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Beyond ACDM

The Hy Olympics: A fair ranking of proposed models

arXiVv:2107.10291

Nils Schéneberg®*, Guillermo Franco Abellan®, Andrea Pérez Sanchez®, Samuel J. WitteS, Vivian
Poulin®, Julien Lesgourgues®

“Institute for Theoretical Particle Physics and Cosmology (TTK), RWTH Aachen University, D-52056 Aachen,
Germany.
" Laboratoire Univers & Particules de Montpellier (LUPM), CNRS & Université de Montpellier (UMR-5299), Place
Eugéne Bataillon, I-34095 Montpellier Cedex 05, France.
“GRAPPA Institute, Institute for Theoretical Physics Amsterdam and Delta Institute for Theoretical Physics, Gaussian  Qpmap

University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands Model ANparam Mp Tension Tension Ax* AAIC Finalist
ACDM 0 ~19.416 £0.012 440 450 X 0.00 0.00 X X
ANy, 1 ~19.395£0.019  3.60 38 X | -610 -410 X X

SIDR 1 ~19.385£0.024  3.20 330 X | -957 -757 v v @
mixed DR 2 ~19.413£0.036  3.30 340 X | -88 -483 X X
DR-DM 2 ~19.388£0.026  3.20 310 X | -892 -—492 X X
SIv+DR 3 —19.44010:037 3.80 390 X[ -498 L02 X X
Majoron 3 ~19.380+0%27 3.00 29¢ v |-1549 -949 v
primordial B 1 —19.390*0.05% 3.50 350 X [-1142 -942 v @
varying m, 1 ~19.391 +£0.034 290 290 v |-1227 -1027 v
varying me+Qp 2 ~19.368 £ 0.048  2.00 190 v | -17.26 -13.26 v
EDE 3 —19.39000%8 3.60 .60 v | —21.98 -15.98 v v
NEDE 3 —19.380+5-023 310 190 v | -18.93 -12.93 v v
EMG 3 ~19.397 0050 3.70 230 v | -18.56 -12.56 v v
CPL 2 ~19.400 £0.020 3.7 4l X | -494 -094 X X
PEDE 0 ~19.349£0.013 270 280 v 2.24 224 X X
GPEDE 1 ~19.400 £0.022  3.60 460 X | —045 1.55 X X
DM — DR+WDM 2 ~19.420£0.012 450 450 X | -0.19 381 X X
DM — DR 2 ~19.410+£0.011 430 450 X | -0.53 347 X X

Table 1: Test of the models based on dataset Dyeenine (Planck 2018 + BAO + Pantheon), using the direct mea-
surement of M, by SHOES for the quantification of the tension (3rd column) or the computation of the AIC (5th
column). Eight models pass at least one of these three tests at the 3o level.
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Early Dark Energy 6

Goal : obtain a higher expansion rate H,
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Early Dark Energy - ACT DR4 results

ACT DR4 data shows a
preference for EDE
(improvement of the x?)
with a ~2.5 o evidence

However, there is no
evidence for EDE in
Planck data alone

EEE ACT DR4 TT+TE+EE + 7 [EDE, n = 3]
M ACT DR4 + Planck 2018 TT ({max = 650) + 7 [EDE, n = 3]
B Planck 2018 TT+TE+EE [EDE, n = 3]
ACT DR4 + Planck 2018 TT ({jax = 650) + Lensing + BAO + 7 [EDE, n = 3]
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Early Dark Energy - ACT DR4 results

ACT DR4 data shows a
preference for EDE
(improvement of the x?)
with a ~2.5 o evidence

However, there is no
evidence for EDE in
Planck data alone

We need additional
constraints on EDE
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Model independent constraints

Many models have already been proposed to solve the Hubble tension

Model ANpara
ACDM 0
ANy 1
SIDR 1
mixed DR 2
DR-DM 2
SIv+DR 3
Majoron 3
primordial B 1
varying m, 1
varying me+Q 2
EDE 3
NEDE 3
EMG 3
CPL 2
PEDE 0
GPEDE 1
DM — DR+WDM 2
DM — DR 2



Model independent constraints

Many models have already been proposed to solve the Hubble tension
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Modelling deviations with transfer functions

Idea : Sample the joint posterior distribution of cosmological parameters and
extra-parameters modelling the inconsistency between temperature and
polarization measurements.
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Modelling deviations with transfer functions

Idea : Sample the joint posterior distribution of cosmological parameters and
extra-parameters modelling the inconsistency between temperature and
polarization measurements.

We fix the cosmology with the TT power spectrum — @

PS model ACDM theory PS

We have to define a model for égE and é’fE
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Modelling deviations with transfer functions
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Polarization transfer function
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Polarization transfer function
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T to E leakage
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TE bias

x2 | dof (PTE)
ACT TT/TE/EE | 6.54/9 (0.68)
ACT TE/EE +
Planck TT 17.43/9 (0.04)
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Conclusion

e We found no significant deviations from ACDM in this
analysis of Planck, SPT3G, ACTPol data

e With these methods, we are able to spot scale
dependent T-E inconsistencies in a model independent
way [with respect to ACDM]

e These methods also catch deviations due to
instrumental systematic effects



