
A resolution to H0 tension

Eoin Ó Colgáin 

ALTECOSMOFUN’21



This will be a FUN talk.  

Simply put, IF the Universe is not FLRW… 

…THEN there is no H0 tension problem.  

It’s a simple, yet brilliant resolution. 



Local Universe is clearly not an FLRW Universe.  

Where does it begin? 

Hoffman, Pomarède, Tully, 
Courtois, Nat. Ast. (2017)



CMB represents a snapshot of an FLRW Universe.  

But there is a loose end, the CMB dipole. 



CMB dipole is measured in mK not 𝞵K!!!   

The ASSUMPTION is that the dipole is a kinematical effect.   

In an era of cosmological tensions, this ASSUMPTION needs 
to be checked.  

Internal CMB checks seem to recover the dipole, admittedly 
with large errors ( ± 100 km/s).   

v = 369± 0.9km/s, (`, b) = (263.99± 0.14�, 48.26± 0.03�)

Kogut, Lineweaver, Smoot et al. astro-ph/9312056

Ferreira & Quartin (2011.08385); Saha et al. (2106.07666)



A cosmic dipole crisis? 



There is a long standing discrepancy in the cosmic 
dipole.  Note, CMB dipole at (RA, DEC) ∽ (168○, -7○)

Siewert, Schmidt-Rubart, 
Schwarz (2010.08366) 

Blake & Wall (2002); Singal 
(2011); Rubart & Schwarz 

(2013); Tiwari & Nusser 
(2016); Bengaly et al. 

(2018) 

consistent with 
earlier results:



Observation recently extended to QSOs…

Secrest et al. (2009.14826)

… and Hubble diagrams. Singal (2106.11968, 2107.09390)



Interesting related work on scaling relations in galaxy 
clusters up to z ∽ 0.3.  
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Anisotropy in the slope, but can be translated into H0 
variations across the sky once one assumes 𝞨m.  

Migkas et al. (2004.03305, 2103.13904)



Is H0 dancing in the stars? 

(YES)



Strongly lensed QSOs have higher H0 values aligned with 
CMB dipole.  

Is this a fluke? NO. Should it concern me? YES.  

Krishnan et al. (2105.09790)Millon et al. (1912.08027)



The same trend is there in Pantheon SN at low significance 
when one fits the LCDM model with a focus on H0.  

Pantheon is in CMB frame by construction.  
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One can see the same thing in Risaliti & Lusso QSOs.  

Risaliti, Lusso (1505.07118, 2008.08586) 

log10(LX) = � + � log10(LUV ),

log10(FX) = � + (� � 1) log10(4⇡) + � log10(FUV ) + 2(� � 1) log10(DL)

Luongo et al. (2108.13228)



Recently, a sample of 118 GRBs with low scatter has been 
identified. 

Khadka, Ratra et al. (2105.12692)

Luongo et al. (2108.13228)

Amati relation Amati et al. (0805.0377)



A larger sample of 162, 
137 and 106 GRBs. 

Dipole appears as 
scatter cut.  

Luongo et al. (2108.13228)

Demianski et al. (1610.00854)



Further coincidences?



The quadrupole-octupole of the CMB align in a plane with 
normals in the CMB dipole direction. 

CMB has an anomalous parity asymmetry that tracks the 
CMB dipole direction. 

There are curious regions of QSO polarization alignment and 
a special axis in the Universe that aligns with CMB dipole. 

Hutsemekers et al. (astro-ph/0507274)

Kim, Naselsky (1001.4613); Naselsky et al. (1108.4376)

de Oliveira-Costa et al. (astro-ph/0307282);  
Schwarz et al. (astro-ph/0403353)




