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@ Discuss a where dark matter in the Early
Universe undergoes a first-order phase transition.
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Introduction

First-order phase transition

Laser Interferometer Space Antenna

mpm ~ 1 TeV
— f~10"2 Hz

At low T:
Massive DM
GWs redshift.

Caprini et al (2015)
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@ A few studies along these lines:

P. Schwaller, PRL 115 (2015), Baldes JCAP (2017), Chao et al, JHEP (2017)
Croon et al, JHEP (2018), Breitbach et al (2018), Bai, Long, Lu PRD (2019)
Baratella et al, JHEP (2018), Madge, JHEP (2019), ...
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Mimic the EW sector: DM as gauge bosons

Field || SU(3) | SU(2) | U(1)y || SU(2)p
H 1 2 3 1
Hp 1 1 0 2
Local SU(2)p —  Global SO(3)

Gauge Fields A), —  Massive Fields A,
Dark doublet Hp ~ —  Higgs-like hp

Hambye (JHEP 2009)
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Mimic the EW sector: DM as gauge bosons

Field || SU3) | SU(2) [ U1)y || SU(2)p
H 1 2 3 1
Hp 1 1 0 2

V = udH H+13HL Hp+ A (HTH)Y? 4 X\ (HL Hp)?+ A3 HLHp HTH.,
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Four parameters:
@ Mass of the extra scalar
@ DM mass

@ DM coupling which is fixed
by the relic density (via freeze-out):
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GWs from symmetry breaking at tree level
Standard Freezeout
1

Four parameters:
@ Mass of the extra scalar E
()
10 &
@ DM mass 2 .
5l

@ DM coupling which is fixed
by the relic density (via freeze-out):
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e Mixing angle constrained by direct detection: 6 < 0.1
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GWs from symmetry breaking at tree level

GW spectrum

my =3 TeV mp, = 0.8 TeV gp =16 v, =39TeV

Phase transition parameters 100
T, = 0.48 TeV 107
np = 3.8 TeV 310—131\"
o =029, ~(latent heat) &
B/H =290 ~(fq. scale)
1077
Simulations give Qgw from them
Caprini et al (2015) 10_;%_4 10'_3 10'_2 10'_1 % 10
SNR SNRrqrL [ [Hz]
LISA 15 1.8 Baldes, CGC 2018

BBO | 3.7 x 10° | 2.3 x 103
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GWs from symmetry breaking at tree level

Parameter space for SNR>5.
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GWs from radiatively-induced symmetry breaking

Mimic the EW sector: DM as gauge bosons

Field || SU(3) | SU(2) [ U()y [ SU(2)p
H 1 2 3 1
Hp 1 1 0 2

Set them to zero (Classically scale invariant potential) Hambye Strumia Teresi (2013 ,2018)
M(HTH)2 X2 (HLHp )2 4+-0s HyHp HTH
Local SU(2)p —  Global SO(3)

Gauge Fields A, — Massive Fields A,
Dark doublet Hp — Higgs-like hp

Rad|at|ve effeCtS bl’eak the 5U(2)D Symmetry Coleman-Weinberg (1973)
A2 runs to negative values.

Camilo Garcia Cely, DESY GWs from dark matter



GWs from radiatively-induced symmetry breaking

Baldes, CGC 2018

@ Only one free parameter
after taking the relic
density into account.

@ Scale-invariant potential
— strong signal.

@ There is a large amount
of supercooling

See Marek Lewicki’s talk
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GWs from radiatively-induced symmetry breaking

Classlcally Scale Invanam Potential Regime (ua)
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@ We have explored the possibility of DM from a hidden

SU(2)p gauge group. This implies a phase transition that will
result in detectable gravitational waves.

@ Due to its simplicity, the model is well suited as a case study
for the sensitivity of future gravitational wave observatories to
phase transitions in DM sectors.
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