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WARMING UP

This is a quick hike through the Swampland.

We’ll briefly explain what the Swampland is, 

then cover some of the more interesting 
Swampland constraints

Just as in any nature hike, we will stop to observe the scenery

and I will throw some questions that hopefully lead to 
discussion later on



Quantum Gravity Research 101

MP = 1019 GeV
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Quantum Gravity Research 101

Direct experiment?

MP = 1019 GeV
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QG research is eminently theoretical
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Quantum Gravity Research 101

Direct experiment?

String
 theory

MP = 1019 GeV
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QG research is eminently theoretical

No



Quantum Gravity Research 101

Direct experiment?

String
 theory

MP = 1019 GeV
<latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit>

� EToday ⇠ 103 GeV
<latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit>

QG research is eminently theoretical

Loop Quantum 
Gravity

No



Quantum Gravity Research 101

Direct experiment?

String
 theory

MP = 1019 GeV
<latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit>

� EToday ⇠ 103 GeV
<latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit>

QG research is eminently theoretical

Loop Quantum 
Gravity

Asymptotic
safety

No



Quantum Gravity Research 101

Direct experiment?

String
 theory

MP = 1019 GeV
<latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit>

� EToday ⇠ 103 GeV
<latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit>
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<latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit>

� EToday ⇠ 103 GeV
<latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit>
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<latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit>

� EToday ⇠ 103 GeV
<latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit>
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Quantum Gravity Research 101
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String
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MP = 1019 GeV
<latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit><latexit sha1_base64="Xz1hDfKwHrhro46laXNgTTGRlzU=">AAACEXicbZC7SgNBFIZnvcZ4W7USm8EgWEjYFUEthKCFNkIEc4EkhtnJSTJk9sLMWTEsiw/hM9hqbSe2PoGlb+IkpjCJf/XP+f9h5nxeJIVGx/myZmbn5hcWM0vZ5ZXVtXV7Y7Osw1hxKPFQhqrqMQ1SBFBCgRKqkQLmexIqXu9ikFfuQWkRBrfYj6Dhs04g2oIzNKOmvX3dLJ5R17lL3NO0fkDrCA+YXEI5bdo5J+8MRaeNOzI5MlKxaX/XWyGPfQiQS6Z1zXUibCRMoeAS0mw91hAx3mMdqBkbMB90IxmukNK9dqgodoEOz3+7CfO17vue6fgMu3oyGwz/y2oxtk8aiQiiGCHgpmKydiwphnRAgraEAo6ybwzjSphfUt5linE0vMZe0WadLrTSrGHiThKYNuXDvOvk3ZujXOF8RCdDdsgu2ScuOSYFckWKpEQ4eSTP5IW8Wk/Wm/VuffxWZ6zRnS0yJuvzBwZAnFA=</latexit>

� EToday ⇠ 103 GeV
<latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit><latexit sha1_base64="WABWM4MEyOwIKg65Mi0+EI2IU74=">AAACG3icbZC7TgJBFIZn8YZ4Qy1tJhITC0N21URLojFaYsItYZHMDgeYMHvJzFkj2ewD+BA+g63WdsbWwtI3cUAKAf/qn/P/k5nzeZEUGm37y8osLC4tr2RXc2vrG5tb+e2dmg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHuDy1FevwelRRhUcBhBy2e9QHQFZ2hG7XzB7fXoVTtxER4wqYQdNkxTVwufOvbdiXtEr6FmWnbRHovOG2diCmSicjv/7XZCHvsQIJdM66ZjR9hKmELBJaQ5N9YQMT5gPWgaGzAfdCsZL5PSg26oKPaBjs9/uwnztR76nun4DPt6NhsN/8uaMXbPW4kIohgh4KZism4sKYZ0xIR2hAKOcmgM40qYX1LeZ4pxNOSmXtFmnT500pxh4swSmDe146JjF53b00LpYkInS/bIPjkkDjkjJXJDyqRKOHkkz+SFvFpP1pv1bn38VjPW5M4umZL1+QOGhKDY</latexit>

QG research is eminently theoretical

Loop Quantum 
Gravity
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safety
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Is it even possible to say anything interesting in the deep IR?
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QCD, SM, axions,
dark matter…

Classically, the answer is clearly no!

You can choose any QFT you like — the “EFT”

and couple it to gravity

In quantum gravity, however, this is not so clear…



…because of the lack of decoupling in gravity!
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…because of the lack of decoupling in gravity!

Since everything talks to everything else, there might be 

that can’t be coupled to QG at the quantum level 

(a.k.a. the Equivalence Principle)

Gravity couples to everything

so matter fields cannot be 
ignored when quantizing  

gravity

(they affect gravity 
via loop effects)

(i.e. they do not arise as the deep IR description of any consistent QG)

LEFT
<latexit sha1_base64="emLMt0sy7UVCLBg79PXlXv59/S8=">AAACCXicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcYKBGJgKFJfUhtFjnvTWnUesh1QFeUL+AZWmNkQK1/ByJ/glAy05Uzn3nOufHy8mDOpLOvLKK2srq1vlDcrW9s7u3tmdb8jo0RQaNOIR6LnEQmchdBWTHHoxQJI4HHoepOrXO8+gJAsCltqGoMTkFHIfEaJ0ivXrA4CosaU8PQuc9Prm1bmmjWrbs2Al4ldkBoq0HTN78EwokkAoaKcSNm3rVg5KRGKUQ5ZZZBIiAmdkBH0NQ1JANJJZ9EzfOxHAqsx4Nn815uSQMpp4GlPHlEuavnyP62fKP/CSVkYJwpCqi1a8xOOVYTzBvCQCaCKTzUhVDCdEtMxEYQq3dPcK1J/ZwzDrKI7sRcbWCad07pt1e37s1rjsminjA7RETpBNjpHDXSLmqiNKHpEz+gFvRpPxpvxbnz8WktGcXOA5mB8/gBIMJpz</latexit><latexit sha1_base64="emLMt0sy7UVCLBg79PXlXv59/S8=">AAACCXicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcYKBGJgKFJfUhtFjnvTWnUesh1QFeUL+AZWmNkQK1/ByJ/glAy05Uzn3nOufHy8mDOpLOvLKK2srq1vlDcrW9s7u3tmdb8jo0RQaNOIR6LnEQmchdBWTHHoxQJI4HHoepOrXO8+gJAsCltqGoMTkFHIfEaJ0ivXrA4CosaU8PQuc9Prm1bmmjWrbs2Al4ldkBoq0HTN78EwokkAoaKcSNm3rVg5KRGKUQ5ZZZBIiAmdkBH0NQ1JANJJZ9EzfOxHAqsx4Nn815uSQMpp4GlPHlEuavnyP62fKP/CSVkYJwpCqi1a8xOOVYTzBvCQCaCKTzUhVDCdEtMxEYQq3dPcK1J/ZwzDrKI7sRcbWCad07pt1e37s1rjsminjA7RETpBNjpHDXSLmqiNKHpEz+gFvRpPxpvxbnz8WktGcXOA5mB8/gBIMJpz</latexit><latexit sha1_base64="emLMt0sy7UVCLBg79PXlXv59/S8=">AAACCXicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcYKBGJgKFJfUhtFjnvTWnUesh1QFeUL+AZWmNkQK1/ByJ/glAy05Uzn3nOufHy8mDOpLOvLKK2srq1vlDcrW9s7u3tmdb8jo0RQaNOIR6LnEQmchdBWTHHoxQJI4HHoepOrXO8+gJAsCltqGoMTkFHIfEaJ0ivXrA4CosaU8PQuc9Prm1bmmjWrbs2Al4ldkBoq0HTN78EwokkAoaKcSNm3rVg5KRGKUQ5ZZZBIiAmdkBH0NQ1JANJJZ9EzfOxHAqsx4Nn815uSQMpp4GlPHlEuavnyP62fKP/CSVkYJwpCqi1a8xOOVYTzBvCQCaCKTzUhVDCdEtMxEYQq3dPcK1J/ZwzDrKI7sRcbWCad07pt1e37s1rjsminjA7RETpBNjpHDXSLmqiNKHpEz+gFvRpPxpvxbnz8WktGcXOA5mB8/gBIMJpz</latexit><latexit sha1_base64="emLMt0sy7UVCLBg79PXlXv59/S8=">AAACCXicbVC7TsMwFHXKq5RXCiOLRYXEVCUICcYKBGJgKFJfUhtFjnvTWnUesh1QFeUL+AZWmNkQK1/ByJ/glAy05Uzn3nOufHy8mDOpLOvLKK2srq1vlDcrW9s7u3tmdb8jo0RQaNOIR6LnEQmchdBWTHHoxQJI4HHoepOrXO8+gJAsCltqGoMTkFHIfEaJ0ivXrA4CosaU8PQuc9Prm1bmmjWrbs2Al4ldkBoq0HTN78EwokkAoaKcSNm3rVg5KRGKUQ5ZZZBIiAmdkBH0NQ1JANJJZ9EzfOxHAqsx4Nn815uSQMpp4GlPHlEuavnyP62fKP/CSVkYJwpCqi1a8xOOVYTzBvCQCaCKTzUhVDCdEtMxEYQq3dPcK1J/ZwzDrKI7sRcbWCad07pt1e37s1rjsminjA7RETpBNjpHDXSLmqiNKHpEz+gFvRpPxpvxbnz8WktGcXOA5mB8/gBIMJpz</latexit>
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Let us draw the abstract space of all EFT’s

m̃1, m̃2...m̃n
<latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit>
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Let us draw the abstract space of all EFT’s

m1,m2...mn
<latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit>

m̃1, m̃2...m̃n
<latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit>
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Let us draw the abstract space of all EFT’s

m1,m2...mn
<latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit>

m̃1, m̃2...m̃n
<latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit>
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There is, in fact, a growing body of evidence that indeed, not 
any EFT can be coupled to gravity.



Let us draw the abstract space of all EFT’s

m1,m2...mn
<latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit>

m̃1, m̃2...m̃n
<latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit>
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EFT1 EFT 2

There is, in fact, a growing body of evidence that indeed, not 
any EFT can be coupled to gravity.

Ok  with 
QG

Not OK with
QG 



Let us draw the abstract space of all EFT’s

m1,m2...mn
<latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit>

m̃1, m̃2...m̃n
<latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit>
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EFT1 EFT 2

There is, in fact, a growing body of evidence that indeed, not 
any EFT can be coupled to gravity.

Landscape

Ok  with 
QG

Not OK with
QG 



Let us draw the abstract space of all EFT’s

m1,m2...mn
<latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit><latexit sha1_base64="maQqImKGz/wF6g3a6gneF0QVIb4=">AAACA3icbVA9T8MwEHX4LOWrwMhiUSExoCipkGCsYGEsEv2Q2ihy3Etj1XaC7SBVVUd+AyvMbIiVH8LIP8EtGWjLm97de6e7e1HGmTae9+WsrK6tb2yWtsrbO7t7+5WDw5ZOc0WhSVOeqk5ENHAmoWmY4dDJFBARcWhHw5up3n4EpVkq780og0CQgWQxo8TYViBC/1yENdd1RSjDStVzvRnwMvELUkUFGmHlu9dPaS5AGsqJ1l3fy0wwJsowymFS7uUaMkKHZABdSyURoIPx7OgJPo1ThU0CeFb/9Y6J0HokIusRxCR6UZs2/9O6uYmvgjGTWW5AUmuxWpxzbFI8/R33mQJq+MgSQhWzV2KaEEWosQnNbdH2nQT6k7LNxF9MYJm0aq7vuf7dRbV+XaRTQsfoBJ0hH12iOrpFDdREFD2gZ/SCXp0n5815dz5+rStOMXOE5uB8/gC+lJdV</latexit>

m̃1, m̃2...m̃n
<latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit><latexit sha1_base64="ZPpyjLJUSzsidXhBec/YL4TvB5A=">AAACHXicbZDLSsNAFIYn9VbrrerSTbAUXEhIiqDLohuXFewF2lAmk5Nm6EwSZiZCCXkCH8JncKtrd+JWXPomTmugtvWsvnP+fzhzfi9hVCrb/jJKa+sbm1vl7crO7t7+QfXwqCPjVBBok5jFoudhCYxG0FZUMeglAjD3GHS98c1U7z6AkDSO7tUkAZfjUUQDSrDSo2G1PlCU+ZDxfOicz7lhWda8076abdmzMlfBKaCGimoNq98DPyYph0gRhqXsO3ai3AwLRQmDvDJIJSSYjPEI+hojzEG62eyc3KwHsTBVCOas/+vNMJdywj3t4ViFclmbDv/T+qkKrtyMRkmqICLaorUgZaaKzWkqpk8FEMUmGjARVP/SJCEWmCid3cIWqc8Jwc8rOhNnOYFV6DQsx7acu4ta87pIp4xO0Ck6Qw66RE10i1qojQh6RM/oBb0aT8ab8W58/FpLRvHmGC2U8fkDq0miqA==</latexit>
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EFT1 EFT 2

There is, in fact, a growing body of evidence that indeed, not 
any EFT can be coupled to gravity.

Swampland
Landscape

Ok  with 
QG

Not OK with
QG 



Swampland Program: Identify the universal 
constraints that a low-energy EFT must satisfy 

to be in the Landscape (i.e, so that it can be 
consistently coupled to QG)
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Swampland Program: Identify the universal 
constraints that a low-energy EFT must satisfy 

to be in the Landscape (i.e, so that it can be 
consistently coupled to QG)

General arguments (e.g. 
based on unitarity of 
BH evaporation) that 
do not depend on UV
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Swampland Program: Identify the universal 
constraints that a low-energy EFT must satisfy 

to be in the Landscape (i.e, so that it can be 
consistently coupled to QG)

General arguments (e.g. 
based on unitarity of 
BH evaporation) that 
do not depend on UV

Data obtained from the 
biggest theoretical lab there 
is in QG: String Theory
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Why the focus on String Theory?

String
 theory
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Q = 0

B � L = 1
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No global symmetries

A symmetry/charge is a quantity conserved by dynamical 
processes 

n ! p+ + e�⌫̄e
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They are of two kinds:

(long range) gauge symmetry if the charge can be measured 
from far away (via electric field)



No global symmetries

A symmetry/charge is a quantity conserved by dynamical 
processes 

n ! p+ + e�⌫̄e
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They are of two kinds:

(long range) gauge symmetry if the charge can be measured 
from far away (via electric field)

Global symmetry if the charge cannot be measured like this



No global symmetries

A symmetry/charge is a quantity conserved by dynamical 
processes 

n ! p+ + e�⌫̄e
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They are of two kinds:

(long range) gauge symmetry if the charge can be measured 
from far away (via electric field)

Global symmetry if the charge cannot be measured like this
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Lots of evidence:

Arguments about black hole 
decay/absence of remnants

Proof in perturbative ST

In AdS/CFT, for continuous 
global syms. equivalent to 
Noether's theorem

Recent proofs using 
entanglement entropy/islands 

in flat space

Always true in every ST 
example

[Hsin, Iliesu, Yang ’20, Chen, Lin ’20, Bah, Chen, Maldacena ’22]
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This has real-world consequences: B-L is a global sym. in 
the SM 

So it is either coupled to a (yet unseen) fifth force

or

It is not a real symmetry, it is broken
Double beta decay, proton decay 

But applied to generalized symmetries + supersymmetry, it 
becomes very strong 

This conjecture, by itself, does not lead to strong IR 
constraints… since it doesn’t tell you at which energy scale is 

the symmetry broken.
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Example: Theories with minimal SUSY in d=7,8,9

Only two multiplets: Gravity multiplet + Vector multiplet

Lagrangian fully fixed by SUSY

So only question: How many vector multiplets?

EFT 

d=9  Any odd #of 
vectors

d=8  Any even # 
of vectors

d=7  
Any # 

of vectors

ST 
constructions

1 mod 8

2 mod 8

1,3,5,9,11,13

Swampland 
prediction

1 mod 8

2 mod 8

Any odd # 
of vectors

Working on lower 
dim, less SUSY!



The Weak Gravity Conjecture

There has to be a particle whose electric charge 
is bigger than its mass in Planck units: 

m  gMP
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Gravity is the weakest force

[Arkani-Hamed, Motl, Nicolis, Vafa ’06]
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Gravity is the weakest force

Satisfied in real world by electrons, and related to kinematics of 
black hole evaporation
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The Weak Gravity Conjecture

Evidence comes from:

Statement true in every string compactification

Proof in perturbative string theory

Proof of some version of the statement in AdS/CFT
[MM ’18]

[Arkani-Hamed, Motl, Nicolis, Vafa ’06]

Proof attempts via unitarity/positivity bounds

[Arkani-Hamed, Motl, Nicolis, Vafa ’06, Heidenreich-Reece-Rudelius ’16, MM-
Shiu-Soler ’16]

(though some hurdles, see [Henrisksson, McPeak, Russo, Vissi ’22])
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WGC does not constrain the SM very much…

…but puts constraints on models of milli-charged dark 
matter

and models of natural inflation

V (�) ⇠ e�
MP
f cos(�/f)
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cosmological observables
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...

m ⇠ m0 exp(�↵�) ! 0

In string theory,  we often have massles/light scalar fields, 
called moduli. 

They control the 
couplings of the theory.

Empirical ST 
observation:  As a 

scalar gets a very large vev, 
many states become light 

with respect to Planck 
mass and EFT breaks 

down
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Distance Conjecture: These towers of states are always 
there at infinite distance limits

[Ooguri, Vafa ’05]

Connection to no global symmetries and WGC: 

In every infinite distance limit, some gauge coupling goes to 
zero. [Gendler, Valenzuela ’20]

(emergent string conjecture [Lee-Weigand-Lerche ’19])

In all examples,  this tower is either a a KK tower or a 
fundamental string 
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The Distance Conjecture is important for cosmology:
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⇤

◆

↵ ⇠ O(1)

m(P ) ⇠ m(Q)e�↵��

[Scalisi Valenzuela ’19]

So we want to find out what’s the smallest possible value of 
alpha

↵ � 1p
6
for CY3

[Grimm, Palti, Valenzuela’18]

[Gendler, Valenzuela’20][Bastian et al’20]

And it may be relevant today;  a KK tower of states with 

is compatible with observations & suggested by Swampland

mKK ⇠ (5µm)�1
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<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit> Dynamical cobordism



There is much more to the Swampland 
than the ideas sketched here. 

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

Gravitino mass conjecture
Dynamical cobordism



There is much more to the Swampland 
than the ideas sketched here. 

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

Gravitino mass conjecture
Dynamical cobordism

Species bound



There is much more to the Swampland 
than the ideas sketched here. 

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

Gravitino mass conjecture

Nonsusy AdS is in the Swamp

Dynamical cobordism

Species bound



There is much more to the Swampland 
than the ideas sketched here. 

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

Gravitino mass conjecture

Nonsusy AdS is in the Swamp

Dynamical cobordism

Euclidean wormholes and WGC

Species bound



There is much more to the Swampland 
than the ideas sketched here. 

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>
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Neutrino masses



There is much more to the Swampland 
than the ideas sketched here. 

m4 > 8⇡↵ q2MP⇤
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There is much more to the Swampland 
than the ideas sketched here. 

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

RFC

Gravitino mass conjecture

Nonsusy AdS is in the Swamp

Dynamical cobordism

⌦QG = 0
<latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit>

Euclidean wormholes and WGC

Species bound

Neutrino masses



There is much more to the Swampland 
than the ideas sketched here. 

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

RFC

Gravitino mass conjecture

Nonsusy AdS is in the Swamp

Dynamical cobordism

⌦QG = 0
<latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit>

Euclidean wormholes and WGC

Species bound

Bubbles of nothing
Neutrino masses



There is much more to the Swampland 
than the ideas sketched here. 

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

RFC

Gravitino mass conjecture

Nonsusy AdS is in the Swamp

Convexity of operator spectrum

Dynamical cobordism

⌦QG = 0
<latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit>

Euclidean wormholes and WGC

Species bound

Bubbles of nothing
Neutrino masses



There is much more to the Swampland 
than the ideas sketched here. 

Please, just ask about anything that caught your attention!

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

RFC

Gravitino mass conjecture

Nonsusy AdS is in the Swamp

Convexity of operator spectrum

Dynamical cobordism

⌦QG = 0
<latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit>
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There is much more to the Swampland 
than the ideas sketched here. 

Please, just ask about anything that caught your attention!

m4 > 8⇡↵ q2MP⇤
<latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit><latexit sha1_base64="luqZUosp2QY4tS8+Uq4uX43xujg=">AAACGXicbVA9TwJBEN3DL8Qv1NJmlZhYGHJnTKQyRBsLTTARNOFOMrcM3Ia9D3f3TMiF2h/hb7DV2s7YWln6T1yQQsFXvZn3Znbn+YngStv2p5WbmZ2bX8gvFpaWV1bXiusbDRWnkmGdxSKWNz4oFDzCuuZa4E0iEUJf4LXfOx3q1/coFY+jK91P0AuhG/EOZ6BNq1XcDm8PjytuwqkLIgnA3ad3twf0olWj7rlZ04ZWsWSX7RHoNHHGpETGqLWKX247ZmmIkWYClGo6dqK9DKTmTOCg4KYKE2A96GLT0AhCVF42OmVAdzuxpDpAOqp/ezMIleqHvvGEoAM1qQ2b/2nNVHcqXsajJNUYMWMxWicVVMd0mAhtc4lMi74hwCQ3v6QsAAlMm9z+vKLMOQG2BwWTiTOZwDRpHJQdu+xcHpaqJ+N08mSL7JA94pAjUiVnpEbqhJEH8kSeyYv1aL1ab9b7jzVnjWc2yR9YH99ZUp8R</latexit>

RFC

Gravitino mass conjecture

Nonsusy AdS is in the Swamp

Convexity of operator spectrum

Dynamical cobordism

⌦QG = 0
<latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit><latexit sha1_base64="+lswNCCmIcFjIhgLa+aufzGNb2o=">AAACDHicbZC7TsMwFIadcivlFi4bS0SFxFQlCAkWpAoG2GglepGaUjnuaWvVucg+QZQor8AzsMLMhlh5B0beBLdkoC3/9Pv8v+Xjz4sEV2jbX0ZuYXFpeSW/Wlhb39jcMrd36iqMJYMaC0Uomx5VIHgANeQooBlJoL4noOENL8d54x6k4mFwi6MI2j7tB7zHGUU96ph77o0PfXqXuAgPmFSv0vTc7phFu2RPZM0bJzNFkqnSMb/dbshiHwJkgirVcuwI2wmVyJmAtODGCiLKhrQPLW0D6oNqJ5PtU+uwF0oLB2BNzn+7CfWVGvme7vgUB2o2Gw//y1ox9s7aCQ+iGCFguqKzXiwsDK0xBKvLJTAUI20ok1xvabEBlZShRjX1itLfGUA3LWgmziyBeVM/Ljl2yameFMsXGZ082ScH5Ig45JSUyTWpkBph5JE8kxfyajwZb8a78fFbzRnZnV0yJePzB22/m5o=</latexit>

Euclidean wormholes and WGC

Species bound

Bubbles of nothing
Neutrino masses

You can also join our biweekly online seminar series:

https://sites.google.com/view/swamplandseminars

I love to chat & am around all week
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The take home message is that quantum gravity imposes 
nontrivial constraints at low energies that we are just 

beginning to uncover

Research in Swampland is very interdisciplinary

Hardcore String Theory, Holography, Quantum information, 
algebraic geometry, algebraic topology, particle 

phenomenology…

… and that should be extended to include 
asymptotic safety, LQG, causal sets…

which is why I am excited to find out what we will 
discover together this week!



HOPE  YOU ENJOYED THE HIKE!

EFT

Quantum 
gravity


