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Background

Why accelerating expansion?

Dark Energy

Λ
Does ΛCDM model consistent with 

observational data?

The simplest explanation for dark energy：
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All observational evidence 

(SNe Ia, CMB, BAO) was 

concordant with the 

simplest assumption that 

there exists non-vanishing 

cosmological constant Λ. 

The  ΛCDM model still 

encounters lots of problems.
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According to Om(zi,zj) and Omh2(zi,zj) diagnostics, does ΛCDM model 

consistent with the newest H(z) data? 

If ΛCDM model in tension with H(z) data, whether the XCDM or 

CPL models agree better with the H(z) data?

We want to answer two main questions in this work:

New H(z) data from cosmic chronometers:

M., Moresco et al., 2015, Mon. Not. Roy. 
Astron. Soc., 450, L16 [arXiv:1503.01116]

M., Moresco et al., 2016 [arXiv:1601.01701]
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Diagnostics in Brief

Sahni, V., Shafieloo, A. & Starobinsky, A.A., 2008,
Phys. R ev. D, 78, 103502 [arXiv:0807.3548]

Om(z) diagnostic:
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 No accurate direct measurements.
 Reconstruct from distance measurements.  Hard to measure directly.

 Indirectly, exists debate. 
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Diagnostics in Brief

Two-point Om(z1, z2) diagnostic:

0),( HzHLeft side:                 0),(m CDMji zzO

Right side:                 

Shafielo o, A., Sahni, V. & Starobinsky, A.A., 2012,
Phys. Rev. D, 86, 1 03527 [arXiv:1205.2870]

Compared to the original Om(z) diagnostic:

 Without any need of knowing matter density parameter.
 A sample of n measurements offers us n(n−1)/2 different 

values of two point diagnostics. 



of 19Cracow-Poland    10-23.07.2017 8

Diagnostics in Brief

Sahni, V., Shafielo o, A. & Starobinsky, A.A., 2014,
Astrophys. J., 793, L40 [arXiv:1406.2209]

Two-point Omh2(z1, z2) diagnostic:
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H(z)Left side:

Right side:                 
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data (Hubble parameter)

36 H(z)
30 Differential Ages(DA)

6 Baryon Acoustic Oscillation(BAO)
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The most popular way of summarizing measurements: weighted mean

Statistical Method

weighted mean: Variance:

For Omh2(z1, z2) diagnostic:

This well known and often used approach(weighted mean) relies on several strong 

assumptions: 

 statistical independence of the data

 no systematic effects

 Gaussian distribution of the error

For Om(zi, zj) diagnostic is similar.
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Statistical Method

Therefore, following Chen G. et al. (2003) and Crandall et al. (2014), we have 

drawn histograms of distribution of our measurements as a function of the 

number of standard deviations Nσ away from central estimates 

For the whole sample, weight mean 
method, the  percentage of the 
distribution falling within ±1σ, 
i.e. |Nσ|<1 is: 83.49%
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For Gaussian distribution,it 
should be:     68.3%

Number of measurements .VS. Nσ
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Statistical Method

Another, much more robust approach: calculate the median

)!(!
2

nNn

N
P N


  ！

The probability that n observations 

out of the total number of N is higher 

than the median follows the binomial 

distribution:
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Statistical Method

If some other parametrization of dark energy can perform better?

How to do the comparison?

Residuals weighted mean:

We calculated the residuals:

Variance:

The simplest extensions of the ΛCDM:  wCDM and CPL

Residuals weighted mean: Variance:Variance:

thjijijiO
zzOmhzzOmhzzR ),(),(),( 22

mh 2 

Left side Right side
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Statistical Method

Left side Right side

ΛCDM: 

wCDM:

CPL:
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For Omh2(zi, zj) diagnostic:

Left side: use observational H(z) data from DA and BAO techniques.

Right side use JLA 
constraint results:
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Residuals of Om(zi,zj)

Residuals of Omh2(zi,zj)
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 36 H(z) data were used: 30 from DA and 6 from BAO.
--BAO and DA techniques are prone to different systematic uncertainties.

--Big leverage of the z = 2.34 data point.

 Om(zi,zj) and Omh2(zi,zj) diagnostics were discussed to test ΛCDM 
model.

--Both two-point diagnostics have non-Gaussian distributions.

--The median statistic results support the claim that H(z) data seem to be

in conflict with the ΛCDM model.

 If other cosmological models, alternative to the ΛCDM perform better?
--we considered wCDM and CPL models.

--calculating the “observed - expected” residuals.

-- ΛCDM is still in better agreement with the data than wCDM or CPL.

 We should pay more attention to the H(z) data from different 
observation.

Conclusion and discussion 
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