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The consistency level of ΛCDM with geometrical data probes has been 

increasing with time during the last decade. 

There are some puzzling conflicts between ΛCDM predictions and 

specific observation

(bulk flows, alignment and magnitude of low CMB multipoles,

alignment of quasar optical polarization, fine structure dipole,dark energy dipole)

Most of these puzzles are related to the existence of  preferred anisotropy axes 

which appear to be surprisingly close to each other! 

The simplest mechanism that can give rise to a 

cosmological preferred axis is based on an off-center observer

in a spherical energy inhomogeneity (dark matter or dark energy)

Topological Quintessence is a simple physical mechanism that can give 

rise to a Hubble scale dark energy inhomogeneity.

From LP,  0811.4684,

I. Antoniou, LP, JCAP 1012:012, 2010, arxiv:1007.4347



Quasar absorption line  spectra can determine the value of the fine structure 

constant at various redshifts and  directions. The  Keck+VLT sample consists of 

295 absorbers with  0<z<4.2 indicates a dipole angular distribution of the fine 

structure constant at 4.1σ confidence level.

The distance moduli residuals from the ΛCDM best fit also exhibit a dipole 

anisotropy at the 2σ confidence level (0<z<1.4). This Dark energy dipole obtained 

from the 557 SnIa of the Union2 sample has a direction that almost coincides with 

the fine structure dipole.

Α. Μαριανο,  L.P., arxiv:1206.4055King et. al. , arXiv:1202.4758

Α. Μαριανο,  L.P., arxiv:1206.4055



Dipole+Monopole Maximum Likelihood Fit: 

larger  α



Random number from Gaussian probability distribution 

104 Isotropic Monte Carlo

Keck+VLT samples: None had as large 

a dipole magnitude as the observed!



brighter SnIa



Random number from Gaussian probability distribution 

104 Isotropic Monte Carlo

Union2 samples: 

4.75% had as large or larger a dipole 

magnitude A  as the observed!



Random number from Gaussian probability distribution 

104 Isotropic Monte Carlo

Union2 samples: 

6.12% had as small or smaller angular 

separation of dipole with fine structure 

dipole!





Angular separation of fine structure 

dipoles with full dark energy dipole in 

various redshift bins

Angular separation of dark energy 

dipoles with full fine structure dipole in 

various redshift bins



What is the probability to obtain  as large (or larger)  dipole 

magnitudes with the observed  alignment in an  isotropic 

cosmological model?

The fraction of isotropic Monte Carlo 

Keck+VLT datasets that can reproduce the 

obverved dipole magnitude is less than 0.01%  

The fraction of isotropic Monte Carlo Union2 datasets that 

can reproduce the obverved dipole magnitude and the 

observed alignment with Keck+VLT dipole is less than 1%  

0.01% x 1% = 

0.0001%



Is there a physical model that predicts the existence of such aligned 

dipoles?

Α. Μαριανο,  L.P., arxiv:1206.4055 J. B. Sanchez, LP, Phys.Rev. D84 (2011) 

123516 arxix:1110.2587

J. Grande,  L.P., Phys. Rev. D 84,

023514 (2011).
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What Physical Mechanism can produce such 

Dark Energy Inhomogeneity?



Global Monopole with Hubble scale Core
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General Metric with Spherical Symmetry:

Energy – Momentum Tensor:
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Initial-Boundary ConditionsEnergy-Momentum Conservation

Static Monopole Profile 

(Φ=f(r) )

Homogeneous, Flat Matter 

Dominated (A=B=1)

J. B. Sanchez, LP, Phys.Rev. D84 (2011) 

123516 arxix:1110.2587



1. Monopole energy density slowly shrinks 

and dominates at late times in the core. 

2. Matter develops underdensity at the core.
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J. Grande,  L.P., Phys. Rev. D 84,

023514 (2011).





Early hints for deviation from the cosmological principle and statistical 

isotropy are being accumulated.  This appears to be one of the most likely 

directions which may lead to new fundamental physics in the coming years.

The simplest mechanism that can give rise to a 

cosmological preferred axis is based on an off-center observer

in a spherical energy inhomogeneity (dark matter of dark energy)

An extended version of such a mechanism can give rise to aligned Fine 

Structure Constant and  Dark  Energy Dipoles

Topological Quintessence constitutes a physical mechanism to produce 

Hubble scale dark energy inhomogeneities. 


