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THE
COSMOLOGICAL
PRINCIPLE



 Tully et al. 2014
Nature, vol 513, 

7516 - 71

Locally, 
the cosmological principle 
doesn’t apply
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Carrick et. al 2015 (right) and
Lilow & Nusser (below)

peculiar velocity surveys with
high density constract regions
highlighted and compared to

peculiar velocities values

We correct for
perturbations

by taking into account
peculiar velocities...



 A Gaussian uncertainty between
the field’s prediction and the

“observed” value. 

Richard Stiskalek et. al
Mon Not R Astron Soc (2025)

The Velocity Field Olympics

https://arxiv.org/search/astro-ph?searchtype=author&query=Stiskalek,+R


if not peculiar velocities

then what?



Two different
theoretical
approaches
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FLRW
FLRW
FLRW

miaumiaumiau

Cannot account for possible spatial anisotropies
Doesn't allow directional dependence
Cannot handle the influence of local effects into data

Define a congruence of matter observers with
four-velocity       .
Realize a 3+1 split, where the metric on each
surface is given by:
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where h    is also known as the projection
operator.
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where Θ   and σ    are the expansion and shear, respectively, 
while Θ    represents the expansion tensor. 
Note we are assuming a vorticity free geodesic fluid.
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How the matter congruence varies along all 4 space-time directions can be
used to infer the dynamical properties of the universe:
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how matter moves



The Hubble parameter is given by:

and, in the presence of a boost:

Covariant cosmography
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Cosmographic parameters
are line-of-sight dependent:



★ η is only
sensitive to
anisotropies in dL.
So η = 0 in FLRW.

FLRW
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miaumiaumiau

COVARIANT

COVARIANT

COVARIANT

COVARIANT COSMO
COSMO
COSMO

GRAPHY

GRAPHY

GRAPHY
COSMO

GRAPHY

★ The monopole is
  subtracted, 
  so ⟨η⟩=0

directly 
from data!

measuring the anisotropic rate of expansion field

★ η is independent
of distance
calibration, since
calibration affects
only the monopole

Our policy: 
we don’t correct for

what is not a problem

★ NO NEED for peculiar velocities!



CF4 TF CF4 FP CF4 SN

55.874 nearby galaxies (z ≤ 0.1)

Redshift-independent distance from
complementary methods:

★ 42.221 via Fundamental Plane
(FP) relation.

★ 12.221 via Tully–Fisher (TF)
relation

★ ~1.000 Type Ia supernova 
 (mainly Pantheon+ and SH0ES)

cosmic flows 4



a finite number of 
degrees of freedom

★ strong quadrupole

★ indication for axisymmetry

★ persistency along all redshift bins

1.  measure η: 

2. spherical harmonic
decomposition:

2ℓ + 1 per
multipole



investigating the presence of 
Axial symmetry



recovering the bulk flow
does not require assuming 

any value of    

with

connecting with 
perturbed lcdm

The average of the dipole of eta over a
spherical volume of radius R is:

axisymmetric eta evolution

https://arxiv.org/pdf/1306.0091


thankthank
you!you!
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you!
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Robustness

★  10.000 standard LCDM mock 
realizations to obtain the p-values; 

★ Followed by mocks of LCDM
augmented by a 400km/s bulk flow;

★ Division into subsamples: spiral
galaxies, early-type galaxies, and SNIa;

★  Investigated the effect of the ZoA and
anisotropic source distribution.



axisymmetric eta evolution

best-fit covariant
cosmographic parameters

https://arxiv.org/pdf/1306.0091


Covariant cosmography and eta connection
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Expansion rate fluctuation field
and the dominant multipoles of

the covariant cosmographic
parameters in the axial

symmetric configuration



https://arxiv.org/pdf/1306.0091
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