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The CC problem, observationally
1998 SN Ia -> Universe in accelerated expansion
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Compatible with a cosmological constant
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P
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PLANCK 2018

SH0ES
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Mpl
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⌦ ⇠ 0.7
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⇤ 6= M4
UVWhy is                      ?

What is the role of anthropics?

How to embed into string theory?

“A decade ago the high energy physics community had a well-defined challenge: show 
why the dark energy density vanishes. Now there seems to be a new challenge and clue: 
show why the dark energy density is exceedingly small but not zero “


Peebles and Ratra, 2002


Why is                              ?
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Alternatives to      ? 
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⇤

The CC problem, theoretically
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Quintessence: Single field

What if                ? 
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V

How to explain the DE scale?

Radiative stability?

No dS conjecture?
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� < 0.6 [Agrawal et al. ’18]
[Akrami et al. ’18]
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� � O(1)

The CC problem, theoretically

Fifth forces?
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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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� � O(1)

The CC problem, theoretically

Alternatives:
-multifield dynamics
-axionic quintessence

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

[Cicoli, Cunillera,Padilla,FGP ’21]

Fifth forces?
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Axionic DE
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<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
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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>

� < �ip
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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>

�

fa
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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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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>

�

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

�max = |�i � �max|

[Olguin-Trejo et al. ’18]

[Dutta and Scherrer ‘08]
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<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

[Olguin-Trejo et al. ’18]

[Dutta and Scherrer ‘08]
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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)String Pheno 2024 Padova, 24/06/2024

[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)String Pheno 2024 Padova, 24/06/2024

[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)String Pheno 2024 Padova, 24/06/2024

[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

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

�max > HinfSafe from diffusion if



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

[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

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

�max > HinfSafe from diffusion if



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

[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
<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



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

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

[Cicoli, Padilla, FGP, ’24 WIP]

Axionic DE embedding

3 moduli + 3 axions

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

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



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

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

[Cicoli, Padilla, FGP, ’24 WIP]

Axionic DE embedding

3 moduli + 3 axions

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)
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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

[Cicoli, Padilla, FGP, ’24 WIP]

Axionic DE embedding

3 moduli + 3 axions

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

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

<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

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

V = VLV S(V, ⌧s, ✓s) + Vinf (⌧1/⌧2) + Vlate(✓1, ✓2)
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Axionic DE embedding
Late time potential generated by poly-instanton or or KNP alignment

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

Axionic DE embedding
Late time potential generated by poly-instanton or or KNP alignment

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

Axionic DE embedding
Late time potential generated by poly-instanton or or KNP alignment

[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]
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Axionic DE embedding

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
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Axionic DE embedding

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)String Pheno 2024 Padova, 24/06/2024

Axionic DE embedding

<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

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)String Pheno 2024 Padova, 24/06/2024

Axionic DE embedding

<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

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
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Summary I

axionic quintessence

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

An alternatives:

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
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A unicorn in a duck suit ?

“If a poet sees something that walks like a duck and swims like a duck and quacks like 
a duck, we will forgive him for entertaining more fanciful possibilities. It could be a 
unicorn in a duck suit—who’s to say! But we know that more likely, it’s a duck.”


[Bousso, TASI Lectures on the Cosmological Constant]


Occam’s razor: assume it IS a CC


Explore string inspired models for CC.


, a (unnaturally small) CC fits the bill.
As long as observationally 


<latexit sha1_base64="sc1t1nogkzjOCY1kqek3QZuM+kY=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgxbArEr0IQS8eI5iHJEuYnXSSIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7opgzY33/28utrK6tb+Q3C1vbO7t7xf2DhlGJplCniivdiogBziTULbMcWrEGIiIOzWh0O/WbT6ANU/LBjmMIBRlI1meUWCc9dpSAAbk+C7rFkl/2Z8DLJMhICWWodYtfnZ6iiQBpKSfGtAM/tmFKtGWUw6TQSQzEhI7IANqOSiLAhOns4Ak+cUoP95V2JS2eqb8nUiKMGYvIdQpih2bRm4r/ee3E9q/ClMk4sSDpfFE/4dgqPP0e95gGavnYEUI1c7diOiSaUOsyKrgQgsWXl0njvBxUypX7i1L1Josjj47QMTpFAbpEVXSHaqiOKBLoGb2iN097L9679zFvzXnZzCH6A+/zB/Vkj98=</latexit>

! = �1

sourced by 4-forms in 4 dimensions
<latexit sha1_base64="GjUI1iDOLixxUMOvDlokG9JQFuA=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsi0TJoY2ERwTwgWcLs7N1kyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTDFsskQkqhNQjYJLbBpuBHZShTQOBLaD0e3Mbz+h0jyRj2acoh/TgeQRZ9RYqd27t9GQ9ssVt+rOQVaJl5MK5Gj0y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zXnZIzq4QkSpR90pC5+ntiQmOtx3FgkzE1Q73szcT/vG5momt/wmWaGZRs8VGUCWISMrudhFwhM2JsCWWK210JG1JFmbENlWwJ3vLJq6R1UfVq1drDZaV+k9dRhBM4hXPw4ArqcAcNaAKDETzDK7w5qfPivDsfi2jByWeO4Q+czx8PN49o</latexit>

⇤
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Bousso-Polchinski
[Bousso and Polchinski ’00]Toy landscape in 4D: J four-forms and J types of branes

<latexit sha1_base64="ZwAOoLqqeGzUXQ3xut4AcVmHwEw=">AAAB7XicbVDJSgNBEK2JW4zbqEcvjUHwFGbE7RjwInqJYBZIhtDT6Zm06ekeunuEMAT8BC8eFPHq/3jzb+wsB018UPB4r4qqemHKmTae9+0UlpZXVteK66WNza3tHXd3r6FlpgitE8mlaoVYU84ErRtmOG2liuIk5LQZDq7GfvORKs2kuDfDlAYJjgWLGMHGSo2bThwjv+uWvYo3AVok/oyUYYZa1/3q9CTJEioM4Vjrtu+lJsixMoxwOip1Mk1TTAY4pm1LBU6oDvLJtSN0ZJUeiqSyJQyaqL8ncpxoPUxC25lg09fz3lj8z2tnJroMcibSzFBBpouijCMj0fh11GOKEsOHlmCimL0VkT5WmBgbUMmG4M+/vEgaJxX/vHJ2d1qu3j5N4yjCARzCMfhwAVW4hhrUgcADPMMrvDnSeXHenY9pa8GZRbgPf+B8/gDInI8O</latexit>

J � 1
<latexit sha1_base64="gdolZRteSq8237VNyeBozk205kc="></latexit>

S =

Z
d4x

p
|g|

"
M2

P

2
R�

X

i

1

2
F 2
i

#
+ Smatter + Sbdy +

X

i

Sbranei



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Bousso-Polchinski
[Bousso and Polchinski ’00]Toy landscape in 4D: J four-forms and J types of branes

<latexit sha1_base64="ZwAOoLqqeGzUXQ3xut4AcVmHwEw=">AAAB7XicbVDJSgNBEK2JW4zbqEcvjUHwFGbE7RjwInqJYBZIhtDT6Zm06ekeunuEMAT8BC8eFPHq/3jzb+wsB018UPB4r4qqemHKmTae9+0UlpZXVteK66WNza3tHXd3r6FlpgitE8mlaoVYU84ErRtmOG2liuIk5LQZDq7GfvORKs2kuDfDlAYJjgWLGMHGSo2bThwjv+uWvYo3AVok/oyUYYZa1/3q9CTJEioM4Vjrtu+lJsixMoxwOip1Mk1TTAY4pm1LBU6oDvLJtSN0ZJUeiqSyJQyaqL8ncpxoPUxC25lg09fz3lj8z2tnJroMcibSzFBBpouijCMj0fh11GOKEsOHlmCimL0VkT5WmBgbUMmG4M+/vEgaJxX/vHJ2d1qu3j5N4yjCARzCMfhwAVW4hhrUgcADPMMrvDnSeXHenY9pa8GZRbgPf+B8/gDInI8O</latexit>

J � 1

<latexit sha1_base64="0RbRrYTE22htzWm/0RBYGfuXclA="></latexit>

⇤ = ⇤bare +
JX

i=1

q2i n
2
i

2

<latexit sha1_base64="gdolZRteSq8237VNyeBozk205kc="></latexit>
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Bousso-Polchinski
[Bousso and Polchinski ’00]Toy landscape in 4D: J four-forms and J types of branes

<latexit sha1_base64="ZwAOoLqqeGzUXQ3xut4AcVmHwEw=">AAAB7XicbVDJSgNBEK2JW4zbqEcvjUHwFGbE7RjwInqJYBZIhtDT6Zm06ekeunuEMAT8BC8eFPHq/3jzb+wsB018UPB4r4qqemHKmTae9+0UlpZXVteK66WNza3tHXd3r6FlpgitE8mlaoVYU84ErRtmOG2liuIk5LQZDq7GfvORKs2kuDfDlAYJjgWLGMHGSo2bThwjv+uWvYo3AVok/oyUYYZa1/3q9CTJEioM4Vjrtu+lJsixMoxwOip1Mk1TTAY4pm1LBU6oDvLJtSN0ZJUeiqSyJQyaqL8ncpxoPUxC25lg09fz3lj8z2tnJroMcibSzFBBpouijCMj0fh11GOKEsOHlmCimL0VkT5WmBgbUMmG4M+/vEgaJxX/vHJ2d1qu3j5N4yjCARzCMfhwAVW4hhrUgcADPMMrvDnSeXHenY9pa8GZRbgPf+B8/gDInI8O</latexit>

J � 1

<latexit sha1_base64="0RbRrYTE22htzWm/0RBYGfuXclA="></latexit>

⇤ = ⇤bare +
JX

i=1

q2i n
2
i

2

<latexit sha1_base64="gdolZRteSq8237VNyeBozk205kc="></latexit>

S =

Z
d4x

p
|g|

"
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2
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F 2
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#
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<latexit sha1_base64="7w9LbUS2ABOTt1Bwds6HncTn9Kw="></latexit>

2|⇤bare|
3M2

pl

p
⇡/J

✓
Jq

2

e⇡|⇤bare|

◆J/2

 H
2
0

<latexit sha1_base64="mPDuSRTbGT9qGRMQW8PGb91H+SI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTF17Loxo1QwT6gjWEynbRDJ5M4MymU0D9x40IRt/6JO//GaZuFth64cOace5l7T5BwprTjfFuFldW19Y3iZmlre2d3z94/aKo4lYQ2SMxj2Q6wopwJ2tBMc9pOJMVRwGkrGN5M/daISsVi8aDHCfUi3BcsZARrI/m2/dRVLEJOxXHRnV9/rPp22TxmQMvEzUkZctR9+6vbi0kaUaEJx0p1XCfRXoalZoTTSambKppgMsR92jFU4IgqL5ttPkEnRumhMJamhEYz9fdEhiOlxlFgOiOsB2rRm4r/eZ1Uh1dexkSSairI/KMw5UjHaBoD6jFJieZjQzCRzOyKyABLTLQJq2RCcBdPXibNasW9qJzfn5Vr13kcRTiCYzgFFy6hBrdQhwYQGMEzvMKblVkv1rv1MW8tWPnMIfyB9fkDABOR9g==</latexit>

q ⇠ 0.01M2
P

<latexit sha1_base64="Dvc462FJW4q2uM38SgqjANtYI30=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6EU8RzCLJEHo6PUmTXobuHiEM+QovHhTx6ud482/sJHPQ6IOCx3tVVNWLEs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0PfVbj1QbpuS9HSc0FHggWcwItk56uO0aJlDg+71yxa/6M6C/JMhJBXLUe+XPbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNDp6gI6f0Uay0K2nRTP05kWFhzFhErlNgOzSL3lT8z+ukNr4MMyaT1FJJ5ovilCOr0PR71GeaEsvHjmCimbsVkSHWmFiXUcmFECy+/Jc0T6rBefXs7rRSu8rjKMIBHMIxBHABNbiBOjSAgIAneIFXT3vP3pv3Pm8tePnMPvyC9/ENYfWPfg==</latexit>

J ⇠ 100



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Bousso-Polchinski
[Bousso and Polchinski ’00]Toy landscape in 4D: J four-forms and J types of branes

<latexit sha1_base64="ZwAOoLqqeGzUXQ3xut4AcVmHwEw=">AAAB7XicbVDJSgNBEK2JW4zbqEcvjUHwFGbE7RjwInqJYBZIhtDT6Zm06ekeunuEMAT8BC8eFPHq/3jzb+wsB018UPB4r4qqemHKmTae9+0UlpZXVteK66WNza3tHXd3r6FlpgitE8mlaoVYU84ErRtmOG2liuIk5LQZDq7GfvORKs2kuDfDlAYJjgWLGMHGSo2bThwjv+uWvYo3AVok/oyUYYZa1/3q9CTJEioM4Vjrtu+lJsixMoxwOip1Mk1TTAY4pm1LBU6oDvLJtSN0ZJUeiqSyJQyaqL8ncpxoPUxC25lg09fz3lj8z2tnJroMcibSzFBBpouijCMj0fh11GOKEsOHlmCimL0VkT5WmBgbUMmG4M+/vEgaJxX/vHJ2d1qu3j5N4yjCARzCMfhwAVW4hhrUgcADPMMrvDnSeXHenY9pa8GZRbgPf+B8/gDInI8O</latexit>

J � 1

<latexit sha1_base64="0RbRrYTE22htzWm/0RBYGfuXclA="></latexit>

⇤ = ⇤bare +
JX

i=1

q2i n
2
i

2

<latexit sha1_base64="gdolZRteSq8237VNyeBozk205kc="></latexit>

S =

Z
d4x

p
|g|

"
M2

P

2
R�

X

i

1

2
F 2
i

#
+ Smatter + Sbdy +

X

i

Sbranei

Anthropic solution

<latexit sha1_base64="7w9LbUS2ABOTt1Bwds6HncTn9Kw="></latexit>

2|⇤bare|
3M2

pl

p
⇡/J

✓
Jq

2

e⇡|⇤bare|

◆J/2

 H
2
0

<latexit sha1_base64="mPDuSRTbGT9qGRMQW8PGb91H+SI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTF17Loxo1QwT6gjWEynbRDJ5M4MymU0D9x40IRt/6JO//GaZuFth64cOace5l7T5BwprTjfFuFldW19Y3iZmlre2d3z94/aKo4lYQ2SMxj2Q6wopwJ2tBMc9pOJMVRwGkrGN5M/daISsVi8aDHCfUi3BcsZARrI/m2/dRVLEJOxXHRnV9/rPp22TxmQMvEzUkZctR9+6vbi0kaUaEJx0p1XCfRXoalZoTTSambKppgMsR92jFU4IgqL5ttPkEnRumhMJamhEYz9fdEhiOlxlFgOiOsB2rRm4r/eZ1Uh1dexkSSairI/KMw5UjHaBoD6jFJieZjQzCRzOyKyABLTLQJq2RCcBdPXibNasW9qJzfn5Vr13kcRTiCYzgFFy6hBrdQhwYQGMEzvMKblVkv1rv1MW8tWPnMIfyB9fkDABOR9g==</latexit>

q ⇠ 0.01M2
P

<latexit sha1_base64="Dvc462FJW4q2uM38SgqjANtYI30=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx6EU8RzCLJEHo6PUmTXobuHiEM+QovHhTx6ud482/sJHPQ6IOCx3tVVNWLEs6M9f0vr7C0vLK6VlwvbWxube+Ud/eaRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0PfVbj1QbpuS9HSc0FHggWcwItk56uO0aJlDg+71yxa/6M6C/JMhJBXLUe+XPbl+RVFBpCcfGdAI/sWGGtWWE00mpmxqaYDLCA9pxVGJBTZjNDp6gI6f0Uay0K2nRTP05kWFhzFhErlNgOzSL3lT8z+ukNr4MMyaT1FJJ5ovilCOr0PR71GeaEsvHjmCimbsVkSHWmFiXUcmFECy+/Jc0T6rBefXs7rRSu8rjKMIBHMIxBHABNbiBOjSAgIAneIFXT3vP3pv3Pm8tePnMPvyC9/ENYfWPfg==</latexit>

J ⇠ 100



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024

Kaloper-Westphal
Unimodular ( x 2) with branes


[Kaloper ’22-23]
[Kaloper&Westphal ’22-23]



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024

Kaloper-Westphal
Unimodular ( x 2) with branes


“Unimodular landscape”


<latexit sha1_base64="yKV3SYnRMZPDyLuapnhSv7mjNn4=">AAACHHicbVDLSgMxFM3UV62vUZdugkWoFMrMKNWNUHTjQqGCbYW2Dpk0bUMzmTHJFMowH+LGX3HjQhE3LgT/xrSdhbZeuORwzrnc3OOFjEplWd9GZmFxaXklu5pbW9/Y3DK3d+oyiAQmNRywQNx5SBJGOakpqhi5CwVBvsdIwxtcjPXGkAhJA36rRiFp+6jHaZdipDTlmketK23uoLP0dWMPCZIUYYG7NnzQXeSuo4EDD6/dOBom945r5q2SNSk4D+wU5EFaVdf8bHUCHPmEK8yQlE3bClU7RkJRzEiSa0WShAgPUI80NeTIJ7IdT45L4IFmOrAbCN1cwQn7eyJGvpQj39NOH6m+nNXG5H9aM1Ld03ZMeRgpwvF0UTdiUAVwnBTsUEGwYiMNEBZU/xXiPhIIK51nTodgz548D+pOyS6XyjfH+cp5GkcW7IF9UAA2OAEVcAmqoAYweATP4BW8GU/Gi/FufEytGSOd2QV/yvj6ARrun4I=</latexit>

⇤ = ⇤bare + (n1q1 + n2q2)M
2
uv

<latexit sha1_base64="IvJpH1UUEUN9yqkZb1Wx11Wna0g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0IWy203bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3n1BpHssHM0nQj+hQ8gFn1FipLQOPPAZeUK64VXcOskq8nFQgRyMof/X6MUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m587JWdW6ZNBrGxJQ+bq74mMRlpPotB2RtSM9LI3E//zuqkZXPsZl0lqULLFokEqiInJ7HfS5wqZERNLKFPc3krYiCrKjE2oZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AFPbY7q</latexit>n1q1

<latexit sha1_base64="T6KU1gnCRMyTvN1jCRt0/h/kdAY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMF+wFtCJvtpF262cTdjVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqhFSj4BKbhhuBnVQhjUOB7XB0O/PbT6g0T+SDGafox3QgecQZNVZqy6BKHoNqUCq7FXcOskq8nJQhRyMoffX6CctilIYJqnXXc1PjT6gynAmcFnuZxpSyER1g11JJY9T+ZH7ulJxbpU+iRNmShszV3xMTGms9jkPbGVMz1MveTPzP62YmuvYnXKaZQckWi6JMEJOQ2e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExiM4Ble4c1JnRfn3flYtK45+cwJ/IHz+QNSeY7s</latexit>n2q2

[Kaloper ’22-23]
[Kaloper&Westphal ’22-23]



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024

Kaloper-Westphal
Unimodular ( x 2) with branes


<latexit sha1_base64="/vWLv8g1J49YaYPMw4JKQRBCBWs=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRFqsuiG5cV7APaECbTSTt0MokzE6GGfIkbF4q49VPc+TdO2yy09cC9HM65l7lzgoQzpR3n21pb39jc2i7tlHf39g8q9uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB5Gbmdx+pVCwW93qaUC/CI8FCRrA2km9XBqHEJHvw3dy0eu7bVafmzIFWiVuQKhRo+fbXYBiTNKJCE46V6rtOor0MS80Ip3l5kCqaYDLBI9o3VOCIKi+bH56jM6MMURhLU0Kjufp7I8ORUtMoMJMR1mO17M3E/7x+qsMrL2MiSTUVZPFQmHKkYzRLAQ2ZpETzqSGYSGZuRWSMTRLaZFU2IbjLX14lnXrNbdQadxfV5nURRwlO4BTOwYVLaMIttKANBFJ4hld4s56sF+vd+liMrlnFzjH8gfX5A9Nwkzc=</latexit>q1
q2

<latexit sha1_base64="fR8ZjDX2+KIThHY5Y7UStzvPLGM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkpSpLosuumygn1AG8NkOkmHTh6dmRRK6J+4caGIW//EnX/jtM1CWw9cOJxzL/fe4yWcSWVZ30ZhY3Nre6e4W9rbPzg8Mo9P2jJOBaEtEvNYdD0sKWcRbSmmOO0mguLQ47Tjje7nfmdChWRx9KimCXVCHETMZwQrLbmmOXbtq7Fb7QcBarjWU9U1y1bFWgCtEzsnZcjRdM2v/iAmaUgjRTiWsmdbiXIyLBQjnM5K/VTSBJMRDmhP0wiHVDrZ4vIZutDKAPmx0BUptFB/T2Q4lHIaerozxGooV725+J/XS5V/62QsSlJFI7Jc5KccqRjNY0ADJihRfKoJJoLpWxEZYoGJ0mGVdAj26svrpF2t2LVK7eG6XL/L4yjCGZzDJdhwA3VoQBNaQGACz/AKb0ZmvBjvxseytWDkM6fwB8bnD2BqkjY=</latexit>

q1, q2 � H
2
0For          irrational

<latexit sha1_base64="JU6ZbDHAiOP+x8oh8CsWYqAI4hk=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2WmSHVZdNOFiwr2AZ1xyGTSNjQzCUlGLEPBX3HjQhG3foc7/8a0nYW2HggczjmXe3NCwajSjvNtFVZW19Y3ipulre2d3T17/6CteCoxaWHOuOyGSBFGE9LSVDPSFZKgOGSkE46up37ngUhFeXKnx4L4MRoktE8x0kYK7CPvxoQjBD0khOSPsBE499XALjsVZwa4TNyclEGOZmB/eRHHaUwSjRlSquc6QvsZkppiRiYlL1VEIDxCA9IzNEExUX42O38CT40SwT6X5iUaztTfExmKlRrHoUnGSA/VojcV//N6qe5f+hlNRKpJgueL+imDmsNpFzCikmDNxoYgLKm5FeIhkghr01jJlOAufnmZtKsVt1ap3Z6X61d5HUVwDE7AGXDBBaiDBmiCFsAgA8/gFbxZT9aL9W59zKMFK585BH9gff4Az/yUwg==</latexit>

⇤ ⇡ H
2
0

“Unimodular landscape”


<latexit sha1_base64="yKV3SYnRMZPDyLuapnhSv7mjNn4=">AAACHHicbVDLSgMxFM3UV62vUZdugkWoFMrMKNWNUHTjQqGCbYW2Dpk0bUMzmTHJFMowH+LGX3HjQhE3LgT/xrSdhbZeuORwzrnc3OOFjEplWd9GZmFxaXklu5pbW9/Y3DK3d+oyiAQmNRywQNx5SBJGOakpqhi5CwVBvsdIwxtcjPXGkAhJA36rRiFp+6jHaZdipDTlmketK23uoLP0dWMPCZIUYYG7NnzQXeSuo4EDD6/dOBom945r5q2SNSk4D+wU5EFaVdf8bHUCHPmEK8yQlE3bClU7RkJRzEiSa0WShAgPUI80NeTIJ7IdT45L4IFmOrAbCN1cwQn7eyJGvpQj39NOH6m+nNXG5H9aM1Ld03ZMeRgpwvF0UTdiUAVwnBTsUEGwYiMNEBZU/xXiPhIIK51nTodgz548D+pOyS6XyjfH+cp5GkcW7IF9UAA2OAEVcAmqoAYweATP4BW8GU/Gi/FufEytGSOd2QV/yvj6ARrun4I=</latexit>

⇤ = ⇤bare + (n1q1 + n2q2)M
2
uv

<latexit sha1_base64="IvJpH1UUEUN9yqkZb1Wx11Wna0g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0IWy203bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3n1BpHssHM0nQj+hQ8gFn1FipLQOPPAZeUK64VXcOskq8nFQgRyMof/X6MUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m587JWdW6ZNBrGxJQ+bq74mMRlpPotB2RtSM9LI3E//zuqkZXPsZl0lqULLFokEqiInJ7HfS5wqZERNLKFPc3krYiCrKjE2oZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AFPbY7q</latexit>n1q1

<latexit sha1_base64="T6KU1gnCRMyTvN1jCRt0/h/kdAY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWMF+wFtCJvtpF262cTdjVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqhFSj4BKbhhuBnVQhjUOB7XB0O/PbT6g0T+SDGafox3QgecQZNVZqy6BKHoNqUCq7FXcOskq8nJQhRyMoffX6CctilIYJqnXXc1PjT6gynAmcFnuZxpSyER1g11JJY9T+ZH7ulJxbpU+iRNmShszV3xMTGms9jkPbGVMz1MveTPzP62YmuvYnXKaZQckWi6JMEJOQ2e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExiM4Ble4c1JnRfn3flYtK45+cwJ/IHz+QNSeY7s</latexit>n2q2

[Kaloper ’22-23]
[Kaloper&Westphal ’22-23]



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Thou shall not decay !

!! Minkowski can be stable !!


“Since the instability dynamically stops at Λ = 0, the evolution favors the terminal Minkowski 
space without a need for anthropics.”

if 

<latexit sha1_base64="DhWRN6IIHsPLjeBz7+FS5NLo8gA=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0VwVZIi1YWLohs3hQp9QRvDZDpph04mcWZSKCHf4cZfceNCEXfixr9x2gbU1gP3cjjnXmbu8SJGpbKsLyO3srq2vpHfLGxt7+zumfsHLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7o+up3x4TIWnIG2oSESdAA059ipHSkmvaPV8gnNTcOrx3aZo0dIM/Ws1N4nF6V86MSwht1yxaJWsGuEzsjBRBhrprfvT6IY4DwhVmSMqubUXKSZBQFDOSFnqxJBHCIzQgXU05Coh0ktlpKTzRSh/6odDFFZypvzcSFEg5CTw9GSA1lIveVPzP68bKv3ASyqNYEY7nD/kxgyqE05xgnwqCFZtogrCg+q8QD5HORek0CzoEe/HkZdIql+xKqXJ7VqxeZXHkwRE4BqfABuegCm5AHTQBBg/gCbyAV+PReDbejPf5aM7Idg7BHxif3+uAoCU=</latexit>

MP qi
Ti

MPM2
uv

Ti
< 1

<latexit sha1_base64="HFD1V6txT+TEPXwrk3t9Ln0dsjw=">AAACAHicbVC7SgNBFJ31GeMramFhMxgEq7ArEi2DFlpGMA9IQrg7mWyGzGOZmVXCksZfsbFQxNbPsPNvnCRbaOKBC4dz7uXee8KYM2N9/9tbWl5ZXVvPbeQ3t7Z3dgt7+3WjEk1ojSiudDMEQzmTtGaZ5bQZawoi5LQRDq8nfuOBasOUvLejmHYERJL1GQHrpG7hsH0DQkCbKxlpFg0saK0esd8tFP2SPwVeJEFGiihDtVv4avcUSQSVlnAwphX4se2koC0jnI7z7cTQGMgQItpyVIKgppNOHxjjE6f0cF9pV9Liqfp7IgVhzEiErlOAHZh5byL+57US27/spEzGiaWSzBb1E46twpM0cI9pSiwfOQJEM3crJgPQQKzLLO9CCOZfXiT1s1JQLpXvzouVqyyOHDpCx+gUBegCVdAtqqIaImiMntErevOevBfv3fuYtS552cwB+gPv8we4TJaA</latexit>

� �! 0
<latexit sha1_base64="UKXWwm1lG3rBwu2cEMk1cVbLuzI=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARBKHMiFSXRTcuXFSwD+iMJZPJtKGZZEgyShm78FfcuFDErb/hzr8xbWehrQcCh3PO5d6cIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVCKVmDSwYEK2A6QIo5w0NNWMtBNJUBww0goGl2O/dU+kooLf6mFC/Bj1OI0oRtpIXXvPuzbhEHmS9voaSSkeoHN33LXLTsWZAM4TNydlkKPetb+8UOA0JlxjhpTquE6i/QxJTTEjo5KXKpIgPEA90jGUo5goP5vcP4KHRglhJKR5XMOJ+nsiQ7FSwzgwyRjpvpr1xuJ/XifV0bmfUZ6kmnA8XRSlDGoBx2XAkEqCNRsagrCk5laI+0girE1lJVOCO/vledI8qbjVSvXmtFy7yOsogn1wAI6AC85ADVyBOmgADB7BM3gFb9aT9WK9Wx/TaMHKZ3bBH1ifP1e9la0=</latexit>

⇤ ! 0+

[Kaloper&Westphal ’22]



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Thou shall not decay !

!! Minkowski can be stable !!


“Since the instability dynamically stops at Λ = 0, the evolution favors the terminal Minkowski 
space without a need for anthropics.”

if 

<latexit sha1_base64="DhWRN6IIHsPLjeBz7+FS5NLo8gA=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0VwVZIi1YWLohs3hQp9QRvDZDpph04mcWZSKCHf4cZfceNCEXfixr9x2gbU1gP3cjjnXmbu8SJGpbKsLyO3srq2vpHfLGxt7+zumfsHLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl7o+up3x4TIWnIG2oSESdAA059ipHSkmvaPV8gnNTcOrx3aZo0dIM/Ws1N4nF6V86MSwht1yxaJWsGuEzsjBRBhrprfvT6IY4DwhVmSMqubUXKSZBQFDOSFnqxJBHCIzQgXU05Coh0ktlpKTzRSh/6odDFFZypvzcSFEg5CTw9GSA1lIveVPzP68bKv3ASyqNYEY7nD/kxgyqE05xgnwqCFZtogrCg+q8QD5HORek0CzoEe/HkZdIql+xKqXJ7VqxeZXHkwRE4BqfABuegCm5AHTQBBg/gCbyAV+PReDbejPf5aM7Idg7BHxif3+uAoCU=</latexit>

MP qi
Ti

MPM2
uv

Ti
< 1

<latexit sha1_base64="HFD1V6txT+TEPXwrk3t9Ln0dsjw=">AAACAHicbVC7SgNBFJ31GeMramFhMxgEq7ArEi2DFlpGMA9IQrg7mWyGzGOZmVXCksZfsbFQxNbPsPNvnCRbaOKBC4dz7uXee8KYM2N9/9tbWl5ZXVvPbeQ3t7Z3dgt7+3WjEk1ojSiudDMEQzmTtGaZ5bQZawoi5LQRDq8nfuOBasOUvLejmHYERJL1GQHrpG7hsH0DQkCbKxlpFg0saK0esd8tFP2SPwVeJEFGiihDtVv4avcUSQSVlnAwphX4se2koC0jnI7z7cTQGMgQItpyVIKgppNOHxjjE6f0cF9pV9Liqfp7IgVhzEiErlOAHZh5byL+57US27/spEzGiaWSzBb1E46twpM0cI9pSiwfOQJEM3crJgPQQKzLLO9CCOZfXiT1s1JQLpXvzouVqyyOHDpCx+gUBegCVdAtqqIaImiMntErevOevBfv3fuYtS552cwB+gPv8we4TJaA</latexit>

� �! 0
<latexit sha1_base64="UKXWwm1lG3rBwu2cEMk1cVbLuzI=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARBKHMiFSXRTcuXFSwD+iMJZPJtKGZZEgyShm78FfcuFDErb/hzr8xbWehrQcCh3PO5d6cIGFUacf5tgoLi0vLK8XV0tr6xuaWvb3TVCKVmDSwYEK2A6QIo5w0NNWMtBNJUBww0goGl2O/dU+kooLf6mFC/Bj1OI0oRtpIXXvPuzbhEHmS9voaSSkeoHN33LXLTsWZAM4TNydlkKPetb+8UOA0JlxjhpTquE6i/QxJTTEjo5KXKpIgPEA90jGUo5goP5vcP4KHRglhJKR5XMOJ+nsiQ7FSwzgwyRjpvpr1xuJ/XifV0bmfUZ6kmnA8XRSlDGoBx2XAkEqCNRsagrCk5laI+0girE1lJVOCO/vledI8qbjVSvXmtFy7yOsogn1wAI6AC85ADVyBOmgADB7BM3gFb9aT9WK9Wx/TaMHKZ3bBH1ifP1e9la0=</latexit>

⇤ ! 0+

?? Is this specific to the linear model ??

[Kaloper&Westphal ’22]



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

The weak gravity conjecture

Einstein-Maxwell theory: decay of charged BH


Brane WGC:


<latexit sha1_base64="F3ExNQcHGactJPmJY1RpfQD/PFc=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTkzTpZeyuEcKQz/DiQRGvfo03/8ZOMgdNfFDweK+KqnpRIrgF3//2Ciura+sbxc3S1vbO7l55/6BpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHt1G89MWO5Vg8wTlgoyUDxmFMCTuo84u4AnCux7JUrftWfAS+TICcVlKPeK391+5qmkimggljbCfwEwowY4FSwSambWpYQOiID1nFUEclsmM1OnuATp/RxrI0rBXim/p7IiLR2LCPXKQkM7aI3Ff/zOinE12HGVZICU3S+KE4FBo2n/+M+N4yCGDtCqOHuVkyHxBAKLqWSCyFYfHmZNM+qwWX14v68UrvJ4yiiI3SMTlGArlAN3aE6aiCKNHpGr+jNA+/Fe/c+5q0FL585RH/gff4A4bKRAg==</latexit>

q & m

[hep-th/0601001]


“gravity is the weakest force”


Existence of vacua with the observed CC >> conditions on brane charges

<latexit sha1_base64="ZUcOydYJg0PvTrW4RGRGFSDk/Ck=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxYsQwTwgu4bZSW8yZPbhzKwSlvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXnwiutG1/W0vLK6tr64WN4ubW9s5uaW+/qeJUMmywWMSy7VOFgkfY0FwLbCcSaegLbPnDq4nfekSpeBzd6VGCXkj7EQ84o9pI9w/kppsQt4/E1TTtlsp2xZ6CLBInJ2XIUe+WvtxezNIQI80EVarj2In2Mio1ZwLHRTdVmFA2pH3sGBrREJWXTa8ek2Oj9EgQS1ORJlP190RGQ6VGoW86Q6oHat6biP95nVQHF17GoyTVGLHZoiAVRMdkEgHpcYlMi5EhlElubiVsQCVl2gRVNCE48y8vkuZpxalWqrdn5dplHkcBDuEITsCBc6jBNdShAQwkPMMrvFlP1ov1bn3MWpesfOYA/sD6/AFdBJHM</latexit>

qMp � ⌧
<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>qcharge

<latexit sha1_base64="hnLXyj98SyWJxboWlxO2Ayd1ueI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpl26uwm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTAQ36HnfTmlldW19o7xZ2dre2d2r7h88mjjVlLVoLGLdCYlhgivWQo6CdRLNiAwFa4fj29xvPzFteKwecJKwQJKh4hGnBHOphyTtV2te3ZvBXSZ+QWpQoNmvfvUGMU0lU0gFMabrewkGGdHIqWDTSi81LCF0TIasa6kikpkgm906dU+sMnCjWNtS6M7U3xMZkcZMZGg7JcGRWfRy8T+vm2J0HWRcJSkyReeLolS4GLv54+6Aa0ZRTCwhVHN7q0tHRBOKNp6KDcFffHmZPJ7V/cv6xf15rXFTxFGGIziGU/DhChpwB01oAYURPMMrvDnSeXHenY95a8kpZg7hD5zPHyRtjlI=</latexit>⌧tension

Stability of low scale de Sitter >> condition on 
<latexit sha1_base64="cd/P/DjGFD7QtgFb/mGLQhcelT4=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7ArEj0GvXgRIpgHZJcwO5lNhsw+nOkVwrDgr3jxoIhXv8Obf+Mk2YMmFjQUVd10dwWp4Aoc59taWl5ZXVsvbZQ3t7Z3du29/ZZKMklZkyYikZ2AKCZ4zJrAQbBOKhmJAsHaweh64rcfmVQ8ie9hnDI/IoOYh5wSMFLPPvRCSah+wLc9nYo81x6QLO/ZFafqTIEXiVuQCirQ6NlfXj+hWcRioIIo1XWdFHxNJHAqWF72MsVSQkdkwLqGxiRiytfT83N8YpQ+DhNpKgY8VX9PaBIpNY4C0xkRGKp5byL+53UzCC99zeM0AxbT2aIwExgSPMkC97lkFMTYEEIlN7diOiQmDzCJlU0I7vzLi6R1VnVr1drdeaV+VcRRQkfoGJ0iF12gOrpBDdREFGn0jF7Rm/VkvVjv1sesdckqZg7QH1ifP/SOlic=</latexit>

qMpl

⌧



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Instantons
[Liu,Padilla,FGP 23/24]



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Instantons
[Liu,Padilla,FGP 23/24]

[Coleman/de Lucia ’80]

Wick rotate
<latexit sha1_base64="cPxkdjaeWu5v4bz/29kxn5KjuDQ=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQEUoSpboRim7cWcE+oEnDZDJph04ezEyEErpz46+4caGIW3/BnX/jtM1CqwcuHM65l3vv8RJGhTSML62wsLi0vFJcLa2tb2xu6ds7LRGnHJMmjlnMOx4ShNGINCWVjHQSTlDoMdL2hlcTv31PuKBxdCdHCXFC1I9oQDGSSnL1fd8VPevC5z3r2OaDuMKPehb07ZuQ9JF74uplo2pMAf8SMydlkKPh6p+2H+M0JJHEDAnRNY1EOhnikmJGxiU7FSRBeIj6pKtohEIinGz6xxgeKsWHQcxVRRJO1Z8TGQqFGIWe6gyRHIh5byL+53VTGZw7GY2SVJIIzxYFKYMyhpNQoE85wZKNFEGYU3UrxAPEEZYqupIKwZx/+S9pWVWzVq3dnpbrl3kcRbAHDkAFmOAM1ME1aIAmwOABPIEX8Ko9as/am/Y+ay1o+cwu+AXt4xty55fJ</latexit>

d2s = dr2 + ⇢(r)2d⌦3Spherical symmetry

<latexit sha1_base64="5+4asgLAOKB+EuqlC4B3wrxbCZc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhd0o0TJoY6EQwTwgG8Ps7N1kyOzDmdlAWPYDbPwVGwtFbP0AO//GSbKFJh64cDjn3jtzjxNxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLCg0aMhD0XaIBM4CaCimOLQjAcR3OLSc4eXEb41ASBYGd2ocQdcn/YB5jBKlpV6xdIJveknE0/sKHuqy4SFmI2xf6xUu6SXgeanuMsvmFHiRWBkpoQz1XvHLdkMa+xAoyomUHcuMVDchQjHKIS3YsYSI0CHpQ0fTgPggu8n0mBQfacXFXih0BQpP1d8TCfGlHPuO7vSJGsh5byL+53Vi5Z13ExZEsYKAzh7yYo5ViCfJYJcJoIqPNSFUMP1XTAdEEKp0fgUdgjV/8iJpVspWtVy9PS3VLrI48ugAHaJjZKEzVENXqI4aiKJH9Ixe0ZvxZLwY78bHrDVnZDP76A+Mzx8vkZp9</latexit>

3M2
plk

2 ⌘ ⇤eff



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Instantons

<latexit sha1_base64="3kirPI+8qOKVBLVscEFPywJFTm0=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AitJsyI1LdCEU3LivYC3RKyaSZTphMMiQZoUy7d+OruHGhiFtfwJ1vY3pZaOsPgY//nMPJ+f2EUaUd59vKra1vbG7ltws7u3v7B/bhUUuJVGLSxIIJ2fGRIoxy0tRUM9JJJEGxz0jbj26m9fYDkYoKfq9HCenFaMhpQDHSxurbRU+GohxVrrxAIpx5ivKwPI7GUPadyiQzNOnbJafqzARXwV1ACSzU6Ntf3kDgNCZcY4aU6rpOonsZkppiRiYFL1UkQThCQ9I1yFFMVC+b3TKBp8YZwEBI87iGM/f3RIZipUaxbzpjpEO1XJua/9W6qQ4uexnlSaoJx/NFQcqgFnAaDBxQSbBmIwMIS2r+CnGITCjaxFcwIbjLJ69C66zq1qq1u/NS/XoRRx6cgCIoAxdcgDq4BQ3QBBg8gmfwCt6sJ+vFerc+5q05azFzDP7I+vwBprya1g==</latexit>

⇢(k) =
sinh(|k|r0)

|k|

<latexit sha1_base64="EmK16dk+doTZygcpKI149HjKxls=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqewWqZ6k6MVjBbcttGvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0gE18ZxvlFhbX1jc6u4XdrZ3ds/KB8etXScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH49uZ335iSvNYPphJwvyIDCUPOSXGSt74sXbt9MsVp+rMgVeJm5MK5Gj2y1+9QUzTiElDBdG66zqJ8TOiDKeCTUu9VLOE0DEZsq6lkkRM+9n82Ck+s8oAh7GyJQ2eq78nMhJpPYkC2xkRM9LL3kz8z+umJrzyMy6T1DBJF4vCVGAT49nneMAVo0ZMLCFUcXsrpiOiCDU2n5INwV1+eZW0alW3Xq3fX1QaN3kcRTiBUzgHFy6hAXfQBA8ocHiGV3hDEr2gd/SxaC2gfOYY/gB9/gDuMY4g</latexit>

k2 > 0 <latexit sha1_base64="swY2aNCfOir41ocowvEduwf/Jq4=">AAAB7HicbVA9SwNBEJ2NXzF+RS1tFoNgFe6CRAuLoI1lBC8JJGfY2+wlS/b2jt09IRz5DTYWitj6g+z8N26SKzTxwcDjvRlm5gWJ4No4zjcqrK1vbG4Vt0s7u3v7B+XDo5aOU0WZR2MRq05ANBNcMs9wI1gnUYxEgWDtYHw789tPTGkeywczSZgfkaHkIafEWMkbP9aunX654lSdOfAqcXNSgRzNfvmrN4hpGjFpqCBad10nMX5GlOFUsGmpl2qWEDomQ9a1VJKIaT+bHzvFZ1YZ4DBWtqTBc/X3REYirSdRYDsjYkZ62ZuJ/3nd1IRXfsZlkhom6WJRmApsYjz7HA+4YtSIiSWEKm5vxXREFKHG5lOyIbjLL6+SVq3q1qv1+4tK4yaPowgncArn4MIlNOAOmuABBQ7P8ApvSKIX9I4+Fq0FlM8cwx+gzx/rJ44e</latexit>

k2 < 0

<latexit sha1_base64="W9NdJ3YENa9G1uL0msAU+e0uavI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VoEUoiUt0IRTcuK9gHJCFMppN2yGQSZiZCCd268VfcuFDErX/gzr9x2mahrQcuHM65l3vvCVJGpbKsb6O0srq2vlHerGxt7+zumfsHXZlkApMOTlgi+gGShFFOOooqRvqpICgOGOkF0c3U7z0QIWnC79U4JV6MhpyGFCOlJd+Erhgltah+5YYC4dyVlDtRTZwK36p7kzya+GbValgzwGViF6QKCrR988sdJDiLCVeYISkd20qVlyOhKGZkUnEzSVKEIzQkjqYcxUR6+eyTCTzRygCGidDFFZypvydyFEs5jgPdGSM1koveVPzPczIVXno55WmmCMfzRWHGoErgNBY4oIJgxcaaICyovhXiEdKRKB1eRYdgL768TLpnDbvZaN6dV1vXRRxlcASOQQ3Y4AK0wC1ogw7A4BE8g1fwZjwZL8a78TFvLRnFzCH4A+PzB4jFmZ8=</latexit>

⇢(k) =
sin[k(r + r0)]

k

<latexit sha1_base64="CNgntjc2M+G/9GZewQm8TATL2xY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXpHoRil48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG8zv/1ElWZSPJhJTP0IDwULGcHGSi11fab6br9ccavuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa51WvVq3dX1TqN3kcRTiCYzgFDy6hDnfQgCYQeIRneIU3RzovzrvzMW8tOPnMIfyB8/kDxIyOng==</latexit>r = �r0

<latexit sha1_base64="y8eG0thOdRyEpTbbsgLtumvlbdk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjBdMW2lA220m7dLMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53C2vrG5lZxu7Szu7d/UD48auokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3c381hMqzRP5aMYpBjEdSB5xRo2VfHWjem6vXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+bFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noOphwmWYGJVssijJBTEJmn5M+V8iMGFtCmeL2VsKGVFFmbD4lG4K3/PIqaV5UvVq19nBZqd/mcRThBE7hHDy4gjrcQwN8YMDhGV7hzZHOi/PufCxaC04+cwx/4Hz+AFo2jmc=</latexit>r = r0
<latexit sha1_base64="GmPj3xW3HXcXbOCWw+el0oJA6Bw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMquSPUiFL14rGA/pF1KNs22oUl2SbLCsvRXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw79dtPVGkWyQeTxtQXeChZyAg2VnpU12c9JkOT9ssVt+rOgJaJl5MK5Gj0y1+9QUQSQaUhHGvd9dzY+BlWhhFOJ6VeommMyRgPaddSiQXVfjY7eIJOrDJAYaRsSYNm6u+JDAutUxHYToHNSC96U/E/r5uY8MrPmIwTQyWZLwoTjkyEpt+jAVOUGJ5agoli9lZERlhhYmxGJRuCt/jyMmmdV71atXZ/Uanf5HEU4QiO4RQ8uIQ63EEDmkBAwDO8wpujnBfn3fmYtxacfOYQ/sD5/AGFVJA/</latexit>

r = +1

<latexit sha1_base64="qArS0A+AtvdfPDhc2aMYoYWMZBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXpHoRil48VrAf0i4lm2bb0CS7JFlhWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6d+u0nqjSL5INJY+oLPJQsZAQbKz2q67Mek6FJ++WKW3VnQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/Awrwwink1Iv0TTGZIyHtGupxIJqP5sdPEEnVhmgMFK2pEEz9fdEhoXWqQhsp8BmpBe9qfif101MeOVnTMaJoZLMF4UJRyZC0+/RgClKDE8twUQxeysiI6wwMTajkg3BW3x5mbTOq16tWru/qNRv8jiKcATHcAoeXEId7qABTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gCIaJBB</latexit>r = �1

<latexit sha1_base64="k9qvSR2AXFG6fj9GZfYf4+zFHIY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdK+v3H654lbdOchf4uWkAjka/fJnbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JiVUGJIy1LYVkrv6cyGhkzCQKbGdEcWSWvZn4n9dNMbz0M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqSOfZeXPeF60FJ585hF9wPr4B0OGNgg==</latexit>

r = 0

<latexit sha1_base64="P35dtm5HZPq4F01pKT2PR15dkto=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01EqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSvXc27pcrbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdV71atXZ3Ualf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xuyAY1u</latexit>

1/k

<latexit sha1_base64="WAu7gH81AzkWeM44h1nrXMUjQeg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovQbkoiUt0IRTcuK9gHNCFMppN2yGQSZiZCCVm58VfcuFDErd/gzr9x2mahrQcuHM65l3vv8RNGpbKsb6O0srq2vlHerGxt7+zumfsHXRmnApMOjlks+j6ShFFOOooqRvqJICjyGen54c3U7z0QIWnM79UkIW6ERpwGFCOlJc88dsQ4roX1KycQCGeOpLwWQuFZ9TwLc8+sWg1rBrhM7I JUQYG2Z345wxinEeEKMyTlwLYS5WZIKIoZyStOKkmCcIhGZKApRxGRbjZ7I4enWhnCIBa6uIIz9fdEhiIpJ5GvOyOkxnLRm4r/eYNUBZduRnmSKsLxfFGQMqhiOM0EDqkgWLGJJggLqm+FeIx0HkonV9Eh2IsvL5PuWcNuNpp359XWdRFHGRyBE1ADNrgALXAL2qADMHgEz+AVvBlPxovxbnzMW0tGMXMI/sD4/AEi2phM</latexit>

⇢(k) =
sin(kr0)

k

<latexit sha1_base64="CNgntjc2M+G/9GZewQm8TATL2xY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXpHoRil48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG8zv/1ElWZSPJhJTP0IDwULGcHGSi11fab6br9ccavuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtFTii2k9n107RiVUGKJTKljBopv6eSHGk9SQKbGeEzUgvepn4n9dNTHjlp0zEiaGCzBeFCUdGoux1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExa51WvVq3dX1TqN3kcRTiCYzgFDy6hDnfQgCYQeIRneIU3RzovzrvzMW8tOPnMIfyB8/kDxIyOng==</latexit>r = �r0

<latexit sha1_base64="8SSSeQvNYHZNwVQ7MOROtnLm5Ig=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEOuuSPUiFL14rGA/oLuUbJptQ7PZkGSFsvRvePGgiFf/jDf/jWm7B60+GHi8N8PMvFBypo3rfjmFpeWV1bXiemljc2t7p7y719JJqghtkoQnqhNiTTkTtGmY4bQjFcVxyGk7HN1O/fYjVZol4sGMJQ1iPBAsYgQbK/nq+lT13BNfsrNRr1xxq+4M6C/xclKBHI1e+dPvJySNqTCEY627nitNkGFlGOF0UvJTTSUmIzygXUsFjqkOstnNE3RklT6KEmVLGDRTf05kONZ6HIe2M8ZmqBe9qfif101NdBVkTMjUUEHmi6KUI5OgaQCozxQlho8twUQxeysiQ6wwMTamkg3BW3z5L2mdV71atXZ/Uanf5HEU4QAO4Rg8uIQ63EEDmkBAwhO8wKuTOs/Om/M+by04+cw+/ILz8Q2xKJDU</latexit>

r = �r0 + ⇡/k

<latexit sha1_base64="k9qvSR2AXFG6fj9GZfYf4+zFHIY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdK+v3H654lbdOchf4uWkAjka/fJnbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JiVUGJIy1LYVkrv6cyGhkzCQKbGdEcWSWvZn4n9dNMbz0M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqSOfZeXPeF60FJ585hF9wPr4B0OGNgg==</latexit>

r = 0

<latexit sha1_base64="5+4asgLAOKB+EuqlC4B3wrxbCZc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhd0o0TJoY6EQwTwgG8Ps7N1kyOzDmdlAWPYDbPwVGwtFbP0AO//GSbKFJh64cDjn3jtzjxNxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLCg0aMhD0XaIBM4CaCimOLQjAcR3OLSc4eXEb41ASBYGd2ocQdcn/YB5jBKlpV6xdIJveknE0/sKHuqy4SFmI2xf6xUu6SXgeanuMsvmFHiRWBkpoQz1XvHLdkMa+xAoyomUHcuMVDchQjHKIS3YsYSI0CHpQ0fTgPggu8n0mBQfacXFXih0BQpP1d8TCfGlHPuO7vSJGsh5byL+53Vi5Z13ExZEsYKAzh7yYo5ViCfJYJcJoIqPNSFUMP1XTAdEEKp0fgUdgjV/8iJpVspWtVy9PS3VLrI48ugAHaJjZKEzVENXqI4aiKJH9Ixe0ZvxZLwY78bHrDVnZDP76A+Mzx8vkZp9</latexit>

3M2
plk

2 ⌘ ⇤eff

<latexit sha1_base64="OrNdC8U1F2gtf9i4RdKFB6Cxpl8=">AAACF3icbVDLSgMxFM3UV62vqks3wSK0CGVGpLoRim5cVrAP6AxDJs20oZlkSDJCmc5fuPFX3LhQxK3u/BvTx0JbD1w4nHMv994TxIwqbdvfVm5ldW19I79Z2Nre2d0r7h+0lEgkJk0smJCdACnCKCdNTTUjnVgSFAWMtIPhzcRvPxCpqOD3ehQTL0J9TkOKkTaSX6y6ciDKw8qVG0qEU1dRPuiOh+OyS2JFmeBQnkrfrnhZatTML5bsqj0FXCbOnJTAHA2/+OX2BE4iwjVmSKmuY8faS5HUFDOSFdxEkRjhIeqTrqEcRUR56fSvDJ4YpQdDIU1xDafq74kURUqNosB0RkgP1KI3Ef/zuokOL72U8jjRhOPZojBhUAs4CQn2qCRYs5EhCEtqboV4gExA2kRZMCE4iy8vk9ZZ1alVa3fnpfr1PI48OALHoAwccAHq4BY0QBNg8AiewSt4s56sF+vd+pi15qz5zCH4A+vzBy/Rn/k=</latexit>

⇢(k) =
sinh[|k|(✏r + r0)]

|k|



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Instantons

Transition probability:

<latexit sha1_base64="aW+/4WxxD9PRkBvTuxnJYMWMBZk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukeqx6MVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5I8fa/2LfrniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb16tX5/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAY0Y48</latexit>

k2+

<latexit sha1_base64="ibZeN3YPlAbvuKojCy7uGN46p0w=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLDHokevGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8sePtf5Fv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVql69Wr+/rDRu8jiKcAKncA4eXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAb2Y4+</latexit>

k2�

<latexit sha1_base64="K4o34ZlJaHC5mNIwIZLaiZSdP7w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqqH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4LONAQ==</latexit>r
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

parent

daughter



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Instantons

Transition probability:

<latexit sha1_base64="aW+/4WxxD9PRkBvTuxnJYMWMBZk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukeqx6MVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5I8fa/2LfrniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb16tX5/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAY0Y48</latexit>

k2+

<latexit sha1_base64="ibZeN3YPlAbvuKojCy7uGN46p0w=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLDHokevGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8sePtf5Fv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVql69Wr+/rDRu8jiKcAKncA4eXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAb2Y4+</latexit>

k2�

<latexit sha1_base64="K4o34ZlJaHC5mNIwIZLaiZSdP7w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqqH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4LONAQ==</latexit>r
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

parent

daughter

<latexit sha1_base64="4CL46ULNzXudY03oRKmvbKcPqm8=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WsC2tSpLoRirpwI1ToC5pYJtNJO3TyYGYilJDPcOOvuHGhiNvu/BsnbRbaemDgcM653LnHCRkV0jC+tdzS8srqWn69sLG5tb2j7+61RBBxTJo4YAHvOEgQRn3SlFQy0gk5QZ7DSNsZ3aR++4lwQQO/IcchsT008KlLMZJK6uln1i1hEnUtPgyOS8aJfXUKLZcjHDeSuALve3HIksdKAtOA8nt60SgbU8BFYmakCDLUe/rE6gc48ogvMUNCdE0jlHaMuKSYkaRgRYKECI/QgHQV9ZFHhB1PD0vgkVL60A24er6EU/X3RIw8Icaeo5IekkMx76Xif143ku6lHVM/jCTx8WyRGzEoA5i2BPuUEyzZWBGEOVV/hXiIVC1SdVlQJZjzJy+SVqVsVsvVh/Ni7TqrIw8OwCEoARNcgBq4A3XQBBg8g1fwDj60F+1N+9S+ZtGcls3sgz/QJj+cj55F</latexit>

�[⇢0(0)] = � T

2M2
pl

⇢(0)
<latexit sha1_base64="JUWB531Q7Dosxv+UBX3L0GJ/zxk=">AAAB+nicbVDLSsNAFJ3UV62vVJduBotQNyURqW6Eoi5cVrAPSEKZTCft0MlMmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd77wkTRpV2nG+rsLK6tr5R3Cxtbe/s7tnl/bYSqcSkhQUTshsiRRjlpKWpZqSbSILikJFOOLqe+p0HIhUV/F6PExLEaMBpRDHSRurZZf+GMI08Xw5F1TkJLp2eXXFqzgxwmbg5qYAczZ795fcFTmPCNWZIKc91Eh1kSGqKGZmU/FSRBOERGhDPUI5iooJsdvoEHhulDyMhTXENZ+rviQzFSo3j0HTGSA/VojcV//O8VEcXQUZ5kmrC8XxRlDKoBZzmAPtUEqzZ2BCEJTW3QjxEEmFt0iqZENzFl5dJ+7Tm1mv1u7NK4yqPowgOwRGoAhecgwa4BU3QAhg8gmfwCt6sJ+vFerc+5q0FK585AH9gff4AnJaS8Q==</latexit>

�[⇢(0)] = 0

Junction conditions:

<latexit sha1_base64="otftiV3hJlxj9KeuPzK++hLQ1fM="></latexit>

✏+ cos(kr0)+ = ⇢0(0+) < ⇢0(0�) = ✏� cos(kr0)�



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Instantons

Transition probability:

<latexit sha1_base64="aW+/4WxxD9PRkBvTuxnJYMWMBZk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukeqx6MVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5I8fa/2LfrniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb16tX5/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAY0Y48</latexit>

k2+

<latexit sha1_base64="ibZeN3YPlAbvuKojCy7uGN46p0w=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLDHokevGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8sePtf5Fv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVql69Wr+/rDRu8jiKcAKncA4eXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAb2Y4+</latexit>

k2�

<latexit sha1_base64="K4o34ZlJaHC5mNIwIZLaiZSdP7w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqqH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4LONAQ==</latexit>r
<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

parent

daughter
kinematic constraint on the possible 

instanton configurations

<latexit sha1_base64="uNasgIxzHJj6UNq3M9GyI6zwiEE=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahN0QomVQCxshQl6QTcLs5G4yZPbhzGwgLPsNNv6KjYUitlZ2/o2TR6GJBy4czrmXe+9xI86ksqxvY2V1bX1jM7OV3d7Z3ds3Dw7rMowFhRoNeSiaLpHAWQA1xRSHZiSA+C6Hhju8nviNEQjJwqCqxhG0fdIPmMcoUVrqmudNBx5iNsKOJwhNiti5Aa4IHnYK+K6bRDztFNOk2imkXTNn5a0p8DKx5ySH5qh0zS+nF9LYh0BRTqRs2Vak2gkRilEOadaJJUSEDkkfWpoGxAfZTqYvpfhUKz3shUJXoPBU/T2REF/Kse/qTp+ogVz0JuJ/XitW3mU7YUEUKwjobJEXc6xCPMkH95gAqvhYE0IF07diOiA6G6VTzOoQ7MWXl0m9kLdL+dJ9MVe+mseRQcfoBJ0hG12gMrpFFVRDFD2iZ/SK3own48V4Nz5mrSvGfOYI/YHx+QPkzJ0B</latexit>

X ⌘
4�k2M4

pl

T 2

<latexit sha1_base64="4CL46ULNzXudY03oRKmvbKcPqm8=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WsC2tSpLoRirpwI1ToC5pYJtNJO3TyYGYilJDPcOOvuHGhiNvu/BsnbRbaemDgcM653LnHCRkV0jC+tdzS8srqWn69sLG5tb2j7+61RBBxTJo4YAHvOEgQRn3SlFQy0gk5QZ7DSNsZ3aR++4lwQQO/IcchsT008KlLMZJK6uln1i1hEnUtPgyOS8aJfXUKLZcjHDeSuALve3HIksdKAtOA8nt60SgbU8BFYmakCDLUe/rE6gc48ogvMUNCdE0jlHaMuKSYkaRgRYKECI/QgHQV9ZFHhB1PD0vgkVL60A24er6EU/X3RIw8Icaeo5IekkMx76Xif143ku6lHVM/jCTx8WyRGzEoA5i2BPuUEyzZWBGEOVV/hXiIVC1SdVlQJZjzJy+SVqVsVsvVh/Ni7TqrIw8OwCEoARNcgBq4A3XQBBg8g1fwDj60F+1N+9S+ZtGcls3sgz/QJj+cj55F</latexit>

�[⇢0(0)] = � T

2M2
pl

⇢(0)
<latexit sha1_base64="JUWB531Q7Dosxv+UBX3L0GJ/zxk=">AAAB+nicbVDLSsNAFJ3UV62vVJduBotQNyURqW6Eoi5cVrAPSEKZTCft0MlMmJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd77wkTRpV2nG+rsLK6tr5R3Cxtbe/s7tnl/bYSqcSkhQUTshsiRRjlpKWpZqSbSILikJFOOLqe+p0HIhUV/F6PExLEaMBpRDHSRurZZf+GMI08Xw5F1TkJLp2eXXFqzgxwmbg5qYAczZ795fcFTmPCNWZIKc91Eh1kSGqKGZmU/FSRBOERGhDPUI5iooJsdvoEHhulDyMhTXENZ+rviQzFSo3j0HTGSA/VojcV//O8VEcXQUZ5kmrC8XxRlDKoBZzmAPtUEqzZ2BCEJTW3QjxEEmFt0iqZENzFl5dJ+7Tm1mv1u7NK4yqPowgOwRGoAhecgwa4BU3QAhg8gmfwCt6sJ+vFerc+5q0FK585AH9gff4AnJaS8Q==</latexit>

�[⇢(0)] = 0

Junction conditions:

<latexit sha1_base64="otftiV3hJlxj9KeuPzK++hLQ1fM="></latexit>

✏+ cos(kr0)+ = ⇢0(0+) < ⇢0(0�) = ✏� cos(kr0)�



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Instantons



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Instantons

dS decays



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Instantons

Transition probability:

<latexit sha1_base64="aW+/4WxxD9PRkBvTuxnJYMWMBZk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukeqx6MVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5I8fa/2LfrniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb16tX5/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAY0Y48</latexit>

k2+

<latexit sha1_base64="ibZeN3YPlAbvuKojCy7uGN46p0w=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLDHokevGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8sePtf5Fv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVql69Wr+/rDRu8jiKcAKncA4eXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAb2Y4+</latexit>

k2�

membrane

For dS to AdS/Mink transitions:

<latexit sha1_base64="uNasgIxzHJj6UNq3M9GyI6zwiEE=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAjahN0QomVQCxshQl6QTcLs5G4yZPbhzGwgLPsNNv6KjYUitlZ2/o2TR6GJBy4czrmXe+9xI86ksqxvY2V1bX1jM7OV3d7Z3ds3Dw7rMowFhRoNeSiaLpHAWQA1xRSHZiSA+C6Hhju8nviNEQjJwqCqxhG0fdIPmMcoUVrqmudNBx5iNsKOJwhNiti5Aa4IHnYK+K6bRDztFNOk2imkXTNn5a0p8DKx5ySH5qh0zS+nF9LYh0BRTqRs2Vak2gkRilEOadaJJUSEDkkfWpoGxAfZTqYvpfhUKz3shUJXoPBU/T2REF/Kse/qTp+ogVz0JuJ/XitW3mU7YUEUKwjobJEXc6xCPMkH95gAqvhYE0IF07diOiA6G6VTzOoQ7MWXl0m9kLdL+dJ9MVe+mseRQcfoBJ0hG12gMrpFFVRDFD2iZ/SK3own48V4Nz5mrSvGfOYI/YHx+QPkzJ0B</latexit>

X ⌘
4�k2M4

pl

T 2
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Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Vacuum Stability
Is our Universe safe?

What is the price of stability?
<latexit sha1_base64="UPYaOblGF+0SDy1dZjmHns72Df8=">AAACEXicbVC7SgNBFJ31GeMramkzGIRUYTeEaBnUwkaIkBdkN8vs5G4yZPbhzGwgLPkFG3/FxkIRWzs7/8bJo9DEA/dyOOdeZu7xYs6kMs1vY219Y3NrO7OT3d3bPzjMHR03ZZQICg0a8Ui0PSKBsxAaiikO7VgACTwOLW94PfVbIxCSRWFdjWNwAtIPmc8oUVpyc4W2DQ8JG9m+IDQt4zs3jfmkW8L2DXBF8LBbmqR13dxc3iyaM+BVYi1IHi1Qc3Nfdi+iSQChopxI2bHMWDkpEYpRDpOsnUiICR2SPnQ0DUkA0klnF03wuVZ62I+ErlDhmfp7IyWBlOPA05MBUQO57E3F/7xOovxLJ2VhnCgI6fwhP+FYRXgaD+4xAVTxsSaECqb/iumA6GyUDjGrQ7CWT14lzVLRqhQr9+V89WoRRwadojNUQBa6QFV0i2qogSh6RM/oFb0ZT8aL8W58zEfXjMXOCfoD4/MHiHCc1Q==</latexit>

X ⌘
4M2

pl�k2

T 2



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Vacuum Stability
Is our Universe safe?

What is the price of stability?
<latexit sha1_base64="UPYaOblGF+0SDy1dZjmHns72Df8=">AAACEXicbVC7SgNBFJ31GeMramkzGIRUYTeEaBnUwkaIkBdkN8vs5G4yZPbhzGwgLPkFG3/FxkIRWzs7/8bJo9DEA/dyOOdeZu7xYs6kMs1vY219Y3NrO7OT3d3bPzjMHR03ZZQICg0a8Ui0PSKBsxAaiikO7VgACTwOLW94PfVbIxCSRWFdjWNwAtIPmc8oUVpyc4W2DQ8JG9m+IDQt4zs3jfmkW8L2DXBF8LBbmqR13dxc3iyaM+BVYi1IHi1Qc3Nfdi+iSQChopxI2bHMWDkpEYpRDpOsnUiICR2SPnQ0DUkA0klnF03wuVZ62I+ErlDhmfp7IyWBlOPA05MBUQO57E3F/7xOovxLJ2VhnCgI6fwhP+FYRXgaD+4xAVTxsSaECqb/iumA6GyUDjGrQ7CWT14lzVLRqhQr9+V89WoRRwadojNUQBa6QFV0i2qogSh6RM/oFb0ZT8aL8W58zEfXjMXOCfoD4/MHiHCc1Q==</latexit>

X ⌘
4M2

pl�k2

T 2

linear model:
<latexit sha1_base64="4VpagFPFBMoiLRPUscp+9fUusMU=">AAACGnicbZC7SgNBFIZn4y3G26qlzWAQrMJukGhhEbSxESLkBsm6zE5mkyGzF2dmA2HZ57DxVWwsFLETG9/G2UuhiQcGfr7/HM6c3wkZFdIwvrXSyura+kZ5s7K1vbO7p+8fdEUQcUw6OGAB7ztIEEZ90pFUMtIPOUGew0jPmV6nfm9GuKCB35bzkFgeGvvUpRhJhWzdHLoc4fgB3tpxyJIkbicwRzlIeTRL7uswsy6haetVo2ZkBZeFWYgqKKpl65/DUYAjj/gSMyTEwDRCacWIS4oZSSrDSJAQ4Skak4GSPvKIsOLstASeKDKCbsDV8yXM6O+JGHlCzD1HdXpITsSil8L/vEEk3Qsrpn4YSeLjfJEbMSgDmOYER5QTLNlcCYQ5VX+FeIJUMFKlWVEhmIsnL4tuvWY2ao27s2rzqoijDI7AMTgFJjgHTXADWqADMHgEz+AVvGlP2ov2rn3krSWtmDkEf0r7+gEIeKDV</latexit>

qMpl

T

MplM2
uv

T
< 1

<latexit sha1_base64="AB0xbdEGGkXCP4fbB3QrbBptXJk=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKewGiV6EoB48RjAPSDZhdtJJhsw+nOlVwpL/8OJBEa/+izf/xkmyB00saCiquunu8iIpNNr2t5VZWV1b38hu5ra2d3b38vsHdR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PBG11O/8QhKizC4x3EErs8GgegLztBInfYNSGR01CnRS/rQzRfsoj0DXSZOSgokRbWb/2r3Qh77ECCXTOuWY0foJkyh4BImuXasIWJ8xAbQMjRgPmg3mV09oSdG6dF+qEwFSGfq74mE+VqPfc90+gyHetGbiv95rRj7F24igihGCPh8UT+WFEM6jYD2hAKOcmwI40qYWykfMsU4mqByJgRn8eVlUi8VnXKxfHdWqFylcWTJETkmp8Qh56RCbkmV1AgnijyTV/JmPVkv1rv1MW/NWOnMIfkD6/MHutCRYA==</latexit>

�k2 = q
<latexit sha1_base64="jzYHhFcB7GIdlXBRmqLEcvuSnZc=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJSHXhoujGjVChL2hDmEwn7dDJw5mJUGIW/oobF4q49Tfc+TdO2yy09cCFwzn3cu89XsyZVJb1bRSWlldW14rrpY3Nre0dc3evJaNEENokEY9Ex8OSchbSpmKK004sKA48Ttve6Hritx+okCwKG2ocUyfAg5D5jGClJdc86PkCk/Qe3bppzLMsbWToEtmuWbYq1hRokdg5KUOOumt+9foRSQIaKsKxlF3bipWTYqEY4TQr9RJJY0xGeEC7moY4oNJJp/dn6FgrfeRHQleo0FT9PZHiQMpx4OnOAKuhnPcm4n9eN1H+hZOyME4UDclskZ9wpCI0CQP1maBE8bEmmAimb0VkiHUgSkdW0iHY8y8vktZpxa5Wqndn5dpVHkcRDuEITsCGc6jBDdShCQQe4Rle4c14Ml6Md+Nj1low8pl9+APj8wcmrpWM</latexit>

qMpl

T
< 1 WGC



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

quadratic model:
<latexit sha1_base64="tKDpIKXrVPHRALKPIvVPxmovSWM="></latexit>

�k2(N) = (N +
1

2
)
q2

M2
pl

<latexit sha1_base64="jk4D15/ReCLbWAkJte9GrZr/aJY=">AAACCnicbVDLSgMxFM3UV62vUZduokUQF3WmSHVTKLpxIaWCfUBnGDJp2oZmMtMkI5Rp1278FTcuFHHrF7jzb0wfC209EDiccw839/gRo1JZ1reRWlpeWV1Lr2c2Nre2d8zdvZoMY4FJFYcsFA0fScIoJ1VFFSONSBAU+IzU/d712K8/ECFpyO/VICJugDqctilGSkueeVgulr3ToiP7QiV5OHRudbaFvMRHgoyGo7O+Z2atnDUBXCT2jGTBDBXP/HJaIY4DwhVmSMqmbUXKTZBQFDMyyjixJBHCPdQhTU05Coh0k8kpI3islRZsh0I/ruBE/Z1IUCDlIPD1ZIBUV857Y/E/rxmr9qWbUB7FinA8XdSOGVQhHPcCW1QQrNhAE4QF1X+FuIsEwkq3l9El2PMnL5JaPmcXcoW782zpalZHGhyAI3ACbHABSuAGVEAVYPAInsEreDOejBfj3fiYjqaMWWYf/IHx+QOHv5o1</latexit>

N = N⇤ =
p

2|⇤bare|/q
<latexit sha1_base64="Pd12hJ4zDJlohWId+ZxqMSI7oEs="></latexit>

X⇤ / qMpl

T

M2
uvMpl

T

p
|⇤bare|
M2

uv

<latexit sha1_base64="BIa1152wpQbAus+I313BHpAxUtg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURqS5cFN24ESr0BW0Ik+mkHTp5ODMRagj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0QQ2iQRj0THw5JyFtKmYorTTiwoDjxO297oeuK3H6iQLAobahxTJ8CDkPmMYKUl1zzo+QKT9B7dumnMsyxtZJe2a5atijUFWiR2TsqQo+6aX71+RJKAhopwLGXXtmLlpFgoRjjNSr1E0hiTER7QrqYhDqh00un1GTrWSh/5kdAVKjRVf0+kOJByHHi6M8BqKOe9ifif102Uf+GkLIwTRUMyW+QnHKkITaJAfSYoUXysCSaC6VsRGWIdh9KBlXQI9vzLi6R1WrGrlerdWbl2lcdRhEM4ghOw4RxqcAN1aAKBR3iGV3gznowX4934mLUWjHxmH/7A+PwBa/WVOA==</latexit>

qMpl

T
< 1 WGC

Vacuum Stability
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quadratic model:
<latexit sha1_base64="tKDpIKXrVPHRALKPIvVPxmovSWM="></latexit>

�k2(N) = (N +
1

2
)
q2

M2
pl

<latexit sha1_base64="jk4D15/ReCLbWAkJte9GrZr/aJY=">AAACCnicbVDLSgMxFM3UV62vUZduokUQF3WmSHVTKLpxIaWCfUBnGDJp2oZmMtMkI5Rp1278FTcuFHHrF7jzb0wfC209EDiccw839/gRo1JZ1reRWlpeWV1Lr2c2Nre2d8zdvZoMY4FJFYcsFA0fScIoJ1VFFSONSBAU+IzU/d712K8/ECFpyO/VICJugDqctilGSkueeVgulr3ToiP7QiV5OHRudbaFvMRHgoyGo7O+Z2atnDUBXCT2jGTBDBXP/HJaIY4DwhVmSMqmbUXKTZBQFDMyyjixJBHCPdQhTU05Coh0k8kpI3islRZsh0I/ruBE/Z1IUCDlIPD1ZIBUV857Y/E/rxmr9qWbUB7FinA8XdSOGVQhHPcCW1QQrNhAE4QF1X+FuIsEwkq3l9El2PMnL5JaPmcXcoW782zpalZHGhyAI3ACbHABSuAGVEAVYPAInsEreDOejBfj3fiYjqaMWWYf/IHx+QOHv5o1</latexit>

N = N⇤ =
p

2|⇤bare|/q
<latexit sha1_base64="Pd12hJ4zDJlohWId+ZxqMSI7oEs="></latexit>

X⇤ / qMpl

T

M2
uvMpl

T

p
|⇤bare|
M2

uv

<latexit sha1_base64="BIa1152wpQbAus+I313BHpAxUtg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURqS5cFN24ESr0BW0Ik+mkHTp5ODMRagj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0QQ2iQRj0THw5JyFtKmYorTTiwoDjxO297oeuK3H6iQLAobahxTJ8CDkPmMYKUl1zzo+QKT9B7dumnMsyxtZJe2a5atijUFWiR2TsqQo+6aX71+RJKAhopwLGXXtmLlpFgoRjjNSr1E0hiTER7QrqYhDqh00un1GTrWSh/5kdAVKjRVf0+kOJByHHi6M8BqKOe9ifif102Uf+GkLIwTRUMyW+QnHKkITaJAfSYoUXysCSaC6VsRGWIdh9KBlXQI9vzLi6R1WrGrlerdWbl2lcdRhEM4ghOw4RxqcAN1aAKBR3iGV3gznowX4934mLUWjHxmH/7A+PwBa/WVOA==</latexit>

qMpl

T
< 1 WGC

Conclusion holds for BT and BP and for 
general F^n

Vacuum Stability
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quadratic model:
<latexit sha1_base64="tKDpIKXrVPHRALKPIvVPxmovSWM="></latexit>

�k2(N) = (N +
1

2
)
q2

M2
pl

<latexit sha1_base64="jk4D15/ReCLbWAkJte9GrZr/aJY=">AAACCnicbVDLSgMxFM3UV62vUZduokUQF3WmSHVTKLpxIaWCfUBnGDJp2oZmMtMkI5Rp1278FTcuFHHrF7jzb0wfC209EDiccw839/gRo1JZ1reRWlpeWV1Lr2c2Nre2d8zdvZoMY4FJFYcsFA0fScIoJ1VFFSONSBAU+IzU/d712K8/ECFpyO/VICJugDqctilGSkueeVgulr3ToiP7QiV5OHRudbaFvMRHgoyGo7O+Z2atnDUBXCT2jGTBDBXP/HJaIY4DwhVmSMqmbUXKTZBQFDMyyjixJBHCPdQhTU05Coh0k8kpI3islRZsh0I/ruBE/Z1IUCDlIPD1ZIBUV857Y/E/rxmr9qWbUB7FinA8XdSOGVQhHPcCW1QQrNhAE4QF1X+FuIsEwkq3l9El2PMnL5JaPmcXcoW782zpalZHGhyAI3ACbHABSuAGVEAVYPAInsEreDOejBfj3fiYjqaMWWYf/IHx+QOHv5o1</latexit>

N = N⇤ =
p

2|⇤bare|/q
<latexit sha1_base64="Pd12hJ4zDJlohWId+ZxqMSI7oEs="></latexit>

X⇤ / qMpl

T

M2
uvMpl

T

p
|⇤bare|
M2

uv

<latexit sha1_base64="BIa1152wpQbAus+I313BHpAxUtg=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURqS5cFN24ESr0BW0Ik+mkHTp5ODMRagj+ihsXirj1P9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0QQ2iQRj0THw5JyFtKmYorTTiwoDjxO297oeuK3H6iQLAobahxTJ8CDkPmMYKUl1zzo+QKT9B7dumnMsyxtZJe2a5atijUFWiR2TsqQo+6aX71+RJKAhopwLGXXtmLlpFgoRjjNSr1E0hiTER7QrqYhDqh00un1GTrWSh/5kdAVKjRVf0+kOJByHHi6M8BqKOe9ifif102Uf+GkLIwTRUMyW+QnHKkITaJAfSYoUXysCSaC6VsRGWIdh9KBlXQI9vzLi6R1WrGrlerdWbl2lcdRhEM4ghOw4RxqcAN1aAKBR3iGV3gznowX4934mLUWjHxmH/7A+PwBa/WVOA==</latexit>

qMpl

T
< 1 WGC

Conclusion holds for BT and BP and for 
general F^n

“A (sufficient) requirement for membrane creation to stop is […]”
[Brown Teitelboim, ’88]

Vacuum Stability
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Vacuum Stability
[Liu,Padilla,FGP ’24]

<latexit sha1_base64="scntv3KHQXg7iuhvDYH5gfF3Jy0=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSIIQtktUj0WvXisYD+g3ZZsmm1Ds5uQZNWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5geRMG9f9dlZW19Y3NnNb+e2d3b39wsFhQ4tEEVonggvVCrCmnMW0bpjhtCUVxVHAaTMY3Uz95gNVmon43owl9SM8iFnICDZW6o56591yB0upxBNye4WiW3JnQMvEy0gRMtR6ha9OX5AkorEhHGvd9lxp/BQrwwink3wn0VRiMsID2rY0xhHVfjq7eoJOrdJHoVC2YoNm6u+JFEdaj6PAdkbYDPWiNxX/89qJCa/8lMUyMTQm80VhwpERaBoB6jNFieFjSzBRzN6KyBArTIwNKm9D8BZfXiaNcsmrlCp3F8XqdRZHDo7hBM7Ag0uowi3UoA4EFDzDK7w5j86L8+58zFtXnGzmCP7A+fwBd/SR3A==</latexit>

k2+ ⇡ 0



<latexit sha1_base64="tNLupYB5k8V5bpjLJAGTV1uEqA8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJSHUlRTduhAp9QRvCZDpph04ezkyEEuLGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXU/89gMVkkVhQ41j6gR4EDKfEay05JoHPV9gkt67GN26acyzLG24OLu0XbNsVawp0CKxc1KGHHXX/Or1I5IENFSEYym7thUrJ8VCMcJpVuolksaYjPCAdjUNcUClk04/yNCxVvrIj4SuUKGp+nsixYGU48DTnQFWQznvTcT/vG6i/AsnZWGcKBqS2SI/4UhFaBIH6jNBieJjTTARTN+KyBDrSJQOraRDsOdfXiSt04pdrVTvzsq1qzyOIhzCEZyADedQgxuoQxMIPMIzvMKb8WS8GO/Gx6y1YOQz+/AHxucPa4KW4g==</latexit>

qaMpl

Ta
> 1

<latexit sha1_base64="bgTr9nJjvwdSck8ThaUAPRin4Hc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpevFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+e0evfF65Ypbdecgq8TLSQVyNHrlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyj62AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqaV5UvVq19nBZqd/mcRThBE7hHDy4gjrcQwN8YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+ABvNjj4=</latexit>

Xa > 1
<latexit sha1_base64="aW+/4WxxD9PRkBvTuxnJYMWMBZk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukeqx6MVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5I8fa/2LfrniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb16tX5/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAY0Y48</latexit>

k2+

<latexit sha1_base64="ibZeN3YPlAbvuKojCy7uGN46p0w=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLDHokevGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8sePtf5Fv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVql69Wr+/rDRu8jiKcAKncA4eXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAb2Y4+</latexit>

k2�

<latexit sha1_base64="IlWTMOp3q/7pGQRqxWU/WdcRiCI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFHe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk+Z5xatWqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBNWI3U</latexit>qa
<latexit sha1_base64="PvoYSAwLJVsPPLlnDwcAA/RmM58=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VW1toQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSybZpKgH9Gh5CFn1Fjpodmn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Sh4vql6tWru/rNRv8jiKcAKncA4eXEEd7qABLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhKo23</latexit>

Ta

WGC

<latexit sha1_base64="zJJAPqaax75lauTHlz+dE5yq04U=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix60GMF+wFtKJPtpl26u4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHaKmnEnaMMxw2k4URRFy2gpHN1O/9USVZrF8MOOEBgIHkkWMoLFSu3uLQmAPe6WyV/FmcJeJn5My5Kj3Sl/dfkxSQaUhHLXu+F5iggyVYYTTSbGbapogGeGAdiyVKKgOstm9E/fUKn03ipUtadyZ+nsiQ6H1WIS2U6AZ6kVvKv7ndVITXQUZk0lqqCTzRVHKXRO70+fdPlOUGD62BIli9laXDFEhMTaiog3BX3x5mTTPK361Ur2/KNeu8zgKcAwncAY+XEIN7qAODSDA4Rle4c15dF6cd+dj3rri5DNH8AfO5w/LR4/U</latexit>

�a

Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Vacuum Stability
[Liu,Padilla,FGP ’24]

<latexit sha1_base64="scntv3KHQXg7iuhvDYH5gfF3Jy0=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSIIQtktUj0WvXisYD+g3ZZsmm1Ds5uQZNWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5geRMG9f9dlZW19Y3NnNb+e2d3b39wsFhQ4tEEVonggvVCrCmnMW0bpjhtCUVxVHAaTMY3Uz95gNVmon43owl9SM8iFnICDZW6o56591yB0upxBNye4WiW3JnQMvEy0gRMtR6ha9OX5AkorEhHGvd9lxp/BQrwwink3wn0VRiMsID2rY0xhHVfjq7eoJOrdJHoVC2YoNm6u+JFEdaj6PAdkbYDPWiNxX/89qJCa/8lMUyMTQm80VhwpERaBoB6jNFieFjSzBRzN6KyBArTIwNKm9D8BZfXiaNcsmrlCp3F8XqdRZHDo7hBM7Ag0uowi3UoA4EFDzDK7w5j86L8+58zFtXnGzmCP7A+fwBd/SR3A==</latexit>

k2+ ⇡ 0



<latexit sha1_base64="QNUI7K4I1wNMFpEjZVVdelnIayY=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJSHXhoujGjVChL2hDmEwn7dDJw5mJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733eDFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29lowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o+uJ336gQrIobKhxTJ0AD0LmM4KVllzzoOcLTNJ710O3bhrzLEsbrpdd2q5ZtirWFGiR2DkpQ466a371+hFJAhoqwrGUXduKlZNioRjhNCv1EkljTEZ4QLuahjig0kmnH2ToWCt95EdCV6jQVP09keJAynHg6c4Aq6Gc9ybif143Uf6Fk7IwThQNyWyRn3CkIjSJA/WZoETxsSaYCKZvRWSIdSRKh1bSIdjzLy+S1mnFrlaqd2fl2lUeRxEO4QhOwIZzqMEN1KEJBB7hGV7hzXgyXox342PWWjDymX34A+PzB2uSluI=</latexit>

qbMpl

Tb
< 1

<latexit sha1_base64="HijBiLy8IitJbUZGCNggEkN0TXg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VW1toQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSybZpKgH9Gh5CFn1FjpodkP+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wciro24</latexit>

Tb
<latexit sha1_base64="J4zIfDx4nYVR4DQ+UOoi8TTW2gg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rEX9Eplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AFO3I3V</latexit>qb

<latexit sha1_base64="aW+/4WxxD9PRkBvTuxnJYMWMBZk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukeqx6MVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5I8fa/2LfrniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb16tX5/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAY0Y48</latexit>

k2+

<latexit sha1_base64="ibZeN3YPlAbvuKojCy7uGN46p0w=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLDHokevGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8sePtf5Fv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVql69Wr+/rDRu8jiKcAKncA4eXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAb2Y4+</latexit>

k2�<latexit sha1_base64="78G0i/djIeeN2+sKpIIKAl06yU4=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVF0MYygpcEkiPsbfaSJXt7x+6cEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGmSTDPus0Qmuh1Sw6VQ3EeBkrdTzWkcSt4KR3czv/XEtRGJesRxyoOYDpSIBKNoJb/dC2+8XrniVt05yCrxclKBHI1e+avbT1gWc4VMUmM6nptiMKEaBZN8WupmhqeUjeiAdyxVNOYmmMyPnZIzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XifD6DqYCJVmyBVbLIoySTAhs89JX2jOUI4toUwLeythQ6opQ5tPyYbgLb+8SpoXVa9WrT1cVuq3eRxFOIFTOAcPrqAO99AAHxgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifPxpJjj0=</latexit>

Xb < 1

WGC

<latexit sha1_base64="flAcxvj927+IhhU+8phMuosRJ+s=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix60GMF+wFtKJPtpl26u4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHaKmnEnaMMxw2k4URRFy2gpHN1O/9USVZrF8MOOEBgIHkkWMoLFSu3uLQmAv7JXKXsWbwV0mfk7KkKPeK311+zFJBZWGcNS643uJCTJUhhFOJ8VuqmmCZIQD2rFUoqA6yGb3TtxTq/TdKFa2pHFn6u+JDIXWYxHaToFmqBe9qfif10lNdBVkTCapoZLMF0Upd03sTp93+0xRYvjYEiSK2VtdMkSFxNiIijYEf/HlZdI8r/jVSvX+oly7zuMowDGcwBn4cAk1uIM6NIAAh2d4hTfn0Xlx3p2PeeuKk88cwR84nz/My4/V</latexit>

�b

<latexit sha1_base64="tNLupYB5k8V5bpjLJAGTV1uEqA8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJSHUlRTduhAp9QRvCZDpph04ezkyEEuLGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXU/89gMVkkVhQ41j6gR4EDKfEay05JoHPV9gkt67GN26acyzLG24OLu0XbNsVawp0CKxc1KGHHXX/Or1I5IENFSEYym7thUrJ8VCMcJpVuolksaYjPCAdjUNcUClk04/yNCxVvrIj4SuUKGp+nsixYGU48DTnQFWQznvTcT/vG6i/AsnZWGcKBqS2SI/4UhFaBIH6jNBieJjTTARTN+KyBDrSJQOraRDsOdfXiSt04pdrVTvzsq1qzyOIhzCEZyADedQgxuoQxMIPMIzvMKb8WS8GO/Gx6y1YOQz+/AHxucPa4KW4g==</latexit>

qaMpl

Ta
> 1

<latexit sha1_base64="bgTr9nJjvwdSck8ThaUAPRin4Hc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpevFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+e0evfF65Ypbdecgq8TLSQVyNHrlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyj62AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqaV5UvVq19nBZqd/mcRThBE7hHDy4gjrcQwN8YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+ABvNjj4=</latexit>

Xa > 1
<latexit sha1_base64="aW+/4WxxD9PRkBvTuxnJYMWMBZk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukeqx6MVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5I8fa/2LfrniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb16tX5/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAY0Y48</latexit>

k2+

<latexit sha1_base64="ibZeN3YPlAbvuKojCy7uGN46p0w=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLDHokevGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8sePtf5Fv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVql69Wr+/rDRu8jiKcAKncA4eXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAb2Y4+</latexit>

k2�

<latexit sha1_base64="IlWTMOp3q/7pGQRqxWU/WdcRiCI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFHe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk+Z5xatWqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBNWI3U</latexit>qa
<latexit sha1_base64="PvoYSAwLJVsPPLlnDwcAA/RmM58=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VW1toQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSybZpKgH9Gh5CFn1Fjpodmn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Sh4vql6tWru/rNRv8jiKcAKncA4eXEEd7qABLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhKo23</latexit>

Ta

WGC

<latexit sha1_base64="zJJAPqaax75lauTHlz+dE5yq04U=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix60GMF+wFtKJPtpl26u4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHaKmnEnaMMxw2k4URRFy2gpHN1O/9USVZrF8MOOEBgIHkkWMoLFSu3uLQmAPe6WyV/FmcJeJn5My5Kj3Sl/dfkxSQaUhHLXu+F5iggyVYYTTSbGbapogGeGAdiyVKKgOstm9E/fUKn03ipUtadyZ+nsiQ6H1WIS2U6AZ6kVvKv7ndVITXQUZk0lqqCTzRVHKXRO70+fdPlOUGD62BIli9laXDFEhMTaiog3BX3x5mTTPK361Ur2/KNeu8zgKcAwncAY+XEIN7qAODSDA4Rle4c15dF6cd+dj3rri5DNH8AfO5w/LR4/U</latexit>

�a

Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Vacuum Stability
[Liu,Padilla,FGP ’24]

<latexit sha1_base64="scntv3KHQXg7iuhvDYH5gfF3Jy0=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSIIQtktUj0WvXisYD+g3ZZsmm1Ds5uQZNWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5geRMG9f9dlZW19Y3NnNb+e2d3b39wsFhQ4tEEVonggvVCrCmnMW0bpjhtCUVxVHAaTMY3Uz95gNVmon43owl9SM8iFnICDZW6o56591yB0upxBNye4WiW3JnQMvEy0gRMtR6ha9OX5AkorEhHGvd9lxp/BQrwwink3wn0VRiMsID2rY0xhHVfjq7eoJOrdJHoVC2YoNm6u+JFEdaj6PAdkbYDPWiNxX/89qJCa/8lMUyMTQm80VhwpERaBoB6jNFieFjSzBRzN6KyBArTIwNKm9D8BZfXiaNcsmrlCp3F8XqdRZHDo7hBM7Ag0uowi3UoA4EFDzDK7w5j86L8+58zFtXnGzmCP7A+fwBd/SR3A==</latexit>

k2+ ⇡ 0



<latexit sha1_base64="QNUI7K4I1wNMFpEjZVVdelnIayY=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJSHXhoujGjVChL2hDmEwn7dDJw5mJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733eDFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29lowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o+uJ336gQrIobKhxTJ0AD0LmM4KVllzzoOcLTNJ710O3bhrzLEsbrpdd2q5ZtirWFGiR2DkpQ466a371+hFJAhoqwrGUXduKlZNioRjhNCv1EkljTEZ4QLuahjig0kmnH2ToWCt95EdCV6jQVP09keJAynHg6c4Aq6Gc9ybif143Uf6Fk7IwThQNyWyRn3CkIjSJA/WZoETxsSaYCKZvRWSIdSRKh1bSIdjzLy+S1mnFrlaqd2fl2lUeRxEO4QhOwIZzqMEN1KEJBB7hGV7hzXgyXox342PWWjDymX34A+PzB2uSluI=</latexit>

qbMpl

Tb
< 1

<latexit sha1_base64="HijBiLy8IitJbUZGCNggEkN0TXg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VW1toQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSybZpKgH9Gh5CFn1FjpodkP+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wciro24</latexit>

Tb
<latexit sha1_base64="J4zIfDx4nYVR4DQ+UOoi8TTW2gg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rEX9Eplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AFO3I3V</latexit>qb

<latexit sha1_base64="aW+/4WxxD9PRkBvTuxnJYMWMBZk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukeqx6MVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5I8fa/2LfrniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb16tX5/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAY0Y48</latexit>

k2+

<latexit sha1_base64="ibZeN3YPlAbvuKojCy7uGN46p0w=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLDHokevGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8sePtf5Fv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVql69Wr+/rDRu8jiKcAKncA4eXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAb2Y4+</latexit>

k2�<latexit sha1_base64="78G0i/djIeeN2+sKpIIKAl06yU4=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVF0MYygpcEkiPsbfaSJXt7x+6cEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGmSTDPus0Qmuh1Sw6VQ3EeBkrdTzWkcSt4KR3czv/XEtRGJesRxyoOYDpSIBKNoJb/dC2+8XrniVt05yCrxclKBHI1e+avbT1gWc4VMUmM6nptiMKEaBZN8WupmhqeUjeiAdyxVNOYmmMyPnZIzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XifD6DqYCJVmyBVbLIoySTAhs89JX2jOUI4toUwLeythQ6opQ5tPyYbgLb+8SpoXVa9WrT1cVuq3eRxFOIFTOAcPrqAO99AAHxgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifPxpJjj0=</latexit>

Xb < 1

WGC

<latexit sha1_base64="flAcxvj927+IhhU+8phMuosRJ+s=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix60GMF+wFtKJPtpl26u4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHaKmnEnaMMxw2k4URRFy2gpHN1O/9USVZrF8MOOEBgIHkkWMoLFSu3uLQmAv7JXKXsWbwV0mfk7KkKPeK311+zFJBZWGcNS643uJCTJUhhFOJ8VuqmmCZIQD2rFUoqA6yGb3TtxTq/TdKFa2pHFn6u+JDIXWYxHaToFmqBe9qfif10lNdBVkTCapoZLMF0Upd03sTp93+0xRYvjYEiSK2VtdMkSFxNiIijYEf/HlZdI8r/jVSvX+oly7zuMowDGcwBn4cAk1uIM6NIAAh2d4hTfn0Xlx3p2PeeuKk88cwR84nz/My4/V</latexit>

�b

<latexit sha1_base64="tNLupYB5k8V5bpjLJAGTV1uEqA8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJSHUlRTduhAp9QRvCZDpph04ezkyEEuLGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXU/89gMVkkVhQ41j6gR4EDKfEay05JoHPV9gkt67GN26acyzLG24OLu0XbNsVawp0CKxc1KGHHXX/Or1I5IENFSEYym7thUrJ8VCMcJpVuolksaYjPCAdjUNcUClk04/yNCxVvrIj4SuUKGp+nsixYGU48DTnQFWQznvTcT/vG6i/AsnZWGcKBqS2SI/4UhFaBIH6jNBieJjTTARTN+KyBDrSJQOraRDsOdfXiSt04pdrVTvzsq1qzyOIhzCEZyADedQgxuoQxMIPMIzvMKb8WS8GO/Gx6y1YOQz+/AHxucPa4KW4g==</latexit>

qaMpl

Ta
> 1

<latexit sha1_base64="bgTr9nJjvwdSck8ThaUAPRin4Hc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpevFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+e0evfF65Ypbdecgq8TLSQVyNHrlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyj62AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqaV5UvVq19nBZqd/mcRThBE7hHDy4gjrcQwN8YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+ABvNjj4=</latexit>

Xa > 1
<latexit sha1_base64="aW+/4WxxD9PRkBvTuxnJYMWMBZk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukeqx6MVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5I8fa/2LfrniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb16tX5/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAY0Y48</latexit>

k2+

<latexit sha1_base64="ibZeN3YPlAbvuKojCy7uGN46p0w=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLDHokevGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8sePtf5Fv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVql69Wr+/rDRu8jiKcAKncA4eXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAb2Y4+</latexit>

k2�

<latexit sha1_base64="IlWTMOp3q/7pGQRqxWU/WdcRiCI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFHe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk+Z5xatWqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBNWI3U</latexit>qa
<latexit sha1_base64="PvoYSAwLJVsPPLlnDwcAA/RmM58=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VW1toQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSybZpKgH9Gh5CFn1Fjpodmn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Sh4vql6tWru/rNRv8jiKcAKncA4eXEEd7qABLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhKo23</latexit>

Ta

WGC

<latexit sha1_base64="zJJAPqaax75lauTHlz+dE5yq04U=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix60GMF+wFtKJPtpl26u4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHaKmnEnaMMxw2k4URRFy2gpHN1O/9USVZrF8MOOEBgIHkkWMoLFSu3uLQmAPe6WyV/FmcJeJn5My5Kj3Sl/dfkxSQaUhHLXu+F5iggyVYYTTSbGbapogGeGAdiyVKKgOstm9E/fUKn03ipUtadyZ+nsiQ6H1WIS2U6AZ6kVvKv7ndVITXQUZk0lqqCTzRVHKXRO70+fdPlOUGD62BIli9laXDFEhMTaiog3BX3x5mTTPK361Ur2/KNeu8zgKcAwncAY+XEIN7qAODSDA4Rle4c15dF6cd+dj3rri5DNH8AfO5w/LR4/U</latexit>

�a

Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Vacuum Stability
[Liu,Padilla,FGP ’24]

<latexit sha1_base64="scntv3KHQXg7iuhvDYH5gfF3Jy0=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSIIQtktUj0WvXisYD+g3ZZsmm1Ds5uQZNWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5geRMG9f9dlZW19Y3NnNb+e2d3b39wsFhQ4tEEVonggvVCrCmnMW0bpjhtCUVxVHAaTMY3Uz95gNVmon43owl9SM8iFnICDZW6o56591yB0upxBNye4WiW3JnQMvEy0gRMtR6ha9OX5AkorEhHGvd9lxp/BQrwwink3wn0VRiMsID2rY0xhHVfjq7eoJOrdJHoVC2YoNm6u+JFEdaj6PAdkbYDPWiNxX/89qJCa/8lMUyMTQm80VhwpERaBoB6jNFieFjSzBRzN6KyBArTIwNKm9D8BZfXiaNcsmrlCp3F8XqdRZHDo7hBM7Ag0uowi3UoA4EFDzDK7w5j86L8+58zFtXnGzmCP7A+fwBd/SR3A==</latexit>

k2+ ⇡ 0

<latexit sha1_base64="kBoWvwFLWihaLtcYMJHCycB4nU0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFiI1lBPMhyXHsbfaSJbt7x+6eEI78ChsLRWz9OXb+GzfJFZr4YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslg9mklBf4KFkESPYWOmxEWB0gxpBGJQrbtWdA60SLycVyNEMyl/9QUxSQaUhHGvd89zE+BlWhhFOp6V+qmmCyRgPac9SiQXVfjY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810bWfMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6R9UfVq1dr9ZaXeyOMowgmcwjl4cAV1uIMmtICAgGd4hTdHOS/Ou/OxaC04+cwx/IHz+QMw1I9g</latexit>

Ba < Bb

<latexit sha1_base64="ORdy7l6/mtMLhFvNICt643TdpE8=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQKowVDDAWiT6kJqpuXDe1aieR7SCqqCMLv8LCAEKsfAIbf4PbZoCWI13p+Jx75XtPkHCmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqjiVhDZIzGPZDkBRziLa0Exz2k4kBRFw2gqGVxO/dU+lYnF0p0cJ9QWEEeszAtpIXfvQuwYhoAvYC0OcPwLsQZLI+AE7XbvsVJwp8CJxc1JGOepd+8vrxSQVNNKEg1Id10m0n4HUjHA6LnmpogmQIYS0Y2gEgio/mx4yxsdG6eF+LE1FGk/V3xMZCKVGIjCdAvRAzXsT8T+vk+r+hZ+xKEk1jcjso37KsY7xJBXcY5ISzUeGAJHM7IrJACQQbbIrmRDc+ZMXSfO04lYr1duzcu0yj6OIDtAROkEuOkc1dIPqqIEIekTP6BW9WU/Wi/VufcxaC1Y+s4/+wPr8AQnUmLs=</latexit>

�a � �b ⇡ 0

<latexit sha1_base64="jpz5DlQ80b3NXPUHLw2NvMJk23c=">AAAB+nicbVC7TsMwFL0pr1JeKYwsFhUSU5UgVBgYqrIwFok+pDaqHNdprTpOZDugKuRTWBhAiJUvYeNvcNsM0HKke3V0zr3y9fFjzpR2nG+rsLa+sblV3C7t7O7tH9jlw7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MnNzO88UKlYJO71NKZeiEeCBYxgbaSBXe4HEpN0iBqZad3s2hnYFafqzIFWiZuTCuRoDuyv/jAiSUiFJhwr1XOdWHsplpoRTrNSP1E0xmSCR7RnqMAhVV46Pz1Dp0YZoiCSpoRGc/X3RopDpaahbyZDrMdq2ZuJ/3m9RAdXXspEnGgqyOKhIOFIR2iWAxoySYnmU0MwkczcisgYmyy0SatkQnCXv7xK2udVt1at3V1U6o08jiIcwwmcgQuXUIdbaEILCDzCM7zCm/VkvVjv1sditGDlO0fwB9bnDzeBk1Y=</latexit>

dB

dX
< 0

WGC respecting 
decays dominate 
decay dynamics



<latexit sha1_base64="QNUI7K4I1wNMFpEjZVVdelnIayY=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJSHXhoujGjVChL2hDmEwn7dDJw5mJUELc+CtuXCji1r9w5984bbPQ1gMXDufcy733eDFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29lowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o+uJ336gQrIobKhxTJ0AD0LmM4KVllzzoOcLTNJ710O3bhrzLEsbrpdd2q5ZtirWFGiR2DkpQ466a371+hFJAhoqwrGUXduKlZNioRjhNCv1EkljTEZ4QLuahjig0kmnH2ToWCt95EdCV6jQVP09keJAynHg6c4Aq6Gc9ybif143Uf6Fk7IwThQNyWyRn3CkIjSJA/WZoETxsSaYCKZvRWSIdSRKh1bSIdjzLy+S1mnFrlaqd2fl2lUeRxEO4QhOwIZzqMEN1KEJBB7hGV7hzXgyXox342PWWjDymX34A+PzB2uSluI=</latexit>

qbMpl

Tb
< 1

<latexit sha1_base64="HijBiLy8IitJbUZGCNggEkN0TXg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VW1toQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSybZpKgH9Gh5CFn1FjpodkP+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lTxeVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wciro24</latexit>

Tb
<latexit sha1_base64="J4zIfDx4nYVR4DQ+UOoi8TTW2gg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rEX9Eplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5udOiGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AFO3I3V</latexit>qb

<latexit sha1_base64="aW+/4WxxD9PRkBvTuxnJYMWMBZk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukeqx6MVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5I8fa/2LfrniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb16tX5/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAY0Y48</latexit>

k2+

<latexit sha1_base64="ibZeN3YPlAbvuKojCy7uGN46p0w=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLDHokevGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8sePtf5Fv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVql69Wr+/rDRu8jiKcAKncA4eXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAb2Y4+</latexit>

k2�<latexit sha1_base64="78G0i/djIeeN2+sKpIIKAl06yU4=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVF0MYygpcEkiPsbfaSJXt7x+6cEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGmSTDPus0Qmuh1Sw6VQ3EeBkrdTzWkcSt4KR3czv/XEtRGJesRxyoOYDpSIBKNoJb/dC2+8XrniVt05yCrxclKBHI1e+avbT1gWc4VMUmM6nptiMKEaBZN8WupmhqeUjeiAdyxVNOYmmMyPnZIzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XifD6DqYCJVmyBVbLIoySTAhs89JX2jOUI4toUwLeythQ6opQ5tPyYbgLb+8SpoXVa9WrT1cVuq3eRxFOIFTOAcPrqAO99AAHxgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifPxpJjj0=</latexit>

Xb < 1

WGC

<latexit sha1_base64="flAcxvj927+IhhU+8phMuosRJ+s=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix60GMF+wFtKJPtpl26u4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHaKmnEnaMMxw2k4URRFy2gpHN1O/9USVZrF8MOOEBgIHkkWMoLFSu3uLQmAv7JXKXsWbwV0mfk7KkKPeK311+zFJBZWGcNS643uJCTJUhhFOJ8VuqmmCZIQD2rFUoqA6yGb3TtxTq/TdKFa2pHFn6u+JDIXWYxHaToFmqBe9qfif10lNdBVkTCapoZLMF0Upd03sTp93+0xRYvjYEiSK2VtdMkSFxNiIijYEf/HlZdI8r/jVSvX+oly7zuMowDGcwBn4cAk1uIM6NIAAh2d4hTfn0Xlx3p2PeeuKk88cwR84nz/My4/V</latexit>

�b

<latexit sha1_base64="tNLupYB5k8V5bpjLJAGTV1uEqA8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8EiuCqJSHUlRTduhAp9QRvCZDpph04ezkyEEuLGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXU/89gMVkkVhQ41j6gR4EDKfEay05JoHPV9gkt67GN26acyzLG24OLu0XbNsVawp0CKxc1KGHHXX/Or1I5IENFSEYym7thUrJ8VCMcJpVuolksaYjPCAdjUNcUClk04/yNCxVvrIj4SuUKGp+nsixYGU48DTnQFWQznvTcT/vG6i/AsnZWGcKBqS2SI/4UhFaBIH6jNBieJjTTARTN+KyBDrSJQOraRDsOdfXiSt04pdrVTvzsq1qzyOIhzCEZyADedQgxuoQxMIPMIzvMKb8WS8GO/Gx6y1YOQz+/AHxucPa4KW4g==</latexit>

qaMpl

Ta
> 1

<latexit sha1_base64="bgTr9nJjvwdSck8ThaUAPRin4Hc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpevFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+e0evfF65Ypbdecgq8TLSQVyNHrlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyj62AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqaV5UvVq19nBZqd/mcRThBE7hHDy4gjrcQwN8YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+ABvNjj4=</latexit>

Xa > 1
<latexit sha1_base64="aW+/4WxxD9PRkBvTuxnJYMWMBZk=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukeqx6MVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5I8fa/2LfrniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2PnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10XWQMZGkhgqyWBSlHBmJZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb16tX5/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAY0Y48</latexit>

k2+

<latexit sha1_base64="ibZeN3YPlAbvuKojCy7uGN46p0w=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLDHokevGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8sePtf5Fv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVql69Wr+/rDRu8jiKcAKncA4eXEED7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAb2Y4+</latexit>

k2�

<latexit sha1_base64="IlWTMOp3q/7pGQRqxWU/WdcRiCI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbOLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFHe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk+Z5xatWqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBNWI3U</latexit>qa
<latexit sha1_base64="PvoYSAwLJVsPPLlnDwcAA/RmM58=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VW1toQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSybZpKgH9Gh5CFn1Fjpodmn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Sh4vql6tWru/rNRv8jiKcAKncA4eXEEd7qABLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMhKo23</latexit>

Ta

WGC

<latexit sha1_base64="zJJAPqaax75lauTHlz+dE5yq04U=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUSkeix60GMF+wFtKJPtpl26u4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+nZXVtfWNzcJWcXtnd2+/dHDY1HGqCG2QmMeqHaKmnEnaMMxw2k4URRFy2gpHN1O/9USVZrF8MOOEBgIHkkWMoLFSu3uLQmAPe6WyV/FmcJeJn5My5Kj3Sl/dfkxSQaUhHLXu+F5iggyVYYTTSbGbapogGeGAdiyVKKgOstm9E/fUKn03ipUtadyZ+nsiQ6H1WIS2U6AZ6kVvKv7ndVITXQUZk0lqqCTzRVHKXRO70+fdPlOUGD62BIli9laXDFEhMTaiog3BX3x5mTTPK361Ur2/KNeu8zgKcAwncAY+XEIN7qAODSDA4Rle4c15dF6cd+dj3rri5DNH8AfO5w/LR4/U</latexit>

�a

Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Vacuum Stability
[Liu,Padilla,FGP ’24]

Stability of Minkowski preserved only if all brane species violate WGC

Similar to charged BH argument

<latexit sha1_base64="scntv3KHQXg7iuhvDYH5gfF3Jy0=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSIIQtktUj0WvXisYD+g3ZZsmm1Ds5uQZNWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5geRMG9f9dlZW19Y3NnNb+e2d3b39wsFhQ4tEEVonggvVCrCmnMW0bpjhtCUVxVHAaTMY3Uz95gNVmon43owl9SM8iFnICDZW6o56591yB0upxBNye4WiW3JnQMvEy0gRMtR6ha9OX5AkorEhHGvd9lxp/BQrwwink3wn0VRiMsID2rY0xhHVfjq7eoJOrdJHoVC2YoNm6u+JFEdaj6PAdkbYDPWiNxX/89qJCa/8lMUyMTQm80VhwpERaBoB6jNFieFjSzBRzN6KyBArTIwNKm9D8BZfXiaNcsmrlCp3F8XqdRZHDo7hBM7Ag0uowi3UoA4EFDzDK7w5j86L8+58zFtXnGzmCP7A+fwBd/SR3A==</latexit>

k2+ ⇡ 0

<latexit sha1_base64="kBoWvwFLWihaLtcYMJHCycB4nU0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFiI1lBPMhyXHsbfaSJbt7x+6eEI78ChsLRWz9OXb+GzfJFZr4YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474fh25neeqNIslg9mklBf4KFkESPYWOmxEWB0gxpBGJQrbtWdA60SLycVyNEMyl/9QUxSQaUhHGvd89zE+BlWhhFOp6V+qmmCyRgPac9SiQXVfjY/eIrOrDJAUaxsSYPm6u+JDAutJyK0nQKbkV72ZuJ/Xi810bWfMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq6R9UfVq1dr9ZaXeyOMowgmcwjl4cAV1uIMmtICAgGd4hTdHOS/Ou/OxaC04+cwx/IHz+QMw1I9g</latexit>

Ba < Bb

<latexit sha1_base64="ORdy7l6/mtMLhFvNICt643TdpE8=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQKowVDDAWiT6kJqpuXDe1aieR7SCqqCMLv8LCAEKsfAIbf4PbZoCWI13p+Jx75XtPkHCmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqjiVhDZIzGPZDkBRziLa0Exz2k4kBRFw2gqGVxO/dU+lYnF0p0cJ9QWEEeszAtpIXfvQuwYhoAvYC0OcPwLsQZLI+AE7XbvsVJwp8CJxc1JGOepd+8vrxSQVNNKEg1Id10m0n4HUjHA6LnmpogmQIYS0Y2gEgio/mx4yxsdG6eF+LE1FGk/V3xMZCKVGIjCdAvRAzXsT8T+vk+r+hZ+xKEk1jcjso37KsY7xJBXcY5ISzUeGAJHM7IrJACQQbbIrmRDc+ZMXSfO04lYr1duzcu0yj6OIDtAROkEuOkc1dIPqqIEIekTP6BW9WU/Wi/VufcxaC1Y+s4/+wPr8AQnUmLs=</latexit>

�a � �b ⇡ 0

<latexit sha1_base64="jpz5DlQ80b3NXPUHLw2NvMJk23c=">AAAB+nicbVC7TsMwFL0pr1JeKYwsFhUSU5UgVBgYqrIwFok+pDaqHNdprTpOZDugKuRTWBhAiJUvYeNvcNsM0HKke3V0zr3y9fFjzpR2nG+rsLa+sblV3C7t7O7tH9jlw7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/MnNzO88UKlYJO71NKZeiEeCBYxgbaSBXe4HEpN0iBqZad3s2hnYFafqzIFWiZuTCuRoDuyv/jAiSUiFJhwr1XOdWHsplpoRTrNSP1E0xmSCR7RnqMAhVV46Pz1Dp0YZoiCSpoRGc/X3RopDpaahbyZDrMdq2ZuJ/3m9RAdXXspEnGgqyOKhIOFIR2iWAxoySYnmU0MwkczcisgYmyy0SatkQnCXv7xK2udVt1at3V1U6o08jiIcwwmcgQuXUIdbaEILCDzCM7zCm/VkvVjv1sditGDlO0fwB9bnDzeBk1Y=</latexit>

dB

dX
< 0

WGC respecting 
decays dominate 
decay dynamics



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

Summary II

Link between stability of our vacuum and the (violation  of) WGC

Does longevity = likelihood in the landscape ?

Very special landscapes, can similar arguments hold in general?

How to go beyond this 4D EFT picture?

Link holds for generic 4 form theories

Stability removed if       WGC respecting branes
<latexit sha1_base64="HUIWGkdg+v0w7f6T0HGlmGGCXrw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7uGT3aH75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYDCGZ3iFNydxXpx352PRWnDymWP4A+fzB6Ayj8c=</latexit>

9

Why                           ? 
<latexit sha1_base64="eFAgdPwgzhO7h4dl3kW6h8nwsS0=">AAACAHicbVDLSgMxFM34rPU16sKFm2AR3FgyItVl0U03QgX7gHYcMmmmDU0yQ5IRyjAbf8WNC0Xc+hnu/BvTx0JbD1w4nHMv994TJpxpg9C3s7S8srq2Xtgobm5t7+y6e/tNHaeK0AaJeazaIdaUM0kbhhlO24miWISctsLhzdhvPVKlWSzvzSihvsB9ySJGsLFS4B7WAtTVTEAPPWRnFZTD2yBLeB64JVRGE8BF4s1ICcxQD9yvbi8mqaDSEI617ngoMX6GlWGE07zYTTVNMBniPu1YKrGg2s8mD+TwxCo9GMXKljRwov6eyLDQeiRC2ymwGeh5byz+53VSE135GZNJaqgk00VRyqGJ4TgN2GOKEsNHlmCimL0VkgFWmBibWdGG4M2/vEia52WvUq7cXZSq17M4CuAIHINT4IFLUAU1UAcNQEAOnsEreHOenBfn3fmYti45s5kD8AfO5w+QIZUi</latexit>

H0 ⇠ 10�60
Mpl



Thank you

arXiv: 2303.17723 /  2404.02961
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Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

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)String Pheno 2024 Padova, 24/06/2024

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)String Pheno 2024 Padova, 24/06/2024

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)String Pheno 2024 Padova, 24/06/2024

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)String Pheno 2024 Padova, 24/06/2024

Multifield Quintessence

Steep potentials require LARGE field space curvaturesSingle 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)String Pheno 2024 Padova, 24/06/2024

[(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)String Pheno 2024 Padova, 24/06/2024

[(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)String Pheno 2024 Padova, 24/06/2024

?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)String Pheno 2024 Padova, 24/06/2024

?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

Recent analysis with SDC&TCC [Payeur et al. ’24]

[Saltman,Silverstein, ’04]



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

[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)String Pheno 2024 Padova, 24/06/2024

[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)String Pheno 2024 Padova, 24/06/2024

[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)String Pheno 2024 Padova, 24/06/2024

[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)String Pheno 2024 Padova, 24/06/2024

[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
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Axionic DE
Survival probability



Francisco Gil Pedro (Unibo/INFN)String Pheno 2024 Padova, 24/06/2024

[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)String Pheno 2024 Padova, 24/06/2024

[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)String Pheno 2024 Padova, 24/06/2024

[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)String Pheno 2024 Padova, 24/06/2024

<latexit sha1_base64="N50K2y5e2PdStO/sCQx9EP03udA=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIVFdS1EWXFewD2hAm00k7dGYSZiZiDcFfceNCEbf+hzv/xmmbhbYeuHA4517uvSeIGVXacb6twtLyyupacb20sbm1vWPv7rVUlEhMmjhikewESBFGBWlqqhnpxJIgHjDSDkbXE799T6SikbjT45h4HA0EDSlG2ki+fdC7IUwjP+XoIbus+ykVYebbZafiTAEXiZuTMsjR8O2vXj/CCSdCY4aU6rpOrL0USU0xI1mplygSIzxCA9I1VCBOlJdOr8/gsVH6MIykKaHhVP09kSKu1JgHppMjPVTz3kT8z+smOrzwzENxoonAs0VhwqCO4CQK2KeSYM3GhiAsqbkV4iGSCGsTWMmE4M6/vEhapxW3WqnenpVrV3kcRXAIjsAJcME5qIE6aIAmwOARPINX8GY9WS/Wu/Uxay1Y+cw++APr8wfQ05V7</latexit>

�max > Hinf
<latexit sha1_base64="lyfH5MYcO181P/h1lHNam1pdz8Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqT1J0YvHCvYD2qVk09k2NJtdk6xQSv+EFw+KePXvePPfmLZ70NYHIY/3ZpiZFySCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBortcOed+2W3WqvWLLfHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5vlNyZpU+CWNlnzRkrv7umNBI63EU2MqImqFe9mbif14nNWHVn3CZpAYlWwwKU0FMTGbHkz5XyIwYW0KZ4nZXwoZUUWZsRAUbgrd88ippXpS9Srlyf1mq3WRx5OEETuEcPLiCGtxBHRrAQMAzvMKb8+i8OO/Ox6I052Q9x/AHzucPPYKOzw==</latexit>

f1 > 0.08

<latexit sha1_base64="/pWogOyynxDF9ulblp/zJRgITXg=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0siWl0W3XRZwT6gjWEynbRDJzNhZiKWmIW/4saFIm79DXf+jdM2C209cOFwzr3ce08QM6q043xbC4tLyyurhbXi+sbm1ra9s9tUIpGYNLBgQrYDpAijnDQ01Yy0Y0lQFDDSCobXY791T6Sigt/qUUy8CPU5DSlG2ki+vV/zU8rDrIviWIoH6Dp36cl55tslp+xMAOeJm5MSyFH37a9uT+AkIlxjhpTquE6svRRJTTEjWbGbKBIjPER90jGUo4goL53cn8Ejo/RgKKQpruFE/T2RokipURSYzgjpgZr1xuJ/XifR4aVn/osTTTieLgoTBrWA4zBgj0qCNRsZgrCk5laIB0girE1kRROCO/vyPGmelt1KuXJzVqpe5XEUwAE4BMfABRegCmqgDhoAg0fwDF7Bm/VkvVjv1se0dcHKZ/bAH1ifPz/TlZ0=</latexit>

Hinf ⇡ 10�5

<latexit sha1_base64="0bHC/1eIjgdcgHVVBpnR4VFpNZI=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSQIWxgoWxSPQhNaFyXKe16sSW7SCqKAu/wsIAQqx8Bht/g9NmgJYjXenonHt17z2BYFRpx/m2SkvLK6tr5fXKxubW9o69u9dWPJGYtDBnXHYDpAijMWlpqhnpCklQFDDSCcbXud95IFJRHt/piSB+hIYxDSlG2kh9+8CLkB5hxNJ25iEhJH+ErnN/1rerTs2ZAi4StyBVUKDZt7+8AcdJRGKNGVKq5zpC+ymSmmJGsoqXKCIQHqMh6Rkao4goP50+kMFjowxgyKWpWMOp+nsiRZFSkygwnfm5at7Lxf+8XqLDSz+lsUg0ifFsUZgwqDnM04ADKgnWbGIIwpKaWyEeIYmwNplVTAju/MuLpH1ac+u1+u15tXFVxFEGh+AInAAXXIAGuAFN0AIYZOAZvII368l6sd6tj1lrySpm9sEfWJ8/NICWKA==</latexit>

V ⇡ 103

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

VDE = ⇤4
1

✓
1� cos

�1

f1

◆

Fibre inflation: axionic ics:

Axionic DE embedding
<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="C5jRVsXYTak8yADgxniOFPO3yQc="></latexit>

⇤4
1 ⇡ 1

V2

✓
1

f2
+

1p
2f1

◆
e
� 1

f2
� 1p

2f1

<latexit sha1_base64="1O0EGJXHJ6MsM+7nNrIBReG1Q2Y="></latexit>

⇤4
2 ⇡ 1

V2

1

f2
e�

1
f2

Decay constants:
<latexit sha1_base64="zRh490zTBA6iXSMiu7EUtjkOvD0=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4kLJbpHosevFYwX5Auy7ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD0c3Ubz9SpVks7804ob7AA8kiRrCx0kMUeOcoCqqoxznyglLZrbgzoGXi5aQMORpB6avXj0kqqDSEY627npsYP8PKMMLppNhLNU0wGeEB7VoqsaDaz2ZXT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66YmuvIzJpPUUEnmi6KUIxOjaQSozxQlho8twUQxeysiQ6wwMTaoog3BW3x5mbSqFa9Wqd1dlOvXeRwFOIYTOAMPLqEOt9CAJhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8wcK4ZDv</latexit>

f1, f2 ⌧ 1

<latexit sha1_base64="XDkylpooKEC1HkXAsLyeTWW9OHU=">AAACCnicbVA9SwNBEN3zM8avqKXNahCswp1ItAzaWEYwUciFMLeZJIt7e8funBhCahv/io2FIrb+Ajv/jZszhV8PBh7vzTAzL0qVtOT7H97M7Nz8wmJhqbi8srq2XtrYbNokMwIbIlGJuYrAopIaGyRJ4VVqEOJI4WV0fTrxL2/QWJnoCxqm2I6hr2VPCiAndUo7oQLdV8hDGiBB54CHJhdCSFOT3HK/Uyr7FT8H/0uCKSmzKeqd0nvYTUQWoyahwNpW4KfUHoEhKRSOi2FmMQVxDX1sOaohRtse5a+M+Z5TuryXGFeaeK5+nxhBbO0wjlxnDDSwv72J+J/Xyqh33B5JnWaEWnwt6mWKU8InufCuNChIDR0BYaS7lYsBGBDk0iu6EILfL/8lzYNKUK1Uzw/LtZNpHAW2zXbZPgvYEauxM1ZnDSbYHXtgT+zZu/cevRfv9at1xpvObLEf8N4+AYknmi0=</latexit>

h✓2i ⇡ 0Since                   , in vacuum
<latexit sha1_base64="hpTrHkR1SE+FPUY/ine27giLzSc=">AAACA3icbVDNS8MwHE3n15xfVW96CQ7B02jHmB6HXjx4mOA+YO1KmqZbWJqWJBVGGXjxX/HiQRGv/hPe/G/Mtgq6+SDw8t77kfyenzAqlWV9GYWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZEkjHLSUlQx0k0EQZHPSMcfXU39zj0Rksb8To0T4kZowGlIMVJa8swj50aHA+TZ/ZrDGPy5Vvs1zyxbFWsGuEzsnJRBjqZnfjpBjNOIcIUZkrJnW4lyMyQUxYxMSk4qSYLwCA1IT1OOIiLdbLbDBJ5qJYBhLPThCs7U3xMZiqQcR75ORkgN5aI3Ff/zeqkKL9yM8iRVhOP5Q2HKoIrhtBAYUEGwYmNNEBZU/xXiIRIIK11bSZdgL668TNrVil2v1G9r5cZlXkcRHIMTcAZscA4a4Bo0QQtg8ACewAt4NR6NZ+PNeJ9HC0Y+cwj+wPj4Bhtilo0=</latexit>

⇤4
1 ⌧ ⇤4

2
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Brown-Teitelboim

<latexit sha1_base64="h6kW5jy98x0De5n9k07IRpIRxzw=">AAACFHicbZDLSgMxGIUz9VbrrerSTbAIlUKZKd42QsGNoIsK9gKdacmkmTY0kxmTjFCGAV/Bja/ixoUibl24821M21lo6w+Bj3NOSP7jhoxKZZrfRmZhcWl5JbuaW1vf2NzKb+80ZBAJTOo4YIFouUgSRjmpK6oYaYWCIN9lpOkOL8Z+854ISQN+q0YhcXzU59SjGCktdfMl+1qHe6jID89T7MYuEiQp2Z5AOOadCrzrVJK4knTzBbNsTgbOg5VCAaRT6+a/7F6AI59whRmSsm2ZoXJiJBTFjCQ5O5IkRHiI+qStkSOfSCeeLJXAA630oBcIfbiCE/X3jRj5Uo58Vyd9pAZy1huL/3ntSHlnTkx5GCnC8fQhL2JQBXDcEOxRQbBiIw0IC6r/CvEA6S6U7jGnS7BmV56HRqVsnZSPb44K1auHaR1ZsAf2QRFY4BRUwSWogTrA4BE8g1fwZjwZL8a78TGNZoy0wl3wZ4zPH765nnc=</latexit>

⇤(n) = ⇤bare +
n2q2

2
<latexit sha1_base64="bDUkFoO3qn+uyRO3freqjZidaSI=">AAAB6HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx4EbwkYBZIhtDTqUna9PQM3T1CGALevXhQxKuf5M2/sbMcNPFBweO9KqrqBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8xGV5rG8N6ME/Yj2JQ85o8ZKNdktltyyOwVZJt6clGCOarf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuiYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+xmXSWpQstmiMBXExGTyNelxhcyIkSWUKW5vJWxAFWXGZlOwIXiLLy+TxlnZuyxf1M5LlbunWRx5OIJjOAUPrqACt1CFOjBAeIZXeHMenBfn3fmYteaceYSH8AfO5w8DFY2F</latexit>n

<latexit sha1_base64="7FA1R5Ab516dBNDFLs41PeC5vKU=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiAIQpgRt2PAi+AlolkgGUJPpydp0tMzdNcIYQj4A148KOLVL/Lm39hZDpr4oODxXhVV9YJECoOu++3klpZXVtfy64WNza3tneLuXt3EqWa8xmIZ62ZADZdC8RoKlLyZaE6jQPJGMLge+41Hro2I1QMOE+5HtKdEKBhFK92rE69TLLlldwKySLwZKcEM1U7xq92NWRpxhUxSY1qem6CfUY2CST4qtFPDE8oGtMdblioaceNnk1NH5MgqXRLG2pZCMlF/T2Q0MmYYBbYzotg3895Y/M9rpRhe+ZlQSYpcsemiMJUEYzL+m3SF5gzl0BLKtLC3EtanmjK06RRsCN78y4ukflr2Lsrnd2elyu3TNI48HMAhHIMHl1CBG6hCDRj04Ble4c2Rzovz7nxMW3POLMJ9+APn8wfZVo31</latexit>

n+ 1

<latexit sha1_base64="o69U0e8X7yJd7SB0hOe2BLnUXhI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4McyI2zHgRfAS0SyQDKGn05M06ekZumuEMAT8AS8eFPHqF3nzb+wsB018UPB4r4qqekEihUHX/XZyS8srq2v59cLG5tb2TnF3r27iVDNeY7GMdTOghkuheA0FSt5MNKdRIHkjGFyP/cYj10bE6gGHCfcj2lMiFIyile7VidcpltyyOwFZJN6MlGCGaqf41e7GLI24QiapMS3PTdDPqEbBJB8V2qnhCWUD2uMtSxWNuPGzyakjcmSVLgljbUshmai/JzIaGTOMAtsZUeybeW8s/ue1Ugyv/EyoJEWu2HRRmEqCMRn/TbpCc4ZyaAllWthbCetTTRnadAo2BG/+5UVSPy17F+Xzu7NS5fZpGkceDuAQjsGDS6jADVShBgx68Ayv8OZI58V5dz6mrTlnFuE+/IHz+QPcYI33</latexit>

n� 1

Empty universe problem

<latexit sha1_base64="SDS/zzhKyXF90ogrG9gyDEIKgDU=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahXViT4msjFHQh6KKCfUATy2Q6aYdOJnFmIpRQEDf+ihsXirj1H9z5N04fC209cOFwzr3ce48XMSqVZX0bqZnZufmF9GJmaXlldc1c36jKMBaYVHDIQlH3kCSMclJRVDFSjwRBgcdIzeueDfzaPRGShvxG9SLiBqjNqU8xUlpqmtvOOWEKQedKz7RQjudP726LOb5n7xfzTTNrFawh4DSxxyQLxig3zS+nFeI4IFxhhqRs2Fak3AQJRTEj/YwTSxIh3EVt0tCUo4BINxl+0Ye7WmlBPxS6uIJD9fdEggIpe4GnOwOkOnLSG4j/eY1Y+SduQnkUK8LxaJEfM6hCOIgEtqggWLGeJggLqm+FuIMEwkoHl9Eh2JMvT5NqsWAfFQ6vD7Kly4dRHGmwBXZADtjgGJTABSiDCsDgETyDV/BmPBkvxrvxMWpNGeMIN8EfGJ8/GxeW1A==</latexit>

�⇤(n) = q2(n� 1/2)No fine tuning:
<latexit sha1_base64="CqVShXILM5E+x8XeJNlvig3VeQA=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwVWeKr2VBFwUVKtgHdKZDJpNpQzMPk0yhDAV/wo2/4saFIm67829Mp11o64FwT865l+QeN2ZUSMP41nJLyyura/n1wsbm1vaOvrvXEFHCManjiEW85SJBGA1JXVLJSCvmBAUuI023fzXxmwPCBY3CBzmMiR2gbkh9ipFUkqOfWNeESQStWzXjqSpoAB875axWHaNThhZj8M5Jk8FIXRy9aJSMDHCRmDNSBDPUHH1seRFOAhJKzJAQbdOIpZ0iLilmZFSwEkFihPuoS9qKhiggwk6zxUbwSCke9COuTihhpv6eSFEgxDBwVWeAZE/MexPxP6+dSP/STmkYJ5KEePqQnzAoIzhJCXqUEyzZUBGEOVV/hbiHOMJSZVlQIZjzKy+SRrlknpfO7k+LlZunaRx5cAAOwTEwwQWogCqogTrA4Bm8gnfwob1ob9qn9jVtzWmzCPfBH2jjH98Sntw=</latexit>

�⇤ ⇠ q
2 ⇠ H

2
0 ⌧ M

2
uv

[Brown and Teitelboim ’88]

Landscape of vacua:

[Feng et al. 00’]A workaround: nucleate brane stacks 

Single gravitationally coupled 4 form+branes
<latexit sha1_base64="iJneWexXwBbiyjs0uyOXXtNaEDM="></latexit>

S =

Z
d4x

p
|g|


M2

P

2
R� 1

2
F 2

�
+ Smatter + Sbdy + Sbrane

<latexit sha1_base64="uUn6SaPgkcGttT2qe3YkgH/MWbY=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVC9CURCPFdy20C4lm2bb0Gx2TbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvCARXBvH+UaFldW19Y3iZmlre2d3r7x/0NRxqijzaCxi1Q6IZoJL5hluBGsnipEoEKwVjG6mfuuJKc1j+WDGCfMjMpA85JQYK3m3VxI/9soVp+rMgJeJm5MK5Gj0yl/dfkzTiElDBdG64zqJ8TOiDKeCTUrdVLOE0BEZsI6lkkRM+9ns2Ak+sUofh7GyJQ2eqb8nMhJpPY4C2xkRM9SL3lT8z+ukJrz0My6T1DBJ54vCVGAT4+nnuM8Vo0aMLSFUcXsrpkOiCDU2n5INwV18eZk0z6purVq7P6/Ur/M4inAEx3AKLlxAHe6gAR5Q4PAMr/CGJHpB7+hj3lpA+cwh/AH6/AETh445</latexit>

F = nq quantised
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Instantons

-10 -5 0 5 10
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<latexit sha1_base64="mPRS8oqs1MtCkTrnRwAs1qMhR5o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqdPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDuUuM5w==</latexit>

X

<latexit sha1_base64="JoB4OD4aT9L1aW4C9QOQYqrpylA="></latexit>

16k2+M
4
pl/T

2 = 1
<latexit sha1_base64="CvRxTEbJ4BgUc+MWJx5ZbSoTKDg="></latexit>

16k2+M
4
pl/T

2 = 0.1
<latexit sha1_base64="Y/avHdl86dJyHMmYjnWrBCemWOs=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEIgjBOxzHLQQh68SJEyAZZhp5OT9KkZ6G7RwhDLv6KFw+KePUzvPk3dhZBRR8UPN6roqqeG3EmlWV9GAuLS8srq6m19PrG5tZ2Zme3LsNYEFojIQ9F08WSchbQmmKK02YkKPZdThvu8GriN+6okCwMqmoU0Y6P+wHzGMFKS05mH+Xh0Dnp5uCNk0R83LVPq93cxbmTyVqmXTor5UrQMvN2ASGkCbKLFrIhMq0psmCOipN5b/dCEvs0UIRjKVvIilQnwUIxwuk43Y4ljTAZ4j5taRpgn8pOMn1gDI+00oNeKHQFCk7V7xMJ9qUc+a7u9LEayN/eRPzLa8XKK3YSFkSxogGZLfJiDlUIJ2nAHhOUKD7SBBPB9K2QDLDAROnM0jqEr0/h/6SeM1HezN/a2fLlPI4UOACH4BggUABlcA0qoAYIGIMH8ASejXvj0XgxXmetC8Z8Zg/8gPH2Cc7NlKk=</latexit>

16k2+M
4
pl/T

2 = 5

upwards transitions downwards transitions

<latexit sha1_base64="rmRvFODm0noNanidGHfr4V1BfP0=">AAACDHicbVDLSsNAFJ3UV62vqks3g0UQhJLUUl2WunEjVrAPaNIwmU7aoZNJmJkIJeQD3Pgrblwo4tYPcOffOG2z0NYDA4dzzuXOPV7EqFSm+W3kVlbX1jfym4Wt7Z3dveL+QVuGscCkhUMWiq6HJGGUk5aiipFuJAgKPEY63vhq6nceiJA05PdqEhEnQENOfYqR0pJbLDWg7QuEk7F71q+kSRXeuEnE0n4F2rcBGSL3PNUps2zOAJeJlZESyNB0i1/2IMRxQLjCDEnZs8xIOQkSimJG0oIdSxIhPEZD0tOUo4BIJ5kdk8ITrQygHwr9uIIz9fdEggIpJ4GnkwFSI7noTcX/vF6s/EsnoTyKFeF4vsiPGVQhnDYDB1QQrNhEE4QF1X+FeIR0N0r3V9AlWIsnL5N2pWzVyrW7aqneyOrIgyNwDE6BBS5AHVyDJmgBDB7BM3gFb8aT8WK8Gx/zaM7IZg7BHxifP9Wmmj4=</latexit>

B
k2+

4M2
pl⌦3

le
ss

 li
ke

ly
m

or
e 

lik
el

y
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Instantons
Let        be our vacuum with 

<latexit sha1_base64="NEZRRpjzhgRDmhas/f8duI5IX+E=">AAACD3icbVA7T8MwGHTKq5RXgJHFogKxUCUVKowVLB0YikQfUptGjuO0Vp3Esh1EFfUfsPBXWBhAiJWVjX+D2wYJWk6ydL67T/Z3HmdUKsv6MnJLyyura/n1wsbm1vaOubvXlHEiMGngmMWi7SFJGI1IQ1HFSJsLgkKPkZY3vJr4rTsiJI2jWzXixAlRP6IBxUhpyTWPu9c67KMu4lzE97DmWr0y/LnZVi89tcvW2DWLVsmaAi4SOyNFkKHump9dP8ZJSCKFGZKyY1tcOSkSimJGxoVuIglHeIj6pKNphEIinXS6zxgeacWHQSz0iRScqr8nUhRKOQo9nQyRGsh5byL+53USFVw4KY14okiEZw8FCYMqhpNyoE8FwYqNNEFYUP1XiAdIIKx0hQVdgj2/8iJplkt2pVS5OStWL7M68uAAHIITYINzUAU1UAcNgMEDeAIv4NV4NJ6NN+N9Fs0Z2cw++APj4xthgJr5</latexit>

⇤ ⇡ H
2
0 ⇡ 10�120<latexit sha1_base64="JM4wLapFVApOzj/VpS7F01+vT7k=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXrwIFewHtEvJptk2NMmGJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMixRnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLZOkmtAmSXiiOxE2lDNJm5ZZTjtKUywiTtvR+Hbmt5+oNiyRj3aiaCjwULKYEWyd1L7vZz0lpv1yxa/6c6BVEuSkAjka/fJXb5CQVFBpCcfGdANf2TDD2jLC6bTUSw1VmIzxkHYdlVhQE2bzc6fozCkDFCfalbRorv6eyLAwZiIi1ymwHZllbyb+53VTG1+HGZMqtVSSxaI45cgmaPY7GjBNieUTRzDRzN2KyAhrTKxLqORCCJZfXiWti2pQq9YeLiv1mzyOIpzAKZxDAFdQhztoQBMIjOEZXuHNU96L9+59LFoLXj5zDH/gff4AcJaPqA==</latexit>

M±
<latexit sha1_base64="skfCkOSLsJA4WiBKbt86cjC7chk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktUr0IRS8eK9gPaNeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxmfueJKs0i+WCmMfUFHkkWMoJNJk0ea9eDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa88lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqV6/W7y8qjZs8jiKcwCmcgweX0IA7aEILCIzhGV7hzRHOi/PufCxaC04+cwx/4Hz+AH3KjeU=</latexit>

k2 =

How did we get here?

Large jump:

Multiple small jumps:

Dependent on brane charges
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Unimodular Gravity

CC as an integration constant


Vary EH action wrt volume preserving diffs:


<latexit sha1_base64="8TJ4xvTMKzucMB944gIDx7DC5eo=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiwbArvi5C0IvHCOYBmyXMTmaTIbMzy0yvEJZ8hhcPinj1a7z5N06SPWhiQUNR1U13V5gIbsB1v52l5ZXVtfXCRnFza3tnt7S33zQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC4d3Ebz0xbbiSjzBKWBCTvuQRpwSs5Hd6DHDltH9y43VLZbfqToEXiZeTMspR75a+Oj1F05hJoIIY43tuAkFGNHAq2LjYSQ1LCB2SPvMtlSRmJsimJ4/xsVV6OFLalgQ8VX9PZCQ2ZhSHtjMmMDDz3kT8z/NTiK6DjMskBSbpbFGUCgwKT/7HPa4ZBTGyhFDN7a2YDogmFGxKRRuCN//yImmeVb3L6sXDebl2m8dRQIfoCFWQh65QDd2jOmogihR6Rq/ozQHnxXl3PmatS04+c4D+wPn8AVTVj/4=</latexit>

det(�g) = 1
<latexit sha1_base64="T/EH+/QS10v1mrH40Za8GBCdEAI=">AAACEHicbVA9SwNBEN3zM8avqKXNYhBjYbgTv8qAjaBFBKNC7gh7e5O4ZO+D3TkhHAH/gI1/xcZCEVtLO/+Ne0kKTXww8Hhvhpl5fiKFRtv+tqamZ2bn5gsLxcWl5ZXV0tr6tY5TxaHBYxmrW59pkCKCBgqUcJsoYKEv4cbvnub+zT0oLeLoCnsJeCHrRKItOEMjtUo7bsjwjjOZXfRdnSYakLrSzAeMVtwAsLLX2d1zdlulsl21B6CTxBmRMhmh3ip9uUHM0xAi5JJp3XTsBL2MKRRcQr/ophoSxrusA01DIxaC9rLBQ326bZSAtmNlKkI6UH9PZCzUuhf6pjM/X497ufif10yxfeJlIkpShIgPF7VTSTGmeTo0EAo4yp4hjCthbqX8jinG0WRYNCE44y9Pkuv9qnNUPbw8KNfOH4ZxFMgm2SIV4pBjUiNnpE4ahJNH8kxeyZv1ZL1Y79bHsHXKGkW4Qf7A+vwBIxicaA==</latexit>

L � �(det(�g)� 1)

[Henneaux and Teitelboim ’89]Covariant formulation in terms of four-forms


<latexit sha1_base64="BF+/u1zn5KIOAHgYzW/A87wtnro="></latexit>

S =

Z
d4x

p
�g

✓
M2

P

2
R�M2

P�+ LQFT

◆
� �

3
✏µ⌫⇢�Fµ⌫⇢�

<latexit sha1_base64="YxELgzv59JXSVRixALzsBQ0Ssb4=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZ8bURCm4ENxXsAzrDkMlk2tAkMyQZoYwF/RU3LhRx62+482/MtF1o64ELh3PuTe49Ycqo0o7zbZUWFpeWV8qrlbX1jc0te3unpZJMYtLECUtkJ0SKMCpIU1PNSCeVBPGQkXY4uCr89j2RiibiTg9T4nPUEzSmGGkjBfaelyKpKWKBxzPoMTMZoUsnsKtOzRkDzhN3SqpgikZgf3lRgjNOhMYMKdV1nVT7efE2ZmRU8TJFUoQHqEe6hgrEifLz8f4jeGiUCMaJNCU0HKu/J3LElRry0HRypPtq1ivE/7xupuMLP6cizTQRePJRnDGoE1iEASMqCdZsaAjCkppdIe4jibA2kVVMCO7syfOkdVxzz2qntyfV+s3jJI4y2AcH4Ai44BzUwTVogCbA4AE8g1fwZj1ZL9a79TFpLVnTCHfBH1ifP6G0lko=</latexit>

@µ� = 0
<latexit sha1_base64="9qEPUqtKmLZLFnc3qbFisuBdUDY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRLxtSy4EdxU6AuaECaTaTt0MgnzEEoouHbjr7hxoYhb9+78GydpF9p64MLhnHu5954wZVQqx/m2SkvLK6tr5fXKxubW9o69u9eWiRaYtHDCEtENkSSMctJSVDHSTQVBcchIJxxd537nnghJE95U45T4MRpw2qcYKSMF9lEzyLxYe1xPPKlTSZTHzHSE4KAwYO4EdtWpOQXgInFnpApmaAT2lxclWMeEK8yQlD3XSZWfIaEoZmRS8bQkKcIjNCA9QzmKifSz4psJPDZKBPuJMMUVLNTfExmKpRzHoemMkRrKeS8X//N6WvWv/IzyVCvC8XRRXzOoEphHAyMqCFZsbAjCgppbIR4igbAyAVZMCO78y4ukfVpzL2rnd2fV+u3DNI4yOACH4AS44BLUwQ1ogBbA4BE8g1fwZj1ZL9a79TFtLVmzCPfBH1ifP7EdnQY=</latexit>

Tµ⌫ � �gµ⌫

[Padilla ’15]Radiatively unstable


<latexit sha1_base64="Z2YkYNvnCHPDsAcUuTBBwSX8bVs=">AAACB3icbVDLSgMxFL3js9bXqEtBgkUQhDIjUt0IRTcuXFSwD+gMJZNJ29BMZkgyQhm6c+OvuHGhiFt/wZ1/Y9rOQlsPhJycey439wQJZ0o7zre1sLi0vLJaWCuub2xubds7uw0Vp5LQOol5LFsBVpQzQeuaaU5biaQ4CjhtBoPrcb35QKVisbjXw4T6Ee4J1mUEayN17APv1phDfJnfnSzAko5OPD592iWn7EyA5ombkxLkqHXsLy+MSRpRoQnHSrVdJ9F+hqVmhNNR0UsVTTAZ4B5tGypwRJWfTfYYoSOjhKgbS3OERhP1d0eGI6WGUWCcEdZ9NVsbi//V2qnuXvgZE0mqqSDTQd2UIx2jcSgoZJISzYeGYCKZ+SsifSwx0Sa6ognBnV15njROy26lXLk7K1Wv8jgKsA+HcAwunEMVbqAGdSDwCM/wCm/Wk/VivVsfU+uClffswR9Ynz+mNpky</latexit>

⇤ = ⇤bare + �
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More generally

Vacuum Stability
<latexit sha1_base64="JH+ZqIA0PpS7hzMC2sGRKhTXP5c="></latexit>
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uv

[Liu,Padilla,FGP ’24]

For very low scale dS/Minkowski:
<latexit sha1_base64="WI2TPJCQymishORV0zhIYYLrVSc="></latexit>

X⇤ ⇠ qMpl

T

MplM2
uv

T

✓
|⇤bare|
M4

uv

◆1�1/n ✓nn

n!

◆1/n

c1/nn

Stability requires                    which implies:
<latexit sha1_base64="5O0g8fw0BeE9rLZBJrDjGbBi874=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhDEItyJRAuLoI1lBC8JJEfY22ySJXt7x+6cEI78BhsLRWz9QXb+GzfJFZr4YODx3gwz88JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU824z2IZ61ZIDZdCcR8FSt5KNKdRKHkzHN1N/eYT10bE6hHHCQ8iOlCiLxhFK/mt7vmN1y2V3Yo7A1kmXk7KkKPeLX11ejFLI66QSWpM23MTDDKqUTDJJ8VOanhC2YgOeNtSRSNugmx27IScWqVH+rG2pZDM1N8TGY2MGUeh7YwoDs2iNxX/89op9q+DTKgkRa7YfFE/lQRjMv2c9ITmDOXYEsq0sLcSNqSaMrT5FG0I3uLLy6RxUfGqlerDZbl2m8dRgGM4gTPw4ApqcA918IGBgGd4hTdHOS/Ou/Mxb11x8pkj+APn8wfE6o4F</latexit>

X⇤ < 1

WGC
<latexit sha1_base64="rK2pPxTyUsYOs3L/Zq+VsKGhoc4=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJSHXhoujGjVChL2hDmUwn7dDJw5mJUGIW/oobF4q49Tfc+TdO2iy09cCFwzn3cu89bsSZVJb1bRSWlldW14rrpY3Nre0dc3evJcNYENokIQ9Fx8WSchbQpmKK004kKPZdTtvu+Drz2w9USBYGDTWJqOPjYcA8RrDSUt886HkCk+Qe3faTiKdp0kjRpV3qm2WrYk2BFomdkzLkqPfNr94gJLFPA0U4lrJrW5FyEiwUI5ympV4saYTJGA9pV9MA+1Q6yfT+FB1rZYC8UOgKFJqqvycS7Es58V3d6WM1kvNeJv7ndWPlXTgJC6JY0YDMFnkxRypEWRhowAQlik80wUQwfSsiI6wDUTqyLAR7/uVF0jqt2NVK9e6sXLvK4yjCIRzBCdhwDjW4gTo0gcAjPMMrvBlPxovxbnzMWgtGPrMPf2B8/gAFZ5V2</latexit>

qMpl

T
< 1

<latexit sha1_base64="c83qyWusP46ynnvqOfMeN3Lxp3Q=">AAACBXicbVC7SgNBFL0bXzG+Vi21GAyCVdgNEi0sgjY2QoS8IFnD7GQ2GTL7YGY2EJZtbPwVGwtFbP0HO//GSbKFJh643MM59zJzjxtxJpVlfRu5ldW19Y38ZmFre2d3z9w/aMowFoQ2SMhD0XaxpJwFtKGY4rQdCYp9l9OWO7qZ+q0xFZKFQV1NIur4eBAwjxGstNQzj1HXE5gkd70k4inSLR6nD+U0qadXds8sWiVrBrRM7IwUIUOtZ351+yGJfRoowrGUHduKlJNgoRjhNC10Y0kjTEZ4QDuaBtin0klmV6ToVCt95IVCV6DQTP29kWBfyonv6kkfq6Fc9Kbif14nVt6lk7AgihUNyPwhL+ZIhWgaCeozQYniE00wEUz/FZEh1qkoHVxBh2AvnrxMmuWSXSlV7s+L1essjjwcwQmcgQ0XUIVbqEEDCDzCM7zCm/FkvBjvxsd8NGdkO4fwB8bnDxmTmFY=</latexit>

MplM2
uv

T
< 1heavy branes

<latexit sha1_base64="Aon2Gtdlq2+5BxQk1CDL+ep7IGc="></latexit>✓
|⇤bare|
M4

uv

◆1�1/n

< 1suppressed bare CC
<latexit sha1_base64="auuL7wOChwtoIuolBsuB4er/XrU=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe9EooVF0MYygvmAyxn2NnvJkr3dY3dPCEd+ho2FIrb+Gjv/jZvkCk18MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUvLVBHaJJJL1QmxppwJ2jTMcNpJFMVxyGk7HN1O/fYTVZpJ8WDGCQ1iPBAsYgQbK/mkJx4z70xMrr1eueJW3RnQMvFyUoEcjV75q9uXJI2pMIRjrX3PTUyQYWUY4XRS6qaaJpiM8ID6lgocUx1ks5Mn6MQqfRRJZUsYNFN/T2Q41noch7YzxmaoF72p+J/npya6CjImktRQQeaLopQjI9H0f9RnihLDx5Zgopi9FZEhVpgYm1LJhuAtvrxMWudVr1at3V9U6jd5HEU4gmM4BQ8uoQ530IAmEJDwDK/w5hjnxXl3PuatBSefOYQ/cD5/AGpkkLQ=</latexit>

c1/nn < 1suppressed couplings


