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Jan Schütte-Engel

Cosmology from Home 2023

based on
[Ringwald, JSE, Tamarit 20], [Ghiglieri, JSE, Speranza 22]



1/9



inflation

Energy

QCD phase trans.EW phase trans.(Pre)Reheating

radiation domination

0.1 GeV100 GeV1015-1016 GeV1019 GeV

Planck Scale

2/9



inflation

Energy

QCD phase trans.EW phase trans.(Pre)Reheating

radiation domination

0.1 GeV100 GeV1015-1016 GeV1019 GeV

Planck Scale

2/9



Energy

QCD phase trans.EW phase trans.

radiation domination

0.1 GeV100 GeV

Tmax

1019 GeV

Planck Scale

2/9



Energy

QCD phase trans.EW phase trans.

radiation domination

0.1 GeV100 GeV

Tmax

1019 GeV

Planck Scale

2/9



Energy

QCD phase trans.EW phase trans.

radiation domination

0.1 GeV100 GeV

Tmax

1019 GeV

Planck Scale

Tmax

k

Ωgw

2/9



Energy

QCD phase trans.EW phase trans.

radiation domination

0.1 GeV100 GeV

Tmax

1019 GeV

Planck Scale
T1

k

Ωgw

T1

2/9



Energy

QCD phase trans.EW phase trans.

radiation domination

0.1 GeV100 GeV

Tmax

1019 GeV

Planck Scale
T1

k

Ωgw

T1

2/9



Energy

QCD phase trans.EW phase trans.

radiation domination

0.1 GeV100 GeV

Tmax

1019 GeV

Planck Scale
T1

k

Ωgw

T1

2/9



Energy

QCD phase trans.EW phase trans.

radiation domination

0.1 GeV100 GeV

Tmax

1019 GeV

Planck Scale
T1

k

Ωgw

T1

ω
today
g =

(
g∗s(T0)

g∗s(Tmax)

) 1
3 kmax

Tmax
T0

2/9



Energy

QCD phase trans.EW phase trans.

radiation domination

0.1 GeV100 GeV

Tmax

1019 GeV

Planck Scale
T1

k

Ωgw

T1

ω
today
g =

(
g∗s(T0)

g∗s(Tmax)

) 1
3 kmax

Tmax
T0 ≈

(
g∗s(T0)

g∗s(T1)

) 1
3 k1

T1
T0

2/9



Energy

QCD phase trans.EW phase trans.

radiation domination

0.1 GeV100 GeV

Tmax

1019 GeV

Planck Scale
T1

k

Ωgw

T1

ω
today
g =

(
g∗s(T0)

g∗s(Tmax)

) 1
3 kmax

Tmax
T0 ≈

(
g∗s(T0)

g∗s(T )

) 1
3 k

T
T0

Cosmic Gravitational Microwave Background (CGMB)

2/9



Distribution functions

fϕ(t , k) ≡ Number of ϕ-states with momentum k in d3k interval
V d3k/(2π)3 ,

fh(t , k) ≡ Number of gravitons with momentum k in d3k interval
V d3k/(2π)3 ,

Evolution equations

ḟϕ(t , k) = Gϕ(t , k)− Lϕ(t , k),

ḟh(t , k) = Gh(t , k) − Lh(t , k),

p'1

p'm

k'1

k'n

p1

pi

k=k1

kj

Gh(t , k) =
1

4k

∑
all processes r

with at least one
final state graviton

Sr

ˆ
dΩr |Mr |2 × fϕ(p′

1) · · · fϕ(p
′
m) fh(k ′

1) · · · fh(k
′
n)×

×
(
1 + fϕ(p1)

)
· · ·

(
1 + fϕ(pi )

)
(1 + fh(k)) · · ·

(
1 + fh(kj )

)
.
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Lowest order processes

fh(k) = 0 + f (2,2)h (k) + f (0,4)h (k) ,

Single graviton production
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Quantum Gravity effects

An example:

Interference

[Ghiglieri, JSE, Speranza, in progress]
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Dark radiation bound

[Ghiglieri, JSE, Speranza 22] 6/9



The CGMB spectrum in the Standard Model

[Ghiglieri, Laine 15],[Ghiglieri, Jackson, Laine, Zhu 20]

(only single graviton production processes included)
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The CGMB spectrum in the SM and beyond

[Ghiglieri, Jackson, Laine, Zhu 20], [Ringwald, JSE, Tamarit 20]
In BSM theories:

fpeak(Tmax) ∼
[

106.75
g∗s(Tmax)

] 1
3 SM MSSM

g∗s(Tmax) 106.75 228
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Conclusions
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