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The CC problem
1998 SN Ia -> Universe in accelerated expansion
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PLANCK 2018
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Quintessence: Single field

What if                ? 
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How to explain the DE scale?

Radiative stability?

No dS conjecture?
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� < 0.6 [Agrawal et al. ’18]
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The CC problem, theoretically

Fifth forces?
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Radiative stability?

No dS conjecture?
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The CC problem, theoretically

Alternatives:
-multifield dynamics
-axionic quintessence
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Stringy axions and moduli
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Universal features of string theories:    gravity
extra dimensions
higher form antisymmetric tensors



Stringy axions and moduli
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Universal features of string theories:    gravity
extra dimensions
higher form antisymmetric tensors
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µdx⌫ + �2gmndx

mdxn

where <latexit sha1_base64="jsS/MLA3m48hzI5yjnsQ2qfnHWI=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCG8tMqY+NUNSFm0IF+4B2OmTStA1NMkOSEcpQN/6KGxeKuPUv3Pk3pu0stPXAhcM593LvPUHEqNKO820tLC4tr6xm1rLrG5tb2/bObk2FscSkikMWykaAFGFUkKqmmpFGJAniASP1YHA99usPRCoains9jIjHUU/QLsVIG8m398t+pV24LLcLsKVojyPfaSc3J8WRb+ecvDMBnCduSnIgRcW3v1qdEMecCI0ZUqrpOpH2EiQ1xYyMsq1YkQjhAeqRpqECcaK8ZPLBCB4ZpQO7oTQlNJyovycSxJUa8sB0cqT7atYbi/95zVh3L7yEiijWRODpom7MoA7hOA7YoZJgzYaGICypuRXiPpIIaxNa1oTgzr48T2qFvHuWP70r5kpXaRwZcAAOwTFwwTkogVtQAVWAwSN4Bq/gzXqyXqx362PaumClM3vgD6zPHxEylWI=</latexit>

M2
P = M2�D�4

0

<latexit sha1_base64="Fod0wwfilQnYCDPiGopeMx2u1Gw="></latexit>
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Universal features of string theories:    gravity
extra dimensions
higher form antisymmetric tensors
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<latexit sha1_base64="Msb277H+sY3KxtPVZDvg0k+wB2Q=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixclgnlAsoTZyWwyZnZmmZkVwrL/4MWDIl79H2/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNbVMFKENIrlU7QBrypmgDcMMp+1YURwFnLaC0fXEbz1RpZkUD2YcUz/CA8FCRrCxUnPQS2/vsl654lbdKdAi8XJSgRz1Xvmr25ckiagwhGOtO54bGz/FyjDCaVbqJprGmIzwgHYsFTii2k+n12boyCp9FEplSxg0VX9PpDjSehwFtjPCZqjnvYn4n9dJTHjpp0zEiaGCzBaFCUdGosnrqM8UJYaPLcFEMXsrIkOsMDE2oJINwZt/eZE0T6reefXs/rRSu8rjKMIBHMIxeHABNbiBOjSAwCM8wyu8OdJ5cd6dj1lrwcln9uEPnM8fgRmPGQ==</latexit>gMN

<latexit sha1_base64="Wd6BcptSzwWN5w0FBkhd48/iKlY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYns8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgecQpQSs1u0jSHu+VK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSQxM0E2u3binlil70ZK25LoztTfExmJjRnHoe2MCQ7NojcV//M6KUbXQcZlkiKTdL4oSoWLyp2+7va5ZhTF2BJCNbe3unRINKFoAyrZEPzFl5dJ86zqX1Yv7s8rtZs8jiIcwTGcgg9XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AaEdjy4=</latexit>⌧i
<latexit sha1_base64="h3k4X/c8TWy+unQt5bhm7x1pFeY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXiMYB6QLGF2MpsMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv6rSeujYjVI44T7kd0oEQoGEUrtYa9zDvzJr1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m507IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtkQvMWXl0nzvOpdVS8fLiq12zyOIhzBMZyCB9dQg3uoQwMYjOAZXuHNSZwX5935mLcWnHzmEP7A+fwBlVKPFw==</latexit>

h1,1

<latexit sha1_base64="83QU3i9hQopv4plLQ3fMzChI9J4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9oTvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBfPo3f</latexit>ui
<latexit sha1_base64="rRUKsz9AbOnceSIM8g0/Bts7Miw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNgNvo5BLx4jmAckS5id9CZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzThBP6IDyUPOqLFSa9jLqufepFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCW/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0mzWvGuKpcPF+XabR5HAY7hBM7Ag2uowT3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBltmPGA==</latexit>

h2,1

Kahler moduli

complex structure moduli
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<latexit sha1_base64="Msb277H+sY3KxtPVZDvg0k+wB2Q=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixclgnlAsoTZyWwyZnZmmZkVwrL/4MWDIl79H2/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNbVMFKENIrlU7QBrypmgDcMMp+1YURwFnLaC0fXEbz1RpZkUD2YcUz/CA8FCRrCxUnPQS2/vsl654lbdKdAi8XJSgRz1Xvmr25ckiagwhGOtO54bGz/FyjDCaVbqJprGmIzwgHYsFTii2k+n12boyCp9FEplSxg0VX9PpDjSehwFtjPCZqjnvYn4n9dJTHjpp0zEiaGCzBaFCUdGosnrqM8UJYaPLcFEMXsrIkOsMDE2oJINwZt/eZE0T6reefXs/rRSu8rjKMIBHMIxeHABNbiBOjSAwCM8wyu8OdJ5cd6dj1lrwcln9uEPnM8fgRmPGQ==</latexit>gMN

<latexit sha1_base64="Wd6BcptSzwWN5w0FBkhd48/iKlY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYns8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgecQpQSs1u0jSHu+VK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSQxM0E2u3binlil70ZK25LoztTfExmJjRnHoe2MCQ7NojcV//M6KUbXQcZlkiKTdL4oSoWLyp2+7va5ZhTF2BJCNbe3unRINKFoAyrZEPzFl5dJ86zqX1Yv7s8rtZs8jiIcwTGcgg9XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AaEdjy4=</latexit>⌧i
<latexit sha1_base64="h3k4X/c8TWy+unQt5bhm7x1pFeY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXiMYB6QLGF2MpsMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv6rSeujYjVI44T7kd0oEQoGEUrtYa9zDvzJr1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m507IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtkQvMWXl0nzvOpdVS8fLiq12zyOIhzBMZyCB9dQg3uoQwMYjOAZXuHNSZwX5935mLcWnHzmEP7A+fwBlVKPFw==</latexit>

h1,1

<latexit sha1_base64="83QU3i9hQopv4plLQ3fMzChI9J4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9oTvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBfPo3f</latexit>ui
<latexit sha1_base64="rRUKsz9AbOnceSIM8g0/Bts7Miw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNgNvo5BLx4jmAckS5id9CZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzThBP6IDyUPOqLFSa9jLqufepFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCW/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0mzWvGuKpcPF+XabR5HAY7hBM7Ag2uowT3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBltmPGA==</latexit>

h2,1

Kahler moduli

complex structure moduli

<latexit sha1_base64="P45Etd+q+O0rG+cvOKyG+4YdBhs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2MwFy9KAuYByRJmJ7PJkJnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjKpTv/VElWaRfDDjmPoCDyQLGcHGSu1qL727r9UnvWLJLbszoGXiZaQEGWq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n87unaATq/RRGClb0qCZ+nsixULrsQhsp8BmqBe9qfif10lMeO2nTMaJoZLMF4UJRyZC0+dRnylKDB9bgoli9lZEhlhhYmxEBRuCt/jyMmmelb3L8kX9vFS5yeLIwxEcwyl4cAUVuIUaNIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx+MJ4+q</latexit>

CMNPQ
<latexit sha1_base64="ooR4v7ZBaP6PefQZtearAEnCfeI=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rCbQRsXrAcQJ+xAZKhIIztFK7i0NA1hO9csWtujPQZeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzApdVMDCeMjNoCOpYpFYPxsdu+EnlilT8NY21JIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMNrPxMqSREUny8KU0kxptPnaV9o4CjHljCuhb2V8iHTjKONqGRD8BZfXibNs6p3Wb24P6/UbvI4iuSIHJNT4pErUiN3pE4ahBNJnskreXMenRfn3fmYtxacfOaQ/IHz+QMllpAO</latexit>

✓i
<latexit sha1_base64="h3k4X/c8TWy+unQt5bhm7x1pFeY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXiMYB6QLGF2MpsMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv6rSeujYjVI44T7kd0oEQoGEUrtYa9zDvzJr1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m507IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtkQvMWXl0nzvOpdVS8fLiq12zyOIhzBMZyCB9dQg3uoQwMYjOAZXuHNSZwX5935mLcWnHzmEP7A+fwBlVKPFw==</latexit>

h1,1axions
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<latexit sha1_base64="Msb277H+sY3KxtPVZDvg0k+wB2Q=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixclgnlAsoTZyWwyZnZmmZkVwrL/4MWDIl79H2/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNbVMFKENIrlU7QBrypmgDcMMp+1YURwFnLaC0fXEbz1RpZkUD2YcUz/CA8FCRrCxUnPQS2/vsl654lbdKdAi8XJSgRz1Xvmr25ckiagwhGOtO54bGz/FyjDCaVbqJprGmIzwgHYsFTii2k+n12boyCp9FEplSxg0VX9PpDjSehwFtjPCZqjnvYn4n9dJTHjpp0zEiaGCzBaFCUdGosnrqM8UJYaPLcFEMXsrIkOsMDE2oJINwZt/eZE0T6reefXs/rRSu8rjKMIBHMIxeHABNbiBOjSAwCM8wyu8OdJ5cd6dj1lrwcln9uEPnM8fgRmPGQ==</latexit>gMN

<latexit sha1_base64="Wd6BcptSzwWN5w0FBkhd48/iKlY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYns8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgecQpQSs1u0jSHu+VK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSQxM0E2u3binlil70ZK25LoztTfExmJjRnHoe2MCQ7NojcV//M6KUbXQcZlkiKTdL4oSoWLyp2+7va5ZhTF2BJCNbe3unRINKFoAyrZEPzFl5dJ86zqX1Yv7s8rtZs8jiIcwTGcgg9XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AaEdjy4=</latexit>⌧i
<latexit sha1_base64="h3k4X/c8TWy+unQt5bhm7x1pFeY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXiMYB6QLGF2MpsMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv6rSeujYjVI44T7kd0oEQoGEUrtYa9zDvzJr1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m507IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtkQvMWXl0nzvOpdVS8fLiq12zyOIhzBMZyCB9dQg3uoQwMYjOAZXuHNSZwX5935mLcWnHzmEP7A+fwBlVKPFw==</latexit>

h1,1

<latexit sha1_base64="83QU3i9hQopv4plLQ3fMzChI9J4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9oTvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBfPo3f</latexit>ui
<latexit sha1_base64="rRUKsz9AbOnceSIM8g0/Bts7Miw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNgNvo5BLx4jmAckS5id9CZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzThBP6IDyUPOqLFSa9jLqufepFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCW/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0mzWvGuKpcPF+XabR5HAY7hBM7Ag2uowT3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBltmPGA==</latexit>

h2,1

Kahler moduli

complex structure moduli

<latexit sha1_base64="P45Etd+q+O0rG+cvOKyG+4YdBhs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2MwFy9KAuYByRJmJ7PJkJnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjKpTv/VElWaRfDDjmPoCDyQLGcHGSu1qL727r9UnvWLJLbszoGXiZaQEGWq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n87unaATq/RRGClb0qCZ+nsixULrsQhsp8BmqBe9qfif10lMeO2nTMaJoZLMF4UJRyZC0+dRnylKDB9bgoli9lZEhlhhYmxEBRuCt/jyMmmelb3L8kX9vFS5yeLIwxEcwyl4cAUVuIUaNIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx+MJ4+q</latexit>

CMNPQ
<latexit sha1_base64="ooR4v7ZBaP6PefQZtearAEnCfeI=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rCbQRsXrAcQJ+xAZKhIIztFK7i0NA1hO9csWtujPQZeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzApdVMDCeMjNoCOpYpFYPxsdu+EnlilT8NY21JIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMNrPxMqSREUny8KU0kxptPnaV9o4CjHljCuhb2V8iHTjKONqGRD8BZfXibNs6p3Wb24P6/UbvI4iuSIHJNT4pErUiN3pE4ahBNJnskreXMenRfn3fmYtxacfOaQ/IHz+QMllpAO</latexit>

✓i
<latexit sha1_base64="h3k4X/c8TWy+unQt5bhm7x1pFeY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXiMYB6QLGF2MpsMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv6rSeujYjVI44T7kd0oEQoGEUrtYa9zDvzJr1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m507IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtkQvMWXl0nzvOpdVS8fLiq12zyOIhzBMZyCB9dQg3uoQwMYjOAZXuHNSZwX5935mLcWnHzmEP7A+fwBlVKPFw==</latexit>

h1,1axions

<latexit sha1_base64="4JNtYtYA3YWVkH6TimgsXgLa73Q=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEQSiJ+NoIRTcuK/QFTQiT6bQdOpmEmRuhhIK/4saFIm79Dnf+jdM2C209cOFwzr3ce0+YCK7Bcb6twtLyyupacb20sbm1vWPv7jV1nCrKGjQWsWqHRDPBJWsAB8HaiWIkCgVrhcO7id96ZErzWNZhlDA/In3Je5wSMFJgH9QDfuMBSQN+yrEHAwYk4IFddirOFHiRuDkpoxy1wP7yujFNIyaBCqJ1x3US8DOigFPBxiUv1SwhdEj6rGOoJBHTfjY9f4yPjdLFvViZkoCn6u+JjERaj6LQdEYEBnrem4j/eZ0Uetd+xmWSApN0tqiXCgwxnmSBu1wxCmJkCKGKm1sxHRBFKJjESiYEd/7lRdI8q7iXlYuH83L1No+jiA7RETpBLrpCVXSPaqiBKMrQM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwCKC5U8</latexit>

Ti = ⌧i + i✓i



Stringy axions and moduli

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

<latexit sha1_base64="QpibRbG1eIxJnfEE/5yzkkMAX6o=">AAAB/HicbZDLSsNAFIZPvNZ6i3bpZrAIFaQk4m1ZdCO4qWAv0IQymU7aoZMLMxMhhPoqblwo4tYHcefbOGmz0NYfBj7+cw7nzO/FnEllWd/G0vLK6tp6aaO8ubW9s2vu7bdllAhCWyTikeh6WFLOQtpSTHHajQXFgcdpxxvf5PXOIxWSReGDSmPqBngYMp8RrLTVNyt3qOY0R+zE8bDIcpoc982qVbemQotgF1CFQs2++eUMIpIENFSEYyl7thUrN8NCMcLppOwkksaYjPGQ9jSGOKDSzabHT9CRdgbIj4R+oUJT9/dEhgMp08DTnQFWIzlfy83/ar1E+VduxsI4UTQks0V+wpGKUJ4EGjBBieKpBkwE07ciMsICE6XzKusQ7PkvL0L7tG5f1M/vz6qN6yKOEhzAIdTAhktowC00oQUEUniGV3gznowX4934mLUuGcVMBf7I+PwBNVqT3g==</latexit>

K(�, �̄)
<latexit sha1_base64="VQHxi/h/oeqzV6C2oSdF/r9JHpA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB2DXjxGMA9IQpidzCZDZmfXmV4hLPkJLx4U8ervePNvnCR70MSChqKqm+4uP5bCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa65VPDpVC8jgIlb8Wa09CXvOmPbqd+84lrIyL1gOOYd0M6UCIQjKKVWk1S7tSG4rRXLLkVdwayTLyMlCBDrVf86vQjloRcIZPUmLbnxthNqUbBJJ8UOonhMWUjOuBtSxUNuemms3sn5MQqfRJE2pZCMlN/T6Q0NGYc+rYzpDg0i95U/M9rJxhcd1Oh4gS5YvNFQSIJRmT6POkLzRnKsSWUaWFvJWxINWVoIyrYELzFl5dJ46ziXVYu7s9L1ZssjjwcwTGUwYMrqMId1KAODCQ8wyu8OY/Oi/PufMxbc042cwh/4Hz+AK5Rjxk=</latexit>

W (�)

(real) Kahler potential
(holomorphic) superpotential
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<latexit sha1_base64="Msb277H+sY3KxtPVZDvg0k+wB2Q=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixclgnlAsoTZyWwyZnZmmZkVwrL/4MWDIl79H2/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNbVMFKENIrlU7QBrypmgDcMMp+1YURwFnLaC0fXEbz1RpZkUD2YcUz/CA8FCRrCxUnPQS2/vsl654lbdKdAi8XJSgRz1Xvmr25ckiagwhGOtO54bGz/FyjDCaVbqJprGmIzwgHYsFTii2k+n12boyCp9FEplSxg0VX9PpDjSehwFtjPCZqjnvYn4n9dJTHjpp0zEiaGCzBaFCUdGosnrqM8UJYaPLcFEMXsrIkOsMDE2oJINwZt/eZE0T6reefXs/rRSu8rjKMIBHMIxeHABNbiBOjSAwCM8wyu8OdJ5cd6dj1lrwcln9uEPnM8fgRmPGQ==</latexit>gMN

<latexit sha1_base64="Wd6BcptSzwWN5w0FBkhd48/iKlY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYns8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgecQpQSs1u0jSHu+VK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSQxM0E2u3binlil70ZK25LoztTfExmJjRnHoe2MCQ7NojcV//M6KUbXQcZlkiKTdL4oSoWLyp2+7va5ZhTF2BJCNbe3unRINKFoAyrZEPzFl5dJ86zqX1Yv7s8rtZs8jiIcwTGcgg9XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AaEdjy4=</latexit>⌧i
<latexit sha1_base64="h3k4X/c8TWy+unQt5bhm7x1pFeY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXiMYB6QLGF2MpsMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv6rSeujYjVI44T7kd0oEQoGEUrtYa9zDvzJr1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m507IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtkQvMWXl0nzvOpdVS8fLiq12zyOIhzBMZyCB9dQg3uoQwMYjOAZXuHNSZwX5935mLcWnHzmEP7A+fwBlVKPFw==</latexit>

h1,1

<latexit sha1_base64="83QU3i9hQopv4plLQ3fMzChI9J4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9oTvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBfPo3f</latexit>ui
<latexit sha1_base64="rRUKsz9AbOnceSIM8g0/Bts7Miw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNgNvo5BLx4jmAckS5id9CZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzThBP6IDyUPOqLFSa9jLqufepFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCW/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0mzWvGuKpcPF+XabR5HAY7hBM7Ag2uowT3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBltmPGA==</latexit>

h2,1

Kahler moduli

complex structure moduli

<latexit sha1_base64="P45Etd+q+O0rG+cvOKyG+4YdBhs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2MwFy9KAuYByRJmJ7PJkJnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjKpTv/VElWaRfDDjmPoCDyQLGcHGSu1qL727r9UnvWLJLbszoGXiZaQEGWq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n87unaATq/RRGClb0qCZ+nsixULrsQhsp8BmqBe9qfif10lMeO2nTMaJoZLMF4UJRyZC0+dRnylKDB9bgoli9lZEhlhhYmxEBRuCt/jyMmmelb3L8kX9vFS5yeLIwxEcwyl4cAUVuIUaNIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx+MJ4+q</latexit>

CMNPQ
<latexit sha1_base64="ooR4v7ZBaP6PefQZtearAEnCfeI=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rCbQRsXrAcQJ+xAZKhIIztFK7i0NA1hO9csWtujPQZeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzApdVMDCeMjNoCOpYpFYPxsdu+EnlilT8NY21JIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMNrPxMqSREUny8KU0kxptPnaV9o4CjHljCuhb2V8iHTjKONqGRD8BZfXibNs6p3Wb24P6/UbvI4iuSIHJNT4pErUiN3pE4ahBNJnskreXMenRfn3fmYtxacfOaQ/IHz+QMllpAO</latexit>

✓i
<latexit sha1_base64="h3k4X/c8TWy+unQt5bhm7x1pFeY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXiMYB6QLGF2MpsMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv6rSeujYjVI44T7kd0oEQoGEUrtYa9zDvzJr1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m507IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtkQvMWXl0nzvOpdVS8fLiq12zyOIhzBMZyCB9dQg3uoQwMYjOAZXuHNSZwX5935mLcWnHzmEP7A+fwBlVKPFw==</latexit>

h1,1axions

<latexit sha1_base64="4JNtYtYA3YWVkH6TimgsXgLa73Q=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEQSiJ+NoIRTcuK/QFTQiT6bQdOpmEmRuhhIK/4saFIm79Dnf+jdM2C209cOFwzr3ce0+YCK7Bcb6twtLyyupacb20sbm1vWPv7jV1nCrKGjQWsWqHRDPBJWsAB8HaiWIkCgVrhcO7id96ZErzWNZhlDA/In3Je5wSMFJgH9QDfuMBSQN+yrEHAwYk4IFddirOFHiRuDkpoxy1wP7yujFNIyaBCqJ1x3US8DOigFPBxiUv1SwhdEj6rGOoJBHTfjY9f4yPjdLFvViZkoCn6u+JjERaj6LQdEYEBnrem4j/eZ0Uetd+xmWSApN0tqiXCgwxnmSBu1wxCmJkCKGKm1sxHRBFKJjESiYEd/7lRdI8q7iXlYuH83L1No+jiA7RETpBLrpCVXSPaqiBKMrQM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwCKC5U8</latexit>

Ti = ⌧i + i✓i



Stringy axions and moduli

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

<latexit sha1_base64="QpibRbG1eIxJnfEE/5yzkkMAX6o=">AAAB/HicbZDLSsNAFIZPvNZ6i3bpZrAIFaQk4m1ZdCO4qWAv0IQymU7aoZMLMxMhhPoqblwo4tYHcefbOGmz0NYfBj7+cw7nzO/FnEllWd/G0vLK6tp6aaO8ubW9s2vu7bdllAhCWyTikeh6WFLOQtpSTHHajQXFgcdpxxvf5PXOIxWSReGDSmPqBngYMp8RrLTVNyt3qOY0R+zE8bDIcpoc982qVbemQotgF1CFQs2++eUMIpIENFSEYyl7thUrN8NCMcLppOwkksaYjPGQ9jSGOKDSzabHT9CRdgbIj4R+oUJT9/dEhgMp08DTnQFWIzlfy83/ar1E+VduxsI4UTQks0V+wpGKUJ4EGjBBieKpBkwE07ciMsICE6XzKusQ7PkvL0L7tG5f1M/vz6qN6yKOEhzAIdTAhktowC00oQUEUniGV3gznowX4934mLUuGcVMBf7I+PwBNVqT3g==</latexit>

K(�, �̄)
<latexit sha1_base64="VQHxi/h/oeqzV6C2oSdF/r9JHpA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB2DXjxGMA9IQpidzCZDZmfXmV4hLPkJLx4U8ervePNvnCR70MSChqKqm+4uP5bCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa65VPDpVC8jgIlb8Wa09CXvOmPbqd+84lrIyL1gOOYd0M6UCIQjKKVWk1S7tSG4rRXLLkVdwayTLyMlCBDrVf86vQjloRcIZPUmLbnxthNqUbBJJ8UOonhMWUjOuBtSxUNuemms3sn5MQqfRJE2pZCMlN/T6Q0NGYc+rYzpDg0i95U/M9rJxhcd1Oh4gS5YvNFQSIJRmT6POkLzRnKsSWUaWFvJWxINWVoIyrYELzFl5dJ46ziXVYu7s9L1ZssjjwcwTGUwYMrqMId1KAODCQ8wyu8OY/Oi/PufMxbc042cwh/4Hz+AK5Rjxk=</latexit>

W (�)

(real) Kahler potential
(holomorphic) superpotential
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<latexit sha1_base64="Msb277H+sY3KxtPVZDvg0k+wB2Q=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQixclgnlAsoTZyWwyZnZmmZkVwrL/4MWDIl79H2/+jZNkD5pY0FBUddPdFcScaeO6305haXllda24XtrY3NreKe/uNbVMFKENIrlU7QBrypmgDcMMp+1YURwFnLaC0fXEbz1RpZkUD2YcUz/CA8FCRrCxUnPQS2/vsl654lbdKdAi8XJSgRz1Xvmr25ckiagwhGOtO54bGz/FyjDCaVbqJprGmIzwgHYsFTii2k+n12boyCp9FEplSxg0VX9PpDjSehwFtjPCZqjnvYn4n9dJTHjpp0zEiaGCzBaFCUdGosnrqM8UJYaPLcFEMXsrIkOsMDE2oJINwZt/eZE0T6reefXs/rRSu8rjKMIBHMIxeHABNbiBOjSAwCM8wyu8OdJ5cd6dj1lrwcln9uEPnM8fgRmPGQ==</latexit>gMN

<latexit sha1_base64="Wd6BcptSzwWN5w0FBkhd48/iKlY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYns8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgecQpQSs1u0jSHu+VK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSQxM0E2u3binlil70ZK25LoztTfExmJjRnHoe2MCQ7NojcV//M6KUbXQcZlkiKTdL4oSoWLyp2+7va5ZhTF2BJCNbe3unRINKFoAyrZEPzFl5dJ86zqX1Yv7s8rtZs8jiIcwTGcgg9XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AaEdjy4=</latexit>⌧i
<latexit sha1_base64="h3k4X/c8TWy+unQt5bhm7x1pFeY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXiMYB6QLGF2MpsMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv6rSeujYjVI44T7kd0oEQoGEUrtYa9zDvzJr1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m507IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtkQvMWXl0nzvOpdVS8fLiq12zyOIhzBMZyCB9dQg3uoQwMYjOAZXuHNSZwX5935mLcWnHzmEP7A+fwBlVKPFw==</latexit>

h1,1

<latexit sha1_base64="83QU3i9hQopv4plLQ3fMzChI9J4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9oTvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBfPo3f</latexit>ui
<latexit sha1_base64="rRUKsz9AbOnceSIM8g0/Bts7Miw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNgNvo5BLx4jmAckS5id9CZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzThBP6IDyUPOqLFSa9jLqufepFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCW/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0mzWvGuKpcPF+XabR5HAY7hBM7Ag2uowT3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBltmPGA==</latexit>

h2,1

Kahler moduli

complex structure moduli

<latexit sha1_base64="P45Etd+q+O0rG+cvOKyG+4YdBhs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2MwFy9KAuYByRJmJ7PJkJnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjKpTv/VElWaRfDDjmPoCDyQLGcHGSu1qL727r9UnvWLJLbszoGXiZaQEGWq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n87unaATq/RRGClb0qCZ+nsixULrsQhsp8BmqBe9qfif10lMeO2nTMaJoZLMF4UJRyZC0+dRnylKDB9bgoli9lZEhlhhYmxEBRuCt/jyMmmelb3L8kX9vFS5yeLIwxEcwyl4cAUVuIUaNIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx+MJ4+q</latexit>

CMNPQ
<latexit sha1_base64="ooR4v7ZBaP6PefQZtearAEnCfeI=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYnvcmQ2dl1plcIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rCbQRsXrAcQJ+xAZKhIIztFK7i0NA1hO9csWtujPQZeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzApdVMDCeMjNoCOpYpFYPxsdu+EnlilT8NY21JIZ+rviYxFxoyjwHZGDIdm0ZuK/3mdFMNrPxMqSREUny8KU0kxptPnaV9o4CjHljCuhb2V8iHTjKONqGRD8BZfXibNs6p3Wb24P6/UbvI4iuSIHJNT4pErUiN3pE4ahBNJnskreXMenRfn3fmYtxacfOaQ/IHz+QMllpAO</latexit>

✓i
<latexit sha1_base64="h3k4X/c8TWy+unQt5bhm7x1pFeY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvXiMYB6QLGF2MpsMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv6rSeujYjVI44T7kd0oEQoGEUrtYa9zDvzJr1yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9m507IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtkQvMWXl0nzvOpdVS8fLiq12zyOIhzBMZyCB9dQg3uoQwMYjOAZXuHNSZwX5935mLcWnHzmEP7A+fwBlVKPFw==</latexit>

h1,1axions

<latexit sha1_base64="4JNtYtYA3YWVkH6TimgsXgLa73Q=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEQSiJ+NoIRTcuK/QFTQiT6bQdOpmEmRuhhIK/4saFIm79Dnf+jdM2C209cOFwzr3ce0+YCK7Bcb6twtLyyupacb20sbm1vWPv7jV1nCrKGjQWsWqHRDPBJWsAB8HaiWIkCgVrhcO7id96ZErzWNZhlDA/In3Je5wSMFJgH9QDfuMBSQN+yrEHAwYk4IFddirOFHiRuDkpoxy1wP7yujFNIyaBCqJ1x3US8DOigFPBxiUv1SwhdEj6rGOoJBHTfjY9f4yPjdLFvViZkoCn6u+JjERaj6LQdEYEBnrem4j/eZ0Uetd+xmWSApN0tqiXCgwxnmSBu1wxCmJkCKGKm1sxHRBFKJjESiYEd/7lRdI8q7iXlYuH83L1No+jiA7RETpBLrpCVXSPaqiBKMrQM3pFb9aT9WK9Wx+z1oKVz+yjP7A+fwCKC5U8</latexit>

Ti = ⌧i + i✓i



Multifield modulus+axion
[Achucarro and Palma ’18]

[Spintessence, Boyle et al.’01]

[(Brinkman),Cicoli,Dibitetto,FGP ’20-22]

[Sonner and Townsend ’06]

<latexit sha1_base64="IaTDfBcTVFslh8c4HfV4VwtjKnk=">AAACA3icbZBLSwMxFIUz9VXra9SdboJFqAvLjPjaCAU3gpsK9gHtOGTSO21o5kGSEcpQ6Ma/4saFIm79E+78N6adLrT1QODwnRuSe7yYM6ks69vILSwuLa/kVwtr6xubW+b2Tl1GiaBQoxGPRNMjEjgLoaaY4tCMBZDA49Dw+tfjvPEIQrIovFeDGJyAdEPmM0qURq6555facY+59tEVPKTHuO/aOAND1yxaZWsiPG/sqSmiqaqu+dXuRDQJIFSUEylbthUrJyVCMcphWGgnEmJC+6QLLW1DEoB00skOQ3yoSQf7kdAnVHhCf99ISSDlIPD0ZEBUT85mY/hf1kqUf+mkLIwTBSHNHvITjlWEx4XgDhNAFR9oQ6hg+q+Y9oggVOnaCroEe3bleVM/Kdvn5bO702LldpTVkUf76ACVkI0uUAXdoCqqIYpG6Bm9ojfjyXgx3o2PbDRnTCvcRX9kfP4Apm6Wsw==</latexit>

f(�1) = e�k1�1

<latexit sha1_base64="6VBFTKP2F2cGpBcuG7iBD4l18Go=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcGOZKb42QsGN4KaKfUA7Dpk004ZmMkOSEepQ8H+4caGIW3+KO/+N6WOhrQcCH+fckJsTJJwp7Tjf1sLi0vLKam4tv76xuVWwt3fqKk4loTUS81g2A6woZ4LWNNOcNhNJcRRw2gj6l6O88UClYrG404OEehHuChYygrWxfLtw62ehGl4clVHfd+/Lvl10Ss5YaB7cKRRhqqpvf7U7MUkjKjThWKmW6yTay7DUjHA6zLdTRRNM+rhLWwYFjqjysvHiQ3RgnA4KY2mO0Gjs/r6R4UipQRSYyQjrnprNRuZ/WSvV4bmXMZGkmgoyeShMOdIxGrWAOkxSovnAACaSmV0R6WGJiTZd5U0J7uyX56FeLrmnpZOb42Ll+mlSRw72YB8OwYUzqMAVVKEGBFJ4hld4sx6tF+vd+piMLljTCnfhj6zPHz87kp0=</latexit>

Rfs = �2k21
<latexit sha1_base64="hQA0u8wb5kQBaFCMdBDjVAT3Bcg=">AAACGnicbZBLS8NAFIUn9VXrq+rSTbCIdVOS4msjCG4ENwo2Ck0tk+lNO3TyYOZGKCHgv3DjX3HjQhF34sZ/47TpQlsPDHycc4eZe7xYcIWW9W0UZmbn5heKi6Wl5ZXVtfL6hqOiRDJosEhE8tajCgQPoYEcBdzGEmjgCbjx+mfD/OYepOJReI2DGFoB7Ybc54yittpl24VYcaHROXF9SVlqZ2k9cwX4WM0NZzdLncyVvNvDvbt6u1yxatZI5jTYY6iQsS7b5U+3E7EkgBCZoEo1bSvGVkolciYgK7mJgpiyPu1CU2NIA1CtdLRaZu5op2P6kdQnRHPk/r6R0kCpQeDpyYBiT01mQ/O/rJmgf9xKeRgnCCHLH/ITYWJkDnsyO1wCQzHQQJnk+q8m61HdB+o2S7oEe3LlaXDqNfuwdnC1Xzm9eMjrKJItsk2qxCZH5JSck0vSIIw8kmfySt6MJ+PFeDc+8tGCMa5wk/yR8fUD6Uah2A==</latexit>

✏V =
1

2

✓
V 0

V

◆2 <latexit sha1_base64="yfBsv79c5s4atZPmgiSCHUy3NDI=">AAACCHicbZC7SgNBFIZn4y3G26qlhYNBsDHsBm+NELBZsIlgLpCNYXYymwyZvTBzVgjLgo2Nr2JjoYitj2Dn2zi5FJr4w8DPf87hzPm8WHAFlvVt5BYWl5ZX8quFtfWNzS1ze6euokRSVqORiGTTI4oJHrIacBCsGUtGAk+whje4GtUb90wqHoW3MIxZOyC9kPucEtBRx9x3Way40Na5PHZ9SWjqdiNInSxLnbty1jGLVskaC88be2qKaKpqx/zS8zQJWAhUEKVathVDOyUSOBUsK7iJYjGhA9JjLW1DEjDVTseHZPhQJ13sR1K/EPA4/T2RkkCpYeDpzoBAX83WRuF/tVYC/kU75WGcAAvpZJGfCAwRHlHBXS4ZBTHUhlDJ9V8x7RNNAzS7goZgz548b+rlkn1WOr05KVauHyY48mgPHaAjZKNzVEEOqqIaougRPaNX9GY8GS/Gu/Exac0ZU4S76I+Mzx8ghZp+</latexit>

✏H = � Ḣ

H2
Exploit difference between and

Multifield Quintessence

<latexit sha1_base64="820LB5l6iqlCzdixCsguiZLaqeY=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJXKUiUVKowVLGwUiT6kJkSO67RWHSeyHaQqyhew8CssDCDEyszG3+C0GaDlSJaOzjlXvvf4MaNSWda3sbK6tr6xWdoqb+/s7u2bB4ddGSUCkw6OWCT6PpKEUU46iipG+rEgKPQZ6fmTq9zvPRAhacTv1DQmbohGnAYUI6Ulz6w6gUA4nXiN+0aWNjJnpHQ4hE6I1Bgjlt5kNfvUMytW3ZoBLhO7IBVQoO2ZX84wwklIuMIMSTmwrVi5KRKKYkayspNIEiM8QSMy0JSjkEg3nZ2TwapWhjCIhH5cwZn6eyJFoZTT0NfJfEu56OXif94gUcGFm1IeJ4pwPP8oSBhUEcy7gUMqCFZsqgnCgupdIR4j3Y/SDZZ1Cfbiycuk26jbzXrz9qzSuizqKIFjcAJqwAbnoAWuQRt0AAaP4Bm8gjfjyXgx3o2PeXTFKGaOwB8Ynz+tUpvf</latexit>

k22
2

& O(1)accelerated expansion in steep potentials:

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Multifield Quintessence
<latexit sha1_base64="K1ffGEn52npuY9OvxLdLSPh/iD8=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJioSTluVSqYOlYJPqQmihyHKe16jywHaQqymew8CssDCDE2o2/wW0zlJYjXenonHvte48bMyqkYfxohZXVtfWN4mZpa3tnd0/fP2iLKOGYtHDEIt51kSCMhqQlqWSkG3OCApeRjju8n/idZ8IFjcJHOYqJHaB+SH2KkVSSo59bXiRTKx7QzKnWDOspQd6cZNbOLJ8jnLYdM0svGpmjl42KMQVcJmZOyiBH09HH6jmcBCSUmCEheqYRSztFXFLMSFayEkFihIeoT3qKhiggwk6nh2XwRCke9COuKpRwqs5PpCgQYhS4qjNAciAWvYn4n9dLpH9rpzSME0lCPPvITxiUEZykBD3KCZZspAjCnKpdIR4gFYRUWZZUCObiycukXa2Y15Wrh8ty/S6PowiOwDE4BSa4AXXQAE3QAhi8gDfwAT61V+1d+9K+Z60FLZ85BH+gjX8B0/SgQw==</latexit>

�̇2 = 0 �̇1 = � V1

3H
Geodesic:

<latexit sha1_base64="5bqbkbkWJAaF0oKoiM04vcmW9JU=">AAACIXicbVDLSsNAFJ3UV62vqks3g0VwY0nqqxuh6KbLCvYBTQiTyaQdOpmkMxOhhPyKG3/FjQtFuhN/xuljUVsPXDicc+/MvceLGZXKNL+N3Nr6xuZWfruws7u3f1A8PGrJKBGYNHHEItHxkCSMctJUVDHSiQVBocdI2xs8TPz2MxGSRvxJjWLihKjHaUAxUlpyi1Xbj1Rqx32auRWbkyE07WGC/AXZuruwA4FwegnrMMjSCgxcK3OLJbNsTgFXiTUnJTBHwy2O9Zs4CQlXmCEpu5YZKydFQlHMSFawE0lihAeoR7qachQS6aTTCzN4phUfBpHQxRWcqosTKQqlHIWe7gyR6stlbyL+53UTFVSdlPI4UYTj2UdBwqCK4CQu6FNBsGIjTRAWVO8KcR/pNJQOtaBDsJZPXiWtStm6KV8/XpVq9/M48uAEnIJzYIFbUAN10ABNgMELeAMf4NN4Nd6NL2M8a80Z85lj8AfGzy+nQaMo</latexit>

�̇2 6= 0 �̇1 = �3Hf

2f1
Non Geodesic:

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Multifield Quintessence

Single field regime <latexit sha1_base64="94KPf2VK2pOvarSSeK2KVJDVIkk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBdMW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8eNU2SacZ9lshEt0NquBSK+yhQ8naqOY1DyVvh6G7mt564NiJRjzhOeRDTgRKRYBSt5I963o3bK1fcqjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSfOi6tWqtYfLSv02j6MIJ3AK5+DBFdThHhrgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB+ytjh8=</latexit>

k1 = 0

Look for observationally viable 
quintessence

<latexit sha1_base64="b4W8ME/H6sEVlPBA/rQdM+Jrgfc=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5CItG6E4gPcWcE+oA1hMp20Q2cmYWYi1NAvceNCEbd+ijv/xmmbhbYeuHA4517uvSdMGFXadb+twsrq2vpGcbO0tb2zW7b39lsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Orqd9+JFLRWDzocUJ8jgaCRhQjbaTALvfuOBmgILu+mVy4Ti2wK67jzgCXiZeTCsjRCOyvXj/GKSdCY4aU6npuov0MSU0xI5NSL1UkQXiEBqRrqECcKD+bHT6Bx0bpwyiWpoSGM/X3RIa4UmMemk6O9FAtelPxP6+b6ujcz6hIUk0Eni+KUgZ1DKcpwD6VBGs2NgRhSc2tEA+RRFibrEomBG/x5WXSOnW8qlO9P6vUL/M4iuAQHIET4IEaqINb0ABNgEEKnsEreLOerBfr3fqYtxasfOYA/IH1+QNeLJJD</latexit>

⌦DE = 0.7
<latexit sha1_base64="GmINGQTIcjMFBM4D8bpal+N1mAQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgxpKIVJfFB7isYB/QhDCZTtqhM5MwMxFLyK+4caGIW3/EnX/jtM1CWw9cOJxzL/feEyaMKu0431ZpZXVtfaO8Wdna3tnds/erHRWnEpM2jlkseyFShFFB2ppqRnqJJIiHjHTD8fXU7z4SqWgsHvQkIT5HQ0EjipE2UmBXvZiTIQqym9vcU5TDUzewa07dmQEuE7cgNVCgFdhf3iDGKSdCY4aU6rtOov0MSU0xI3nFSxVJEB6jIekbKhAnys9mt+fw2CgDGMXSlNBwpv6eyBBXasJD08mRHqlFbyr+5/VTHV36GRVJqonA80VRyqCO4TQIOKCSYM0mhiAsqbkV4hGSCGsTV8WE4C6+vEw6Z3W3UW/cn9eaV0UcZXAIjsAJcMEFaII70AJtgMETeAav4M3KrRfr3fqYt5asYuYA/IH1+QMR6ZPS</latexit>

!DE ⇠ �1

[Agraw
al et al. ’18]

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Multifield Quintessence

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Multifield Quintessence
Steep potentials require LARGE 
field space curvatures

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



?Embeddable into string theory?
[(Brinkman),Cicoli,Dibitetto,FGP 2020-22]

Multifield Quintessence

<latexit sha1_base64="F6jgoQGZKOnOFAAlOTBmc6mbqf0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEQSyJSHUjFN0IbirYNpCGMplO26GTSZiZCDUUf8WNC0Xc+h/u/Bunj4W2HrhwOOde7r0nTDhT2nG+rdzC4tLySn61sLa+sbllb+/UVZxKQmsk5rH0QqwoZ4LWNNOceomkOAo5bYT965HfeKBSsVjc60FCgwh3BeswgrWRWvbe7eVJgppcIN87boZYZt4waNlFp+SMgeaJOyVFmKLasr+a7ZikERWacKyU7zqJDjIsNSOcDgvNVNEEkz7uUt9QgSOqgmx8/RAdGqWNOrE0JTQaq78nMhwpNYhC0xlh3VOz3kj8z/NT3bkIMiaSVFNBJos6KUc6RqMoUJtJSjQfGIKJZOZWRHpYYqJNYAUTgjv78jypn5bccql8d1asXE3jyMM+HMARuHAOFbiBKtSAwCM8wyu8WU/Wi/VufUxac9Z0Zhf+wPr8AdJ5lDU=</latexit>

K = �p ln[X + X̄]
<latexit sha1_base64="juXOfRoCKjYzLKpqS4pnECRZjaw=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoiCURqW6Eohuhmwr2AW0aJtOJHTpJhpmJUELWbvwVNy4UcesXuPNvnLZZaOuBgcM593LnHI8zKpVlfRu5hcWl5ZX8amFtfWNzy9zeacooFpg0cMQi0faQJIyGpKGoYqTNBUGBx0jLG16P/dYDEZJG4Z0aceIE6D6kPsVIack195tuDXa5iLiKIOnV4GWpfdz1kEja6VEvOeGpaxatsjUBnCd2RoogQ901v7r9CMcBCRVmSMqObXHlJEgoihlJC91YEo7wEN2TjqYhCoh0kkmUFB5qpQ/9SOgXKjhRf28kKJByFHh6MkBqIGe9sfif14mVf+EkNOSxIiGeHvJjBnXscS+wTwXBio00QVhQ/VeIB0ggrHR7BV2CPRt5njRPy3alXLk9K1avsjryYA8cgBKwwTmoghtQBw2AwSN4Bq/gzXgyXox342M6mjOynV3wB8bnDyrKmVM=</latexit>

VK / eK = (X + X̄)�p

[Saltman,Silverstein, ’04]

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



?Embeddable into string theory?
[(Brinkman),Cicoli,Dibitetto,FGP 2020-22]

Multifield Quintessence

<latexit sha1_base64="F6jgoQGZKOnOFAAlOTBmc6mbqf0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEQSyJSHUjFN0IbirYNpCGMplO26GTSZiZCDUUf8WNC0Xc+h/u/Bunj4W2HrhwOOde7r0nTDhT2nG+rdzC4tLySn61sLa+sbllb+/UVZxKQmsk5rH0QqwoZ4LWNNOceomkOAo5bYT965HfeKBSsVjc60FCgwh3BeswgrWRWvbe7eVJgppcIN87boZYZt4waNlFp+SMgeaJOyVFmKLasr+a7ZikERWacKyU7zqJDjIsNSOcDgvNVNEEkz7uUt9QgSOqgmx8/RAdGqWNOrE0JTQaq78nMhwpNYhC0xlh3VOz3kj8z/NT3bkIMiaSVFNBJos6KUc6RqMoUJtJSjQfGIKJZOZWRHpYYqJNYAUTgjv78jypn5bccql8d1asXE3jyMM+HMARuHAOFbiBKtSAwCM8wyu8WU/Wi/VufUxac9Z0Zhf+wPr8AdJ5lDU=</latexit>

K = �p ln[X + X̄]
<latexit sha1_base64="juXOfRoCKjYzLKpqS4pnECRZjaw=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoiCURqW6Eohuhmwr2AW0aJtOJHTpJhpmJUELWbvwVNy4UcesXuPNvnLZZaOuBgcM593LnHI8zKpVlfRu5hcWl5ZX8amFtfWNzy9zeacooFpg0cMQi0faQJIyGpKGoYqTNBUGBx0jLG16P/dYDEZJG4Z0aceIE6D6kPsVIack195tuDXa5iLiKIOnV4GWpfdz1kEja6VEvOeGpaxatsjUBnCd2RoogQ901v7r9CMcBCRVmSMqObXHlJEgoihlJC91YEo7wEN2TjqYhCoh0kkmUFB5qpQ/9SOgXKjhRf28kKJByFHh6MkBqIGe9sfif14mVf+EkNOSxIiGeHvJjBnXscS+wTwXBio00QVhQ/VeIB0ggrHR7BV2CPRt5njRPy3alXLk9K1avsjryYA8cgBKwwTmoghtQBw2AwSN4Bq/gzXgyXox342M6mjOynV3wB8bnDyrKmVM=</latexit>

VK / eK = (X + X̄)�p

[Saltman,Silverstein, ’04]

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



?Embeddable into string theory?
[(Brinkman),Cicoli,Dibitetto,FGP 2020-22]

Multifield Quintessence

<latexit sha1_base64="F6jgoQGZKOnOFAAlOTBmc6mbqf0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEQSyJSHUjFN0IbirYNpCGMplO26GTSZiZCDUUf8WNC0Xc+h/u/Bunj4W2HrhwOOde7r0nTDhT2nG+rdzC4tLySn61sLa+sbllb+/UVZxKQmsk5rH0QqwoZ4LWNNOceomkOAo5bYT965HfeKBSsVjc60FCgwh3BeswgrWRWvbe7eVJgppcIN87boZYZt4waNlFp+SMgeaJOyVFmKLasr+a7ZikERWacKyU7zqJDjIsNSOcDgvNVNEEkz7uUt9QgSOqgmx8/RAdGqWNOrE0JTQaq78nMhwpNYhC0xlh3VOz3kj8z/NT3bkIMiaSVFNBJos6KUc6RqMoUJtJSjQfGIKJZOZWRHpYYqJNYAUTgjv78jypn5bccql8d1asXE3jyMM+HMARuHAOFbiBKtSAwCM8wyu8WU/Wi/VufUxac9Z0Zhf+wPr8AdJ5lDU=</latexit>

K = �p ln[X + X̄]
<latexit sha1_base64="juXOfRoCKjYzLKpqS4pnECRZjaw=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoiCURqW6Eohuhmwr2AW0aJtOJHTpJhpmJUELWbvwVNy4UcesXuPNvnLZZaOuBgcM593LnHI8zKpVlfRu5hcWl5ZX8amFtfWNzy9zeacooFpg0cMQi0faQJIyGpKGoYqTNBUGBx0jLG16P/dYDEZJG4Z0aceIE6D6kPsVIack195tuDXa5iLiKIOnV4GWpfdz1kEja6VEvOeGpaxatsjUBnCd2RoogQ901v7r9CMcBCRVmSMqObXHlJEgoihlJC91YEo7wEN2TjqYhCoh0kkmUFB5qpQ/9SOgXKjhRf28kKJByFHh6MkBqIGe9sfif14mVf+EkNOSxIiGeHvJjBnXscS+wTwXBio00QVhQ/VeIB0ggrHR7BV2CPRt5njRPy3alXLk9K1avsjryYA8cgBKwwTmoghtQBw2AwSN4Bq/gzXgyXox342M6mjOynV3wB8bnDyrKmVM=</latexit>

VK / eK = (X + X̄)�p

[Saltman,Silverstein, ’04]
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<latexit sha1_base64="oVy/I9UPVy1ij2uvI7xPga9LGuo=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0Wol5KIVI9FLx4r2LTQhLLZbtqlmw92N0II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5fsKZVJb1baytb2xubVd2qrt7+weH5tGxI+NUENolMY9F38eSchbRrmKK034iKA59Tnv+9Hbm9x6pkCyOHlSWUC/E44gFjGClpaFZcwOBSe403GTCzovcGVrF0KxbTWsOtErsktShRGdofrmjmKQhjRThWMqBbSXKy7FQjHBaVN1U0gSTKR7TgaYRDqn08vnxBTrTyggFsdAVKTRXf0/kOJQyC33dGWI1kcveTPzPG6QquPZyFiWpohFZLApSjlSMZkmgEROUKJ5pgolg+lZEJlinoXReVR2CvfzyKnEumnar2bq/rLdvyjgqcAKn0AAbrqANd9CBLhDI4Ble4c14Ml6Md+Nj0bpmlDM1+APj8wc8TJSF</latexit>

V (�)
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<latexit sha1_base64="aU27ljj9ubj0YVvIbiizkDkKLPk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqseiF48V7Ac0IWy2m3bpZhN2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2JFORO0o5nmtJ9KiuOQ0144uZ/7vSmViiXiSc9S6sd4JFjECNZGCmzbiyQmuZeOWZFHAS4Cu+40nAXQOnFLUocS7cD+8oYJyWIqNOFYqYHrpNrPsdSMcFrUvEzRFJMJHtGBoQLHVPn54vICXRhliKJEmhIaLdTfEzmOlZrFoemMsR6rVW8u/ucNMh3d+jkTaaapIMtFUcaRTtA8BjRkkhLNZ4ZgIpm5FZExNlFoE1bNhOCuvrxOulcNt9loPl7XW3dlHFU4g3O4BBduoAUP0IYOEJjCM7zCm5VbL9a79bFsrVjlzCn8gfX5AyLxlAE=</latexit>
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<latexit sha1_base64="jIeIxSUb4JIarILA8AcyqqsnnjI=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVFdSdONGqGAf0JaSSe+0oZnMmGSEMvQn3LhQxK2/486/MW1noa0HAodzziX3Hj8WXBvX/XZyK6tr6xv5zcLW9s7uXnH/oKGjRDGss0hEquVTjYJLrBtuBLZihTT0BTb90c3Ubz6h0jySD2YcYzekA8kDzqixUivo0Sty16v1iiW37M5AlomXkRJksPmvTj9iSYjSMEG1bntubLopVYYzgZNCJ9EYUzaiA2xbKmmIupvO9p2QE6v0SRAp+6QhM/X3REpDrcehb5MhNUO96E3F/7x2YoLLbsplnBiUbP5RkAhiIjI9nvS5QmbE2BLKFLe7EjakijJjKyrYErzFk5dJ46zsVcqV+/NS9TqrIw9HcAyn4MEFVOEWalAHBgKe4RXenEfnxXl3PubRnJPNHMIfOJ8/CdaPVQ==</latexit>

fa > MP
<latexit sha1_base64="BvhSqoBr+NhzeoWvCNwgKWEba/k=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVBcuim5cVrAPaMeSSTNtaCYTkoxShv6HGxeKuPVf3Pk3ZtpZaOuBezmccy+5OYHkTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML7J/PYjVZrF4t5MJPUjPBQsZAQbKz305IhdZa2fMjntlytu1Z0BLRMvJxXI0eiXv3qDmCQRFYZwrHXXc6XxU6wMI5xOS71EU4nJGA9p11KBI6r9dHb1FJ1YZYDCWNkSBs3U3xspjrSeRIGdjLAZ6UUvE//zuokJL/2UCZkYKsj8oTDhyMQoiwANmKLE8IklmChmb0VkhBUmxgZVsiF4i19eJq2zqler1u7OK/XrPI4iHMExnIIHF1CHW2hAEwgoeIZXeHOenBfn3fmYjxacfOcQ/sD5/AHHf5K3</latexit>
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<latexit sha1_base64="oVy/I9UPVy1ij2uvI7xPga9LGuo=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0Wol5KIVI9FLx4r2LTQhLLZbtqlmw92N0II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5fsKZVJb1baytb2xubVd2qrt7+weH5tGxI+NUENolMY9F38eSchbRrmKK034iKA59Tnv+9Hbm9x6pkCyOHlSWUC/E44gFjGClpaFZcwOBSe403GTCzovcGVrF0KxbTWsOtErsktShRGdofrmjmKQhjRThWMqBbSXKy7FQjHBaVN1U0gSTKR7TgaYRDqn08vnxBTrTyggFsdAVKTRXf0/kOJQyC33dGWI1kcveTPzPG6QquPZyFiWpohFZLApSjlSMZkmgEROUKJ5pgolg+lZEJlinoXReVR2CvfzyKnEumnar2bq/rLdvyjgqcAKn0AAbrqANd9CBLhDI4Ble4c14Ml6Md+Nj0bpmlDM1+APj8wc8TJSF</latexit>
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<latexit sha1_base64="aU27ljj9ubj0YVvIbiizkDkKLPk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqseiF48V7Ac0IWy2m3bpZhN2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2JFORO0o5nmtJ9KiuOQ0144uZ/7vSmViiXiSc9S6sd4JFjECNZGCmzbiyQmuZeOWZFHAS4Cu+40nAXQOnFLUocS7cD+8oYJyWIqNOFYqYHrpNrPsdSMcFrUvEzRFJMJHtGBoQLHVPn54vICXRhliKJEmhIaLdTfEzmOlZrFoemMsR6rVW8u/ucNMh3d+jkTaaapIMtFUcaRTtA8BjRkkhLNZ4ZgIpm5FZExNlFoE1bNhOCuvrxOulcNt9loPl7XW3dlHFU4g3O4BBduoAUP0IYOEJjCM7zCm5VbL9a79bFsrVjlzCn8gfX5AyLxlAE=</latexit>
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<latexit sha1_base64="9NYeC+vAK/BLUOOWkuz8MbUx4pw=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwCrsi0cIiaGMjRDAPSEKYndxNhszOrjOzQljyEzYWitj6O3b+jZNkC008MHA451zm3uPHgmvjut9ObmV1bX0jv1nY2t7Z3SvuHzR0lCiGdRaJSLV8qlFwiXXDjcBWrJCGvsCmP7qZ+s0nVJpH8sGMY+yGdCB5wBk1VmoFPXpF7nq1XrHklt0ZyDLxMlKCDDb/1elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2b4TcmKVPgkiZZ80ZKb+nkhpqPU49G0ypGaoF72p+J/XTkxw2U25jBODks0/ChJBTESmx5M+V8iMGFtCmeJ2V8KGVFFmbEUFW4K3ePIyaZyVvUq5cn9eql5ndeThCI7hFDy4gCrcQg3qwEDAM7zCm/PovDjvzsc8mnOymUP4A+fzBwbGj1M=</latexit>

fa < MP
<latexit sha1_base64="J3aROPZBKyvso2XlaJfzQWOUNnI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVFdSdOOygn1AO5ZMmmlDM5mQZJQy9D/cuFDErf/izr8x085CWw/cy+Gce8nNCSRn2rjut1NYWV1b3yhulra2d3b3yvsHLR0nitAmiXmsOgHWlDNBm4YZTjtSURwFnLaD8U3mtx+p0iwW92YiqR/hoWAhI9hY6aEnR+wqa/2UyWm/XHGr7gxomXg5qUCORr/81RvEJImoMIRjrbueK42fYmUY4XRa6iWaSkzGeEi7lgocUe2ns6un6MQqAxTGypYwaKb+3khxpPUkCuxkhM1IL3qZ+J/XTUx46adMyMRQQeYPhQlHJkZZBGjAFCWGTyzBRDF7KyIjrDAxNqiSDcFb/PIyaZ1VvVq1dndeqV/ncRThCI7hFDy4gDrcQgOaQEDBM7zCm/PkvDjvzsd8tODkO4fwB87nD8qZkrk=</latexit>

� > �ip

<latexit sha1_base64="jIeIxSUb4JIarILA8AcyqqsnnjI=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVFdSdONGqGAf0JaSSe+0oZnMmGSEMvQn3LhQxK2/486/MW1noa0HAodzziX3Hj8WXBvX/XZyK6tr6xv5zcLW9s7uXnH/oKGjRDGss0hEquVTjYJLrBtuBLZihTT0BTb90c3Ubz6h0jySD2YcYzekA8kDzqixUivo0Sty16v1iiW37M5AlomXkRJksPmvTj9iSYjSMEG1bntubLopVYYzgZNCJ9EYUzaiA2xbKmmIupvO9p2QE6v0SRAp+6QhM/X3REpDrcehb5MhNUO96E3F/7x2YoLLbsplnBiUbP5RkAhiIjI9nvS5QmbE2BLKFLe7EjakijJjKyrYErzFk5dJ46zsVcqV+/NS9TqrIw9HcAyn4MEFVOEWalAHBgKe4RXenEfnxXl3PubRnJPNHMIfOJ8/CdaPVQ==</latexit>

fa > MP
<latexit sha1_base64="BvhSqoBr+NhzeoWvCNwgKWEba/k=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVBcuim5cVrAPaMeSSTNtaCYTkoxShv6HGxeKuPVf3Pk3ZtpZaOuBezmccy+5OYHkTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML7J/PYjVZrF4t5MJPUjPBQsZAQbKz305IhdZa2fMjntlytu1Z0BLRMvJxXI0eiXv3qDmCQRFYZwrHXXc6XxU6wMI5xOS71EU4nJGA9p11KBI6r9dHb1FJ1YZYDCWNkSBs3U3xspjrSeRIGdjLAZ6UUvE//zuokJL/2UCZkYKsj8oTDhyMQoiwANmKLE8IklmChmb0VkhBUmxgZVsiF4i19eJq2zqler1u7OK/XrPI4iHMExnIIHF1CHW2hAEwgoeIZXeHOenBfn3fmYjxacfOcQ/sD5/AHHf5K3</latexit>
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<latexit sha1_base64="oVy/I9UPVy1ij2uvI7xPga9LGuo=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0Wol5KIVI9FLx4r2LTQhLLZbtqlmw92N0II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5fsKZVJb1baytb2xubVd2qrt7+weH5tGxI+NUENolMY9F38eSchbRrmKK034iKA59Tnv+9Hbm9x6pkCyOHlSWUC/E44gFjGClpaFZcwOBSe403GTCzovcGVrF0KxbTWsOtErsktShRGdofrmjmKQhjRThWMqBbSXKy7FQjHBaVN1U0gSTKR7TgaYRDqn08vnxBTrTyggFsdAVKTRXf0/kOJQyC33dGWI1kcveTPzPG6QquPZyFiWpohFZLApSjlSMZkmgEROUKJ5pgolg+lZEJlinoXReVR2CvfzyKnEumnar2bq/rLdvyjgqcAKn0AAbrqANd9CBLhDI4Ble4c14Ml6Md+Nj0bpmlDM1+APj8wc8TJSF</latexit>
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<latexit sha1_base64="aU27ljj9ubj0YVvIbiizkDkKLPk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqseiF48V7Ac0IWy2m3bpZhN2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2JFORO0o5nmtJ9KiuOQ0144uZ/7vSmViiXiSc9S6sd4JFjECNZGCmzbiyQmuZeOWZFHAS4Cu+40nAXQOnFLUocS7cD+8oYJyWIqNOFYqYHrpNrPsdSMcFrUvEzRFJMJHtGBoQLHVPn54vICXRhliKJEmhIaLdTfEzmOlZrFoemMsR6rVW8u/ucNMh3d+jkTaaapIMtFUcaRTtA8BjRkkhLNZ4ZgIpm5FZExNlFoE1bNhOCuvrxOulcNt9loPl7XW3dlHFU4g3O4BBduoAUP0IYOEJjCM7zCm5VbL9a79bFsrVjlzCn8gfX5AyLxlAE=</latexit>
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<latexit sha1_base64="9NYeC+vAK/BLUOOWkuz8MbUx4pw=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwCrsi0cIiaGMjRDAPSEKYndxNhszOrjOzQljyEzYWitj6O3b+jZNkC008MHA451zm3uPHgmvjut9ObmV1bX0jv1nY2t7Z3SvuHzR0lCiGdRaJSLV8qlFwiXXDjcBWrJCGvsCmP7qZ+s0nVJpH8sGMY+yGdCB5wBk1VmoFPXpF7nq1XrHklt0ZyDLxMlKCDDb/1elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2b4TcmKVPgkiZZ80ZKb+nkhpqPU49G0ypGaoF72p+J/XTkxw2U25jBODks0/ChJBTESmx5M+V8iMGFtCmeJ2V8KGVFFmbEUFW4K3ePIyaZyVvUq5cn9eql5ndeThCI7hFDy4gCrcQg3qwEDAM7zCm/PovDjvzsc8mnOymUP4A+fzBwbGj1M=</latexit>

fa < MP
<latexit sha1_base64="J3aROPZBKyvso2XlaJfzQWOUNnI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVFdSdOOygn1AO5ZMmmlDM5mQZJQy9D/cuFDErf/izr8x085CWw/cy+Gce8nNCSRn2rjut1NYWV1b3yhulra2d3b3yvsHLR0nitAmiXmsOgHWlDNBm4YZTjtSURwFnLaD8U3mtx+p0iwW92YiqR/hoWAhI9hY6aEnR+wqa/2UyWm/XHGr7gxomXg5qUCORr/81RvEJImoMIRjrbueK42fYmUY4XRa6iWaSkzGeEi7lgocUe2ns6un6MQqAxTGypYwaKb+3khxpPUkCuxkhM1IL3qZ+J/XTUx46adMyMRQQeYPhQlHJkZZBGjAFCWGTyzBRDF7KyIjrDAxNqiSDcFb/PIyaZ1VvVq1dndeqV/ncRThCI7hFDy4gDrcQgOaQEDBM7zCm/PkvDjvzsd8tODkO4fwB87nD8qZkrk=</latexit>
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<latexit sha1_base64="oVy/I9UPVy1ij2uvI7xPga9LGuo=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0Wol5KIVI9FLx4r2LTQhLLZbtqlmw92N0II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5fsKZVJb1baytb2xubVd2qrt7+weH5tGxI+NUENolMY9F38eSchbRrmKK034iKA59Tnv+9Hbm9x6pkCyOHlSWUC/E44gFjGClpaFZcwOBSe403GTCzovcGVrF0KxbTWsOtErsktShRGdofrmjmKQhjRThWMqBbSXKy7FQjHBaVN1U0gSTKR7TgaYRDqn08vnxBTrTyggFsdAVKTRXf0/kOJQyC33dGWI1kcveTPzPG6QquPZyFiWpohFZLApSjlSMZkmgEROUKJ5pgolg+lZEJlinoXReVR2CvfzyKnEumnar2bq/rLdvyjgqcAKn0AAbrqANd9CBLhDI4Ble4c14Ml6Md+Nj0bpmlDM1+APj8wc8TJSF</latexit>
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<latexit sha1_base64="aU27ljj9ubj0YVvIbiizkDkKLPk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqseiF48V7Ac0IWy2m3bpZhN2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2JFORO0o5nmtJ9KiuOQ0144uZ/7vSmViiXiSc9S6sd4JFjECNZGCmzbiyQmuZeOWZFHAS4Cu+40nAXQOnFLUocS7cD+8oYJyWIqNOFYqYHrpNrPsdSMcFrUvEzRFJMJHtGBoQLHVPn54vICXRhliKJEmhIaLdTfEzmOlZrFoemMsR6rVW8u/ucNMh3d+jkTaaapIMtFUcaRTtA8BjRkkhLNZ4ZgIpm5FZExNlFoE1bNhOCuvrxOulcNt9loPl7XW3dlHFU4g3O4BBduoAUP0IYOEJjCM7zCm5VbL9a79bFsrVjlzCn8gfX5AyLxlAE=</latexit>
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<latexit sha1_base64="9NYeC+vAK/BLUOOWkuz8MbUx4pw=">AAAB73icbVC7SgNBFL0bXzG+opY2g0GwCrsi0cIiaGMjRDAPSEKYndxNhszOrjOzQljyEzYWitj6O3b+jZNkC008MHA451zm3uPHgmvjut9ObmV1bX0jv1nY2t7Z3SvuHzR0lCiGdRaJSLV8qlFwiXXDjcBWrJCGvsCmP7qZ+s0nVJpH8sGMY+yGdCB5wBk1VmoFPXpF7nq1XrHklt0ZyDLxMlKCDDb/1elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2b4TcmKVPgkiZZ80ZKb+nkhpqPU49G0ypGaoF72p+J/XTkxw2U25jBODks0/ChJBTESmx5M+V8iMGFtCmeJ2V8KGVFFmbEUFW4K3ePIyaZyVvUq5cn9eql5ndeThCI7hFDy4gCrcQg3qwEDAM7zCm/PovDjvzsc8mnOymUP4A+fzBwbGj1M=</latexit>

fa < MP
<latexit sha1_base64="J3aROPZBKyvso2XlaJfzQWOUNnI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVFdSdOOygn1AO5ZMmmlDM5mQZJQy9D/cuFDErf/izr8x085CWw/cy+Gce8nNCSRn2rjut1NYWV1b3yhulra2d3b3yvsHLR0nitAmiXmsOgHWlDNBm4YZTjtSURwFnLaD8U3mtx+p0iwW92YiqR/hoWAhI9hY6aEnR+wqa/2UyWm/XHGr7gxomXg5qUCORr/81RvEJImoMIRjrbueK42fYmUY4XRa6iWaSkzGeEi7lgocUe2ns6un6MQqAxTGypYwaKb+3khxpPUkCuxkhM1IL3qZ+J/XTUx46adMyMRQQeYPhQlHJkZZBGjAFCWGTyzBRDF7KyIjrDAxNqiSDcFb/PIyaZ1VvVq1dndeqV/ncRThCI7hFDy4gDrcQgOaQEDBM7zCm/PkvDjvzsd8tODkO4fwB87nD8qZkrk=</latexit>

� > �ip

-6 -4 -2 0 2 4 6
-1.0

-0.5

0.0

0.5

1.0

<latexit sha1_base64="oVy/I9UPVy1ij2uvI7xPga9LGuo=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0Wol5KIVI9FLx4r2LTQhLLZbtqlmw92N0II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5fsKZVJb1baytb2xubVd2qrt7+weH5tGxI+NUENolMY9F38eSchbRrmKK034iKA59Tnv+9Hbm9x6pkCyOHlSWUC/E44gFjGClpaFZcwOBSe403GTCzovcGVrF0KxbTWsOtErsktShRGdofrmjmKQhjRThWMqBbSXKy7FQjHBaVN1U0gSTKR7TgaYRDqn08vnxBTrTyggFsdAVKTRXf0/kOJQyC33dGWI1kcveTPzPG6QquPZyFiWpohFZLApSjlSMZkmgEROUKJ5pgolg+lZEJlinoXReVR2CvfzyKnEumnar2bq/rLdvyjgqcAKn0AAbrqANd9CBLhDI4Ble4c14Ml6Md+Nj0bpmlDM1+APj8wc8TJSF</latexit>

V (�)

V0

<latexit sha1_base64="aU27ljj9ubj0YVvIbiizkDkKLPk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEqseiF48V7Ac0IWy2m3bpZhN2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8MOVMacf5tiobm1vbO9Xd2t7+weGRfXzSVUkmCe2QhCeyH2JFORO0o5nmtJ9KiuOQ0144uZ/7vSmViiXiSc9S6sd4JFjECNZGCmzbiyQmuZeOWZFHAS4Cu+40nAXQOnFLUocS7cD+8oYJyWIqNOFYqYHrpNrPsdSMcFrUvEzRFJMJHtGBoQLHVPn54vICXRhliKJEmhIaLdTfEzmOlZrFoemMsR6rVW8u/ucNMh3d+jkTaaapIMtFUcaRTtA8BjRkkhLNZ4ZgIpm5FZExNlFoE1bNhOCuvrxOulcNt9loPl7XW3dlHFU4g3O4BBduoAUP0IYOEJjCM7zCm5VbL9a79bFsrVjlzCn8gfX5AyLxlAE=</latexit>

�

fa

<latexit sha1_base64="HKvmyR5zGEXD+lOCFn7Ej5ABbZU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIVJdFN26ECvYBTRom00k7dCaJM5NCCfkFN/6KGxeKuHXnzr9x2mahrQcuHM65l3vv8WNGpbKsb6Owsrq2vlHcLG1t7+zumfsHLRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7o+up3x4TIWkU3qtJTFyOBiENKEZKS55ZcQKBcBp4KEtvvUbmSMrnUmXgydNenKXjiPUeMs8sW1VrBrhM7JyUQY6GZ345/QgnnIQKMyRl17Zi5aZIKIoZyUpOIkmM8AgNSFfTEHEi3XT2UQZPtNKHQSR0hQrO1N8TKeJSTrivOzlSQ7noTcX/vG6igks3pWGcKBLi+aIgYVBFcBoP7FNBsGITTRAWVN8K8RDpPJQOsaRDsBdfXiats6pdq9buzsv1qzyOIjgCx6ACbHAB6uAGNEATYPAInsEreDOejBfj3fiYtxaMfOYQ/IHx+QPih55V</latexit>

fa
MP

⇠ (gs)p

volq
[Banks et al. ’03]

axionic WGC:
<latexit sha1_base64="lVTh3oqne0eqY1smk3wbWsXGbac=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRA8egl48RjQPyC5L72Q2GTL7YGZWCEt+w4sHRbz6M978GyfJHjRa0FBUddPdFaSCK23bX1ZpZXVtfaO8Wdna3tndq+4fdFSSScraNBGJ7AWomOAxa2uuBeulkmEUCNYNxjczv/vIpOJJ/KAnKfMiHMY85BS1kdx7H4lLQh+viONXa3bdnoP8JU5BalCg5Vc/3UFCs4jFmgpUqu/YqfZylJpTwaYVN1MsRTrGIesbGmPElJfPb56SE6MMSJhIU7Emc/XnRI6RUpMoMJ0R6pFa9mbif14/0+Gll/M4zTSL6WJRmAmiEzILgAy4ZFSLiSFIJTe3EjpCiVSbmComBGf55b+kc1Z3GvXG3XmteV3EUYYjOIZTcOACmnALLWgDhRSe4AVercx6tt6s90VrySpmDuEXrI9v/zCQXw==</latexit>

Sa fa < 1

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Cicoli, Cunillera,Padilla,FGP ’21]

Axionic DE
<latexit sha1_base64="SXzVXlJoUhsgqb7HxbEFDQSN7mo=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuLEkItWNUNSFywr2Ak0Ik+mkHTqZhJmJWNLs3fgqblwo4tYXcOfbOGm70NYfBj7+cw5nzu/HjEplWd9GYWl5ZXWtuF7a2Nza3jF391oySgQmTRyxSHR8JAmjnDQVVYx0YkFQ6DPS9odXeb19T4SkEb9To5i4IepzGlCMlLY8s+xcE6aQl4boIbsYO/GAeinNjqeQm2PPrFhVayK4CPYMKmCmhmd+Ob0IJyHhCjMkZde2YuWmSCiKGclKTiJJjPAQ9UlXI0chkW46uSWDh9rpwSAS+nEFJ+7viRSFUo5CX3eGSA3kfC03/6t1ExWcuynlcaIIx9NFQcKgimAeDOxRQbBiIw0IC6r/CvEACYSVjq+kQ7DnT16E1knVrlVrt6eV+uUsjiI4AGVwBGxwBurgBjRAE2DwCJ7BK3gznowX4934mLYWjNnMPvgj4/MHVg+b5g==</latexit>

�max = |�i � �max| [Dutta and Scherrer ‘08]

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Cicoli, Cunillera,Padilla,FGP ’21]

Axionic DE
<latexit sha1_base64="SXzVXlJoUhsgqb7HxbEFDQSN7mo=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuLEkItWNUNSFywr2Ak0Ik+mkHTqZhJmJWNLs3fgqblwo4tYXcOfbOGm70NYfBj7+cw5nzu/HjEplWd9GYWl5ZXWtuF7a2Nza3jF391oySgQmTRyxSHR8JAmjnDQVVYx0YkFQ6DPS9odXeb19T4SkEb9To5i4IepzGlCMlLY8s+xcE6aQl4boIbsYO/GAeinNjqeQm2PPrFhVayK4CPYMKmCmhmd+Ob0IJyHhCjMkZde2YuWmSCiKGclKTiJJjPAQ9UlXI0chkW46uSWDh9rpwSAS+nEFJ+7viRSFUo5CX3eGSA3kfC03/6t1ExWcuynlcaIIx9NFQcKgimAeDOxRQbBiIw0IC6r/CvEACYSVjq+kQ7DnT16E1knVrlVrt6eV+uUsjiI4AGVwBGxwBurgBjRAE2DwCJ7BK3gznowX4934mLYWjNnMPvgj4/MHVg+b5g==</latexit>

�max = |�i � �max|

Small decay constant

Start very close to top of the hill

tuning of initial conditions

[Dutta and Scherrer ‘08]

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Cicoli, Cunillera,Padilla,FGP ’21]

Axionic DE
Axion is classically frozen until today

<latexit sha1_base64="pm2KeNkBopbZxzyFtR+txgGr5I4=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpUl0W3XRZwT6giWEynbRDJw9mJkKJWfgrblwo4tbfcOffOG2z0NYDFw7n3Mu99/gJZ1JZ1rexsrq2vrFZ2ipv7+zu7ZsHhx0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9cc3U7/7QIVkcXSnJgl1QzyMWMAIVlryzOOOlznJiOXI4Rw1vYxFQX5f88yKVbVmQMvELkgFCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOykkiaYjPGQ9jWNcEilm83uz9GZVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgitXv5SkikZkvihIOVIxmoaBBkxQovhEE0wE07ciMsICE6UjK+sQ7MWXl0mnVrXr1frtRaVxXcRRghM4hXOw4RIa0IQWtIHAIzzDK7wZT8aL8W58zFtXjGLmCP7A+PwBbF+VvA==</latexit>

V� ⌧ H
2
inf

<latexit sha1_base64="+QvpGKbMMoAIeNerJ0I5TR5Y/sM=">AAACC3icbVDLSgMxFM34rPU16tJNaBFclRmR6kYounElFewDOkPJpJk2NJMJSUYow+zd+CtuXCji1h9w59+YaQfU1gOBk3Puvck9gWBUacf5spaWV1bX1ksb5c2t7Z1de2+/reJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvsr9zj2Risb8Tk8E8SM05DSkGGkj9e2KF0qEU08gqSli0BMjmv1cb7ILp29XnZozBVwkbkGqoECzb396gxgnEeEaM6RUz3WE9tN8JGYkK3uJIgLhMRqSnqEcRUT56XSXDB4ZZQDDWJrDNZyqvztSFCk1iQJTGSE9UvNeLv7n9RIdnvsp5SLRhOPZQ2HCoI5hHgwcUEmwZhNDEJbU/BXiETLhaBNf2YTgzq+8SNonNbdeq9+eVhuXRRwlcAgq4Bi44Aw0wDVoghbA4AE8gRfwaj1az9ab9T4rXbKKngPwB9bHNyQ4mxw=</latexit>

@�

@N
= 0

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Cicoli, Cunillera,Padilla,FGP ’21]

Axionic DE

Quantum diffusion during inflation

Axion is classically frozen until today

<latexit sha1_base64="pm2KeNkBopbZxzyFtR+txgGr5I4=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpUl0W3XRZwT6giWEynbRDJw9mJkKJWfgrblwo4tbfcOffOG2z0NYDFw7n3Mu99/gJZ1JZ1rexsrq2vrFZ2ipv7+zu7ZsHhx0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9cc3U7/7QIVkcXSnJgl1QzyMWMAIVlryzOOOlznJiOXI4Rw1vYxFQX5f88yKVbVmQMvELkgFCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOykkiaYjPGQ9jWNcEilm83uz9GZVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgitXv5SkikZkvihIOVIxmoaBBkxQovhEE0wE07ciMsICE6UjK+sQ7MWXl0mnVrXr1frtRaVxXcRRghM4hXOw4RIa0IQWtIHAIzzDK7wZT8aL8W58zFtXjGLmCP7A+PwBbF+VvA==</latexit>

V� ⌧ H
2
inf

<latexit sha1_base64="+QvpGKbMMoAIeNerJ0I5TR5Y/sM=">AAACC3icbVDLSgMxFM34rPU16tJNaBFclRmR6kYounElFewDOkPJpJk2NJMJSUYow+zd+CtuXCji1h9w59+YaQfU1gOBk3Puvck9gWBUacf5spaWV1bX1ksb5c2t7Z1de2+/reJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvsr9zj2Risb8Tk8E8SM05DSkGGkj9e2KF0qEU08gqSli0BMjmv1cb7ILp29XnZozBVwkbkGqoECzb396gxgnEeEaM6RUz3WE9tN8JGYkK3uJIgLhMRqSnqEcRUT56XSXDB4ZZQDDWJrDNZyqvztSFCk1iQJTGSE9UvNeLv7n9RIdnvsp5SLRhOPZQ2HCoI5hHgwcUEmwZhNDEJbU/BXiETLhaBNf2YTgzq+8SNonNbdeq9+eVhuXRRwlcAgq4Bi44Aw0wDVoghbA4AE8gRfwaj1az9ab9T4rXbKKngPwB9bHNyQ4mxw=</latexit>

@�

@N
= 0

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Cicoli, Cunillera,Padilla,FGP ’21]

Axionic DE

Quantum diffusion during inflation

Axion is classically frozen until today

<latexit sha1_base64="pm2KeNkBopbZxzyFtR+txgGr5I4=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpUl0W3XRZwT6giWEynbRDJw9mJkKJWfgrblwo4tbfcOffOG2z0NYDFw7n3Mu99/gJZ1JZ1rexsrq2vrFZ2ipv7+zu7ZsHhx0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9cc3U7/7QIVkcXSnJgl1QzyMWMAIVlryzOOOlznJiOXI4Rw1vYxFQX5f88yKVbVmQMvELkgFCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOykkiaYjPGQ9jWNcEilm83uz9GZVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgitXv5SkikZkvihIOVIxmoaBBkxQovhEE0wE07ciMsICE6UjK+sQ7MWXl0mnVrXr1frtRaVxXcRRghM4hXOw4RIa0IQWtIHAIzzDK7wZT8aL8W58zFtXjGLmCP7A+PwBbF+VvA==</latexit>

V� ⌧ H
2
inf

<latexit sha1_base64="+QvpGKbMMoAIeNerJ0I5TR5Y/sM=">AAACC3icbVDLSgMxFM34rPU16tJNaBFclRmR6kYounElFewDOkPJpJk2NJMJSUYow+zd+CtuXCji1h9w59+YaQfU1gOBk3Puvck9gWBUacf5spaWV1bX1ksb5c2t7Z1de2+/reJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvsr9zj2Risb8Tk8E8SM05DSkGGkj9e2KF0qEU08gqSli0BMjmv1cb7ILp29XnZozBVwkbkGqoECzb396gxgnEeEaM6RUz3WE9tN8JGYkK3uJIgLhMRqSnqEcRUT56XSXDB4ZZQDDWJrDNZyqvztSFCk1iQJTGSE9UvNeLv7n9RIdnvsp5SLRhOPZQ2HCoI5hHgwcUEmwZhNDEJbU/BXiETLhaBNf2YTgzq+8SNonNbdeq9+eVhuXRRwlcAgq4Bi44Aw0wDVoghbA4AE8gRfwaj1az9ab9T4rXbKKngPwB9bHNyQ4mxw=</latexit>

@�

@N
= 0

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Cicoli, Cunillera,Padilla,FGP ’21]

Axionic DE

Quantum diffusion during inflation

Axion is classically frozen until today

<latexit sha1_base64="pm2KeNkBopbZxzyFtR+txgGr5I4=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpUl0W3XRZwT6giWEynbRDJw9mJkKJWfgrblwo4tbfcOffOG2z0NYDFw7n3Mu99/gJZ1JZ1rexsrq2vrFZ2ipv7+zu7ZsHhx0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9cc3U7/7QIVkcXSnJgl1QzyMWMAIVlryzOOOlznJiOXI4Rw1vYxFQX5f88yKVbVmQMvELkgFCrQ888sZxCQNaaQIx1L2bStRboaFYoTTvOykkiaYjPGQ9jWNcEilm83uz9GZVgYoiIWuSKGZ+nsiw6GUk9DXnSFWI7noTcX/vH6qgitXv5SkikZkvihIOVIxmoaBBkxQovhEE0wE07ciMsICE6UjK+sQ7MWXl0mnVrXr1frtRaVxXcRRghM4hXOw4RIa0IQWtIHAIzzDK7wZT8aL8W58zFtXjGLmCP7A+PwBbF+VvA==</latexit>

V� ⌧ H
2
inf

<latexit sha1_base64="+QvpGKbMMoAIeNerJ0I5TR5Y/sM=">AAACC3icbVDLSgMxFM34rPU16tJNaBFclRmR6kYounElFewDOkPJpJk2NJMJSUYow+zd+CtuXCji1h9w59+YaQfU1gOBk3Puvck9gWBUacf5spaWV1bX1ksb5c2t7Z1de2+/reJEYtLCMYtlN0CKMMpJS1PNSFdIgqKAkU4wvsr9zj2Risb8Tk8E8SM05DSkGGkj9e2KF0qEU08gqSli0BMjmv1cb7ILp29XnZozBVwkbkGqoECzb396gxgnEeEaM6RUz3WE9tN8JGYkK3uJIgLhMRqSnqEcRUT56XSXDB4ZZQDDWJrDNZyqvztSFCk1iQJTGSE9UvNeLv7n9RIdnvsp5SLRhOPZQ2HCoI5hHgwcUEmwZhNDEJbU/BXiETLhaBNf2YTgzq+8SNonNbdeq9+eVhuXRRwlcAgq4Bi44Aw0wDVoghbA4AE8gRfwaj1az9ab9T4rXbKKngPwB9bHNyQ4mxw=</latexit>

@�

@N
= 0

Choice of ics gets blurred during inflation

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Cicoli, Cunillera,Padilla,FGP ’21]

Axionic DE
Survival probability

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Cicoli, Cunillera,Padilla,FGP ’21]

Axionic DE

<latexit sha1_base64="g/gkBV7UtRzbuIh/LU9nkv1oJb8=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5KIVE9S1EOPFewHtCFstpt26W4SdjdiCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCntON/W0vLK6tp6YaO4ubW9s2vv7TdVnEpCGyTmsWwHWFHOItrQTHPaTiTFIuC0FQxvJn7rgUrF4uhejxLqCdyPWMgI1kby7cPuLeUa+5nAj+MrVPMzFoVj3y45ZWcKtEjcnJQgR923v7q9mKSCRppwrFTHdRLtZVhqRjgdF7upogkmQ9ynHUMjLKjysun5Y3RilB4KY2kq0miq/p7IsFBqJALTKbAeqHlvIv7ndVIdXnrmoSTVNCKzRWHKkY7RJAvUY5ISzUeGYCKZuRWRAZaYaJNY0YTgzr+8SJpnZbdSrtydl6rXeRwFOIJjOAUXLqAKNahDAwhk8Ayv8GY9WS/Wu/Uxa12y8pkD+APr8wcsjJWl</latexit>

�max > HinfSafe from diffusion if

Survival probability

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Cicoli, Cunillera,Padilla,FGP ’21]

Axionic DE

<latexit sha1_base64="g/gkBV7UtRzbuIh/LU9nkv1oJb8=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5KIVE9S1EOPFewHtCFstpt26W4SdjdiCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCntON/W0vLK6tp6YaO4ubW9s2vv7TdVnEpCGyTmsWwHWFHOItrQTHPaTiTFIuC0FQxvJn7rgUrF4uhejxLqCdyPWMgI1kby7cPuLeUa+5nAj+MrVPMzFoVj3y45ZWcKtEjcnJQgR923v7q9mKSCRppwrFTHdRLtZVhqRjgdF7upogkmQ9ynHUMjLKjysun5Y3RilB4KY2kq0miq/p7IsFBqJALTKbAeqHlvIv7ndVIdXnrmoSTVNCKzRWHKkY7RJAvUY5ISzUeGYCKZuRWRAZaYaJNY0YTgzr+8SJpnZbdSrtydl6rXeRwFOIJjOAUXLqAKNahDAwhk8Ayv8GY9WS/Wu/Uxa12y8pkD+APr8wcsjJWl</latexit>

�max > HinfSafe from diffusion if

Survival probability

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Cicoli, Cunillera,Padilla,FGP ’21]

Axionic DE

<latexit sha1_base64="+CylCc4q7CkIvBgon+zG9ga/yeA=">AAACG3icbVDLSsNAFJ3UV62vqks3g0VwY0mK1q6k6KYboYJ9QBPDZDpph04mYWailJD/cOOvuHGhiCvBhX/jpO1CWw8MHM65lzvneBGjUpnmt5FbWl5ZXcuvFzY2t7Z3irt7bRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl4o6vM79wTIWnIb9U4Ik6ABpz6FCOlJbdYabgJ5X5qSxpAy7xLTs5SeO02oS3oYKiQEOED9F0EL6BZNmuZ5RZLmk4AF4k1IyUwg57/tPshjgPCFWZIyp5lRspJkFAUM5IW7FiSCOERGpCephwFRDrJJFsKj7TSh34o9OMKTtTfGwkKpBwHnp4MkBrKeS8T//N6sfJrjs4exYpwPD3kxwyqEGZFwT4VBCs21gRhQfVfIR4igbDSdRZ0CdZ85EXSrpStarl6c1qqX87qyIMDcAiOgQXOQR00QBO0AAaP4Bm8gjfjyXgx3o2P6WjOmO3sgz8wvn4AFkqe6w==</latexit>

Hinf ⇠ 10�5
MP ! fa > 0.08MPexample:

<latexit sha1_base64="g/gkBV7UtRzbuIh/LU9nkv1oJb8=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5KIVE9S1EOPFewHtCFstpt26W4SdjdiCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRcknCntON/W0vLK6tp6YaO4ubW9s2vv7TdVnEpCGyTmsWwHWFHOItrQTHPaTiTFIuC0FQxvJn7rgUrF4uhejxLqCdyPWMgI1kby7cPuLeUa+5nAj+MrVPMzFoVj3y45ZWcKtEjcnJQgR923v7q9mKSCRppwrFTHdRLtZVhqRjgdF7upogkmQ9ynHUMjLKjysun5Y3RilB4KY2kq0miq/p7IsFBqJALTKbAeqHlvIv7ndVIdXnrmoSTVNCKzRWHKkY7RJAvUY5ISzUeGYCKZuRWRAZaYaJNY0YTgzr+8SJpnZbdSrtydl6rXeRwFOIJjOAUXLqAKNahDAwhk8Ayv8GY9WS/Wu/Uxa12y8pkD+APr8wcsjJWl</latexit>

�max > HinfSafe from diffusion if

Survival probability

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Embedding into type IIB compactifications

<latexit sha1_base64="FUkwzaMh+w87dfG7tb7OdK3jgh0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEQSiJSHUjFN24rNAXNCFMppN22smDmRuhhIK/4saFIm79Dnf+jdM2C209cOFwzr3ce4+fCK7Asr6Nwsrq2vpGcbO0tb2zu2fuH7RUnErKmjQWsez4RDHBI9YEDoJ1EslI6AvW9kd3U7/9yKTicdSAccLckPQjHnBKQEueedTwhjcOkNQbnnPswIAB8YaeWbYq1gx4mdg5KaMcdc/8cnoxTUMWARVEqa5tJeBmRAKngk1KTqpYQuiI9FlX04iETLnZ7PwJPtVKDwex1BUBnqm/JzISKjUOfd0ZEhioRW8q/ud1Uwiu3YxHSQosovNFQSowxHiaBe5xySiIsSaESq5vxXRAJKGgEyvpEOzFl5dJ66JiVyvVh8ty7TaPo4iO0Qk6Qza6QjV0j+qoiSjK0DN6RW/Gk/FivBsf89aCkc8coj8wPn8AjwaVQA==</latexit>

Tj = ⌧j + i✓j

<latexit sha1_base64="Vcsu1sk36aSHhZHtuZie09syW90="></latexit>

V = t1t
2
2 � t3s =

p
⌧1⌧2 � ⌧3/2s

Axionic DE embedding

3 moduli + 3 axions

[Cicoli, Cunillera,Padilla,FGP ’24]

<latexit sha1_base64="GwKiaffOiuoprGhvKyoSQZY/IXA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAXvVXqnsVtwZyDLxclKGHPVe6avbj1kacYVMUmM6npugn1GNgkk+KXZTwxPKRnTAO5YqGnHjZ7NTJ+TUKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOkUbQje4svLpFmteJeVi/vzcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwAKXI2n</latexit>

t2

<latexit sha1_base64="72oNKbybjP1FCAzIrExVLH4geVg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA/a8XrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6rF/fnldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwAI2I2m</latexit>

t1

<latexit sha1_base64="iVsgiLZLHQ8qFkJUeErbjrMvrdQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYns8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgecQpQSs1u0jSnt8rV7yqN4O7TPycVCBHvVf+6vYVTWMmkQpiTMf3EgwyopFTwSalbmpYQuiIDFjHUkliZoJsdu3EPbFK342UtiXRnam/JzISGzOOQ9sZExyaRW8q/ud1Uoyug4zLJEUm6XxRlAoXlTt93e1zzSiKsSWEam5vdemQaELRBlSyIfiLLy+T5lnVv6xe3J9Xajd5HEU4gmM4BR+uoAZ3UIcGUHiEZ3iFN0c5L8678zFvLTj5zCH8gfP5A0w9jvY=</latexit>⌧1

<latexit sha1_base64="J+jD6T1qkZcO0yPsLOYVfqVIU7E=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGCeUCyhNnJbDJmdnaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecJxwP6IDJULBKFqp2UWa9qq9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJs1rxLisX9+fl2k0eRwGO4QTOwIMrqMEd1KEBDB7hGV7hzYmdF+fd+Zi3rjj5zBH8gfP5A03Bjvc=</latexit>⌧2
<latexit sha1_base64="GwKiaffOiuoprGhvKyoSQZY/IXA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAXvVXqnsVtwZyDLxclKGHPVe6avbj1kacYVMUmM6npugn1GNgkk+KXZTwxPKRnTAO5YqGnHjZ7NTJ+TUKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOkUbQje4svLpFmteJeVi/vzcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwAKXI2n</latexit>

t2
<latexit sha1_base64="d425xbuARwJvkJ4mKOokAJDq/tw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmYns8mY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQN5ChYO9GMxKFgrXB0O/VbT0wbruQDjhMWxGQgecQpQSs1u0jSnumVK17Vm8FdJn5OKpCj3it/dfuKpjGTSAUxpuN7CQYZ0cipYJNSNzUsIXREBqxjqSQxM0E2u3binlil70ZK25LoztTfExmJjRnHoe2MCQ7NojcV//M6KUbXQcZlkiKTdL4oSoWLyp2+7va5ZhTF2BJCNbe3unRINKFoAyrZEPzFl5dJ86zqX1Yv7s8rtZs8jiIcwTGcgg9XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AbBFjzg=</latexit>⌧s

<latexit sha1_base64="HIFJvN6A4YkCDqoctoDV+ZAAPe0=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9CJ4iWIekIQwO+lNhszOLjOzQljyB148KOLVP/Lm3zhJ9qCJBQ1FVTfdXX4suDau++3klpZXVtfy64WNza3tneLuXl1HiWJYY5GIVNOnGgWXWDPcCGzGCmnoC2z4w5uJ33hCpXkkH80oxk5I+5IHnFFjpYe7q26x5JbdKcgi8TJSggzVbvGr3YtYEqI0TFCtW54bm05KleFM4LjQTjTGlA1pH1uWShqi7qTTS8fkyCo9EkTKljRkqv6eSGmo9Sj0bWdIzUDPexPxP6+VmOCyk3IZJwYlmy0KEkFMRCZvkx5XyIwYWUKZ4vZWwgZUUWZsOAUbgjf/8iKpn5S98/LZ/Wmpcp3FkYcDOIRj8OACKnALVagBgwCe4RXenKHz4rw7H7PWnJPN7MMfOJ8/JveNIA==</latexit>

K =Theory defined by

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Axionic DE embedding

LVS stabilisation
<latexit sha1_base64="zeS5tr/4I005+GtZXOg+T4WoKZ8=">AAAB8HicbVDLTgJBEOz1ifhCPXrZSIyeyK4a9Ej04hETeRhYSe8wwISZ2c3MrAnZ8BVePGiMVz/Hm3/jAHtQsJJOKlXd6e4KY8608bxvZ2l5ZXVtPbeR39za3tkt7O3XdZQoQmsk4pFqhqgpZ5LWDDOcNmNFUYScNsLhzcRvPFGlWSTvzSimgcC+ZD1G0FjpoY08HuDJ43mnUPRK3hTuIvEzUoQM1U7hq92NSCKoNISj1i3fi02QojKMcDrOtxNNYyRD7NOWpRIF1UE6PXjsHlul6/YiZUsad6r+nkhRaD0Soe0UaAZ63puI/3mtxPSugpTJODFUktmiXsJdE7mT790uU5QYPrIEiWL2VpcMUCExNqO8DcGff3mR1M9KfrlUvrsoVq6zOHJwCEdwCj5cQgVuoQo1ICDgGV7hzVHOi/PufMxal5xs5gD+wPn8ARyzj/k=</latexit>

↵03 corrections + n.p. effects

<latexit sha1_base64="xICsFW2HE+i1y2ubQ0imvZpY+JA="></latexit>

V = VLV S(V, ⌧s, ✓s) + Vinf (⌧1/⌧2) + Vlate(✓1, ✓2)

Hierarchical structure

smaller

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

[Conlon et al. ’05]



Axionic DE embedding

LVS stabilisation
<latexit sha1_base64="zeS5tr/4I005+GtZXOg+T4WoKZ8=">AAAB8HicbVDLTgJBEOz1ifhCPXrZSIyeyK4a9Ej04hETeRhYSe8wwISZ2c3MrAnZ8BVePGiMVz/Hm3/jAHtQsJJOKlXd6e4KY8608bxvZ2l5ZXVtPbeR39za3tkt7O3XdZQoQmsk4pFqhqgpZ5LWDDOcNmNFUYScNsLhzcRvPFGlWSTvzSimgcC+ZD1G0FjpoY08HuDJ43mnUPRK3hTuIvEzUoQM1U7hq92NSCKoNISj1i3fi02QojKMcDrOtxNNYyRD7NOWpRIF1UE6PXjsHlul6/YiZUsad6r+nkhRaD0Soe0UaAZ63puI/3mtxPSugpTJODFUktmiXsJdE7mT790uU5QYPrIEiWL2VpcMUCExNqO8DcGff3mR1M9KfrlUvrsoVq6zOHJwCEdwCj5cQgVuoQo1ICDgGV7hzVHOi/PufMxal5xs5gD+wPn8ARyzj/k=</latexit>

↵03 corrections + n.p. effects

<latexit sha1_base64="xICsFW2HE+i1y2ubQ0imvZpY+JA="></latexit>

V = VLV S(V, ⌧s, ✓s) + Vinf (⌧1/⌧2) + Vlate(✓1, ✓2)

Hierarchical structure

smaller

uplift non SUSY AdS

<latexit sha1_base64="qGEHHCyg8vSwzskMQVe05iJr+kA=">AAACE3icbVC7TsMwFHXKq5RXgZHFokJCDCVBvMYKFsYi0YfUlMhxb1qrjhPZDlIV9R9Y+BUWBhBiZWHjb3DaDNByJEtH59wr33P8mDOlbfvbKiwsLi2vFFdLa+sbm1vl7Z2mihJJoUEjHsm2TxRwJqChmebQjiWQ0OfQ8ofXmd96AKlYJO70KIZuSPqCBYwSbSSvfORyIvoc3JDoASU8bY5dOVViGcU6wnCfOsd9T429csWu2hPgeeLkpIJy1L3yl9uLaBKC0JQTpTqOHetuSqRmlMO45CYKYkKHpA8dQwUJQXXTSaYxPjBKDweRNE9oPFF/b6QkVGoU+mYyO13Nepn4n9dJdHDZTZmIEw2CTj8KEo5N1Kwg3GMSqOYjQwiVzNyK6YBIQrWpsWRKcGYjz5PmSdU5r57dnlZqV3kdRbSH9tEhctAFqqEbVEcNRNEjekav6M16sl6sd+tjOlqw8p1d9AfW5w8mDp71</latexit>

hVi / e1/gs

<latexit sha1_base64="aGGCh2DnwPtxQEt+VXQmJ0MfTSU=">AAACCnicbVA7T8MwGHR4lvIKMLIYKiSmkiBeYwULY5HoQ2qiyHGd1KpjW7aDVFWdWfgrLAwgxMovYOPf4LYZoOUkS+e775N9F0tGtfG8b2dhcWl5ZbW0Vl7f2Nzadnd2m1rkCpMGFkyodow0YZSThqGGkbZUBGUxI624fzP2Ww9EaSr4vRlIEmYo5TShGBkrRe5BwBBPGQkMyiMdqOlFKiGNgP5JGunIrXhVbwI4T/yCVECBeuR+BV2B84xwgxnSuuN70oRDpAzFjIzKQa6JRLiPUtKxlKOM6HA4iTKCR1bpwkQoe7iBE/X3xhBlWg+y2E5myPT0rDcW//M6uUmuwiHlMjeE4+lDSc6gjTnuBXapItiwgSUIK2r/CnEPKYSNba9sS/BnI8+T5mnVv6ie351VatdFHSWwDw7BMfDBJaiBW1AHDYDBI3gGr+DNeXJenHfnYzq64BQ7e+APnM8flfua1A==</latexit>

h⌧si / 1/gs

<latexit sha1_base64="FL5TpOC6rtkcLtBcCJ2mgBUdHn4=">AAACHXicbZC7TsMwFIYdrqXcAowsFhUSC1VSymWsYGEsEr1ITVs5rtNatZ3IdpCqNC/CwquwMIAQAwvibXDbDNDyS5Y+/ecc+ZzfjxhV2nG+raXlldW19dxGfnNre2fX3tuvqzCWmNRwyELZ9JEijApS01Qz0owkQdxnpOEPbyb1xgORiobiXo8i0uaoL2hAMdLG6tpljyHRZwTWPTkDT1EOT71AIpyMG11n3CmliceRHmDEknraOUu7dsEpOlPBRXAzKIBM1a796fVCHHMiNGZIqZbrRLqdIKkpZiTNe7EiEcJD1CctgwJxotrJ9LoUHhunB4NQmic0nLq/JxLElRpx33ROtlTztYn5X60V6+CqnVARxZoIPPsoiBnUIZxEBXtUEqzZyADCkppdIR4gk4s2geZNCO78yYtQLxXdi+L5XblQuc7iyIFDcAROgAsuQQXcgiqoAQwewTN4BW/Wk/VivVsfs9YlK5s5AH9kff0AsZOiVA==</latexit>

hV i ⇠ � |W0|2

V3

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

[Conlon et al. ’05]



Axionic DE embedding

LVS stabilisation
<latexit sha1_base64="zeS5tr/4I005+GtZXOg+T4WoKZ8=">AAAB8HicbVDLTgJBEOz1ifhCPXrZSIyeyK4a9Ej04hETeRhYSe8wwISZ2c3MrAnZ8BVePGiMVz/Hm3/jAHtQsJJOKlXd6e4KY8608bxvZ2l5ZXVtPbeR39za3tkt7O3XdZQoQmsk4pFqhqgpZ5LWDDOcNmNFUYScNsLhzcRvPFGlWSTvzSimgcC+ZD1G0FjpoY08HuDJ43mnUPRK3hTuIvEzUoQM1U7hq92NSCKoNISj1i3fi02QojKMcDrOtxNNYyRD7NOWpRIF1UE6PXjsHlul6/YiZUsad6r+nkhRaD0Soe0UaAZ63puI/3mtxPSugpTJODFUktmiXsJdE7mT790uU5QYPrIEiWL2VpcMUCExNqO8DcGff3mR1M9KfrlUvrsoVq6zOHJwCEdwCj5cQgVuoQo1ICDgGV7hzVHOi/PufMxal5xs5gD+wPn8ARyzj/k=</latexit>

↵03 corrections + n.p. effects

<latexit sha1_base64="xICsFW2HE+i1y2ubQ0imvZpY+JA="></latexit>

V = VLV S(V, ⌧s, ✓s) + Vinf (⌧1/⌧2) + Vlate(✓1, ✓2)

Hierarchical structure

smaller

uplift non SUSY AdS

<latexit sha1_base64="qGEHHCyg8vSwzskMQVe05iJr+kA=">AAACE3icbVC7TsMwFHXKq5RXgZHFokJCDCVBvMYKFsYi0YfUlMhxb1qrjhPZDlIV9R9Y+BUWBhBiZWHjb3DaDNByJEtH59wr33P8mDOlbfvbKiwsLi2vFFdLa+sbm1vl7Z2mihJJoUEjHsm2TxRwJqChmebQjiWQ0OfQ8ofXmd96AKlYJO70KIZuSPqCBYwSbSSvfORyIvoc3JDoASU8bY5dOVViGcU6wnCfOsd9T429csWu2hPgeeLkpIJy1L3yl9uLaBKC0JQTpTqOHetuSqRmlMO45CYKYkKHpA8dQwUJQXXTSaYxPjBKDweRNE9oPFF/b6QkVGoU+mYyO13Nepn4n9dJdHDZTZmIEw2CTj8KEo5N1Kwg3GMSqOYjQwiVzNyK6YBIQrWpsWRKcGYjz5PmSdU5r57dnlZqV3kdRbSH9tEhctAFqqEbVEcNRNEjekav6M16sl6sd+tjOlqw8p1d9AfW5w8mDp71</latexit>

hVi / e1/gs

<latexit sha1_base64="aGGCh2DnwPtxQEt+VXQmJ0MfTSU=">AAACCnicbVA7T8MwGHR4lvIKMLIYKiSmkiBeYwULY5HoQ2qiyHGd1KpjW7aDVFWdWfgrLAwgxMovYOPf4LYZoOUkS+e775N9F0tGtfG8b2dhcWl5ZbW0Vl7f2Nzadnd2m1rkCpMGFkyodow0YZSThqGGkbZUBGUxI624fzP2Ww9EaSr4vRlIEmYo5TShGBkrRe5BwBBPGQkMyiMdqOlFKiGNgP5JGunIrXhVbwI4T/yCVECBeuR+BV2B84xwgxnSuuN70oRDpAzFjIzKQa6JRLiPUtKxlKOM6HA4iTKCR1bpwkQoe7iBE/X3xhBlWg+y2E5myPT0rDcW//M6uUmuwiHlMjeE4+lDSc6gjTnuBXapItiwgSUIK2r/CnEPKYSNba9sS/BnI8+T5mnVv6ie351VatdFHSWwDw7BMfDBJaiBW1AHDYDBI3gGr+DNeXJenHfnYzq64BQ7e+APnM8flfua1A==</latexit>

h⌧si / 1/gs

<latexit sha1_base64="FL5TpOC6rtkcLtBcCJ2mgBUdHn4=">AAACHXicbZC7TsMwFIYdrqXcAowsFhUSC1VSymWsYGEsEr1ITVs5rtNatZ3IdpCqNC/CwquwMIAQAwvibXDbDNDyS5Y+/ecc+ZzfjxhV2nG+raXlldW19dxGfnNre2fX3tuvqzCWmNRwyELZ9JEijApS01Qz0owkQdxnpOEPbyb1xgORiobiXo8i0uaoL2hAMdLG6tpljyHRZwTWPTkDT1EOT71AIpyMG11n3CmliceRHmDEknraOUu7dsEpOlPBRXAzKIBM1a796fVCHHMiNGZIqZbrRLqdIKkpZiTNe7EiEcJD1CctgwJxotrJ9LoUHhunB4NQmic0nLq/JxLElRpx33ROtlTztYn5X60V6+CqnVARxZoIPPsoiBnUIZxEBXtUEqzZyADCkppdIR4gk4s2geZNCO78yYtQLxXdi+L5XblQuc7iyIFDcAROgAsuQQXcgiqoAQwewTN4BW/Wk/VivVsfs9YlK5s5AH9kff0AsZOiVA==</latexit>

hV i ⇠ � |W0|2

V3

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

<latexit sha1_base64="eYCrMGMVpAAygQIAULhlqF8Zzww=">AAACIHicbVBNS8NAEN3U7/pV9ehlsQieSiJqPYpevAgVbC00JUy2G7t0Nwm7E6GE/BQv/hUvHhTRm/4at7WCWh8svH1vhpl5YSqFQdd9d0ozs3PzC4tL5eWV1bX1ysZmyySZZrzJEpnodgiGSxHzJgqUvJ1qDiqU/DocnI3861uujUjiKxymvKvgJhaRYIBWCip1FeQ+QhaYwjdC0fG3zxG+BT/SwPKLoFHkvgLsM5B5qyiCStWtuWPQaeJNSJVM0Agqb34vYZniMTIJxnQ8N8VuDhoFk7wo+5nhKbAB3PCOpTEobrr5+MCC7lqlR6NE2xcjHas/O3JQxgxVaCtHO5q/3kj8z+tkGB13cxGnGfKYfQ2KMkkxoaO0aE9ozlAOLQGmhd2Vsj7YRNBmWrYheH9Pniat/Zp3VDu8PKienE7iWCTbZIfsEY/UyQk5Jw3SJIzckQfyRJ6de+fReXFev0pLzqRni/yC8/EJhcKlEQ==</latexit>

m⌧s ⇠ m✓s ⇠ MP

V

<latexit sha1_base64="JtuChIkQOt5Mz6mTLudvtYl0Mgg=">AAACGXicbVDLSsNAFJ34rPUVdekmWARXNanPZdGNG6GCfUATw2Q6aYfOJGFmIpQhv+HGX3HjQhGXuvJvnLRZ1NYDFw7n3Mu99wQJJULa9o+xsLi0vLJaWiuvb2xubZs7uy0RpxzhJoppzDsBFJiSCDclkRR3Eo4hCyhuB8Pr3G8/Yi5IHN3LUYI9BvsRCQmCUku+aTNfuQzKAYJUtbLMFYS5IYdI3fqNbNp6UCfHtSzzzYpdtcew5olTkAoo0PDNL7cXo5ThSCIKheg6diI9BbkkiOKs7KYCJxANYR93NY0gw8JT488y61ArPSuMua5IWmN1ekJBJsSIBbozv1TMern4n9dNZXjpKRIlqcQRmiwKU2rJ2MpjsnqEYyTpSBOIONG3WmgAdS5Sh1nWITizL8+TVq3qnFfP7k4r9asijhLYBwfgCDjgAtTBDWiAJkDgCbyAN/BuPBuvxofxOWldMIqZPfAHxvcveSGh1A==</latexit>

mV ⇠ MP

V3/2

Mass hierarchy

>>

[Conlon et al. ’05]



Axionic DE embedding
Fibre inflation: string loops (W) + HD [Cicoli et al. ’08]

plateau steepening

<latexit sha1_base64="AhPrhz2uA3esKSbWYYMK70kF8v8=">AAACEXicbVC7TgJBFJ3FF+ILtbSZSEywgV18lkQbS0zkkbAbMjsMMGFmd525a0I2/IKNv2JjoTG2dnb+jcNCoeBJJvfknHtz5x4/ElyDbX9bmaXlldW17HpuY3Nreye/u9fQYawoq9NQhKrlE80ED1gdOAjWihQj0hes6Q+vJ37zgSnNw+AORhHzJOkHvMcpASN18kVX874k2BSJXRH2iy6QuOOU01I5Lrv6XkFyMu7kC3bJToEXiTMjBTRDrZP/crshjSULgAqidduxI/ASooBTwcY5N9YsInRI+qxtaEAk016SXjTGR0bp4l6ozAsAp+rviYRIrUfSN52SwEDPexPxP68dQ+/SS3gQxcACOl3UiwWGEE/iwV2uGAUxMoRQxc1fMR0QRSiYEHMmBGf+5EXSqJSc89LZ7WmhejWLI4sO0CEqIgddoCq6QTVURxQ9omf0it6sJ+vFerc+pq0Zazazj/7A+vwBMd6cog==</latexit>

� ⇠ log(⌧1/⌧2)/
p
3

<latexit sha1_base64="SiRbx0vqLTT4SazZlG76ar6hf14=">AAACFnicbZC7TsMwFIYdrqXcAowsFhUSCyWBchkrWBiLRNNKTRo5rtNadS6yHaQqzVOw8CosDCDEith4G5w2A7T8kqVf/zlHPufzYkaFNIxvbWFxaXlltbRWXt/Y3NrWd3YtESUckyaOWMTbHhKE0ZA0JZWMtGNOUOAx0vKGN3m99UC4oFF4L0cxcQLUD6lPMZIqcvVjyzXsmEexjKDtc4TTccs1xt1altoBkgOMWGpl3dQ0T86yzNUrRtWYCM4bszAVUKjh6l92L8JJQEKJGRKiYxqxdFLEJcWMZGU7ESRGeIj6pKNsiAIinHRyVgYPVdKDfsTVCyWcpL8nUhQIMQo81ZmvKmZrefhfrZNI/8pJaRgnkoR4+pGfMKgY5Ixgj3KCJRspgzCnaleIB0jBkYpkWUEwZ0+eN9Zp1byont/VKvXrAkcJ7IMDcARMcAnq4BY0QBNg8AiewSt40560F+1d+5i2LmjFzB74I+3zB0Pin3I=</latexit>

V0 / |W0|4

V11/3

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Kallosh&Linde’21]

<latexit sha1_base64="U9f2KYWfgEyspCtqLcJ+MLhlG4U=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUoAFcYKFjaKRB9SEyrHdVqrdhLZDlIVZWbhV1gYQIiVL2Djb3DaCEHLkSwdn3Ov7r3HixiVyrK+jMLC4tLySnG1tLa+sbllbu+0ZBgLTJo4ZKHoeEgSRgPSVFQx0okEQdxjpO2NLjO/fU+EpGFwq8YRcTkaBNSnGCkt9cx9hyM1xIglrdSRlMOf/3Vasa27k6OeWbaq1gRwntg5KYMcjZ756fRDHHMSKMyQlF3bipSbIKEoZiQtObEkEcIjNCBdTQPEiXSTySkpPNRKH/qh0C9QcKL+7kgQl3LMPV2ZLSpnvUz8z+vGyj93ExpEsSIBng7yYwZVCLNcYJ8KghUba4KwoHpXiIdIIKx0eiUdgj178jxpHVftWrV2c1quX+RxFMEeOAAVYIMzUAdXoAGaAIMH8ARewKvxaDwbb8b7tLRg5D274A+Mj29cyZoJ</latexit>

V ⇠ O(103)

<latexit sha1_base64="XHVJKYMOkGI+FT50hwMDDYQ0uRE=">AAACAHicbVC7SgNBFL0bXzG+ohYWNoNBsDHsikbLoE0aIYJ5QLIus5PZZMjs7DIzK4RlG3/FxkIRWz/Dzr9x8ig08cDA4ZxzuXOPH3OmtG1/W7ml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/vBn7rUcqFYvEvR7F1A1xX7CAEayN5BUPal7KRJB1FQuRYz+kpxcZuvXqXrFkl+0J0CJxZqQEM5j8V7cXkSSkQhOOleo4dqzdFEvNCKdZoZsoGmMyxH3aMVTgkCo3nRyQoWOj9FAQSfOERhP190SKQ6VGoW+SIdYDNe+Nxf+8TqKDK9ccGCeaCjJdFCQc6QiN20A9JinRfGQIJpKZvyIywBITbTormBKc+ZMXSfOs7FTKlbvzUvV6VkceDuEITsCBS6hCDerQAAIZPMMrvFlP1ov1bn1MozlrNrMPf2B9/gAXxJVy</latexit>

Hinf ⇠ 10�5
MP

Axionic DE embedding
Fibre inflation: string loops (W) + HD [Cicoli et al. ’08]

plateau steepening

<latexit sha1_base64="AhPrhz2uA3esKSbWYYMK70kF8v8=">AAACEXicbVC7TgJBFJ3FF+ILtbSZSEywgV18lkQbS0zkkbAbMjsMMGFmd525a0I2/IKNv2JjoTG2dnb+jcNCoeBJJvfknHtz5x4/ElyDbX9bmaXlldW17HpuY3Nreye/u9fQYawoq9NQhKrlE80ED1gdOAjWihQj0hes6Q+vJ37zgSnNw+AORhHzJOkHvMcpASN18kVX874k2BSJXRH2iy6QuOOU01I5Lrv6XkFyMu7kC3bJToEXiTMjBTRDrZP/crshjSULgAqidduxI/ASooBTwcY5N9YsInRI+qxtaEAk016SXjTGR0bp4l6ozAsAp+rviYRIrUfSN52SwEDPexPxP68dQ+/SS3gQxcACOl3UiwWGEE/iwV2uGAUxMoRQxc1fMR0QRSiYEHMmBGf+5EXSqJSc89LZ7WmhejWLI4sO0CEqIgddoCq6QTVURxQ9omf0it6sJ+vFerc+pq0Zazazj/7A+vwBMd6cog==</latexit>

� ⇠ log(⌧1/⌧2)/
p
3

<latexit sha1_base64="SiRbx0vqLTT4SazZlG76ar6hf14=">AAACFnicbZC7TsMwFIYdrqXcAowsFhUSCyWBchkrWBiLRNNKTRo5rtNadS6yHaQqzVOw8CosDCDEith4G5w2A7T8kqVf/zlHPufzYkaFNIxvbWFxaXlltbRWXt/Y3NrWd3YtESUckyaOWMTbHhKE0ZA0JZWMtGNOUOAx0vKGN3m99UC4oFF4L0cxcQLUD6lPMZIqcvVjyzXsmEexjKDtc4TTccs1xt1altoBkgOMWGpl3dQ0T86yzNUrRtWYCM4bszAVUKjh6l92L8JJQEKJGRKiYxqxdFLEJcWMZGU7ESRGeIj6pKNsiAIinHRyVgYPVdKDfsTVCyWcpL8nUhQIMQo81ZmvKmZrefhfrZNI/8pJaRgnkoR4+pGfMKgY5Ixgj3KCJRspgzCnaleIB0jBkYpkWUEwZ0+eN9Zp1byont/VKvXrAkcJ7IMDcARMcAnq4BY0QBNg8AiewSt40560F+1d+5i2LmjFzB74I+3zB0Pin3I=</latexit>

V0 / |W0|4

V11/3

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



[Kallosh&Linde’21]

<latexit sha1_base64="U9f2KYWfgEyspCtqLcJ+MLhlG4U=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUoAFcYKFjaKRB9SEyrHdVqrdhLZDlIVZWbhV1gYQIiVL2Djb3DaCEHLkSwdn3Ov7r3HixiVyrK+jMLC4tLySnG1tLa+sbllbu+0ZBgLTJo4ZKHoeEgSRgPSVFQx0okEQdxjpO2NLjO/fU+EpGFwq8YRcTkaBNSnGCkt9cx9hyM1xIglrdSRlMOf/3Vasa27k6OeWbaq1gRwntg5KYMcjZ756fRDHHMSKMyQlF3bipSbIKEoZiQtObEkEcIjNCBdTQPEiXSTySkpPNRKH/qh0C9QcKL+7kgQl3LMPV2ZLSpnvUz8z+vGyj93ExpEsSIBng7yYwZVCLNcYJ8KghUba4KwoHpXiIdIIKx0eiUdgj178jxpHVftWrV2c1quX+RxFMEeOAAVYIMzUAdXoAGaAIMH8ARewKvxaDwbb8b7tLRg5D274A+Mj29cyZoJ</latexit>

V ⇠ O(103)

<latexit sha1_base64="XHVJKYMOkGI+FT50hwMDDYQ0uRE=">AAACAHicbVC7SgNBFL0bXzG+ohYWNoNBsDHsikbLoE0aIYJ5QLIus5PZZMjs7DIzK4RlG3/FxkIRWz/Dzr9x8ig08cDA4ZxzuXOPH3OmtG1/W7ml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/vBn7rUcqFYvEvR7F1A1xX7CAEayN5BUPal7KRJB1FQuRYz+kpxcZuvXqXrFkl+0J0CJxZqQEM5j8V7cXkSSkQhOOleo4dqzdFEvNCKdZoZsoGmMyxH3aMVTgkCo3nRyQoWOj9FAQSfOERhP190SKQ6VGoW+SIdYDNe+Nxf+8TqKDK9ccGCeaCjJdFCQc6QiN20A9JinRfGQIJpKZvyIywBITbTormBKc+ZMXSfOs7FTKlbvzUvV6VkceDuEITsCBS6hCDerQAAIZPMMrvFlP1ov1bn1MozlrNrMPf2B9/gAXxJVy</latexit>

Hinf ⇠ 10�5
MP

single field inflation

Axionic DE embedding
Fibre inflation: string loops (W) + HD [Cicoli et al. ’08]

plateau steepening

<latexit sha1_base64="AhPrhz2uA3esKSbWYYMK70kF8v8=">AAACEXicbVC7TgJBFJ3FF+ILtbSZSEywgV18lkQbS0zkkbAbMjsMMGFmd525a0I2/IKNv2JjoTG2dnb+jcNCoeBJJvfknHtz5x4/ElyDbX9bmaXlldW17HpuY3Nreye/u9fQYawoq9NQhKrlE80ED1gdOAjWihQj0hes6Q+vJ37zgSnNw+AORhHzJOkHvMcpASN18kVX874k2BSJXRH2iy6QuOOU01I5Lrv6XkFyMu7kC3bJToEXiTMjBTRDrZP/crshjSULgAqidduxI/ASooBTwcY5N9YsInRI+qxtaEAk016SXjTGR0bp4l6ozAsAp+rviYRIrUfSN52SwEDPexPxP68dQ+/SS3gQxcACOl3UiwWGEE/iwV2uGAUxMoRQxc1fMR0QRSiYEHMmBGf+5EXSqJSc89LZ7WmhejWLI4sO0CEqIgddoCq6QTVURxQ9omf0it6sJ+vFerc+pq0Zazazj/7A+vwBMd6cog==</latexit>

� ⇠ log(⌧1/⌧2)/
p
3

<latexit sha1_base64="SiRbx0vqLTT4SazZlG76ar6hf14=">AAACFnicbZC7TsMwFIYdrqXcAowsFhUSCyWBchkrWBiLRNNKTRo5rtNadS6yHaQqzVOw8CosDCDEith4G5w2A7T8kqVf/zlHPufzYkaFNIxvbWFxaXlltbRWXt/Y3NrWd3YtESUckyaOWMTbHhKE0ZA0JZWMtGNOUOAx0vKGN3m99UC4oFF4L0cxcQLUD6lPMZIqcvVjyzXsmEexjKDtc4TTccs1xt1altoBkgOMWGpl3dQ0T86yzNUrRtWYCM4bszAVUKjh6l92L8JJQEKJGRKiYxqxdFLEJcWMZGU7ESRGeIj6pKNsiAIinHRyVgYPVdKDfsTVCyWcpL8nUhQIMQo81ZmvKmZrefhfrZNI/8pJaRgnkoR4+pGfMKgY5Ixgj3KCJRspgzCnaleIB0jBkYpkWUEwZ0+eN9Zp1byont/VKvXrAkcJ7IMDcARMcAnq4BY0QBNg8AiewSt40560F+1d+5i2LmjFzB74I+3zB0Pin3I=</latexit>

V0 / |W0|4

V11/3

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Axionic DE embedding I
Late time potential generated by poly-instanton

[Blumenhagen et al. ’08-’12]
[Lüst, Zhang.’13]

<latexit sha1_base64="mUBF6WxktF4VPHN0RSFQK6LTXEA="></latexit>

⇤4
2 =

4W0A2

V2
(a2h⌧2i)e�a2h⌧2i

<latexit sha1_base64="RTuAzigtpHdG+bsZvphTpV19Z9M="></latexit>

⇤4
1 =

4W0A1A2

V2
(a1h⌧1i+ a2h⌧2i)e�a1h⌧1i�a2h⌧2i

<latexit sha1_base64="hpTrHkR1SE+FPUY/ine27giLzSc=">AAACA3icbVDNS8MwHE3n15xfVW96CQ7B02jHmB6HXjx4mOA+YO1KmqZbWJqWJBVGGXjxX/HiQRGv/hPe/G/Mtgq6+SDw8t77kfyenzAqlWV9GYWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZEkjHLSUlQx0k0EQZHPSMcfXU39zj0Rksb8To0T4kZowGlIMVJa8swj50aHA+TZ/ZrDGPy5Vvs1zyxbFWsGuEzsnJRBjqZnfjpBjNOIcIUZkrJnW4lyMyQUxYxMSk4qSYLwCA1IT1OOIiLdbLbDBJ5qJYBhLPThCs7U3xMZiqQcR75ORkgN5aI3Ff/zeqkKL9yM8iRVhOP5Q2HKoIrhtBAYUEGwYmNNEBZU/xXiIRIIK11bSZdgL668TNrVil2v1G9r5cZlXkcRHIMTcAZscA4a4Bo0QQtg8ACewAt4NR6NZ+PNeJ9HC0Y+cwj+wPj4Bhtilo0=</latexit>

⇤4
1 ⌧ ⇤4

2Hierarchy: <latexit sha1_base64="n/XoJC5daTcjufeCfUXd4j442Hs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiTiayVFNy4r2Ac0IUymk3boZBLmIZTQ33DjQhG3/ow7/8Zpm4W2HrhwOOde7r0nyjhT2nW/ndLK6tr6RnmzsrW9s7tX3T9oq9RIQlsk5ansRlhRzgRtaaY57WaS4iTitBON7qZ+54lKxVLxqMcZDRI8ECxmBGsr+ThkyNfYhOzGC6s1t+7OgJaJV5AaFGiG1S+/nxKTUKEJx0r1PDfTQY6lZoTTScU3imaYjPCA9iwVOKEqyGc3T9CJVfooTqUtodFM/T2R40SpcRLZzgTroVr0puJ/Xs/o+DrImciMpoLMF8WGI52iaQCozyQlmo8twUQyeysiQywx0Tamig3BW3x5mbTP6t5l/eLhvNa4LeIowxEcwyl4cAUNuIcmtIBABs/wCm+OcV6cd+dj3lpyiplD+APn8wcrl5Ei</latexit>

ai⌧i > 1

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Axionic DE embedding I
Late time potential generated by poly-instanton

[Blumenhagen et al. ’08-’12]

<latexit sha1_base64="yKSTEFrpt30/VD4XqXCYsDY0vhM="></latexit>

VDE = ⇤4
1

✓
1� cos

�1

f1

◆

<latexit sha1_base64="rD40F2KxNCtIer8MQfjLe2nEL2o=">AAACF3icbVBNSwMxEM36WetX1aOXYBE8lY2IehFELx4rWFvolmU2zdZgNrsms0JZ+i+8+Fe8eFDEq978N6a1B219EHh5b2aSeVGmpEXf//JmZufmFxZLS+XlldW19crG5rVNc8NFg6cqNa0IrFBSiwZKVKKVGQFJpEQzuj0f+s17YaxM9RX2M9FJoKdlLDmgk8JKLQ7ZSRAb4AUbFIG9M1jsDyBkNFCge0oECHnIAjO6DMJK1a/5I9BpwsakSsaoh5XPoJvyPBEauQJr28zPsFOAQcndvHKQW5EBv4WeaDuqIRG2U4z2GtBdp3RpnBp3NNKR+rujgMTafhK5ygTwxk56Q/E/r51jfNwppM5yFJr/PBTnimJKhyHRrjSCo+o7AtxI91fKb8CFhC7KsguBTa48Ta73a+ywdnh5UD09G8dRIttkh+wRRo7IKbkgddIgnDyQJ/JCXr1H79l7895/Sme8cc8W+QPv4xtJH6AJ</latexit>

f1 =
1p

2a1h⌧1i

<latexit sha1_base64="7zFeWDrCQCN+bFg+VUktPlkiHZI=">AAACD3icbVC7TsMwFHXKq5RXgZHFogIxVUmFCgtSBQtjkehDaqLoxnVaq44T2Q5SFfUPWPgVFgYQYmVl429w0w7QciRLx+fce+17goQzpW372yqsrK6tbxQ3S1vbO7t75f2DtopTSWiLxDyW3QAU5UzQlmaa024iKUQBp51gdDP1Ow9UKhaLez1OqBfBQLCQEdBG8sunoV+7ckMJJHMmGfg17HIQA05dDalfc2V+mfjlil21c+Bl4sxJBc3R9Mtfbj8maUSFJhyU6jl2or0MpGbEzCu5qaIJkBEMaM9QARFVXpbvM8EnRunjMJbmCI1z9XdHBpFS4ygwlRHooVr0puJ/Xi/V4aWXMZGkmgoyeyhMOdYxnoaD+0xSovnYECCSmb9iMgQTjjYRlkwIzuLKy6Rdqzr1av3uvNK4nsdRREfoGJ0hB12gBrpFTdRCBD2iZ/SK3qwn68V6tz5mpQVr3nOI/sD6/AGYpJxs</latexit>

f2 =
1

a2h⌧2i
<latexit sha1_base64="zRh490zTBA6iXSMiu7EUtjkOvD0=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4kLJbpHosevFYwX5Auy7ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0c3Ubz9SpVks7804ob7AA8kiRrCx0kMUeOcoCqqoxznyglLZrbgzoGXi5aQMORpB6avXj0kqqDSEY627npsYP8PKMMLppNhLNU0wGeEB7VoqsaDaz2ZXT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66YmuvIzJpPUUEnmi6KUIxOjaQSozxQlho8twUQxeysiQ6wwMTaoog3BW3x5mbSqFa9Wqd1dlOvXeRwFOIYTOAMPLqEOt9CAJhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8wcK4ZDv</latexit>

f1, f2 ⌧ 1

[Lüst, Zhang.’13]

<latexit sha1_base64="mUBF6WxktF4VPHN0RSFQK6LTXEA="></latexit>

⇤4
2 =

4W0A2

V2
(a2h⌧2i)e�a2h⌧2i

<latexit sha1_base64="RTuAzigtpHdG+bsZvphTpV19Z9M="></latexit>

⇤4
1 =

4W0A1A2

V2
(a1h⌧1i+ a2h⌧2i)e�a1h⌧1i�a2h⌧2i

<latexit sha1_base64="hpTrHkR1SE+FPUY/ine27giLzSc=">AAACA3icbVDNS8MwHE3n15xfVW96CQ7B02jHmB6HXjx4mOA+YO1KmqZbWJqWJBVGGXjxX/HiQRGv/hPe/G/Mtgq6+SDw8t77kfyenzAqlWV9GYWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZEkjHLSUlQx0k0EQZHPSMcfXU39zj0Rksb8To0T4kZowGlIMVJa8swj50aHA+TZ/ZrDGPy5Vvs1zyxbFWsGuEzsnJRBjqZnfjpBjNOIcIUZkrJnW4lyMyQUxYxMSk4qSYLwCA1IT1OOIiLdbLbDBJ5qJYBhLPThCs7U3xMZiqQcR75ORkgN5aI3Ff/zeqkKL9yM8iRVhOP5Q2HKoIrhtBAYUEGwYmNNEBZU/xXiIRIIK11bSZdgL668TNrVil2v1G9r5cZlXkcRHIMTcAZscA4a4Bo0QQtg8ACewAt4NR6NZ+PNeJ9HC0Y+cwj+wPj4Bhtilo0=</latexit>

⇤4
1 ⌧ ⇤4

2Hierarchy: <latexit sha1_base64="n/XoJC5daTcjufeCfUXd4j442Hs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiTiayVFNy4r2Ac0IUymk3boZBLmIZTQ33DjQhG3/ow7/8Zpm4W2HrhwOOde7r0nyjhT2nW/ndLK6tr6RnmzsrW9s7tX3T9oq9RIQlsk5ansRlhRzgRtaaY57WaS4iTitBON7qZ+54lKxVLxqMcZDRI8ECxmBGsr+ThkyNfYhOzGC6s1t+7OgJaJV5AaFGiG1S+/nxKTUKEJx0r1PDfTQY6lZoTTScU3imaYjPCA9iwVOKEqyGc3T9CJVfooTqUtodFM/T2R40SpcRLZzgTroVr0puJ/Xs/o+DrImciMpoLMF8WGI52iaQCozyQlmo8twUQyeysiQywx0Tamig3BW3x5mbTP6t5l/eLhvNa4LeIowxEcwyl4cAUNuIcmtIBABs/wCm+OcV6cd+dj3lpyiplD+APn8wcrl5Ei</latexit>

ai⌧i > 1

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Axionic DE embedding I

Example: DE scale
<latexit sha1_base64="Wmx2mqaoDOAEmexUIM4D3zlfz/8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5aklOqy6MaFiwr2AU0aJpNJO3QmCTMToYTixl9x40IRt36FO//GaZuFth4YOJxzLnfu8RNGpbKsb6Owsrq2vlHcLG1t7+zumfsHbRmnApMWjlksuj6ShNGItBRVjHQTQRD3Gen4o+up33kgQtI4ulfjhLgcDSIaUoyUljzzyLnV4QB5dr/mSMqhbfWzc7tqTTyzbFWsGeAysXNSBjmanvnlBDFOOYkUZkjKnm0lys2QUBQzMik5qSQJwiM0ID1NI8SJdLPZCRN4qpUAhrHQL1Jwpv6eyBCXcsx9neRIDeWiNxX/83qpCi/djEZJqkiE54vClEEVw2kfMKCCYMXGmiAsqP4rxEMkEFa6tZIuwV48eZm0qxW7Xqnf1cqNq7yOIjgGJ+AM2OACNMANaIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOjV5Wr</latexit>

⇤4
1 ⇠ 10�120 <latexit sha1_base64="T91P9ROHKNTCfQjSA/yzT1ZJIgM=">AAAB8XicbZDLSsNAFIZP6q3WW9Slm8EiuCpJldqNUHTjsoK9YBvKZDpph04mYWYilNC3cONCEbe+jTvfxkmbhbb+MPDxn3OYc34/5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7LrY0U5E7Slmea0G0uKQ5/Tjj+5zeqdJyoVi8SDnsbUC/FIsIARrI31GAyq107FcS7qA7ucQSa0Cm4OZcjVHNhf/WFEkpAKTThWquc6sfZSLDUjnM5K/UTRGJMJHtGeQYFDqrx0vvEMnRlniIJImic0mru/J1IcKjUNfdMZYj1Wy7XM/K/WS3RQ91Im4kRTQRYfBQlHOkLZ+WjIJCWaTw1gIpnZFZExlphoE1LJhOAun7wK7WrFrVVq95flxk0eRxFO4BTOwYUraMAdNKEFBAQ8wyu8Wcp6sd6tj0VrwcpnjuGPrM8fIZuPRg==</latexit>

f2 = 0.0038
<latexit sha1_base64="yOD8pPMVpqr/mA8qy0U2WJB44UM=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIrd0IRTcuK9iHtEPJpJk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nog5HDOvdx7TxBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/O/PYTVZpF8sFMYuoLPJQsZAQbKz2Gfe/aLbu1Sr9Ysv8caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/OFp+jMKgMURso+adBc/d2RYqH1RAS2UmAz0sveTPzP6yYmrPkpk3FiqCSLQWHCkYnQ7Ho0YIoSwyeWYKKY3RWREVaYGJtRwYbgLZ+8SloXZa9art5fluo3WRx5OIFTOAcPrqAOd9CAJhAQ8Ayv8OYo58V5dz4WpTkn6zmGP3A+fwCzOY8N</latexit>

f1 = 0.085safe ics

<latexit sha1_base64="VRGAaY/wFnjg74fwB/W4mpfjn4w=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSSltC6Lbly4qGAf0KRhMpm0QyeTMDMRSii48VfcuFDErT/hzr9x2mahrQcGDuecy517/IRRqSzr21hZXVvf2CxsFbd3dvf2zYPDtoxTgUkLxywWXR9JwignLUUVI91EEBT5jHT80fXU7zwQIWnM79U4IW6EBpyGFCOlJc88dm51OEBepV+FjqQRtK1+dmHb9YlnlqyyNQNcJnZOSiBH0zO/nCDGaUS4wgxJ2bOtRLkZEopiRiZFJ5UkQXiEBqSnKUcRkW42u2ECz7QSwDAW+nEFZ+rviQxFUo4jXycjpIZy0ZuK/3m9VIWXbkZ5kirC8XxRmDKoYjgtBAZUEKzYWBOEBdV/hXiIBMJK11bUJdiLJy+TdqVs18q1u2qpcZXXUQAn4BScAxvUQQPcgCZoAQwewTN4BW/Gk/FivBsf8+iKkc8cgT8wPn8ACUqV3A==</latexit>

⇤4
2 ⇠ 10�117

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

<latexit sha1_base64="O/AiMzpoFGvRNF5ovxc/8oqNfJs=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoIGWm1MdGKIrgwkUF+4BOHTKZTBuaeTTJCKX0i9z4K7oQVMStn2E6HaG2HggczjmXm3uciFEhDeNNyywsLi2vZFdza+sbm1v69k5dhDHHpIZDFvKmgwRhNCA1SSUjzYgT5DuMNJze5dhvPBAuaBjcyUFE2j7qBNSjGEkl2fqVdaPCLrJL9+XzKV7w7NIhtPr9GLnwVzenMmaSMY+SnK3njaKRAM4TMyV5kKJq6y+WG+LYJ4HEDAnRMo1ItoeIS4oZGeWsWJAI4R7qkJaiAfKJaA+Tc0fwQCku9EKuXiBhok5PDJEvxMB3VNJHsitmvbH4n9eKpXfWHtIgiiUJ8GSRFzMoQzjuDrqUEyzZQBGEOVV/hbiLOMJSNZxTJZizJ8+TeqlonhSPb8v5ykVaRxbsgX1QACY4BRVwDaqgBjB4BM/gHXxoT9qr9ql9TaIZLZ3ZBX+gff8A9QWlaQ==</latexit>

⇤4
2 = ⇤4

2(f2) ⇤4
1 = ⇤4

1(f1, f2)Model’s structure:



Axionic DE embedding I

Example: DE scale
<latexit sha1_base64="Wmx2mqaoDOAEmexUIM4D3zlfz/8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5aklOqy6MaFiwr2AU0aJpNJO3QmCTMToYTixl9x40IRt36FO//GaZuFth4YOJxzLnfu8RNGpbKsb6Owsrq2vlHcLG1t7+zumfsHbRmnApMWjlksuj6ShNGItBRVjHQTQRD3Gen4o+up33kgQtI4ulfjhLgcDSIaUoyUljzzyLnV4QB5dr/mSMqhbfWzc7tqTTyzbFWsGeAysXNSBjmanvnlBDFOOYkUZkjKnm0lys2QUBQzMik5qSQJwiM0ID1NI8SJdLPZCRN4qpUAhrHQL1Jwpv6eyBCXcsx9neRIDeWiNxX/83qpCi/djEZJqkiE54vClEEVw2kfMKCCYMXGmiAsqP4rxEMkEFa6tZIuwV48eZm0qxW7Xqnf1cqNq7yOIjgGJ+AM2OACNMANaIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOjV5Wr</latexit>

⇤4
1 ⇠ 10�120 <latexit sha1_base64="T91P9ROHKNTCfQjSA/yzT1ZJIgM=">AAAB8XicbZDLSsNAFIZP6q3WW9Slm8EiuCpJldqNUHTjsoK9YBvKZDpph04mYWYilNC3cONCEbe+jTvfxkmbhbb+MPDxn3OYc34/5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7LrY0U5E7Slmea0G0uKQ5/Tjj+5zeqdJyoVi8SDnsbUC/FIsIARrI31GAyq107FcS7qA7ucQSa0Cm4OZcjVHNhf/WFEkpAKTThWquc6sfZSLDUjnM5K/UTRGJMJHtGeQYFDqrx0vvEMnRlniIJImic0mru/J1IcKjUNfdMZYj1Wy7XM/K/WS3RQ91Im4kRTQRYfBQlHOkLZ+WjIJCWaTw1gIpnZFZExlphoE1LJhOAun7wK7WrFrVVq95flxk0eRxFO4BTOwYUraMAdNKEFBAQ8wyu8Wcp6sd6tj0VrwcpnjuGPrM8fIZuPRg==</latexit>

f2 = 0.0038
<latexit sha1_base64="yOD8pPMVpqr/mA8qy0U2WJB44UM=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIrd0IRTcuK9iHtEPJpJk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nog5HDOvdx7TxBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/O/PYTVZpF8sFMYuoLPJQsZAQbKz2Gfe/aLbu1Sr9Ysv8caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/OFp+jMKgMURso+adBc/d2RYqH1RAS2UmAz0sveTPzP6yYmrPkpk3FiqCSLQWHCkYnQ7Ho0YIoSwyeWYKKY3RWREVaYGJtRwYbgLZ+8SloXZa9art5fluo3WRx5OIFTOAcPrqAOd9CAJhAQ8Ayv8OYo58V5dz4WpTkn6zmGP3A+fwCzOY8N</latexit>

f1 = 0.085safe ics

<latexit sha1_base64="VRGAaY/wFnjg74fwB/W4mpfjn4w=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSSltC6Lbly4qGAf0KRhMpm0QyeTMDMRSii48VfcuFDErT/hzr9x2mahrQcGDuecy517/IRRqSzr21hZXVvf2CxsFbd3dvf2zYPDtoxTgUkLxywWXR9JwignLUUVI91EEBT5jHT80fXU7zwQIWnM79U4IW6EBpyGFCOlJc88dm51OEBepV+FjqQRtK1+dmHb9YlnlqyyNQNcJnZOSiBH0zO/nCDGaUS4wgxJ2bOtRLkZEopiRiZFJ5UkQXiEBqSnKUcRkW42u2ECz7QSwDAW+nEFZ+rviQxFUo4jXycjpIZy0ZuK/3m9VIWXbkZ5kirC8XxRmDKoYjgtBAZUEKzYWBOEBdV/hXiIBMJK11bUJdiLJy+TdqVs18q1u2qpcZXXUQAn4BScAxvUQQPcgCZoAQwewTN4BW/Gk/FivBsf8+iKkc8cgT8wPn8ACUqV3A==</latexit>

⇤4
2 ⇠ 10�117

<latexit sha1_base64="Ie2HwSoJL9v6KDhDO9Gq5TcrDpM=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRILFRJgQIDUgULY5HoRWpD5LhOa9VOIttBqqIsLLwKCwMIsfIObLwNbpoBWn7J0qf/nKPj83sRo1JZ1rcxN7+wuLRcWCmurq1vbJpb200ZxgKTBg5ZKNoekoTRgDQUVYy0I0EQ9xhpecPrcb31QISkYXCnRhFxOOoH1KcYKW255h537a6kHNrWfXJ0epFeZnBcSSFpumbJKluZ4CzYOZRArrprfnV7IY45CRRmSMqObUXKSZBQFDOSFruxJBHCQ9QnHY0B4kQ6SXZFCg+004N+KPQLFMzc3xMJ4lKOuKc7OVIDOV0bm//VOrHyz52EBlGsSIAni/yYQRXCcSSwRwXBio00ICyo/ivEAyQQVjq4og7Bnj55FpqVsl0tV29PSrWrPI4C2AX74BDY4AzUwA2ogwbA4BE8g1fwZjwZL8a78TFpnTPymR3wR8bnD9xclkM=</latexit>

m1 ⇠ 10�59 = 10�32eV
<latexit sha1_base64="a/tY2PK1tkj3gHiRUCK+sceiF3w=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcGNJilZdCEU3LivYC7QxTKaTduhMEmYmQgnZuPFV3LhQxK3v4M63cZpmoa0/DHz85xzOnN+LGJXKsr6NwsLi0vJKcbW0tr6xuWVu77RkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJ/X2AxGShsGdGkfE4WgQUJ9ipLTlmvvcrfYk5dC27pPj01p6mUH1IoWk5Zplq2JlgvNg51AGuRqu+dXrhzjmJFCYISm7thUpJ0FCUcxIWurFkkQIj9CAdDUGiBPpJNkVKTzUTh/6odAvUDBzf08kiEs55p7u5EgN5WxtYv5X68bKP3cSGkSxIgGeLvJjBlUIJ5HAPhUEKzbWgLCg+q8QD5FAWOngSjoEe/bkeWhVK3atUrs9Kdev8jiKYA8cgCNggzNQBzegAZoAg0fwDF7Bm/FkvBjvxse0tWDkM7vgj4zPH+J1lkc=</latexit>

m2 ⇠ 10�56 = 10�29eV

axionic mass hierarchy

<latexit sha1_base64="YaRsl6VU0iLD/f6mIOW/0dZGMCU=">AAACAXicbVC7SgNBFJ31GeNr1UawGQyCjWE3SGJhEbRJGcE8IFmX2cndZMjsw5lZISyx8VdsLBSx9S/s/BsnyRaaeODC4Zx7ufceL+ZMKsv6NpaWV1bX1nMb+c2t7Z1dc2+/KaNEUGjQiEei7REJnIXQUExxaMcCSOBxaHnD64nfegAhWRTeqlEMTkD6IfMZJUpLrnl4iWtuCvfjrmQBtq279KxUGWNoumbBKlpT4EViZ6SAMtRd86vbi2gSQKgoJ1J2bCtWTkqEYpTDON9NJMSEDkkfOpqGJADppNMPxvhEKz3sR0JXqPBU/T2RkkDKUeDpzoCogZz3JuJ/XidR/oWTsjBOFIR0tshPOFYRnsSBe0wAVXykCaGC6VsxHRBBqNKh5XUI9vzLi6RZKtrlYvnmvFC9yuLIoSN0jE6RjSqoimqojhqIokf0jF7Rm/FkvBjvxsesdcnIZg7QHxifPxd/lWQ=</latexit>

< Heq ⇠ 10�27
eV

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

<latexit sha1_base64="O/AiMzpoFGvRNF5ovxc/8oqNfJs=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoIGWm1MdGKIrgwkUF+4BOHTKZTBuaeTTJCKX0i9z4K7oQVMStn2E6HaG2HggczjmXm3uciFEhDeNNyywsLi2vZFdza+sbm1v69k5dhDHHpIZDFvKmgwRhNCA1SSUjzYgT5DuMNJze5dhvPBAuaBjcyUFE2j7qBNSjGEkl2fqVdaPCLrJL9+XzKV7w7NIhtPr9GLnwVzenMmaSMY+SnK3njaKRAM4TMyV5kKJq6y+WG+LYJ4HEDAnRMo1ItoeIS4oZGeWsWJAI4R7qkJaiAfKJaA+Tc0fwQCku9EKuXiBhok5PDJEvxMB3VNJHsitmvbH4n9eKpXfWHtIgiiUJ8GSRFzMoQzjuDrqUEyzZQBGEOVV/hbiLOMJSNZxTJZizJ8+TeqlonhSPb8v5ykVaRxbsgX1QACY4BRVwDaqgBjB4BM/gHXxoT9qr9ql9TaIZLZ3ZBX+gff8A9QWlaQ==</latexit>

⇤4
2 = ⇤4

2(f2) ⇤4
1 = ⇤4

1(f1, f2)Model’s structure:



Axionic DE embedding I

Example: DE scale
<latexit sha1_base64="Wmx2mqaoDOAEmexUIM4D3zlfz/8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5aklOqy6MaFiwr2AU0aJpNJO3QmCTMToYTixl9x40IRt36FO//GaZuFth4YOJxzLnfu8RNGpbKsb6Owsrq2vlHcLG1t7+zumfsHbRmnApMWjlksuj6ShNGItBRVjHQTQRD3Gen4o+up33kgQtI4ulfjhLgcDSIaUoyUljzzyLnV4QB5dr/mSMqhbfWzc7tqTTyzbFWsGeAysXNSBjmanvnlBDFOOYkUZkjKnm0lys2QUBQzMik5qSQJwiM0ID1NI8SJdLPZCRN4qpUAhrHQL1Jwpv6eyBCXcsx9neRIDeWiNxX/83qpCi/djEZJqkiE54vClEEVw2kfMKCCYMXGmiAsqP4rxEMkEFa6tZIuwV48eZm0qxW7Xqnf1cqNq7yOIjgGJ+AM2OACNMANaIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOjV5Wr</latexit>

⇤4
1 ⇠ 10�120 <latexit sha1_base64="T91P9ROHKNTCfQjSA/yzT1ZJIgM=">AAAB8XicbZDLSsNAFIZP6q3WW9Slm8EiuCpJldqNUHTjsoK9YBvKZDpph04mYWYilNC3cONCEbe+jTvfxkmbhbb+MPDxn3OYc34/5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7LrY0U5E7Slmea0G0uKQ5/Tjj+5zeqdJyoVi8SDnsbUC/FIsIARrI31GAyq107FcS7qA7ucQSa0Cm4OZcjVHNhf/WFEkpAKTThWquc6sfZSLDUjnM5K/UTRGJMJHtGeQYFDqrx0vvEMnRlniIJImic0mru/J1IcKjUNfdMZYj1Wy7XM/K/WS3RQ91Im4kRTQRYfBQlHOkLZ+WjIJCWaTw1gIpnZFZExlphoE1LJhOAun7wK7WrFrVVq95flxk0eRxFO4BTOwYUraMAdNKEFBAQ8wyu8Wcp6sd6tj0VrwcpnjuGPrM8fIZuPRg==</latexit>

f2 = 0.0038
<latexit sha1_base64="yOD8pPMVpqr/mA8qy0U2WJB44UM=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIrd0IRTcuK9iHtEPJpJk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nog5HDOvdx7TxBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/O/PYTVZpF8sFMYuoLPJQsZAQbKz2Gfe/aLbu1Sr9Ysv8caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/OFp+jMKgMURso+adBc/d2RYqH1RAS2UmAz0sveTPzP6yYmrPkpk3FiqCSLQWHCkYnQ7Ho0YIoSwyeWYKKY3RWREVaYGJtRwYbgLZ+8SloXZa9art5fluo3WRx5OIFTOAcPrqAOd9CAJhAQ8Ayv8OYo58V5dz4WpTkn6zmGP3A+fwCzOY8N</latexit>

f1 = 0.085safe ics

<latexit sha1_base64="VRGAaY/wFnjg74fwB/W4mpfjn4w=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSSltC6Lbly4qGAf0KRhMpm0QyeTMDMRSii48VfcuFDErT/hzr9x2mahrQcGDuecy517/IRRqSzr21hZXVvf2CxsFbd3dvf2zYPDtoxTgUkLxywWXR9JwignLUUVI91EEBT5jHT80fXU7zwQIWnM79U4IW6EBpyGFCOlJc88dm51OEBepV+FjqQRtK1+dmHb9YlnlqyyNQNcJnZOSiBH0zO/nCDGaUS4wgxJ2bOtRLkZEopiRiZFJ5UkQXiEBqSnKUcRkW42u2ECz7QSwDAW+nEFZ+rviQxFUo4jXycjpIZy0ZuK/3m9VIWXbkZ5kirC8XxRmDKoYjgtBAZUEKzYWBOEBdV/hXiIBMJK11bUJdiLJy+TdqVs18q1u2qpcZXXUQAn4BScAxvUQQPcgCZoAQwewTN4BW/Gk/FivBsf8+iKkc8cgT8wPn8ACUqV3A==</latexit>

⇤4
2 ⇠ 10�117

<latexit sha1_base64="Ie2HwSoJL9v6KDhDO9Gq5TcrDpM=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRILFRJgQIDUgULY5HoRWpD5LhOa9VOIttBqqIsLLwKCwMIsfIObLwNbpoBWn7J0qf/nKPj83sRo1JZ1rcxN7+wuLRcWCmurq1vbJpb200ZxgKTBg5ZKNoekoTRgDQUVYy0I0EQ9xhpecPrcb31QISkYXCnRhFxOOoH1KcYKW255h537a6kHNrWfXJ0epFeZnBcSSFpumbJKluZ4CzYOZRArrprfnV7IY45CRRmSMqObUXKSZBQFDOSFruxJBHCQ9QnHY0B4kQ6SXZFCg+004N+KPQLFMzc3xMJ4lKOuKc7OVIDOV0bm//VOrHyz52EBlGsSIAni/yYQRXCcSSwRwXBio00ICyo/ivEAyQQVjq4og7Bnj55FpqVsl0tV29PSrWrPI4C2AX74BDY4AzUwA2ogwbA4BE8g1fwZjwZL8a78TFpnTPymR3wR8bnD9xclkM=</latexit>

m1 ⇠ 10�59 = 10�32eV
<latexit sha1_base64="a/tY2PK1tkj3gHiRUCK+sceiF3w=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcGNJilZdCEU3LivYC7QxTKaTduhMEmYmQgnZuPFV3LhQxK3v4M63cZpmoa0/DHz85xzOnN+LGJXKsr6NwsLi0vJKcbW0tr6xuWVu77RkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJ/X2AxGShsGdGkfE4WgQUJ9ipLTlmvvcrfYk5dC27pPj01p6mUH1IoWk5Zplq2JlgvNg51AGuRqu+dXrhzjmJFCYISm7thUpJ0FCUcxIWurFkkQIj9CAdDUGiBPpJNkVKTzUTh/6odAvUDBzf08kiEs55p7u5EgN5WxtYv5X68bKP3cSGkSxIgGeLvJjBlUIJ5HAPhUEKzbWgLCg+q8QD5FAWOngSjoEe/bkeWhVK3atUrs9Kdev8jiKYA8cgCNggzNQBzegAZoAg0fwDF7Bm/FkvBjvxse0tWDkM7vgj4zPH+J1lkc=</latexit>

m2 ⇠ 10�56 = 10�29eV

axionic mass hierarchy

<latexit sha1_base64="YaRsl6VU0iLD/f6mIOW/0dZGMCU=">AAACAXicbVC7SgNBFJ31GeNr1UawGQyCjWE3SGJhEbRJGcE8IFmX2cndZMjsw5lZISyx8VdsLBSx9S/s/BsnyRaaeODC4Zx7ufceL+ZMKsv6NpaWV1bX1nMb+c2t7Z1dc2+/KaNEUGjQiEei7REJnIXQUExxaMcCSOBxaHnD64nfegAhWRTeqlEMTkD6IfMZJUpLrnl4iWtuCvfjrmQBtq279KxUGWNoumbBKlpT4EViZ6SAMtRd86vbi2gSQKgoJ1J2bCtWTkqEYpTDON9NJMSEDkkfOpqGJADppNMPxvhEKz3sR0JXqPBU/T2RkkDKUeDpzoCogZz3JuJ/XidR/oWTsjBOFIR0tshPOFYRnsSBe0wAVXykCaGC6VsxHRBBqNKh5XUI9vzLi6RZKtrlYvnmvFC9yuLIoSN0jE6RjSqoimqojhqIokf0jF7Rm/FkvBjvxsesdcnIZg7QHxifPxd/lWQ=</latexit>

< Heq ⇠ 10�27
eV

<latexit sha1_base64="EP27LbjSsfnkhTZzpBnpiY+V7Gk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWqR6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r1kxPu1frniVb058Crxc1KBHM1++as3UDSNmbRUEGO6vpfYICPacirYtNRLDUsIHZMh6zoqScxMkM2vneIzpwxwpLQrafFc/T2RkdiYSRy6zpjYkVn2ZuJ/Xje10VWQcZmklkm6WBSlAluFZ6/jAdeMWjFxhFDN3a2Yjogm1LqASi4Ef/nlVdKuVf16tX53UWlc53EU4QRO4Rx8uIQG3EITWkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfP0Bcju8=</latexit>

�2 can only be a subdominant component of DM <latexit sha1_base64="y4OOmRa0LP9MK4mASpLYAa3sBMw=">AAAB8XicbZDLSsNAFIZPvNZ6q7p0M1gEVyUp3pZFNy4r2Au2oUymJ+3QySTMTIQS+hZuXCji1rdx59s4bbPQ1h8GPv5zDnPOHySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDutt55QaR7LBzNO0I/oQPKQM2qs9dgVSNyK67rVXqk8AyuyDF4OZchV75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixKGmE2s9mG0/IqXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQmv/YzLJDUo2fyjMBXExGR6PulzhcyIsQXKFLe7EjakijJjQyraELzFk5ehWa14l5WL+/Ny7SaPowDHcAJn4MEV1OAO6tAABhKe4RXeHO28OO/Ox7x1xclnjuCPnM8fOkuPVQ==</latexit> 0.0002
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<latexit sha1_base64="O/AiMzpoFGvRNF5ovxc/8oqNfJs=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoIGWm1MdGKIrgwkUF+4BOHTKZTBuaeTTJCKX0i9z4K7oQVMStn2E6HaG2HggczjmXm3uciFEhDeNNyywsLi2vZFdza+sbm1v69k5dhDHHpIZDFvKmgwRhNCA1SSUjzYgT5DuMNJze5dhvPBAuaBjcyUFE2j7qBNSjGEkl2fqVdaPCLrJL9+XzKV7w7NIhtPr9GLnwVzenMmaSMY+SnK3njaKRAM4TMyV5kKJq6y+WG+LYJ4HEDAnRMo1ItoeIS4oZGeWsWJAI4R7qkJaiAfKJaA+Tc0fwQCku9EKuXiBhok5PDJEvxMB3VNJHsitmvbH4n9eKpXfWHtIgiiUJ8GSRFzMoQzjuDrqUEyzZQBGEOVV/hbiLOMJSNZxTJZizJ8+TeqlonhSPb8v5ykVaRxbsgX1QACY4BRVwDaqgBjB4BM/gHXxoT9qr9ql9TaIZLZ3ZBX+gff8A9QWlaQ==</latexit>

⇤4
2 = ⇤4

2(f2) ⇤4
1 = ⇤4

1(f1, f2)Model’s structure:



Axionic DE embedding I

Example: DE scale
<latexit sha1_base64="Wmx2mqaoDOAEmexUIM4D3zlfz/8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5aklOqy6MaFiwr2AU0aJpNJO3QmCTMToYTixl9x40IRt36FO//GaZuFth4YOJxzLnfu8RNGpbKsb6Owsrq2vlHcLG1t7+zumfsHbRmnApMWjlksuj6ShNGItBRVjHQTQRD3Gen4o+up33kgQtI4ulfjhLgcDSIaUoyUljzzyLnV4QB5dr/mSMqhbfWzc7tqTTyzbFWsGeAysXNSBjmanvnlBDFOOYkUZkjKnm0lys2QUBQzMik5qSQJwiM0ID1NI8SJdLPZCRN4qpUAhrHQL1Jwpv6eyBCXcsx9neRIDeWiNxX/83qpCi/djEZJqkiE54vClEEVw2kfMKCCYMXGmiAsqP4rxEMkEFa6tZIuwV48eZm0qxW7Xqnf1cqNq7yOIjgGJ+AM2OACNMANaIIWwOARPINX8GY8GS/Gu/ExjxaMfOYQ/IHx+QOjV5Wr</latexit>

⇤4
1 ⇠ 10�120 <latexit sha1_base64="T91P9ROHKNTCfQjSA/yzT1ZJIgM=">AAAB8XicbZDLSsNAFIZP6q3WW9Slm8EiuCpJldqNUHTjsoK9YBvKZDpph04mYWYilNC3cONCEbe+jTvfxkmbhbb+MPDxn3OYc34/5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWUSIJbZGIR7LrY0U5E7Slmea0G0uKQ5/Tjj+5zeqdJyoVi8SDnsbUC/FIsIARrI31GAyq107FcS7qA7ucQSa0Cm4OZcjVHNhf/WFEkpAKTThWquc6sfZSLDUjnM5K/UTRGJMJHtGeQYFDqrx0vvEMnRlniIJImic0mru/J1IcKjUNfdMZYj1Wy7XM/K/WS3RQ91Im4kRTQRYfBQlHOkLZ+WjIJCWaTw1gIpnZFZExlphoE1LJhOAun7wK7WrFrVVq95flxk0eRxFO4BTOwYUraMAdNKEFBAQ8wyu8Wcp6sd6tj0VrwcpnjuGPrM8fIZuPRg==</latexit>

f2 = 0.0038
<latexit sha1_base64="yOD8pPMVpqr/mA8qy0U2WJB44UM=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIrd0IRTcuK9iHtEPJpJk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nog5HDOvdx7TxBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/O/PYTVZpF8sFMYuoLPJQsZAQbKz2Gfe/aLbu1Sr9Ysv8caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/OFp+jMKgMURso+adBc/d2RYqH1RAS2UmAz0sveTPzP6yYmrPkpk3FiqCSLQWHCkYnQ7Ho0YIoSwyeWYKKY3RWREVaYGJtRwYbgLZ+8SloXZa9art5fluo3WRx5OIFTOAcPrqAOd9CAJhAQ8Ayv8OYo58V5dz4WpTkn6zmGP3A+fwCzOY8N</latexit>

f1 = 0.085safe ics

<latexit sha1_base64="VRGAaY/wFnjg74fwB/W4mpfjn4w=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSSltC6Lbly4qGAf0KRhMpm0QyeTMDMRSii48VfcuFDErT/hzr9x2mahrQcGDuecy517/IRRqSzr21hZXVvf2CxsFbd3dvf2zYPDtoxTgUkLxywWXR9JwignLUUVI91EEBT5jHT80fXU7zwQIWnM79U4IW6EBpyGFCOlJc88dm51OEBepV+FjqQRtK1+dmHb9YlnlqyyNQNcJnZOSiBH0zO/nCDGaUS4wgxJ2bOtRLkZEopiRiZFJ5UkQXiEBqSnKUcRkW42u2ECz7QSwDAW+nEFZ+rviQxFUo4jXycjpIZy0ZuK/3m9VIWXbkZ5kirC8XxRmDKoYjgtBAZUEKzYWBOEBdV/hXiIBMJK11bUJdiLJy+TdqVs18q1u2qpcZXXUQAn4BScAxvUQQPcgCZoAQwewTN4BW/Gk/FivBsf8+iKkc8cgT8wPn8ACUqV3A==</latexit>

⇤4
2 ⇠ 10�117

<latexit sha1_base64="Ie2HwSoJL9v6KDhDO9Gq5TcrDpM=">AAACBXicbZC7TsMwFIYdrqXcAowwWFRILFRJgQIDUgULY5HoRWpD5LhOa9VOIttBqqIsLLwKCwMIsfIObLwNbpoBWn7J0qf/nKPj83sRo1JZ1rcxN7+wuLRcWCmurq1vbJpb200ZxgKTBg5ZKNoekoTRgDQUVYy0I0EQ9xhpecPrcb31QISkYXCnRhFxOOoH1KcYKW255h537a6kHNrWfXJ0epFeZnBcSSFpumbJKluZ4CzYOZRArrprfnV7IY45CRRmSMqObUXKSZBQFDOSFruxJBHCQ9QnHY0B4kQ6SXZFCg+004N+KPQLFMzc3xMJ4lKOuKc7OVIDOV0bm//VOrHyz52EBlGsSIAni/yYQRXCcSSwRwXBio00ICyo/ivEAyQQVjq4og7Bnj55FpqVsl0tV29PSrWrPI4C2AX74BDY4AzUwA2ogwbA4BE8g1fwZjwZL8a78TFpnTPymR3wR8bnD9xclkM=</latexit>

m1 ⇠ 10�59 = 10�32eV
<latexit sha1_base64="a/tY2PK1tkj3gHiRUCK+sceiF3w=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcGNJilZdCEU3LivYC7QxTKaTduhMEmYmQgnZuPFV3LhQxK3v4M63cZpmoa0/DHz85xzOnN+LGJXKsr6NwsLi0vJKcbW0tr6xuWVu77RkGAtMmjhkoeh4SBJGA9JUVDHSiQRB3GOk7Y2uJ/X2AxGShsGdGkfE4WgQUJ9ipLTlmvvcrfYk5dC27pPj01p6mUH1IoWk5Zplq2JlgvNg51AGuRqu+dXrhzjmJFCYISm7thUpJ0FCUcxIWurFkkQIj9CAdDUGiBPpJNkVKTzUTh/6odAvUDBzf08kiEs55p7u5EgN5WxtYv5X68bKP3cSGkSxIgGeLvJjBlUIJ5HAPhUEKzbWgLCg+q8QD5FAWOngSjoEe/bkeWhVK3atUrs9Kdev8jiKYA8cgCNggzNQBzegAZoAg0fwDF7Bm/FkvBjvxse0tWDkM7vgj4zPH+J1lkc=</latexit>

m2 ⇠ 10�56 = 10�29eV

axionic mass hierarchy

<latexit sha1_base64="YaRsl6VU0iLD/f6mIOW/0dZGMCU=">AAACAXicbVC7SgNBFJ31GeNr1UawGQyCjWE3SGJhEbRJGcE8IFmX2cndZMjsw5lZISyx8VdsLBSx9S/s/BsnyRaaeODC4Zx7ufceL+ZMKsv6NpaWV1bX1nMb+c2t7Z1dc2+/KaNEUGjQiEei7REJnIXQUExxaMcCSOBxaHnD64nfegAhWRTeqlEMTkD6IfMZJUpLrnl4iWtuCvfjrmQBtq279KxUGWNoumbBKlpT4EViZ6SAMtRd86vbi2gSQKgoJ1J2bCtWTkqEYpTDON9NJMSEDkkfOpqGJADppNMPxvhEKz3sR0JXqPBU/T2RkkDKUeDpzoCogZz3JuJ/XidR/oWTsjBOFIR0tshPOFYRnsSBe0wAVXykCaGC6VsxHRBBqNKh5XUI9vzLi6RZKtrlYvnmvFC9yuLIoSN0jE6RjSqoimqojhqIokf0jF7Rm/FkvBjvxsesdcnIZg7QHxifPxd/lWQ=</latexit>

< Heq ⇠ 10�27
eV

<latexit sha1_base64="4ni7zps6J1DK8E/9lDUs1+llnCs=">AAAB/XicbVBNS8NAEJ3Ur1q/4sfNS7AInkpSpHoRil48SQXbCk0Im+2mXbrZhN2NUEPwr3jxoIhX/4c3/43bNgdtfTDweG+GmXlBwqhUtv1tlJaWV1bXyuuVjc2t7R1zd68j41Rg0sYxi8V9gCRhlJO2ooqR+0QQFAWMdIPR1cTvPhAhaczv1DghXoQGnIYUI6Ul3zxAPr1wQ4FwVncTmmc3Ps19s2rX7CmsReIUpAoFWr755fZjnEaEK8yQlD3HTpSXIaEoZiSvuKkkCcIjNCA9TTmKiPSy6fW5dayVvhXGQhdX1lT9PZGhSMpxFOjOCKmhnPcm4n9eL1XhuZdRnqSKcDxbFKbMUrE1icLqU0GwYmNNEBZU32rhIdJRKB1YRYfgzL+8SDr1mtOoNW5Pq83LIo4yHMIRnIADZ9CEa2hBGzA8wjO8wpvxZLwY78bHrLVkFDP78AfG5w+Cp5VJ</latexit>

ai =
2⇡

Ni <latexit sha1_base64="105iRuB3yacdyABG0BXxIX1fwfc=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KolodVl047KCfUATwmQ6aYdOJmHmRiih4MZfceNCEbf+hDv/xmmbhbYeuHDmnHuZe0+YCq7Bcb6tpeWV1bX10kZ5c2t7Z9fe22/pJFOUNWkiEtUJiWaCS9YEDoJ1UsVIHArWDoc3E7/9wJTmibyHUcr8mPQljzglYKTAPvQEkX3BPCBZ4Hpq9tA8xheBXXGqzhR4kbgFqaACjcD+8noJzWImgQqiddd1UvBzooBTwcZlL9MsJXRI+qxrqCQx034+vWGMT4zSw1GiTEnAU/X3RE5irUdxaDpjAgM9703E/7xuBtGVn3OZZsAknX0UZQJDgieB4B5XjIIYGUKo4mZXTAdEEQomtrIJwZ0/eZG0zqpurVq7O6/Ur4s4SugIHaNT5KJLVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+vopeO</latexit>

h⌧1i ⇠ 5
<latexit sha1_base64="BuS1S2cbTC0vdPiL5Wsjvr6zRy0=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoqKIwVLIxFog+piSLHdVurjhPZN0hV1IWFX2FhACFW/oGNv8FtM0DLka50fM698r0nTATX4DjfVmFldW19o7hZ2tre2d2z9w9aOk4VZU0ai1h1QqKZ4JI1gYNgnUQxEoWCtcPRzdRvPzCleSzvYZwwPyIDyfucEjBSYB97gsiBYB6QNKh6av7QPMIXjhPYZafizICXiZuTMsrRCOwvrxfTNGISqCBad10nAT8jCjgVbFLyUs0SQkdkwLqGShIx7WezKyb41Cg93I+VKQl4pv6eyEik9TgKTWdEYKgXvan4n9dNoX/lZ1wmKTBJ5x/1U4EhxtNIcI8rRkGMDSFUcbMrpkOiCAUTXMmE4C6evExa1Ypbq9Tuzsv16zyOIjpCJ+gMuegS1dEtaqAmougRPaNX9GY9WS/Wu/Uxby1Y+cwh+gPr8wehCJgD</latexit>

h⌧2i ⇠ 500

<latexit sha1_base64="fpEfm4f1AyXfFrN+f8hokB+iKTM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MWTVDBtoQ1ls520SzebsLsRSulv8OJBEa/+IG/+G7dtDlp9MPB4b4aZeWEquDau++UUVlbX1jeKm6Wt7Z3dvfL+QVMnmWLos0Qkqh1SjYJL9A03AtupQhqHAlvh6Gbmtx5RaZ7IBzNOMYjpQPKIM2qs5N/1vCuvV664VXcO8pd4OalAjkav/NntJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/mxU3JilT6JEmVLGjJXf05MaKz1OA5tZ0zNUC97M/E/r5OZ6DKYcJlmBiVbLIoyQUxCZp+TPlfIjBhbQpni9lbChlRRZmw+JRuCt/zyX9I8q3q1au3+vFK/zuMowhEcwyl4cAF1uIUG+MCAwxO8wKsjnWfnzXlftBacfOYQfsH5+AbByY4D</latexit>

N1 = 1

<latexit sha1_base64="/+J3FX3aEqEF2o8eUQ1NhdkGXoU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVrV6EohdPUsFtC+1Ssmm2Dc0mS5IVytLf4MWDIl79Qd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7B00tU0WoTySXqh1iTTkT1DfMcNpOFMVxyGkrHN1O/dYTVZpJ8WjGCQ1iPBAsYgQbK/n3Pe/6oleuuFV3BrRMvJxUIEejV/7q9iVJYyoM4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWChxTHWSzYyfoxCp9FEllSxg0U39PZDjWehyHtjPGZqgXvan4n9dJTXQVZEwkqaGCzBdFKUdGounnqM8UJYaPLcFEMXsrIkOsMDE2n5INwVt8eZk0z6perVp7OK/Ub/I4inAEx3AKHlxCHe6gAT4QYPAMr/DmCOfFeXc+5q0FJ585hD9wPn8Ax9mOBw==</latexit>

N1 = 5
<latexit sha1_base64="Z3cwZ5GwHDN1KJq4PRHPfmgRXNo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kt0noRil48SQX7Ae1Ssmm2jc0mS5IVytL/4MWDIl79P978N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0tE0Vok0guVSfAmnImaNMww2knVhRHAaftYHwz89tPVGkmxYOZxNSP8FCwkBFsrNS661euPLdfLLlldw60SryMlCBDo1/86g0kSSIqDOFY667nxsZPsTKMcDot9BJNY0zGeEi7lgocUe2n82un6MwqAxRKZUsYNFd/T6Q40noSBbYzwmakl72Z+J/XTUx46adMxImhgiwWhQlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCCDcFbfnmVtCplr1qu3l+U6tdZHHk4gVM4Bw9qUIdbaEATCDzCM7zCmyOdF+fd+Vi05pxs5hj+wPn8ATJXjj4=</latexit>

N2 = 10

<latexit sha1_base64="SWw8CTPbGl0T+a+AO83Ws8espzo=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkKiUt0IRTcuK9gHNCFMpjft0MkkzEyEUurGX3HjQhG3/oU7/8ZpmoW2Hrhw5px7mXtPmDIqleN8G6Wl5ZXVtfJ6ZWNza3vH3N1rySQTBJokYYnohFgCoxyaiioGnVQAjkMG7XB4M/XbDyAkTfi9GqXgx7jPaUQJVloKzAOPYd5n4CmcBa4n8seVa58FZtWxnRzWInELUkUFGoH55fUSksXAFWFYyq7rpMofY6EoYTCpeJmEFJMh7kNXU45jkP44v2BiHWulZ0WJ0MWVlau/J8Y4lnIUh7ozxmog572p+J/XzVR06Y8pTzMFnMw+ijJmqcSaxmH1qACi2EgTTATVu1pkgAUmSodW0SG48ycvktap7dbs2t15tX5dxFFGh+gInSAXXaA6ukUN1EQEPaJn9IrejCfjxXg3PmatJaOY2Ud/YHz+AIu6lk8=</latexit>

h⌧1i = 1.3
<latexit sha1_base64="wH05BJRIuX+0bLrhZdsZItbOlrU=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaRKdVl047KCfUATw2R60w6dTMLMRCilKzf+ihsXirj1G9z5N07bLLT1wIUz59zL3HvClDOlHefbWlpeWV1bL2wUN7e2d3btvf2mSjJJoUETnsh2SBRwJqChmebQTiWQOOTQCgfXE7/1AFKxRNzpYQp+THqCRYwSbaTAPvI4ET0OniZZUPHk7KFYjF3n/iywS07ZmQIvEjcnJZSjHthfXjehWQxCU06U6rhOqv0RkZpRDuOilylICR2QHnQMFSQG5Y+mZ4zxiVG6OEqkKaHxVP09MSKxUsM4NJ0x0X01703E/7xOpqNLf8REmmkQdPZRlHGsEzzJBHeZBKr50BBCJTO7YtonklBtkiuaENz5kxdJs1J2q+Xq7XmpdpXHUUCH6BidIhddoBq6QXXUQBQ9omf0it6sJ+vFerc+Zq1LVj5zgP7A+vwBXZuYag==</latexit>

h⌧2i ⇠ 103
<latexit sha1_base64="PbYm7USeWprFkHZp/ciNXV2L8vc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kt0noRil48SQX7Ae1Ssmm2jc0mS5IVytL/4MWDIl79P978N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0tE0Vok0guVSfAmnImaNMww2knVhRHAaftYHwz89tPVGkmxYOZxNSP8FCwkBFsrNS661euKrV+seSW3TnQKvEyUoIMjX7xqzeQJImoMIRjrbueGxs/xcowwum00Es0jTEZ4yHtWipwRLWfzq+dojOrDFAolS1h0Fz9PZHiSOtJFNjOCJuRXvZm4n9eNzHhpZ8yESeGCrJYFCYcGYlmr6MBU5QYPrEEE8XsrYiMsMLE2IAKNgRv+eVV0qqUvWq5en9Rql9nceThBE7hHDyoQR1uoQFNIPAIz/AKb450Xpx352PRmnOymWP4A+fzBz54jkY=</latexit>

N2 = 27

<latexit sha1_base64="EP27LbjSsfnkhTZzpBnpiY+V7Gk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWqR6LXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r1kxPu1frniVb058Crxc1KBHM1++as3UDSNmbRUEGO6vpfYICPacirYtNRLDUsIHZMh6zoqScxMkM2vneIzpwxwpLQrafFc/T2RkdiYSRy6zpjYkVn2ZuJ/Xje10VWQcZmklkm6WBSlAluFZ6/jAdeMWjFxhFDN3a2Yjogm1LqASi4Ef/nlVdKuVf16tX53UWlc53EU4QRO4Rx8uIQG3EITWkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfP0Bcju8=</latexit>

�2 can only be a subdominant component of DM <latexit sha1_base64="y4OOmRa0LP9MK4mASpLYAa3sBMw=">AAAB8XicbZDLSsNAFIZPvNZ6q7p0M1gEVyUp3pZFNy4r2Au2oUymJ+3QySTMTIQS+hZuXCji1rdx59s4bbPQ1h8GPv5zDnPOHySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDutt55QaR7LBzNO0I/oQPKQM2qs9dgVSNyK67rVXqk8AyuyDF4OZchV75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixKGmE2s9mG0/IqXX6JIyVfdKQmft7IqOR1uMosJ0RNUO9WJua/9U6qQmv/YzLJDUo2fyjMBXExGR6PulzhcyIsQXKFLe7EjakijJjQyraELzFk5ehWa14l5WL+/Ny7SaPowDHcAJn4MEV1OAO6tAABhKe4RXeHO28OO/Ox7x1xclnjuCPnM8fOkuPVQ==</latexit> 0.0002

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

<latexit sha1_base64="O/AiMzpoFGvRNF5ovxc/8oqNfJs=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoIGWm1MdGKIrgwkUF+4BOHTKZTBuaeTTJCKX0i9z4K7oQVMStn2E6HaG2HggczjmXm3uciFEhDeNNyywsLi2vZFdza+sbm1v69k5dhDHHpIZDFvKmgwRhNCA1SSUjzYgT5DuMNJze5dhvPBAuaBjcyUFE2j7qBNSjGEkl2fqVdaPCLrJL9+XzKV7w7NIhtPr9GLnwVzenMmaSMY+SnK3njaKRAM4TMyV5kKJq6y+WG+LYJ4HEDAnRMo1ItoeIS4oZGeWsWJAI4R7qkJaiAfKJaA+Tc0fwQCku9EKuXiBhok5PDJEvxMB3VNJHsitmvbH4n9eKpXfWHtIgiiUJ8GSRFzMoQzjuDrqUEyzZQBGEOVV/hbiLOMJSNZxTJZizJ8+TeqlonhSPb8v5ykVaRxbsgX1QACY4BRVwDaqgBjB4BM/gHXxoT9qr9ql9TaIZLZ3ZBX+gff8A9QWlaQ==</latexit>

⇤4
2 = ⇤4

2(f2) ⇤4
1 = ⇤4

1(f1, f2)Model’s structure:



Summary

From a bottom up perspective dynamical DE is no easier than dS

But if observationally 
<latexit sha1_base64="SOSYxsIzz14T8b5fzLar4PyVPkE=">AAAB9XicbVBNSwMxEM36WetX1aOXYBG8WHZFqseiF48V7Ad015JNZ9vQbLImWaUs/R9ePCji1f/izX9j2u5BWx8MPN6bYWZemHCmjet+O0vLK6tr64WN4ubW9s5uaW+/qWWqKDSo5FK1Q6KBMwENwwyHdqKAxCGHVji8nvitR1CaSXFnRgkEMekLFjFKjJXufRlDn2BfwAM+9bqlsltxp8CLxMtJGeWod0tffk/SNAZhKCdadzw3MUFGlGGUw7jopxoSQoekDx1LBYlBB9n06jE+tkoPR1LZEgZP1d8TGYm1HsWh7YyJGeh5byL+53VSE10GGRNJakDQ2aIo5dhIPIkA95gCavjIEkIVs7diOiCKUGODKtoQvPmXF0nzrOJVK9Xb83LtKo+jgA7RETpBHrpANXSD6qiBKFLoGb2iN+fJeXHenY9Z65KTzxygP3A+fwA9WJG0</latexit>

! 6= �1 or theoretically no dS in QG

Two alternatives:

axionic quintessence

evades fifth force

hilltop

scale suppression

radiative stability (shift symmetry)

<latexit sha1_base64="eu+SuLXLNNQeueipnF/6dGysv4Q=">AAAB7nicbVC7SgNBFL3rM8ZX1NJmMAhWYVckWlgEbWyECOYByRLuTmaTIbOzy8ysEJZ8hI2FIrZ+j51/4yTZQhMPDBzOOZe59wSJ4Nq47rezsrq2vrFZ2Cpu7+zu7ZcODps6ThVlDRqLWLUD1ExwyRqGG8HaiWIYBYK1gtHt1G89MaV5LB/NOGF+hAPJQ07RWKkV9vD6vlfvlcpuxZ2BLBMvJ2XIYfNf3X5M04hJQwVq3fHcxPgZKsOpYJNiN9UsQTrCAetYKjFi2s9m607IqVX6JIyVfdKQmfp7IsNI63EU2GSEZqgXvan4n9dJTXjlZ1wmqWGSzj8KU0FMTKa3kz5XjBoxtgSp4nZXQoeokBrbUNGW4C2evEya5xWvWqk+XJRrN3kdBTiGEzgDDy6hBndQhwZQGMEzvMKbkzgvzrvzMY+uOPnMEfyB8/kDr4WPKQ==</latexit>

fa < MP

multifield quintessence acceleration in steep potentials
string embedding?

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Thank you



Backup slides



Axionic DE

Requires VERY low scale inflation

Simplest models

<latexit sha1_base64="FvILhlCX/qh/QTpOpvhFZMinHvI=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBjSUp9bEsunEjVLAPaNMwmU7boZNJmJkIJRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nuCmDOlHefbWlpeWV1bz23kN7e2d3btvf26ihJJaI1EPJLNACvKmaA1zTSnzVhSHAacNoLhzcRvPFKpWCQe9CimXoj7gvUYwdpIvn1YbysWItfppGduyRmjO7/aKft2wSk6U6BF4makABmqvv3V7kYkCanQhGOlWq4Tay/FUjPC6TjfThSNMRniPm0ZKnBIlZdOzx+jE6N0US+SpoRGU/X3RIpDpUZhYDpDrAdq3puI/3mtRPeuvJSJONFUkNmiXsKRjtAkC9RlkhLNR4ZgIpm5FZEBlphok1jehODOv7xI6qWie1E8vy8XKtdZHDk4gmM4BRcuoQK3UIUaEEjhGV7hzXqyXqx362PWumRlMwfwB9bnD0ppk8c=</latexit>

V ⇠ 10�120M4
P

<latexit sha1_base64="ec9b2Q6qxm17KrUWIkmOkpFHHs4=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSBY9ELx4xyoeBDemWLjS03U3bNSEbfoUXDxrj1Z/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCopaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvpn57SeqNIvkg5nE1Bd4KFnICDZWerzvaSZQpVbtF0tu2Z0DrRIvIyXI0OgXv3qDiCSCSkM41rrrubHxU6wMI5xOC71E0xiTMR7SrqUSC6r9dH7wFJ1ZZYDCSNmSBs3V3xMpFlpPRGA7BTYjvezNxP+8bmLCKz9lMk4MlWSxKEw4MhGafY8GTFFi+MQSTBSztyIywgoTYzMq2BC85ZdXSatS9qrly7uLUv06iyMPJ3AK5+BBDepwCw1oAgEBz/AKb45yXpx352PRmnOymWP4A+fzB4Uij5U=</latexit>

S ⇠ 276
<latexit sha1_base64="hepxF8HOswNOWobIkVdcfXTQ9/A=">AAACAnicbVDLSgMxFM34rPVVdSVugkVwY5mxvpZFN26ECvYBnbFk0kwbmswMyR2hDMWNv+LGhSJu/Qp3/o1pOwttPRA4nHMuN/f4seAabPvbmptfWFxazq3kV9fWNzYLW9t1HSWKshqNRKSaPtFM8JDVgINgzVgxIn3BGn7/auQ3HpjSPArvYBAzT5JuyANOCRipXdgNXM0lLrvAJdPYse/To/IQ37Sr7ULRLtlj4FniZKSIMpj8l9uJaCJZCFQQrVuOHYOXEgWcCjbMu4lmMaF90mUtQ0NiFnrp+IQhPjBKBweRMi8EPFZ/T6REaj2QvklKAj097Y3E/7xWAsGFl/IwToCFdLIoSASGCI/6wB2uGAUxMIRQxc1fMe0RRSiY1vKmBGf65FlSPy45Z6XT25Ni5TKrI4f20D46RA46RxV0jaqohih6RM/oFb1ZT9aL9W59TKJzVjazg/7A+vwB86SV3g==</latexit>

f ⇠ 3⇥ 10�3MPDE constrains

Need to be more sophisticated: break the link between          and 
<latexit sha1_base64="ZuJ9XL/4CuviDVXIQRXks+dtcCg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ7Pn9soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndZvbg/r9Ru8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QPZkY2H</latexit>

V0

<latexit sha1_base64="XfwCK5zZDdPU0ydowFOpTzy/11w=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVw16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDzjGM9A==</latexit>

f
Alignment
Poly-instantons

<latexit sha1_base64="Ykws0zEXcTQQrYLmasmPhQKgEMY=">AAACEXicbVDJSgNBEO1xN26jHr00BiEeDDPidhFELx4jmhjIxNDTqUma9Cx01whhmF/w4q948aCIV2/e/Bs7y0GjDwoe71VRVc9PpNDoOF/W1PTM7Nz8wmJhaXlldc1e36jpOFUcqjyWsar7TIMUEVRRoIR6ooCFvoRbv3cx8G/vQWkRRzfYT6AZsk4kAsEZGqlll2qncJftXefU47H2JARY8gLFeOYlXZFnQe4p0enibssuOmVnCPqXuGNSJGNUWvan1455GkKEXDKtG66TYDNjCgWXkBe8VEPCeI91oGFoxELQzWz4UU53jNKmQaxMRUiH6s+JjIVa90PfdIYMu3rSG4j/eY0Ug5NmJqIkRYj4aFGQSooxHcRD20IBR9k3hHElzK2Ud5nJA02IBROCO/nyX1LbL7tH5cOrg+LZ+TiOBbJFtkmJuOSYnJFLUiFVwskDeSIv5NV6tJ6tN+t91DpljWc2yS9YH9+j1J2R</latexit>

V = e�S cos

✓
�

f

◆
<latexit sha1_base64="OMDWpcD2cOkLNcEgr3Yf95RbIYw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURXxuh6MaNUNE+oA1lMp20QyeTMDMRasiXuHGhiFs/xZ1/47TNQlsPXDiccy/33uPHnCntON9WYWl5ZXWtuF7a2NzaLts7u00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aPrid96pFKxSDzocUy9EA8ECxjB2kg9u3x/2Q0kJultr56lQdazK07VmQItEjcnFchR79lf3X5EkpAKTThWquM6sfZSLDUjnGalbqJojMkID2jHUIFDqrx0eniGDo3SR0EkTQmNpurviRSHSo1D33SGWA/VvDcR//M6iQ4uvJSJONFUkNmiIOFIR2iSAuozSYnmY0MwkczcisgQmxy0yapkQnDnX14kzeOqe1Y9vTup1K7yOIqwDwdwBC6cQw1uoA4NIJDAM7zCm/VkvVjv1sestWDlM3vwB9bnD7XskyU=</latexit>

S =
MP

f
where

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Axionic DE embedding II
Late time potential generated by KNP alignment winding numbers

<latexit sha1_base64="lJJ0y15Io9fXrIGoDMimtUvtBNg=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewav45ELx4xkYUENqRbulDotmvbNSEb/oMXDxrj1f/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/A1zJVhDaI5FK1QqwpZ4I2DDOcthJFcRxy2gxHt1O/+USVZlI8mHFCgxj3BYsYwcZK/mM3Y8NJt1xxq+4MaJl4OalAjnq3/NXpSZLGVBjCsdZtz01MkGFlGOF0UuqkmiaYjHCfti0VOKY6yGbXTtCJVXooksqWMGim/p7IcKz1OA5tZ4zNQC96U/E/r52a6DrImEhSQwWZL4pSjoxE09dRjylKDB9bgoli9lZEBlhhYmxAJRuCt/jyMvHPqt5l9eL+vFK7yeMowhEcwyl4cAU1uIM6NIDAEJ7hFd4c6bw4787HvLXg5DOH8AfO5w/lp49b</latexit>qij

[Long et al, 2014]

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024



Axionic DE embedding II
Late time potential generated by KNP alignment winding numbers

<latexit sha1_base64="lJJ0y15Io9fXrIGoDMimtUvtBNg=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewav45ELx4xkYUENqRbulDotmvbNSEb/oMXDxrj1f/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/A1zJVhDaI5FK1QqwpZ4I2DDOcthJFcRxy2gxHt1O/+USVZlI8mHFCgxj3BYsYwcZK/mM3Y8NJt1xxq+4MaJl4OalAjnq3/NXpSZLGVBjCsdZtz01MkGFlGOF0UuqkmiaYjHCfti0VOKY6yGbXTtCJVXooksqWMGim/p7IcKz1OA5tZ4zNQC96U/E/r52a6DrImEhSQwWZL4pSjoxE09dRjylKDB9bgoli9lZEBlhhYmxAJRuCt/jyMvHPqt5l9eL+vFK7yeMowhEcwyl4cAU1uIM6NIDAEJ7hFd4c6bw4787HvLXg5DOH8AfO5w/lp49b</latexit>qij

[Long et al, 2014]

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

one massless axion if <latexit sha1_base64="0pNjMMT0v1vqzEz5X0nhxdhwtIw=">AAACAnicbVC7TsMwFHV4lvIKMCGWiAqJqYojXgtSBQtjkehDaqPIcZ3WquME20GqooiFX2FhACFWvoKNv8FJM0DLkWyde869su/xY0alsu1vY2FxaXlltbJWXd/Y3No2d3bbMkoEJi0csUh0fSQJo5y0FFWMdGNBUOgz0vHH17nfeSBC0ojfqUlM3BANOQ0oRkpLnrl/76UQZvp2nOwyL5yigJln1uy6XcCaJ7AkNVCi6Zlf/UGEk5BwhRmSsgftWLkpEopiRrJqP5EkRniMhqSnKUchkW5arJBZR1oZWEEk9OHKKtTfEykKpZyEvu4MkRrJWS8X//N6iQou3JTyOFGE4+lDQcIsFVl5HtaACoIVm2iCsKD6rxYeIYGw0qlVdQhwduV50nbq8Kx+entSa1yVcVTAATgExwCCc9AAN6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShn9sAfGJ8/ElCWmA==</latexit>q11q22 = q12q21



Axionic DE embedding II
Late time potential generated by KNP alignment winding numbers

<latexit sha1_base64="lJJ0y15Io9fXrIGoDMimtUvtBNg=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewav45ELx4xkYUENqRbulDotmvbNSEb/oMXDxrj1f/jzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef/A1zJVhDaI5FK1QqwpZ4I2DDOcthJFcRxy2gxHt1O/+USVZlI8mHFCgxj3BYsYwcZK/mM3Y8NJt1xxq+4MaJl4OalAjnq3/NXpSZLGVBjCsdZtz01MkGFlGOF0UuqkmiaYjHCfti0VOKY6yGbXTtCJVXooksqWMGim/p7IcKz1OA5tZ4zNQC96U/E/r52a6DrImEhSQwWZL4pSjoxE09dRjylKDB9bgoli9lZEBlhhYmxAJRuCt/jyMvHPqt5l9eL+vFK7yeMowhEcwyl4cAU1uIM6NIDAEJ7hFd4c6bw4787HvLXg5DOH8AfO5w/lp49b</latexit>qij

[Long et al, 2014]

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

one massless axion if <latexit sha1_base64="0pNjMMT0v1vqzEz5X0nhxdhwtIw=">AAACAnicbVC7TsMwFHV4lvIKMCGWiAqJqYojXgtSBQtjkehDaqPIcZ3WquME20GqooiFX2FhACFWvoKNv8FJM0DLkWyde869su/xY0alsu1vY2FxaXlltbJWXd/Y3No2d3bbMkoEJi0csUh0fSQJo5y0FFWMdGNBUOgz0vHH17nfeSBC0ojfqUlM3BANOQ0oRkpLnrl/76UQZvp2nOwyL5yigJln1uy6XcCaJ7AkNVCi6Zlf/UGEk5BwhRmSsgftWLkpEopiRrJqP5EkRniMhqSnKUchkW5arJBZR1oZWEEk9OHKKtTfEykKpZyEvu4MkRrJWS8X//N6iQou3JTyOFGE4+lDQcIsFVl5HtaACoIVm2iCsKD6rxYeIYGw0qlVdQhwduV50nbq8Kx+entSa1yVcVTAATgExwCCc9AAN6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShn9sAfGJ8/ElCWmA==</latexit>q11q22 = q12q21

mass hierarchy if
<latexit sha1_base64="OXnvDJLt5o++2kv7QR/MQaJGubI=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahIpTJoNWNUHTjsoK9QKcMmUymDc1cmmSEMsybuPFV3LhQRNz1bcy0XWjrgYSf7z+H5PxuzJlUpjkxVlbX1jc2C1vF7Z3dvf3SwWFLRokgtEkiHomOiyXlLKRNxRSnnVhQHLictt3hXe63n6iQLAof1TimvQD3Q+YzgpVGTqk2clKEMn1bVnZTQee2R7nCZzm2phhl9miUYA/OHGhzDpFTKptVc1pwWaC5KIN5NZzSt+1FJAloqAjHUnaRGateioVihNOsaCeSxpgMcZ92tQxxQGUvne6XwVNNPOhHQp9QwSn9PZHiQMpx4OrOAKuBXPRy+J/XTZR/3UtZGCeKhmT2kJ9wqCKYhwU9JihRfKwFJoLpv0IywAITpSMt6hDQ4srLomVVUa16+XBRrt/O4yiAY3ACKgCBK1AH96ABmoCAZ/AK3sGH8WK8GZ/G16x1xZjPHIE/ZUx+AIhEoXA=</latexit>

q11q22 = (1 + �)q12q21 � ⌧ 1



Axionic DE embedding II

In terms of mass eigenstates

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

More freedom: DE sector does not fix mass of heavy axion     DM



Axionic DE embedding II

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

<latexit sha1_base64="Nwr1J4UIftj1WiMoLGb4oUzlxfY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIrS5cFN10I1SwD2iHkkkzbWgmMyaZQhn6HW5cKOLWj3Hn35hpZ6GtBwKHc87l3hwv4kxp2/62cmvrG5tb+e3Czu7e/kHx8KilwlgS2iQhD2XHw4pyJmhTM81pJ5IUBx6nbW98l/rtCZWKheJRTyPqBngomM8I1kZy/X79xi7bdgXd9xv9YinlKdAqcTJSggwm/9UbhCQOqNCEY6W6jh1pN8FSM8LprNCLFY0wGeMh7RoqcECVm8yPnqEzowyQH0rzhEZz9fdEggOlpoFnkgHWI7XspeJ/XjfW/rWbMBHFmgqyWOTHHOkQpQ2gAZOUaD41BBPJzK2IjLDERJueCqYEZ/nLq6R1UXaq5crDZal2m9WRhxM4hXNw4ApqUIcGNIHAEzzDK7xZE+vFerc+FtGclc0cwx9Ynz8VXpBe</latexit>

fH < 0.005MPembedding constraint:

isocurvature constraint: <latexit sha1_base64="ZTH2p6zzhSGhbv//3FPqfIzdMD4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyXx2YWLqhuXFewD2hAm00k7dPJgZiLUUPwVNy4Ucet/uPNvnLRZaOuBgcM593LPHC/mTCrL+jYKC4tLyyvF1dLa+sbmlrm905RRIghtkIhHou1hSTkLaUMxxWk7FhQHHqctb3iT+a0HKiSLwns1iqkT4H7IfEaw0pJr7l1aFeukiroBVgOCeXo1dqVrlrU6AZondk7KkKPuml/dXkSSgIaKcCxlx7Zi5aRYKEY4HZe6iaQxJkPcpx1NQxxQ6aST9GN0qJUe8iOhX6jQRP29keJAylHg6ckspJz1MvE/r5Mov+qkLIwTRUMyPeQnHKkIZVWgHhOUKD7SBBPBdFZEBlhgonRhJV2CPfvledI8rtjnlbO703LtOq+jCPtwAEdgwwXU4Bbq0AACj/AMr/BmPBkvxrvxMR0tGPnOLvyB8fkDmxGUEw==</latexit>

< 0.038As

assuming
[Marsh.’15]

<latexit sha1_base64="2G7rMOf4HrTsj8qI5c/PUsKj9nE=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8GLYDWq8KEEvOUYwD0jiMjvpJENmH87MCmHdg7/ixYMiXv0Nb/6Nk2QPmljQUFR1093lhpxJZVnfRmZhcWl5JbuaW1vf2Nwyt3fqMogEhRoNeCCaLpHAmQ81xRSHZiiAeC6Hhju8HvuNBxCSBf6tGoXQ8UjfZz1GidKSY+55TuWy4sRwn1zY1l18XCwlGOqOmbcK1gR4ntgpyaMUVcf8ancDGnngK8qJlC3bClUnJkIxyiHJtSMJIaFD0oeWpj7xQHbiyf0JPtRKF/cCoctXeKL+noiJJ+XIc3WnR9RAznpj8T+vFaneeSdmfhgp8Ol0US/iWAV4HAbuMgFU8ZEmhAqmb8V0QAShSkeW0yHYsy/Pk3qxYJ8VTm9O8uWrNI4s2kcH6AjZqITKqIKqqIYoekTP6BW9GU/Gi/FufExbM0Y6s4v+wPj8AeKklL0=</latexit>

mH > Heq = 10�27
eV



Axionic DE embedding II

Francisco Gil Pedro (Unibo/INFN)COSMIC WISPers 2024 Istanbul, 5/09/2024

<latexit sha1_base64="4OxuiYwjXSeAlnMwT7Vf+oN0bnY=">AAAB+3icbVDLTsMwEHTKq5RXKEcuFhUSF6qkPI8VXHosEn1IbYgc12mt2k5kO4gqyq9w4QBCXPkRbvwNbpsDtIy00mhmV7s7Qcyo0o7zbRVWVtfWN4qbpa3tnd09e7/cVlEiMWnhiEWyGyBFGBWkpalmpBtLgnjASCcY3079ziORikbiXk9i4nE0FDSkGGkj+XaZ+42+ohy6zkN6WjvLSNu3K07VmQEuEzcnFZCj6dtf/UGEE06Exgwp1XOdWHspkppiRrJSP1EkRniMhqRnqECcKC+d3Z7BY6MMYBhJU0LDmfp7IkVcqQkPTCdHeqQWvan4n9dLdHjtpVTEiSYCzxeFCYM6gtMg4IBKgjWbGIKwpOZWiEdIIqxNXCUTgrv48jJp16ruZfXi7rxSv8njKIJDcAROgAuuQB00QBO0AAZP4Bm8gjcrs16sd+tj3lqw8pkD8AfW5w829JNG</latexit>

mH ⇠ 10�23eV
<latexit sha1_base64="at/MmAIKl3ymuciCNbLu3dJFlPs=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHEInkYrm3rwMPSyizjBvcBaSpqlW1iSliQVRunRi1/FiwdFvPoRvPltzLYKuvlAyI///3lInn8QUyKVbX8ZC4tLyyurhbXi+sbm1ra5s9uSUSIQbqKIRqITQIkp4bipiKK4EwsMWUBxOxhejf32PRaSRPxOjWLsMdjnJCQIKi355oEbCohS94bhPvTr2Q9dZxd22a5UfbOk70lZ8+DkUAJ5NXzz0+1FKGGYK0ShlF3HjpWXQqEIojgruonEMURD2MddjRwyLL10skhmHWmlZ4WR0Icra6L+nkghk3LEAt3JoBrIWW8s/ud1ExWeeynhcaIwR9OHwoRaKrLGqVg9IjBSdKQBIkH0Xy00gDoZpbMr6hCc2ZXnoXVSdk7L1dtKqXaZx1EA++AQHAMHnIEaqIMGaAIEHsATeAGvxqPxbLwZ79PWBSOf2QN/yvj4BleymOM=</latexit>

⌦H

⌦M

< 0.045


