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Parameter reconstruction for cosmological phase transitions

SGWB signal
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Parameter reconstruction for cosmological phase transitions

SGWBinner

[Carpini et al., 2019]

SGWB signal

geometric parameters

amplitude, peak frequency,

spectral slopes, ...
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fundamental model
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thermodynamic
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Cosmological phase transitions

p thermal corrections typically restore
spontaneously broken symmetries at
high temperatures
— symmetry breaking phase transition

p can be crossover or first-order
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GW production:
1. vacuum bubble collisions
2. sound waves collisions

3. turbulence and vortical motion




Phase transition parameters (thermodynamic parameters)

Phase transitions can be characterized in terms of four parameters that determine the
corresponding gravitational wave spectrum:
107°
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3/9



Templates

broken power-law

n2—nj

WN () [ (£)7]

f bubble CO”ISIOI’IS [Lewicki & Vaskonen, 2023]

(nl, ng, al) = (24, —24, 4)
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WN(E) ()T ()7

p sound waves:

double broken power-law

n2—nj n3—n2

f

Q2

G

fol
[Jinno et al., 2023]
(nh N2, N2, ay, CL2> - (37 ]-7 _37 27 4)

MHD turbulence:
(nb N2, Na, ay, a2) = (37 17

[Roper Pol et al., 2022]
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Geometric parameter reconstruction
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Geometric parameter reconstruction

~2.04

h2Qy =5 x 10712, f, = 10 mHz, % ~ 6
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Reconstructing thermodynamic parameters
soundwaves:
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Reconstructing thermodynamic parameters
soundwaves + turbulence:

— additional parameter: ¢
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Reconstructing thermodynamic parameters

soundwaves:
3 geom. params.: {2y, fo, f1

soundwaves 4 turbulence:
— additional parameter: ¢

— degeneracy broken?
{u hidden = not reconstructed!
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Fundamental Theories

calculation of PT parameters from fundamental model parameters is expensive

= direct parameter inference not a good option

strategy:
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Fundamental Theories

calculation of PT parameters from fundamental model parameters is expensive

= direct parameter inference not a good option

strategy:

1. Calculate thermodynamic/geometric PT parameters on a grid
2. Reconstruct signal in terms of geometric parameters

3. Interpolate on grid to convert geometric parameters to model parameters
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Parameter reconstruction

gauge singlet extension w/ Z,
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Parameter reconstruction
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classically conformal U(1)g-
H,0) 5 X (610)" =, (HH) (610)

supercooled PT
— bubble collision / fluid shells

log,oQ,h*=~11.39, log,olf,/Hz]=-2.32 log,)2,h*=-9.23,  log,,f,/Hz]=-0.70
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Conclusions

p for the geometric parameters (amplitude, peak/break frequencies, ... ), we can
estimate the reach using Fisher analysis

p the reconstruction of thermodynamic parameters of cosmological phase transitions
(o, H R, T, ...) suffers from degeneracies

p a potential observed SGWB signal can determine/constrain fundamental model
parameters
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Conclusions

p for the geometric parameters (amplitude, peak/break frequencies, ... ), we can
estimate the reach using Fisher analysis

p the reconstruction of thermodynamic parameters of cosmological phase transitions
(o, H Ry, T., ...) suffers from degeneracies

p a potential observed SGWB signal can determine/constrain fundamental model
parameters

Thank you for your attention!
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Very strong transitions (a > 1)

GWs from vacuum bubble collisions or highly relativistic fluid shells
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Magnetohydrodynamic turbulence
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Gauge singlet parameter reconstruction
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Classically conformal U(1)g.. model

V(H,§) = A (HUH) + s (610)" = A, (H'H) (619)

supercooled PT == bubble collision / highly relativistic fluid shells
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U(1)g.L parameter reconstruction
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