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Gravitational waves constrain Axion-like inflation
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Gravitational waves constrain Axion-like inflation
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m Efficient sphaleron-induced reheating
m Shift symmetry protects flat potential

= Natural model for inflation
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m Efficient sphaleron-induced reheating
m Shift symmetry protects flat potential

= Natural model for inflation

m Abelian case: Preheating can overproduce gravitational waves (GW)

= ANgsr too large (cf. arXiv:1909.12842)
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Gravitational waves constrain Axion-like inflation
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m Efficient sphaleron-induced reheating
m Shift symmetry protects flat potential

= Natural model for inflation

m Abelian case: Preheating can overproduce gravitational waves (GW)

= ANgsr too large (cf. arXiv:1909.12842)

What about non-Abelian case?
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Gauge self-interactions suppress GW production

non-Abelian gauge fields self-interact
= Fast equilibration (compared to Abeldian case)

We consider GW production rate in thermal equilibrium (after reheating)
= reasonable lower bound

Other approaches are e.g. arXiv:1708.02944 / arXiv:1911.06827 / arXiv:2006.15122
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Gauge self-interactions suppress GW production

non-Abelian gauge fields self-interact
= Fast equilibration (compared to Abeldian case)

Any viscous plasma generates GW but out-of-equilibrium
production is much more efficient

We consider GW production rate in thermal equilibrium (after reheating)
= reasonable lower bound

Other approaches are e.g. arXiv:1708.02944 / arXiv:1911.06827 / arXiv:2006.15122
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GW production rate in thermal equilibrium

We compute new physics contributions to G at finite T:

dégw 47 A A [ gby giltkt—kn) ik 1
Flenp  m2, nsG” G /d xe g 5 {Ti(0): Tu(x)])

KUK is traceless transverse (TT) projector / Tj is Stress-energy / arXiv:1504.02569
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GW production rate in thermal equilibrium

We compute new physics contributions to G at finite T:

dégw _ AT ca oA [ gay gilke—kn) ikt 1
Chfry  m2, nsG” G /d xe PESAT0), Tl

KUK is traceless transverse (TT) projector / Tj is Stress-energy / arXiv:1504.02569

m After inflation = Minkowksi space + Small fields (V/(p) — 3 m?¢?)
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GW production rate in thermal equilibrium

We compute new physics contributions to G at finite T:

dégw _ Am A A b ikt—kx) ikl L
Chfry  m2, nsG” G /d x el gl 5 {Ti(0): Tu(x)])

KUK is traceless transverse (TT) projector / Tj is Stress-energy / arXiv:1504.02569

m After inflation = Minkowksi space + Small fields (V/(p) — 3 m?¢?)

m Lengthscale determines computational strategy:

m Small distances k ~ 7T < Plasma is particle gas (Boltzmann domain)

m Large distances k < a2 T < Plasma is fluid (hydrodynamic domain)
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Small distances kK ~ 7 T: Particle picture

m Particle picture: Inflaton to matter coupling o< hj; T
=- Boltzmann equation gives production rate:

dégw ¢ 2 N _ 1
W—2kf f—r(nB—f)NnBr nB—m
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Small distances kK ~ 7 T: Particle picture

m Particle picture: Inflaton to matter coupling o< hj; T
=- Boltzmann equation gives production rate:

dégw ¢ 2 N _ 1
W—2kf f—r(nB—f)NnBr nB—m

m Optical theorem: Matrix element < Spectral function G4

47
m,%l k

. =l
= G.A GA — /d4X el(kt_kx)KU'kl§<[T,'j, Tk/]>
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Large distances k < o?T: Fluid picture

m Viscous fluid in local thermal equilibrium:
Too=e Toi = (e + p)v;
2
Tij = 05 (p = €Vv) = n(9iv; + Gjvi — 30;Vv)

v/ <« 1 local plasma velocity / 7 is shear viscosity / £ is bulk viscosity

Philipp Klose Gravitational wave background PNGW Scientific Program  5/10



Large distances k < o?T: Fluid picture

m Viscous fluid in local thermal equilibrium:
Too=e Toi = (e + p)v;
2
Tij = 05 (p = €Vv) = n(9iv; + Gjvi — 30;Vv)

v/ <« 1 local plasma velocity / 7 is shear viscosity / £ is bulk viscosity

m Shear viscosity generates gravitational waves:

8nT = lim G<
it
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Connecting domains: Computing 1 from QFT

m Straightforward in principle:
8T “ST ng(k)G*

Problem: fixed order perturbation theory breaks down
Solution: Use resummed propagators
i R i
p2—m?—ie p2—M2—ipyT

Long range = on-shell contribution dominates:

M? = m? + Rel(m) po T = ImM(m)

Weak interactions < large shear viscosities
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Summarizing the Computational Approaches

Hydrodynamic domain (k < a?T):

Boltzmann domain (k ~ 7 T):
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m Inflaton contribution most important = T, — 0,¢0,¢
Boltzmann domain (k ~ 7 T):
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Summarizing the Computational Approaches

Hydrodynamic domain (k < o2 T):
m No interactions, but finite width propagators:

1 1
%
—pg+pP+m2—ie  —pg4+p>+M2—ipT

m Inflaton contribution most important = T, = 0,¢0,¢
Boltzmann domain (k ~ 7 T):

m No resummation

m Full stress-energy tensor T, = 8,09,¢ — G\ G,
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Takeaway 1: Boltzmann domain most important

Y axion-like inflaton / |R-part axion-like inflaton / UV -part
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BAk<T=GWokd/Tand T < k< a?T = GW o kT
m Small signal for k < 2T, peak at k ~ T
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Takeaway 2: SM dominates over NP contribution

Standard Model axion-like inflaton / UV -part
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m NP relevant for Tmax > 103f, but simulations give Tmax < 2007,

= No overproduction issues as in Abelian case
(cf. arXiv:1909.12842 arXiv:1909.12842)

Philipp Klose Gravitational wave background PNGW Scientific Program  9/10


https://arxiv.org/abs/1909.12842
https://arxiv.org/abs/1909.12842

Summary and Outlook

m Computed GW background from reheating after axion-like inflation

m Main assumptions: Thermal equilibrium + Minkowski space

= Reasonable lower bound

Main results

Bolzmann domain most important

SM contribution dominates over NP contribution
= Model avoids overproduction issue from Abelian case

Future prospects: Include Hubble rate H, full potential V/(y),
QOut-of-equilibrium contributions, etc.
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Thank you for your attention!



