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The experimental context
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High freqs probe high-energy processes in early universe: inflation, reheating, plasma
Weak interactions waves travel undisturbed: direct probe of primordial physics

There are no known astrophysical sources at very high-frequencies
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Current constraints at high frequencies

Fermilab
Holometer

10—14:

ALPS, OSQAR

10719F:

Fa it
L LISA™ 57
~§
DECIGO | T~
- ~§
r -

10‘29 - ultimate DECIGO

10724

~
~
N da%ra
o d

GW-induced strain

10—34 L
L Doy ™ < B, Ure
r Uk o “9
L . /fu[ S
-39 L brg) S« i
10 voonnd vod ool vood vood ool vood voed vovwd voed voed ool o veod vl vvoed voomd vovd vooued voed Sod S o

102 107" 10" 103 10® 107 102 10'" 10'3 10'® 10'7 10'°

frequency

Carlos Tamarit



The aim
Motivate search for high-frequency gravitational waves (GWSs)

Provide a benchmark by computing the complete spectrum of stochastical GWs
in @ minimal and predictive extension of the SM, SMASH

The novelty

We are not aware of other calculations accounting for GWs from inflation,
preheating and thermal fluctuations in a single model

(see however [Buchmuller et al])
The plan

SMASH
GW production in the early universe

Inflation

Reheating
Thermal fluctuations
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Overview of SMASH
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Higgs stability
Strong CP problem

Single new mass scale, predictive cosmological history

» Addresses 6 problems in minimal, falsifiable package
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P Most general, renormalizable Lagrangian compatible with global PQ symmetry

Carlos Tamarit



For §u«&,, approx. 1 free scalar parameter

Ao Ao
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Vo Vo )\HO'
CMB temp DM abundance Higgs stability
Eo fluctuations +perturbativity

} Features of GW spectra in SMASH mainly determined by bosonic BSM couplings
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P Can choose T as free bosonic parameter. Will compute GW spectra for extremal values
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CMB predictions in SMASH
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Gravity waves in SMASH



What are gravitational waves?

Excitations of the metric field sourced by anisotropies in the stress-energy
momentum tensor. In local Minkowski frame

ds? o — dt? + (513 + hm)dxzdazj
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Sources of GWs in the SMASHY universe

Inflation

(Almost) no source term

Reheating
Nonperturbative scalar field fuctuations (inflaton fragmentation) contribute to 7

Need lattice simulations

Thermal excitations

Additional contributions to 7 @TT from viscosity and quasi-particle excitations
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13



Interdependence between sources

Inflation

sets the initial conditions for

Reheating

which fixes the value of the reheating temperature and the scale of

Thermal excitations

} We expect correlations within SMASH of spectra coming from different sources
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GWs from inflation



GWs from inflation: the bigger picture
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Sudden changes in T B (as in PQ transition) can lead to steps in power spectrum
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GWs from inflation: the bigger picture
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The PQ transition affects inflationary GWs
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GWs from preheating



Results of lattice simulations
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GWs from preheating: the bigger picture
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Reheating temperature from simulations
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GWs from thermal fluctuations



QCGMB(f) ~ 4.03 x 10_12 [

Tm ax

g*s(Tmax)

Mp

I

106.75

} Linear effect. A Big Bang thermometer!
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Peak frequency depending on the
number of relativistic degrees of
freedom at the Big Bang!
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GWs from thermal plasma: the bigger picture
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Hubble scale at inflation’s end, length scale of inflaton fragmentation

Hubble scale during inflation
Tmax and number of d.o.f. in hot Big Bang
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Confronting with current and future experiments
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Conclusions



High-frequency GWs can tell us about:
Hubble scale during and at the end of inflation
Scale of inflaton fragmentation
Reheating temperature and number of d.o.f.s in the primordial plasma

Second-order phase transitions in the early universe

SMASH provides a conservative benchmark that can hopefully motivate further
efforts in the exploration of high-frequency GWs
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Thank you!
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