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Very rich phenomenology:
PBH
GWs
Non Gaussianities
…
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Olinto (PRL 65,3233 1990)]
…Axion-inflation
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� ! �+ cShift symmetry
•The model:

•Why so interesting?
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|A+| � |A�|- Chiral instability

Introduction
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Constraint equations:

The model

Dynamical equations: @ FLRW

V =
1

2
m2�2
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CosmoLattice
[D. G. Figueroa, A. Florio, F. Torrenti & W. Valkenburg (2006.15122)]
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[D. G. Figueroa, M. Shaposhnikov (1705.09629)]
[J. R. C. Cuissa , D. G. Figueroa (1812.03132)]

2- Lattice gauge-invariant and shift symmetric.

1- Full equations of motion: inhomogeneities allowed!
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3- Strong backreaction during and until the end of inflation
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✏H = 1From the linear regime

Our lattice study
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The only one 
that satisfies 
all conditions

Continuum Lattice

[D. G. Figueroa, M. Shaposhnikov (1705.09629)]
Discretisation procedure
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Not valid for usual symplectic time 
integrators: LF or VV

Need for a non-symplectic 
integrator:

Runge-Kutta

Discretisation procedure
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Conjugate momenta in kernels
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˙̃Ei = KL
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a, b,�, Ai, Ẽi
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Outline
1. Uncovering the strong backreaction regime 

1. General features
2. (Electro)magnetic slow-roll
3. UV sensitivity 

2. GW generation and detectability prospects  

1. Inflation
2. Preheating
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•Strong: Inflationary period exponentially grows with 
the coupling value!

•Mild: Re-entry in inflation.

•Weak: Backreaction only after inflation, no extension of 
inflation.

1. Uncovering the strong backreaction regime

Bump before standard slow-roll 
end, earlier for higher couplings
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1.1 General features
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Extrapolations
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ω! = 25 → !Nbr ↑ 10 ↓ 12
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ω! = 30 → !Nbr ↑ 15 ↓ 18
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ω! = 35 → !Nbr ↑ 18 ↓ 25

Linear fits approximately 
supported, but preferred 

mild curvature
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Power-Law

Local 
backreaction

Homogeneous 
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End of inflation

Final magnetic dominance

Initial electric dominance

Homogeneous: complete electric dominance

1.2 (Electro)magnetic slow roll
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No noticeable changes
during inflation
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 sub-Hubble!

During the re-entry period, 
excitation moves towards UV scales

Considerable amount of extra e-
folds: extreme UV sensitivity

Backreaction hits before 
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N = 0

1.3 UV sensitivity

k=aH

<latexit sha1_base64="fTwPtwx9klvGx/HAaYYzWNiFojo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y0rqWAf0I4lk2ba0CQzJBmlDP0PNy4Uceu/uPNvzLSz0OqBwOGce7knJ4g508Z1v5zC0vLK6lpxvbSxubW9U97da+koUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjK8yv/1AlWaRvDOTmPoCDyULGcHGSvc9gc2IYJ7eTC/cUr9ccavuDOgv8XJSgRyNfvmzN4hIIqg0hGOtu54bGz/FyjDC6bTUSzSNMRnjIe1aKrGg2k9nqafoyCoDFEbKPmnQTP25kWKh9UQEdjJLqRe9TPzP6yYmPPdTJuPEUEnmh8KEIxOhrAI0YIoSwyeWYKKYzYrICCtMjC0qK8Fb/PJf0jqperVq7fa0Ur/M6yjCARzCMXhwBnW4hgY0gYCCJ3iBV+fReXbenPf5aMHJd/bhF5yPb7kYkgQ=</latexit>

N = 0

Re-entry period

Power to UV scales

<latexit sha1_base64="K/qVAjO/I5wcd5WnlCb83R4QLrk=">AAACFnicbZDNSgMxFIUz9a/Wv1GXboJFcKF1pkrtRii60Y1UcdpCZyiZNG1Dk5kxyQhl6FO48VXcuFDErbjzbUzbWWjrgcDHufdyc48fMSqVZX0bmbn5hcWl7HJuZXVtfcPc3KrJMBaYODhkoWj4SBJGA+IoqhhpRIIg7jNS9/sXo3r9gQhJw+BODSLicdQNaIdipLTVMg+v4Rk8LloH7n2M2rDfSlzBoVMbHqV4dTuErqQcFstWrmXmrYI1FpwFO4U8SFVtmV9uO8QxJ4HCDEnZtK1IeQkSimJGhjk3liRCuI+6pKkxQJxILxmfNYR72mnDTij0CxQcu78nEsSlHHBfd3KkenK6NjL/qzVj1Sl7CQ2iWJEATxZ1YgZVCEcZwTYVBCs20ICwoPqvEPeQQFjpJEch2NMnz0KtWLBLhdLNSb5ynsaRBTtgF+wDG5yCCrgEVeAADB7BM3gFb8aT8WK8Gx+T1oyRzmyDPzI+fwBYNZxj</latexit>

N = 320, kUV/kIR → 280
<latexit sha1_base64="MiYPId8kgkbIFMtdCUlJATrD858=">AAACFnicbZDNSgMxFIUz9a/Wv1GXboJFcKF1RmrtRii60Y1UcdpCZyiZNG1Dk5kxyQhl6FO48VXcuFDErbjzbUzbWWjrgcDHufdyc48fMSqVZX0bmbn5hcWl7HJuZXVtfcPc3KrJMBaYODhkoWj4SBJGA+IoqhhpRIIg7jNS9/sXo3r9gQhJw+BODSLicdQNaIdipLTVMg+v4Rkslq0D9z5GbdhvJa7g0KkNj1K8uh1CV1IOi/ZJrmXmrYI1FpwFO4U8SFVtmV9uO8QxJ4HCDEnZtK1IeQkSimJGhjk3liRCuI+6pKkxQJxILxmfNYR72mnDTij0CxQcu78nEsSlHHBfd3KkenK6NjL/qzVj1Sl7CQ2iWJEATxZ1YgZVCEcZwTYVBCs20ICwoPqvEPeQQFjpJEch2NMnz0LtuGCXCqWbYr5ynsaRBTtgF+wDG5yCCrgEVeAADB7BM3gFb8aT8WK8Gx+T1oyRzmyDPzI+fwBj4Jxq</latexit>

N = 480, kUV/kIR → 415
<latexit sha1_base64="n6IWlDtoEyzOWS1SRJGKMaA9QKs=">AAACGXicbZDNSsNAFIUn/tb6F3XpZrAILqQmVVI3QtGNbqSKaQtNCZPJtB06k8SZiVBCXsONr+LGhSIudeXbmLZZaOuBgY9z7+XOPV7EqFSG8a3NzS8sLi0XVoqra+sbm/rWdkOGscDExiELRctDkjAaEFtRxUgrEgRxj5GmN7gY1ZsPREgaBndqGJEOR72AdilGKrNc3biGZ/DYqFYOnfsY+XDgJo7g0G6kRzle3abQkZRDWLEso+jqJaNsjAVnwcyhBHLVXf3T8UMccxIozJCUbdOIVCdBQlHMSFp0YkkihAeoR9oZBogT2UnGl6VwP3N82A1F9gIFx+7viQRxKYfcyzo5Un05XRuZ/9XaseqedhIaRLEiAZ4s6sYMqhCOYoI+FQQrNswAYUGzv0LcRwJhlYU5CsGcPnkWGpWyaZWtm5NS7TyPowB2wR44ACaoghq4BHVgAwwewTN4BW/ak/aivWsfk9Y5LZ/ZAX+kff0AwQCdDA==</latexit>

N = 3072, kUV/kIR → 2660



1.3 UV sensitivity: convergence?
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<latexit sha1_base64="UZBkxg5xwBB7PKJTpIejeNhXIuU=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y0rqWAf0A4lk2ba0CQzJplCGfodblwo4taPceffmGlnodUDgcM593JPThBzpo3rfjmFldW19Y3iZmlre2d3r7x/0NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9kfntClWaRfDDTmPoCDyULGcHGSn5PYDMimKd3syu3X664VXcO9Jd4OalAjka//NkbRCQRVBrCsdZdz42Nn2JlGOF0VuolmsaYjPGQdi2VWFDtp/PQM3RilQEKI2WfNGiu/txIsdB6KgI7mYXUy14m/ud1ExNe+imTcWKoJItDYcKRiVDWABowRYnhU0swUcxmRWSEFSbG9lSyJXjLX/5LWmdVr1at3Z9X6td5HUU4gmM4BQ8uoA630IAmEHiEJ3iBV2fiPDtvzvtitODkO4fwC87HN4ALkfA=</latexit>

N = 0

<latexit sha1_base64="e4oT08SBt9AfCOs9aFepiBmTTBo=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2Cq5KIVDdC0Y0rqWAv0IQwmUzaoZNJmJkIJWTtxldx40IRtz6BO9/GSZtFbf1h4OM/5zDn/H7CqFSW9WMsLa+srq1XNqqbW9s7u+befkfGqcCkjWMWi56PJGGUk7aiipFeIgiKfEa6/uimqHcfiZA05g9qnBA3QgNOQ4qR0pZnHjkRUkOMWHaXX82wlzkigoQHuWfWrLo1EVwEu4QaKNXyzG8niHEaEa4wQ1L2bStRboaEopiRvOqkkiQIj9CA9DVyFBHpZpNTcniinQCGsdCPKzhxZycyFEk5jnzdWSwr52uF+V+tn6rw0s0oT1JFOJ5+FKYMqhgWucCACoIVG2tAWFC9K8RDJBBWOr2qDsGeP3kROmd1u1Fv3J/XmtdlHBVwCI7BKbDBBWiCW9ACbYDBE3gBb+DdeDZejQ/jc9q6ZJQzB+CPjK9fAzSbHg==</latexit>

N = Nend

Common evolution

During backreaction, different 
evolution depending on UV 

coverage
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1.3 UV sensitivity: convergence?
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<latexit sha1_base64="C1RxSHoaARFT9TQ/guo7o3DmWIs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVUnsRil48SQX7Ae1Ssmm2jWaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN28Hg99dtPVGkmxb0Zx9SP8FCwkBFsrNS6vTyvVmr9YsktuzOgZeJlpAQZGv3iV28gSRJRYQjHWnc9NzZ+ipVhhNNJoZdoGmPyiIe0a6nAEdV+Ort2gk6sMkChVLaEQTP190SKI63HUWA7I2xGetGbiv953cSENT9lIk4MFWS+KEw4MhJNX0cDpigxfGwJJorZWxEZYYWJsQEVbAje4svLpHVW9qrl6l2lVL/K4sjDERzDKXhwAXW4gQY0gcADPMMrvDnSeXHenY95a87JZg7hD5zPHwXTjiE=</latexit>

N = 3648

Enormous separation of 
scales required!

Slowly converging…
Not yet…
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• Successful implementation of axion-inflation in lattice.
• Correct reproduction of linear and homogeneous approximations

<latexit sha1_base64="i7bk3plxz57OAE120F0zw/obTFc=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuCqJFHVZEIoLF1XsBZpQJpOTdujkwsxEKCE7N76KGxeKuNRXcOfbOL0stPWHgZ//nMOZ83kJZ1JZ1rdRWFpeWV0rrpc2Nre2d8zdvZaMU0GhSWMei45HJHAWQVMxxaGTCCChx6HtDS/H9fY9CMni6E6NEnBD0o9YwChROuqZh04gCM2cZMDyzLnWgz7J645i3IesnvfMslWxJsKLxp6ZMpqp0TO/HD+maQiRopxI2bWtRLkZEYpRDnnJSSUkhA5JH7raRiQE6WaTO3J8rBMfB7HQL1J4kv6eyEgo5Sj0dGdI1EDO18bhf7VuqoILN2NRkiqI6HRRkHKsYjyGgn0mgCo+0oZQwfRfMR0QDUZpdCUNwZ4/edG0Tiv2WaV6Uy3Xbj+mOIroAB2hE2Sjc1RDV6iBmoiiB/SEXtCr8Wg8G2/G+7S1YMwQ7qM/Mj5/ABrQmsQ=</latexit>

�

⇤
FF̃

• Inhomogeneities affect crucially dynamics

• Many interesting features:
• Extension of inflationary period
• (Electro)magnetic slow roll
• Relevance of UV scales and convergence

Conclusions 1




2. GW generation @ inflation: Asses possible observability

[LISA CosGW (1610.06481)]

<latexit sha1_base64="TpoDRHx0WFfEoD2bnmF1uWMFlxg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQ+qhuh6MaFiwr2AU0IN5NpO3TyYGYihFB/xY0LRdz6Ie78G6dtFlo9MHA45x7uneMnnEllWV9GaWl5ZXWtvF7Z2Nza3jF39zoyTgWhbRLzWPR8kJSziLYVU5z2EkEh9Dnt+uPrqd99oEKyOLpXWULdEIYRGzACSkueWXWAJyPwcudWhwKYXJ6ceWbNqlsz4L/ELkgNFWh55qcTxCQNaaQIByn7tpUoNwehGOF0UnFSSRMgYxjSvqYRhFS6+ez4CT7USoAHsdAvUnim/kzkEEqZhb6eDEGN5KI3Ff/z+qkaXLg5i5JU0YjMFw1SjlWMp03ggAlKFM80ASKYvhWTEQggSvdV0SXYi1/+SzrHdbtRb9yd1ppXRR1ltI8O0BGy0TlqohvUQm1EUIae0At6NR6NZ+PNeJ+PlowiU0W/YHx8Ax1WlG8=</latexit>

ω! = 35

• Relevant parameters?  

• Any insight from local 
backreaction procedure?  

(Lattice) 

• Would the signal be 
detectable?

GW signal from particle 
production during 

axion inflation



2. GW generation

19

<latexit sha1_base64="acORdvEjMBog5t58pwIPKTEKSXE="></latexit>

ḧij(x, t) + 3Hḣij(x, t)→
↑2

a2
hij(x, t) =

2

m2
p

!TT
ij (x, t)

<latexit sha1_base64="iPh77a1wGx64r3hH/b8GERiO19c="></latexit>

üij(x, t) + 3Hu̇ij(x, t)→
↑2

a2
uij(x, t) =

2

m2
p

!e!
ij (x, t)

<latexit sha1_base64="Arz+aU8gTIkKaVM7Z3KTsqm+cGE="></latexit>

hij(k, t) = !L
ij,kl(k̂)ukl(k, t)

In Fourier
Recover physical dof

<latexit sha1_base64="TCxfkVWHDobiGq1sqAWQVcjxLbQ="></latexit>

!L
ij,kl(k̂) = PL

ik(k̂)P
L
jl(k̂)→

1

2
PL
ij(k̂)P

L
kl(k̂) TT projector

Continuum Lattice

[J. Garcia-Bellido, D.G. Figueroa, A. Sastre (0707.0839)]

<latexit sha1_base64="+LKXGuws7ZyIwwRe25Plv9btd5A="></latexit>

!TT
ij = (ωiεωjε→ EiEj →

1

a2
BiBj)

TT



1- Consider a set of strong couplings
<latexit sha1_base64="bUOzHsnoTCbCRzbnHw8kUUVXhVs=">AAACEHicbZC7SgNBFIZn4y3GW9TSZjCIFhJ2ExNthKCNhUUEc4FsCGdnZ5MhsxdmZoWw5BFsfBUbC0VsLe18G2eTFJp4YIaP/5yfmfM7EWdSmea3kVlaXlldy67nNja3tnfyu3tNGcaC0AYJeSjaDkjKWUAbiilO25Gg4DuctpzhddpvPVAhWRjcq1FEuz70A+YxAkpLvfyxDTwaQC+xb7XJhfGlVTm1cclMr5TKKZUrvXzBLJqTwotgzaCAZlXv5b9sNySxTwNFOEjZscxIdRMQihFOxzk7ljQCMoQ+7WgMwKeym0wWGuMjrbjYC4U+gcIT9bcjAV/Kke/oSR/UQM73UvG/XidW3kU3YUEUKxqQ6UNezLEKcZoOdpmgRPGRBiCC6b9iMgABROkMczoEa37lRWiWila1WL07K9SuZnFk0QE6RCfIQueohm5QHTUQQY/oGb2iN+PJeDHejY/paMaYefbRnzI+fwAV65lp</latexit>

ω! = 15, 20, 25, 30, 35

2- Divide spectral range into partially superimposed 
patches

3- Every patch: from very sub-Hubble to very 
super-Hubble

4- Extract GW power spectrum

5- Concatenate all patches: whole cosmic 
evolution

Strategy:

2. GW generation @ inflation: procedure

Possible observability at low 
frecuencies

deep inside inflation

Work in
 progress
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Might be affected by different phenomena at the end 
on inflation (PBH dominance…) 

We keep open the parameter window

2. GW generation @ inflation: procedure

Some notes on the procedure:

<latexit sha1_base64="3F8/6Q/4OWhywQzEa6OV2zIGsj8="></latexit>

!e!
ij → EiEj ↑

1

a2
BiBj

3- GW generated only through the tachyonic 
excitation of the gauge modes

1- Preheating bounds 
<latexit sha1_base64="tXO+dtNV19paZftDde1PI6FEwK4=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXYlRMugjYVFBPOA7LLcnZ1Nhsw+mJkVwpLCxl+xsVDE1o+w82+cJFto4oGBwzn3cOceP+VMKsv6Nkpr6xubW+Xtys7u3v6BeXjUlUkmCO2QhCei74OknMW0o5jitJ8KCpHPac8fX8/83gMVkiXxvZqk1I1gGLOQEVBa8syqAzwdgZc7tzoUwNThVErJImw3PLNm1a058CqxC1JDBdqe+eUECckiGivCQcqBbaXKzUEoRjidVpxM0hTIGIZ0oGkMEZVuPj9iik+1EuAwEfrFCs/V34kcIiknka8nI1AjuezNxP+8QabCSzdncZopGpPFojDjWCV41ggOmKBE8YkmQATTf8VkBAKI0r1VdAn28smrpHtet5v15l2j1roq6iijKjpBZ8hGF6iFblAbdRBBj+gZvaI348l4Md6Nj8VoySgyx+gPjM8fdhGX+w==</latexit>

ω! ↭ 14
[Adshead et al (1909.12842) & (1909.12843)]

2- Well inside inflation, negligible backreation.
Backreaction less solution valid 

until onset of non-linearities



1 2 5 1010-36

10-33

10-30

IC: vacuum solution
<latexit sha1_base64="XgdRECogQeYOxv/am17WVUuruok=">AAAB8nicbVBNTwIxFHyLX4hfqEcvjcTEE9klBj0SvXjERJAEVtItXWjotk3bNSEbfoYXDxrj1V/jzX9jgT0oOEmTycx76ZuJFGfG+v63V1hb39jcKm6Xdnb39g/Kh0dtI1NNaItILnUnwoZyJmjLMstpR2mKk4jTh2h8M/Mfnqg2TIp7O1E0TPBQsJgRbJ3U7SktlZVo/Fjrlyt+1Z8DrZIgJxXI0eyXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj95is6cMkCx1O4Ji+bq740MJ8ZMkshNJtiOzLI3E//zuqmNr8KMCZVaKsjiozjlyIWc5UcDpimxfOIIJpq5WxEZYY2JdS2VXAnBcuRV0q5Vg3q1fndRaVzndRThBE7hHAK4hAbcQhNaQEDCM7zCm2e9F+/d+1iMFrx85xj+wPv8AfTXkQ4=</latexit>

→ k2

super-Hubble excitation
<latexit sha1_base64="Doe9i7mXts9756BJ/8xymWHa1NE=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1Y1Q1IUrqWAf0IQymU7boZNJmJkINRR/xY0LRdz6H+78GydtFtp6YOBwzr3cMyeIOVPacb6thcWl5ZXVwlpxfWNza9ve2W2oKJGE1knEI9kKsKKcCVrXTHPaiiXFYcBpMxheZX7zgUrFInGvRzH1Q9wXrMcI1kbq2PveNeUaeyHWA4J5eju+cJ2OXXLKzgRonrg5KUGOWsf+8roRSUIqNOFYqbbrxNpPsdSMcDoueomiMSZD3KdtQwUOqfLTSfoxOjJKF/UiaZ7QaKL+3khxqNQoDMxkllLNepn4n9dOdO/cT5mIE00FmR7qJRzpCGVVoC6TlGg+MgQTyUxWRAZYYqJNYUVTgjv75XnSOCm7lXLl7rRUvczrKMABHMIxuHAGVbiBGtSBwCM8wyu8WU/Wi/VufUxHF6x8Zw/+wPr8AeIllN4=</latexit>

!N = 10

~30-40 patches of 
N~200 in total until end of 

slow roll inflation 

0.0 2.5 5.0 7.5 10.0
N

10°31

10°28

¢
A

k
/m

2

k/m £ 10°17

Æ§ = 35

2.79

3.49

4.19

4.88

5.58

6.28

6.98

7.68

8.37

Mode by mode evolution
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2. GW generation @ inflation: procedure



4 6 8 1010-17

10-16

10-15

10-14

10-13

10-12

Power Spectrum of 
<latexit sha1_base64="6IEFCPMXj6hqrcGCpWbRrBoFopw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0YuM9w==</latexit>

h

ICs starting at 0

Sequential cut-off in the 
source: 

remove non-classical 
contribution
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scales

2. GW generation @ inflation: procedure



2. GW generation @ inflation: procedure
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2. GW generation @ inflation: procedure
Re-cast information: 

saturated super-Hubble value
with “error” bands for every patch
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How does this compare with the 
vacuum prediction?

2. GW generation @ inflation: procedure

All the way up to end of slow roll inflation
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2. GW generation @ inflation: today
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2. GW generation @ inflation: today
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Compatible prediction, if assumed

Huge uncertainty in the 
prediction

Detectability subject to 
strong backreaction details 

until the end of inflation

Dedicated lattice 
studies needed
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2. GW generation @ inflation: today
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2. GW generation @ inflation: chirality?
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2. GW generation @ Preheating
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2. GW generation @ Preheating

0.5 1 5 10 50 10010-12

10-9

10-6

10-3

1

From fully local lattice simulations
Until RD 

<latexit sha1_base64="gBXYI2xNaB3MF6pANQ3sSeBSH4U=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUr0IRS89VrAf0K4lm2bb0GyyJFmlLP0fXjwo4tX/4s1/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxrczv/1IlWZS3JtJTP0IDwULGcHGSg89GmvGpejX0TWq9Islt+zOgVaJl5ESZGj0i1+9gSRJRIUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSgSOq/XR+9RSdWWWAQqlsCYPm6u+JFEdaT6LAdkbYjPSyNxP/87qJCa/8lIk4MVSQxaIw4chINIsADZiixPCJJZgoZm9FZIQVJsYGVbAheMsvr5JWpexVy9W7i1LtJosjDydwCufgwSXUoA4NaAIBBc/wCm/Ok/PivDsfi9ack80cwx84nz9Mq5G9</latexit>

ωH = 2



2. GW generation @ Preheating
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2. GW generation @ Preheating
From fully local lattice simulations

Until RD 
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Conclusions 2: GWs in axion inflation

Realistic detectability prospects are subject to:  

•Accurate gravitational wave (GW) production modeling: analytical and lattice predictions 
seem to coincide.  

•Accurate understanding of cosmic history:
•Non-trivial effects during strong backreaction not only affect high frecuencies, but 
the whole signal.
•Dedicated full lattice simulation for strong couplings are required.  

• Preheating: preheating models suggest that gravitational backreaction must be included 
for an precise description.



Thank you!

36


