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Dilatons and Axions

Motivated by no free parameters in Quantum Gravity
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Part 1: QCD and its Dilaton

Chatrchyan, Marsh, CN: 2507.01191

Focus on the QCD “dilaton”
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Cosmology of field-dependent couplings
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With V(@) = V(@) + V(@) +Vu()
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Pushes theory to weaker couplings at high T

But then the confinement scale
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QCD confinement scale
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A Dilaton First Order PT

The field is naturally attracted
to the false vacuum

Tunneling from a QGP state
to a Hadron Gas state
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Gravitational Waves from the dilaton induced PT

GWs from sound waves with Spectrum fits the signal detected
3<p/HL8and 0 <L a <20 by PTAs
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Model parameters A¢, AV, m determine the parameters a, T, and how QCD changes across the wall
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Part 2: Axion Relic Pockets

Carenza, Ebby, larygina, Marsh: 2407.01676
Khater, Marsh, CN: 2605 . XXXXX
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Trapping of axions

Pressure of hot gas of trapped axions

True vacuum inaccessible for True vacuum bubbles expand o
. . . . stabilizes the pressure from the
axions located in the false and fill space, compressing .
. . expanding bubbles,
vacuum due to the huge mass axions in smaller and smaller 2 iy
. . . . resulting in “pockets” of
difference in the two regimes. regions of false vacuum.

false vacuum filled with axions.
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Axion Relic Pockets as DM

ARPs are cosmologically stable and can comprise all of dark matter for a choice of AV

All their properties become a function of a single parameter: the transition temperature 7,
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(For thermalized axions in the pocket)
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Probing the ARP-photon coupling

ARPs formed early in cosmic history have R,y << Ryiom,
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— 7
Z int — Zgayy ar ,uyF = - gayyaE - B Passing through atoms, axion inside the pockets,
convert into photons due to atomic electric fields.

@ AN The emitted photons are very energetic and
induce isotropic E/M cascades that could be
both going downwards and upwards

atom

Upward going E/M showers is a smoking gun signal of the
model and can be probed in large scale neutrino detectors
and in the atmosphere !




First constraints from lceCube

]V[pocket (]V{CD)
10-*  107*  107%? 107°%7 107%

ARPs convert into photons in the

107% = electric field of oxygen atoms in the ice, and
induce E/M cascades that can be constrained
109 - by recent data samples of

cascade events in lceCube.
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Summary

A Dilaton phase transition in the QCD sector could lead to an interesting alternative model of confinement
based on multi field dynamics, with signatures potentially detected by PTAs.

Theories with field dependent couplings are naturally attracted to a weakly coupled state at high
temperatures due to the 1-loop pressure term from the SM plasma. Can we make general statements
about such theories when the dilaton (or moduli) fields exhibit multiple minima? What are the obstructions
from the SM thermal plasma ?

A Dilaton phase transition in a dark sector, confining gauge theory, could lead to stabilized pockets of
hot axion gas that can comprise dark matter. This leads to exciting new phenomenology and novel dark matter
signatures.

Some future directions span theory and phenomenology, including embedding the theory to
a concrete UV realization, include more ARP couplings to matter, a proper formulation of the quantum field
theory of ARPs and exploring signatures in extreme astrophysical environments.




Back up

1
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Axions can convert into photons in background magnetic fields, or background Coulomb electric fields
But

The axions are trapped in the pockets — the mode functions from the free EoM are not plane waves
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Standard formulas for axion-photon conversion no longer apply!



Probing the ARP-photon coupling
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Axions can convert into photons in background magnetic
fields, or background Coulomb electric fields

But

The axions are trapped in the pockets — the mode functions from the
free EOM are not plane waves
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Back up

The calculation can be done both for classical
(modified) E/M and tree-level QFT, and

boils down to an overlap integral of the mode
function wrt the background field
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If the field does not vary much
in pocket volume
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Reconstructed Electric fields
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Cosmology of field-dependent couplings
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Two field transition involving QCD

my = 10 TeV V(y, @), linear sigma model for y ~ (gq)
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Two field transition involving QCD

my = 10 TeV V(y, @), linear sigma model for y ~ (gq)
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Two field transition involving QCD

my = 10 TeV V(y, @), linear sigma model for y ~ (gq)
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Gravitational Waves from the dilaton induced PT

Transition is driven by the dilaton and
not by the QCD degrees of freedom

l

QCD exerts pressure by forming bound states
inside the wall

Bubble reaches relativistic terminal velocity
determined by the balance
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Back-up slides

To calculate the QCD pressure near the confined vacuum we used the Lattice fit to the QCD pressure from
the HotQCD collaboration, arXiv:1407.6387.
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