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tension with CMB measurements 

Motivations

shift symmetry protects from  
large quantum corrections

Natural inflation

Chromo-natural inflation

blue-tilted and chiral GW signal

GW overproduction

further step is needed

?
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Adshead, Wyman, 2012

additional friction from gauge fields

See Matteo’s talk…



Idea: non-minimal coupling with the Einstein tensor

The model

  strength of non-minimal coupling
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Background dynamics

Axion background:

additional friction from the non-minimal coupling if
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Background dynamics

Axion background:

Gauge field background:

additional friction from the non-minimal coupling if
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Gravitationally-enhanced friction
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Chiral GW production

Gauge tensors                :

 enhanced at small scales

Linear coupling  
with metric tensors
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Perturbativity bounds and non-Gaussianity from higher-order correlators

Thank you for the attention!
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Gauge-field background evolution

Effective potential:
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Perturbations

Gauge-field scalars
<latexit sha1_base64="TfUG0gWSo5hpc/Ux/Ccgr1dLbWo=">AAACMXicbVDLSgNBEJz1bXxFPXoZDIKIhF3Bx1HxogdBwaiQjaF3thMHZ2fXmV4hLP6SF/9EvHhQxKs/4STuwVfBQFHVxXRXlClpyfefvaHhkdGx8YnJytT0zOxcdX7hzKa5EdgQqUrNRQQWldTYIEkKLzKDkEQKz6Pr/b5/fovGylSfUi/DVgJdLTtSADmpXT0II+xKXeCNBmOgt3ZXCWNUBHzvEtoytHlmkUrpZD3kJT2qhKjjb7F2tebX/QH4XxKUpMZKHLerj2GcijxBTUKBtc3Az6hVgCEpFLo1cosZiGvoYtNRDQnaVjG4+I6vOCXmndS4p4kP1O+JAhJre0nkJhOgK/vb64v/ec2cOjutQuosJ9Ti66NOrjilvF8fj6VBQarnCAgj3a5cXIEBQa7kiish+H3yX3K2UQ+26psnG7Xdw7KOCbbEltkqC9g222UH7Jg1mGD37Im9sFfvwXv23rz3r9Ehr8wssh/wPj4BOmCqPA==</latexit>
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<latexit sha1_base64="0nuuUfTjNpguAlzj3EoO5KvmgsI=">AAACJXicbVDLSgMxFM34tr6qLt0EiyAuyozgY+Gi4kZ3FawKbR3uZG5rMJMZkztCGfwZN/6KGxcWEVz5K6a1C18HAodzzk1yT5Qpacn3372x8YnJqemZ2dLc/MLiUnl55dymuRHYEKlKzWUEFpXU2CBJCi8zg5BECi+im6OBf3GHxspUn1Evw3YCXS07UgA5KSwftCLsSl3grQZjoLd1X2rFqAj44RWEsmXzzCJxCgsJzkIdf4uG5Ypf9Yfgf0kwIhU2Qj0s91txKvIENQkF1jYDP6N2AYakUOjuzy1mIG6gi01HNSRo28Vwy3u+4ZSYd1LjjiY+VL9PFJBY20sil0yAru1vbyD+5zVz6uy3C6mznFCLr4c6ueKU8kFlPJYGBameIyCMdH/l4hoMCHLFllwJwe+V/5Lz7WqwW9053a7UTkZ1zLA1ts42WcD2WI0dszprMMEe2BN7YX3v0Xv2Xr23r+iYN5pZZT/gfXwC5WqmJw==</latexit>
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Gauge-field tensors

Canonical quantization:

Equations of motion:

<latexit sha1_base64="gTNsF8Bd/lGV9wCqQdn6z92clss="></latexit>

�̂a(⌧,k) = Da↵(⌧, k)â↵(k) +D⇤
a↵(⌧, k)â

†
↵(�k)

<latexit sha1_base64="7plQFPcneloSccO0pW4xDBW80VM="></latexit>

D00 + 2KD0 +
�
⌦2 +K 0�D = 0

<latexit sha1_base64="DwFrZdEKTaBTl9w115zwfj+HpE8=">AAACEnicbVDLSsNAFJ3UV42vqEs3wSKoSEkKPpYFNwouqtgHtKFMJrft0MkkzkyEEPoNbvwVNy4UcevKnX/j9LGorQcuHM65d+be48eMSuU4P0ZuYXFpeSW/aq6tb2xuWds7NRklgkCVRCwSDR9LYJRDVVHFoBELwKHPoO73L4d+/RGEpBG/V2kMXoi7nHYowUpLbeuo5UOX8gweOBYCp8cDU7Wzm5O7gdkCHkzpbavgFJ0R7HniTkgBTVBpW9+tICJJCFwRhqVsuk6svAwLRQkD/X4iIcakj7vQ1JTjEKSXjU4a2AdaCexOJHRxZY/U6YkMh1Kmoa87Q6x6ctYbiv95zUR1LryM8jhRwMn4o07CbBXZw3zsgAogiqWaYCKo3tUmPSwwUTpFU4fgzp48T2qlontWPL0tFcrXkzjyaA/to0PkonNURleogqqIoCf0gt7Qu/FsvBofxue4NWdMZnbRHxhfv29Xnfs=</latexit>
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PerturbationsPerturbations
Axion scalar Metric tensors

<latexit sha1_base64="UvgCYAq0YDjkRvVGTfKV+ACzg2k=">AAACFXicbVDJSgNBEO1xjXEb9ehlMAgiEmYCLseAF71FMAtkQqjpqSRNenrG7h4hDPkJL/6KFw+KeBW8+Td2lkNMfFDweK+KqnpBwpnSrvtjLS2vrK6t5zbym1vbO7v23n5NxamkWKUxj2UjAIWcCaxqpjk2EokQBRzrQf965NcfUSoWi3s9SLAVQVewDqOgjdS2z/wAu0xk+CBAShicDvN+iFyDT3ss76MIZ6y2XXCL7hjOIvGmpECmqLTtbz+MaRqh0JSDUk3PTXQrA6kZ5WhWpQoToH3oYtNQARGqVjb+augcGyV0OrE0JbQzVmcnMoiUGkSB6YxA99S8NxL/85qp7ly1MiaSVKOgk0WdlDs6dkYROSGTSDUfGAJUMnOrQ3sggWoTZN6E4M2/vEhqpaJ3UTy/KxXKt9M4cuSQHJET4pFLUiY3pEKqhJIn8kLeyLv1bL1aH9bnpHXJms4ckD+wvn4BKwufeg==</latexit>

��
<latexit sha1_base64="z7J9izKOcO9PfhZEqA2F1q02J88=">AAACJnicbVDLSgMxFM34tr6qLt0EiyAuyozgYyMIbnRXwarQKeVO5raNZjJjckcoQ7/Gjb/ixkVFxJ2fYlq78HUgcHLOvTe5J8qUtOT7797E5NT0zOzcfGlhcWl5pby6dmnT3Aisi1Sl5joCi0pqrJMkhdeZQUgihVfR7cnQv7pHY2WqL6iXYTOBjpZtKYCc1CofhRF2pC7wToMx0Nvpl8IYFQHvtAp50w9tnlkk3h3dSiHq+Fttq1zxq/4I/C8JxqTCxqi1yoMwTkWeoCahwNpG4GfULMCQFArd/NxiBuIWOthwVEOCtlmM1uzzLafEvJ0adzTxkfq9o4DE2l4SucoEqGt/e0PxP6+RU/uwWUid5YRafD3UzhWnlA8z47E0KEj1HAFhpPsrF10wIMglW3IhBL9X/ksud6vBfnXvfLdyfDaOY45tsE22zQJ2wI7ZKauxOhPsgT2xAXvxHr1n79V7+yqd8MY96+wHvI9PWqem9w==</latexit>

�gij � hij
<latexit sha1_base64="6Mi/OUzYDtWwPzY3ELeuN6jWcjU=">AAACEnicbVDLSsNAFJ3UV42vqEs3wSKoSEkKPpYFNwouqtgHtKFMJjft0MkkzkyEEvoNbvwVNy4UcevKnX/j9LGorQcuHM65d+be4yeMSuU4P0ZuYXFpeSW/aq6tb2xuWds7NRmngkCVxCwWDR9LYJRDVVHFoJEIwJHPoO73Lod+/RGEpDG/V/0EvAh3OA0pwUpLbeuo5UOH8gweOBYC948HZred3ZzcDcwW8GBKb1sFp+iMYM8Td0IKaIJK2/puBTFJI+CKMCxl03US5WVYKEoY6PdTCQkmPdyBpqYcRyC9bHTSwD7QSmCHsdDFlT1SpycyHEnZj3zdGWHVlbPeUPzPa6YqvPAyypNUASfjj8KU2Sq2h/nYARVAFOtrgomgelebdLHAROkUTR2CO3vyPKmViu5Z8fS2VChfT+LIoz20jw6Ri85RGV2hCqoigp7QC3pD78az8Wp8GJ/j1pwxmdlFf2B8/QJcH53v</latexit>
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