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Gravitational waves from a PT

Strength of the transition

α ≈ ∆V

ρR

∣∣∣∣
T=T∗

, ∆V = Vf − Vt

Average size of bubbles upon collision (Characteristic scale)

HR∗ = (8π)
1
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Main mechanisms of GW production:

collisions of bubble walls: Ωcol ∝
(
κcol

α
α+1

)2

(HR∗)
2

sound waves: Ωsw ∝
(
κsw

α
α+1

)2

(HR∗)
2

turbulence Ωturb ∝ ?

Bubble collisions are only relevant in very strong transitions

κcol ≈ O(1) only if alpha≫ 1 (1)



Classically scale-invariant CW-like potential

Generic classically scale-invariant potential

V (φ, T ) = g2T 2φ2 +
3g4

4π2
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U(1)B−L Example
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Energy propagation from lattice simulations

Envelope polynomial scale-invariant

Vacuum Trapping can also be verified analytically:
R. Jinno, T. Konstandin and M. Takimoto: 1906.02588



Energy propagation from lattice simulations

Envelope polynomial scale-invariant

Vacuum Trapping can also be verified analytically:
R. Jinno, T. Konstandin and M. Takimoto: 1906.02588



Abelian Higgs Model: Energy Scaling
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scaled gauge coupling:

g̃ =
gv2

√
∆V

Global Symmetry breaking:

Tzz ∝ R−2

Gauge Symmetry breaking:

Tzz ∝ R−3



Computation of the GW spectrum

3D simulation with energy scaling as E ∝ R−n after collision

plot from T. Konstandin 1712.06869 with E ∝ R−2



Bubble Collision Spectrum
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Global Symmetry breaking:

Tzz ∝ R−2

Gauge Symmetry breaking:

Tzz ∝ R−3

Resulting spectrum:

S(ω) =
S̄ (a+ b)c[

b
(
ω
ω̄

)−a/c
+ a

(
ω
ω̄

)b/c]c

100S̄ ω̄/β a b c
Tzz ∝ R−2 4.23± 0.1 0.68± 0.01 1.00± 0.02 2.17± 0.05 2.02± 0.1
Tzz ∝ R−3 3.61± 0.1 0.82± 0.01 2.34± 0.03 2.41± 0.02 4.20± 0.2
Tzz ∝ R−4 3.46± 0.1 0.93± 0.01 2.87± 0.04 2.42± 0.02 4.63± 0.2
env. 2.75± 0.1 1.72± 0.04 2.98± 0.02 1.01± 0.02 2.18± 0.1



Conclusions
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LISA will have optimal reach for transition in the Treh ≈ 10− 100 GeV range.

Observable bubble collision signal occure in very strong transitions α > 1010.

→ Bubble collision signal would indicate a scale invariant model.

Shape of the spectrum encodes details of the particle physics model:

→ Ω ∝ f at low frequencies indicates global symmetry breaking.
→ Ω ∝ f2.3 at low frequencies indicates gauge symmetry breaking.


