8.00
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THE LX-LUV RELATION

Sample selection, we remove:

• radio-loud and BALs

• dust-reddened objects in the UV

• gas-obscured objects in the X-ray

• objects that might be affected by 

the Eddington bias in the X-ray 

Risaliti&Lusso19

𝜹~0.40 dex 𝜹~0.24 dex 𝜹~0.12 dex



9

THE LX-LUV RELATION

Extension of the Hubble Diagram

At high z, a ~4𝜎 tension with the 

flat ΛCDM model builds up

Bargiacchi+21
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THE LX-LUV RELATION

Can the tension come from residual 

reddening? No (Trefoloni+24)

How does the relation change when we 

use different UV and X-ray indicators? 

(Signorini+23b)

How low can the dispersion get, when the 

data quality increases? (Sacchi+22)

What are the causes of the residual 

dispersion? (Signorini+24) Trefoloni+24
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THE LX-LUV RELATION

Concerns have been made regarding the method:

• Non-consistency of quasars with SNIa (Khadka & Ratra 2020)

• When studying the relation redshift bins, the bin finiteness biases 
the results (Petrosian+22)

• When dividing the sample in low and high redshift, there is a 

discrepancy in the relation parameters (Khadka & Ratra 2020, 
2021)

• We need to correct for luminosity evolution with redshift 

(Singal+2022; Dainotti+2022, 2023; Wang+2022,2024)

I will present the results of Lusso+25 where these concerns are 

addressed
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THE LX-LUV RELATION

(i) Can we determine the parameters of the relation in a 

cosmological-independent way?

(ii) Can we be sure that the relation does not evolve with the 

redshift?
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SNIa + QUASARS – 0.7 < z < 1.6

How do we test 𝛾 and 𝛽 ?

If we use luminosities, the results are going

to be cosmology-dependent

(i) we test 𝛾 in small redshift bins using

fluxes. At redshift below 0.7, the host

galaxy can mess up the 2500Å

measurement. In the 0.7-1.6 range, we

see no redshift evolution

log(𝐹𝑋) = 𝛾log(𝐹𝑈𝑉) + መ𝛽

log 𝐿𝑋 = 𝛾 log 𝐿𝑈𝑉 + 𝛽



14

SNIa + QUASARS – 0.7 < z < 1.6

log 𝐿𝑋 = 𝛾 log 𝐿𝑈𝑉 + 𝛽

How do we test 𝛾 and 𝛽 ?

If we use luminosities, the results are going

to be cosmology-dependent

(i) we test 𝛾 in small redshift bins using

fluxes. At redshift below 0.7, the host

galaxy can mess up the 2500Å

measurement. In the 0.7-1.6 range, we

see no redshift evolution

log(𝐹𝑋) = 𝛾log(𝐹𝑈𝑉) + መ𝛽
Lusso+25
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SNIa + QUASARS – 0.7 < z < 1.6

(ii) 𝛽 is a normalization, it is degenerate with

the absolute scale of DL

log(𝐹𝑋) = 𝛾log(𝐹𝑈𝑉) + መ𝛽

መ𝛽 𝑧 = 𝛽 − 1 − 𝛾 log 4𝜋 − 1 − 2𝛾 log𝐷𝐿

We fit SNIa and quasars DM in the common 

redshift range to find 𝛽

log 𝐿𝑋 = 𝛾 log 𝐿𝑈𝑉 + 𝛽

Lusso+25
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SNIa + QUASARS – 0.7 < z < 1.6

When assuming flat ΛCDM:

Ωm = 0.284 ±0.013, γ= 0.605 ±0.015, 

β= 8.11±0.46

• the matter parameter is the expected one 

• the γ is the same as the average in 

redshift bins 

• the fact that the shape is the same, once 

the zero-point is set, shows β is not 

evolving

Results are analogous when performing a 

cosmographic fit

γ= 0.601 ±0.015 and β= 8.23 ±0.46

Lusso+25
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HIGH(ER) REDSHIFT

But what if 𝛾 and 𝛽 start evolving at redshift z>1.6?

Because 𝛽 is degenerate with the DL normalization, there is a complete degeneracy 

between the distance-redshift evolution and a redshift dependence of 𝛽

If we assume a ’true’ cosmological model and a non-evolving 𝛽, the HD can be   

reproduced with any other model by assuming

𝛽 𝑧 = 𝛽 − 2 − 2𝛾 𝑙𝑜𝑔
𝐷

∗
𝐿(𝑧)

𝐷𝐿(𝑧)
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HIGH(ER) REDSHIFT

Test using Pantheon+

Fit of the HD assuming a fixed ΛCDM model with 

ΩM = 1 and ΩΛ = 0 

+

evolution of the zero-point mag like a1exp(a2*z)

We get a1∼−0.3; a2∼−0.5

The two models are both good enough!

one cannot rely on a cosmological analysis to 

determine the ultimate standardisability of a 

given data set
Lusso+25
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HIGH(ER) REDSHIFT

UV

X-ray

We need other reasons to say that 𝛽 is not evolving

• Accretion physics on SMBH is the same at all z

• Quasars agree with SNIa in the common redshift 
range; if accretion physics and γ do not evolve, 

why would β?
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HIGH(ER) REDSHIFT

Sacchi+22

We need other reasons to say that 𝛽 is not evolving

• Accretion physics on SMBH is the same at all z

• Quasars agree with SNIa in the common redshift 
range; if accretion physics and γ do not evolve, 

why would β?

• High redshift UV and X-ray spectra look exactly 
like the low redshift ones (Sacchi+22, 
Trefoloni+24a)
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HIGH(ER) REDSHIFT

We need other reasons to say that 𝛽 is not evolving

• Accretion physics on SMBH is the same at all z

• Quasars agree with SNIa in the common redshift 
range; if accretion physics and γ do not evolve, 

why would β?

• High redshift UV and X-ray spectra look exactly 
like the low redshift ones (Sacchi+22, 
Trefoloni+24a)

• The intrinsic dispersion of the LX-LUV is likely very 
small (~0.06 dex, Signorini+24). If the relation is 
very tight and spectral shapes do not change, 
there is no room for an evolution of the relation

Signorini+24
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HIGH(ER) REDSHIFT

Regarding γ at higher z, can the binning 

influence the mean value? 

N=20 𝛾 =0.569±0.050

Lusso+25
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HIGH(ER) REDSHIFT

Regarding γ at higher z, can the binning 

influence the mean value? 

No, as long as the bins are spaced so 

that the distance dispersion (<0.1 dex) is 

smaller than the expected intrinsic 

dispersion of the relation

N=50, 𝛾 =0.570±0.102

Lusso+25
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LUMINOSITY EVOLUTION?

Do we need to apply the Efron-Petrosian correction to quasars?

γ~ 0.28 (Singal+22)

γ~0.6 (Lenart+23, 
Dainotti+22)

Risaliti&Lusso19
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LUMINOSITY EVOLUTION?

Do we need to apply the Efron-Petrosian correction to quasars?

γ~ 0.28 (Singal+22)

γ~0.6 (Lenart+23, 
Dainotti+22)

But quasars selected for cosmology are not simply a 

flux-limited sample! 

Risaliti&Lusso19
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LUMINOSITY EVOLUTION?

Do we need to apply the Efron-Petrosian correction to quasars?

But quasars selected for cosmology are not simply a 

flux-limited sample! 

• In the UV, SDSS quasars are color-color selected

• In the X-ray, most sources are serendipitous so the 

flux threshold changes object to object 

• Further selection (at a great statistical cost!) is 

performed to remove reddened/obscured objects 

and to avoid the Eddington bias

• Non-accurate determinations of the threshold can 

bias the EP implementation (Byant 2021)

Risaliti&Lusso19



28

LOW VERSUS HIGH REDSHIFT

Not knowing the correct cosmological model can 
show up as an apparent discrepancy between the 

low redshift and high redshift values of γ and β

Mock sample with ΩM = 0.1 and ΩΛ = 0.9.

We fit with ΩM = 0.3, ΩΛ = 0.7 (red) and ΩM = 0.9, 
ΩΛ = 0.1 (blue).

The value of γ and β obtained are different from 

the input!

ΩM = 0.3, ΩΛ = 0.7

ΩM = 0.9, ΩΛ = 0.1
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LOW VERSUS HIGH REDSHIFT

Not knowing the correct cosmological model can 
show up as an apparent discrepancy between the 

low redshift and high redshift values of γ and β

Mock sample with ΩM = 0.1 and ΩΛ = 0.9.

We fit with ΩM = 0.3, ΩΛ = 0.7 (red) and ΩM = 0.9, 
ΩΛ = 0.1 (blue).

The value of γ and β obtained are different from 

the input!

If we allow γ and β to vary, the further from the 

‘truth’ the chosen model is, the more 
significant is an evolution of γ and β

ΩM = 0.3, ΩΛ = 0.7

ΩM = 0.9, ΩΛ = 0.1
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CONCLUSIONS

The LX-LUV relation in quasars can be used to standardize 
them and measure distances up to z~7 – and we find a ~4𝜎
tension with ΛCDM

We can not rely on cosmology-dependent tests when 

validating a standard candle 

We can constrain that 𝛾 does not evolve with redshift by 

analysing the flux-flux relation in small redshift bins

We need to rely on physical reasons to believe the non 

evolution of the normalisation 𝛽 at high z

Do you want to use quasars to test your favourite alternative 

cosmological model at high z? Let’s chat at the coffee break!

UV

X-ray
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