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Overview

- Why bother?
H_tension, early-time approaches, issues arising

- How does it work?
Background scalar, misaligned w/ quadratic coupling to SM v

- Does it really work?
Unique pheno, hints & prospects from new data
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H, tension: status

Mismatch across a range of
experiments & observables

Error bars continue to shrink
yet —including
ACT DR6 this year

Early-time inferences assume
ACDM!

-Early: P18, BAO+BBN |
-Late: CC, TDCOSMO
-Local: CCHP, SHOES |

BAO+BBN
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H_ tension: no release?

CCHP
BN BAO+SNela

I Globular Clusters

Value of H_emerges from fitting the 6 |t

I Planck (EDE)

free parameters of ACDM

Can add new physics at early/late times
Latter often disfavoured as it worsens
fit to BAOs and SNia [2103.08723]

But even early-time approaches may
not be sufficient alone
Very hard to attain SHOES’ 73 km/s/Mpc

2102.05066
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Sound horizon: physical scale corresponding
to peaks in angular power spectrum Set fairly precisely by CMB peaks

Concept: to the total energy density just before recombination,
which subsequently
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Intervening at early times

}“d } /O; % } ﬁ;cm /o; (%>/ Vi fR(z)

Sound horizon: physical scale corresponding
to peaks in angular power spectrum Set fairly precisely by CMB peaks

Concept: to the total energy density just before recombination,
which subsequently

Alternatives: accelerated recombination, higher N_ (with ),
delay v free-streaming with



Enter EDE

New component: CC at early times — toar

—— Cosmological constant
—— Total density
- Early dark energy
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Enter EDE

—— Radiation

New component: CC at early times then Matter

—— Cosmological constant

redshifts faster than radiation in steep — Total density

- Early dark energy
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potential (n = 2—-3, depending on model)

oo ()]

2102.05066




Fleshing out the physics

Unsatisfactory from a particle POV — water
ey
- Early dark energy

&
O
Q.
=
)
m
~~
3
=
—

2102.05066



Fleshing out the physics

Unsatisfactory from a particle POV: — water
ey
- Early dark energy

1. of the potential
i.e. why redshift so rapidly?

&
O
Q.
=
)
m
~~
3
=
—

2102.05066



Fleshing out the physics

Unsatisfactory from a particle POV: — aer
— Tomdensty
- Early dark energy

1. of the potential
i.e. why redshift so rapidly?

&
O
Q.
=
)
m
~~
3
=
—

2. problem
i.e. why dynamical precisely at
matter- radiation equality?

2102.05066
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Unsatisfactory from a particle POV: I et
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1. of the potential
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2. problem
i.e. why dynamical precisely at
matter- radiation equality?

3. Source of the 2102.050606
i.e. why displaced from min?
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- EDE
Conformal coupling to neutrinos, leading to a
kick when they become non-relativistic
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- early dark sectors
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independent of initial conditions
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Model-building ideas

- EDE
Conformal coupling to neutrinos, leading to a
kick when they become non-relativistic

- early dark sectors
Quadratic coupling to DM activates during
matter domination, pushes scalar off a plateau
independent of initial conditions

All options imperfect: experimental constraints,
naturalness,

2212.08008
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Thermo-coupling: model

LD

Background scalar m 5 < H(z ~107% eV,

CMB)
Initial vev ~ 0.1 MPl

em¢ l

5 ¢2 ww <+—— Heaviest SM v eigenstate m =~ 0.05 €V
/ MPl

Highly suppressed ~ 10* GeV,
yvet leading order interaction (e.g. due to Z, symmetry)

Upshot: scalar and fermion , each contributing to

the effective potential for the other
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Thermo-coupling: model

2
m¢,eﬁ = mw (1 R EW)
Pl

Require ¢ > 1 such that this term

dominates at early times

Co-moving momentum always conserved
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Always subdominant
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All scales light,

no other SM couplings
— quantum corrections
are small
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Provided ¢ ultralight & m_fixed, only 2 parameters
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Thermo-coupling: parameter space £2 —75 ¢ ¢¢

Provided ¢ ultralight & m_fixed, only 2 parameters
Set by:

O I~ ~
1. £, ~10%= mw,eﬂ'(gbo) ~200m, ~10 eV

2. Scalar dynamical at matter-radiation equality
SME)IHQ (ZMRE)
81

JEDE = py (M e(@0), Typ)

— py(my, Ty)

2.2€m¢

HQ(ZMRE) ~ m?b,eff(ZMRE) ~ WT{Z(ZMRE)
Pl
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What’s next?

- with CLASS needed
to quantify change in combined fit to data,
esp. due to mass-varying neutrino

- New data from ACT does not prefer
(vanilla) EDE over ACDM but

Qch? Sg fepe

- Still useful as a with
all the unusual features required to budge H 2503.14454



