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Brief introduction to Cosmography and its limitations

The story of high redshift LCDM tension from Quasar

e Based on Risaliti and Lusso, Nat.Astron. 3 (2019) 272-277 and Lusso
et.al., Astron.Astrophys. 628 (2019) L4

The reanalysis of this tension. Is it a real tension? What’s
the implication of this tension?

e Based on T,Yang, A. Banerjee, and E. O. Colgain, arXiv:1911.01681

Summary
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Type la Supernovae, standard candles

Type Ia Supernovae — redshift(z)
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Weinberg, 2000 Coincident problem

The tension with the Hubble constant

Hubble Constant Over Time
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Extensions to base LCDM model

Dynamical dark energy? Interaction in dark sector?
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We need new and independent probe!

We also need new and model-independent data-
analysis method!

Modified gravity?

Model

Background parameterizations:
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i, n scale-independent:
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Other particular examples:

DE sound speed and k-essence . .

Equation of state approach: .. ..
Lorentz-violating massive gravity
Generalized scalar fields . . . ..
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It’'s a model-independent method

It has serious limitations at high H(t) = +

redshift

It is a popular method 10-15 years
ago, nowadays we have more
fashionable and developed model-
iIndependent numerical methods

Cosmography

FRW metric

(Gaussian process etc.)
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Is Cosmography a reliable tool for cosmology?
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Vinicius C. Busti®

H(y)/H,

1.8

Phys.Rev. D92 (2015) 123512

Is cosmography a useful tool for testing cosmology?

* Alvaro de la Cruz-Dombriz®® T Peter K. S. Dunsby®© ¥,

—— ACDM model
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The story of 4 sigma
LCDM tension from
Quasar at high redshift



Risaliti and Lusso, Nat.Astron. 3 (2019) 272-277

Cosmological constraints from the Hubble diagram of quasars at high
redshifts

G. Risaliti!?", E. Lusso?

'Dipartimento di Fisica e Astronomia, Universita degli Studi di Firenze, Via. G. Sansone 1, 50019
Sesto Fiorentino (FI), Italy.

’INAF- Osservatorio Astrofisico di Arcetri, Largo E. Fermi 5 50125 Firenze, Italy.

3Centre for Extragalactic Astronomy, Durham University, South Road, Durham, DH1 3LE, UK.

The concordance (ACDM) model reproduces the main current cosmological
observations'?** assuming the validity of general relativity at all scales and epochs,
the presence of cold dark matter, and of a cosmological constant, A, equivalent to a
dark energy with constant density in space and time. However, the ACDM model is
poorly tested in the redshift interval between the farthest observed Type Ia
supernovae® and that of the Cosmic Microwave background (CMB). We present new
measurements of the expansion rate of the Universe in the range 0.5<z<5.5 based on
a Hubble diagram of quasars. The quasar distances are estimated from their X-ray
and ultraviolet emission, following a method developed by our group®’®. The distance

modulus-redshift relation of quasars at z<1.4 is in agreement with that of supernovae

and with the concordance model. Yet, a deviation from the ACDM model emerges at

higher redshift, with a statistical significance of ~4c. If an evolution of the dark energy
equation of state is allowed, the data suggest a dark energy density increasing with
time.




Non-linear relation between ultraviolet and X-ray luminosity of quasars

log(Lx) =L+ log(LUV). B ~9 and v ~0.6.
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Hubble diagram of quasars
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4 sigma tension from high redshift quasar




Astron.Astrophys. 628 (2019) L4
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July 25, 2019

LETTER TO THE EDITOR

Tension with the flat ACDM model from a high-redshift Hubble
diagram of supernovae, quasars, and gamma-ray bursts

E. Lusso!?*, E. Piedipalumbo®*, G. Risaliti'-?, M. Paolillo>*?, S. Bisogni?, E. Nardini® and L. Amati°.

In the current framework, the standard parametrization of our Universe is the so-called Lambda Cold Dark Matter (ACDM) model.
Recently, a ~4 o tension with the ACDM model was shown to exist via a model-independent parametrization of a Hubble diagram of
type la supernovae (SNe Ia) from the JLA survey and quasars. Model-independent approaches and independent samples over a wide
redshift range are key to testing this tension and any possible systematic errors. Here we present an analysis of a combined Hubble
diagram of SNe Ia, quasars, and gamma-ray bursts (GRBs) to check the agreement of the quasar and GRB cosmological parameters
at high redshifts (z > 2) and to test the concordance flat ACDM model with improved statistical accuracy. We build a Hubble diagram
with SNe Ia, quasars , and GRBs, where quasars are standardised through the observed non-linear relation between their ultraviolet
and X-ray emission and GRBs through the correlation between the spectral peak energy and the isotropic-equivalent radiated energy
(the so-called Amati relation). We fit the data with cosmographic models consisting of a fourth-order logarithmic polynomial and
a fifth-order linear polynomial, and compare the results with the expectations from a flat ACDM model. We confirm the tension
between the best-fit cosmographic parameters and the ACDM model at ~40- with SNe la and quasars, at ~20- with SNe Ia and GRBs,
and at > 40 with the whole SNe la+quasars+GRB data set. The completely independent high-redshift Hubble diagrams of quasars
and GRBs are fully consistent with each other, strongly suggesting that the deviation from the standard model is not due to unknown
systematic effects but to new physics.
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Is this tension real?



Mon.Not.Roy.Astron.Soc. 489 (2019) 517-523

Cosmological test using the Hubble diagram of high-z quasars

Fulvio Melia*

Department of Physics, The Applied Math Program, and Department of Astronomy, The University of Arizona, AZ 85721, USA;
E-mail: fmelia@email.arizona.edu
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No tension!



Astrophys.J. 815 (2015) 33

A HUBBLE DIAGRAM FOR QUASARS

G. RisaLiTi! AND E. Lusso!

In(LF) = — Z { log(Fx)i — <I>2(FUV, Drp)il? + ln(sf)}
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arXiv:1911.01681

On cosmography and flat ACDM tensions at high redshift

Tao Yang', Aritra Banerjee! & Eoin O Colgdin'?
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Is the quasar a reasonable data set?
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Test log cosmography with the mock data sets
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Distance modulus

Is quasar data reasonable?

Bin data of quasar
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arXiv:1911.11848

Is the Hubble diagram of quasars in tension with concordance cosmology?

Hermano Velten*
Departamento de Fisica, Universidade Federal de QOuro Preto (UFOP),
Campus Morro do Cruzeiro, 35400-000, Ouro Preto-MG Brazil

Syrios Gomes'|
Nicleo Cosmo-UFES € Departamento de Fisica, CCE,
Universidade Federal do Espirito Santo, 29075-910, Vitoria-ES, Brazil
(Dated: November 28, 2019)
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Summary of the quasar story

 Though cosmography is a model-independent technology, it is not a reliable tool for
cosmology especially in high redshift region

 Quasars are powerful cosmology “candles”, but the calibration should be treated carefully.

« (Other model-independent numerical methods should developed to analyze these high
redshift data (QSO, GRB, GW StS, etc.)

You can try Gaussian process



Gaussian process

A regression method in supervised machine learning
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Applications in gravitational wave cosmology

Simulation of ET to reconstruct w Simulation of LISA to reconstruct interaction of dark sector
10
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Cai and Yang 2017
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Thanks for your
attention!



