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Parameter reconstruction for cosmological phase transitions

SGWB signal

cf. also Deanna's talk on Wednesday
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Parameter reconstruction for cosmological phase transitions

SGWRinner spectrum parameters

[Carpini et al., 2019]
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Parameter reconstruction for cosmological phase transitions

SGWRinner spectrum parameters

[Carpini et al., 2019]
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Tem plates theoretical background: see talks by Alberto, David and Marek

broken power-law

na2—nj

QN(E) ()]

o+ bubble collisions: [Lewicki & Vaskonen, 2023]
(nl, No, Cll) = (247 —24, 4)
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Tem plates theoretical background: see talks by Alberto, David and Marek

broken power-law double broken power-law

na2—nj

QN(E) ()] WN(E) [+ E) T ()7

o+ bubble collisions: [Lewicki & Vaskonen, 2023] | % sound waves: Uinno et al., 2023]
(711,”27@1) = (2-47 —24, 4) (nl,n2,n27a1,a2) = (37 1, -3, 2,4)
M H D tu rbulence [Roper Pol et al., 2022]

(nh Ng, Ng, a1, a?) = (37 17 _§7 47 215)
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Polychord/MCMC vs. Fisher analysis
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" estimation of parameter reconstruction

reach based on generated data +
Polychord takes a lot of time

: alternative: Fisher analysis

0%log L

-1 — L=
o' =74 =~ 5.0,

)

works well if posteriors are approximately
Gaussian
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Spectral parameter reconstruction
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Reconstructing thermodynamics parameters

<+ 3 spectral params.: €2y, fo, fi
4 therm. params.: «, H,R,, &,, T,
—> degenerate

< consider fixed T:

Sohen | K* H.R, if H.t>1
&w | K3?(H.R,)? if Hor <1
f2

7 X &uw/Eshell

QQOC

=+ repeat for random log,,(7%/GeV)
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Reconstructing thermodynamics parameters
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Reconstructing thermodynamics parameters
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Reconstructing thermodynamics parameters
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Reconstructing thermodynamics parameters

<+ 3 spectral params.: €2y, fo, fi
4 therm. params.: «, H,R,, &,, T,

—> degenerate
o+ consider fixed Ty:
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Reconstructing thermodynamics parameters
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Soundwaves + turbulence

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

2+ analytically:
( furb/fécurb)Q xeK
qurb x 62K2<H*R*)2
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Soundwaves + turbulence
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Two double broken power-laws
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Two double broken power-laws
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Two double broken power-laws
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Fundamental theories

error propagation
—>

constraints on spectrum parameters constraints model parameters
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Fundamental theories

. error propagation .
constraints on spectrum parameters ————— constraints model parameters

Singlet extension with Z,
log Q=(-12.604 0.417), log fi=( -2.60000+£ 0.328001)
12 / 7 %
10
0.8
h 0.6
0.4
0.2
50 60 70 S0 90 100 110 130 130
m, [GeV]
oz, (FCC - ee)
""" VBF ( * - hh)
VBF (HL - LHC)
Tiny
A =10
Ay =0.
. Ao =01
Y X

Eric Madge First-order phase transition SGWB in LISA



Fundamental theories

. error propagation .
constraints on spectrum parameters ————— constraints model parameters

Singlet extension with Z, | Classically conformal U(1)g
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Fundamental theories

constraints on spectrum parameters

error propagation .
———————— constraints model parameters

Singlet extension with Z, | Classically conformal U(1)g.. | Two-Higgs-doublet model

log Q=(-12.60 0.417), log fi=( -2.60000 0.328001) 0.27
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Conclusions

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

<+ thermodynamics parameters of cosmological phase transitions (o, H,R,, T, ...) are
hard to reconstruct (due to degeneracies)

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

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

<+ thermodynamics parameters of cosmological phase transitions (o, H,R,, T, ...) are
hard to reconstruct (due to degeneracies)

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

Thank you for your attention!
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