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Gravitational waves from a very strong PT

@ Strength of the transition
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Strong transitions: computation of the GW spectrum




Abelian Higgs M

@ Global Symmetry breaking:
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@ Gauge Symmetry breaking:
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Fluid Shells

e Plasma profiles for v,, = vy
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Fluid Shell Evolution

@ Plasma profile evolution with o = 20 and ~,, = 50
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@ Fluid shells with o > 1:
T,, x R™3
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Fluid Shell Evolution

o Plasma profile evolution with a = 0.5 and ~,, = 3
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@ Spectrum today
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Qaw(f, T )h* ~ 1.6 x 107 °Su(f, fu(T.)) [%]

@ Superhorizon modes
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Fit to NANOGrav

e Constraint from PBH overproduction 5/H 2 3.9
ML, Piotr Toczek, Ville Vaskonen arXiv: 2305.04924
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Results from Multi-Model Analysis (MMA)

Scenario ‘ Best-fit parameters ‘ ABIC ‘
GW-driven SMBH binaries |ppg = 0.25 6.0
GW + environment-driven |pgy =1, a = 3.8 (BIC = 53.9)
SMBH binaries fref = 12 nHz
Cosmic (super)strings Gp=2x10"12p=6.3x10"3 -1.2
Phase transition T, =04 GeV, 3/H =55 -4.9
Domain walls Tann = 0.79 GeV, ax = 0.026 -5.7
Scalar-induced GWs k. = 1076 /Mpc -2.1

A =0.08, A =0.28
First-order GWs logigr = —16, ny = 2.9 -2.0

Tin = 0.35 GeV
“Audible” axions me =3.1x10"eV, f, =0.87 Mp -4.2

For each model, we tabulate their best-fit values, and the Bayesian information criterion
BIC = —2Afl + k1n 14 relative to that for the purely SMBH model with environmental
effects that we take as the baseline. The quantity in the parentheses in the third column

shows the ABIC for the best-fit combined SMBH+cosmological scenario.



Best Fits to NANOGrav including SMBH
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Best Fits to NANOGrav including SMBH
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Slow transitions produce PBHs
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Secondary GWs dominating for slow transitions
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Secondary GWs: Impact on PTA fits
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Secondary GWs: Detection prospects
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Conclusions

e Very strong transitions (a > 1) produce the same GW spectrum
regardless of whether the main source is collisions of bubble or
motion of the plasma.

e A very strong phase transition is one of the best explanations for
the current PTA data.

o If the transition is also slow (8/H < 10) a secondary GW
contribution will dominate the spectrum and a large population
of PBH can be created.



Thank you for your attention!
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Theoretical uncertainty on the paran

@ Standard Model with an additional singlet scalar
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Theoretical uncertainty on th

@ Standard Model with an additional singlet scalar

A A, 02 2 A
V(H, ) = | HP + A+ 22 2 ] (m -5 ) TS

| 14D On-shell Vr@LO -

4D MS Vu@LO f=vo L
0.901 ] 3D@LO V@LO =T ]
| B3DeNLO Ve@LO i=T ot ]

| I 3DeNLO V+:@NLO =T
0.88 [ 1o CLeLISA
[ 77120 CLeLISA

Ahs

0.861

0.84¢

£,=2.420.4x107° Hz |
75 80 85 90 95
my [GeV]

ML, Marco Merchand, Laura Sagunski, Philipp Schicho, Daniel Schmitt arXiv:2403.03769



Theoreti

1.00

0.95-

Ais

0.90

0.85

1.00

0.95r

Qs

0.90

0.85

ML, Marco Merchand, Laura Sagunski,

I uncertainty on the parameter space
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Conclusions 11

o Large errors on the GW spectra for individual parameter points
corresponds to small O(1%) error on the reconstructed model
parameters

@ These small reconstruction errors would still dominate the
experimental uncertainties for any detectable spectra



