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For a review, see e.g. arXiv:1910.13125 (sketch, not a real model)
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Also seen in Eric Madge’s talk on Tuesday! ?



1. Choose a set of PT parameters

a : Phase transition strength
1+ . Hubble-scaled mean bubble spacing
I’, : Bubble nucleation temperature

v, . Wall velocity

2. Run simulations or use existing approximations (like
Sound Shell Model”) to get GW power spectrum. We use

PTtools for the power spectra

3. Compare to (mock) LISA data with an MCMC analysis

*arXiv:1608.04735, 1909.10040
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1. Use a template for the GW
signal: we choose a double
broken power law”

2. Create a mapping between
r\ PT and spectral parameters -
only needs to be done once!

3. Run MCMC on spectral parameters, use mapping to
reconstruct PT parameters (we include instrument noise)

Careful with priors - choose spectral priors based on mapping
*arXiv:1608.04735


https://arxiv.org/abs/1608.04735
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arXiv:2209.13551
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3. For a point in spectral parameter space, use nearest neighbours
iInterpolation in spectral grid to reconstruct PT parameters
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BN Thermodynamic posterior (direct) MCMCs done with Cobaya, arXiv:2005.05290

/ B Thermodynamic posterior (reconstructed)

 Both approaches recover
injected signal (dashed lines),
direct is more precise

e Creating the first mapping
takes time, but reconstruction

IS much faster

a : Phase transition strength
I« : Hubble-scaled mean bubble spacing

/ T’, : Bubble nucleation temperature
A B D . v, : Wall velocity
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What if we add more realistic noise?



Ongoing project with M. Hindmarsh,
T. Minkkinen, D. J. Weir

1. Create mock LISA data using .
. . L . LISA Orbits' |
LISA simulation pipeline* with: SA Orbits’ LISA GW Response” ‘f

i. Instrument noise . .

. _ LISA Instrument® pyTDI*
ii. Broken power law PT signal |

iil. Confusion noise from galactic white dwarf binaries

2. Run MCMC to see if we recover injected signals®

* Developed by the LISA data-processing group
1 zenodo.org/record/7700361

2 zenodo.org/record/6798946 .
3 arXiv: 2212.05351 arXiv:2011.05055, 2105.04283

4 zenodo.org/record/7704609 2107.06275, 2209.13277

T Related work in e.g.:
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Summary

e \We can reconstruct (strong) PT signals using spectral templates

e The LISA Simulation codes provide a consistent framework for
realistic mock data production

Next steps

 We want to add annual modulation of binaries (angular information),
change to double broken power law

* How small can we make the injected signal and how well do we
need to know the astrophysical noises?



Get in touch!
Email: deanna.hooper@helsinki.fi
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e Detonation fiducial

v, =088, a=02, r.=0.1, T, = 200GeV

» Deflagration fiducial

v, =04, a=0.55,r.=0.1, T, = 120GeV
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