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Swampland Program

Universal quantum gravity properties emerge at infinite field distance:
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V <latexit sha1_base64="rQDB+a7RNdhAcY3ac/uvVLgYf/8=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauYOqr7mk1ZaL9+mJ3wUpwb9GYcCPe3zYyuXdgjsGnSfelOTJFOVW7stvRyyRGBomQOuG58ammYIynAkcZv1EYwysD11sWBqCRN1Mx38M6ZFV2rQTKVuhoWP190QKUuuBDGynBNPTs95I/M9rJKZz0Ux5GCcGQzZZ1EkENREdhULbXCEzYmAJMMXtrZT1QAEzNrqsDcGbfXmeVE8L3lmheFvMly6ncWTIPjkkx8Qj56REbkiZVAgjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AGSzmQY=</latexit>

V ⇠ V0e
����

<latexit sha1_base64="q++KTPFdaEuqc2CW+uIyPBSh8vs=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLl4n574IOIe+NcoDPhxjw9bubxbcMeg88SbkjyZotzKffntiCUSQ8MEaN3w3Ng0U1CGM4HDrJ9ojIH1oYsNS0OQqJvp+I8hPbJKm3YiZSs0dKz+nkhBaj2Qge2UYHp61huJ/3mNxHQumikP48RgyCaLOomgJqKjUGibK2RGDCwBpri9lbIeKGDGRpe1IXizL8+T6mnBOysUb4v50uU0jgzZJ4fkmHjknJTIDSmTCmHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fs86ZNw==</latexit>

m ⇠ m0e
�↵��

Distance conjecture Asymptotic dS conjecture
[Obied et al’18][Ooguri et al’18][Ooguri,Vafa’05]



Swampland Program

Universal quantum gravity properties emerge at infinite field distance:
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V <latexit sha1_base64="rQDB+a7RNdhAcY3ac/uvVLgYf/8=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauYOqr7mk1ZaL9+mJ3wUpwb9GYcCPe3zYyuXdgjsGnSfelOTJFOVW7stvRyyRGBomQOuG58ammYIynAkcZv1EYwysD11sWBqCRN1Mx38M6ZFV2rQTKVuhoWP190QKUuuBDGynBNPTs95I/M9rJKZz0Ux5GCcGQzZZ1EkENREdhULbXCEzYmAJMMXtrZT1QAEzNrqsDcGbfXmeVE8L3lmheFvMly6ncWTIPjkkx8Qj56REbkiZVAgjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AGSzmQY=</latexit>

V ⇠ V0e
����

<latexit sha1_base64="q++KTPFdaEuqc2CW+uIyPBSh8vs=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLl4n574IOIe+NcoDPhxjw9bubxbcMeg88SbkjyZotzKffntiCUSQ8MEaN3w3Ng0U1CGM4HDrJ9ojIH1oYsNS0OQqJvp+I8hPbJKm3YiZSs0dKz+nkhBaj2Qge2UYHp61huJ/3mNxHQumikP48RgyCaLOomgJqKjUGibK2RGDCwBpri9lbIeKGDGRpe1IXizL8+T6mnBOysUb4v50uU0jgzZJ4fkmHjknJTIDSmTCmHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fs86ZNw==</latexit>

m ⇠ m0e
�↵��

Distance conjecture Asymptotic dS conjecture
[Obied et al’18][Ooguri et al’18][Ooguri,Vafa’05]

We are ready to ask more refined questions and fix all ambiguities 
and order one factors



Swampland Program

Universal quantum gravity properties emerge at infinite field distance:
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V ⇠ V0e
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m ⇠ m0e
�↵��

Distance conjecture Asymptotic dS conjecture
[Obied et al’18][Ooguri et al’18][Ooguri,Vafa’05]

Good for phenomenological implications and to classify QG resolutions
(inflation, Dark Dimension…)

[Montero,Vafa,IV’22]

We are ready to ask more refined questions and fix all ambiguities 
and order one factors



Swampland Program

Universal quantum gravity properties emerge at infinite field distance:

Can we get asymptotic accelerated expansion?

We are ready to ask more refined questions and fix all ambiguities 
and order one factors

In this talk:
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V <latexit sha1_base64="rQDB+a7RNdhAcY3ac/uvVLgYf/8=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauYOqr7mk1ZaL9+mJ3wUpwb9GYcCPe3zYyuXdgjsGnSfelOTJFOVW7stvRyyRGBomQOuG58ammYIynAkcZv1EYwysD11sWBqCRN1Mx38M6ZFV2rQTKVuhoWP190QKUuuBDGynBNPTs95I/M9rJKZz0Ux5GCcGQzZZ1EkENREdhULbXCEzYmAJMMXtrZT1QAEzNrqsDcGbfXmeVE8L3lmheFvMly6ncWTIPjkkx8Qj56REbkiZVAgjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AGSzmQY=</latexit>

V ⇠ V0e
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<latexit sha1_base64="q++KTPFdaEuqc2CW+uIyPBSh8vs=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLl4n574IOIe+NcoDPhxjw9bubxbcMeg88SbkjyZotzKffntiCUSQ8MEaN3w3Ng0U1CGM4HDrJ9ojIH1oYsNS0OQqJvp+I8hPbJKm3YiZSs0dKz+nkhBaj2Qge2UYHp61huJ/3mNxHQumikP48RgyCaLOomgJqKjUGibK2RGDCwBpri9lbIeKGDGRpe1IXizL8+T6mnBOysUb4v50uU0jgzZJ4fkmHjknJTIDSmTCmHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fs86ZNw==</latexit>

m ⇠ m0e
�↵��

Distance conjecture Asymptotic dS conjecture
[Obied et al’18][Ooguri et al’18][Ooguro,Vafa’05]



Asymptotic Quintessence

Take asymptotic runaway behaviour of potential:
<latexit sha1_base64="8ITig1xFbDttXbb/UcZcGDHxdac=">AAACG3icbVDLSgMxFM34rPVVdekmWIS6KTOlqCspuHFZwT6gU8qdNNOGZjJjkimU6fyHG3/FjQtFXAku/BvTB6itBy6cnHMvufd4EWdK2/aXtbK6tr6xmdnKbu/s7u3nDg7rKowloTUS8lA2PVCUM0FrmmlOm5GkEHicNrzB9cRvDKlULBR3ehTRdgA9wXxGQBupkyu5vgSSuGNXgMcB1wvuEGTUZ2fuOE1+Xqnbo/eYdJJu2snl7aI9BV4mzpzk0RzVTu7D7YYkDqjQhINSLceOdDsBqRnhNM26saIRkAH0aMtQAQFV7WR6W4pPjdLFfihNCY2n6u+JBAKlRoFnOgPQfbXoTcT/vFas/ct2wkQUayrI7CM/5liHeBIU7jJJieYjQ4BIZnbFpA8mLG3izJoQnMWTl0m9VHTOi+Xbcr5yNY8jg47RCSogB12gCrpBVVRDBD2gJ/SCXq1H69l6s95nrSvWfOYI/YH1+Q1rRKGn</latexit>
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<latexit sha1_base64="hQ3FC2FCMRiSINwW+5oRKkYBqaQ="></latexit>
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<latexit sha1_base64="OrOEMQDJQIeKZt/oXG9aUSaxGuw="></latexit>
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<latexit sha1_base64="seb0wo5rcUVghZa1fSjQNkzeR9I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5CUBslYGMZwSRKcoS9zSZZsrt37s4J4civsLFQxNafY+e/cZNcoYkPBh7vzTAzL4wFN+h5305uZXVtfSO/Wdja3tndK+4fNE2UaMoaNBKRvg+JYYIr1kCOgt3HmhEZCtYKR9dTv/XEtOGRusNxzAJJBor3OSVopYfLjnnUmFYm3WLJK3szuMvEz0gJMtS7xa9OL6KJZAqpIMa0fS/GICUaORVsUugkhsWEjsiAtS1VRDITpLODJ+6JVXpuP9K2FLoz9fdESqQxYxnaTklwaBa9qfif106wfxGkXMUJMkXni/qJcDFyp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMCjYEf/HlZdKslP2zcvW2WqpdZXHk4QiO4RR8OIca3EAdGkBBwjO8wpujnRfn3fmYt+acbOYQ/sD5/AHJGJBm</latexit>

=
p
2 in four dimensions

To get accelerated expansion (for gradient flows):

Asymptotic Quintessence

Take asymptotic runaway behaviour of potential:
<latexit sha1_base64="8ITig1xFbDttXbb/UcZcGDHxdac=">AAACG3icbVDLSgMxFM34rPVVdekmWIS6KTOlqCspuHFZwT6gU8qdNNOGZjJjkimU6fyHG3/FjQtFXAku/BvTB6itBy6cnHMvufd4EWdK2/aXtbK6tr6xmdnKbu/s7u3nDg7rKowloTUS8lA2PVCUM0FrmmlOm5GkEHicNrzB9cRvDKlULBR3ehTRdgA9wXxGQBupkyu5vgSSuGNXgMcB1wvuEGTUZ2fuOE1+Xqnbo/eYdJJu2snl7aI9BV4mzpzk0RzVTu7D7YYkDqjQhINSLceOdDsBqRnhNM26saIRkAH0aMtQAQFV7WR6W4pPjdLFfihNCY2n6u+JBAKlRoFnOgPQfbXoTcT/vFas/ct2wkQUayrI7CM/5liHeBIU7jJJieYjQ4BIZnbFpA8mLG3izJoQnMWTl0m9VHTOi+Xbcr5yNY8jg47RCSogB12gCrpBVVRDBD2gJ/SCXq1H69l6s95nrSvWfOYI/YH1+Q1rRKGn</latexit>
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<latexit sha1_base64="hQ3FC2FCMRiSINwW+5oRKkYBqaQ="></latexit>
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<latexit sha1_base64="OrOEMQDJQIeKZt/oXG9aUSaxGuw="></latexit>
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<latexit sha1_base64="seb0wo5rcUVghZa1fSjQNkzeR9I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5CUBslYGMZwSRKcoS9zSZZsrt37s4J4civsLFQxNafY+e/cZNcoYkPBh7vzTAzL4wFN+h5305uZXVtfSO/Wdja3tndK+4fNE2UaMoaNBKRvg+JYYIr1kCOgt3HmhEZCtYKR9dTv/XEtOGRusNxzAJJBor3OSVopYfLjnnUmFYm3WLJK3szuMvEz0gJMtS7xa9OL6KJZAqpIMa0fS/GICUaORVsUugkhsWEjsiAtS1VRDITpLODJ+6JVXpuP9K2FLoz9fdESqQxYxnaTklwaBa9qfif106wfxGkXMUJMkXni/qJcDFyp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMCjYEf/HlZdKslP2zcvW2WqpdZXHk4QiO4RR8OIca3EAdGkBBwjO8wpujnRfn3fmYt+acbOYQ/sD5/AHJGJBm</latexit>

=
p
2 in four dimensions

To get accelerated expansion (for gradient flows):

Asymptotic Quintessence

<latexit sha1_base64="TdZw/klUkIgr/Ulhp38+0jUI4Us=">AAACE3icbVDLSsNAFJ3UV62vqks3g0VoBUtSirpRCt24rNAXNDFMJpN26OThzEQoIf/gxl9x40IRt27c+TdO2yy09cC9HM65l5l7nIhRIXX9W8utrK6tb+Q3C1vbO7t7xf2DrghjjkkHhyzkfQcJwmhAOpJKRvoRJ8h3GOk54+bU7z0QLmgYtOUkIpaPhgH1KEZSSXbxFGLbvUtM7sN2s5lemR5HOKmliSnuuUzK7plRUa1WSVO7WNKr+gxwmRgZKYEMLbv4Zbohjn0SSMyQEANDj6SVIC4pZiQtmLEgEcJjNCQDRQPkE2Els5tSeKIUF3ohVxVIOFN/byTIF2LiO2rSR3IkFr2p+J83iKV3aSU0iGJJAjx/yIsZlCGcBgRdygmWbKIIwpyqv0I8QioVqWIsqBCMxZOXSbdWNc6r9dt6qXGdxZEHR+AYlIEBLkAD3IAW6AAMHsEzeAVv2pP2or1rH/PRnJbtHII/0D5/AKrznME=</latexit>

cTCC
d =

2p
(d� 1)(d� 2)

<latexit sha1_base64="ZPnnxmqZFGRdYjdOvjsgod4R4Os=">AAACD3icbVDLSsNAFJ34rPVVdelmsChuLEkp6kYpuHFZwT6gqWUymbRDJ5M4cyOUkD9w46+4caGIW7fu/Bunj4W2HrhwOOde7r3HiwXXYNvf1sLi0vLKam4tv76xubVd2Nlt6ChRlNVpJCLV8ohmgktWBw6CtWLFSOgJ1vQGVyO/+cCU5pG8hWHMOiHpSR5wSsBI3cIR7fp3qatCrEFFspdduIEiNC1nqavvFaT+STnLcLdQtEv2GHieOFNSRFPUuoUv149oEjIJVBCt244dQyclCjgVLMu7iWYxoQPSY21DJQmZ7qTjfzJ8aBQfB5EyJQGP1d8TKQm1Hoae6QwJ9PWsNxL/89oJBOedlMs4ASbpZFGQCAwRHoWDfa4YBTE0hFDFza2Y9onJA0yEeROCM/vyPGmUS85pqXJTKVYvp3Hk0D46QMfIQWeoiq5RDdURRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCLvJz4</latexit>

cstrongd =
2p
d� 2

Proposed Swampland bounds:

[Bedroya,Vafa’19]

[Rudelius’21]

Take asymptotic runaway behaviour of potential:
<latexit sha1_base64="8ITig1xFbDttXbb/UcZcGDHxdac=">AAACG3icbVDLSgMxFM34rPVVdekmWIS6KTOlqCspuHFZwT6gU8qdNNOGZjJjkimU6fyHG3/FjQtFXAku/BvTB6itBy6cnHMvufd4EWdK2/aXtbK6tr6xmdnKbu/s7u3nDg7rKowloTUS8lA2PVCUM0FrmmlOm5GkEHicNrzB9cRvDKlULBR3ehTRdgA9wXxGQBupkyu5vgSSuGNXgMcB1wvuEGTUZ2fuOE1+Xqnbo/eYdJJu2snl7aI9BV4mzpzk0RzVTu7D7YYkDqjQhINSLceOdDsBqRnhNM26saIRkAH0aMtQAQFV7WR6W4pPjdLFfihNCY2n6u+JBAKlRoFnOgPQfbXoTcT/vFas/ct2wkQUayrI7CM/5liHeBIU7jJJieYjQ4BIZnbFpA8mLG3izJoQnMWTl0m9VHTOi+Xbcr5yNY8jg47RCSogB12gCrpBVVRDBD2gJ/SCXq1H69l6s95nrSvWfOYI/YH1+Q1rRKGn</latexit>
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<latexit sha1_base64="hQ3FC2FCMRiSINwW+5oRKkYBqaQ="></latexit>
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<latexit sha1_base64="OrOEMQDJQIeKZt/oXG9aUSaxGuw="></latexit>

� =
krV (')k
V (')

<
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<latexit sha1_base64="seb0wo5rcUVghZa1fSjQNkzeR9I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5CUBslYGMZwSRKcoS9zSZZsrt37s4J4civsLFQxNafY+e/cZNcoYkPBh7vzTAzL4wFN+h5305uZXVtfSO/Wdja3tndK+4fNE2UaMoaNBKRvg+JYYIr1kCOgt3HmhEZCtYKR9dTv/XEtOGRusNxzAJJBor3OSVopYfLjnnUmFYm3WLJK3szuMvEz0gJMtS7xa9OL6KJZAqpIMa0fS/GICUaORVsUugkhsWEjsiAtS1VRDITpLODJ+6JVXpuP9K2FLoz9fdESqQxYxnaTklwaBa9qfif106wfxGkXMUJMkXni/qJcDFyp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMCjYEf/HlZdKslP2zcvW2WqpdZXHk4QiO4RR8OIca3EAdGkBBwjO8wpujnRfn3fmYt+acbOYQ/sD5/AHJGJBm</latexit>

=
p
2 in four dimensions

To get accelerated expansion (for gradient flows):

Asymptotic Quintessence

<latexit sha1_base64="seb0wo5rcUVghZa1fSjQNkzeR9I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5CUBslYGMZwSRKcoS9zSZZsrt37s4J4civsLFQxNafY+e/cZNcoYkPBh7vzTAzL4wFN+h5305uZXVtfSO/Wdja3tndK+4fNE2UaMoaNBKRvg+JYYIr1kCOgt3HmhEZCtYKR9dTv/XEtOGRusNxzAJJBor3OSVopYfLjnnUmFYm3WLJK3szuMvEz0gJMtS7xa9OL6KJZAqpIMa0fS/GICUaORVsUugkhsWEjsiAtS1VRDITpLODJ+6JVXpuP9K2FLoz9fdESqQxYxnaTklwaBa9qfif106wfxGkXMUJMkXni/qJcDFyp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMCjYEf/HlZdKslP2zcvW2WqpdZXHk4QiO4RR8OIca3EAdGkBBwjO8wpujnRfn3fmYt+acbOYQ/sD5/AHJGJBm</latexit>

=
p
2

in 4d

<latexit sha1_base64="dGF+c7/MhRtXpKizwZpQjjs0jTQ=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4Kkkt6kUpePFYwX5AE8pmu2mXbjZxdyKEEP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58ecKbDtb2NldW19Y7O0Vd7e2d3bNw8OOypKJKFtEvFI9nysKGeCtoEBp71YUhz6nHb9yc3U7z5SqVgk7iGNqRfikWABIxi0NDArV656kJC5gcQkq+fZWZ4PzKpds2ewlolTkCoq0BqYX+4wIklIBRCOleo7dgxehiUwwmledhNFY0wmeET7mgocUuVls+Nz60QrQyuIpC4B1kz9PZHhUKk09HVniGGsFr2p+J/XTyC49DIm4gSoIPNFQcItiKxpEtaQSUqAp5pgIpm+1SJjrGMAnVdZh+AsvrxMOvWac15r3DWqzesijhI6QsfoFDnoAjXRLWqhNiIoRc/oFb0ZT8aL8W58zFtXjGKmgv7A+PwBIuuVFg==</latexit>

=

r
2

3

in 4d

<latexit sha1_base64="TdZw/klUkIgr/Ulhp38+0jUI4Us=">AAACE3icbVDLSsNAFJ3UV62vqks3g0VoBUtSirpRCt24rNAXNDFMJpN26OThzEQoIf/gxl9x40IRt27c+TdO2yy09cC9HM65l5l7nIhRIXX9W8utrK6tb+Q3C1vbO7t7xf2DrghjjkkHhyzkfQcJwmhAOpJKRvoRJ8h3GOk54+bU7z0QLmgYtOUkIpaPhgH1KEZSSXbxFGLbvUtM7sN2s5lemR5HOKmliSnuuUzK7plRUa1WSVO7WNKr+gxwmRgZKYEMLbv4Zbohjn0SSMyQEANDj6SVIC4pZiQtmLEgEcJjNCQDRQPkE2Els5tSeKIUF3ohVxVIOFN/byTIF2LiO2rSR3IkFr2p+J83iKV3aSU0iGJJAjx/yIsZlCGcBgRdygmWbKIIwpyqv0I8QioVqWIsqBCMxZOXSbdWNc6r9dt6qXGdxZEHR+AYlIEBLkAD3IAW6AAMHsEzeAVv2pP2or1rH/PRnJbtHII/0D5/AKrznME=</latexit>

cTCC
d =

2p
(d� 1)(d� 2)

<latexit sha1_base64="ZPnnxmqZFGRdYjdOvjsgod4R4Os=">AAACD3icbVDLSsNAFJ34rPVVdelmsChuLEkp6kYpuHFZwT6gqWUymbRDJ5M4cyOUkD9w46+4caGIW7fu/Bunj4W2HrhwOOde7r3HiwXXYNvf1sLi0vLKam4tv76xubVd2Nlt6ChRlNVpJCLV8ohmgktWBw6CtWLFSOgJ1vQGVyO/+cCU5pG8hWHMOiHpSR5wSsBI3cIR7fp3qatCrEFFspdduIEiNC1nqavvFaT+STnLcLdQtEv2GHieOFNSRFPUuoUv149oEjIJVBCt244dQyclCjgVLMu7iWYxoQPSY21DJQmZ7qTjfzJ8aBQfB5EyJQGP1d8TKQm1Hoae6QwJ9PWsNxL/89oJBOedlMs4ASbpZFGQCAwRHoWDfa4YBTE0hFDFza2Y9onJA0yEeROCM/vyPGmUS85pqXJTKVYvp3Hk0D46QMfIQWeoiq5RDdURRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCLvJz4</latexit>

cstrongd =
2p
d� 2

Proposed Swampland bounds:

[Bedroya,Vafa’19]

[Rudelius’21]

Take asymptotic runaway behaviour of potential:
<latexit sha1_base64="8ITig1xFbDttXbb/UcZcGDHxdac=">AAACG3icbVDLSgMxFM34rPVVdekmWIS6KTOlqCspuHFZwT6gU8qdNNOGZjJjkimU6fyHG3/FjQtFXAku/BvTB6itBy6cnHMvufd4EWdK2/aXtbK6tr6xmdnKbu/s7u3nDg7rKowloTUS8lA2PVCUM0FrmmlOm5GkEHicNrzB9cRvDKlULBR3ehTRdgA9wXxGQBupkyu5vgSSuGNXgMcB1wvuEGTUZ2fuOE1+Xqnbo/eYdJJu2snl7aI9BV4mzpzk0RzVTu7D7YYkDqjQhINSLceOdDsBqRnhNM26saIRkAH0aMtQAQFV7WR6W4pPjdLFfihNCY2n6u+JBAKlRoFnOgPQfbXoTcT/vFas/ct2wkQUayrI7CM/5liHeBIU7jJJieYjQ4BIZnbFpA8mLG3izJoQnMWTl0m9VHTOi+Xbcr5yNY8jg47RCSogB12gCrpBVVRDBD2gJ/SCXq1H69l6s95nrSvWfOYI/YH1+Q1rRKGn</latexit>

krV (')k
V (')

� cd

<latexit sha1_base64="hQ3FC2FCMRiSINwW+5oRKkYBqaQ="></latexit>

D('0,'(t)) =

Z t

t0

q
Gab'a0'b0dt ! 1as



<latexit sha1_base64="OrOEMQDJQIeKZt/oXG9aUSaxGuw="></latexit>

� =
krV (')k
V (')

<
2p
d� 2

<latexit sha1_base64="seb0wo5rcUVghZa1fSjQNkzeR9I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5CUBslYGMZwSRKcoS9zSZZsrt37s4J4civsLFQxNafY+e/cZNcoYkPBh7vzTAzL4wFN+h5305uZXVtfSO/Wdja3tndK+4fNE2UaMoaNBKRvg+JYYIr1kCOgt3HmhEZCtYKR9dTv/XEtOGRusNxzAJJBor3OSVopYfLjnnUmFYm3WLJK3szuMvEz0gJMtS7xa9OL6KJZAqpIMa0fS/GICUaORVsUugkhsWEjsiAtS1VRDITpLODJ+6JVXpuP9K2FLoz9fdESqQxYxnaTklwaBa9qfif106wfxGkXMUJMkXni/qJcDFyp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMCjYEf/HlZdKslP2zcvW2WqpdZXHk4QiO4RR8OIca3EAdGkBBwjO8wpujnRfn3fmYt+acbOYQ/sD5/AHJGJBm</latexit>

=
p
2 in four dimensions

To get accelerated expansion (for gradient flows):

Asymptotic Quintessence

<latexit sha1_base64="seb0wo5rcUVghZa1fSjQNkzeR9I=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5CUBslYGMZwSRKcoS9zSZZsrt37s4J4civsLFQxNafY+e/cZNcoYkPBh7vzTAzL4wFN+h5305uZXVtfSO/Wdja3tndK+4fNE2UaMoaNBKRvg+JYYIr1kCOgt3HmhEZCtYKR9dTv/XEtOGRusNxzAJJBor3OSVopYfLjnnUmFYm3WLJK3szuMvEz0gJMtS7xa9OL6KJZAqpIMa0fS/GICUaORVsUugkhsWEjsiAtS1VRDITpLODJ+6JVXpuP9K2FLoz9fdESqQxYxnaTklwaBa9qfif106wfxGkXMUJMkXni/qJcDFyp9+7Pa4ZRTG2hFDN7a0uHRJNKNqMCjYEf/HlZdKslP2zcvW2WqpdZXHk4QiO4RR8OIca3EAdGkBBwjO8wpujnRfn3fmYt+acbOYQ/sD5/AHJGJBm</latexit>

=
p
2

in 4d

<latexit sha1_base64="dGF+c7/MhRtXpKizwZpQjjs0jTQ=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4Kkkt6kUpePFYwX5AE8pmu2mXbjZxdyKEEP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58ecKbDtb2NldW19Y7O0Vd7e2d3bNw8OOypKJKFtEvFI9nysKGeCtoEBp71YUhz6nHb9yc3U7z5SqVgk7iGNqRfikWABIxi0NDArV656kJC5gcQkq+fZWZ4PzKpds2ewlolTkCoq0BqYX+4wIklIBRCOleo7dgxehiUwwmledhNFY0wmeET7mgocUuVls+Nz60QrQyuIpC4B1kz9PZHhUKk09HVniGGsFr2p+J/XTyC49DIm4gSoIPNFQcItiKxpEtaQSUqAp5pgIpm+1SJjrGMAnVdZh+AsvrxMOvWac15r3DWqzesijhI6QsfoFDnoAjXRLWqhNiIoRc/oFb0ZT8aL8W58zFtXjGKmgv7A+PwBIuuVFg==</latexit>

=

r
2

3

in 4d

<latexit sha1_base64="ro63Zy4FBUztNrtP41Aex6XRUjY=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hiaCuIFLx4bMG2QhvKZrtp124+2N0IJfQXePGgiFd/kjf/jZu2goo+GHi8N8PMPD/hTCrL+jAKK6tr6xvFzdLW9s7uXnn/oCPjVBDaJjGPxa2PJeUsom3FFKe3iaA49Dnt+pOr3O/eUyFZHN2oaUK9EI8iFjCClZZaF4NyxTLP61XHrSLLtKya7dg5cWrumYtsreSowBLNQfm9P4xJGtJIEY6l7NlWorwMC8UIp7NSP5U0wWSCR7SnaYRDKr1sfugMnWhliIJY6IoUmqvfJzIcSjkNfd0ZYjWWv71c/MvrpSqoexmLklTRiCwWBSlHKkb512jIBCWKTzXBRDB9KyJjLDBROpuSDuHrU/Q/6TimXTXdlltpXC7jKMIRHMMp2FCDBlxDE9pAgMIDPMGzcWc8Gi/G66K1YCxnDuEHjLdP7RKNBw==</latexit>

<

No accelerated expansion!

<latexit sha1_base64="TdZw/klUkIgr/Ulhp38+0jUI4Us=">AAACE3icbVDLSsNAFJ3UV62vqks3g0VoBUtSirpRCt24rNAXNDFMJpN26OThzEQoIf/gxl9x40IRt27c+TdO2yy09cC9HM65l5l7nIhRIXX9W8utrK6tb+Q3C1vbO7t7xf2DrghjjkkHhyzkfQcJwmhAOpJKRvoRJ8h3GOk54+bU7z0QLmgYtOUkIpaPhgH1KEZSSXbxFGLbvUtM7sN2s5lemR5HOKmliSnuuUzK7plRUa1WSVO7WNKr+gxwmRgZKYEMLbv4Zbohjn0SSMyQEANDj6SVIC4pZiQtmLEgEcJjNCQDRQPkE2Els5tSeKIUF3ohVxVIOFN/byTIF2LiO2rSR3IkFr2p+J83iKV3aSU0iGJJAjx/yIsZlCGcBgRdygmWbKIIwpyqv0I8QioVqWIsqBCMxZOXSbdWNc6r9dt6qXGdxZEHR+AYlIEBLkAD3IAW6AAMHsEzeAVv2pP2or1rH/PRnJbtHII/0D5/AKrznME=</latexit>

cTCC
d =

2p
(d� 1)(d� 2)

<latexit sha1_base64="ZPnnxmqZFGRdYjdOvjsgod4R4Os=">AAACD3icbVDLSsNAFJ34rPVVdelmsChuLEkp6kYpuHFZwT6gqWUymbRDJ5M4cyOUkD9w46+4caGIW7fu/Bunj4W2HrhwOOde7r3HiwXXYNvf1sLi0vLKam4tv76xubVd2Nlt6ChRlNVpJCLV8ohmgktWBw6CtWLFSOgJ1vQGVyO/+cCU5pG8hWHMOiHpSR5wSsBI3cIR7fp3qatCrEFFspdduIEiNC1nqavvFaT+STnLcLdQtEv2GHieOFNSRFPUuoUv149oEjIJVBCt244dQyclCjgVLMu7iWYxoQPSY21DJQmZ7qTjfzJ8aBQfB5EyJQGP1d8TKQm1Hoae6QwJ9PWsNxL/89oJBOedlMs4ASbpZFGQCAwRHoWDfa4YBTE0hFDFza2Y9onJA0yEeROCM/vyPGmUS85pqXJTKVYvp3Hk0D46QMfIQWeoiq5RDdURRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gCLvJz4</latexit>

cstrongd =
2p
d� 2

Proposed Swampland bounds:

[Bedroya,Vafa’19]

[Rudelius’21]

Take asymptotic runaway behaviour of potential:
<latexit sha1_base64="8ITig1xFbDttXbb/UcZcGDHxdac=">AAACG3icbVDLSgMxFM34rPVVdekmWIS6KTOlqCspuHFZwT6gU8qdNNOGZjJjkimU6fyHG3/FjQtFXAku/BvTB6itBy6cnHMvufd4EWdK2/aXtbK6tr6xmdnKbu/s7u3nDg7rKowloTUS8lA2PVCUM0FrmmlOm5GkEHicNrzB9cRvDKlULBR3ehTRdgA9wXxGQBupkyu5vgSSuGNXgMcB1wvuEGTUZ2fuOE1+Xqnbo/eYdJJu2snl7aI9BV4mzpzk0RzVTu7D7YYkDqjQhINSLceOdDsBqRnhNM26saIRkAH0aMtQAQFV7WR6W4pPjdLFfihNCY2n6u+JBAKlRoFnOgPQfbXoTcT/vFas/ct2wkQUayrI7CM/5liHeBIU7jJJieYjQ4BIZnbFpA8mLG3izJoQnMWTl0m9VHTOi+Xbcr5yNY8jg47RCSogB12gCrpBVVRDBD2gJ/SCXq1H69l6s95nrSvWfOYI/YH1+Q1rRKGn</latexit>

krV (')k
V (')

� cd

<latexit sha1_base64="hQ3FC2FCMRiSINwW+5oRKkYBqaQ="></latexit>

D('0,'(t)) =

Z t

t0

q
Gab'a0'b0dt ! 1as



Given
How to compute 

gamma?

• Gradient flow trajectory:

• Optimization problem:

<latexit sha1_base64="sC5Lnh5aqZMwcMqwx7YO0EEU/nA=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARWsQyI0XdKAU3gpsK9gHtWDJp2oZmJkOSEcpQ8FfcuFDErd/hzr8xbWeh1QOBwzn3cG+OH3GmtON8WZmFxaXllexqbm19Y3PL3t6pKxFLQmtEcCGbPlaUs5DWNNOcNiNJceBz2vCHVxO/8UClYiK806OIegHuh6zHCNZG6th7NxfHbS76hWpB3bPiUbsrtCp27LxTcqZAf4mbkjykqHbsTxMkcUBDTThWquU6kfYSLDUjnI5z7VjRCJMh7tOWoSEOqPKS6fljdGiULuoJaV6o0VT9mUhwoNQo8M1kgPVAzXsT8T+vFeveuZewMIo1DclsUS/mSAs06QJ1maRE85EhmEhmbkVkgCUm2jSWMyW481/+S+onJfe0VL4t5yuXaR1Z2IcDKIALZ1CBa6hCDQgk8AQv8Go9Ws/Wm/U+G81YaWYXfsH6+AYK5ZRC</latexit>

K = � log(P (si) + . . . )

<latexit sha1_base64="TWbvDh+fewHq1jmyFjNrKJFWmvo=">AAACHnicbVBLS8NAGNz4rPUV9eglWIR6KYnUx6VS8eKxgn1Ak4bNZtMu3WzC7kYsIb/Ei3/FiwdFBE/6b9y2OdjWgYXZmW/Y/caLKRHSNH+0peWV1bX1wkZxc2t7Z1ff22+JKOEIN1FEI97xoMCUMNyURFLciTmGoUdx2xvejP32A+aCROxejmLshLDPSEAQlEpy9bOWm9oSP6poSrOsdj1ztWMe+W5KalbWY2XRIye9lLokc/WSWTEnMBaJlZMSyNFw9S/bj1ASYiYRhUJ0LTOWTgq5JIjirGgnAscQDWEfdxVlMMTCSSfrZcaxUnwjiLg6TBoT9W8ihaEQo9BTkyGUAzHvjcX/vG4ig0snJSxOJGZo+lCQUENGxrgrwyccI0lHikDEifqrgQaQQyRVo0VVgjW/8iJpnVas80r1rlqqX+V1FMAhOAJlYIELUAe3oAGaAIEn8ALewLv2rL1qH9rndHRJyzMHYAba9y/f/qQo</latexit>

Vl = Al

nY

i=1

(si)liwith

<latexit sha1_base64="LsnHYWxmmt6VL3pEY94qTFmxaEM=">AAACGHicbZDLSsNAFIYnXmu9VV26GSxC3dREirpRCm5cVrAXaNpyMpm0QyeTMDMRSuhjuPFV3LhQxG13vo3TNgtt/WHg5zvncOb8XsyZ0rb9ba2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLQ8U5UzQumaa01YsKYQep01veDetN5+oVCwSj3oU004IfcECRkAb1Cucq27KxiWXmxEfzvANdoHHA5hSnNFu6npUz9C4VyjaZXsmvGyczBRRplqvMHH9iCQhFZpwUKrt2LHupCA1I5yO826iaAxkCH3aNlZASFUnnR02xqeG+DiIpHlC4xn9PZFCqNQo9ExnCHqgFmtT+F+tnejgupMyESeaCjJfFCQc6whPU8I+k5RoPjIGiGTmr5gMQALRJsu8CcFZPHnZNC7KzmW58lApVm+zOHLoGJ2gEnLQFaqie1RDdUTQM3pF7+jDerHerE/ra966YmUzR+iPrMkP1yGgTg==</latexit>

si(�) = ↵i��i <latexit sha1_base64="zKbaihJxZMmCdvy1BhVECDWoJpI=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3AwWwYWURIq6KgU3LivYCzSxTKaTduhkEmYmQold+CpuXCji1tdw59s4TbvQ1h8GPv5zDufMHyScKe0439bS8srq2npho7i5tb2za+/tN1WcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDK8n9dYDlYrF4k6PEupHuC9YyAjWxurahx7myQDfZ2x85gVU51R1unbJKTu50CK4MyjBTPWu/eX1YpJGVGjCsVId10m0n2GpGeF0XPRSRRNMhrhPOwYFjqjys/z+MToxTg+FsTRPaJS7vycyHCk1igLTGWE9UPO1iflfrZPq8MrPmEhSTQWZLgpTjnSMJmGgHpOUaD4ygIlk5lZEBlhiok1kRROCO//lRWiel92LcuW2UqpVZ3EU4AiO4RRcuIQa3EAdGkDgEZ7hFd6sJ+vFerc+pq1L1mzmAP7I+vwB29eV/g==</latexit>

↵i,�i > 0

<latexit sha1_base64="WO3yN09/FmaZk1e5RzwxjhM4Qko="></latexit>

min
�̂2Sn

⇢
max
l2E

n
�̂ili

o�
with Sn =

⇢
�̂ 2 Rn : |�̂|2 =

1

2
= 1

�

<latexit sha1_base64="DIxhOZ2A9+dL1bspXryB1yix5Ik=">AAACGXicbVDNSsNAGNzUv1r/oh69LBbBU0lE1ItSEMFjBZsWmhA22027dLMJuxuxhLyGF1/FiwdFPOrJt3HTBtHWgYVh5hv2+yZIGJXKsr6MysLi0vJKdbW2tr6xuWVu7zgyTgUmbRyzWHQDJAmjnLQVVYx0E0FQFDDSCUaXhd+5I0LSmN+qcUK8CA04DSlGSku+aTnnrkwjP3MVudf5jOUu5dCNkBpixLKrPIfOjwtZ7pt1q2FNAOeJXZI6KNHyzQ+3H+M0IlxhhqTs2VaivAwJRTEjec1NJUkQHqEB6WnKUUSkl00uy+GBVvowjIV+XMGJ+juRoUjKcRToyWJjOesV4n9eL1XhmZdRnqSKcDz9KEwZVDEsaoJ9KghWbKwJwoLqXSEeIoGw0mXWdAn27MnzxDlq2CeN45vjevOirKMK9sA+OAQ2OAVNcA1aoA0weABP4AW8Go/Gs/FmvE9HK0aZ2QV/YHx+AzQyoao=</latexit>

V =
X

l2E
Vl

<latexit sha1_base64="th3RMVw4UwJQTjQ0jnWiMqYwwtM=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBVUmkqCspuHFZwT6gCWUynbRDJzNh5kYJoW78FTcuFHHrX7jzb5y2WWjrgYHDOedy554w4UyD635bS8srq2vrpY3y5tb2zq69t9/SMlWENonkUnVCrClngjaBAaedRFEch5y2w9H1xG/fU6WZFHeQJTSI8UCwiBEMRurZhz434T72FRsMASslH3wmIsh6dsWtulM4i8QrSAUVaPTsL78vSRpTAYRjrbuem0CQYwWMcDou+6mmCSYjPKBdQwWOqQ7y6QVj58QofSeSyjwBzlT9PZHjWOssDk0yxjDU895E/M/rphBdBjkTSQpUkNmiKOUOSGdSh9NnihLgmSGYKGb+6pAhVpiAKa1sSvDmT14krbOqd16t3dYq9auijhI6QsfoFHnoAtXRDWqgJiLoET2jV/RmPVkv1rv1MYsuWcXMAfoD6/MHcUKXiA==</latexit>

� ! 1as

,

Asymptotic Trajectories



Given
<latexit sha1_base64="C/JpHoBd72Bskf7lNXZelJVFC8w=">AAACCXicbVBPS8MwHE3nvzn/VT16CQ7B02hlqBdl4MXjBNcNtlLSLN3CkrQkqThKr178Kl48KOLVb+DNb2O2FdHNB4GX936P5PfChFGlHefLKi0tr6yuldcrG5tb2zv27p6n4lRi0sIxi2UnRIowKkhLU81IJ5EE8ZCRdji6mvjtOyIVjcWtHifE52ggaEQx0kYKbOhd9FTKg6ynyb3JZyzPvZ8bZHlgV52aMwVcJG5BqqBAM7A/e/0Yp5wIjRlSqus6ifYzJDXFjOSVXqpIgvAIDUjXUIE4UX423SSHR0bpwyiW5ggNp+rvRIa4UmMemkmO9FDNexPxP6+b6ujcz6hIUk0Enj0UpQzqGE5qgX0qCdZsbAjCkpq/QjxEEmFtyquYEtz5lReJd1JzT2v1m3q1cVnUUQYH4BAcAxecgQa4Bk3QAhg8gCfwAl6tR+vZerPeZ6Mlq8jsgz+wPr4B9jibJA==</latexit>

V =
X

l

Vl

<latexit sha1_base64="PPJzr2qMPpolFcm65dl2VJyC3z0=">AAACCHicbVBNS8NAEN34WetX1KMHF4vgqSRS1JMUvHisYNNCE8Jms2mXbjZxdyOUNEcv/hUvHhTx6k/w5r9x2+agrQ8GHu/NMDMvSBmVyrK+jaXlldW19cpGdXNre2fX3Nt3ZJIJTNo4YYnoBkgSRjlpK6oY6aaCoDhgpBMMryd+54EISRN+p0Yp8WLU5zSiGCkt+eaRGwmEc3cMXY4ChqDjjovcKdw+uYfYD32zZtWtKeAisUtSAyVavvnlhgnOYsIVZkjKnm2lysuRUBQzUlTdTJIU4SHqk56mHMVEevn0kQKeaCWEUSJ0cQWn6u+JHMVSjuJAd8ZIDeS8NxH/83qZii69nPI0U4Tj2aIoY1AlcJIKDKkgWLGRJggLqm+FeIB0MkpnV9Uh2PMvLxLnrG6f1xu3jVrzqoyjAg7BMTgFNrgATXADWqANMHgEz+AVvBlPxovxbnzMWpeMcuYA/IHx+QN/E5mj</latexit>

krV k
V

� cd

<latexit sha1_base64="OatJk5SyMSbqBuEU/L6g9IR4EvY="></latexit>

µa
l = ��abeib

@iVl

Vl
deSitter ratios:

<latexit sha1_base64="ZBSbCMS8YhUpvRLa1yiEamdQDWU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEinqSghePFWwtNCFstpN26W4SdjfFEgr+FS8eFPHq7/Dmv3Hb5qCtDwYe783szrww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kJiQLOYmhppjl0UglEhBwewuHN1H8YgVQsie/1OAVfkH7MIkaJNlJgH3kjoLknskmQexoezROYTwK76tScGfAycQtSRQWagf3l9RKaCYg15USpruuk2s+J1IxymFS8TEFK6JD0oWtoTAQoP5+tP8GnRunhKJGmYo1n6u+JnAilxiI0nYLogVr0puJ/XjfT0ZWfszjNNMR0/lGUcawTPM0C95gEqvnYEEIlM7tiOiCSUG0Sq5gQ3MWTl0n7vOZe1Op39WrjuoijjI7RCTpDLrpEDXSLmqiFKMrRM3pFb9aT9WK9Wx/z1pJVzByiP7A+fwASyZYz</latexit>

~µl

<latexit sha1_base64="OxWF+ik+3PGf/L8iGSxSljtMyOY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmM2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kimGTJSJRnYBqFFxi03AjsJMqpHEgsB2Mbmd++wmV5ol8NOMU/ZgOJI84o8ZKD6wf9ssVt+rOQVaJl5MK5Gj0y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8xPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5momt/wmWaGZRssSjKBDEJmf1NQq6QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w86uI3D</latexit>cd

, the asymptotic dS conjecture with

will be satisfied if the convex hull of all the dS ratios

lie outside the ball of radius

Convex Hull dS conjecture

<latexit sha1_base64="a7cNrzPcbZ8psYvu2X2h6y132FU=">AAACB3icbVDLSgNBEJz1GeNr1aMgg0HwFHYlqBcl4MVjBPOAbAi9k9lkyMzsMjMrhE1uXvwVLx4U8eovePNvnDwOmljQUFR1090VJpxp43nfztLyyuraem4jv7m1vbPr7u3XdJwqQqsk5rFqhKApZ5JWDTOcNhJFQYSc1sP+zdivP1ClWSzvzSChLQFdySJGwFip7R4FXRACroJIAcmCIQ4khBxwLRiOstqo7Ra8ojcBXiT+jBTQDJW2+xV0YpIKKg3hoHXT9xLTykAZRjgd5YNU0wRIH7q0aakEQXUrm/wxwidW6eAoVrakwRP190QGQuuBCG2nANPT895Y/M9rpia6bGVMJqmhkkwXRSnHJsbjUHCHKUoMH1gCRDF7KyY9sIkYG13ehuDPv7xIamdF/7xYuisVytezOHLoEB2jU+SjC1RGt6iCqoigR/SMXtGb8+S8OO/Ox7R1yZnNHKA/cD5/AOdQmVY=</latexit>

� =
krV k
V

dS coefficient:
<latexit sha1_base64="MwtiDGsOSlKmiCk4dxds/iTKDOY=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFRKNbd1IwY3LCvYBbSiT6aQdnUeYmQil9B/cuFDErf/jzr9xmkZQ0QMXDufcy733RAmj2njeh1NYWl5ZXSuulzY2t7Z3yrt7bS1ThUkLSyZVN0KaMCpIy1DDSDdRBPGIkU50dzn3O/dEaSrFjZkkJORoJGhMMTJWavdHiHM0KFc8t1qr+8EZ9FwvQ0aqp8E59HOlAnI0B+X3/lDilBNhMENa93wvMeEUKUMxI7NSP9UkQfgOjUjPUoE40eE0u3YGj6wyhLFUtoSBmfp9Yoq41hMe2U6OzFj/9ubiX14vNXE9nFKRpIYIvFgUpwwaCeevwyFVBBs2sQRhRe2tEI+RQtjYgEo2hK9P4f+kfeL6VTe4DiqNizyOIjgAh+AY+KAGGuAKNEELYHALHsATeHak8+i8OK+L1oKTz+yDH3DePgHVmo9P</latexit>�



Given
<latexit sha1_base64="C/JpHoBd72Bskf7lNXZelJVFC8w=">AAACCXicbVBPS8MwHE3nvzn/VT16CQ7B02hlqBdl4MXjBNcNtlLSLN3CkrQkqThKr178Kl48KOLVb+DNb2O2FdHNB4GX936P5PfChFGlHefLKi0tr6yuldcrG5tb2zv27p6n4lRi0sIxi2UnRIowKkhLU81IJ5EE8ZCRdji6mvjtOyIVjcWtHifE52ggaEQx0kYKbOhd9FTKg6ynyb3JZyzPvZ8bZHlgV52aMwVcJG5BqqBAM7A/e/0Yp5wIjRlSqus6ifYzJDXFjOSVXqpIgvAIDUjXUIE4UX423SSHR0bpwyiW5ggNp+rvRIa4UmMemkmO9FDNexPxP6+b6ujcz6hIUk0Enj0UpQzqGE5qgX0qCdZsbAjCkpq/QjxEEmFtyquYEtz5lReJd1JzT2v1m3q1cVnUUQYH4BAcAxecgQa4Bk3QAhg8gCfwAl6tR+vZerPeZ6Mlq8jsgz+wPr4B9jibJA==</latexit>

V =
X

l

Vl

<latexit sha1_base64="PPJzr2qMPpolFcm65dl2VJyC3z0=">AAACCHicbVBNS8NAEN34WetX1KMHF4vgqSRS1JMUvHisYNNCE8Jms2mXbjZxdyOUNEcv/hUvHhTx6k/w5r9x2+agrQ8GHu/NMDMvSBmVyrK+jaXlldW19cpGdXNre2fX3Nt3ZJIJTNo4YYnoBkgSRjlpK6oY6aaCoDhgpBMMryd+54EISRN+p0Yp8WLU5zSiGCkt+eaRGwmEc3cMXY4ChqDjjovcKdw+uYfYD32zZtWtKeAisUtSAyVavvnlhgnOYsIVZkjKnm2lysuRUBQzUlTdTJIU4SHqk56mHMVEevn0kQKeaCWEUSJ0cQWn6u+JHMVSjuJAd8ZIDeS8NxH/83qZii69nPI0U4Tj2aIoY1AlcJIKDKkgWLGRJggLqm+FeIB0MkpnV9Uh2PMvLxLnrG6f1xu3jVrzqoyjAg7BMTgFNrgATXADWqANMHgEz+AVvBlPxovxbnzMWpeMcuYA/IHx+QN/E5mj</latexit>

krV k
V

� cd

<latexit sha1_base64="OatJk5SyMSbqBuEU/L6g9IR4EvY="></latexit>

µa
l = ��abeib

@iVl

Vl
deSitter ratios:

<latexit sha1_base64="ZBSbCMS8YhUpvRLa1yiEamdQDWU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEinqSghePFWwtNCFstpN26W4SdjfFEgr+FS8eFPHq7/Dmv3Hb5qCtDwYe783szrww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kJiQLOYmhppjl0UglEhBwewuHN1H8YgVQsie/1OAVfkH7MIkaJNlJgH3kjoLknskmQexoezROYTwK76tScGfAycQtSRQWagf3l9RKaCYg15USpruuk2s+J1IxymFS8TEFK6JD0oWtoTAQoP5+tP8GnRunhKJGmYo1n6u+JnAilxiI0nYLogVr0puJ/XjfT0ZWfszjNNMR0/lGUcawTPM0C95gEqvnYEEIlM7tiOiCSUG0Sq5gQ3MWTl0n7vOZe1Op39WrjuoijjI7RCTpDLrpEDXSLmqiFKMrRM3pFb9aT9WK9Wx/z1pJVzByiP7A+fwASyZYz</latexit>

~µl

<latexit sha1_base64="OxWF+ik+3PGf/L8iGSxSljtMyOY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmM2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kimGTJSJRnYBqFFxi03AjsJMqpHEgsB2Mbmd++wmV5ol8NOMU/ZgOJI84o8ZKD6wf9ssVt+rOQVaJl5MK5Gj0y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8xPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5momt/wmWaGZRssSjKBDEJmf1NQq6QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w86uI3D</latexit>cd

, the asymptotic dS conjecture with

will be satisfied if the convex hull of all the dS ratios

lie outside the ball of radius

Convex Hull dS conjecture

<latexit sha1_base64="a7cNrzPcbZ8psYvu2X2h6y132FU=">AAACB3icbVDLSgNBEJz1GeNr1aMgg0HwFHYlqBcl4MVjBPOAbAi9k9lkyMzsMjMrhE1uXvwVLx4U8eovePNvnDwOmljQUFR1090VJpxp43nfztLyyuraem4jv7m1vbPr7u3XdJwqQqsk5rFqhKApZ5JWDTOcNhJFQYSc1sP+zdivP1ClWSzvzSChLQFdySJGwFip7R4FXRACroJIAcmCIQ4khBxwLRiOstqo7Ra8ojcBXiT+jBTQDJW2+xV0YpIKKg3hoHXT9xLTykAZRjgd5YNU0wRIH7q0aakEQXUrm/wxwidW6eAoVrakwRP190QGQuuBCG2nANPT895Y/M9rpia6bGVMJqmhkkwXRSnHJsbjUHCHKUoMH1gCRDF7KyY9sIkYG13ehuDPv7xIamdF/7xYuisVytezOHLoEB2jU+SjC1RGt6iCqoigR/SMXtGb8+S8OO/Ox7R1yZnNHKA/cD5/AOdQmVY=</latexit>

� =
krV k
V

dS coefficient:
<latexit sha1_base64="MwtiDGsOSlKmiCk4dxds/iTKDOY=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFRKNbd1IwY3LCvYBbSiT6aQdnUeYmQil9B/cuFDErf/jzr9xmkZQ0QMXDufcy733RAmj2njeh1NYWl5ZXSuulzY2t7Z3yrt7bS1ThUkLSyZVN0KaMCpIy1DDSDdRBPGIkU50dzn3O/dEaSrFjZkkJORoJGhMMTJWavdHiHM0KFc8t1qr+8EZ9FwvQ0aqp8E59HOlAnI0B+X3/lDilBNhMENa93wvMeEUKUMxI7NSP9UkQfgOjUjPUoE40eE0u3YGj6wyhLFUtoSBmfp9Yoq41hMe2U6OzFj/9ubiX14vNXE9nFKRpIYIvFgUpwwaCeevwyFVBBs2sQRhRe2tEI+RQtjYgEo2hK9P4f+kfeL6VTe4DiqNizyOIjgAh+AY+KAGGuAKNEELYHALHsATeHak8+i8OK+L1oKTz+yDH3DePgHVmo9P</latexit>�

distance to the CH



Given
<latexit sha1_base64="C/JpHoBd72Bskf7lNXZelJVFC8w=">AAACCXicbVBPS8MwHE3nvzn/VT16CQ7B02hlqBdl4MXjBNcNtlLSLN3CkrQkqThKr178Kl48KOLVb+DNb2O2FdHNB4GX936P5PfChFGlHefLKi0tr6yuldcrG5tb2zv27p6n4lRi0sIxi2UnRIowKkhLU81IJ5EE8ZCRdji6mvjtOyIVjcWtHifE52ggaEQx0kYKbOhd9FTKg6ynyb3JZyzPvZ8bZHlgV52aMwVcJG5BqqBAM7A/e/0Yp5wIjRlSqus6ifYzJDXFjOSVXqpIgvAIDUjXUIE4UX423SSHR0bpwyiW5ggNp+rvRIa4UmMemkmO9FDNexPxP6+b6ujcz6hIUk0Enj0UpQzqGE5qgX0qCdZsbAjCkpq/QjxEEmFtyquYEtz5lReJd1JzT2v1m3q1cVnUUQYH4BAcAxecgQa4Bk3QAhg8gCfwAl6tR+vZerPeZ6Mlq8jsgz+wPr4B9jibJA==</latexit>

V =
X

l

Vl

<latexit sha1_base64="PPJzr2qMPpolFcm65dl2VJyC3z0=">AAACCHicbVBNS8NAEN34WetX1KMHF4vgqSRS1JMUvHisYNNCE8Jms2mXbjZxdyOUNEcv/hUvHhTx6k/w5r9x2+agrQ8GHu/NMDMvSBmVyrK+jaXlldW19cpGdXNre2fX3Nt3ZJIJTNo4YYnoBkgSRjlpK6oY6aaCoDhgpBMMryd+54EISRN+p0Yp8WLU5zSiGCkt+eaRGwmEc3cMXY4ChqDjjovcKdw+uYfYD32zZtWtKeAisUtSAyVavvnlhgnOYsIVZkjKnm2lysuRUBQzUlTdTJIU4SHqk56mHMVEevn0kQKeaCWEUSJ0cQWn6u+JHMVSjuJAd8ZIDeS8NxH/83qZii69nPI0U4Tj2aIoY1AlcJIKDKkgWLGRJggLqm+FeIB0MkpnV9Uh2PMvLxLnrG6f1xu3jVrzqoyjAg7BMTgFNrgATXADWqANMHgEz+AVvBlPxovxbnzMWpeMcuYA/IHx+QN/E5mj</latexit>

krV k
V

� cd

<latexit sha1_base64="OatJk5SyMSbqBuEU/L6g9IR4EvY="></latexit>

µa
l = ��abeib

@iVl

Vl
deSitter ratios:

<latexit sha1_base64="ZBSbCMS8YhUpvRLa1yiEamdQDWU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEinqSghePFWwtNCFstpN26W4SdjfFEgr+FS8eFPHq7/Dmv3Hb5qCtDwYe783szrww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kJiQLOYmhppjl0UglEhBwewuHN1H8YgVQsie/1OAVfkH7MIkaJNlJgH3kjoLknskmQexoezROYTwK76tScGfAycQtSRQWagf3l9RKaCYg15USpruuk2s+J1IxymFS8TEFK6JD0oWtoTAQoP5+tP8GnRunhKJGmYo1n6u+JnAilxiI0nYLogVr0puJ/XjfT0ZWfszjNNMR0/lGUcawTPM0C95gEqvnYEEIlM7tiOiCSUG0Sq5gQ3MWTl0n7vOZe1Op39WrjuoijjI7RCTpDLrpEDXSLmqiFKMrRM3pFb9aT9WK9Wx/z1pJVzByiP7A+fwASyZYz</latexit>

~µl

<latexit sha1_base64="OxWF+ik+3PGf/L8iGSxSljtMyOY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmM2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kimGTJSJRnYBqFFxi03AjsJMqpHEgsB2Mbmd++wmV5ol8NOMU/ZgOJI84o8ZKD6wf9ssVt+rOQVaJl5MK5Gj0y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8xPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5momt/wmWaGZRssSjKBDEJmf1NQq6QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w86uI3D</latexit>cd

, the asymptotic dS conjecture with

will be satisfied if the convex hull of all the dS ratios

lie outside the ball of radius

Convex Hull dS conjecture

<latexit sha1_base64="MwtiDGsOSlKmiCk4dxds/iTKDOY=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFRKNbd1IwY3LCvYBbSiT6aQdnUeYmQil9B/cuFDErf/jzr9xmkZQ0QMXDufcy733RAmj2njeh1NYWl5ZXSuulzY2t7Z3yrt7bS1ThUkLSyZVN0KaMCpIy1DDSDdRBPGIkU50dzn3O/dEaSrFjZkkJORoJGhMMTJWavdHiHM0KFc8t1qr+8EZ9FwvQ0aqp8E59HOlAnI0B+X3/lDilBNhMENa93wvMeEUKUMxI7NSP9UkQfgOjUjPUoE40eE0u3YGj6wyhLFUtoSBmfp9Yoq41hMe2U6OzFj/9ubiX14vNXE9nFKRpIYIvFgUpwwaCeevwyFVBBs2sQRhRe2tEI+RQtjYgEo2hK9P4f+kfeL6VTe4DiqNizyOIjgAh+AY+KAGGuAKNEELYHALHsATeHak8+i8OK+L1oKTz+yDH3DePgHVmo9P</latexit>�



Given
<latexit sha1_base64="C/JpHoBd72Bskf7lNXZelJVFC8w=">AAACCXicbVBPS8MwHE3nvzn/VT16CQ7B02hlqBdl4MXjBNcNtlLSLN3CkrQkqThKr178Kl48KOLVb+DNb2O2FdHNB4GX936P5PfChFGlHefLKi0tr6yuldcrG5tb2zv27p6n4lRi0sIxi2UnRIowKkhLU81IJ5EE8ZCRdji6mvjtOyIVjcWtHifE52ggaEQx0kYKbOhd9FTKg6ynyb3JZyzPvZ8bZHlgV52aMwVcJG5BqqBAM7A/e/0Yp5wIjRlSqus6ifYzJDXFjOSVXqpIgvAIDUjXUIE4UX423SSHR0bpwyiW5ggNp+rvRIa4UmMemkmO9FDNexPxP6+b6ujcz6hIUk0Enj0UpQzqGE5qgX0qCdZsbAjCkpq/QjxEEmFtyquYEtz5lReJd1JzT2v1m3q1cVnUUQYH4BAcAxecgQa4Bk3QAhg8gCfwAl6tR+vZerPeZ6Mlq8jsgz+wPr4B9jibJA==</latexit>

V =
X

l

Vl

<latexit sha1_base64="PPJzr2qMPpolFcm65dl2VJyC3z0=">AAACCHicbVBNS8NAEN34WetX1KMHF4vgqSRS1JMUvHisYNNCE8Jms2mXbjZxdyOUNEcv/hUvHhTx6k/w5r9x2+agrQ8GHu/NMDMvSBmVyrK+jaXlldW19cpGdXNre2fX3Nt3ZJIJTNo4YYnoBkgSRjlpK6oY6aaCoDhgpBMMryd+54EISRN+p0Yp8WLU5zSiGCkt+eaRGwmEc3cMXY4ChqDjjovcKdw+uYfYD32zZtWtKeAisUtSAyVavvnlhgnOYsIVZkjKnm2lysuRUBQzUlTdTJIU4SHqk56mHMVEevn0kQKeaCWEUSJ0cQWn6u+JHMVSjuJAd8ZIDeS8NxH/83qZii69nPI0U4Tj2aIoY1AlcJIKDKkgWLGRJggLqm+FeIB0MkpnV9Uh2PMvLxLnrG6f1xu3jVrzqoyjAg7BMTgFNrgATXADWqANMHgEz+AVvBlPxovxbnzMWpeMcuYA/IHx+QN/E5mj</latexit>

krV k
V

� cd

<latexit sha1_base64="OatJk5SyMSbqBuEU/L6g9IR4EvY="></latexit>

µa
l = ��abeib

@iVl

Vl
deSitter ratios:

<latexit sha1_base64="ZBSbCMS8YhUpvRLa1yiEamdQDWU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEinqSghePFWwtNCFstpN26W4SdjfFEgr+FS8eFPHq7/Dmv3Hb5qCtDwYe783szrww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kJiQLOYmhppjl0UglEhBwewuHN1H8YgVQsie/1OAVfkH7MIkaJNlJgH3kjoLknskmQexoezROYTwK76tScGfAycQtSRQWagf3l9RKaCYg15USpruuk2s+J1IxymFS8TEFK6JD0oWtoTAQoP5+tP8GnRunhKJGmYo1n6u+JnAilxiI0nYLogVr0puJ/XjfT0ZWfszjNNMR0/lGUcawTPM0C95gEqvnYEEIlM7tiOiCSUG0Sq5gQ3MWTl0n7vOZe1Op39WrjuoijjI7RCTpDLrpEDXSLmqiFKMrRM3pFb9aT9WK9Wx/z1pJVzByiP7A+fwASyZYz</latexit>

~µl

<latexit sha1_base64="OxWF+ik+3PGf/L8iGSxSljtMyOY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmM2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kimGTJSJRnYBqFFxi03AjsJMqpHEgsB2Mbmd++wmV5ol8NOMU/ZgOJI84o8ZKD6wf9ssVt+rOQVaJl5MK5Gj0y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8xPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5momt/wmWaGZRssSjKBDEJmf1NQq6QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w86uI3D</latexit>cd

, the asymptotic dS conjecture with

will be satisfied if the convex hull of all the dS ratios

lie outside the ball of radius

Convex Hull dS conjecture

<latexit sha1_base64="MwtiDGsOSlKmiCk4dxds/iTKDOY=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFRKNbd1IwY3LCvYBbSiT6aQdnUeYmQil9B/cuFDErf/jzr9xmkZQ0QMXDufcy733RAmj2njeh1NYWl5ZXSuulzY2t7Z3yrt7bS1ThUkLSyZVN0KaMCpIy1DDSDdRBPGIkU50dzn3O/dEaSrFjZkkJORoJGhMMTJWavdHiHM0KFc8t1qr+8EZ9FwvQ0aqp8E59HOlAnI0B+X3/lDilBNhMENa93wvMeEUKUMxI7NSP9UkQfgOjUjPUoE40eE0u3YGj6wyhLFUtoSBmfp9Yoq41hMe2U6OzFj/9ubiX14vNXE9nFKRpIYIvFgUpwwaCeevwyFVBBs2sQRhRe2tEI+RQtjYgEo2hK9P4f+kfeL6VTe4DiqNizyOIjgAh+AY+KAGGuAKNEELYHALHsATeHak8+i8OK+L1oKTz+yDH3DePgHVmo9P</latexit>�
‘scalar charge to 

mass ratio’

<latexit sha1_base64="+Bx6rFuiFmZRAKTPkAPGx8wKiXM="></latexit>

= �2~e i @iTl
Tl



Given
<latexit sha1_base64="C/JpHoBd72Bskf7lNXZelJVFC8w=">AAACCXicbVBPS8MwHE3nvzn/VT16CQ7B02hlqBdl4MXjBNcNtlLSLN3CkrQkqThKr178Kl48KOLVb+DNb2O2FdHNB4GX936P5PfChFGlHefLKi0tr6yuldcrG5tb2zv27p6n4lRi0sIxi2UnRIowKkhLU81IJ5EE8ZCRdji6mvjtOyIVjcWtHifE52ggaEQx0kYKbOhd9FTKg6ynyb3JZyzPvZ8bZHlgV52aMwVcJG5BqqBAM7A/e/0Yp5wIjRlSqus6ifYzJDXFjOSVXqpIgvAIDUjXUIE4UX423SSHR0bpwyiW5ggNp+rvRIa4UmMemkmO9FDNexPxP6+b6ujcz6hIUk0Enj0UpQzqGE5qgX0qCdZsbAjCkpq/QjxEEmFtyquYEtz5lReJd1JzT2v1m3q1cVnUUQYH4BAcAxecgQa4Bk3QAhg8gCfwAl6tR+vZerPeZ6Mlq8jsgz+wPr4B9jibJA==</latexit>

V =
X

l

Vl

<latexit sha1_base64="PPJzr2qMPpolFcm65dl2VJyC3z0=">AAACCHicbVBNS8NAEN34WetX1KMHF4vgqSRS1JMUvHisYNNCE8Jms2mXbjZxdyOUNEcv/hUvHhTx6k/w5r9x2+agrQ8GHu/NMDMvSBmVyrK+jaXlldW19cpGdXNre2fX3Nt3ZJIJTNo4YYnoBkgSRjlpK6oY6aaCoDhgpBMMryd+54EISRN+p0Yp8WLU5zSiGCkt+eaRGwmEc3cMXY4ChqDjjovcKdw+uYfYD32zZtWtKeAisUtSAyVavvnlhgnOYsIVZkjKnm2lysuRUBQzUlTdTJIU4SHqk56mHMVEevn0kQKeaCWEUSJ0cQWn6u+JHMVSjuJAd8ZIDeS8NxH/83qZii69nPI0U4Tj2aIoY1AlcJIKDKkgWLGRJggLqm+FeIB0MkpnV9Uh2PMvLxLnrG6f1xu3jVrzqoyjAg7BMTgFNrgATXADWqANMHgEz+AVvBlPxovxbnzMWpeMcuYA/IHx+QN/E5mj</latexit>

krV k
V

� cd

<latexit sha1_base64="OatJk5SyMSbqBuEU/L6g9IR4EvY="></latexit>

µa
l = ��abeib

@iVl

Vl
deSitter ratios:

<latexit sha1_base64="ZBSbCMS8YhUpvRLa1yiEamdQDWU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEinqSghePFWwtNCFstpN26W4SdjfFEgr+FS8eFPHq7/Dmv3Hb5qCtDwYe783szrww5Uxpx/m2Siura+sb5c3K1vbO7p69f9BWSSYptGjCE9kJiQLOYmhppjl0UglEhBwewuHN1H8YgVQsie/1OAVfkH7MIkaJNlJgH3kjoLknskmQexoezROYTwK76tScGfAycQtSRQWagf3l9RKaCYg15USpruuk2s+J1IxymFS8TEFK6JD0oWtoTAQoP5+tP8GnRunhKJGmYo1n6u+JnAilxiI0nYLogVr0puJ/XjfT0ZWfszjNNMR0/lGUcawTPM0C95gEqvnYEEIlM7tiOiCSUG0Sq5gQ3MWTl0n7vOZe1Op39WrjuoijjI7RCTpDLrpEDXSLmqiFKMrRM3pFb9aT9WK9Wx/z1pJVzByiP7A+fwASyZYz</latexit>

~µl

<latexit sha1_base64="OxWF+ik+3PGf/L8iGSxSljtMyOY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmM2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kimGTJSJRnYBqFFxi03AjsJMqpHEgsB2Mbmd++wmV5ol8NOMU/ZgOJI84o8ZKD6wf9ssVt+rOQVaJl5MK5Gj0y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8xPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5momt/wmWaGZRssSjKBDEJmf1NQq6QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w86uI3D</latexit>cd

, the asymptotic dS conjecture with

will be satisfied if the convex hull of all the dS ratios

lie outside the ball of radius

Convex Hull dS conjecture

<latexit sha1_base64="MwtiDGsOSlKmiCk4dxds/iTKDOY=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFRKNbd1IwY3LCvYBbSiT6aQdnUeYmQil9B/cuFDErf/jzr9xmkZQ0QMXDufcy733RAmj2njeh1NYWl5ZXSuulzY2t7Z3yrt7bS1ThUkLSyZVN0KaMCpIy1DDSDdRBPGIkU50dzn3O/dEaSrFjZkkJORoJGhMMTJWavdHiHM0KFc8t1qr+8EZ9FwvQ0aqp8E59HOlAnI0B+X3/lDilBNhMENa93wvMeEUKUMxI7NSP9UkQfgOjUjPUoE40eE0u3YGj6wyhLFUtoSBmfp9Yoq41hMe2U6OzFj/9ubiX14vNXE9nFKRpIYIvFgUpwwaCeevwyFVBBs2sQRhRe2tEI+RQtjYgEo2hK9P4f+kfeL6VTe4DiqNizyOIjgAh+AY+KAGGuAKNEELYHALHsATeHak8+i8OK+L1oKTz+yDH3DePgHVmo9P</latexit>�

“Scalar WGC for membranes in which all membranes must satisfy the bound”

‘scalar charge to 
mass ratio’

<latexit sha1_base64="+Bx6rFuiFmZRAKTPkAPGx8wKiXM="></latexit>

= �2~e i @iTl
Tl



Scenario (I) Scenario (II)
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A single term dominates Several terms compete asymptotically



Scenario (I) Scenario (II)

A single term dominates Several terms compete asymptotically

5 10 15 20

5

10

15

20

family of gradient 
flow solns

e.g.
<latexit sha1_base64="Mqww80aEVP4oUOzl4FM/gAYApRY=">AAAB+3icbVDJSgNBFHzjGuM2xqOXxiAIQpiRoF6UgBePEcwCyRB6Oj1Jk56F7jdiGOZXvHhQxKs/4s2/sbMcNLGgoah6xXtdfiKFRsf5tlZW19Y3Ngtbxe2d3b19+6DU1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3U781iNXWsTRA44T7oV0EIlAMIpG6tml5nU3UJS5mU7zs24/Rt2zy07FmYIsE3dOyjBHvWd/mRxLQx4hk1Trjusk6GVUoWCS58VuqnlC2YgOeMfQiIZce9n09pycGKVPgliZFyGZqr8TGQ21Hoe+mQwpDvWiNxH/8zopBldeJqIkRR6x2aIglQRjMimC9IXiDOXYEMqUMLcSNqSmCjR1FU0J7uKXl0nzvOJeVKr31XLtZl5HAY7gGE7BhUuowR3UoQEMnuAZXuHNyq0X6936mI2uWPPMIfyB9fkDveCUQQ==</latexit>

V =
1

su
+ . . .

<latexit sha1_base64="ILwCBg+704ianIDnh3ZmtGlJs4o=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgJhLCrQW2UgI1lBPOA7Bruzk6SIbMPZmaFsKS18VdsLBSx9Q/s/BsnyRaaeGDgcM493LnHizmTyrK+jaXlldW19dxGfnNre2fX3NtvyigRhDZIxCPR9kBSzkLaUExx2o4FhcDjtOUNryd+64EKyaLwTo1i6gbQD1mPEVBa6pq4KMtJ6bLoAI8HgB2uoz7cn5YzVuqaBatiTYEXiZ2RAspQ75pfjh+RJKChIhyk7NhWrNwUhGKE03HeSSSNgQyhTzuahhBQ6abTS8b4WCs+7kVCv1Dhqfo7kUIg5Sjw9GQAaiDnvYn4n9dJVO/CTVkYJ4qGZLaol3CsIjypBftMUKL4SBMggum/YjIAAUTp8vK6BHv+5EXSPKnYZ5XqbbVQu8rqyKFDdISKyEbnqIZuUB01EEGP6Bm9ojfjyXgx3o2P2eiSkWUO0B8Ynz/1Cpic</latexit>

(s, u) = (↵�3,�)

<latexit sha1_base64="6g/GfX68HXQ+DCZVe5G9fqXDYm4=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWRoq6k4MZlBfuAJpbJZNIOnUzCzEQosQt/xY0LRdz6G+78G6dtFtp6YOBwzj3cOydIOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+pJJOENknCE9kJsKKcCdrUTHPaSSXFccBpOxheT/z2A5WKJeJOj1Lqx7gvWMQI1kbq2YeeYjHyIomJm3vcBEN8Xxv37IpTdaZAi8QtSAUKNHr2lxcmJIup0IRjpbquk2o/x1Izwum47GWKppgMcZ92DRU4psrPp/eP0YlRQhQl0jyh0VT9nchxrNQoDsxkjPVAzXsT8T+vm+no0s+ZSDNNBZktijKOdIImZaCQSUo0HxmCiWTmVkQG2HShTWVlU4I7/+VF0jqruufV2m2tUr8q6ijBERzDKbhwAXW4gQY0gcAjPMMrvFlP1ov1bn3MRpesInMAf2B9/gB6KJXB</latexit>

⇠ 1

�4



Scenario (I) Scenario (II)

A single term dominates Several terms compete asymptotically

5 10 15 20

5

10

15

20

family of gradient 
flow solns

e.g.
<latexit sha1_base64="Mqww80aEVP4oUOzl4FM/gAYApRY=">AAAB+3icbVDJSgNBFHzjGuM2xqOXxiAIQpiRoF6UgBePEcwCyRB6Oj1Jk56F7jdiGOZXvHhQxKs/4s2/sbMcNLGgoah6xXtdfiKFRsf5tlZW19Y3Ngtbxe2d3b19+6DU1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3U781iNXWsTRA44T7oV0EIlAMIpG6tml5nU3UJS5mU7zs24/Rt2zy07FmYIsE3dOyjBHvWd/mRxLQx4hk1Trjusk6GVUoWCS58VuqnlC2YgOeMfQiIZce9n09pycGKVPgliZFyGZqr8TGQ21Hoe+mQwpDvWiNxH/8zopBldeJqIkRR6x2aIglQRjMimC9IXiDOXYEMqUMLcSNqSmCjR1FU0J7uKXl0nzvOJeVKr31XLtZl5HAY7gGE7BhUuowR3UoQEMnuAZXuHNyq0X6936mI2uWPPMIfyB9fkDveCUQQ==</latexit>

V =
1

su
+ . . .

<latexit sha1_base64="ILwCBg+704ianIDnh3ZmtGlJs4o=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgJhLCrQW2UgI1lBPOA7Bruzk6SIbMPZmaFsKS18VdsLBSx9Q/s/BsnyRaaeGDgcM493LnHizmTyrK+jaXlldW19dxGfnNre2fX3NtvyigRhDZIxCPR9kBSzkLaUExx2o4FhcDjtOUNryd+64EKyaLwTo1i6gbQD1mPEVBa6pq4KMtJ6bLoAI8HgB2uoz7cn5YzVuqaBatiTYEXiZ2RAspQ75pfjh+RJKChIhyk7NhWrNwUhGKE03HeSSSNgQyhTzuahhBQ6abTS8b4WCs+7kVCv1Dhqfo7kUIg5Sjw9GQAaiDnvYn4n9dJVO/CTVkYJ4qGZLaol3CsIjypBftMUKL4SBMggum/YjIAAUTp8vK6BHv+5EXSPKnYZ5XqbbVQu8rqyKFDdISKyEbnqIZuUB01EEGP6Bm9ojfjyXgx3o2P2eiSkWUO0B8Ynz/1Cpic</latexit>

(s, u) = (↵�3,�)

<latexit sha1_base64="6g/GfX68HXQ+DCZVe5G9fqXDYm4=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWRoq6k4MZlBfuAJpbJZNIOnUzCzEQosQt/xY0LRdz6G+78G6dtFtp6YOBwzj3cOydIOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+pJJOENknCE9kJsKKcCdrUTHPaSSXFccBpOxheT/z2A5WKJeJOj1Lqx7gvWMQI1kbq2YeeYjHyIomJm3vcBEN8Xxv37IpTdaZAi8QtSAUKNHr2lxcmJIup0IRjpbquk2o/x1Izwum47GWKppgMcZ92DRU4psrPp/eP0YlRQhQl0jyh0VT9nchxrNQoDsxkjPVAzXsT8T+vm+no0s+ZSDNNBZktijKOdIImZaCQSUo0HxmCiWTmVkQG2HShTWVlU4I7/+VF0jqruufV2m2tUr8q6ijBERzDKbhwAXW4gQY0gcAjPMMrvFlP1ov1bn3MRpesInMAf2B9/gB6KJXB</latexit>

⇠ 1

�4

<latexit sha1_base64="6ziSIqKe5XuOcBWh1dhPxRl060o=">AAACDXicbVDLSgMxFL3js9bXqEs3wSoIhTKjRd0oBTcuK9gHtGPJpJk2NJMZkoxQhvkBN/6KGxeKuHXvzr8xfSy09UDg5Jx7SO7xY86Udpxva2FxaXllNbeWX9/Y3Nq2d3brKkokoTUS8Ug2fawoZ4LWNNOcNmNJcehz2vAH1yO/8UClYpG408OYeiHuCRYwgrWROvZh/bIdSEzSJEtVVnQdZ3JVWZrcn2bFdjfSqmMXnJIzBpon7pQUYIpqx/4yOZKEVGjCsVIt14m1l2KpGeE0y7cTRWNMBrhHW4YKHFLlpeNtMnRklC4KImmO0Gis/k6kOFRqGPpmMsS6r2a9kfif10p0cOGlTMSJpoJMHgoSjnSERtWgLpOUaD40BBPJzF8R6WPThjYF5k0J7uzK86R+UnLPSuXbcqFyNa0jB/twAMfgwjlU4AaqUAMCj/AMr/BmPVkv1rv1MRldsKaZPfgD6/MHhA+b2Q==</latexit>

V =
u

s
+ 100

s

u3
+ . . .

5 10 15 20

5

10

15

20

unique gradient 
flow soln

<latexit sha1_base64="hAW/5t7CMcKSzg8ryRKozbcoe/Y=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VooZSkFHWjFNy4rGAf0MQymU7aoZNJnJkIJeQn3Pgrblwo4lZw5984bbPQ1gMDh3Pu4c49XsSoVJb1beRWVtfWN/Kbha3tnd09c/+gLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vfDX1Ow9ESBryWzWJiBugIac+xUhpqW9WSrISly9Kji8QThymkwN0V0sT23LkvVBJLU0rmVzum0Wras0Al4mdkSLI0OybX84gxHFAuMIMSdmzrUi5CRKKYkbSghNLEiE8RkPS05SjgEg3mV2VwhOtDKAfCv24gjP1dyJBgZSTwNOTAVIjuehNxf+8Xqz8czehPIoV4Xi+yI8ZVCGcVgQHVBCs2EQThAXVf4V4hHQ/ShdZ0CXYiycvk3atap9W6zf1YuMyqyMPjsAxKAEbnIEGuAZN0AIYPIJn8ArejCfjxXg3PuajOSPLHII/MD5/ABN1nio=</latexit>

(s, u) = (
�2

10
p
2
,�)

e.g.
<latexit sha1_base64="wVqhLCGRNfKOMqsiBLgDSm8hVMc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyWRoq6k4MZlBfuAJpTJZNIOnUnCzESoofgrblwo4tb/cOffOG2z0NYDA4dz7uHeOUHKmdKO822VVlbX1jfKm5Wt7Z3dPXv/oK2STBLaIglPZDfAinIW05ZmmtNuKikWAaedYHQz9TsPVCqWxPd6nFJf4EHMIkawNlLfPvIUE8iLJCZu7nETDPGkb1edmjMDWiZuQapQoNm3v7wwIZmgsSYcK9VznVT7OZaaEU4nFS9TNMVkhAe0Z2iMBVV+Prt+gk6NEqIokebFGs3U34kcC6XGIjCTAuuhWvSm4n9eL9PRlZ+zOM00jcl8UZRxpBM0rQKFTFKi+dgQTCQztyIyxKYJbQqrmBLcxS8vk/Z5zb2o1e/q1cZ1UUcZjuEEzsCFS2jALTShBQQe4Rle4c16sl6sd+tjPlqyiswh/IH1+QNDQZUb</latexit>

⇠ 1

�



Scenario (I) Scenario (II)

5 10 15 20

5

10

15

20

5 10 15 20

5

10

15

20

A single term dominates Several terms compete asymptotically

family of gradient 
flow solns

unique gradient 
flow soln

e.g.
<latexit sha1_base64="Mqww80aEVP4oUOzl4FM/gAYApRY=">AAAB+3icbVDJSgNBFHzjGuM2xqOXxiAIQpiRoF6UgBePEcwCyRB6Oj1Jk56F7jdiGOZXvHhQxKs/4s2/sbMcNLGgoah6xXtdfiKFRsf5tlZW19Y3Ngtbxe2d3b19+6DU1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3U781iNXWsTRA44T7oV0EIlAMIpG6tml5nU3UJS5mU7zs24/Rt2zy07FmYIsE3dOyjBHvWd/mRxLQx4hk1Trjusk6GVUoWCS58VuqnlC2YgOeMfQiIZce9n09pycGKVPgliZFyGZqr8TGQ21Hoe+mQwpDvWiNxH/8zopBldeJqIkRR6x2aIglQRjMimC9IXiDOXYEMqUMLcSNqSmCjR1FU0J7uKXl0nzvOJeVKr31XLtZl5HAY7gGE7BhUuowR3UoQEMnuAZXuHNyq0X6936mI2uWPPMIfyB9fkDveCUQQ==</latexit>

V =
1

su
+ . . .

<latexit sha1_base64="ILwCBg+704ianIDnh3ZmtGlJs4o=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAgJhLCrQW2UgI1lBPOA7Bruzk6SIbMPZmaFsKS18VdsLBSx9Q/s/BsnyRaaeGDgcM493LnHizmTyrK+jaXlldW19dxGfnNre2fX3NtvyigRhDZIxCPR9kBSzkLaUExx2o4FhcDjtOUNryd+64EKyaLwTo1i6gbQD1mPEVBa6pq4KMtJ6bLoAI8HgB2uoz7cn5YzVuqaBatiTYEXiZ2RAspQ75pfjh+RJKChIhyk7NhWrNwUhGKE03HeSSSNgQyhTzuahhBQ6abTS8b4WCs+7kVCv1Dhqfo7kUIg5Sjw9GQAaiDnvYn4n9dJVO/CTVkYJ4qGZLaol3CsIjypBftMUKL4SBMggum/YjIAAUTp8vK6BHv+5EXSPKnYZ5XqbbVQu8rqyKFDdISKyEbnqIZuUB01EEGP6Bm9ojfjyXgx3o2P2eiSkWUO0B8Ynz/1Cpic</latexit>

(s, u) = (↵�3,�)

<latexit sha1_base64="6ziSIqKe5XuOcBWh1dhPxRl060o=">AAACDXicbVDLSgMxFL3js9bXqEs3wSoIhTKjRd0oBTcuK9gHtGPJpJk2NJMZkoxQhvkBN/6KGxeKuHXvzr8xfSy09UDg5Jx7SO7xY86Udpxva2FxaXllNbeWX9/Y3Nq2d3brKkokoTUS8Ug2fawoZ4LWNNOcNmNJcehz2vAH1yO/8UClYpG408OYeiHuCRYwgrWROvZh/bIdSEzSJEtVVnQdZ3JVWZrcn2bFdjfSqmMXnJIzBpon7pQUYIpqx/4yOZKEVGjCsVIt14m1l2KpGeE0y7cTRWNMBrhHW4YKHFLlpeNtMnRklC4KImmO0Gis/k6kOFRqGPpmMsS6r2a9kfif10p0cOGlTMSJpoJMHgoSjnSERtWgLpOUaD40BBPJzF8R6WPThjYF5k0J7uzK86R+UnLPSuXbcqFyNa0jB/twAMfgwjlU4AaqUAMCj/AMr/BmPVkv1rv1MRldsKaZPfgD6/MHhA+b2Q==</latexit>

V =
u

s
+ 100

s

u3
+ . . .

It can violate 
the bounds!

<latexit sha1_base64="hAW/5t7CMcKSzg8ryRKozbcoe/Y=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VooZSkFHWjFNy4rGAf0MQymU7aoZNJnJkIJeQn3Pgrblwo4lZw5984bbPQ1gMDh3Pu4c49XsSoVJb1beRWVtfWN/Kbha3tnd09c/+gLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vfDX1Ow9ESBryWzWJiBugIac+xUhpqW9WSrISly9Kji8QThymkwN0V0sT23LkvVBJLU0rmVzum0Wras0Al4mdkSLI0OybX84gxHFAuMIMSdmzrUi5CRKKYkbSghNLEiE8RkPS05SjgEg3mV2VwhOtDKAfCv24gjP1dyJBgZSTwNOTAVIjuehNxf+8Xqz8czehPIoV4Xi+yI8ZVCGcVgQHVBCs2EQThAXVf4V4hHQ/ShdZ0CXYiycvk3atap9W6zf1YuMyqyMPjsAxKAEbnIEGuAZN0AIYPIJn8ArejCfjxXg3PuajOSPLHII/MD5/ABN1nio=</latexit>

(s, u) = (
�2

10
p
2
,�)

e.g.
<latexit sha1_base64="6g/GfX68HXQ+DCZVe5G9fqXDYm4=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWRoq6k4MZlBfuAJpbJZNIOnUzCzEQosQt/xY0LRdz6G+78G6dtFtp6YOBwzj3cOydIOVPacb6tpeWV1bX10kZ5c2t7Z9fe22+pJJOENknCE9kJsKKcCdrUTHPaSSXFccBpOxheT/z2A5WKJeJOj1Lqx7gvWMQI1kbq2YeeYjHyIomJm3vcBEN8Xxv37IpTdaZAi8QtSAUKNHr2lxcmJIup0IRjpbquk2o/x1Izwum47GWKppgMcZ92DRU4psrPp/eP0YlRQhQl0jyh0VT9nchxrNQoDsxkjPVAzXsT8T+vm+no0s+ZSDNNBZktijKOdIImZaCQSUo0HxmCiWTmVkQG2HShTWVlU4I7/+VF0jqruufV2m2tUr8q6ijBERzDKbhwAXW4gQY0gcAjPMMrvFlP1ov1bn3MRpesInMAf2B9/gB6KJXB</latexit>

⇠ 1

�4

<latexit sha1_base64="wVqhLCGRNfKOMqsiBLgDSm8hVMc=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyWRoq6k4MZlBfuAJpTJZNIOnUnCzESoofgrblwo4tb/cOffOG2z0NYDA4dz7uHeOUHKmdKO822VVlbX1jfKm5Wt7Z3dPXv/oK2STBLaIglPZDfAinIW05ZmmtNuKikWAaedYHQz9TsPVCqWxPd6nFJf4EHMIkawNlLfPvIUE8iLJCZu7nETDPGkb1edmjMDWiZuQapQoNm3v7wwIZmgsSYcK9VznVT7OZaaEU4nFS9TNMVkhAe0Z2iMBVV+Prt+gk6NEqIokebFGs3U34kcC6XGIjCTAuuhWvSm4n9eL9PRlZ+zOM00jcl8UZRxpBM0rQKFTFKi+dgQTCQztyIyxKYJbQqrmBLcxS8vk/Z5zb2o1e/q1cZ1UUcZjuEEzsCFS2jALTShBQQe4Rle4c16sl6sd+tjPlqyiswh/IH1+QNDQZUb</latexit>

⇠ 1

�



Let us consider 4d N=1 EFTs arising from string theory

Is there in restriction / lower bound on the value
<latexit sha1_base64="rfNqAHqmyOiJjIkxfAvYkl8mpOo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUVdScOOygn1AE8JketMOnUnCzKRYQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7p2594QpZ0o7zrdVWFldW98obpa2tnd29+z9g6ZKMkmhQROeyHZIFHAWQ0MzzaGdSiAi5NAKBzcTvzUEqVgS3+tRCr4gvZhFjBJtpMA+8oZAsSeyIPc0PJgXMB8HdtmpOFPgZeLOSRnNUQ/sL6+b0ExArCknSnVcJ9V+TqRmlMO45GUKUkIHpAcdQ2MiQPn5dPsxPjVKF0eJNBVrPFV/T+REKDUSoekURPfVojcR//M6mY6u/JzFaaYhprOPooxjneBJFLjLJFDNR4YQKpnZFdM+kYRqE1jJhOAunrxMmucV96JSvauWa9fzOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx6y1YM1nDtEfWJ8/l56VUQ==</latexit>

~µlof the dS ratios ?



4d N=1 supergravities

A scalar field rolling down a potential that asymptotes to a zero-
energy SUSY minimum cannot yield an accelerating cosmology

[Rudelius’21] (based on [Hellerman et al’01])Proposed no-go: 

Define

<latexit sha1_base64="xlWTPuCsKYE8WZBtkKM+lt4ydfo="></latexit>

V =
1

2

✓
k@T k2 � 3

2
T 2

◆

<latexit sha1_base64="XBrON/tKZ/sUgNbRptLwF7HhU2k=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5qUom6UghvBTYW+oI1lMp22QyeTMDMRSpqFv+LGhSJu/Q13/o2TNgttPTBwOOde7pnjhYxKZdvfxtLyyuraem4jv7m1vbNr7u03ZBAJTOo4YIFoeUgSRjmpK6oYaYWCIN9jpOmNblK/+UiEpAGvqXFIXB8NOO1TjJSWuuZhx0dqiBGLa8kVeYjvzkrJpDnpmgW7aE9hLRInIwXIUO2aX51egCOfcIUZkrLt2KFyYyQUxYwk+U4kSYjwCA1IW1OOfCLdeJo/sU600rP6gdCPK2uq/t6IkS/l2Pf0ZJpWznup+J/XjlT/0o0pDyNFOJ4d6kfMUoGVlmH1qCBYsbEmCAuqs1p4iATCSleW1yU4819eJI1S0Tkvlu/Lhcp1VkcOjuAYTsGBC6jALVShDhgm8Ayv8GY8GS/Gu/ExG10ysp0D+APj8wffXJYB</latexit>

T = eK/2|W |
<latexit sha1_base64="BpO6fSnzy5MBB6gIWqjHQqq0f5g=">AAACD3icbVDLSsNAFJ3UV62vqEs3waLUhSWpRV1JwY3LCvYBTSyT6aQdOpOEmRuhhP6BG3/FjQtF3Lp15984bbPQ1gMXzpxzL3Pv8WPOFNj2t5FbWl5ZXcuvFzY2t7Z3zN29pooSSWiDRDySbR8ryllIG8CA03YsKRY+py1/eD3xWw9UKhaFdzCKqSdwP2QBIxi01DWP3UBi4lRdTgMoTR+p28dC4PvKuHJ65krWH8BJ1yzaZXsKa5E4GSmiDPWu+eX2IpIIGgLhWKmOY8fgpVgCI5yOC26iaIzJEPdpR9MQC6q8dHrP2DrSSs8KIqkrBGuq/p5IsVBqJHzdKTAM1Lw3Ef/zOgkEl17KwjgBGpLZR0HCLYisSThWj0lKgI80wUQyvatFBlhnAjrCgg7BmT95kTQrZee8XL2tFmtXWRx5dIAOUQk56ALV0A2qowYi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB64mm8w=</latexit>

1

4

✓
�2

2
� 3

◆
=

<latexit sha1_base64="X+12kfLyxZT5N4I2Mj+GsPxtido=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiSlqCspuHFZoS9oY5lMJ+3QySTOTAol9DvcuFDErR/jzr9xkmahrQcGDufcyz1zvIgzpW372ypsbG5t7xR3S3v7B4dH5eOTjgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa96V3qd2dUKhaKlp5H1A3wWDCfEayN5A4CrCcE86S1eKwNyxW7amdA68TJSQVyNIflr8EoJHFAhSYcK9V37Ei7CZaaEU4XpUGsaITJFI9p31CBA6rcJAu9QBdGGSE/lOYJjTL190aCA6XmgWcm05Bq1UvF/7x+rP0bN2EiijUVZHnIjznSIUobQCMmKdF8bggmkpmsiEywxESbnkqmBGf1y+ukU6s6V9X6Q73SuM3rKMIZnMMlOHANDbiHJrSBwBM8wyu8WTPrxXq3PpajBSvfOYU/sD5/ALyKkhM=</latexit>

T 2



4d N=1 supergravities

A scalar field rolling down a potential that asymptotes to a zero-
energy SUSY minimum cannot yield an accelerating cosmology

[Rudelius’21] (based on [Hellerman et al’01])Proposed no-go: 

Define

<latexit sha1_base64="xlWTPuCsKYE8WZBtkKM+lt4ydfo="></latexit>

V =
1

2

✓
k@T k2 � 3

2
T 2

◆

<latexit sha1_base64="XBrON/tKZ/sUgNbRptLwF7HhU2k=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5qUom6UghvBTYW+oI1lMp22QyeTMDMRSpqFv+LGhSJu/Q13/o2TNgttPTBwOOde7pnjhYxKZdvfxtLyyuraem4jv7m1vbNr7u03ZBAJTOo4YIFoeUgSRjmpK6oYaYWCIN9jpOmNblK/+UiEpAGvqXFIXB8NOO1TjJSWuuZhx0dqiBGLa8kVeYjvzkrJpDnpmgW7aE9hLRInIwXIUO2aX51egCOfcIUZkrLt2KFyYyQUxYwk+U4kSYjwCA1IW1OOfCLdeJo/sU600rP6gdCPK2uq/t6IkS/l2Pf0ZJpWznup+J/XjlT/0o0pDyNFOJ4d6kfMUoGVlmH1qCBYsbEmCAuqs1p4iATCSleW1yU4819eJI1S0Tkvlu/Lhcp1VkcOjuAYTsGBC6jALVShDhgm8Ayv8GY8GS/Gu/ExG10ysp0D+APj8wffXJYB</latexit>

T = eK/2|W |
<latexit sha1_base64="BpO6fSnzy5MBB6gIWqjHQqq0f5g=">AAACD3icbVDLSsNAFJ3UV62vqEs3waLUhSWpRV1JwY3LCvYBTSyT6aQdOpOEmRuhhP6BG3/FjQtF3Lp15984bbPQ1gMXzpxzL3Pv8WPOFNj2t5FbWl5ZXcuvFzY2t7Z3zN29pooSSWiDRDySbR8ryllIG8CA03YsKRY+py1/eD3xWw9UKhaFdzCKqSdwP2QBIxi01DWP3UBi4lRdTgMoTR+p28dC4PvKuHJ65krWH8BJ1yzaZXsKa5E4GSmiDPWu+eX2IpIIGgLhWKmOY8fgpVgCI5yOC26iaIzJEPdpR9MQC6q8dHrP2DrSSs8KIqkrBGuq/p5IsVBqJHzdKTAM1Lw3Ef/zOgkEl17KwjgBGpLZR0HCLYisSThWj0lKgI80wUQyvatFBlhnAjrCgg7BmT95kTQrZee8XL2tFmtXWRx5dIAOUQk56ALV0A2qowYi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB64mm8w=</latexit>

1

4

✓
�2

2
� 3

◆
=

[Lanza et al’20]
<latexit sha1_base64="2daQ7+nxmpxh7bN/4gJpAypVZlc=">AAACEnicbVBNS8NAEN34WetX1KOXYBH0UhIp6kUpePFYoV/QhDLZbtqlm03Y3Qgl7W/w4l/x4kERr568+W/ctDnU1gcDj/dmmJnnx4xKZds/xsrq2vrGZmGruL2zu7dvHhw2ZZQITBo4YpFo+yAJo5w0FFWMtGNBIPQZafnDu8xvPRIhacTrahQTL4Q+pwHFoLTUNc/dscvBZ+CGoAYYWFqfuOObsQssHsB4Tu2aJbtsT2EtEycnJZSj1jW/3V6Ek5BwhRlI2XHsWHkpCEUxI5Oim0gSAx5Cn3Q05RAS6aXTlybWqVZ6VhAJXVxZU3V+IoVQylHo687sRLnoZeJ/XidRwbWXUh4ninA8WxQkzFKRleVj9aggWLGRJoAF1bdaeAACsNIpFnUIzuLLy6R5UXYuy5WHSql6m8dRQMfoBJ0hB12hKrpHNdRAGD2hF/SG3o1n49X4MD5nrStGPnOE/sD4+gX84p7v</latexit>

krT k = |↵|T
<latexit sha1_base64="u5xZLraNSZ+zqZPMI4LG6IzqY58="></latexit>

� =
krV k
V

=
2krT k

T = 2|↵|

If

then

<latexit sha1_base64="X+12kfLyxZT5N4I2Mj+GsPxtido=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiSlqCspuHFZoS9oY5lMJ+3QySTOTAol9DvcuFDErR/jzr9xkmahrQcGDufcyz1zvIgzpW372ypsbG5t7xR3S3v7B4dH5eOTjgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa96V3qd2dUKhaKlp5H1A3wWDCfEayN5A4CrCcE86S1eKwNyxW7amdA68TJSQVyNIflr8EoJHFAhSYcK9V37Ei7CZaaEU4XpUGsaITJFI9p31CBA6rcJAu9QBdGGSE/lOYJjTL190aCA6XmgWcm05Bq1UvF/7x+rP0bN2EiijUVZHnIjznSIUobQCMmKdF8bggmkpmsiEywxESbnkqmBGf1y+ukU6s6V9X6Q73SuM3rKMIZnMMlOHANDbiHJrSBwBM8wyu8WTPrxXq3PpajBSvfOYU/sD5/ALyKkhM=</latexit>

T 2



4d N=1 supergravities

A scalar field rolling down a potential that asymptotes to a zero-
energy SUSY minimum cannot yield an accelerating cosmology

[Rudelius’21] (based on [Hellerman et al’01])Proposed no-go: 

Define

<latexit sha1_base64="xlWTPuCsKYE8WZBtkKM+lt4ydfo="></latexit>

V =
1

2

✓
k@T k2 � 3

2
T 2

◆

<latexit sha1_base64="XBrON/tKZ/sUgNbRptLwF7HhU2k=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5qUom6UghvBTYW+oI1lMp22QyeTMDMRSpqFv+LGhSJu/Q13/o2TNgttPTBwOOde7pnjhYxKZdvfxtLyyuraem4jv7m1vbNr7u03ZBAJTOo4YIFoeUgSRjmpK6oYaYWCIN9jpOmNblK/+UiEpAGvqXFIXB8NOO1TjJSWuuZhx0dqiBGLa8kVeYjvzkrJpDnpmgW7aE9hLRInIwXIUO2aX51egCOfcIUZkrLt2KFyYyQUxYwk+U4kSYjwCA1IW1OOfCLdeJo/sU600rP6gdCPK2uq/t6IkS/l2Pf0ZJpWznup+J/XjlT/0o0pDyNFOJ4d6kfMUoGVlmH1qCBYsbEmCAuqs1p4iATCSleW1yU4819eJI1S0Tkvlu/Lhcp1VkcOjuAYTsGBC6jALVShDhgm8Ayv8GY8GS/Gu/ExG10ysp0D+APj8wffXJYB</latexit>

T = eK/2|W |
<latexit sha1_base64="BpO6fSnzy5MBB6gIWqjHQqq0f5g=">AAACD3icbVDLSsNAFJ3UV62vqEs3waLUhSWpRV1JwY3LCvYBTSyT6aQdOpOEmRuhhP6BG3/FjQtF3Lp15984bbPQ1gMXzpxzL3Pv8WPOFNj2t5FbWl5ZXcuvFzY2t7Z3zN29pooSSWiDRDySbR8ryllIG8CA03YsKRY+py1/eD3xWw9UKhaFdzCKqSdwP2QBIxi01DWP3UBi4lRdTgMoTR+p28dC4PvKuHJ65krWH8BJ1yzaZXsKa5E4GSmiDPWu+eX2IpIIGgLhWKmOY8fgpVgCI5yOC26iaIzJEPdpR9MQC6q8dHrP2DrSSs8KIqkrBGuq/p5IsVBqJHzdKTAM1Lw3Ef/zOgkEl17KwjgBGpLZR0HCLYisSThWj0lKgI80wUQyvatFBlhnAjrCgg7BmT95kTQrZee8XL2tFmtXWRx5dIAOUQk56ALV0A2qowYi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB64mm8w=</latexit>

1

4

✓
�2

2
� 3

◆
=

<latexit sha1_base64="v/Z9XEJ23Yb0llUaQy7hKMFC7QY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1FMpePFYxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeqi5/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6l1VL+8vK/VaHkcRTuAUzsGDa6jDHTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gD97Y0B</latexit>

> 0
<latexit sha1_base64="+a6Gr8+FNmgIPjslqCqw/4Egl4Y=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUj2VghePFewHdJeSTdM2NMmuSbZQlv4TLx4U8eo/8ea/MW33oK0PBh7vzTAzL0o408bzvp3CxubW9k5xt7S3f3B45B6ftHScKkKbJOax6kRYU84kbRpmOO0kimIRcdqOxndzvz2hSrNYPpppQkOBh5INGMHGSj3XDYZYCFxDgX5SJqvOem7Zq3gLoHXi56QMORo99yvoxyQVVBrCsdZd30tMmGFlGOF0VgpSTRNMxnhIu5ZKLKgOs8XlM3RhlT4axMqWNGih/p7IsNB6KiLbKbAZ6VVvLv7ndVMzuA0zJpPUUEmWiwYpRyZG8xhQnylKDJ9agoli9lZERlhhYmxYJRuCv/ryOmldVfxq5frhulyv5XEU4QzO4RJ8uIE63EMDmkBgAs/wCm9O5rw4787HsrXg5DOn8AfO5w8y/pNh</latexit>

� >
p
6

No accelerated 
expansion!

[Rudelius’21]

[Lanza et al’20]
<latexit sha1_base64="2daQ7+nxmpxh7bN/4gJpAypVZlc=">AAACEnicbVBNS8NAEN34WetX1KOXYBH0UhIp6kUpePFYoV/QhDLZbtqlm03Y3Qgl7W/w4l/x4kERr568+W/ctDnU1gcDj/dmmJnnx4xKZds/xsrq2vrGZmGruL2zu7dvHhw2ZZQITBo4YpFo+yAJo5w0FFWMtGNBIPQZafnDu8xvPRIhacTrahQTL4Q+pwHFoLTUNc/dscvBZ+CGoAYYWFqfuOObsQssHsB4Tu2aJbtsT2EtEycnJZSj1jW/3V6Ek5BwhRlI2XHsWHkpCEUxI5Oim0gSAx5Cn3Q05RAS6aXTlybWqVZ6VhAJXVxZU3V+IoVQylHo687sRLnoZeJ/XidRwbWXUh4ninA8WxQkzFKRleVj9aggWLGRJoAF1bdaeAACsNIpFnUIzuLLy6R5UXYuy5WHSql6m8dRQMfoBJ0hB12hKrpHNdRAGD2hF/SG3o1n49X4MD5nrStGPnOE/sD4+gX84p7v</latexit>

krT k = |↵|T
<latexit sha1_base64="u5xZLraNSZ+zqZPMI4LG6IzqY58="></latexit>

� =
krV k
V

=
2krT k

T = 2|↵|

If

then

<latexit sha1_base64="X+12kfLyxZT5N4I2Mj+GsPxtido=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiSlqCspuHFZoS9oY5lMJ+3QySTOTAol9DvcuFDErR/jzr9xkmahrQcGDufcyz1zvIgzpW372ypsbG5t7xR3S3v7B4dH5eOTjgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa96V3qd2dUKhaKlp5H1A3wWDCfEayN5A4CrCcE86S1eKwNyxW7amdA68TJSQVyNIflr8EoJHFAhSYcK9V37Ei7CZaaEU4XpUGsaITJFI9p31CBA6rcJAu9QBdGGSE/lOYJjTL190aCA6XmgWcm05Bq1UvF/7x+rP0bN2EiijUVZHnIjznSIUobQCMmKdF8bggmkpmsiEywxESbnkqmBGf1y+ukU6s6V9X6Q73SuM3rKMIZnMMlOHANDbiHJrSBwBM8wyu8WTPrxXq3PpajBSvfOYU/sD5/ALyKkhM=</latexit>

T 2



4d N=1 supergravities

A scalar field rolling down a potential that asymptotes to a zero-
energy SUSY minimum cannot yield an accelerating cosmology

[Rudelius’21] (based on [Hellerman et al’01])Proposed no-go: 

Define

<latexit sha1_base64="xlWTPuCsKYE8WZBtkKM+lt4ydfo="></latexit>

V =
1

2

✓
k@T k2 � 3

2
T 2

◆

<latexit sha1_base64="XBrON/tKZ/sUgNbRptLwF7HhU2k=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5qUom6UghvBTYW+oI1lMp22QyeTMDMRSpqFv+LGhSJu/Q13/o2TNgttPTBwOOde7pnjhYxKZdvfxtLyyuraem4jv7m1vbNr7u03ZBAJTOo4YIFoeUgSRjmpK6oYaYWCIN9jpOmNblK/+UiEpAGvqXFIXB8NOO1TjJSWuuZhx0dqiBGLa8kVeYjvzkrJpDnpmgW7aE9hLRInIwXIUO2aX51egCOfcIUZkrLt2KFyYyQUxYwk+U4kSYjwCA1IW1OOfCLdeJo/sU600rP6gdCPK2uq/t6IkS/l2Pf0ZJpWznup+J/XjlT/0o0pDyNFOJ4d6kfMUoGVlmH1qCBYsbEmCAuqs1p4iATCSleW1yU4819eJI1S0Tkvlu/Lhcp1VkcOjuAYTsGBC6jALVShDhgm8Ayv8GY8GS/Gu/ExG10ysp0D+APj8wffXJYB</latexit>

T = eK/2|W |
<latexit sha1_base64="BpO6fSnzy5MBB6gIWqjHQqq0f5g=">AAACD3icbVDLSsNAFJ3UV62vqEs3waLUhSWpRV1JwY3LCvYBTSyT6aQdOpOEmRuhhP6BG3/FjQtF3Lp15984bbPQ1gMXzpxzL3Pv8WPOFNj2t5FbWl5ZXcuvFzY2t7Z3zN29pooSSWiDRDySbR8ryllIG8CA03YsKRY+py1/eD3xWw9UKhaFdzCKqSdwP2QBIxi01DWP3UBi4lRdTgMoTR+p28dC4PvKuHJ65krWH8BJ1yzaZXsKa5E4GSmiDPWu+eX2IpIIGgLhWKmOY8fgpVgCI5yOC26iaIzJEPdpR9MQC6q8dHrP2DrSSs8KIqkrBGuq/p5IsVBqJHzdKTAM1Lw3Ef/zOgkEl17KwjgBGpLZR0HCLYisSThWj0lKgI80wUQyvatFBlhnAjrCgg7BmT95kTQrZee8XL2tFmtXWRx5dIAOUQk56ALV0A2qowYi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB64mm8w=</latexit>

1

4

✓
�2

2
� 3

◆
=

<latexit sha1_base64="v/Z9XEJ23Yb0llUaQy7hKMFC7QY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1FMpePFYxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeqi5/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6l1VL+8vK/VaHkcRTuAUzsGDa6jDHTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gD97Y0B</latexit>

> 0
<latexit sha1_base64="+a6Gr8+FNmgIPjslqCqw/4Egl4Y=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUj2VghePFewHdJeSTdM2NMmuSbZQlv4TLx4U8eo/8ea/MW33oK0PBh7vzTAzL0o408bzvp3CxubW9k5xt7S3f3B45B6ftHScKkKbJOax6kRYU84kbRpmOO0kimIRcdqOxndzvz2hSrNYPpppQkOBh5INGMHGSj3XDYZYCFxDgX5SJqvOem7Zq3gLoHXi56QMORo99yvoxyQVVBrCsdZd30tMmGFlGOF0VgpSTRNMxnhIu5ZKLKgOs8XlM3RhlT4axMqWNGih/p7IsNB6KiLbKbAZ6VVvLv7ndVMzuA0zJpPUUEmWiwYpRyZG8xhQnylKDJ9agoli9lZERlhhYmxYJRuCv/ryOmldVfxq5frhulyv5XEU4QzO4RJ8uIE63EMDmkBgAs/wCm9O5rw4787HsrXg5DOn8AfO5w8y/pNh</latexit>

� >
p
6

No accelerated 
expansion!

[Rudelius’21]

[Lanza et al’20]
<latexit sha1_base64="2daQ7+nxmpxh7bN/4gJpAypVZlc=">AAACEnicbVBNS8NAEN34WetX1KOXYBH0UhIp6kUpePFYoV/QhDLZbtqlm03Y3Qgl7W/w4l/x4kERr568+W/ctDnU1gcDj/dmmJnnx4xKZds/xsrq2vrGZmGruL2zu7dvHhw2ZZQITBo4YpFo+yAJo5w0FFWMtGNBIPQZafnDu8xvPRIhacTrahQTL4Q+pwHFoLTUNc/dscvBZ+CGoAYYWFqfuOObsQssHsB4Tu2aJbtsT2EtEycnJZSj1jW/3V6Ek5BwhRlI2XHsWHkpCEUxI5Oim0gSAx5Cn3Q05RAS6aXTlybWqVZ6VhAJXVxZU3V+IoVQylHo687sRLnoZeJ/XidRwbWXUh4ninA8WxQkzFKRleVj9aggWLGRJoAF1bdaeAACsNIpFnUIzuLLy6R5UXYuy5WHSql6m8dRQMfoBJ0hB12hKrpHNdRAGD2hF/SG3o1n49X4MD5nrStGPnOE/sD4+gX84p7v</latexit>

krT k = |↵|T
<latexit sha1_base64="u5xZLraNSZ+zqZPMI4LG6IzqY58="></latexit>

� =
krV k
V

=
2krT k

T = 2|↵|

If

then

<latexit sha1_base64="X+12kfLyxZT5N4I2Mj+GsPxtido=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiSlqCspuHFZoS9oY5lMJ+3QySTOTAol9DvcuFDErR/jzr9xkmahrQcGDufcyz1zvIgzpW372ypsbG5t7xR3S3v7B4dH5eOTjgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa96V3qd2dUKhaKlp5H1A3wWDCfEayN5A4CrCcE86S1eKwNyxW7amdA68TJSQVyNIflr8EoJHFAhSYcK9V37Ei7CZaaEU4XpUGsaITJFI9p31CBA6rcJAu9QBdGGSE/lOYJjTL190aCA6XmgWcm05Bq1UvF/7x+rP0bN2EiijUVZHnIjznSIUobQCMmKdF8bggmkpmsiEywxESbnkqmBGf1y+ukU6s6V9X6Q73SuM3rKMIZnMMlOHANDbiHJrSBwBM8wyu8WTPrxXq3PpajBSvfOYU/sD5/ALyKkhM=</latexit>

T 2

Not true in Scenario (II), when several terms dominate asymptotically



4d N=1 supergravities

A scalar field rolling down a potential that asymptotes to a zero-
energy SUSY minimum cannot yield an accelerating cosmology

[Rudelius’21] (based on [Hellerman et al’01])Proposed no-go: 

Define

<latexit sha1_base64="xlWTPuCsKYE8WZBtkKM+lt4ydfo="></latexit>

V =
1

2

✓
k@T k2 � 3

2
T 2

◆

<latexit sha1_base64="XBrON/tKZ/sUgNbRptLwF7HhU2k=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5qUom6UghvBTYW+oI1lMp22QyeTMDMRSpqFv+LGhSJu/Q13/o2TNgttPTBwOOde7pnjhYxKZdvfxtLyyuraem4jv7m1vbNr7u03ZBAJTOo4YIFoeUgSRjmpK6oYaYWCIN9jpOmNblK/+UiEpAGvqXFIXB8NOO1TjJSWuuZhx0dqiBGLa8kVeYjvzkrJpDnpmgW7aE9hLRInIwXIUO2aX51egCOfcIUZkrLt2KFyYyQUxYwk+U4kSYjwCA1IW1OOfCLdeJo/sU600rP6gdCPK2uq/t6IkS/l2Pf0ZJpWznup+J/XjlT/0o0pDyNFOJ4d6kfMUoGVlmH1qCBYsbEmCAuqs1p4iATCSleW1yU4819eJI1S0Tkvlu/Lhcp1VkcOjuAYTsGBC6jALVShDhgm8Ayv8GY8GS/Gu/ExG10ysp0D+APj8wffXJYB</latexit>

T = eK/2|W |
<latexit sha1_base64="BpO6fSnzy5MBB6gIWqjHQqq0f5g=">AAACD3icbVDLSsNAFJ3UV62vqEs3waLUhSWpRV1JwY3LCvYBTSyT6aQdOpOEmRuhhP6BG3/FjQtF3Lp15984bbPQ1gMXzpxzL3Pv8WPOFNj2t5FbWl5ZXcuvFzY2t7Z3zN29pooSSWiDRDySbR8ryllIG8CA03YsKRY+py1/eD3xWw9UKhaFdzCKqSdwP2QBIxi01DWP3UBi4lRdTgMoTR+p28dC4PvKuHJ65krWH8BJ1yzaZXsKa5E4GSmiDPWu+eX2IpIIGgLhWKmOY8fgpVgCI5yOC26iaIzJEPdpR9MQC6q8dHrP2DrSSs8KIqkrBGuq/p5IsVBqJHzdKTAM1Lw3Ef/zOgkEl17KwjgBGpLZR0HCLYisSThWj0lKgI80wUQyvatFBlhnAjrCgg7BmT95kTQrZee8XL2tFmtXWRx5dIAOUQk56ALV0A2qowYi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB64mm8w=</latexit>

1

4

✓
�2

2
� 3

◆
=

<latexit sha1_base64="v/Z9XEJ23Yb0llUaQy7hKMFC7QY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1FMpePFYxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeqi5/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6l1VL+8vK/VaHkcRTuAUzsGDa6jDHTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gD97Y0B</latexit>

> 0
<latexit sha1_base64="+a6Gr8+FNmgIPjslqCqw/4Egl4Y=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUj2VghePFewHdJeSTdM2NMmuSbZQlv4TLx4U8eo/8ea/MW33oK0PBh7vzTAzL0o408bzvp3CxubW9k5xt7S3f3B45B6ftHScKkKbJOax6kRYU84kbRpmOO0kimIRcdqOxndzvz2hSrNYPpppQkOBh5INGMHGSj3XDYZYCFxDgX5SJqvOem7Zq3gLoHXi56QMORo99yvoxyQVVBrCsdZd30tMmGFlGOF0VgpSTRNMxnhIu5ZKLKgOs8XlM3RhlT4axMqWNGih/p7IsNB6KiLbKbAZ6VVvLv7ndVMzuA0zJpPUUEmWiwYpRyZG8xhQnylKDJ9agoli9lZERlhhYmxYJRuCv/ryOmldVfxq5frhulyv5XEU4QzO4RJ8uIE63EMDmkBgAs/wCm9O5rw4787HsrXg5DOn8AfO5w8y/pNh</latexit>

� >
p
6

No accelerated 
expansion!

[Rudelius’21]

<latexit sha1_base64="X+12kfLyxZT5N4I2Mj+GsPxtido=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiSlqCspuHFZoS9oY5lMJ+3QySTOTAol9DvcuFDErR/jzr9xkmahrQcGDufcyz1zvIgzpW372ypsbG5t7xR3S3v7B4dH5eOTjgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa96V3qd2dUKhaKlp5H1A3wWDCfEayN5A4CrCcE86S1eKwNyxW7amdA68TJSQVyNIflr8EoJHFAhSYcK9V37Ei7CZaaEU4XpUGsaITJFI9p31CBA6rcJAu9QBdGGSE/lOYJjTL190aCA6XmgWcm05Bq1UvF/7x+rP0bN2EiijUVZHnIjznSIUobQCMmKdF8bggmkpmsiEywxESbnkqmBGf1y+ukU6s6V9X6Q73SuM3rKMIZnMMlOHANDbiHJrSBwBM8wyu8WTPrxXq3PpajBSvfOYU/sD5/ALyKkhM=</latexit>

T 2

But… along one-dimensional gradient flow,
<latexit sha1_base64="dJPZE8jhUMEfn29U0BCuWfBEGsc=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaLAYhFoZdCWolARvLCOYB2SXMTibJkHkxMyuGJY2Nv2JjoYit/2Dn3zhJttDEAwOHc+7lzjmxpEQb3/92ckvLK6tr+fXCxubW9o67u9fQIlEI15GgQrViqDElHNcNMRS3pMKQxRQ34+H1xG/eY6WJ4HdmJHHEYJ+THkHQWKnjHjZCqYQ0wgvxg0xLp2EfMgZDOSAn445b9Mv+FN4iCTJSBBlqHfcr7AqUMMwNolDrduBLE6VQGYIoHhfCRGMJ0RD2cdtSDhnWUTpNMfaOrdL1ekLZx403VX9vpJBpPWKxnWTQDPS8NxH/89qJ6V1GKeEyMZij2aFeQj0belKJ1yUKI0NHlkCkiP2rhwZQQWRscQVbQjAfeZE0zsrBeblyWylWr7I68uAAHIESCMAFqIIbUAN1gMAjeAav4M15cl6cd+djNppzsp198AfO5w8nPZhZ</latexit>

V / exp (���)
<latexit sha1_base64="ddx8q0P8cF/cdtAowTuqyv4Ps+Q=">AAACEXicbVC7SgNBFJ2NrxhfUUubxSDEwrgbglpJwMYyQl6QXcLdySQZMrM7zMyKYckv2PgrNhaK2NrZ+TdOki008cDA4Zx7mXtOIBhV2nG+rczK6tr6RnYzt7W9s7uX3z9oqiiWmDRwxCLZDkARRkPS0FQz0haSAA8YaQWjm6nfuidS0Sis67EgPodBSPsUgzZSN1/0OOghBpbUJ56QkdCR7ZEHkRTPvAFwDp4Y0vPy6aSbLzglZwZ7mbgpKaAUtW7+y+tFOOYk1JiBUh3XEdpPQGqKGZnkvFgRAXgEA9IxNAROlJ/MEk3sE6P07H4kzQu1PVN/byTAlRrzwExO71eL3lT8z+vEun/lJzQUsSYhnn/Uj5ltYk/rsXtUEqzZ2BDAkppbbTwECVibEnOmBHcx8jJplkvuRalyVylUr9M6sugIHaMictElqqJbVEMNhNEjekav6M16sl6sd+tjPpqx0p1D9AfW5w9wfZ1e</latexit>

T / exp (���/2) ?don’t I have



4d N=1 supergravities

A scalar field rolling down a potential that asymptotes to a zero-
energy SUSY minimum cannot yield an accelerating cosmology

[Rudelius’21] (based on [Hellerman et al’01])Proposed no-go: 

Define

<latexit sha1_base64="xlWTPuCsKYE8WZBtkKM+lt4ydfo="></latexit>

V =
1

2

✓
k@T k2 � 3

2
T 2

◆

<latexit sha1_base64="XBrON/tKZ/sUgNbRptLwF7HhU2k=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5qUom6UghvBTYW+oI1lMp22QyeTMDMRSpqFv+LGhSJu/Q13/o2TNgttPTBwOOde7pnjhYxKZdvfxtLyyuraem4jv7m1vbNr7u03ZBAJTOo4YIFoeUgSRjmpK6oYaYWCIN9jpOmNblK/+UiEpAGvqXFIXB8NOO1TjJSWuuZhx0dqiBGLa8kVeYjvzkrJpDnpmgW7aE9hLRInIwXIUO2aX51egCOfcIUZkrLt2KFyYyQUxYwk+U4kSYjwCA1IW1OOfCLdeJo/sU600rP6gdCPK2uq/t6IkS/l2Pf0ZJpWznup+J/XjlT/0o0pDyNFOJ4d6kfMUoGVlmH1qCBYsbEmCAuqs1p4iATCSleW1yU4819eJI1S0Tkvlu/Lhcp1VkcOjuAYTsGBC6jALVShDhgm8Ayv8GY8GS/Gu/ExG10ysp0D+APj8wffXJYB</latexit>

T = eK/2|W |
<latexit sha1_base64="BpO6fSnzy5MBB6gIWqjHQqq0f5g=">AAACD3icbVDLSsNAFJ3UV62vqEs3waLUhSWpRV1JwY3LCvYBTSyT6aQdOpOEmRuhhP6BG3/FjQtF3Lp15984bbPQ1gMXzpxzL3Pv8WPOFNj2t5FbWl5ZXcuvFzY2t7Z3zN29pooSSWiDRDySbR8ryllIG8CA03YsKRY+py1/eD3xWw9UKhaFdzCKqSdwP2QBIxi01DWP3UBi4lRdTgMoTR+p28dC4PvKuHJ65krWH8BJ1yzaZXsKa5E4GSmiDPWu+eX2IpIIGgLhWKmOY8fgpVgCI5yOC26iaIzJEPdpR9MQC6q8dHrP2DrSSs8KIqkrBGuq/p5IsVBqJHzdKTAM1Lw3Ef/zOgkEl17KwjgBGpLZR0HCLYisSThWj0lKgI80wUQyvatFBlhnAjrCgg7BmT95kTQrZee8XL2tFmtXWRx5dIAOUQk56ALV0A2qowYi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB64mm8w=</latexit>

1

4

✓
�2

2
� 3

◆
=

<latexit sha1_base64="v/Z9XEJ23Yb0llUaQy7hKMFC7QY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1FMpePFYxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWeqi5/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXSeui6l1VL+8vK/VaHkcRTuAUzsGDa6jDHTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gD97Y0B</latexit>

> 0
<latexit sha1_base64="+a6Gr8+FNmgIPjslqCqw/4Egl4Y=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUj2VghePFewHdJeSTdM2NMmuSbZQlv4TLx4U8eo/8ea/MW33oK0PBh7vzTAzL0o408bzvp3CxubW9k5xt7S3f3B45B6ftHScKkKbJOax6kRYU84kbRpmOO0kimIRcdqOxndzvz2hSrNYPpppQkOBh5INGMHGSj3XDYZYCFxDgX5SJqvOem7Zq3gLoHXi56QMORo99yvoxyQVVBrCsdZd30tMmGFlGOF0VgpSTRNMxnhIu5ZKLKgOs8XlM3RhlT4axMqWNGih/p7IsNB6KiLbKbAZ6VVvLv7ndVMzuA0zJpPUUEmWiwYpRyZG8xhQnylKDJ9agoli9lZERlhhYmxYJRuCv/ryOmldVfxq5frhulyv5XEU4QzO4RJ8uIE63EMDmkBgAs/wCm9O5rw4787HsrXg5DOn8AfO5w8y/pNh</latexit>

� >
p
6

No accelerated 
expansion!

[Rudelius’21]

<latexit sha1_base64="X+12kfLyxZT5N4I2Mj+GsPxtido=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiSlqCspuHFZoS9oY5lMJ+3QySTOTAol9DvcuFDErR/jzr9xkmahrQcGDufcyz1zvIgzpW372ypsbG5t7xR3S3v7B4dH5eOTjgpjSWibhDyUPQ8rypmgbc00p71IUhx4nHa96V3qd2dUKhaKlp5H1A3wWDCfEayN5A4CrCcE86S1eKwNyxW7amdA68TJSQVyNIflr8EoJHFAhSYcK9V37Ei7CZaaEU4XpUGsaITJFI9p31CBA6rcJAu9QBdGGSE/lOYJjTL190aCA6XmgWcm05Bq1UvF/7x+rP0bN2EiijUVZHnIjznSIUobQCMmKdF8bggmkpmsiEywxESbnkqmBGf1y+ukU6s6V9X6Q73SuM3rKMIZnMMlOHANDbiHJrSBwBM8wyu8WTPrxXq3PpajBSvfOYU/sD5/ALyKkhM=</latexit>

T 2

But… along one-dimensional gradient flow,
<latexit sha1_base64="dJPZE8jhUMEfn29U0BCuWfBEGsc=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaLAYhFoZdCWolARvLCOYB2SXMTibJkHkxMyuGJY2Nv2JjoYit/2Dn3zhJttDEAwOHc+7lzjmxpEQb3/92ckvLK6tr+fXCxubW9o67u9fQIlEI15GgQrViqDElHNcNMRS3pMKQxRQ34+H1xG/eY6WJ4HdmJHHEYJ+THkHQWKnjHjZCqYQ0wgvxg0xLp2EfMgZDOSAn445b9Mv+FN4iCTJSBBlqHfcr7AqUMMwNolDrduBLE6VQGYIoHhfCRGMJ0RD2cdtSDhnWUTpNMfaOrdL1ekLZx403VX9vpJBpPWKxnWTQDPS8NxH/89qJ6V1GKeEyMZij2aFeQj0belKJ1yUKI0NHlkCkiP2rhwZQQWRscQVbQjAfeZE0zsrBeblyWylWr7I68uAAHIESCMAFqIIbUAN1gMAjeAav4M15cl6cd+djNppzsp198AfO5w8nPZhZ</latexit>

V / exp (���)
<latexit sha1_base64="ddx8q0P8cF/cdtAowTuqyv4Ps+Q=">AAACEXicbVC7SgNBFJ2NrxhfUUubxSDEwrgbglpJwMYyQl6QXcLdySQZMrM7zMyKYckv2PgrNhaK2NrZ+TdOki008cDA4Zx7mXtOIBhV2nG+rczK6tr6RnYzt7W9s7uX3z9oqiiWmDRwxCLZDkARRkPS0FQz0haSAA8YaQWjm6nfuidS0Sis67EgPodBSPsUgzZSN1/0OOghBpbUJ56QkdCR7ZEHkRTPvAFwDp4Y0vPy6aSbLzglZwZ7mbgpKaAUtW7+y+tFOOYk1JiBUh3XEdpPQGqKGZnkvFgRAXgEA9IxNAROlJ/MEk3sE6P07H4kzQu1PVN/byTAlRrzwExO71eL3lT8z+vEun/lJzQUsSYhnn/Uj5ltYk/rsXtUEqzZ2BDAkppbbTwECVibEnOmBHcx8jJplkvuRalyVylUr9M6sugIHaMictElqqJbVEMNhNEjekav6M16sl6sd+tjPpqx0p1D9AfW5w9wfZ1e</latexit>

T / exp (���/2) ?don’t I have

Not, gradient flows of W (or T) and V are different in Scenario (II)



Scenario (II) presents a loophole to the sugra no-go for accelerated expansion.

4d N=1 supergravities



Scenario (II) presents a loophole to the sugra no-go for accelerated expansion.

4d N=1 supergravities

Even if each individual term is 
bounded, the CH can still cut the ball

Interpretation from Convex Hull perspective:



Scenario (II) presents a loophole to the sugra no-go for accelerated expansion.

4d N=1 supergravities

Even if each individual term is 
bounded, the CH can still cut the ball

Interpretation from Convex Hull perspective:

Concrete example in IIA:
<latexit sha1_base64="zvIBYxcBWXaRxhbPOkX3ZaQ+46U="></latexit>

VM ⇠ 1

s3

⇣
A34

u

s
+A52

s

u3

⌘ <latexit sha1_base64="IOsInZ4zDuivpWRzA4s2Rwg4K6E="></latexit>

�~f = 7

r
2

19
⇡ 2.2711 <

p
6



Scenario (II) presents a loophole to the sugra no-go for accelerated expansion.

Even if each individual term is 
bounded, the CH can still cut the ball

4d N=1 supergravities

Interpretation from Convex Hull perspective:



Scenario (II) presents a loophole to the sugra no-go for accelerated expansion.

Even if each individual term is 
bounded, the CH can still cut the ball

4d N=1 supergravities

Interpretation from Convex Hull perspective:

<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>�
There is no lower bound for     

coming from V>0



Scenario (II) presents a loophole to the sugra no-go for accelerated expansion.

Even if each individual term is 
bounded, the CH can still cut the ball

4d N=1 supergravities

Interpretation from Convex Hull perspective:

… maybe in Quantum Gravity?

No obstruction to get asymptotic accelerated expansion in SUGRA
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But there are many more limits!!

String Theory Asymptotic Limits

Previous works focused on a concrete asymptotic limit:

Weak string coupling and large volume/large complex structure

[Valeixo et al’20] [Andriot et al’20-22] [Cicoli et al’21-22] …

… and yet, some concluded than asymptotic acceleration is not possible in string theory…

Let us study different limits in the complex structure moduli 
space of F-theory on

<latexit sha1_base64="XxpxwYxBISvBxft/ipIs7Jg6+S0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj1JoRePFeyHtEvJptk2NMkuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTJuZ332iSrNIPphZTH2Bx5KFjGCTSc3HYW1YrrhVdwG0TrycVCBHa1j+GowikggqDeFY677nxsZPsTKMcDovDRJNY0ymeEz7lkosqPbTxa1zdGGVEQojZUsatFB/T6RYaD0Tge0U2Ez0qpeJ/3n9xIQ3fspknBgqyXJRmHBkIpQ9jkZMUWL4zBJMFLO3IjLBChNj4ynZELzVl9dJ56rq1au1+1qlcZvHUYQzOIdL8OAaGnAHLWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fbfmN1g==</latexit>
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<latexit sha1_base64="Hoec3wv6upOptZar3FEBgIz6d9Y="></latexit>
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j + . . . ,

<latexit sha1_base64="rmh3X9rHRGs+01Y/GXmZN1Jk3w4=">AAACJHicbVDLSsNAFJ3Ud31VXboJFqGClESKCqIoLnSpYGuhiWEynbSDk0mYuRFDzMe48VfcuPCBCzd+i9PHQlsPDBzOuYc79/gxZwos68soTExOTc/MzhXnFxaXlksrqw0VJZLQOol4JJs+VpQzQevAgNNmLCkOfU6v/dvTnn99R6VikbiCNKZuiDuCBYxg0JJXOjjxMgfovY5mPM8PnQdHdqM/WuXMq207cZd51pbzcLOjTSYCSHOvVLaqVh/mOLGHpIyGuPBK7047IklIBRCOlWrZVgxuhiUwwmledBJFY0xucYe2NBU4pMrN+kfm5qZW2mYQSf0EmH31dyLDoVJp6OvJEENXjXo98T+vlUCw72ZMxAlQQQaLgoSbEJm9xsw2k5QATzXBRDL9V5N0scQEdK9FXYI9evI4aexU7d1q7bJWPj4a1jGL1tEGqiAb7aFjdI4uUB0R9Iie0St6M56MF+PD+ByMFoxhZg39gfH9A/XqpjM=</latexit>

Al = k⇢l(G4,�0)k21

[Grimm et al’19]



But there are many more limits!!

String Theory Asymptotic Limits

Previous works focused on a concrete asymptotic limit:

Weak string coupling and large volume/large complex structure

[Valeixo et al’20] [Andriot et al’20-22] [Cicoli et al’21-22] …

… and yet, some concluded than asymptotic acceleration is not possible in string theory…

<latexit sha1_base64="rfNqAHqmyOiJjIkxfAvYkl8mpOo=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUVdScOOygn1AE8JketMOnUnCzKRYQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7p2594QpZ0o7zrdVWFldW98obpa2tnd29+z9g6ZKMkmhQROeyHZIFHAWQ0MzzaGdSiAi5NAKBzcTvzUEqVgS3+tRCr4gvZhFjBJtpMA+8oZAsSeyIPc0PJgXMB8HdtmpOFPgZeLOSRnNUQ/sL6+b0ExArCknSnVcJ9V+TqRmlMO45GUKUkIHpAcdQ2MiQPn5dPsxPjVKF0eJNBVrPFV/T+REKDUSoekURPfVojcR//M6mY6u/JzFaaYhprOPooxjneBJFLjLJFDNR4YQKpnZFdM+kYRqE1jJhOAunrxMmucV96JSvauWa9fzOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx6y1YM1nDtEfWJ8/l56VUQ==</latexit>

~µl fixed in terms of 
<latexit sha1_base64="oWk7ph1ulwrp01mCYHQKKOSzQ1A=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEinqSgq6cFnBXqANYTI5aYdOLsxMhBLqxldx40IRt76FO9/GaZuFtv4w8PGfczhzfi/hTCrL+jYKS8srq2vF9dLG5tb2jrm715JxKig0acxj0fGIBM4iaCqmOHQSAST0OLS94fWk3n4AIVkc3atRAk5I+hELGCVKW655UOndAFcEc5ed5ui77AS7ZtmqWlPhRbBzKKNcDdf86vkxTUOIFOVEyq5tJcrJiFCMchiXeqmEhNAh6UNXY0RCkE42vWCMj7Xj4yAW+kUKT93fExkJpRyFnu4MiRrI+drE/K/WTVVw6WQsSlIFEZ0tClKOVYwncWCfCaCKjzQQKpj+K6YDIghVOrSSDsGeP3kRWmdV+7xau6uV61d5HEV0iI5QBdnoAtXRLWqgJqLoET2jV/RmPBkvxrvxMWstGPnMPvoj4/MHJqyVaQ==</latexit>

(�li,�di)

that characterizes the asymptotic limit

Let us study different limits in the complex structure moduli 
space of F-theory on

<latexit sha1_base64="XxpxwYxBISvBxft/ipIs7Jg6+S0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj1JoRePFeyHtEvJptk2NMkuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTJuZ332iSrNIPphZTH2Bx5KFjGCTSc3HYW1YrrhVdwG0TrycVCBHa1j+GowikggqDeFY677nxsZPsTKMcDovDRJNY0ymeEz7lkosqPbTxa1zdGGVEQojZUsatFB/T6RYaD0Tge0U2Ez0qpeJ/3n9xIQ3fspknBgqyXJRmHBkIpQ9jkZMUWL4zBJMFLO3IjLBChNj4ynZELzVl9dJ56rq1au1+1qlcZvHUYQzOIdL8OAaGnAHLWgDgQk8wyu8OcJ5cd6dj2VrwclnTuEPnM8fbfmN1g==</latexit>

CY4

<latexit sha1_base64="mumaXHqQlklA5OYo78EpquCXW1Y="></latexit>

VM =
1

V3
0

0

@
X

l2E
Al

nY

j=1

(sj)�lj

1

A

<latexit sha1_base64="Hoec3wv6upOptZar3FEBgIz6d9Y="></latexit>

Kcs = �
nX

j=1

�dj log s
j + . . . ,

<latexit sha1_base64="rmh3X9rHRGs+01Y/GXmZN1Jk3w4=">AAACJHicbVDLSsNAFJ3Ud31VXboJFqGClESKCqIoLnSpYGuhiWEynbSDk0mYuRFDzMe48VfcuPCBCzd+i9PHQlsPDBzOuYc79/gxZwos68soTExOTc/MzhXnFxaXlksrqw0VJZLQOol4JJs+VpQzQevAgNNmLCkOfU6v/dvTnn99R6VikbiCNKZuiDuCBYxg0JJXOjjxMgfovY5mPM8PnQdHdqM/WuXMq207cZd51pbzcLOjTSYCSHOvVLaqVh/mOLGHpIyGuPBK7047IklIBRCOlWrZVgxuhiUwwmledBJFY0xucYe2NBU4pMrN+kfm5qZW2mYQSf0EmH31dyLDoVJp6OvJEENXjXo98T+vlUCw72ZMxAlQQQaLgoSbEJm9xsw2k5QATzXBRDL9V5N0scQEdK9FXYI9evI4aexU7d1q7bJWPj4a1jGL1tEGqiAb7aFjdI4uUB0R9Iie0St6M56MF+PD+ByMFoxhZg39gfH9A/XqpjM=</latexit>

Al = k⇢l(G4,�0)k21

[Grimm et al’19]
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<latexit sha1_base64="c4ckhmJ39dO7NzgNFhWCwDRjAGM=">AAACEHicdZDJSgNBEIZ74hbjNurRS2MQBSHMJDHqRSJePEYwCyTj0NPpSZr0LPQihGEewYuv4sWDIl49evNt7Czi/kPDz1dVVNfvxYwKaVlvRmZmdm5+IbuYW1peWV0z1zcaIlIckzqOWMRbHhKE0ZDUJZWMtGJOUOAx0vQGZ6N685pwQaPwUg5j4gSoF1KfYiQ1cs3djs8RTk7dpGSlaSLUVVJK0/1PWtRUidQ181bhwLKPKzb8beyCNVYeTFVzzddON8IqIKHEDAnRtq1YOgnikmJG0lxHCRIjPEA90tY2RAERTjI+KIU7mnShH3H9QgnH9OtEggIhhoGnOwMk++JnbQT/qrWV9I+chIaxkiTEk0W+YlBGcJQO7FJOsGRDbRDmVP8V4j7SWUidYU6H8HEp/N80igW7UihflPPVk2kcWbAFtsEesMEhqIJzUAN1gMENuAMP4NG4Ne6NJ+N50poxpjOb4JuMl3fax53E</latexit>
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<latexit sha1_base64="uCuWdmVC3Adxylo8lH/SV/KWzAY=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJSkrZeVVNy4rGAv0MYwmU7aoZNJmJkIJeQN3Pgqblwo4tatO9/GSZuFtv4w8POdczhzfi9iVCrL+jYWFpeWV1YLa8X1jc2tbXNntyXDWGDSxCELRcdDkjDKSVNRxUgnEgQFHiNtb3Sd1dsPREga8js1jogToAGnPsVIaeSaRydXblKtpT1fIJzEaSLTjJxWciLTJL6vpq5ZssrWRHDe2LkpgVwN1/zq9UMcB4QrzJCUXduKlJMgoShmJC32YkkihEdoQLrachQQ6SSTe1J4qEkf+qHQjys4ob8nEhRIOQ483RkgNZSztQz+V+vGyr9wEsqjWBGOp4v8mEEVwiwc2KeCYMXG2iAsqP4rxEOkc1A6wqIOwZ49ed60KmX7rFy7rZXql3kcBbAPDsAxsME5qIMb0ABNgMEjeAav4M14Ml6Md+Nj2rpg5DN74I+Mzx8MSZyx</latexit>
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<latexit sha1_base64="U327zCqXHIR341P2m9raQEXqFOs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHprXvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mlE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w82KI0m</latexit>

V =

1) Type IIB at weak coupling / large complex str:
<latexit sha1_base64="nxNoOm6LyXahOYaWQYN9nv0UBEw=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYU60Kl0I3LCn1BZyyZNNOGJjNjkhFKmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809fsyoVLb9ba2srq1vbOa28ts7u3v7hYPDtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT8cX3qdx6IkDQKm2oSE4+jYUgDipEyUr9QdIeIc3TlynuhtBsIhHU51dU0vcT9yp1u1uupSdklewa4TJyMFEGGRr/w5Q4inHASKsyQlD3HjpWnkVAUM5Lm3USSGOExGpKeoSHiRHp6dkwKT40ygEEkzAsVnKm/JzTiUk64b5IcqZFc9Kbif14vUcGFp2kYJ4qEeL4oSBhUEZw2AwdUEKzYxBCEBTV/hXiETCHK9Jc3JTiLJy+TdrnknJcqt5Vi7TqrIweOwQk4Aw6oghq4AQ3QAhg8gmfwCt6sJ+vFerc+5tEVK5s5An9gff4A22Wbew==</latexit>
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II0,1 ! V2,2

2) F-theory limit (not weakly coupled):

<latexit sha1_base64="U327zCqXHIR341P2m9raQEXqFOs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHprXvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mlE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w82KI0m</latexit>

V =

<latexit sha1_base64="G48roSDvwMxl/+N4TmuaGwGN97k=">AAACE3icbVDLSsNAFJ34tr6iLt0MFkFclETqY6EiuHFZwVqhiWUyndShM5M4cyOUkH9w46+4caGIWzfu/Bunj4VaD1w4nHMv994TpYIb8LwvZ2Jyanpmdm6+tLC4tLzirq5dmSTTlNVpIhJ9HRHDBFesDhwEu041IzISrBF1z/p+455pwxN1Cb2UhZJ0FI85JWCllrsTdIiU5DiINaH5bpEH5k5DvlcUR7RVvckDLbEBnahO0XLLXsUbAI8Tf0TKaIRay/0M2gnNJFNABTGm6XsphDnRwKlgRSnIDEsJ7ZIOa1qqiGQmzAc/FXjLKm0cJ9qWAjxQf07kRBrTk5HtlARuzV+vL/7nNTOID8OcqzQDpuhwUZwJDAnuB4TbXDMKomcJoZrbWzG9JTYdsDGWbAj+35fHydVuxd+vVC+q5dOTURxzaANtom3kowN0is5RDdURRQ/oCb2gV+fReXbenPdh64QzmllHv+B8fAP9Lp7d</latexit>

� =
2p
5
< cstrong4

<latexit sha1_base64="G9IAlnkUN+RFXv05Ev0QFLSdfOA=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgopSZUtSVFNzYXQX7gHYYMmnahmaSIckoZZiVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3niBiVGnH+bZyK6tr6xv5zcLW9s7unr1/0FIilpg0sWBCdgKkCKOcNDXVjHQiSVAYMNIOxtdTv31PpKKC3+lJRLwQDTkdUIy0kXz7uF6v+4lbctOepMORRlKKB9iCflIpVVLfLjplZwa4TNyMFEGGhm9/9foCxyHhGjOkVNd1Iu0lSGqKGUkLvViRCOExGpKuoRyFRHnJ7I0UnhqlDwdCmuIaztTfEwkKlZqEgekMkR6pRW8q/ud1Yz249BLKo1gTjueLBjGDWsBpJrBPJcGaTQxBWFJzK8QjJBHWJrmCCcFdfHmZtCpl97xcva0Wa1dZHHlwBE7AGXDBBaiBG9AATYDBI3gGr+DNerJerHfrY96as7KZQ/AH1ucPPlSXtA==</latexit>

III1,1 ! V2,2

<latexit sha1_base64="/sTxyKvITr7iKWJin2bzb6ksutQ=">AAACFHicbVBNS8MwGE7n15xfVY9eikMQBqMdRT3JxIvHCe4DtlrSLN3C0rQkqTBCf4QX/4oXD4p49eDNf2O69aCbDyQ8eZ735c37BAklQtr2t1FaWV1b3yhvVra2d3b3zP2DjohTjnAbxTTmvQAKTAnDbUkkxb2EYxgFFHeDyXXudx8wFyRmd3KaYC+CI0ZCgqDUkm/WaoOQQ6SufOU2skyl942slr8abpbNrVxSQl++WbXr9gzWMnEKUgUFWr75NRjGKI0wk4hCIfqOnUhPQS4JojirDFKBE4gmcIT7mjIYYeGp2VKZdaKVoRXGXB8mrZn6u0PBSIhpFOjKCMqxWPRy8T+vn8rwwlOEJanEDM0HhSm1ZGzlCVlDwjGSdKoJRJzov1poDHUSUudY0SE4iysvk06j7pzV3Vu32rws4iiDI3AMToEDzkET3IAWaAMEHsEzeAVvxpPxYrwbH/PSklH0HII/MD5/AIptnoU=</latexit>

+
A42

u2
+A24

u2

s2

<latexit sha1_base64="y5ahKteC0SEomhxHNbibS4oEho0=">AAACEXicdZDLSsNAFIYnXmu9RV26GSxCQShJqFU3UnHjsoK9QJuGyXTSDp1MwsxEKCGv4MZXceNCEbfu3Pk2Ti/i/YeBn++cw5nz+zGjUlnWmzE3v7C4tJxbya+urW9smlvbDRklApM6jlgkWj6ShFFO6ooqRlqxICj0GWn6w/NxvXlNhKQRv1KjmLgh6nMaUIyURp5Z7AQC4fTMSx0ry1LZdZKukx18UmdKM88sWKVDyz6p2PC3sUvWRAUwU80zXzu9CCch4QozJGXbtmLlpkgoihnJ8p1EkhjhIeqTtrYchUS66eSiDO5r0oNBJPTjCk7o14kUhVKOQl93hkgN5M/aGP5VaycqOHZTyuNEEY6ni4KEQRXBcTywRwXBio20QVhQ/VeIB0iHoXSIeR3Cx6Xwf9NwSnalVL4sF6qnszhyYBfsgSKwwRGoggtQA3WAwQ24Aw/g0bg17o0n43naOmfMZnbANxkv74yMnX4=</latexit>

A20

s2u2
+

A22

s2



We find two potential examples of asymptotic accelerated expansion:

Potential counterexamples

<latexit sha1_base64="c4ckhmJ39dO7NzgNFhWCwDRjAGM=">AAACEHicdZDJSgNBEIZ74hbjNurRS2MQBSHMJDHqRSJePEYwCyTj0NPpSZr0LPQihGEewYuv4sWDIl49evNt7Czi/kPDz1dVVNfvxYwKaVlvRmZmdm5+IbuYW1peWV0z1zcaIlIckzqOWMRbHhKE0ZDUJZWMtGJOUOAx0vQGZ6N685pwQaPwUg5j4gSoF1KfYiQ1cs3djs8RTk7dpGSlaSLUVVJK0/1PWtRUidQ181bhwLKPKzb8beyCNVYeTFVzzddON8IqIKHEDAnRtq1YOgnikmJG0lxHCRIjPEA90tY2RAERTjI+KIU7mnShH3H9QgnH9OtEggIhhoGnOwMk++JnbQT/qrWV9I+chIaxkiTEk0W+YlBGcJQO7FJOsGRDbRDmVP8V4j7SWUidYU6H8HEp/N80igW7UihflPPVk2kcWbAFtsEesMEhqIJzUAN1gMENuAMP4NG4Ne6NJ+N50poxpjOb4JuMl3fax53E</latexit>

A30

su3
+

A32

us

<latexit sha1_base64="uCuWdmVC3Adxylo8lH/SV/KWzAY=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJSkrZeVVNy4rGAv0MYwmU7aoZNJmJkIJeQN3Pgqblwo4tatO9/GSZuFtv4w8POdczhzfi9iVCrL+jYWFpeWV1YLa8X1jc2tbXNntyXDWGDSxCELRcdDkjDKSVNRxUgnEgQFHiNtb3Sd1dsPREga8js1jogToAGnPsVIaeSaRydXblKtpT1fIJzEaSLTjJxWciLTJL6vpq5ZssrWRHDe2LkpgVwN1/zq9UMcB4QrzJCUXduKlJMgoShmJC32YkkihEdoQLrachQQ6SSTe1J4qEkf+qHQjys4ob8nEhRIOQ483RkgNZSztQz+V+vGyr9wEsqjWBGOp4v8mEEVwiwc2KeCYMXG2iAsqP4rxEOkc1A6wqIOwZ49ed60KmX7rFy7rZXql3kcBbAPDsAxsME5qIMb0ABNgMEjeAav4M14Ml6Md+Nj2rpg5DN74I+Mzx8MSZyx</latexit>

+A34
u

s
+A52

s

u3

<latexit sha1_base64="U327zCqXHIR341P2m9raQEXqFOs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHprXvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mlE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w82KI0m</latexit>

V =

1) Type IIB at weak coupling / large complex str:
<latexit sha1_base64="nxNoOm6LyXahOYaWQYN9nv0UBEw=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYU60Kl0I3LCn1BZyyZNNOGJjNjkhFKmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809fsyoVLb9ba2srq1vbOa28ts7u3v7hYPDtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT8cX3qdx6IkDQKm2oSE4+jYUgDipEyUr9QdIeIc3TlynuhtBsIhHU51dU0vcT9yp1u1uupSdklewa4TJyMFEGGRr/w5Q4inHASKsyQlD3HjpWnkVAUM5Lm3USSGOExGpKeoSHiRHp6dkwKT40ygEEkzAsVnKm/JzTiUk64b5IcqZFc9Kbif14vUcGFp2kYJ4qEeL4oSBhUEZw2AwdUEKzYxBCEBTV/hXiETCHK9Jc3JTiLJy+TdrnknJcqt5Vi7TqrIweOwQk4Aw6oghq4AQ3QAhg8gmfwCt6sJ+vFerc+5tEVK5s5An9gff4A22Wbew==</latexit>

� =

r
2
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4

<latexit sha1_base64="O4ZC/U2mAzr09yATfLagHm3bd2Q=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgEcJuCGolARvTRTAPSJZldjJJhszOLDOzSli2sPFXbCwUsfUj7PwbJ8kWmnjgwuGce7n3niBiVGnH+bZya+sbm1v57cLO7t7+gX141FYilpi0sGBCdgOkCKOctDTVjHQjSVAYMNIJJtczv3NPpKKC3+lpRLwQjTgdUoy0kXy72Gj4iVN2076ko7FGUooH2PaTarma+nbJqThzwFXiZqQEMjR9+6s/EDgOCdeYIaV6rhNpL0FSU8xIWujHikQIT9CI9AzlKCTKS+ZPpPDUKAM4FNIU13Cu/p5IUKjUNAxMZ4j0WC17M/E/rxfr4aWXUB7FmnC8WDSMGdQCzhKBAyoJ1mxqCMKSmlshHiOJsDa5FUwI7vLLq6RdrbjnldptrVS/yuLIgyI4AWfABRegDm5AE7QABo/gGbyCN+vJerHerY9Fa87KZo7BH1ifP0LJlzY=</latexit>

II0,1 ! V2,2

2) F-theory limit (not weakly coupled):

<latexit sha1_base64="U327zCqXHIR341P2m9raQEXqFOs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHprXvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mlE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w82KI0m</latexit>

V =

<latexit sha1_base64="G48roSDvwMxl/+N4TmuaGwGN97k=">AAACE3icbVDLSsNAFJ34tr6iLt0MFkFclETqY6EiuHFZwVqhiWUyndShM5M4cyOUkH9w46+4caGIWzfu/Bunj4VaD1w4nHMv994TpYIb8LwvZ2Jyanpmdm6+tLC4tLzirq5dmSTTlNVpIhJ9HRHDBFesDhwEu041IzISrBF1z/p+455pwxN1Cb2UhZJ0FI85JWCllrsTdIiU5DiINaH5bpEH5k5DvlcUR7RVvckDLbEBnahO0XLLXsUbAI8Tf0TKaIRay/0M2gnNJFNABTGm6XsphDnRwKlgRSnIDEsJ7ZIOa1qqiGQmzAc/FXjLKm0cJ9qWAjxQf07kRBrTk5HtlARuzV+vL/7nNTOID8OcqzQDpuhwUZwJDAnuB4TbXDMKomcJoZrbWzG9JTYdsDGWbAj+35fHydVuxd+vVC+q5dOTURxzaANtom3kowN0is5RDdURRQ/oCb2gV+fReXbenPdh64QzmllHv+B8fAP9Lp7d</latexit>

� =
2p
5
< cstrong4

<latexit sha1_base64="G9IAlnkUN+RFXv05Ev0QFLSdfOA=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgopSZUtSVFNzYXQX7gHYYMmnahmaSIckoZZiVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3niBiVGnH+bZyK6tr6xv5zcLW9s7unr1/0FIilpg0sWBCdgKkCKOcNDXVjHQiSVAYMNIOxtdTv31PpKKC3+lJRLwQDTkdUIy0kXz7uF6v+4lbctOepMORRlKKB9iCflIpVVLfLjplZwa4TNyMFEGGhm9/9foCxyHhGjOkVNd1Iu0lSGqKGUkLvViRCOExGpKuoRyFRHnJ7I0UnhqlDwdCmuIaztTfEwkKlZqEgekMkR6pRW8q/ud1Yz249BLKo1gTjueLBjGDWsBpJrBPJcGaTQxBWFJzK8QjJBHWJrmCCcFdfHmZtCpl97xcva0Wa1dZHHlwBE7AGXDBBaiBG9AATYDBI3gGr+DNerJerHfrY96as7KZQ/AH1ucPPlSXtA==</latexit>

III1,1 ! V2,2

<latexit sha1_base64="/sTxyKvITr7iKWJin2bzb6ksutQ=">AAACFHicbVBNS8MwGE7n15xfVY9eikMQBqMdRT3JxIvHCe4DtlrSLN3C0rQkqTBCf4QX/4oXD4p49eDNf2O69aCbDyQ8eZ735c37BAklQtr2t1FaWV1b3yhvVra2d3b3zP2DjohTjnAbxTTmvQAKTAnDbUkkxb2EYxgFFHeDyXXudx8wFyRmd3KaYC+CI0ZCgqDUkm/WaoOQQ6SufOU2skyl942slr8abpbNrVxSQl++WbXr9gzWMnEKUgUFWr75NRjGKI0wk4hCIfqOnUhPQS4JojirDFKBE4gmcIT7mjIYYeGp2VKZdaKVoRXGXB8mrZn6u0PBSIhpFOjKCMqxWPRy8T+vn8rwwlOEJanEDM0HhSm1ZGzlCVlDwjGSdKoJRJzov1poDHUSUudY0SE4iysvk06j7pzV3Vu32rws4iiDI3AMToEDzkET3IAWaAMEHsEzeAVvxpPxYrwbH/PSklH0HII/MD5/AIptnoU=</latexit>

+
A42

u2
+A24

u2

s2

<latexit sha1_base64="y5ahKteC0SEomhxHNbibS4oEho0=">AAACEXicdZDLSsNAFIYnXmu9RV26GSxCQShJqFU3UnHjsoK9QJuGyXTSDp1MwsxEKCGv4MZXceNCEbfu3Pk2Ti/i/YeBn++cw5nz+zGjUlnWmzE3v7C4tJxbya+urW9smlvbDRklApM6jlgkWj6ShFFO6ooqRlqxICj0GWn6w/NxvXlNhKQRv1KjmLgh6nMaUIyURp5Z7AQC4fTMSx0ry1LZdZKukx18UmdKM88sWKVDyz6p2PC3sUvWRAUwU80zXzu9CCch4QozJGXbtmLlpkgoihnJ8p1EkhjhIeqTtrYchUS66eSiDO5r0oNBJPTjCk7o14kUhVKOQl93hkgN5M/aGP5VaycqOHZTyuNEEY6ni4KEQRXBcTywRwXBio20QVhQ/VeIB0iHoXSIeR3Cx6Xwf9NwSnalVL4sF6qnszhyYBfsgSKwwRGoggtQA3WAwQ24Aw/g0bg17o0n43naOmfMZnbANxkv74yMnX4=</latexit>

A20

s2u2
+

A22

s2

Both realize Scenario (II). Smaller     than previous CY bounds<latexit sha1_base64="1OyySk99cfv2KnINmcOq+DXJn9E=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQyLD1JUU3LisYB/QDiWTZtrYZDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nzgQ3FqEPb2V1bX1js7RV3t7Z3duvHBy2jMo1ZU2qhNKdmBgmeMqallvBOplmRMaCtePx1cxv3zNtuEpv7SRjkSTDlCecEuukVm9IpCT9ShX5CCMcBhD5uBYGAXYkRA4YYh/NUQVLNPqV995A0Vyy1FJBjOlilNmoINpyKti03MsNywgdkyHrOpoSyUxUzK+dwlOnDGCitKvUwrn6faIg0piJjF2nJHZkfnsz8S+vm9vkIip4muWWpXSxKMkFtArOXocDrhm1YuIIoZq7WyEdEU2odQGVXQhfn8L/Sevcx6Ef3ATV+uUyjhI4BifgDGBQA3VwDRqgCSi4Aw/gCTx7ynv0XrzXReuKt5w5Aj/gvX0CxZuPRA==</latexit>�

[Bastian,Grimm,van de Heisteeg’20]



We find two potential examples of asymptotic accelerated expansion:

Caveat: One has to stabilize the Kahler moduli, otherwise they also 
contribute to 

Potential counterexamples

<latexit sha1_base64="c4ckhmJ39dO7NzgNFhWCwDRjAGM=">AAACEHicdZDJSgNBEIZ74hbjNurRS2MQBSHMJDHqRSJePEYwCyTj0NPpSZr0LPQihGEewYuv4sWDIl49evNt7Czi/kPDz1dVVNfvxYwKaVlvRmZmdm5+IbuYW1peWV0z1zcaIlIckzqOWMRbHhKE0ZDUJZWMtGJOUOAx0vQGZ6N685pwQaPwUg5j4gSoF1KfYiQ1cs3djs8RTk7dpGSlaSLUVVJK0/1PWtRUidQ181bhwLKPKzb8beyCNVYeTFVzzddON8IqIKHEDAnRtq1YOgnikmJG0lxHCRIjPEA90tY2RAERTjI+KIU7mnShH3H9QgnH9OtEggIhhoGnOwMk++JnbQT/qrWV9I+chIaxkiTEk0W+YlBGcJQO7FJOsGRDbRDmVP8V4j7SWUidYU6H8HEp/N80igW7UihflPPVk2kcWbAFtsEesMEhqIJzUAN1gMENuAMP4NG4Ne6NJ+N50poxpjOb4JuMl3fax53E</latexit>

A30

su3
+

A32

us

<latexit sha1_base64="uCuWdmVC3Adxylo8lH/SV/KWzAY=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJSkrZeVVNy4rGAv0MYwmU7aoZNJmJkIJeQN3Pgqblwo4tatO9/GSZuFtv4w8POdczhzfi9iVCrL+jYWFpeWV1YLa8X1jc2tbXNntyXDWGDSxCELRcdDkjDKSVNRxUgnEgQFHiNtb3Sd1dsPREga8js1jogToAGnPsVIaeSaRydXblKtpT1fIJzEaSLTjJxWciLTJL6vpq5ZssrWRHDe2LkpgVwN1/zq9UMcB4QrzJCUXduKlJMgoShmJC32YkkihEdoQLrachQQ6SSTe1J4qEkf+qHQjys4ob8nEhRIOQ483RkgNZSztQz+V+vGyr9wEsqjWBGOp4v8mEEVwiwc2KeCYMXG2iAsqP4rxEOkc1A6wqIOwZ49ed60KmX7rFy7rZXql3kcBbAPDsAxsME5qIMb0ABNgMEjeAav4M14Ml6Md+Nj2rpg5DN74I+Mzx8MSZyx</latexit>

+A34
u

s
+A52

s

u3

<latexit sha1_base64="U327zCqXHIR341P2m9raQEXqFOs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHprXvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mlE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w82KI0m</latexit>

V =

1) Type IIB at weak coupling / large complex str:

2) F-theory limit (not weakly coupled):

<latexit sha1_base64="nxNoOm6LyXahOYaWQYN9nv0UBEw=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYU60Kl0I3LCn1BZyyZNNOGJjNjkhFKmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809fsyoVLb9ba2srq1vbOa28ts7u3v7hYPDtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT8cX3qdx6IkDQKm2oSE4+jYUgDipEyUr9QdIeIc3TlynuhtBsIhHU51dU0vcT9yp1u1uupSdklewa4TJyMFEGGRr/w5Q4inHASKsyQlD3HjpWnkVAUM5Lm3USSGOExGpKeoSHiRHp6dkwKT40ygEEkzAsVnKm/JzTiUk64b5IcqZFc9Kbif14vUcGFp2kYJ4qEeL4oSBhUEZw2AwdUEKzYxBCEBTV/hXiETCHK9Jc3JTiLJy+TdrnknJcqt5Vi7TqrIweOwQk4Aw6oghq4AQ3QAhg8gmfwCt6sJ+vFerc+5tEVK5s5An9gff4A22Wbew==</latexit>

� =

r
2
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<latexit sha1_base64="U327zCqXHIR341P2m9raQEXqFOs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHprXvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mlE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w82KI0m</latexit>

V =

<latexit sha1_base64="G48roSDvwMxl/+N4TmuaGwGN97k=">AAACE3icbVDLSsNAFJ34tr6iLt0MFkFclETqY6EiuHFZwVqhiWUyndShM5M4cyOUkH9w46+4caGIWzfu/Bunj4VaD1w4nHMv994TpYIb8LwvZ2Jyanpmdm6+tLC4tLzirq5dmSTTlNVpIhJ9HRHDBFesDhwEu041IzISrBF1z/p+455pwxN1Cb2UhZJ0FI85JWCllrsTdIiU5DiINaH5bpEH5k5DvlcUR7RVvckDLbEBnahO0XLLXsUbAI8Tf0TKaIRay/0M2gnNJFNABTGm6XsphDnRwKlgRSnIDEsJ7ZIOa1qqiGQmzAc/FXjLKm0cJ9qWAjxQf07kRBrTk5HtlARuzV+vL/7nNTOID8OcqzQDpuhwUZwJDAnuB4TbXDMKomcJoZrbWzG9JTYdsDGWbAj+35fHydVuxd+vVC+q5dOTURxzaANtom3kowN0is5RDdURRQ/oCb2gV+fReXbenPdh64QzmllHv+B8fAP9Lp7d</latexit>

� =
2p
5
< cstrong4

<latexit sha1_base64="G9IAlnkUN+RFXv05Ev0QFLSdfOA=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgopSZUtSVFNzYXQX7gHYYMmnahmaSIckoZZiVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3niBiVGnH+bZyK6tr6xv5zcLW9s7unr1/0FIilpg0sWBCdgKkCKOcNDXVjHQiSVAYMNIOxtdTv31PpKKC3+lJRLwQDTkdUIy0kXz7uF6v+4lbctOepMORRlKKB9iCflIpVVLfLjplZwa4TNyMFEGGhm9/9foCxyHhGjOkVNd1Iu0lSGqKGUkLvViRCOExGpKuoRyFRHnJ7I0UnhqlDwdCmuIaztTfEwkKlZqEgekMkR6pRW8q/ud1Yz249BLKo1gTjueLBjGDWsBpJrBPJcGaTQxBWFJzK8QjJBHWJrmCCcFdfHmZtCpl97xcva0Wa1dZHHlwBE7AGXDBBaiBG9AATYDBI3gGr+DNerJerHfrY96as7KZQ/AH1ucPPlSXtA==</latexit>

III1,1 ! V2,2

<latexit sha1_base64="O4ZC/U2mAzr09yATfLagHm3bd2Q=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgEcJuCGolARvTRTAPSJZldjJJhszOLDOzSli2sPFXbCwUsfUj7PwbJ8kWmnjgwuGce7n3niBiVGnH+bZya+sbm1v57cLO7t7+gX141FYilpi0sGBCdgOkCKOctDTVjHQjSVAYMNIJJtczv3NPpKKC3+lpRLwQjTgdUoy0kXy72Gj4iVN2076ko7FGUooH2PaTarma+nbJqThzwFXiZqQEMjR9+6s/EDgOCdeYIaV6rhNpL0FSU8xIWujHikQIT9CI9AzlKCTKS+ZPpPDUKAM4FNIU13Cu/p5IUKjUNAxMZ4j0WC17M/E/rxfr4aWXUB7FmnC8WDSMGdQCzhKBAyoJ1mxqCMKSmlshHiOJsDa5FUwI7vLLq6RdrbjnldptrVS/yuLIgyI4AWfABRegDm5AE7QABo/gGbyCN+vJerHerY9Fa87KZo7BH1ifP0LJlzY=</latexit>

II0,1 ! V2,2

<latexit sha1_base64="/sTxyKvITr7iKWJin2bzb6ksutQ=">AAACFHicbVBNS8MwGE7n15xfVY9eikMQBqMdRT3JxIvHCe4DtlrSLN3C0rQkqTBCf4QX/4oXD4p49eDNf2O69aCbDyQ8eZ735c37BAklQtr2t1FaWV1b3yhvVra2d3b3zP2DjohTjnAbxTTmvQAKTAnDbUkkxb2EYxgFFHeDyXXudx8wFyRmd3KaYC+CI0ZCgqDUkm/WaoOQQ6SufOU2skyl942slr8abpbNrVxSQl++WbXr9gzWMnEKUgUFWr75NRjGKI0wk4hCIfqOnUhPQS4JojirDFKBE4gmcIT7mjIYYeGp2VKZdaKVoRXGXB8mrZn6u0PBSIhpFOjKCMqxWPRy8T+vn8rwwlOEJanEDM0HhSm1ZGzlCVlDwjGSdKoJRJzov1poDHUSUudY0SE4iysvk06j7pzV3Vu32rws4iiDI3AMToEDzkET3IAWaAMEHsEzeAVvxpPxYrwbH/PSklH0HII/MD5/AIptnoU=</latexit>

+
A42

u2
+A24

u2

s2

<latexit sha1_base64="y5ahKteC0SEomhxHNbibS4oEho0=">AAACEXicdZDLSsNAFIYnXmu9RV26GSxCQShJqFU3UnHjsoK9QJuGyXTSDp1MwsxEKCGv4MZXceNCEbfu3Pk2Ti/i/YeBn++cw5nz+zGjUlnWmzE3v7C4tJxbya+urW9smlvbDRklApM6jlgkWj6ShFFO6ooqRlqxICj0GWn6w/NxvXlNhKQRv1KjmLgh6nMaUIyURp5Z7AQC4fTMSx0ry1LZdZKukx18UmdKM88sWKVDyz6p2PC3sUvWRAUwU80zXzu9CCch4QozJGXbtmLlpkgoihnJ8p1EkhjhIeqTtrYchUS66eSiDO5r0oNBJPTjCk7o14kUhVKOQl93hkgN5M/aGP5VaycqOHZTyuNEEY6ni4KEQRXBcTywRwXBio20QVhQ/VeIB0iHoXSIeR3Cx6Xwf9NwSnalVL4sF6qnszhyYBfsgSKwwRGoggtQA3WAwQ24Aw/g0bg17o0n43naOmfMZnbANxkv74yMnX4=</latexit>

A20

s2u2
+

A22

s2

<latexit sha1_base64="1OyySk99cfv2KnINmcOq+DXJn9E=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQyLD1JUU3LisYB/QDiWTZtrYZDIkGaEM/Qc3LhRx6/+4829MH4KKHrhwOOde7r0nzgQ3FqEPb2V1bX1js7RV3t7Z3duvHBy2jMo1ZU2qhNKdmBgmeMqallvBOplmRMaCtePx1cxv3zNtuEpv7SRjkSTDlCecEuukVm9IpCT9ShX5CCMcBhD5uBYGAXYkRA4YYh/NUQVLNPqV995A0Vyy1FJBjOlilNmoINpyKti03MsNywgdkyHrOpoSyUxUzK+dwlOnDGCitKvUwrn6faIg0piJjF2nJHZkfnsz8S+vm9vkIip4muWWpXSxKMkFtArOXocDrhm1YuIIoZq7WyEdEU2odQGVXQhfn8L/Sevcx6Ef3ATV+uUyjhI4BifgDGBQA3VwDRqgCSi4Aw/gCTx7ynv0XrzXReuKt5w5Aj/gvX0CxZuPRA==</latexit>�



Relation to Distance Conjecture

How does the potential compare with the mass scale of the tower of 
states becoming light?

At the very least, we will have a tower coming from BPS string:
<latexit sha1_base64="Pf3GD1UFV1lziCDuVpXhTF5aKTA="></latexit>

T (�) ' T (0) exp(�↵sD) with ↵s =
�max

|~�|
(exponential rate fixed 

by geometry!)

<latexit sha1_base64="fPrsnF64Gzk6Pi/F21+C/o7Usj0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBcl4MVjBPOAZAmzk9lkzDyWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9US1YUo+2HFCQ4EHksWMYOukZpcM2XXQK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyrBhfV8/vzSu0mj6MIR3AMpxDAJdTgDurQAAKP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwD1X465</latexit>

� = 1

<latexit sha1_base64="ivevt/HDG4tNkln2tvQNb3vE7GM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRb0oBS8eK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJreZ33miSjMpHsw0pn6ER4KFjGBjpXafjNl1bVCuuFV3DrRKvJxUIEdzUP7qDyVJIioM4VjrnufGxk+xMoxwOiv1E01jTCZ4RHuWChxR7afza2fozCpDFEplSxg0V39PpDjSehoFtjPCZqyXvUz8z+slJrzyUybixFBBFovChCMjUfY6GjJFieFTSzBRzN6KyBgrTIwNqGRD8JZfXiXtWtW7qNbv65XGTR5HEU7gFM7Bg0towB00oQUEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4A9uOOug==</latexit>

� = 2

<latexit sha1_base64="nxNoOm6LyXahOYaWQYN9nv0UBEw=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYU60Kl0I3LCn1BZyyZNNOGJjNjkhFKmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809fsyoVLb9ba2srq1vbOa28ts7u3v7hYPDtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT8cX3qdx6IkDQKm2oSE4+jYUgDipEyUr9QdIeIc3TlynuhtBsIhHU51dU0vcT9yp1u1uupSdklewa4TJyMFEGGRr/w5Q4inHASKsyQlD3HjpWnkVAUM5Lm3USSGOExGpKeoSHiRHp6dkwKT40ygEEkzAsVnKm/JzTiUk64b5IcqZFc9Kbif14vUcGFp2kYJ4qEeL4oSBhUEZw2AwdUEKzYxBCEBTV/hXiETCHK9Jc3JTiLJy+TdrnknJcqt5Vi7TqrIweOwQk4Aw6oghq4AQ3QAhg8gmfwCt6sJ+vFerc+5tEVK5s5An9gff4A22Wbew==</latexit>

� =

r
2

7
< cTCC

4
<latexit sha1_base64="G48roSDvwMxl/+N4TmuaGwGN97k=">AAACE3icbVDLSsNAFJ34tr6iLt0MFkFclETqY6EiuHFZwVqhiWUyndShM5M4cyOUkH9w46+4caGIWzfu/Bunj4VaD1w4nHMv994TpYIb8LwvZ2Jyanpmdm6+tLC4tLzirq5dmSTTlNVpIhJ9HRHDBFesDhwEu041IzISrBF1z/p+455pwxN1Cb2UhZJ0FI85JWCllrsTdIiU5DiINaH5bpEH5k5DvlcUR7RVvckDLbEBnahO0XLLXsUbAI8Tf0TKaIRay/0M2gnNJFNABTGm6XsphDnRwKlgRSnIDEsJ7ZIOa1qqiGQmzAc/FXjLKm0cJ9qWAjxQf07kRBrTk5HtlARuzV+vL/7nNTOID8OcqzQDpuhwUZwJDAnuB4TbXDMKomcJoZrbWzG9JTYdsDGWbAj+35fHydVuxd+vVC+q5dOTURxzaANtom3kowN0is5RDdURRQ/oCb2gV+fReXbenPdh64QzmllHv+B8fAP9Lp7d</latexit>

� =
2p
5
< cstrong4

We get for example with 

for example with 

<latexit sha1_base64="bp3P1HJU1RfEym3Bjl9AN3YKf+4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AE8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPphpQgOBR5JFjGBjJb/jayaQePTJmA2qNbfu5kCrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE01nFTzVNMJngEe1bKrGgOsjym2fozCpDFMXKljQoV39PZFhoPRWh7RTYjPWyNxf/8/qpia6DjMkkNVSSxaIo5cjEaB4AGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3WW/cN2rNmyKOMpzAKZyDB1fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4Ao9CRbQ==</latexit>

V ⇠ m� with



Relation to Distance Conjecture

How does the potential compare with the mass scale of the tower of 
states becoming light?

At the very least, we will have a tower coming from BPS string:
<latexit sha1_base64="Pf3GD1UFV1lziCDuVpXhTF5aKTA="></latexit>

T (�) ' T (0) exp(�↵sD) with ↵s =
�max

|~�|
(exponential rate fixed 

by geometry!)

This can be problematic, example cannot be trusted?

…but it is perturbative Type IIB with f2 and h0 flux…

<latexit sha1_base64="fPrsnF64Gzk6Pi/F21+C/o7Usj0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBcl4MVjBPOAZAmzk9lkzDyWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGt1O/9US1YUo+2HFCQ4EHksWMYOukZpcM2XXQK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbtBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyrBhfV8/vzSu0mj6MIR3AMpxDAJdTgDurQAAKP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwD1X465</latexit>

� = 1

<latexit sha1_base64="ivevt/HDG4tNkln2tvQNb3vE7GM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRb0oBS8eK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJreZ33miSjMpHsw0pn6ER4KFjGBjpXafjNl1bVCuuFV3DrRKvJxUIEdzUP7qDyVJIioM4VjrnufGxk+xMoxwOiv1E01jTCZ4RHuWChxR7afza2fozCpDFEplSxg0V39PpDjSehoFtjPCZqyXvUz8z+slJrzyUybixFBBFovChCMjUfY6GjJFieFTSzBRzN6KyBgrTIwNqGRD8JZfXiXtWtW7qNbv65XGTR5HEU7gFM7Bg0towB00oQUEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4A9uOOug==</latexit>

� = 2

<latexit sha1_base64="nxNoOm6LyXahOYaWQYN9nv0UBEw=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYU60Kl0I3LCn1BZyyZNNOGJjNjkhFKmA9w46+4caGIWz/AnX9j2s5CWw8EDuecy809fsyoVLb9ba2srq1vbOa28ts7u3v7hYPDtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT8cX3qdx6IkDQKm2oSE4+jYUgDipEyUr9QdIeIc3TlynuhtBsIhHU51dU0vcT9yp1u1uupSdklewa4TJyMFEGGRr/w5Q4inHASKsyQlD3HjpWnkVAUM5Lm3USSGOExGpKeoSHiRHp6dkwKT40ygEEkzAsVnKm/JzTiUk64b5IcqZFc9Kbif14vUcGFp2kYJ4qEeL4oSBhUEZw2AwdUEKzYxBCEBTV/hXiETCHK9Jc3JTiLJy+TdrnknJcqt5Vi7TqrIweOwQk4Aw6oghq4AQ3QAhg8gmfwCt6sJ+vFerc+5tEVK5s5An9gff4A22Wbew==</latexit>

� =

r
2

7
< cTCC

4
<latexit sha1_base64="G48roSDvwMxl/+N4TmuaGwGN97k=">AAACE3icbVDLSsNAFJ34tr6iLt0MFkFclETqY6EiuHFZwVqhiWUyndShM5M4cyOUkH9w46+4caGIWzfu/Bunj4VaD1w4nHMv994TpYIb8LwvZ2Jyanpmdm6+tLC4tLzirq5dmSTTlNVpIhJ9HRHDBFesDhwEu041IzISrBF1z/p+455pwxN1Cb2UhZJ0FI85JWCllrsTdIiU5DiINaH5bpEH5k5DvlcUR7RVvckDLbEBnahO0XLLXsUbAI8Tf0TKaIRay/0M2gnNJFNABTGm6XsphDnRwKlgRSnIDEsJ7ZIOa1qqiGQmzAc/FXjLKm0cJ9qWAjxQf07kRBrTk5HtlARuzV+vL/7nNTOID8OcqzQDpuhwUZwJDAnuB4TbXDMKomcJoZrbWzG9JTYdsDGWbAj+35fHydVuxd+vVC+q5dOTURxzaANtom3kowN0is5RDdURRQ/oCb2gV+fReXbenPdh64QzmllHv+B8fAP9Lp7d</latexit>

� =
2p
5
< cstrong4

We get for example with 

for example with 

<latexit sha1_base64="bp3P1HJU1RfEym3Bjl9AN3YKf+4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AE8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPphpQgOBR5JFjGBjJb/jayaQePTJmA2qNbfu5kCrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE01nFTzVNMJngEe1bKrGgOsjym2fozCpDFMXKljQoV39PZFhoPRWh7RTYjPWyNxf/8/qpia6DjMkkNVSSxaIo5cjEaB4AGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3WW/cN2rNmyKOMpzAKZyDB1fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4Ao9CRbQ==</latexit>

V ⇠ m� with



Relation to Distance Conjecture

How does the potential compare with the mass scale of the tower of 
states becoming light?

If one assumes the SDC lower bound

and
<latexit sha1_base64="bp3P1HJU1RfEym3Bjl9AN3YKf+4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AE8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPphpQgOBR5JFjGBjJb/jayaQePTJmA2qNbfu5kCrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE01nFTzVNMJngEe1bKrGgOsjym2fozCpDFMXKljQoV39PZFhoPRWh7RTYjPWyNxf/8/qpia6DjMkkNVSSxaIo5cjEaB4AGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3WW/cN2rNmyKOMpzAKZyDB1fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4Ao9CRbQ==</latexit>

V ⇠ m�
<latexit sha1_base64="yfg6sooLXzTupQkD0ne9wB3JYI8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjBPPAbAizk95kyOzsOjMrhJC/8OJBEa/+jTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWN5b8YJdiM6kDzkjBorPfhsyP0BPpJKr1hyy+4cZJV4GSlBhnqv+OX3Y5ZGKA0TVOuO5yamO6HKcCZwWvBTjQllIzrAjqWSRqi7k/nFU3JmlT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Ko74TJJDUq2WBSmgpiYzN4nfa6QGTG2hDLF7a2EDamizNiQCjYEb/nlVdKslL2LcvWuWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AHWYJBe</latexit>

� � 2with
<latexit sha1_base64="lwRwoPLKiRMD8NoEAxbE0MNK5bg=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRS1JUU3LisYB/QxDCZTtKhM5M4MxFK6MKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPmDKqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqCSTmLRxwhLZC5EijArS1lQz0kslQTxkpBuOrqZ+94FIRRNxq8cp8TmKBY0oRtpIgV31YsQ58mJyD3HQuMs9yaHSMhHxJLBrTt2ZAS4TtyA1UKAV2F/eIMEZJ0JjhpTqu06q/RxJTTEjk4qXKZIiPEIx6RsqECfKz2dPTOCxUQYwSqQpoeFM/T2RI67UmIemkyM9VIveVPzP62c6uvBzKtJME4Hni6KMQZ3AaSJwQCXBmo0NQVhScyvEQyQR1ia3ignBXXx5mXRO6+5ZvXHTqDUvizjKoAqOwAlwwTlogmvQAm2AwSN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD6UbmBo=</latexit>
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<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>

↵ � 1p
d� 2

in

See Tom’s talk!



Relation to Distance Conjecture

How does the potential compare with the mass scale of the tower of 
states becoming light?

If one assumes the SDC lower bound

and
<latexit sha1_base64="bp3P1HJU1RfEym3Bjl9AN3YKf+4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AE8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPphpQgOBR5JFjGBjJb/jayaQePTJmA2qNbfu5kCrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE01nFTzVNMJngEe1bKrGgOsjym2fozCpDFMXKljQoV39PZFhoPRWh7RTYjPWyNxf/8/qpia6DjMkkNVSSxaIo5cjEaB4AGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3WW/cN2rNmyKOMpzAKZyDB1fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4Ao9CRbQ==</latexit>
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<latexit sha1_base64="yfg6sooLXzTupQkD0ne9wB3JYI8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjBPPAbAizk95kyOzsOjMrhJC/8OJBEa/+jTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWN5b8YJdiM6kDzkjBorPfhsyP0BPpJKr1hyy+4cZJV4GSlBhnqv+OX3Y5ZGKA0TVOuO5yamO6HKcCZwWvBTjQllIzrAjqWSRqi7k/nFU3JmlT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Ko74TJJDUq2WBSmgpiYzN4nfa6QGTG2hDLF7a2EDamizNiQCjYEb/nlVdKslL2LcvWuWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AHWYJBe</latexit>
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<latexit sha1_base64="lwRwoPLKiRMD8NoEAxbE0MNK5bg=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRS1JUU3LisYB/QxDCZTtKhM5M4MxFK6MKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPmDKqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqCSTmLRxwhLZC5EijArS1lQz0kslQTxkpBuOrqZ+94FIRRNxq8cp8TmKBY0oRtpIgV31YsQ58mJyD3HQuMs9yaHSMhHxJLBrTt2ZAS4TtyA1UKAV2F/eIMEZJ0JjhpTqu06q/RxJTTEjk4qXKZIiPEIx6RsqECfKz2dPTOCxUQYwSqQpoeFM/T2RI67UmIemkyM9VIveVPzP62c6uvBzKtJME4Hni6KMQZ3AaSJwQCXBmo0NQVhScyvEQyQR1ia3ignBXXx5mXRO6+5ZvXHTqDUvizjKoAqOwAlwwTlogmvQAm2AwSN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD6UbmBo=</latexit>
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<latexit sha1_base64="yfg6sooLXzTupQkD0ne9wB3JYI8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjBPPAbAizk95kyOzsOjMrhJC/8OJBEa/+jTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWN5b8YJdiM6kDzkjBorPfhsyP0BPpJKr1hyy+4cZJV4GSlBhnqv+OX3Y5ZGKA0TVOuO5yamO6HKcCZwWvBTjQllIzrAjqWSRqi7k/nFU3JmlT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Ko74TJJDUq2WBSmgpiYzN4nfa6QGTG2hDLF7a2EDamizNiQCjYEb/nlVdKslL2LcvWuWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AHWYJBe</latexit>
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<latexit sha1_base64="bp3P1HJU1RfEym3Bjl9AN3YKf+4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AE8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPphpQgOBR5JFjGBjJb/jayaQePTJmA2qNbfu5kCrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE01nFTzVNMJngEe1bKrGgOsjym2fozCpDFMXKljQoV39PZFhoPRWh7RTYjPWyNxf/8/qpia6DjMkkNVSSxaIo5cjEaB4AGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3WW/cN2rNmyKOMpzAKZyDB1fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4Ao9CRbQ==</latexit>

V ⇠ m�
<latexit sha1_base64="yfg6sooLXzTupQkD0ne9wB3JYI8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjBPPAbAizk95kyOzsOjMrhJC/8OJBEa/+jTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWN5b8YJdiM6kDzkjBorPfhsyP0BPpJKr1hyy+4cZJV4GSlBhnqv+OX3Y5ZGKA0TVOuO5yamO6HKcCZwWvBTjQllIzrAjqWSRqi7k/nFU3JmlT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8Ko74TJJDUq2WBSmgpiYzN4nfa6QGTG2hDLF7a2EDamizNiQCjYEb/nlVdKslL2LcvWuWqpdZ3Hk4QRO4Rw8uIQa3EIdGsBAwjO8wpujnRfn3flYtOacbOYY/sD5/AHWYJBe</latexit>

� � 2with
<latexit sha1_base64="lwRwoPLKiRMD8NoEAxbE0MNK5bg=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRS1JUU3LisYB/QxDCZTtKhM5M4MxFK6MKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPmDKqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqCSTmLRxwhLZC5EijArS1lQz0kslQTxkpBuOrqZ+94FIRRNxq8cp8TmKBY0oRtpIgV31YsQ58mJyD3HQuMs9yaHSMhHxJLBrTt2ZAS4TtyA1UKAV2F/eIMEZJ0JjhpTqu06q/RxJTTEjk4qXKZIiPEIx6RsqECfKz2dPTOCxUQYwSqQpoeFM/T2RI67UmIemkyM9VIveVPzP62c6uvBzKtJME4Hni6KMQZ3AaSJwQCXBmo0NQVhScyvEQyQR1ia3ignBXXx5mXRO6+5ZvXHTqDUvizjKoAqOwAlwwTlogmvQAm2AwSN4Bq/gzXqyXqx362PeWrKKmUPwB9bnD6UbmBo=</latexit>

� � cstrong4then (no accelerating)

However, accelerated expansion is still consistent with above SDC 
bound if we only require:

<latexit sha1_base64="vqu9HG+lzFIxHGpNprGP4rTnnRY=">AAACBnicbVC7SgNBFJ2Nrxhfq5YiDAbBKuyGoFYSsLGwiGAekF2X2dmbZMjsw5lZISypbPwVGwtFbP0GO//GSbKFJh4YOJxzD3fu8RPOpLKsb6OwtLyyulZcL21sbm3vmLt7LRmngkKTxjwWHZ9I4CyCpmKKQycRQEKfQ9sfXk789gMIyeLoVo0ScEPSj1iPUaK05JmHLYfDPXaudSQgXuaIEMsEKAM5vqt6ZtmqWFPgRWLnpIxyNDzzywlimoYQKcqJlF3bSpSbEaEY5TAuOamEhNAh6UNX04iEIN1sesYYH2slwL1Y6BcpPFV/JzISSjkKfT0ZEjWQ895E/M/rpqp37mYsSlIFEZ0t6qUcqxhPOsEBE0AVH2lCqGD6r5gOiCBU6eZKugR7/uRF0qpW7NNK7aZWrl/kdRTRATpCJ8hGZ6iOrlADNRFFj+gZvaI348l4Md6Nj9lowcgz++gPjM8fyJWYsQ==</latexit>

V  ⇤2
species

Is this enough?

[Etheredge et al ’22]

<latexit sha1_base64="BNSjiIgKkfMkMLY7G7esvWbdg9c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpKUoq6k4MZlBfuAJpSb6aQdOnl0ZiKUkJUbf8WNC0Xc+g3u/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QklEiCG2SiEei44GknIW0qZjitBMLCoHHadsb3Uz99gMVkkXhvZrE1A1gEDKfEVBa6pnHDvB4CM6AjrHjCyB26sixUGn/vJplPbNsVawZ8DKxc1JGORo988vpRyQJaKgIBym7thUrNwWhGOE0KzmJpDGQEQxoV9MQAirddPZGhk+10sd+JHSFCs/U3xMpBFJOAk93BqCGctGbiv953UT5V27KwjhRNCTzRX7CsYrwNBPcZ4ISxSeaABFM34rJEHQYSidX0iHYiy8vk1a1Yl9Uane1cv06j6OIjtAJOkM2ukR1dIsaqIkIekTP6BW9GU/Gi/FufMxbC0Y+c4j+wPj8ASucmO8=</latexit>
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The Strong dS bound can be violated at the level of the flux potential 
(in CY compactifications)

It was important:

• To consider examples realizing scenario (II) (several terms dominating)
• Go to other asymptotic limits in the field space

Summary (before puzzle)

We have studied whether string theory (asymptotic) runaway potentials 
allow for accelerating cosmologies

Caveat:  Not the end of the story, until checking full moduli 
stabilization inlcuding Kahler moduli

This can be reformulated as a convex hull condition that must lie 
outside the ball



Emergent String Conjecture

Everything is starting to come into place in flat space compactifications

(even the numerical factors!)

Asymptotic Puzzle

(all limits are either decompactifications 
or string perturbative limits)

Very useful organizing principle coming from:



Emergent String Conjecture

Everything is starting to come into place in flat space compactifications

(even the numerical factors!)

But what about in AdS?

Asymptotic Puzzle

(all limits are either decompactifications 
or string perturbative limits)

Very useful organizing principle coming from:



AdSd+1/CFTd with d > 2 [Perlmutter,Rastelli,Vafa,IV’20]

CFT Distance Conjecture

(see also [Baume,Calderon-Infante’20])

Bulk moduli space Conformal manifold (space of exactly marginal couplings)

field metric Zamolodchikov metric |x� y|2dhOi(x)Oj(y)i = gij(t
i)

tower of light states tower of operators saturating unitarity bound



AdSd+1/CFTd with d > 2 [Perlmutter,Rastelli,Vafa,IV’20]

CFT Distance Conjecture

(see also [Baume,Calderon-Infante’20])

Bulk moduli space Conformal manifold (space of exactly marginal couplings)

field metric Zamolodchikov metric |x� y|2dhOi(x)Oj(y)i = gij(t
i)

tower of light states tower of operators saturating unitarity bound

9 tower of HS with �J ⇠ e�↵d(⌧,⌧ 0)
as d(⌧, ⌧ 0) ! 1 in the conformal manifold

Our proposal:

In other words, every infinite distance point is a free point gYM ! 0



AdSd+1/CFTd with d > 2 [Perlmutter,Rastelli,Vafa,IV’20]

CFT Distance Conjecture

(see also [Baume,Calderon-Infante’20])

Bulk moduli space Conformal manifold (space of exactly marginal couplings)

field metric Zamolodchikov metric |x� y|2dhOi(x)Oj(y)i = gij(t
i)

tower of light states tower of operators saturating unitarity bound

9 tower of HS with �J ⇠ e�↵d(⌧,⌧ 0)
as d(⌧, ⌧ 0) ! 1 in the conformal manifold

Our proposal:

In other words, every infinite distance point is a free point gYM ! 0

as Im⌧ ! 1

By perturbation theory:
<latexit sha1_base64="naXgYXZnpviUa0GtB9tQwOzAf70="></latexit>

ds2 = (24 dimG)
d⌧d⌧̄

(Im⌧)2

O⌧ = Tr(F 2 + . . . )



CFT Distance Conjecture

If there is a weakly coupled AdS5 dual, it implies the existence of a tower 
of higher spin fields at infinite field distance with exponential rate:
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CFT Distance Conjecture

If there is a weakly coupled AdS5 dual, it implies the existence of a tower 
of higher spin fields at infinite field distance with exponential rate:
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We compute the exponential rate for all possible 4d SCFTs 
(N=1, N=2 and N=4) with simple gauge groups:
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CFT Distance Conjecture

If there is a weakly coupled AdS5 dual, it implies the existence of a tower 
of higher spin fields at infinite field distance with exponential rate:
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dimG

� 1p
3

� 1

2

for 4d N=2

for 4d N=1

gauge group getting free

central charge

We compute the exponential rate for all possible 4d SCFTs 
(N=1, N=2 and N=4) with simple gauge groups:

<latexit sha1_base64="3vvS73AXr7oiXYZDO+cNWB/Daqg=">AAACNXicbVDLSgMxFM3UV62vqks3wSK4KGWmFutGKbhx4aKCfUCnlEyaaUMzD5OMUEJ+yo3/4UoXLhRx6y+YtrPQtgcunJxzLzf3eDGjQtr2m5VZWV1b38hu5ra2d3b38vsHTRElHJMGjljE2x4ShNGQNCSVjLRjTlDgMdLyRtcTv/VIuKBReC/HMekGaBBSn2IkjdTL37qIxUN06focYeVo5YoHLlVZa7cIi6Zm75ld1cpZ7pS1OtO6ly/YJXsKuEiclBRAinov/+L2I5wEJJSYISE6jh3LrkJcUsyIzrmJIDHCIzQgHUNDFBDRVdOrNTwxSh/6ETcVSjhV/04oFAgxDjzTGSA5FPPeRFzmdRLpX3QVDeNEkhDPFvkJgzKCkwhhn3KCJRsbgjCn5q8QD5GJQZqgcyYEZ/7kRdIsl5zzUuWuUqhdpXFkwRE4BqfAAVVQAzegDhoAgyfwCj7Ap/VsvVtf1vesNWOlM4fgH6yfXzkGq7M=</latexit>
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CFT Distance Conjecture

According to Emergent String Conjecture:

We compute the exponential rate for all possible 4d SCFTs 
(N=1, N=2 and N=4) with simple gauge groups:

<latexit sha1_base64="3vvS73AXr7oiXYZDO+cNWB/Daqg=">AAACNXicbVDLSgMxFM3UV62vqks3wSK4KGWmFutGKbhx4aKCfUCnlEyaaUMzD5OMUEJ+yo3/4UoXLhRx6y+YtrPQtgcunJxzLzf3eDGjQtr2m5VZWV1b38hu5ra2d3b38vsHTRElHJMGjljE2x4ShNGQNCSVjLRjTlDgMdLyRtcTv/VIuKBReC/HMekGaBBSn2IkjdTL37qIxUN06focYeVo5YoHLlVZa7cIi6Zm75ld1cpZ7pS1OtO6ly/YJXsKuEiclBRAinov/+L2I5wEJJSYISE6jh3LrkJcUsyIzrmJIDHCIzQgHUNDFBDRVdOrNTwxSh/6ETcVSjhV/04oFAgxDjzTGSA5FPPeRFzmdRLpX3QVDeNEkhDPFvkJgzKCkwhhn3KCJRsbgjCn5q8QD5GJQZqgcyYEZ/7kRdIsl5zzUuWuUqhdpXFkwRE4BqfAAVVQAzegDhoAgyfwCj7Ap/VsvVtf1vesNWOlM4fgH6yfXzkGq7M=</latexit>
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CFT Distance Conjecture

According to Emergent String Conjecture:

• String perturbative limit:
<latexit sha1_base64="5h+AoSzRWDIdFmCephwj7REy4A4=">AAACAnicbVBNS8NAEJ34WetX1JN4WSyCp5JoUS9KwYvHCvYDmlI22027dLOJuxuhhODFv+LFgyJe/RXe/Ddu2xy09cHA470ZZub5MWdKO863tbC4tLyyWlgrrm9sbm3bO7sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrD67HffKBSsUjc6VFMOyHuCxYwgrWRuva+h3k8wJdeIDFJ3Sz11L3U6WmWde2SU3YmQPPEzUkJctS69pfXi0gSUqEJx0q1XSfWnRRLzQinWdFLFI0xGeI+bRsqcEhVJ528kKEjo/RQEElTQqOJ+nsixaFSo9A3nSHWAzXrjcX/vHaig4tOykScaCrIdFGQcKQjNM4D9ZikRPORIZhIZm5FZIBNGNqkVjQhuLMvz5PGSdk9K1duK6XqVR5HAQ7gEI7BhXOowg3UoA4EHuEZXuHNerJerHfrY9q6YOUze/AH1ucPzk+Xsw==</latexit>
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We compute the exponential rate for all possible 4d SCFTs 
(N=1, N=2 and N=4) with simple gauge groups:
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CFT Distance Conjecture

According to Emergent String Conjecture:

• String perturbative limit:
<latexit sha1_base64="5h+AoSzRWDIdFmCephwj7REy4A4=">AAACAnicbVBNS8NAEJ34WetX1JN4WSyCp5JoUS9KwYvHCvYDmlI22027dLOJuxuhhODFv+LFgyJe/RXe/Ddu2xy09cHA470ZZub5MWdKO863tbC4tLyyWlgrrm9sbm3bO7sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrD67HffKBSsUjc6VFMOyHuCxYwgrWRuva+h3k8wJdeIDFJ3Sz11L3U6WmWde2SU3YmQPPEzUkJctS69pfXi0gSUqEJx0q1XSfWnRRLzQinWdFLFI0xGeI+bRsqcEhVJ528kKEjo/RQEElTQqOJ+nsixaFSo9A3nSHWAzXrjcX/vHaig4tOykScaCrIdFGQcKQjNM4D9ZikRPORIZhIZm5FZIBNGNqkVjQhuLMvz5PGSdk9K1duK6XqVR5HAQ7gEI7BhXOowg3UoA4EHuEZXuHNerJerHfrY9q6YOUze/AH1ucPzk+Xsw==</latexit>
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• Decompactifications:

We compute the exponential rate for all possible 4d SCFTs 
(N=1, N=2 and N=4) with simple gauge groups:

<latexit sha1_base64="3vvS73AXr7oiXYZDO+cNWB/Daqg=">AAACNXicbVDLSgMxFM3UV62vqks3wSK4KGWmFutGKbhx4aKCfUCnlEyaaUMzD5OMUEJ+yo3/4UoXLhRx6y+YtrPQtgcunJxzLzf3eDGjQtr2m5VZWV1b38hu5ra2d3b38vsHTRElHJMGjljE2x4ShNGQNCSVjLRjTlDgMdLyRtcTv/VIuKBReC/HMekGaBBSn2IkjdTL37qIxUN06focYeVo5YoHLlVZa7cIi6Zm75ld1cpZ7pS1OtO6ly/YJXsKuEiclBRAinov/+L2I5wEJJSYISE6jh3LrkJcUsyIzrmJIDHCIzQgHUNDFBDRVdOrNTwxSh/6ETcVSjhV/04oFAgxDjzTGSA5FPPeRFzmdRLpX3QVDeNEkhDPFvkJgzKCkwhhn3KCJRsbgjCn5q8QD5GJQZqgcyYEZ/7kRdIsl5zzUuWuUqhdpXFkwRE4BqfAAVVQAzegDhoAgyfwCj7Ap/VsvVtf1vesNWOlM4fgH6yfXzkGq7M=</latexit>
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CFT Distance Conjecture

According to Emergent String Conjecture:

• String perturbative limit:
<latexit sha1_base64="5h+AoSzRWDIdFmCephwj7REy4A4=">AAACAnicbVBNS8NAEJ34WetX1JN4WSyCp5JoUS9KwYvHCvYDmlI22027dLOJuxuhhODFv+LFgyJe/RXe/Ddu2xy09cHA470ZZub5MWdKO863tbC4tLyyWlgrrm9sbm3bO7sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrD67HffKBSsUjc6VFMOyHuCxYwgrWRuva+h3k8wJdeIDFJ3Sz11L3U6WmWde2SU3YmQPPEzUkJctS69pfXi0gSUqEJx0q1XSfWnRRLzQinWdFLFI0xGeI+bRsqcEhVJ528kKEjo/RQEElTQqOJ+nsixaFSo9A3nSHWAzXrjcX/vHaig4tOykScaCrIdFGQcKQjNM4D9ZikRPORIZhIZm5FZIBNGNqkVjQhuLMvz5PGSdk9K1duK6XqVR5HAQ7gEI7BhXOowg3UoA4EHuEZXuHNerJerHfrY9q6YOUze/AH1ucPzk+Xsw==</latexit>
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• Decompactifications:

<latexit sha1_base64="65MV2AeH8HUw6bocI+UunIID/O8=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0g0tvWgFPTgsaK1hTaUzXbTLt18sLsRSuhP8OJBEa/+Im/+G7dpBBV9MPB4b4aZeV7MmVSW9WEUFhaXlleKq6W19Y3NrfL2zp2MEkFoi0Q8Eh0PS8pZSFuKKU47saA48Dhte+OLmd++p0KyKLxVk5i6AR6GzGcEKy3dXJ7V++WKZVZrdds5QZZpZchI9dg5RXauVCBHs19+7w0ikgQ0VIRjKbu2FSs3xUIxwum01EskjTEZ4yHtahrigEo3zU6dogOtDJAfCV2hQpn6fSLFgZSTwNOdAVYj+dubiX953UT5dTdlYZwoGpL5Ij/hSEVo9jcaMEGJ4hNNMBFM34rICAtMlE6npEP4+hT9T+6OTLtqOtdOpXGex1GEPdiHQ7ChBg24gia0gMAQHuAJng1uPBovxuu8tWDkM7vwA8bbJ+IKjYs=</latexit>

D = 8
<latexit sha1_base64="Q8tYMTLFELQzs11hAs5C3u/FsKo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZ0zHJQAnrwGNEskAyhp9OTNOlZ6O4RwpBP8OJBEa9+kTf/xs4kgoo+KHi8V0VVPS/mTCrL+jByS8srq2v59cLG5tb2TnF3ryWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7b3vhy5rfvqZAsCu/UJKZugIch8xnBSku3V+e1frFkmeVK1XbOkGVaGTJSPnVqyF4oJVig0S++9wYRSQIaKsKxlF3bipWbYqEY4XRa6CWSxpiM8ZB2NQ1xQKWbZqdO0ZFWBsiPhK5QoUz9PpHiQMpJ4OnOAKuR/O3NxL+8bqL8qpuyME4UDcl8kZ9wpCI0+xsNmKBE8YkmmAimb0VkhAUmSqdT0CF8fYr+J60T0y6bzo1Tql8s4sjDARzCMdhQgTpcQwOaQGAID/AEzwY3Ho0X43XemjMWM/vwA8bbJ+OOjYw=</latexit>

D = 9
<latexit sha1_base64="8vQkHXf/62jc3+1H2AKv3CdCcHg=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFRKNbV0oBV24rGAf0IYymU7aoTOTMDMRSugvuHGhiFt/yJ1/4yStoKIHLhzOuZd77wliRpV2nA+rsLS8srpWXC9tbG5t75R399oqSiQmLRyxSHYDpAijgrQ01Yx0Y0kQDxjpBJOrzO/cE6loJO70NCY+RyNBQ4qRzqTrC9cdlCuOXa3VXe8MOraTIyfVU+8cugulAhZoDsrv/WGEE06Exgwp1XOdWPspkppiRmalfqJIjPAEjUjPUIE4UX6a3zqDR0YZwjCSpoSGufp9IkVcqSkPTCdHeqx+e5n4l9dLdFj3UyriRBOB54vChEEdwexxOKSSYM2mhiAsqbkV4jGSCGsTT8mE8PUp/J+0T2y3anu3XqVxuYijCA7AITgGLqiBBrgBTdACGIzBA3gCzxa3Hq0X63XeWrAWM/vgB6y3T0dbjb8=</latexit>

D = 11

We compute the exponential rate for all possible 4d SCFTs 
(N=1, N=2 and N=4) with simple gauge groups:

<latexit sha1_base64="3vvS73AXr7oiXYZDO+cNWB/Daqg=">AAACNXicbVDLSgMxFM3UV62vqks3wSK4KGWmFutGKbhx4aKCfUCnlEyaaUMzD5OMUEJ+yo3/4UoXLhRx6y+YtrPQtgcunJxzLzf3eDGjQtr2m5VZWV1b38hu5ra2d3b38vsHTRElHJMGjljE2x4ShNGQNCSVjLRjTlDgMdLyRtcTv/VIuKBReC/HMekGaBBSn2IkjdTL37qIxUN06focYeVo5YoHLlVZa7cIi6Zm75ld1cpZ7pS1OtO6ly/YJXsKuEiclBRAinov/+L2I5wEJJSYISE6jh3LrkJcUsyIzrmJIDHCIzQgHUNDFBDRVdOrNTwxSh/6ETcVSjhV/04oFAgxDjzTGSA5FPPeRFzmdRLpX3QVDeNEkhDPFvkJgzKCkwhhn3KCJRsbgjCn5q8QD5GJQZqgcyYEZ/7kRdIsl5zzUuWuUqhdpXFkwRE4BqfAAVVQAzegDhoAgyfwCj7Ap/VsvVtf1vesNWOlM4fgH6yfXzkGq7M=</latexit>
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CFT Distance Conjecture

According to Emergent String Conjecture:

• String perturbative limit:
<latexit sha1_base64="5h+AoSzRWDIdFmCephwj7REy4A4=">AAACAnicbVBNS8NAEJ34WetX1JN4WSyCp5JoUS9KwYvHCvYDmlI22027dLOJuxuhhODFv+LFgyJe/RXe/Ddu2xy09cHA470ZZub5MWdKO863tbC4tLyyWlgrrm9sbm3bO7sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrD67HffKBSsUjc6VFMOyHuCxYwgrWRuva+h3k8wJdeIDFJ3Sz11L3U6WmWde2SU3YmQPPEzUkJctS69pfXi0gSUqEJx0q1XSfWnRRLzQinWdFLFI0xGeI+bRsqcEhVJ528kKEjo/RQEElTQqOJ+nsixaFSo9A3nSHWAzXrjcX/vHaig4tOykScaCrIdFGQcKQjNM4D9ZikRPORIZhIZm5FZIBNGNqkVjQhuLMvz5PGSdk9K1duK6XqVR5HAQ7gEI7BhXOowg3UoA4EHuEZXuHNerJerHfrY9q6YOUze/AH1ucPzk+Xsw==</latexit>
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• Decompactifications:

<latexit sha1_base64="65MV2AeH8HUw6bocI+UunIID/O8=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0g0tvWgFPTgsaK1hTaUzXbTLt18sLsRSuhP8OJBEa/+Im/+G7dpBBV9MPB4b4aZeV7MmVSW9WEUFhaXlleKq6W19Y3NrfL2zp2MEkFoi0Q8Eh0PS8pZSFuKKU47saA48Dhte+OLmd++p0KyKLxVk5i6AR6GzGcEKy3dXJ7V++WKZVZrdds5QZZpZchI9dg5RXauVCBHs19+7w0ikgQ0VIRjKbu2FSs3xUIxwum01EskjTEZ4yHtahrigEo3zU6dogOtDJAfCV2hQpn6fSLFgZSTwNOdAVYj+dubiX953UT5dTdlYZwoGpL5Ij/hSEVo9jcaMEGJ4hNNMBFM34rICAtMlE6npEP4+hT9T+6OTLtqOtdOpXGex1GEPdiHQ7ChBg24gia0gMAQHuAJng1uPBovxuu8tWDkM7vwA8bbJ+IKjYs=</latexit>

D = 8
<latexit sha1_base64="Q8tYMTLFELQzs11hAs5C3u/FsKo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZ0zHJQAnrwGNEskAyhp9OTNOlZ6O4RwpBP8OJBEa9+kTf/xs4kgoo+KHi8V0VVPS/mTCrL+jByS8srq2v59cLG5tb2TnF3ryWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7b3vhy5rfvqZAsCu/UJKZugIch8xnBSku3V+e1frFkmeVK1XbOkGVaGTJSPnVqyF4oJVig0S++9wYRSQIaKsKxlF3bipWbYqEY4XRa6CWSxpiM8ZB2NQ1xQKWbZqdO0ZFWBsiPhK5QoUz9PpHiQMpJ4OnOAKuR/O3NxL+8bqL8qpuyME4UDcl8kZ9wpCI0+xsNmKBE8YkmmAimb0VkhAUmSqdT0CF8fYr+J60T0y6bzo1Tql8s4sjDARzCMdhQgTpcQwOaQGAID/AEzwY3Ho0X43XemjMWM/vwA8bbJ+OOjYw=</latexit>

D = 9
<latexit sha1_base64="8vQkHXf/62jc3+1H2AKv3CdCcHg=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFRKNbV0oBV24rGAf0IYymU7aoTOTMDMRSugvuHGhiFt/yJ1/4yStoKIHLhzOuZd77wliRpV2nA+rsLS8srpWXC9tbG5t75R399oqSiQmLRyxSHYDpAijgrQ01Yx0Y0kQDxjpBJOrzO/cE6loJO70NCY+RyNBQ4qRzqTrC9cdlCuOXa3VXe8MOraTIyfVU+8cugulAhZoDsrv/WGEE06Exgwp1XOdWPspkppiRmalfqJIjPAEjUjPUIE4UX6a3zqDR0YZwjCSpoSGufp9IkVcqSkPTCdHeqx+e5n4l9dLdFj3UyriRBOB54vChEEdwexxOKSSYM2mhiAsqbkV4jGSCGsTT8mE8PUp/J+0T2y3anu3XqVxuYijCA7AITgGLqiBBrgBTdACGIzBA3gCzxa3Hq0X63XeWrAWM/vgB6y3T0dbjb8=</latexit>

D = 11

Are we somehow decompactifying in a dual description??

We compute the exponential rate for all possible 4d SCFTs 
(N=1, N=2 and N=4) with simple gauge groups:

<latexit sha1_base64="3vvS73AXr7oiXYZDO+cNWB/Daqg=">AAACNXicbVDLSgMxFM3UV62vqks3wSK4KGWmFutGKbhx4aKCfUCnlEyaaUMzD5OMUEJ+yo3/4UoXLhRx6y+YtrPQtgcunJxzLzf3eDGjQtr2m5VZWV1b38hu5ra2d3b38vsHTRElHJMGjljE2x4ShNGQNCSVjLRjTlDgMdLyRtcTv/VIuKBReC/HMekGaBBSn2IkjdTL37qIxUN06focYeVo5YoHLlVZa7cIi6Zm75ld1cpZ7pS1OtO6ly/YJXsKuEiclBRAinov/+L2I5wEJJSYISE6jh3LrkJcUsyIzrmJIDHCIzQgHUNDFBDRVdOrNTwxSh/6ETcVSjhV/04oFAgxDjzTGSA5FPPeRFzmdRLpX3QVDeNEkhDPFvkJgzKCkwhhn3KCJRsbgjCn5q8QD5GJQZqgcyYEZ/7kRdIsl5zzUuWuUqhdpXFkwRE4BqfAAVVQAzegDhoAgyfwCj7Ap/VsvVtf1vesNWOlM4fgH6yfXzkGq7M=</latexit>
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The Strong dS bound can be violated at the level of the flux potential 
(in CY compactifications)

It was important:

• To consider examples realizing scenario (II) (several terms dominating)
• Go to other asymptotic limits in the field space

Summary

We have studied whether string theory (asymptotic) runaway potentials 
allow for accelerating cosmologies

Caveat:  Not the end of the story, until checking full moduli 
stabilization inlcuding Kahler moduli

This can be reformulated as a convex hull condition that must lie 
outside the ball



The Strong dS bound can be violated at the level of the flux potential 
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Summary

We have studied whether string theory (asymptotic) runaway potentials 
allow for accelerating cosmologies

Caveat:  Not the end of the story, until checking full moduli 
stabilization inlcuding Kahler moduli

This can be reformulated as a convex hull condition that must lie 
outside the ball
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Non-SUSY example

SO(16)xSO(16) non-SUSY (tachyon-free) heterotic string theory:

 Positive runaway on the dilaton

V

<latexit sha1_base64="8AweZr7sK0fKc1LeWzZlGBxOVpo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Ipof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LBDXjet1NaW9/Y3CpvV3Z29/YP3MOjllGZpqxJlVC6ExHDBJesCRwE66SakSQSrB2N7mZ+e8y04Uo+wiRlQUIGksecErBS6LqD0PQ0HwyBaK2esBe6Va/mzYFXiV+QKirQCN2vXl/RLGESqCDGdH0vhSAnGjgVbFrpZYalhI7IgHUtlSRhJsjnl0/xmVX6OFbalgQ8V39P5CQxZpJEtjMhMDTL3kz8z+tmEN8EOZdpBkzSxaI4ExgUnsWA+1wzCmJiCaGa21sxHRJNKNiwKjYEf/nlVdK6qPlXtcuHy2r9toijjE7QKTpHPrpGdXSPGqiJKBqjZ/SK3pzceXHenY9Fa8kpZo7RHzifP2ORk34=</latexit>

gs ! 0



Non-SUSY example

SO(16)xSO(16) non-SUSY (tachyon-free) heterotic string theory:

 Positive runaway on the dilaton

Tower of string modes becoming light in the weak coupling limit

<latexit sha1_base64="lolH0KzJkig2wG601wSvb2tdY9w="></latexit>
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<latexit sha1_base64="8AweZr7sK0fKc1LeWzZlGBxOVpo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Ipof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LBDXjet1NaW9/Y3CpvV3Z29/YP3MOjllGZpqxJlVC6ExHDBJesCRwE66SakSQSrB2N7mZ+e8y04Uo+wiRlQUIGksecErBS6LqD0PQ0HwyBaK2esBe6Va/mzYFXiV+QKirQCN2vXl/RLGESqCDGdH0vhSAnGjgVbFrpZYalhI7IgHUtlSRhJsjnl0/xmVX6OFbalgQ8V39P5CQxZpJEtjMhMDTL3kz8z+tmEN8EOZdpBkzSxaI4ExgUnsWA+1wzCmJiCaGa21sxHRJNKNiwKjYEf/nlVdK6qPlXtcuHy2r9toijjE7QKTpHPrpGdXSPGqiJKBqjZ/SK3pzceXHenY9Fa8kpZo7RHzifP2ORk34=</latexit>

gs ! 0



Non-SUSY example

SO(16)xSO(16) non-SUSY (tachyon-free) heterotic string theory:

 Positive runaway on the dilaton

<latexit sha1_base64="NYw/8mYfv7v/inH8l5FkvcI1XwQ=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqCcpePEiVLAf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXpgIbqznfaPCyura+kZxs7S1vbO7V94/aJo41ZQ1aCxi3Q6JYYIr1rDcCtZONCMyFKwVjm6mfuuJacNj9WDHCQskGSgecUqskx5l13CJ73qmV654VW8GvEz8nFQgR71X/ur2Y5pKpiwVxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo4qIpkJstnBE3zilD6OYu1KWTxTf09kRBozlqHrlMQOzaI3Ff/zOqmNroKMqyS1TNH5oigV2MZ4+j3uc82oFWNHCNXc3YrpkGhCrcuo5ELwF19eJs2zqn9RPb8/r9Su8ziKcATHcAo+XEINbqEODaAg4Rle4Q1p9ILe0ce8tYDymUP4A/T5A25BkCo=</latexit>

m ⇠ Ms

<latexit sha1_base64="an88l/p9IwS43njacnGbMQOg+pg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AE8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPphpQgOBR5JFjGBjJb/jayaQeMw8dzao1ty6mwOtEq8gNSjQGlS//GFMUkGlIRxr3ffcxAQZVoYRTmcVP9U0wWSCR7RvqcSC6iDLb56hM6sMURQrW9KgXP09kWGh9VSEtlNgM9bL3lz8z+unJroOMiaT1FBJFouilCMTo3kAaMgUJYZPLcFEMXsrImOsMDE2pooNwVt+eZV0LureZb1x36g1b4o4ynACp3AOHlxBE+6gBW0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kDUDWRNg==</latexit>

V ⇠ m10

Tower of string modes becoming light in the weak coupling limit

<latexit sha1_base64="lolH0KzJkig2wG601wSvb2tdY9w="></latexit>
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<latexit sha1_base64="8AweZr7sK0fKc1LeWzZlGBxOVpo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Ipof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LBDXjet1NaW9/Y3CpvV3Z29/YP3MOjllGZpqxJlVC6ExHDBJesCRwE66SakSQSrB2N7mZ+e8y04Uo+wiRlQUIGksecErBS6LqD0PQ0HwyBaK2esBe6Va/mzYFXiV+QKirQCN2vXl/RLGESqCDGdH0vhSAnGjgVbFrpZYalhI7IgHUtlSRhJsjnl0/xmVX6OFbalgQ8V39P5CQxZpJEtjMhMDTL3kz8z+tmEN8EOZdpBkzSxaI4ExgUnsWA+1wzCmJiCaGa21sxHRJNKNiwKjYEf/nlVdK6qPlXtcuHy2r9toijjE7QKTpHPrpGdXSPGqiJKBqjZ/SK3pzceXHenY9Fa8kpZo7RHzifP2ORk34=</latexit>

gs ! 0



Non-SUSY example

SO(16)xSO(16) non-SUSY (tachyon-free) heterotic string theory:

 Positive runaway on the dilaton

<latexit sha1_base64="NYw/8mYfv7v/inH8l5FkvcI1XwQ=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqCcpePEiVLAf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXpgIbqznfaPCyura+kZxs7S1vbO7V94/aJo41ZQ1aCxi3Q6JYYIr1rDcCtZONCMyFKwVjm6mfuuJacNj9WDHCQskGSgecUqskx5l13CJ73qmV654VW8GvEz8nFQgR71X/ur2Y5pKpiwVxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo4qIpkJstnBE3zilD6OYu1KWTxTf09kRBozlqHrlMQOzaI3Ff/zOqmNroKMqyS1TNH5oigV2MZ4+j3uc82oFWNHCNXc3YrpkGhCrcuo5ELwF19eJs2zqn9RPb8/r9Su8ziKcATHcAo+XEINbqEODaAg4Rle4Q1p9ILe0ce8tYDymUP4A/T5A25BkCo=</latexit>

m ⇠ Ms

<latexit sha1_base64="an88l/p9IwS43njacnGbMQOg+pg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AE8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPphpQgOBR5JFjGBjJb/jayaQeMw8dzao1ty6mwOtEq8gNSjQGlS//GFMUkGlIRxr3ffcxAQZVoYRTmcVP9U0wWSCR7RvqcSC6iDLb56hM6sMURQrW9KgXP09kWGh9VSEtlNgM9bL3lz8z+unJroOMiaT1FBJFouilCMTo3kAaMgUJYZPLcFEMXsrImOsMDE2pooNwVt+eZV0LureZb1x36g1b4o4ynACp3AOHlxBE+6gBW0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kDUDWRNg==</latexit>

V ⇠ m10

Contribution of massive string excitations 
is cut-off at Ms due to modular invariance

Tower of string modes becoming light in the weak coupling limit

<latexit sha1_base64="lolH0KzJkig2wG601wSvb2tdY9w="></latexit>
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<latexit sha1_base64="8AweZr7sK0fKc1LeWzZlGBxOVpo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Ipof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LBDXjet1NaW9/Y3CpvV3Z29/YP3MOjllGZpqxJlVC6ExHDBJesCRwE66SakSQSrB2N7mZ+e8y04Uo+wiRlQUIGksecErBS6LqD0PQ0HwyBaK2esBe6Va/mzYFXiV+QKirQCN2vXl/RLGESqCDGdH0vhSAnGjgVbFrpZYalhI7IgHUtlSRhJsjnl0/xmVX6OFbalgQ8V39P5CQxZpJEtjMhMDTL3kz8z+tmEN8EOZdpBkzSxaI4ExgUnsWA+1wzCmJiCaGa21sxHRJNKNiwKjYEf/nlVdK6qPlXtcuHy2r9toijjE7QKTpHPrpGdXSPGqiJKBqjZ/SK3pzceXHenY9Fa8kpZo7RHzifP2ORk34=</latexit>

gs ! 0



Relation between V and m

<latexit sha1_base64="WRrkKDKycSdgEzQ95ysIB5q5PK8=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJSlFXUnDjsoJthTaUyWTSDp1M4sxELKGv4saFIm59EXe+jdM0C209MPBx7r3cO8dPOFPacb6t0tr6xuZWebuys7u3f2AfVrsqTiWhHRLzWN77WFHOBO1opjm9TyTFkc9pz59cz+u9RyoVi8WdnibUi/BIsJARrI01tKuNAacPaIB5MsY5BkO75tSdXGgV3AJqUKg9tL8GQUzSiApNOFaq7zqJ9jIsNSOcziqDVNEEkwke0b5BgSOqvCy/fYZOjROgMJbmCY1y9/dEhiOlppFvOiOsx2q5Njf/q/VTHV56GRNJqqkgi0VhypGO0TwIFDBJieZTA5hIZm5FZIwlJtrEVTEhuMtfXoVuo+6e15u3zVrrqoijDMdwAmfgwgW04Aba0AECT/AMr/BmzawX6936WLSWrGLmCP7I+vwBHOqT2A==</latexit>

2  ↵  dwith
<latexit sha1_base64="BbE9wEloHSTaCkvrZynt9isX5d4=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSB4CrsS1JMEvHiMYB6QjWF20kmGzOwuM71qWHLy4q948aCIV7/Bm3/j5HHQxIKGoqqb7q4glsKg6347C4tLyyurmbXs+sbm1nZuZ7dqokRzqPBIRroeMANShFBBgRLqsQamAgm1oH858mt3oI2IwhscxNBUrBuKjuAMrdTKHVR9IxRVrdRHeMAUo3vQw+Gtz2TcY61c3i24Y9B54k1JnkxRbuW+/HbEEwUhcsmMaXhujM2UaRRcwjDrJwZixvusCw1LQ6bANNPxG0N6ZJU27UTaVoh0rP6eSJkyZqAC26kY9sysNxL/8xoJds6bqQjjBCHkk0WdRFKM6CgT2hYaOMqBJYxrYW+lvMc042iTy9oQvNmX50n1pOCdForXxXzpYhpHhuyTQ3JMPHJGSuSKlEmFcPJInskreXOenBfn3fmYtC4405k98gfO5w9pBpm7</latexit>

V ⇠ m↵
tower



Relation between V and m

<latexit sha1_base64="WRrkKDKycSdgEzQ95ysIB5q5PK8=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJSlFXUnDjsoJthTaUyWTSDp1M4sxELKGv4saFIm59EXe+jdM0C209MPBx7r3cO8dPOFPacb6t0tr6xuZWebuys7u3f2AfVrsqTiWhHRLzWN77WFHOBO1opjm9TyTFkc9pz59cz+u9RyoVi8WdnibUi/BIsJARrI01tKuNAacPaIB5MsY5BkO75tSdXGgV3AJqUKg9tL8GQUzSiApNOFaq7zqJ9jIsNSOcziqDVNEEkwke0b5BgSOqvCy/fYZOjROgMJbmCY1y9/dEhiOlppFvOiOsx2q5Njf/q/VTHV56GRNJqqkgi0VhypGO0TwIFDBJieZTA5hIZm5FZIwlJtrEVTEhuMtfXoVuo+6e15u3zVrrqoijDMdwAmfgwgW04Aba0AECT/AMr/BmzawX6936WLSWrGLmCP7I+vwBHOqT2A==</latexit>

2  ↵  dwith
<latexit sha1_base64="BbE9wEloHSTaCkvrZynt9isX5d4=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSB4CrsS1JMEvHiMYB6QjWF20kmGzOwuM71qWHLy4q948aCIV7/Bm3/j5HHQxIKGoqqb7q4glsKg6347C4tLyyurmbXs+sbm1nZuZ7dqokRzqPBIRroeMANShFBBgRLqsQamAgm1oH858mt3oI2IwhscxNBUrBuKjuAMrdTKHVR9IxRVrdRHeMAUo3vQw+Gtz2TcY61c3i24Y9B54k1JnkxRbuW+/HbEEwUhcsmMaXhujM2UaRRcwjDrJwZixvusCw1LQ6bANNPxG0N6ZJU27UTaVoh0rP6eSJkyZqAC26kY9sysNxL/8xoJds6bqQjjBCHkk0WdRFKM6CgT2hYaOMqBJYxrYW+lvMc042iTy9oQvNmX50n1pOCdForXxXzpYhpHhuyTQ3JMPHJGSuSKlEmFcPJInskreXOenBfn3fmYtC4405k98gfO5w9pBpm7</latexit>

V ⇠ m↵
tower

Higuchi bound:
<latexit sha1_base64="DKIre96W5Ovcg+Gl9ynDaM1mPbg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxgm2FJpTNdtIu3STr7kYopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC6Xg2rjut1NYW9/Y3Cpul3Z29/YPyodHbZ1mimGLpSJVDyHVKHiCLcONwAepkMahwE44upn5nSdUmqfJvRlLDGI6SHjEGTVW8n0q5JD6A3wktV654lbdOcgq8XJSgRzNXvnL76csizExTFCtu54rTTChynAmcFryM42SshEdYNfShMaog8n85ik5s0qfRKmylRgyV39PTGis9TgObWdMzVAvezPxP6+bmegqmPBEZgYTtlgUZYKYlMwCIH2ukBkxtoQyxe2thA2poszYmEo2BG/55VXSrlW9i2r9rl5pXOdxFOEETuEcPLiEBtxCE1rAQMIzvMKbkzkvzrvzsWgtOPnMMfyB8/kDZzqRRA==</latexit>

↵ � 2
<latexit sha1_base64="CZq1z1JdJMy5cyZ4tF191N2bGsY=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMBPUkAS85RjALZMLQ06kkTXoWu2vUMObgr3jxoIhXf8Obf2NnOWjig4LHe1VU1fNjKTTa9reVWVpeWV3Lruc2Nre2d/K7e3UdJYpDjUcyUk2faZAihBoKlNCMFbDAl9DwB1djv3EHSosovMFhDO2A9ULRFZyhkbz8QeClLsIDphjdgxqN3B7c0oqXL9hFewK6SJwZKZAZql7+y+1EPAkgRC6Z1i3HjrGdMoWCSxjl3ERDzPiA9aBlaMgC0O10cv+IHhulQ7uRMhUinai/J1IWaD0MfNMZMOzreW8s/ue1EuxetFMRxglCyKeLuomkGNFxGLQjFHCUQ0MYV8LcSnmfKcbRRJYzITjzLy+S+mnROSuWrkuF8uUsjiw5JEfkhDjknJRJhVRJjXDySJ7JK3mznqwX6936mLZmrNnMPvkD6/MH0jeWmw==</latexit>

mtower � H since it contains higher spin fields



Relation between V and m

<latexit sha1_base64="WRrkKDKycSdgEzQ95ysIB5q5PK8=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJSlFXUnDjsoJthTaUyWTSDp1M4sxELKGv4saFIm59EXe+jdM0C209MPBx7r3cO8dPOFPacb6t0tr6xuZWebuys7u3f2AfVrsqTiWhHRLzWN77WFHOBO1opjm9TyTFkc9pz59cz+u9RyoVi8WdnibUi/BIsJARrI01tKuNAacPaIB5MsY5BkO75tSdXGgV3AJqUKg9tL8GQUzSiApNOFaq7zqJ9jIsNSOcziqDVNEEkwke0b5BgSOqvCy/fYZOjROgMJbmCY1y9/dEhiOlppFvOiOsx2q5Njf/q/VTHV56GRNJqqkgi0VhypGO0TwIFDBJieZTA5hIZm5FZIwlJtrEVTEhuMtfXoVuo+6e15u3zVrrqoijDMdwAmfgwgW04Aba0AECT/AMr/BmzawX6936WLSWrGLmCP7I+vwBHOqT2A==</latexit>

2  ↵  dwith
<latexit sha1_base64="BbE9wEloHSTaCkvrZynt9isX5d4=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSB4CrsS1JMEvHiMYB6QjWF20kmGzOwuM71qWHLy4q948aCIV7/Bm3/j5HHQxIKGoqqb7q4glsKg6347C4tLyyurmbXs+sbm1nZuZ7dqokRzqPBIRroeMANShFBBgRLqsQamAgm1oH858mt3oI2IwhscxNBUrBuKjuAMrdTKHVR9IxRVrdRHeMAUo3vQw+Gtz2TcY61c3i24Y9B54k1JnkxRbuW+/HbEEwUhcsmMaXhujM2UaRRcwjDrJwZixvusCw1LQ6bANNPxG0N6ZJU27UTaVoh0rP6eSJkyZqAC26kY9sysNxL/8xoJds6bqQjjBCHkk0WdRFKM6CgT2hYaOMqBJYxrYW+lvMc042iTy9oQvNmX50n1pOCdForXxXzpYhpHhuyTQ3JMPHJGSuSKlEmFcPJInskreXOenBfn3fmYtC4405k98gfO5w9pBpm7</latexit>

V ⇠ m↵
tower

Higuchi bound:
<latexit sha1_base64="DKIre96W5Ovcg+Gl9ynDaM1mPbg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxgm2FJpTNdtIu3STr7kYopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC6Xg2rjut1NYW9/Y3Cpul3Z29/YPyodHbZ1mimGLpSJVDyHVKHiCLcONwAepkMahwE44upn5nSdUmqfJvRlLDGI6SHjEGTVW8n0q5JD6A3wktV654lbdOcgq8XJSgRzNXvnL76csizExTFCtu54rTTChynAmcFryM42SshEdYNfShMaog8n85ik5s0qfRKmylRgyV39PTGis9TgObWdMzVAvezPxP6+bmegqmPBEZgYTtlgUZYKYlMwCIH2ukBkxtoQyxe2thA2poszYmEo2BG/55VXSrlW9i2r9rl5pXOdxFOEETuEcPLiEBtxCE1rAQMIzvMKbkzkvzrvzsWgtOPnMMfyB8/kDZzqRRA==</latexit>

↵ � 2
<latexit sha1_base64="CZq1z1JdJMy5cyZ4tF191N2bGsY=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMBPUkAS85RjALZMLQ06kkTXoWu2vUMObgr3jxoIhXf8Obf2NnOWjig4LHe1VU1fNjKTTa9reVWVpeWV3Lruc2Nre2d/K7e3UdJYpDjUcyUk2faZAihBoKlNCMFbDAl9DwB1djv3EHSosovMFhDO2A9ULRFZyhkbz8QeClLsIDphjdgxqN3B7c0oqXL9hFewK6SJwZKZAZql7+y+1EPAkgRC6Z1i3HjrGdMoWCSxjl3ERDzPiA9aBlaMgC0O10cv+IHhulQ7uRMhUinai/J1IWaD0MfNMZMOzreW8s/ue1EuxetFMRxglCyKeLuomkGNFxGLQjFHCUQ0MYV8LcSnmfKcbRRJYzITjzLy+S+mnROSuWrkuF8uUsjiw5JEfkhDjknJRJhVRJjXDySJ7JK3mznqwX6936mLZmrNnMPvkD6/MH0jeWmw==</latexit>

mtower � H since it contains higher spin fields

Even if tree level is small, there is a one-loop contribution:
<latexit sha1_base64="weID40ZGFBNS5u2AhV5SsV0sRQ4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkqCcpePFYwX5AE8pmM2mXbjbr7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCyVn2rjut1NaW9/Y3CpvV3Z29/YPqodHHZ1mikKbpjxVvZBo4ExA2zDDoScVkCTk0A3HtzO/+wRKs1Q8mImEICFDwWJGibGS7xMuR8Tn8IijQbXm1t058CrxClJDBVqD6pcfpTRLQBjKidZ9z5UmyIkyjHKYVvxMgyR0TIbQt1SQBHSQz2+e4jOrRDhOlS1h8Fz9PZGTROtJEtrOhJiRXvZm4n9ePzPxdZAzITMDgi4WxRnHJsWzAHDEFFDDJ5YQqpi9FdMRUYQaG1PFhuAtv7xKOhd177LeuG/UmjdFHGV0gk7ROfLQFWqiO9RCbUSRRM/oFb05mfPivDsfi9aSU8wcoz9wPn8AuqqRew==</latexit>

↵  d
<latexit sha1_base64="Ex9eAnNRuJtxFMhYaJCbZkJzDns=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj1JwYvHCvZD2rVks9k2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6gZYU84kbRlmOO0mimIRcNoJxjczv/NElWaxvDeThPoCDyWLGMHGSg/tvmYCicdwUK64VXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8XmqiKz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpH1R9erV2l2t0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A2MskCM=</latexit>

V ⇠ md (if non-susy)



Relation between V and m

<latexit sha1_base64="WRrkKDKycSdgEzQ95ysIB5q5PK8=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJSlFXUnDjsoJthTaUyWTSDp1M4sxELKGv4saFIm59EXe+jdM0C209MPBx7r3cO8dPOFPacb6t0tr6xuZWebuys7u3f2AfVrsqTiWhHRLzWN77WFHOBO1opjm9TyTFkc9pz59cz+u9RyoVi8WdnibUi/BIsJARrI01tKuNAacPaIB5MsY5BkO75tSdXGgV3AJqUKg9tL8GQUzSiApNOFaq7zqJ9jIsNSOcziqDVNEEkwke0b5BgSOqvCy/fYZOjROgMJbmCY1y9/dEhiOlppFvOiOsx2q5Njf/q/VTHV56GRNJqqkgi0VhypGO0TwIFDBJieZTA5hIZm5FZIwlJtrEVTEhuMtfXoVuo+6e15u3zVrrqoijDMdwAmfgwgW04Aba0AECT/AMr/BmzawX6936WLSWrGLmCP7I+vwBHOqT2A==</latexit>

2  ↵  dwith
<latexit sha1_base64="BbE9wEloHSTaCkvrZynt9isX5d4=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSB4CrsS1JMEvHiMYB6QjWF20kmGzOwuM71qWHLy4q948aCIV7/Bm3/j5HHQxIKGoqqb7q4glsKg6347C4tLyyurmbXs+sbm1nZuZ7dqokRzqPBIRroeMANShFBBgRLqsQamAgm1oH858mt3oI2IwhscxNBUrBuKjuAMrdTKHVR9IxRVrdRHeMAUo3vQw+Gtz2TcY61c3i24Y9B54k1JnkxRbuW+/HbEEwUhcsmMaXhujM2UaRRcwjDrJwZixvusCw1LQ6bANNPxG0N6ZJU27UTaVoh0rP6eSJkyZqAC26kY9sysNxL/8xoJds6bqQjjBCHkk0WdRFKM6CgT2hYaOMqBJYxrYW+lvMc042iTy9oQvNmX50n1pOCdForXxXzpYhpHhuyTQ3JMPHJGSuSKlEmFcPJInskreXOenBfn3fmYtC4405k98gfO5w9pBpm7</latexit>

V ⇠ m↵
tower

Higuchi bound:
<latexit sha1_base64="DKIre96W5Ovcg+Gl9ynDaM1mPbg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxgm2FJpTNdtIu3STr7kYopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC6Xg2rjut1NYW9/Y3Cpul3Z29/YPyodHbZ1mimGLpSJVDyHVKHiCLcONwAepkMahwE44upn5nSdUmqfJvRlLDGI6SHjEGTVW8n0q5JD6A3wktV654lbdOcgq8XJSgRzNXvnL76csizExTFCtu54rTTChynAmcFryM42SshEdYNfShMaog8n85ik5s0qfRKmylRgyV39PTGis9TgObWdMzVAvezPxP6+bmegqmPBEZgYTtlgUZYKYlMwCIH2ukBkxtoQyxe2thA2poszYmEo2BG/55VXSrlW9i2r9rl5pXOdxFOEETuEcPLiEBtxCE1rAQMIzvMKbkzkvzrvzsWgtOPnMMfyB8/kDZzqRRA==</latexit>

↵ � 2
<latexit sha1_base64="CZq1z1JdJMy5cyZ4tF191N2bGsY=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMBPUkAS85RjALZMLQ06kkTXoWu2vUMObgr3jxoIhXf8Obf2NnOWjig4LHe1VU1fNjKTTa9reVWVpeWV3Lruc2Nre2d/K7e3UdJYpDjUcyUk2faZAihBoKlNCMFbDAl9DwB1djv3EHSosovMFhDO2A9ULRFZyhkbz8QeClLsIDphjdgxqN3B7c0oqXL9hFewK6SJwZKZAZql7+y+1EPAkgRC6Z1i3HjrGdMoWCSxjl3ERDzPiA9aBlaMgC0O10cv+IHhulQ7uRMhUinai/J1IWaD0MfNMZMOzreW8s/ue1EuxetFMRxglCyKeLuomkGNFxGLQjFHCUQ0MYV8LcSnmfKcbRRJYzITjzLy+S+mnROSuWrkuF8uUsjiw5JEfkhDjknJRJhVRJjXDySJ7JK3mznqwX6936mLZmrNnMPvkD6/MH0jeWmw==</latexit>

mtower � H since it contains higher spin fields

Even if tree level is small, there is a one-loop contribution:
<latexit sha1_base64="weID40ZGFBNS5u2AhV5SsV0sRQ4=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkqCcpePFYwX5AE8pmM2mXbjbr7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCyVn2rjut1NaW9/Y3CpvV3Z29/YPqodHHZ1mikKbpjxVvZBo4ExA2zDDoScVkCTk0A3HtzO/+wRKs1Q8mImEICFDwWJGibGS7xMuR8Tn8IijQbXm1t058CrxClJDBVqD6pcfpTRLQBjKidZ9z5UmyIkyjHKYVvxMgyR0TIbQt1SQBHSQz2+e4jOrRDhOlS1h8Fz9PZGTROtJEtrOhJiRXvZm4n9ePzPxdZAzITMDgi4WxRnHJsWzAHDEFFDDJ5YQqpi9FdMRUYQaG1PFhuAtv7xKOhd177LeuG/UmjdFHGV0gk7ROfLQFWqiO9RCbUSRRM/oFb05mfPivDsfi9aSU8wcoz9wPn8AuqqRew==</latexit>

↵  d
<latexit sha1_base64="Ex9eAnNRuJtxFMhYaJCbZkJzDns=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj1JwYvHCvZD2rVks9k2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6gZYU84kbRlmOO0mimIRcNoJxjczv/NElWaxvDeThPoCDyWLGMHGSg/tvmYCicdwUK64VXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8XmqiKz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpH1R9erV2l2t0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A2MskCM=</latexit>

V ⇠ md (if non-susy)

Consistent with Light Fermion conjecture:

(to avoid inconsistency of Casimir vacua with AdS swampland conjectures 
upon compactification of the theory)

<latexit sha1_base64="WTyv5+g1iF92AsTzFTu3tPG9xbY=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5pIUU9S8OKxgv2ANpbNZtIu3U3C7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM8xPOlHacb6uwsrq2vlHcLG1t7+zu2eX9lopTSaFJYx7Ljk8UcBZBUzPNoZNIIMLn0PZH11O//QBSsTi60+MEPEEGEQsZJdpIfbssehyUUkzg1n3mngaTvl1xqs4MeJm4OamgHI2+/dULYpoKiDTlRKmu6yTay4jUjHKYlHqpgoTQERlA19CICFBeNjt9go+NEuAwlqYijWfq74mMCKXGwjedguihWvSm4n9eN9XhpZexKEk1RHS+KEw51jGe5oADJoFqPjaEUMnMrZgOiSRUm7RKJgR38eVl0jqruufV2m2tUr/K4yiiQ3SETpCLLlAd3aAGaiKKHtEzekVv1pP1Yr1bH/PWgpXPHKA/sD5/AM3yk7M=</latexit>

m . V 1/dIf there is a surplus of light fermions with 
<latexit sha1_base64="XOSu9qHlVfxbwj6XzVa3N9o2X/M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZxdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZK7VZviI/E7ZcrbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n83PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzH4nA66QGTGxhDLF7a2EjaiizNiESjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9+3o8E</latexit>

V � 0

[Gonzalo,Ibañez,IV’21]



Asymptotically Minkowski compactifications:
Exponential 

behaviour of the 
tower mass

Tower populated 
by infinitely 
many states

Classification of 
limits

More than 8 supercharges: coset spaces

8 supercharges

4d N=2 (Type II 
on CY3)

Vector 
multiplets

Hypermultiplets

5d/6d N=1
(M/F-theory on 

CY3)

Vector/tensor 
multiplets

Hypermultiplets

4 supercharges: 4d N=1

No supersymmetry

Asymptotically AdS compactifications:

Weak coupling points in d>3

Other points

Status report of SDC



Two moduli limits

We compute leading behaviour 
of the flux induced scalar 

potential for the 46 possible 
asymptotic limits

⌧, ⇢ ! 1



Two moduli limits

We compute leading behaviour 
of the flux induced scalar 

potential for the 46 possible 
asymptotic limits

⌧, ⇢ ! 1

weak coupling + large volume limit in IIA
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What is the value of the exponential rate?

 AdSd+1/CFTd d > 2with

↵ =

r
2c

dimG

� 1p
3

� 1

2

for 4d N=2

for 4d N=1

4D N=1 theories:

4D N=2 theories:
bounded by scalar contribution 
to WGC/extremality bound!

↵2 � Q2
ext

T 2
ext

����
BPSparticles

� 1

2

↵ � 1p
(d� 2)(d� 3)

[Bedroya,Vafa’19] [Andriot et al’20]TCC

↵ � 1

2

Qext

Text

����
BPS string

[Gendler,IV’20]
[Bastian, Grimm,Van de Heisteeg’20]

[Lee,Lerche,Weigand’19]

↵ � 1p
2n

for CYn

[Grimm, Palti, IV’18] [Gendler,IV’20]

Lower bound for BPS states in CY compactifications:

K = �n log �+ . . .

[Perlmutter,Rastelli,Vafa,IV’20]


