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• Brief introduction to Cosmography and its limitations


• The story of high redshift LCDM tension from Quasar


• 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?


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


• Summary 
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Concordance cosmological model:  
flat LCDM model (w=-1)

Credit: KIAS



Fine-tuning Coincident problem

The tension with the Hubble constant

Weinberg, 2000

W. L. Freedman, 2019







Extensions to base LCDM model

Dynamical dark energy? Interaction in dark sector? Modified gravity?

G. B. Zhao, Nat.Astron. 2017

⇢̇m + 3H⇢m = Q

⇢̇DE + 3H(1 + w)⇢DE = �Q
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Q = 3b2H(⇢m + ⇢DE)
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B. Wang 2006

Planck 2015

We need new and independent probe! 

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



Cosmography
• It’s a model-independent method


• It has serious limitations at high 
redshift


• It is a popular method 10-15 years 
ago, nowadays we have more 
fashionable and developed model-
independent numerical methods 
(Gaussian process etc.)

FRW metric

Visser 2005



Y expansion

Log10 expansion

z = 6; y = 0.857
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z = 6; log10(1 + z) = 0.845
<latexit sha1_base64="qykSPD4bQAL2S0Sc4RlTuVXF2as=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqQkhq1YIUCm5cVrAPaEOYTCft0MmDmYnQhhbc+CtuXCji1o9w5984bbPQ1gMXDufcy733uBGjQprmt7ayura+sZnZym7v7O7t6weHDRHGHJM6DlnIWy4ShNGA1CWVjLQiTpDvMtJ0BzdTv/lAuKBhcC+HEbF91AuoRzGSSnL03KhyeT2ZwA4Le05imeOCdTY6rZhGuXTh6HnTMGeAy8RKSR6kqDn6V6cb4tgngcQMCdG2zEjaCeKSYkbG2U4sSITwAPVIW9EA+UTYyeyJMTxRShd6IVcVSDhTf08kyBdi6Luq00eyLxa9qfif146lV7YTGkSxJAGeL/JiBmUIp4nALuUESzZUBGFO1a0Q9xFHWKrcsioEa/HlZdIoGta5Ubwr5avlNI4MyIFjUAAWuAJVcAtqoA4weATP4BW8aU/ai/aufcxbV7R05gj8gfb5A/jylbA=</latexit>

LCDM

LCDM



Any deviation or tension from LCDM?



Third order (q0, j0) Fourth order (q0, j0, s0)

SNLS 
Union 
GRB 

Union+GRB

Vitagliano, 2010

Is Cosmography a reliable tool for cosmology?



Phys.Rev. D92 (2015) 123512



The story of 4 sigma 
LCDM tension from 

Quasar at high redshift



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



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



Hubble diagram of quasars

4 sigma tension from high redshift quasar



Astron.Astrophys. 628 (2019) L4



Hubble diagram

Y expansion Log expansion

4 sigma tension!



Is this tension real?



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

No tension!



Astrophys.J. 815 (2015) 33

No tension!



arXiv:1911.01681

Is cosmography a reliable tool?

Is the quasar a reasonable data set?



Test log cosmography with the mock data sets 

Consistent 
with LCDM

2 sigma tension!



Test Y expansion with real GRB data

Consistent 
with LCDM

LCDM value

2 sigma tension!



Is quasar data reasonable?

Bin data of quasar

3.5 sigma tension from Om=0.3 
1.5 sigma tension from Om=1



arXiv:1911.11848



• 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

Summary of the quasar story



Gaussian process
A regression method in supervised machine learning

Kernel function trained from data



Applications in gravitational wave cosmology
Simulation of ET to reconstruct w Simulation of LISA to reconstruct interaction of dark sector

Cai and Yang 2017 Cai and Yang 2018

Test modified gravity theory
Collaboration with 

Maggiore et.al., 2019



Thanks for your 
attention!


