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Impressive performance of the Standard Model

Standard Model Production Cross Section Measurements

Status: February 2022
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New Era of gravitational-wave astrophysics

The first ever detection LIGO spectrometer

Credit: LIGO

of gravitational waves
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Why do Gravitational Waves matter?

Quick answer: GWs, in the form of a stochastic
cosmological background, allow to probe physics not at the
reach of collider experiments .

@ Cosmological events

Inflation

1) Cosmic strings

(1il) Strong cosmological phase transitions (PTs) — by expanding vacuum
bubbles of a broken phase in a universe filled with a symmetric phase
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Gravitational wave detectors and sources
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Wide coverage of amplitudes/frequencies in a number of GW facilities!



Phase transitions in the early Universe

Strong cosmological phase transitions (PTs) —
by expanding and colliding vacuum bubbles of new phase
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Stochastic Gravitational Wave (GW) background as a gravitational probe for New Physics Credit: Marco Finetti 7



Gravitational-wave power spectrum

@ GW energy density per logarithmic frequency Streor;gth
2
W Qow = & 20% ~ p2Q) o + h*Qgy + B2 Qpip nverse
P dlogf duration
BIH
Latest SGWB templates can be found in: Percolation
LISA Cosmology Working Group, C. Caprini et al, 2403.03723 temperature
signal ~ amplitude x spectral shape (f/fpeak) Tp

Phys.Rev.Lett. 125 (2020) 2, 021302

Primordial GWs power spectrum:

i T
AT 5 R R I
oow =00 (2) *(75) [ ()]

peak frequency

fpeak X (ﬂ/H)T* hzgge\i}i X T*ZK(a) p_e%lk

Highly sensitive to details of FOPTs
and to underlined particle physics model




Evidence of the stochastic GW background

PhYéT(:‘S ABOUT BROWSE PRESS COLLECTIONS Saarchiarticle NANOGrav Collaboration ’
Astrophys. J. Lett. 951 (2023) 1, L8; 2306.16213

RESEARCH NEWS

Researchers Capture Gravitational-Wave = | physicsworld | a AR
H (13 b}
BaCkgrOU nd with Pulsar “Antennae : ASTRONOMY AND SPACE | RESEARCH UPDATE
June 29,2023 « Physics 16, 118 = Pulsar timing irregularities reveals hidden gravitational-wave
Four independent collaborations have spotted a background of gravitational waves that passes through our . ba Ckgro un d
Galaxy, opening a new window on the astrophysical and cosmological processes that could produce such waves. in
29 Jun 2023
&
-
D. Champion/Max Planck Institute for Radio Astronomy
Pulsar timing arrays (PTAs) use a set of pulsars embedded in our Galaxy to probe the passage of
gravitational waves that modulate radio signals from the pulsars. Four PTA collaborations have
delivered evidence for a stochastic background of nanchertz gravitational waves.
NANOGrav data vs expected correlation for SGVVB
@ Cosmic claims: researchers have used radio telescopes around the world to hunt for gravitational waves
O 8 [T T T[T TrTrrJrrrjyrrryrrrp T using the subtle variations in the timing of pulsars. (Courtesy: Aurore Simonnet for the NANOGrav

Collaboration)

0.6

/

llllllllllllllll-
4
|
1
llllllllllllllll"

0.4 . .
A conservative explanation:
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Probing New Physics at NANOGrav

NANOGrav Collaboration,
Astrophys. J. Lett. 951 (2023) 1, L11; 2306.16219
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- many models provide a better fit resulting in Bayes factors from 10 to 100
- strongly depend on modelling assumptions about the cosmic SMBHB population
- considered by many theorists as a constraint on scenarios of New Physics

- for specific models, however, making predictions requires a great care!
10



Call for caution in NANOGrav data interpretations

P. Athron et al, PRL 132 (2024) 22, 221001; 2306.17239
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strongest supercooling for which
the FOPT is NOT completed
and percolation may not occur

strongest supercooling for which
the FOPT is completed

period of vacuum domination hinders bubble percolation and transition

completion preventing a consistent interpretation of NANOGrav signal
through supercooled tramsitions
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Stochastic GWs from supercooling
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Supercooling in conformal U(1)" models

generic charge assignuments scale tnvariant scalar potential
2 2
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x,=2and xy; =0

SGWSB predictions in conformal B-L theory
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SGWSB predictions: role of neutrinos and charges
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Conclusions

+ Vacuum domination hinders bubble percolation in the frequency
domain of PTAs making it difficult to interpret NANOGTav data
due to supercooled phase transitions

4+ SGWB detection ab LISA+ET+LIGO probes supercooling at higher
temperatures (hence, larger frequencies) setting bounds on

paramelers of conformal models with new gauge symmetries

+ Simulbaneous explanation of neubrino masses in the U(1)
conformal model is crucial for high-frequency SGWB searches

+ LISA+ET+LIGO can either rule out most of the parameter space

or lead ko a grouv\d-*break‘w\g disaove_rj
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