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Global Symmetries in QFT
Universal guiding principle: Organizing phases (Landau paradigm)

symmetry unbroken

<latexit sha1_base64="5piD618DjlPQ8oRUdApitaNiPIY=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4kJKIVC9C0YvHCvYDmlA220m7dLMJu5tCCT178a948aCIV3+BN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+Q8WppFCnMY9lKyAKOBNQ10xzaCUSSBRwaAaD24nfHIJULBYPepSAH5GeYCGjRBupYx95nIgeB+wNgWZe0mdj7J1hT87Ua+x07JJTdqbAi8TNSQnlqHXsL68b0zQCoSknSrVdJ9F+RqRmlMO46KUKEkIHpAdtQwWJQPnZ9JUxPjFKF4exNCU0nqq/JzISKTWKAtMZEd1X895E/M9rpzq88jMmklSDoLNFYcqxjvEkF9xlEqjmI0MIlczcimmfSEK1Sa9oQnDnX14kjfOyWylX7i9K1Zs8jgI6RMfoFLnoElXRHaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPXU+ZaA==</latexit>
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h~� i = ~v

symmetry broken (spontaneously)

(unique groundstate) (ground state degeneracy; Goldstones)

Insights into strong coupling regions (dualities, anomaly matching, …)



Global Symmetries in QFT
<latexit sha1_base64="tXJlt5FZ7HcFXnTydaUaTujpXZs=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzHBDZkxBF0S3bgTE3kkMJJO6UBDpzNpOyqZ8B9uXGiMW//FnX9jB2ah4EmanJxzb+7p8SLOlLbtbyu3srq2vpHfLGxt7+zuFfcPWiqMJaFNEvJQdjysKGeCNjXTnHYiSXHgcdr2xlep336gUrFQ3OlJRN0ADwXzGcHaSPe9AOsRwTy5mZafTvvFkl2xZ0DLxMlICTI0+sWv3iAkcUCFJhwr1XXsSLsJlpoRTqeFXqxohMkYD2nXUIEDqtxklnqKTowyQH4ozRMazdTfGwkOlJoEnplMU6pFLxX/87qx9i/chIko1lSQ+SE/5kiHKK0ADZikRPOJIZhIZrIiMsISE22KKpgSnMUvL5PWWcWpVWq31VL9MqsjD0dwDGVw4BzqcA0NaAIBCc/wCm/Wo/VivVsf89Gcle0cwh9Ynz83FZJX</latexit>

O(x)

<latexit sha1_base64="woJvxIV6dtihpyyD/SfZRRsalVE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi1WXRjcsK9gFNKJPpTTt08mBmIoQQf8WNC0Xc+iHu/BsnbRbaemDgcM693DPHizmTyrK+jbX1jc2t7cpOdXdv/+DQPDruySgRFLo04pEYeEQCZyF0FVMcBrEAEngc+t7stvD7jyAki8IHlcbgBmQSMp9RorQ0MmuZExA1pYRn/TxvOMD5+cisW01rDrxK7JLUUYnOyPxyxhFNAggV5UTKoW3Fys2IUIxyyKtOIiEmdEYmMNQ0JAFIN5uHz/GZVsbYj4R+ocJz9fdGRgIp08DTk0VSuewV4n/eMFH+tZuxME4UhHRxyE84VhEumsBjJoAqnmpCqGA6K6ZTIghVuq+qLsFe/vIq6V007VazdX9Zb9+UdVTQCTpFDWSjK9RGd6iDuoiiFD2jV/RmPBkvxrvxsRhdM8qdGvoD4/MHxDuU2w==</latexit>

W(`)
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O
�(x)

<latexit sha1_base64="OtkOVVCPCaSBuNfJY1ZivbCtmQc=">AAACFXicbVC7SgNBFJ31GeNr1dJmMQgRJOyKRMugjYVFBPOAbAyzszfJkNkHM3fFsOxP2PgrNhaK2Ap2/o2TR6GJBwYO577OHC8WXKFtfxsLi0vLK6u5tfz6xubWtrmzW1dRIhnUWCQi2fSoAsFDqCFHAc1YAg08AQ1vcDmqN+5BKh6FtziMoR3QXsi7nFHUUsc8dhEecLwnleBnqRtQ7DMq0kZ2l7rXepNPs6ILQhxlHbNgl+wxrHniTEmBTFHtmF+uH7EkgBCZoEq1HDvGdkolciYgy7uJgpiyAe1BS9OQBqDa6dhNZh1qxbe6kdQvRGus/p5IaaDUMPB058izmq2NxP9qrQS75+2Uh3GCELLJoW4iLIysUUSWzyUwFENNKJNce7VYn0rKUAeZ1yE4s1+eJ/WTklMulW9OC5WLaRw5sk8OSJE45IxUyBWpkhph5JE8k1fyZjwZL8a78TFpXTCmM3vkD4zPH3C6oDs=</latexit>

W⇤(`)

+ TQFT

Especially including 
generalized symmetries

Topological symmetry
operators



Why do we like it so much?
Tells you about conserved quantities (currents and charges; Noether)

<latexit sha1_base64="sLvG+GxQtV6j/Rgug+DgwHvtLII=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjMi1Y1QdCOuKtgHdMYhk2ba0CQzJBmhDAU3/oobF4q49Sfc+Tdm2llo64GQwzn33uSeMGFUacf5thYWl5ZXVktr5fWNza1te2e3peJUYtLEMYtlJ0SKMCpIU1PNSCeRBPGQkXY4vMr99gORisbiTo8S4nPUFzSiGGkjBfa+lyCpKWJB5vF0DG/up/cFdAK74lSdCeA8cQtSAQUagf3l9WKcciI0Zkiprusk2s/y+ZiRcdlLFUkQHqI+6RoqECfKzyY7jOGRUXowiqU5QsOJ+rsjQ1ypEQ9NJUd6oGa9XPzP66Y6OvczKpJUE4GnD0UpgzqGeSCwRyXBmo0MQVhS81eIB0girE1sZROCO7vyPGmdVN1atXZ7WqlfFnGUwAE4BMfABWegDq5BAzQBBo/gGbyCN+vJerHerY9p6YJV9OyBP7A+fwA/rZdD</latexit>

@µJ
µ = 0

<latexit sha1_base64="EuRtB+CQnON37p+gD8z5UpJMU2Q=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GITbgTiTZC0EasEjAfkMSwt5nokr29Y3dODEdKG/+KjYUitv4EO/+Nm49CEx8MPN6bYWaeH0lh0HW/nbn5hcWl5dRKenVtfWMzs7VdNWGsOVR4KENd95kBKRRUUKCEeqSBBb6Emt+7GPq1e9BGhOoa+xG0AnarRFdwhlZqZ/bK9Iw2hcJ20kR4wMREjMNgQK9uXJrDw3Ym6+bdEegs8SYkSyYotTNfzU7I4wAUcsmMaXhuhK2EaRRcwiDdjA3YFT12Cw1LFQvAtJLRIwN6YJUO7YbalkI6Un9PJCwwph/4tjNgeGemvaH4n9eIsXvaSoSKYgTFx4u6saQY0mEqtCM0cJR9SxjXwt5K+R3TjKPNLm1D8KZfniXVo7xXyBfKx9ni+SSOFNkl+yRHPHJCiuSSlEiFcPJInskreXOenBfn3fkYt845k5kd8gfO5w8Ln5i6</latexit>

Q =

Z

space
J0(t)

<latexit sha1_base64="Nw3jgR86yMDUQwNMLn1lCZIpypw=">AAACCnicbVA9SwNBEN3zM8avqKXNahBjE+5E1EYI2ohVAiYKuTPsbSa6uLd37M6J4Uht41+xsVDE1l9g579x81Fo9MHA470ZZuaFiRQGXffLmZicmp6Zzc3l5xcWl5YLK6sNE6eaQ53HMtaXITMghYI6CpRwmWhgUSjhIrw96fsXd6CNiNU5dhMIInatREdwhlZqFTZq2/SI+kJhK/MR7jEzCePQ69GzK5eWcHunVSi6ZXcA+pd4I1IkI1RbhU+/HfM0AoVcMmOanptgkDGNgkvo5f3UgN1xy66haaliEZggG7zSo1tWadNOrG0ppAP150TGImO6UWg7I4Y3Ztzri/95zRQ7h0EmVJIiKD5c1EklxZj2c6FtoYGj7FrCuBb2VspvmGYcbXp5G4I3/vJf0tgte/vl/dpesXI8iiNH1skmKRGPHJAKOSVVUiecPJAn8kJenUfn2Xlz3oetE85oZo38gvPxDdwtmRw=</latexit>

Q0 =

Z

space
J0(t0)

<latexit sha1_base64="NStll1q66xMbBfhTiqHBfETyOM4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbRU9mVUr0IRS8eW7Af0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxnczv/1ElWZSPJhJTP0IDwULGcHGSq0GukGN836x5JbdOdAq8TJSggz1fvGrN5AkiagwhGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKnBEtZ/Or52iM6sMUCiVLWHQXP09keJI60kU2M4Im5Fe9mbif143MeG1nzIRJ4YKslgUJhwZiWavowFTlBg+sQQTxeytiIywwsTYgAo2BG/55VXSuix71XK1USnVbrM48nACp3ABHlxBDe6hDk0g8AjP8ApvjnRenHfnY9Gac7KZY/gD5/MH3gaOBw==</latexit>

Q = Q0

not necessarily space

<latexit sha1_base64="42+T4/haV7u2WDGb63ooEd2bjWc=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIVJdFN+Kqon1AE8JkOmmHTiZh5kaoofgrblwo4tb/cOffOH0stPXAhcM593LvPWEquAbH+bYKS8srq2vF9dLG5tb2jr2719RJpihr0EQkqh0SzQSXrAEcBGunipE4FKwVDq7GfuuBKc0TeQ/DlPkx6UkecUrASIF94HEJQe7d8V5MRtgjGvBNYJedijMBXiTujJTRDPXA/vK6Cc1iJoEKonXHdVLwc6KAU8FGJS/TLCV0QHqsY6gkMdN+Prl+hI+N0sVRokxJwBP190ROYq2HcWg6YwJ9Pe+Nxf+8TgbRhZ9zmWbAJJ0uijKBIcHjKHCXK0ZBDA0hVHFzK6Z9oggFE1jJhODOv7xImqcVt1qp3p6Va5ezOIroEB2hE+Sic1RD16iOGoiiR/SMXtGb9WS9WO/Wx7S1YM1m9tEfWJ8/CaOU9w==</latexit>Z

⌃
⇤J

Label for different states in theory (no energy cost)



5

Imagine a system with a global symmetry, e.g., U(1) baryon number

is a local operator that is charged under the global symmetry

Charge conservation

(e.g. creation operator of a baryon)

constrains interactions



6

All of them should be trivial in 	
Quantum Gravity
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So rather than to explore what we learn from their presence

we want to explore what we learn from their absence



Evidence for: No global symmetries
See e.g. [Banks, Dixon ’88; Banks, Seiberg ’11]

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

Q

Remnants with arbitrary global
 charge (includes generalized

symmetry charges)

Violation of entropy bounds

Global charge labels different states but costs no energy

(e.g. baryon charge of collapsing neutron star)



Evidence for: No global symmetries

Also leads to violation of
Holographic principle<latexit sha1_base64="cf7tkdfhSvSfVpOWlQIIRZXZhy0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6vVeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/XZI1p</latexit>

Q
& violation in AdS/CFT

[Harlow, Shaghoulian ’20], 
[Bah, Chen, Maldacena ’22],… 

Violation typically at least  e−M2
Pl/Λ2

see also [Daus, Hebecker, Leonhardt, March-Russell ’20],
[Cordova, Ohmori, Rudelius ’22]

[Harlow, Ooguri ’18]

Remember: Global charge labels different states but costs no energy

Non-perturbative
in gravity



No global symmetries
If no global symmetries they need to be:

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)

<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



No global symmetries
If no global symmetries they need to be:

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)

<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



Charges as obstructions
Conservation of charge restricts the transitions in theory

<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="f+FQYF12O6n872QLOqyQ9tQbDKs=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjF6IrvGoEeiF49g5JHAhswOvTBhdnYzM2tCCH/gxYPGePWPvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJaPZpygH9GB5CFn1FjpoX7eK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7plJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb+8SpqXZa9SrtSvStXbLI48nMApXIAH11CFe6hBAxiE8Ayv8OaMnBfn3flYtOacbOYY/sD5/AEPD40R</latexit>

Q0

Defines disconnected sectors (deformation classes)



Obstructions as charges

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

Q

Non-trivial deformation classes conserved charges

global symmetries

One can turn the logic around: Sectors that cannot be connected



Obstructions as charges
One can turn the logic around: Sectors that cannot be connected

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

Q

Non-trivial deformation classes conserved charges

global symmetries



Global symmetries
How can one be sure that there are no global symmetries?
(no Lagrangian description, non-perturbative effects, …)

One state guaranteed carry no charges:

∅



Global symmetries
If theory admits transition to nothing there are no global symmetries:

∅<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="gxqcvoEv2mBuSLyx/2hq6NCg+w8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjC9YW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48etRxqhi2WCxi1QmoRsEltgw3AjuJQhoFAtvB+G7mt59QaR7LBzNJ0I/oUPKQM2qs1GqSG+L2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5sdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmn5MBV8iMmFhCmeL2VsJGVFFmbD4lG4K3/PIqebyoerVqrXlZqd/mcRThBE7hHDy4gjrcQwNawIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AUrbjbU=</latexit>

Q = 0

more mathematical: no non-trivial deformation classes captured by bordisms
<latexit sha1_base64="p525m5l/4RJAcfiCVhm5aBaGod4=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBBEQtgViR4URAW9qWA0kI1hdrYTB2cfzvSKYdl/8OKvePGgiFcv3vwbJzEHTSxoKKq66e7yYik02vaXNTI6Nj4xmZvKT8/Mzs0XFhYvdJQoDlUeyUjVPKZBihCqKFBCLVbAAk/CpXdz0PUv70BpEYXn2ImhEbB2KFqCMzRSs7DungTQZs3Uz65SF+Ee07OjLKO71KZuqUTd24T51Kc79LBZKNpluwc6TJw+KZI+TpuFT9ePeBJAiFwyreuOHWMjZQoFl5Dl3URDzPgNa0Pd0JAFoBtp76eMrhrFp61ImQqR9tTfEykLtO4EnukMGF7rQa8r/ufVE2xtN1IRxglCyH8WtRJJMaLdgKgvFHCUHUMYV8LcSvk1U4yjiTFvQnAGXx4mFxtlp1KunG0W9/b7ceTIMlkha8QhW2SPHJNTUiWcPJAn8kJerUfr2Xqz3n9aR6z+zBL5A+vjGwCanE0=</latexit>

⌦QG
d = 0 , d < D Cobordism Conjecture

[McNamara, Vafa ’19], see also [Montero, Vafa ’20], [MD, Heckman ’20]



Symmetry-breaking objects
This can require 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) 
(sub-Planckian) [Nevoa, Raman, Vafa ’25]



Strategy
Define an approximation to a Quantum Gravity theory in the IR

Determine: • Requirement on spacetime

• Gauge degrees of freedom

• Their mixing

<latexit sha1_base64="Vf1Azr0psEe8sNLkarqAone9LXI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrpvvskeqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk+Z5xatWqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBfd43g</latexit>

⇠
<latexit sha1_base64="eSA0AQShZpURRgDLlolpdVUld/8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8hHvQY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mnGCfkQHkoecUWOlhxq57RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7JXKVfuL0vVWhZHHk7gFM7Bgyuowh3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AfoyNTA==</latexit>

BG

<latexit sha1_base64="8Lm12Ps586rDqElmBpwl+Un/wcE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURqS5LXejOCvYBTQyT6aQdOpOEmYkYQv0VNy4UceuHuPNvnLZZaOuBC4dz7uXee/yYUaks69sorKyurW8UN0tb2zu7e+b+QUdGicCkjSMWiZ6PJGE0JG1FFSO9WBDEfUa6/vhy6ncfiJA0Cu9UGhOXo2FIA4qR0pJnlp0bTobIG99nziOdwGrz6sQzK1bNmgEuEzsnFZCj5ZlfziDCCSehwgxJ2betWLkZEopiRiYlJ5EkRniMhqSvaYg4kW42O34Cj7UygEEkdIUKztTfExniUqbc150cqZFc9Kbif14/UcGFm9EwThQJ8XxRkDCoIjhNAg6oIFixVBOEBdW3QjxCAmGl8yrpEOzFl5dJ57Rm12v127NKo5nHUQSH4AhUgQ3OQQNcgxZoAwxS8AxewZvxZLwY78bHvLVg5DNl8AfG5w+LaJQQ</latexit>

⌦⇠
k(BG)

<latexit sha1_base64="b2JmMR7FEy+CQJQ3WcMjuzxrKQM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFUAvLCOZDkiPsbfaSJbt7x+6eEI78ChsLRWz9OXb+G/eSKzTxwcDjvRlm5gUxZ9q47rdTWFldW98obpa2tnd298r7By0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/FN5refqNIskg9mElNf4KFkISPYWOnRRVdobOu2X664VXcGtEy8nFQgR6Nf/uoNIpIIKg3hWOuu58bGT7EyjHA6LfUSTWNMxnhIu5ZKLKj209nBU3RilQEKI2VLGjRTf0+kWGg9EYHtFNiM9KKXif953cSEl37KZJwYKsl8UZhwZCKUfY8GTFFi+MQSTBSztyIywgoTYzMq2RC8xZeXSeus6tWqtfvzSv06j6MIR3AMp+DBBdThDhrQBAICnuEV3hzlvDjvzse8teDkM4fwB87nDyxnjrY=</latexit>

0 < k < D

Bordism groups determine conserved charges

Add symmetry-breaking (UV) objects



Global charges
Example: U(1) gauge sector with fermions

<latexit sha1_base64="PL8gd2oKbCDEQBfpCi561/m6Wnk=">AAAB9XicbVDLSgMxFM34rPVVdekmWARXZUakuiwK4rKCfUBnLJn0ThuaScYko5Sh/+HGhSJu/Rd3/o1pOwttPRA4nHMv9+SECWfauO63s7S8srq2Xtgobm5t7+yW9vabWqaKQoNKLlU7JBo4E9AwzHBoJwpIHHJohcOrid96BKWZFHdmlEAQk75gEaPEWOnel0wYfI19AQ/Y7ZbKbsWdAi8SLydllKPeLX35PUnTGIShnGjd8dzEBBlRhlEO46KfakgIHZI+dCwVJAYdZNPUY3xslR6OpLLPhpiqvzcyEms9ikM7GRMz0PPeRPzP66QmuggyJpLUgKCzQ1HKsZF4UgHuMQXU8JElhCpms2I6IIpQY4sq2hK8+S8vkuZpxatWqrdn5dplXkcBHaIjdII8dI5q6AbVUQNRpNAzekVvzpPz4rw7H7PRJSffOUB/4Hz+ABj0kZ0=</latexit>I
F 6= 0 threaded by magnetic flux

∅ deformation classes of Spin manifolds 
with principal U(1) bundle

<latexit sha1_base64="YtOyEJmgR95R8NvCaZFCA7ARhgw="></latexit>

⌦Spin
2 (BU(1)) � Z 6= 0

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

dF = 0

(D-3)-form symmetry

One needs to violate the Bianchi identity:
<latexit sha1_base64="TPIOFlYbEqBQPPjFl3QcT8Hue28=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SIUBfFYwX5AG8pmM2mXbjZhdyOU0h/hxYMiXv093vw3btsctPXBwOO9GWbmBang2rjut7Oyura+sVnYKm7v7O7tlw4OmzrJFMMGS0Si2gHVKLjEhuFGYDtVSONAYCsY3k791hMqzRP5aEYp+jHtSx5xRo2VWiG5I9fE7ZXKbsWdgSwTLydlyFHvlb66YcKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEj72LFU0hi1P56dOyGnVglJlChb0pCZ+ntiTGOtR3FgO2NqBnrRm4r/eZ3MRFf+mMs0MyjZfFGUCWISMv2dhFwhM2JkCWWK21sJG1BFmbEJFW0I3uLLy6R5XvGqlerDRbl2k8dRgGM4gTPw4BJqcA91aACDITzDK7w5qfPivDsf89YVJ585gj9wPn8ATvSOQg==</latexit>

dF = 0



How does a charged state look like?
Has the deformation class as boundary, can look singular in IR

This defect is a magnetic monopole; if dynamical it breaks symmetry

predicted by quantum gravity to avoid global symmetries

<latexit sha1_base64="wuo6rsIck2n3Z99R5KgFDHcAtTU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LgnisYD+kXUo2m21Dk+yaZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5QcKZNq777RRWVtfWN4qbpa3tnd298v5BS8epIrRJYh6rToA15UzSpmGG006iKBYBp+1gdD31209UaRbLezNOqC/wQLKIEWys9BDeoJ6kj8jtlytu1Z0BLRMvJxXI0eiXv3phTFJBpSEca9313MT4GVaGEU4npV6qaYLJCA9o11KJBdV+Njt4gk6sEqIoVrakQTP190SGhdZjEdhOgc1QL3pT8T+vm5ro0s+YTFJDJZkvilKOTIym36OQKUoMH1uCiWL2VkSGWGFibEYlG4K3+PIyaZ1VvVq1dndeqV/lcRThCI7hFDy4gDrcQgOaQEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AYj1j5k=</latexit>

dF 6= 0



UV completion?
This approach is not sensitive to UV properties 

Could have UV completions in quantum field theory or gravity

Cannot be smooth spacetime (Spin) with smooth U(1) bundle

<latexit sha1_base64="UIlQ1nk864oSD8VHPzBh3Vap8OI=">AAACFXicbVBNS8NAEN34WetX1KOXxSK0ICUpUj0WvXisaNpCE8pmu2mXbrJhd6OU0D/hxb/ixYMiXgVv/hs3bQRtfTDweG+GmXl+zKhUlvVlLC2vrK6tFzaKm1vbO7vm3n5L8kRg4mDOuOj4SBJGI+IoqhjpxIKg0Gek7Y8uM799R4SkPLpV45h4IRpENKAYKS31zBM3RGoowtSZlO0KdIecjwQdDBUSgt/DH/dG27VKzyxZVWsKuEjsnJRAjmbP/HT7HCchiRRmSMqubcXKS5FQFDMyKbqJJDHCIzQgXU0jFBLppdOvJvBYK30YcKErUnCq/p5IUSjlOPR1Z3alnPcy8T+vm6jg3EtpFCeKRHi2KEgYVBxmEcE+FQQrNtYEYUH1rRAPkUBY6SCLOgR7/uVF0qpV7Xq1fn1aalzkcRTAITgCZWCDM9AAV6AJHIDBA3gCL+DVeDSejTfjfda6ZOQzB+APjI9vDHWewA==</latexit>

U(1) ,! SU(2)



Abelianization

Clearly in QFT one can have at least non-Abelian 0-form symmetries

Bordisms are a generalized homology theory, in particular:
<latexit sha1_base64="8Lm12Ps586rDqElmBpwl+Un/wcE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURqS5LXejOCvYBTQyT6aQdOpOEmYkYQv0VNy4UceuHuPNvnLZZaOuBC4dz7uXee/yYUaks69sorKyurW8UN0tb2zu7e+b+QUdGicCkjSMWiZ6PJGE0JG1FFSO9WBDEfUa6/vhy6ncfiJA0Cu9UGhOXo2FIA4qR0pJnlp0bTobIG99nziOdwGrz6sQzK1bNmgEuEzsnFZCj5ZlfziDCCSehwgxJ2betWLkZEopiRiYlJ5EkRniMhqSvaYg4kW42O34Cj7UygEEkdIUKztTfExniUqbc150cqZFc9Kbif14/UcGFm9EwThQJ8XxRkDCoIjhNAg6oIFixVBOEBdW3QjxCAmGl8yrpEOzFl5dJ57Rm12v127NKo5nHUQSH4AhUgQ3OQQNcgxZoAwxS8AxewZvxZLwY78bHvLVg5DNl8AfG5w+LaJQQ</latexit>

⌦⇠
k(BG) are Abelian groups

have to go through
each other

[McNamara ’21], [Debray, MD, Heckman, Montero ’23], see also [Yonekura ’20]



Abelianization

Even before the addition of defects gravity has some work to do

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



Abelianization
[McNamara ’21], [Debray, MD, Heckman, Montero ’23], see also [Yonekura ’20]

Even before the addition of defects gravity has some work to do



Abelianization

Some topological operators break via gravitational solitons
<latexit sha1_base64="H6jSihPenuuyq5hGGeOKoQr5h9U=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICURqW6Eqou4rGAfkIQymU7aoZMHMxOhhGzd+CtuXCji1j9w5984abPQ1gMXDufcy733eDGjQhrGt1ZaWl5ZXSuvVzY2t7Z39N29jogSjkkbRyziPQ8JwmhI2pJKRnoxJyjwGOl645vc7z4QLmgU3stJTNwADUPqU4ykkvo6dAIkRzxIr7ysZh3DS+j4HOHUylLbOrHcrK9XjboxBVwkZkGqoECrr385gwgnAQklZkgI2zRi6aaIS4oZySpOIkiM8BgNia1oiAIi3HT6SQaPlDKAfsRVhRJO1d8TKQqEmASe6szvFvNeLv7n2Yn0L9yUhnEiSYhni/yEQRnBPBY4oJxgySaKIMypuhXiEVJJSBVeRYVgzr+8SDqndbNRb9ydVZvXRRxlcAAOQQ2Y4Bw0wS1ogTbA4BE8g1fwpj1pL9q79jFrLWnFzD74A+3zB9i7mSw=</latexit>

Ab(G) =
G

[G,G]

see also [Ruiz ’24], [Las Heras, Ruiz ’26]

Price to pay: topological complexity of spacetime
<latexit sha1_base64="tHVVQ5q1fTrxuD/TkL0a4+lFu5w=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBDiJeyKRC9C1IPeVDCJkI1hdrYTh8w+mOnVhGX/wou/4sWDIl715t84iTn4Kmgoqrrp7vJiKTTa9oc1MTk1PTObm8vPLywuLRdWVus6ShSHGo9kpC49pkGKEGooUMJlrIAFnoSG1zsa+o0bUFpE4QUOYmgFrBuKjuAMjdQulN1b4QMK6UPqngbQZdlV6vZF1nZo6fB4i+5TF6GP6YGXlY632oWiXbZHoH+JMyZFMsZZu/Du+hFPAgiRS6Z107FjbKVMoeASsrybaIgZ77EuNA0NWQC6lY7+yuimUXzaiZSpEOlI/T6RskDrQeCZzoDhtf7tDcX/vGaCnb1WKsI4QQj516JOIilGdBgS9YUCjnJgCONKmFspv2aKcTRR5k0Izu+X/5L6dtmplCvnO8Xq4TiOHFknG6REHLJLquSEnJEa4eSOPJAn8mzdW4/Wi/X61TphjWfWyA9Yb59ggZ7E</latexit>

e⌦⇠
1(BG) = Ab(G)

(codimension-two defect)
labeled by

Similar for non-trivial mixing [Chakrabhavi, Debray, MD, Heckman ’25]

<latexit sha1_base64="nJINPm6WlX3/GzR+ElOtaesGEYY=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZkeqy6kKXFewDOkPJpJk2NMkMSUaoQ/FX3LhQxK3/4c6/MdPOQlsPBA7n3Ms9OUHMqNKO820VlpZXVteK66WNza3tHXt3r6WiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2MLrO/PYDkYpG4l6PY+JzNBA0pBhpI/XsgwH0qIAeR3ooeXoZTCo3Jz277FSdKeAicXNSBjkaPfvL60c44URozJBSXdeJtZ8iqSlmZFLyEkVihEdoQLqGCsSJ8tNp+gk8NkofhpE0T2g4VX9vpIgrNeaBmcxSqnkvE//zuokOL/yUijjRRODZoTBhUEcwqwL2qSRYs7EhCEtqskI8RBJhbQormRLc+S8vktZp1a1Va3dn5fpVXkcRHIIjUAEuOAd1cAsaoAkweATP4BW8WU/Wi/VufcxGC1a+sw/+wPr8ATVFlHA=</latexit>

g 2 Ab(G)

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

[McNamara ’21], [Debray, MD, Heckman, Montero ’23], see also [Yonekura ’20]



Gravitational solitons can fail
Try to use the soliton <latexit sha1_base64="r+FYGsDVeRPAm6toWhyK00vIu44=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiRFqstSF7qzgn1AE8NkOmmHziRhZiKGUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZWVtfWNzYLW8Xtnd29ffPgsCOjRGDSxhGLRM9HkjAakraiipFeLAjiPiNdf3w59bsPREgahXcqjYnL0TCkAcVIackzS84NJ0Pk1e4z55FOYKV5deqZZatqzQCXiZ2TMsjR8swvZxDhhJNQYYak7NtWrNwMCUUxI5Oik0gSIzxGQ9LXNEScSDebHT+BJ1oZwCASukIFZ+rviQxxKVPu606O1EguelPxP6+fqODCzWgYJ4qEeL4oSBhUEZwmAQdUEKxYqgnCgupbIR4hgbDSeRV1CPbiy8ukU6va9Wr99qzcaOZxFMAROAYVYINz0ADXoAXaAIMUPINX8GY8GS/Gu/Exb10x8pkS+APj8wcykZPX</latexit>

⌦⇠
2(BG)

transition functions
<latexit sha1_base64="l/v5yRZ/yte6R6gS75F8PHDOMS4=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4kLIrUj0WPdRjBfsh26Vk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtHHdb2dldW19Y7OwVdze2d3bLx0ctnScKkKbJOax6oRYU84kbRpmOO0kimIRctoOR7dTv/1ElWaxfDDjhAYCDySLGMHGSo9dJpFfP68HvVLZrbgzoGXi5aQMORq90le3H5NUUGkIx1r7npuYIMPKMMLppNhNNU0wGeEB9S2VWFAdZLODJ+jUKn0UxcqWNGim/p7IsNB6LELbKbAZ6kVvKv7n+amJroOMySQ1VJL5oijlyMRo+j3qM0WJ4WNLMFHM3orIECtMjM2oaEPwFl9eJq2LiletVO8vy7WbPI4CHMMJnIEHV1CDO2hAEwgIeIZXeHOU8+K8Ox/z1hUnnzmCP3A+fwCZ9Y+k</latexit>

2 [G,G]



Gravitational solitons can fail
Try to use the soliton

action incompatible with
transition function

does not lead to well-defined background
can ‘resurrect’ codimension-two objects not seen in Abelianization

<latexit sha1_base64="r+FYGsDVeRPAm6toWhyK00vIu44=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiRFqstSF7qzgn1AE8NkOmmHziRhZiKGUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZWVtfWNzYLW8Xtnd29ffPgsCOjRGDSxhGLRM9HkjAakraiipFeLAjiPiNdf3w59bsPREgahXcqjYnL0TCkAcVIackzS84NJ0Pk1e4z55FOYKV5deqZZatqzQCXiZ2TMsjR8swvZxDhhJNQYYak7NtWrNwMCUUxI5Oik0gSIzxGQ9LXNEScSDebHT+BJ1oZwCASukIFZ+rviQxxKVPu606O1EguelPxP6+fqODCzWgYJ4qEeL4oSBhUEZwmAQdUEKxYqgnCgupbIR4hgbDSeRV1CPbiy8ukU6va9Wr99qzcaOZxFMAROAYVYINz0ADXoAXaAIMUPINX8GY8GS/Gu/Exb10x8pkS+APj8wcykZPX</latexit>

⌦⇠
2(BG)



Brane networks
Can be related to non-trivial brane configurations and networks

[MD, Ruiz ’26]

<latexit sha1_base64="wQHMnXADvjK1X/8xsJ/zhCNEbLA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUr0IRUE9VrEf0Iay2W7apZtN2N0INeSXePGgiFd/ijf/jds2B60+GHi8N8PMPD/mTGnH+bIKS8srq2vF9dLG5tZ22d7ZbakokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH19O/fYDlYpF4l5PYuqFeChYwAjWRurb5Wt0jnqBxCS9ytK7rG9XnKozA/pL3JxUIEejb3/2BhFJQio04VipruvE2kux1IxwmpV6iaIxJmM8pF1DBQ6p8tLZ4Rk6NMoABZE0JTSaqT8nUhwqNQl90xliPVKL3lT8z+smOjjzUibiRFNB5ouChCMdoWkKaMAkJZpPDMFEMnMrIiNsUtAmq5IJwV18+S9pHVfdWrV2e1KpX+RxFGEfDuAIXDiFOtxAA5pAIIEneIFX69F6tt6s93lrwcpn9uAXrI9vzCeSkA==</latexit>

G =
F

R

<latexit sha1_base64="o+JFUwY5xT9F/yLqZiFv0Zs6Vl8=">AAACGXicbVDLSgMxFM34rPU16tJNsAgVpMwUqYIIpULtshb7wJmhZNJMG5p5kGSEMvQ33Pgrblwo4lJX/o2ZtgttPRByOOde7r3HjRgV0jC+taXlldW19cxGdnNre2dX39tviTDmmDRxyELecZEgjAakKalkpBNxgnyXkbY7vE799gPhgobBnRxFxPFRP6AexUgqqasbtW4R5is3l7aP5MB1k/vxCbyCtscRThrQxiiCVvW06owTq5F+XT1nFIwJ4CIxZyQHZqh39U+7F+LYJ4HEDAlhmUYknQRxSTEj46wdCxIhPER9YikaIJ8IJ5lcNobHSulBL+TqBRJO1N8dCfKFGPmuqkz3F/NeKv7nWbH0LpyEBlEsSYCng7yYQRnCNCbYo5xgyUaKIMyp2hXiAVKhSBVmVoVgzp+8SFrFglkqlG7PcuXKLI4MOARHIA9McA7KoAbqoAkweATP4BW8aU/ai/aufUxLl7RZzwH4A+3rB42unjM=</latexit>

H2(BG;Z) = R \ [F, F ]

[R,F ]
discrete groups Hopf’s theorem

minimal genus of manifold carrying charge (bordism generator)

appears in bordism group
<latexit sha1_base64="4yQH7MKZrBKaNtWtd81GqZ2goLA=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiRFqstSF7qzgn1AE8NkOmmHziRhZiKGUH/FjQtF3Poh7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZWVtfWNzYLW8Xtnd29ffPgsCOjRGDSxhGLRM9HkjAakraiipFeLAjiPiNdf3w59bsPREgahXcqjYnL0TCkAcVIackzS84NJ0N0nzmPdOLVYKV5deqZZatqzQCXiZ2TMsjR8swvZxDhhJNQYYak7NtWrNwMCUUxI5Oik0gSIzxGQ9LXNEScSDebHT+BJ1oZwCASukIFZ+rviQxxKVPu606O1EguelPxP6+fqODCzWgYJ4qEeL4oSBhUEZwmAQdUEKxYqgnCgupbIR4hgbDSeRV1CPbiy8ukU6va9Wr99qzcaOZxFMAROAYVYINz0ADXoAXaAIMUPINX8GY8GS/Gu/Exb10x8pkS+APj8wc0UZPX</latexit>

⌦⇠
2(BG)



Group (Co)Homology
Group (co)homology is important part of bordism groups

<latexit sha1_base64="SvIB5xPU/VA2tIVbMh2G5ck8Ono="></latexit>

Hp

�
BG;⌦⇠

q(pt)
�
) ⌦⇠

p+q

�
BG

�

Atiyah-Hirzebruch spectral sequence

<latexit sha1_base64="DAxKFztydPhG8mG3TVqawcBkZSc="></latexit>

Z 0 Z 0 Z
0 0 0 0 0
Z2 0 Z2 0 Z2

Z2 0 Z2 0 Z2

Z 0 Z 0 Z

<latexit sha1_base64="4efro9651Yrg8LCLAIbO38biKyI=">AAACGHicbZC7SgNBFIZn4y3GW9TSZjAIsYm7ItEyxMZORaNCNobZyUkyZHZ2mTkrhmUfw8ZXsbFQxNbOt3FyKbz9MPDznXM4c/4glsKg6346uZnZufmF/GJhaXllda24vnFlokRzaPBIRvomYAakUNBAgRJuYg0sDCRcB4PjUf36DrQRkbrEYQytkPWU6ArO0KJ2cc8/DaHHblMf4R7Ti1ioLGsPqB+IXrlOJ7SRlb3dMdptF0tuxR2L/jXe1JTIVGft4offiXgSgkIumTFNz42xlTKNgkvICn5iIGZ8wHrQtFaxEEwrHR+W0R1LOrQbafsU0jH9PpGy0JhhGNjOkGHf/K6N4H+1ZoLdo1YqVJwgKD5Z1E0kxYiOUqIdoYGjHFrDuBb2r5T3mWYcbZYFG4L3++S/5mq/4lUr1fODUq0+jSNPtsg2KROPHJIaOSFnpEE4eSBP5IW8Oo/Os/PmvE9ac850ZpP8kPPxBeIAn6M=</latexit>

⌦Spin
k

�
BU(1)

�
can be affected by differentials

(p>2)

<latexit sha1_base64="IBltnIMM8GiuKq9rl0+XORzLke8=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLJbpHoRiiJ4rGA/oF1LNs22odlsTLJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvEBypo3rfjtLyyura+u5jfzm1vbObmFvv6HjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLye+M0nqjSLxb0ZSepHuC9YyAg2VurcPJS7qTx9HKNL1C0U3ZI7BVokXkaKkKHWLXx1ejFJIioM4VjrtudK46dYGUY4Hec7iaYSkyHu07alAkdU++n05jE6tkoPhbGyJQyaqr8nUhxpPYoC2xlhM9Dz3kT8z2snJrzwUyZkYqggs0VhwpGJ0SQA1GOKEsNHlmCimL0VkQFWmBgbU96G4M2/vEga5ZJXKVXuzorVqyyOHBzCEZyAB+dQhVuoQR0ISHiGV3hzEufFeXc+Zq1LTjZzAH/gfP4AgFSQsw==</latexit>

E2
p,q =

(imprint of geometrical/gravitational data)
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Let’s apply this strategy to	
supergravity theories



Maximal supergravity in ten dimensions
Type IIB supergravity:
• properties of spacetime (tangential structure)

• S-duality: a gauged discrete strong-weak coupling duality
<latexit sha1_base64="zpfmeeeKIccp5hv9owKC60cJbCQ="></latexit>

⌦Spin-Mp(2,Z)
d (pt)

<latexit sha1_base64="frBBJ2KSiM6AqLLhmzQgsKcWj1Y="></latexit>

⌦Spin-GL+(2,Z)
d (pt)

<latexit sha1_base64="mMdfwdwuxcYsc3yEO9UYj8sMrfA=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKUVdFtwIuqhoH9iEMplO2qGTBzM3YgkB8VfcuFDErZ/hzr9x0nahrQcuHM65l3vvcSPOJJjmt5ZbWFxaXsmvFtbWNza39O2dpgxjQWiDhDwUbRdLyllAG8CA03YkKPZdTlvu8DzzW/dUSBYGtzCKqOPjfsA8RjAoqavv2UAfILm5SkuVY9vHMHDd5C496upFs2yOYcwTa0qKaIp6V/+yeyGJfRoA4VjKjmVG4CRYACOcpgU7ljTCZIj7tKNogH0qnWT8QGocKqVneKFQFYAxVn9PJNiXcuS7qjM7Uc56mfif14nBO3MSFkQx0IBMFnkxNyA0sjSMHhOUAB8pgolg6laDDLDABFRmBRWCNfvyPGlWytZJuXpdLdYuHydx5NE+OkAlZKFTVEMXqI4aiKAUPaNX9KY9aS/au/Yxac1p0wh30R9onz9JCJam</latexit>

SL(2,Z)
<latexit sha1_base64="tsWBH+/Bin1S0L+5R1mSGo1ulys=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKUVdFlwo6KKCfWATymQ6aYdOHszciCUExF9x40IRt36GO//GSduFth64cDjnXu69x404k2Ca31puYXFpeSW/Wlhb39jc0rd3mjKMBaENEvJQtF0sKWcBbQADTtuRoNh3OW25w/PMb91TIVkY3MIooo6P+wHzGMGgpK6+ZwN9gOTiOi1Vjm0fw8B1k7v0qKsXzbI5hjFPrCkpoinqXf3L7oUk9mkAhGMpO5YZgZNgAYxwmhbsWNIIkyHu046iAfapdJLxA6lxqJSe4YVCVQDGWP09kWBfypHvqs7sRDnrZeJ/XicG78xJWBDFQAMyWeTF3IDQyNIwekxQAnykCCaCqVsNMsACE1CZFVQI1uzL86RZKVsn5epNtVi7epzEkUf76ACVkIVOUQ1dojpqIIJS9Ixe0Zv2pL1o79rHpDWnTSPcRX+gff4ANhiWmg==</latexit>

GL(2,Z)

<latexit sha1_base64="pzEJwOrRwlvqaV5N3vr/VUGU51E=">AAACAHicbVDLSgNBEJyNrxhfqx48eBkMQgQJuyGox4AXQYQI5oHZJcxOJsmQ2QczvWJYFsRf8eJBEa9+hjf/xtkkB40WNBRV3XR3eZHgCizry8gtLC4tr+RXC2vrG5tb5vZOU4WxpKxBQxHKtkcUEzxgDeAgWDuSjPieYC1vdJ75rTsmFQ+DGxhHzPXJIOB9TgloqWvuOcDuIbmK0lLl2PEJDD0vuU2PumbRKlsT4L/EnpEimqHeNT+dXkhjnwVABVGqY1sRuAmRwKlgacGJFYsIHZEB62gaEJ8pN5k8kOJDrfRwP5S6AsAT9edEQnylxr6nO7MT1byXif95nRj6Z27CgygGFtDpon4sMIQ4SwP3uGQUxFgTQiXXt2I6JJJQ0JkVdAj2/Mt/SbNStk/K1etqsXb5MI0jj/bRASohG52iGrpAddRAFKXoCb2gV+PReDbejPdpa86YRbiLfsH4+AZ4PJbE</latexit>

Mp(2,Z)
<latexit sha1_base64="f8xgzhqEe0QHbCqbQuUGeQbiwyo=">AAACAnicbVDLSsNAFJ34rPUVdSVugkWoKCUpRV0WXCjoooJ9YBPLZDpth04ezNyIJQRd+CtuXCji1q9w5984abvQ1gMXDufcy733uCFnEkzzW5uZnZtfWMwsZZdXVtfW9Y3NmgwiQWiVBDwQDRdLyplPq8CA00YoKPZcTutu/zT163dUSBb41zAIqePhrs86jGBQUkvftoHeQ3x2mdwe5IuHtoeh57rxTbLf0nNmwRzCmCbWmOTQGJWW/mW3AxJ51AfCsZRNywzBibEARjhNsnYkaYhJH3dpU1Efe1Q68fCFxNhTStvoBEKVD8ZQ/T0RY0/KgeeqzvREOeml4n9eM4LOiRMzP4yA+mS0qBNxAwIjzcNoM0EJ8IEimAimbjVIDwtMQKWWVSFYky9Pk1qxYB0VSlelXPnicRRHBu2gXZRHFjpGZXSOKqiKCHpAz+gVvWlP2ov2rn2MWme0cYRb6A+0zx9fX5c3</latexit>

GL+(2,Z) [Pantev, Sharpe ’16], [Tachikawa, Yonekura ’18] 

Spin/Pin lifts due to action on fermions

orientation reversal of worldsheet



Calculation using spectral sequences
Mainly Adams (at prime 2),

we have calculated
the bordism groups

(Also Atiyah Hirzebruch and homotopy 
equivalences to other spectra)



many potential
global symmetries

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

many potential
anomalies



monodromy

Lk
n = Sk /ℤn

Typically: • Non-Higgsable 
clusters

•              S-folds

• 7-branes

• Topologically twisted 
theories

[Morrison, Taylor ’12]

[Garcia-Etxebarria, Regalado ’15]

boundary of

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

<latexit sha1_base64="QLrpf6uqeuOL6ZAwUjeVpsKIOPc=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRqW6EohtXUsE+oA1lMp20QyeTMDMRauiXuHGhiFs/xZ1/46TNQlsPDBzOuZd75vgxZ0o7zrdVWFldW98obpa2tnd2y/befktFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vgm89uPVCoWiQc9iakX4qFgASNYG6lvl3sh1iOCeXo3RVforG9XnKozA1ombk4qkKPRt796g4gkIRWacKxU13Vi7aVYakY4nZZ6iaIxJmM8pF1DBQ6p8tJZ8Ck6NsoABZE0T2g0U39vpDhUahL6ZjKLqRa9TPzP6yY6uPRSJuJEU0Hmh4KEIx2hrAU0YJISzSeGYCKZyYrICEtMtOmqZEpwF7+8TFqnVbdWrd2fV+rXeR1FOIQjOAEXLqAOt9CAJhBI4Ble4c16sl6sd+tjPlqw8p0D+APr8wexCpJ4</latexit>

N = 3

F-theory

<latexit sha1_base64="7mRUhewH1/+Va1ICbcN69lF33XE=">AAACEXicbVC7TsMwFHXKq5RXgZHFokIqS0kqVBgrujAWqS/RpJXjOq2p40S2g1RF+QUWfoWFAYRY2dj4G5y2QtByJEvH596re+5xQ0alMs0vI7Oyura+kd3MbW3v7O7l9w9aMogEJk0csEB0XCQJo5w0FVWMdEJBkO8y0nbHtbTevidC0oA31CQkjo+GnHoUI6Wlfr5YbPTK0FbUJxLaPlIj141rSe/uFJ79/G+Tvm4tmCVzCrhMrDkpgDnq/fynPQhw5BOuMENSdi0zVE6MhKKYkSRnR5KECI/RkHQ15Ug7cOLpRQk80coAeoHQjys4VX9PxMiXcuK7ujP1KBdrqfhfrRsp79KJKQ8jRTieLfIiBlUA03jggAqCFZtogrCg2ivEIyQQVjrEnA7BWjx5mbTKJatSqtycF6pX8ziy4AgcgyKwwAWogmtQB02AwQN4Ai/g1Xg0no03433WmjHmM4fgD4yPb7hvnF4=</latexit>

(T 2 ⇥ Cj)/Zn



S1

g ∈ GL+(2,ℤ)

k = 1: 7-branes

taken care of by [p,q]-7-branes
(F-theory) see also [MD, Heckman ’20]

<latexit sha1_base64="ELsW8x97vNIHYqaYuXJASrVKQsM="></latexit>

⌦Spin-GL+(2,Z)
1 (pt) = Z2 � Z2



S1

g ∈ {Ω, (−1)FL}

k = 1: 7-branes

new ‘reflection’ 7-brane
hinted at in [Distler, Freed, Moore ’09]

Q
Q̃

≠

D3

D3

Breaks supersymmetry

Alice string for D3 branes

<latexit sha1_base64="ELsW8x97vNIHYqaYuXJASrVKQsM="></latexit>

⌦Spin-GL+(2,Z)
1 (pt) = Z2 � Z2



Maximal supergravity
U-duality in (11-k) dimensions (rather its bosonic version):

<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]



a LOT of
topological charges

What are the objects?



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 IIB in 10d)

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], …



Including fermions and reflections
[Chakrabhavi, Debray, MD, Heckman ’25]

But there is also a reflection:

M-theory makes sense on un-oriented spaces

need to include new reflection branes

<latexit sha1_base64="JTQCTKvWCArWG9cjLHvqfKt64+Y=">AAACDXicbVC7TsMwFHXKq5RXgZHFoiAxVUmFCmMFA4xFog/RVJHj3LZWnYdsB1RF+QEWfoWFAYRY2dn4G5w2A7QcydLROff63nvciDOpTPPbKCwtr6yuFddLG5tb2zvl3b22DGNBoUVDHoquSyRwFkBLMcWhGwkgvsuh444vM79zD0KyMLhVkwj6PhkGbMAoUVpyykf2A/NAMe5BcpU6LWwLxXyQ2PaJGrlucpc6NadcMavmFHiRWDmpoBxNp/xleyGNfQgU5UTKnmVGqp8Q/TflkJbsWEJE6JgMoadpQPTEfjK9JsXHWvHwIBT6BQpP1d8dCfGlnPiursx2lPNeJv7n9WI1OO8nLIhiBQGdDRrEHKsQZ9Fgjwmgik80IVQwvSumIyIIVTrAkg7Bmj95kbRrVaterd+cVhoXeRxFdIAO0Qmy0BlqoGvURC1E0SN6Rq/ozXgyXox342NWWjDynn30B8bnD8j0nAU=</latexit>

eGU o Z2

<latexit sha1_base64="g5Z4/L3SRi3ZJBbCtQ2thDvErmk="></latexit>

⌦Spin-( eGUoZ2)
1 (pt) = Z2

always survives



Heterotic supergravity 
Gauge degrees of freedom                                or

<latexit sha1_base64="Ejh46ZO/PMOffhmYTqy8HQ2aGXw=">AAACIHicbVDLSsNAFJ34rPUVdelmsAh1U5IibZdFEVxWsA9sQphMp+3QySTMTIQS8ilu/BU3LhTRnX6NkzaL2npg4HDOvXPvPX7EqFSW9W2srW9sbm0Xdoq7e/sHh+bRcUeGscCkjUMWip6PJGGUk7aiipFeJAgKfEa6/uQ687uPREga8ns1jYgboBGnQ4qR0pJn1stOgNRYBMlN6jWgo2hAJFzULqAjFlTfTx5Sr+qZJatizQBXiZ2TEsjR8swvZxDiOCBcYYak7NtWpNwE6b8xI2nRiSWJEJ6gEelrypGe6CazA1N4rpUBHIZCP67gTF3sSFAg5TTwdWW2o1z2MvE/rx+rYcNNKI9iRTieDxrGDKoQZmnBARUEKzbVBGFB9a4Qj5FAWOlMizoEe/nkVdKpVuxapXZ3WWpe5XEUwCk4A2VggzpoglvQAm2AwRN4AW/g3Xg2Xo0P43NeumbkPSfgD4yfX4jGozo=</latexit>

(E8 ⇥ E8)o Z2
<latexit sha1_base64="jQ2x6nBk2iZxmITm52c5TbEgAvw=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWom5pUqS6LblxWtA9sQ5hMp+3QmUmYmQglZOfGX3HjQhG3/oI7/8ZJmoVWD1w4nHMv997jh5RIZdtfRmFhcWl5pbhaWlvf2Nwyt3faMogEwi0U0EB0fSgxJRy3FFEUd0OBIfMp7viTy9Tv3GMhScBv1TTELoMjToYEQaUlz9zvM6jGgsU3IeFJ5aR2dJwpvh/fJV7NM8t21c5g/SVOTsogR9MzP/uDAEUMc4UolLLn2KFyYygUQRQnpX4kcQjRBI5wT1MOGZZunP2RWIdaGVjDQOjiysrUnxMxZFJOma870xvlvJeK/3m9SA3P3ZjwMFKYo9miYUQtFVhpKNaACIwUnWoCkSD6VguNoYBI6ehKOgRn/uW/pF2rOvVq/fq03LjI4yiCPXAAKsABZ6ABrkATtAACD+AJvIBX49F4Nt6M91lrwchndsEvGB/fPXSY6w==</latexit>

Spin(32)/Z2

Bianchi identity:
<latexit sha1_base64="oDw/gZSiJ1R1ASSfvJIgI2tm8b0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwY0mqVJdFN11WsA9oQphMJu3QmSTMTIQSsnbjr7hxoYhbv8Cdf+O0zUJbD1w4nHMv997jJ4xKZVnfRmlldW19o7xZ2dre2d0z9w+6Mk4FJh0cs1j0fSQJoxHpKKoY6SeCIO4z0vPHt1O/90CEpHF0ryYJcTkaRjSkGCkteeZxAFveBXQk5dBRoUA4s/OsnsPEs+E5xF7dM6tWzZoBLhO7IFVQoO2ZX04Q45STSGGGpBzYVqLcDAlFMSN5xUklSRAeoyEZaBohTqSbzV7J4alWAhjGQlek4Ez9PZEhLuWE+7qTIzWSi95U/M8bpCq8djMaJakiEZ4vClMGVQynucCACoIVm2iCsKD6VohHSOehdHoVHYK9+PIy6dZrdqPWuLusNm+KOMrgCJyAM2CDK9AELdAGHYDBI3gGr+DNeDJejHfjY95aMoqZQ/AHxucP6oWYgw==</latexit>

dH3 ⇠ 1
2p1 � c2

twisted String structure

e.g. see [Basile, Debray, Delgado, Montero ’23], [Debray ’23]

<latexit sha1_base64="smHnJ70OgZaaxYpYZJsY34G3hUM=">AAACD3icbVA9SwNBEN3zM8avqKXNYlBiYbgTUcughXZGNCaQxLC3mcQle3vH7pwYjvsHNv4VGwtFbG3t/DduPgq/Hgw83pthZp4fSWHQdT+dicmp6ZnZzFx2fmFxaTm3snplwlhzqPBQhrrmMwNSKKigQAm1SAMLfAlVv3c88Ku3oI0I1SX2I2gGrKtER3CGVmrlthpnAXTZddJAuMPkArVQ3Z30JG31aGGkRZhut3J5t+gOQf8Sb0zyZIxyK/fRaIc8DkAhl8yYuudG2EyYRsElpNlGbCBivMe6ULdUsQBMMxn+k9JNq7RpJ9S2FNKh+n0iYYEx/cC3nQHDG/PbG4j/efUYO4fNRKgoRlB8tKgTS4ohHYRD20IDR9m3hHEt7K2U3zDNONoIszYE7/fLf8nVbtHbL+6f7+VLR+M4MmSdbJAC8cgBKZFTUiYVwsk9eSTP5MV5cJ6cV+dt1DrhjGfWyA8471+dJZ0J</latexit>

⌦String-G
k (pt)

<latexit sha1_base64="Owx9xQQS8DnnUL29nNUzzHiQz80=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR2mVRBJcV7AOaECbTSTt0ZhJmJkIJ3brxV9y4UMStf+DOv3HSZmFbD1w4nHMv994TJowq7Tg/VmltfWNzq7xd2dnd2z+wD486Kk4lJm0cs1j2QqQIo4K0NdWM9BJJEA8Z6Ybjm9zvPhKpaCwe9CQhPkdDQSOKkTZSYEOPIz2SPLudBg3oacqJWtACu+rUnBngKnELUgUFWoH97Q1inHIiNGZIqb7rJNrPkNQUMzKteKkiCcJjNCR9QwUyG/1s9skUnhllAKNYmhIaztS/ExniSk14aDrzG9Wyl4v/ef1URw0/oyJJNRF4vihKGdQxzGOBAyoJ1mxiCMKSmlshHiGJsDbhVUwI7vLLq6RzUXPrtfr9ZbV5XcRRBifgFJwDF1yBJrgDLdAGGDyBF/AG3q1n69X6sD7nrSWrmDkGC7C+fgFh1Zom</latexit>

E8 ⇥ E8

lift to 
obstructed

<latexit sha1_base64="jiVKVCrq3NB39a7BfrCREYSKCyk=">AAAB+nicbVDLTgIxFL3jE/E16NJNIzHBDZlBgy6JblxilEcCE9IpBRo6nUnb0ZCRT3HjQmPc+iXu/Bs7MAsFT9Lk5Jx7c0+PH3GmtON8Wyura+sbm7mt/PbO7t6+XThoqjCWhDZIyEPZ9rGinAna0Exz2o4kxYHPacsfX6d+64FKxUJxrycR9QI8FGzACNZG6tmFboD1SAbJXcTEtHRWOe3ZRafszICWiZuRImSo9+yvbj8kcUCFJhwr1XGdSHsJlpoRTqf5bqxohMkYD2nHUIEDqrxkFn2KTozSR4NQmic0mqm/NxIcKDUJfDOZBlWLXir+53ViPbj0EiaiWFNB5ocGMUc6RGkPqM8kJZpPDMFEMpMVkRGWmGjTVt6U4C5+eZk0K2W3Wq7enhdrV1kdOTiCYyiBCxdQgxuoQwMIPMIzvMKb9WS9WO/Wx3x0xcp2DuEPrM8fju6TjQ==</latexit>

Spin(32)

7-brane 6-brane …



Heterotic string theory
[Kaidi, Ohmori, Tachikawa, Yonekura ’23], [Kaidi, Tachikawa, Yonekura ’24]

Have been found before from a worldsheet perspective

equivalence of left-moving current algebra

<latexit sha1_base64="u49CbpL92lYJ/KiRxPnvPobEl5s="></latexit>

G $ (H ⇥ SO(n))/(�1)
FL

running dilaton

remaining gauge 
degrees of freedom

<latexit sha1_base64="b1eQ5b5xDlfVAUBGo2GLuA9aEp8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKELjNc=</latexit>

H interesting relation to
non-SUSY heterotic



Properties of the defect
Hard to study because typically the core region is at strong coupling

use asymptotic region and robust properties

[WIP with Novicic, Ruiz]



Properties of the defect
Asymptotics dictated by a representative of deformation class

ambiguity

study anomaly inflow

properties of the symmetry-breaking defects

study probe branes

[WIP with Novicic, Ruiz]



Strings can end on R7-brane

(s
r)( s

−r)

( 0
2r) ( 0

2r)

F1-strings end on  braneΩ

D1-strings end on  brane(−1)FL

something, e.g., gauge fields,
should absorb charge

See also [Cvetic, MD, Lin, Zhang ’21, ’22]
for [p,q]-7-branes

[MD, Heckman, Montero, Torres ’22]



D3-branes can end on R7-brane

D3D3

2 × D3 2 × D3

D3-branes end because of
 transformationC4 → − C4

something should absorb charge

See also [Chakrabhavi, Debray, MD, Heckman ’25], [Heckman, McNamara, Parra-Martinez, Torres ’26]



3-form fields
D3-brane creates 3d worldvolume in R7-brane

flux on transverse S4

suggests  (odd under reflections)F4 = dC3

massless 3-form on R7-brane

(potentially interesting behavior under S-duality; 
interacting non-supersymmetric CFT in 8d???)

anomaly inflow doesn’t help

See also [Cavusoglu, Cvetic, Heckman, Kuntz, Murdia ’26], [Dibitetto, Petri (Gibson, Sterckx) ’26]



Alternatives?



No global symmetries
If no global symmetries they need to be:

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)

<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



Gauging

see also [Heidenreich, McNamara, Montero, Reece, Rudelius, Valenzuela ’20], [Blumenhagen, Cribiori ’21]

Coupling the conserved current to a gauge field imposes

Charge vanishes since       needs to be integrated over closed manifold
<latexit sha1_base64="XZKUIWU+3EXKvxQXywIXlyYATCo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF/FUwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWaveoQXJP+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn83PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7HcyEJozlBNLKNPC3krYiGrK0CZUsiF4yy+vktZF1atVaw+XlfpNHkcRTuAUzsGDK6jDHTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gBnFI75</latexit>

⇤J
(Gauss’s law)

<latexit sha1_base64="WX1MAYLRu6nQrWbGimImdRuL8OU=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0EvwFME8ILuE2dnZZMjsg5leIYT8hhcPinj1Z7z5N06SPWhiQUNR1U13l59KodG2v63C2vrG5lZxu7Szu7d/UD48auskU4y3WCIT1fWp5lLEvIUCJe+mitPIl7zjj+5mfueJKy2S+BHHKfciOohFKBhFI7ku1UjuyQ0JSKNfrthVew6ySpycVCBHs1/+coOEZRGPkUmqdc+xU/QmVKFgkk9LbqZ5StmIDnjP0JhGXHuT+c1TcmaUgISJMhUjmau/JyY00noc+aYzojjUy95M/M/rZRheexMRpxnymC0WhZkkmJBZACQQijOUY0MoU8LcStiQKsrQxFQyITjLL6+S9kXVqVVrD5eV+m0eRxFO4BTOwYErqEMDmtACBik8wyu8WZn1Yr1bH4vWgpXPHMMfWJ8/7zyQVA==</latexit>

⇤J = dH

Trivialize obstruction          only allowed sector has
<latexit sha1_base64="gxqcvoEv2mBuSLyx/2hq6NCg+w8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjC9YW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48etRxqhi2WCxi1QmoRsEltgw3AjuJQhoFAtvB+G7mt59QaR7LBzNJ0I/oUPKQM2qs1GqSG+L2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5sdOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmn5MBV8iMmFhCmeL2VsJGVFFmbD4lG4K3/PIqebyoerVqrXlZqd/mcRThBE7hHDy4gjrcQwNawIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AUrbjbU=</latexit>

Q = 0
<latexit sha1_base64="Hkj5ITrd9m7r7ZkEdzsRRmkfmGQ=">AAACB3icbVBNS8NAEJ34WetX1KMgi0XwVJIi1WNREI8V7Ac0pWy2m3bpZhN3N0IJuXnxr3jxoIhX/4I3/43bNgdtfTDweG+GmXl+zJnSjvNtLS2vrK6tFzaKm1vbO7v23n5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauK3HqhULBJ3ehzTbogHggWMYG2knn3kBRKT1M3SCvJiliEvYkKja+QJeo+cnl1yys4UaJG4OSlBjnrP/vL6EUlCKjThWKmO68S6m2KpGeE0K3qJojEmIzygHUMFDqnqptM/MnRilD4KImnKHDFVf0+kOFRqHPqmM8R6qOa9ifif10l0cNFNmYgTTQWZLQoSjnSEJqGgPpOUaD42BBPJzK2IDLEJRpvoiiYEd/7lRdKslN1quXp7Vqpd5nEU4BCO4RRcOIca3EAdGkDgEZ7hFd6sJ+vFerc+Zq1LVj5zAH9gff4AGLSYLg==</latexit>

1

2⇡

I
F 6= 0

<latexit sha1_base64="PvLBE4U3ftxOewLtUi7rfH6eh2A=">AAACBHicbVBNS8NAEJ34WetX1GMvi0XwVJIi1YtQFMRjBfsBTSmb7aZdutmE3Y1QQg5e/CtePCji1R/hzX/jts1BWx8MPN6bYWaeH3OmtON8Wyura+sbm4Wt4vbO7t6+fXDYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vp767QcqFYvEvZ7EtBfioWABI1gbqW+XvEBikrpZWkVezDLkRUxodIMukdO3y07FmQEtEzcnZcjR6Ntf3iAiSUiFJhwr1XWdWPdSLDUjnGZFL1E0xmSMh7RrqMAhVb109kSGTowyQEEkTZkLZurviRSHSk1C33SGWI/UojcV//O6iQ4ueikTcaKpIPNFQcKRjtA0ETRgkhLNJ4ZgIpm5FZERNqlok1vRhOAuvrxMWtWKW6vU7s7K9as8jgKU4BhOwYVzqMMtNKAJBB7hGV7hzXqyXqx362PeumLlM0fwB9bnD3Chlq0=</latexit>

1

2⇡

I
F = 0

similar for 
<latexit sha1_base64="vp38vOZJTBRXxsd99+e27UmvC9M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxGMA9I1jA7mSRDZmfXmV4hLPkJLx4U8ervePNvnCR70MSChqKqm+6uIJbCoOt+O7mV1bX1jfxmYWt7Z3evuH/QMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMrqd+84lrIyJ1j+OY+yEdKNEXjKKVWh2hkNw8qG6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezeyfkxCo90o+0Lbt/pv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenzpCc0ZyjHllCmhb2VsCHVlKGNqGBD8BZfXiaNs7JXKVfuzkvVqyyOPBzBMZyCBxdQhVuoQR0YSHiGV3hzHp0X5935mLfmnGzmEP7A+fwBkbqPrg==</latexit>Z

Fn



Modification of classifying space
<latexit sha1_base64="sb5nVUuwSMG1P/VMO6JfdUBrUGY=">AAAB9XicbVBNT8JAFHzFL8Qv1KOXjcQEL6Q1Bj0SvHjExAIJVLJdtrBhu212txrS8D+8eNAYr/4Xb/4bt9CDgpNsMpl5L292/JgzpW372yqsrW9sbhW3Szu7e/sH5cOjtooSSahLIh7Jro8V5UxQVzPNaTeWFIc+px1/cpP5nUcqFYvEvZ7G1AvxSLCAEayN9NDsh1iPZZi6Ved8NihX7Jo9B1olTk4qkKM1KH/1hxFJQio04VipnmPH2kux1IxwOiv1E0VjTCZ4RHuGChxS5aXz1DN0ZpQhCiJpntBorv7eSHGo1DT0zWQWUi17mfif10t0cO2lTMSJpoIsDgUJRzpCWQVoyCQlmk8NwUQykxWRMZaYaFNUyZTgLH95lbQvak69Vr+7rDSaeR1FOIFTqIIDV9CAW2iBCwQkPMMrvFlP1ov1bn0sRgtWvnMMf2B9/gC7W5IH</latexit>

BU(1)

<latexit sha1_base64="mPRS8oqs1MtCkTrnRwAs1qMhR5o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqdPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDuUuM5w==</latexit>

X

<latexit sha1_base64="+qqeNhg7gs2baKY/L31S1IZaCLI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqhP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBzoOM9Q==</latexit>

f

<latexit sha1_base64="v6xj/JJiL0Awf0au9+omAX/20SE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALrPjOg=</latexit>

Y
<latexit sha1_base64="LN/IUMhRUIYtffon8f17KWClfJg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUCbbTbt2sxt2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVhDaJ5FJ1QtSUM0GbhhlOO4miGIectsPx7cxvP1GlmRQPZpLQIMahYBEjaKzU6iFPRtgvV7yqN4e7SvycVCBHo1/+6g0kSWMqDOGoddf3EhNkqAwjnE5LvVTTBMkYh7RrqcCY6iCbXzt1z6wycCOpbAnjztXfExnGWk/i0HbGaEZ62ZuJ/3nd1ETXQcZEkhoqyGJRlHLXSHf2ujtgihLDJ5YgUcze6pIRKiTGBlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJBB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AI8TjyM=</latexit>↵

<latexit sha1_base64="piA13sINzKnJtVnrGZeqrtG2yP4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqNPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDrq+M4A==</latexit>

Q

There is a space        , the homotopy fiber, implementing constraint
<latexit sha1_base64="piA13sINzKnJtVnrGZeqrtG2yP4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqNPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDrq+M4A==</latexit>

Q

[Saito, Tachikawa ’24], [MD, Minasian, Novicic ‘26]

new modified classifying space

Itself a fibration:
<latexit sha1_base64="sb5nVUuwSMG1P/VMO6JfdUBrUGY=">AAAB9XicbVBNT8JAFHzFL8Qv1KOXjcQEL6Q1Bj0SvHjExAIJVLJdtrBhu212txrS8D+8eNAYr/4Xb/4bt9CDgpNsMpl5L292/JgzpW372yqsrW9sbhW3Szu7e/sH5cOjtooSSahLIh7Jro8V5UxQVzPNaTeWFIc+px1/cpP5nUcqFYvEvZ7G1AvxSLCAEayN9NDsh1iPZZi6Ved8NihX7Jo9B1olTk4qkKM1KH/1hxFJQio04VipnmPH2kux1IxwOiv1E0VjTCZ4RHuGChxS5aXz1DN0ZpQhCiJpntBorv7eSHGo1DT0zWQWUi17mfif10t0cO2lTMSJpoIsDgUJRzpCWQVoyCQlmk8NwUQykxWRMZaYaFNUyZTgLH95lbQvak69Vr+7rDSaeR1FOIFTqIIDV9CAW2iBCwQkPMMrvFlP1ov1bn0sRgtWvnMMf2B9/gC7W5IH</latexit>

BU(1)
<latexit sha1_base64="piA13sINzKnJtVnrGZeqrtG2yP4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqNPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDrq+M4A==</latexit>

Q
<latexit sha1_base64="Y65v58XQBgU/KjcIBWfE78aCKS8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL96MYB6SLGF20kmGzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj66nffEKleSTvzThGP6QDyfucUWOlVuc2xAElD91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZvRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6ln3IZJwYlmy/qJ4KYiEyfJz2ukBkxtoQyxe2thA2poszYiAo2BG/x5WXSOCt7lXLl7rxUvcriyMMRHMMpeHABVbiBGtSBgYBneIU359F5cd6dj3lrzslmDuEPnM8faL6Pkw==</latexit>

⌦Y
<latexit sha1_base64="P8fxyxprlJJ97HAZYxVizxCeaA0=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL0IKWGZHqRqi6EVxYwV6gHUomzbShSWZIMkIZ6sZXceNCEbe+hTvfxrSdhbb+EPj4zzmcnN+PGFXacb6tufmFxaXlzEp2dW19Y9Pe2q6pMJaYVHHIQtnwkSKMClLVVDPSiCRB3Gek7vevRvX6A5GKhuJeDyLicdQVNKAYaWO17d3WLSddBG/yF4e8AM8ncOQW2nbOKTpjwVlwU8iBVJW2/dXqhDjmRGjMkFJN14m0lyCpKWZkmG3FikQI91GXNA0KxInykvEFQ3hgnA4MQmme0HDs/p5IEFdqwH3TyZHuqenayPyv1ox1cOYlVESxJgJPFgUxgzqEozhgh0qCNRsYQFhS81eIe0girE1oWROCO33yLNSOi26pWLo7yZUv0zgyYA/sgzxwwSkog2tQAVWAwSN4Bq/gzXqyXqx362PSOmelMzvgj6zPH6n0k9I=</latexit>

⌦K(A,m) = K(A,m� 1) <latexit sha1_base64="6jS4Hdo+ToxOZDHs1Em65uawTrY=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2ARXJUZkeqy6MZlvfSCnbFk0kwbmkmGJKOUoc/hxldx40IRd+LGtzHTVrCtPwR+vnMOOecPYkaVdpxvK7ewuLS8kl8trK1vbG7Z2zt1JRKJSQ0LJmQzQIowyklNU81IM5YERQEjjaB/ntUb90QqKviNHsTEj1CX05BipA1q264XId0LgvR2CD1Juz2NpBQP8BdfTePrO7dtF52SMxKcN+7EFMFE1bb96XUETiLCNWZIqZbrxNpPkdQUMzIseIkiMcJ91CUtYzmKiPLT0WlDeGBIB4ZCmsc1HNG/EymKlBpEgenMNlaztQz+V2slOjz1U8rjRBOOxx+FCYNawCwn2KGSYM0GxiAsqdkV4h6SCGuTZsGE4M6ePG/qRyW3XCpfHhcrZ5M48mAP7IND4IITUAEXoApqAINH8AxewZv1ZL1Y79bHuDVnTWZ2wZSsrx8I7aF8</latexit>

Z ! R ! S1trivialization of element in
<latexit sha1_base64="LZ8xFBH+M/Wk1fNAGGtUwhu7D2M=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEjtUiUIFSSWqiwdi0TaijZUjuu0Vh0nsh2kKurKwq+wMIAQK3/Axt/gpBmg5UiWjs+5V/fe40WMSmVZ38bK6tr6xmZhq7i9s7u3bx4ctmUYC0wcHLJQdD0kCaOcOIoqRrqRICjwGOl4k+vU7zwQIWnIb9U0Im6ARpz6FCOlpYEJm/cclhv9AKmxCBJnVrYrVzD7el5yN6sMzJJVtTLAZWLnpARytAbmV38Y4jggXGGGpOzZVqTcBAlFMSOzYj+WJEJ4gkakpylHAZFukl0yg6daGUI/FPpxBTP1d0eCAimngacr0xXlopeK/3m9WPmXbkJ5FCvC8XyQHzOoQpjGAodUEKzYVBOEBdW7QjxGAmGlwyvqEOzFk5dJ+6xq16q1m/NSvZHHUQDH4ASUgQ0uQB00QQs4AINH8AxewZvxZLwY78bHvHTFyHuOwB8Ynz9mhpjo</latexit>

H
n(BU(1);Z)



New obstructions
Also as input of the bordism computation (gravitational charges)

Example:

modifications generally persist

other global symmetries; might not solve the problem

<latexit sha1_base64="fKEZIRCNtkxbGdSmC4lPlwl8CxY=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIVC9CUSg9VrAf0Iay2UzapZtN2N1YSu1P8eJBEa/+Em/+G7dtDlp9MPB4b4aZeX7CmdKO82Xl1tY3Nrfy24Wd3b39A7t42FJxKik0acxj2fGJAs4ENDXTHDqJBBL5HNr+6Hbutx9AKhaLez1JwIvIQLCQUaKN1LeLQR1fY4FruDeGYAC41rdLTtlZAP8lbkZKKEOjb3/2gpimEQhNOVGq6zqJ9qZEakY5zAq9VEFC6IgMoGuoIBEob7o4fYZPjRLgMJamhMYL9efElERKTSLfdEZED9WqNxf/87qpDq+8KRNJqkHQ5aIw5VjHeJ4DDpgEqvnEEEIlM7diOiSSUG3SKpgQ3NWX/5LWedmtlCt3F6XqTRZHHh2jE3SGXHSJqqiOGqiJKBqjJ/SCXq1H69l6s96XrTkrmzlCv2B9fAOVB5JL</latexit>

dH = nF ^ F

[MD, Minasian, Novicic ‘26]



Gauging and the Whitehead tower
In gravity the topological charges come from the tangent bundle

iterative trivialization or gauging leads to interesting sequence

<latexit sha1_base64="mPRS8oqs1MtCkTrnRwAs1qMhR5o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqdPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDuUuM5w==</latexit>

X
<latexit sha1_base64="ydCoTBQyGRzaZaZN/JdPXMzLYzs=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj2WevFmBWsL3aVk02wbmmSXJCuUpX/DiwdFvPpnvPlvzLZ70NaBwDDzHm8yYcKZNq777ZTW1jc2t8rblZ3dvf2D6uHRo45TRWiHxDxWvRBrypmkHcMMp71EUSxCTrvh5Cb3u09UaRbLBzNNaCDwSLKIEWys5LeQL7AZK5HdzQbVmlt350CrxCtIDQq0B9UvfxiTVFBpCMda9z03MUGGlWGE01nFTzVNMJngEe1bKrGgOsjmmWfozCpDFMXKPmnQXP29kWGh9VSEdjJPqJe9XPzP66cmug4yJpPUUEkWh6KUIxOjvAA0ZIoSw6eWYKKYzYrIGCtMjK2pYkvwlr+8Sh4v6l6j3ri/rDVbRR1lOIFTOAcPrqAJt9CGDhBI4Ble4c1JnRfn3flYjJacYucY/sD5/AHISpGL</latexit>

BO

<latexit sha1_base64="6ko97LI+/tJOFcnt5S2ws7JnMgM=">AAAB9HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMQZcEN+7EKI8EJqRTCjS0nbHtkJAJ3+HGhca49WPc+Td2YBYKnqTJyTn35p6eIOJMG9f9dnJr6xubW/ntws7u3v5B8fCoqcNYEdogIQ9VO8CaciZpwzDDaTtSFIuA01Ywvkn91oQqzUL5aKYR9QUeSjZgBBsr+TXUFdiMlEge7ma9Ysktu3OgVeJlpAQZ6r3iV7cfklhQaQjHWnc8NzJ+gpVhhNNZoRtrGmEyxkPasVRiQbWfzEPP0JlV+mgQKvukQXP190aChdZTEdjJNKJe9lLxP68Tm8G1nzAZxYZKsjg0iDkyIUobQH2mKDF8agkmitmsiIywwsTYngq2BG/5y6ukeVH2KuXK/WWpWsvqyMMJnMI5eHAFVbiFOjSAwBM8wyu8ORPnxXl3PhajOSfbOYY/cD5/AG+Hkeg=</latexit>

BSO

<latexit sha1_base64="/dWtUfsZjzcAKE/EUDzyZwL3DUA=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRqS5L3bisaB/QDiWTpm1okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnjDnTxvO+nbX1jc2t7cJOcXdv/6DkHh61dJQoQpsk4pHqhFhTziRtGmY47cSKYhFy2g4nN5nffqRKs0g+mGlMA4FHkg0ZwcZKfbdURz2BzViJ9D5mctZ3y17FmwOtEj8nZcjR6LtfvUFEEkGlIRxr3fW92AQpVoYRTmfFXqJpjMkEj2jXUokF1UE6Dz5DZ1YZoGGk7JMGzdXfGykWWk9FaCezkHrZy8T/vG5ihtdBymScGCrJ4tAw4chEKGsBDZiixPCpJZgoZrMiMsYKE2O7KtoS/OUvr5LWRcWvVqp3l+VaPa+jACdwCufgwxXU4BYa0AQCCTzDK7w5T86L8+58LEbXnHznGP7A+fwBs5+TJQ==</latexit>

BSpin

<latexit sha1_base64="BQg94tFtCpTSk5nKoFYRJ9xbmJA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEqstSNy4r2ge0oUymk3boZBJmJkqJ/RQ3LhRx65e482+ctFlo64GBwzn3cs8cP+ZMacf5tgpr6xubW8Xt0s7u3v6BXT5sqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacefXGd+54FKxSJxr6cx9UI8EixgBGsjDexyA/VDrMcyTO+0ZGI0G9gVp+rMgVaJm5MK5GgO7K/+MCJJSIUmHCvVc51YeymWmhFOZ6V+omiMyQSPaM9QgUOqvHQefYZOjTJEQSTNExrN1d8bKQ6Vmoa+mcxiqmUvE//zeokOrryUiTjRVJDFoSDhSEco6wENmaRE86khmEhmsiIyxhITbdoqmRLc5S+vkvZ51a1Va7cXlXojr6MIx3ACZ+DCJdThBprQAgKP8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QNZFZQW</latexit>

BString

<latexit sha1_base64="3oyodt1Rgy/CWAl7xBSe4c0ESkM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SIUvXisYD+gDWWz3bRLN5uwO1FK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W49cGxGrBxwn3I/oQIlQMIpWaj31PHJN3F6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezcyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2d9IXmDOXYEsq0sLcSNqSaMrQJFW0I3uLLy6R5XvGqler9Rbl2k8dRgGM4gTPw4BJqcAd1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8ArMGOfw==</latexit>

w1 = 0

<latexit sha1_base64="lolsOro+aZdIt55eyBOmUS3WdNo=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiV6EoBePEcwDkiXMTnqTIbOzy8ysEkI+wosHRbz6Pd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW4+oNI/lgxkn6Ed0IHnIGTVWaj31KuSauL1iyS27c5BV4mWkBBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/m507JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasIrf8JlkhqUbLEoTAUxMZn9TvpcITNibAllittbCRtSRZmxCRVsCN7yy6ukWSl71XL1/qJUu8niyMMJnMI5eHAJNbiDOjSAwQie4RXenMR5cd6dj0VrzslmjuEPnM8frkmOgA==</latexit>

w2 = 0

<latexit sha1_base64="S/uzKKdZKDuEkjB8U98CCsa01NM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpUt0IRTcuK9gHtKFMppN26GQSZiZCDcFfceNCEbf+hzv/xmmbhbYeuHA4517uvcePOVPacb6twsrq2vpGcbO0tb2zu2fvH7RUlEhCmyTikez4WFHOBG1qpjntxJLi0Oe07Y9vpn77gUrFInGvJzH1QjwULGAEayP17aOeDiQmqZul1QzFfRddIadvl52KMwNaJm5OypCj0be/eoOIJCEVmnCsVNd1Yu2lWGpGOM1KvUTRGJMxHtKuoQKHVHnp7PoMnRplgIJImhIazdTfEykOlZqEvukMsR6pRW8q/ud1Ex1ceikTcaKpIPNFQcKRjtA0CjRgkhLNJ4ZgIpm5FZERNmloE1jJhOAuvrxMWtWKW6vU7s7L9es8jiIcwwmcgQsXUIdbaEATCDzCM7zCm/VkvVjv1se8tWDlM4fwB9bnD57mlAo=</latexit>

1
2p1 = 0

(orientation)

(Spin structure)

(String structure)



Summary
Surprises everywhere!

Generalized
symmetries Gravity

Symmetry-breaking
objects

Much to explore!



Omission

Bordism groups also important for gauging       anomalies
<latexit sha1_base64="z9Yt/19BbV9neqmnh0Oy0NZhmkI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURqW6EqhuXFewD01gmk0k7dDIJMxOhhODGX3HjQhG3foU7/8ZJm4W2Hhg4nHMPd+7xYkalsqxvo7SwuLS8Ul6trK1vbG6Z2zttGSUCkxaOWCS6HpKEUU5aiipGurEgKPQY6Xijq9zvPBAhacRv1TgmbogGnAYUI6Wlvrl3B52L+7THdMRHmQvT8wzmmts3q1bNmgDOE7sgVVCg2Te/en6Ek5BwhRmS0rGtWLkpEopiRrJKL5EkRniEBsTRlKOQSDednJDBQ634MIiEflzBifo7kaJQynHo6ckQqaGc9XLxP89JVHDmppTHiSIcTxcFCYMqgnkf0KeCYMXGmiAsqP4rxEMkEFa6tYouwZ49eZ60j2t2vVa/Oak2Los6ymAfHIAjYINT0ADXoAlaAINH8AxewZvxZLwY78bHdLRkFJld8AfG5w9UCZYe</latexit>

Z[A�]=Z[A]

<latexit sha1_base64="WqtwGXiGMb8w6U5prp7V6OIwiyQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyxCBSmJSHVZdeOygn1gG8tkMm2HTiZh5kYoIbjxV9y4UMStX+HOv3HaZqGtBwYO59zDnXu8iDMFtv1t5BYWl5ZX8quFtfWNzS1ze6ehwlgSWichD2XLw4pyJmgdGHDaiiTFgcdp0xtejf3mA5WKheIWRhF1A9wXrMcIBi11zb270sV90uE64eP0uK85DCjg9KhrFu2yPYE1T5yMFFGGWtf86vghiQMqgHCsVNuxI3ATLIERTtNCJ1Y0wmSI+7StqcABVW4yOSG1DrXiW71Q6ifAmqi/EwkOlBoFnp4MMAzUrDcW//PaMfTO3YSJKAYqyHRRL+YWhNa4D8tnkhLgI00wkUz/1SIDLDEB3VpBl+DMnjxPGidlp1Ku3JwWq5dZHXm0jw5QCTnoDFXRNaqhOiLoET2jV/RmPBkvxrvxMR3NGVlmF/2B8fkDvvOXCg==</latexit>

Z(A�, g✓)
<latexit sha1_base64="Ued7rQw6eJ63epG8XaaPuBQ4xXA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdkeqx6sVjBfuB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPpg4PHeDDPzgpgzbVz3y8ktLa+sruXXCxubW9s7xd29ppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywup76rUeqNJPizoxj6kd4IFjICDZWat6XL08Gx71iya24M6C/xMtICTLUe8XPbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCjqzSR6FUtoRBM/XnRIojrcdRYDsjbIZ60ZuK/3mdxIQXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl/+S5mnFq1aqt2el2lUWRx4O4BDK4ME51OAG6tAAAg/wBC/w6kjn2Xlz3uetOSeb2YdfcD6+ATUAjkA=</latexit>

Z(A, g)

?

Further classify topological terms, i.e., -anglesθ

[Dai, Freed ’94], [Witten ’15], [Freed, Hopkins ’16], [Yonekura ’16], [Yamashita, Yonekura ’21],
see also [Montero, Garcia-Etxebarria ’18]



Outlook: Across phase transitions
UV

IR

<latexit sha1_base64="8DsWlPjpfee24a6GpeHlh2caBls=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BD3pMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5+HjNY=</latexit>

G

<latexit sha1_base64="GpxxTGmsV5dv+NmFC0wccSq5wVE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiB3usYG0hDWWznbRLN9mwOxFK6c/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo1GZ5tDiSirdCZkBKRJooUAJnVQDi0MJ7XB0O/PbT6CNUMkDjlMIYjZIRCQ4Qyv5Ddo1WWgA6V2vXHGr7hx0lXg5qZAczV75q9tXPIshQS6ZMb7nphhMmEbBJUxL3cxAyviIDcC3NGExmGAyP3lKz6zSp5HSthKkc/X3xITFxozj0HbGDIdm2ZuJ/3l+htF1MBFJmiEkfLEoyiRFRWf/077QwFGOLWFcC3sr5UOmGUebUsmG4C2/vEoeL6perVq7v6zUb/I4iuSEnJJz4pErUicN0iQtwokiz+SVvDnovDjvzseiteDkM8fkD5zPH2i6kLQ=</latexit>

H ⇢ G

If symmetry is anomalous: must be matched
[’t Hooft ’80]

Anomaly of

Anomaly of

<latexit sha1_base64="8DsWlPjpfee24a6GpeHlh2caBls=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BD3pMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5+HjNY=</latexit>

G

<latexit sha1_base64="b1eQ5b5xDlfVAUBGo2GLuA9aEp8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKELjNc=</latexit>

H +  topological terms
<latexit sha1_base64="9T9hZ9XDP9gLY00Aht5xv4hWx4U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KRI9BD+YY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm5nfekSleSwfzDhBP6IDyUPOqLHS/e1ZrVcsuWV3DvKXeBkpQYZ6r/jZ7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyYpU+CWNlSxoyV39OTGik9TgKbGdEzVAvezPxP6+TmvDKn3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88l/SPC97lXLl7qJUvc7iyMMRHMMpeHAJVahBHRrAYABP8AKvjnCenTfnfdGac7KZQ/gF5+MbnnmNYQ==</latexit>

G/H

for Goldstone modes
can enforce mixing

[Davighi, MD: WIP]

<latexit sha1_base64="/DJR2yUnNf0/21lj9q9nq315Nn4="></latexit>

... ! (IZ⌦
⇠)D+1(G/H) ! (IZ⌦

⇠)D+2(BG) ! (IZ⌦
⇠)D+2(BH) ! ...



Outlook: If I was a string

• Strings see less:                           (problem with RR fluxes)

• Strings see more:                         (no smooth spacetime needed)   

Explore defects and exotic background with string worldsheet:
<latexit sha1_base64="JvQR3d3wnytms9r3eFm+YEjoS3A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVF0MYygvmA5Ah7m71kyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjO9mfvuJayNi9YiThPsRHSoRCkbRSu1h35Ab4vXLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWti6pXq9YeLiv12zyOIpzAKZyDB1dQh3toQBMYjOEZXuHNSZwX5935WLQWnHzmGP7A+fwB+S+OsQ==</latexit>

gs < 1

<latexit sha1_base64="lD91CjNud/CjMG5QjIz9eRWfS5E=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzJTpLosCuKyxb6gHYZMmmlDk8yQZIQ69EvcuFDErZ/izr8x085CWw8EDufcyz05Qcyo0o7zbRU2Nre2d4q7pb39g8OyfXTcVVEiMengiEWyHyBFGBWko6lmpB9LgnjASC+Y3mZ+75FIRSPR1rOYeByNBQ0pRtpIvl0ecqQnkqcPrbv23K/5dsWpOgvAdeLmpAJyNH37aziKcMKJ0JghpQauE2svRVJTzMi8NEwUiRGeojEZGCoQJ8pLF8Hn8NwoIxhG0jyh4UL9vZEirtSMB2Yyi6lWvUz8zxskOrz2UiriRBOBl4fChEEdwawFOKKSYM1mhiAsqckK8QRJhLXpqmRKcFe/vE66tapbr9Zbl5XGTV5HEZyCM3ABXHAFGuAeNEEHYJCAZ/AK3qwn68V6tz6WowUr3zkBf2B9/gB0B5L4</latexit>

SQFT2

Deformations of supersymmetric QFT in 2d: topological
modular forms

See e.g. work by Gaiotto, Johnson-Freyd, Kaidi, Lin, Tachikawa, Tominaga, Yamashita, Yonekura, Zhang, …


