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Asymptotic 
regimes

� ! 1
gYM ! 0

restores global symmetry
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Properties of asymptotic limits that resemble our uninverse:

• Weak coupling: gYM ! 0 at infinite distance

• Small cosmological constant: at infinite distance
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Could we live in an asymptotic limit?

Properties of asymptotic limits that resemble our uninverse:

• Quantum gravity effects become important at scales much below Mp:

Opportunity to explain naturalness issues?

• Weak coupling: gYM ! 0 at infinite distance

• Small cosmological constant: at infinite distance
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We could live in:

Could we live in an asymptotic limit?

• de Sitter minima

• de Sitter maxima

• rolling potential (quintessence)
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We could live in:

Universal consequence:  light tower of states

Could we live in an asymptotic limit?

• de Sitter minima

• de Sitter maxima

• rolling potential (quintessence)
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First part of the talk

We could live in:

Universal consequence:  light tower of states

Could we live in an asymptotic limit?

• de Sitter minima

• de Sitter maxima

• rolling potential (quintessence)

?
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We could live in:
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Could we live in an asymptotic limit?

• de Sitter minima
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Asymptotic Quintessence
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Asymptotic Quintessence
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Universal asymptotic runaway behaviour of potential:
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Asymptotic Quintessence
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Universal asymptotic runaway behaviour of potential:
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• Generalization of Dine-Seiberg for any field 
space direction

• String theory evidence

• Asymptotic dS conjecture

[Grimm et al’19]
[Wrase,Junghans,Andriot… ’18-19]�
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[Obied et al’18]

[Ooguri et al’18]
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To get accelerated expansion:

Asymptotic Quintessence
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Proposed Swampland bounds:

[Bedroya,Vafa’19]

[Rudelius’21]
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cstrongd =
2p
d� 2

Proposed Swampland bounds:

[Bedroya,Vafa’19]

[Rudelius’21]



<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:

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]



Can we have asymptotic accelerated expansion in string theory?



Argument to prevent accelerated expansion in runaway 
potentials in SUSY setups:

4d N=1 supergravities

[Rudelius’21]

(also [Hellerman et al’01])



Argument to prevent accelerated expansion in runaway 
potentials in SUSY setups:

4d N=1 supergravities

[Rudelius’21]

4d N=1 EFTs:
<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 |

(also [Hellerman et al’01])



Argument to prevent accelerated expansion in runaway 
potentials in SUSY setups:

4d N=1 supergravities

[Rudelius’21]

4d N=1 EFTs:
<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 |

e.g.

<latexit sha1_base64="BpO6fSnzy5MBB6gIWqjHQqq0f5g=">AAACD3icbVDLSsNAFJ3UV62vqEs3waLUhSWpRV1JwY3LCvYBTSyT6aQdOpOEmRuhhP6BG3/FjQtF3Lp15984bbPQ1gMXzpxzL3Pv8WPOFNj2t5FbWl5ZXcuvFzY2t7Z3zN29pooSSWiDRDySbR8ryllIG8CA03YsKRY+py1/eD3xWw9UKhaFdzCKqSdwP2QBIxi01DWP3UBi4lRdTgMoTR+p28dC4PvKuHJ65krWH8BJ1yzaZXsKa5E4GSmiDPWu+eX2IpIIGgLhWKmOY8fgpVgCI5yOC26iaIzJEPdpR9MQC6q8dHrP2DrSSs8KIqkrBGuq/p5IsVBqJHzdKTAM1Lw3Ef/zOgkEl17KwjgBGpLZR0HCLYisSThWj0lKgI80wUQyvatFBlhnAjrCgg7BmT95kTQrZee8XL2tFmtXWRx5dIAOUQk56ALV0A2qowYi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB64mm8w=</latexit>

1

4

✓
�2

2
� 3

◆

<latexit sha1_base64="l89tYTdopc8ZCJpv9IeLN4rvaDg=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCRS1JUU3AhuKvQFTQiT6aQdOpkMMxOhhP6EG3/FjQtF3Aru/BsnbRa19cCFw7n3cu85oWBUacf5sVZW19Y3Nktb5e2d3b19++CwrZJUYtLCCUtkN0SKMMpJS1PNSFdIguKQkU44us37nUciFU14U48F8WM04DSiGGkjBfa5J5DUFLGAejHSQ4xY1px4QiZCJ/A+oHBODuyKU3WmgMvELUgFFGgE9rfXT3AaE64xQ0r1XEdoP8svYkYmZS9VRCA8QgPSM5SjmCg/m7qawFOj9GGUSFNcw6k6v5GhWKlxHJrJ/EW12MvF/3q9VEfXfka5SDXheHYoShk0hvOIYJ9KgjUbG4KwpOZXiIdIIqxNkGUTgrtoeZm0L6ruZbX2UKvUb4o4SuAYnIAz4IIrUAd3oAFaAIMn8ALewLv1bL1aH9bnbHTFKnaOwB9YX7/Egp/Q</latexit>

@iT / KiT

=

<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)and

(also [Hellerman et al’01])



Argument to prevent accelerated expansion in runaway 
potentials in SUSY setups:

4d N=1 supergravities

[Rudelius’21]

4d N=1 EFTs:
<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="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!

e.g.

<latexit sha1_base64="BpO6fSnzy5MBB6gIWqjHQqq0f5g=">AAACD3icbVDLSsNAFJ3UV62vqEs3waLUhSWpRV1JwY3LCvYBTSyT6aQdOpOEmRuhhP6BG3/FjQtF3Lp15984bbPQ1gMXzpxzL3Pv8WPOFNj2t5FbWl5ZXcuvFzY2t7Z3zN29pooSSWiDRDySbR8ryllIG8CA03YsKRY+py1/eD3xWw9UKhaFdzCKqSdwP2QBIxi01DWP3UBi4lRdTgMoTR+p28dC4PvKuHJ65krWH8BJ1yzaZXsKa5E4GSmiDPWu+eX2IpIIGgLhWKmOY8fgpVgCI5yOC26iaIzJEPdpR9MQC6q8dHrP2DrSSs8KIqkrBGuq/p5IsVBqJHzdKTAM1Lw3Ef/zOgkEl17KwjgBGpLZR0HCLYisSThWj0lKgI80wUQyvatFBlhnAjrCgg7BmT95kTQrZee8XL2tFmtXWRx5dIAOUQk56ALV0A2qowYi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB64mm8w=</latexit>

1

4

✓
�2

2
� 3

◆

<latexit sha1_base64="l89tYTdopc8ZCJpv9IeLN4rvaDg=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCRS1JUU3AhuKvQFTQiT6aQdOpkMMxOhhP6EG3/FjQtF3Aru/BsnbRa19cCFw7n3cu85oWBUacf5sVZW19Y3Nktb5e2d3b19++CwrZJUYtLCCUtkN0SKMMpJS1PNSFdIguKQkU44us37nUciFU14U48F8WM04DSiGGkjBfa5J5DUFLGAejHSQ4xY1px4QiZCJ/A+oHBODuyKU3WmgMvELUgFFGgE9rfXT3AaE64xQ0r1XEdoP8svYkYmZS9VRCA8QgPSM5SjmCg/m7qawFOj9GGUSFNcw6k6v5GhWKlxHJrJ/EW12MvF/3q9VEfXfka5SDXheHYoShk0hvOIYJ9KgjUbG4KwpOZXiIdIIqxNkGUTgrtoeZm0L6ruZbX2UKvUb4o4SuAYnIAz4IIrUAd3oAFaAIMn8ALewLv1bL1aH9bnbHTFKnaOwB9YX7/Egp/Q</latexit>

@iT / KiT

=

<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)and

(also [Hellerman et al’01])



Argument to prevent accelerated expansion in runaway 
potentials in SUSY setups:

4d N=1 supergravities

[Rudelius’21]

4d N=1 EFTs:
<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="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!

e.g.

<latexit sha1_base64="BpO6fSnzy5MBB6gIWqjHQqq0f5g=">AAACD3icbVDLSsNAFJ3UV62vqEs3waLUhSWpRV1JwY3LCvYBTSyT6aQdOpOEmRuhhP6BG3/FjQtF3Lp15984bbPQ1gMXzpxzL3Pv8WPOFNj2t5FbWl5ZXcuvFzY2t7Z3zN29pooSSWiDRDySbR8ryllIG8CA03YsKRY+py1/eD3xWw9UKhaFdzCKqSdwP2QBIxi01DWP3UBi4lRdTgMoTR+p28dC4PvKuHJ65krWH8BJ1yzaZXsKa5E4GSmiDPWu+eX2IpIIGgLhWKmOY8fgpVgCI5yOC26iaIzJEPdpR9MQC6q8dHrP2DrSSs8KIqkrBGuq/p5IsVBqJHzdKTAM1Lw3Ef/zOgkEl17KwjgBGpLZR0HCLYisSThWj0lKgI80wUQyvatFBlhnAjrCgg7BmT95kTQrZee8XL2tFmtXWRx5dIAOUQk56ALV0A2qowYi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB64mm8w=</latexit>

1

4

✓
�2

2
� 3

◆

<latexit sha1_base64="l89tYTdopc8ZCJpv9IeLN4rvaDg=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCRS1JUU3AhuKvQFTQiT6aQdOpkMMxOhhP6EG3/FjQtF3Aru/BsnbRa19cCFw7n3cu85oWBUacf5sVZW19Y3Nktb5e2d3b19++CwrZJUYtLCCUtkN0SKMMpJS1PNSFdIguKQkU44us37nUciFU14U48F8WM04DSiGGkjBfa5J5DUFLGAejHSQ4xY1px4QiZCJ/A+oHBODuyKU3WmgMvELUgFFGgE9rfXT3AaE64xQ0r1XEdoP8svYkYmZS9VRCA8QgPSM5SjmCg/m7qawFOj9GGUSFNcw6k6v5GhWKlxHJrJ/EW12MvF/3q9VEfXfka5SDXheHYoShk0hvOIYJ9KgjUbG4KwpOZXiIdIIqxNkGUTgrtoeZm0L6ruZbX2UKvUb4o4SuAYnIAz4IIrUAd3oAFaAIMn8ALewLv1bL1aH9bnbHTFKnaOwB9YX7/Egp/Q</latexit>

@iT / KiT

=

<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)and

Not true in general, gradient flows of W and V can be different

(also [Hellerman et al’01])



Argument to prevent accelerated expansion in runaway 
potentials in SUSY setups:

A priori, no obstruction to get asymptotic accelerated expansion in SUGRA

4d N=1 supergravities

[Rudelius’21]

4d N=1 EFTs:
<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="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!

e.g.

<latexit sha1_base64="BpO6fSnzy5MBB6gIWqjHQqq0f5g=">AAACD3icbVDLSsNAFJ3UV62vqEs3waLUhSWpRV1JwY3LCvYBTSyT6aQdOpOEmRuhhP6BG3/FjQtF3Lp15984bbPQ1gMXzpxzL3Pv8WPOFNj2t5FbWl5ZXcuvFzY2t7Z3zN29pooSSWiDRDySbR8ryllIG8CA03YsKRY+py1/eD3xWw9UKhaFdzCKqSdwP2QBIxi01DWP3UBi4lRdTgMoTR+p28dC4PvKuHJ65krWH8BJ1yzaZXsKa5E4GSmiDPWu+eX2IpIIGgLhWKmOY8fgpVgCI5yOC26iaIzJEPdpR9MQC6q8dHrP2DrSSs8KIqkrBGuq/p5IsVBqJHzdKTAM1Lw3Ef/zOgkEl17KwjgBGpLZR0HCLYisSThWj0lKgI80wUQyvatFBlhnAjrCgg7BmT95kTQrZee8XL2tFmtXWRx5dIAOUQk56ALV0A2qowYi6BE9o1f0ZjwZL8a78TFrzRnZzD76A+PzB64mm8w=</latexit>

1

4

✓
�2

2
� 3

◆

<latexit sha1_base64="l89tYTdopc8ZCJpv9IeLN4rvaDg=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgupCRS1JUU3AhuKvQFTQiT6aQdOpkMMxOhhP6EG3/FjQtF3Aru/BsnbRa19cCFw7n3cu85oWBUacf5sVZW19Y3Nktb5e2d3b19++CwrZJUYtLCCUtkN0SKMMpJS1PNSFdIguKQkU44us37nUciFU14U48F8WM04DSiGGkjBfa5J5DUFLGAejHSQ4xY1px4QiZCJ/A+oHBODuyKU3WmgMvELUgFFGgE9rfXT3AaE64xQ0r1XEdoP8svYkYmZS9VRCA8QgPSM5SjmCg/m7qawFOj9GGUSFNcw6k6v5GhWKlxHJrJ/EW12MvF/3q9VEfXfka5SDXheHYoShk0hvOIYJ9KgjUbG4KwpOZXiIdIIqxNkGUTgrtoeZm0L6ruZbX2UKvUb4o4SuAYnIAz4IIrUAd3oAFaAIMn8ALewLv1bL1aH9bnbHTFKnaOwB9YX7/Egp/Q</latexit>

@iT / KiT

=

<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)and

Not true in general, gradient flows of W and V can be different

(also [Hellerman et al’01])



No asymptotic accelerated expansion in perturbative Type IIA/B:

Flux potentials in string theory

Runaway in overall volume is too steep[Cicoli et al’21]



No asymptotic accelerated expansion in perturbative Type IIA/B:

Flux potentials in string theory

Runaway in overall volume is too steep

But quintessence field cannot be the overall volume for our universe

[Cicoli et al’21]



No asymptotic accelerated expansion in perturbative Type IIA/B:

Flux potentials in string theory

This is just one corner of the landscape, many more 
types of asymptotic limits! 

Runaway in overall volume is too steep

But quintessence field cannot be the overall volume for our universe

[Cicoli et al’21]



F-theory complex structure moduli space

<latexit sha1_base64="gmTMh6JoCIsUcKp4VYpjnB+KngI="></latexit>

V =
1

V3
4

✓Z

Y4

G4 ^ ?G4 �
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◆



F-theory complex structure moduli space

<latexit sha1_base64="gmTMh6JoCIsUcKp4VYpjnB+KngI="></latexit>

V =
1

V3
4

✓Z

Y4

G4 ^ ?G4 �
Z

Y4

G4 ^G4

◆

Asymptotic 
Hodge Theory

<latexit sha1_base64="ukKesOOw0pE2J61zFrNem1JN9ng="></latexit>

X

~l2E

n̂Y

j=1

(sj)�ljk⇢~l(G4,�)k21



F-theory complex structure moduli space

<latexit sha1_base64="gmTMh6JoCIsUcKp4VYpjnB+KngI="></latexit>

V =
1

V3
4

✓Z

Y4

G4 ^ ?G4 �
Z

Y4

G4 ^G4

◆

Asymptotic 
Hodge Theory

<latexit sha1_base64="ukKesOOw0pE2J61zFrNem1JN9ng="></latexit>

X

~l2E

n̂Y

j=1

(sj)�ljk⇢~l(G4,�)k21

e.g. For
<latexit sha1_base64="PjvU4C+Yn7GJ4AmyGZ3zIEhlg/I="></latexit>

� = � �i�ldomiq
1
2

Pn̂
i=1(�

i)2�di

<latexit sha1_base64="J061aISWSF2yO+I7InH6yMQLjX4=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAtLIkXdKAVdCG4q2As0MUwmk3boZBJmJkIJ3bjxVdy4UMSt7+DOt3HaZqHVHwY+/nMOZ87vJ4xKZVlfRmFufmFxqbhcWlldW98wN7daMk4FJk0cs1h0fCQJo5w0FVWMdBJBUOQz0vYHF+N6+54ISWN+q4YJcSPU4zSkGClteebu9dmhI9PIo84lYQrBQBOLexV5Rw88s2xVrYngX7BzKINcDc/8dIIYpxHhCjMkZde2EuVmSCiKGRmVnFSSBOEB6pGuRo4iIt1scsUI7msngGEs9OMKTtyfExmKpBxGvu6MkOrL2drY/K/WTVV46maUJ6kiHE8XhSmDKobjSGBABcGKDTUgLKj+K8R9JBBWOriSDsGePfkvtI6q9nG1dlMr18/zOIpgB+yBCrDBCaiDK9AATYDBA3gCL+DVeDSejTfjfdpaMPKZbfBLxsc3HceXsQ==</latexit>

K = �
X

i

�di log(s
i)



F-theory complex structure moduli space

<latexit sha1_base64="gmTMh6JoCIsUcKp4VYpjnB+KngI="></latexit>

V =
1

V3
4

✓Z

Y4

G4 ^ ?G4 �
Z

Y4

G4 ^G4

◆

Asymptotic 
Hodge Theory

<latexit sha1_base64="ukKesOOw0pE2J61zFrNem1JN9ng="></latexit>

X

~l2E

n̂Y

j=1

(sj)�ljk⇢~l(G4,�)k21

Weak string coupling limit: (worst limit to look for acceleration)
<latexit sha1_base64="EmKP2qNC0QFL1bFqz7QwMFttfXY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxov2ANpTNZtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMC1LBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjrJFMMGS0Si2gHVKLjEhuFGYDtVSONAYCsY3k791hMqzRP5aEYp+jHtSx5xRo2VHsJrr1euuFV3BrJMvJxUIEe9V/7qhgnLYpSGCap1x3NT44+pMpwJnJS6mcaUsiHtY8dSSWPU/nh26oScWCUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPRvEnKFzIiRJZQpbm8lbEAVZcamU7IheIsvL5PmWdW7qJ7fn1dqN3kcRTiCYzgFDy6hBndQhwYw6MMzvMKbI5wX5935mLcWnHzmEP7A+fwBuzmNbw==</latexit>

d = 1

Two-moduli limits classified in [Grimm,Li,IV’19]

e.g. For
<latexit sha1_base64="PjvU4C+Yn7GJ4AmyGZ3zIEhlg/I="></latexit>
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i)2�di

<latexit sha1_base64="J061aISWSF2yO+I7InH6yMQLjX4=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAtLIkXdKAVdCG4q2As0MUwmk3boZBJmJkIJ3bjxVdy4UMSt7+DOt3HaZqHVHwY+/nMOZ87vJ4xKZVlfRmFufmFxqbhcWlldW98wN7daMk4FJk0cs1h0fCQJo5w0FVWMdBJBUOQz0vYHF+N6+54ISWN+q4YJcSPU4zSkGClteebu9dmhI9PIo84lYQrBQBOLexV5Rw88s2xVrYngX7BzKINcDc/8dIIYpxHhCjMkZde2EuVmSCiKGRmVnFSSBOEB6pGuRo4iIt1scsUI7msngGEs9OMKTtyfExmKpBxGvu6MkOrL2drY/K/WTVV46maUJ6kiHE8XhSmDKobjSGBABcGKDTUgLKj+K8R9JBBWOriSDsGePfkvtI6q9nG1dlMr18/zOIpgB+yBCrDBCaiDK9AATYDBA3gCL+DVeDSejTfjfdpaMPKZbfBLxsc3HceXsQ==</latexit>
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F-theory complex structure moduli space

<latexit sha1_base64="gmTMh6JoCIsUcKp4VYpjnB+KngI="></latexit>
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◆

We find concrete examples yielding
<latexit sha1_base64="zKXreG5TU8q2BXUa/guDYMmX0I8=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbinoQKXjxWMHWQncp2TRtQ5PsmmQLZek/8eJBEa/+E2/+G9N2D9r6YODx3gwz86KEM20879sprK1vbG4Vt0s7u3v7B+7hUUvHqSK0SWIeq3aENeVM0qZhhtN2oigWEaeP0eh25j+OqdIslg9mktBQ4IFkfUawsVLXdYMBFgJfo0A/KZNVp1237FW8OdAq8XNShhyNrvsV9GKSCioN4Vjrju8lJsywMoxwOi0FqaYJJiM8oB1LJRZUh9n88ik6s0oP9WNlSxo0V39PZFhoPRGR7RTYDPWyNxP/8zqp6V+FGZNJaqgki0X9lCMTo1kMqMcUJYZPLMFEMXsrIkOsMDE2rJINwV9+eZW0qhX/olK7r5XrN3kcRTiBUzgHHy6hDnfQgCYQGMMzvMKbkzkvzrvzsWgtOPnMMfyB8/kDKdCTWw==</latexit>
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Asymptotic 
Hodge Theory

<latexit sha1_base64="ukKesOOw0pE2J61zFrNem1JN9ng="></latexit>
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(sj)�ljk⇢~l(G4,�)k21

Weak string coupling limit: (worst limit to look for acceleration)
<latexit sha1_base64="EmKP2qNC0QFL1bFqz7QwMFttfXY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxov2ANpTNZtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMC1LBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjrJFMMGS0Si2gHVKLjEhuFGYDtVSONAYCsY3k791hMqzRP5aEYp+jHtSx5xRo2VHsJrr1euuFV3BrJMvJxUIEe9V/7qhgnLYpSGCap1x3NT44+pMpwJnJS6mcaUsiHtY8dSSWPU/nh26oScWCUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPRvEnKFzIiRJZQpbm8lbEAVZcamU7IheIsvL5PmWdW7qJ7fn1dqN3kcRTiCYzgFDy6hBndQhwYw6MMzvMKbI5wX5935mLcWnHzmEP7A+fwBuzmNbw==</latexit>

d = 1

Two-moduli limits classified in [Grimm,Li,IV’19]

e.g. For
<latexit sha1_base64="PjvU4C+Yn7GJ4AmyGZ3zIEhlg/I="></latexit>
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i)2�di

<latexit sha1_base64="J061aISWSF2yO+I7InH6yMQLjX4=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAtLIkXdKAVdCG4q2As0MUwmk3boZBJmJkIJ3bjxVdy4UMSt7+DOt3HaZqHVHwY+/nMOZ87vJ4xKZVlfRmFufmFxqbhcWlldW98wN7daMk4FJk0cs1h0fCQJo5w0FVWMdBJBUOQz0vYHF+N6+54ISWN+q4YJcSPU4zSkGClteebu9dmhI9PIo84lYQrBQBOLexV5Rw88s2xVrYngX7BzKINcDc/8dIIYpxHhCjMkZde2EuVmSCiKGRmVnFSSBOEB6pGuRo4iIt1scsUI7msngGEs9OMKTtyfExmKpBxGvu6MkOrL2drY/K/WTVV46maUJ6kiHE8XhSmDKobjSGBABcGKDTUgLKj+K8R9JBBWOriSDsGePfkvtI6q9nG1dlMr18/zOIpgB+yBCrDBCaiDK9AATYDBA3gCL+DVeDSejTfjfdpaMPKZbfBLxsc3HceXsQ==</latexit>

K = �
X

i

�di log(s
i)



F-theory complex structure moduli space

<latexit sha1_base64="gmTMh6JoCIsUcKp4VYpjnB+KngI="></latexit>
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◆

Ignacio Ruiz-Garcia’s 
parallel talk

We find concrete examples yielding
<latexit sha1_base64="zKXreG5TU8q2BXUa/guDYMmX0I8=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbinoQKXjxWMHWQncp2TRtQ5PsmmQLZek/8eJBEa/+E2/+G9N2D9r6YODx3gwz86KEM20879sprK1vbG4Vt0s7u3v7B+7hUUvHqSK0SWIeq3aENeVM0qZhhtN2oigWEaeP0eh25j+OqdIslg9mktBQ4IFkfUawsVLXdYMBFgJfo0A/KZNVp1237FW8OdAq8XNShhyNrvsV9GKSCioN4Vjrju8lJsywMoxwOi0FqaYJJiM8oB1LJRZUh9n88ik6s0oP9WNlSxo0V39PZFhoPRGR7RTYDPWyNxP/8zqp6V+FGZNJaqgki0X9lCMTo1kMqMcUJYZPLMFEMXsrIkOsMDE2rJINwV9+eZW0qhX/olK7r5XrN3kcRTiBUzgHHy6hDnfQgCYQGMMzvMKbkzkvzrvzsWgtOPnMMfyB8/kDKdCTWw==</latexit>
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Asymptotic 
Hodge Theory

<latexit sha1_base64="ukKesOOw0pE2J61zFrNem1JN9ng="></latexit>

X

~l2E

n̂Y

j=1

(sj)�ljk⇢~l(G4,�)k21

Weak string coupling limit: (worst limit to look for acceleration)
<latexit sha1_base64="EmKP2qNC0QFL1bFqz7QwMFttfXY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxov2ANpTNZtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMC1LBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjrJFMMGS0Si2gHVKLjEhuFGYDtVSONAYCsY3k791hMqzRP5aEYp+jHtSx5xRo2VHsJrr1euuFV3BrJMvJxUIEe9V/7qhgnLYpSGCap1x3NT44+pMpwJnJS6mcaUsiHtY8dSSWPU/nh26oScWCUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPRvEnKFzIiRJZQpbm8lbEAVZcamU7IheIsvL5PmWdW7qJ7fn1dqN3kcRTiCYzgFDy6hBndQhwYw6MMzvMKbI5wX5935mLcWnHzmEP7A+fwBuzmNbw==</latexit>

d = 1

Two-moduli limits classified in [Grimm,Li,IV’19]

e.g. For
<latexit sha1_base64="PjvU4C+Yn7GJ4AmyGZ3zIEhlg/I="></latexit>
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i)2�di

<latexit sha1_base64="J061aISWSF2yO+I7InH6yMQLjX4=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAtLIkXdKAVdCG4q2As0MUwmk3boZBJmJkIJ3bjxVdy4UMSt7+DOt3HaZqHVHwY+/nMOZ87vJ4xKZVlfRmFufmFxqbhcWlldW98wN7daMk4FJk0cs1h0fCQJo5w0FVWMdBJBUOQz0vYHF+N6+54ISWN+q4YJcSPU4zSkGClteebu9dmhI9PIo84lYQrBQBOLexV5Rw88s2xVrYngX7BzKINcDc/8dIIYpxHhCjMkZde2EuVmSCiKGRmVnFSSBOEB6pGuRo4iIt1scsUI7msngGEs9OMKTtyfExmKpBxGvu6MkOrL2drY/K/WTVV46maUJ6kiHE8XhSmDKobjSGBABcGKDTUgLKj+K8R9JBBWOriSDsGePfkvtI6q9nG1dlMr18/zOIpgB+yBCrDBCaiDK9AATYDBA3gCL+DVeDSejTfjfdpaMPKZbfBLxsc3HceXsQ==</latexit>
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F-theory complex structure moduli space

<latexit sha1_base64="gmTMh6JoCIsUcKp4VYpjnB+KngI="></latexit>
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◆

Ignacio Ruiz-Garcia’s 
parallel talk

This is not enough to get accelerated expanison, 
since we are ignoring Kahler moduli stabilization

More work is needed!

We find concrete examples yielding
<latexit sha1_base64="zKXreG5TU8q2BXUa/guDYMmX0I8=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbinoQKXjxWMHWQncp2TRtQ5PsmmQLZek/8eJBEa/+E2/+G9N2D9r6YODx3gwz86KEM20879sprK1vbG4Vt0s7u3v7B+7hUUvHqSK0SWIeq3aENeVM0qZhhtN2oigWEaeP0eh25j+OqdIslg9mktBQ4IFkfUawsVLXdYMBFgJfo0A/KZNVp1237FW8OdAq8XNShhyNrvsV9GKSCioN4Vjrju8lJsywMoxwOi0FqaYJJiM8oB1LJRZUh9n88ik6s0oP9WNlSxo0V39PZFhoPRGR7RTYDPWyNxP/8zqp6V+FGZNJaqgki0X9lCMTo1kMqMcUJYZPLMFEMXsrIkOsMDE2rJINwV9+eZW0qhX/olK7r5XrN3kcRTiBUzgHHy6hDnfQgCYQGMMzvMKbkzkvzrvzsWgtOPnMMfyB8/kDKdCTWw==</latexit>
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Asymptotic 
Hodge Theory

<latexit sha1_base64="ukKesOOw0pE2J61zFrNem1JN9ng="></latexit>

X

~l2E

n̂Y

j=1

(sj)�ljk⇢~l(G4,�)k21

Weak string coupling limit: (worst limit to look for acceleration)
<latexit sha1_base64="EmKP2qNC0QFL1bFqz7QwMFttfXY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxov2ANpTNZtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMC1LBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjrJFMMGS0Si2gHVKLjEhuFGYDtVSONAYCsY3k791hMqzRP5aEYp+jHtSx5xRo2VHsJrr1euuFV3BrJMvJxUIEe9V/7qhgnLYpSGCap1x3NT44+pMpwJnJS6mcaUsiHtY8dSSWPU/nh26oScWCUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPRvEnKFzIiRJZQpbm8lbEAVZcamU7IheIsvL5PmWdW7qJ7fn1dqN3kcRTiCYzgFDy6hBndQhwYw6MMzvMKbI5wX5935mLcWnHzmEP7A+fwBuzmNbw==</latexit>

d = 1

Two-moduli limits classified in [Grimm,Li,IV’19]

e.g. For
<latexit sha1_base64="PjvU4C+Yn7GJ4AmyGZ3zIEhlg/I="></latexit>

� = � �i�ldomiq
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Pn̂
i=1(�

i)2�di

<latexit sha1_base64="J061aISWSF2yO+I7InH6yMQLjX4=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAtLIkXdKAVdCG4q2As0MUwmk3boZBJmJkIJ3bjxVdy4UMSt7+DOt3HaZqHVHwY+/nMOZ87vJ4xKZVlfRmFufmFxqbhcWlldW98wN7daMk4FJk0cs1h0fCQJo5w0FVWMdBJBUOQz0vYHF+N6+54ISWN+q4YJcSPU4zSkGClteebu9dmhI9PIo84lYQrBQBOLexV5Rw88s2xVrYngX7BzKINcDc/8dIIYpxHhCjMkZde2EuVmSCiKGRmVnFSSBOEB6pGuRo4iIt1scsUI7msngGEs9OMKTtyfExmKpBxGvu6MkOrL2drY/K/WTVV46maUJ6kiHE8XhSmDKobjSGBABcGKDTUgLKj+K8R9JBBWOriSDsGePfkvtI6q9nG1dlMr18/zOIpgB+yBCrDBCaiDK9AATYDBA3gCL+DVeDSejTfjfdpaMPKZbfBLxsc3HceXsQ==</latexit>
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Still within asymptotic regime, it might be possible to get 
accelerated expansion during some time:

Asymptotic limits

Universal feature: 

light tower of states!

?
<latexit sha1_base64="JJsxVRbWCPiMsCCUEjSGG/+IuVc=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIREnRE0FAGRB5SYkXnyzo+5fzQ3RkpWPkDWqjpEC1/Q8mfcA4uSMJUszuz2t3xEsGVtu0vq7Syura+Ud6sbG3v7O5V9w/aKk4lwxaLRSy7HlUoeIQtzbXAbiKRhp7Ajje+yfXOI0rF4+hBTxJ0QzqKuM8Z1aZ1f1UZVGt23Z6BLBOnIDUo0BxUv/vDmKUhRpoJqlTPsRPtZlRqzgROK/1UYULZmI6wZ2hEQ1RuNrt0Sk78WBIdIJnVf70ZDZWahJ7xhFQHalHLm/9pvVT7l27GoyTVGDFjMZqfCqJjkj9Mhlwi02JiCGWSmysJC6ikTJtY5rYo806Aw2meibOYwDJpn9Udu+7cndca10U6ZTiCYzgFBy6gAbfQhBYw8OEZXuDVerLerHfr49dasoqZQ5iD9fkDWDqTRQ==</latexit><latexit sha1_base64="JJsxVRbWCPiMsCCUEjSGG/+IuVc=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIREnRE0FAGRB5SYkXnyzo+5fzQ3RkpWPkDWqjpEC1/Q8mfcA4uSMJUszuz2t3xEsGVtu0vq7Syura+Ud6sbG3v7O5V9w/aKk4lwxaLRSy7HlUoeIQtzbXAbiKRhp7Ajje+yfXOI0rF4+hBTxJ0QzqKuM8Z1aZ1f1UZVGt23Z6BLBOnIDUo0BxUv/vDmKUhRpoJqlTPsRPtZlRqzgROK/1UYULZmI6wZ2hEQ1RuNrt0Sk78WBIdIJnVf70ZDZWahJ7xhFQHalHLm/9pvVT7l27GoyTVGDFjMZqfCqJjkj9Mhlwi02JiCGWSmysJC6ikTJtY5rYo806Aw2meibOYwDJpn9Udu+7cndca10U6ZTiCYzgFBy6gAbfQhBYw8OEZXuDVerLerHfr49dasoqZQ5iD9fkDWDqTRQ==</latexit><latexit sha1_base64="JJsxVRbWCPiMsCCUEjSGG/+IuVc=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIREnRE0FAGRB5SYkXnyzo+5fzQ3RkpWPkDWqjpEC1/Q8mfcA4uSMJUszuz2t3xEsGVtu0vq7Syura+Ud6sbG3v7O5V9w/aKk4lwxaLRSy7HlUoeIQtzbXAbiKRhp7Ajje+yfXOI0rF4+hBTxJ0QzqKuM8Z1aZ1f1UZVGt23Z6BLBOnIDUo0BxUv/vDmKUhRpoJqlTPsRPtZlRqzgROK/1UYULZmI6wZ2hEQ1RuNrt0Sk78WBIdIJnVf70ZDZWahJ7xhFQHalHLm/9pvVT7l27GoyTVGDFjMZqfCqJjkj9Mhlwi02JiCGWSmysJC6ikTJtY5rYo806Aw2meibOYwDJpn9Udu+7cndca10U6ZTiCYzgFBy6gAbfQhBYw8OEZXuDVerLerHfr49dasoqZQ5iD9fkDWDqTRQ==</latexit><latexit sha1_base64="JJsxVRbWCPiMsCCUEjSGG/+IuVc=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIREnRE0FAGRB5SYkXnyzo+5fzQ3RkpWPkDWqjpEC1/Q8mfcA4uSMJUszuz2t3xEsGVtu0vq7Syura+Ud6sbG3v7O5V9w/aKk4lwxaLRSy7HlUoeIQtzbXAbiKRhp7Ajje+yfXOI0rF4+hBTxJ0QzqKuM8Z1aZ1f1UZVGt23Z6BLBOnIDUo0BxUv/vDmKUhRpoJqlTPsRPtZlRqzgROK/1UYULZmI6wZ2hEQ1RuNrt0Sk78WBIdIJnVf70ZDZWahJ7xhFQHalHLm/9pvVT7l27GoyTVGDFjMZqfCqJjkj9Mhlwi02JiCGWSmysJC6ikTJtY5rYo806Aw2meibOYwDJpn9Udu+7cndca10U6ZTiCYzgFBy6gAbfQhBYw8OEZXuDVerLerHfr49dasoqZQ5iD9fkDWDqTRQ==</latexit>

<latexit sha1_base64="6iX+hDHSGVY5d9WtUa8UglHqmvc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVE9S8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS8MkYqNqza27C6B14hWkBgXao+rXcByTVFBpCMdaDzw3MX6GlWGE03llmGqaYDLFEzqwVGJBtZ8tbp2jC6uMURgrW9Kghfp7IsNC65kIbKfAJtKrXi7+5w1SE974GZNJaqgky0VhypGJUf44GjNFieEzSzBRzN6KSIQVJsbGU7EheKsvr5PuVd1r1hsPjVrrtoijDGdwDpfgwTW04B7a0AECETzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VQo5E</latexit>

�

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>
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Still within asymptotic regime, it might be possible to get 
accelerated expansion during some time:

Asymptotic limits

Universal feature: 

light tower of states!

?
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There is an infinite tower of states becoming 
light at every infinite distance limit:

Distance conjecture:

as �� ! 1
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There are electrically charged BH solutions with classical zero area (small BHs):

large field range!

small gauge coupling!

⌧ = �1 ⌧ = 0
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Evidence for Distance conjecture

A region of size    cannot have more entropy than a 
Schwarzschild black hole of the same area

Entropy Bound: L

Nspecies = Qmax . L2 = A

Small BHs lead to a violation of the entropy bound, unless the EFT 
cutoff                            decreases as dictated by the SDC / WGC

(so that they gain an effective area)

due to an infinite tower of states
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mtower ⇠ T! <latexit sha1_base64="q6RT4+oRe7wc0wrYSwRzHpuF98c=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgoZTdWtSLUvDisYL9gO5SsulsG5psliQrlNK/4cWDIl79M978N6btHrT1wcDjvRlm5oUJZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0tU0WhSSWXqhMSDZzF0DTMcOgkCogIObTD0d3Mbz+B0kzGj2acQCDIIGYRo8RYyfelgAG58crV8kWvWHIr7hx4lXgZKaEMjV7xy+9LmgqIDeVE667nJiaYEGUY5TAt+KmGhNARGUDX0pgI0MFkfvMUn1mljyOpbMUGz9XfExMitB6L0HYKYoZ62ZuJ/3nd1ETXwYTFSWogpotFUcqxkXgWAO4zBdTwsSWEKmZvxXRIFKHGxlSwIXjLL6+SVrXiXVZqD7VS/TaLI49O0Ck6Rx66QnV0jxqoiShK0DN6RW9O6rw4787HojXnZDPH6A+czx9GXZCH</latexit>

! = 1, 2, 3
<latexit sha1_base64="d5GuI0w6N37Kp304x4soTsOweFs=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUBeWGSnqRim4cVmhL+gMQyaTaUMzmZBkxFK68VfcuFDErZ/hzr8xbWeh1QOBwzn3cHNPKBhV2nG+rMLS8srqWnG9tLG5tb1j7+61VZpJTFo4ZanshkgRRjlpaaoZ6QpJUBIy0gmHN1O/c0+koilv6pEgfoL6nMYUI22kwD5oXjUDxyMPonLqMZOLkCcG9CSwy07VmQH+JW5OyiBHI7A/vSjFWUK4xgwp1XMdof0xkppiRiYlL1NEIDxEfdIzlKOEKH88O2ACj40SwTiV5nENZ+rPxBglSo2S0EwmSA/UojcV//N6mY4v/THlItOE4/miOGNQp3DaBoyoJFizkSEIS2r+CvEASYS16axkSnAXT/5L2mdV97xau6uV69d5HUVwCI5ABbjgAtTBLWiAFsBgAp7AC3i1Hq1n6816n48WrDyzD37B+vgGPTmViw==</latexit>

T = T0 exp(���)

Presence of a potential: strings attached to membranes
<latexit sha1_base64="w2wlIzg+HkecXG21VVUitvDaaWc=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUU9S8OKxQr+gXZdsmm1Dk+yaZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6G7mt8dUaRbLhpkk1Bd4IFnECDZW8huB6GkmUCPQjzIoV9yqOwdaJV5OKpCjHpS/ev2YpIJKQzjWuuu5ifEzrAwjnE5LvVTTBJMRHtCupRILqv1sfvQUnVmlj6JY2ZIGzdXfExkWWk9EaDsFNkO97M3E/7xuaqIbP2MySQ2VZLEoSjkyMZolgPpMUWL4xBJMFLO3IjLEChNjcyrZELzll1dJ66LqXVUvHy4rtds8jiKcwCmcgwfXUIN7qEMTCDzBM7zCmzN2Xpx352PRWnDymWP4A+fzB2CDkdg=</latexit>

Tm ⇠ Tn
s

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

V ⇠ m↵
tower

<latexit sha1_base64="uKEZgjRdNO7USE+YcAb554bv5Y4=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFWSUqorKbhxWcFeoA1lMp20QyeTODMRS+iruHGhiFtfxJ1v4zTNQlt/GPj4zzmcM78fc6a043xbhY3Nre2d4m5pb//g8Mg+LndUlEhC2yTikez5WFHOBG1rpjntxZLi0Oe0609vFvXuI5WKReJez2LqhXgsWMAI1sYa2uXagNMHNMA8nuAMG0O74lSdTGgd3BwqkKs1tL8Go4gkIRWacKxU33Vi7aVYakY4nZcGiaIxJlM8pn2DAodUeWl2+xydG2eEgkiaJzTK3N8TKQ6VmoW+6QyxnqjV2sL8r9ZPdHDlpUzEiaaCLBcFCUc6Qosg0IhJSjSfGcBEMnMrIhMsMdEmrpIJwV398jp0alW3Ua3f1SvN6zyOIpzCGVyAC5fQhFtoQRsIPMEzvMKbNbderHfrY9lasPKZE/gj6/MH1yOTqg==</latexit>

2  ↵  6

[Lanza,Marchesano,Martucci,IV’20-21]

See Luca’s talk

[Lee et al’19] [Klaewer et al’20]

[Hamada,Montero,Vafa,IV’21]

[Perlmutter,Rastelli,Vafa,IV’20] [Baume,Calderon-Infante’20]

[Grimm, Palti, IV’18] [Grimm,Palti,Li’18] [Lee,Lerche,Weigand’18-20] …



In all known string theory examples, it occurs that

asymptotically

Relation between V and m

(see also                          )
<latexit sha1_base64="BbE9wEloHSTaCkvrZynt9isX5d4=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSB4CrsS1JMEvHiMYB6QjWF20kmGzOwuM71qWHLy4q948aCIV7/Bm3/j5HHQxIKGoqqb7q4glsKg6347C4tLyyurmbXs+sbm1nZuZ7dqokRzqPBIRroeMANShFBBgRLqsQamAgm1oH858mt3oI2IwhscxNBUrBuKjuAMrdTKHVR9IxRVrdRHeMAUo3vQw+Gtz2TcY61c3i24Y9B54k1JnkxRbuW+/HbEEwUhcsmMaXhujM2UaRRcwjDrJwZixvusCw1LQ6bANNPxG0N6ZJU27UTaVoh0rP6eSJkyZqAC26kY9sysNxL/8xoJds6bqQjjBCHkk0WdRFKM6CgT2hYaOMqBJYxrYW+lvMc042iTy9oQvNmX50n1pOCdForXxXzpYhpHhuyTQ3JMPHJGSuSKlEmFcPJInskreXOenBfn3fmYtC4405k98gfO5w9pBpm7</latexit>

V ⇠ m↵
tower [Andriot et al’20]



In all known string theory examples, it occurs that

asymptotically

Relation between V and m

(see also                          )

Swampland arguments:

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

V ⇠ m↵
tower [Andriot et al’20]



In all known string theory examples, it occurs that

asymptotically

Relation between V and m

• Tower of states is responsible of the runaway potential [Ooguri et al’18]

(see also                          )

Swampland arguments:

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

V ⇠ m↵
tower [Andriot et al’20]



In all known string theory examples, it occurs that

asymptotically

Relation between V and m

• Tower of states is responsible of the runaway potential [Ooguri et al’18]

(see also                          )

Swampland arguments:

• AdS Distance conjecture:

Flat space limit is at infinite distance in the space of metric configurations
<latexit sha1_base64="5uw284vlmHIy8aVwxv0rdNgw6Lo=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArQT1JwIvHCOYBSQizk04yZHZ2mekVwxJ/xYsHRbz6Id78GyfJHjSxoKGo6qa7K4ilMOh5305ubX1jcyu/XdjZ3ds/cA+PGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AzGNzO/+QDaiEjd4ySGbsiGSgwEZ2ilnlvsIDxi2rebmOIw7RgR9tySV/bmoKvEz0iJZKj13K9OP+JJCAq5ZMa0fS/Gbso0Ci5hWugkBmLGx2wIbUsVC8F00/nxU3pqlT4dRNqWQjpXf0+kLDRmEga2M2Q4MsveTPzPayc4uOqmQsUJguKLRYNEUozoLAnaFxo4yokljGthb6V8xDTjaPMq2BD85ZdXSeO87F+UK3eVUvU6iyNPjskJOSM+uSRVcktqpE44mZBn8krenCfnxXl3PhatOSebKZI/cD5/ALqPlXc=</latexit>

distance ⇠
<latexit sha1_base64="LulFowOuXUzAR2kh2PTL8I7OkUo=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4EtZKAjWUE84BsCLOT2WTI7Mwyc1dZNmls/BUbC0Vs/Qc7/8bJo9DEAxcO59zLvfcEseAGXPfbWVpeWV1bz23kN7e2d3YLe/t1oxJNWY0qoXQzIIYJLlkNOAjWjDUjUSBYIxhcj/3GPdOGK3kHaczaEelJHnJKwEqdwpEvVA8P6x136Gve6wPRWj1gn8sQ0k6h6JbcCfAi8WakiGaodgpfflfRJGISqCDGtDw3hnZGNHAq2CjvJ4bFhA5Ij7UslSRipp1NvhjhE6t0cai0LQl4ov6eyEhkTBoFtjMi0Dfz3lj8z2slEF62My7jBJik00VhIjAoPI4Ed7lmFERqCaGa21sx7RNNKNjg8jYEb/7lRVI/K3nnpfJtuVi5msWRQ4foGJ0iD12gCrpBVVRDFD2iZ/SK3pwn58V5dz6mrUvObOYA/YHz+QOnPpiu</latexit>

log |V0| ! 1

[Luest,Palti,Vafa’19]

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

V ⇠ m↵
tower [Andriot et al’20]



In all known string theory examples, it occurs that

asymptotically

Relation between V and m

• Tower of states is responsible of the runaway potential [Ooguri et al’18]

(see also                          )

Swampland arguments:

• AdS Distance conjecture:

Flat space limit is at infinite distance in the space of metric configurations
<latexit sha1_base64="5uw284vlmHIy8aVwxv0rdNgw6Lo=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArQT1JwIvHCOYBSQizk04yZHZ2mekVwxJ/xYsHRbz6Id78GyfJHjSxoKGo6qa7K4ilMOh5305ubX1jcyu/XdjZ3ds/cA+PGiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AzGNzO/+QDaiEjd4ySGbsiGSgwEZ2ilnlvsIDxi2rebmOIw7RgR9tySV/bmoKvEz0iJZKj13K9OP+JJCAq5ZMa0fS/Gbso0Ci5hWugkBmLGx2wIbUsVC8F00/nxU3pqlT4dRNqWQjpXf0+kLDRmEga2M2Q4MsveTPzPayc4uOqmQsUJguKLRYNEUozoLAnaFxo4yokljGthb6V8xDTjaPMq2BD85ZdXSeO87F+UK3eVUvU6iyNPjskJOSM+uSRVcktqpE44mZBn8krenCfnxXl3PhatOSebKZI/cD5/ALqPlXc=</latexit>

distance ⇠
<latexit sha1_base64="LulFowOuXUzAR2kh2PTL8I7OkUo=">AAACBXicbVC7SgNBFJ31GeMraqnFYBCswq4EtZKAjWUE84BsCLOT2WTI7Mwyc1dZNmls/BUbC0Vs/Qc7/8bJo9DEAxcO59zLvfcEseAGXPfbWVpeWV1bz23kN7e2d3YLe/t1oxJNWY0qoXQzIIYJLlkNOAjWjDUjUSBYIxhcj/3GPdOGK3kHaczaEelJHnJKwEqdwpEvVA8P6x136Gve6wPRWj1gn8sQ0k6h6JbcCfAi8WakiGaodgpfflfRJGISqCDGtDw3hnZGNHAq2CjvJ4bFhA5Ij7UslSRipp1NvhjhE6t0cai0LQl4ov6eyEhkTBoFtjMi0Dfz3lj8z2slEF62My7jBJik00VhIjAoPI4Ed7lmFERqCaGa21sx7RNNKNjg8jYEb/7lRVI/K3nnpfJtuVi5msWRQ4foGJ0iD12gCrpBVVRDFD2iZ/SK3pwn58V5dz6mrUvObOYA/YHz+QOnPpiu</latexit>

log |V0| ! 1

[Luest,Palti,Vafa’19]

Supported by all families of AdS vacua when (even DGKT)
<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0
[DeWolfe et al’05]

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

V ⇠ m↵
tower [Andriot et al’20]



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>

V1-loop ⇠ �
X

i

(�1)Fi

Z 1
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i s
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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

<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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X

i

(�1)Fi

Z 1

⇤�2
UV

ds

s6
exp

✓
�m2

i s

2

◆

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



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]



Notice! It could go against field theory expectations
<latexit sha1_base64="IrKVzJ0h7h9PYAavmfD/7JHukVE=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBKuxKUAuRgIUWFgmYB2Q34e5kkgyZ2V1mZoWwpLTxV2wsFLH1E+z8GyePQhMPDBzOuYc79wQxZ0o7zreVWVpeWV3Lruc2Nre2d+zdvZqKEklolUQ8ko0AFOUspFXNNKeNWFIQAaf1YHA99usPVCoWhfd6GFNfQC9kXUZAG6ltH9Y8xQQWLQ943Ad8ib07k+5AO63cjFrFtp13Cs4EeJG4M5JHM5Tb9pfXiUgiaKgJB6WarhNrPwWpGeF0lPMSRWMgA+jRpqEhCKr8dHLICB8bpYO7kTQv1Hii/k6kIJQaisBMCtB9Ne+Nxf+8ZqK7F37KwjjRNCTTRd2EYx3hcSu4wyQlmg8NASKZ+SsmfZBAtOkuZ0pw509eJLXTgntWKFaK+dLVrI4sOkBH6AS56ByV0C0qoyoi6BE9o1f0Zj1ZL9a79TEdzVizzD76A+vzByZBmMg=</latexit>

V ⇠ m↵ < ⇤4
QG

Our universe



Notice! It could go against field theory expectations
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Notice! It could go against field theory expectations
<latexit sha1_base64="IrKVzJ0h7h9PYAavmfD/7JHukVE=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBKuxKUAuRgIUWFgmYB2Q34e5kkgyZ2V1mZoWwpLTxV2wsFLH1E+z8GyePQhMPDBzOuYc79wQxZ0o7zreVWVpeWV3Lruc2Nre2d+zdvZqKEklolUQ8ko0AFOUspFXNNKeNWFIQAaf1YHA99usPVCoWhfd6GFNfQC9kXUZAG6ltH9Y8xQQWLQ943Ad8ib07k+5AO63cjFrFtp13Cs4EeJG4M5JHM5Tb9pfXiUgiaKgJB6WarhNrPwWpGeF0lPMSRWMgA+jRpqEhCKr8dHLICB8bpYO7kTQv1Hii/k6kIJQaisBMCtB9Ne+Nxf+8ZqK7F37KwjjRNCTTRd2EYx3hcSu4wyQlmg8NASKZ+SsmfZBAtOkuZ0pw509eJLXTgntWKFaK+dLVrI4sOkBH6AS56ByV0C0qoyoi6BE9o1f0Zj1ZL9a79TEdzVizzD76A+vzByZBmMg=</latexit>

V ⇠ m↵ < ⇤4
QG

Could it be the case of our universe?Interesting opportunity!

Miguel’s talk

Combined with experimental data, the scale of tower should be 
<latexit sha1_base64="V45CZn7GYC2bzPPLc93bTX51+jY=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzojRV1JwY0LFxXsAzrjkMlk2tAkMyQZoQzjxl9x40IRt/6FO//G9LHQ1gOBwzn3cHNPmDKqtON8WwuLS8srq6W18vrG5ta2vbPbUkkmMWnihCWyEyJFGBWkqalmpJNKgnjISDscXI389gORiibiTg9T4nPUEzSmGGkjBfY+9xTl0LsxkQjd5+5JrQhyjIvArjhVZww4T9wpqYApGoH95UUJzjgRGjOkVNd1Uu3nSGqKGSnKXqZIivAA9UjXUIE4UX4+vqCAR0aJYJxI84SGY/V3IkdcqSEPzSRHuq9mvZH4n9fNdHzh51SkmSYCTxbFGYM6gaM6YEQlwZoNDUFYUvNXiPtIIqxNaWVTgjt78jxpnVbds2rttlapX07rKIEDcAiOgQvOQR1cgwZoAgwewTN4BW/Wk/VivVsfk9EFa5rZA39gff4Axz6Wdg==</latexit>

m ⇠ ⇤1/4
cc

Our universe



Notice! It could go against field theory expectations
<latexit sha1_base64="IrKVzJ0h7h9PYAavmfD/7JHukVE=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBKuxKUAuRgIUWFgmYB2Q34e5kkgyZ2V1mZoWwpLTxV2wsFLH1E+z8GyePQhMPDBzOuYc79wQxZ0o7zreVWVpeWV3Lruc2Nre2d+zdvZqKEklolUQ8ko0AFOUspFXNNKeNWFIQAaf1YHA99usPVCoWhfd6GFNfQC9kXUZAG6ltH9Y8xQQWLQ943Ad8ib07k+5AO63cjFrFtp13Cs4EeJG4M5JHM5Tb9pfXiUgiaKgJB6WarhNrPwWpGeF0lPMSRWMgA+jRpqEhCKr8dHLICB8bpYO7kTQv1Hii/k6kIJQaisBMCtB9Ne+Nxf+8ZqK7F37KwjjRNCTTRd2EYx3hcSu4wyQlmg8NASKZ+SsmfZBAtOkuZ0pw509eJLXTgntWKFaK+dLVrI4sOkBH6AS56ByV0C0qoyoi6BE9o1f0Zj1ZL9a79TEdzVizzD76A+vzByZBmMg=</latexit>

V ⇠ m↵ < ⇤4
QG

Could it be the case of our universe?Interesting opportunity!

Miguel’s talk

Combined with experimental data, the scale of tower should be 
<latexit sha1_base64="V45CZn7GYC2bzPPLc93bTX51+jY=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzojRV1JwY0LFxXsAzrjkMlk2tAkMyQZoQzjxl9x40IRt/6FO//G9LHQ1gOBwzn3cHNPmDKqtON8WwuLS8srq6W18vrG5ta2vbPbUkkmMWnihCWyEyJFGBWkqalmpJNKgnjISDscXI389gORiibiTg9T4nPUEzSmGGkjBfY+9xTl0LsxkQjd5+5JrQhyjIvArjhVZww4T9wpqYApGoH95UUJzjgRGjOkVNd1Uu3nSGqKGSnKXqZIivAA9UjXUIE4UX4+vqCAR0aJYJxI84SGY/V3IkdcqSEPzSRHuq9mvZH4n9fNdHzh51SkmSYCTxbFGYM6gaM6YEQlwZoNDUFYUvNXiPtIIqxNaWVTgjt78jxpnVbds2rttlapX07rKIEDcAiOgQvOQR1cgwZoAgwewTN4BW/Wk/VivVsfk9EFa5rZA39gff4Axz6Wdg==</latexit>

m ⇠ ⇤1/4
cc

<latexit sha1_base64="tQNV1giqOLQpvIHEBkK9y/IUAmg=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCF0MiRT1JwYvHCvYDmlA22027dDcJuxuhhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvDDlTGnX/bZKa+sbm1vl7crO7t7+gX141FZJJgltkYQnshtiRTmLaUszzWk3lRSLkNNOOL6d+Z1HKhVL4gc9SWkg8DBmESNYG6lvV7mvmECu46Fz5Lm+yJDo2zXXcedAq8QrSA0KNPv2lz9ISCZorAnHSvU8N9VBjqVmhNNpxc8UTTEZ4yHtGRpjQVWQz4+folOjDFCUSFOxRnP190SOhVITEZpOgfVILXsz8T+vl+noOshZnGaaxmSxKMo40gmaJYEGTFKi+cQQTCQztyIywhITbfKqmBC85ZdXSfvC8S6d+n291rgp4ijDMZzAGXhwBQ24gya0gMAEnuEV3qwn68V6tz4WrSWrmKnCH1ifP5ELksc=</latexit>

l ⇠ 0.1� 10µmimplying one large extra dimension

The Dark Dimension [Montero,Vafa,IV’22]

Our universe
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Conclusions

The smallness of our cosmological constant might indicate that 
we are near an infinite field distance limit

Asymptotic accelerated expansion for a quintessence potential is not 
ruled out yet (potential examples?)

There should be a light tower of states satisfying
<latexit sha1_base64="BbE9wEloHSTaCkvrZynt9isX5d4=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSB4CrsS1JMEvHiMYB6QjWF20kmGzOwuM71qWHLy4q948aCIV7/Bm3/j5HHQxIKGoqqb7q4glsKg6347C4tLyyurmbXs+sbm1nZuZ7dqokRzqPBIRroeMANShFBBgRLqsQamAgm1oH858mt3oI2IwhscxNBUrBuKjuAMrdTKHVR9IxRVrdRHeMAUo3vQw+Gtz2TcY61c3i24Y9B54k1JnkxRbuW+/HbEEwUhcsmMaXhujM2UaRRcwjDrJwZixvusCw1LQ6bANNPxG0N6ZJU27UTaVoh0rP6eSJkyZqAC26kY9sysNxL/8xoJds6bqQjjBCHkk0WdRFKM6CgT2hYaOMqBJYxrYW+lvMc042iTy9oQvNmX50n1pOCdForXxXzpYhpHhuyTQ3JMPHJGSuSKlEmFcPJInskreXOenBfn3fmYtC4405k98gfO5w9pBpm7</latexit>

V ⇠ m↵
tower

(with              for our universe: neutrino scale!)
<latexit sha1_base64="7jC8SNODGoS6EkOnT7Zqize1QbQ=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9aIUvHisYD+gDWWy3bRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6Hbqt56Y0jyWD2acMD/CgeQhp2is1O6iSIZ4Xe2Vym7FnYEsEy8nZchR75W+uv2YphGThgrUuuO5ifEzVIZTwSbFbqpZgnSEA9axVGLEtJ/N7p2QU6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUdGG4C2+vEya5xXvolK9r5ZrN3kcBTiGEzgDDy6hBndQhwZQEPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHh22Pog==</latexit>

↵ = 4



Conclusions

The smallness of our cosmological constant might indicate that 
we are near an infinite field distance limit

Asymptotic accelerated expansion for a quintessence potential is not 
ruled out yet (potential examples?)

There should be a light tower of states satisfying
<latexit sha1_base64="BbE9wEloHSTaCkvrZynt9isX5d4=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSB4CrsS1JMEvHiMYB6QjWF20kmGzOwuM71qWHLy4q948aCIV7/Bm3/j5HHQxIKGoqqb7q4glsKg6347C4tLyyurmbXs+sbm1nZuZ7dqokRzqPBIRroeMANShFBBgRLqsQamAgm1oH858mt3oI2IwhscxNBUrBuKjuAMrdTKHVR9IxRVrdRHeMAUo3vQw+Gtz2TcY61c3i24Y9B54k1JnkxRbuW+/HbEEwUhcsmMaXhujM2UaRRcwjDrJwZixvusCw1LQ6bANNPxG0N6ZJU27UTaVoh0rP6eSJkyZqAC26kY9sysNxL/8xoJds6bqQjjBCHkk0WdRFKM6CgT2hYaOMqBJYxrYW+lvMc042iTy9oQvNmX50n1pOCdForXxXzpYhpHhuyTQ3JMPHJGSuSKlEmFcPJInskreXOenBfn3fmYtC4405k98gfO5w9pBpm7</latexit>

V ⇠ m↵
tower

(with              for our universe: neutrino scale!)
<latexit sha1_base64="7jC8SNODGoS6EkOnT7Zqize1QbQ=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9aIUvHisYD+gDWWy3bRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6Hbqt56Y0jyWD2acMD/CgeQhp2is1O6iSIZ4Xe2Vym7FnYEsEy8nZchR75W+uv2YphGThgrUuuO5ifEzVIZTwSbFbqpZgnSEA9axVGLEtJ/N7p2QU6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUdGG4C2+vEya5xXvolK9r5ZrN3kcBTiGEzgDDy6hBndQhwZQEPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHh22Pog==</latexit>

↵ = 4

Thank you!



back-up slides



CFT Distance Conjecture

�2 = 24 dimG gauge group 
getting free

↵ =

r
2c

dimG

It gives a lower bound for 
the exponential rate in 

Planck units!

O⌧ = Tr(F 2 + . . . )Marginal operator: ds2 = �2 d⌧d⌧̄

(Im⌧)2
as Im⌧ ! 1

By perturbation theory:

�J ⇠ f(J)g2YM ⇠ f(J) exp

✓
�d(⌧, ⌧ 0)

�

◆,
⌧ =

4⇡i

g2YM

+
✓

2⇡

AdSd+1/CFTd with d > 2

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

[Perlmutter,Rastelli,Vafa,IV’20]

Infinite distance Free point Higher Spin tower

not proven

(supported by all 
known examples)

(measured by 
Zamolodchikov metric)

proven in SCFTs gYM ! 0 proven in SCFTs

[Maldacena,Zhiboedov’11]

(see also [Baume et al’20])

Consequence: 3d conformal manifolds are compact



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

VM ⇠ 1

V3
4

 
X

p=0,2,4,6

Afp

⇢p�3⌧
+

X

q=0,1,2,3

Ahq⌧

⇢3�2q
�Aloc

!



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]


