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I. The Cosmological Principle

« There exist a cosmic rest frame in which the universe is, at 
sufficiently large scale, homogeneous and isotropic. »

The Cosmological Principle is only true within the CRF !

Rest frame Moving frame
everything has a velocity
anisotropic 1



  

II. The CRF and the CMB

The CMB should be at rest in the CRF !
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II. The CRF and the CMB

The CMB should be at rest in the CRF !

Main interpretation : CMB dipole is dominated by kinematic effects

vCMB=300 km . s−1 toward the Virgo constellation 2



  

III. Is this CMB rest frame a Cosmological rest frame ?

● Bulk velocity of SN Ia, with respect 
to the CMB [Colin 2011]

Summary of several measurement of the 
bulk flow velocity

It looks like the bulk-flow is faster than what we expect within LCDM…
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IV. The Ellis and Baldwin test

Our own velocity has an impact on our observations :

1) Relativistic aberrations : our field of view is distorted

2) Doppler boosting : some sources go above/bellow the detection threshold

dΩobs=δ (θ)2dΩrest

Fobs=δ (θ)Frestd N (>Fmin)∝Fmin
−x

F∝ν−α

δ (θ)=1+β cos(θ)
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There is an anisotropy in our observations of the universe !

d N
dΩobs

(>Fmin , n̂) = N δ (θ)2+x (1+α )

= N (1+dkin⋅n̂)

dkin=(2+x (1+α ))β

Model independant to test the cosmological principle !

No need for redshift measurement !

Only assumptions : 
● In the CRF, we would observe a perfectly homogeneous background
● The spectra and magnitude distribution of these object are power laws

[Ellis and Baldwin 1984]

5



  

It doesn’t coincide with the CMB rest frame...

[Secrest et al. 2022]

NVSS radio galaxies :

CatWISE quasars :

vNVSS=1000 km . s−1

vWISE=700 km . s−1

The number count dipole is far too big for both (independant) catalogue !

      up to 5σ of disagreement with LCDM

      there is a 40° difference in the direction with CMB 6



  

V. Where does LSST comes into this ?

Objective : obtain a tomographic dipole between the local bulk flow, and NVSS/WISE 
measurement
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Two main issues with LSST :

1. Small coverage = higher multipole leakage (see next slide)

2. Galaxies = no power laws

we cannot apply directly EB formula...
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Is there something not taken into account in the EB formula ?

● Real galaxy number count : [Afshordi 2024]
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Is there something not taken into account in the EB formula ?

● Real galaxy number count : [Afshordi 2024]

Real matter
distribution

Redshift-space 
distortion Weak-lensing

Kinematic effects

GR

AND on top of that there are all the observational artefact (masking, Poisson noise, 
redenning, etc.) 9



  

VI. Lets look at weak-lensing !

● Precedent work on this issue found an effect <3×10 ² on the number count dipole ⁻
[Murray 2021]

● However, huge leakage expected with LSST :

We need to take into account 
the higher multipoles
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The local universe deforms observations 
along the line of sight, through the 
convergence field :

κ (r s , n̂)=
3 H 0 Ωm

2c2 ∫
0

r s

d r
r (r s−r)
r sa(r)

δm(r , n̂)

● WL should be stronger in the same direction as the dipole

● Works similarly as the aberration

● Should be stronger at large redshift
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How does WL works ?

Two « opposing » effects :

The number count becomes :

● Solid angles get bigger

● Sources get more luminous

dΩobs=(1+2κ (n̂))dΩ0

Fobs=(1+2κ (n̂))Frest

d N
dΩobs

(>Fmin , n̂)=N (1+dkin⋅n̂+2(x−1)κ (n̂))
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1) LCDM expectations

κ (r s , n̂)=∫
0

r s

d r w (r , r s)δm(r , n̂)

w (r , r s)=
3 H 0

2 Ωm

2c2

r (r s−r)
r sa(r)

⟨C l
κ ⟩= 2

π∫dk k2 P(k , z=0)W l
κ (k )2

W l
κ (k )=∫

0

r s

dr wκ (r , r s)D+ (r) jl(kr)
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2) With simulations :

In a simulation [Villaescusa-Navarro], 3 types of observers :

● Random observers

● « Virgo like » observers

halo mass in range

● « Milky way like » observers

distance from a Virgo like halo

velocity of about

It still doesn’t diverge so much at high redshift from
the LCDM expectation.

(1.2±0.6)⋅1015 M sol

(12±4)h−1 Mpc

(370±150)km . s−1
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3) With real data !

Last test : does it coincide well with our local universe ? Lets use 2MRS !

● Almost full sky !

● Not complete at all at high redshift… 
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● Follows Milky-Way-like expecation within LCDM

● The direction of the dipole is not aligned with CMB
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VII. Conclusion :

● Weak lensing is a too weak effect to have to be taken into account, good news ! Now 
we still have to test all the other systematics

● We’re working how to apply the EB formula to the LSST case (not a power law!)

(spoiler) we can generalize EB formula to any spectral profile/any magnitude 
distribution !

Now working on simulations to apply this test to the LSST data

dkin=(2+xeff (1+α eff ))β
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