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GW: Present and the future
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Our goal

 We want to learn about free streaming particles and equation of
state In the early universe from propagation effects

e Need an old source that lasted a finite time




GWB of cosmological origin

-xamples of GWs from first-order PT

* Typically, the shape of GWB from
cosmological source iIs model
dependent

 However, causally produced GW have a
feature of k> scaling during RD
for low frequency modes [Caprini et al.,

‘09

e This part of the spectrum
depends only on the propagation
effects
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e First-order phase transition is an
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Universal scaling
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Super-horizon modes
A > Hpp = (I(0)II(4)) =
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Propagation Effects

This talk




-ree streaming particles
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-ree streaming particles

ko

The effect of neutrino decoupling on
the inflationary GW spectrum was




-ree streaming particles

;. No free streaming particles

* [n our work, we are looking for the
effect of free streaming particles that
were already present before PT.
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-ree streaming particles

e ower frequency modes spend
more time In the slow roll phase
betore entering the horizon,
leading to the steeper slope

o For small values of fr¢, the GW

spectrum scales as
16/Fg

Qe lotos
[Hook et al., 2020]
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REWRIE

. We estimate sensitivity to fr¢ using Fisher information matrix and
vary 3 different parameters of the PT:
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Sensitivity to free streaming axions
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onclusions

* Low frequency tail of causally produced GW encodes information about the
EOS of the and the free streaming content of the universe

* LISA will launch durning the next decade and can improve bounds set by
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Sensitivity to free streaming axions
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Sensitivity to equation of state
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