VIOL
GRAVITATIONAL WA

Alexander Schneider, Tom Krokotsch, Gudrid
Moortgat-Pick, Andreas Ringwald, University of

Hamburg




» What is Inflatio
» How does the GW background from Inflation loo

» Can we differentiate between Inflation Models
» Conclusions & Outlook

Alexander Schneider



10

. Nt

» Points of the CMB are correlated,
others particle horizons

Solution: Rapid Inflation

Alexander Schneider
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INFLATION

Inflation is driven by a scalar field, the Inflaton field
Has to happen over an extended period of time =2 slow rolVInflation

[1] Bauman Cosmology lecture notes 07.01.2025 Alexander Schneider



INFLATION

Small Field Inflation Large Field Inflation

Depending on the model, the change of the scale factor magy vary, we
will here assume de Sitter Inflation, meaning a(t) « et and/H = const

[T]IBaumann Comology lecture notes 07.01.2025

[2] https://blogger.googleusercontent.com/img/b/R29vZ2xI/AVVXSED-Xzx6RHob 6Q1Nhz?2BypuVQdAVLGA4dmws3UcJ8OtL6QINUpP6yC 1 GIMIcMmMUJEG6L-cM4D7WRzdPLvOpeMFuluwYJZ1088 7CcR-
zOeFLQMS3GmirfcbtUb6KoWTyCsé6DvDxhjCepb?beX?V/s1600/inflatonpotential.jpg

[3]Dufaux et al. Gravity Waves from Tachyonic Preheating after Hybrid Inflation (2009) http://arxiv.org/abs/0812.2917 Alexander Schneider
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hyy — Dhy, = 167GTy,
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In Friedman cosmology with i

becomes:

and x., = ax the wave equation

!/

14 a !
h uy T 7}1”1, ~ Ah/,tv = 167TGTMV

Buchmuller et al. The Gravitational Wave Spectrum from Cosmological B-L Breaking 2013

http://arxiv.org/abs/1305.3392 Alexander Schneider
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Fourier Transform, written in terms o ’

uv uv

- a\ -
hy, + (kz — 7) h,, = 16maGT,,

Without sources:

~ a’\ -
h;[v + (k2 —;> uv — O
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using H +H? =2 =H2 5% = (aH)? in de Sitfer:

a

R + (k2 = (aH)?)hy, = 0
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GRAVITATIONAL WAVES FROM
INFLATION

Ry + (k% = (aH)?) Ry, = 0

Alexander Schneider
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End of Inflation Radiation y
Massive matter /
reheating Equilibrium

Gravitational Waves Vol. 2 Astrophysics and Cosmology Michele Maggiore p. 630 ff Alexander Schneider
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Gravitational Waves Vol. 2 Astrophysics and Cosmology Michele Maggiore p. 630 ff Alexander Schneider




DIFFERENTIATING BETWEEN DIFFERENT
MODELS

GMB Tpasma = 1€15GeV
Tern = 1le6GeV

Tey = 129GeV

Tay = lel2GeV

Ringwald et al. Gravitational Waves as a Big Bang Thermometer 2021 http://arxiv.org/abs/2011.04731
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A CLOSER LOOK
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| photon last scattering PQ phase transition
‘F neutrino decoupling
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electroweak crossover
n matter-radiation equality
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T axion decoupling
e*e” annihilation
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Ringwald et al. Primordial gravitational waves in a minimal model of particle physics and cosmology(2021) http://arxiv.org/abs/2009.02050 Alexander Schneider
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» The expected Spe

» The defining Characteristic is the Cutoff frequency
the end of Inflation, though other backgrounds overshado

» A precise measurement could show the impact of events in RD on expansion

Outlook

In case of Hybrid Inflation the pre and reheating process gives rise 1o classica
source terms. Further differences as such can be found in the reheating
spectra

Alexander Schneider
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The Amp
measurements of the C
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Gravitational Waves Vol. 2 Astrophysics and Cosmology Michele Maggiore p. 630 ff Alexander Schneider




That means:

d /1 aH + aH 1 pn H o
— | — | = — = — = — | > = — —
dt \aH (aH)? a H? - H?

(0 in de Sitter Phase)

With H2 = —2— and p = —-3H(p + P) :
3Mp;
H+ H? = - (p+3P) = il 1+3P

Alexander Schneider

[1] Bauman Cosmologylecture notes 07.01.2025



3P)
p

H+1— 11+
H2 - z(

iz — _%(1 e %) = —e 2> pressure has to be negative

[1] Bauman Cosmology lecture notes 07.01.2025 Alexander Schneider
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H=2p 2dt P

i i O
With H = ——— In(a)

H _ 1din(p) . I; c(lﬂln((p))
n(a

R e < 1->density stays almost constant

Alexander Schneider

[1] Bauman Cosmology lecture notes 07.01.2025



Become
Ohyy
+ Ny 0p05 Ny — 0,0, hyy — 0,0, hy, = — 167G Ty,
Which in Lorentz T T Gauge is
hy = 16nGT,,

Gravitational Waves Vol. 1 Theory and Experiment Michele Maggiore p. 6f Alexander Schneider



» The Important que
the horizon:

» Before entering it's constant

» Afteritis suppressed with %
» We can now differentiate between different Intervals:
> ko keq) ,hgnocf—lz

> (keg krir) » (Krug krn),
» k> kpy exponentially suppressed, cutoff rUberkopieren

Alexander Schneider



We can now C

For sub horizon modes with k? > (aH)

2>exponentially suppressed

For super horizon modes with k* « (aH)?* : ah”, + 20w =0

Sh=A+B [T 2

T a0 —->has a constant component

Alexander Schneider
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