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What is the Standard Model’s gauge group?

• Simpler example: 


• Restricts allowed matter representations.


• Not detectable by local operators.


• Affect periodicity of theta angle.


• In quantum gravity: different electric charges for monopoles.

i.e. SU(3)⇥ SU(2)⇥ U(1) vs. [SU(3)⇥ SU(2)⇥ U(1)]/Zn, n = 2, 3, 6

<latexit sha1_base64="PaUxIl0ZYaE0wGdWT7Qa4dIM3QE="></latexit>
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<latexit sha1_base64="kW2JF/TUfMKIC4T4F3BEv8PpICs="></latexit>

SU(2) vs. SU(2)/Z2
⇠= SO(3)



Given gauge algebra, is any global form allowed?

• No known effective field theory constraints.


• Swampland program: more subtle restrictions when gravity present.                  
E.g., not all gauge algebras are allowed (in higher dimensions).


• In string compactifications: limitations from geometry,  
with intricate, “arithmetic” structures.
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Global gauge group structure in F-theory
Aspinwall/Morrison ’98:             determined by Mordell—Weil group.                            G/Z

<latexit sha1_base64="NVP4hinKUoB8xQdhIbmsHU5O4zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQL0FPJhjRPPAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYkUBl33y8mtrK6tb+Q3C1vbO7t7xf2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdD3zW49cGxGrexwn3I/oQIlQMIpWurs5e+gVS27ZnYP8JV5GSpCh3it+dvsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmKVPgljbUshmas/JyY0MmYcBbYzojg0y95M/M/rpBhe+hOhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll/+S5nnZq5Svbiulai2LIw9HcAyn4MEFVKEGdWgAgwE8wQu8OtJ5dt6c90VrzslmDuEXnI9vu92Neg==</latexit>
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MW-group = “addition” of sections                elliptic curve cryptography 



Mordell—Weil group on K3 surfaces (      F-theory to 8d) fully classified. 

<latexit sha1_base64="ITIs/JsyY6CfK7340ktegWpgH9M=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrBfVW8NJjBfsB7VKyabYNzSZrkq2Upf/EiwdFvPpPvPlvTNs9aOuDgcd7M8zMCxPOtPG8b6ewsbm1vVPcLe3tHxweuccnLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDf32xOqNJPiwUwTGsR4KFjECDZW6rtuT7HhyOjHlA2xUvKp75a9ircAWid+TsqQo9F3v3oDSdKYCkM41rrre4kJMqwMI5zOSr1U0wSTMR7SrqUCx1QH2eLyGbqwygBFUtkSBi3U3xMZjrWexqHtjLEZ6VVvLv7ndVMT3QQZE0lqqCDLRVHKkZFoHgMaMEWJ4VNLMFHM3orICCtMjA2rZEPwV19eJ62ril+t3N5Xy7V6HkcRzuAcLsGHa6hBHRrQBAITeIZXeHMy58V5dz6WrQUnnzmFP3A+fwBbOZQr</latexit>

Assume                          ; which          with                  realizable?
<latexit sha1_base64="XZdavO1SfpRIMaqnykq+p3zFVZ8=">AAAB/XicbVDLSsNAFJ3UV62vaJduBotQF5ZEBN0IBRftsqKxhTaEyWTSDp1MwsxECKHin7hxoSBu/QeX7vwFv8LpY6GtBy4czrmXe+/xE0alsqwvo7C0vLK6VlwvbWxube+Yu3u3Mk4FJg6OWSw6PpKEUU4cRRUjnUQQFPmMtP3h5dhv3xEhacxvVJYQN0J9TkOKkdKSZ5Yb8AL2EhEHHoXXTpV79MgzK1bNmgAuEntGKvXjxse3Gj20PPOzF8Q4jQhXmCEpu7aVKDdHQlHMyKjUSyVJEB6iPulqylFEpJtPjh/BQ60EMIyFLq7gRP09kaNIyizydWeE1EDOe2PxP6+bqvDczSlPUkU4ni4KUwZVDMdJwIAKghXLNEFYUH0rxAMkEFY6r5IOwZ5/eZG0T2r2ac22r+xKvQmmKIJ9cACqwAZnoA6aoAUcgEEGHsEzeDHujSfj1XibthaM2UwZ/IHx/gM8Lpdq</latexit>

G =
Q

i SU(ni)
<latexit sha1_base64="nAMPG5mqEsTPhGvwVEiLWyK4JuE=">AAAB63icbZDLSgMxFIbP1Futt3rZuQkWoas6EUGXBRftsqK1xXYomTTThmYyQ5IR6tBHcONCQdy69WHcufRNTC8Lbf0h8PH/55Bzjh8Lro3rfjmZpeWV1bXsem5jc2t7J7+7d6ujRFFWp5GIVNMnmgkuWd1wI1gzVoyEvmANf3A5zhv3TGkeyRszjJkXkp7kAafEWOu6cnLXyRfckjsRWgQ8g0K5+PBd+ThIa538Z7sb0SRk0lBBtG5hNzZeSpThVLBRrp1oFhM6ID3WsihJyLSXTkYdoWPrdFEQKfukQRP3d0dKQq2HoW8rQ2L6ej4bm/9lrcQEF17KZZwYJun0oyARyERovDfqcsWoEUMLhCpuZ0W0TxShxl4nZ4+A51dehMZpCZ+VML7ChXIVpsrCIRxBETCcQxmqUIM6UOjBIzzDiyOcJ+fVeZuWZpxZzz78kfP+A7l4kOs=</latexit>

G/Z

0

<latexit sha1_base64="2Fw0tYkoHQj8k1S+Z8AszaOALHo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmm6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Wvm7VK/SaPowgncArn4MEl1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/fPmMwA==</latexit>

1

<latexit sha1_base64="wQ+2foIZ8ymAbto+K5qO6s2mJBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vml6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Wvm7VK/SaPowgncArn4MEl1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/fn2MwQ==</latexit>

i

<latexit sha1_base64="S3/hmVL57PA4fjtf7bcyXcxv8MQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmrxfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1arXzVqlfpPHUYQTOIVz8OAS6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f012M+Q==</latexit>

ni � 1

<latexit sha1_base64="SVIFfyMdvzl1tBjMGYJxT8iufnQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgnorevFYwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDfz209cGxGrR5wk3I/oUIlQMIpWaqu+IBfE65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SlqXVa9WvXmoVeq3eRxFOIFTOAcPrqAO99CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QPeGY6g</latexit>

ki

<latexit sha1_base64="pFS2R5eaz4jI7wDT5d9/QwUwntI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw7jP++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6ten1fq9Rv8jiKcAKncA4eXEId7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QNQoo3X</latexit>

0

<latexit sha1_base64="2Fw0tYkoHQj8k1S+Z8AszaOALHo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmm6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Wvm7VK/SaPowgncArn4MEl1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/fPmMwA==</latexit>
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<latexit sha1_base64="wQ+2foIZ8ymAbto+K5qO6s2mJBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vml6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Wvm7VK/SaPowgncArn4MEl1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/fn2MwQ==</latexit>

j

<latexit sha1_base64="qiqPJ7CGe2l9doo31QYk7K0PUSU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDeZZHZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7+d+6wmV5rF8NJME/YgOJA85o8ZK9VGvWHLL7gJknXgZKUGGWq/41e3HLI1QGiao1h3PTYw/pcpwJnBW6KYaE8rGdIAdSyWNUPvTxaEzcmGVPgljZUsaslB/T0xppPUkCmxnRM1Qr3pz8T+vk5rwxp9ymaQGJVsuClNBTEzmX5M+V8iMmFhCmeL2VsKGVFFmbDYFG4K3+vI6aV6VvUr5tl4pVe+yOPJwBudwCR5cQxUeoAYNYIDwDK/w5oycF+fd+Vi25pxs5hT+wPn8AdThjPo=</latexit>

nj � 1

<latexit sha1_base64="C+0V5ReR24KzUUyJnZAc3A+skhE=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSRSUG9FLx4r2A9oQ9lsJ+3azSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFSS/YeyTnxeqWyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NzJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm099JnytkRowtoUxxeythQ6ooMzahog3BW3x5mTQvKl61cn1fLddu8jgKcAwncAYeXEIN7qAODWAwgmd4hTcncV6cd+dj3rri5DNH8AfO5w/foY6h</latexit>

kj

<latexit sha1_base64="fAD9uNMiAorRr689iUZALLO2QNc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1gOOE+xEdKBEKRtFK96PeY69ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDC/9TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3rn1au780rtOo+jCEdwDKfgwQXU4Bbq0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz9SJo3Y</latexit>

Zl

<latexit sha1_base64="zDpjYZ47mGXgRgepQCp+c7xfOCo=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWakoO4KbrqsYB/YGUomzbShmcyQZIQy9DfcuFDErT/jzr8x085CWw8EDufcyz05QSK4No7zjUobm1vbO+Xdyt7+weFR9fikq+NUUdahsYhVPyCaCS5Zx3AjWD9RjESBYL1gepf7vSemNI/lg5klzI/IWPKQU2Ks5HkRMZMgyB7nQzGs1py6swBeJ25BalCgPax+eaOYphGThgqi9cB1EuNnRBlOBZtXvFSzhNApGbOBpZJETPvZIvMcX1hlhMNY2ScNXqi/NzISaT2LAjuZZ9SrXi7+5w1SE974GZdJapiky0NhKrCJcV4AHnHFqBEzSwhV3GbFdEIUocbWVLEluKtfXifdq7rbqN/eN2rNVlFHGc7gHC7BhWtoQgva0AEKCTzDK7yhFL2gd/SxHC2hYucU/gB9/gBVhJHr</latexit>

More examples:                                     and             Z = Z8 : G = SU(8)2 ⇥ SU(4)⇥ SU(2)

<latexit sha1_base64="FUbqwA4ec6+2VPOMNHH88fzBOD8="></latexit>

Z = Z7 : G = SU(7)3

<latexit sha1_base64="LBulVyCcVX0UPPgGL2Y13B7ow9A=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICXRQlUQCi7ssqJpS5sYJtNpO3TyYGYilNCtG3/FjQtF3PoH7vwbJ20WWj1w4XDOvdx7jxcxKqRhfGm5hcWl5ZX8amFtfWNzS9/eaYow5phYOGQhb3tIEEYDYkkqGWlHnCDfY6TljS5Tv3VPuKBhcCvHEXF8NAhon2IkleTqsAMvoO0jOfS8pDNxq+fQPoJXSryxStXDuxNXLxplYwr4l5gZKYIMDVf/tHshjn0SSMyQEF3TiKSTIC4pZmRSsGNBIoRHaEC6igbIJ8JJpp9M4IFSerAfclWBhFP150SCfCHGvqc605vFvJeK/3ndWPZPnYQGUSxJgGeL+jGDMoRpLLBHOcGSjRVBmFN1K8RDxBGWKryCCsGcf/kvaR6XzUr57LpSrNWzOPJgD+yDEjBBFdRAHTSABTB4AE/gBbxqj9qz9qa9z1pzWjazC35B+/gGgLWXDQ==</latexit>

and no solution for      with          (and gauge rank < 19 [see. Montero’s talk next week]).l > 8

<latexit sha1_base64="TkzZwIXottEE8uYneEf00OpjEo8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsF6k4KXHCvYD2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcj/3O0+oNI/lo5km6Ed0JHnIGTVWaglyR2qDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxbEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01Y8zMuk9SgZMtFYSqIicn8czLkCpkRU0soU9zeStiYKsqMzadkQ/BWX14n7auqd129fbiu1Bt5HEU4g3O4BA9uoA4NaEILGHB4hld4c6Tz4rw7H8vWgpPPnMIfOJ8/g/WN4A==</latexit>

5

also satisfied in heterotic on      and CHL on      ;T 2

<latexit sha1_base64="Wcb1xfnYhkvrwxE3shdv0BH5N9Y=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0QUG8BLzlGzAuSNcxOZpMhs7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsbm1vbObm4vv39weHRcODltmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd3O//cS1EbFq4CThfkSHSoSCUbTSQ+Ox3C8U3ZK7AFknXkaKkKHeL3z1BjFLI66QSWpM13MT9KdUo2CSz/K91PCEsjEd8q6likbc+NPFqTNyaZUBCWNtSyFZqL8npjQyZhIFtjOiODKr3lz8z+umGN74U6GSFLliy0VhKgnGZP43GQjNGcqJJZRpYW8lbEQ1ZWjTydsQvNWX10mrXPIqpdv7SrFay+LIwTlcwBV4cA1VqEEdmsBgCM/wCm+OdF6cd+dj2brhZDNn8AfO5w/ado2O</latexit>

S1

<latexit sha1_base64="zz+/zhDoy0hbk2E4fbbSxTYf2K4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvOQYiXlAsobZyWwyZHZ2mekVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYkUBl3328ltbG5t7+R3C3v7B4dHxeOTlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDf3209cGxGrB5wk3I/oUIlQMIpWajQevX6x5JbdBcg68TJSggz1fvGrN4hZGnGFTFJjup6boD+lGgWTfFbopYYnlI3pkHctVTTixp8uTp2RC6sMSBhrWwrJQv09MaWRMZMosJ0RxZFZ9ebif143xfDGnwqVpMgVWy4KU0kwJvO/yUBozlBOLKFMC3srYSOqKUObTsGG4K2+vE5aV2WvUr69r5SqtSyOPJzBOVyCB9dQhRrUoQkMhvAMr/DmSOfFeXc+lq05J5s5hT9wPn8A12yNjA==</latexit>

X

i

ni � 1

2ni
k2i 2 Z

<latexit sha1_base64="seniwk4X/w+A2rMn/47QjDMoZWE=">AAACGXicbZC7TsMwFIYdrqXcAowsFhUSC1VSVQK2ChbGItGLaErkuE5r1XYi20GqorwGC6/CwgBCjDDxNjhtBmj5JUuf/nOOfM4fxIwq7Tjf1tLyyuraemmjvLm1vbNr7+23VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gnGV3m980CkopG41ZOY9DkaChpSjLSxfNvxVMJ9Cr1QIpwKQ6fQzdKaoQyOfXpfgx4V0ONIj4Igvct8u+JUnangIrgFVEChpm9/eoMIJ5wIjRlSquc6se6nSGqKGcnKXqJIjPAYDUnPoECcqH46vSyDx8YZwDCS5gkNp+7viRRxpSY8MJ35hmq+lpv/1XqJDs/7KRVxoonAs4/ChEEdwTwmOKCSYM0mBhCW1OwK8QiZjLQJs2xCcOdPXoR2rerWqxc39UrjsoijBA7BETgBLjgDDXANmqAFMHgEz+AVvFlP1ov1bn3MWpesYuYA/JH19QMdU5/G</latexit>

Geometric fact ([Miranda/Persson ’89]):                                             restricts possible           ,G/Z

<latexit sha1_base64="NVP4hinKUoB8xQdhIbmsHU5O4zw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQL0FPJhjRPPAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYkUBl33y8mtrK6tb+Q3C1vbO7t7xf2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdD3zW49cGxGrexwn3I/oQIlQMIpWurs5e+gVS27ZnYP8JV5GSpCh3it+dvsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmKVPgljbUshmas/JyY0MmYcBbYzojg0y95M/M/rpBhe+hOhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll/+S5nnZq5Svbiulai2LIw9HcAyn4MEFVKEGdWgAgwE8wQu8OtJ5dt6c90VrzslmDuEXnI9vu92Neg==</latexit>

e.g., no                 !
<latexit sha1_base64="/UrahpRHSWZmFdcIn+fDddgXquQ=">AAAB/nicbVDLSsNAFL2pr1pf9bFzM1iEuqmJFHRZcNNlRWOLbSiT6aQdnEzCzESoofgrblwoiFu/w51/46TNQlsPDBzOuZd75vgxZ0rb9rdVWFpeWV0rrpc2Nre2d8q7e7cqSiShLol4JDs+VpQzQV3NNKedWFIc+py2/fvLzG8/UKlYJG70OKZeiIeCBYxgbaR++eDarYoTdIp6IdYj30/vJn0jV+yaPQVaJE5OKpCj1S9/9QYRSUIqNOFYqa5jx9pLsdSMcDop9RJFY0zu8ZB2DRU4pMpLp+kn6NgoAxRE0jyh0VT9vZHiUKlx6JvJLKOa9zLxP6+b6ODCS5mIE00FmR0KEo50hLIq0IBJSjQfG4KJZCYrIiMsMdGmsJIpwZn/8iJpn9Wces1xruqVRjPvowiHcARVcOAcGtCEFrhA4BGe4RXerCfrxXq3PmajBSvf2Yc/sD5/AHfmlHE=</latexit>

SU(n)/Zn

<latexit sha1_base64="my6xC2khdVj4Sbo8+OEuwGw37jA="></latexit>

(k1, k2, ...) 2
Y

i

Zni = Z(G)

generates      factor of    . 
 
([Mayrhofer/Morrison/Till/Weigand ’14], 
 [Cvetič/LL ’17])

<latexit sha1_base64="LVgoyx3syzkd0yIQPF7IMvi4JgY=">AAAB+XicbVBNS8NAFNzUr1o/GvXoZbEInkoiBT0W9OCxgrXFJoTN9qVdutmE3Y1QQ3+JFw8K4tV/4s1/46bNQVsHFoaZ93izE6acKe0431ZlbX1jc6u6XdvZ3duv2weH9yrJJIUuTXgi+yFRwJmArmaaQz+VQOKQQy+cXBV+7xGkYom409MU/JiMBIsYJdpIgV33YqLHYZg/zAIPOA/shtN05sCrxC1JA5XoBPaXN0xoFoPQlBOlBq6Taj8nUjPKYVbzMgUpoRMygoGhgsSg/HwefIZPjTLEUSLNExrP1d8bOYmVmsahmSxiqmWvEP/zBpmOLv2ciTTTIOjiUJRxrBNctICHTALVfGoIoZKZrJiOiSRUm65qpgR3+curpHfedFtN171tNdrXZR9VdIxO0Bly0QVqoxvUQV1EUYae0St6s56sF+vd+liMVqxy5wj9gfX5A6sPk5A=</latexit>Z`
<latexit sha1_base64="9UYRacLztJmQ+fpbFp0rC+aC7cE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCHjy2YG2xDWWznbRrN5uwuxFK6C/w4kFBvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P7nWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvp757SdUmsfyzkwS9CM6lDzkjBorNR/65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC+qXq3qec1apX6T51GEEziFc/DgEupwCw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH09djRk=</latexit>

Z

<latexit sha1_base64="opnHxQfUUyPMIMnD7+LwjH97RcE=">AAAB9nicbVDLTgJBEOzFF+IL9ehlIjHBC9k1JHok8SBHTEQIsJLZYRYmzD4y06shG/7DiwdNjFe/xZt/4wB7ULCSTipV3enu8mIpNNr2t5VbW9/Y3MpvF3Z29/YPiodH9zpKFONNFslItT2quRQhb6JAydux4jTwJG954+uZ33rkSosovMNJzN2ADkPhC0bRSA8d0tOJpzmSTvnmvF8s2RV7DrJKnIyUIEOjX/zqDSKWBDxEJqnWXceO0U2pQsEknxZ6ieYxZWM65F1DQxpw7abzq6fkzCgD4kfKVIhkrv6eSGmg9STwTGdAcaSXvZn4n9dN0L9yUxHGCfKQLRb5iSQYkVkEZCAUZygnhlCmhLmVsBFVlKEJqmBCcJZfXiWti4pTrTjObbVUq2d55OEETqEMDlxCDerQgCYwUPAMr/BmPVkv1rv1sWjNWdnMMfyB9fkDm5eRww==</latexit>

Z ⇢ Z(G)



• Point-like (0-dim) operators charged under 0-form symmetry. 


• p-dim operators charged under p-form symmetry. ([Gaiotto/Kapustin/Seiberg/Willet ’14])


• Must be abelian for p>0; can couple to a (p+1)-form gauge field.

Can be explained field theoretically using higher-form symmetries!
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• 1-form Z symmetry has Z-valued 2-form gauge field      (more precisely: 2-cocycle). 

C2

<latexit sha1_base64="eynUsKUc9oqzo4uYA/9rEgnX6+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoL5JJjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tb2zu5ffLxwcHh2fFE/P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY1Bd+5wmV5rF8NNME/YiOJA85o8ZKD/VBZVAsuWV3CbJJvIyUIENzUPzqD2OWRigNE1Trnucmxp9RZTgTOC/0U40JZRM6wp6lkkao/dny1Dm5ssqQhLGyJQ1Zqr8nZjTSehoFtjOiZqzXvYX4n9dLTXjrz7hMUoOSrRaFqSAmJou/yZArZEZMLaFMcXsrYWOqKDM2nYINwVt/eZO0K2WvWr67r5ZqjSyOPFzAJVyDBzdQgwY0oQUMRvAMr/DmCOfFeXc+Vq05J5s5hz9wPn8AwhWNfg==</latexit>

• “Gauging” Z = summing over all      configurations in path integral;  
results in gauge group G/Z.

C2

<latexit sha1_base64="eynUsKUc9oqzo4uYA/9rEgnX6+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoL5JJjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tb2zu5ffLxwcHh2fFE/P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY1Bd+5wmV5rF8NNME/YiOJA85o8ZKD/VBZVAsuWV3CbJJvIyUIENzUPzqD2OWRigNE1Trnucmxp9RZTgTOC/0U40JZRM6wp6lkkao/dny1Dm5ssqQhLGyJQ1Zqr8nZjTSehoFtjOiZqzXvYX4n9dLTXjrz7hMUoOSrRaFqSAmJou/yZArZEZMLaFMcXsrYWOqKDM2nYINwVt/eZO0K2WvWr67r5ZqjSyOPFzAJVyDBzdQgwY0oQUMRvAMr/DmCOfFeXc+Vq05J5s5hz9wPn8AwhWNfg==</latexit>

I(G) := 1
8⇡2Tr(F ^ F ) = ↵G C2 [ C2 mod Z

<latexit sha1_base64="mesLNhJEicFtl36WMNwkZSJ5gL4="></latexit>

• If Z = Z(G), non-trivial      induces fractional instantons:

• Center Z                  1-form Z symmetry; charged operators: Wilson-loops.

C2

<latexit sha1_base64="eynUsKUc9oqzo4uYA/9rEgnX6+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoL5JJjRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tb2zu5ffLxwcHh2fFE/P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY1Bd+5wmV5rF8NNME/YiOJA85o8ZKD/VBZVAsuWV3CbJJvIyUIENzUPzqD2OWRigNE1Trnucmxp9RZTgTOC/0U40JZRM6wp6lkkao/dny1Dm5ssqQhLGyJQ1Zqr8nZjTSehoFtjOiZqzXvYX4n9dLTXjrz7hMUoOSrRaFqSAmJou/yZArZEZMLaFMcXsrYWOqKDM2nYINwVt/eZO0K2WvWr67r5ZqjSyOPFzAJVyDBzdQgwY0oQUMRvAMr/DmCOfFeXc+Vq05J5s5hz9wPn8AwhWNfg==</latexit>

Center Z(G) as 1-form symmetry
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Anomalies for center symmetries

✓

<latexit sha1_base64="+bLAltTOzJEtS0yo3IEFbqRF7O4=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN4KXnqsYD+gDWWznbRrN5uwOxFK6H/w4kERr/4fb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28Sp5tDisYx1N2AGpFDQQoESuokGFgUSOsHkbu53nkAbEasHnCbgR2ykRCg4Qyu1+zgGZINyxa26C9B14uWkQnI0B+Wv/jDmaQQKuWTG9Dw3QT9jGgWXMCv1UwMJ4xM2gp6likVg/Gxx7YxeWGVIw1jbUkgX6u+JjEXGTKPAdkYMx2bVm4v/eb0Uwxs/EypJERRfLgpTSTGm89fpUGjgKKeWMK6FvZXyMdOMow2oZEPwVl9eJ+2rqler3t7XKvVGHkeRnJFzckk8ck3qpEGapEU4eSTP5JW8ObHz4rw7H8vWgpPPnJI/cD5/AKmljzo=</latexit>

• In 4d: mixed anomaly with periodicity of   , related to Witten effect ([Witten ’79]), 
confinement ([Aharony/Seiberg/Tachikawa ’13]),  
time reversal symmetry ([Gaiotto/Kapustin/Komargodski/Seiberg ’17]), etc.

• In general, Z has mixed (’t Hooft) anomalies with other symmetries.

• Mixed anomaly with another gauge symmetry breaks Z (similar to ABJ)         
          cannot gauge, so G/Z inconsistent!
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Anomalies for center symmetries in 8d

• Non-trivial        background: C(i)
2

<latexit sha1_base64="/tnZdjiYf1KHoua9GKNdWfxafSU=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9ktBfVW6KXHCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2djc2t7Zze3l98/ODw6LpyctnWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJvW533miSrNI3ptpTH2BR5KFjGBjpYf6oPKYltjVbFAoumV3AbROvIwUIUNzUPjqDyOSCCoN4VjrnufGxk+xMoxwOsv3E01jTCZ4RHuWSiyo9tPFwTN0aZUhCiNlSxq0UH9PpFhoPRWB7RTYjPWqNxf/83qJCW/8lMk4MVSS5aIw4chEaP49GjJFieFTSzBRzN6KyBgrTIzNKG9D8FZfXiftStmrlm/vqsVaI4sjB+dwASXw4Bpq0IAmtICAgGd4hTdHOS/Ou/OxbN1wspkz+APn8wfKTI/K</latexit>

�S =

Z X

i

↵Gi(C
(i)
2 [ C(i)

2 ) ^B4 mod Z

<latexit sha1_base64="nm6A60SNtFxvoE4AXg5X/PaEc7Q="></latexit>

• But with gravity multiplet:                                 ([Awada/Townsend ’85)].S �
Z X

i

I(Gi) ^B4

<latexit sha1_base64="DADAc8/pHukJcSbQkPd1OWoArT0=">AAACEHicbVDLSgMxFM34rPU16tJNsIh1U2akoO6KCuquon1ApwyZ9LYNTWaGJKOUoZ/gxl9x40IRty7d+Temj4W2HgicnHMv994TxJwp7Tjf1tz8wuLScmYlu7q2vrFpb21XVZRIChUa8UjWA6KAsxAqmmkO9VgCEQGHWtA7H/q1e5CKReGd7sfQFKQTsjajRBvJtw9usaeSWIHGHgv18CN8hq/zlz47xN4DtDqAz/yib+ecgjMCniXuhOTQBGXf/vJaEU0EhJpyolTDdWLdTInUjHIYZL1EQUxoj3SgYWhIBKhmOjpogPeN0sLtSJpnlhqpvztSIpTqi8BUCqK7atobiv95jUS3T5opC+NEQ0jHg9oJxzrCw3Rwi0mgmvcNIVQysyumXSIJ1SbDrAnBnT55llSPCm6xcHpTzJUuJnFk0C7aQ3nkomNUQleojCqIokf0jF7Rm/VkvVjv1se4dM6a9OygP7A+fwANkZtY</latexit>

B4

<latexit sha1_base64="EN8G92/4mnr7nqcx0EllLoaRg4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU1FvRS48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJaPZpKgH9Gh5CFn1Fjp4bZf7ZfKbsWdg6wSLydlyNHol756g5ilEUrDBNW667mJ8TOqDGcCp8VeqjGhbEyH2LVU0gi1n81PnZJzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0ijYEb/nlVdK6rHjVys19tVyr53EU4BTO4AI8uIIa1KEBTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8wfDl41/</latexit>

•       enjoys U(1) gauge (3-form) symmetry! 

• In 8d             SYM (only vector multiplet): no restrictions on center 1-form.N = 1

<latexit sha1_base64="DHv+t2h5Y7gxNEQcYbr8uKOx8VU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwUtPUsF+QFPKZjtpl242YXcjlNC/4cWDIl79M978N27bHLT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjO9mfvsJleaxfDSTBHsRHUoeckaNlfzMZ1SQ+ym5JV6/XHGr7hxklXg5qUCORr/85Q9ilkYoDRNU667nJqaXUWU4Ezgt+anGhLIxHWLXUkkj1L1sfvOUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe9zIuk9SgZItFYSqIicksADLgCpkRE0soU9zeStiIKsqMjalkQ/CWX14lrYuqd1m9ebis1Op5HEU4gVM4Bw+uoAZ1aEATGCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AGK2kKQ=</latexit>

B4 ! B4 + b4

<latexit sha1_base64="8GD7SJ+eX3HbDSV2eV0pnAkKUdY=">AAACAnicbVDLSgMxFM34rPU16krcBIsgCGVGBtRd0U2XFewD2mHIpJk2NJMMSUYpQ3Hjr7hxoYhbv8Kdf2OmnYW2Hrhwcs695N4TJowq7Tjf1tLyyuraemmjvLm1vbNr7+23lEglJk0smJCdECnCKCdNTTUjnUQSFIeMtMPRTe6374lUVPA7PU6IH6MBpxHFSBspsA+vAw/2JB0MNZJSPMD8fQbDwAvsilN1poCLxC1IBRRoBPZXry9wGhOuMUNKdV0n0X6GpKaYkUm5lyqSIDxCA9I1lKOYKD+bnjCBJ0bpw0hIU1zDqfp7IkOxUuM4NJ0x0kM17+Xif1431dGln1GepJpwPPsoShnUAuZ5wD6VBGs2NgRhSc2uEA+RRFib1MomBHf+5EXSOq+6XvXq1qvU6kUcJXAEjsEpcMEFqIE6aIAmwOARPINX8GY9WS/Wu/Uxa12yipkD8AfW5w+STZWm</latexit>

• In        background, partition function acquires non-trivial phase 
 
 
 
under large U(1) transformation                                           anomaly!

C(i)
2

<latexit sha1_base64="/tnZdjiYf1KHoua9GKNdWfxafSU=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9ktBfVW6KXHCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdb2djc2t7Zze3l98/ODw6LpyctnWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJvW533miSrNI3ptpTH2BR5KFjGBjpYf6oPKYltjVbFAoumV3AbROvIwUIUNzUPjqDyOSCCoN4VjrnufGxk+xMoxwOsv3E01jTCZ4RHuWSiyo9tPFwTN0aZUhCiNlSxq0UH9PpFhoPRWB7RTYjPWqNxf/83qJCW/8lMk4MVSS5aIw4chEaP49GjJFieFTSzBRzN6KyBgrTIzNKG9D8FZfXiftStmrlm/vqsVaI4sjB+dwASXw4Bpq0IAmtICAgGd4hTdHOS/Ou/OxbN1wspkz+APn8wfKTI/K</latexit>

2⇡

Z X

i

↵Gi(C
(i)
2 [ C(i)

2 ) [ b4

<latexit sha1_base64="hukB722rf9Ota3ogLDSJpsH9HX0="></latexit>

(↵Gi /2 Z)

<latexit sha1_base64="k9gt8uD4d8o1QTjPTL6RMwOT0RE=">AAACCXicbVDLSsNAFJ34rPUVdelmsAp1UxIR1F1BQZcV7AObEibTSTt0MhNmJkIJ2brxV9y4UMStf+DOv3GSdqGtBy4czrmXe+8JYkaVdpxva2FxaXlltbRWXt/Y3Nq2d3ZbSiQSkyYWTMhOgBRhlJOmppqRTiwJigJG2sHoMvfbD0QqKvidHsekF6EBpyHFSBvJt2HVQyweIj+99mkGPS405dCLkB4GQXqfHft2xak5BeA8caekUj8MCzR8+8vrC5xEhGvMkFJd14l1L0VSU8xIVvYSRWKER2hAuoZyFBHVS4tPMnhklD4MhTTFNSzU3xMpipQaR4HpzE9Us14u/ud1Ex2e91LK40QTjieLwoRBLWAeC+xTSbBmY0MQltTcCvEQSYS1Ca9sQnBnX54nrZOae1q7uHUr9SswQQnsgwNQBS44A3VwAxqgCTB4BM/gFbxZT9aL9W59TFoXrOnMHvgD6/MHxIqctw==</latexit>
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Constraining the gauge group in 8d

• Take                   , with                   and                  . Then, for                   with 
generator              , background field sets                  ([Cordova/Freed/Lam/Seiberg ’19]). 
Phase becomes:

Gi = SU(ni)

<latexit sha1_base64="7YG1lywgm8obufOBngwLSvYlzT0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LFahXkoignoQCgp6rGjaQhvKZrtpl242cXdTKKG/w4sHRbz6Y7z5b9ymPWjrg4HHezPMzPNjzpS27W8rt7S8srqWXy9sbG5t7xR39+oqSiShLol4JJs+VpQzQV3NNKfNWFIc+pw2/MH1xG8MqVQsEo96FFMvxD3BAkawNpJ322HoCj24ZdFhJ51iya7YGdAicWakVD0KMtQ6xa92NyJJSIUmHCvVcuxYeymWmhFOx4V2omiMyQD3aMtQgUOqvDQ7eoyOjdJFQSRNCY0y9fdEikOlRqFvOkOs+2rem4j/ea1EBxdeykScaCrIdFGQcKQjNEkAdZmkRPORIZhIZm5FpI8lJtrkVDAhOPMvL5L6acU5q1zeO6XqDUyRhwM4hDI4cA5VuIMauEDgCZ7hFd6sofVivVsf09acNZvZhz+wPn8AajmTig==</latexit>

↵Gi =
ni�1
2ni

<latexit sha1_base64="pr/CdHe5Ipq4alhI+yLIg11nr2c=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuLEkRVAXQkVBlxXsBZoQJtNJO3QyCTMToYTs3fgq3bhQxK0v4M4XEdyI08tCW38Y+PjPOZw5vx8zKpVlfRi5hcWl5ZX8amFtfWNzy9zeacgoEZjUccQi0fKRJIxyUldUMdKKBUGhz0jT71+M6s07IiSN+K0axMQNUZfTgGKktOWZRQexuIe89MqjGTyDTiAQTrlH4aGdpRUNmWeWrLI1FpwHewqlqv3tnQ8/v2qe+e50IpyEhCvMkJRt24qVmyKhKGYkKziJJDHCfdQlbY0chUS66fiWDO5rpwODSOjHFRy7vydSFEo5CH3dGSLVk7O1kflfrZ2o4MRNKY8TRTieLAoSBlUER8HADhUEKzbQgLCg+q8Q95BOQ+n4CjoEe/bkeWhUyvZR+fTGLlUvwUR5sAeK4ADY4BhUwTWogTrA4B4MwRN4Nh6MR+PFeJ205ozpzC74I+PtByXAnv8=</latexit>

Z(Gi) = Zni

<latexit sha1_base64="CUHQqURv02erEtT51hfyjWeRlJI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iFuimJCOpCKCjosoJ90DaEyXTSDp1MwsxEKCG48VfcuFDErV/hzr9xknahrQcuHM65l3vv8SJGpbKsb6OwsLi0vFJcLa2tb2xumds7TRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5o6vMbz0QIWnI79U4Ik6ABpz6FCOlJdfc61RuXHoML2EvQGroeUkndRPu0tQ1y1bVygHniT0l5dqhn6Puml+9fojjgHCFGZKya1uRchIkFMWMpKVeLEmE8AgNSFdTjgIinSR/IYVHWulDPxS6uIK5+nsiQYGU48DTndmdctbLxP+8bqz8cyehPIoV4XiyyI8ZVCHM8oB9KghWbKwJwoLqWyEeIoGw0qmVdAj27MvzpHlStU+rF3d2uXYNJiiCfXAAKsAGZ6AGbkEdNAAGj+AZvII348l4Md6Nj0lrwZjO7II/MD5/ALRtmVg=</latexit>

Z` ⇢
Q

i Zni

<latexit sha1_base64="lpsyCEfj7B8Qx6rTqjBcU4E+qrg=">AAACGXicbVDLSsNAFJ3UV62vqks3g0XoqiRFUHcFXbisYB/YlDCZ3rRDJ5MwMxFKyG+4ceOHuHGhiEtd+TPi9LGorQcuHM65l3vv8WPOlLbtbyu3srq2vpHfLGxt7+zuFfcPmipKJIUGjXgk2z5RwJmAhmaaQzuWQEKfQ8sfXo791j1IxSJxq0cxdEPSFyxglGgjeUXbDYke+H56l3kucI5dlfgKNHZjGfU8huf8VHgs84olu2JPgJeJMyOlWjnIfqpPQd0rfrq9iCYhCE05Uarj2LHupkRqRjlkBTdREBM6JH3oGCpICKqbTj7L8IlRejiIpCmh8USdn0hJqNQo9E3n+E616I3F/7xOooPzbspEnGgQdLooSDjWER7HhHtMAtV8ZAihkplbMR0QSag2YRZMCM7iy8ukWa04p5WLG6dUu0JT5NEROkZl5KAzVEPXqI4aiKIH9Ixe0Zv1aL1Y79bHtDVnzWYO0R9YX7+Vk6T/</latexit>

(k1, ..., ks)

<latexit sha1_base64="sqPMPqje2IcwP9a6uBEuBoMgRqo=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSpUKCERQb0V9OCxgv2ANoTNdtMu3Wzi7qZQQn+HFw+KePXHePPfuE170NYHA4/3ZpiZFyScKe0439bK6tr6xmZhq7i9s7u3Xzo4bKo4lYQ2SMxj2Q6wopwJ2tBMc9pOJMVRwGkrGN5O/daISsVi8ajHCfUi3BcsZARrI3mVoe9WbduuDn117pfKju3kQMvEnZNy7TTMUfdLX91eTNKICk04VqrjOon2Miw1I5xOit1U0QSTIe7TjqECR1R5WX70BJ0ZpYfCWJoSGuXq74kMR0qNo8B0RlgP1KI3Ff/zOqkOr72MiSTVVJDZojDlSMdomgDqMUmJ5mNDMJHM3IrIAEtMtMmpaEJwF19eJs0L2720bx7ccu0OZijAMZxABVy4ghrcQx0aQOAJnuEV3qyR9WK9Wx+z1hVrPnMEf2B9/gDueZM6</latexit>

C(i)
2 = kiC2

<latexit sha1_base64="i1weFBrrj77kBx0VC9IsIAxo9bw=">AAAB/HicbVC7SgNBFJ2NrxhfqyltBmMgNmE3CGohBGJhGcE8IFmX2clsMmR2dpmZFZYlfoatjYUitjZ+gpV2/o2TR6GJBy6cOede5t7jRYxKZVnfRmZpeWV1Lbue29jc2t4xd/eaMowFJg0cslC0PSQJo5w0FFWMtCNBUOAx0vKGtbHfuiVC0pBfqyQiToD6nPoUI6Ul18zX3MpNWqJHI3gOhy6F+u2aBatsTQAXiT0jhWrx/b708XlYd82vbi/EcUC4wgxJ2bGtSDkpEopiRka5bixJhPAQ9UlHU44CIp10svwIFrXSg34odHEFJ+rviRQFUiaBpzsDpAZy3huL/3mdWPmnTkp5FCvC8fQjP2ZQhXCcBOxRQbBiiSYIC6p3hXiABMJK55XTIdjzJy+SZqVsH5fPruxC9QJMkQX74ACUgA1OQBVcgjpoAAwS8ACewLNxZzwaL8brtDVjzGby4A+Mtx+4eJaa</latexit>

• Phase                                          in general non-trivial, so no 
gauge group allowed.


• Can find anomaly-free subgroup                   , necessary for             . 

[
Q

i Gi]/[
Q

i Z(Gi)]

<latexit sha1_base64="bF1T6hFXRGxznCXiDikYxVAmXOA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNzUpgrorKOiygn1gGsJkMmmHTiZhZiKU0J0b/8K1GxeKuPUX3Pkz4vSBaOuBgXPPuZc79/gJo1JZ1qeRm5tfWFzKLxdWVtfWN8zNrYaMU4FJHccsFi0fScIoJ3VFFSOtRBAU+Yw0/d7Z0G/eEiFpzK9VPyFuhDqchhQjpSXP3HXaiYgDj8ILj7qHP9VNSdcHrmcWrbI1Apwl9oQUq6Vw8FV5CGue+dEOYpxGhCvMkJSObSXKzZBQFDMyKLRTSRKEe6hDHE05ioh0s9EdA7ivlQCGsdCPKzhSf09kKJKyH/m6M0KqK6e9ofif56QqPHEzypNUEY7Hi8KUQRXDYSgwoIJgxfqaICyo/ivEXSQQVjq6gg7Bnj55ljQqZfuofHplF6vnYIw82AF7oARscAyq4BLUQB1gcAcewTN4Me6NJ+PVeBu35ozJzDb4A+P9G+Knm70=</latexit>

Z ⇢
Q

i Z(Gi)

<latexit sha1_base64="aE4FxHiAl9c25tFbKFZkc6W0d30=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZSZIqi7goIuK9gH7QxDJs20oZlkSDJCGerGH3HhxoUibv0Ld/6MmD4W2nrgwuGce7n3njBhVGnH+bIWFpeWV1Zza/n1jc2tbXtnt65EKjGpYcGEbIZIEUY5qWmqGWkmkqA4ZKQR9i9GfuOOSEUFv9WDhPgx6nIaUYy0kQJ7vwU9lYaKaOglUnQCClvFq4AeB3bBKTljwHniTkmhUoyG3+XHqBrYn15H4DQmXGOGlGq7TqL9DElNMSPDvJcqkiDcR13SNpSjmCg/G38whEdG6cBISFNcw7H6eyJDsVKDODSdMdI9NeuNxP+8dqqjMz+jPEk14XiyKEoZ1AKO4oAdKgnWbGAIwpKaWyHuIYmwNqHlTQju7MvzpF4uuSel8xu3ULkEE+TAATgEReCCU1AB16AKagCDe/AEXsCr9WA9W2/W+6R1wZrO7IE/sD5+AJhimWY=</latexit>

[
Q

i Gi]/Z

<latexit sha1_base64="NoWK6gAxa30LwxQ6gNnX2h6rO/I=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvQVZ0pgrorKOiygn3gdBgymUwbmkmGJKOU2k8RxIUibv0Sd/6MmD4W2nrgwuGce7n3njBlVGnH+bJyS8srq2v59cLG5tb2jl3cbSqRSUwaWDAh2yFShFFOGppqRtqpJCgJGWmF/fOx37ojUlHBb/QgJX6CupzGFCNtpMAuep1Uiiig8DKgPjyCt4FdcirOBHCRuDNSqpXj0Xf1Ka4H9mcnEjhLCNeYIaU810m1P0RSU8zIqNDJFEkR7qMu8QzlKCHKH05OH8FDo0QwFtIU13Ci/p4YokSpQRKazgTpnpr3xuJ/npfp+NQfUp5mmnA8XRRnDGoBxznAiEqCNRsYgrCk5laIe0girE1aBROCO//yImlWK+5x5ezaLdUuwBR5sA8OQBm44ATUwBWogwbA4B48ghfwaj1Yz9ab9T5tzVmzmT3wB9bHD0Z+lmo=</latexit>

2⇡
R P

i ↵Gi(C
(i)
2 [ C(i)

2 ) [ b4

<latexit sha1_base64="X43/Uxnjle7wTvDY4iHaBa/rI04="></latexit>

• Purely field theoretic constraint (with gravity), identical with geometry! 
Resulting groups also predicted by other Swampland arguments ([Montero/Vafa ’20]).
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<latexit sha1_base64="gJ1PZJRUlJ7jZY1YocwMMOYg/AA="></latexit>

2⇡

Z X

i

↵Gi(C
(i)
2 [ C(i)

2 ) [ b4 = 2⇡

 
X

i

ni � 1

2ni
k2i

!Z
C2 [ C2 [ b4



Relationship to Quantum Gravity folklores

• No global symmetries & completeness hypothesis related to the center:


• Also 1-form symmetries must be gauged or broken ([Ooguri/Harlow ’18]).


• G and G/Z have different charge lattices: G has states charged under Z.


• If anomaly present: Z is broken, so gauge group is G. 
A consistent theory better supplies the necessary states!


• In 6d, come from excitations of BPS strings ([Apruzzi/Dierigl/LL ’20]), 
also present in non-gravitational theories / SCFTs.

11



Open questions

• Have not included U(1) factors.


• What about dual, magnetic (d-3)-form symmetry? Defect group structure?  
(5d story: [Morrison/Schäfer-Nameki/Willet ’20] and [Albertini/Del Zotto/García-Etxebarria/Hosseini ’20])


• Interplay with other gauge and continuous symmetries?

Thank you!
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