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Cosmology's standard model (          ), is founded on the 
cosmological principle, which asserts that the universe 
is statistically homogeneous and isotropic on scales 
larger than approximately 100 Mpc.

Consequently, the primary source of the dipole observed 
in distant objects should be attributed to our peculiar 
velocity.

This implies that velocity estimates derived from different 
sources, such as x-ray, radio galaxies (RG), quasars 
(QSO), supernovae Ia (SNe), and even gravitational 
waves, should agree.

However, over the past 25 years, several studies utilizing 
different RG and QSO catalogs have consistently found 
that, though the peculiar velocity is generally consistent 
in direction with the CMB dipole, its amplitude is in 
tension. This quarter-century-long puzzle poses a 
significant challenge to the standard model, with the 
tension regarding the CMB dipole now reaching a       
level.

ΛCDM
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 Doppler modulation

Relation between the dipole and the velocity

<2% (0.2<z<2.2)
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Realistic error bars: Survey systematics, including 
observational strategies, footprint inhomogeneities, and 
variations in sky and telescope conditions, will affect the 
errors and could introduce measurement bias. To assess 
and then adjust for this bias, we developed a series of 
mock catalogs from eBOSS’s EZmock sample and 
BOSS’s MultiDark-Patchy mocks. Notably, we utilized 
the realistic version of EZmock, which incorporates 
observational systematics, unlike the MultiDark-Patchy 
mocks that lack this aspect.

Mocks: Include effects of clustering, survey geometry, 
redshift evolution, sample selection biases, and all 
systematic effects (except BOSS). 
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Mocks: Include effects of clustering, survey geometry, 
redshift evolution, sample selection biases, and all 
systematic effects (except BOSS). 
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Obtaining the distribution of measured dipoles 
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QSO LRG

https://lscsoft.docs.ligo.org/ligo.skymap/

CMASS

CMASS BOSS LOWZ BOSS
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eBOSS BOSS

https://lscsoft.docs.ligo.org/ligo.skymap/

eBOSS+BOSS
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- 3 typos in equations.
- Absolute values are a bit biased due to small inconsistency during 
analysis, they are smaller than presented in V2. Conclusions will remain 
the same. Still compatible with the CMB dipole and in tension with previous 
number count dipoles. It seems that LOWZ was only noise (estimator does 
not minimized).
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