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@ Gravitational waves: a backstage pass to the (early) universe
@ What influences a (first order) phase transition?

© A flavour-transfer model

e Future prospects
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The allure of gravitational waves

To explore beyond the CMB and CvB...

Phase transitions: QCD (~ 100 MeV), EW (~100 GeV)

— Baryogenesis + baryon asymmetry, EWSB
Inflation (~ 10'® GeV)

Exotic: cosmic strings, primordial black holes, Planck scale

GR violation: > 2 polarisation states, modified dispersion relation, sub- or

super-luminal propagation, etc.
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C. Moore, R. Cole, & C. Berry's GWplotter


http://gwplotter.com

Finding gravitational waves from phase transitions

Particle
physics model
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C. Caprini et al. JCAP 03 (2020).
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Piecewise function: broken power law joined at fyeqx
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Influence of phase transition parameters

velocity in the symmetrical phase (v..) plotted as a function of velocity in the broken phase (v_)
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Ongoing work by T. Demartini
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Particle
physics model

\ 4

PT parameters
GW power spectrum

Effective action — 3, H.
Numerical simulations —

R*Qcew(f; He, @, B, vw)

Energy budget — o, k(a, vw)

Bubble wall dynamics — vy

Finding gravitational waves from phase transitions

< is there a strong first order phase transition? — >1

c

LISA sensitivity

Configuration + noise level —

B2 Qeens(f)
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Veff = Viree + Vew + VTemp - Vdaisy

Veff

T<T

G. White, A Pedagogical Intro to Baryogenesis
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Veﬁ‘ = Viree + Vew + VTemp_Vdaisy

resummation of dominant thermal corrections <

Veff

T<T

G. White, A Pedagogical Intro to Baryogenesis
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Leptons Left

+ SU(Q2)s

3 new “W-like” gauge bosons
"
Leptons Right 32 Up quorks Right  SU(3)c Carry a ”ﬂavour-charge”

Down quarks Right — U(L)y

L. Darme, A. Deandrea, F. Mahmoudi’s Gauge SU(2); flavour transfers
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https://arxiv.org/abs/2307.09595

new flavour gauge bosons transfer flavour from one fermionic sector to another

Leptons Left Quarks Left

i
| €12

E = (LE’ rLgl)

gauge bosons are all of mass My = g5 /4 with gauge coupling g as a free parameter

I EDY sfvi_fe, (25“51"c - 517'5"5) (fn“ f]-) (fjmfé)
af f
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The model: contributing degrees of freedom

hierarchical rotation matrices realised in A. Greljo & A. E. Thomsen's Rising through the ranks: ms < mg,,, Mg,

Field| SU(3)c |SU(2)L |U(1)y |SU(2)s| DoF coupling
H 1 2 1/2 1 1 Ag = —0.291
G 1 2 1/2 1 3 Ag = 0.291
d 1 1 0 2 1 Ay = 0.291
S 3 1 2/3 2 |3x2=6]|gs=0.0109
%4 1 1 0 3 |3x3=9|gr=0.00155
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https://arxiv.org/abs/2309.11547
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Future prospects (next immediate steps)

Implement into DRalgo for higher-order loop corrections
“Gravitational wave detectors complementary to particle colliders”

— how much of the parameter space is reduced by known collider constraints?
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https://arxiv.org/abs/2307.09595

Future prospects

Implement into DRalgo for higher-order loop corrections
“Gravitational wave detectors complementary to particle colliders”
— how much of the parameter space is reduced by known collider constraints?

simulation chain for signal exclusion using Bayesian inference & publically-available

LIGO-Virgo-KAGRA data [Demartini ef al.]
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https://arxiv.org/abs/2307.09595
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Parameters influencing FOPT

Bubble wall velocity v, after nucleation (0 < v, < 1).

Phase transition strength «, ratio of the trace of the energy momentum tensor and
the energy density in the symmetric phase (free; usually o, 1072 — 10°).

Inverse phase transition duration [+, expressed relative to the Hubble rate H.
(dimensionless). Assume duration to be short enough s.t. expansion of the
universe can be neglected, 5/H, 2 1 (Hn ~ H.).

Transition temperature T is the temperature of the universe right after the phase

transition (set freely based on the chosen model; T, ~ T\)
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decreasing s.t. T < T¢
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