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oming full circle...

* It’s great that these 1deas are still of interest!

The Cosmology of Atomic Dark Matter
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Ab 1nitio phenomenology of dark matter-dark
radiation (DR) interaction

Dark acoustic oscillation (DAO
In the early Universe...

Dark Radiation
Pressure

Potential Well
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Phenomenology of dark matter-dark radiation
interaction: Sound wave
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Phenomenology of dark matter-dark radiation
interaction: Sound wave
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The structure of the dark matter density field is
distinctly different

Cold DM Warm DM Atomic DM
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Broad diversity of matter power spectrum shapes
across atomic DM parameter space

Weak DAO Strong DAO: Atomic DM

Strong DAO 1 |
Strong DAO 2
—— WDM (3 keV)

Cyr-Racine et al. (2016)

Francis-Yan Cyr-Racine, UNM 1/26/23 7



What determines the shape of the matter power
spectrum?

Rapid dark recombination leads to a narrow dark matter drag
visibility function => undamped DAOs.
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Outline: Observables
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Large-Scale Structure: DAO Scale + Damping

= fine" 2)
- fint "’ 5)
- fint ! 10)
1:int ! 20)
—&CDM' (
——BOSStDR9

R
—
S
&
%,
al

=
o
o
)

10C

0.0z
C-R etal. (2014)

Francis-Yan Cyr-Racine, UNM

005 010

K Th"Mpch

1/26/23




CMB: Dark matter provides gravitational
potential wells for baryons to fall into
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CMB: Gravitational Effects
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CMB: lensed TT Spectrum
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SM-like atomic DM: Allowed Fraction
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This ~3% fraction of atomic DM came up
again recently...
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* The CMB power spectra, BAO, and other matter

clustering observables are invariant under the scaling
transformation:

Gh# ! G%, $rne# 1$1ne, As# AS/!ns! 1

* This specifies a specific direction in cosmological model
space where the predicted CMB/BAO observables are
automatically invariant: Useful for model building!

Cyr-Racine, Ge, Knox, arXiv: 2107:13000, PRL 128, 201301 (2022)
Ge, Cyr-Racine, Knox, arXiv: 2210:16335
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SM-like atomic DM can exploit this scaling

transformation
* This might be a way to address the Hubble tension.

Stranger Things

Chacko et al. (2005, a,b,c), Craig & Howe (2014), Craig et al. (2015), Farina (2015), Barbieri et al.
(2016), Chacko et al. (2017), Csaki et al. (2017), Hochberg et al. (2017), Harigaya et al. (2017), Ibe
et al. (2019), Terning et al. (2019), Curtin & Gryba (2021), Blinov et al. (2021) and many more
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Hubble constant measurements as a
calibrator of the dark sector

N($1.2,$?.35,0%(&,$67-,2($K5

9,.%5-,9,)(*$%-,672($PQRS$7)$

('972%$6.-:$9.((,-0%$.)6$.$6.-:$
%&'()$>.(&$47(8&$.$),5(-B7:,$

>>

7

(,9%,-.(5-,@%$3$

Cyr-Racine, Ge, Knox, PRL 128, 201301 (2022)

Francis-Yan Cyr-Racine, UNM

I A\CDM + f(scaling enforced): Planck+BAO
B A\CDM + fapm+Tp+N+Ye: Planck+BAO
ACDM + fapm+To+N5+Yp: Planck+BAO+R21

v

70 80 90 70 80 90
Ho [km/s/Mpc] Ho [km/s/Mpc]

1/26/23 21



Prospects for DM-DR interaction with CMB-S4
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First look: Non-linear evolution of DAOs

* Mode-coupling erases acoustic oscillations over time

| 0.25 Solid: sDAO
Dotted: ETHOS-4

0.5 1.0 L
loglk/h cMpc *

Bose et al. (2019) [See also
Schaefter and Schneider (2021)]
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Lyman-alpha: Non-linear evolution of DAOs

* They might survive long-enough to be observed at high redshifts
in Lyman-alpha data
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A more systematic approach: Introducing some
notation

* Capture key features of DAOs with two parameters:

Jesus Zavala . 50 1 OO
Sebastian Bohr k [h / M p C]

Muiioz, Bohr, Cyr-Racine + (2021),
Bohr , Zavala, Cyr-Racine+ (2020)
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Halo mass function in the presence of DAOs

* Halo mass function has a distinct shape than either CDM or WDM
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Halo mass function in the presence of DAOs

* We also capture the correct redshift evolution
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dn/dInM [Mpc~3]

A new feature 1n the mass function
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An interesting mass function shape

* DAO: Sowing confusion in the halo mass function!

CDM
Strong DAO 1
Strong DAO 2

WDM (3 keV)
—— Strong DAO 1

—— WDM (3 keV)

Strong DAO 2 Hlin : ) R
( N DAO scale
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21-cm global signal: Impact of DAOs
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Muiioz, Bohr, Cyr-Racine + (2021)
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21-cm global signal: Impact of DAOs
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Muiioz, Bohr, Cyr-Racine + (2021)
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Even more information contained in the 21-
cm fluctuation spectrum
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Muiioz, Bohr, Cyr-Racine + (2021)
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* It’s great to see everyone’s interest in atomic DM.

* Focusing only on its ab-initio effects, atomic DM has a
rich impact on structure formation => DAOs, damping.

* Shape of DAOs 1s strongly influenced by the width of the
DM drag visibility function.

* Coupled to a mechanism to change the (regular) photon-
baryon scattering rate, atomic DM could play a key role in
allowing the CMB to be consistent with a high ! "

* DAOs can leave interesting signatures in Lyman-alpha,
the halo mass function, and 21cm (among others)
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