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the swampland



`p
<latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit>

String/M-theory `s
<latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit>

L
<latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit>



`p
<latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit>

`s
<latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit>

Field theory (in 10d)

String/M-theory `s
<latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit>

L
<latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit>



`p
<latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit>

`s
<latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit>

Field theory (in 10d)

String/M-theory

}
}

6d Internal space

4d Minkowski

M4 ⇥X6
<latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit><latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit><latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit><latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit>

`s
<latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit>

`X
<latexit sha1_base64="itAG+fdsQSG5StYE1Wv7Sxy5A6g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/FNOOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1Vql3kcRTiBUziHAK6hBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDa7WO9w==</latexit><latexit sha1_base64="itAG+fdsQSG5StYE1Wv7Sxy5A6g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/FNOOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1Vql3kcRTiBUziHAK6hBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDa7WO9w==</latexit><latexit sha1_base64="itAG+fdsQSG5StYE1Wv7Sxy5A6g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/FNOOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1Vql3kcRTiBUziHAK6hBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDa7WO9w==</latexit><latexit sha1_base64="itAG+fdsQSG5StYE1Wv7Sxy5A6g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/FNOOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1Vql3kcRTiBUziHAK6hBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDa7WO9w==</latexit>

L
<latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit>



`p
<latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit>

`s
<latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit>

Field theory (in 10d)

L
<latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit>

String/M-theory

}
}

6d Internal space

4d Minkowski

M4 ⇥X6
<latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit><latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit><latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit><latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit>

M4<latexit sha1_base64="VrAa95geqeoBhdYDT7YeL0fFVKA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL16ECvYDmlAm2027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08auskU5S1aCIS1Q1RM8ElaxluBOumimEcCtYJx7czv/PElOaJfDSTlAUxDiWPOEVjJT/3KQpyP+3nl9N+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3lKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZkFQAZcMWrExBKkittbCR2hQmpsTBUbgrf88ippX9Q9t+49XNYaN0UcZTiBUzgHD66gAXfQhBZQSOEZXuHNyZwX5935WLSWnGLmGP7A+fwBqRqRZQ==</latexit><latexit sha1_base64="VrAa95geqeoBhdYDT7YeL0fFVKA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL16ECvYDmlAm2027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08auskU5S1aCIS1Q1RM8ElaxluBOumimEcCtYJx7czv/PElOaJfDSTlAUxDiWPOEVjJT/3KQpyP+3nl9N+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3lKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZkFQAZcMWrExBKkittbCR2hQmpsTBUbgrf88ippX9Q9t+49XNYaN0UcZTiBUzgHD66gAXfQhBZQSOEZXuHNyZwX5935WLSWnGLmGP7A+fwBqRqRZQ==</latexit><latexit sha1_base64="VrAa95geqeoBhdYDT7YeL0fFVKA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL16ECvYDmlAm2027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08auskU5S1aCIS1Q1RM8ElaxluBOumimEcCtYJx7czv/PElOaJfDSTlAUxDiWPOEVjJT/3KQpyP+3nl9N+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3lKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZkFQAZcMWrExBKkittbCR2hQmpsTBUbgrf88ippX9Q9t+49XNYaN0UcZTiBUzgHD66gAXfQhBZQSOEZXuHNyZwX5935WLSWnGLmGP7A+fwBqRqRZQ==</latexit><latexit sha1_base64="VrAa95geqeoBhdYDT7YeL0fFVKA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL16ECvYDmlAm2027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08auskU5S1aCIS1Q1RM8ElaxluBOumimEcCtYJx7czv/PElOaJfDSTlAUxDiWPOEVjJT/3KQpyP+3nl9N+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3lKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZkFQAZcMWrExBKkittbCR2hQmpsTBUbgrf88ippX9Q9t+49XNYaN0UcZTiBUzgHD66gAXfQhBZQSOEZXuHNyZwX5935WLSWnGLmGP7A+fwBqRqRZQ==</latexit>

`s
<latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit>

`X
<latexit sha1_base64="itAG+fdsQSG5StYE1Wv7Sxy5A6g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/FNOOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1Vql3kcRTiBUziHAK6hBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDa7WO9w==</latexit><latexit sha1_base64="itAG+fdsQSG5StYE1Wv7Sxy5A6g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/FNOOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1Vql3kcRTiBUziHAK6hBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDa7WO9w==</latexit><latexit sha1_base64="itAG+fdsQSG5StYE1Wv7Sxy5A6g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/FNOOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1Vql3kcRTiBUziHAK6hBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDa7WO9w==</latexit><latexit sha1_base64="itAG+fdsQSG5StYE1Wv7Sxy5A6g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/FNOOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1Vql3kcRTiBUziHAK6hBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDa7WO9w==</latexit>

`X
<latexit sha1_base64="tsISlE1dbIwOcQHpHRSWeuUjmBc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDcDiPBg==</latexit><latexit sha1_base64="tsISlE1dbIwOcQHpHRSWeuUjmBc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDcDiPBg==</latexit><latexit sha1_base64="tsISlE1dbIwOcQHpHRSWeuUjmBc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDcDiPBg==</latexit><latexit sha1_base64="tsISlE1dbIwOcQHpHRSWeuUjmBc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XotXvlil/15yCrJMhJBXLUe+Wvbl+xLEFpmaDGdAI/teGEasuZwGmpmxlMKRvRAXYclTRBE07m107JmVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYweIRneIU3T3kv3rv3sWgtePnMMfyB9/kDcDiPBg==</latexit>

4d EFT & phenomenology



`p
<latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit><latexit sha1_base64="EAxFprSVFYJYfuKS7d/uV4r6OYc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4Xopb1yxa/6c5BVEuSkAjnqvfJXt69YlqC0TFBjOoGf2nBCteVM4LTUzQymlI3oADuOSpqgCSfza6fkzCl9EivtSloyV39PTGhizDiJXGdC7dAsezPxP6+T2fg6nHCZZhYlWyyKM0GsIrPXSZ9rZFaMHaFMc3crYUOqKbMuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBlJiPHg==</latexit>

`s
<latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit><latexit sha1_base64="dNVYlIoF20cTHdBV1uaBy2Nl+EQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwdTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AmSSPIQ==</latexit>

Field theory (in 10d)

L
<latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit><latexit sha1_base64="uD+wtoefsR0DkLrUP2Tpiynljx8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNBBA8eWrAf0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH45uZ335CpXksH8wkQT+iQ8lDzqixUuO+X664VXcOskq8nFQgR71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSeui6rlVr3FZqd3mcRThBE7hHDy4ghrcQR2awADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6RwjNM=</latexit>

String/M-theory

}
}

6d Internal space

4d Minkowski

M4 ⇥X6
<latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit><latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit><latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit><latexit sha1_base64="JRl8EHxuFycCu24XiLnn2uh1NNE=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyWR4mNXcONGqGAf0IQwmU7aoZNJmJkIJXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994Tppwp7Tjf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnshFhRzgRtaqY57aSS4jjktB0Oryd++4FKxRJxr0cp9WPcFyxiBGsjBfZh7hHM0e04yGtjT7OYKtQJzgO74lSdKdAicQtSgQKNwP7yegnJYio04Vipruuk2s+x1IxwOi57maIpJkPcp11DBTaL/Hx6/xidGKWHokSaEhpN1d8TOY6VGsWh6YyxHqh5byL+53UzHV36ORNppqkgs0VRxpFO0CQM1GOSEs1HhmAimbkVkQGWmGgTWdmE4M6/vEhaZ1XXqbp3tUr9qoijBEdwDKfgwgXU4QYa0AQCj/AMr/BmPVkv1rv1MWtdsoqZA/gD6/MHMT+VhQ==</latexit>

M4<latexit sha1_base64="VrAa95geqeoBhdYDT7YeL0fFVKA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL16ECvYDmlAm2027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08auskU5S1aCIS1Q1RM8ElaxluBOumimEcCtYJx7czv/PElOaJfDSTlAUxDiWPOEVjJT/3KQpyP+3nl9N+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3lKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZkFQAZcMWrExBKkittbCR2hQmpsTBUbgrf88ippX9Q9t+49XNYaN0UcZTiBUzgHD66gAXfQhBZQSOEZXuHNyZwX5935WLSWnGLmGP7A+fwBqRqRZQ==</latexit><latexit sha1_base64="VrAa95geqeoBhdYDT7YeL0fFVKA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL16ECvYDmlAm2027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08auskU5S1aCIS1Q1RM8ElaxluBOumimEcCtYJx7czv/PElOaJfDSTlAUxDiWPOEVjJT/3KQpyP+3nl9N+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3lKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZkFQAZcMWrExBKkittbCR2hQmpsTBUbgrf88ippX9Q9t+49XNYaN0UcZTiBUzgHD66gAXfQhBZQSOEZXuHNyZwX5935WLSWnGLmGP7A+fwBqRqRZQ==</latexit><latexit sha1_base64="VrAa95geqeoBhdYDT7YeL0fFVKA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL16ECvYDmlAm2027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08auskU5S1aCIS1Q1RM8ElaxluBOumimEcCtYJx7czv/PElOaJfDSTlAUxDiWPOEVjJT/3KQpyP+3nl9N+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3lKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZkFQAZcMWrExBKkittbCR2hQmpsTBUbgrf88ippX9Q9t+49XNYaN0UcZTiBUzgHD66gAXfQhBZQSOEZXuHNyZwX5935WLSWnGLmGP7A+fwBqRqRZQ==</latexit><latexit sha1_base64="VrAa95geqeoBhdYDT7YeL0fFVKA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL16ECvYDmlAm2027dLMJuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0wF18Z1v53S2vrG5lZ5u7Kzu7d/UD08auskU5S1aCIS1Q1RM8ElaxluBOumimEcCtYJx7czv/PElOaJfDSTlAUxDiWPOEVjJT/3KQpyP+3nl9N+tebW3TnIKvEKUoMCzX71yx8kNIuZNFSg1j3PTU2QozKcCjat+JlmKdIxDlnPUokx00E+v3lKzqwyIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqLrIOcyzQyTdLEoygQxCZkFQAZcMWrExBKkittbCR2hQmpsTBUbgrf88ippX9Q9t+49XNYaN0UcZTiBUzgHD66gAXfQhBZQSOEZXuHNyZwX5935WLSWnGLmGP7A+fwBqRqRZQ==</latexit>

`s
<latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit><latexit sha1_base64="8DaxENaOM20fupORTAiGRfmtnI4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmF4XomV654lf9OcgqCXJSgRz1Xvmr21csS1BaJqgxncBPbTih2nImcFrqZgZTykZ0gB1HJU3QhJP5tVNy5pQ+iZV2JS2Zq78nJjQxZpxErjOhdmiWvZn4n9fJbHwTTrhMM4uSLRbFmSBWkdnrpM81MivGjlCmubuVsCHVlFkXUMmFECy/vEqaF9XArwb3V5XaZR5HEU7gFM4hgGuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/gff4AlKGPEg==</latexit>
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4d EFT & phenomenology

String phenomenology explores compactification spaces                   
that reproduce the SM and interesting BSM scenarios.
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String Pheno and the Swampland

• String theory admits a vast number                   of 4d 
solutions: “the string landscape”

• Two main traditional approaches to string phenomenology:

• What is generic?        Axions, moduli,…

• What is possible?      The SM, low energy SUSY, …

• Recently, a novel perspective has emerged:

• What is impossible?   “The swampland”  

& 10500

Vafa ’05; Ooguri, Vafa ’06;……
 See Palti ’19 for a review
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• String theory admits a vast number                   of 4d 
solutions: “the string landscape”

• Two main traditional approaches to string phenomenology:

• What is generic?        Axions, moduli,…

• What is possible?      The SM, low energy SUSY, …

• Recently, a novel perspective has emerged:

• What is impossible?   “The swampland”  
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• What properties distinguish landscape and swampland?      

Swampland conjectures

• How do we test them?

String tests

Quantum gravity (black hole) arguments

• What are the implications for phenomenology? Are there 
BSM proposals that live in the swampland?

String Pheno and the Swampland



• No Global Symmetries 

• The Weak Gravity Conjecture
‣ Axion-WGC and axion inflation

• The non-SUSY AdS conjecture 

• The swampland distance conjecture

• The no de-Sitter conjecture

• The AdS distance conjecture

Outline



• No Global Symmetries 

• The Weak Gravity Conjecture
‣ Axion-WGC and axion inflation

• The non-SUSY AdS conjecture 

• The swampland distance conjecture

• The no de-Sitter conjecture

• The AdS distance conjecture
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Many of the ideas in this talk are still quite 
speculative and controversial

Disclaimer



Quantum Gravity and             
Global Symmetries



QG and Global Symmetries

• Global symmetries are expected to be violated in QG: 

• No hair theorem: Hawking radiation is insensitive to Q. 

➡ Infinite number of states (remnants) with  
➡ Breakdown of EFT (e.g. at finite temperature the density of 

states blows up) 

• Swampland conjecture: theories with exact global symmetries 
are not UV-completable. 

• Proven in (perturbative) string theory and in AdS/CFT.

Q,M
Q,Mp

m . Mp

Susskind ‘95

Banks, Dixon ’88; Harlow, Ooguri ‘18



QG and Global Symmetries

• Pheno application: mini-charged Dark Matter 

What if Dark Matter was not electrically neutral?

• Mini-charge:  ε << 1   
• The SM charges are quantized (in units of    ). DM charges 

are proportional to      
• Imagine    is irrational: charges are not quantized.

L = � 1

4e
Fµ⌫F

µ⌫ +Aµ (J
µ
SM + ✏ Jµ

DM)

e

✏

SM
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QG and Global Symmetries

• Pheno application: mini-charged Dark Matter 

What if Dark Matter was not electrically neutral?

• Problem: the theory contains an exact global symm. 
• Gauge symmetry: 

Every gauge invariant operator, is invariant under global    -transformations

L = � 1

4e
Fµ⌫F

µ⌫ +Aµ (J
µ
SM + ✏ Jµ

DM)

 DM ! ei✏↵ DM

 SM ! ei↵ SM

Aµ ! Aµ + e @µ↵

• Global symmetry:
Aµ ! Aµ

 SM !  SM

 DM ! ei�  DM

�

Banks, Seiberg ‘10



QG and Global Symmetries

• Pheno application: mini-charged Dark Matter 

What if Dark Matter was not electrically neutral?

• Conclusion: simplest minicharged DM models    Swampland 
• Possible ways out: 

- Small rational charges:                  Unnatural 

- Gauge extra global symmetry             New massless gauge boson

L = � 1

4e
Fµ⌫F

µ⌫ +Aµ (J
µ
SM + ✏ Jµ

DM)

2

✏ 2 Q

L = � 1

4e
Fµ⌫F

µ⌫ � 1

4ẽ
F̃µ⌫ F̃

µ⌫ +Aµ (J
µ
SM + ✏ Jµ

DM) + Ãµ J
µ
DM

=)

Holdom ’86; Shiu, PS, Ye ‘13



The Weak Gravity Conjecture



The Weak Gravity Conjecture

• We have argued that global symmetries are in 
conflict with Quantum Gravity 

• Gauge symmetry at g=0   ⇒    Global symmetry 

• It is not unreasonable to expect problems for gauge 
theories in the weak coupling limit:  g -> 0 

• When do things go wrong? How? …



• Take U(1) gauge theory with only one charged field with 

• Stable bound states: the original argument 

• All these states are exactly stable

• These may be problematic*: in order to avoid them, one postulates the 
existence of some particle with

 

+ +Fe FeFg Fg

2m > M2 > 2q 3m > M3 > 3q Nm > MN > Nq M1 ! Q1

EBH ... ... 

The Weak Gravity Conjecture
m > qMp

“Gravity is the weakest force”: Arkani-Hamed, Motl, Nicolis, Vafa ‘06

qMp � m
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The Weak Gravity Conjecture
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<latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit>

Q = M
<latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit>

Mp
<latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit>



The Weak Gravity Conjecture

Q
<latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit>

M
<latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit>

Q = M
<latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit>

Mp
<latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit>



The Weak Gravity Conjecture

Q
<latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit>

M
<latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit>

Q = M
<latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit>

Mp
<latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit>

• “Mild” - WGC  (does not constrain low energy EFT)



The Weak Gravity Conjecture

Q
<latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit>

M
<latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit>

Q = M
<latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit>

Mp
<latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit>

• “Strong” - WGC (important pheno implications)



• String theory seems to satisfy stronger versions of 
the WGC (“sub-lattice or tower WGC”)

The Weak Gravity Conjecture

Q
<latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit><latexit sha1_base64="UqrOCmHUxojHOzDUo8K9MdLE/Vw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMYyAfMByRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7u533lCpXksH8w0QT+iI8lDzqixUrM5KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/Wxw6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZf02GXCEzYmoJZYrbWwkbU0WZsdmUbAje6svrpH1V9dyq17yu1G/zOIpwBudwCR7UoA730IAWMEB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AalPjM8=</latexit>

M
<latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit>

Q = M
<latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit><latexit sha1_base64="jb/A72g3QX10irgK90rEKFhXYHE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0INCwYsXoUX7AW0om+2kXbrZhN2NUEJ/ghcPinj1F3nz37htc9Dqg4HHezPMzAsSwbVx3S+nsLK6tr5R3Cxtbe/s7pX3D1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYjKs1j+WAmCfoRHUoeckaNle4b13f9csWtunOQv8TLSQVy1Pvlz94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n81On5MQqAxLGypY0ZK7+nMhopPUkCmxnRM1IL3sz8T+vm5rw0s+4TFKDki0WhakgJiazv8mAK2RGTCyhTHF7K2EjqigzNp2SDcFbfvkvaZ1VPbfqNc4rtas8jiIcwTGcggcXUINbqEMTGAzhCV7g1RHOs/PmvC9aC04+cwi/4Hx8A8UvjW0=</latexit>

Mp
<latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit><latexit sha1_base64="p/24Q2pUyhveu4PXx8YpjFsPbaI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVFwMZGiGg+IDnC3mYvWbK3d+zOCeHIT7CxUMTWX2Tnv3GTXKGJDwYe780wMy9IpDDout9OYW19Y3OruF3a2d3bPygfHrVMnGrGmyyWse4E1HApFG+iQMk7ieY0CiRvB+Obmd9+4tqIWD3iJOF+RIdKhIJRtNLDXT/plytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj91Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhlZ8JlaTIFVssClNJMCazv8lAaM5QTiyhTAt7K2EjqilDm07JhuAtv7xKWhdVz61695eV+nUeRxFO4BTOwYMa1OEWGtAEBkN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/J9yNrg==</latexit>
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Montero, Shiu, PS ‘16; Montero ‘18…

Horowitz, Santos, Way, ’16;
Crisford, Horowitz, Santos, ’17; …

Cottrell, Shiu, PS, ’16; 
Hebecker, PS, ’17;
Cheung, Liu, Remmen, ’18, ‘19;
Hamada, Noumi, Shiu, ’18; …

Cheung, Remmen, ’14;
Andriolo, Junghans, Noumi, Shiu,’18;
Hamada, Noumi, Shiu, ’18; 
Chen, Huang, Noumi, Wen ’19; 
Bellazzini, Lewandowski, Serra ’19…



The WGC for axions 



5d theory                                        4d theory

WGC and axions

• U(1) gauge theory in 5d compactified on a circle to 4d: 
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<latexit sha1_base64="oiP/EALcDMaDsceEjIEzjg5+Mgo="></latexit><latexit sha1_base64="oiP/EALcDMaDsceEjIEzjg5+Mgo="></latexit><latexit sha1_base64="oiP/EALcDMaDsceEjIEzjg5+Mgo="></latexit><latexit sha1_base64="oiP/EALcDMaDsceEjIEzjg5+Mgo="></latexit>

Fields

Action

Symmetries

AM (x, x4) �! (Aµ(x),�(x))
<latexit sha1_base64="00wa60CyHl34UAHmTD6CJQr5DKg="></latexit><latexit sha1_base64="00wa60CyHl34UAHmTD6CJQr5DKg="></latexit><latexit sha1_base64="00wa60CyHl34UAHmTD6CJQr5DKg="></latexit><latexit sha1_base64="00wa60CyHl34UAHmTD6CJQr5DKg="></latexit>

φ is an axion 
How is V(φ) generated?

Charged matter                  Charged matter + Instantons�!
<latexit sha1_base64="jLvmTBjYkL7vROIDNIcVKVn170I=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh48FLx4rGA/oA1ls92kSze7YXei1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5oWp4AY879spra1vbG6Vtys7u3v7VffgsG1UpilrUSWU7obEMMElawEHwbqpZiQJBeuE45uZ33lg2nAl72GSsiAhseQRpwSsNHCrfaFkrHk8AqK1ehy4Na/uzYFXiV+QGirQHLhf/aGiWcIkUEGM6fleCkFONHAq2LTSzwxLCR2TmPUslSRhJsjnh0/xqVWGOFLalgQ8V39P5CQxZpKEtjMhMDLL3kz8z+tlEF0FOZdpBkzSxaIoExgUnqWAh1wzCmJiCaGa21sxHRFNKNisKjYEf/nlVdI+r/te3b+7qDWuizjK6BidoDPko0vUQLeoiVqIogw9o1f05jw5L86787FoLTnFzBH6A+fzB3Bqk5A=</latexit><latexit sha1_base64="jLvmTBjYkL7vROIDNIcVKVn170I=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh48FLx4rGA/oA1ls92kSze7YXei1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5oWp4AY879spra1vbG6Vtys7u3v7VffgsG1UpilrUSWU7obEMMElawEHwbqpZiQJBeuE45uZ33lg2nAl72GSsiAhseQRpwSsNHCrfaFkrHk8AqK1ehy4Na/uzYFXiV+QGirQHLhf/aGiWcIkUEGM6fleCkFONHAq2LTSzwxLCR2TmPUslSRhJsjnh0/xqVWGOFLalgQ8V39P5CQxZpKEtjMhMDLL3kz8z+tlEF0FOZdpBkzSxaIoExgUnqWAh1wzCmJiCaGa21sxHRFNKNisKjYEf/nlVdI+r/te3b+7qDWuizjK6BidoDPko0vUQLeoiVqIogw9o1f05jw5L86787FoLTnFzBH6A+fzB3Bqk5A=</latexit><latexit sha1_base64="jLvmTBjYkL7vROIDNIcVKVn170I=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh48FLx4rGA/oA1ls92kSze7YXei1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5oWp4AY879spra1vbG6Vtys7u3v7VffgsG1UpilrUSWU7obEMMElawEHwbqpZiQJBeuE45uZ33lg2nAl72GSsiAhseQRpwSsNHCrfaFkrHk8AqK1ehy4Na/uzYFXiV+QGirQHLhf/aGiWcIkUEGM6fleCkFONHAq2LTSzwxLCR2TmPUslSRhJsjnh0/xqVWGOFLalgQ8V39P5CQxZpKEtjMhMDLL3kz8z+tlEF0FOZdpBkzSxaIoExgUnqWAh1wzCmJiCaGa21sxHRFNKNisKjYEf/nlVdI+r/te3b+7qDWuizjK6BidoDPko0vUQLeoiVqIogw9o1f05jw5L86787FoLTnFzBH6A+fzB3Bqk5A=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="1fSSaQaXgkiI4mg1T76dIElkmdI=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAtpRMmpmGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06USWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtRy6VQvIUCJe9mhtM0krwTTW7neeeRGyu0esBpxgcpTZSIBaPorKFf60utEiOSMVJj9NPQrweNYCGyCeEK6rBSc+h/9Uea5SlXyCS1thcGGQ4KalAwyWeVfm55RtmEJrznUNGU20GxWHxGzp0zIrE27igkC/f3i4Km1k7TyN1MKY7tejY3/8t6OcbXg0KoLEeu2HJQnEuCmsxbICNhOEM5dUCZEW5XwsbUUIauq4orIVz/8ia0Lxth0AjvAyjDKZzBBYRwBTdwB01oAYMcXuAN3r1n79X7WNZV8la9ncAfeZ8/F9SSMw==</latexit><latexit sha1_base64="PecRLNpqrhz1a/qN2e8R3dp43vU=">AAAB+HicbVA9SwNBEJ3zM8aPnFraHAbBKtzZaGERsLGMYD4gOcLeZu+yZG/32J1TYsgvsbFQxNafYue/cZNcoYkPBh7vzTAzL8oEN+j7387a+sbm1nZpp7y7t39QcQ+PWkblmrImVULpTkQME1yyJnIUrJNpRtJIsHY0upn57QemDVfyHscZC1OSSB5zStBKfbfSE0ommidDJFqrx75b9Wv+HN4qCQpShQKNvvvVGyiap0wiFcSYbuBnGE6IRk4Fm5Z7uWEZoSOSsK6lkqTMhJP54VPvzCoDL1balkRvrv6emJDUmHEa2c6U4NAsezPxP6+bY3wVTrjMcmSSLhbFufBQebMUvAHXjKIYW0Ko5vZWjw6JJhRtVmUbQrD88ippXdQCvxbc+dX6dRFHCU7gFM4hgEuowy00oAkUcniGV3hznpwX5935WLSuOcXMMfyB8/kDbyqTjA==</latexit><latexit sha1_base64="jLvmTBjYkL7vROIDNIcVKVn170I=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh48FLx4rGA/oA1ls92kSze7YXei1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5oWp4AY879spra1vbG6Vtys7u3v7VffgsG1UpilrUSWU7obEMMElawEHwbqpZiQJBeuE45uZ33lg2nAl72GSsiAhseQRpwSsNHCrfaFkrHk8AqK1ehy4Na/uzYFXiV+QGirQHLhf/aGiWcIkUEGM6fleCkFONHAq2LTSzwxLCR2TmPUslSRhJsjnh0/xqVWGOFLalgQ8V39P5CQxZpKEtjMhMDLL3kz8z+tlEF0FOZdpBkzSxaIoExgUnqWAh1wzCmJiCaGa21sxHRFNKNisKjYEf/nlVdI+r/te3b+7qDWuizjK6BidoDPko0vUQLeoiVqIogw9o1f05jw5L86787FoLTnFzBH6A+fzB3Bqk5A=</latexit><latexit sha1_base64="jLvmTBjYkL7vROIDNIcVKVn170I=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh48FLx4rGA/oA1ls92kSze7YXei1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5oWp4AY879spra1vbG6Vtys7u3v7VffgsG1UpilrUSWU7obEMMElawEHwbqpZiQJBeuE45uZ33lg2nAl72GSsiAhseQRpwSsNHCrfaFkrHk8AqK1ehy4Na/uzYFXiV+QGirQHLhf/aGiWcIkUEGM6fleCkFONHAq2LTSzwxLCR2TmPUslSRhJsjnh0/xqVWGOFLalgQ8V39P5CQxZpKEtjMhMDLL3kz8z+tlEF0FOZdpBkzSxaIoExgUnqWAh1wzCmJiCaGa21sxHRFNKNisKjYEf/nlVdI+r/te3b+7qDWuizjK6BidoDPko0vUQLeoiVqIogw9o1f05jw5L86787FoLTnFzBH6A+fzB3Bqk5A=</latexit><latexit sha1_base64="jLvmTBjYkL7vROIDNIcVKVn170I=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh48FLx4rGA/oA1ls92kSze7YXei1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5oWp4AY879spra1vbG6Vtys7u3v7VffgsG1UpilrUSWU7obEMMElawEHwbqpZiQJBeuE45uZ33lg2nAl72GSsiAhseQRpwSsNHCrfaFkrHk8AqK1ehy4Na/uzYFXiV+QGirQHLhf/aGiWcIkUEGM6fleCkFONHAq2LTSzwxLCR2TmPUslSRhJsjnh0/xqVWGOFLalgQ8V39P5CQxZpKEtjMhMDLL3kz8z+tlEF0FOZdpBkzSxaIoExgUnqWAh1wzCmJiCaGa21sxHRFNKNisKjYEf/nlVdI+r/te3b+7qDWuizjK6BidoDPko0vUQLeoiVqIogw9o1f05jw5L86787FoLTnFzBH6A+fzB3Bqk5A=</latexit><latexit sha1_base64="jLvmTBjYkL7vROIDNIcVKVn170I=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh48FLx4rGA/oA1ls92kSze7YXei1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5oWp4AY879spra1vbG6Vtys7u3v7VffgsG1UpilrUSWU7obEMMElawEHwbqpZiQJBeuE45uZ33lg2nAl72GSsiAhseQRpwSsNHCrfaFkrHk8AqK1ehy4Na/uzYFXiV+QGirQHLhf/aGiWcIkUEGM6fleCkFONHAq2LTSzwxLCR2TmPUslSRhJsjnh0/xqVWGOFLalgQ8V39P5CQxZpKEtjMhMDLL3kz8z+tlEF0FOZdpBkzSxaIoExgUnqWAh1wzCmJiCaGa21sxHRFNKNisKjYEf/nlVdI+r/te3b+7qDWuizjK6BidoDPko0vUQLeoiVqIogw9o1f05jw5L86787FoLTnFzBH6A+fzB3Bqk5A=</latexit><latexit sha1_base64="jLvmTBjYkL7vROIDNIcVKVn170I=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh48FLx4rGA/oA1ls92kSze7YXei1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5oWp4AY879spra1vbG6Vtys7u3v7VffgsG1UpilrUSWU7obEMMElawEHwbqpZiQJBeuE45uZ33lg2nAl72GSsiAhseQRpwSsNHCrfaFkrHk8AqK1ehy4Na/uzYFXiV+QGirQHLhf/aGiWcIkUEGM6fleCkFONHAq2LTSzwxLCR2TmPUslSRhJsjnh0/xqVWGOFLalgQ8V39P5CQxZpKEtjMhMDLL3kz8z+tlEF0FOZdpBkzSxaIoExgUnqWAh1wzCmJiCaGa21sxHRFNKNisKjYEf/nlVdI+r/te3b+7qDWuizjK6BidoDPko0vUQLeoiVqIogw9o1f05jw5L86787FoLTnFzBH6A+fzB3Bqk5A=</latexit><latexit sha1_base64="jLvmTBjYkL7vROIDNIcVKVn170I=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh48FLx4rGA/oA1ls92kSze7YXei1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5oWp4AY879spra1vbG6Vtys7u3v7VffgsG1UpilrUSWU7obEMMElawEHwbqpZiQJBeuE45uZ33lg2nAl72GSsiAhseQRpwSsNHCrfaFkrHk8AqK1ehy4Na/uzYFXiV+QGirQHLhf/aGiWcIkUEGM6fleCkFONHAq2LTSzwxLCR2TmPUslSRhJsjnh0/xqVWGOFLalgQ8V39P5CQxZpKEtjMhMDLL3kz8z+tlEF0FOZdpBkzSxaIoExgUnqWAh1wzCmJiCaGa21sxHRFNKNisKjYEf/nlVdI+r/te3b+7qDWuizjK6BidoDPko0vUQLeoiVqIogw9o1f05jw5L86787FoLTnFzBH6A+fzB3Bqk5A=</latexit>
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ALPs in string theory: a toy model

• Consider a 5d particle with mass ‘m5’ and charge ‘q5’ whose 
(Euclidean) worldline wraps the compact dimension 

• This particle sources the axion and is localized to a point in 4d 
spacetime, i.e. it is an instanton: 

• The 5d WGC for charged particles                        translates into:

Sinst = 2⇡Rm5

f = q5
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Phenomenological application:  

Axion inflation 



UV sensitivity of large field inflation:

WGC and axion inflation
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• Inflation with axions: 

• Simplest natural inflation: slow roll and pert. control

WGC and axion inflation
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Non-SUSY AdS conjecture



• Extremal branes contain AdSp ( x S ) factors in their near 
horizon geometries supported by flux 

• The WGC implies that such backgrounds must be unstable 
against emission of super-extremal WGC-states. 

• WGC corollary: non-SUSY AdS spaces supported by flux are 
unstable 

• This conclusion lead [Ooguri, Vafa ’16] to conjecture 

• Non-SUSY AdS conjecture: any non-SUSY AdS space must 
exhibit some instability  

• This would have important implications for non-SUSY AdS/CFT 
and under further assumptions for particle (neutrino) physics

Non-SUSY AdS conjecture

Ibanez, Martin-Lozano, Valenzuela ’17; Hamada, Shiu ’17; Gonzalo, (Herraez), Ibanez ‘18



The swampland distance 
conjecture



• String compactifications contain numerous scalar fields (moduli) 
whose vev control the couplings of the theory.  

• Consider a circle compactification to d-dimensions of perturbative 
string theory (Mp=1) 

• Canonically normalized radius modulus φ is                 with β~Ο(1)  

• Moving in moduli φ-space changes the spectrum of the theory 

• Both at large (            ) and small (               ) radius there is an 
infinite tower of states that becomes exponentially light

Swampland distance conjecture
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<latexit sha1_base64="J5NEBYUruuedqpHHH7VP8Gp3cBY=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBSC5hR+LrFvDizQgmEbIh9E5mkyGzD2ZmhbDEi7/ixYMiXv0Lb/6Nk2RBjRY0FFXddHd5seBKO86nlVtYXFpeya8W1tY3Nrfs7Z2mihJJWYNGIpK3HigmeMgammvBbmPJIPAEa3nDi4nfumNS8Si80aOYdQLoh9znFLSRuvZeyQURD8BVPMCpS0Hgq3GJlMtdu+hUjh1yfkKwU3Gm+CYkI0WUod61P9xeRJOAhZoKUKpNnFh3UpCaU8HGBTdRLAY6hD5rGxpCwFQnnX4wxodG6WE/kqZCjafqz4kUAqVGgWc6A9ADNe9NxP+8dqL9s07KwzjRLKSzRX4isI7wJA7c45JRLUaGAJXc3IrpACRQbUIrmBDI/Mt/SfOoQpwKua4Wa9UsjjzaRweohAg6RTV0ieqogSi6R4/oGb1YD9aT9Wq9zVpzVjazi37Bev8CfveVkA==</latexit><latexit sha1_base64="J5NEBYUruuedqpHHH7VP8Gp3cBY=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBSC5hR+LrFvDizQgmEbIh9E5mkyGzD2ZmhbDEi7/ixYMiXv0Lb/6Nk2RBjRY0FFXddHd5seBKO86nlVtYXFpeya8W1tY3Nrfs7Z2mihJJWYNGIpK3HigmeMgammvBbmPJIPAEa3nDi4nfumNS8Si80aOYdQLoh9znFLSRuvZeyQURD8BVPMCpS0Hgq3GJlMtdu+hUjh1yfkKwU3Gm+CYkI0WUod61P9xeRJOAhZoKUKpNnFh3UpCaU8HGBTdRLAY6hD5rGxpCwFQnnX4wxodG6WE/kqZCjafqz4kUAqVGgWc6A9ADNe9NxP+8dqL9s07KwzjRLKSzRX4isI7wJA7c45JRLUaGAJXc3IrpACRQbUIrmBDI/Mt/SfOoQpwKua4Wa9UsjjzaRweohAg6RTV0ieqogSi6R4/oGb1YD9aT9Wq9zVpzVjazi37Bev8CfveVkA==</latexit><latexit sha1_base64="J5NEBYUruuedqpHHH7VP8Gp3cBY=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBSC5hR+LrFvDizQgmEbIh9E5mkyGzD2ZmhbDEi7/ixYMiXv0Lb/6Nk2RBjRY0FFXddHd5seBKO86nlVtYXFpeya8W1tY3Nrfs7Z2mihJJWYNGIpK3HigmeMgammvBbmPJIPAEa3nDi4nfumNS8Si80aOYdQLoh9znFLSRuvZeyQURD8BVPMCpS0Hgq3GJlMtdu+hUjh1yfkKwU3Gm+CYkI0WUod61P9xeRJOAhZoKUKpNnFh3UpCaU8HGBTdRLAY6hD5rGxpCwFQnnX4wxodG6WE/kqZCjafqz4kUAqVGgWc6A9ADNe9NxP+8dqL9s07KwzjRLKSzRX4isI7wJA7c45JRLUaGAJXc3IrpACRQbUIrmBDI/Mt/SfOoQpwKua4Wa9UsjjzaRweohAg6RTV0ieqogSi6R4/oGb1YD9aT9Wq9zVpzVjazi37Bev8CfveVkA==</latexit><latexit sha1_base64="J5NEBYUruuedqpHHH7VP8Gp3cBY=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBSC5hR+LrFvDizQgmEbIh9E5mkyGzD2ZmhbDEi7/ixYMiXv0Lb/6Nk2RBjRY0FFXddHd5seBKO86nlVtYXFpeya8W1tY3Nrfs7Z2mihJJWYNGIpK3HigmeMgammvBbmPJIPAEa3nDi4nfumNS8Si80aOYdQLoh9znFLSRuvZeyQURD8BVPMCpS0Hgq3GJlMtdu+hUjh1yfkKwU3Gm+CYkI0WUod61P9xeRJOAhZoKUKpNnFh3UpCaU8HGBTdRLAY6hD5rGxpCwFQnnX4wxodG6WE/kqZCjafqz4kUAqVGgWc6A9ADNe9NxP+8dqL9s07KwzjRLKSzRX4isI7wJA7c45JRLUaGAJXc3IrpACRQbUIrmBDI/Mt/SfOoQpwKua4Wa9UsjjzaRweohAg6RTV0ieqogSi6R4/oGb1YD9aT9Wq9zVpzVjazi37Bev8CfveVkA==</latexit>



• Such behaviour is very generic in string theory, leading to  

Swampland Distance Conjecture: given two points ‘p’ 
and ‘q’ in moduli space separated by a distance         
there exists an infinite tower of states with mass scale 

with 

Swampland distance conjecture

M(q) < M(p)e
�↵

dp,q
Mp

<latexit sha1_base64="FPkCKgbWnHQPc9bs7TRfTsT1cLQ="></latexit><latexit sha1_base64="FPkCKgbWnHQPc9bs7TRfTsT1cLQ="></latexit><latexit sha1_base64="FPkCKgbWnHQPc9bs7TRfTsT1cLQ="></latexit><latexit sha1_base64="FPkCKgbWnHQPc9bs7TRfTsT1cLQ="></latexit>

↵ ⇠ O(1)
<latexit sha1_base64="qotFHo1wkzhe0Bsau2A0ybw9Eec=">AAAB/3icdVDJSgNBEO1xjXGLCl68NAYhXoaeYDQBDwEv3oxgFsgMoabTSZr0LHT3CGHMwV/x4kERr/6GN//GziKo6IOCx3tVVNXzY8GVJuTDWlhcWl5Zzaxl1zc2t7ZzO7sNFSWSsjqNRCRbPigmeMjqmmvBWrFkEPiCNf3hxcRv3jKpeBTe6FHMvAD6Ie9xCtpIndy+CyIegKt4gFOXgsBX44Jz3MnliU2mwMQulkilPCEl4lROHezMrTyao9bJvbvdiCYBCzUVoFTbIbH2UpCaU8HGWTdRLAY6hD5rGxpCwJSXTu8f4yOjdHEvkqZCjafq94kUAqVGgW86A9AD9dubiH957UT3yl7KwzjRLKSzRb1EYB3hSRi4yyWjWowMASq5uRXTAUig2kSWNSF8fYr/J42i7RDbuT7JV8/ncWTQATpEBeSgM1RFl6iG6oiiO/SAntCzdW89Wi/W66x1wZrP7KEfsN4+AdIolUs=</latexit><latexit sha1_base64="qotFHo1wkzhe0Bsau2A0ybw9Eec=">AAAB/3icdVDJSgNBEO1xjXGLCl68NAYhXoaeYDQBDwEv3oxgFsgMoabTSZr0LHT3CGHMwV/x4kERr/6GN//GziKo6IOCx3tVVNXzY8GVJuTDWlhcWl5Zzaxl1zc2t7ZzO7sNFSWSsjqNRCRbPigmeMjqmmvBWrFkEPiCNf3hxcRv3jKpeBTe6FHMvAD6Ie9xCtpIndy+CyIegKt4gFOXgsBX44Jz3MnliU2mwMQulkilPCEl4lROHezMrTyao9bJvbvdiCYBCzUVoFTbIbH2UpCaU8HGWTdRLAY6hD5rGxpCwJSXTu8f4yOjdHEvkqZCjafq94kUAqVGgW86A9AD9dubiH957UT3yl7KwzjRLKSzRb1EYB3hSRi4yyWjWowMASq5uRXTAUig2kSWNSF8fYr/J42i7RDbuT7JV8/ncWTQATpEBeSgM1RFl6iG6oiiO/SAntCzdW89Wi/W66x1wZrP7KEfsN4+AdIolUs=</latexit><latexit sha1_base64="qotFHo1wkzhe0Bsau2A0ybw9Eec=">AAAB/3icdVDJSgNBEO1xjXGLCl68NAYhXoaeYDQBDwEv3oxgFsgMoabTSZr0LHT3CGHMwV/x4kERr/6GN//GziKo6IOCx3tVVNXzY8GVJuTDWlhcWl5Zzaxl1zc2t7ZzO7sNFSWSsjqNRCRbPigmeMjqmmvBWrFkEPiCNf3hxcRv3jKpeBTe6FHMvAD6Ie9xCtpIndy+CyIegKt4gFOXgsBX44Jz3MnliU2mwMQulkilPCEl4lROHezMrTyao9bJvbvdiCYBCzUVoFTbIbH2UpCaU8HGWTdRLAY6hD5rGxpCwJSXTu8f4yOjdHEvkqZCjafq94kUAqVGgW86A9AD9dubiH957UT3yl7KwzjRLKSzRb1EYB3hSRi4yyWjWowMASq5uRXTAUig2kSWNSF8fYr/J42i7RDbuT7JV8/ncWTQATpEBeSgM1RFl6iG6oiiO/SAntCzdW89Wi/W66x1wZrP7KEfsN4+AdIolUs=</latexit><latexit sha1_base64="qotFHo1wkzhe0Bsau2A0ybw9Eec=">AAAB/3icdVDJSgNBEO1xjXGLCl68NAYhXoaeYDQBDwEv3oxgFsgMoabTSZr0LHT3CGHMwV/x4kERr/6GN//GziKo6IOCx3tVVNXzY8GVJuTDWlhcWl5Zzaxl1zc2t7ZzO7sNFSWSsjqNRCRbPigmeMjqmmvBWrFkEPiCNf3hxcRv3jKpeBTe6FHMvAD6Ie9xCtpIndy+CyIegKt4gFOXgsBX44Jz3MnliU2mwMQulkilPCEl4lROHezMrTyao9bJvbvdiCYBCzUVoFTbIbH2UpCaU8HGWTdRLAY6hD5rGxpCwJSXTu8f4yOjdHEvkqZCjafq94kUAqVGgW86A9AD9dubiH957UT3yl7KwzjRLKSzRb1EYB3hSRi4yyWjWowMASq5uRXTAUig2kSWNSF8fYr/J42i7RDbuT7JV8/ncWTQATpEBeSgM1RFl6iG6oiiO/SAntCzdW89Wi/W66x1wZrP7KEfsN4+AdIolUs=</latexit>

 

Ooguri, Vafa ‘16

dp,q � Mp
<latexit sha1_base64="kd7oXpaSugfwjj+D6gZry7ccXUs=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwIWFSrLbgouDGjVDBPqCNYTKZtEMnD2cmSgn9DzcuFHHrv7jzb5y0EVT0wIXDOfdy7z1uzJlUCH0YhYXFpeWV4mppbX1jc6u8vdORUSIIbZOIR6LnYkk5C2lbMcVpLxYUBy6nXXd8nvndOyoki8JrNYmpHeBhyHxGsNLSjeek8dHtdDAcwksndsoVZKIZIDKrNdSoZ6SGrMaJBa3cqoAcLaf8PvAikgQ0VIRjKfsWipWdYqEY4XRaGiSSxpiM8ZD2NQ1xQKWdzq6ewgOteNCPhK5QwZn6fSLFgZSTwNWdAVYj+dvLxL+8fqL8up2yME4UDcl8kZ9wqCKYRQA9JihRfKIJJoLpWyEZYYGJ0kGVdAhfn8L/SadqWsi0ro4rzbM8jiLYA/vgEFjgFDTBBWiBNiBAgAfwBJ6Ne+PReDFe560FI5/ZBT9gvH0CTZ+SXA==</latexit><latexit sha1_base64="kd7oXpaSugfwjj+D6gZry7ccXUs=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwIWFSrLbgouDGjVDBPqCNYTKZtEMnD2cmSgn9DzcuFHHrv7jzb5y0EVT0wIXDOfdy7z1uzJlUCH0YhYXFpeWV4mppbX1jc6u8vdORUSIIbZOIR6LnYkk5C2lbMcVpLxYUBy6nXXd8nvndOyoki8JrNYmpHeBhyHxGsNLSjeek8dHtdDAcwksndsoVZKIZIDKrNdSoZ6SGrMaJBa3cqoAcLaf8PvAikgQ0VIRjKfsWipWdYqEY4XRaGiSSxpiM8ZD2NQ1xQKWdzq6ewgOteNCPhK5QwZn6fSLFgZSTwNWdAVYj+dvLxL+8fqL8up2yME4UDcl8kZ9wqCKYRQA9JihRfKIJJoLpWyEZYYGJ0kGVdAhfn8L/SadqWsi0ro4rzbM8jiLYA/vgEFjgFDTBBWiBNiBAgAfwBJ6Ne+PReDFe560FI5/ZBT9gvH0CTZ+SXA==</latexit><latexit sha1_base64="kd7oXpaSugfwjj+D6gZry7ccXUs=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwIWFSrLbgouDGjVDBPqCNYTKZtEMnD2cmSgn9DzcuFHHrv7jzb5y0EVT0wIXDOfdy7z1uzJlUCH0YhYXFpeWV4mppbX1jc6u8vdORUSIIbZOIR6LnYkk5C2lbMcVpLxYUBy6nXXd8nvndOyoki8JrNYmpHeBhyHxGsNLSjeek8dHtdDAcwksndsoVZKIZIDKrNdSoZ6SGrMaJBa3cqoAcLaf8PvAikgQ0VIRjKfsWipWdYqEY4XRaGiSSxpiM8ZD2NQ1xQKWdzq6ewgOteNCPhK5QwZn6fSLFgZSTwNWdAVYj+dvLxL+8fqL8up2yME4UDcl8kZ9wqCKYRQA9JihRfKIJJoLpWyEZYYGJ0kGVdAhfn8L/SadqWsi0ro4rzbM8jiLYA/vgEFjgFDTBBWiBNiBAgAfwBJ6Ne+PReDFe560FI5/ZBT9gvH0CTZ+SXA==</latexit><latexit sha1_base64="kd7oXpaSugfwjj+D6gZry7ccXUs=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwIWFSrLbgouDGjVDBPqCNYTKZtEMnD2cmSgn9DzcuFHHrv7jzb5y0EVT0wIXDOfdy7z1uzJlUCH0YhYXFpeWV4mppbX1jc6u8vdORUSIIbZOIR6LnYkk5C2lbMcVpLxYUBy6nXXd8nvndOyoki8JrNYmpHeBhyHxGsNLSjeek8dHtdDAcwksndsoVZKIZIDKrNdSoZ6SGrMaJBa3cqoAcLaf8PvAikgQ0VIRjKfsWipWdYqEY4XRaGiSSxpiM8ZD2NQ1xQKWdzq6ewgOteNCPhK5QwZn6fSLFgZSTwNWdAVYj+dvLxL+8fqL8up2yME4UDcl8kZ9wqCKYRQA9JihRfKIJJoLpWyEZYYGJ0kGVdAhfn8L/SadqWsi0ro4rzbM8jiLYA/vgEFjgFDTBBWiBNiBAgAfwBJ6Ne+PReDFe560FI5/ZBT9gvH0CTZ+SXA==</latexit>



• Remarks 
• The swampland distance conjecture has been confirmed 

extensively in asymptotic limits of moduli space  

• The tower of light states is expected to                                 
arise already when 

• It is expected to hold in the presence of                                     
a potential V(φ)  

• If correct, EFT cannot be trusted upon trans-Planckian 
displacements of scalar fields 
• Would strongly constrain models of large field inflation

Swampland distance conjecture

d ! 1
<latexit sha1_base64="0rVba1Yt9L3UxP3j4mR3jpTmcd4=">AAAB8nicdVBNSwMxFMzWr1q/qh69BIvgackWqy14KHjxWMHaQltKNpttQ7PZJXkrlKU/w4sHRbz6a7z5b0zbFVR0IDDMvEfejJ9IYYCQD6ewsrq2vlHcLG1t7+zulfcP7kycasbbLJax7vrUcCkUb4MAybuJ5jTyJe/4k6u537nn2ohY3cI04YOIjpQIBaNgpV7Qhxj3hQphOixXiEsWwMSt1kijPic14jXOPezlVgXlaA3L7/0gZmnEFTBJjel5JIFBRjUIJvms1E8NTyib0BHvWapoxM0gW5w8wydWCXAYa/sU4IX6fSOjkTHTyLeTEYWx+e3Nxb+8XgphfZAJlaTAFVt+FKYS25zz/DgQmjOQU0so08LeitmYasrAtlSyJXwlxf+Tu6rrEde7Oas0L/M6iugIHaNT5KEL1ETXqIXaiKEYPaAn9OyA8+i8OK/L0YKT7xyiH3DePgF1NpFZ</latexit><latexit sha1_base64="0rVba1Yt9L3UxP3j4mR3jpTmcd4=">AAAB8nicdVBNSwMxFMzWr1q/qh69BIvgackWqy14KHjxWMHaQltKNpttQ7PZJXkrlKU/w4sHRbz6a7z5b0zbFVR0IDDMvEfejJ9IYYCQD6ewsrq2vlHcLG1t7+zulfcP7kycasbbLJax7vrUcCkUb4MAybuJ5jTyJe/4k6u537nn2ohY3cI04YOIjpQIBaNgpV7Qhxj3hQphOixXiEsWwMSt1kijPic14jXOPezlVgXlaA3L7/0gZmnEFTBJjel5JIFBRjUIJvms1E8NTyib0BHvWapoxM0gW5w8wydWCXAYa/sU4IX6fSOjkTHTyLeTEYWx+e3Nxb+8XgphfZAJlaTAFVt+FKYS25zz/DgQmjOQU0so08LeitmYasrAtlSyJXwlxf+Tu6rrEde7Oas0L/M6iugIHaNT5KEL1ETXqIXaiKEYPaAn9OyA8+i8OK/L0YKT7xyiH3DePgF1NpFZ</latexit><latexit sha1_base64="0rVba1Yt9L3UxP3j4mR3jpTmcd4=">AAAB8nicdVBNSwMxFMzWr1q/qh69BIvgackWqy14KHjxWMHaQltKNpttQ7PZJXkrlKU/w4sHRbz6a7z5b0zbFVR0IDDMvEfejJ9IYYCQD6ewsrq2vlHcLG1t7+zulfcP7kycasbbLJax7vrUcCkUb4MAybuJ5jTyJe/4k6u537nn2ohY3cI04YOIjpQIBaNgpV7Qhxj3hQphOixXiEsWwMSt1kijPic14jXOPezlVgXlaA3L7/0gZmnEFTBJjel5JIFBRjUIJvms1E8NTyib0BHvWapoxM0gW5w8wydWCXAYa/sU4IX6fSOjkTHTyLeTEYWx+e3Nxb+8XgphfZAJlaTAFVt+FKYS25zz/DgQmjOQU0so08LeitmYasrAtlSyJXwlxf+Tu6rrEde7Oas0L/M6iugIHaNT5KEL1ETXqIXaiKEYPaAn9OyA8+i8OK/L0YKT7xyiH3DePgF1NpFZ</latexit><latexit sha1_base64="0rVba1Yt9L3UxP3j4mR3jpTmcd4=">AAAB8nicdVBNSwMxFMzWr1q/qh69BIvgackWqy14KHjxWMHaQltKNpttQ7PZJXkrlKU/w4sHRbz6a7z5b0zbFVR0IDDMvEfejJ9IYYCQD6ewsrq2vlHcLG1t7+zulfcP7kycasbbLJax7vrUcCkUb4MAybuJ5jTyJe/4k6u537nn2ohY3cI04YOIjpQIBaNgpV7Qhxj3hQphOixXiEsWwMSt1kijPic14jXOPezlVgXlaA3L7/0gZmnEFTBJjel5JIFBRjUIJvms1E8NTyib0BHvWapoxM0gW5w8wydWCXAYa/sU4IX6fSOjkTHTyLeTEYWx+e3Nxb+8XgphfZAJlaTAFVt+FKYS25zz/DgQmjOQU0so08LeitmYasrAtlSyJXwlxf+Tu6rrEde7Oas0L/M6iugIHaNT5KEL1ETXqIXaiKEYPaAn9OyA8+i8OK/L0YKT7xyiH3DePgF1NpFZ</latexit>

d & Mp
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“Refined 
distance 

conjecture”

Ongoing debate

Grimm, Palti, Valenzuela ’18; Grimm, Li, Palti ’18, Corvilain, Grimm, Valenzuela ’18; Blumenhagen, Kläwer, 
Schlechter, Wolf ’18;  Hebecker, Junghans, Schachner ’18; Joshi, Klemm ’19; Lee, Lerche, Weigand ’19;…

Baume, Palti ’16;
 Klaewer, Palti ’16



dS vacua and the swampland



dS and the swampland

• It is notoriously difficult to obtain string dS vacua. 

• The difficulty can be traced back to the Dine-Seiberg problem: 

In string theory, there are no free parameters: coupling 
constants are vevs of scalar fields (moduli), e.g. 

At weak coupling (              ), vacuum energy vanishes 

Dine, Seiberg ’85

gs = e��

� ! 1

• V>0: runaway (quintessence?) 

• V=0: flat (massless    ) 

• V<0: roll to strong coupling

�

�

V (�)

V (�) ⇠ a e�� + . . .



dS and the swampland

• It is notoriously difficult to obtain string dS vacua. 

• The difficulty can be traced back to the Dine-Seiberg problem: 

In string theory, there are no free parameters: coupling 
constants are vevs of scalar fields (moduli), e.g. 

At weak coupling (              ), vacuum energy vanishes 

Dine, Seiberg ’85

gs = e��

�

V (�)

V (�) ⇠ a e�� + . . .
• No vacuum (either AdS, Mink, 

or dS) at parametrically 
weak coupling exists!

� ! 1



dS and the swampland

• To find a minimum, one needs higher order corrections in the 
potential, but then perturbativity is endangered 

�

V (�)

V (�) = �a e�� + b e�2� + . . . =) gs = e��0 =
a

2b

• Option 1: gs ~ a/b~1  strong coupling (no control)! 

• Option 2: gs ~ a/b << 1 AdS at small coupling (‘non-
parametric’ control) 



dS and the swampland

• To find a minimum, one needs higher order corrections in the 
potential, but then perturbativity is endangered 

�

V (�)

• With one more term, one can obtain potentials with 
dS minima at gs << 1. Not ideal, but who said it 
should be?

Moduli stabilization and 
constructions of vacua (AdS or 
dS) exploit this mechanism 

GKP ‘01, KKLT ‘03, LVS ‘05

V (�) = a e�� � b e�2� + c e�3� + . . .



dS and the swampland

• Recent suggestion: in every direction in moduli space, the 
potential must satisfy asymptotically  

This behaviour arises naturally in string theory, and is required 
asymptotically by the distance conjecture.  

• De Sitter swampland conjecture: this must hold (with minor 
qualifications) throughout moduli space, forbidding dS vacua. 

Obied, Ooguri, Spodyneiko, Vafa ‘18

dS vacua (KKLT, LVS)        vs.     dS swampland conjecture
Necessarily complicated 

Vacuum energy
Simple but speculative 

Quintessence

Ooguri, Palti, Shiu, Vafa ‘18

|rV (�)| � ↵V ↵ ⇠ O(1) , � ! 1

Lively ongoing debate



AdS distance conjecture



AdS distance conjecture

• The most rigorously stablished AdS solutions of string theory take 
the form                     , with the radius of AdS of the same order as 
the radius of X  (as in AdS5 x S5) 

There is no gap between Λ and the massive KK states 

Λ -> 0 corresponds to Vol(X) -> ∞  . This is an infinite distance in 
moduli space, and comes with a tower of light states 

• AdS distance conjecture

Any theory of Quantum Gravity in AdS spacetime contains a tower of 
states with mass scale (Mp=1) 

• This is in contrast with some proposed AdS string vacua

Lüst, Palti, Vafa ‘19

m ⇠ |⇤|↵
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KKLT ’03, DeWolfe et al. ’05,…
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(               in SUSY)



Further topics & Summary



• Further swampland conjectures and refinements 
• Completeness in QG, moduli space conjectures, magnetic-WGC and 

(species) cutoffs, scalar-WGC, Stuckelberg conjectures… 

• The emergence proposal and the swampland 

• Phenomenological applications 
• Mini-charged & Fuzzy DM, natural inflation, axion monodromy and large 

field inflation, relaxion, cosmological constant and quintessence, 
massive gravity, neutrino physics, AdS/CMT… 

• Swampland tests in quantum gravity and in string theory

Further topics

See Palti ’19 for many more details and references
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• Much work remains to be done to fully understand the origin and 
consequences of these conjectures. 
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