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Distance Conjecture

1) CFT Distance Conjecture
..

<latexit sha1_base64="FDyMieYjjEduXfSGURWf4oMc1To=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7fr9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpaF1X/slq7r1XqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wf8mY2a</latexit>m1

<latexit sha1_base64="tTy5vY4OnAYQZJuBs3Ry9hiDt1c=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWop6k4MVjRVsL7VKyabYNTbJLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWnZAYJrhiLcutYJ1EMyJDwR7D8c3Mf3xi2vBYPdhJwgJJhopHnBLrpHvZr/XLFa/qzYFXiZ+TCuRo9stfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2P3WKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdFVkHGVpJYpulgUpQLbGM/+xgOuGbVi4gihmrtbMR0RTah16ZRcCP7yy6ukXav6F9X6Xb3SuM7jKMIJnMI5+HAJDbiFJrSAwhCe4RXekEAv6B19LFoLKJ85hj9Anz/+HY2b</latexit>m2

<latexit sha1_base64="TIoYk/VDVL4C+atPDlDbpkwbUpM=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7ql+ueFVvDrxK/JxUIEejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5qVN85pQBjmLtSlk8V39PZEQaM5Gh65TEjsyyNxP/87qpja6DjKsktUzRxaIoFdjGePY3HnDNqBUTRwjV3N2K6YhoQq1Lp+RC8JdfXiWti6p/Wa3d1yr1mzyOIpzAKZyDD1dQhztoQBMoDOEZXuENCfSC3tHHorWA8plj+AP0+QNZHI3X</latexit>mn

[Ooguri-Vafa’06]

infinite tower of states becoming light at 
infinite distance in field space

<latexit sha1_base64="pH5/ouFRuVstzwmOS/1tyTIQhpk=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwMdxJUCsJaGEZwXxALoa5zSRZsnt37O4J4Uhp41+xsVDE1p9g579x81Fo4oOBx3szzMwLYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLkU79MTH0TcA/8ahQE/7vFhK5d3C+4YdJ54U5InU5RbuS+/HbFEYmiYAK0bnhubZgrKcCZwmPUTjTGwPnSxYWkIEnUzHT8ypEdWadNOpGyFho7V3xMpSK0HMrCdEkxPz3oj8T+vkZjORTPlYZwYDNlkUScR1ER0lAptc4XMiIElwBS3t1LWAwXM2OyyNgRv9uV5Uj0teGeF4m0xX7qcxpEh++SQHBOPnJMSuSFlUiGMPJJn8krenCfnxXl3PiatC850Zo/8gfP5Aw9omWE=</latexit>

m ⇠ m0e
�↵�� <latexit sha1_base64="qTu23Eyt+U2gKsxEwTRbl9j562c=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbiToFYS0MIygvmAXAh7m71kyd7usTunHCGNjX/FxkIRW/+Dnf/GTXKFJj4YeLw3w8y8IBbcgOt+O7ml5ZXVtfx6YWNza3unuLvXMCrRlNWpEkq3AmKY4JLVgYNgrVgzEgWCNYPh1cRv3jNtuJJ3kMasE5G+5CGnBKzULR7610wA8eMB9zXvD4BorR6wz2UIabdYcsvuFHiReBkpoQy1bvHL7ymaREwCFcSYtufG0BkRDZwKNi74iWExoUPSZ21LJYmY6YymX4zxsVV6OFTalgQ8VX9PjEhkTBoFtjMiMDDz3kT8z2snEF50RlzGCTBJZ4vCRGBQeBIJ7nHNKIjUEkI1t7diOiCaULDBFWwI3vzLi6RxWvbOypXbSql6mcWRRwfoCJ0gD52jKrpBNVRHFD2iZ/SK3pwn58V5dz5mrTknm9lHf+B8/gAZuZj2</latexit>

�� ! 1as

<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

<latexit sha1_base64="e8jMAGCoXFWdhjZnLl0FGgIBAk0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJJS1JUUdOGygn1AE8rNdNIOnTw6MxFKyMqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HuPF3MmlWV9G0vLK6tr64WN4ubW9s6uubfflFEiCG2QiEei7YGknIW0oZjitB0LCoHHacsbXk/81gMVkkXhvRrH1A2gHzKfEVBa6ppHDvB4AE6fjrDjCyB26siRUOnNWSXLumbJKltT4EVi56SEctS75pfTi0gS0FARDlJ2bCtWbgpCMcJpVnQSSWMgQ+jTjqYhBFS66fSNDJ9opYf9SOgKFZ6qvydSCKQcB57uDEAN5Lw3Ef/zOonyL92UhXGiaEhmi/yEYxXhSSa4xwQlio81ASKYvhWTAegwlE6uqEOw519eJM1K2T4vV++qpdpVHkcBHaJjdIpsdIFq6BbVUQMR9Iie0St6M56MF+Pd+Ji1Lhn5zAH6A+PzB/qNmM8=</latexit>

↵ � 1p
D � 2

;



Distance Conjecture

1) CFT Distance Conjecture
..

<latexit sha1_base64="FDyMieYjjEduXfSGURWf4oMc1To=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7fr9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpaF1X/slq7r1XqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wf8mY2a</latexit>m1

<latexit sha1_base64="tTy5vY4OnAYQZJuBs3Ry9hiDt1c=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWop6k4MVjRVsL7VKyabYNTbJLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWnZAYJrhiLcutYJ1EMyJDwR7D8c3Mf3xi2vBYPdhJwgJJhopHnBLrpHvZr/XLFa/qzYFXiZ+TCuRo9stfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2P3WKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdFVkHGVpJYpulgUpQLbGM/+xgOuGbVi4gihmrtbMR0RTah16ZRcCP7yy6ukXav6F9X6Xb3SuM7jKMIJnMI5+HAJDbiFJrSAwhCe4RXekEAv6B19LFoLKJ85hj9Anz/+HY2b</latexit>m2

<latexit sha1_base64="TIoYk/VDVL4C+atPDlDbpkwbUpM=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7ql+ueFVvDrxK/JxUIEejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5qVN85pQBjmLtSlk8V39PZEQaM5Gh65TEjsyyNxP/87qpja6DjKsktUzRxaIoFdjGePY3HnDNqBUTRwjV3N2K6YhoQq1Lp+RC8JdfXiWti6p/Wa3d1yr1mzyOIpzAKZyDD1dQhztoQBMoDOEZXuENCfSC3tHHorWA8plj+AP0+QNZHI3X</latexit>mn

[Ooguri-Vafa’06]

infinite tower of states becoming light at 
infinite distance in field space

<latexit sha1_base64="pH5/ouFRuVstzwmOS/1tyTIQhpk=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwMdxJUCsJaGEZwXxALoa5zSRZsnt37O4J4Uhp41+xsVDE1p9g579x81Fo4oOBx3szzMwLYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLkU79MTH0TcA/8ahQE/7vFhK5d3C+4YdJ54U5InU5RbuS+/HbFEYmiYAK0bnhubZgrKcCZwmPUTjTGwPnSxYWkIEnUzHT8ypEdWadNOpGyFho7V3xMpSK0HMrCdEkxPz3oj8T+vkZjORTPlYZwYDNlkUScR1ER0lAptc4XMiIElwBS3t1LWAwXM2OyyNgRv9uV5Uj0teGeF4m0xX7qcxpEh++SQHBOPnJMSuSFlUiGMPJJn8krenCfnxXl3PiatC850Zo/8gfP5Aw9omWE=</latexit>

m ⇠ m0e
�↵�� <latexit sha1_base64="qTu23Eyt+U2gKsxEwTRbl9j562c=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbiToFYS0MIygvmAXAh7m71kyd7usTunHCGNjX/FxkIRW/+Dnf/GTXKFJj4YeLw3w8y8IBbcgOt+O7ml5ZXVtfx6YWNza3unuLvXMCrRlNWpEkq3AmKY4JLVgYNgrVgzEgWCNYPh1cRv3jNtuJJ3kMasE5G+5CGnBKzULR7610wA8eMB9zXvD4BorR6wz2UIabdYcsvuFHiReBkpoQy1bvHL7ymaREwCFcSYtufG0BkRDZwKNi74iWExoUPSZ21LJYmY6YymX4zxsVV6OFTalgQ8VX9PjEhkTBoFtjMiMDDz3kT8z2snEF50RlzGCTBJZ4vCRGBQeBIJ7nHNKIjUEkI1t7diOiCaULDBFWwI3vzLi6RxWvbOypXbSql6mcWRRwfoCJ0gD52jKrpBNVRHFD2iZ/SK3pwn58V5dz5mrTknm9lHf+B8/gAZuZj2</latexit>

�� ! 1as

<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

<latexit sha1_base64="ITIU5ej084+tvYdFCEY9hQtLMFE=">AAACD3icbVBNSwMxEM3Wr1q/qh69BItaQcuuFPUkBS/iqYKthe5aZtO0DU12lyQrlKX/wIt/xYsHRbx69ea/MW33oK0PZni8N0Myz484U9q2v63M3PzC4lJ2Obeyura+kd/cqqswloTWSMhD2fBBUc4CWtNMc9qIJAXhc3rn9y9H/t0DlYqFwa0eRNQT0A1YhxHQRmrl990uCAGta1cxgel9cuwCj3qA20VXQ3w0ageHw1a+YJ fsMfAscVJSQCmqrfyX2w5JLGigCQelmo4daS8BqRnhdJhzY0UjIH3o0qahAQiqvGR8zxDvGaWNO6E0FWg8Vn9vJCCUGgjfTArQPTXtjcT/vGasO+dewoIo1jQgk4c6Mcc6xKNwcJtJSjQfGAJEMvNXTHoggWgTYc6E4EyfPEvqJyXntFS+KRcqF2kcWbSDdlEROegMVdAVqqIaIugRPaNX9GY9WS/Wu/UxGc1Y6c42+gPr8weQIJu3</latexit>

�J ⇠ e�↵d(⌧,⌧ 0) as
<latexit sha1_base64="6LfJNJzqL4s17MQ4nogpcN4okiA=">AAACCHicbVDLSgMxFM3UV62vUZcuDBaxgpQZKepKCm5cVrAP6Awlk2ba0ExmSO4opXTpxl9x40IRt36CO//GTNuFVg/cy+Gce0nuCRLBNTjOl5VbWFxaXsmvFtbWNza37O2dho5TRVmdxiJWrYBoJrhkdeAgWCtRjESBYM1gcJX5zTumNI/lLQwT5kekJ3nIKQEjdez9bskDkp5k7ejYU7zXB6JUfI89LkMYduyiU3YmwH+JOyNFNEOtY3963ZimEZNABdG67ToJ+COigFPBxgUv1SwhdEB6rG2oJBHT/mhyyBgfGqWLw1iZkoAn6s+NEYm0HkaBmYwI9PW8l4n/ee0Uwgt/xGWSApN0+lCYCgwxzlLBXa4YBTE0hFDFzV8x7RNFKJjsCiYEd/7kv6RxWnbPypWbSrF6OYsjj/bQASohF52jKrpGNVRHFD2gJ/SCXq1H69l6s96nozlrtrOLfsH6+AZHC5mF</latexit>

d(⌧, ⌧ 0) ! 1

Infinite tower of operators 
approaching unitarity bound

Infinite distance
measured by Zamolodchikov metric

Universal property of local unitary conformal manifolds:

|x� y|2dhOi(x)Oj(y)i = gij(t
i)

[Perlmutter,Rastelli,Vafa,IV’21]
[Baume,Calderon-Infante’21]

[Kontsevich,Soibelman’00] [Acharya,Douglas’06]

<latexit sha1_base64="e8jMAGCoXFWdhjZnLl0FGgIBAk0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJJS1JUUdOGygn1AE8rNdNIOnTw6MxFKyMqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HuPF3MmlWV9G0vLK6tr64WN4ubW9s6uubfflFEiCG2QiEei7YGknIW0oZjitB0LCoHHacsbXk/81gMVkkXhvRrH1A2gHzKfEVBa6ppHDvB4AE6fjrDjCyB26siRUOnNWSXLumbJKltT4EVi56SEctS75pfTi0gS0FARDlJ2bCtWbgpCMcJpVnQSSWMgQ+jTjqYhBFS66fSNDJ9opYf9SOgKFZ6qvydSCKQcB57uDEAN5Lw3Ef/zOonyL92UhXGiaEhmi/yEYxXhSSa4xwQlio81ASKYvhWTAegwlE6uqEOw519eJM1K2T4vV++qpdpVHkcBHaJjdIpsdIFq6BbVUQMR9Iie0St6M56MF+Pd+Ji1Lhn5zAH6A+PzB/qNmM8=</latexit>

↵ � 1p
D � 2

;



Distance Conjecture

1) CFT Distance Conjecture
..

<latexit sha1_base64="FDyMieYjjEduXfSGURWf4oMc1To=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7fr9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpaF1X/slq7r1XqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wf8mY2a</latexit>m1

<latexit sha1_base64="tTy5vY4OnAYQZJuBs3Ry9hiDt1c=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWop6k4MVjRVsL7VKyabYNTbJLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWnZAYJrhiLcutYJ1EMyJDwR7D8c3Mf3xi2vBYPdhJwgJJhopHnBLrpHvZr/XLFa/qzYFXiZ+TCuRo9stfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2P3WKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdFVkHGVpJYpulgUpQLbGM/+xgOuGbVi4gihmrtbMR0RTah16ZRcCP7yy6ukXav6F9X6Xb3SuM7jKMIJnMI5+HAJDbiFJrSAwhCe4RXekEAv6B19LFoLKJ85hj9Anz/+HY2b</latexit>m2

<latexit sha1_base64="TIoYk/VDVL4C+atPDlDbpkwbUpM=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7ql+ueFVvDrxK/JxUIEejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5qVN85pQBjmLtSlk8V39PZEQaM5Gh65TEjsyyNxP/87qpja6DjKsktUzRxaIoFdjGePY3HnDNqBUTRwjV3N2K6YhoQq1Lp+RC8JdfXiWti6p/Wa3d1yr1mzyOIpzAKZyDD1dQhztoQBMoDOEZXuENCfSC3tHHorWA8plj+AP0+QNZHI3X</latexit>mn

[Ooguri-Vafa’06]

infinite tower of states becoming light at 
infinite distance in field space

<latexit sha1_base64="pH5/ouFRuVstzwmOS/1tyTIQhpk=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwMdxJUCsJaGEZwXxALoa5zSRZsnt37O4J4Uhp41+xsVDE1p9g579x81Fo4oOBx3szzMwLYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLkU79MTH0TcA/8ahQE/7vFhK5d3C+4YdJ54U5InU5RbuS+/HbFEYmiYAK0bnhubZgrKcCZwmPUTjTGwPnSxYWkIEnUzHT8ypEdWadNOpGyFho7V3xMpSK0HMrCdEkxPz3oj8T+vkZjORTPlYZwYDNlkUScR1ER0lAptc4XMiIElwBS3t1LWAwXM2OyyNgRv9uV5Uj0teGeF4m0xX7qcxpEh++SQHBOPnJMSuSFlUiGMPJJn8krenCfnxXl3PiatC850Zo/8gfP5Aw9omWE=</latexit>

m ⇠ m0e
�↵�� <latexit sha1_base64="qTu23Eyt+U2gKsxEwTRbl9j562c=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbiToFYS0MIygvmAXAh7m71kyd7usTunHCGNjX/FxkIRW/+Dnf/GTXKFJj4YeLw3w8y8IBbcgOt+O7ml5ZXVtfx6YWNza3unuLvXMCrRlNWpEkq3AmKY4JLVgYNgrVgzEgWCNYPh1cRv3jNtuJJ3kMasE5G+5CGnBKzULR7610wA8eMB9zXvD4BorR6wz2UIabdYcsvuFHiReBkpoQy1bvHL7ymaREwCFcSYtufG0BkRDZwKNi74iWExoUPSZ21LJYmY6YymX4zxsVV6OFTalgQ8VX9PjEhkTBoFtjMiMDDz3kT8z2snEF50RlzGCTBJZ4vCRGBQeBIJ7nHNKIjUEkI1t7diOiCaULDBFWwI3vzLi6RxWvbOypXbSql6mcWRRwfoCJ0gD52jKrpBNVRHFD2iZ/SK3pwn58V5dz5mrTknm9lHf+B8/gAZuZj2</latexit>

�� ! 1as

<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

<latexit sha1_base64="ITIU5ej084+tvYdFCEY9hQtLMFE=">AAACD3icbVBNSwMxEM3Wr1q/qh69BItaQcuuFPUkBS/iqYKthe5aZtO0DU12lyQrlKX/wIt/xYsHRbx69ea/MW33oK0PZni8N0Myz484U9q2v63M3PzC4lJ2Obeyura+kd/cqqswloTWSMhD2fBBUc4CWtNMc9qIJAXhc3rn9y9H/t0DlYqFwa0eRNQT0A1YhxHQRmrl990uCAGta1cxgel9cuwCj3qA20VXQ3w0ageHw1a+YJ fsMfAscVJSQCmqrfyX2w5JLGigCQelmo4daS8BqRnhdJhzY0UjIH3o0qahAQiqvGR8zxDvGaWNO6E0FWg8Vn9vJCCUGgjfTArQPTXtjcT/vGasO+dewoIo1jQgk4c6Mcc6xKNwcJtJSjQfGAJEMvNXTHoggWgTYc6E4EyfPEvqJyXntFS+KRcqF2kcWbSDdlEROegMVdAVqqIaIugRPaNX9GY9WS/Wu/UxGc1Y6c42+gPr8weQIJu3</latexit>

�J ⇠ e�↵d(⌧,⌧ 0) as
<latexit sha1_base64="6LfJNJzqL4s17MQ4nogpcN4okiA=">AAACCHicbVDLSgMxFM3UV62vUZcuDBaxgpQZKepKCm5cVrAP6Awlk2ba0ExmSO4opXTpxl9x40IRt36CO//GTNuFVg/cy+Gce0nuCRLBNTjOl5VbWFxaXsmvFtbWNza37O2dho5TRVmdxiJWrYBoJrhkdeAgWCtRjESBYM1gcJX5zTumNI/lLQwT5kekJ3nIKQEjdez9bskDkp5k7ejYU7zXB6JUfI89LkMYduyiU3YmwH+JOyNFNEOtY3963ZimEZNABdG67ToJ+COigFPBxgUv1SwhdEB6rG2oJBHT/mhyyBgfGqWLw1iZkoAn6s+NEYm0HkaBmYwI9PW8l4n/ee0Uwgt/xGWSApN0+lCYCgwxzlLBXa4YBTE0hFDFzV8x7RNFKJjsCiYEd/7kv6RxWnbPypWbSrF6OYsjj/bQASohF52jKrpGNVRHFD2gJ/SCXq1H69l6s96nozlrtrOLfsH6+AZHC5mF</latexit>

d(⌧, ⌧ 0) ! 1

Infinite tower of operators 
approaching unitarity bound

Infinite distance
measured by Zamolodchikov metric

Universal property of local unitary conformal manifolds:

|x� y|2dhOi(x)Oj(y)i = gij(t
i)

[Perlmutter,Rastelli,Vafa,IV’21]
[Baume,Calderon-Infante’21]

[Kontsevich,Soibelman’00] [Acharya,Douglas’06]

<latexit sha1_base64="e8jMAGCoXFWdhjZnLl0FGgIBAk0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJJS1JUUdOGygn1AE8rNdNIOnTw6MxFKyMqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HuPF3MmlWV9G0vLK6tr64WN4ubW9s6uubfflFEiCG2QiEei7YGknIW0oZjitB0LCoHHacsbXk/81gMVkkXhvRrH1A2gHzKfEVBa6ppHDvB4AE6fjrDjCyB26siRUOnNWSXLumbJKltT4EVi56SEctS75pfTi0gS0FARDlJ2bCtWbgpCMcJpVnQSSWMgQ+jTjqYhBFS66fSNDJ9opYf9SOgKFZ6qvydSCKQcB57uDEAN5Lw3Ef/zOonyL92UhXGiaEhmi/yEYxXhSSa4xwQlio81ASKYvhWTAegwlE6uqEOw519eJM1K2T4vV++qpdpVHkcBHaJjdIpsdIFq6BbVUQMR9Iie0St6M56MF+Pd+Ji1Lhn5zAH6A+PzB/qNmM8=</latexit>

↵ � 1p
D � 2

;



Distance Conjecture

1) CFT Distance Conjecture
..

<latexit sha1_base64="FDyMieYjjEduXfSGURWf4oMc1To=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7fr9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpaF1X/slq7r1XqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wf8mY2a</latexit>m1

<latexit sha1_base64="tTy5vY4OnAYQZJuBs3Ry9hiDt1c=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWop6k4MVjRVsL7VKyabYNTbJLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWnZAYJrhiLcutYJ1EMyJDwR7D8c3Mf3xi2vBYPdhJwgJJhopHnBLrpHvZr/XLFa/qzYFXiZ+TCuRo9stfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2P3WKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdFVkHGVpJYpulgUpQLbGM/+xgOuGbVi4gihmrtbMR0RTah16ZRcCP7yy6ukXav6F9X6Xb3SuM7jKMIJnMI5+HAJDbiFJrSAwhCe4RXekEAv6B19LFoLKJ85hj9Anz/+HY2b</latexit>m2

<latexit sha1_base64="TIoYk/VDVL4C+atPDlDbpkwbUpM=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7ql+ueFVvDrxK/JxUIEejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5qVN85pQBjmLtSlk8V39PZEQaM5Gh65TEjsyyNxP/87qpja6DjKsktUzRxaIoFdjGePY3HnDNqBUTRwjV3N2K6YhoQq1Lp+RC8JdfXiWti6p/Wa3d1yr1mzyOIpzAKZyDD1dQhztoQBMoDOEZXuENCfSC3tHHorWA8plj+AP0+QNZHI3X</latexit>mn

[Ooguri-Vafa’06]

infinite tower of states becoming light at 
infinite distance in field space

<latexit sha1_base64="pH5/ouFRuVstzwmOS/1tyTIQhpk=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwMdxJUCsJaGEZwXxALoa5zSRZsnt37O4J4Uhp41+xsVDE1p9g579x81Fo4oOBx3szzMwLYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLkU79MTH0TcA/8ahQE/7vFhK5d3C+4YdJ54U5InU5RbuS+/HbFEYmiYAK0bnhubZgrKcCZwmPUTjTGwPnSxYWkIEnUzHT8ypEdWadNOpGyFho7V3xMpSK0HMrCdEkxPz3oj8T+vkZjORTPlYZwYDNlkUScR1ER0lAptc4XMiIElwBS3t1LWAwXM2OyyNgRv9uV5Uj0teGeF4m0xX7qcxpEh++SQHBOPnJMSuSFlUiGMPJJn8krenCfnxXl3PiatC850Zo/8gfP5Aw9omWE=</latexit>

m ⇠ m0e
�↵�� <latexit sha1_base64="qTu23Eyt+U2gKsxEwTRbl9j562c=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbiToFYS0MIygvmAXAh7m71kyd7usTunHCGNjX/FxkIRW/+Dnf/GTXKFJj4YeLw3w8y8IBbcgOt+O7ml5ZXVtfx6YWNza3unuLvXMCrRlNWpEkq3AmKY4JLVgYNgrVgzEgWCNYPh1cRv3jNtuJJ3kMasE5G+5CGnBKzULR7610wA8eMB9zXvD4BorR6wz2UIabdYcsvuFHiReBkpoQy1bvHL7ymaREwCFcSYtufG0BkRDZwKNi74iWExoUPSZ21LJYmY6YymX4zxsVV6OFTalgQ8VX9PjEhkTBoFtjMiMDDz3kT8z2snEF50RlzGCTBJZ4vCRGBQeBIJ7nHNKIjUEkI1t7diOiCaULDBFWwI3vzLi6RxWvbOypXbSql6mcWRRwfoCJ0gD52jKrpBNVRHFD2iZ/SK3pwn58V5dz5mrTknm9lHf+B8/gAZuZj2</latexit>

�� ! 1as

<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

<latexit sha1_base64="ITIU5ej084+tvYdFCEY9hQtLMFE=">AAACD3icbVBNSwMxEM3Wr1q/qh69BItaQcuuFPUkBS/iqYKthe5aZtO0DU12lyQrlKX/wIt/xYsHRbx69ea/MW33oK0PZni8N0Myz484U9q2v63M3PzC4lJ2Obeyura+kd/cqqswloTWSMhD2fBBUc4CWtNMc9qIJAXhc3rn9y9H/t0DlYqFwa0eRNQT0A1YhxHQRmrl990uCAGta1cxgel9cuwCj3qA20VXQ3w0ageHw1a+YJ fsMfAscVJSQCmqrfyX2w5JLGigCQelmo4daS8BqRnhdJhzY0UjIH3o0qahAQiqvGR8zxDvGaWNO6E0FWg8Vn9vJCCUGgjfTArQPTXtjcT/vGasO+dewoIo1jQgk4c6Mcc6xKNwcJtJSjQfGAJEMvNXTHoggWgTYc6E4EyfPEvqJyXntFS+KRcqF2kcWbSDdlEROegMVdAVqqIaIugRPaNX9GY9WS/Wu/UxGc1Y6c42+gPr8weQIJu3</latexit>

�J ⇠ e�↵d(⌧,⌧ 0) as
<latexit sha1_base64="6LfJNJzqL4s17MQ4nogpcN4okiA=">AAACCHicbVDLSgMxFM3UV62vUZcuDBaxgpQZKepKCm5cVrAP6Awlk2ba0ExmSO4opXTpxl9x40IRt36CO//GTNuFVg/cy+Gce0nuCRLBNTjOl5VbWFxaXsmvFtbWNza37O2dho5TRVmdxiJWrYBoJrhkdeAgWCtRjESBYM1gcJX5zTumNI/lLQwT5kekJ3nIKQEjdez9bskDkp5k7ejYU7zXB6JUfI89LkMYduyiU3YmwH+JOyNFNEOtY3963ZimEZNABdG67ToJ+COigFPBxgUv1SwhdEB6rG2oJBHT/mhyyBgfGqWLw1iZkoAn6s+NEYm0HkaBmYwI9PW8l4n/ee0Uwgt/xGWSApN0+lCYCgwxzlLBXa4YBTE0hFDFzV8x7RNFKJjsCiYEd/7kv6RxWnbPypWbSrF6OYsjj/bQASohF52jKrpGNVRHFD2gJ/SCXq1H69l6s96nozlrtrOLfsH6+AZHC5mF</latexit>

d(⌧, ⌧ 0) ! 1

Infinite tower of operators 
approaching unitarity bound

Infinite distance
measured by Zamolodchikov metric

Universal property of local unitary conformal manifolds:

|x� y|2dhOi(x)Oj(y)i = gij(t
i)

[Perlmutter,Rastelli,Vafa,IV’21]
[Baume,Calderon-Infante’21]

[Kontsevich,Soibelman’00] [Acharya,Douglas’06]

<latexit sha1_base64="e8jMAGCoXFWdhjZnLl0FGgIBAk0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJJS1JUUdOGygn1AE8rNdNIOnTw6MxFKyMqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HuPF3MmlWV9G0vLK6tr64WN4ubW9s6uubfflFEiCG2QiEei7YGknIW0oZjitB0LCoHHacsbXk/81gMVkkXhvRrH1A2gHzKfEVBa6ppHDvB4AE6fjrDjCyB26siRUOnNWSXLumbJKltT4EVi56SEctS75pfTi0gS0FARDlJ2bCtWbgpCMcJpVnQSSWMgQ+jTjqYhBFS66fSNDJ9opYf9SOgKFZ6qvydSCKQcB57uDEAN5Lw3Ef/zOonyL92UhXGiaEhmi/yEYxXhSSa4xwQlio81ASKYvhWTAegwlE6uqEOw519eJM1K2T4vV++qpdpVHkcBHaJjdIpsdIFq6BbVUQMR9Iie0St6M56MF+Pd+Ji1Lhn5zAH6A+PzB/qNmM8=</latexit>

↵ � 1p
D � 2

;

not proven YET 
(supported by all 
known examples)

recently 
proven in

[Baume,Calderon-Infante’23]

[Ooguri,Wang’24]

for higher spin gap in d>2
for scalar gap in d=2



Distance Conjecture

1) CFT Distance Conjecture
..

<latexit sha1_base64="FDyMieYjjEduXfSGURWf4oMc1To=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7fr9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpaF1X/slq7r1XqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wf8mY2a</latexit>m1

<latexit sha1_base64="tTy5vY4OnAYQZJuBs3Ry9hiDt1c=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWop6k4MVjRVsL7VKyabYNTbJLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWnZAYJrhiLcutYJ1EMyJDwR7D8c3Mf3xi2vBYPdhJwgJJhopHnBLrpHvZr/XLFa/qzYFXiZ+TCuRo9stfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2P3WKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdFVkHGVpJYpulgUpQLbGM/+xgOuGbVi4gihmrtbMR0RTah16ZRcCP7yy6ukXav6F9X6Xb3SuM7jKMIJnMI5+HAJDbiFJrSAwhCe4RXekEAv6B19LFoLKJ85hj9Anz/+HY2b</latexit>m2

<latexit sha1_base64="TIoYk/VDVL4C+atPDlDbpkwbUpM=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7ql+ueFVvDrxK/JxUIEejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5qVN85pQBjmLtSlk8V39PZEQaM5Gh65TEjsyyNxP/87qpja6DjKsktUzRxaIoFdjGePY3HnDNqBUTRwjV3N2K6YhoQq1Lp+RC8JdfXiWti6p/Wa3d1yr1mzyOIpzAKZyDD1dQhztoQBMoDOEZXuENCfSC3tHHorWA8plj+AP0+QNZHI3X</latexit>mn

Distance Theorem?

[Ooguri-Vafa’06]

infinite tower of states becoming light at 
infinite distance in field space

<latexit sha1_base64="pH5/ouFRuVstzwmOS/1tyTIQhpk=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwMdxJUCsJaGEZwXxALoa5zSRZsnt37O4J4Uhp41+xsVDE1p9g579x81Fo4oOBx3szzMwLYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLkU79MTH0TcA/8ahQE/7vFhK5d3C+4YdJ54U5InU5RbuS+/HbFEYmiYAK0bnhubZgrKcCZwmPUTjTGwPnSxYWkIEnUzHT8ypEdWadNOpGyFho7V3xMpSK0HMrCdEkxPz3oj8T+vkZjORTPlYZwYDNlkUScR1ER0lAptc4XMiIElwBS3t1LWAwXM2OyyNgRv9uV5Uj0teGeF4m0xX7qcxpEh++SQHBOPnJMSuSFlUiGMPJJn8krenCfnxXl3PiatC850Zo/8gfP5Aw9omWE=</latexit>

m ⇠ m0e
�↵�� <latexit sha1_base64="qTu23Eyt+U2gKsxEwTRbl9j562c=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbiToFYS0MIygvmAXAh7m71kyd7usTunHCGNjX/FxkIRW/+Dnf/GTXKFJj4YeLw3w8y8IBbcgOt+O7ml5ZXVtfx6YWNza3unuLvXMCrRlNWpEkq3AmKY4JLVgYNgrVgzEgWCNYPh1cRv3jNtuJJ3kMasE5G+5CGnBKzULR7610wA8eMB9zXvD4BorR6wz2UIabdYcsvuFHiReBkpoQy1bvHL7ymaREwCFcSYtufG0BkRDZwKNi74iWExoUPSZ21LJYmY6YymX4zxsVV6OFTalgQ8VX9PjEhkTBoFtjMiMDDz3kT8z2snEF50RlzGCTBJZ4vCRGBQeBIJ7nHNKIjUEkI1t7diOiCaULDBFWwI3vzLi6RxWvbOypXbSql6mcWRRwfoCJ0gD52jKrpBNVRHFD2iZ/SK3pwn58V5dz5mrTknm9lHf+B8/gAZuZj2</latexit>

�� ! 1as

<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

<latexit sha1_base64="ITIU5ej084+tvYdFCEY9hQtLMFE=">AAACD3icbVBNSwMxEM3Wr1q/qh69BItaQcuuFPUkBS/iqYKthe5aZtO0DU12lyQrlKX/wIt/xYsHRbx69ea/MW33oK0PZni8N0Myz484U9q2v63M3PzC4lJ2Obeyura+kd/cqqswloTWSMhD2fBBUc4CWtNMc9qIJAXhc3rn9y9H/t0DlYqFwa0eRNQT0A1YhxHQRmrl990uCAGta1cxgel9cuwCj3qA20VXQ3w0ageHw1a+YJ fsMfAscVJSQCmqrfyX2w5JLGigCQelmo4daS8BqRnhdJhzY0UjIH3o0qahAQiqvGR8zxDvGaWNO6E0FWg8Vn9vJCCUGgjfTArQPTXtjcT/vGasO+dewoIo1jQgk4c6Mcc6xKNwcJtJSjQfGAJEMvNXTHoggWgTYc6E4EyfPEvqJyXntFS+KRcqF2kcWbSDdlEROegMVdAVqqIaIugRPaNX9GY9WS/Wu/UxGc1Y6c42+gPr8weQIJu3</latexit>

�J ⇠ e�↵d(⌧,⌧ 0) as
<latexit sha1_base64="6LfJNJzqL4s17MQ4nogpcN4okiA=">AAACCHicbVDLSgMxFM3UV62vUZcuDBaxgpQZKepKCm5cVrAP6Awlk2ba0ExmSO4opXTpxl9x40IRt36CO//GTNuFVg/cy+Gce0nuCRLBNTjOl5VbWFxaXsmvFtbWNza37O2dho5TRVmdxiJWrYBoJrhkdeAgWCtRjESBYM1gcJX5zTumNI/lLQwT5kekJ3nIKQEjdez9bskDkp5k7ejYU7zXB6JUfI89LkMYduyiU3YmwH+JOyNFNEOtY3963ZimEZNABdG67ToJ+COigFPBxgUv1SwhdEB6rG2oJBHT/mhyyBgfGqWLw1iZkoAn6s+NEYm0HkaBmYwI9PW8l4n/ee0Uwgt/xGWSApN0+lCYCgwxzlLBXa4YBTE0hFDFzV8x7RNFKJjsCiYEd/7kv6RxWnbPypWbSrF6OYsjj/bQASohF52jKrpGNVRHFD2gJ/SCXq1H69l6s96nozlrtrOLfsH6+AZHC5mF</latexit>

d(⌧, ⌧ 0) ! 1

Infinite tower of operators 
approaching unitarity bound

Infinite distance
measured by Zamolodchikov metric

Universal property of local unitary conformal manifolds:

|x� y|2dhOi(x)Oj(y)i = gij(t
i)

[Perlmutter,Rastelli,Vafa,IV’21]
[Baume,Calderon-Infante’21]

[Kontsevich,Soibelman’00] [Acharya,Douglas’06]

<latexit sha1_base64="e8jMAGCoXFWdhjZnLl0FGgIBAk0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJJS1JUUdOGygn1AE8rNdNIOnTw6MxFKyMqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HuPF3MmlWV9G0vLK6tr64WN4ubW9s6uubfflFEiCG2QiEei7YGknIW0oZjitB0LCoHHacsbXk/81gMVkkXhvRrH1A2gHzKfEVBa6ppHDvB4AE6fjrDjCyB26siRUOnNWSXLumbJKltT4EVi56SEctS75pfTi0gS0FARDlJ2bCtWbgpCMcJpVnQSSWMgQ+jTjqYhBFS66fSNDJ9opYf9SOgKFZ6qvydSCKQcB57uDEAN5Lw3Ef/zOonyL92UhXGiaEhmi/yEYxXhSSa4xwQlio81ASKYvhWTAegwlE6uqEOw519eJM1K2T4vV++qpdpVHkcBHaJjdIpsdIFq6BbVUQMR9Iie0St6M56MF+Pd+Ji1Lhn5zAH6A+PzB/qNmM8=</latexit>

↵ � 1p
D � 2

;

not proven YET 
(supported by all 
known examples)

recently 
proven in

[Baume,Calderon-Infante’23]

[Ooguri,Wang’24]

for higher spin gap in d>2
for scalar gap in d=2



Distance Conjecture

1) CFT Distance Conjecture
..

<latexit sha1_base64="FDyMieYjjEduXfSGURWf4oMc1To=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7fr9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpaF1X/slq7r1XqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wf8mY2a</latexit>m1

<latexit sha1_base64="tTy5vY4OnAYQZJuBs3Ry9hiDt1c=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWop6k4MVjRVsL7VKyabYNTbJLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWnZAYJrhiLcutYJ1EMyJDwR7D8c3Mf3xi2vBYPdhJwgJJhopHnBLrpHvZr/XLFa/qzYFXiZ+TCuRo9stfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2P3WKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdFVkHGVpJYpulgUpQLbGM/+xgOuGbVi4gihmrtbMR0RTah16ZRcCP7yy6ukXav6F9X6Xb3SuM7jKMIJnMI5+HAJDbiFJrSAwhCe4RXekEAv6B19LFoLKJ85hj9Anz/+HY2b</latexit>m2

<latexit sha1_base64="TIoYk/VDVL4C+atPDlDbpkwbUpM=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7ql+ueFVvDrxK/JxUIEejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5qVN85pQBjmLtSlk8V39PZEQaM5Gh65TEjsyyNxP/87qpja6DjKsktUzRxaIoFdjGePY3HnDNqBUTRwjV3N2K6YhoQq1Lp+RC8JdfXiWti6p/Wa3d1yr1mzyOIpzAKZyDD1dQhztoQBMoDOEZXuENCfSC3tHHorWA8plj+AP0+QNZHI3X</latexit>mn

Distance Theorem?

[Ooguri-Vafa’06]

infinite tower of states becoming light at 
infinite distance in field space

<latexit sha1_base64="pH5/ouFRuVstzwmOS/1tyTIQhpk=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwMdxJUCsJaGEZwXxALoa5zSRZsnt37O4J4Uhp41+xsVDE1p9g579x81Fo4oOBx3szzMwLYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLkU79MTH0TcA/8ahQE/7vFhK5d3C+4YdJ54U5InU5RbuS+/HbFEYmiYAK0bnhubZgrKcCZwmPUTjTGwPnSxYWkIEnUzHT8ypEdWadNOpGyFho7V3xMpSK0HMrCdEkxPz3oj8T+vkZjORTPlYZwYDNlkUScR1ER0lAptc4XMiIElwBS3t1LWAwXM2OyyNgRv9uV5Uj0teGeF4m0xX7qcxpEh++SQHBOPnJMSuSFlUiGMPJJn8krenCfnxXl3PiatC850Zo/8gfP5Aw9omWE=</latexit>

m ⇠ m0e
�↵�� <latexit sha1_base64="qTu23Eyt+U2gKsxEwTRbl9j562c=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbiToFYS0MIygvmAXAh7m71kyd7usTunHCGNjX/FxkIRW/+Dnf/GTXKFJj4YeLw3w8y8IBbcgOt+O7ml5ZXVtfx6YWNza3unuLvXMCrRlNWpEkq3AmKY4JLVgYNgrVgzEgWCNYPh1cRv3jNtuJJ3kMasE5G+5CGnBKzULR7610wA8eMB9zXvD4BorR6wz2UIabdYcsvuFHiReBkpoQy1bvHL7ymaREwCFcSYtufG0BkRDZwKNi74iWExoUPSZ21LJYmY6YymX4zxsVV6OFTalgQ8VX9PjEhkTBoFtjMiMDDz3kT8z2snEF50RlzGCTBJZ4vCRGBQeBIJ7nHNKIjUEkI1t7diOiCaULDBFWwI3vzLi6RxWvbOypXbSql6mcWRRwfoCJ0gD52jKrpBNVRHFD2iZ/SK3pwn58V5dz5mrTknm9lHf+B8/gAZuZj2</latexit>

�� ! 1as

• In 4d: HS fields map to (non-)critical strings in (non-)holographic theories [Calderon-Infante,IV’24]

Microscopic nature?

• In 2d: scalar modes (KK towers in the target space)

<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

<latexit sha1_base64="ITIU5ej084+tvYdFCEY9hQtLMFE=">AAACD3icbVBNSwMxEM3Wr1q/qh69BItaQcuuFPUkBS/iqYKthe5aZtO0DU12lyQrlKX/wIt/xYsHRbx69ea/MW33oK0PZni8N0Myz484U9q2v63M3PzC4lJ2Obeyura+kd/cqqswloTWSMhD2fBBUc4CWtNMc9qIJAXhc3rn9y9H/t0DlYqFwa0eRNQT0A1YhxHQRmrl990uCAGta1cxgel9cuwCj3qA20VXQ3w0ageHw1a+YJ fsMfAscVJSQCmqrfyX2w5JLGigCQelmo4daS8BqRnhdJhzY0UjIH3o0qahAQiqvGR8zxDvGaWNO6E0FWg8Vn9vJCCUGgjfTArQPTXtjcT/vGasO+dewoIo1jQgk4c6Mcc6xKNwcJtJSjQfGAJEMvNXTHoggWgTYc6E4EyfPEvqJyXntFS+KRcqF2kcWbSDdlEROegMVdAVqqIaIugRPaNX9GY9WS/Wu/UxGc1Y6c42+gPr8weQIJu3</latexit>

�J ⇠ e�↵d(⌧,⌧ 0) as
<latexit sha1_base64="6LfJNJzqL4s17MQ4nogpcN4okiA=">AAACCHicbVDLSgMxFM3UV62vUZcuDBaxgpQZKepKCm5cVrAP6Awlk2ba0ExmSO4opXTpxl9x40IRt36CO//GTNuFVg/cy+Gce0nuCRLBNTjOl5VbWFxaXsmvFtbWNza37O2dho5TRVmdxiJWrYBoJrhkdeAgWCtRjESBYM1gcJX5zTumNI/lLQwT5kekJ3nIKQEjdez9bskDkp5k7ejYU7zXB6JUfI89LkMYduyiU3YmwH+JOyNFNEOtY3963ZimEZNABdG67ToJ+COigFPBxgUv1SwhdEB6rG2oJBHT/mhyyBgfGqWLw1iZkoAn6s+NEYm0HkaBmYwI9PW8l4n/ee0Uwgt/xGWSApN0+lCYCgwxzlLBXa4YBTE0hFDFzV8x7RNFKJjsCiYEd/7kv6RxWnbPypWbSrF6OYsjj/bQASohF52jKrpGNVRHFD2gJ/SCXq1H69l6s96nozlrtrOLfsH6+AZHC5mF</latexit>

d(⌧, ⌧ 0) ! 1

Infinite tower of operators 
approaching unitarity bound

Infinite distance
measured by Zamolodchikov metric

Universal property of local unitary conformal manifolds:

|x� y|2dhOi(x)Oj(y)i = gij(t
i)

[Perlmutter,Rastelli,Vafa,IV’21]
[Baume,Calderon-Infante’21]

[Kontsevich,Soibelman’00] [Acharya,Douglas’06]

<latexit sha1_base64="e8jMAGCoXFWdhjZnLl0FGgIBAk0=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJJS1JUUdOGygn1AE8rNdNIOnTw6MxFKyMqNv+LGhSJu/QZ3/o3TNgttPXDhcM693HuPF3MmlWV9G0vLK6tr64WN4ubW9s6uubfflFEiCG2QiEei7YGknIW0oZjitB0LCoHHacsbXk/81gMVkkXhvRrH1A2gHzKfEVBa6ppHDvB4AE6fjrDjCyB26siRUOnNWSXLumbJKltT4EVi56SEctS75pfTi0gS0FARDlJ2bCtWbgpCMcJpVnQSSWMgQ+jTjqYhBFS66fSNDJ9opYf9SOgKFZ6qvydSCKQcB57uDEAN5Lw3Ef/zOonyL92UhXGiaEhmi/yEYxXhSSa4xwQlio81ASKYvhWTAegwlE6uqEOw519eJM1K2T4vV++qpdpVHkcBHaJjdIpsdIFq6BbVUQMR9Iie0St6M56MF+Pd+Ji1Lhn5zAH6A+PzB/qNmM8=</latexit>

↵ � 1p
D � 2

;

not proven YET 
(supported by all 
known examples)

recently 
proven in

[Baume,Calderon-Infante’23]

[Ooguri,Wang’24]

for higher spin gap in d>2
for scalar gap in d=2



2) Species scale

Species scale / quantum gravity cut-off scale at which local QFT (coupled 
to Einstein gravity) breaks down

space-time dimension
<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =

[Arkani-Hamed et al’05]
[Distler,Varadarajan’05]
[Dimopoulos et al’05]
[Dvali’07][Dvali,Redi’07]
…

<latexit sha1_base64="DVgagLWMub3lFcGjdan4b4sJNx4=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9KwIsniWIekIQwO5lNhszOLjO9QljyB148KOLVP/Lm3zhJ9qCJBQ1FVTfdXX4shUHX/XZyK6tr6xv5zcLW9s7uXnH/oGGiRDNeZ5GMdMunhkuheB0FSt6KNaehL3nTH91M/eYT10ZE6hHHMe+GdKBEIBhFKz3cXfWKJbfszkCWiZeREmSo9YpfnX7EkpArZJIa0/bcGLsp1SiY5JNCJzE8pmxEB7xtqaIhN910dumEnFilT4JI21JIZurviZSGxoxD33aGFIdm0ZuK/3ntBIPLbipUnCBXbL4oSCTBiEzfJn2hOUM5toQyLeythA2ppgxtOAUbgrf48jJpnJW983LlvlKqXmdx5OEIjuEUPLiAKtxCDerAIIBneIU3Z+S8OO/Ox7w152Qzh/AHzucPKgCNHg==</latexit>

N = number of species

<latexit sha1_base64="CQDEx1uxTWCPNq6ThMs54Fmng/k=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQF9akFHUlBTcuVCrYBzSxTCaTdujk4cxEKCF7N/6KGxeKuPUH3Pk3TtsstPXAwOGcc7lzjxMxKqRhfGu5hcWl5ZX8amFtfWNzS9/eaYkw5pg0cchC3nGQIIwGpCmpZKQTcYJ8h5G2Mzwf++0HwgUNg1s5iojto35APYqRVFJPL1qXKuwii5F7y+MIJ1e9KE2u7xLzqOweVg/StKeXjIoxAZwnZkZKIEOjp39ZbohjnwQSMyRE1zQiaSeIS4oZSQtWLEiE8BD1SVfRAPlE2MnklhTuK8WFXsjVCyScqL8nEuQLMfIdlfSRHIhZbyz+53Vj6Z3aCQ2iWJIATxd5MYMyhONioEs5wZKNFEGYU/VXiAdINSJVfQVVgjl78jxpVSvmcaV2UyvVz7I68mAPFEEZmOAE1MEFaIAmwOARPINX8KY9aS/au/Yxjea0bGYX/IH2+QP7zZpb</latexit>

⇤  Mp

N1/(d�2)



2) Species scale

Species scale / quantum gravity cut-off scale at which local QFT (coupled 
to Einstein gravity) breaks down

space-time dimension
<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =

[Arkani-Hamed et al’05]
[Distler,Varadarajan’05]
[Dimopoulos et al’05]
[Dvali’07][Dvali,Redi’07]
…

<latexit sha1_base64="DVgagLWMub3lFcGjdan4b4sJNx4=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9KwIsniWIekIQwO5lNhszOLjO9QljyB148KOLVP/Lm3zhJ9qCJBQ1FVTfdXX4shUHX/XZyK6tr6xv5zcLW9s7uXnH/oGGiRDNeZ5GMdMunhkuheB0FSt6KNaehL3nTH91M/eYT10ZE6hHHMe+GdKBEIBhFKz3cXfWKJbfszkCWiZeREmSo9YpfnX7EkpArZJIa0/bcGLsp1SiY5JNCJzE8pmxEB7xtqaIhN910dumEnFilT4JI21JIZurviZSGxoxD33aGFIdm0ZuK/3ntBIPLbipUnCBXbL4oSCTBiEzfJn2hOUM5toQyLeythA2ppgxtOAUbgrf48jJpnJW983LlvlKqXmdx5OEIjuEUPLiAKtxCDerAIIBneIU3Z+S8OO/Ox7w152Qzh/AHzucPKgCNHg==</latexit>

N = number of species

<latexit sha1_base64="CQDEx1uxTWCPNq6ThMs54Fmng/k=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQF9akFHUlBTcuVCrYBzSxTCaTdujk4cxEKCF7N/6KGxeKuPUH3Pk3TtsstPXAwOGcc7lzjxMxKqRhfGu5hcWl5ZX8amFtfWNzS9/eaYkw5pg0cchC3nGQIIwGpCmpZKQTcYJ8h5G2Mzwf++0HwgUNg1s5iojto35APYqRVFJPL1qXKuwii5F7y+MIJ1e9KE2u7xLzqOweVg/StKeXjIoxAZwnZkZKIEOjp39ZbohjnwQSMyRE1zQiaSeIS4oZSQtWLEiE8BD1SVfRAPlE2MnklhTuK8WFXsjVCyScqL8nEuQLMfIdlfSRHIhZbyz+53Vj6Z3aCQ2iWJIATxd5MYMyhONioEs5wZKNFEGYU/VXiAdINSJVfQVVgjl78jxpVSvmcaV2UyvVz7I68mAPFEEZmOAE1MEFaIAmwOARPINX8KY9aS/au/Yxjea0bGYX/IH2+QP7zZpb</latexit>

⇤  Mp

N1/(d�2)

• From string theory (in all known compactifications):

Higher dimensional Planck scale

String scale asympt.<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤ is either

<latexit sha1_base64="YreF1vDT+T1JG636JUkm1vbVPH4="></latexit>

~r�mtower

mtower
·
~r�⇤

⇤
=

1

d� 2

[Castellano,Ruiz,IV’23]

[Lee et al’19]
<latexit sha1_base64="Wgkhae99A4JPO9sFSlG1DC/h9O4="></latexit>

|~r�⇤|2

⇤
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d� 2
[Van de Heisteeg et al’23]



2) Species scale

Species scale / quantum gravity cut-off scale at which local QFT (coupled 
to Einstein gravity) breaks down

space-time dimension
<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =

[Arkani-Hamed et al’05]
[Distler,Varadarajan’05]
[Dimopoulos et al’05]
[Dvali’07][Dvali,Redi’07]
…

<latexit sha1_base64="DVgagLWMub3lFcGjdan4b4sJNx4=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9KwIsniWIekIQwO5lNhszOLjO9QljyB148KOLVP/Lm3zhJ9qCJBQ1FVTfdXX4shUHX/XZyK6tr6xv5zcLW9s7uXnH/oGGiRDNeZ5GMdMunhkuheB0FSt6KNaehL3nTH91M/eYT10ZE6hHHMe+GdKBEIBhFKz3cXfWKJbfszkCWiZeREmSo9YpfnX7EkpArZJIa0/bcGLsp1SiY5JNCJzE8pmxEB7xtqaIhN910dumEnFilT4JI21JIZurviZSGxoxD33aGFIdm0ZuK/3ntBIPLbipUnCBXbL4oSCTBiEzfJn2hOUM5toQyLeythA2ppgxtOAUbgrf48jJpnJW983LlvlKqXmdx5OEIjuEUPLiAKtxCDerAIIBneIU3Z+S8OO/Ox7w152Qzh/AHzucPKgCNHg==</latexit>

N = number of species

<latexit sha1_base64="CQDEx1uxTWCPNq6ThMs54Fmng/k=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQF9akFHUlBTcuVCrYBzSxTCaTdujk4cxEKCF7N/6KGxeKuPUH3Pk3TtsstPXAwOGcc7lzjxMxKqRhfGu5hcWl5ZX8amFtfWNzS9/eaYkw5pg0cchC3nGQIIwGpCmpZKQTcYJ8h5G2Mzwf++0HwgUNg1s5iojto35APYqRVFJPL1qXKuwii5F7y+MIJ1e9KE2u7xLzqOweVg/StKeXjIoxAZwnZkZKIEOjp39ZbohjnwQSMyRE1zQiaSeIS4oZSQtWLEiE8BD1SVfRAPlE2MnklhTuK8WFXsjVCyScqL8nEuQLMfIdlfSRHIhZbyz+53Vj6Z3aCQ2iWJIATxd5MYMyhONioEs5wZKNFEGYU/VXiAdINSJVfQVVgjl78jxpVSvmcaV2UyvVz7I68mAPFEEZmOAE1MEFaIAmwOARPINX8KY9aS/au/Yxjea0bGYX/IH2+QP7zZpb</latexit>

⇤  Mp

N1/(d�2)

Species bound recovered from unitarity/causality

• From scattering amplitudes:

[Caron-Huot,Li’24] [Haring,Zhiboedov24]

If then
<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤ must contain higher spin fields

higher-spin onset/graviton pole generation

<latexit sha1_base64="JJFpI+XBjS5B2AXbtu3hBpoqtls=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIURciBTcuFCrYB3SGksmkbWgmE5KMUIb+hhsXirj1Z9z5N6btLLT1QOBwzrncmxNKzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6SRWhTZLwRHVCrClngjYNM5x2pKI4Djlth6Obqd9+okqzRDyasaRBjAeC9RnBxkq+f2ejEb5C9z3ZK1fcqjsDWiZeTiqQo9Erf/lRQtKYCkM41rrrudIEGVaGEU4nJT/VVGIywgPatVTgmOogm908QSdWiVA/UfYJg2bq74kMx1qP49AmY2yGetGbiv953dT0L4OMCZkaKsh8UT/lyCRoWgCKmKLE8LElmChmb0VkiBUmxtZUsiV4i19eJq2zqnderT3UKvXrvI4iHMExnIIHF1CHW2hAEwhIeIZXeHNS58V5dz7m0YKTzxzCHzifPw+KkQw=</latexit>

⇤ < Mp

species scale =

see Sasha’s review

• From string theory (in all known compactifications):

Higher dimensional Planck scale

String scale asympt.<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤ is either

<latexit sha1_base64="YreF1vDT+T1JG636JUkm1vbVPH4="></latexit>

~r�mtower

mtower
·
~r�⇤

⇤
=

1

d� 2

[Castellano,Ruiz,IV’23]

[Lee et al’19]
<latexit sha1_base64="Wgkhae99A4JPO9sFSlG1DC/h9O4="></latexit>
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[Van de Heisteeg et al’23]



2) Species scale

Species scale / quantum gravity cut-off scale at which local QFT (coupled 
to Einstein gravity) breaks down

space-time dimension
<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =

[Arkani-Hamed et al’05]
[Distler,Varadarajan’05]
[Dimopoulos et al’05]
[Dvali’07][Dvali,Redi’07]
…

<latexit sha1_base64="DVgagLWMub3lFcGjdan4b4sJNx4=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9KwIsniWIekIQwO5lNhszOLjO9QljyB148KOLVP/Lm3zhJ9qCJBQ1FVTfdXX4shUHX/XZyK6tr6xv5zcLW9s7uXnH/oGGiRDNeZ5GMdMunhkuheB0FSt6KNaehL3nTH91M/eYT10ZE6hHHMe+GdKBEIBhFKz3cXfWKJbfszkCWiZeREmSo9YpfnX7EkpArZJIa0/bcGLsp1SiY5JNCJzE8pmxEB7xtqaIhN910dumEnFilT4JI21JIZurviZSGxoxD33aGFIdm0ZuK/3ntBIPLbipUnCBXbL4oSCTBiEzfJn2hOUM5toQyLeythA2ppgxtOAUbgrf48jJpnJW983LlvlKqXmdx5OEIjuEUPLiAKtxCDerAIIBneIU3Z+S8OO/Ox7w152Qzh/AHzucPKgCNHg==</latexit>

N = number of species

<latexit sha1_base64="CQDEx1uxTWCPNq6ThMs54Fmng/k=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQF9akFHUlBTcuVCrYBzSxTCaTdujk4cxEKCF7N/6KGxeKuPUH3Pk3TtsstPXAwOGcc7lzjxMxKqRhfGu5hcWl5ZX8amFtfWNzS9/eaYkw5pg0cchC3nGQIIwGpCmpZKQTcYJ8h5G2Mzwf++0HwgUNg1s5iojto35APYqRVFJPL1qXKuwii5F7y+MIJ1e9KE2u7xLzqOweVg/StKeXjIoxAZwnZkZKIEOjp39ZbohjnwQSMyRE1zQiaSeIS4oZSQtWLEiE8BD1SVfRAPlE2MnklhTuK8WFXsjVCyScqL8nEuQLMfIdlfSRHIhZbyz+53Vj6Z3aCQ2iWJIATxd5MYMyhONioEs5wZKNFEGYU/VXiAdINSJVfQVVgjl78jxpVSvmcaV2UyvVz7I68mAPFEEZmOAE1MEFaIAmwOARPINX8KY9aS/au/Yxjea0bGYX/IH2+QP7zZpb</latexit>

⇤  Mp

N1/(d�2)

Bounds on the light spectra? [Hillman et al’24]

e.g. bound on number of massless fields? [Cheung,Helset,Parra-Martinez’21]

Soft theorems to bound
<latexit sha1_base64="O4xStP1SmiN0VEmcebJBJ+1n2AU=">AAACEnicbZDLSgMxFIYzXmu9jbp0EyyCbsqMFHUlBTcuXFSwF+iUcibNtKGZzJBkCmWYZ3Djq7hxoYhbV+58G9N2BG39IfDxn3OSnN+POVPacb6speWV1bX1wkZxc2t7Z9fe22+oKJGE1knEI9nyQVHOBK1rpjltxZJC6HPa9IfXk3pzRKVikbjX45h2QugLFjAC2lhd+9QLJJDUG1HiCfA5dFMvHrAMe7fmkh5k6Q907ZJTdqbCi+DmUEK5al370+tFJAmp0ISDUm3XiXUnBakZ4TQreomiMZAh9GnboICQqk46XSnDx8bp4SCS5giNp+7viRRCpcahbzpD0AM1X5uY/9XaiQ4uOykTcaKpILOHgoRjHeFJPrjHJCWajw0Akcz8FZMBmIy0SbFoQnDnV16ExlnZPS9X7iql6lUeRwEdoiN0glx0garoBtVQHRH0gJ7QC3q1Hq1n6816n7UuWfnMAfoj6+MbPH6edA==</latexit>

~r�⇤

⇤
?

Species bound recovered from unitarity/causality

• From scattering amplitudes:

[Caron-Huot,Li’24] [Haring,Zhiboedov24]

If then
<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤ must contain higher spin fields

higher-spin onset/graviton pole generation

<latexit sha1_base64="JJFpI+XBjS5B2AXbtu3hBpoqtls=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIURciBTcuFCrYB3SGksmkbWgmE5KMUIb+hhsXirj1Z9z5N6btLLT1QOBwzrncmxNKzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6SRWhTZLwRHVCrClngjYNM5x2pKI4Djlth6Obqd9+okqzRDyasaRBjAeC9RnBxkq+f2ejEb5C9z3ZK1fcqjsDWiZeTiqQo9Erf/lRQtKYCkM41rrrudIEGVaGEU4nJT/VVGIywgPatVTgmOogm908QSdWiVA/UfYJg2bq74kMx1qP49AmY2yGetGbiv953dT0L4OMCZkaKsh8UT/lyCRoWgCKmKLE8LElmChmb0VkiBUmxtZUsiV4i19eJq2zqnderT3UKvXrvI4iHMExnIIHF1CHW2hAEwhIeIZXeHNS58V5dz7m0YKTzxzCHzifPw+KkQw=</latexit>

⇤ < Mp

species scale =

see Sasha’s review

• From string theory (in all known compactifications):

Higher dimensional Planck scale

String scale asympt.<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤ is either

<latexit sha1_base64="YreF1vDT+T1JG636JUkm1vbVPH4="></latexit>

~r�mtower

mtower
·
~r�⇤
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=
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[Castellano,Ruiz,IV’23]

[Lee et al’19]
<latexit sha1_base64="Wgkhae99A4JPO9sFSlG1DC/h9O4="></latexit>
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[Van de Heisteeg et al’23]



3) Breaking of global symmetries

What is the minimal breaking allowed for a global symmetry in quantum gravity?
[Harlow,Shaghoulian ’20][Chen,Lin ’20][Hsin et al ’20] [Yonekura ’20] [Bah,Chen,Maldacena’22][Fichet,Saraswat ’19] [Daus et al ’20] [Cordova et al ’22]



3) Breaking of global symmetries

What is the minimal breaking allowed for a global symmetry in quantum gravity?
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• Bottom-up expectation:

entropy of smallest 
semiclassical black hole

species scale (cut-off)

<latexit sha1_base64="iZcFqpKb9ABhiLkgdFSsdozebJ0="></latexit>
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3) Breaking of global symmetries

What is the minimal breaking allowed for a global symmetry in quantum gravity?
[Harlow,Shaghoulian ’20][Chen,Lin ’20][Hsin et al ’20] [Yonekura ’20] [Bah,Chen,Maldacena’22][Fichet,Saraswat ’19] [Daus et al ’20] [Cordova et al ’22]

• Bottom-up expectation:

entropy of smallest 
semiclassical black hole

species scale (cut-off)

<latexit sha1_base64="iZcFqpKb9ABhiLkgdFSsdozebJ0="></latexit>
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• String theory results:

Most examples exhibit a stronger breaking, but some saturate the bound

e.g. NS axion in Type IIB on 
<latexit sha1_base64="jsd4JpiK5u2oZxWBAEjpWn4aQhY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5cV+oImlsl00g6dTMLMRAihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pnjx5wpbdvfVmljc2t7p7xb2ds/ODyqHp/0VJRIQrsk4pEc+FhRzgTtaqY5HcSS4tDntO/P7nK//0SlYpHo6DSmXognggWMYG0k1w2xnvp+1pk/NkfVml23F0DrxClIDQq0R9UvdxyRJKRCE46VGjp2rL0MS80Ip/OKmygaYzLDEzo0VOCQKi9bZJ6jC6OMURBJ84RGC/X3RoZDpdLQN5N5RrXq5eJ/3jDRwY2XMREnmgqyPBQkHOkI5QWgMZOUaJ4agolkJisiUywx0aamiinBWf3yOuld1Z1mvfHQqLVuizrKcAbncAkOXEML7qENXSAQwzO8wpuVWC/Wu/WxHC1Zxc4p/IH1+QP2LpGl</latexit>

T6

Breaking of NS5 instantons
<latexit sha1_base64="FpK65pvbbMttfFdx/pqmdGwv0tE=">AAACE3icbZDLSgMxFIYzXmu9jbp0EyxCK9rOlFLdCEU3bgoVeoNehkyatqGZC0lGKMO8gxtfxY0LRdy6cefbmGlnoa0/BH6+cw4n57d9RoU0jG9tZXVtfWMztZXe3tnd29cPDpvCCzgmDewxj7dtJAijLmlIKhlp+5wgx2akZU9u43rrgXBBPbcupz7pOWjk0iHFSCpk6WekH140PZat98u5wsgS/WJ0HTOYrVqhf16KClVL5GJq6Rkjb8wEl42ZmAxIVLP0r+7Aw4FDXIkZEqJjGr7shYhLihmJ0t1AEB/hCRqRjrIucojohbObIniqyAAOPa6eK+GM/p4IkSPE1LFVp4PkWCzWYvhfrRPI4VUvpK4fSOLi+aJhwKD0YBwQHFBOsGRTZRDmVP0V4jHiCEsVY1qFYC6evGyaxbxZzpfuS5nKTRJHChyDE5AFJrgEFXAHaqABMHgEz+AVvGlP2ov2rn3MW1e0ZOYI/JH2+QMSvJvH</latexit>

e�V ol(T 6)/g2
s = e�(Mp,4/Ms)

2

=
<latexit sha1_base64="937DmCGdp8iA4FY8mUbdeTqhjOs=">AAACDnicbVDLSsNAFJ3UV62vqks3g6VQF9akFHUjlLrpQqGifUCThslk2g6dPJiZCCXkC9z4K25cKOLWtTv/xmmbhVYPDBzOuYc79zgho0Lq+peWWVpeWV3Lruc2Nre2d/K7e20RRByTFg5YwLsOEoRRn7QklYx0Q06Q5zDSccaXU79zT7iggX8nJyGxPDT06YBiJJVk54sXpB8fl67t8MS8UjEXHfUriSmoB6fGrR3XG0li5wt6WZ8B/iVGSgogRdPOf5pugCOP+BIzJETP0ENpxYhLihlJcmYkSIjwGA1JT1EfeURY8eycBBaV4sJBwNXzJZypPxMx8oSYeI6a9JAciUVvKv7n9SI5OLdi6oeRJD6eLxpEDMoATruBLuUESzZRBGFO1V8hHiGOsFQN5lQJxuLJf0m7UjZOy9WbaqFWT+vIggNwCErAAGegBhqgCVoAgwfwBF7Aq/aoPWtv2vt8NKOlmX3wC9rHNywWmvU=</latexit>

= e�(Mp/⇤)2 ⇠ e�SBH



3) Breaking of global symmetries

What is the minimal breaking allowed for a global symmetry in quantum gravity?

No violation of this bound so far. Can we put it on a firmer footing?

[Harlow,Shaghoulian ’20][Chen,Lin ’20][Hsin et al ’20] [Yonekura ’20] [Bah,Chen,Maldacena’22][Fichet,Saraswat ’19] [Daus et al ’20] [Cordova et al ’22]

• Bottom-up expectation:

entropy of smallest 
semiclassical black hole

species scale (cut-off)

<latexit sha1_base64="iZcFqpKb9ABhiLkgdFSsdozebJ0="></latexit>
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• String theory results:

Most examples exhibit a stronger breaking, but some saturate the bound

e.g. NS axion in Type IIB on 
<latexit sha1_base64="jsd4JpiK5u2oZxWBAEjpWn4aQhY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5cV+oImlsl00g6dTMLMRAihv+HGhSJu/Rl3/o2TNgttPTBwOOde7pnjx5wpbdvfVmljc2t7p7xb2ds/ODyqHp/0VJRIQrsk4pEc+FhRzgTtaqY5HcSS4tDntO/P7nK//0SlYpHo6DSmXognggWMYG0k1w2xnvp+1pk/NkfVml23F0DrxClIDQq0R9UvdxyRJKRCE46VGjp2rL0MS80Ip/OKmygaYzLDEzo0VOCQKi9bZJ6jC6OMURBJ84RGC/X3RoZDpdLQN5N5RrXq5eJ/3jDRwY2XMREnmgqyPBQkHOkI5QWgMZOUaJ4agolkJisiUywx0aamiinBWf3yOuld1Z1mvfHQqLVuizrKcAbncAkOXEML7qENXSAQwzO8wpuVWC/Wu/WxHC1Zxc4p/IH1+QP2LpGl</latexit>

T6

Breaking of NS5 instantons
<latexit sha1_base64="FpK65pvbbMttfFdx/pqmdGwv0tE=">AAACE3icbZDLSgMxFIYzXmu9jbp0EyxCK9rOlFLdCEU3bgoVeoNehkyatqGZC0lGKMO8gxtfxY0LRdy6cefbmGlnoa0/BH6+cw4n57d9RoU0jG9tZXVtfWMztZXe3tnd29cPDpvCCzgmDewxj7dtJAijLmlIKhlp+5wgx2akZU9u43rrgXBBPbcupz7pOWjk0iHFSCpk6WekH140PZat98u5wsgS/WJ0HTOYrVqhf16KClVL5GJq6Rkjb8wEl42ZmAxIVLP0r+7Aw4FDXIkZEqJjGr7shYhLihmJ0t1AEB/hCRqRjrIucojohbObIniqyAAOPa6eK+GM/p4IkSPE1LFVp4PkWCzWYvhfrRPI4VUvpK4fSOLi+aJhwKD0YBwQHFBOsGRTZRDmVP0V4jHiCEsVY1qFYC6evGyaxbxZzpfuS5nKTRJHChyDE5AFJrgEFXAHaqABMHgEz+AVvGlP2ov2rn3MW1e0ZOYI/JH2+QMSvJvH</latexit>
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=
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