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Introduction
GWs from symmetry breaking at tree level

GWs from radiatively-induced symmetry breaking

Dark matter as massive dark gauge bosons

General idea

Hypothesis: Dark matter are massive gauge bosons. Phase
transition in the Early Universe.
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Dark matter as massive dark gauge bosons

General idea

Hypothesis: Dark matter are massive gauge bosons. Phase
transition in the Early Universe.

First order → they produce gravitational waves.
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Introduction
GWs from symmetry breaking at tree level

GWs from radiatively-induced symmetry breaking

Focus on a scenario based on a SU(2)D group

Field SU(3) SU(2) U(1)Y SU(2)D
H 1 2 1

2 0
HD 1 1 0 2

V = µ2
1H

†H + µ2
2 + λ1(H

†H)2 + λ2 (H
†
D
HD)

2 + λ3 H
†
D
HD H†H ,

Local SU(2)D → Global SO(3)
Gauge Fields A′

µ
→ Massive Fields Aµ

Dark doublet HD → Higgs-like hD

Hambye (JHEP 2009)
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GWs from radiatively-induced symmetry breaking

Focus on a scenario based on a SU(2)D group

Field SU(3) SU(2) U(1)Y SU(2)D
H 1 2 1

2 0
HD 1 1 0 2

V = µ2
1H

†H + µ2
2 + λ1(H

†H)2 + λ2 (H
†
D
HD)

2 + λ3 H
†
D
HD H†H ,

Local SU(2)D → Global SO(3)
Gauge Fields A′

µ
→ Massive Fields Aµ Stable (DM Candidate)

Dark doublet HD → Higgs-like hD It mixes with the Higgs
High temperatures Low temperatures

Hambye (JHEP 2009) Phase transition in the Early Universe!!!!!!!!!!!
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GWs from symmetry breaking at tree level

GWs from radiatively-induced symmetry breaking

Four parameters

DM mass

Higgs-like mass

mixing angle. Direct detection in Xenon1T: θ . 0.1.

vev (or gD) are set by the relic density (via freeze-out):

{

gD ≈ 0.9×
√

mA

1 TeV

vη ≈ 2.2TeV ×

√

mA

1 TeV
.
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Set them to zero (Classically scale invariant potential) Hambye,Strumia,Teresi (2013,2018)
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GWs from radiatively-induced symmetry breaking

Dark matter as massive dark gauge bosons

Field SU(3) SU(2) U(1)Y SU(2)D
H 1 2 1

2 0
HD 1 1 0 2

V = µ2
1H

†H+µ2
2H

†
D
HD+λ1(H

†H)2+λ2 (H
†
D
HD)

2+λ3 H
†
D
HD H†H ,

Local SU(2)D → Global SO(3)
Gauge Fields A′

µ
→ Massive Fields Aµ

Dark doublet HD → Higgs-like hD

Radiative effects break the SU(2)D symmetry Coleman-Weinberg (1973)

λ2 runs to negative values.
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Set them to zero (Classically scale invariant potential) Hambye,Strumia,Teresi (2013,2018)









Conclusions

We have explored the possibility of DM from a hidden
SU(2)D gauge group. This implies a phase transition that will
result in detectable gravitational waves.

The model is therefore well suited as a case study for the
sensitivity of future gravitational wave observatories to phase
transitions in DM sectors.
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