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Motivation

• 3d theories with 4 supercharges are not understood yet.

• String theory could construct gauge theories, such as M5-branes on 
3-manifolds. However, we are still very far away from the final answer.
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Tools

• 3d N=2 gauge theories: dualities, gauging
• String theories: M-theory/IIB duality, 3d brane webs
• 3-manifolds: surgery, Kirby moves

• Instead of non-abelian theories, we find the abelian theories are 
already powerful engough to detect 3-manifolds.
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• In this talk, we will show a remarkable match between structures:

• Hence, 3-manifolds can be used to understand 3d gauge theories

<latexit sha1_base64="WUkrW61WXKOQglVoEDEr44KbyG8=">AAAB+3icbVDJSgNBEO1xjXGL8eilMQiewoxKFE8BLx4jmAWSIfT01CRNeha6ayRhmF/x4kERr/6IN//GznLQxAcFj/eqqKrnJVJotO1va219Y3Nru7BT3N3bPzgsHZVbOk4VhyaPZaw6HtMgRQRNFCihkyhgoSeh7Y3upn77CZQWcfSIkwTckA0iEQjO0Ej9UrmHMMbs0qc4hFgJ0Hm/VLGr9gx0lTgLUiELNPqlr54f8zSECLlkWncdO0E3YwoFl5AXe6mGhPERG0DX0IiFoN1sdntOz4zi0yBWpiKkM/X3RMZCrSehZzpDhkO97E3F/7xuisGNm4koSREiPl8UpJJiTKdBUF8o4CgnhjCuhLmV8iFTjKOJq2hCcJZfXiWti6pTq9Yerir120UcBXJCTsk5ccg1qZN70iBNwsmYPJNX8mbl1ov1bn3MW9esxcwx+QPr8wdD4JSV</latexit>

3d theories
<latexit sha1_base64="KK8JaIUN/m5pOU+kLNH3tyTguss=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0uiUsVTwYvHCvYD2lA2m227dLMJuxNpCfkrXjwo4tU/4s1/47bNQVsfDDzem2Fmnh8LrsFxvq3C2vrG5lZxu7Szu7d/YB+WWzpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98d3Mbz8xpXkkH2EaMy8kQ8kHnBIwUt8u94BNIL08D4mRIxHorG9XnKozB14lbk4qKEejb3/1gogmIZNABdG66zoxeClRwKlgWamXaBYTOiZD1jVUkpBpL53fnuFTowR4EClTEvBc/T2RklDraeibzpDASC97M/E/r5vA4MZLuYwTYJIuFg0SgSHCsyBwwBWjIKaGEKq4uRXTEVGEgomrZEJwl19eJa2Lqlur1h6uKvXbPI4iOkYn6Ay56BrV0T1qoCaiaIKe0St6szLrxXq3PhatBSufOUJ/YH3+AEhzlJg=</latexit>

3-manifolds

?



• A new quiver diagram (plumbing graphs):

Mixed CS levels:
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Charges:

3d abelian theories -- plumbing theories



3d dualities

• Gauge the mirror duality  -> ST-moves

Flavor symmetry:

Gauge the U(1) :
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<latexit sha1_base64="aywfIH6o6UwsRNUfyLrl6S/p3fs=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUF2VGpIqrgiAuK/QFbSmZNNOGZpIhuaOUUr/Bjb/ixoUibt24829Mp11o64HA4ZxzubnHjwQ34LrfTmppeWV1Lb2e2djc2t7J7u7VjIo1ZVWqhNINnxgmuGRV4CBYI9KMhL5gdX9wNfHrd0wbrmQFhhFrh6QnecApASt1sifVvHfcucYPFi2hZE+wADTv9YFore4THSeZSiebcwtuArxIvBnJoRnKnexXq6toHDIJVBBjmp4bQXtENHAq2DjTig2LCB2QHmtaKknITHuU3DTGR1bp4kBp+yTgRP09MSKhMcPQt8mQQN/MexPxP68ZQ3DRHnEZxcAknS4KYoFB4UlBuMs1oyCGlhCquf0rpn2iCQVbY8aW4M2fvEhqpwWvWCjenuVKl7M60ugAHaI88tA5KqEbVEZVRNEjekav6M15cl6cd+djGk05s5l99AfO5w8WGp2o</latexit>

U(1)F  ! U(1)T

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="0Q6nUH/bngOxEQhskOIL4k/jnuM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqeKp4MVjBbcttEvJptk2NMmGJCuUpb/BiwdFvPqDvPlvTNs9aPXBwOO9GWbmxYozY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkzTWhIUp7qbowN5UzS0DLLaVdpikXMaSee3M79ziPVhqXywU4VjQQeSZYwgq2Twr4SKBhUa37dXwD9JUFBalCgNah+9ocpyQSVlnBsTC/wlY1yrC0jnM4q/cxQhckEj2jPUYkFNVG+OHaGzpwyREmqXUmLFurPiRwLY6Yidp0C27FZ9ebif14vs8l1lDOpMkslWS5KMo5siuafoyHTlFg+dQQTzdytiIyxxsS6fCouhGD15b+kfVEPGvXG/WWteVPEUYYTOIVzCOAKmnAHLQiBAIMneIFXT3rP3pv3vmwtecXMMfyC9/ENHi6OOQ==</latexit>

±1

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤ <latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !
<latexit sha1_base64="LGQuDsT1TPV5ze4v1aTnWAhwKdI=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhA8hV2RKJ4CXjxGzEuSJcxOOsmQmdllplcMS77CiwdFvPo53vwbJ8keNLGgoajqprsrjAU36Hnfzsrq2vrGZm4rv72zu7dfODhsmCjRDOosEpFuhdSA4ArqyFFAK9ZAZSigGY5upn7zEbThkarhOIZA0oHifc4oWumhg/CE6X1t0i0UvZI3g7tM/IwUSYZqt/DV6UUskaCQCWpM2/diDFKqkTMBk3wnMRBTNqIDaFuqqAQTpLODJ+6pVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfxWkXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajvA3BX3x5mTTOS365VL67KFauszhy5JickDPik0tSIbekSuqEEUmeySt5c7Tz4rw7H/PWFSebOSJ/4Hz+ABdBkJc=</latexit>

ST

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="0Q6nUH/bngOxEQhskOIL4k/jnuM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqeKp4MVjBbcttEvJptk2NMmGJCuUpb/BiwdFvPqDvPlvTNs9aPXBwOO9GWbmxYozY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkzTWhIUp7qbowN5UzS0DLLaVdpikXMaSee3M79ziPVhqXywU4VjQQeSZYwgq2Twr4SKBhUa37dXwD9JUFBalCgNah+9ocpyQSVlnBsTC/wlY1yrC0jnM4q/cxQhckEj2jPUYkFNVG+OHaGzpwyREmqXUmLFurPiRwLY6Yidp0C27FZ9ebif14vs8l1lDOpMkslWS5KMo5siuafoyHTlFg+dQQTzdytiIyxxsS6fCouhGD15b+kfVEPGvXG/WWteVPEUYYTOIVzCOAKmnAHLQiBAIMneIFXT3rP3pv3vmwtecXMMfyC9/ENHi6OOQ==</latexit>

±1

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !

<latexit sha1_base64="LGQuDsT1TPV5ze4v1aTnWAhwKdI=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhA8hV2RKJ4CXjxGzEuSJcxOOsmQmdllplcMS77CiwdFvPo53vwbJ8keNLGgoajqprsrjAU36Hnfzsrq2vrGZm4rv72zu7dfODhsmCjRDOosEpFuhdSA4ArqyFFAK9ZAZSigGY5upn7zEbThkarhOIZA0oHifc4oWumhg/CE6X1t0i0UvZI3g7tM/IwUSYZqt/DV6UUskaCQCWpM2/diDFKqkTMBk3wnMRBTNqIDaFuqqAQTpLODJ+6pVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfxWkXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajvA3BX3x5mTTOS365VL67KFauszhy5JickDPik0tSIbekSuqEEUmeySt5c7Tz4rw7H/PWFSebOSJ/4Hz+ABdBkJc=</latexit>

ST
<latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q

<latexit sha1_base64="v2kZrQV42bBRmFFZTc8VwzGCOPA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtktUsVTwYvHCm5baNeSTbNtaDZZk6xQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0c3Ubz1RpZkU92ac0CDGA8EiRrCxkj86f3yo9kplt+LOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmteLVKrW7i3L9Oo+jAMdwAmfgwSXU4RYa4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w8xlY5G</latexit>

k + q2
<latexit sha1_base64="3eO9N4XYKsXqR2fWEjT4M+1csN8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxrhfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCA4RneIU359F5cd6dj0XrmpPPnMAfOJ8/06+M8g==</latexit>

k

<latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q

<latexit sha1_base64="tNVEPvuPMZbLWj9K6wkd7zhPEKo=">AAACDHicbVDLSsNAFJ34rPVVdelmsAgVoSQiVVwV3LisYNpCE8pkOmmGTh7M3Cgl9APc+CtuXCji1g9w5984abPQ1gMDh3PO5c49XiK4AtP8NpaWV1bX1ksb5c2t7Z3dyt5+W8WppMymsYhl1yOKCR4xGzgI1k0kI6EnWMcbXed+555JxePoDsYJc0MyjLjPKQEt9StVCzutgGNHMB8kHwZApIwfsF2zTvDpzNQps25OgReJVZAqKtDqV76cQUzTkEVABVGqZ5kJuBmRwKlgk7KTKpYQOiJD1tM0IiFTbjY9ZoKPtTLAfiz1iwBP1d8TGQmVGoeeToYEAjXv5eJ/Xi8F/9LNeJSkwCI6W+SnAkOM82bwgEtGQYw1IVRy/VdMAyIJBd1fOa9q/uRF0j6rW4164/a82rwq6iihQ3SEashCF6iJblAL2YiiR/SMXtGb8WS8GO/Gxyy6ZBQzB+gPjM8fgaeZWg==</latexit>

1� $ U(1) + 1�



Application

• Examples
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<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="0Q6nUH/bngOxEQhskOIL4k/jnuM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqeKp4MVjBbcttEvJptk2NMmGJCuUpb/BiwdFvPqDvPlvTNs9aPXBwOO9GWbmxYozY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkzTWhIUp7qbowN5UzS0DLLaVdpikXMaSee3M79ziPVhqXywU4VjQQeSZYwgq2Twr4SKBhUa37dXwD9JUFBalCgNah+9ocpyQSVlnBsTC/wlY1yrC0jnM4q/cxQhckEj2jPUYkFNVG+OHaGzpwyREmqXUmLFurPiRwLY6Yidp0C27FZ9ebif14vs8l1lDOpMkslWS5KMo5siuafoyHTlFg+dQQTzdytiIyxxsS6fCouhGD15b+kfVEPGvXG/WWteVPEUYYTOIVzCOAKmnAHLQiBAIMneIFXT3rP3pv3vmwtecXMMfyC9/ENHi6OOQ==</latexit>

±1

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> ! <latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q

<latexit sha1_base64="v2kZrQV42bBRmFFZTc8VwzGCOPA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtktUsVTwYvHCm5baNeSTbNtaDZZk6xQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0c3Ubz1RpZkU92ac0CDGA8EiRrCxkj86f3yo9kplt+LOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmteLVKrW7i3L9Oo+jAMdwAmfgwSXU4RYa4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w8xlY5G</latexit>

k + q2
<latexit sha1_base64="3eO9N4XYKsXqR2fWEjT4M+1csN8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxrhfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCA4RneIU359F5cd6dj0XrmpPPnMAfOJ8/06+M8g==</latexit>

k

<latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤ <latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤ <latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="0Q6nUH/bngOxEQhskOIL4k/jnuM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqeKp4MVjBbcttEvJptk2NMmGJCuUpb/BiwdFvPqDvPlvTNs9aPXBwOO9GWbmxYozY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkzTWhIUp7qbowN5UzS0DLLaVdpikXMaSee3M79ziPVhqXywU4VjQQeSZYwgq2Twr4SKBhUa37dXwD9JUFBalCgNah+9ocpyQSVlnBsTC/wlY1yrC0jnM4q/cxQhckEj2jPUYkFNVG+OHaGzpwyREmqXUmLFurPiRwLY6Yidp0C27FZ9ebif14vs8l1lDOpMkslWS5KMo5siuafoyHTlFg+dQQTzdytiIyxxsS6fCouhGD15b+kfVEPGvXG/WWteVPEUYYTOIVzCOAKmnAHLQiBAIMneIFXT3rP3pv3vmwtecXMMfyC9/ENHi6OOQ==</latexit>

±1

<latexit sha1_base64="5YmqLRKsFnkOpSIcTPya59pp6po=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukSqeCl48VrAf0q5LNk3b0CS7JlmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhhzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1iTTmTtGGY4bQdK4pFyGkrHF1P/dYTVZpF8s6MY+oLPJCszwg2VrofBd7ZY+A9VIJiyS27M6Bl4mWkBBnqQfGr24tIIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVV6qB8pW9Kgmfp7IsVC67EIbafAZqgXvan4n9dJTP/ST5mME0MlmS/qJxyZCE2/Rz2mKDF8bAkmitlbERlihYmxGRVsCN7iy8ukWSl71XL19rxUu8riyMMRHMMpeHABNbiBOjSAgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kDghGPjg==</latexit>

k1 + q21
<latexit sha1_base64="N5WwY2Bw6zhWrN8kkqaSiJ6TBEs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIsgCCUJUsVTwYvHCvZD2hg22027dHcTdzdCCf0VXjwo4tWf481/47bNQVsfDDzem2FmXpgwqrTjfFuFldW19Y3iZmlre2d3r7x/0FJxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HF1P/fYTkYrG4k6PE+JzNBA0ohhpI92PAu/sMfAevKBccarODPYycXNSgRyNoPzV68c45URozJBSXddJtJ8hqSlmZFLqpYokCI/QgHQNFYgT5Wezgyf2iVH6dhRLU0LbM/X3RIa4UmMemk6O9FAtelPxP6+b6ujSz6hIUk0Eni+KUmbr2J5+b/epJFizsSEIS2putfEQSYS1yahkQnAXX14mLa/q1qq12/NK/SqPowhHcAyn4MIF1OEGGtAEDBye4RXeLGm9WO/Wx7y1YOUzh/AH1ucPhSGPkA==</latexit>

k2 + q22

<latexit sha1_base64="YcZxwt9H6HKhVaLc5UtSXt0tBWs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx4r2g9oQ9lsN+3SzSbuToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqAccJ9yM6UCIUjKKV7h97Xq9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZqRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0ijYEb/HlZdI8r3jVSvXuoly7zuMowDGcwBl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvHXFyWeO4A+czx8CMI2c</latexit>q1
<latexit sha1_base64="Oub9MsoaUAegn3qANATto4MXvGo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGieIp4MVjRPOAZAmzk95kyOzsOjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5YMYJ+hEdSB5yRo2V7h97lV6x5JbdOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGVP+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSrJS9arl6d1GqXWdx5OEETuEcPLiEGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHA7SNnQ==</latexit>q2

<latexit sha1_base64="Mz/Gt53sCqsQMe4eCoi5OrVfZUw=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqngqePFYwX5AuyzZNNvGZpNtkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2rjut7O2vrG5tV3YKe7u7R8clo6OW1qmitAmkVyqTog15UzQpmGG006iKI5DTtvh6Hbmt5+o0kyKBzNJqB/jgWARI9hYqTUOvHFQDUplt+LOgVaJl5My5GgEpa9eX5I0psIQjrXuem5i/Awrwwin02Iv1TTBZIQHtGupwDHVfja/dorOrdJHkVS2hEFz9fdEhmOtJ3FoO2NshnrZm4n/ed3URNd+xkSSGirIYlGUcmQkmr2O+kxRYvjEEkwUs7ciMsQKE2MDKtoQvOWXV0mrWvFqldr9Zbl+k8dRgFM4gwvw4ArqcAcNaAKBR3iGV3hzpPPivDsfi9Y1J585gT9wPn8A/EmOvA==</latexit>q1q2

<latexit sha1_base64="YcZxwt9H6HKhVaLc5UtSXt0tBWs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx4r2g9oQ9lsN+3SzSbuToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqAccJ9yM6UCIUjKKV7h97Xq9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZqRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0ijYEb/HlZdI8r3jVSvXuoly7zuMowDGcwBl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvHXFyWeO4A+czx8CMI2c</latexit>q1
<latexit sha1_base64="Oub9MsoaUAegn3qANATto4MXvGo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGieIp4MVjRPOAZAmzk95kyOzsOjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5YMYJ+hEdSB5yRo2V7h97lV6x5JbdOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGVP+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSrJS9arl6d1GqXWdx5OEETuEcPLiEGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHA7SNnQ==</latexit>q2

<latexit sha1_base64="WSKjyH7WnxebLWdlYdr8l8DPtyQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqngqePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD+O+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfVq1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAKDITzDK7w5wnlx3p2PRWvByWeO4Q+czx/4/Y2W</latexit>

k1
<latexit sha1_base64="gDbi466hi/ExrhB9YpeXUYSt0N4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmRKp4KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPYz71X6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1Su3+sly/yeMowCmcwQV4cAV1uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/6gY2X</latexit>

k2

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="0Q6nUH/bngOxEQhskOIL4k/jnuM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqeKp4MVjBbcttEvJptk2NMmGJCuUpb/BiwdFvPqDvPlvTNs9aPXBwOO9GWbmxYozY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkzTWhIUp7qbowN5UzS0DLLaVdpikXMaSee3M79ziPVhqXywU4VjQQeSZYwgq2Twr4SKBhUa37dXwD9JUFBalCgNah+9ocpyQSVlnBsTC/wlY1yrC0jnM4q/cxQhckEj2jPUYkFNVG+OHaGzpwyREmqXUmLFurPiRwLY6Yidp0C27FZ9ebif14vs8l1lDOpMkslWS5KMo5siuafoyHTlFg+dQQTzdytiIyxxsS6fCouhGD15b+kfVEPGvXG/WWteVPEUYYTOIVzCOAKmnAHLQiBAIMneIFXT3rP3pv3vmwtecXMMfyC9/ENHi6OOQ==</latexit>

±1

<latexit sha1_base64="5YmqLRKsFnkOpSIcTPya59pp6po=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMpukSqeCl48VrAf0q5LNk3b0CS7JlmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhhzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1iTTmTtGGY4bQdK4pFyGkrHF1P/dYTVZpF8s6MY+oLPJCszwg2VrofBd7ZY+A9VIJiyS27M6Bl4mWkBBnqQfGr24tIIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVV6qB8pW9Kgmfp7IsVC67EIbafAZqgXvan4n9dJTP/ST5mME0MlmS/qJxyZCE2/Rz2mKDF8bAkmitlbERlihYmxGRVsCN7iy8ukWSl71XL19rxUu8riyMMRHMMpeHABNbiBOjSAgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kDghGPjg==</latexit>

k1 + q21
<latexit sha1_base64="N5WwY2Bw6zhWrN8kkqaSiJ6TBEs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIsgCCUJUsVTwYvHCvZD2hg22027dHcTdzdCCf0VXjwo4tWf481/47bNQVsfDDzem2FmXpgwqrTjfFuFldW19Y3iZmlre2d3r7x/0FJxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HF1P/fYTkYrG4k6PE+JzNBA0ohhpI92PAu/sMfAevKBccarODPYycXNSgRyNoPzV68c45URozJBSXddJtJ8hqSlmZFLqpYokCI/QgHQNFYgT5Wezgyf2iVH6dhRLU0LbM/X3RIa4UmMemk6O9FAtelPxP6+b6ujSz6hIUk0Eni+KUmbr2J5+b/epJFizsSEIS2putfEQSYS1yahkQnAXX14mLa/q1qq12/NK/SqPowhHcAyn4MIF1OEGGtAEDBye4RXeLGm9WO/Wx7y1YOUzh/AH1ucPhSGPkA==</latexit>

k2 + q22

<latexit sha1_base64="YcZxwt9H6HKhVaLc5UtSXt0tBWs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx4r2g9oQ9lsN+3SzSbuToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqAccJ9yM6UCIUjKKV7h97Xq9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZqRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0ijYEb/HlZdI8r3jVSvXuoly7zuMowDGcwBl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvHXFyWeO4A+czx8CMI2c</latexit>q1
<latexit sha1_base64="Oub9MsoaUAegn3qANATto4MXvGo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGieIp4MVjRPOAZAmzk95kyOzsOjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5YMYJ+hEdSB5yRo2V7h97lV6x5JbdOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGVP+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSrJS9arl6d1GqXWdx5OEETuEcPLiEGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHA7SNnQ==</latexit>q2

<latexit sha1_base64="YcZxwt9H6HKhVaLc5UtSXt0tBWs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx4r2g9oQ9lsN+3SzSbuToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqAccJ9yM6UCIUjKKV7h97Xq9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZqRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0ijYEb/HlZdI8r3jVSvXuoly7zuMowDGcwBl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvHXFyWeO4A+czx8CMI2c</latexit>q1
<latexit sha1_base64="Oub9MsoaUAegn3qANATto4MXvGo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGieIp4MVjRPOAZAmzk95kyOzsOjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5YMYJ+hEdSB5yRo2V7h97lV6x5JbdOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGVP+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSrJS9arl6d1GqXWdx5OEETuEcPLiEGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHA7SNnQ==</latexit>q2

<latexit sha1_base64="WSKjyH7WnxebLWdlYdr8l8DPtyQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqngqePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD+O+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfVq1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAKDITzDK7w5wnlx3p2PRWvByWeO4Q+czx/4/Y2W</latexit>

k1
<latexit sha1_base64="gDbi466hi/ExrhB9YpeXUYSt0N4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmRKp4KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPYz71X6p7FbcOcgq8XJShhyNfumrN4hZGnGFTFJjup6boJ9RjYJJPi32UsMTysZ0yLuWKhpx42fzU6fk3CoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTpFG0I3vLLq6RVrXi1Su3+sly/yeMowCmcwQV4cAV1uIMGNIHBEJ7hFd4c6bw4787HonXNyWdO4A+czx/6gY2X</latexit>

k2



Decoupling

• After decoupling the matter, ST-moves reduce to Kirby moves.

• Why is it a Kirby move?

7/22

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="0Q6nUH/bngOxEQhskOIL4k/jnuM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqeKp4MVjBbcttEvJptk2NMmGJCuUpb/BiwdFvPqDvPlvTNs9aPXBwOO9GWbmxYozY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkzTWhIUp7qbowN5UzS0DLLaVdpikXMaSee3M79ziPVhqXywU4VjQQeSZYwgq2Twr4SKBhUa37dXwD9JUFBalCgNah+9ocpyQSVlnBsTC/wlY1yrC0jnM4q/cxQhckEj2jPUYkFNVG+OHaGzpwyREmqXUmLFurPiRwLY6Yidp0C27FZ9ebif14vs8l1lDOpMkslWS5KMo5siuafoyHTlFg+dQQTzdytiIyxxsS6fCouhGD15b+kfVEPGvXG/WWteVPEUYYTOIVzCOAKmnAHLQiBAIMneIFXT3rP3pv3vmwtecXMMfyC9/ENHi6OOQ==</latexit>

±1

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> ! <latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q

<latexit sha1_base64="v2kZrQV42bBRmFFZTc8VwzGCOPA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtktUsVTwYvHCm5baNeSTbNtaDZZk6xQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0c3Ubz1RpZkU92ac0CDGA8EiRrCxkj86f3yo9kplt+LOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmteLVKrW7i3L9Oo+jAMdwAmfgwSXU4RYa4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w8xlY5G</latexit>

k + q2
<latexit sha1_base64="3eO9N4XYKsXqR2fWEjT4M+1csN8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxrhfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCA4RneIU359F5cd6dj0XrmpPPnMAfOJ8/06+M8g==</latexit>

k

<latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q

<latexit sha1_base64="0Q6nUH/bngOxEQhskOIL4k/jnuM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqeKp4MVjBbcttEvJptk2NMmGJCuUpb/BiwdFvPqDvPlvTNs9aPXBwOO9GWbmxYozY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkzTWhIUp7qbowN5UzS0DLLaVdpikXMaSee3M79ziPVhqXywU4VjQQeSZYwgq2Twr4SKBhUa37dXwD9JUFBalCgNah+9ocpyQSVlnBsTC/wlY1yrC0jnM4q/cxQhckEj2jPUYkFNVG+OHaGzpwyREmqXUmLFurPiRwLY6Yidp0C27FZ9ebif14vs8l1lDOpMkslWS5KMo5siuafoyHTlFg+dQQTzdytiIyxxsS6fCouhGD15b+kfVEPGvXG/WWteVPEUYYTOIVzCOAKmnAHLQiBAIMneIFXT3rP3pv3vmwtecXMMfyC9/ENHi6OOQ==</latexit>

±1

<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !
<latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q

<latexit sha1_base64="v2kZrQV42bBRmFFZTc8VwzGCOPA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtktUsVTwYvHCm5baNeSTbNtaDZZk6xQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0c3Ubz1RpZkU92ac0CDGA8EiRrCxkj86f3yo9kplt+LOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmteLVKrW7i3L9Oo+jAMdwAmfgwSXU4RYa4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w8xlY5G</latexit>

k + q2
<latexit sha1_base64="3eO9N4XYKsXqR2fWEjT4M+1csN8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxrhfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCA4RneIU359F5cd6dj0XrmpPPnMAfOJ8/06+M8g==</latexit>

k

<latexit sha1_base64="Co44bqEbXh1av/AuEuEqH9UwL8g=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBA8hV2RKJ4CXgQvEcwDskuYnfQmQ2YfzPSKy5Lf8OJBEa/+jDf/xkmyB00saCiquunu8hMpNNr2t7Wyura+sVnaKm/v7O7tVw4O2zpOFYcWj2Wsuj7TIEUELRQooZsoYKEvoeOPb6Z+5xGUFnH0gFkCXsiGkQgEZ2gk10V4wvxOKD+b9CtVu2bPQJeJU5AqKdDsV77cQczTECLkkmndc+wEvZwpFFzCpOymGhLGx2wIPUMjFoL28tnNE3pqlAENYmUqQjpTf0/kLNQ6C33TGTIc6UVvKv7n9VIMrrxcREmKEPH5oiCVFGM6DYAOhAKOMjOEcSXMrZSPmGIcTUxlE4Kz+PIyaZ/XnHqtfn9RbVwXcZTIMTkhZ8Qhl6RBbkmTtAgnCXkmr+TNSq0X6936mLeuWMXMEfkD6/MHnzGSDw==</latexit>

Kirby

<latexit sha1_base64="LGQuDsT1TPV5ze4v1aTnWAhwKdI=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhA8hV2RKJ4CXjxGzEuSJcxOOsmQmdllplcMS77CiwdFvPo53vwbJ8keNLGgoajqprsrjAU36Hnfzsrq2vrGZm4rv72zu7dfODhsmCjRDOosEpFuhdSA4ArqyFFAK9ZAZSigGY5upn7zEbThkarhOIZA0oHifc4oWumhg/CE6X1t0i0UvZI3g7tM/IwUSYZqt/DV6UUskaCQCWpM2/diDFKqkTMBk3wnMRBTNqIDaFuqqAQTpLODJ+6pVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfxWkXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajvA3BX3x5mTTOS365VL67KFauszhy5JickDPik0tSIbekSuqEEUmeySt5c7Tz4rw7H/PWFSebOSJ/4Hz+ABdBkJc=</latexit>

ST



Closed 3-manifolds, T[M_3] theories

• In Gadde, Gukov, Putrov “Fivebranes and 4-mfds” [1306.4320]. Pure 
plumbing theories are realized by wrapping a single M5-brane on 
closed three-manifolds.
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<latexit sha1_base64="x3IrGtXWN2jP/hA/VMcdf4kaVLw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO57/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7ZY2e</latexit>

k1<latexit sha1_base64="xvI7Zb0/LCkIjv7nFYeqiP5MLl4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI9BL16EiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwupn6zSdUmkfy0Yxj9EM6kLzPGTVWerjrnneLJbfszkCWiZeREmSodYtfnV7EkhClYYJq3fbc2PgpVYYzgZNCJ9EYUzaiA2xbKmmI2k9np07IiVV6pB8pW9KQmfp7IqWh1uMwsJ0hNUO96E3F/7x2YvpXfsplnBiUbL6onwhiIjL9m/S4QmbE2BLKFLe3EjakijJj0ynYELzFl5dJ46zsVcqV+4tS9TqLIw9HcAyn4MElVOEWalAHBgN4hld4c4Tz4rw7H/PWnJPNHMIfOJ8/0LmNgg==</latexit>

M3

<latexit sha1_base64="x3IrGtXWN2jP/hA/VMcdf4kaVLw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO57/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7ZY2e</latexit>

k1
<latexit sha1_base64="6sGXyOmjzYGYbqtktuqMR0FpXBU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSw7hf7ZfKbsWdg6wSLydlyNHol756g5ilEVfIJDWm67kJ+hnVKJjk02IvNTyhbEyHvGupohE3fjY/dUrOrTIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tO0YbgLb+8SlrViler1O4vy/WbPI4CnMIZXIAHV1CHO2hAExgM4Rle4c2Rzovz7nwsWtecfOYE/sD5/AH86Y2f</latexit>

k2
<latexit sha1_base64="NuY2y/VgOxzeRB7mMFkp5Ej+vVk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/bh/3i9X3Ko7B/lLvJxUIEejX/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophld+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3q1au3uolK/zuMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzf+bY2g</latexit>

k3

<latexit sha1_base64="ANGaI+Mv1YR9qE4kxE0AwH4SgZw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wcAAI2h</latexit>

k4

Linking number = CS levels 



M-theory picture and brane wbes
• Lens space L(k,1) in M-theory should be elliptically fibered:

• Putting a M5-brane on it duals to a 3d brane web of U(1)_k            
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Kirby moves

• For 3-mfds, the Kirby-I move is 
an equivalent surgery.

• Kirby moves are integrating in/out
gauge node U(1)_k:

10/22

<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !
<latexit sha1_base64="Co44bqEbXh1av/AuEuEqH9UwL8g=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBA8hV2RKJ4CXgQvEcwDskuYnfQmQ2YfzPSKy5Lf8OJBEa/+jDf/xkmyB00saCiquunu8hMpNNr2t7Wyura+sVnaKm/v7O7tVw4O2zpOFYcWj2Wsuj7TIEUELRQooZsoYKEvoeOPb6Z+5xGUFnH0gFkCXsiGkQgEZ2gk10V4wvxOKD+b9CtVu2bPQJeJU5AqKdDsV77cQczTECLkkmndc+wEvZwpFFzCpOymGhLGx2wIPUMjFoL28tnNE3pqlAENYmUqQjpTf0/kLNQ6C33TGTIc6UVvKv7n9VIMrrxcREmKEPH5oiCVFGM6DYAOhAKOMjOEcSXMrZSPmGIcTUxlE4Kz+PIyaZ/XnHqtfn9RbVwXcZTIMTkhZ8Qhl6RBbkmTtAgnCXkmr+TNSq0X6936mLeuWMXMEfkD6/MHnzGSDw==</latexit>

Kirby



Question: how to add matters?

• Does the matter    corresponde to some structures on the 3-mfds?
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<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="3eO9N4XYKsXqR2fWEjT4M+1csN8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxrhfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCA4RneIU359F5cd6dj0XrmpPPnMAfOJ8/06+M8g==</latexit>

k

<latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q



Identical surgery and R. twist

• The identical surgery, and rational equivalent surgery
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<latexit sha1_base64="fflT8DIRgZ1NzRM/p9XN3nEVhs4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN8vjQA=</latexit>q
<latexit sha1_base64="NsjKO6FvOGDmdJJbvTvwmNzF414=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD1heM+g==</latexit>

k

<latexit sha1_base64="fflT8DIRgZ1NzRM/p9XN3nEVhs4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN8vjQA=</latexit>q
<latexit sha1_base64="i9+oAxyGJax6uPD5JLGhoVTAz6k=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtktUj0WvXis4LaFdi3ZNNuGZpM1yQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91hNVmklxb8YJDWI8ECxiBBsr+aPzx4dqr1R2K+4MaJl4OSlDjkav9NXtS5LGVBjCsdYdz01MkGFlGOF0UuymmiaYjPCAdiwVOKY6yGbHTtCpVfooksqWMGim/p7IcKz1OA5tZ4zNUC96U/E/r5Oa6CrImEhSQwWZL4pSjoxE089RnylKDB9bgoli9lZEhlhhYmw+RRuCt/jyMmlWK16tUru7KNev8zgKcAwncAYeXEIdbqEBPhBg8Ayv8OYI58V5dz7mrStOPnMEf+B8/gAz/Y5O</latexit>

k + q2

<latexit sha1_base64="YNbPOJJ590ydjyRRoNjKBtkAFKc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4dzrlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNVK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP+RqjPU=</latexit>

+1<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !
<latexit sha1_base64="vA4433j0tcBPhZgONfAos9zmmvY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkIiUsVTwYvHKvYD2lA22027dLMJuxO1hv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0gE1+C631ZhZXVtfaO4Wdra3tkt23v7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB6Grqt+6Z0jyWdzBOmB+RgeQhpwSM1LPLXWCPkN06GB7MtknPrriOOwNeJl5OKihHvWd/dfsxTSMmgQqidcdzE/AzooBTwSalbqpZQuiIDFjHUEkipv1sdvgEHxulj8NYmZKAZ+rviYxEWo+jwHRGBIZ60ZuK/3mdFMILP+MySYFJOl8UpgJDjKcp4D5XjIIYG0Ko4uZWTIdEEQomq5IJwVt8eZk0Tx2v6lRvziq1yzyOIjpER+gEeegc1dA1qqMGoihFz+gVvVlP1ov1bn3MWwtWPnOA/sD6/AHdzZM4</latexit>

R. twist

<latexit sha1_base64="0Q6nUH/bngOxEQhskOIL4k/jnuM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqeKp4MVjBbcttEvJptk2NMmGJCuUpb/BiwdFvPqDvPlvTNs9aPXBwOO9GWbmxYozY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkzTWhIUp7qbowN5UzS0DLLaVdpikXMaSee3M79ziPVhqXywU4VjQQeSZYwgq2Twr4SKBhUa37dXwD9JUFBalCgNah+9ocpyQSVlnBsTC/wlY1yrC0jnM4q/cxQhckEj2jPUYkFNVG+OHaGzpwyREmqXUmLFurPiRwLY6Yidp0C27FZ9ebif14vs8l1lDOpMkslWS5KMo5siuafoyHTlFg+dQQTzdytiIyxxsS6fCouhGD15b+kfVEPGvXG/WWteVPEUYYTOIVzCOAKmnAHLQiBAIMneIFXT3rP3pv3vmwtecXMMfyC9/ENHi6OOQ==</latexit>

±1

<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !
<latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q

<latexit sha1_base64="v2kZrQV42bBRmFFZTc8VwzGCOPA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtktUsVTwYvHCm5baNeSTbNtaDZZk6xQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0c3Ubz1RpZkU92ac0CDGA8EiRrCxkj86f3yo9kplt+LOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmteLVKrW7i3L9Oo+jAMdwAmfgwSXU4RYa4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w8xlY5G</latexit>

k + q2
<latexit sha1_base64="3eO9N4XYKsXqR2fWEjT4M+1csN8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxrhfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCA4RneIU359F5cd6dj0XrmpPPnMAfOJ8/06+M8g==</latexit>

k

<latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q
<latexit sha1_base64="O01mVjwcjyT9/O7VYbIKSCK9ijA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiVTwVvHisYD+gDWWz3bRrN7thdyKE0v/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++4lpw5V8wCxhQUyGkkecErRSq8dlhFm/XPGq3hzuKvFzUoEcjX75qzdQNI2ZRCqIMV3fSzCYEI2cCjYt9VLDEkLHZMi6lkoSMxNM5tdO3TOrDNxIaVsS3bn6e2JCYmOyOLSdMcGRWfZm4n9eN8XoOphwmaTIJF0silLhonJnr7sDrhlFkVlCqOb2VpeOiCYUbUAlG4K//PIqaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD8NZjz8=</latexit>1

<latexit sha1_base64="0Q6nUH/bngOxEQhskOIL4k/jnuM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqeKp4MVjBbcttEvJptk2NMmGJCuUpb/BiwdFvPqDvPlvTNs9aPXBwOO9GWbmxYozY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkzTWhIUp7qbowN5UzS0DLLaVdpikXMaSee3M79ziPVhqXywU4VjQQeSZYwgq2Twr4SKBhUa37dXwD9JUFBalCgNah+9ocpyQSVlnBsTC/wlY1yrC0jnM4q/cxQhckEj2jPUYkFNVG+OHaGzpwyREmqXUmLFurPiRwLY6Yidp0C27FZ9ebif14vs8l1lDOpMkslWS5KMo5siuafoyHTlFg+dQQTzdytiIyxxsS6fCouhGD15b+kfVEPGvXG/WWteVPEUYYTOIVzCOAKmnAHLQiBAIMneIFXT3rP3pv3vmwtecXMMfyC9/ENHi6OOQ==</latexit>

±1

<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !
<latexit sha1_base64="LGQuDsT1TPV5ze4v1aTnWAhwKdI=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhA8hV2RKJ4CXjxGzEuSJcxOOsmQmdllplcMS77CiwdFvPo53vwbJ8keNLGgoajqprsrjAU36Hnfzsrq2vrGZm4rv72zu7dfODhsmCjRDOosEpFuhdSA4ArqyFFAK9ZAZSigGY5upn7zEbThkarhOIZA0oHifc4oWumhg/CE6X1t0i0UvZI3g7tM/IwUSYZqt/DV6UUskaCQCWpM2/diDFKqkTMBk3wnMRBTNqIDaFuqqAQTpLODJ+6pVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfxWkXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajvA3BX3x5mTTOS365VL67KFauszhy5JickDPik0tSIbekSuqEEUmeySt5c7Tz4rw7H/PWFSebOSJ/4Hz+ABdBkJc=</latexit>

ST <latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q
<latexit sha1_base64="v2kZrQV42bBRmFFZTc8VwzGCOPA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtktUsVTwYvHCm5baNeSTbNtaDZZk6xQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0c3Ubz1RpZkU92ac0CDGA8EiRrCxkj86f3yo9kplt+LOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmteLVKrW7i3L9Oo+jAMdwAmfgwSXU4RYa4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w8xlY5G</latexit>

k + q2
<latexit sha1_base64="3eO9N4XYKsXqR2fWEjT4M+1csN8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxrhfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCA4RneIU359F5cd6dj0XrmpPPnMAfOJ8/06+M8g==</latexit>

k

<latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q

<latexit sha1_base64="vA4433j0tcBPhZgONfAos9zmmvY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkIiUsVTwYvHKvYD2lA22027dLMJuxO1hv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0gE1+C631ZhZXVtfaO4Wdra3tkt23v7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB6Grqt+6Z0jyWdzBOmB+RgeQhpwSM1LPLXWCPkN06GB7MtknPrriOOwNeJl5OKihHvWd/dfsxTSMmgQqidcdzE/AzooBTwSalbqpZQuiIDFjHUEkipv1sdvgEHxulj8NYmZKAZ+rviYxEWo+jwHRGBIZ60ZuK/3mdFMILP+MySYFJOl8UpgJDjKcp4D5XjIIYG0Ko4uZWTIdEEQomq5IJwVt8eZk0Tx2v6lRvziq1yzyOIjpER+gEeegc1dA1qqMGoihFz+gVvVlP1ov1bn3MWwtWPnOA/sD6/AHdzZM4</latexit>

R. twist

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤

<latexit sha1_base64="NsjKO6FvOGDmdJJbvTvwmNzF414=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD1heM+g==</latexit>

k

<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !
Id.

<latexit sha1_base64="O01mVjwcjyT9/O7VYbIKSCK9ijA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiVTwVvHisYD+gDWWz3bRrN7thdyKE0v/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++4lpw5V8wCxhQUyGkkecErRSq8dlhFm/XPGq3hzuKvFzUoEcjX75qzdQNI2ZRCqIMV3fSzCYEI2cCjYt9VLDEkLHZMi6lkoSMxNM5tdO3TOrDNxIaVsS3bn6e2JCYmOyOLSdMcGRWfZm4n9eN8XoOphwmaTIJF0silLhonJnr7sDrhlFkVlCqOb2VpeOiCYUbUAlG4K//PIqaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD8NZjz8=</latexit>1
<latexit sha1_base64="fflT8DIRgZ1NzRM/p9XN3nEVhs4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN8vjQA=</latexit>q

<latexit sha1_base64="i9+oAxyGJax6uPD5JLGhoVTAz6k=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtktUj0WvXis4LaFdi3ZNNuGZpM1yQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91hNVmklxb8YJDWI8ECxiBBsr+aPzx4dqr1R2K+4MaJl4OSlDjkav9NXtS5LGVBjCsdYdz01MkGFlGOF0UuymmiaYjPCAdiwVOKY6yGbHTtCpVfooksqWMGim/p7IcKz1OA5tZ4zNUC96U/E/r5Oa6CrImEhSQwWZL4pSjoxE089RnylKDB9bgoli9lZEhlhhYmw+RRuCt/jyMmlWK16tUru7KNev8zgKcAwncAYeXEIdbqEBPhBg8Ayv8OYI58V5dz7mrStOPnMEf+B8/gAz/Y5O</latexit>

k + q2

<latexit sha1_base64="YNbPOJJ590ydjyRRoNjKBtkAFKc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4dzrlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzS6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HCKNgRv8eVl0ryoeNVK9f6yXLvJ4yjAMZzAGXhwBTW4gzo0gEEIz/AKb87IeXHenY9564qTzxzBHzifP+RqjPU=</latexit>

+1<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !
Id.

<latexit sha1_base64="O01mVjwcjyT9/O7VYbIKSCK9ijA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiVTwVvHisYD+gDWWz3bRrN7thdyKE0v/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++4lpw5V8wCxhQUyGkkecErRSq8dlhFm/XPGq3hzuKvFzUoEcjX75qzdQNI2ZRCqIMV3fSzCYEI2cCjYt9VLDEkLHZMi6lkoSMxNM5tdO3TOrDNxIaVsS3bn6e2JCYmOyOLSdMcGRWfZm4n9eN8XoOphwmaTIJF0silLhonJnr7sDrhlFkVlCqOb2VpeOiCYUbUAlG4K//PIqaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD8NZjz8=</latexit>1

<latexit sha1_base64="O01mVjwcjyT9/O7VYbIKSCK9ijA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiVTwVvHisYD+gDWWz3bRrN7thdyKE0v/gxYMiXv0/3vw3btsctPXBwOO9GWbmhYngBj3v2ymsrW9sbhW3Szu7e/sH5cOjllGppqxJlVC6ExLDBJesiRwF6ySakTgUrB2Ob2d++4lpw5V8wCxhQUyGkkecErRSq8dlhFm/XPGq3hzuKvFzUoEcjX75qzdQNI2ZRCqIMV3fSzCYEI2cCjYt9VLDEkLHZMi6lkoSMxNM5tdO3TOrDNxIaVsS3bn6e2JCYmOyOLSdMcGRWfZm4n9eN8XoOphwmaTIJF0silLhonJnr7sDrhlFkVlCqOb2VpeOiCYUbUAlG4K//PIqaV1U/Vq1dn9Zqd/kcRThBE7hHHy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD8NZjz8=</latexit>1



An observation

• Does the matter node correspond to the identical surgery circle?

• However, the identical circle can be ignored on 3-mfds and is not 
physical, while the matter field is physical. 
• So, we should do something to make it physical.
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<latexit sha1_base64="bF/NP/OHOrpLPjZtD9cibHjZtzk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0Io/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHzBIWxGQoecQpQSu1elxGmPXLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIMJ0cipYNNSLzUsIXRMhqxrqSQxM8Fkfu3UPbPKwI2UtiXRnau/JyYkNiaLQ9sZExyZZW8m/ud1U4yugwmXSYpM0sWiKBUuKnf2ujvgmlEUmSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+AMXBj0c=</latexit>1
<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤ <latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> !

<latexit sha1_base64="puHxPYoYqgmAj+ZCU9tpSQxK1gU=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hqW5uTRS8eW7C10Iay2W7atZsPdjdCCf0FXjwo4tWf5M1/46atoKIPBh7vzTAzz4s5k8qyPozcyura+kZ+s7C1vbO7V9w/6MgoEYS2ScQj0fWwpJyFtK2Y4rQbC4oDj9Nbb3KV+bf3VEgWhTdqGlM3wKOQ+YxgpaXWxaBYskynXq1WysgyLcupVM80cRzHrtvI1kqGEizRHBTf+8OIJAENFeFYyp5txcpNsVCMcDor9BNJY0wmeER7moY4oNJN54fO0IlWhsiPhK5Qobn6fSLFgZTTwNOdAVZj+dvLxL+8XqL8upuyME4UDclikZ9wpCKUfY2GTFCi+FQTTATTtyIyxgITpbMp6BC+PkX/k07ZtGtmrVUpNS6XceThCI7hFGw4hwZcQxPaQIDCAzzBs3FnPBovxuuiNWcsZw7hB4y3TxcqjSk=</latexit>

?



Ooguri-Vafa defect  -> matter
• Adding D5-branes leads to matters

The 1 M5-brane on OV defect in the cotangle bundle realizes a matter field.
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• The neighborhood of the intersection is always an identical surgery 
circle:

• The matter circle/intersection has to be 

• Example:
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ST-move and 3-mfds

• ST-move is a particular Kirby-I move with an OV-defect/brane:
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twist

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="0Q6nUH/bngOxEQhskOIL4k/jnuM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqeKp4MVjBbcttEvJptk2NMmGJCuUpb/BiwdFvPqDvPlvTNs9aPXBwOO9GWbmxYozY33/yyutrW9sbpW3Kzu7e/sH1cOjtkkzTWhIUp7qbowN5UzS0DLLaVdpikXMaSee3M79ziPVhqXywU4VjQQeSZYwgq2Twr4SKBhUa37dXwD9JUFBalCgNah+9ocpyQSVlnBsTC/wlY1yrC0jnM4q/cxQhckEj2jPUYkFNVG+OHaGzpwyREmqXUmLFurPiRwLY6Yidp0C27FZ9ebif14vs8l1lDOpMkslWS5KMo5siuafoyHTlFg+dQQTzdytiIyxxsS6fCouhGD15b+kfVEPGvXG/WWteVPEUYYTOIVzCOAKmnAHLQiBAIMneIFXT3rP3pv3vmwtecXMMfyC9/ENHi6OOQ==</latexit>

±1

<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>⇤
<latexit sha1_base64="mW+8++LYgGyFYkBD16yAMNrPhI4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqngqePFYwX5AG8pmu0mXbnbD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0g40+C631ZpbX1jc6u8XdnZ3ds/sA+POlqmitA2kVyqXoA15UzQNjDgtJcoiuOA024wuZn53QeqNJPiHrKE+jGOBAsZwWCkoV0dcCkiTkNQLBoDVko+Du2aW3fncFaJV5AaKtAa2l+DkSRpTAUQjrXue24Cfo4VMMLptDJINU0wmeCI9g0VOKbaz+fHT51To4ycUCpTApy5+nsix7HWWRyYzhjDWC97M/E/r59CeOXnTCQpUEEWi8KUOyCdWRLOiClKgGeGYKKYudUhY6wwAZNXxYTgLb+8Sjrnda9Rb9xd1JrXRRxldIxO0Bny0CVqolvUQm1EUIae0St6s56sF+vd+li0lqxipor+wPr8AaqVlWw=</latexit> ! <latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q

<latexit sha1_base64="v2kZrQV42bBRmFFZTc8VwzGCOPA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSIIQtktUsVTwYvHCm5baNeSTbNtaDZZk6xQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0c3Ubz1RpZkU92ac0CDGA8EiRrCxkj86f3yo9kplt+LOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpia6CjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5NmteLVKrW7i3L9Oo+jAMdwAmfgwSXU4RYa4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w8xlY5G</latexit>

k + q2
<latexit sha1_base64="3eO9N4XYKsXqR2fWEjT4M+1csN8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIFU8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxrhfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCA4RneIU359F5cd6dj0XrmpPPnMAfOJ8/06+M8g==</latexit>

k

<latexit sha1_base64="dKBWjeGnlz7GFvEZbOoYFTU5Goo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9irlSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9zHjPg=</latexit>q
<latexit sha1_base64="LGQuDsT1TPV5ze4v1aTnWAhwKdI=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYhA8hV2RKJ4CXjxGzEuSJcxOOsmQmdllplcMS77CiwdFvPo53vwbJ8keNLGgoajqprsrjAU36Hnfzsrq2vrGZm4rv72zu7dfODhsmCjRDOosEpFuhdSA4ArqyFFAK9ZAZSigGY5upn7zEbThkarhOIZA0oHifc4oWumhg/CE6X1t0i0UvZI3g7tM/IwUSYZqt/DV6UUskaCQCWpM2/diDFKqkTMBk3wnMRBTNqIDaFuqqAQTpLODJ+6pVXpuP9K2FLoz9fdESqUxYxnaTklxaBa9qfif106wfxWkXMUJgmLzRf1EuBi50+/dHtfAUIwtoUxze6vLhlRThjajvA3BX3x5mTTOS365VL67KFauszhy5JickDPik0tSIbekSuqEEUmeySt5c7Tz4rw7H/PWFSebOSJ/4Hz+ABdBkJc=</latexit>

ST



Kirby-II: handle-slides for gauge circles
• Kirby-II is a connected sum of surgery circles:

• In the presence of the OV defect (or matter):

• Kirby-II is a linear sum of scalar fields:
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<latexit sha1_base64="RdY971Pk09BOPem1266lZdJnL+4=">AAACFnicbZBNS8MwGMfT+TbnW9Wjl+CQCc7RDpleBgMvHie4F1hLSbNsC0vTkqTCKPsUXvwqXjwo4lW8+W3M2h50+kDIj///eUievx8xKpVlfRmFldW19Y3iZmlre2d3z9w/6MowFph0cMhC0feRJIxy0lFUMdKPBEGBz0jPn14v/N49EZKG/E7NIuIGaMzpiGKktOSZ5040oZ5dgU3IYcp1eJZp0KlWc6nSzG7PLFs1Ky34F+wcyiCvtmd+OsMQxwHhCjMk5cC2IuUmSCiKGZmXnFiSCOEpGpOBRo4CIt0kXWsOT7QyhKNQ6MMVTNWfEwkKpJwFvu4MkJrIZW8h/ucNYjW6chPKo1gRjrOHRjGDKoSLjOCQCoIVm2lAWFD9V4gnSCCsdJIlHYK9vPJf6NZrdqPWuL0otxp5HEVwBI7BKbDBJWiBG9AGHYDBA3gCL+DVeDSejTfjPWstGPnMIfhVxsc3BBKcJQ==</latexit>

�0
1 = n�2 + �1 ,�

0
2 = �2

<latexit sha1_base64="asqP6wJm+wysuCUkUhD/u9oiENo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpAIro3rfjmFldW19Y3iZmlre2d3r7x/0NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hrmtx9RaR7LBzNJ0I/oUPKQM2qsdH/b9/rlilt15yB/iZeTCuRo9MufvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JiVUGJIyVLWnIXP05kdFI60kU2M6ImpFe9mbif143NeGln3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88l/SOqt6tWrt7rxSv8rjKMIRHMMpeHABdbiBBjSBwRCe4AVeHeE8O2/O+6K14OQzh/ALzsc3zCuNfw==</latexit>

L1

<latexit sha1_base64="q8WJsEF7W0tGZ08QxA2I6Xky1F8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CRMugjYVFRPMByRH2NnPJkr29Y3dPCCE/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2h0jyWj2acoB/RgeQhZ9RY6eGuV+kVS27ZnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3VKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+RMuk9SgZItFYSqIicnsb9LnCpkRY0soU9zeStiQKsqMTadgQ/CWX14lzUrZq5ar9xel2nUWRx5O4BTOwYNLqMEt1KEBDAbwDK/w5gjnxXl3PhatOSebOYY/cD5/AM2vjYA=</latexit>

L2
<latexit sha1_base64="asqP6wJm+wysuCUkUhD/u9oiENo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIiovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpAIro3rfjmFldW19Y3iZmlre2d3r7x/0NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hrmtx9RaR7LBzNJ0I/oUPKQM2qsdH/b9/rlilt15yB/iZeTCuRo9MufvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JiVUGJIyVLWnIXP05kdFI60kU2M6ImpFe9mbif143NeGln3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88l/SOqt6tWrt7rxSv8rjKMIRHMMpeHABdbiBBjSBwRCe4AVeHeE8O2/O+6K14OQzh/ALzsc3zCuNfw==</latexit>

L1
<latexit sha1_base64="25HzzH+p+IieZBlyCN6v8G9ZMLo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSpHosevHQQwX7gW0Im+2mXbrZhN2NUEL/hRcPinj133jz37hpc9DWBwOP92aYmefHnClt299WYW19Y3OruF3a2d3bPygfHnVUlEhC2yTikez5WFHOBG1rpjntxZLi0Oe0609uM7/7RKVikXjQ05i6IR4JFjCCtZEeBWp6DrpoejWvXLGr9hxolTg5qUCOllf+GgwjkoRUaMKxUn3HjrWbYqkZ4XRWGiSKxphM8Ij2DRU4pMpN5xfP0JlRhiiIpCmh0Vz9PZHiUKlp6JvOEOuxWvYy8T+vn+jg2k2ZiBNNBVksChKOdISy99GQSUo0nxqCiWTmVkTGWGKiTUglE4Kz/PIq6dSqTr1av7+sNG7yOIpwAqdwDg5cQQPuoAVtICDgGV7hzVLWi/VufSxaC1Y+cwx/YH3+AHHjj3s=</latexit>

nL1 + L2



Seiberg duality
• SQED-XYZ duality

• Superpotential

• Flavor symmetry
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• Gauging flavor symmetries leads to superpotential triangles.
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Handle slides for matter circles:

20/22

Connected sum

Superpotential arises from connected sums and gauging.

<latexit sha1_base64="hkyyrWFzjzxmCwO+aE/7iNQ2Blo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUdAelslt1FyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20r6perVprXpfrlTyOApzDBVTAgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AdNmMpQ==</latexit>

0

<latexit sha1_base64="LdJujLrnk+69dFLEZ7ZC82BAhtw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlItF4IrvGoEcSLx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdlr1Ku1K9K1fMsjjycwClcgAfXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOFfjOs=</latexit>x <latexit sha1_base64="1j9G1tKNxY91RD/gYi6ZOCIKuOw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxaJ4KolI9Vjw4rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDWn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0ripetVJtXJdrF3kcBTiFM7gED26gBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD4uOM7A==</latexit>y
<latexit sha1_base64="aF21LqBh1bheQkaN38obX6wEnbc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxaJ4KolI9Vjw4rGK/YA2lM120y7dbMLuRAyl/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKweMEu4H9GBEqFgFK10/5T1SmW34s5AlomXkzLkqPdKX91+zNKIK2SSGtPx3AT9MdUomOSTYjc1PKFsRAe8Y6miETf+eHbphJxapU/CWNtSSGbq74kxjYzJosB2RhSHZtGbiv95nRTDa38sVJIiV2y+KEwlwZhM3yZ9oTlDmVlCmRb2VsKGVFOGNpyiDcFbfHmZNC8qXrVSvbss187yOApwDCdwDh5cQQ1uoQ4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nD74ujW4=</latexit>xy



HW moves interpretation
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Everything arises from a fusion identiy, which related to quantum group.



Open question

• Non-abelian theories.
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