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Cosmic dipole tensions

Cosmological principle— For many far away sources, we expect a similar dipole as the CMB
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Figure: SF et al., 2022

In Sna la of Pantheon+

Planck direction is excluded at more
than 30!

A bulk motion?
CF4 in disagreement with ACDM!
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Figure: Watkins et al., 2023
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The low multipoles in Pantheon+ (2403.17741)

[\ ® Monopole, dipole, quadrupole are detected

—

\ ® Dipole consistent with CF4

® At low z, all the multipoles are of the same order
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How to define vpec

In term of redshift:

CZ:H()T‘-i-f"Vpea (1)
Following Helmholtz decomposition: \F;ecuhar Total Velocity
‘elocity
Vpec = VG + VR, (2)
with: vg = —Vu, V-vg =0

We define divergence 6 and vorticity w :

0=V- vag (3) Velocity Contributions:
w = V X VR (4) Ucosmo + PV -UCMB dipole

cMB
. dipole
from which:

Figure: Credits: 2110.03487
kE*Py = Py + P, (5)

— Vorticity is usually neglected
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Vorticity power spectrum

From Jelic-Cizmek et al. 2018, we know that vorticity is important at late time (k ~ 1 h/Mpc)

z2=0
10t
. High resolution 2
= 0%
We can model it as: \g 102[
BE® i 10t
Po=——~5 (6) &
1+ (K) o 100 [
:
with ks pivot scale and 3, ¢, U free ~ 101
parameters =
T 107
-3 ‘ . ‘
10707 107t 10° 10!
kh/Mpc]
Next step

® Applying the model to the data
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