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Cosmological phase transitions

<+ thermal corrections typically restore
spontaneously broken symmetries at
high temperatures
—> symmetry breaking phase transition

o+ can be crossover or first-order
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Cosmological phase transitions

2+ thermal corrections typically restore GW production:
spontaneously broken symmetries at
high temperatures

—> symmetry breaking phase transition

1. vacuum bubble collisions
2. sound waves collisions

) . 3. turbulence and vortical motion
2+ can be crossover or first-order
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Phase transition parameters (thermodynamic parameters)

2+ nucleation/percolation temperature 7.,

I(7,) ~ HYT,), P(T,) ~0.71

Eric Madge GWs from first-order PTs in LISA: reconstruction pipeline and physics interpretation



Phase transition parameters (thermodynamic parameters)

<+ nucleation/percolation temperature 7.

I(7,) ~ HYT,), P(T,) ~0.71

<+ strength o of the transition / energy fraction /A in the source

AV T 0AV
ax ST TEIT AV v -, K= 2
Prad I+a

Eric Madge GWs from first-order PTs in LISA: reconstruction pipeline and physics interpretation



Phase transition parameters (thermodynamic parameters)

<+ nucleation/percolation temperature 7.

I(7,) ~ HYT,), P(T,) ~0.71

<+ strength o of the transition / energy fraction /A in the source
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<+ nucleation/percolation temperature 7.

I(7,) ~ HYT,), P(T,) ~0.71

<+ strength o of the transition / energy fraction /A in the source

AV T 0AV
ax ST TEIT AV v -, K= 12
Prad I+a

& nucleation time scale 3, ' / average bubble size 2. upon collision
1/3maxX (€, Cs)

[(t) =Teexp (0.(t — t.)) , R, = (8) 3,

<+ bubble wall velocity &,

here: Eowr~vl
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Templates

broken power-law

na2—nj
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o+ bubble collisions: [Lewicki & Vaskonen, 2023]
(nl, No, (11) = (247 —24, 4)
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Very strong transitions (a > 1)

GWs from vacuum bubble collisions or highly relativistic fluid shells
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Polychord vs. Fisher analysis
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" estimation of parameter reconstruction
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: alternative: Fisher analysis
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Geometric parameter reconstruction
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Reconstructing thermodynamics parameters

<+ 3 geom. params.: §2, fo, fi
4 therm. params.: K, H.R,, &,, T,
—> degenerate
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Reconstructing thermodynamics parameters

<+ 3 geom. params.: §2, fo, fi
4 therm. params.: K, H.R,, &,, T,
—> degenerate

< consider fixed T:
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Reconstructing thermodynamics parameters

<+ 3 geom. params.: §2, fo, fi
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Reconstructing thermodynamics parameters

103

B direct sampling 7
B cconstructed sample 7
ﬁ- Fisher reconstructed) 10 ‘ I
-~ 3 geom. params.: QQ, f27 fl ;: ool N
4 therm. params.: K, H.R., &,, T. e
— degenerate R TR T ;(] T
=1 71
< —— mean FE55 ignal
. . Z 1o band
o consider fixed T.: -
éshell K2 H*R* if H*T >1 0.05 ]
QQ X 3/2 2 . ;n.iu] |
Sw |K°?(H.R.)* if Hiao <1 5\
0.80
35
f2
7 o &y /Eshell 5
1 Z -
20 -

repeat for random log,,(7%./GeV)

Eric Madge

-28

—2

-12 -04

logip(K)

I
logy(R.H.)

0.78 084 0.9 0.96

S

18 24

3

3.6

logo(T./GeV)

K =0.05, R.H, =002, & =1, T, =1TeV

GWs from first-order PTs in LISA: reconstruction pipeline and physics interpretation




Soundwaves + turbulence

<: sound waves + turbulence
—> additional parameter: ¢
—> degeneracy broken?

2+ analytically:
(F1 ) 57002 o ¢ K
05" o € K*(H.R.)
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Soundwaves + turbulence

sound waves + turbulence R
—> additional parameter: ¢

—> degeneracy broken?
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Fundamental Theories

calculation of PT parameters from fundamental model parameters is expensive

= direct parameter inference (currently) not possible

strategy:
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Fundamental Theories

calculation of PT parameters from fundamental model parameters is expensive

= direct parameter inference (currently) not possible

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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Gauge singlet extension with Z, symmetry [ s o0 00, cos)
g g 2 SY y
2 2 s Ahs
V(H,s) =~ HH + A (HH) + % 4+ St S H

o+ 2-step transition: (h, s) = (0,0) — (0,vs) — (vp,0)

2+ GWs predominantly produced by sound waves
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Gauge singlet eXtenSion With Z2 Sym metry [ Ellis, Lewicki, Merchand, No, Zych (2023)
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Gauge singlet parameter reconstruction
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Marzo, Marzola, Vaskonen (2019)

see e.g. Jinno, Takimoto (2009)
Ellis, Lewicki, No, Vaskonen (2019)

Classically conformal U(1)g.. model

V(H,§) = ha (HH) + 2 (6'6)" = A, (H'H) (619)

supercooled PT == bubble collision / highly relativistic fluid shells
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Classically conformal U(1)g.. model

V(H,§) = ha (HH) + 2 (6'6)" = 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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Conclusions

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

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

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

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

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

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

Thank you for your attention!
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