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TO CURVE, OR NOT TO CURVE
Is curvature-assisted quintessence observationally viable?
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Can a low-energy effective theory arising 
from a UV-complete theory of quantum 

gravity explain these? 
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Baryons: 5% 
Massive neutrinos: 0.1% 

Photons: 0.01% 

CDM: ~25% 
Λ: ~70%

Our Jelly Bean Universe

WE HAVE MEASURED THE CONTENTS OF THE UNIVERSE:
STANDARD MODEL OF COSMOLOGY: ΛCDM
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Gravity is something else 
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Simplest option: dynamical scalar field or quintessence
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MODULI SPACE, Λ, AND QUINTESSENCE
STRING THEORY AND SCALAR FIELDS

<latexit sha1_base64="VUDN+YoaK3sm9fe6b1PVEnCmMNM=">AAAB8XicbVDLSsNAFJ3UV62vqks3g0VwVRLRtNkV3bisYB/YhDKZ3rZDJ5MwMymU0L9w40IRt/6NO//G6QNR64ELh3Pu5d57woQzpW3708qtrW9sbuW3Czu7e/sHxcOjpopTSaFBYx7LdkgUcCagoZnm0E4kkCjk0ApHNzO/NQapWCzu9SSBICIDwfqMEm2kB38MNPOTIZt2iyW77HlXtlvBhlRdz7vETtme45uU0BL1bvHD78U0jUBoyolSHcdOdJARqRnlMC34qYKE0BEZQMdQQSJQQTa/eIrPjNLD/ViaEhrP1Z8TGYmUmkSh6YyIHqq/3kz8z+ukul8NMiaSVIOgi0X9lGMd49n7uMckUM0nhhAqmbkV0yGRhGoTUsGEsPLyKmlelB237N5dlmrXyzjy6ASdonPkoAqqoVtURw1EkUCP6Bm9WMp6sl6tt0VrzlrOHKNfsN6/AGJOkWo=</latexit>

~�In string theory, we have moduli     in moduli space with potential            . 
<latexit sha1_base64="aoqIxeqIgHTyYma6SaMiVSgIXf0=">AAAB9HicbVDJSgNBEK1xjXGLevTSGIR4GWYkJplb0IvHCGaBzBB6Oj1Jk57F7p5AGPIdXjwo4tWP8ebf2FkQNT4oeLxXRVU9P+FMKsv6NNbWNza3tnM7+d29/YPDwtFxS8apILRJYh6Ljo8l5SyiTcUUp51EUBz6nLb90c3Mb4+pkCyO7tUkoV6IBxELGMFKS16r5I4pydxkyKYXvULRMh3nyqpUkSa1iuOUkW1ac3yTIizR6BU+3H5M0pBGinAsZde2EuVlWChGOJ3m3VTSBJMRHtCuphEOqfSy+dFTdK6VPgpioStSaK7+nMhwKOUk9HVniNVQ/vVm4n9eN1VBzctYlKSKRmSxKEg5UjGaJYD6TFCi+EQTTATTtyIyxAITpXPK6xBWXl4lrUvTrpiVu3Kxfr2MIwencAYlsKEKdbiFBjSBwAM8wjO8GGPjyXg13hata8Zy5gR+wXj/AthQki8=</latexit>

V (~�)

<latexit sha1_base64="imOl0HzDzJgZbH/54hr37dwc510=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSJcxOZpMhs7PDTK8QlnyEFw+KePV7vPk3Th4HFQULGoqqbrq7Ii2FRd//8JaWV1bX1gsbxc2t7Z3d0t5+06aZYbzBUpmadkQtl0LxBgqUvK0Np0kkeSsaXU/91j03VqTqDseahwkdKBELRtFJrWalq4fipFcqB1V/BvI3KcMC9V7pvdtPWZZwhUxSazuBrzHMqUHBJJ8Uu5nlmrIRHfCOo4om3Ib57NwJOXZKn8SpcaWQzNSvEzlNrB0nketMKA7tT28q/uZ1Mowvw1wonSFXbL4oziTBlEx/J31hOEM5doQyI9ythA2poQxdQsX/hdA8rQbnVf/2rFy7WsRRgEM4ggoEcAE1uIE6NIDBCB7gCZ497T16L97rvHXJW8wcwDd4b5+Jl48L</latexit> V
(�
)

<latexit sha1_base64="pvL8PH6PAN+Im3hxp4sDXdJwz/A=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae0oWy2k2bp7ibsboQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFySCG+u6H05pZXVtfaO8Wdna3tndq+4fdEycaoZtFotY9wJqUHCFbcutwF6ikcpAYDeYXBd+9x614bG6s9MEfUnHioecUVtIgyTiw2rNq7tzkL9JDZZoDavvg1HMUonKMkGN6XtuYv2MasuZwFllkBpMKJvQMfZzqqhE42fzW2fkJFdGJIx1XsqSufp1IqPSmKkM8k5JbWR+eoX4m9dPbXjpZ1wlqUXFFovCVBAbk+JxMuIamRXTnFCmeX4rYRHVlNk8nsr/Quic1b1G3b09rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOo/Oi/O6aC05y5lD+Abn7RMZP45G</latexit>

�

<latexit sha1_base64="XnGpZ8x9iBIzYJYlQFYEebqN/Zk=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmbURHMLevEYwSyQDKGn05O09nQP3T1CGPIPXjwo4tX/8ebf2FkE1wcFj/eqqKoXJpxp43nvTm5hcWl5Jb9aWFvf2Nwqbu80tUwVoQ0iuVTtEGvKmaANwwyn7URRHIectsLbi4nfuqNKMymuzSihQYwHgkWMYGOlZjcZsp7XK5Y8t1otl4+r6DfxXW+KEsxR7xXfun1J0pgKQzjWuuN7iQkyrAwjnI4L3VTTBJNbPKAdSwWOqQ6y6bVjdGCVPoqksiUMmqpfJzIcaz2KQ9sZYzPUP72J+JfXSU10FmRMJKmhgswWRSlHRqLJ66jPFCWGjyzBRDF7KyJDrDAxNqCCDeHzU/Q/aR65fsWtXJ2UaufzOPKwB/twCD6cQg0uoQ4NIHAD9/AIT450Hpxn52XWmnPmM7vwDc7rB+sbj2U=</latexit>

�0

Positive minimum of scalar potential
<latexit sha1_base64="donWBdIcaEtozFsdCRIKmQXyMRE="></latexit>

⇤ = 8⇡GN V (�0)

Effective positive cosmological constant

⇢vacuum = 0
<latexit sha1_base64="eggFYl7PllgTB/Fw2KXJ12wAnCA=">AAAB/XicjVDLSsNAFJ3UV62v+Ni5CRbBVUmqoBuh6MZlBfuAJoTJdNIOnUnCzJ1iDcVfceNCEbf+hzv/xuljoaLggQuHc+7lHk6UcabAdT+swsLi0vJKcbW0tr6xuWVv7zRVqiWhDZLyVLYjrChnCW0AA07bmaRYRJy2osHlxG8NqVQsTW5glNFA4F7CYkYwGCm093zZT0Mf6C3kQ0y0FuNzN7TLXsWdwvmblNEc9dB+97sp0YImQDhWquO5GQQ5lsAIp+OSrxXNMBngHu0YmmBBVZBP04+dQ6N0nTiVZhJwpurXixwLpUYiMpsCQ1/99Cbib15HQ3wW5CzJNNCEzB7FmjuQOpMqnC6TlAAfGYKJZCarQ/pYYgKmsNL/SmhWK95xpXp9Uq5dzOsoon10gI6Qh05RDV2hOmoggu7QA3pCz9a99Wi9WK+z1YI1v9lF32C9fQIFqpWV</latexit>

Λ

String landscape
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<latexit sha1_base64="VUDN+YoaK3sm9fe6b1PVEnCmMNM=">AAAB8XicbVDLSsNAFJ3UV62vqks3g0VwVRLRtNkV3bisYB/YhDKZ3rZDJ5MwMymU0L9w40IRt/6NO//G6QNR64ELh3Pu5d57woQzpW3708qtrW9sbuW3Czu7e/sHxcOjpopTSaFBYx7LdkgUcCagoZnm0E4kkCjk0ApHNzO/NQapWCzu9SSBICIDwfqMEm2kB38MNPOTIZt2iyW77HlXtlvBhlRdz7vETtme45uU0BL1bvHD78U0jUBoyolSHcdOdJARqRnlMC34qYKE0BEZQMdQQSJQQTa/eIrPjNLD/ViaEhrP1Z8TGYmUmkSh6YyIHqq/3kz8z+ukul8NMiaSVIOgi0X9lGMd49n7uMckUM0nhhAqmbkV0yGRhGoTUsGEsPLyKmlelB237N5dlmrXyzjy6ASdonPkoAqqoVtURw1EkUCP6Bm9WMp6sl6tt0VrzlrOHKNfsN6/AGJOkWo=</latexit>

~�In string theory, we have moduli     in moduli space with potential            . 
<latexit sha1_base64="aoqIxeqIgHTyYma6SaMiVSgIXf0=">AAAB9HicbVDJSgNBEK1xjXGLevTSGIR4GWYkJplb0IvHCGaBzBB6Oj1Jk57F7p5AGPIdXjwo4tWP8ebf2FkQNT4oeLxXRVU9P+FMKsv6NNbWNza3tnM7+d29/YPDwtFxS8apILRJYh6Ljo8l5SyiTcUUp51EUBz6nLb90c3Mb4+pkCyO7tUkoV6IBxELGMFKS16r5I4pydxkyKYXvULRMh3nyqpUkSa1iuOUkW1ac3yTIizR6BU+3H5M0pBGinAsZde2EuVlWChGOJ3m3VTSBJMRHtCuphEOqfSy+dFTdK6VPgpioStSaK7+nMhwKOUk9HVniNVQ/vVm4n9eN1VBzctYlKSKRmSxKEg5UjGaJYD6TFCi+EQTTATTtyIyxAITpXPK6xBWXl4lrUvTrpiVu3Kxfr2MIwencAYlsKEKdbiFBjSBwAM8wjO8GGPjyXg13hata8Zy5gR+wXj/AthQki8=</latexit>

V (~�)

<latexit sha1_base64="imOl0HzDzJgZbH/54hr37dwc510=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSJcxOZpMhs7PDTK8QlnyEFw+KePV7vPk3Th4HFQULGoqqbrq7Ii2FRd//8JaWV1bX1gsbxc2t7Z3d0t5+06aZYbzBUpmadkQtl0LxBgqUvK0Np0kkeSsaXU/91j03VqTqDseahwkdKBELRtFJrWalq4fipFcqB1V/BvI3KcMC9V7pvdtPWZZwhUxSazuBrzHMqUHBJJ8Uu5nlmrIRHfCOo4om3Ib57NwJOXZKn8SpcaWQzNSvEzlNrB0nketMKA7tT28q/uZ1Mowvw1wonSFXbL4oziTBlEx/J31hOEM5doQyI9ythA2poQxdQsX/hdA8rQbnVf/2rFy7WsRRgEM4ggoEcAE1uIE6NIDBCB7gCZ497T16L97rvHXJW8wcwDd4b5+Jl48L</latexit> V
(�
)

<latexit sha1_base64="pvL8PH6PAN+Im3hxp4sDXdJwz/A=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae0oWy2k2bp7ibsboQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFySCG+u6H05pZXVtfaO8Wdna3tndq+4fdEycaoZtFotY9wJqUHCFbcutwF6ikcpAYDeYXBd+9x614bG6s9MEfUnHioecUVtIgyTiw2rNq7tzkL9JDZZoDavvg1HMUonKMkGN6XtuYv2MasuZwFllkBpMKJvQMfZzqqhE42fzW2fkJFdGJIx1XsqSufp1IqPSmKkM8k5JbWR+eoX4m9dPbXjpZ1wlqUXFFovCVBAbk+JxMuIamRXTnFCmeX4rYRHVlNk8nsr/Quic1b1G3b09rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOo/Oi/O6aC05y5lD+Abn7RMZP45G</latexit>

�

<latexit sha1_base64="XnGpZ8x9iBIzYJYlQFYEebqN/Zk=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmbURHMLevEYwSyQDKGn05O09nQP3T1CGPIPXjwo4tX/8ebf2FkE1wcFj/eqqKoXJpxp43nvTm5hcWl5Jb9aWFvf2Nwqbu80tUwVoQ0iuVTtEGvKmaANwwyn7URRHIectsLbi4nfuqNKMymuzSihQYwHgkWMYGOlZjcZsp7XK5Y8t1otl4+r6DfxXW+KEsxR7xXfun1J0pgKQzjWuuN7iQkyrAwjnI4L3VTTBJNbPKAdSwWOqQ6y6bVjdGCVPoqksiUMmqpfJzIcaz2KQ9sZYzPUP72J+JfXSU10FmRMJKmhgswWRSlHRqLJ66jPFCWGjyzBRDF7KyJDrDAxNqCCDeHzU/Q/aR65fsWtXJ2UaufzOPKwB/twCD6cQg0uoQ4NIHAD9/AIT450Hpxn52XWmnPmM7vwDc7rB+sbj2U=</latexit>

�0

Positive minimum of scalar potential
<latexit sha1_base64="donWBdIcaEtozFsdCRIKmQXyMRE="></latexit>

⇤ = 8⇡GN V (�0)

Effective positive cosmological constant

⇢vacuum = 0
<latexit sha1_base64="eggFYl7PllgTB/Fw2KXJ12wAnCA=">AAAB/XicjVDLSsNAFJ3UV62v+Ni5CRbBVUmqoBuh6MZlBfuAJoTJdNIOnUnCzJ1iDcVfceNCEbf+hzv/xuljoaLggQuHc+7lHk6UcabAdT+swsLi0vJKcbW0tr6xuWVv7zRVqiWhDZLyVLYjrChnCW0AA07bmaRYRJy2osHlxG8NqVQsTW5glNFA4F7CYkYwGCm093zZT0Mf6C3kQ0y0FuNzN7TLXsWdwvmblNEc9dB+97sp0YImQDhWquO5GQQ5lsAIp+OSrxXNMBngHu0YmmBBVZBP04+dQ6N0nTiVZhJwpurXixwLpUYiMpsCQ1/99Cbib15HQ3wW5CzJNNCEzB7FmjuQOpMqnC6TlAAfGYKJZCarQ/pYYgKmsNL/SmhWK95xpXp9Uq5dzOsoon10gI6Qh05RDV2hOmoggu7QA3pCz9a99Wi9WK+z1YI1v9lF32C9fQIFqpWV</latexit>

Λ

String landscape

<latexit sha1_base64="imOl0HzDzJgZbH/54hr37dwc510=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSJcxOZpMhs7PDTK8QlnyEFw+KePV7vPk3Th4HFQULGoqqbrq7Ii2FRd//8JaWV1bX1gsbxc2t7Z3d0t5+06aZYbzBUpmadkQtl0LxBgqUvK0Np0kkeSsaXU/91j03VqTqDseahwkdKBELRtFJrWalq4fipFcqB1V/BvI3KcMC9V7pvdtPWZZwhUxSazuBrzHMqUHBJJ8Uu5nlmrIRHfCOo4om3Ib57NwJOXZKn8SpcaWQzNSvEzlNrB0nketMKA7tT28q/uZ1Mowvw1wonSFXbL4oziTBlEx/J31hOEM5doQyI9ythA2poQxdQsX/hdA8rQbnVf/2rFy7WsRRgEM4ggoEcAE1uIE6NIDBCB7gCZ497T16L97rvHXJW8wcwDd4b5+Jl48L</latexit> V
(�
)

<latexit sha1_base64="pvL8PH6PAN+Im3hxp4sDXdJwz/A=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae0oWy2k2bp7ibsboQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFySCG+u6H05pZXVtfaO8Wdna3tndq+4fdEycaoZtFotY9wJqUHCFbcutwF6ikcpAYDeYXBd+9x614bG6s9MEfUnHioecUVtIgyTiw2rNq7tzkL9JDZZoDavvg1HMUonKMkGN6XtuYv2MasuZwFllkBpMKJvQMfZzqqhE42fzW2fkJFdGJIx1XsqSufp1IqPSmKkM8k5JbWR+eoX4m9dPbXjpZ1wlqUXFFovCVBAbk+JxMuIamRXTnFCmeX4rYRHVlNk8nsr/Quic1b1G3b09rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOo/Oi/O6aC05y5lD+Abn7RMZP45G</latexit>

�

What about quintessence? Can we get it from string theory?
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Moduli space of a string theoretic EFT
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Bulk region 
[theory is strongly coupled 

and we lose computational control]
very little is known about

<latexit sha1_base64="NmMPrPoFOXIogdIxecp8FE/bwH8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZCpZWp3RTcuK9gHdIaSSTNtaCYzJplCGfodblwo4taPceffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK/nfmdCpWKxuNPThPoRHgoWMoK1kfx22ZtQknnJiM3O+8USsuuoVncdiGy3Uq9Xa4ZULhwXOdCx0QIlsEKzX3z3BjFJIyo04VipnoMS7WdYakY4nRW8VNEEkzEe0p6hAkdU+dni6Bk8M8oAhrE0JTRcqN8nMhwpNY0C0xlhPVK/vbn4l9dLdXjpZ0wkqaaCLBeFKYc6hvME4IBJSjSfGoKJZOZWSEZYYqJNTgUTwten8H/SrtiOa7u31VLjahVHHpyAU1AGDqiBBrgBTdACBNyDB/AEnq2J9Wi9WK/L1py1mjkGP2C9fQLXr5Iv</latexit>

V (~�)

Asymptotic regions 
[theory is under perturbative control]

can be reliably computed
<latexit sha1_base64="NmMPrPoFOXIogdIxecp8FE/bwH8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZCpZWp3RTcuK9gHdIaSSTNtaCYzJplCGfodblwo4taPceffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK/nfmdCpWKxuNPThPoRHgoWMoK1kfx22ZtQknnJiM3O+8USsuuoVncdiGy3Uq9Xa4ZULhwXOdCx0QIlsEKzX3z3BjFJIyo04VipnoMS7WdYakY4nRW8VNEEkzEe0p6hAkdU+dni6Bk8M8oAhrE0JTRcqN8nMhwpNY0C0xlhPVK/vbn4l9dLdXjpZ0wkqaaCLBeFKYc6hvME4IBJSjSfGoKJZOZWSEZYYqJNTgUTwten8H/SrtiOa7u31VLjahVHHpyAU1AGDqiBBrgBTdACBNyDB/AEnq2J9Wi9WK/L1py1mjkGP2C9fQLXr5Iv</latexit>

V (~�)
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Moduli space of a string theoretic EFT

CR
ED

IT: 
MA

TIL
DA

 DE
LG

AD
O

Bulk region 
[theory is strongly coupled 

and we lose computational control]
very little is known about

<latexit sha1_base64="NmMPrPoFOXIogdIxecp8FE/bwH8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZCpZWp3RTcuK9gHdIaSSTNtaCYzJplCGfodblwo4taPceffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK/nfmdCpWKxuNPThPoRHgoWMoK1kfx22ZtQknnJiM3O+8USsuuoVncdiGy3Uq9Xa4ZULhwXOdCx0QIlsEKzX3z3BjFJIyo04VipnoMS7WdYakY4nRW8VNEEkzEe0p6hAkdU+dni6Bk8M8oAhrE0JTRcqN8nMhwpNY0C0xlhPVK/vbn4l9dLdXjpZ0wkqaaCLBeFKYc6hvME4IBJSjSfGoKJZOZWSEZYYqJNTgUTwten8H/SrtiOa7u31VLjahVHHpyAU1AGDqiBBrgBTdACBNyDB/AEnq2J9Wi9WK/L1py1mjkGP2C9fQLXr5Iv</latexit>

V (~�)

Asymptotic regions 
[theory is under perturbative control]

can be reliably computed
<latexit sha1_base64="NmMPrPoFOXIogdIxecp8FE/bwH8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZCpZWp3RTcuK9gHdIaSSTNtaCYzJplCGfodblwo4taPceffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK/nfmdCpWKxuNPThPoRHgoWMoK1kfx22ZtQknnJiM3O+8USsuuoVncdiGy3Uq9Xa4ZULhwXOdCx0QIlsEKzX3z3BjFJIyo04VipnoMS7WdYakY4nRW8VNEEkzEe0p6hAkdU+dni6Bk8M8oAhrE0JTRcqN8nMhwpNY0C0xlhPVK/vbn4l9dLdXjpZ0wkqaaCLBeFKYc6hvME4IBJSjSfGoKJZOZWSEZYYqJNTgUTwten8H/SrtiOa7u31VLjahVHHpyAU1AGDqiBBrgBTdACBNyDB/AEnq2J9Wi9WK/L1py1mjkGP2C9fQLXr5Iv</latexit>

V (~�)

Despite decades of effort 
• realizing a de Sitter minimum in 

asymptotic regions remains an open 
question, 

• every time we compute an asymptotic 
potential in string theory, it is a sum of 
exponentials 

    ➔ no minimum. 

<latexit sha1_base64="PHaGssWio+sgTRvB8LQU5HiGTQM="></latexit>

V (~�) = V0e
�~�·~�

[Grimm, Li, Valenzuela 20; McAllister, Quevedo 23; Van Riet, 
Zoccarato 23; Castellano, Herráez, Ibáñez 22, 23]
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Moduli space of a string theoretic EFT

CR
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Bulk region 
[theory is strongly coupled 

and we lose computational control]
very little is known about

<latexit sha1_base64="NmMPrPoFOXIogdIxecp8FE/bwH8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZCpZWp3RTcuK9gHdIaSSTNtaCYzJplCGfodblwo4taPceffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK/nfmdCpWKxuNPThPoRHgoWMoK1kfx22ZtQknnJiM3O+8USsuuoVncdiGy3Uq9Xa4ZULhwXOdCx0QIlsEKzX3z3BjFJIyo04VipnoMS7WdYakY4nRW8VNEEkzEe0p6hAkdU+dni6Bk8M8oAhrE0JTRcqN8nMhwpNY0C0xlhPVK/vbn4l9dLdXjpZ0wkqaaCLBeFKYc6hvME4IBJSjSfGoKJZOZWSEZYYqJNTgUTwten8H/SrtiOa7u31VLjahVHHpyAU1AGDqiBBrgBTdACBNyDB/AEnq2J9Wi9WK/L1py1mjkGP2C9fQLXr5Iv</latexit>

V (~�)

Asymptotic regions 
[theory is under perturbative control]

can be reliably computed
<latexit sha1_base64="NmMPrPoFOXIogdIxecp8FE/bwH8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZCpZWp3RTcuK9gHdIaSSTNtaCYzJplCGfodblwo4taPceffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK/nfmdCpWKxuNPThPoRHgoWMoK1kfx22ZtQknnJiM3O+8USsuuoVncdiGy3Uq9Xa4ZULhwXOdCx0QIlsEKzX3z3BjFJIyo04VipnoMS7WdYakY4nRW8VNEEkzEe0p6hAkdU+dni6Bk8M8oAhrE0JTRcqN8nMhwpNY0C0xlhPVK/vbn4l9dLdXjpZ0wkqaaCLBeFKYc6hvME4IBJSjSfGoKJZOZWSEZYYqJNTgUTwten8H/SrtiOa7u31VLjahVHHpyAU1AGDqiBBrgBTdACBNyDB/AEnq2J9Wi9WK/L1py1mjkGP2C9fQLXr5Iv</latexit>

V (~�)

Despite decades of effort 
• realizing a de Sitter minimum in 

asymptotic regions remains an open 
question, 

• every time we compute an asymptotic 
potential in string theory, it is a sum of 
exponentials 

    ➔ no minimum. 

<latexit sha1_base64="PHaGssWio+sgTRvB8LQU5HiGTQM="></latexit>

V (~�) = V0e
�~�·~�

[Grimm, Li, Valenzuela 20; McAllister, Quevedo 23; Van Riet, 
Zoccarato 23; Castellano, Herráez, Ibáñez 22, 23]

<latexit sha1_base64="2aDpsC1DI3il0WRzYvSWxkQlmLQ="></latexit>

krV k
V

� 2p
d� 2

as |�| ! 1

<latexit sha1_base64="UPEUpKryFC2ZCKY77p9gDgRkDO4="></latexit>

S =

Z
ddx

p
�g

⇢
1

16⇡GN
R� 1

2
Gab@µ�

a@µ�b � V (~�)

�

Metric in moduli space

In all known asymptotic string theory examples: [Maldacena, Nunez 01; Hertzberg, Kachru, Taylor, Tegmark 07;  
Obied, Ooguri, Spodyneiko, Vafa 18; Andrio 19; Andriot, Cribiori, 
Erkinger 20; Calderón-Infante, Ruiz, Valenzuela 22; Shiu, 
Tonioni, Tran 23;  Cremonini, Gonzalo, Rajaguru, Tang, Wrase 
23; Hebecker, Schreyer, Venken 23; Van Riet 23; Seo 24]

The situation is worse:
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Moduli space of a string theoretic EFT

CR
ED

IT: 
MA

TIL
DA

 DE
LG

AD
O

Bulk region 
[theory is strongly coupled 

and we lose computational control]
very little is known about

<latexit sha1_base64="NmMPrPoFOXIogdIxecp8FE/bwH8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZCpZWp3RTcuK9gHdIaSSTNtaCYzJplCGfodblwo4taPceffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK/nfmdCpWKxuNPThPoRHgoWMoK1kfx22ZtQknnJiM3O+8USsuuoVncdiGy3Uq9Xa4ZULhwXOdCx0QIlsEKzX3z3BjFJIyo04VipnoMS7WdYakY4nRW8VNEEkzEe0p6hAkdU+dni6Bk8M8oAhrE0JTRcqN8nMhwpNY0C0xlhPVK/vbn4l9dLdXjpZ0wkqaaCLBeFKYc6hvME4IBJSjSfGoKJZOZWSEZYYqJNTgUTwten8H/SrtiOa7u31VLjahVHHpyAU1AGDqiBBrgBTdACBNyDB/AEnq2J9Wi9WK/L1py1mjkGP2C9fQLXr5Iv</latexit>

V (~�)

Asymptotic regions 
[theory is under perturbative control]

can be reliably computed
<latexit sha1_base64="NmMPrPoFOXIogdIxecp8FE/bwH8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZCpZWp3RTcuK9gHdIaSSTNtaCYzJplCGfodblwo4taPceffmD4EFT1w4XDOvdx7T5BwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK/nfmdCpWKxuNPThPoRHgoWMoK1kfx22ZtQknnJiM3O+8USsuuoVncdiGy3Uq9Xa4ZULhwXOdCx0QIlsEKzX3z3BjFJIyo04VipnoMS7WdYakY4nRW8VNEEkzEe0p6hAkdU+dni6Bk8M8oAhrE0JTRcqN8nMhwpNY0C0xlhPVK/vbn4l9dLdXjpZ0wkqaaCLBeFKYc6hvME4IBJSjSfGoKJZOZWSEZYYqJNTgUTwten8H/SrtiOa7u31VLjahVHHpyAU1AGDqiBBrgBTdACBNyDB/AEnq2J9Wi9WK/L1py1mjkGP2C9fQLXr5Iv</latexit>

V (~�)

Despite decades of effort 
• realizing a de Sitter minimum in 

asymptotic regions remains an open 
question, 

• every time we compute an asymptotic 
potential in string theory, it is a sum of 
exponentials 

    ➔ no minimum. 

<latexit sha1_base64="PHaGssWio+sgTRvB8LQU5HiGTQM="></latexit>

V (~�) = V0e
�~�·~�

[Grimm, Li, Valenzuela 20; McAllister, Quevedo 23; Van Riet, 
Zoccarato 23; Castellano, Herráez, Ibáñez 22, 23]

It is conjectured to hold universally 
“Strong de Sitter conjecture”

[Rudelius 21]

<latexit sha1_base64="2aDpsC1DI3il0WRzYvSWxkQlmLQ="></latexit>

krV k
V

� 2p
d� 2

as |�| ! 1

<latexit sha1_base64="UPEUpKryFC2ZCKY77p9gDgRkDO4="></latexit>

S =

Z
ddx

p
�g

⇢
1

16⇡GN
R� 1

2
Gab@µ�

a@µ�b � V (~�)

�

Metric in moduli space

In all known asymptotic string theory examples: [Maldacena, Nunez 01; Hertzberg, Kachru, Taylor, Tegmark 07;  
Obied, Ooguri, Spodyneiko, Vafa 18; Andrio 19; Andriot, Cribiori, 
Erkinger 20; Calderón-Infante, Ruiz, Valenzuela 22; Shiu, 
Tonioni, Tran 23;  Cremonini, Gonzalo, Rajaguru, Tang, Wrase 
23; Hebecker, Schreyer, Venken 23; Van Riet 23; Seo 24]

The situation is worse:
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<latexit sha1_base64="imOl0HzDzJgZbH/54hr37dwc510=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSJcxOZpMhs7PDTK8QlnyEFw+KePV7vPk3Th4HFQULGoqqbrq7Ii2FRd//8JaWV1bX1gsbxc2t7Z3d0t5+06aZYbzBUpmadkQtl0LxBgqUvK0Np0kkeSsaXU/91j03VqTqDseahwkdKBELRtFJrWalq4fipFcqB1V/BvI3KcMC9V7pvdtPWZZwhUxSazuBrzHMqUHBJJ8Uu5nlmrIRHfCOo4om3Ib57NwJOXZKn8SpcaWQzNSvEzlNrB0nketMKA7tT28q/uZ1Mowvw1wonSFXbL4oziTBlEx/J31hOEM5doQyI9ythA2poQxdQsX/hdA8rQbnVf/2rFy7WsRRgEM4ggoEcAE1uIE6NIDBCB7gCZ497T16L97rvHXJW8wcwDd4b5+Jl48L</latexit> V
(�
)

<latexit sha1_base64="pvL8PH6PAN+Im3hxp4sDXdJwz/A=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae0oWy2k2bp7ibsboQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFySCG+u6H05pZXVtfaO8Wdna3tndq+4fdEycaoZtFotY9wJqUHCFbcutwF6ikcpAYDeYXBd+9x614bG6s9MEfUnHioecUVtIgyTiw2rNq7tzkL9JDZZoDavvg1HMUonKMkGN6XtuYv2MasuZwFllkBpMKJvQMfZzqqhE42fzW2fkJFdGJIx1XsqSufp1IqPSmKkM8k5JbWR+eoX4m9dPbXjpZ1wlqUXFFovCVBAbk+JxMuIamRXTnFCmeX4rYRHVlNk8nsr/Quic1b1G3b09rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOo/Oi/O6aC05y5lD+Abn7RMZP45G</latexit>

�

<latexit sha1_base64="//j2CufBaXjfuLolzSruT77jrs8=">AAACDHicbVDLSsNAFJ3UV62vqks3g0WoC0siNW0XQtGNywo2LTSxTCbTdujkwcxEKCEf4MZfceNCEbd+gDv/xklbRK0HBg7nnMude9yIUSF1/VPLLS2vrK7l1wsbm1vbO8XdPUuEMcekjUMW8q6LBGE0IG1JJSPdiBPku4x03PFl5nfuCBc0DG7kJCKOj4YBHVCMpJL6xZJVtqMRPT63+jokt8mJzdSwh2zshTLJrDRVKb3SaJzpZg0qUjcbjSo0KvoU36QE5mj1ix+2F+LYJ4HEDAnRM/RIOgnikmJG0oIdCxIhPEZD0lM0QD4RTjI9JoVHSvHgIOTqBRJO1Z8TCfKFmPiuSvpIjsRfLxP/83qxHNSdhAZRLEmAZ4sGMYMyhFkz0KOcYMkmiiDMqforxCPEEZaqv4IqYeHkRWKdVgyzYl5XS82LeR15cAAOQRkYoAaa4Aq0QBtgcA8ewTN40R60J+1Ve5tFc9p8Zh/8gvb+BTW2myw=</latexit>

V (�) = V0e
��·�

<latexit sha1_base64="ma1X+kWpsxbIG4HlmYgdKw0GVlA="></latexit>

|V 0|
V

= � �
p
2 as |�| ! 1

In 4 dimensions: 
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<latexit sha1_base64="imOl0HzDzJgZbH/54hr37dwc510=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSJcxOZpMhs7PDTK8QlnyEFw+KePV7vPk3Th4HFQULGoqqbrq7Ii2FRd//8JaWV1bX1gsbxc2t7Z3d0t5+06aZYbzBUpmadkQtl0LxBgqUvK0Np0kkeSsaXU/91j03VqTqDseahwkdKBELRtFJrWalq4fipFcqB1V/BvI3KcMC9V7pvdtPWZZwhUxSazuBrzHMqUHBJJ8Uu5nlmrIRHfCOo4om3Ib57NwJOXZKn8SpcaWQzNSvEzlNrB0nketMKA7tT28q/uZ1Mowvw1wonSFXbL4oziTBlEx/J31hOEM5doQyI9ythA2poQxdQsX/hdA8rQbnVf/2rFy7WsRRgEM4ggoEcAE1uIE6NIDBCB7gCZ497T16L97rvHXJW8wcwDd4b5+Jl48L</latexit> V
(�
)

<latexit sha1_base64="pvL8PH6PAN+Im3hxp4sDXdJwz/A=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae0oWy2k2bp7ibsboQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFySCG+u6H05pZXVtfaO8Wdna3tndq+4fdEycaoZtFotY9wJqUHCFbcutwF6ikcpAYDeYXBd+9x614bG6s9MEfUnHioecUVtIgyTiw2rNq7tzkL9JDZZoDavvg1HMUonKMkGN6XtuYv2MasuZwFllkBpMKJvQMfZzqqhE42fzW2fkJFdGJIx1XsqSufp1IqPSmKkM8k5JbWR+eoX4m9dPbXjpZ1wlqUXFFovCVBAbk+JxMuIamRXTnFCmeX4rYRHVlNk8nsr/Quic1b1G3b09rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOo/Oi/O6aC05y5lD+Abn7RMZP45G</latexit>

�

<latexit sha1_base64="//j2CufBaXjfuLolzSruT77jrs8=">AAACDHicbVDLSsNAFJ3UV62vqks3g0WoC0siNW0XQtGNywo2LTSxTCbTdujkwcxEKCEf4MZfceNCEbd+gDv/xklbRK0HBg7nnMude9yIUSF1/VPLLS2vrK7l1wsbm1vbO8XdPUuEMcekjUMW8q6LBGE0IG1JJSPdiBPku4x03PFl5nfuCBc0DG7kJCKOj4YBHVCMpJL6xZJVtqMRPT63+jokt8mJzdSwh2zshTLJrDRVKb3SaJzpZg0qUjcbjSo0KvoU36QE5mj1ix+2F+LYJ4HEDAnRM/RIOgnikmJG0oIdCxIhPEZD0lM0QD4RTjI9JoVHSvHgIOTqBRJO1Z8TCfKFmPiuSvpIjsRfLxP/83qxHNSdhAZRLEmAZ4sGMYMyhFkz0KOcYMkmiiDMqforxCPEEZaqv4IqYeHkRWKdVgyzYl5XS82LeR15cAAOQRkYoAaa4Aq0QBtgcA8ewTN40R60J+1Ve5tFc9p8Zh/8gvb+BTW2myw=</latexit>

V (�) = V0e
��·�

<latexit sha1_base64="ma1X+kWpsxbIG4HlmYgdKw0GVlA="></latexit>

|V 0|
V

= � �
p
2 as |�| ! 1

In 4 dimensions: 

This is way too steep to accommodate viable cosmic acceleration 
and/or cosmic inflation. [Agrawal, Obied, Steinhardt, Vafa 18; Y.A., Kallosh, Linde, Vardanyan 

18; Raveri, Hu, Sethi 18]
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<latexit sha1_base64="imOl0HzDzJgZbH/54hr37dwc510=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSJcxOZpMhs7PDTK8QlnyEFw+KePV7vPk3Th4HFQULGoqqbrq7Ii2FRd//8JaWV1bX1gsbxc2t7Z3d0t5+06aZYbzBUpmadkQtl0LxBgqUvK0Np0kkeSsaXU/91j03VqTqDseahwkdKBELRtFJrWalq4fipFcqB1V/BvI3KcMC9V7pvdtPWZZwhUxSazuBrzHMqUHBJJ8Uu5nlmrIRHfCOo4om3Ib57NwJOXZKn8SpcaWQzNSvEzlNrB0nketMKA7tT28q/uZ1Mowvw1wonSFXbL4oziTBlEx/J31hOEM5doQyI9ythA2poQxdQsX/hdA8rQbnVf/2rFy7WsRRgEM4ggoEcAE1uIE6NIDBCB7gCZ497T16L97rvHXJW8wcwDd4b5+Jl48L</latexit> V
(�
)

<latexit sha1_base64="pvL8PH6PAN+Im3hxp4sDXdJwz/A=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae0oWy2k2bp7ibsboQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFySCG+u6H05pZXVtfaO8Wdna3tndq+4fdEycaoZtFotY9wJqUHCFbcutwF6ikcpAYDeYXBd+9x614bG6s9MEfUnHioecUVtIgyTiw2rNq7tzkL9JDZZoDavvg1HMUonKMkGN6XtuYv2MasuZwFllkBpMKJvQMfZzqqhE42fzW2fkJFdGJIx1XsqSufp1IqPSmKkM8k5JbWR+eoX4m9dPbXjpZ1wlqUXFFovCVBAbk+JxMuIamRXTnFCmeX4rYRHVlNk8nsr/Quic1b1G3b09rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOo/Oi/O6aC05y5lD+Abn7RMZP45G</latexit>

�

<latexit sha1_base64="//j2CufBaXjfuLolzSruT77jrs8=">AAACDHicbVDLSsNAFJ3UV62vqks3g0WoC0siNW0XQtGNywo2LTSxTCbTdujkwcxEKCEf4MZfceNCEbd+gDv/xklbRK0HBg7nnMude9yIUSF1/VPLLS2vrK7l1wsbm1vbO8XdPUuEMcekjUMW8q6LBGE0IG1JJSPdiBPku4x03PFl5nfuCBc0DG7kJCKOj4YBHVCMpJL6xZJVtqMRPT63+jokt8mJzdSwh2zshTLJrDRVKb3SaJzpZg0qUjcbjSo0KvoU36QE5mj1ix+2F+LYJ4HEDAnRM/RIOgnikmJG0oIdCxIhPEZD0lM0QD4RTjI9JoVHSvHgIOTqBRJO1Z8TCfKFmPiuSvpIjsRfLxP/83qxHNSdhAZRLEmAZ4sGMYMyhFkz0KOcYMkmiiDMqforxCPEEZaqv4IqYeHkRWKdVgyzYl5XS82LeR15cAAOQRkYoAaa4Aq0QBtgcA8ewTN40R60J+1Ve5tFc9p8Zh/8gvb+BTW2myw=</latexit>

V (�) = V0e
��·�

<latexit sha1_base64="ma1X+kWpsxbIG4HlmYgdKw0GVlA="></latexit>

|V 0|
V

= � �
p
2 as |�| ! 1

In 4 dimensions: 

This is way too steep to accommodate viable cosmic acceleration 
and/or cosmic inflation. [Agrawal, Obied, Steinhardt, Vafa 18; Y.A., Kallosh, Linde, Vardanyan 

18; Raveri, Hu, Sethi 18]

This had been shown only for a flat universe, i.e. with zero spatial curvature.
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<latexit sha1_base64="imOl0HzDzJgZbH/54hr37dwc510=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSJcxOZpMhs7PDTK8QlnyEFw+KePV7vPk3Th4HFQULGoqqbrq7Ii2FRd//8JaWV1bX1gsbxc2t7Z3d0t5+06aZYbzBUpmadkQtl0LxBgqUvK0Np0kkeSsaXU/91j03VqTqDseahwkdKBELRtFJrWalq4fipFcqB1V/BvI3KcMC9V7pvdtPWZZwhUxSazuBrzHMqUHBJJ8Uu5nlmrIRHfCOo4om3Ib57NwJOXZKn8SpcaWQzNSvEzlNrB0nketMKA7tT28q/uZ1Mowvw1wonSFXbL4oziTBlEx/J31hOEM5doQyI9ythA2poQxdQsX/hdA8rQbnVf/2rFy7WsRRgEM4ggoEcAE1uIE6NIDBCB7gCZ497T16L97rvHXJW8wcwDd4b5+Jl48L</latexit> V
(�
)

<latexit sha1_base64="pvL8PH6PAN+Im3hxp4sDXdJwz/A=">AAAB63icjVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae0oWy2k2bp7ibsboQS+he8eFDEq3/Im//GpO1BRcEHA4/3ZpiZFySCG+u6H05pZXVtfaO8Wdna3tndq+4fdEycaoZtFotY9wJqUHCFbcutwF6ikcpAYDeYXBd+9x614bG6s9MEfUnHioecUVtIgyTiw2rNq7tzkL9JDZZoDavvg1HMUonKMkGN6XtuYv2MasuZwFllkBpMKJvQMfZzqqhE42fzW2fkJFdGJIx1XsqSufp1IqPSmKkM8k5JbWR+eoX4m9dPbXjpZ1wlqUXFFovCVBAbk+JxMuIamRXTnFCmeX4rYRHVlNk8nsr/Quic1b1G3b09rzWvlnGU4QiO4RQ8uIAm3EAL2sAgggd4gmdHOo/Oi/O6aC05y5lD+Abn7RMZP45G</latexit>

�

<latexit sha1_base64="//j2CufBaXjfuLolzSruT77jrs8=">AAACDHicbVDLSsNAFJ3UV62vqks3g0WoC0siNW0XQtGNywo2LTSxTCbTdujkwcxEKCEf4MZfceNCEbd+gDv/xklbRK0HBg7nnMude9yIUSF1/VPLLS2vrK7l1wsbm1vbO8XdPUuEMcekjUMW8q6LBGE0IG1JJSPdiBPku4x03PFl5nfuCBc0DG7kJCKOj4YBHVCMpJL6xZJVtqMRPT63+jokt8mJzdSwh2zshTLJrDRVKb3SaJzpZg0qUjcbjSo0KvoU36QE5mj1ix+2F+LYJ4HEDAnRM/RIOgnikmJG0oIdCxIhPEZD0lM0QD4RTjI9JoVHSvHgIOTqBRJO1Z8TCfKFmPiuSvpIjsRfLxP/83qxHNSdhAZRLEmAZ4sGMYMyhFkz0KOcYMkmiiDMqforxCPEEZaqv4IqYeHkRWKdVgyzYl5XS82LeR15cAAOQRkYoAaa4Aq0QBtgcA8ewTN40R60J+1Ve5tFc9p8Zh/8gvb+BTW2myw=</latexit>

V (�) = V0e
��·�

<latexit sha1_base64="ma1X+kWpsxbIG4HlmYgdKw0GVlA="></latexit>

|V 0|
V

= � �
p
2 as |�| ! 1

In 4 dimensions: 

This is way too steep to accommodate viable cosmic acceleration 
and/or cosmic inflation. [Agrawal, Obied, Steinhardt, Vafa 18; Y.A., Kallosh, Linde, Vardanyan 

18; Raveri, Hu, Sethi 18]

This had been shown only for a flat universe, i.e. with zero spatial curvature.
Marconnet and Dimitrios Tsimpis (2022) and Andriot, Tsimpis and Timm Wrase (2023) revived the interest in asymptotic regions in string theory, 
showing that one can get acceleration with steep potentials simply by allowing the Universe to have a negative spatial curvature.
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<latexit sha1_base64="imOl0HzDzJgZbH/54hr37dwc510=">AAAB7nicjVDLSgNBEOz1GeMr6tHLYBDiJeyKosegF48RzAOSJcxOZpMhs7PDTK8QlnyEFw+KePV7vPk3Th4HFQULGoqqbrq7Ii2FRd//8JaWV1bX1gsbxc2t7Z3d0t5+06aZYbzBUpmadkQtl0LxBgqUvK0Np0kkeSsaXU/91j03VqTqDseahwkdKBELRtFJrWalq4fipFcqB1V/BvI3KcMC9V7pvdtPWZZwhUxSazuBrzHMqUHBJJ8Uu5nlmrIRHfCOo4om3Ib57NwJOXZKn8SpcaWQzNSvEzlNrB0nketMKA7tT28q/uZ1Mowvw1wonSFXbL4oziTBlEx/J31hOEM5doQyI9ythA2poQxdQsX/hdA8rQbnVf/2rFy7WsRRgEM4ggoEcAE1uIE6NIDBCB7gCZ497T16L97rvHXJW8wcwDd4b5+Jl48L</latexit> V
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In 4 dimensions: 

This is way too steep to accommodate viable cosmic acceleration 
and/or cosmic inflation. [Agrawal, Obied, Steinhardt, Vafa 18; Y.A., Kallosh, Linde, Vardanyan 

18; Raveri, Hu, Sethi 18]

This had been shown only for a flat universe, i.e. with zero spatial curvature.
Marconnet and Dimitrios Tsimpis (2022) and Andriot, Tsimpis and Timm Wrase (2023) revived the interest in asymptotic regions in string theory, 
showing that one can get acceleration with steep potentials simply by allowing the Universe to have a negative spatial curvature.

We decided to look into this possibility more closely. Susha’s Talk tomorrow
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In 4 dimensions: 

This is way too steep to accommodate viable cosmic acceleration 
and/or cosmic inflation. [Agrawal, Obied, Steinhardt, Vafa 18; Y.A., Kallosh, Linde, Vardanyan 

18; Raveri, Hu, Sethi 18]

This had been shown only for a flat universe, i.e. with zero spatial curvature.
Marconnet and Dimitrios Tsimpis (2022) and Andriot, Tsimpis and Timm Wrase (2023) revived the interest in asymptotic regions in string theory, 
showing that one can get acceleration with steep potentials simply by allowing the Universe to have a negative spatial curvature.
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In 4 dimensions: 

This is way too steep to accommodate viable cosmic acceleration 
and/or cosmic inflation. [Agrawal, Obied, Steinhardt, Vafa 18; Y.A., Kallosh, Linde, Vardanyan 

18; Raveri, Hu, Sethi 18]

This had been shown only for a flat universe, i.e. with zero spatial curvature.
Marconnet and Dimitrios Tsimpis (2022) and Andriot, Tsimpis and Timm Wrase (2023) revived the interest in asymptotic regions in string theory, 
showing that one can get acceleration with steep potentials simply by allowing the Universe to have a negative spatial curvature.
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we↵ ⌘ P� + Pm + Pz

⇢� + ⇢m + ⇢z
Effective equation of state parameter



/128CURVATURE TO THE RESCUE? 

<latexit sha1_base64="ZSy0cYS7nHD+jX0Am61o60ou3qU=">AAACBnicdVDLSgMxFM34rPU16lKEYBGEYpmpttqFUHTjzgr2AZ22ZNK0DU1mhiQj1qErN/6KGxeKuPUb3Pk3ZtoKPg9cOJxzL/fe4waMSmVZ78bU9Mzs3HxiIbm4tLyyaq6tV6QfCkzK2Ge+qLlIEkY9UlZUMVILBEHcZaTq9k9jv3pFhKS+d6kGAWlw1PVoh2KktNQyt+zj62Y2PWhm927SzjknXdRyOFI9wSM+bJkpK1Mo5HL7Bfib2BlrhBSYoNQy35y2j0NOPIUZkrJuW4FqREgoihkZJp1QkgDhPuqSuqYe4kQ2otEbQ7ijlTbs+EKXp+BI/ToRIS7lgLu6M75Q/vRi8S+vHqrOUSOiXhAq4uHxok7IoPJhnAlsU0GwYgNNEBZU3wpxDwmElU4uqUP4/BT+TyrZjJ3P5C8OUsWTSRwJsAm2wS6wwSEogjNQAmWAwS24B4/gybgzHoxn42XcOmVMZjbANxivH7QKmLo=</latexit>

1 = x2 + y2 � z + ⌦m

<latexit sha1_base64="mpoX/wYYzjE62s4o1MKaxQNfruY="></latexit>

dx

dN
=

r
3

2
�y2 � 1

2
x
�
�3x2 + 3y2 � z + 3

�

<latexit sha1_base64="xN6p/c1BexMY5UKHnnHqiV8zcyw="></latexit>

dy

dN
=

1

2
y
⇣
3x2 �

p
6�x� 3y2 + z + 3

⌘

<latexit sha1_base64="p9FM2xYBSCMN0TuExJ+uUvMZ0+s="></latexit>

dz

dN
= z

�
3x2 � 3y2 + z + 1

�

<latexit sha1_base64="365azGCLxRocNPBdmH+vUapFMlk=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI0pl0W3biSCvYBTSiT6aQdOpnEmUmhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J0wZlcqyPozC2vrG5lZxu7Szu7d/UD48asskE5i0cMIS0Q2RJIxy0lJUMdJNBUFxyEgnHF/N/c6ECEkTfqemKQliNOQ0ohgpLfk3PrnP6MRnHKJ+uWKZdctxLQ9aplt1qq4zJ7ULu+pB27QWqIAVmv3yuz9IcBYTrjBDUvZsK1VBjoSimJFZyc8kSREeoyHpacpRTGSQL26ewTOtDGCUCF1cwYX6fSJHsZTTONSdMVIj+dubi395vUxF9SCnPM0U4Xi5KMoYVAmcBwAHVBCs2FQThAXVt0I8QgJhpWMq6RC+PoX/k7Zj2p7p3bqVxuUqjiI4AafgHNigBhrgGjRBC2CQggfwBJ6NzHg0XozXZWvBWM0cgx8w3j4BI3qRyA==</latexit>

N ⌘ ln a

<latexit sha1_base64="gGGCYF6EAzQcbYRv1cA1cPax/Us="></latexit>

x ⌘ �̇p
6MPlH

, y ⌘
p

V (�)p
3MPlH

, z ⌘ �⌦k ⌘ k

a2H2

DYNAMICAL SYSTEM
<latexit sha1_base64="CNOEGLJwQEbdKLHNXhPwK8juhMQ="></latexit>

⌦m ⌘ ⇢m

3M2
PlH

2

<latexit sha1_base64="1chkCu4ORl72WQ6MmvGiOJFlAY4="></latexit>

we↵ =
2

3
✏� 1 = x2 � y2 +

1

3
z

<latexit sha1_base64="skSxt87g0Ln+4wc1US/JLZ9vIpo="></latexit>

✏ ⌘ � Ḣ

H2
=

3

2

�
x
2 � y

2 + 1
�
+

1

2
z

<latexit sha1_base64="S5SKgGFOXGPXTcQy3TkacvasrGY=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCq2EqOu3sim5cuKhgH9AOJZOm09BMMiQZpQ79EjcuFHHrp7jzb0wfiFoPXDiccy/33hMmjCrtup9WbmV1bX0jv1nY2t7ZLdp7+00lUolJAwsmZDtEijDKSUNTzUg7kQTFISOtcHQ59Vt3RCoq+K0eJySIUcTpgGKkjdSzi91rwSNJo6FGUor7nl1yHd8/d70KNKTq+f4ZLDvuDN+kBBao9+yPbl/gNCZcY4aU6pTdRAcZkppiRiaFbqpIgvAIRaRjKEcxUUE2O3wCj43ShwMhTXENZ+rPiQzFSo3j0HTGSA/VX28q/ud1Uj2oBhnlSaoJx/NFg5RBLeA0BdinkmDNxoYgLKm5FeIhkghrk1XBhLD08jJpnjplz/Fuzkq1i0UceXAIjsAJKIMKqIErUAcNgEEKHsEzeLEerCfr1Xqbt+asxcwB+AXr/Qu7rJPT</latexit>

=)
Slow-roll parameter

<latexit sha1_base64="kTwIxSpIh5JrDxN2SdZj5L6xeww="></latexit>

we↵ ⌘ P� + Pm + Pz

⇢� + ⇢m + ⇢z
Effective equation of state parameter



/128CURVATURE TO THE RESCUE? 

<latexit sha1_base64="ZSy0cYS7nHD+jX0Am61o60ou3qU=">AAACBnicdVDLSgMxFM34rPU16lKEYBGEYpmpttqFUHTjzgr2AZ22ZNK0DU1mhiQj1qErN/6KGxeKuPUb3Pk3ZtoKPg9cOJxzL/fe4waMSmVZ78bU9Mzs3HxiIbm4tLyyaq6tV6QfCkzK2Ge+qLlIEkY9UlZUMVILBEHcZaTq9k9jv3pFhKS+d6kGAWlw1PVoh2KktNQyt+zj62Y2PWhm927SzjknXdRyOFI9wSM+bJkpK1Mo5HL7Bfib2BlrhBSYoNQy35y2j0NOPIUZkrJuW4FqREgoihkZJp1QkgDhPuqSuqYe4kQ2otEbQ7ijlTbs+EKXp+BI/ToRIS7lgLu6M75Q/vRi8S+vHqrOUSOiXhAq4uHxok7IoPJhnAlsU0GwYgNNEBZU3wpxDwmElU4uqUP4/BT+TyrZjJ3P5C8OUsWTSRwJsAm2wS6wwSEogjNQAmWAwS24B4/gybgzHoxn42XcOmVMZjbANxivH7QKmLo=</latexit>

1 = x2 + y2 � z + ⌦m

<latexit sha1_base64="mpoX/wYYzjE62s4o1MKaxQNfruY="></latexit>

dx

dN
=

r
3

2
�y2 � 1

2
x
�
�3x2 + 3y2 � z + 3

�

<latexit sha1_base64="xN6p/c1BexMY5UKHnnHqiV8zcyw="></latexit>

dy

dN
=

1

2
y
⇣
3x2 �

p
6�x� 3y2 + z + 3

⌘

<latexit sha1_base64="p9FM2xYBSCMN0TuExJ+uUvMZ0+s="></latexit>

dz

dN
= z

�
3x2 � 3y2 + z + 1

�

<latexit sha1_base64="365azGCLxRocNPBdmH+vUapFMlk=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI0pl0W3biSCvYBTSiT6aQdOpnEmUmhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J0wZlcqyPozC2vrG5lZxu7Szu7d/UD48asskE5i0cMIS0Q2RJIxy0lJUMdJNBUFxyEgnHF/N/c6ECEkTfqemKQliNOQ0ohgpLfk3PrnP6MRnHKJ+uWKZdctxLQ9aplt1qq4zJ7ULu+pB27QWqIAVmv3yuz9IcBYTrjBDUvZsK1VBjoSimJFZyc8kSREeoyHpacpRTGSQL26ewTOtDGCUCF1cwYX6fSJHsZTTONSdMVIj+dubi395vUxF9SCnPM0U4Xi5KMoYVAmcBwAHVBCs2FQThAXVt0I8QgJhpWMq6RC+PoX/k7Zj2p7p3bqVxuUqjiI4AafgHNigBhrgGjRBC2CQggfwBJ6NzHg0XozXZWvBWM0cgx8w3j4BI3qRyA==</latexit>

N ⌘ ln a

<latexit sha1_base64="gGGCYF6EAzQcbYRv1cA1cPax/Us="></latexit>

x ⌘ �̇p
6MPlH

, y ⌘
p
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3MPlH

, z ⌘ �⌦k ⌘ k

a2H2

DYNAMICAL SYSTEM
<latexit sha1_base64="CNOEGLJwQEbdKLHNXhPwK8juhMQ="></latexit>
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3M2
PlH

2

<latexit sha1_base64="1chkCu4ORl72WQ6MmvGiOJFlAY4="></latexit>

we↵ =
2

3
✏� 1 = x2 � y2 +

1

3
z

<latexit sha1_base64="skSxt87g0Ln+4wc1US/JLZ9vIpo="></latexit>

✏ ⌘ � Ḣ

H2
=

3

2

�
x
2 � y

2 + 1
�
+

1

2
z

<latexit sha1_base64="S5SKgGFOXGPXTcQy3TkacvasrGY=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCq2EqOu3sim5cuKhgH9AOJZOm09BMMiQZpQ79EjcuFHHrp7jzb0wfiFoPXDiccy/33hMmjCrtup9WbmV1bX0jv1nY2t7ZLdp7+00lUolJAwsmZDtEijDKSUNTzUg7kQTFISOtcHQ59Vt3RCoq+K0eJySIUcTpgGKkjdSzi91rwSNJo6FGUor7nl1yHd8/d70KNKTq+f4ZLDvuDN+kBBao9+yPbl/gNCZcY4aU6pTdRAcZkppiRiaFbqpIgvAIRaRjKEcxUUE2O3wCj43ShwMhTXENZ+rPiQzFSo3j0HTGSA/VX28q/ud1Uj2oBhnlSaoJx/NFg5RBLeA0BdinkmDNxoYgLKm5FeIhkghrk1XBhLD08jJpnjplz/Fuzkq1i0UceXAIjsAJKIMKqIErUAcNgEEKHsEzeLEerCfr1Xqbt+asxcwB+AXr/Qu7rJPT</latexit>

=)
Slow-roll parameter Acceleration: ε~0

<latexit sha1_base64="kTwIxSpIh5JrDxN2SdZj5L6xeww="></latexit>

we↵ ⌘ P� + Pm + Pz

⇢� + ⇢m + ⇢z
Effective equation of state parameter



/128CURVATURE TO THE RESCUE? 

<latexit sha1_base64="ZSy0cYS7nHD+jX0Am61o60ou3qU=">AAACBnicdVDLSgMxFM34rPU16lKEYBGEYpmpttqFUHTjzgr2AZ22ZNK0DU1mhiQj1qErN/6KGxeKuPUb3Pk3ZtoKPg9cOJxzL/fe4waMSmVZ78bU9Mzs3HxiIbm4tLyyaq6tV6QfCkzK2Ge+qLlIEkY9UlZUMVILBEHcZaTq9k9jv3pFhKS+d6kGAWlw1PVoh2KktNQyt+zj62Y2PWhm927SzjknXdRyOFI9wSM+bJkpK1Mo5HL7Bfib2BlrhBSYoNQy35y2j0NOPIUZkrJuW4FqREgoihkZJp1QkgDhPuqSuqYe4kQ2otEbQ7ijlTbs+EKXp+BI/ToRIS7lgLu6M75Q/vRi8S+vHqrOUSOiXhAq4uHxok7IoPJhnAlsU0GwYgNNEBZU3wpxDwmElU4uqUP4/BT+TyrZjJ3P5C8OUsWTSRwJsAm2wS6wwSEogjNQAmWAwS24B4/gybgzHoxn42XcOmVMZjbANxivH7QKmLo=</latexit>

1 = x2 + y2 � z + ⌦m

<latexit sha1_base64="mpoX/wYYzjE62s4o1MKaxQNfruY="></latexit>

dx

dN
=

r
3

2
�y2 � 1

2
x
�
�3x2 + 3y2 � z + 3

�

<latexit sha1_base64="xN6p/c1BexMY5UKHnnHqiV8zcyw="></latexit>

dy

dN
=

1

2
y
⇣
3x2 �

p
6�x� 3y2 + z + 3

⌘

<latexit sha1_base64="p9FM2xYBSCMN0TuExJ+uUvMZ0+s="></latexit>

dz

dN
= z

�
3x2 � 3y2 + z + 1

�

<latexit sha1_base64="365azGCLxRocNPBdmH+vUapFMlk=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZI0pl0W3biSCvYBTSiT6aQdOpnEmUmhhP6GGxeKuPVn3Pk3Th+Cih64cDjnXu69J0wZlcqyPozC2vrG5lZxu7Szu7d/UD48asskE5i0cMIS0Q2RJIxy0lJUMdJNBUFxyEgnHF/N/c6ECEkTfqemKQliNOQ0ohgpLfk3PrnP6MRnHKJ+uWKZdctxLQ9aplt1qq4zJ7ULu+pB27QWqIAVmv3yuz9IcBYTrjBDUvZsK1VBjoSimJFZyc8kSREeoyHpacpRTGSQL26ewTOtDGCUCF1cwYX6fSJHsZTTONSdMVIj+dubi395vUxF9SCnPM0U4Xi5KMoYVAmcBwAHVBCs2FQThAXVt0I8QgJhpWMq6RC+PoX/k7Zj2p7p3bqVxuUqjiI4AafgHNigBhrgGjRBC2CQggfwBJ6NzHg0XozXZWvBWM0cgx8w3j4BI3qRyA==</latexit>

N ⌘ ln a

<latexit sha1_base64="gGGCYF6EAzQcbYRv1cA1cPax/Us="></latexit>
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<latexit sha1_base64="CNOEGLJwQEbdKLHNXhPwK8juhMQ="></latexit>
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<latexit sha1_base64="1chkCu4ORl72WQ6MmvGiOJFlAY4="></latexit>
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1
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z

<latexit sha1_base64="skSxt87g0Ln+4wc1US/JLZ9vIpo="></latexit>
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1
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z

<latexit sha1_base64="S5SKgGFOXGPXTcQy3TkacvasrGY=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCq2EqOu3sim5cuKhgH9AOJZOm09BMMiQZpQ79EjcuFHHrp7jzb0wfiFoPXDiccy/33hMmjCrtup9WbmV1bX0jv1nY2t7ZLdp7+00lUolJAwsmZDtEijDKSUNTzUg7kQTFISOtcHQ59Vt3RCoq+K0eJySIUcTpgGKkjdSzi91rwSNJo6FGUor7nl1yHd8/d70KNKTq+f4ZLDvuDN+kBBao9+yPbl/gNCZcY4aU6pTdRAcZkppiRiaFbqpIgvAIRaRjKEcxUUE2O3wCj43ShwMhTXENZ+rPiQzFSo3j0HTGSA/VX28q/ud1Uj2oBhnlSaoJx/NFg5RBLeA0BdinkmDNxoYgLKm5FeIhkghrk1XBhLD08jJpnjplz/Fuzkq1i0UceXAIjsAJKIMKqIErUAcNgEEKHsEzeLEerCfr1Xqbt+asxcwB+AXr/Qu7rJPT</latexit>

=)
Slow-roll parameter

Phase space of the dynamical systemAccelerating expansion 
with

<latexit sha1_base64="k+P3V+9NUMae4Lk9w0LV1Q+JUrA=">AAACA3icdVDLSsNAFJ34rPUVdaebwSK4sCEpJWl3RTcuK9gHtKFMppN26GQSZiZKCQU3/oobF4q49Sfc+TdOH4KKHhg4c8693HtPkDAqlW1/GEvLK6tr67mN/ObW9s6uubfflHEqMGngmMWiHSBJGOWkoahipJ0IgqKAkVYwupj6rRsiJI35tRonxI/QgNOQYqS01DMPb3vdCKmhiDIShpMu5Z2ic1a0Lc/vmQXbKleqbsmD+m9XXc/WpOKVXbcCHcueoQAWqPfM924/xmlEuMIMSdlx7ET5GRKKYkYm+W4qSYLwCA1IR1OOIiL9bHbDBJ5opQ/DWOjHFZyp3zsyFEk5jgJdOd1X/vam4l9eJ1Vhxc8oT1JFOJ4PClMGVQyngcA+FQQrNtYEYUH1rhAPkUBY6djyOoSvS+H/pFmyHNdyr8qF2vkijhw4AsfgFDjAAzVwCeqgATC4Aw/gCTwb98aj8WK8zkuXjEXPAfgB4+0TLkeXPQ==</latexit>

we↵ 2 [�1,�0.7]

<latexit sha1_base64="ON+zXnhf59JKu9ho45FBeXVAPSY=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuhrSUmelCKLpxWcE+oB2GTJppQzMPkkylDP0TNy4UceufuPNvzLQVVPRA4HDOvdyTE6ScSYXQh7G2vrG5tV3aKe/u7R8cmkfHHZlkgtA2SXgiegGWlLOYthVTnPZSQXEUcNoNJteF351SIVkS36lZSr0Ij2IWMoKVlnzTvPcHEVZjEeU0DOeXyDcryKq7DbvmQGQ5qGE7SBPXqdu2C6sWWqACVmj55vtgmJAsorEiHEvZr6JUeTkWihFO5+VBJmmKyQSPaF/TGEdUevki+Ryea2UIw0ToFyu4UL9v5DiSchYFerJIKX97hfiX189U6Ho5i9NM0ZgsD4UZhyqBRQ1wyAQlis80wUQwnRWSMRaYKF1WWZfw9VP4P+nUrKpt2bf1SvNqVUcJnIIzcAGqwAFNcANaoA0ImIIH8ASejdx4NF6M1+XomrHaOQE/YLx9AjGelA8=</latexit>

we↵ = 0
Matter domination Red dots: unstable fixed points Green  dots: attractor fixed points

<latexit sha1_base64="xtrZzR80n5W58daErIvsF28RBRA=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgapgRW90IRTfurGBboTMMmTTThiaZIckIZai/4saFIm79EHf+jZm2gs8DgcM593JPTpQyqrTrvlulhcWl5ZXyamVtfWNzy97e6agkk5i0ccISeRMhRRgVpK2pZuQmlQTxiJFuNDov/O4tkYom4lqPUxJwNBA0phhpI4V21b/kZIBCnyM9lDznk1M3tGuu47lu3avD38Rz3ClqYI5WaL/5/QRnnAiNGVKq57mpDnIkNcWMTCp+pkiK8AgNSM9QgThRQT4NP4H7RunDOJHmCQ2n6teNHHGlxjwyk0VG9dMrxL+8XqbjkyCnIs00EXh2KM4Y1AksmoB9KgnWbGwIwpKarBAPkURYm74qpoTPn8L/SefQ8RpO4+qo1jyb11EGu2APHAAPHIMmuAAt0AYYjME9eARP1p31YD1bL7PRkjXfqYJvsF4/AOLHlPM=</latexit> ⌦m
=
0

Acceleration: ε~0

<latexit sha1_base64="kTwIxSpIh5JrDxN2SdZj5L6xeww="></latexit>

we↵ ⌘ P� + Pm + Pz

⇢� + ⇢m + ⇢z
Effective equation of state parameter
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NUMERICAL GRID ANALYSIS OF PHASE SPACE
COSMOLOGICAL CONSTRAINTS 

A viable dark energy model must simultaneously: 
• contain an extended period of matter domination before the onset of late-time cosmic acceleration, 
• have an effective equation of state parameter that is ∼ −0.7 at the present time.
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NUMERICAL GRID ANALYSIS OF PHASE SPACE
COSMOLOGICAL CONSTRAINTS 

A viable dark energy model must simultaneously: 
• contain an extended period of matter domination before the onset of late-time cosmic acceleration, 
• have an effective equation of state parameter that is ∼ −0.7 at the present time.

<latexit sha1_base64="Z8VpV07IJ7ltX2yWz6aq1YoCKm0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4GmakTjsLoejGZQX7gOlQMplMG5pJhiQjlNLPcONCEbd+jTv/xvSBqPVA4HDOueTeE2WMKu04n1ZhbX1jc6u4XdrZ3ds/KB8etZXIJSYtLJiQ3QgpwignLU01I91MEpRGjHSi0c3M7zwQqajg93qckTBFA04TipE2UtBjJhqjK9f2+uWKY/v+pePVoCF1z/er0LWdOb5JBSzR7Jc/er HAeUq4xgwpFbhOpsMJkppiRqalXq5IhvAIDUhgKEcpUeFkvvIUnhklhomQ5nEN5+rPiQlKlRqnkUmmSA/VX28m/ucFuU7q4YTyLNeE48VHSc6gFnB2P4ypJFizsSEIS2p2hXiIJMLatFQyJaycvEraF7br2d5dtdK4XtZRBCfgFJwDF9RAA9yCJmgBDAR4BM/gxdLWk/VqvS2iBWs5cwx+wXr/ApbGkNQ=</latexit>

� = 1.6
Free curvature
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NUMERICAL GRID ANALYSIS OF PHASE SPACE
COSMOLOGICAL CONSTRAINTS 

<latexit sha1_base64="amyUS9hb171CGh/5TFfcSGjF+I8=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCG4ep1LazK7pxWcE+oFNKJr3ThmYeJhmljF34K25cKOLW33Dn35g+ELUeCBzOuZd7cryYM6ls+9NYWFxaXlnNrGXXNza3ts2d3bqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6HhDS7GfuMWhGRReK2GMbQD0guZzyhRWuqY+3cdNyCqL4IUfH/kcrg5sa1Sx8zZluOc2cUS1qRcdJwCzlv2BN8kh2aodswPtxvRJIBQUU6kbOXtWLVTIhSjHEZZN5EQEzogPWhpGpIAZDud5B/hI610sR8J/UKFJ+rPjZQEUg4DT0+Os8q/3lj8z2slyi+3UxbGiYKQTg/5CccqwuMycJcJoIoPNSFUMJ0V0z4RhCpdWVaXMPfleVI/tfJFq3hVyFXOZ3Vk0AE6RMcoj0qogi5RFdUQRffoET2jF+PBeDJejbfp6IIx29lDv2C8fwETkJYo</latexit>

we↵  �0.7

Cannot give extended matter domination 

A viable dark energy model must simultaneously: 
• contain an extended period of matter domination before the onset of late-time cosmic acceleration, 
• have an effective equation of state parameter that is ∼ −0.7 at the present time.

<latexit sha1_base64="Z8VpV07IJ7ltX2yWz6aq1YoCKm0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4GmakTjsLoejGZQX7gOlQMplMG5pJhiQjlNLPcONCEbd+jTv/xvSBqPVA4HDOueTeE2WMKu04n1ZhbX1jc6u4XdrZ3ds/KB8etZXIJSYtLJiQ3QgpwignLU01I91MEpRGjHSi0c3M7zwQqajg93qckTBFA04TipE2UtBjJhqjK9f2+uWKY/v+pePVoCF1z/er0LWdOb5JBSzR7Jc/er HAeUq4xgwpFbhOpsMJkppiRqalXq5IhvAIDUhgKEcpUeFkvvIUnhklhomQ5nEN5+rPiQlKlRqnkUmmSA/VX28m/ucFuU7q4YTyLNeE48VHSc6gFnB2P4ypJFizsSEIS2p2hXiIJMLatFQyJaycvEraF7br2d5dtdK4XtZRBCfgFJwDF9RAA9yCJmgBDAR4BM/gxdLWk/VqvS2iBWs5cwx+wXr/ApbGkNQ=</latexit>

� = 1.6
Free curvature



/129

NUMERICAL GRID ANALYSIS OF PHASE SPACE
COSMOLOGICAL CONSTRAINTS 

Extended matter domination

Cannot give weff ∼ −0.7 at the present time 

<latexit sha1_base64="amyUS9hb171CGh/5TFfcSGjF+I8=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCG4ep1LazK7pxWcE+oFNKJr3ThmYeJhmljF34K25cKOLW33Dn35g+ELUeCBzOuZd7cryYM6ls+9NYWFxaXlnNrGXXNza3ts2d3bqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6HhDS7GfuMWhGRReK2GMbQD0guZzyhRWuqY+3cdNyCqL4IUfH/kcrg5sa1Sx8zZluOc2cUS1qRcdJwCzlv2BN8kh2aodswPtxvRJIBQUU6kbOXtWLVTIhSjHEZZN5EQEzogPWhpGpIAZDud5B/hI610sR8J/UKFJ+rPjZQEUg4DT0+Os8q/3lj8z2slyi+3UxbGiYKQTg/5CccqwuMycJcJoIoPNSFUMJ0V0z4RhCpdWVaXMPfleVI/tfJFq3hVyFXOZ3Vk0AE6RMcoj0qogi5RFdUQRffoET2jF+PBeDJejbfp6IIx29lDv2C8fwETkJYo</latexit>

we↵  �0.7

Cannot give extended matter domination 

A viable dark energy model must simultaneously: 
• contain an extended period of matter domination before the onset of late-time cosmic acceleration, 
• have an effective equation of state parameter that is ∼ −0.7 at the present time.

<latexit sha1_base64="Z8VpV07IJ7ltX2yWz6aq1YoCKm0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4GmakTjsLoejGZQX7gOlQMplMG5pJhiQjlNLPcONCEbd+jTv/xvSBqPVA4HDOueTeE2WMKu04n1ZhbX1jc6u4XdrZ3ds/KB8etZXIJSYtLJiQ3QgpwignLU01I91MEpRGjHSi0c3M7zwQqajg93qckTBFA04TipE2UtBjJhqjK9f2+uWKY/v+pePVoCF1z/er0LWdOb5JBSzR7Jc/er HAeUq4xgwpFbhOpsMJkppiRqalXq5IhvAIDUhgKEcpUeFkvvIUnhklhomQ5nEN5+rPiQlKlRqnkUmmSA/VX28m/ucFuU7q4YTyLNeE48VHSc6gFnB2P4ypJFizsSEIS2p2hXiIJMLatFQyJaycvEraF7br2d5dtdK4XtZRBCfgFJwDF9RAA9yCJmgBDAR4BM/gxdLWk/VqvS2iBWs5cwx+wXr/ApbGkNQ=</latexit>

� = 1.6
Free curvature



/129

NUMERICAL GRID ANALYSIS OF PHASE SPACE
COSMOLOGICAL CONSTRAINTS 

Extended matter domination

Cannot give weff ∼ −0.7 at the present time 

<latexit sha1_base64="amyUS9hb171CGh/5TFfcSGjF+I8=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCG4ep1LazK7pxWcE+oFNKJr3ThmYeJhmljF34K25cKOLW33Dn35g+ELUeCBzOuZd7cryYM6ls+9NYWFxaXlnNrGXXNza3ts2d3bqMEkGhRiMeiaZHJHAWQk0xxaEZCyCBx6HhDS7GfuMWhGRReK2GMbQD0guZzyhRWuqY+3cdNyCqL4IUfH/kcrg5sa1Sx8zZluOc2cUS1qRcdJwCzlv2BN8kh2aodswPtxvRJIBQUU6kbOXtWLVTIhSjHEZZN5EQEzogPWhpGpIAZDud5B/hI610sR8J/UKFJ+rPjZQEUg4DT0+Os8q/3lj8z2slyi+3UxbGiYKQTg/5CccqwuMycJcJoIoPNSFUMJ0V0z4RhCpdWVaXMPfleVI/tfJFq3hVyFXOZ3Vk0AE6RMcoj0qogi5RFdUQRffoET2jF+PBeDJejbfp6IIx29lDv2C8fwETkJYo</latexit>

we↵  �0.7

Cannot give extended matter domination 

A viable dark energy model must simultaneously: 
• contain an extended period of matter domination before the onset of late-time cosmic acceleration, 
• have an effective equation of state parameter that is ∼ −0.7 at the present time.

<latexit sha1_base64="Z8VpV07IJ7ltX2yWz6aq1YoCKm0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4GmakTjsLoejGZQX7gOlQMplMG5pJhiQjlNLPcONCEbd+jTv/xvSBqPVA4HDOueTeE2WMKu04n1ZhbX1jc6u4XdrZ3ds/KB8etZXIJSYtLJiQ3QgpwignLU01I91MEpRGjHSi0c3M7zwQqajg93qckTBFA04TipE2UtBjJhqjK9f2+uWKY/v+pePVoCF1z/er0LWdOb5JBSzR7Jc/er HAeUq4xgwpFbhOpsMJkppiRqalXq5IhvAIDUhgKEcpUeFkvvIUnhklhomQ5nEN5+rPiQlKlRqnkUmmSA/VX28m/ucFuU7q4YTyLNeE48VHSc6gFnB2P4ypJFizsSEIS2p2hXiIJMLatFQyJaycvEraF7br2d5dtdK4XtZRBCfgFJwDF9RAA9yCJmgBDAR4BM/gxdLWk/VqvS2iBWs5cwx+wXr/ApbGkNQ=</latexit>

� = 1.6
Free curvature



/1210

BAYESIAN ANALYSIS AND PARAMETER ESTIMATION
COSMOLOGICAL CONSTRAINTS 

We perform a full MCMC analysis of the 
parameter space using: 

• cosmic microwave background 
(CMB) distance priors provided by 
Planck 

• a baryon acoustic oscillations 
(BAO) data compilation: WiggleZ , 
6dFGS , the Dark Energy Survey 
(DES), the fourth generation of the 
Sloan Digital Sky Survey (SDSS-IV) 

• Pantheon+ Type Ia supernovae 
(SNe Ia) data the data
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Flat universe

(1σ C.L.)
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• Single-field models of accelerated expansion with nearly flat potentials are able to provide observationally 
viable explanations for the early-time cosmic inflation and the late-time cosmic acceleration 

• They are in strong tension with string theory evidence and the associated de Sitter swampland constraints. 

• It has recently been argued that in an open universe a new stable fixed point arises, which may lead to viable 
single-field-based accelerated expansion with an arbitrarily steep potential.  

• We have shown, through dynamical systems analysis and a Bayesian statistical inference of cosmological 
parameters, that the new cosmological solutions do not render steep-potential, single-field, accelerated 
expansion observationally viable. 

• We have mainly focused on quintessence models of dark energy, but we can easily argue that a similar 
conclusion can be drawn for cosmic inflation.

SUMMARY
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expansion observationally viable. 

• We have mainly focused on quintessence models of dark energy, but we can easily argue that a similar 
conclusion can be drawn for cosmic inflation.

SUMMARY

OUTLOOK
• If the strong de Sitter conjecture is true and a universal feature of the asymptotic regions of string theory, then 

there seem to be two avenues to explore: 

1. construct accelerating solutions through the bulk of moduli space, 

2. construct models with more than one scalar field, although this too may be challenging in asymptotic 
corners of string theory due to universal features of the moduli space metric.


