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What would you do if I give you a theory?

<latexit sha1_base64="56yAZc6IAM0ZkMe14lJsyHFqYY8=">AAACH3icbZDLSsNAFIYnXmu9RV26GSyCq5KUUt0IRUFcuKhgL9CkZTKdtEMnkzAzEUrIm7jxVdy4UETc9W2ctAG19YeBj/+cw5nzexGjUlnW1FhZXVvf2CxsFbd3dvf2zYPDlgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS98XVWbz8SIWnIH9QkIm6Ahpz6FCOlrb5ZcwKkRhix5C6Fl9DxBcKJnSZVSHqVFN70EyeIocNjzb0f7pslq2zNBJfBzqEEcjX65pczCHEcEK4wQ1J2bStSboKEopiRtOjEkkQIj9GQdDVyFBDpJrP7UniqnQH0Q6EfV3Dm/p5IUCDlJPB0Z3aNXKxl5n+1bqz8CzehPIoV4Xi+yI8ZVCHMwoIDKghWbKIBYUH1XyEeIR2R0pEWdQj24snL0KqU7Vq5dl8t1a/yOArgGJyAM2CDc1AHt6ABmgCDJ/AC3sC78Wy8Gh/G57x1xchnjsAfGdNvb8Gh/g==</latexit>

L =
1

4e2
Fµ⌫F

µ⌫

For example the Lagrangian:

Probably:

• Equations of motion:

• Bianchi identities:

• Quantize (canonically):

<latexit sha1_base64="i5ovmyu/BZ0VzS1ZsF2FM/yKBCM=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclRmR6kYoCuKygn1AZxwyaaYNTTJDkhHK0J0bf8WNC0Xc+gvu/Bsz7Sy09UDI4Zx7ufeeMGFUacf5thYWl5ZXVktr5fWNza1te2e3peJUYtLEMYtlJ0SKMCpIU1PNSCeRBPGQkXY4vMr99gORisbiTo8S4nPUFzSiGGkjBfaBlyCpKWJB5vF0DK/v8x96wvAL6AR2xak6E8B54hakAgo0AvvL68U45URozJBSXddJtJ/lMzAj47KXKpIgPER90jVUIE6Un03uGMMjo/RgFEvzhIYT9XdHhrhSIx6aSo70QM16ufif1011dO5nVCSpJgJPB0UpgzqGeSiwRyXBmo0MQVhSsyvEAyQR1ia6sgnBnT15nrROqm6tWrs9rdQvizhKYB8cgmPggjNQBzegAZoAg0fwDF7Bm/VkvVjv1se0dMEqevbAH1ifPwxLmMY=</latexit>

@µF
µ⌫ = 0

<latexit sha1_base64="Tqia4C/sL1AHxlCSRjX7RXlIdfw=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRKR6kYoCuKygn1AEsJkOmmHTiZhZiKUkLUbf8WNC0Xc+gXu/BsnbRbaeuDC4Zx7ufeeIGFUKsv6NipLyyura9X12sbm1vaOubvXlXEqMOngmMWiHyBJGOWko6hipJ8IgqKAkV4wvi783gMRksb8Xk0S4kVoyGlIMVJa8s1DN0FCUcT8zHGjNIc3fubyFLpiFHs5vISWb9athjUFXCR2SeqgRNs3v9xBjNOIcIUZktKxrUR5WbEGM5LX3FSSBOExGhJHU44iIr1s+koOj7UygGEsdHEFp+rviQxFUk6iQHdGSI3kvFeI/3lOqsILL6M8SRXheLYoTBlUMSxygQMqCFZsognCgupbIR4hgbDS6dV0CPb8y4uke9qwm43m3Vm9dVXGUQUH4AicABucgxa4BW3QARg8gmfwCt6MJ+PFeDc+Zq0Vo5zZB39gfP4AVFqaBA==</latexit>

@[µF⌫⇢] = 0
<latexit sha1_base64="Za2AY9kWNCLQyiW+4sCAc9Auqck=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrVq7f6yUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPin2PIA==</latexit>�

(from local definition:
                                 )<latexit sha1_base64="Q6nXlUxHeRXjvrSByay6sA+Gtn0=">AAACJnicbVBNS8MwGE79nPOr6tFLcAheHK3I9DKYCuJxgvuAtZQ0S7ewNC1JKozSX+PFv+LFw0TEmz/FdOthbj4Q8vA87/sm7+PHjEplWd/Gyura+sZmaau8vbO7t28eHLZllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek44/ucr/zTISkEX9S45i4IRpwGlCMlJY8s37vpU6YQIcnGaxDJ0ZCUcSmYgZv9J0b5/MGLwxd4JkVq2pNAZeJXZAKKND0zInTj3ASEq4wQ1L2bCtWbprPxoxkZSeRJEZ4hAakpylHIZFuOl0zg6da6cMgEvpwBafqfEeKQinHoa8rQ6SGctHLxf+8XqKCazelPE4U4Xj2UJAwqCKYZwb7VBCs2FgThAXVf4V4iATCSidb1iHYiysvk/ZF1a5Va4+XlcZtEUcJHIMTcAZscAUa4AE0QQtg8ALewAR8GK/Gu/FpfM1KV4yi5wj8gfHzC5ZzpeY=</latexit>

Fµ⌫ = @µA⌫ � @⌫Aµ



What would you do if I give you a theory?
Maybe: Analyze the symmetries

<latexit sha1_base64="w8CSSUwKKfFz6VO4gR3GFmYSmCU=">AAACHXicbVDLSgMxFM34rPU16tJNsAiCUGakVJdVNy4r2Ad0SrmTybShmcmQZJQy9Efc+CtuXCjiwo34N6Yv0NYLgcM5596be/yEM6Ud59taWl5ZXVvPbeQ3t7Z3du29/boSqSS0RgQXsumDopzFtKaZ5rSZSAqRz2nD71+P9MY9lYqJ+E4PEtqOoBuzkBHQhurYpctO5kXpEHuSdXsapBQPeMadYi8BqRnwmYmbyQF07IJTdMaFF4E7BQU0rWrH/vQCQdKIxppwUKrlOoluZ6PZhNNh3ksVTYD0oUtbBsYQUdXOxtcN8bFhAhwKaV6s8Zj93ZFBpNQg8o0zAt1T89qI/E9rpTq8aGcsTlJNYzJZFKYca4FHUeGASUo0HxgARDLzV0x6IIFoE2jehODOn7wI6mdFt1ws35YKlatpHDl0iI7QCXLROaqgG1RFNUTQI3pGr+jNerJerHfrY2JdsqY9B+hPWV8/7UOidQ==</latexit>

Aµ ! Aµ + @µ�0-form U(1) gauge symmetry:

1-form U(1) global symmetries:
[Gaiotto, Kapustin, Seiberg, Willett ’14]

Maybe: Add charged fields       and couple, e.g., 
<latexit sha1_base64="OXfZX1xWDthHQ8Bh4BLNWmgsRWc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT2WTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNbmJY77FXKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukeV4JqpXq3UW5dp3HUYBjOIEzCOASanALdWgAgQd4hld485T34r17H/PWFS+fOYI/8D5/ALCljzk=</latexit>

 q
<latexit sha1_base64="nsN3Ie0hvTHHUNJIMVRisiqVE2U=">AAACGHicbVA7T8MwGHTKq5RXgJHFokJiKglChbECBsYi0YfUhMhxndaqnaS2g1RF+Rks/BUWBhBi7ca/wWkzQMtJlk9338n+zo8Zlcqyvo3Syura+kZ5s7K1vbO7Z+4ftGWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjj25yv/NEhKRR+KAmMXE5GoQ0oBgpLXnmmRNpO0+nTixp5o0hhc4AcY4eU4cnGbz15ndue2PPrFo1awa4TOyCVEGBpmdOnX6EE05ChRmSsmdbsXJTJBTFjGQVJ5EkRniEBqSnaYg4kW46WyyDJ1rpwyAS+oQKztTfiRRxKSfc15McqaFc9HLxP6+XqODKTWkYJ4qEeP5QkDCoIpi3BPtUEKzYRBOEBdV/hXiIBMJKd1nRJdiLKy+T9nnNrtfq9xfVxnVRRxkcgWNwCmxwCRrgDjRBC2DwDF7BO/gwXow349P4mo+WjCJzCP7AmP4A23ag6Q==</latexit>

 qi�
µDµ q

Then: Check for anomalies



Everything pretty action oriented / model dependent



I want to investigate a theory: • that is D-dimensional

• allows for fermions

• has a U(1) gauge theory

Way more general:
<latexit sha1_base64="dErguffMjvpOV68ySJITvuoJjEQ=">AAACBHicbZDLSgMxFIYzXmu9VV12EyxC3ZQZkeqyKBSXFewF2mnJpJk2NMkMuQhl6MKNr+LGhSJufQh3vo1pO4i2Hgh8/P85nJw/iBlV2nW/nJXVtfWNzcxWdntnd28/d3DYUJGRmNRxxCLZCpAijApS11Qz0oolQTxgpBmMrqd+855IRSNxp8cx8TkaCBpSjLSVerl8sdpLOtzAjjATWO3+8GnXugW35M4KLoOXQgGkVevlPjv9CBtOhMYMKdX23Fj7CZKaYkYm2Y5RJEZ4hAakbVEgTpSfzI6YwBOr9GEYSfuEhjP190SCuFJjHthOjvRQLXpT8T+vbXR46SdUxEYTgeeLQsOgjuA0EdinkmDNxhYQltT+FeIhkghrm1vWhuAtnrwMjbOSVy6Vb88Llas0jgzIg2NQBB64ABVwA2qgDjB4AE/gBbw6j86z8+a8z1tXnHTmCPwp5+MbmYGXdA==</latexit>

(Fµ⌫F
µ⌫)n

What if instead I give you the following data

Additionally:    allow for dynamics of spacetime

<latexit sha1_base64="nISEuzj0DKUYbYOjoTcPnfR4yrY="></latexit>

jµe , jµm , Dµ�D
µ� , qi�

µDµ q , . . .

(EFT flavor: smooth spacetime)



Topological gauge data
We still have the U(1) gauge field: 

And a Bianchi identity:

<latexit sha1_base64="FVgAUwTikBreAgApENvaUaa0fWI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJZvjNA=</latexit>

A
<latexit sha1_base64="+ChVaPubIPoPJdpftccGoR+F0/M=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iEuimJSHUjVAVxWcFeoA1lMpm0QyeTMDMplNA3ceNCEbe+iTvfxmmbhbb+MPDxn3M4Z34/4Uxpx/m2VlbX1jc2C1vF7Z3dvX374LCp4lQS2iAxj2Xbx4pyJmhDM81pO5EURz6nLX94N623RlQqFosnPU6oF+G+YCEjWBurZ9sBukfXKEDl4ObMgNOzS07FmQktg5tDCXLVe/ZXN4hJGlGhCcdKdVwn0V6GpWaE00mxmyqaYDLEfdoxKHBElZfNLp+gU+MEKIyleUKjmft7IsORUuPIN50R1gO1WJua/9U6qQ6vvIyJJNVUkPmiMOVIx2gaAwqYpETzsQFMJDO3IjLAEhNtwiqaENzFLy9D87ziVivVx4tS7TaPowDHcAJlcOESavAAdWgAgRE8wyu8WZn1Yr1bH/PWFSufOYI/sj5/ACR9kMQ=</latexit>

dF = d(dA) = 0

<latexit sha1_base64="0FBiVhafos/MNs32M2wc+959sLY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EoiAeK9gPaJeSzWbb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXpBwpo3rfjuFldW19Y3iZmlre2d3r7x/0NIyVYQ2ieRSdQKsKWeCNg0znHYSRXEccNoORjdTv/1ElWZSPJhxQv0YDwSLGMHGSq3wFl0ht1+uuFV3BrRMvJxUIEejX/7qhZKkMRWGcKx113MT42dYGUY4nZR6qaYJJiM8oF1LBY6p9rPZtRN0YpUQRVLZEgbN1N8TGY61HseB7YyxGepFbyr+53VTE136GRNJaqgg80VRypGRaPo6CpmixPCxJZgoZm9FZIgVJsYGVLIheIsvL5PWWdWrVWv355X6dR5HEY7gGE7Bgwuowx00oAkEHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4A+HOOGA==</latexit>

dF = 0
cannot deform away

conserved topological
charges

<latexit sha1_base64="ZakDiRItCNTttLJETKI3v/560dY=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tF8FSSItVjURCPFewHNKVstpt26WYTdjdCiTn4V7x4UMSrf8Ob/8Ztm4O2Phh4vDfDzDw/5kxpx/m2Ciura+sbxc3S1vbO7p69f9BSUSIJbZKIR7LjY0U5E7Spmea0E0uKQ5/Ttj++nvrtByoVi8S9nsS0F+KhYAEjWBupbx95gcQkdbO06sUsQ17EhEY3fbvsVJwZ0DJxc1KGHI2+/eUNIpKEVGjCsVJd14l1L8VSM8JpVvISRWNMxnhIu4YKHFLVS2f3Z+jUKAMURNKU2T5Tf0+kOFRqEvqmM8R6pBa9qfif1010cNlLmYgTTQWZLwoSjnSEpmGgAZOUaD4xBBPJzK2IjLAJRJvISiYEd/HlZdKqVtxapXZ3Xq5f5XEU4RhO4AxcuIA63EIDmkDgEZ7hFd6sJ+vFerc+5q0FK585hD+wPn8AWKKVrg==</latexit>

1

2⇡

I
F



corresponds to topology of spacetime manifold

<latexit sha1_base64="i1VoydaWbCE7CF9DOtDaRA85MjI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURqS5LXejOCvYBTQyTybQdOpOEmYkYQv0VNy4UceuHuPNvnLZZaOuBC4dz7uXee/yYUaks69sorKyurW8UN0tb2zu7e+b+QUdGicCkjSMWiZ6PJGE0JG1FFSO9WBDEfUa6/vhy6ncfiJA0Cu9UGhOXo2FIBxQjpSXPLDs3nAzRfeY80okXwGrz6sQzK1bNmgEuEzsnFZCj5ZlfThDhhJNQYYak7NtWrNwMCUUxI5OSk0gSIzxGQ9LXNEScSDebHT+Bx1oJ4CASukIFZ+rviQxxKVPu606O1EguelPxP6+fqMGFm9EwThQJ8XzRIGFQRXCaBAyoIFixVBOEBdW3QjxCAmGl8yrpEOzFl5dJ57Rm12v127NKo5nHUQSH4AhUgQ3OQQNcgxZoAwxS8AxewZvxZLwY78bHvLVg5DNl8AfG5w+BE5QJ</latexit>

⌦⇠
d(BG)

dimension

gauge partgravity part

Combine with gravitational data

Bordism groups

can one deform smoothly
from left to right?

can mix

classify conserved charges
( = global symmetries)



Example
Let’s go back to our example: • that is D-dimensional

• allows for fermions
• has a U(1) gauge theory

<latexit sha1_base64="UTAuJjr3H8Eh+a+CSw889VLeejY=">AAACFnicbZA9SwNBEIb34leMX1FLm8UgJIXhTkQtRRs7IxoVcjHsbSbJ4t7esTsnhuN+hY1/xcZCEVux89+4+SjU+MLCyzMzzM4bxFIYdN0vJzc1PTM7l58vLCwuLa8UV9cuTZRoDnUeyUhfB8yAFArqKFDCdayBhYGEq+D2eFC/ugNtRKQusB9DM2RdJTqCM7SoVdz2T0PospvUR7jH9DwWKstabeoHols+GsF6VvYqA1BpFUtu1R2KThpvbEpkrFqr+Om3I56EoJBLZkzDc2Nspkyj4BKygp8YiBm/ZV1oWKtYCKaZDs/K6JYlbdqJtH0K6ZD+nEhZaEw/DGxnyLBn/tYG8L9aI8HOQTMVKk4QFB8t6iSSYkQHGdG20MBR9q1hXAv7V8p7TDOONsmCDcH7e/KkudypenvVvbPd0uHROI482SCbpEw8sk8OyQmpkTrh5IE8kRfy6jw6z86b8z5qzTnjmXXyS87HNw37n0g=</latexit>

⌦Spin
d

�
BU(1)

�
<latexit sha1_base64="Kg8EIQRo0iva+N5Kd99w3OeQ2/w="></latexit>

d ⌦Spin
d

�
U(1)

�

1 Z2

2 Z2 � Z
3 0
4 Z� Z
5 0
6 Z� Z

<latexit sha1_base64="KmJJbpVFl5vv9S8ZhD/XcHKpOf8=">AAACAHicbVBNS8NAEN34WetX1IMHL4tFEISSiFSPRS8eK9gPaELZbDft0s0m7E6UEnrxr3jxoIhXf4Y3/42bNgdtfTDweG+GmXlBIrgGx/m2lpZXVtfWSxvlza3tnV17b7+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxjd5H77gSnNY3kP44T5ERlIHnJKwEg9+9BLNMee4oMhEKXiR3yGc6lnV5yqMwVeJG5BKqhAo2d/ef2YphGTQAXRuus6CfgZUcCpYJOyl2qWEDoiA9Y1VJKIaT+bPjDBJ0bp4zBWpiTgqfp7IiOR1uMoMJ0RgaGe93LxP6+bQnjlZ1wmKTBJZ4vCVGCIcZ4G7nPFKIixIYQqbm7FdEgUoWAyK5sQ3PmXF0nrvOrWqrW7i0r9uoijhI7QMTpFLrpEdXSLGqiJKJqgZ/SK3qwn68V6tz5mrUtWMXOA/sD6/AEcsZYc</latexit>

 ! + 

<latexit sha1_base64="fn8gdU1UFCWZAUdkN9WrPXCoiZM=">AAACAHicbVBNS8NAEJ34WetX1IMHL4tF8FSSItVjURCPFewHNKFstpt26WYTdjdCCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2VlbX1jc2S1vl7Z3dvX374LCt4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWB8M/U7j1QqFosHPUmoH+GhYCEjWBupbx97OpSYZG6e1ZCXsBx5TGh027crTtWZAS0TtyAVKNDs21/eICZpRIUmHCvVc51E+xmWmhFO87KXKppgMsZD2jNU4IgqP5s9kKMzowxQGEtTZvtM/T2R4UipSRSYzgjrkVr0puJ/Xi/V4ZWfMZGkmgoyXxSmHOkYTdNAAyYp0XxiCCaSmVsRGWETiDaZlU0I7uLLy6Rdq7r1av3+otK4LuIowQmcwjm4cAkNuIMmtIBADs/wCm/Wk/VivVsf89YVq5g5gj+wPn8AvMqV3Q==</latexit>

1
2⇡

Z
F



All of this from minimal input

but there is a problem

(losing information but sensitive to universal features)



No global symmetries in quantum gravity

broken gauged

<latexit sha1_base64="cf7tkdfhSvSfVpOWlQIIRZXZhy0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6vVeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/XZI1p</latexit>

Q
<latexit sha1_base64="ZxKlUrsChMk5QnUB3HHZTYad5aQ=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWMC5gHJEmZne5Mhsw9nZiNhyXd48aCIVz/Gm3/jJNmDJhY0FFXddHd5ieBK2/a3tba+sbm1Xdgp7u7tHxyWjo5bKk4lwyaLRSw7HlUoeIRNzbXATiKRhp7Atje6m/ntMUrF4+hBTxJ0QzqIeMAZ1UZye0/cR82Fj1lj2i+V7Yo9B1klTk7KkKPeL331/JilIUaaCapU17ET7WZUas4ETou9VGFC2YgOsGtoRENUbjY/ekrOjeKTIJamIk3m6u+JjIZKTULPdIZUD9WyNxP/87qpDm7cjEdJqjFii0VBKoiOySwB4nOJTIuJIZRJbm4lbEglZdrkVDQhOMsvr5LWZcWpVqqNq3LtNo+jAKdwBhfgwDXU4B7q0AQGj/AMr/Bmja0X6936WLSuWfnMCfyB9fkDNSySZw==</latexit>

eQ

charge not conserved no anomalies (incl. gravity)
(breaking by quantum corrections)

invariant under RG

<latexit sha1_base64="5RFW8YXqSOhuiYQhuEir1XCY1Os=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY+oF4+YyCOBhcwOvTBh9uHMrIZs+A8vHjTGq//izb9xgD0oWEknlarudHd5seBK2/a3lVtZXVvfyG8WtrZ3dveK+wcNFSWSYZ1FIpItjyoUPMS65lpgK5ZIA09g0xvdTP3mI0rFo/Bej2N0AzoIuc8Z1UbqYjfl5IF0eKjJ1aRXLNllewayTJyMlCBDrVf86vQjlgQYaiaoUm3HjrWbUqk5EzgpdBKFMWUjOsC2oSENULnp7OoJOTFKn/iRNGXWz9TfEykNlBoHnukMqB6qRW8q/ue1E+1fuikP40RjyOaL/EQQHZFpBKTPJTItxoZQJrm5lbAhlZRpE1TBhOAsvrxMGmdlp1Ku3J2XqtdZHHk4gmM4BQcuoAq3UIM6MJDwDK/wZj1ZL9a79TFvzVnZzCH8gfX5A5PUke4=</latexit>

eiq
R
A

<latexit sha1_base64="2L4t0IORQLNcM4uXA38Lsy7yj1I=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxp0V7APaoWTSTBuaSaZJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/nbX1jc2t7cJOcXdv/+CwdHTc1DJRhDaI5FK1A6wpZ4I2DDOctmNFcRRw2gpGd5nfmlClmRRPZhpTP8IDwUJGsLGS342wGRLM04dZb9wrld2KOwdaJV5OypCj3it9dfuSJBEVhnCsdcdzY+OnWBlGOJ0Vu4mmMSYjPKAdSwWOqPbTeegZOrdKH4VS2ScMmqu/N1IcaT2NAjuZhdTLXib+53USE974KRNxYqggi0NhwpGRKGsA9ZmixPCpJZgoZrMiMsQKE2N7KtoSvOUvr5LmZcWrVqqPV+XabV5HAU7hDC7Ag2uowT3UoQEExvAMr/DmTJwX5935WIyuOfnOCfyB8/kDF8+SVA==</latexit>

Oq

See e.g. [Banks, Dixon ’88], [Banks, Seiberg ’11], [Harlow, Ooguri ’18], [Harlow, Shaghoulian ’20],
[Bah, Chen, Maldacena ’22], [Heckman, Hübner, Murdia ’24], …

Violation typically at least  e−M2
Pl/Λ2

see also [Daus, Hebecker, 
Leonhardt, March-Russell ’20]



Symmetry-breaking objects
backgrounds associated with new symmetry-breaking defects

<latexit sha1_base64="cf7tkdfhSvSfVpOWlQIIRZXZhy0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6vVeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/XZI1p</latexit>

Q
<latexit sha1_base64="K3QTAUWYsgt0Omsq597eC0yf6+k=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXpHoseBG8tGA/oF1KNs22oUl2SbJCWQr+Ai8eFPHqH/LmvzHb7UFbHww83pthZl4Qc6aN6347hbX1jc2t4nZpZ3dv/6B8eNTWUaIIbZGIR6obYE05k7RlmOG0GyuKRcBpJ5jcZn7nkSrNIvlgpjH1BR5JFjKCTSY10YU3KFfcqjsHWiXeglRggcag/NUfRiQRVBrCsdY9z42Nn2JlGOF0VuonmsaYTPCI9iyVWFDtp/NbZ+jMKkMURsqWNGiu/p5IsdB6KgLbKbAZ62UvE//zeokJb/yUyTgxVJJ8UZhwZCKUPY6GTFFi+NQSTBSztyIyxgoTY+Mp2RC85ZdXSfuy6tWqteZVpX7/lMdRhBM4hXPw4BrqcAcNaAGBMTzDK7w5wnlx3p2PvLXgLCI8hj9wPn8ABoyOBQ==</latexit>

Q� 1

Can look singular at low-energies, but have finite mass (tension) 

<latexit sha1_base64="v7Uttub/y+DRwLooehrQ02C+A5U=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEInsKMSPQiBD3ozQTMAkkMPZ1K0qRnobtGDMN48Ve8eFDEq3/hzb+xsxw08UHB470qquq5oRQabfvbSi0sLi2vpFcza+sbm1vZ7Z2qDiLFocIDGai6yzRI4UMFBUqohwqY50qouYPLkV+7B6VF4N/iMISWx3q+6ArO0Ejt7F7zxoMeu4ubCA8Yl6+SpN2h59RuZ3N23h6DzhNnSnJkilI7+9XsBDzywEcumdYNxw6xFTOFgktIMs1IQ8j4gPWgYajPPNCtePxBQg+N0qHdQJnykY7V3xMx87Qeeq7p9Bj29aw3Ev/zGhF2z1qx8MMIweeTRd1IUgzoKA7aEQo4yqEhjCthbqW8zxTjaELLmBCc2ZfnSfU47xTyhfJJrngxjSNN9skBOSIOOSVFck1KpEI4eSTP5JW8WU/Wi/VufUxaU9Z0Zpf8gfX5A6l6lmI=</latexit>

⌦QG
d = 0

Swampland
Cobordism
Conjecture

[McNamara, Vafa ’19]

∅



Example

codimension-two Spin defect
[McNamara, Vafa ’19], [Hamada, Hamada, Kimura ’25]

also takes care of this
(compactified on circle)

magnetic monopole

[Debray, MD, Heckman, Montero ’23]No issue in IIB:



Once upon a time in IIBordia

Type IIB supergravity:
• properties of spacetime (tangential structure)

• S-duality: a gauged discrete strong-weak coupling duality

Expectation:
<latexit sha1_base64="6HFnNTCArvJQWSyP0IXkK8y4pGI=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcyIRC9CiBdzMoJZIImhp1NJmvQsdNeIYQhe/BUvHhTx6ld482/sLAdNfFDweK+KqnpeJIVGx/m2FhaXlldWU2vp9Y3NrW17Z7eiw1hxKPNQhqrmMQ1SBFBGgRJqkQLmexKqXv9y5FfvQWkRBrc4iKDps24gOoIzNFLL3m9c+9Bld0kD4QGTYrEwHLba9II6LTvjZJ0x6DxxpyRDpii17K9GO+SxDwFyybSuu06EzYQpFFzCMN2INUSM91kX6oYGzAfdTMYvDOmRUdq0EypTAdKx+nsiYb7WA98znT7Dnp71RuJ/Xj3GznkzEUEUIwR8sqgTS4ohHeVB20IBRzkwhHElzK2U95hiHE1qaROCO/vyPKmcZN1cNndzmskXpnGkyAE5JMfEJWckT65IiZQJJ4/kmbySN+vJerHerY9J64I1ndkjf2B9/gAxzpao</latexit>

⌦IIB
d = 0

[Debray, MD, Heckman, Montero ’21 & ’23]



many potential
global symmetries

[Debray, MD, Heckman, Montero ’21 & ’23]

many potential
anomalies



Lk
n = Sk /ℤn

• Non-Higgsable clusters

•  S-folds

• [p,q]-7-branes

𝒩 = 3

Symmetry-breaking defects
String theory takes care of it            interesting corners

One remains
[MD, Heckman, Montero, Torres ’22 + ’23]

S1

R̂ ∈ GL+(2,ℤ)

new 7-brane



Let’s explore Utopia
Supergravity with 32 supercharges and U-duality



U-duality

U-duality in (11-k) dimensions:
<latexit sha1_base64="QDtTJWpOyxo4SbnlN6c4Ja9Neck=">AAACJnicbVDLSgNBEJyNrxhfUY9eBoOgoGFXJAoiBL14EFQ0RsyGMDvp6JDZBzO9aljyNV78FS8eIiLe/BQncQ+aWNBQVHXT3eVFUmi07U8rMzY+MTmVnc7NzM7NL+QXl650GCsOFR7KUF17TIMUAVRQoITrSAHzPQlVr33U96v3oLQIg0vsRFD32W0gWoIzNFIjf+AiPGJycdJdb++7PsM7z0tuuhvU9cIHFEBT/9T4W86mqd9djXzBLtoD0FHipKRAUpw18j23GfLYhwC5ZFrXHDvCesIUCi6hm3NjDRHjbXYLNUMD5oOuJ4M3u3TNKE3aCpWpAOlA/T2RMF/rju+Zzv6Jetjri/95tRhbe/VEBFGMEPCfRa1YUgxpPzPaFAo4yo4hjCthbqX8jinG0SSbMyE4wy+PkqvtolMqls53CuXDNI4sWSGrZJ04ZJeUyTE5IxXCyRN5IT3yZj1br9a79fHTmrHSmWXyB9bXN4LKpSo=</latexit>

SL(k;Z) ./ SO(k � 1, k � 1;Z)

comes from:

M-theory on
<latexit sha1_base64="DAXjLCAQqGbviI9EIQSpLybClfY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4j5gXJGmYnk2TI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VxFIYdN1vJ7e2vrG5ld8u7Ozu7R8UD4+aJko04w0WyUi3A2q4FIo3UKDk7VhzGgaSt4Lx7cxvPXFtRKTqOIm5H9KhEgPBKFrpof447hVLbtmdg6wSLyMlyFDrFb+6/YglIVfIJDWm47kx+inVKJjk00I3MTymbEyHvGOpoiE3fjo/dUrOrNIng0jbUkjm6u+JlIbGTMLAdoYUR2bZm4n/eZ0EB9d+KlScIFdssWiQSIIRmf1N+kJzhnJiCWVa2FsJG1FNGdp0CjYEb/nlVdK8KHuVcuX+slS9yeLIwwmcwjl4cAVVuIMaNIDBEJ7hFd4c6bw4787HojXnZDPH8AfO5w8uzY3A</latexit>

T k

<latexit sha1_base64="0iAyq5V5B6kCXWfuZh2A5OYR7l8=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqZ+q0n0IYpeW/HCYSCDCSLGSXWSc2uYQIee6WyX/FnwMskyEkZ5aj3Sl/dvqKpAGkpJ8Z0Aj+xYUa0ZZTDpNhNDSSEjsgAOo5KIsCE2ezaCT51Sh/HSruSFs/U3xMZEcaMReQ6BbFDs+hNxf+8TmrjqzBjMkktSDpfFKccW4Wnr+M+00AtHztCqGbuVkyHRBNqXUBFF0Kw+PIyaZ5XgmqlendRrl3ncRTQMTpBZyhAl6iGblEdNRBFD+gZvaI3T3kv3rv3MW9d8fKZI/QH3ucPtS2PPA==</latexit>

'

type IIB on
<latexit sha1_base64="6YwGXbYHlxt3Je3XMvY8st2JZtQ=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBi2VXpHosevFYoV/QriWbZtuw2WRJskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8IOFMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWqCG0RyaXqBlhTzgRtGWY47SaK4jjgtBNEdzO/80SVZlI0zSShfoxHgoWMYGOlTvMxiy686aBccavuHGiVeDmpQI7GoPzVH0qSxlQYwrHWPc9NjJ9hZRjhdFrqp5ommER4RHuWChxT7Wfzc6fozCpDFEplSxg0V39PZDjWehIHtjPGZqyXvZn4n9dLTXjjZ0wkqaGCLBaFKUdGotnvaMgUJYZPLMFEMXsrImOsMDE2oZINwVt+eZW0L6terVp7uKrUb/M4inACp3AOHlxDHe6hAS0gEMEzvMKbkzgvzrvzsWgtOPnMMfyB8/kDz2+PPg==</latexit>

T k�1

See e.g. [Obers, Pioline ’98]



Surprise I: Sparse codimension-two
In general one has:

<latexit sha1_base64="Tj1Oaen1LQmLMVesiv+kP1JiIG0="></latexit>

⌦Spin
1 (BGU ) = Z2 �Ab(GU ) <latexit sha1_base64="PweL/4BMhw1XF7Rx51J2UK7ik24=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpIGVGpLoRqi50WcFpC+1QMmmmDc08SO6IZZg/cOOvuHGhiFu37vwb08dCqwduODnnXpJ7vFhwBZb1ZeTm5hcWl/LLhZXVtfUNc3OrrqJEUubQSESy6RHFBA+ZAxwEa8aSkcATrOENLkd+445JxaPwFoYxcwPSC7nPKQEtdcz9NrB7SM+9rHTVcQ7wGW77ktBUX7K0pc9DXW7WMYtW2RoD/yX2lBTRFLWO+dnuRjQJWAhUEKVathWDmxIJnAqWFdqJYjGhA9JjLU1DEjDlpuN9MrynlS72I6krBDxWf06kJFBqGHi6MyDQV7PeSPzPayXgn7opD+MEWEgnD/mJwBDhUTi4yyWjIIaaECq5/iumfaLzAB1hQYdgz678l9SPynalXLk5LlYvpnHk0Q7aRSVkoxNURdeohhxE0QN6Qi/o1Xg0no03433SmjOmM9voF4yPbxlfm3Q=</latexit>

Ab(GU ) =
GU

[GU , GU ]

Abelianization

<latexit sha1_base64="DwSCJxGcmetO0PENwANJuli0JuY=">AAACGXicbVDLSgMxFM34rPU16tJNsAgVpMyoqBuh6saFi4q2ip1SkjRtg5kHyR2xDPMbbvwVNy4Ucakr/8ZMOwtfBwIn59zLvffQSAoNjvNpjY1PTE5NF2aKs3PzC4v20nJDh7FivM5CGaorSjSXIuB1ECD5VaQ48ankl/TmOPMvb7nSIgwuYBDxlk96gegKRsBIbdvxgN9BckhTj4peGY++56dpeXvT8wn0KU2u0w2cuRv4ADttu+RUnCHwX+LmpIRy1Nr2u9cJWezzAJgkWjddJ4JWQhQIJnla9GLNI8JuSI83DQ2Iz3UrGV6W4nWjdHA3VOYFgIfq946E+FoPfGoqs2X1by8T//OaMXT3W4kIohh4wEaDurHEEOIsJtwRijOQA0MIU8LsilmfKMLAhFk0Ibi/T/5LGlsVd7eye7ZTqh7lcRTQKlpDZeSiPVRFJ6iG6oihe/SIntGL9WA9Wa/W26h0zMp7VtAPWB9fTWCfMA==</latexit>

Ab
�
SL(3,Z)

�
= 0

<latexit sha1_base64="h2l2sUjcdYq4gVhGlGrIcTGPXOw="></latexit>

Ab
�
GDd

U

�
= 0 , D < 8

no extra defects needed in codim-two

Still interesting exotic branes
[deBoer, Shigemori ’12]

Why are they not required?



Gravitational solitons 
[McNamara ’21], [Debray, MD, Heckman, Montero ’23]

Gravitational solitons do the job (smooth geometries)

S1 U-duality <latexit sha1_base64="JWIF0ihYtFOfjnj5+Hfu3Y8iJVI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqDPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD0AeM9g==</latexit>g brane

<latexit sha1_base64="5geMNV7cXRpe++I/7+7GW96CDZ0=">AAAB/3icbVBNS8NAEN3Ur1q/qoIXL8EieCpJkeqx6MVjBfsBbSmb7bRdutmE3YlYYg7+FS8eFPHq3/Dmv3Gb5qCtDwYe783s7DwvFFyj43xbuZXVtfWN/GZha3tnd6+4f9DUQaQYNFggAtX2qAbBJTSQo4B2qID6noCWN7me+a17UJoH8g6nIfR8OpJ8yBlFI/WLR12EB0zfiUcKQCbxqF9J+sWSU3ZS2MvEzUiJZKj3i1/dQcAiHyQyQbXuuE6IvZgq5ExAUuhGGkLKJnQEHUMl9UH34nRvYp8aZWAPA2VKop2qvydi6ms99T3T6VMc60VvJv7ndSIcXvZiLsMIQbL5omEkbAzsWRj2gCtgKKaGUKa4+avNxlRRhiayggnBXTx5mTQrZbdart6el2pXWRx5ckxOyBlxyQWpkRtSJw3CyCN5Jq/kzXqyXqx362PemrOymUPyB9bnDxJolss=</latexit>g2

<latexit sha1_base64="mb4BIuXd0oYccJmOkFPD4xqYW9A=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ09MYnILevEY0SyQDKGn0zNp0rPQ3SOEIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKrnJYIrjfGHtbK6tr6xmdvKb+/s7u0XDg7bKk4lZS0ai1h2PaKY4BFraa4F6yaSkdATrOONr2Z+555JxePoTk8S5oYkiLjPKdFGug0GzqBQxHa9jstOHWG7gnGpVjUEn5dqlQpybDxHEZZoDgrv/WFM05BFmgqiVM/BiXYzIjWngk3z/VSxhNAxCVjP0IiETLnZ/NQpOjXKEPmxNBVpNFe/T2QkVGoSeqYzJHqkfnsz8S+vl2q/5mY8SlLNIrpY5KcC6RjN/kZDLhnVYmIIoZKbWxEdEUmoNunkTQhfn6L/SbtkO1W7elMuNi6XceTgGE7gDBy4gAZcQxNaQCGAB3iCZ0tYj9aL9bpoXbGWM0fwA9bbJ2OTjeY=</latexit>g1
<latexit sha1_base64="lILs7rILL7eckfg2l5Qv4YU4zh0=">AAACEnicbZBNS8MwGMfT+TbnW9Wjl+AQFHS0Q6YXYejF4wT3Al0taZZ1YWlaklQYZZ/Bi1/FiwdFvHry5rcx7XrQ6QMP+eX/PA/J8/djRqWyrC+jtLC4tLxSXq2srW9sbpnbOx0ZJQKTNo5YJHo+koRRTtqKKkZ6sSAo9Bnp+uOrrN69J0LSiN+qSUzcEAWcDilGSkueeRTAC+gEnn0ceHVXs0ad9ey8S0/saXbJwTOrVs3KA/4Fu4AqKKLlmZ/9QYSTkHCFGZLSsa1YuSkSimJGppV+IkmM8BgFxNHIUUikm+YrTeGBVgZwGAmdXMFc/TmRolDKSejrzhCpkZyvZeJ/NSdRw3M3pTxOFOF49tAwYVBFMPMHDqggWLGJBoQF1X+FeIQEwkq7WNEm2PMr/4VOvWY3ao2b02rzsrCjDPbAPjgENjgDTXANWqANMHgAT+AFvBqPxrPxZrzPWktGMbMLfoXx8Q1UKpoq</latexit>

g = [g1, g2] = g1g2g
�1
1 g�1

2

If

in commutator subgroup

no singular object, but
non-trivial topology



Gravitational solitons 

Gravitational solitons = wormholes

Non-perturbative breaking in quantum gravity
<latexit sha1_base64="2ztYZb3ozCjWiRSIub1x+IcYMJo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBC8GHaDRI9BL16ECOYBySbMTjrJkNkHM7NKWPY/vHhQxKv/4s2/cZLsQRMLGoqqbrq7vEhwpW3721pZXVvf2Mxt5bd3dvf2CweHDRXGkmGdhSKULY8qFDzAuuZaYCuSSH1PYNMb30z95iNKxcPgQU8idH06DPiAM6qN1MVuck7uekkk0m457RWKdsmegSwTJyNFyFDrFb46/ZDFPgaaCapU27Ej7SZUas4EpvlOrDCibEyH2DY0oD4qN5ldnZJTo/TJIJSmAk1m6u+JhPpKTXzPdPpUj9SiNxX/89qxHly5CQ+iWGPA5osGsSA6JNMISJ9LZFpMDKFMcnMrYSMqKdMmqLwJwVl8eZk0yiWnUqrcXxSr11kcOTiGEzgDBy6hCrdQgzowkPAMr/BmPVkv1rv1MW9dsbKZI/gD6/MH7N6SKQ==</latexit>

e�M2
pl



8d Supergravity

 supergravity in eight dimensions with U-duality𝒩 = 2

<latexit sha1_base64="aj/KkgHKoHeekYKr9LB6bsDxhmI=">AAACH3icbVDLSgNBEJyNrxhfUY9eBoMQQcJulOgx6MWDh4jmgdkQZieTZMjsg5leMSz7J178FS8eFBFv+RsnyYIxsaChqOqmu8sJBFdgmiMjtbS8srqWXs9sbG5t72R392rKDyVlVeoLXzYcopjgHqsCB8EagWTEdQSrO4OrsV9/ZFJx37uHYcBaLul5vMspAS21syUb2BNEdzdxvnhiuwT6jhM9xMfYBu4yhX/t01m7nc2ZBXMCvEishORQgko7+213fBq6zAMqiFJNywygFREJnAoWZ+xQsYDQAemxpqYe0ctb0eS/GB9ppYO7vtTlAZ6osxMRcZUauo7uHJ+o5r2x+J/XDKF70Yq4F4TAPDpd1A0FBh+Pw8IdLhkFMdSEUMn1rZj2iSQUdKQZHYI1//IiqRULVqlQuj3LlS+TONLoAB2iPLLQOSqja1RBVUTRM3pF7+jDeDHejE/ja9qaMpKZffQHxugHZoiilw==</latexit>

SL(2,Z)⇥ SL(3,Z)

<latexit sha1_base64="DNzGKJEK+D7O+wuVRxhByb9v1rQ="></latexit>

⌦Spin
d

�
B(SL(2,Z)⇥ SL(3,Z))

�



a LOT of
topological charges

What are the objects?



What do we expect?
We do know some ‘geometric’ UV completions:

• Type IIB and F-theory configurations 

• M-theory

• Compactifications of defects

• Non-geometric defects

defects at fiber
degeneration

mixing diffeos and T-duality



What we find (examples)
Type IIB:

<latexit sha1_base64="aQgqo0V9PHeLqugUcDIo3LV7+Yg=">AAACF3icbVA9T8MwFHTKd/kqMLJYVEhlqRJAwIhggA0QFBBNiRz3tVg4TmS/IKoo/4KFv8LCAEKssPFvcEsHaDnJ0unuPT3fhYkUBl33yymMjI6NT0xOFadnZufmSwuL5yZONYcaj2WsL0NmQAoFNRQo4TLRwKJQwkV4u9/1L+5AGxGrM+wk0IhYW4mW4AytFJSqfsTwJgyzqzzYoL5Q1D+KoM2CjevMR7jH7DQRKs9pZe8gqK0FpbJbdXugw8TrkzLp4zgoffrNmKcRKOSSGVP33AQbGdMouIS86KcGEsZvWRvqlioWgWlkvVw5XbVKk7ZibZ9C2lN/b2QsMqYThXaym8IMel3xP6+eYmunkQmVpAiK/xxqpZJiTLsl0abQwFF2LGFcC/tXym+YZhxtlUVbgjcYeZicr1e9rerWyWZ5d69fxyRZJiukQjyyTXbJITkmNcLJA3kiL+TVeXSenTfn/We04PR3lsgfOB/fABmfMQ==</latexit>

Z3 2 ⌦Spin
3 (BGU )

non-Higgsable cluster compactified on torus
(a descendant of IIBorida)

Argyres-Douglas theory
<latexit sha1_base64="9i8wa95Du5paC2CUtIjfMQwj42c=">AAACBXicbVC7TgJBFJ3FF+ILtdRiIjGBhuyiQUuiFpYY5ZGwGzI7DDBh9pGZu0ayobHxV2wsNMbWf7DzbxyWLRQ8yU1Ozrk3997jhoIrMM1vI7O0vLK6ll3PbWxube/kd/eaKogkZQ0aiEC2XaKY4D5rAAfB2qFkxHMFa7mjy6nfumdS8cC/g3HIHI8MfN7nlICWuvnDq+4Jtl0+KGIb2APEt41JsVJKpFI3XzDLZgK8SKyUFFCKejf/ZfcCGnnMByqIUh3LDMGJiQROBZvk7EixkNARGbCOpj7xmHLi5IsJPtZKD/cDqcsHnKi/J2LiKTX2XN3pERiqeW8q/ud1IuifOzH3wwiYT2eL+pHAEOBpJLjHJaMgxpoQKrm+FdMhkYSCDi6nQ7DmX14kzUrZqparN6eF2kUaRxYdoCNURBY6QzV0jeqogSh6RM/oFb0ZT8aL8W58zFozRjqzj/7A+PwBi0+WtQ==</latexit>

D3

�
SU(2)

�

[del Zotto, Vafa, Xie ’15], [Carta, Giacomelli, Mekareeya, Mininno ’23]

M-theory: <latexit sha1_base64="aQgqo0V9PHeLqugUcDIo3LV7+Yg=">AAACF3icbVA9T8MwFHTKd/kqMLJYVEhlqRJAwIhggA0QFBBNiRz3tVg4TmS/IKoo/4KFv8LCAEKssPFvcEsHaDnJ0unuPT3fhYkUBl33yymMjI6NT0xOFadnZufmSwuL5yZONYcaj2WsL0NmQAoFNRQo4TLRwKJQwkV4u9/1L+5AGxGrM+wk0IhYW4mW4AytFJSqfsTwJgyzqzzYoL5Q1D+KoM2CjevMR7jH7DQRKs9pZe8gqK0FpbJbdXugw8TrkzLp4zgoffrNmKcRKOSSGVP33AQbGdMouIS86KcGEsZvWRvqlioWgWlkvVw5XbVKk7ZibZ9C2lN/b2QsMqYThXaym8IMel3xP6+eYmunkQmVpAiK/xxqpZJiTLsl0abQwFF2LGFcC/tXym+YZhxtlUVbgjcYeZicr1e9rerWyWZ5d69fxyRZJiukQjyyTXbJITkmNcLJA3kiL+TVeXSenTfn/We04PR3lsgfOB/fABmfMQ==</latexit>

Z3 2 ⌦Spin
3 (BGU )

three sector of  theory (M-theory on )E0 ℂ3/ℤ3
[Seiberg ’96], [Morrison, Seiberg ’97] 

<latexit sha1_base64="s8N+ouYtb3/mVUTuINR8ahTMZ5M=">AAACUHicpVHLTgIxFL2DL8TXqEs3jcQENzgjBl0S2bjERB4RcNIpHWjoPNJ2TMiET3TDzu9w40KjHR6Jgjtv0vT0nHPT21M34kwqy3o1MmvrG5tb2e3czu7e/oF5eNSQYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXdYTfXmMxWShcGDGkW06+N+wDxGsNKUY/YLHR+rgesm1fFTCV2gxfFx7JTOUSeMeCzR/02OmbeK1rTQKrDnIA/zqjnmpNMLSezTQBGOpWzbVqS6CRaKEU7HuU4saYTJEPdpW8MA+1R2k2kgY3SmmR7yQqFXoNCU/dmRYF/Kke9qZzqkXNZS8i+tHSvvppuwIIoVDcjsIi/mSIUoTRf1mKBE8ZEGmAimZ0VkgAUmSv9BTodgLz95FTQui3a5WL6/yldu53Fk4QROoQA2XEMF7qAGdSDwAm/wAZ/GxHg3vjLGzLrY4Rh+VSb3DZ/Bsmg=</latexit>

(C3/Z3)� (C3/Z3)� (C3/Z3)

See also U-folds, e.g., [Kumar, Vafa ’96], [Liu, Minasian ’97], …



What we find: Non-geometric defects
At d = 5 we find non-geometric defects:

<latexit sha1_base64="3uj/PfyHQeG2DiuGYZWAG0RsgAo="></latexit>✓
�1 �1
1 0

◆
⌦

0

@
0 1 0
0 0 1
1 0 0

1

A cannot be conjugated to 
a geometric subgroup

<latexit sha1_base64="+PciCalFFrEw4uo8nrUiwPqlOuI=">AAACF3icbVDLSgMxFM3UV62vUZdugkWomzpjtboRit24cFHBPrAzHTJp2oZmHiQZoQzzF278FTcuFHGrO//GTFtBWw8ETs65l3vvcUNGhTSMLy2zsLi0vJJdza2tb2xu6ds7DRFEHJM6DljAWy4ShFGf1CWVjLRCTpDnMtJ0h9XUb94TLmjg38pRSGwP9X3aoxhJJTl68bpz6pTgBbRCxCVFDBYsD8mB68bVpFOCR/Dne5c4pUNHzxtFYww4T8wpyYMpao7+aXUDHHnEl5ghIdqmEUo7TmdhRpKcFQkSIjxEfdJW1EceEXY8viuBB0rpwl7A1fMlHKu/O2LkCTHyXFWZLilmvVT8z2tHsndux9QPI0l8PBnUixiUAUxDgl3KCZZspAjCnKpdIR4gjrBUUeZUCObsyfOkcVw0y8XyzUm+cjmNIwv2wD4oABOcgQq4AjVQBxg8gCfwAl61R+1Ze9PeJ6UZbdqzC/5A+/gGyy2d3Q==</latexit>

L5
3 = @(C3/Z3)

Codimension-six string defect with action on geometry and other moduli
Non-perturbative generalization of T-fold geometry

[Hull ’04, ’06]

geometrization within
exceptional field theory?
e.g. [Hohm, Samtleben ’13]



Surprises II: Resurrection of Codim-2
In d = 2 we find: <latexit sha1_base64="/cTcv9s/HQ1c40YdBmPPkwWl83E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzZBpa+vsim7cCBVsq7RjyaSZNjSTGZKMUIZ+hRsXirj1c9z5N6YPQUUPXDiccy/33uPHnCmN0IeVWVpeWV3Lruc2Nre2d/K7ey0VJZLQJol4JG98rChngjY105zexJLi0Oe07Y/Op377nkrFInGtxzH1QjwQLGAEayPdXvacu7TIjie9fAHZTtkpoxJEtuu6VbdmCCqVT9wKdGw0QwEs0Ojl37v9iCQhFZpwrFTHQbH2Uiw1I5xOct1E0RiTER7QjqECh1R56ezgCTwySh8GkTQlNJyp3ydSHCo1Dn3TGWI9VL+9qfiX10l0cOqlTMSJpoLMFwUJhzqC0+9hn0lKNB8bgolk5lZIhlhiok1GORPC16fwf9Iq2U7Vrl5VCvWzRRxZcAAOQRE4oAbq4AI0QBMQEIIH8ASeLWk9Wi/W67w1Yy1m9sEPWG+fTFeQHg==</latexit>

M (i)
1

<latexit sha1_base64="fu7Q+eUnugopal5FnjZAF+y/VIk=">AAAB8HicdVDLSgMxFM34rPVVdekmWIS6KZkiY7srunEjVLAPaceSSTNtaJIZkoxQhn6FGxeKuPVz3Pk3ZtoKKnrgwuGce7n3niDmTBuEPpyl5ZXVtfXcRn5za3tnt7C339JRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GF9kfvueKs0ieWMmMfUFHkoWMoKNlW6v+pW7tMROpv1CEZWRhefBjLhV5FpSq1UrlRp0ZxZCRbBAo1947w0ikggqDeFY666LYuOnWBlGOJ3me4mmMSZjPKRdSyUWVPvp7OApPLbKAIaRsiUNnKnfJ1IstJ6IwHYKbEb6t5eJf3ndxIRVP2UyTgyVZL4oTDg0Ecy+hwOmKDF8YgkmitlbIRlhhYmxGeVtCF+fwv9Jq1J2vbJ3fVqsny/iyIFDcARKwAVnoA4uQQM0AQECPIAn8Owo59F5cV7nrUvOYuYA/IDz9gku/JAK</latexit>

M (i)
2

<latexit sha1_base64="KJ2p4Z+d5rRHQzNnh6pOyz7xZA8="></latexit>

M (i)
1 ,M (i)

2 2 SL(3,Z) , [M (i)
1 ,M (i)

2 ] = 0

Our usual approach would tell us:  New codimension-two brane
compactified on circle

no problem with transition function
since monodromies commute Why no soliton solution?



Surprises II: Gravitational solitons fail
Try to use the soliton

transition function
action incompatible with

<latexit sha1_base64="a6i/9qf14zB7XNedbDrQxbzw3I0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBQylJkeqx6MVjBfsBaQib7SZdusmG3Y1QQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ScKW3b31ZpY3Nre6e8W9nbPzg8qh6f9JTIJKFdIriQgwAryllCu5ppTgeppDgOOO0Hk7u533+iUjGRPOppSr0YRwkLGcHaSG7kO2hYr6PIb/rVmt2wF0DrxClIDQp0/OrXcCRIFtNEE46Vch071V6OpWaE01llmCmaYjLBEXUNTXBMlZcvTp6hC6OMUCikqUSjhfp7IsexUtM4MJ0x1mO16s3F/zw30+GNl7MkzTRNyHJRmHGkBZr/j0ZMUqL51BBMJDO3IjLGEhNtUqqYEJzVl9dJr9lwWo3Ww1WtfVvEUYYzOIdLcOAa2nAPHegCAQHP8ApvlrZerHfrY9lasoqZU/gD6/MHFJmP1g==</latexit>g1 , g2
for any choice 

does not lead to well-defined background



Subtlety of fermions
We use the bosonic version of the duality group

<latexit sha1_base64="aj/KkgHKoHeekYKr9LB6bsDxhmI=">AAACH3icbVDLSgNBEJyNrxhfUY9eBoMQQcJulOgx6MWDh4jmgdkQZieTZMjsg5leMSz7J178FS8eFBFv+RsnyYIxsaChqOqmu8sJBFdgmiMjtbS8srqWXs9sbG5t72R392rKDyVlVeoLXzYcopjgHqsCB8EagWTEdQSrO4OrsV9/ZFJx37uHYcBaLul5vMspAS21syUb2BNEdzdxvnhiuwT6jhM9xMfYBu4yhX/t01m7nc2ZBXMCvEishORQgko7+213fBq6zAMqiFJNywygFREJnAoWZ+xQsYDQAemxpqYe0ctb0eS/GB9ppYO7vtTlAZ6osxMRcZUauo7uHJ+o5r2x+J/XDKF70Yq4F4TAPDpd1A0FBh+Pw8IdLhkFMdSEUMn1rZj2iSQUdKQZHYI1//IiqRULVqlQuj3LlS+TONLoAB2iPLLQOSqja1RBVUTRM3pF7+jDeDHejE/ja9qaMpKZffQHxugHZoiilw==</latexit>

SL(2,Z)⇥ SL(3,Z)
<latexit sha1_base64="uvAlzyIMgHGKxviDe9qBUbyNBlo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQi8eIeUGyhtlJbzJkdnaZmRVCyCd48aCIV7/Im3/jJNmDJhY0FFXddHcFieDauO63s7a+sbm1ndvJ7+7tHxwWjo6bOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzvzWEyrNY1k34wT9iA4kDzmjxkoP9cdyr1B0S+4cZJV4GSlChlqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/mpU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8NqfcJmkBiVbLApTQUxMZn+TPlfIjBhbQpni9lbChlRRZmw6eRuCt/zyKmmWS16lVLm/LFZvsjhycApncAEeXEEV7qAGDWAwgGd4hTdHOC/Ou/OxaF1zspkT+APn8wfYWo2H</latexit>

T 2
<latexit sha1_base64="DxWaH3pMAvmecS/Me++zgJIr8fk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRI9BLx4j5gXJGmYns8mQ2dllplcIIZ/gxYMiXv0ib/6Nk2QPGi1oKKq66e4KEikMuu6Xk1tZXVvfyG8WtrZ3dveK+wdNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZua3Hrk2IlZ1HCfcj+hAiVAwila6rz+c94olt+zOQf4SLyMlyFDrFT+7/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn81Ck5sUqfhLG2pZDM1Z8TExoZM44C2xlRHJplbyb+53VSDK/8iVBJilyxxaIwlQRjMvub9IXmDOXYEsq0sLcSNqSaMrTpFGwI3vLLf0nzrOxVypW7i1L1OosjD0dwDKfgwSVU4RZq0AAGA3iCF3h1pPPsvDnvi9ack80cwi84H9/Z3o2I</latexit>

T 3

geometric action in certain duality frames
<latexit sha1_base64="/EM+5Qxe2fvVidNN2rn5dVDzfOc=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkSBVBKLpxWbEvaGKZTCbt0MnDeQglFDf+ihsXirj1K9z5N07bLLT1wIXDOfdy7z1ewqiQlvVtLCwuLa+s5tby6xubW9vmzm5TxIpj0sAxi3nbQ4IwGpGGpJKRdsIJCj1GWt7gauy3HggXNI7qcpgQN0S9iAYUI6mlrrlfvytDp1iEjkQKXkB6Dp17hXx42zULVsmaAM4TOyMFkKHWNb8cP8YqJJHEDAnRsa1EuinikmJGRnlHCZIgPEA90tE0QiERbjp5YQSPtOLDIOa6Igkn6u+JFIVCDENPd4ZI9sWsNxb/8zpKBmduSqNESRLh6aJAMShjOM4D+pQTLNlQE4Q51bdC3EccYalTy+sQ7NmX50mzXLIrpcrNSaF6mcWRAwfgEBwDG5yCKrgGNdAAGDyCZ/AK3own48V4Nz6mrQtGNrMH/sD4/AFo0JTo</latexit>

T 2 , ⌧ = i : S

there are fermions:
<latexit sha1_base64="uskau6JoLqCwhYMlOhnBPh1AIGE=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIbiyJlOpGKLpxWdFeoI1lMp20QyeTMDNRSu2juHGhiFufxJ1v4zTNQlt/GPj4zzmcM78fc6a043xbS8srq2vruY385tb2zq5d2GuoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x9eTevNByoVi8SdHsXUC3FfsIARrI3VtQu392XUiRVDF+gkha5ddEpOKrQIbgZFyFTr2l+dXkSSkApNOFaq7Tqx9sZYakY4neQ7iaIxJkPcp22DAodUeeP09Ak6Mk4PBZE0T2iUur8nxjhUahT6pjPEeqDma1Pzv1o70cG5N2YiTjQVZLYoSDjSEZrmgHpMUqL5yAAmkplbERlgiYk2aeVNCO78lxehcVpyK6XKTblYvcziyMEBHMIxuHAGVbiGGtSBwCM8wyu8WU/Wi/Vufcxal6xsZh/+yPr8AeZMkn8=</latexit>

S4 = � 

should affect the full (fermionic) U-duality

tricky to combine
<latexit sha1_base64="ADXQcnQU7O8b659uT8SRI7WxE70=">AAAB/HicbVBNS8NAEN3Ur1q/qj16WSyCIJZEpHosetCDh4r2A9pYNtttu3SzCbsTsYT4V7x4UMSrP8Sb/8Ztm4O2Phh4vDfDzDwvFFyDbX9bmYXFpeWV7GpubX1jcyu/vVPXQaQoq9FABKrpEc0El6wGHARrhooR3xOs4Q0vxn7jgSnNA3kHo5C5PulL3uOUgJE6+UIb2CPEtyGXR5fXyX18mOBOvmiX7AnwPHFSUkQpqp38V7sb0MhnEqggWrccOwQ3Jgo4FSzJtSPNQkKHpM9ahkriM+3Gk+MTvG+ULu4FypQEPFF/T8TE13rke6bTJzDQs95Y/M9rRdA7c2MuwwiYpNNFvUhgCPA4CdzlilEQI0MIVdzciumAKELB5JUzITizL8+T+nHJKZfKNyfFynkaRxbtoj10gBx0iiroClVRDVE0Qs/oFb1ZT9aL9W59TFszVjpTQH9gff4ARI2UiA==</latexit>

Spin-GL+ of type IIB
<latexit sha1_base64="QudUcdg2gIwYOAMeWVyJWdj+pN4=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIglASkeqx6MVjBfsBbSyb7aZdutmE3YlYQ36JFw+KePWnePPfuG1z0NYHA4/3ZpiZ58eCa3Ccb6uwsrq2vlHcLG1t7+yW7b39lo4SRVmTRiJSHZ9oJrhkTeAgWCdWjIS+YG1/fD312w9MaR7JO5jEzAvJUPKAUwJG6tvlHrBHSBtcZvfpaYb7dsWpOjPgZeLmpIJyNPr2V28Q0SRkEqggWnddJwYvJQo4FSwr9RLNYkLHZMi6hkoSMu2ls8MzfGyUAQ4iZUoCnqm/J1ISaj0JfdMZEhjpRW8q/ud1EwguvZTLOAEm6XxRkAgMEZ6mgAdcMQpiYgihiptbMR0RRSiYrEomBHfx5WXSOqu6tWrt9rxSv8rjKKJDdIROkIsuUB3doAZqIooS9Ixe0Zv1ZL1Y79bHvLVg5TMH6A+szx/GQpMt</latexit>

Pin+ of M-theory



Summary & Outlook

• Many symmetry-breaking defects imposed by U-duality

• Interesting worldvolume theories (SCFTs, twists)

• Very stringy corners (non-geometry)

(As for type IIB in 10d) this program is able to predict:

very efficient machine to learn something new

Many things to do:
• Fermionic lift (BPS nature)

• Properties of the defects (applications, supergravity)

• Physics in maths


