Exploring new horizons with CMB* spectral distortions
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Standard types of primordial CMB distortions
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Uniqueness of CMB Spectral Distortion Science
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Average ANCDM spectral distortions
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Uniqueness of CMB Spectral Distortion Science
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Uniqueness of CMB Spectral Distortion Science
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Scalar power spectrum amplitude

Exploring the small-scale Universe
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Cosmological data seems to be preferring early
recombination scenarios!
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The two main effects of baryon clumping at
very small scales

JC, Vasil & Battye, ArXiv:2505.22242
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The two main effects of baryon clumping at
very small scales

Uniform medium Clumpy medium

I' = 6;N.a I' ~ orNa[l = ]
e = 7.0;

JC, Vasil & Battye, ArXiv:2505.22242



The two main effects of baryon clumping at
very small scales

Uniform medium Clumpy medium

' =orN.a I'~ orN.all — ]
Average o
bination —
P story , = Tcdg

JC, Vasil & Battye, ArXiv:2505.22242



The two main effects of baryon clumping at
very small scales

Uniform medium Clumpy medium

I' = 6;N.a I' ~ orNa[l - ]

Average
recombination — _ P
history Ce — TCUe

Optical depth /
across coherence

JC, Vasil & Battye, ArXiv:2505.22242
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The two main effects of baryon clumping at
very small scales

Uniform medium Clumpy medium

I' = 6;N.a I' ~ orNa[l - ]

Average
recombination — _ P
history Ce — TCUe

Optical depth / \
across coherence

JC, Vasil & Battye, ArXiv:2505.22242 .
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Testing the origin of the Hubble tension with the CRR

* Hubble tension persists... New Physics??

e Hp Olympics identified EDE, Primordial
Magnetic fields and varying me models
as best solutions!

e These should affect the CRR!
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Small-scale power and PBH link
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Spectral distortion link to GW backgrounds
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Spectral distortion link to GW backgrounds
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Spectral distortion link to GW backgrounds
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A CMB spectrometer could rule out

Kite et al., 2020, ArXiv:2010.00040 SIGWSs as cause for large-scale B-modes
Cyr et al., 2023, ArXiv:2309.02366




The ARCADE radio excess
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Dowell & Taylor, 2018
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e Synchrotron-like signal

first seen by ARCADE-2
(Fixsen et al. 2011)

e Confirmed by LWA
(Dowel & Taylor, 2018)

* |sotropic on the sky
e Still unexplained

(discussions in Singal et al. 2018
& Singal et al. 2023)



The ARCADE radio excess

10° _—
| o o Data - Lit. _ _ _
o o Data - LLFSS |1 e Synchrotron-like signal
-~ Tous - first seen by ARCADE-2
T N Power Law | (Fixsen et al. 2011)
— Combined ]
e Confirmed by LWA
(Dowel & Taylor, 2018)
10° | Dowell & Taylor, 2018 : * |sotropic on the sky

e Still unexplained
(discussions in Singal et al. 2018
& Singal et al. 2023)

Is this an early (z>107?)
radio background

possibly from accreting
black holes or new
physics?
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Cosmic String solution to ARCADE excess?
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e Performed detailed modeling of distortions
from Cosmic String network

e Tightly constrained by CMB anisotropies
and low frequency radio data

Cyr, Acharya & JC, 2023, ArXiv:2305.09816
Cyr, JC & Acharya, 2023, ArXiv:2308.03512
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e Soft photon heating highly

relevant to 21 cm prediction
(Acharya, Cyr & JC, 2022;
Cyr, Acharya & JC, 2024)

e Intriguing solution to the RSB
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Cosmic String solution to ARCADE excess?
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e Performed detailed modeling of distortions
from Cosmic String network

e Tightly constrained by CMB anisotropies
and low frequency radio data

Cyr, Acharya & JC, 2023, ArXiv:2305.09816

Cyr, JC & Acharya, 2023, ArXiv:2308.03512

e Soft photon heating highly
relevant to 21 cm prediction

(Acharya, Cyr & JC, 2022;

Cyr, Acharya & JC, 2024)

* Intriguing solution to the RSB

CMB spectrometers could test

the origin of the RSB!




Revised Constraints on Dark Photons
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JC, Cyr & Johnson ArXiv:2409.12115 COBE/FIRAS constraints still competitive



Revised Constraints on Axions

—— Other constraints (Q; < 1)
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CMB power spectra for decaying particles

— Ix=10"8s1 — Ix=10"251 --- xDP

- New way to constrain
these scenarios

- Anisotropic heating is
Important!

- Degeneracy between
lifetime and abundance
can in principle be
broken by £-dependence

2 10 30 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
14

Kite, Ravenni & JC, 2022, papers lll, ArXiv:2212.02817



CMB power spectra for decaying particles

— Ix=10"8s1 — Ix=10"251 --- xDP

- New way to constrain
these scenarios

- Anisotropic heating is
important!

- Degeneracy between
lifetime and abundance
can in principle be
broken by £-dependence

1014 x DY

0.08 -

Can be constrainted
with CMB imagers like

Planck, Litebird, SO,
CMB-S4 & PICO!

!

Kite, Ravenni & JC, 2022, papers Ill, ArXiv:2212.02817



- Constraints on small scales

- SKA+Litebird equivalent to
PICO in terms of y-T

- SKA could even do B-
modes...
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10°

experiment

- Single dish mode is enough
for u-T constraints

- Low frequency foreground
monitor
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——— U X T/E: Pessimistic
—— TJ/E bispectrum

Galaxy bispectrum
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Zegeye et al., ArXiv:2406.04326



- Constraints on small scales

- SKA+Litebird equivalent to
PICO in terms of y-T

- SKA could even do B-
modes...

Detailed study with realistic

foregrounds and systematics
IS required!
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- Single dish mode is enough
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| bl - Low frequency foreground
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