
Discrete and higher-form symmetries 
from wrapped M5-branes 

Federico Bonetti 

based on work with I. Bah, R. Minasian 2007.15003 
 Roma Tor Vergata – April 19, 2021 

Mathematical Institute, University of Oxford 



Introduction 

2 

•  The landscape of QFTs is vast and uncharted 

•  Geometric engineering in string/M-/F-theory: 

•  Explore the space of QFTs to understand better strong-coupling regimes 
•  New formulation of QFT? 

•  Vast classes of strongly coupled fixed points in various dimensions 
•  Includes higher-dimensional SCFTs (5d and 6d) that would be very 

challenging to study with traditional field theory techniques 
•  Compactification of higher-dimensional SCFTs yields large families of 4d 

SCFTs that are strongly coupled (no known Lagrangian) 
•  Topology and geometry give a new organizing principle 

•  Example: class S program and generalizations 

•  4d SCFTs from 6d SCFTs on punctured Riemann surface 
•  Many setups in this class are realized with wrapped M5-branes 
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•  How can we extract physical data of geometrically engineered QFTs directly 
from their geometric definition? 

•  A great deal of information about the dynamics is encoded in global 
symmetries and their ‘t Hooft anomalies 

•  Useful viewpoint on QFTs in geometric engineering for all global symmetries 

Regard QFTs in geometric engineering as “edge modes” in supergravity 

•  The concept of global symmetry in QFT has been recently revisited: 
•  generalized global symmetries 
•  new implications for the dynamics (e.g. new ‘t Hooft anomalies to match) 

[Gaiotto, Kapustin, Seiberg, Willett 14]  

[Gaiotto, Kapustin, Komargodski, Seiberg, 17]  
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•  The QFT is realized by degrees of freedom localized on a “defect” inside a larger 
ambient space in 10d or 11d 

•  The “defect” can be a stack of branes or a singularity in the geometry 
•  At low energies, the ambient space dynamics is described by 10d/11d SUGRA 
•  The gauge symmetries of SUGRA induce global symmetries in the QFT 
•  The pullback of the SUGRA fields onto the defect gives non-dynamical background 

gauge fields for the global symmetries 
•  In the presence of the “defect”, the ambient SUGRA action can acquire a non-zero 

gauge variation 
•  This is exactly cancelled by the anomalies of the QFT d.o.f.’s: anomaly inflow 

NB: This applies to all global symmetries 

Regard QFTs in geometric engineering as “edge modes” in supergravity 

In this talk:  Apply this viewpoint to generalized global symmetries of QFTs 
     engineered with wrapped M5-branes 
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[Gaiotto, Kapustin, Seiberg, Willett 14]  

<latexit sha1_base64="0FOPAW/ZSDKHLyEdqeYjFS6UiSE=">AAACB3icbZDNTgIxFIU7+If4N+rSTSMYXSiZITG6JHGhS0zkJwFCOuUyNLTTpu1gCOEBXPgsLkyMC1249BF8GwecDeBZfbnntjfnBIozYz3vx8msrK6tb2Q3c1vbO7t77v5BzchYU6hSyaVuBMQAZxFULbMcGkoDEQGHejC4mfr1IWjDZPRgRwragoQR6zFKbDLquKcFVbjoSS1wyGVAODYjIcDqEX5kto9DLWOFC7eFjpv3it5MeBn8FPIoVaXjfre6ksYCIks5Mabpe8q2x0RbRjlMcq3YgCJ0QEIYE2GSs8EEnwhi+2bRmw7/85qx7V23xyxSsYWIJiuJ14s5thJPs+Iu00AtHyVAqGbJZUz7RBNqk0bmfzIQEQHmHHeHTJkZt8ezeie5JLu/mHQZaqWif1n07kv5ciltIYuO0DE6Qz66QmV0hyqoiih6Rq/oA306T86L8+a8/61mnPTNIZqT8/ULpNGYrA==</latexit>

p-form global symmetry with group G

•  Charged operators are p-dimensional 
<latexit sha1_base64="xd3CttEyk4EpjKxC4OHqqQ2nhH4=">AAAB/HicbZDNSsNAFIVv/K31L+pSF4NFaEFKUhRdFrpxZwX7A20sk+m0HTpJhplJoYS48FlcCOJCF76Dj+DbmNQgtPWsPu65M5dzXMGZ0pb1baysrq1vbOa28ts7u3v75sFhUwWhJLRBAh7ItosV5cynDc00p20hKfZcTlvuuJb6rQmVigX+vZ4K6nh46LMBI1gno5550vWwHhHM0W3xD2sPUVGU4lLPLFhlaya0DHYGBchU75lf3X5AQo/6mnCsVMe2hHYiLDUjnMb5bqiowGSMhzTCnlJTz43RWXpWLXrp8D+vE+rBtRMxX4Sa+iRZSbxByJEOUBoQ9ZmkRPNpAphIllxGZIQlJjqpYf4nRX3sUXWO+hMm1IydaNZpnE+y24tJl6FZKduXZevuolCtZC3k4BhOoQg2XEEVbqAODSDwBC/wDh/Go/FsvBpvv6srRvbmCOZkfP4AmSSUOg==</latexit>

O(C(p))

•  If G is continuous: Ø  conserved Noether (p + 1)-form current  
<latexit sha1_base64="oYeTF0vafkfjCY2ii0NnFQli2uA=">AAAB53icbZDLSsNAFIZPvNZ6q7p0EyyCqJSkKLosuBFXFexF2lAmk9N26EwyzEwKJeQZXAjiQhc+jo/g25jWbNr6rz7Ofy78x5ecaeM4P9bK6tr6xmZhq7i9s7u3Xzo4bOooVhQbNOKRavtEI2chNgwzHNtSIRE+x5Y/upv6rTEqzaLwyUwkeoIMQtZnlJis9BycP/QSeeGmvVLZqTgz2cvg5lCGXPVe6bsbRDQWGBrKidYd15HGS4gyjHJMi91YoyR0RAaYEKH1RPipfSqIGepFb1r8z+vEpn/rJSyUscGQZi2Z14+5bSJ7msUOmEJq+CQDQhXLLtt0SBShJks8v0ljSATqSzsYM6ln7CWz96XFLLu7mHQZmtWKe11xHq/KtWr+hQIcwwmcgQs3UIN7qEMDKAh4hQ/4tJj1Yr1Z73+tK1Y+cwRzsr5+AQWxjKA=</latexit>

d ⇤ Jp+1

Ø  couple to backgr. gauge field: (p + 1)-form 
<latexit sha1_base64="QT1zgJOekoIBRnK3GhLATaiCNDE=">AAAB+3icbZDNSsNAFIUn/tb6F3XZzWARBKUkRdGNUHHjwkUF+wNNCJPJbTt0kgwzk0IJWfgsLgRxoQsfwkfwbUxrNm09q4977p3hHF9wprRl/Rgrq2vrG5ulrfL2zu7evnlw2FZxIim0aMxj2fWJAs4iaGmmOXSFBBL6HDr+6G7qd8YgFYujJz0R4IZkELE+o0TnI8+sOAFwTfCtl4ozO8M3OHAe8vOAeMIzq1bNmgkvg11AFRVqeua3E8Q0CSHSlBOlerYltJsSqRnlkJWdRIEgdEQGkJJQqUnoZ/gkJHqoFr3p8D+vl+j+tZuySCQaIpqv5F4/4VjHeJoPB0wC1XySA6GS5T9jOiSSUJ23MP+SgoiEoM5xMGZCzdhNZ5Vm5Ty7vZh0Gdr1mn1Zsx4vqo160UIJVdAxOkU2ukINdI+aqIUoekav6AN9GpnxYrwZ73+rK0Zxc4TmZHz9Ar5jk8E=</latexit>

�Ap+1 = d⇤p

•  NB: G is necessarily Abelian for p > 0 

•  Many aspects of 0-form global symmetries extend to higher-form symmetries 
Ø  organize the spectrum of operators and give Ward identities 
Ø  spontaneous symmetry breaking and Goldstone modes 
Ø  ‘t Hooft anomalies  
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•  ‘t Hooft anomalies for global symmetries 

•  More familiar situation: perturbative anomalies for ordinary continuous 
symmetries, computed by triangle diagrams in 4d 

Ø  obstruction to gauging (not inconsistency) 
Ø  invariant under RG flow 
Ø  can constrain phases of the QFT 

•  The concept applies to all global symmetries, including discrete and/or 
generalized symmetries 

•  To analyze ‘t Hooft anomalies of discrete and/or generalized symmetries we 
will use the topological terms in the SUGRA effective action 
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1.  Introduction 

2.  Discrete higher-form symmetries from BF terms 

3.  ‘t Hooft anomalies from inflow 

4.  Conclusions and outlook 
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•  Consider a 4d SCFT with a smooth holographic dual in 11d supergravity 

[Gauntlett, Martelli, Sparks, Waldram 04]  

•  Input data about the setup 

•  BPS conditions for                    solutions are analyzed in  
<latexit sha1_base64="nBHQty/TqfNgn1yMaIhs7nDXzdU=">AAAB8nicbZDLTsJAFIanXhFvFZduJhITF4a0RNQlxo0bE4xySaBpptMDTJheMnOKkoYXcWFiXOjCF/ERfBsLsgH8V1/Ofy75jxdLodGyfoyV1bX1jc3cVn57Z3dv3zwoNHSUKA51HslItTymQYoQ6ihQQitWwAJPQtMb3Ez85hCUFlH4iKMYnID1QtEVnGFWcs3Ctf/gVmgHRQDafaJ37oVrFq2SNRVdBnsGRTJTzTW/O37EkwBC5JJp3batGJ2UKRRcwjjfSTTEjA9YD1IWaD0KvDE9CRj29aI3Kf7ntRPsXjmpCOMEIeRZS+Z1E0kxopNY1BcKOMpRBowrkV2mvM8U45iFn9+kIWRZ2DPqD0Wsp+yk00+O81l2ezHpMjTKJbtSsu7Pi9Xy7As5ckSOySmxySWpkltSI3XCyTN5JR/k00DjxXgz3v9aV4zZzCGZk/H1C2w5kDI=</latexit>

AdS5 ⇥w M6

Ø  topology of the internal space M6  (cohomology groups) 
Ø  isometries of the internal space M6 
Ø  G4-flux configuration on M6 

•  Reduction of M-theory on M6 gives a 5d low-energy effective action 

Ø  p-form gauge fields in 5d bulk correspond to global symmetries on the 
boundary field theory 

Ø  ‘t Hooft anomalies are encoded in topological terms in the 5d action 
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•  p-form gauge fields in the 5d effective action have two sources: 

1)   1-form gauge fields from isometries of M6  
         (possibly non-Abelian) 0-form global symmetry 

2)   p-form gauge fields from expansion of C3 onto cohomology classes of M6 

<latexit sha1_base64="o2ty05kLvaG0pcTOfqBT5kyv+rA="></latexit>

�C3 = c3 +Bu

2 ^ �1u +A↵

1 ^ !2↵ + ax0 ^ ⇤3x

<latexit sha1_base64="ku1XQYcwzyWG12YRR8P3obFiqS0=">AAACEHicbVBLS8NAGNzUV62vqEcvi0XwUEpSFcVTwYsHDxXsA5pSvmy/tks3D7KbYgn5Ex78LR4E8aCg/8B/47bm0tY5zc7M7jLjhoJLZVk/Rm5ldW19I79Z2Nre2d0z9w8aMogjhnUWiCBquSBRcB/riiuBrTBC8FyBTXd0M/WbY4wkD/wHNQmx48HA533OQGmpa1qO0OEedBM7TmmJOoGHA32qOCDCIcykuyxx9pjS665ZtMrWDHSZ2Bkpkgy1rvnl9AIWe+grJkDKtm2FqpNApDgTmBacWGIIbAQDTMCTcuK5KT3xQA3lojcV//PasepfdRLuh7FCn+mI9vqxoCqg09K0xyNkSkw0ARZx/TNlQ4iAKT3N/EsSffBQlmhvzEM5451ktnNa0N3txabLpFEp2xdl6/68WK1kK+TJETkmp8Qml6RKbkmN1Akjz+SVfJBP48l4Md6M979ozsjuHJI5GN+/OuecNw==</latexit>

�1u,!2↵,⇤3x : closed forms on M6 with integral periods; 
their cohomology classes are a basis of                    for p=1,2,3  

<latexit sha1_base64="rU1s6Gh2fhkqkyJPkqp1NmpGob4=">AAAB/XicbZDLSsNAFIYnXmu9RV2KMFiECqUkxduy4KYboYK9YBPCZHraDp1cmJkUSggufBYXgrjQhc/gI/g2JjWbtv6rj/OfmcP/uyFnUhnGj7ayura+sVnYKm7v7O7t6weHbRlEgkKLBjwQXZdI4MyHlmKKQzcUQDyXQ8cd32Z+ZwJCssB/UNMQbI8MfTZglKh05OgnDScs3zlXFcsjauS6+PHciS3h4YEASBy9ZFSNmfAymDmUUK6mo39b/YBGHviKciJlzzRCZcdEKEY5JEUrkhASOiZDiIkn5dRzE3yWnZaLXjb8z+tFanBjx8wPIwU+TVdSbxBxrAKcJcR9JoAqPk2BUMHSy5iOiCBUpT3M/yTBJx7ICu5PWChnbMezUpNimt1cTLoM7VrVvKwa9xelei1voYCO0SkqIxNdozpqoCZqIYqe0Sv6QJ/ak/aivWnvf6srWv7mCM1J+/oFVa6UrA==</latexit>

Hp(M6,Z)free

<latexit sha1_base64="MlAPEUQq8tkqrHdWvG7O6gwihD8=">AAAB/nicbZDNSsNAFIUn9a/Wv6hLQQaL4CKUpCqKq6oblxXsD7RpuJlO26GTZJiZFEsouPBZXAjiQhe+go/g25jWbtp6Vh/33JnLOb7gTGnb/jEyS8srq2vZ9dzG5tb2jrm7V1VRLAmtkIhHsu6DopyFtKKZ5rQuJIXA57Tm92/Hfm1ApWJR+KCHgroBdEPWYQR0OvLMQ+KdWvjGK7ZiC197TqsJXPTAwuDZrccrz8zbBXsivAjOFPJoqrJnfjfbEYkDGmrCQamGYwvtJiA1I5yOcs1YUQGkD12aQKDUMPBH+DgA3VPz3nj4n9eIdefSTVgoYk1Dkq6kXifmWEd4HBG3maRE82EKQCRLL2PSAwlEp0XM/qRoCAFVFm4PmFATdpNJq6Ncmt2ZT7oI1WLBOS/Y92f5UnHaQhYdoCN0ghx0gUroDpVRBRH0jF7RB/o0nowX4814/1vNGNM3+2hGxtcv+3aTuA==</latexit>

c3, B
u

2 , A
↵

1 , a
x

0 : external gauge fields in 5d; 
their field strengths have periods quantized in units of  

<latexit sha1_base64="/g3vMpF2a7Y5LvNuBKqADNVdftM=">AAAB4nicbZDLSsNAFIbPeK31VnXpJlgEF1KSouiy4MZlBXuBNpTJ5LQdOpMMM5NCCX0BF4K40IUv5CP4NiY1m7b+q4/znwv/CZTgxrruD9nY3Nre2S3tlfcPDo+OKyenbRMnmmGLxSLW3YAaFDzCluVWYFdppDIQ2AkmD7nfmaI2PI6e7UyhL+ko4kPOqM1L9b7ig0rVrbkLOevgFVCFQs1B5bsfxiyRGFkmqDE9z1XWT6m2nAmcl/uJQUXZhI4wpdKYmQzmzqWkdmxWvbz4n9dL7PDeT3mkEosRy1oyb5gIx8ZOHsMJuUZmxSwDyjTPLjtsTDVlNgu7vMlgRCWaayeccmUW7KeLz83LWXZvNek6tOs177bmPt1UG/XiCyU4hwu4Ag/uoAGP0IQWMBjDK3zAJwnJC3kj73+tG6SYOYMlka9f7P6K2g==</latexit>

2⇡

•  NB: 0-form gauge field      = compact scalar with period  
<latexit sha1_base64="/g3vMpF2a7Y5LvNuBKqADNVdftM=">AAAB4nicbZDLSsNAFIbPeK31VnXpJlgEF1KSouiy4MZlBXuBNpTJ5LQdOpMMM5NCCX0BF4K40IUv5CP4NiY1m7b+q4/znwv/CZTgxrruD9nY3Nre2S3tlfcPDo+OKyenbRMnmmGLxSLW3YAaFDzCluVWYFdppDIQ2AkmD7nfmaI2PI6e7UyhL+ko4kPOqM1L9b7ig0rVrbkLOevgFVCFQs1B5bsfxiyRGFkmqDE9z1XWT6m2nAmcl/uJQUXZhI4wpdKYmQzmzqWkdmxWvbz4n9dL7PDeT3mkEosRy1oyb5gIx8ZOHsMJuUZmxSwDyjTPLjtsTDVlNgu7vMlgRCWaayeccmUW7KeLz83LWXZvNek6tOs177bmPt1UG/XiCyU4hwu4Ag/uoAGP0IQWMBjDK3zAJwnJC3kj73+tG6SYOYMlka9f7P6K2g==</latexit>

2⇡
<latexit sha1_base64="tkhPVAERoOShDX7Jvfa/9HQXEQc=">AAAB43icbZC7TgJBFIbPekW8oZY2G4mJhSG7RKMliY0lJi6QwErODgeYMHvJzCyRbHgCCxNjoYUP5CP4Ng64DeBffTn/ueQ/QSK40o7zY62tb2xubRd2irt7+weHpaPjhopTychjsYhlK0BFgkfkaa4FtRJJGAaCmsHobuY3xyQVj6NHPUnID3EQ8T5nqE3Jw67z9NwtlZ2KM5e9Cm4OZchV75a+O72YpSFFmglUqu06ifYzlJozQdNiJ1WUIBvhgDIMlZqEwdQ+D1EP1bI3K/7ntVPdv/UzHiWppoiZFuP1U2Hr2J7lsHtcEtNiYgCZ5OayzYYokWmTdnGToghDUpd2b8wTNWc/m79uWjTZ3eWkq9CoVtzrivNwVa5V8y8U4BTO4AJcuIEa3EMdPGDA4RU+4NMi68V6s97/WtesfOYEFmR9/QKgNItD</latexit>

ax0

<latexit sha1_base64="4YQ1qz+eBbMCa/DSGmnJct9NOfE=">AAAB8nicbZDLSsNAFIZP6q3WW6xLN8EiVCglEW8boeDGjVDBXqANYTI9bYdOLsxMiiX0RVwI4kIXvoiP4Ns4rdm09V99nP9c+I8fcyaVbf8YubX1jc2t/HZhZ3dv/8A8LDZllAiKDRrxSLR9IpGzEBuKKY7tWCAJfI4tf3Q381tjFJJF4ZOaxOgGZBCyPqNE6ZJnFpNbp9LtRUpWfM8pP3hXZ55Zsqv2XNYqOBmUIFPdM7/1ApoEGCrKiZQdx46VmxKhGOU4LXQTiTGhIzLAlARSTgJ/ap0GRA3lsjcr/ud1EtW/cVMWxonCkOoW7fUTbqnImsWyekwgVXyigVDB9GWLDokgVOnwi5skhiRAWbF6YxbLObvp/JPTgs7uLCddheZ51bms2o8XpZqdfSEPx3ACZXDgGmpwD3VoAIVneIUP+DSU8WK8Ge9/rTkjmzmCBRlfv5qpj6Q=</latexit>

u = 1, . . . , b1(M6)
<latexit sha1_base64="ML8IUWK5AtUL9St4iLYgwUU01hI=">AAAB+XicbZDLSsNAFIZPvNZ6i7oSN4NFqFBKUrxthIIbN0IFe4E2hMl02g6dJMPMpFBC8VlcCOJCFz6Fj+DbOK3ZtPVffZz/zBn+PxCcKe04P9bK6tr6xmZuK7+9s7u3bx8cNlScSELrJOaxbAVYUc4iWtdMc9oSkuIw4LQZDO+mfnNEpWJx9KTHgnoh7kesxwjWZuTbxx3MxQCjW+SWOt1Yq1LgV4oP/tW5bxecsjMTWgY3gwJkqvn2tzlAkpBGmnCsVNt1hPZSLDUjnE7ynURRgckQ92mKQ6XGYTBBZyHWA7XoTYf/ee1E9268lEUi0TQiZsV4vYQjHaNpOtRlkhLNxwYwkcz8jMgAS0y06WD+kqIRDqkqoe6ICTVjL50VOsmb7O5i0mVoVMruZdl5vChUnayFHJzAKRTBhWuowj3UoA4EnuEVPuDTSq0X6816/1tdsbI3RzAn6+sXCNuSGA==</latexit>

↵ = 1, . . . , b2(M6)
<latexit sha1_base64="I9wqiBFhTsH3PADAjsimM4CB0e4=">AAAB8nicbZBLSwJRFMfv2MvsNdmyzZAEBiIzvTeB0KZNYJAPUBnuXI968c6De8+IMvhFWgTRohZ9kT5C36arzUbtv/px/ufB/3iR4Apt+8fIrK1vbG5lt3M7u3v7B+Zhvq7CWDKosVCEsulRBYIHUEOOApqRBOp7Ahre8H7mN0YgFQ+DZ5xE0PFpP+A9zijqkmvmx3dOqd0NUZU896L46F6fuWbBLttzWavgpFAgqaqu+a0XsNiHAJmgSrUcO8JOQiVyJmCaa8cKIsqGtA8J9ZWa+N7UOvUpDtSyNyv+57Vi7N12Eh5EMULAdIv2erGwMLRmsawul8BQTDRQJrm+bLEBlZShDr+4SUFAfVAlqzvikZpzJ5l/cprT2Z3lpKtQPy87V2X76bJQsdMvZMkxOSFF4pAbUiEPpEpqhJExeSUf5NNA48V4M97/WjNGOnNEFmR8/QKiTY+p</latexit>

x = 1, . . . , b3(M6)
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•  Naïve expectation for global symmetries of the boundary QFT: 

<latexit sha1_base64="o2ty05kLvaG0pcTOfqBT5kyv+rA="></latexit>

�C3 = c3 +Bu

2 ^ �1u +A↵

1 ^ !2↵ + ax0 ^ ⇤3x

<latexit sha1_base64="bC1xi8djp4lhWfPAqBFvz8AeHBw="></latexit>

U(1) 2-form symmetry

U(1)

b1(M6)
1-form symmetry

U(1)

b2(M6)
0-form symmetry

? 
•  Some 5d p-form gauge fields enter topological mass couplings 

<latexit sha1_base64="V7VC22d/QthuLelQKPXMAijwAbw="></latexit>

S
top

= � 1

2⇡

Z

M5


N↵ c

3

^ dA↵
1

+
1

2
kuv B

u
2

^ dBv
2

�

<latexit sha1_base64="9d46WH5+DkuDSm1LR77UtESonSY=">AAACHnicbVDLSsNAFJ3UV62vqks3g0VwISUp9bFRCi50o1SwKjQl3Exv26GTZMhMKiXkX1z4LYKCuNCF/o3T2k3Vszqccx+c40vBlbbtLys3Mzs3v5BfLCwtr6yuFdc3blSUxAwbLBJRfOeDQsFDbGiuBd7JGCHwBd76/dORfzvAWPEovNZDia0AuiHvcAbaSF7x5NJzQcge0GPq8lB76YV3kFG3EwNLz7xqllZcyY1wj+0uUjcKsAueEcdLmVcs2WV7DPqXOBNSIhPUveKz245YEmComQClmo4tdSuFWHMmMCu4iUIJrA9dTCFQahj4Gd0JQPfUb28k/uc1E905aqU8lInGkJkR43USQXVERxXQNo+RaTE0BFjMzWfKemACa1PU9CWFIQSo9mh7wKUa81Y6bj0rmOzO76R/yU2l7OyX7atqqVaZtJAnW2Sb7BKHHJIaOSd10iCMPJIX8k4+rAfryXq13n5Gc9ZkZ5NMwfr8BvM9opU=</latexit>

N↵ =

Z

M6

G4

2⇡
^ !2↵

<latexit sha1_base64="M91AYIdbVNPYWi5N9PexwEdhzGo="></latexit>

kuv =

Z

M6

G4

2⇡
^ �1u ^ �1v

•  Some 5d U(1) p-form gauge symmetries are Higgsed to a cyclic subgroup 
•  The global symmetries on the field theory side depend on a choice of 

boundary conditions for the topological couplings 
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•  In the deep IR the topological mass couplings dominate 

•  We consider a topological 5d theory with action 
<latexit sha1_base64="VGwhNGbUNdORwQNnaNpLli7KA/M="></latexit>

S =
k

2⇡

Z

M5

c3 ^ dA1 +
M

2⇡

Z

M5

eB2 ^ dB2

analog of 4d BF theory 

•  Let us first take 5d (Euclidean) spacetime       to be a closed manifold  
<latexit sha1_base64="7DfhKIdoe7eifsawMh5wpj3xpnI=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSlBZdFty4ESrYCzShTKan7dBJMsxMCiX0JVwI4kIXvoyP4NuY1Gza+q8+zn8u/MeXgmtj2z9WYWt7Z3evuF86ODw6PimfnnV0FCuGbRaJSPV8qlHwENuGG4E9qZAGvsCuP73P/O4MleZR+GzmEr2AjkM+4oyatOS6ATUTRgV5HDQG5YpdtZcim+DkUIFcrUH52x1GLA4wNExQrfuOLY2XUGU4E7goubFGSdmUjjGhgdbzwF+Qq+yiXvey4n9ePzajOy/hoYwNhixtSb1RLIiJSBaHDLlCZsQ8BcoUTy8TNqGKMpOGXt2kMaQB6hsynHGpl+wlyw8uSml2Zz3pJnRqVadRtZ/qlWYt/0IRLuASrsGBW2jCA7SgDQwkvMIHfFrCerHerPe/1oKVz5zDiqyvX1Yhjfo=</latexit>

M5

see e.g. the review 
[Banks, Seiberg 10]  

Ø  Invariance under large gauge transformations requires  
<latexit sha1_base64="bBCT36KqVrD60o9G+FtAA1dpwOs=">AAAB8XicbZDLSsNAFIZP6q3WW6pLN4NFcFFKUhRdFty4ESrYCzahTKan7dDJJGQmlRL6IC4EcaELn8RH8G1MajZt/Vcf5z8X/uOFgittWT9GYWNza3unuFva2z84PDLLx20VxBHDFgtEEHU9qlBwiS3NtcBuGCH1PYEdb3Kb+Z0pRooH8lHPQnR9OpJ8yBnVaalvlifVe+JwSRyf6rHnkae+WbFq1kJkHewcKpCr2Te/nUHAYh+lZoIq1bOtULsJjTRnAuclJ1YYUjahI0yor9TM9+bkPDunVr2s+J/Xi/Xwxk24DGONkqUtqTeMBdEByVKRAY+QaTFLgbKIp5cJG9OIMp1mX96kUFIfVZUMpjxUC3aTxSPnpTS7vZp0Hdr1mn1Vsx4uK416/oUinMIZXIAN19CAO2hCCxg8wyt8wKehjBfjzXj/ay0Y+cwJLMn4+gWnEI/B</latexit>

k,M 2 Z
Ø  On shell:                                           (no local operators)  

<latexit sha1_base64="QuMgi3TdhY9O+ZO0Dv8No5wgQpk=">AAACEXicbVDLSsNAFL3xWesr6tLNYBFcSEmqohuh6sZlBfuANoTJ5LYdOnmQmVRK6Ve48FtcCOJCEb/AvzFJs2nr2cyZc+48znFCwaUyjF9taXlldW29sFHc3Nre2dX39hsyiCOGdRaIIGo5VKLgPtYVVwJbYYTUcwQ2ncFd6jeHGEke+I9qFKLl0Z7Pu5xRlUi2brrMPiPXxO14VPUZFeTGNrP9E3dRceEiubUrqTJdDFsvGWUjA1kkZk5KkKNm698dN2Cxh75igkrZNo1QWWMaKc4EToqdWGJI2YD2cEw9KUeeMyHH6XfkvJeK/3ntWHWvrDH3w1ihz5KRxOvGgqiApKmJyyNkSowSQlnEk5cJ69OIMpV0M3uTRJ96KE+JO+ShzLg1zoqeFJPs5nzSRdKolM2LsvFwXqpW8hYKcAhHcAImXEIV7qEGdWDwAm/wCV/as/aqvWsf09ElLT9zADPQfv4ABfKaEw==</latexit>

dc3 = dA1 = d eB2 = dB2 = 0

Ø  Natural observables: holonomies (“Wilson lines”) 

<latexit sha1_base64="MR8n31ZPijQMJr59ohENKvUYHYU="></latexit>

WB, eB(C2, n, en) = ei
R
C2

(enB2�n eB2)

<latexit sha1_base64="KmIlXigZ28nN5rFvHjVq9vAnwZ8=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoUEpSnxuh0I3LCvYBTQ2T6W07dDIJmUmhhPyHC7/FhSAiunDr35jULGzrWVwO99wH5zg+Z1IZxreWW1ldW9/Ibxa2tnd29/T9g5b0woBCk3rcCzoOkcCZgKZiikPHD4C4Doe2M66nensCgWSeuFdTH3ouGQo2YJSopGXrl22bliyXqBElHNftszIWp/gGw0PEsMAWE8qO/uoxpkmx9aJRMWbAy8TMSBFlaNj6u9X3aOiCUJQTKbum4ateRALFKIe4YIUSfELHZAgRcaWcuk6MT9K/clFLm/9p3VANrnsRE36oQNBkJNEGIcfKw6l13GcBUMWnCSE0YMlnTEckIFQlAc1fkiCIC7KM+xPmyxnvRbO040Li3Vx0ukxa1Yp5UTHuzou1apZCHh2hY1RCJrpCNXSLGqiJKHpCL+gDfWqP2rP2qr39jua0bOcQzUH7+gHVKZ10</latexit>

Wc(C3, n) = ein
R
C3

c3
<latexit sha1_base64="tmq1fyAgSD1TrmbgXq2qT62+w9s=">AAACKnicbVHLSsNAFJ3UV62vqEs3g0WoUEpSFN0IlW7EVQX7gLaGyfS2HTqZhMykUEL+yIW/4daFUFzowg9xWova1rM6c8+593LPuAFnUlnW2EitrK6tb6Q3M1vbO7t75v5BTfpRSKFKfe6HDZdI4ExAVTHFoRGEQDyXQ90dlCd6fQihZL64V6MA2h7pCdZllChdcszbuhO3PKL6lHB8neR+eNmx81ic4isMDzHDAreYUH+8Wk/wb6d+OWbWKlhT4GViz0gWzVBxzOdWx6eRB0JRTqRs2lag2jEJFaMckkwrkhAQOiA9iIkn5chzE3wyWSkXtUnxP60Zqe5lO2YiiBQIqi1a60YcKx9P4sAdFgJVfKQJoSHTmzHtk5BQpUObnyRBEA9kHneGLJBT3o6nP5Bk9O324qXLpFYs2OcF6+4sWyrOUkijI3SMcshGF6iEblAFVRFFT+gVvaMP49F4McbG27c1Zcx6DtEcjM8vcOGllg==</latexit>

WA(C1, n) = ein
R
C1

A1



BF-like terms in five dimensions 
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•  The 5d action describes p-form gauge fields with discrete gauge group 

(L = linking number) 

Ø           are flat gauge fields with holonomies in   
<latexit sha1_base64="yjZw1eH80rIzt+0tZORBqv/B73E=">AAAB+HicbZDNSsNAFIUn/tb6F3UjuBksQgUpSVF0WXDjsoJpi00IM9Pbdujkh5lJoYb6LC4EcaEL38JH8G1MajZtPauPe+7M5RwaC660Zf0YK6tr6xubpa3y9s7u3r55cNhSUSIZOCwSkexQokDwEBzNtYBOLIEEVECbjm5zvz0GqXgUPuhJDF5ABiHvc0Z0NvLNYzcgekgpfvRH2FUJVaCxU7XPfbNi1ayZ8DLYBVRQoaZvfru9iCUBhJoJolTXtmLtpURqzgRMy26iICZsRAaQkkCpSUCn+Cy/rha9fPif1010/8ZLeRgnGkKWrWRePxFYRzgPh3tcAtNikgFhkmeXMRsSSZjOKpj/SUFIAlAXuDfmsZqxl876nJaz7PZi0mVo1Wv2Vc26v6w06kULJXSCTlEV2egaNdAdaiIHMfSMXtEH+jSejBfjzXj/W10xijdHaE7G1y+R+ZKD</latexit>

Zk ⇢ U(1)
<latexit sha1_base64="pR89a4L3TG2UA4sPwcRvPRzWkys=">AAAB8XicbZDLTsJAFIZP8YZ4K7p0M5GYuCCkRY0uMW5cYiKXBJpmOhxgwvSSmSmGNDyICxPjQhc+iY/g29hiN4D/6sv5zyX/8SLBlbasH6Owsbm1vVPcLe3tHxwemeXjtgpjybDFQhHKrkcVCh5gS3MtsBtJpL4nsONN7jO/M0WpeBg86VmEjk9HAR9yRnVacs0ycy+rpO9TPWZUkDvXds2KVbMWIutg51CBXE3X/O4PQhb7GGgmqFI924q0k1CpORM4L/VjhRFlEzrChPpKzXxvTs6zi2rVy4r/eb1YD2+dhAdRrDFgaUvqDWNBdEiyVGTAJTItZilQJnl6mbAxlZTpNPvyJoUB9VFVyWDKI7VgJ1k8cl5Ks9urSdehXa/Z1zXr8arSqOdfKMIpnMEF2HADDXiAJrSAwTO8wgd8Gsp4Md6M97/WgpHPnMCSjK9fW62Pjg==</latexit>

c3,A1

Ø           are flat gauge fields with holonomies in   
<latexit sha1_base64="Oh/LOVOfFSUsRA9f5Ovn5PG6VqA=">AAAB83icbZDLSsNAFIZP6q3WW7RLN4NFcFFKUhRdFt24rGAv0IYwmZy2QycXZiaVEPokLgRxoQsfxEfwbUxrNrb+i8PH+c+Z4T9eLLjSlvVtlDY2t7Z3yruVvf2DwyPz+KSrokQy7LBIRLLvUYWCh9jRXAvsxxJp4AnsedO7hd+boVQ8Ch91GqMT0HHIR5xRnbdcszp84j5qLnwkt26zviiuWbMa1lJkHewCalCo7ZpfQz9iSYChZoIqNbCtWDsZlZozgfPKMFEYUzalY8xooFQaeHNyHlA9UaveovmfN0j06MbJeBgnGkOWj+TeKBFER2SRi/hcItMizYEyyfOfCZtQSZnO0/99SWFIA1R14s94rJbsZMtTzit5dns16Tp0mw37qmE9XNZazeIKZTiFM7gAG66hBffQhg4wSOEF3uHDSIxn49V4+x0tGcVOFf7I+PwB11aQYw==</latexit>

eB2, B2
<latexit sha1_base64="pSl7Fx7QRsgcix2t21w7I1HtZLU=">AAAB+HicbZDNSsNAFIUn9a/Wv6gbwc1gESpISYqiy4IbN0IF0xabUGamt+3QyQ8zk0IN9VlcCOJCF76Fj+DbmNRs2npWH/fcmcs5NBJcacv6MQorq2vrG8XN0tb2zu6euX/QVGEsGTgsFKFsU6JA8AAczbWAdiSB+FRAi45uMr81Bql4GDzoSQSeTwYB73NGdDrqmkeuT/SQUvzYvcOuiqkCjZ2KfdY1y1bVmgkvg51DGeVqdM1vtxey2IdAM0GU6thWpL2ESM2ZgGnJjRVEhI3IABLiKzXx6RSfZtfVopcN//M6se5fewkPolhDwNKV1OvHAusQZ+Fwj0tgWkxSIEzy9DJmQyIJ02kF8z8pCIgP6hz3xjxSM/aSWZ/TUprdXky6DM1a1b6sWvcX5Xotb6GIjtEJqiAbXaE6ukUN5CCGntEr+kCfxpPxYrwZ73+rBSN/c4jmZHz9AmQJkmU=</latexit>

ZM ⇢ U(1)

•  Equivalent viewpoint: Stückelberg action 

•  Correlators of Wilson lines 

<latexit sha1_base64="+KqYFCsf4Uj69fyEQlXvQLmfavI=">AAAB7HicbZDLSsNAFIZPvNZ6q7p0M1gEESlJVXQjFNy4rGAv0MYymZy2QyeTYWZSKKFv4UIQF7rwXXwE38a0dtPWf/Vx/nPhP4ES3FjX/XFWVtfWNzZzW/ntnd29/cLBYd3EiWZYY7GIdTOgBgWXWLPcCmwqjTQKBDaCwf3EbwxRGx7LJztS6Ee0J3mXM2qz0nPYVn1O7sg5CVnnslMouiV3KrIM3gyKMFO1U/huhzFLIpSWCWpMy3OV9VOqLWcCx/l2YlBRNqA9TGlkzCgKxuQ0orZvFr1J8T+vldjurZ9yqRKLkmUtmddNBLExmQQiIdfIrBhlQJnm2WXC+lRTZrPY85sMShqhuSDhkCszZT+d/nCcz7J7i0mXoV4uedcl9/GqWCnPvpCDYziBM/DgBirwAFWoAQMNr/ABn450Xpw35/2vdcWZzRzBnJyvX4Mfjfg=</latexit>

d� = ⇤dc3

in the IR: 
<latexit sha1_base64="Lg3yuZ82vRRXztgyTFgpJe/Nh9s=">AAAB/XicbZDLSsNAGIX/1Futt6hLEQaL4EJKUhTdCBU3LivYCzQhTCaTdugkGWYmhVKKC5/FhSAudOEz+Ai+jUnNpq1n9fGffy7n+IIzpS3rxyitrK6tb5Q3K1vbO7t75v5BWyWpJLRFEp7Iro8V5SymLc00p10hKY58Tjv+8C73OyMqFUviRz0W1I1wP2YhI1hnI888diKsBwRzdOvZ6AY5ocQE2UMUOGLAPLNq1ayZ0DLYBVShUNMzv50gIWlEY004VqpnW0K7Eyw1I5xOK06qqMBkiPt0giOlxpE/Raf5F9Silw//83qpDq/dCYtFqmlMspXMC1OOdILyhChgkhLNxxlgIln2MiIDnMXSWQ/zNyka44iqcxSMmFAzdiezUqeVLLu9mHQZ2vWafVmzHi6qjXrRQhmO4ATOwIYraMA9NKEFBJ7hFT7g03gyXow34/1vtWQUZw5hTsbXL3mzlBc=</latexit>

A1 =
1

k
d�

<latexit sha1_base64="84CVozzy+6HT0ObIipdCjSrKkLE=">AAACB3icbZDNSgMxFIUz9a/Wv6pLN8FWdCFlpiCKq4IblxXsD3SGksncaUMzk5BkCqX0AVz4LC4EcaELlz6Cb2Nau2nrWX3cc5PLOaHkTBvX/XFya+sbm1v57cLO7t7+QfHwqKlFpig0qOBCtUOigbMUGoYZDm2pgCQhh1Y4uJv6rSEozUT6aEYSgoT0UhYzSowddYvnZV/2WfkWU5FIQg3WlHCisIixBMVEhMtVX7Jyt1hyK+5MeBW8OZTQXPVu8duPBM0SSA3lROuO50oTjIkyjHKYFPxMgz04ID0Yk0TrURJO8FlCTF8ve9Phf14nM/FNMGapzAyk1K5YL844NgJPs+KIKaCGjywQqpi9jGmfKBvTNrL4k4aUJKAvcTRkUs84GM/qnRRsdm856So0qxXvquI+VEu16ryFPDpBp+gCeega1dA9qqMGougZvaIP9Ok8OS/Om/P+t5pz5m+O0YKcr1/QBpgj</latexit>

�: compact scalar of period 2⇡

<latexit sha1_base64="OZVPKXYOMyTf5ZStWXk1z6//9nM="></latexit>

S = �1

2

Z

M5

g�� (d�� kA1) ^ ⇤(d�� kA1)

<latexit sha1_base64="rQx10kg/SYIAqfOxAtsGlor2diE="></latexit>

hWc(C3, n)WA(C1, n0
)i = exp


2⇡i

nn0

k
L(C3, C1)

�

<latexit sha1_base64="V0P64e8xUQKdYml8vb0KvelHGcE="></latexit>

hWB, eB(C2, n, en)WB, eB(C
0
2, n

0, en0
)i = exp


2⇡i

nen0 � enn0

M
L(C2, C0

2)

�



Spacetimes with a boundary 
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•  For holographic applications we have to consider 5d spacetimes with boundary 
•  Choice of topological boundary conditions for the pairs            , 

<latexit sha1_base64="SYsYMFfcLvKvRatrs9I5S3+rAoc=">AAAB83icbZDLSsNAFIZPvNZ6i3bpZrAIFUpJqqLLihuXFewF2hAm09N26OTCzKRQQp/EhSAudOGD+Ai+jUnNpq3/6uP858J/vEhwpS3rx9jY3Nre2S3sFfcPDo+OzZPTtgpjybDFQhHKrkcVCh5gS3MtsBtJpL4nsONNHjK/M0WpeBg861mEjk9HAR9yRnVacs1ShblXVdL3qR4zKsi9a1+6ZtmqWQuRdbBzKEOupmt+9wchi30MNBNUqZ5tRdpJqNScCZwX+7HCiLIJHWFCfaVmvjcnF9lJteplxf+8XqyHd07CgyjWGLC0JfWGsSA6JFkuMuASmRazFCiTPL1M2JhKynSafnmTwoD6qKpkMOWRWrCTLF45L6bZ7dWk69Cu1+ybmvV0XW7U8y8U4AzOoQI23EIDHqEJLWAwg1f4gE8jNl6MN+P9r3XDyGdKsCTj6xcmFY/z</latexit>

(c3,A1)
<latexit sha1_base64="6jIjUkqBbKWfogDE2Xp5evL7aqo=">AAAB9XicbZDLSsNAFIZP6q3WW1RcuRksQoVSkqLosujGZQV7gTaEyeS0HTq5kJm0lNBHcSGIC134HD6Cb2NSs2nrvzh8nP+cGf7jhIJLZRg/WmFjc2t7p7hb2ts/ODzSj0/aMogjhi0WiCDqOlSi4D62FFcCu2GE1HMEdpzxQ+Z3JhhJHvjPahai5dGhzwecUZW2bP2s0p9yFxUXLpJ7u17NypWtl42asRBZBzOHMuRq2vp33w1Y7KGvmKBS9kwjVFZCI8WZwHmpH0sMKRvTISbUk3LmOXNy6VE1kqte1vzP68VqcGcl3A9jhT5LR1JvEAuiApIlIy6PkCkxS4GyiKc/EzaiEWUqzb/8kkSfeiirxJ3wUC7YShbHnJfS7OZq0nVo12vmTc14ui436vkVinAOF1ABE26hAY/QhBYwSOAVPuBTm2ov2pv2/jda0PKdU1iS9vULoteQyA==</latexit>

( eB2, B2)

<latexit sha1_base64="oLgMj90vkS8FhhXb6CGMFqKN4LE=">AAAB/3icbZDNTsJAFIWn+If4V3XpwolgcGFIS2J0SeLGJSbyE6Ep0+ECE2baZmZKQhoWLnwWFybGhS58BB/Bt7HFbgDP6ss9d+bmHC/kTGnL+jFya+sbm1v57cLO7t7+gXl41FRBJCk0aMAD2faIAs58aGimObRDCUR4HFre+Db1WxOQigX+g56G4Agy9NmAUaKTkWue9noDCYBF0I94gEtdQfTI8/CjG4tZqVx2zaJVsebCq2BnUESZ6q753e0HNBLga8qJUh3bCrUTE6kZ5TArdCMFIaFjMoSYCKWmwpvh8/SqWvbS4X9eJ9KDGydmfhhp8GmykniDiGMd4DQj7jMJVPNpAoRKllzGdEQkoTppYvEnBT4RoC5xf8JCNWcnntc6KyTZ7eWkq9CsVuyrinVfLdaqWQt5dILO0AWy0TWqoTtURw1E0TN6RR/o03gyXow34/1vNWdkb47RgoyvX+OplYA=</latexit>

“free modulo Zm”

<latexit sha1_base64="XeYOY1mw/k1AbAUCaHoRi4beDS0="></latexit>

for C3 ⇢ @M5 consider the holonomy ei
R
C3

c3
= (e2⇡i/k)x

<latexit sha1_base64="nAObJ0C1BWl8lcA8LRSDdXyZ3Pg="></latexit>

x must satisfy x = p mod m for a fixed p, but is otherwise free

: 

 [Witten 98; Gaiotto, Kapustin, Seiberg, Willett 14;  Bergman, Tachikawa, Zafrir 20]  

<latexit sha1_base64="3v8xoVTyWMjxo6raWzo1XkESDUo="></latexit>

c3 : Dirichlet
A1 : free

<latexit sha1_base64="ybn1qNdCXKv1f5GqtV/BEHQpCmM="></latexit>

c3 : free
A1 : Dirichlet

<latexit sha1_base64="igjGfJeGV8IZRTzWT1y+jU6kmwU="></latexit>

c3 : free modulo Zm

A1 : free modulo Zm0

<latexit sha1_base64="X70Pqrd75Zh7R93Q6h4NRtpeakM=">AAAB+nicbVDLSsNAFJ3UV62vqDvdDLaCCw1JQXRZcOOygn1gG8JketMOnUnCzKRQYsFvcSGIC134E36Cf2NSs6n1rA733HsP5/gxZ0rb9rdRWlldW98ob1a2tnd298z9g7aKEkmhRSMeya5PFHAWQkszzaEbSyDC59Dxxze53pmAVCwK7/U0BleQYcgCRonORp55VOsLoke+jx+8cQ3bF0EkBVZTISzPrNqWPQdeJk5BqqhA0zO/+oOIJgJCTTlRqufYsXZTIjWjHGaVfqIgJnRMhpASoTITf4ZPc3v1V8uH/2m9RAfXbsrCONEQ0mwl04KEYx3hPB4eMAlU82lGCJUsc8Z0RCShOith8ZOCkAhQ53gwYbGaczedNzqrZNmdv0mXSbtuOZeWfVevNupFC2V0jE7QGXLQFWqgW9RELUTRE3pB7+jDeDSejVfj7Xe1ZBQ3h2gBxucPpNCTGQ==</latexit>

Zk 0-form symm.

<latexit sha1_base64="ZSIHudVeSgSkMjrReMe7TEJmm2I=">AAAB+nicbVDLSsNAFJ3UV62vqDvdDLaCCy1JQHRZcOOygn1gG8JketMOnUnCzKRQYsFvcSGIC134E36Cf2NSs6n1rA733HsP5/gxZ0pb1rdRWlldW98ob1a2tnd298z9g7aKEkmhRSMeya5PFHAWQkszzaEbSyDC59Dxxze53pmAVCwK7/U0BleQYcgCRonORp55VOsLoke+jx+8cQ07F0EkBVZTIeqeWbXq1hx4mdgFqaICTc/86g8imggINeVEqZ5txdpNidSMcphV+omCmNAxGUJKhMpM/Bk+ze3VXy0f/qf1Eh1cuykL40RDSLOVTAsSjnWE83h4wCRQzacZIVSyzBnTEZGE6qyExU8KQiJAnePBhMVqzt103uiskmW3/yZdJm2nbl/WrTun2nCKFsroGJ2gM2SjK9RAt6iJWoiiJ/SC3tGH8Wg8G6/G2+9qyShuDtECjM8fp9yTGw==</latexit>

Zk 2-form symm.

<latexit sha1_base64="uAnU04n7o+NHX/4rHcz7wRzH6nY=">AAAB/XicbVDLSsNAFJ3UV62vqEsRBlvRhYakILosuHFZwT6wDWEynbRDZ5IwMymUEFz4LS4EcaELv8FP8G+c1GzaelaHe+7rHD9mVCrb/jFKK6tr6xvlzcrW9s7unrl/0JZRIjBp4YhFousjSRgNSUtRxUg3FgRxn5GOP77N9c6ECEmj8EFNY+JyNAxpQDFSuuSZx7U+R2rk+/DRS/lZVoP2ZRAJDuWUc8szq7ZlzwCXiVOQKijQ9Mzv/iDCCSehwgxJ2XPsWLkpEopiRrJKP5EkRniMhiRFXOojfgZP8w/kopYX/9N6iQpu3JSGcaJIiHWL1oKEQRXB3CEcUEGwYlNNEBZUX4Z4hATCSucwv0mSEHEiL+BgQmM54246CzWraO/OotNl0q5bzpVl39erjXqRQhkcgRNwDhxwDRrgDjRBC2DwDF7BB/g0nowX4814/2stGcXMIZiD8fUL3eiUWA==</latexit>

Zm0
0-form symm.

<latexit sha1_base64="RMDlkC6bnblp/sCfZFmNQ7nvWWk=">AAAB/HicbVC7TsMwFHXKq5RXgBEGixaJAaIkEoKxEgtjkehDtFHkuE5r1U4i26lURWHgWxiQEAMM/AOfwN/glCylnOnonvs6J0gYlcq2v43Kyura+kZ1s7a1vbO7Z+4fdGScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbTG4KvTslQtI4ulezhHgcjSIaUoyULvnmcWPAkRoHAXzwM543oHsRxoJDOePc8s26bdlzwGXilKQOSrR882swjHHKSaQwQ1L2HTtRXoaEopiRvDZIJUkQnqARyRCX+kiQw9PiAflXK4r/af1UhddeRqMkVSTCukVrYcqgimFhEA6pIFixmSYIC6ovQzxGAmGlY1jcJEmEOJHncDiliZxzL5tnmte0d+ev02XScS3n0rLv3HrTLVOogiNwAs6AA65AE9yCFmgDDJ7AC3gHH8aj8Wy8Gm+/rRWjnDkECzA+fwB7D5Qp</latexit>

Zm 2-form symm.

<latexit sha1_base64="F8Yj221wRqDWFnjKZcdzwEy3Wck=">AAACHXicbVDLSgMxFM34rONr1KWbYBFcSJkpiG6EghuXFewDOqVkMrdtaCYZkkxhGPotLvwWFwVxoQvxb0xrXdh6Vod7zs3NOVHKmTa+/+WsrW9sbm2Xdtzdvf2DQ+/ouKllpig0qORStSOigTMBDcMMh3aqgCQRh1Y0upvprTEozaR4NHkK3YQMBOszSowd9bzbMIIBEwUFYUBN3AGXEeFY50lSCUNX9nEkMxETlWMzBKlyNwQR/9p7Xtmv+HPgVRIsSBktUO950zCWNEvsOuVE607gp6ZbEGUY5TBxw0xDSuiIDKAgibbfiCb4PCFmqJe12fA/rZOZ/k23YCLNDAhqLVbrZxwbiWcN4JgpoIbnlhCqmL2M6ZAoQm2ipZc0CJKAvsTxmKV6zrvFvPSJa7MHy0lXSbNaCa4q/kO1XKsuWiihU3SGLlCArlEN3aM6aiCKntEUvaMP58l5cV6dtx/rmrPYOUF/4Hx+A9p/ozE=</latexit>

global symm.

of boundary theory

<latexit sha1_base64="WK/0ij4/SdFyWjtDi7ySHtztbDk=">AAAB4XicbZDLSsNAFIZP6q3WW9Wlm2ARKkhJCkWXBTcuK9oLtKGcTE/boZNJmJkUSugDuBDEhS58Ih/BtzGt2bT1X32c/1z4jx8Jro3j/Fi5re2d3b38fuHg8Oj4pHh61tJhrBg1WShC1fFRk+CSmoYbQZ1IEQa+oLY/uV/47SkpzUP5bGYReQGOJB9yhiYtPZXxul8sORVnKXsT3AxKkKnRL373BiGLA5KGCdS66zqR8RJUhjNB80Iv1hQhm+CIEgy0ngX+3L4K0Iz1urco/ud1YzO88xIuo9iQZGlL6g1jYZvQXqSwB1wRM2KWAjLF08s2G6NCZtKsq5s0SQxI39iDKY/0kr1k+bh5Ic3urifdhFa14tYqzmO1VK9mX8jDBVxCGVy4hTo8QAOawGAEr/ABnxazXqw36/2vNWdlM+ewIuvrF7psihk=</latexit>

(a)

<latexit sha1_base64="b4CdorXJDNaL7LNeLVW3D/ij1uo=">AAAB4XicbZDLSsNAFIbP1Futt6pLN8EiVJCSFIouC25cVrQXaEOZTE/boZPJMDMplNAHcCGIC134RD6Cb2Nas2nrv/o4/7nwn0AJbqzr/pDc1vbO7l5+v3BweHR8Ujw9a5ko1gybLBKR7gTUoOASm5ZbgR2lkYaBwHYwuV/47SlqwyP5bGcK/ZCOJB9yRm1aeioH1/1iya24Szmb4GVQgkyNfvG7N4hYHKK0TFBjup6rrJ9QbTkTOC/0YoOKsgkdYUJDY2ZhMHeuQmrHZt1bFP/zurEd3vkJlyq2KFnaknrDWDg2chYpnAHXyKyYpUCZ5ullh42ppsymWVc3GZQ0RHPjDKZcmSX7yfJx80Ka3VtPugmtasWrVdzHaqlezb6Qhwu4hDJ4cAt1eIAGNIHBCF7hAz4JIy/kjbz/teZINnMOKyJfv7voiho=</latexit>

(b)

<latexit sha1_base64="OAU+9I3JKy0aMexwXSdVmKIHmew=">AAAB4XicbZDLSsNAFIZP6q3WW9Wlm2ARKkhJCkWXBTcuK9oLtKFMTk/boZNJmJkUSugDuBDEhS58Ih/BtzGt2bT1X32c/1z4jx8Jro3j/Fi5re2d3b38fuHg8Oj4pHh61tJhrJCaGIpQdXymSXBJTcONoE6kiAW+oLY/uV/47SkpzUP5bGYReQEbST7kyExaeirjdb9YcirOUvYmuBmUIFOjX/zuDUKMA5IGBdO66zqR8RKmDEdB80Iv1hQxnLARJSzQehb4c/sqYGas171F8T+vG5vhnZdwGcWGJKYtqTeMhW1Ce5HCHnBFaMQsBYaKp5dtHDPF0KRZVzdpkiwgfWMPpjzSS/aS5ePmhTS7u550E1rVilurOI/VUr2afSEPF3AJZXDhFurwAA1oAsIIXuEDPi20Xqw36/2vNWdlM+ewIuvrF71kihs=</latexit>

(c)

<latexit sha1_base64="88U/WMwPTK4tu7dhfkkitXOGH1k=">AAAB83icbZDLSsNAFIYnXmu9Rbt0M1gEF1KSguiy4MZlBXuBNpTJ5LQdOpkJcymE0CdxIYgLXfggPoJvY1Kzaeu/+vn/cw58J0w408bzfpyt7Z3dvf3KQfXw6Pjk1D0772ppFYUOlVyqfkg0cCagY5jh0E8UkDjk0AtnD0Xfm4PSTIpnkyYQxGQi2JhRYvJo5NZCaUVEVIqpFBErQj1y617DWwpvGr80dVSqPXK/h5GkNgZhKCdaD3wvMUFGlGGUw6I6tBoSQmdkAhmJtU7jcIGvYmKmer0rwv+6gTXj+yBjIrEGBM1H8m5sOTYSF1w4Ygqo4WluCFU5CMV0ShShJqdfvaRBkBj0DY7mLNFLH2TLVy6qObu/Trppus2Gf9vwnpr1VrP8QgVdoEt0jXx0h1roEbVRB1GUolf0gT4d67w4b8773+iWU+7U0Iqcr180MZH2</latexit>

boundary conditions

<latexit sha1_base64="+TLYZeh3Lsyp5nmwOKTtHw9chsI=">AAAB4nicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSFESXBTcuK9gLtKFMJqft0JlJmJkUSugLuBDEhS58IR/BtzGp2bT1X32c/1z4TxALbqzr/jilre2d3b3yfuXg8Oj4pHp61jFRohm2WSQi3QuoQcEVti23AnuxRioDgd1g+pD73RlqwyP1bOcx+pKOFR9xRm1eYtnosFpz6+5SZBO8AmpQqDWsfg/CiCUSlWWCGtP33Nj6KdWWM4GLyiAxGFM2pWNMqTRmLoMFuZLUTsy6lxf/8/qJHd37KVdxYlGxrCXzRokgNiJ5DBJyjcyKeQaUaZ5dJmxCNWU2C7u6yaCiEs0NCWc8Nkv20+XnFpUsu7eedBM6jbp3W3efGrVmo/hCGS7gEq7BgztowiO0oA0MJvAKH/DphM6L8+a8/7WWnGLmHFbkfP0CO4SLDQ==</latexit>case

<latexit sha1_base64="TbD5bmZgvydVILd9bn+jBrUOI10=">AAAB93icbZDNSsNAFIUn9a/Gv6gLF24Gi7VCKYkouhEKblxWsD/QhDKZ3rZDZpKYmRRCyLO4EMSFLnwMH8G3Ma3ZtHpWH/fcmcs5bsiZVKb5rZVWVtfWN8qb+tb2zu6esX/QkUEcUWjTgAdRzyUSOPOhrZji0AsjIMLl0HW9u5nfnUIkWeA/qiQER5Cxz0aMEpWPBsZR1bsV4gzbto6rNWH78IStunc+MCpmw5wL/wWrgAoq1BoYX/YwoLEAX1FOpOxbZqiclESKUQ6ZbscSQkI9MoaUCCkT4Wb4VBA1kcvebPif14/V6MZJmR/GCnyar+TeKOZYBXiWDQ9ZBFTxJAdCI5ZfxnRCIkJV3sDiTxJ8IkDW8XDKQjlnJ53Xmel5dms56V/oXDSsq4b5cFlpmkULZXSMTlANWegaNdE9aqE2oihDL+gdfWiJ9qy9am+/qyWteHOIFqR9/gCOo5Cd</latexit>

k = mm0

(m 6= 1, k)
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•  Depending on b.c. different bulk Wilson lines are or are not allowed 
to end on the boundary  

 [Witten 98; Gaiotto, Kapustin, Seiberg, Willett 14;  Bergman, Tachikawa, Zafrir 20]  

<latexit sha1_base64="3v8xoVTyWMjxo6raWzo1XkESDUo="></latexit>

c3 : Dirichlet
A1 : free

<latexit sha1_base64="ybn1qNdCXKv1f5GqtV/BEHQpCmM="></latexit>

c3 : free
A1 : Dirichlet

<latexit sha1_base64="igjGfJeGV8IZRTzWT1y+jU6kmwU="></latexit>

c3 : free modulo Zm

A1 : free modulo Zm0

<latexit sha1_base64="WK/0ij4/SdFyWjtDi7ySHtztbDk=">AAAB4XicbZDLSsNAFIZP6q3WW9Wlm2ARKkhJCkWXBTcuK9oLtKGcTE/boZNJmJkUSugDuBDEhS58Ih/BtzGt2bT1X32c/1z4jx8Jro3j/Fi5re2d3b38fuHg8Oj4pHh61tJhrBg1WShC1fFRk+CSmoYbQZ1IEQa+oLY/uV/47SkpzUP5bGYReQGOJB9yhiYtPZXxul8sORVnKXsT3AxKkKnRL373BiGLA5KGCdS66zqR8RJUhjNB80Iv1hQhm+CIEgy0ngX+3L4K0Iz1urco/ud1YzO88xIuo9iQZGlL6g1jYZvQXqSwB1wRM2KWAjLF08s2G6NCZtKsq5s0SQxI39iDKY/0kr1k+bh5Ic3urifdhFa14tYqzmO1VK9mX8jDBVxCGVy4hTo8QAOawGAEr/ABnxazXqw36/2vNWdlM+ewIuvrF7psihk=</latexit>

(a)

<latexit sha1_base64="b4CdorXJDNaL7LNeLVW3D/ij1uo=">AAAB4XicbZDLSsNAFIbP1Futt6pLN8EiVJCSFIouC25cVrQXaEOZTE/boZPJMDMplNAHcCGIC134RD6Cb2Nas2nrv/o4/7nwn0AJbqzr/pDc1vbO7l5+v3BweHR8Ujw9a5ko1gybLBKR7gTUoOASm5ZbgR2lkYaBwHYwuV/47SlqwyP5bGcK/ZCOJB9yRm1aeioH1/1iya24Szmb4GVQgkyNfvG7N4hYHKK0TFBjup6rrJ9QbTkTOC/0YoOKsgkdYUJDY2ZhMHeuQmrHZt1bFP/zurEd3vkJlyq2KFnaknrDWDg2chYpnAHXyKyYpUCZ5ullh42ppsymWVc3GZQ0RHPjDKZcmSX7yfJx80Ka3VtPugmtasWrVdzHaqlezb6Qhwu4hDJ4cAt1eIAGNIHBCF7hAz4JIy/kjbz/teZINnMOKyJfv7voiho=</latexit>

(b)

<latexit sha1_base64="OAU+9I3JKy0aMexwXSdVmKIHmew=">AAAB4XicbZDLSsNAFIZP6q3WW9Wlm2ARKkhJCkWXBTcuK9oLtKFMTk/boZNJmJkUSugDuBDEhS58Ih/BtzGt2bT1X32c/1z4jx8Jro3j/Fi5re2d3b38fuHg8Oj4pHh61tJhrJCaGIpQdXymSXBJTcONoE6kiAW+oLY/uV/47SkpzUP5bGYReQEbST7kyExaeirjdb9YcirOUvYmuBmUIFOjX/zuDUKMA5IGBdO66zqR8RKmDEdB80Iv1hQxnLARJSzQehb4c/sqYGas171F8T+vG5vhnZdwGcWGJKYtqTeMhW1Ce5HCHnBFaMQsBYaKp5dtHDPF0KRZVzdpkiwgfWMPpjzSS/aS5ePmhTS7u550E1rVilurOI/VUr2afSEPF3AJZXDhFurwAA1oAsIIXuEDPi20Xqw36/2vNWdlM+ewIuvrF71kihs=</latexit>

(c)

<latexit sha1_base64="88U/WMwPTK4tu7dhfkkitXOGH1k=">AAAB83icbZDLSsNAFIYnXmu9Rbt0M1gEF1KSguiy4MZlBXuBNpTJ5LQdOpkJcymE0CdxIYgLXfggPoJvY1Kzaeu/+vn/cw58J0w408bzfpyt7Z3dvf3KQfXw6Pjk1D0772ppFYUOlVyqfkg0cCagY5jh0E8UkDjk0AtnD0Xfm4PSTIpnkyYQxGQi2JhRYvJo5NZCaUVEVIqpFBErQj1y617DWwpvGr80dVSqPXK/h5GkNgZhKCdaD3wvMUFGlGGUw6I6tBoSQmdkAhmJtU7jcIGvYmKmer0rwv+6gTXj+yBjIrEGBM1H8m5sOTYSF1w4Ygqo4WluCFU5CMV0ShShJqdfvaRBkBj0DY7mLNFLH2TLVy6qObu/Trppus2Gf9vwnpr1VrP8QgVdoEt0jXx0h1roEbVRB1GUolf0gT4d67w4b8773+iWU+7U0Iqcr180MZH2</latexit>

boundary conditions

<latexit sha1_base64="+TLYZeh3Lsyp5nmwOKTtHw9chsI=">AAAB4nicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSFESXBTcuK9gLtKFMJqft0JlJmJkUSugLuBDEhS58IR/BtzGp2bT1X32c/1z4TxALbqzr/jilre2d3b3yfuXg8Oj4pHp61jFRohm2WSQi3QuoQcEVti23AnuxRioDgd1g+pD73RlqwyP1bOcx+pKOFR9xRm1eYtnosFpz6+5SZBO8AmpQqDWsfg/CiCUSlWWCGtP33Nj6KdWWM4GLyiAxGFM2pWNMqTRmLoMFuZLUTsy6lxf/8/qJHd37KVdxYlGxrCXzRokgNiJ5DBJyjcyKeQaUaZ5dJmxCNWU2C7u6yaCiEs0NCWc8Nkv20+XnFpUsu7eedBM6jbp3W3efGrVmo/hCGS7gEq7BgztowiO0oA0MJvAKH/DphM6L8+a8/7WWnGLmHFbkfP0CO4SLDQ==</latexit>case

<latexit sha1_base64="B81Xs7cjR7vt1YnggVBr3PJiZ68=">AAAB/XicbVDLSsNAFJ34rPUVdSnCYBFcSEmqostCNy4r2Ac0MUymt+3QyYOZSaGE4MJvcSGIC134DX6Cf+OkZtPWs7gc7rkPzvFjzqSyrB9jZXVtfWOztFXe3tnd2zcPDtsySgSFFo14JLo+kcBZCC3FFIduLIAEPoeOP27kemcCQrIofFDTGNyADEM2YJQo3fLME3hMGXZYqLzUCYgaUcJxw7vMMNXFMytW1ZoBLxO7IBVUoOmZ304/okkAoaKcSNmzrVi5KRGKUQ5Z2UkkxISOyRBSEkg5DfwMn+V/5aKWN//Teoka3LopC+NEQUj1iNYGCccqwrlD3GcCqOJTTQgVTH/GdEQEoUrnMH9JQkgCkBe4P2GxnHE3nYWalbV3e9HpMmnXqvZ11bq/qtRrRQoldIxO0Tmy0Q2qozvURC1E0TN6RR/o03gyXow34/1vdMUodo7QHIyvXxUPlSA=</latexit>

ei
R
C3

c3
<latexit sha1_base64="naiyKYJj0l1rb5mO6MmhvpiCq3w=">AAACBnicbVC7SgNBFJ2Nrxhfq5Y2g0GxkLAbFC0jaSwjmAdk12V2cpMMmX0wMxsIy/YWfouFIBZa2PoJ/o2zMQhJPNW599wH5/gxZ1JZ1rdRWFldW98obpa2tnd298z9g5aMEkGhSSMeiY5PJHAWQlMxxaETCyCBz6Htj+q53h6DkCwK79UkBjcgg5D1GSVKtzzzFB5Shh0WKi91AqKGlHBc9+wM/1U3uvLMslWxpsDLxJ6RMpqh4ZlfTi+iSQChopxI2bWtWLkpEYpRDlnJSSTEhI7IAFISSDkJ/Ayf5C/lopY3/9O6iepfuykL40RBSPWI1voJxyrCuVXcYwKo4hNNCBVMf8Z0SAShSgcyf0lCSAKQ57g3ZrGccjedppuVtHd70ekyaVUr9mXFurso16qzFIroCB2jM2SjK1RDt6iBmoiiJ/SC3tGH8Wg8G6/G2+9owZjtHKI5GJ8/iUGYqg==</latexit>

ei
R
C1

A1

local op. charged under 
0-form glob. symm. 

<latexit sha1_base64="B81Xs7cjR7vt1YnggVBr3PJiZ68=">AAAB/XicbVDLSsNAFJ34rPUVdSnCYBFcSEmqostCNy4r2Ac0MUymt+3QyYOZSaGE4MJvcSGIC134DX6Cf+OkZtPWs7gc7rkPzvFjzqSyrB9jZXVtfWOztFXe3tnd2zcPDtsySgSFFo14JLo+kcBZCC3FFIduLIAEPoeOP27kemcCQrIofFDTGNyADEM2YJQo3fLME3hMGXZYqLzUCYgaUcJxw7vMMNXFMytW1ZoBLxO7IBVUoOmZ304/okkAoaKcSNmzrVi5KRGKUQ5Z2UkkxISOyRBSEkg5DfwMn+V/5aKWN//Teoka3LopC+NEQUj1iNYGCccqwrlD3GcCqOJTTQgVTH/GdEQEoUrnMH9JQkgCkBe4P2GxnHE3nYWalbV3e9HpMmnXqvZ11bq/qtRrRQoldIxO0Tmy0Q2qozvURC1E0TN6RR/o03gyXow34/1vdMUodo7QHIyvXxUPlSA=</latexit>

ei
R
C3

c3
<latexit sha1_base64="naiyKYJj0l1rb5mO6MmhvpiCq3w=">AAACBnicbVC7SgNBFJ2Nrxhfq5Y2g0GxkLAbFC0jaSwjmAdk12V2cpMMmX0wMxsIy/YWfouFIBZa2PoJ/o2zMQhJPNW599wH5/gxZ1JZ1rdRWFldW98obpa2tnd298z9g5aMEkGhSSMeiY5PJHAWQlMxxaETCyCBz6Htj+q53h6DkCwK79UkBjcgg5D1GSVKtzzzFB5Shh0WKi91AqKGlHBc9+wM/1U3uvLMslWxpsDLxJ6RMpqh4ZlfTi+iSQChopxI2bWtWLkpEYpRDlnJSSTEhI7IAFISSDkJ/Ayf5C/lopY3/9O6iepfuykL40RBSPWI1voJxyrCuVXcYwKo4hNNCBVMf8Z0SAShSgcyf0lCSAKQ57g3ZrGccjedppuVtHd70ekyaVUr9mXFurso16qzFIroCB2jM2SjK1RDt6iBmoiiJ/SC3tGH8Wg8G6/G2+9owZjtHKI5GJ8/iUGYqg==</latexit>

ei
R
C1

A1

surface op. charged under 
2-form glob. symm. 

<latexit sha1_base64="rIgAKV2I11jZ97ooTgVPKaw4s/8=">AAAB9HicbZDLSsNAFIZPvNZ6i5edm8EiuJCSFER3Fty4rGAv0IYymZy2QyeTMDMpxNA3cSGIC134Hj6Cb2Nas2nrv/o4/7nwHz8WXBvH+bHW1jc2t7ZLO+Xdvf2DQ/vouKWjRDFsskhEquNTjYJLbBpuBHZihTT0Bbb98f3Mb09QaR7JJ5PG6IV0KPmAM2ryUt8+ZVQSlAGJJPGjRAZUpXd9u+JUnbnIKrgFVKBQo29/94KIJSFKwwTVuus6sfEyqgxnAqflXqIxpmxMh5jRUOs09KfkIqRmpJe9WfE/r5uYwa2XcRknBiXLW3JvkAhiIjILRgKukBmR5kCZ4vllwkZUUWby+IubNEoaor4iwYTHes5eNv/ltJxnd5eTrkKrVnWvq85jrVKvFV8owRmcwyW4cAN1eIAGNIHBM7zCB3xaE+vFerPe/1rXrGLmBBZkff0Cql2Riw==</latexit>

can end on boundary?

<latexit sha1_base64="B81Xs7cjR7vt1YnggVBr3PJiZ68=">AAAB/XicbVDLSsNAFJ34rPUVdSnCYBFcSEmqostCNy4r2Ac0MUymt+3QyYOZSaGE4MJvcSGIC134DX6Cf+OkZtPWs7gc7rkPzvFjzqSyrB9jZXVtfWOztFXe3tnd2zcPDtsySgSFFo14JLo+kcBZCC3FFIduLIAEPoeOP27kemcCQrIofFDTGNyADEM2YJQo3fLME3hMGXZYqLzUCYgaUcJxw7vMMNXFMytW1ZoBLxO7IBVUoOmZ304/okkAoaKcSNmzrVi5KRGKUQ5Z2UkkxISOyRBSEkg5DfwMn+V/5aKWN//Teoka3LopC+NEQUj1iNYGCccqwrlD3GcCqOJTTQgVTH/GdEQEoUrnMH9JQkgCkBe4P2GxnHE3nYWalbV3e9HpMmnXqvZ11bq/qtRrRQoldIxO0Tmy0Q2qozvURC1E0TN6RR/o03gyXow34/1vdMUodo7QHIyvXxUPlSA=</latexit>

ei
R
C3

c3
<latexit sha1_base64="naiyKYJj0l1rb5mO6MmhvpiCq3w=">AAACBnicbVC7SgNBFJ2Nrxhfq5Y2g0GxkLAbFC0jaSwjmAdk12V2cpMMmX0wMxsIy/YWfouFIBZa2PoJ/o2zMQhJPNW599wH5/gxZ1JZ1rdRWFldW98obpa2tnd298z9g5aMEkGhSSMeiY5PJHAWQlMxxaETCyCBz6Htj+q53h6DkCwK79UkBjcgg5D1GSVKtzzzFB5Shh0WKi91AqKGlHBc9+wM/1U3uvLMslWxpsDLxJ6RMpqh4ZlfTi+iSQChopxI2bWtWLkpEYpRDlnJSSTEhI7IAFISSDkJ/Ayf5C/lopY3/9O6iepfuykL40RBSPWI1voJxyrCuVXcYwKo4hNNCBVMf8Z0SAShSgcyf0lCSAKQ57g3ZrGccjedppuVtHd70ekyaVUr9mXFurso16qzFIroCB2jM2SjK1RDt6iBmoiiJ/SC3tGH8Wg8G6/G2+9owZjtHKI5GJ8/iUGYqg==</latexit>

ei
R
C1

A1

both local op. 
and surface op. <latexit sha1_base64="l5YkUlu8/H7TYTaQQzqrm8OjSMM=">AAAB63icbZC7TgJBFIbPekW8oZY2E8HEwpBdEqMliY0lJnJJYEPODgeYMLO7zsySEMJTWJgYCy18GB/Bt3HBbQD/6sv5zyX/CWIpjHXdH2djc2t7Zze3l98/ODw6LpycNkyUaE51HslItwI0JEVIdSuspFasCVUgqRmM7ud+c0zaiCh8spOYfIWDUPQFR5uW/JIqMbQMmRWKuoWiW3YXYuvgZVCETLVu4bvTi3iiKLRcojFtz42tP0VtBZc0y3cSQzHyEQ5oisqYiQpm7FKhHZpVb178z2sntn/nT0UYJ5ZCnrakXj+RzEZsnof1hCZu5SQF5FqklxkfokZu09TLmwyFqMhcs95YxGbB/nTxwlk+ze6tJl2HRqXs3ZTdx0qx6mZfyME5XMAVeHALVXiAGtSBwzO8wgd8Osp5cd6c97/WDSebOYMlOV+/Gw2Nww==</latexit>

m at a time

<latexit sha1_base64="2VGcUCFqaUNvIeTh+tL8kmtwOxc=">AAAB7HicbZC7TgJBFIZn8YZ4Qy1tJoLRwpBdEqMliY0lJnJJYCVnhwNMmJndzMySkA1vYWFiLLTwXXwE38YFtwH8qy/nP5f8J4gEN9Z1f5zcxubW9k5+t7C3f3B4VDw+aZow1gwbLBShbgdgUHCFDcutwHakEWQgsBWM7+d+a4La8FA92WmEvoSh4gPOwKal57K8LFOwFKjlEnvFkltxF6Lr4GVQIpnqveJ3tx+yWKKyTIAxHc+NrJ+AtpwJnBW6scEI2BiGmIA0ZiqDGb2QYEdm1ZsX//M6sR3c+QlXUWxRsbQl9QaxoDak80C0zzUyK6YpANM8vUzZCDQwm8Ze3mRQgURzTfsTHpkF+8nih7NCmt1bTboOzWrFu6m4j9VSzc2+kCdn5JxcEY/ckhp5IHXSIIxo8ko+yKejnBfnzXn/a8052cwpWZLz9Qt7+430</latexit>

m0 at a time

<latexit sha1_base64="wXn5JK9ND4q4GBKGnHlDBPZoCo8=">AAAB4HicbZC7SgNBFIbPxluMt6ilzWIQLCTsBoKWARvLKOYCyRJmJ2eTIbOzw8xsICzpLQSx0MI38hF8GydxmyT+1cf5z4X/hJIzbTzvxylsbe/s7hX3SweHR8cn5dOztk5SRbFFE56obkg0ciawZZjh2JUKSRxy7IST+4XfmaLSLBHPZiYxiMlIsIhRYmzpSSSDcsWreku5m+DnUIFczUH5uz9MaBqjMJQTrXu+J02QEWUY5Tgv9VONktAJGWFGYq1ncTh3r2JixnrdWxT/83qpie6CjAmZGhTUtlgvSrlrEncRwh0yhdTwmQVCFbOXXTomilBjo65u0ihIjPrGHU6Z1EsOsuXf5iWb3V9PugntWtWvV73HWqVRy79QhAu4hGvw4RYa8ABNaAGFCF7hAz6d0Hlx3pz3v9aCk8+cw4qcr1/U9Yo6</latexit>

no

<latexit sha1_base64="3BmymmRl/aS9Ju8N46ErPFtvK+A=">AAAB4XicbZDLSsNAFIZP6q3WW9Wlm2ARXEhJCkWXBTcuK9oLtKFMpqft0JnJMDMphNAHcCGIC134RD6Cb2Nas2nrv/o4/7nwn1BxZqzn/TiFre2d3b3ifung8Oj4pHx61jZRrCm2aMQj3Q2JQc4ktiyzHLtKIxEhx044vV/4nRlqwyL5bBOFgSBjyUaMEpuVnhI0g3LFq3pLuZvg51CBXM1B+bs/jGgsUFrKiTE931M2SIm2jHKcl/qxQUXolIwxJcKYRIRz90oQOzHr3qL4n9eL7eguSJlUsUVJs5bMG8XctZG7SOEOmUZqeZIBoZpll106IZpQm2Vd3WRQEoHmxh3OmDJLDtLl4+alLLu/nnQT2rWqX696j7VKo5Z/oQgXcAnX4MMtNOABmtACCmN4hQ/4dKjz4rw573+tBSefOYcVOV+/poaKuA==</latexit>yes

<latexit sha1_base64="wXn5JK9ND4q4GBKGnHlDBPZoCo8=">AAAB4HicbZC7SgNBFIbPxluMt6ilzWIQLCTsBoKWARvLKOYCyRJmJ2eTIbOzw8xsICzpLQSx0MI38hF8GydxmyT+1cf5z4X/hJIzbTzvxylsbe/s7hX3SweHR8cn5dOztk5SRbFFE56obkg0ciawZZjh2JUKSRxy7IST+4XfmaLSLBHPZiYxiMlIsIhRYmzpSSSDcsWreku5m+DnUIFczUH5uz9MaBqjMJQTrXu+J02QEWUY5Tgv9VONktAJGWFGYq1ncTh3r2JixnrdWxT/83qpie6CjAmZGhTUtlgvSrlrEncRwh0yhdTwmQVCFbOXXTomilBjo65u0ihIjPrGHU6Z1EsOsuXf5iWb3V9PugntWtWvV73HWqVRy79QhAu4hGvw4RYa8ABNaAGFCF7hAz6d0Hlx3pz3v9aCk8+cw4qcr1/U9Yo6</latexit>

no

<latexit sha1_base64="3BmymmRl/aS9Ju8N46ErPFtvK+A=">AAAB4XicbZDLSsNAFIZP6q3WW9Wlm2ARXEhJCkWXBTcuK9oLtKFMpqft0JnJMDMphNAHcCGIC134RD6Cb2Nas2nrv/o4/7nwn1BxZqzn/TiFre2d3b3ifung8Oj4pHx61jZRrCm2aMQj3Q2JQc4ktiyzHLtKIxEhx044vV/4nRlqwyL5bBOFgSBjyUaMEpuVnhI0g3LFq3pLuZvg51CBXM1B+bs/jGgsUFrKiTE931M2SIm2jHKcl/qxQUXolIwxJcKYRIRz90oQOzHr3qL4n9eL7eguSJlUsUVJs5bMG8XctZG7SOEOmUZqeZIBoZpll106IZpQm2Vd3WRQEoHmxh3OmDJLDtLl4+alLLu/nnQT2rWqX696j7VKo5Z/oQgXcAnX4MMtNOABmtACCmN4hQ/4dKjz4rw573+tBSefOYcVOV+/poaKuA==</latexit>yes



Spacetimes with a boundary 
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Remarks: 

•  Formally we detect it from the 6-form that encodes the 5d top. mass terms  
<latexit sha1_base64="ZrsbECVcgoXJdRuXwacWjPE5RIw="></latexit>

I6 = k
dc3
2⇡

^ dA1

2⇡
+M

d eB2

2⇡
^ dB2

2⇡

<latexit sha1_base64="ynZ3uwZDG+KpGH4WF09IzoNI5Xs=">AAACEHicbZDLSsNAGIUnXmu9RV26GSxCBSmTYtGNUHCjC6GivUATw2Q6bYdOkiEzKZQhL+HCZ3EhiAsFfQPfxqRm09az+vjPP/Nzjic4kwqhH2NpeWV1bb2wUdzc2t7ZNff2WzKMI0KbJORh1PGwpJwFtKmY4rQjIop9j9O2N7rK/PaYRpKFwYOaCOr4eBCwPiNYpSPXRHY/wkTfJ7pqC5bASwhtFihX2z5WQ4I5vHVrCbxxa4+6jE4S6JolVEFTwUWwciiBXA3X/LJ7IYl9GijCsZRdCwnlaBwpRjhNinYsqcBkhAdUY1/Kie8l8Di7Lue9bPif141V/8LRLBCxogFJV1KvH3OoQpiFhj0WUaL4JAVMIpZehmSI0+AqrWb2J0kD7FN5CntjJuSUHT3tOSmm2a35pIvQqlasWgXdnZXq1byFAjgER6AMLHAO6uAaNEATEPAMXsEH+DSejBfjzXj/W10y8jcHYEbG9y+VjJvE</latexit>

S

2⇡
=

Z

M5

I(0)5

<latexit sha1_base64="9qIRUdnmRJoxwieW7All6dlY8nk=">AAAB8HicbZDLSsNAFIZPvNZ6i7p0M1iEClKSYtWNUHBjdxXsBdoaJpPTdujkwsykUELfw4UgLnThm/gIvo1pzaat/+rj/OfCf9xIcKUt68dYW9/Y3NrO7eR39/YPDs2j46YKY8mwwUIRyrZLFQoeYENzLbAdSaS+K7Dlju5nfmuMUvEweNKTCHs+HQS8zxnVackxzZpzTe6IV3Mqz0nRupg6ZsEqWXORVbAzKECmumN+d72QxT4GmgmqVMe2It1LqNScCZzmu7HCiLIRHWBCfaUmvjsl5z7VQ7XszYr/eZ1Y9297CQ+iWGPA0pbU68eC6JDMQhGPS2RaTFKgTPL0MmFDKinTafTFTQoD6qO6JN6YR2rOvWT+x2k+zW4vJ12FZrlkV0rW41WhWs6+kINTOIMi2HADVXiAOjSAwRhe4QM+DWm8GG/G+1/rmpHNnMCCjK9fwDaOjw==</latexit>

I6 = dI(0)5

•  In case (a), specifying the b.c. for      is the same as fixing a background 1-form 
gauge field for the global      0-form symmetry of the theory on  

<latexit sha1_base64="cz5EaB2GvnW9aribyE2KGM+PJsM=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSFEWXFTcuK9gLNKFMpqft0EkyzEwKJfQlXAjiQhe+jI/g25jEbNr6rz7Ofy78x5eCa2PbP1ZpY3Nre6e8W9nbPzg8qh6fdHQUK4ZtFolI9XyqUfAQ24YbgT2pkAa+wK4/fcj87gyV5lH4bOYSvYCOQz7ijJq05LoBNRNGBbkfOINqza7bucg6OAXUoFBrUP12hxGLAwwNE1TrvmNL4yVUGc4ELipurFFSNqVjTGig9TzwF+Qiu6hXvaz4n9ePzejOS3goY4MhS1tSbxQLYiKSxSFDrpAZMU+BMsXTy4RNqKLMpKGXN2kMaYD6igxnXOqcvST/4KKSZndWk65Dp1F3bur203Wt2Si+UIYzOIdLcOAWmvAILWgDAwmv8AGflrBerDfr/a+1ZBUzp7Ak6+sXPlmN6g==</latexit>

A1
<latexit sha1_base64="OIWkcWHzr+Mazdtf/PLC6qEsdMY=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSFEWXBTcuK9gLNqFMpqft0EkyzEwKJfQlXAjiQhe+jI/g25jEbNr6rz7Ofy78x5eCa2PbP1ZpY3Nre6e8W9nbPzg8qh6fdHQUK4ZtFolI9XyqUfAQ24YbgT2pkAa+wK4/vc/87gyV5lH4ZOYSvYCOQz7ijJq05LoBNRPfJ+R5MB1Ua3bdzkXWwSmgBoVag+q3O4xYHGBomKBa9x1bGi+hynAmcFFxY42SsikdY0IDreeBvyAX2UW96mXF/7x+bEZ3XsJDGRsMWdqSeqNYEBORLA4ZcoXMiHkKlCmeXiZsQhVlJg29vEljSAPUV2Q441Ln7CX5BxeVNLuzmnQdOo26c1O3H69rzUbxhTKcwTlcggO30IQHaEEbGEh4hQ/4tIT1Yr1Z73+tJauYOYUlWV+/R7eN8Q==</latexit>

Zk

<latexit sha1_base64="Eob4cekpq9fepCxEHZGWb3gasxE=">AAACBHicbVC7SgNBFJ31GeNr1dJmMAoWEnZDgjZCwMZGiGAekF2W2clNMmT2wcxsICxpLfwWC0EstLD3E/wbZ+MWJvFUZ865cy/n+DFnUlnWt7Gyura+sVnYKm7v7O7tmweHLRklgkKTRjwSHZ9I4CyEpmKKQycWQAKfQ9sf3WR+ewxCsih8UJMY3IAMQtZnlCgteeapExA1pITjO6+Kr7ETE6GYfv7Ra55ZssrWDHiZ2DkpoRwNz/xyehFNAggV5UTKrm3Fyk2z1ZTDtOgkEmJCR2QAKQmknAT+FJ9lF+Wil4n/ed1E9a/clIVxoiCkekR7/YRjFeEsKO4xAVTxiSaECqYvYzokglCl65jfJCEkAcgL3BuzWM64m866nRZ1dnsx6TJpVcp2rWzdV0v1St5CAR2jE3SObHSJ6ugWNVATUfSEXtA7+jAejWfj1Xj7HV0x8j9HaA7G5w8LN5c3</latexit>

M4 = @M5

•  Gauging the global      0-form symmetry of case (a) gives case (b); gauging 
subgroups gives case (c)  

<latexit sha1_base64="OIWkcWHzr+Mazdtf/PLC6qEsdMY=">AAAB6nicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSFEWXBTcuK9gLNqFMpqft0EkyzEwKJfQlXAjiQhe+jI/g25jEbNr6rz7Ofy78x5eCa2PbP1ZpY3Nre6e8W9nbPzg8qh6fdHQUK4ZtFolI9XyqUfAQ24YbgT2pkAa+wK4/vc/87gyV5lH4ZOYSvYCOQz7ijJq05LoBNRPfJ+R5MB1Ua3bdzkXWwSmgBoVag+q3O4xYHGBomKBa9x1bGi+hynAmcFFxY42SsikdY0IDreeBvyAX2UW96mXF/7x+bEZ3XsJDGRsMWdqSeqNYEBORLA4ZcoXMiHkKlCmeXiZsQhVlJg29vEljSAPUV2Q441Ln7CX5BxeVNLuzmnQdOo26c1O3H69rzUbxhTKcwTlcggO30IQHaEEbGEh4hQ/4tIT1Yr1Z73+tJauYOYUlWV+/R7eN8Q==</latexit>

Zk

<latexit sha1_base64="lib6MHH6qHq3334kyebwFNSnymc="></latexit>

if there is no torsion in homology, Hom(⇡1(M4),Zk) ⇠= H1(M4,Zk)

•  In case (c) there is a mixed ‘t Hooft anomaly between the        0-form symm. 
and the       2-form symm.  

<latexit sha1_base64="QWyUg+YRHGGvHVfa7iPjtyeyxU4=">AAAB7HicbZDLTsJAFIZP8YZ4Q126aSRGF4a0RKNLEjcuMZFLhEqmwwEmzEybmSkJafoWLkyMC134Lj6Cb2OL3QD+qy/nP5f8xw8508ZxfqzC2vrG5lZxu7Szu7d/UD48aukgUhSbNOCB6vhEI2cSm4YZjp1QIRE+x7Y/ucv89hSVZoF8NLMQPUFGkg0ZJSYtPfcEMWPft5/6sThP+uWKU3XmslfBzaECuRr98ndvENBIoDSUE627rhMaLybKMMoxKfUijSGhEzLCmAitZ8JP7LPspl72suJ/Xjcyw1svZjKMDEqatqTeMOK2CewskD1gCqnhsxQIVSy9bNMxUYSaNPbiJo2SCNSX9mDKQj1nL57/MCml2d3lpKvQqlXd66rzcFWp1/IvFOEETuECXLiBOtxDA5pAQcErfMCnJa0X6816/2stWPnMMSzI+voFGEWPBg==</latexit>

Zm0
<latexit sha1_base64="rqVcaXZVWiOez5ggeD6ud7hn7uc=">AAAB63icbZDLTsJAFIZP8YZ4Q126mUhMXBjSEowuSdy4xEQuERoyHQ4wYaatM1MS0vQpXJgYF7rwYXwE38YWuwH8V1/Ofy75jxcKro1t/1iFjc2t7Z3ibmlv/+DwqHx80tZBpBi2WCAC1fWoRsF9bBluBHZDhVR6Ajve9C7zOzNUmgf+o5mH6Eo69vmIM2rSktuX1Ew8jzwNYpkMyhW7ai9E1sHJoQK5moPyd38YsEiib5igWvccOzRuTJXhTGBS6kcaQ8qmdIwxlVrPpZeQi+ykXvWy4n9eLzKjWzfmfhgZ9FnaknqjSBATkCwPGXKFzIh5CpQpnl4mbEIVZSZNvbxJo08l6isynPFQL9iNFy9MSml2ZzXpOrRrVee6aj/UK41a/oUinME5XIIDN9CAe2hCCxg8wyt8wKclrRfrzXr/ay1Y+cwpLMn6+gW01I7V</latexit>

Zm

•  Analogous remarks hold for the             pair 
<latexit sha1_base64="6jIjUkqBbKWfogDE2Xp5evL7aqo=">AAAB9XicbZDLSsNAFIZP6q3WW1RcuRksQoVSkqLosujGZQV7gTaEyeS0HTq5kJm0lNBHcSGIC134HD6Cb2NSs2nrvzh8nP+cGf7jhIJLZRg/WmFjc2t7p7hb2ts/ODzSj0/aMogjhi0WiCDqOlSi4D62FFcCu2GE1HMEdpzxQ+Z3JhhJHvjPahai5dGhzwecUZW2bP2s0p9yFxUXLpJ7u17NypWtl42asRBZBzOHMuRq2vp33w1Y7KGvmKBS9kwjVFZCI8WZwHmpH0sMKRvTISbUk3LmOXNy6VE1kqte1vzP68VqcGcl3A9jhT5LR1JvEAuiApIlIy6PkCkxS4GyiKc/EzaiEWUqzb/8kkSfeiirxJ3wUC7YShbHnJfS7OZq0nVo12vmTc14ui436vkVinAOF1ABE26hAY/QhBYwSOAVPuBTm2ov2pv2/jda0PKdU1iS9vULoteQyA==</latexit>

( eB2, B2)



‘t Hooft anomalies from inflow 
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Embedding in the full gravity theory 
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•  The BF-like terms embed in the full gravity theory obtained from reduction of 
M-theory on M6 

•  The 5d effective action includes kinetic terms for all p-form fields 

•  The system admits singleton modes 
Ø  Pure gauge in the bulk, dynamical on the conformal boundary 
Ø  Hamiltonian determined combining kinetic terms and BF terms 

Ø  Singleton 0-form gauge field from  
Ø  Singleton 1-form gauge field from 

<latexit sha1_base64="SYsYMFfcLvKvRatrs9I5S3+rAoc=">AAAB83icbZDLSsNAFIZPvNZ6i3bpZrAIFUpJqqLLihuXFewF2hAm09N26OTCzKRQQp/EhSAudOGD+Ai+jUnNpq3/6uP858J/vEhwpS3rx9jY3Nre2S3sFfcPDo+OzZPTtgpjybDFQhHKrkcVCh5gS3MtsBtJpL4nsONNHjK/M0WpeBg861mEjk9HAR9yRnVacs1ShblXVdL3qR4zKsi9a1+6ZtmqWQuRdbBzKEOupmt+9wchi30MNBNUqZ5tRdpJqNScCZwX+7HCiLIJHWFCfaVmvjcnF9lJteplxf+8XqyHd07CgyjWGLC0JfWGsSA6JFkuMuASmRazFCiTPL1M2JhKynSafnmTwoD6qKpkMOWRWrCTLF45L6bZ7dWk69Cu1+ybmvV0XW7U8y8U4AzOoQI23EIDHqEJLWAwg1f4gE8jNl6MN+P9r3XDyGdKsCTj6xcmFY/z</latexit>

(c3,A1)
<latexit sha1_base64="6jIjUkqBbKWfogDE2Xp5evL7aqo=">AAAB9XicbZDLSsNAFIZP6q3WW1RcuRksQoVSkqLosujGZQV7gTaEyeS0HTq5kJm0lNBHcSGIC134HD6Cb2NSs2nrvzh8nP+cGf7jhIJLZRg/WmFjc2t7p7hb2ts/ODzSj0/aMogjhi0WiCDqOlSi4D62FFcCu2GE1HMEdpzxQ+Z3JhhJHvjPahai5dGhzwecUZW2bP2s0p9yFxUXLpJ7u17NypWtl42asRBZBzOHMuRq2vp33w1Y7KGvmKBS9kwjVFZCI8WZwHmpH0sMKRvTISbUk3LmOXNy6VE1kqte1vzP68VqcGcl3A9jhT5LR1JvEAuiApIlIy6PkCkxS4GyiKc/EzaiEWUqzb/8kkSfeiirxJ3wUC7YShbHnJfS7OZq0nVo12vmTc14ui436vkVinAOF1ABE26hAY/QhBYwSOAVPuBTm2ov2pv2/jda0PKdU1iS9vULoteQyA==</latexit>

( eB2, B2)

 [Maldacena, Moore, Seiberg 01; Belov, Moore 04]  

•  Singleton modes do not gravitate 

Ø  They are holographically dual to decoupled sectors 

(terminology “singleton” from representation theory of superconformal algebra) 



Singletons and decoupling 

19 

•  Decoupling singleton: sum over topological sectors 

<latexit sha1_base64="eFCA7h/z7ahqus9Yu3uJ674qlKM=">AAACDnicbVDLSsNAFJ3UV62vqks3g0VwISUpim6EghuXFeyDNjFMprft0JlJmJkUSug/uPBbXAjiQhf6Cf6NaayLtp7NPdxzH5wTRJxpY9vfVm5ldW19I79Z2Nre2d0r7h80dBgrCnUa8lC1AqKBMwl1wwyHVqSAiIBDMxjeTPXmCJRmobw34wg8QfqS9RglJm35xXIbX2NXx8J3AzAEt//qQ1b9xFUCayb7HEwoJ36xZJftDHiZODNSQjPU/OKX2w1pLEAayonWHceOjJcQZRjlMCm4sYaI0CHpQ0KE1mMRTPCJIGagF7Vp8z+tE5velZcwGcUGJE1HUq0Xc2xCPLWMu0wBNXycEkIVSz9jOiCKUJMGM39JgyQC9BnujlikM+4lWcqTQurdWXS6TBqVsnNRtu/OS9XKLIU8OkLH6BQ56BJV0S2qoTqi6Am9oHf0YT1az9ar9fY7mrNmO4doDtbnDwNgnE0=</latexit>

Z =
X

�

Z�Z
�
singleton

<latexit sha1_base64="0rWY9KSwKETx3ALRGg+TB6CB8c4=">AAACH3icbZDNSwJBGMZn+zT72urYZUiDDiG7QhRdErp0NMgPUpPZ8V0dnI9lZlaQxT+mQ39LRBAd6uB/02pCqD2nH+/zzMf7BBFnxnre2FlZXVvf2MxsZbd3dvf23YPDqlGxplChiitdD4gBziRULLMc6pEGIgIOtaB/O/FrA9CGKflghxG0BOlKFjJKbDpquzf5x6dmAJa0k6YW2DDZ5WCVHOWvMVUyVFoQjgOuaN9gFf4FsAFqlW67Oa/gTYWXwZ9BDs1UbrtvzY6isQBpKSfGNHwvsq2EaMsoh1G2GRuICO2TLiREGDMUwQifCmJ7ZtGbDP/zGrENr1oJk1FsQdI0knphzLFVeNIB7jCdfp4PUyBUs/RlTHtEE2rTpuZvMiCJAHOOOwMWmSm3kmnto2y6u7+46TJUiwX/ouDdF3Ol4qyFDDpGJ+gM+egSldAdKqMKougFvaMv9O08O6/Oh/P5G11xZmeO0Jyc8Q/5IqO+</latexit>

Z�
singleton

: conformal blocks of singleton sector

<latexit sha1_base64="gCRWF/OQe1zgcnZI0pBF7SdC7ok=">AAACEnicbVDNSsNAGNzUv1r/oh69LLaCBylJQBRPBS8eK9gfbEPZbL+0SzebsLsplNC38OCzeBDEgwq+gG/jtubS1jkNM7PfMhMknCntOD9WYW19Y3OruF3a2d3bP7APj5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN3O/NYYpGKxeNCTBPyIDAQLGSXaSD3bqzz2ugFoUrnBCZHmgpFxmAo6J3GIB5KMmTZxMcBR3AfVs8tO1ZkDrxI3J2WUo96zv7r9mKYRCE05UarjOon2s9lvlMO01E0VJISOyAAyEik1iYIpPouIHqplbyb+53VSHV77GRNJqkFQEzFemHKsYzyrjftMAtV8Ygih0rSkmA6JJFSbcRYvKRAkAnWB+2OWqDn3s/nS05Lp7i43XSVNr+peVp17r1zz8hWK6ASdonPkoitUQ3eojhqIomf0ij7Qp/VkvVhv1vtftGDlb47RAqzvX0hQng4=</latexit>

Z� : partition function of gravitating modes

<latexit sha1_base64="L3L3kfUjgJyDJIcLpVTAJc8s0wc=">AAACBnicbVC7SgNBFJ2Nrxhfq5Y2g4liIWE3IIpVwMYygnlAsoTZyd1kyOzOMDMbCEt6C7/FQhALLWz9BP/GSUyTxFMd7jl35p4TSs608bwfJ7e2vrG5ld8u7Ozu7R+4h0cNLVJFoU4FF6oVEg2cJVA3zHBoSQUkDjk0w+HdVG+OQGkmkkczlhDEpJ+wiFFi7Kjrnpc6IRhSusWchMBxJBQ2Qtq9vvVwrIEaoXTXLXplbwa8Svw5KaI5al33u9MTNI0hMZQTrdu+J02QEWUY5TApdFINktAh6UNGYq3HcTjBZzExA72sTYf/ae3URDdBxhKZGkiotVgtSrm9H0+j4h5T9no+toRQxezPmA6IItTYQhZf0pCQGPQl7o2Y1DMeZLN2JwWb3V9OukoalbJ/VfYeKsVqZd5CHp2gU3SBfHSNquge1VAdUfSMXtEH+nSenBfnzXn/s+ac+c4xWoDz9Qu5h5jX</latexit>

�: label for topological sectors

•  On field theory side:               à free modes;       à interacting SCFT 

<latexit sha1_base64="ni7qNlpF0hiTJp4gx/BCP+UI8Hw=">AAAB93icbZC9TsMwFIWd8lfKX4CBgcWiQmJAVVKBYKzEwlgk+iOaEDnubWvVdiLbqVRFeRYGJMQAA4/BI/A2pCVLW8706Z5rX50Txpxp4zg/VmltfWNzq7xd2dnd2z+wD4/aOkoUhRaNeKS6IdHAmYSWYYZDN1ZARMihE47vZn5nAkqzSD6aaQy+IEPJBowSk48C++Tp2QvBkCD1lMCaySEHE8kssKtOzZkLr4JbQBUVagb2t9ePaCJAGsqJ1j3XiY2fEmUY5ZBVvERDTOiYDCElQuupCDN8LogZ6WVvNvzP6yVmcOunTMaJAUnzldwbJBybCM+y4T5TQA2f5kCoYvllTEdEEWryBhZ/0iCJAH2J+xMW6zn76bzOrJJnd5eTrkK7XnOva87DVbVRL1ooo1N0hi6Qi25QA92jJmohijL0ij7QpzW1Xqw36/1vtWQVb47RgqyvXxHkk5c=</latexit>

Z�
singleton

<latexit sha1_base64="5rliEs2vprVgU31UwP1tBOAwed8=">AAAB5XicbZC7TgJREIZn8YZ4Qy1tNhITC0N2iUZLEhtLTOQSYUNmDwOccPaSc2ZJCOERLEyMhRY+j4/g27jgNoB/9WX+ueQfP1bSsOP8WLmNza3tnfxuYW//4PCoeHzSMFGiBdVFpCLd8tGQkiHVWbKiVqwJA19R0x/dz/3mmLSRUfjEk5i8AAeh7EuBnJaaz92OT4zdYskpOwvZ6+BmUIJMtW7xu9OLRBJQyEKhMW3XidmbomYpFM0KncRQjGKEA5piYMwk8Gf2RYA8NKvevPif1064f+dNZRgnTKFIW1KvnyibI3uexO5JTYLVJAUUWqaXbTFEjYLTvMubDIUYkLmye2MZmwV708XzZoU0u7uadB0albJ7U3Yer0vVSvaFPJzBOVyCC7dQhQeoQR0EjOAVPuDTGlgv1pv1/teas7KZU1iS9fULSm+MQg==</latexit>

Z�

•  E.g.:  
<latexit sha1_base64="khmUI796oOnXSmTogVX2ptsIkTk=">AAAB/HicbZDNSsNAFIUn9a/Wv6hLXQy2QoVSkorosuLGZQX7A20Ik+ltO3QmCTOTQgh14bO4EMSFLnwHH8G3MandtPWsPu65M5dzvJAzpS3rx8itrW9sbuW3Czu7e/sH5uFRSwWRpNCkAQ9kxyMKOPOhqZnm0AklEOFxaHvju8xvT0AqFviPOg7BEWToswGjRKcj1zwtlal7WcE9QfSIEo5vXfuihFWsNAjXLFpVaya8CvYcimiuhmt+9/oBjQT4mnKiVNe2Qu0kRGpGOUwLvUhBSOiYDCEhQqlYeFN8np1Wy142/M/rRnpw4yTMDyMNPk1XUm8QcawDnAXEfSaBah6nQKhk6WVMR0QSqtMaFn9S4BMBqoL7ExaqGTvJrNNpIc1uLyddhVatal9VrYdasV6bt5BHJ+gMlZGNrlEd3aMGaiKKntEr+kCfxpPxYrwZ73+rOWP+5hgtyPj6BTJ9k1g=</latexit>

(c3,A1) system

start from 
case (a): 

§  Dirichlet b.c. for   
§  Interacting SCFT with      0-form glob. symm.  
§  Choice of b.c. = choice of backgr. gauge field   
§      = partition function of SCFT with    backgr. gauge field 

<latexit sha1_base64="Uez29rmdDOU5f7CZfuEJZpCUmik=">AAAB6nicbZDLSsNAFIZPvNZ6q7p0M1gEF1Imouiy4sZlBXuBJpTJ9LQdOkmGmUmhhL6EC0Fc6MKX8RF8G5OaTVv/1cf5z4X/BEoKYyn9cdbWNza3tks75d29/YPDytFxy8SJ5tjksYx1J2AGpYiwaYWV2FEaWRhIbAfjh9xvT1AbEUfPdqrQD9kwEgPBmc1KnhcyO+JMkvue26tUaY3ORVbBLaAKhRq9yrfXj3kSYmS5ZMZ0XaqsnzJtBZc4K3uJQcX4mA0xZaEx0zCYkfP8oln28uJ/Xjexgzs/FZFKLEY8a8m8QSKJjUkeh/SFRm7lNAPGtcguEz5imnGbhV7cZDBiIZpL0p8IZebsp/MPzspZdnc56Sq0rmruTY0+XVfrtPhCCU7hDC7AhVuowyM0oAkcFLzCB3w60nlx3pz3v9Y1p5g5gQU5X789v43o</latexit>

A1
<latexit sha1_base64="ZsUarK0pnk4swkwuEqLfCq0396M=">AAAB6XicbZC7SgNBFIbPeI3xFrW0GQyChYRZUbQM2FhGMBdMljA7OUmGnb0wMxsISx7CQhALLXwaH8G3cTduk8S/+jj/ufAfL1bSWMZ+yNr6xubWdmmnvLu3f3BYOTpumSjRApsiUpHueNygkiE2rbQKO7FGHngK255/n/vtCWojo/DJTmN0Az4K5VAKbrNStxdwO/Y8+tz3+5Uqq7G56Co4BVShUKNf+e4NIpEEGFqhuDFdh8XWTbm2UiiclXuJwZgLn48w5YEx08Cb0fP8oFn28uJ/Xjexwzs3lWGcWAxF1pJ5w0RRG9E8DR1IjcKqaQZcaJldpmLMNRc2y7y4yWDIAzSXdDCRsZmzm84fOCtn2Z3lpKvQuqo5NzX2eF2ts+ILJTiFM7gAB26hDg/QgCYIiOAVPuCT+OSFvJH3v9Y1UsycwILI1y/vdY3F</latexit>

Zk
<latexit sha1_base64="i3ZAUscfgMMD6+DjmGyiG+63C7E=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0WoUEoiFV0W3HQjVLAPbGKYTG/boZMHM5NCCf0BF36LC0Fc6MKdn+DfmMRs2npW595zH5zjhpxJZRg/WmFtfWNzq7hd2tnd2z/QD486MogEhTYNeCB6LpHAmQ9txRSHXiiAeC6Hrju5SfXuFIRkgX+vZiHYHhn5bMgoUUnL0SuWC4pgi/m4+WhWLI+oMSUc3zr1Ks4q18UPzuTc0ctGzciAV4mZkzLK0XL0b2sQ0MgDX1FOpOybRqjsmAjFKId5yYokhIROyAhi4kk589w5Pks/ymUtbf6n9SM1vLZj5oeRAp8mI4k2jDhWAU7N4gETQBWfJYRQwZLPmI6JIFQlkSxekuATD2QVD6YslBm34yzfeSnxbi47XSWdi5p5WTPu6uWGkadQRCfoFFWQia5QAzVRC7URRc/oFX2gT+1Je9HetPe/0YKW7xyjBWhfv/1XmC0=</latexit>

� 2 H1(M4,Zk)
<latexit sha1_base64="4kD6OZi1g6TliO7EbhR1hA0AJi8=">AAAB43icbZBNSwJRFIbP2JfZl9WyzZAELUJmoqil0KalQaOCDnLmetSLdz6494wg4i9oEUSLWvSD+gn9m0abjdq7ejjv+eA9QaKkYcf5sQobm1vbO8Xd0t7+weFR+fikYeJUC/JErGLdCtCQkhF5LFlRK9GEYaCoGYwe5n5zTNrIOHrmSUJ+iINI9qVAzkpeJyDGbrniVJ2F7HVwc6hArnq3/N3pxSINKWKh0Ji26yTsT1GzFIpmpU5qKEExwgFNMTRmEgYz+yJEHppVb178z2un3L/3pzJKUqZIZC2Z10+VzbE9z2H3pCbBapIBCi2zy7YYokbBWdrlTYYiDMlc2b2xTMyC/enidbNSlt1dTboOjeuqe1t1nm4qNSf/QhHO4BwuwYU7qMEj1MEDARJe4QM+LbJerDfr/a+1YOUzp7Ak6+sX6hWLcw==</latexit>

�
<latexit sha1_base64="k22/HWnj+QrLqRuS13gSrrKWsqY=">AAAB5XicbZC7SgNREIZnvcZ4i1raLAbBQsKuKFoGbCwjmAsmS5g9mSSHnL1wzmwgLHkEC0EstPB5fATfxk3cJol/9TH/XPjHj5U07Dg/1tr6xubWdmGnuLu3f3BYOjpumCjRguoiUpFu+WhIyZDqLFlRK9aEga+o6Y/uZ35zTNrIKHziSUxegINQ9qVAzkrN527HJ8ZuqexUnLnsVXBzKEOuWrf03elFIgkoZKHQmLbrxOylqFkKRdNiJzEUoxjhgFIMjJkE/tQ+D5CHZtmbFf/z2gn377xUhnHCFIqsJfP6ibI5smdJ7J7UJFhNMkChZXbZFkPUKDjLu7jJUIgBmUu7N5axmbOXzp83LWbZ3eWkq9C4qrg3Fefxulx18i8U4BTO4AJcuIUqPEAN6iBgBK/wAZ/WwHqx3qz3v9Y1K585gQVZX79J1YxA</latexit>

Z�

to get case (b): §  Gauge 0-form symm. 
§     

<latexit sha1_base64="FPC61EJJZQ6c3emoRIVMb247Ai4=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyCCymJKLosuHFZwV5oE8pketoOnSTDzEk1lL6EC5/FhSAuFPQNfBvTy6at/2Y+zn9mhv8PlBQGHefXWlldW9/YzG3lt3d29/btg8OqiRPNocJjGet6wAxIEUEFBUqoKw0sDCTUgv7t2K8NQBsRRw+YKvBD1o1ER3CG2ahlO96jaEOPIW1QT+lYYUw9hCc0mEqgnknClhcAMtqYni274BSdiegyuDMokJnKLfvba8c8CSFCLpkxTddR6A+ZRsEljPJeYkAx3mddGLLQmDQMRvQ0ZNgzi954+J/XTLBz4w9FpBKEiGcrmddJJM3CjEPTttDAUaYZMK5F9jPlPaYZx6ya+ZcMRCwEc07bA6HMhP3hpOdRPsvuLiZdhupF0b0qOveXhZIzayFHjskJOSMuuSYlckfKpEI4eSFv5JN8Wc/Wq/VufUxXV6zZnSMyJ+vnD26HnaE=</latexit>

bZ /
P

� Z�

•  Analogous remarks for  
<latexit sha1_base64="6jIjUkqBbKWfogDE2Xp5evL7aqo=">AAAB9XicbZDLSsNAFIZP6q3WW1RcuRksQoVSkqLosujGZQV7gTaEyeS0HTq5kJm0lNBHcSGIC134HD6Cb2NSs2nrvzh8nP+cGf7jhIJLZRg/WmFjc2t7p7hb2ts/ODzSj0/aMogjhi0WiCDqOlSi4D62FFcCu2GE1HMEdpzxQ+Z3JhhJHvjPahai5dGhzwecUZW2bP2s0p9yFxUXLpJ7u17NypWtl42asRBZBzOHMuRq2vp33w1Y7KGvmKBS9kwjVFZCI8WZwHmpH0sMKRvTISbUk3LmOXNy6VE1kqte1vzP68VqcGcl3A9jhT5LR1JvEAuiApIlIy6PkCkxS4GyiKc/EzaiEWUqzb/8kkSfeiirxJ3wUC7YShbHnJfS7OZq0nVo12vmTc14ui436vkVinAOF1ABE26hAY/QhBYwSOAVPuBTm2ov2pv2/jda0PKdU1iS9vULoteQyA==</latexit>

( eB2, B2)

cfr. AdS5 x S5 type IIB analysis of 
[Witten 98; Belov, Moore 04; 

Gaiotto, Kapustin, Seiberg, Willett 14; 
Hofman, Iqbal 17]  



‘t Hooft anomalies and inflow 
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•  In the full gravity theory (gravitating + singletons) 

•  Expectation: the anomalies of the full boundary theory (interacting + 
decoupling) are balanced by anomaly inflow from M-theory bulk  

Ø  Kinetic terms & BF terms in the 5d action 
Ø  2nd order action: impose Dirichlet b.c. for  

<latexit sha1_base64="yK5smpUqvqPrErdAeWJbqT7XuVM=">AAACDnicbVC7TsMwFHV4lvIKMLJYtEgMVZQEIRgLLIxFog+pjSLHuW2tOg/ZTlEV9R8Y+BYGJMQAA3wCf0NSsrTlLD4+5/pxjhdzJpVp/mgrq2vrG5ulrfL2zu7evn5w2JJRIig0acQj0fGIBM5CaCqmOHRiASTwOLS90W3ut8cgJIvCBzWJwQnIIGR9RonKJFc3qtQ9r9ZwtRcQNaSE42vXmu0fmQ+KcR/wjWvnSr64esU0zBnwMrEKUkEFGq7+3fMjmgQQKsqJlF3LjJWTEqEY5TAt9xIJMaEjMoCUBFJOAm+KT/O/yEUvF//zuonqXzkpC+NEQUizkczrJxyrCOeRsc8EUMUnGSFUsOxlTIdEEKqyYuZvkhCSAGQN+2MWyxl30lnL03KW3VpMukxatmFdGOa9XanbRQsldIxO0Bmy0CWqozvUQE1E0TN6RR/oU3vSXrQ37f1vdEUrzhyhOWhfv8vImEM=</latexit>

c3, A1, eB2, B2

Ø  The full boundary theory has continuous U(1) p-form symmetries 
cfr. [Hofman, Iqbal 17] and 3d Abelian CS analysis of  [Gukov, Martinec, Moore, Strominger 04]  

•  Since we deal with continuous p-form symmetries, we can describe anomalies 
using a 6-form anomaly polynomial I6 

•  A single 6-form I6 contains information about ‘t Hooft anomalies of different 
SCFTs (corresponding to different top. b.c. in 5d) 



Tools for anomaly inflow 
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•  Systematic tools for anomaly inflow based on   
developed in   

[Freed, Harvey, Minasian, Moore 98]  
[Bah, FB, Minasian, Nardoni 19,20]  

•  Input:  (1) topology and isometries of M6 
     (2) G4-flux quantum numbers 

•  Auxiliary geometry <latexit sha1_base64="d4patp11Lv1Z5y1liBpFWnmNbTc=">AAACE3icbVBLS8NAGNzUV62vqEcvi0XwICWpWj0WvHgpVLAPaELYbLft0k027G4qJeRnePC3eBDEgz34A/w3bmoOtnVOw8z3YMaPGJXKsr6Nwtr6xuZWcbu0s7u3f2AeHrUljwUmLcwZF10fScJoSFqKKka6kSAo8Bnp+OO7zO9MiJCUh49qGhE3QMOQDihGSkueednwatAZcT4WdDhSSAj+BBteYldT6PyRnACpEUZMezXPLFsVaw64SuyclEGOpmfOnD7HcUBChRmSsmdbkXITJBTFjKQlJ5YkQniMhiRBgZTTwE/hWfZRLnuZ+J/Xi9Xg1k1oGMWKhFiPaG8QM6g4zHLDPhUEKzbVBGFB9WeIR0ggrHQ7i5ckCVFA5AXsT2gk59xN5lWnJZ3dXk66StrVin1dsR6uyvVq3kIRnIBTcA5scAPq4B40QQtg8ALewCeYGc/Gq/FufPyOFox85xgswPj6AYNInhY=</latexit>

M6 ,! M12 ! M6 external spacetime 
(Euclidean;  
descent formalism) fibration includes 

connections for isometries of M6 

•  Cohomology classes of M6 are represented by closed forms: 
<latexit sha1_base64="ia3JDCMY7vbjx2mlq1RnJfY+L9g=">AAACHXicbZDLTsJAFIaneEO8oS7dNBITF4S0iNGNCYkbFyZiIpeEYnM6HGDC9JLOlEiaPosLn8UFiXGhC+PbOEA3gGf1z/+dcybndwLOhDSMXy2ztr6xuZXdzu3s7u0f5A+PGsKPQop16nM/bDkgkDMP65JJjq0gRHAdjk1neDvlzRGGgvnekxwH2HGh77EeoyCVZedvrAcX+2BXni3gwQCKunWvprtgxxcviXr5MxyX53jq8JSbUWLnC0bJmJW+KsxUFEhaNTs/sbo+jVz0JOUgRNs0AtmJIZSMckxyViQwADqEPsbgCjF2nUQ/c0EOxDKbmv+xdiR7152YeUEk0aOqRbFexHXp69ME9C4LkUo+VgJoyNTPOh1ACFSqnBY3CfTARVHUuyMWiJnuxLPQk5y63Vy+dFU0yiXzsmQ8VgrVcppClpyQU3JOTHJFquSO1EidUPJGJuSLfGuv2rv2oX3OWzNaOnNMFkr7+QPwmqID</latexit>

⌦↵

4 ,⇤3x,!2↵,�1u

<latexit sha1_base64="ZRgQOpatnNL/gye7ERNKFN72law=">AAACKXicbVHLSsNAFJ34rPVVdekmWMQKpSS1osuCGwXBCvYBTQ0309t26ORBZlIsoV/kwu9w6UJQF7rwR5y22bT1rA7nnLmXe8YJOBPSMD61peWV1bX11EZ6c2t7Zzezt18TfhRSrFKf+2HDAYGceViVTHJsBCGC63CsO/2rsV8fYCiY7z3IYYAtF7oe6zAKUkl25iZn3bnYBbv0aAEPenB6ktdz1q2a0AY7PnsaTQV/EoqL01Ai8iRlRkqwM1mjYEygLxIzIVmSoGJnXq22TyMXPUk5CNE0jUC2YggloxxHaSsSGADtQxdjcIUYus5IP3ZB9sS8Nxb/85qR7Fy2YuYFkUSPqojyOhHXpa+P29DbLEQq+VARoCFTm3XagxCoVJ3NThLogYsir7cHLBAT3oonHzBKq9vN+UsXSa1YMM8Lxn0pWy4mLaTIITkiOWKSC1Im16RCqoSSF/JOvsmP9qy9aR/a1zS6pCVvDsgMtN8/SFikWw==</latexit>

(⌦↵

4 )
0, (⇤3x)

0, (!2↵)
0, (�1u)

0•  Upgrade to globally-def. closed forms on M12 : 

they contain connections for isometries of M6 



Tools for anomaly inflow 
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•  Construct: 

•  Compute 

<latexit sha1_base64="0x9xGAf+pFqwCyPmvC5ZOz5XJBo="></latexit>R
M6

= fiber integration in M6 ,! M12 ! M6

<latexit sha1_base64="8sL5j6z0vQIHgf3VObJhi7I79QM="></latexit>

X8 / p21 � 4 p2 (Pontryagin classes of TM12)

<latexit sha1_base64="sbLTKfR4hh/Aei1HKyFwq4urRls="></latexit>

I inflow
6

=

Z

M6


� 1

6
E3

4

� E
4

^X
8

�

•  Interpretation: E4 encodes the 11d boundary condition for G4 near M5-branes 

<latexit sha1_base64="vBoEa4BFwTFruyZqvV2WqHp4cbA="></latexit>

E4 = N
↵

(⌦↵

4 )
0 +

dax0
2⇡

(⇤3x)
0 +

dA↵

1

2⇡
(!2↵)

0 +
dBu

2

2⇡
(�1u)

0 +
dc3
2⇡

input flux  
quanta U(1) backgr. p-form gauge fields 

<latexit sha1_base64="NMnJaqxRMCoR5mz9we2NrVpUWSA=">AAACEXicbVDLSsNAFJ34rPUVdelmsBEqSEkKPpYFN24KFewD2hAmk5t26OTBzKRQQr/Chd/iQhAXivgF/o1JzaatZ3W4577OcWPOpDLNH21tfWNza7u0U97d2z841I+OOzJKBIU2jXgkei6RwFkIbcUUh14sgAQuh647vsv17gSEZFH4qKYx2AEZhsxnlKis5OhW1Y9EIHEUYmMQEDWihOOmc23gOOEcPOwSOsYqwkbTSa36zLhw9IpZM+fAq8QqSAUVaDn618CLaBJAqCgnUvYtM1Z2SoRilMOsPEgkxNkVMoSUBFJOA3eGz/Nf5LKWF//T+onyb+2UhXGiIKRZS6b5Cc8fz11jjwmgik8zQqhg2WVMR0QQqrJsFjdJCEkA8hJ7ExbLObfTedCzcubdWna6Sjr1mnVVMx/qlYZZpFBCp+gMVZGFblAD3aMWaiOKntEr+kCf2pP2or1p73+ta1oxc4IWoH3/At82m0A=</latexit>

(forms on M6 pulled back to M12)



Example I: BBBW  
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•  We consider a stack of N M5-branes wrapped on a Riemann surface without 
punctures, preserving 4d           supersymmetry 

<latexit sha1_base64="zWIbdZ45R5ZuVrQYxwx2jUyXgH4=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSFEU3QsGNK6lgL9DGMpmetkMnkzAzKZTQt3AhiAtd+C4+gm9jErNp67/6OP+58B8vFFwb2/6xCmvrG5tbxe3Szu7e/kH58Kilg0gxbLJABKrjUY2CS2wabgR2QoXU9wS2vcld6renqDQP5JOZhej6dCT5kDNqktJzz6dmzKggD+SWOP1yxa7amcgqODlUIFejX/7uDQIW+SgNE1TrrmOHxo2pMpwJnJd6kcaQsgkdYUx9rWe+Nydn6U297KXF/7xuZIY3bsxlGBmULGlJvGEkiAlIGogMuEJmxCwByhRPLhM2pooyk8Re3KRRUh/1BRlMeagzduPsh/NSkt1ZTroKrVrVuaraj5eVei3/QhFO4BTOwYFrqMM9NKAJDBS8wgd8WtJ6sd6s97/WgpXPHMOCrK9fz+OOKQ==</latexit>

N = 1 [Bah, Beem, Bobev, Wecht 12]  

•  11d background:                       where  
<latexit sha1_base64="9S0Cl9haPQlPHaS1JrJhAR2a5yU="></latexit>

Y3 : total space of L1 � L2 ! ⌃g

<latexit sha1_base64="AWgCI5pQRxvAwpixhoQC6EU+DxE=">AAACC3icbVDLSsNAFJ3UV62vqEs3g0UQLCVpFV0W3LisYh/SxDCZ3rZDJw8yk0IJ/QQXfosLQVzowoWf4N84qVFo61kdzrkPznFDzoQ0jC8tt7S8srqWXy9sbG5t7+i7e00RxBGFBg14ELVdIoAzHxqSSQ7tMALiuRxa7vAy9VsjiAQL/Fs5DsH2SN9nPUaJVJKjn1gekQPXxTf3iVmqTrAlmQcC/8m/wp1TdfSiUTamwIvEzEgRZag7+qfVDWjsgS8pJ0J0TCOUdkIiySiHScGKBYSEDkkfEuIJMfbcCT5KP4t5LxX/8zqx7F3YCfPDWIJP1YjyejHHMsBpXtxlEVDJx4oQGjH1GdMBiQiVqpXZSwJ8oqKWcHfEQjHldjKteFJQ2c35pIukWSmbZ2Xj+rRYq2Qt5NEBOkTHyETnqIauUB01EEWP6Bm9oXftQXvSXrTXn9Gclu3soxloH98P3pnv</latexit>

R1,3 ⇥ R⇥ Y3

<latexit sha1_base64="1bp7kyTMM+rmUjkwoXCQh7HDkhw=">AAAB/HicbVBLS8NAGNzUV62vqEc9LBahoi1JUPQiFLx4rGgf0ISy2W7TpZtk3d0USqgHf4sHQTzowf/gT/DfuK25tHVOw8z3YMbnjEplWT9Gbml5ZXUtv17Y2Nza3jF39xoyTgQmdRyzWLR8JAmjEakrqhhpcUFQ6DPS9Ac3E785JELSOHpQI068EAUR7VGMlJY65iE/fYTXsOziPi259zQIUSc40YoTlJ2OWbQq1hRwkdgZKYIMtY757XZjnIQkUpghKdu2xZWXIqEoZmRccBNJOMIDFJAUhVKOQn8Mj0Ok+nLem4j/ee1E9a68lEY8USTCekR7vYRBFcNJQNilgmDFRpogLKj+DHEfCYSVrmH2kiQRCok8g90h5XLKvXTa6bigs9vzSRdJw6nYFxXr7rxYdbIW8uAAHIESsMElqIJbUAN1gMEzeAUf4NN4Ml6MN+P9bzRnZDv7YAbG1y8/r5Kz</latexit>

p+ q = ��(⌃g) = 2g � 2
<latexit sha1_base64="5ywtqi5CVC2DFBMmpS6Vu7RJU7g=">AAAB9XicbZDLSsNAFIZPvNZ6i4orN4NFqCAlKYpuhIIbFy4q2Au0IUymp+3QSTJkJpUS+iguBHGhC5/DR/BtTGo2bf1XH+c/F/7jScGVtqwfY2V1bX1js7BV3N7Z3ds3Dw6bKowjhg0WijBqe1Sh4AE2NNcC2zJC6nsCW97oLvNbY4wUD4MnPZHo+HQQ8D5nVKcl1zxmrl3u+lQPGRXkwbXPyS2RrlmyKtZMZBnsHEqQq+6a391eyGIfA80EVapjW1I7CY00ZwKnxW6sUFI2ogNMqK/UxPem5Cw7qxa9rPif14l1/8ZJeCBjjQFLW1KvHwuiQ5IlIz0eIdNikgJlEU8vEzakEWU6zT+/SWFAfVQXpDfmUs3YSWbPnBbT7PZi0mVoViv2VcV6vCzVqvkXCnACp1AGG66hBvdQhwYwSOAVPuDTeDZejDfj/a91xchnjmBOxtcvfSKQsQ==</latexit>

c1(L1) = p
<latexit sha1_base64="h1zsD/yFTawNAiKC2K022kXXRR0=">AAAB9XicbZDLSsNAFIZP6q3WW1RcuRksQgUpSVF0IxTcuHBRwV6gDWEyPW2HTi7OTCol9FFcCOJCFz6Hj+DbmNRu2vqvPs5/LvzHiwRX2rJ+jNzK6tr6Rn6zsLW9s7tn7h80VBhLhnUWilC2PKpQ8ADrmmuBrUgi9T2BTW94m/nNEUrFw+BRjyN0fNoPeI8zqtOSax4x1y51fKoHjApy71bOyA15cs2iVbamIstgz6AIM9Vc87vTDVnsY6CZoEq1bSvSTkKl5kzgpNCJFUaUDWkfE+orNfa9CTnNzqpFLyv+57Vj3bt2Eh5EscaApS2p14sF0SHJkpEul8i0GKdAmeTpZcIGVFKm0/zzmxQG1Ed1TrojHqkpO8n0mZNCmt1eTLoMjUrZvixbDxfFamX2hTwcwwmUwIYrqMId1KAODBJ4hQ/4NJ6NF+PNeP9rzRmzmUOYk/H1C4AdkLM=</latexit>

c1(L2) = q CY condition: 

•  For suitable values of p, q, g the system flows to an interacting SCFT which 
has a smooth gravity dual solution in 11d supergravity 

•  M5-brane stack sits at a point on    , at the zero section of Y3, and is 
extended along        and the Riemann surface 

<latexit sha1_base64="IOYVD8I09HIn1nCL4Umgka5QIPs=">AAAB53icbZDLSsNAFIZPvNZ6q7p0M1gEF1KSouiy4MZlFXuRNpTJ9LQdOpMMM5NCCX0GF4K40IWP4yP4NiY1m7b+q4/znwv/CZTgxrruj7O2vrG5tV3YKe7u7R8clo6OmyaKNcMGi0Sk2wE1KHiIDcutwLbSSGUgsBWM7zK/NUFteBQ+2alCX9JhyAecUZuWnruS2lEQkMdeqexW3LnIKng5lCFXvVf67vYjFksMLRPUmI7nKusnVFvOBM6K3digomxMh5hQacxUBjNynp0zy15W/M/rxHZw6yc8VLHFkKUtqTeIBbERybKQPtfIrJimQJnm6WXCRlRTZtPEi5sMhlSiuST9CVdmzn4yf9+smGb3lpOuQrNa8a4r7sNVuVbNv1CAUziDC/DgBmpwD3VoAAMJr/ABnw53Xpw35/2vdc3JZ05gQc7XL2hbjOE=</latexit>

R
<latexit sha1_base64="vQVGZZ9R7bOfIDCRGtwvP6PJW+0=">AAAB73icbZDLTsJAFIZPvSJeqLp0M5GYuCCkRY0uSdy4RCOXBCqZDgeYML04MyUhTZ/DhYlxoQsfxUfwbWyxG8B/9eX855L/uKHgSlvWj7G2vrG5tV3YKe7u7R+UzMOjlgoiybDJAhHIjksVCu5jU3MtsBNKpJ4rsO1ObjO/PUWpeOA/6lmIjkdHPh9yRnVa6pulnkf12HXJw1NsVy6Svlm2qtZcZBXsHMqQq9E3v3uDgEUe+poJqlTXtkLtxFRqzgQmxV6kMKRsQkcYU0+pmecm5Cw7qpa9rPif14308MaJuR9GGn2WtqTeMBJEByTLRAZcItNilgJlkqeXCRtTSZlOky9uUuhTD1WFDKY8VHN24vkbk2Ka3V5OugqtWtW+qlr3l+V6Lf9CAU7gFM7Bhmuowx00oAkMIniFD/g0no0X4814/2tdM/KZY1iQ8fULpJ+PNA==</latexit>

R1,3

<latexit sha1_base64="nBHQty/TqfNgn1yMaIhs7nDXzdU=">AAAB8nicbZDLTsJAFIanXhFvFZduJhITF4a0RNQlxo0bE4xySaBpptMDTJheMnOKkoYXcWFiXOjCF/ERfBsLsgH8V1/Ofy75jxdLodGyfoyV1bX1jc3cVn57Z3dv3zwoNHSUKA51HslItTymQYoQ6ihQQitWwAJPQtMb3Ez85hCUFlH4iKMYnID1QtEVnGFWcs3Ctf/gVmgHRQDafaJ37oVrFq2SNRVdBnsGRTJTzTW/O37EkwBC5JJp3batGJ2UKRRcwjjfSTTEjA9YD1IWaD0KvDE9CRj29aI3Kf7ntRPsXjmpCOMEIeRZS+Z1E0kxopNY1BcKOMpRBowrkV2mvM8U45iFn9+kIWRZ2DPqD0Wsp+yk00+O81l2ezHpMjTKJbtSsu7Pi9Xy7As5ckSOySmxySWpkltSI3XCyTN5JR/k00DjxXgz3v9aV4zZzCGZk/H1C2w5kDI=</latexit>

AdS5 ⇥w M6

<latexit sha1_base64="LYO3eTMAP36y+0CWwnW0EzuhL2I=">AAACDHicbZC7TsMwGIWdcivlFmBksaiQGKoqqcplrMTCglRUepGaEDmum1q148h2iqqor8DAszAgIQYYkHgE3oa0ZKAtZ/r8n9+2zvEjRpW2rG8jt7K6tr6R3yxsbe/s7pn7By0lYolJEwsmZMdHijAakqammpFOJAniPiNtf3g19dsjIhUV4Z0eR8TlKAhpn2Kk05Fnlhr3VegMhBhKGgw0klI8wBvvHDp/zk6DBhx5gWcWrbI1E1wGO4MiyFT3zC+nJ3DMSagxQ0p1bSvSboKkppiRScGJFYkQHqKAJIgrNeb+BJ5wpAdq0ZsO//O6se5fugkNo1iTEKcrqdePGdQCTgPDHpUEazZOAWFJ058hHiCJsE5rmX9JkRBxokqwN6KRmrGbzDqeFNLs9mLSZWhVyvZZ2bqtFmuVrIU8OALH4BTY4ALUwDWogybA4Am8gHfwYTwaz8ar8fa7mjOyO4dgTsbnD6Qym4k=</latexit>

S4 ,! M6 ! ⌃g
<latexit sha1_base64="aq3tQgrcM40m5x+A/LwSZYfx1cQ=">AAACFXicbZBLSwMxFIUzPmt9jbp0EyxCC1JmikVxVXDjTkVHBaeUTHrbBjMPkptiGerfcOFvcSGIoC5c+2+c1tnUelYf99zkck6QSKHRcb6tmdm5+YXFwlJxeWV1bd3e2LzSsVEcPB7LWN0ETIMUEXgoUMJNooCFgYTr4O545F/3QWkRR5c4SKAZsm4kOoIzzEYtu+4j3GOqURmO1Yeuik1yRIfUK7sV6qMIQeesTaAB6cVpuV5p2SWn6oxFp8HNoURynbXsd78dcxNChFwyrW9dJ8FmyhQKLmFY9I2GhPE71oWUhVoPwmBId0OGPf3XGw3/824Ndg6bqYgSgxDxbCXzOkZSjOkoOW0LBRzlIAPGlcguU95jinHM+pn8SUPEsuR7tN0XiR5zMx2XPSxm2d2/SafhqlZ161XnfL/UqOUtFMg22SFl4pID0iAn5Ix4hJMn8kI+yKf1aD1br9bb7+qMlb/ZIhOyvn4A0DWdZQ==</latexit>

struct. group: U(1)⇥ U(1) ⇢ SO(5)

Caveat:  p=q=0 gives 4d           SYM, which does not have a smooth gravity   
   dual in 11d supergravity (dualize to standard type IIB frame) 

<latexit sha1_base64="H0KONTe/OOV+dSWu+sGY3Nqk3tg=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSlBbdCAU3rqSCvUAby2R62g6dTMLMpFBC38KFIC504bv4CL6NSc2mrf/q4/znwn+8UHBtbPvHym1sbm3v5HcLe/sHh0fF45OWDiLFsMkCEaiORzUKLrFpuBHYCRVS3xPY9iZ3qd+eotI8kE9mFqLr05HkQ86oSUrPPZ+aMaOCPJBbUu0XS3bZXoisg5NBCTI1+sXv3iBgkY/SMEG17jp2aNyYKsOZwHmhF2kMKZvQEcbU13rme3Nykd7Uq15a/M/rRmZ448ZchpFByZKWxBtGgpiApIHIgCtkRswSoEzx5DJhY6ooM0ns5U0aJfVRX5HBlId6wW68+OG8kGR3VpOuQ6tSdmpl+7FaqleyL+ThDM7hEhy4hjrcQwOawEDBK3zApyWtF+vNev9rzVnZzCksyfr6BdRUjiw=</latexit>

N = 4
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•  Isometries of M6:  
<latexit sha1_base64="IrXWqAZpPp7e39BJ7QIBDU/FcEs=">AAACAnicbVDNSsNAGPzib61/UY9elhahgpSkKHosePFYwbSFJoTNdtsu3STL7qZQQm4efBYPgnjQgy/gI/g2pjUH2zqnYeb7YSYQnCltWd/G2vrG5tZ2aae8u7d/cGgeHbdVnEhCHRLzWHYDrChnEXU005x2haQ4DDjtBOPbmd+ZUKlYHD3oqaBeiIcRGzCCdS75ZsWp2ed+6ooR8+0MuZqFVKE/YiPzzapVt+ZAq8QuSBUKtHzzy+3HJAlppAnHSvVsS2gvxVIzwmlWdhNFBSZjPKQpDpWahkGGzkKsR2rZm4n/eb1ED268lEUi0TQi+UjuDRKOdIxmMVGfSUo0n+YEE8nyz4iMsMRE52UsXlI0wnnoC9SfMKHm3EvnzWblPLu9nHSVtBt1+6pu3V9Wm42ihRKcQgVqYMM1NOEOWuAAgSd4gXf4MB6NZ+PVePsdXTOKnRNYgPH5A1WClkU=</latexit>

U(1)�1 ⇥ U(1)�2

•  (Co)homology of M6:    one 4-cycle  à  one flux quantum N  
         one 2-cycle  à  one 1-form gauge field A1 
         2g 1-cycles  à  g pairs of 2-form gauge fields 
         one 0-cycle  à  one 3-form gauge field c3 
         no 3-cycles  à  no 0-form gauge fields (axions)  

<latexit sha1_base64="IpkCkpeRZYadX68isPKNpSjplmk=">AAAB+nicbZDLSsNAGIUn9VbrLepON8EiVCglCYoui25cVrAXaGOYTP62QycXZiaVEgM+iwtBXOjCl/ARfBunNZu2ns18/OefGc7xYkaFNM0frbCyura+UdwsbW3v7O7p+wctESWcQJNELOIdDwtgNISmpJJBJ+aAA49B2xvdTP32GLigUXgvJzE4AR6EtE8Jlmrk6keV3iP1QVLmg3Ht2g+0qo7UptmZq5fNmjmTsQxWDmWUq+Hq3z0/IkkAoSQMC9G1zFg6KeaSEgZZqZcIiDEZ4QGkOBBiEniZcRpgORSL3nT4n9dNZP/KSWkYJxJColaU10+YISNjGs/wKQci2UQBJpyqnw0yxBwTqUqYf0lAiAMQVcMf01jM2ElnjWYlld1aTLoMLbtmXdTMu/Ny3c5bKKJjdIIqyEKXqI5uUQM1EUHP6BV9oE/tSXvR3rT3v9WClt85RHPSvn4BtcaTIg==</latexit>

( eBi
2, B2i)

•  Inflow result: 
<latexit sha1_base64="PTUKYOfiMC6eA54Kacp1DIvoxkA="></latexit>
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Ø  no interplay between isometries and  
Ø  BF terms                          : 

§  choice of b.c. gives various SCFTs with different global symm. 
§  they encode mixed ‘t Hooft anomalies if we select b.c. of type (c) 

<latexit sha1_base64="gTTPJmFw1Nn9gzrQEKxGiXVD880=">AAACDnicbZC7TsMwFIYdrqXcAowsFi0SQxUlQQjGUhbGItGL1JTIcU5bq85FsVNURXkHBp6FAQkxwACPwNuQhixt+adP5z/20f87IWdC6vqPsrK6tr6xWdoqb+/s7u2rB4dtEcQRhRYNeBB1HSKAMx9akkkO3TAC4jkcOs74ZuZ3JhAJFvj3chpC3yNDnw0YJTIb2apWdal9jq0adq9to1rDVdd6ZC5Ixl3ADdt8YLnZsBOTpVVbreiangsvg1FABRVq2uq35QY09sCXlBMheoYeyn5CIskoh7RsxQJCQsdkCAnxhJh6TopPPSJHYtGbDf/zerEcXPUT5oexBJ9mK5k3iDmWAZ5Fxi6LgEo+zYDQiGWXMR2RiFCZFTP/kwCfeCCywBMWipz7Sd5yWs6yG4tJl6FtasaFpt+ZlbpZtFBCx+gEnSEDXaI6ukVN1EIUPaNX9IE+lSflRXlT3v9WV5TizRGak/L1C/aVmQ0=</latexit>

dc3 dA1, d eBi
2 dB2i

<latexit sha1_base64="DNseO2aiCbV4sUPDWg9oFXMKdm4=">AAACCnicbVDLSsNAFJ3UV62vqEs3g40gUkoSEV3WunFZwT6gjWEyuW2HTh5kJpUS8gcu/BYXgrjQhRs/wb8xqd209Wzu4Zx7ZzjHCTkTUtd/lMLK6tr6RnGztLW9s7un7h+0RBBHFJo04EHUcYgAznxoSiY5dMIIiOdwaDujm9xvjyESLPDv5SQEyyMDn/UZJTKTbPVMo/a5VsHatW3ko/fIXJCMu4DrtvnAcq1uJyZLNVst61V9CrxMjBkpoxkatvrdcwMae+BLyokQXUMPpZWQSDLKIS31YgEhoSMygIR4Qkw8J8UnHpFDsejl4n9eN5b9KythfhhL8Gm2knn9mGMZ4DwudlkEVPJJRgiNWPYzpkMSESqzUuZfEuATD0QFu2MWiim3kmnDaSnLbiwmXSYts2pcVPU7s1wzZy0U0RE6RqfIQJeohm5RAzURRc/oFX2gT+VJeVHelPe/1YIyuzlEc1C+fgEx2pbt</latexit>

c3, A1, eBi
2, B2i
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•  Smooth supersymmetric AdS5 solutions first discovered in 
[Gauntlett, Martelli, Sparks, Waldram 04]  

•  Internal space M6:        bundle over product of two Riemann surfaces 
<latexit sha1_base64="2o/7xD40OHkQ7di6FXfUAnpCj+M=">AAAB9XicbZDLSsNAFIZP6q3WW1RcuRksggspSVF0WejGZQR7gTaWyfS0HTq5MDOplNBHcSGIC134HD6Cb2NS46Kt/+rj/OfCf7xIcKUt69sorK1vbG4Vt0s7u3v7B+bhUVOFsWTYYKEIZdujCgUPsKG5FtiOJFLfE9jyxvXMb01QKh4GD3oaoevTYcAHnFGdlnrmSdeneuR5pE7+yHm0e2bZqlhzkVWwcyhDLqdnfnX7IYt9DDQTVKmObUXaTajUnAmclbqxwoiyMR1iQn2lpr43I+fZQbXsZcX/vE6sB7duwoMo1hiwtCX1BrEgOiRZMtLnEpkW0xQokzy9TNiISsp0mn9xk8KA+qguSX/CIzVnN5k/c1ZKs9vLSVehWa3Y1xXr/qpcq+ZfKMIpnMEF2HADNbgDBxrAIIEXeIcP48l4Nl6Nt9/WgpHPHMOCjM8fi86RZA==</latexit>

CP1

•  If one of the Riemann surfaces is a torus it is best to dualize to type IIB 
cfr. Yp,q  [Gauntlett, Martelli, Sparks, Waldram 04] and [Gauntlett, O Colgain, Varela 06]  

•  We consider one 2-sphere and a genus-g surface      with g=0 or g>2 <latexit sha1_base64="mGgkD2P1VWhzG0gveKCX3GX+rDk=">AAAB5nicbZDLSsNAFIZP6q3WW9Wlm2ARXEhJiqLLghuXFe0F2lBOpqfp0JkkzEwKJfQVXAjiQhe+jo/g25jWbNr6rz7Ofy78x48F18ZxfqzCxubW9k5xt7S3f3B4VD4+aekoUYyaLBKR6vioSfCQmoYbQZ1YEUpfUNsf38/99oSU5lH4bKYxeRKDkA85Q5OVOr0nHkjsB/1yxak6C9nr4OZQgVyNfvm7N4hYIik0TKDWXdeJjZeiMpwJmpV6iaYY2RgDSlFqPZX+zL6QaEZ61ZsX//O6iRneeSkP48RQyLKWzBsmwjaRPY9iD7giZsQ0A2SKZ5dtNkKFzGSBlzdpClGSvrIHEx7rBXvp4nuzUpbdXU26Dq1a1b2pOo/XlXot/0IRzuAcLsGFW6jDAzSgCQwEvMIHfFoj68V6s97/WgtWPnMKS7K+fgEDN4yu</latexit>

⌃g

•  Interpretation: near-horizon limit of M5-branes probing a flux background 
Ø  Resolved           fibered over      and stabilized by G4-flux   

<latexit sha1_base64="1N7+MmJzpgw9lBZgOY3RPHdhfKo=">AAAB93icbZDLSsNAFIZP6q3WW9SFCzeDRXAhNQmKLgvduKxgL9jGMJmetoOTC5lJoYQ8iwtBXOjCx/ARfBuTGhdt/Vcf5z8zh/93Q8GlMoxvrbSyura+Ud6sbG3v7O7p+wdtGcQRwxYLRBB1XSpRcB9biiuB3TBC6rkCO+5TI/c7E4wkD/x7NQ3R9ujI50POqMpGjn7U96gauy5pPFoXf/zgWI5eNWrGTGQZzAKqUKjp6F/9QcBiD33FBJWyZxqhshMaKc4EppV+LDGk7ImOMKGelFPPTclpflAuevnwP68Xq+GNnXA/jBX6LFvJvGEsiApIno0MeIRMiWkGlEU8u0zYmEaUqayB+Z8k+tRDeU4GEx7KGdvJrM60kmU3F5MuQ9uqmVc14+6yWreKFspwDCdwBiZcQx1uoQktYJDCC7zDhzbVnrVX7e13taQVbw5hTtrnD+F+kiM=</latexit>

C2/Z2
<latexit sha1_base64="mGgkD2P1VWhzG0gveKCX3GX+rDk=">AAAB5nicbZDLSsNAFIZP6q3WW9Wlm2ARXEhJiqLLghuXFe0F2lBOpqfp0JkkzEwKJfQVXAjiQhe+jo/g25jWbNr6rz7Ofy78x48F18ZxfqzCxubW9k5xt7S3f3B4VD4+aekoUYyaLBKR6vioSfCQmoYbQZ1YEUpfUNsf38/99oSU5lH4bKYxeRKDkA85Q5OVOr0nHkjsB/1yxak6C9nr4OZQgVyNfvm7N4hYIik0TKDWXdeJjZeiMpwJmpV6iaYY2RgDSlFqPZX+zL6QaEZ61ZsX//O6iRneeSkP48RQyLKWzBsmwjaRPY9iD7giZsQ0A2SKZ5dtNkKFzGSBlzdpClGSvrIHEx7rBXvp4nuzUpbdXU26Dq1a1b2pOo/XlXot/0IRzuAcLsGFW6jDAzSgCQwEvMIHfFoj68V6s97/WgtWPnMKS7K+fgEDN4yu</latexit>

⌃g [Bah, FB 19]  

•  Strategy here: read off symmetries and anomalies from holographic data 
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•  Isometries of M6:  
<latexit sha1_base64="vcxZFTBZG5k3kHseCRCqX0XM9gg=">AAAB/nicbVDNSsNAGPzib61/UY+CLBahgpSkKHosePFY0bSFJoTNdtsu3STL7qZQSsGDz+JBEA968BV8BN/Gbc2lrXMaZr4fZiLBmdKO82OtrK6tb2wWtorbO7t7+/bBYUOlmSTUIylPZSvCinKWUE8zzWlLSIrjiNNmNLid+s0hlYqlyaMeCRrEuJewLiNYGym0T7yyex76QjHkaxZThR68ctUoQyxFn4V2yak4M6Bl4uakBDnqof3td1KSxTTRhGOl2q4jdDDGUjPC6aToZ4oKTAa4R8c4VmoURxN0FmPdV4veVPzPa2e6exOMWSIyTRNiRozXzTjSKZpGRB0mKdF8ZAgmkpnPiPSxxESbIuYvKZpgE/oCdYZMqBkPxrNWJ0WT3V1Mukwa1Yp7VXHuL0u1at5CAY7hFMrgwjXU4A7q4AGBZ3iFD/i0nqwX6816/xtdsfKdI5iD9fULfKSUtA==</latexit>

U(1) ⇥ SU(2)'

•  (Co)homology of M6:  

        three 4-cycles  à  three flux quanta 
      three 2-cycles   à  three 1-form gauge fields   
     2g 1-cycles     à  g pairs of 2-form gauge fields 
      one 0-cycle    à  one 3-form gauge field c3 
      4g 3-cycles    à  4g 0-form gauge fields 

<latexit sha1_base64="nBlFYLp7xs92RxKwlIxGkqbqXNA=">AAAB8XicbZDLSsNAFIZP6q3WW6pLN8FGEKwlKYguC25clQr2Am0Ik+lpO3RyYWZSKaEP4kIQF7rwSXwE38a0zaat/+Z8nP+cGf7jRZxJZVm/Wm5re2d3L79fODg8Oj7Ri6ctGcaCYpOGPBQdj0jkLMCmYopjJxJIfI9j2xs/zP32BIVkYfCsphE6PhkGbMAoUWnL1Ytm3SwbZt29XpYb09VLVsVayNgEO4MSZGq4+k+vH9LYx0BRTqTs2laknIQIxSjHWaEXS4wIHZMhJsSXcup7M+PSJ2ok17158z+vG6vBvZOwIIoVBjQdSb1BzA0VGvNURp8JpIpPUyBUsPRng46IIFSl2VdfkhgQH2XZ6E9YJBfsJItDzgppdns96Sa0qhX7tmI9VUu1anaFPJzDBVyBDXdQg0doQBMovMAbfMKXJrVX7V37WI7mtGznDFakff8BYAiNlA==</latexit>

N , N+, N�
<latexit sha1_base64="k4YlA/FYq95SYVQtICWEjVa3Y7o=">AAAB93icbZDLSsNAFIZPvNZ6i7pw4SbYCoK1JAXRZcWNywr2Am0Mk+lpO3RyYWZSCCXP4kIQF7rwMXwE38akxkVb/818nP/MDP/vhpxJZZrf2srq2vrGZmGruL2zu7evHxy2ZBAJik0a8EB0XCKRMx+biimOnVAg8VyObXd8l/ntCQrJAv9RxSHaHhn6bMAoUenI0Y/Lt45VrhjZ8XTxB5dlRy+ZVXMmYxmsHEqQq+HoX71+QCMPfUU5kbJrmaGyp0QoRjkmxV4kMSR0TIY4JZ6UsecmxplH1EguetnwP68bqcGNPWV+GCn0abqSeoOIGyowsmxGnwmkiscpECpY+rNBR0QQqtIG5l+S6BMPZcXoT1goZ2xPZ3UmxTS7tZh0GVq1qnVVNR9qpXotb6EAJ3AK52DBNdThHhrQBAoJvMA7fGix9qy9am+/qytafucI5qR9/gCdAI9X</latexit>

A1, A
+
1 , A

�
1<latexit sha1_base64="yoAc3c7Iy6RCToIHUwzvFbZtBB8=">AAAB/HicbZDLTsJAFIaneEO8VV3qYiI1cUFI28TokuDGJSZySaA20+kBJkwvmZliSIMLn8WFiXGhC9/BR/BtLNgN4L/6cv4zc/L/XsyZVKb5oxXW1jc2t4rbpZ3dvf0D/fCoJaNEUGjSiEei4xEJnIXQVExx6MQCSOBxaHujm5nfHoOQLArv1SQGJyCDkPUZJSobufqpUXdTm02NCjZ6j8wHxbgPuO7aD8xw9bJZNefCq2DlUEa5Gq7+3fMjmgQQKsqJlF3LjJWTEqEY5TAt9RIJMaEjMoCUBFJOAm+KzwOihnLZmw3/87qJ6l87KQvjREFIs5XM6yccqwjPAmKfCaCKTzIgVLDsMqZDIghVWQ2LP0kISQCygv0xi+WcnXTe6bSUZbeWk65Cy65al1Xzzi7X7LyFIjpBZ+gCWegK1dAtaqAmougZvaIP9Kk9aS/am/b+t1rQ8jfHaEHa1y9iuJNz</latexit>

B2i, eBi
2

<latexit sha1_base64="wGNKC8AyhKHSUAg60Q9bamJ4aYA=">AAACBXicbZA7T8MwFIUdnqW8AowsFk0lhqpyKiEYK7EwFok+pCaNHOe2teo8FDtFVZSZgd/CgIQYYGDmJ/BvSEuWtpzp6H7XvjrHjQSXipAfbWNza3tnt7RX3j84PDrWT047MkxiBm0WijDuuVSC4AG0FVcCelEM1HcFdN3J7Zx3pxBLHgYPahaB7dNRwIecUZWPHL1q0IEV+U5KeGbUsGE9cg8UFx5gOkh5jjKHGI5eIXWyEF43ZmEqqFDL0b8tL2SJD4FigkrZN0mk7JTGijMBWdlKJESUTegIUupLOfPdDFd9qsZylc2H/7F+ooY3dsqDKFEQsHwlZ8NEYBXieVLs8RiYErPcUBbz/DJmYxpTpvI+ln+SEFAfZA17Ux7JhbfTRblZOc9uriZdN51G3byqk/tGpdkoWiihc3SBLpGJrlET3aEWaiOGntEr+kCf2pP2or1p73+rG1rx5gwtSfv6BQ+0l88=</latexit>

a±0i, ea
i±
0

•  BF terms: 
<latexit sha1_base64="yIrVkR/TGBuOOr/8nEqxINGc1sE="></latexit>

1

2⇡
c3 ^

⇣
N dA1 +N+ dA+

1 +N� dA�
1

⌘
+

N

2⇡
eBi
2 ^ dB2i

Ø  One linear comb. of A’s gives a      5d gauge field, 

Ø  The other two vectors remain standard U(1) fields 
Ø  Discrete 2-forms gauge fields in 5d  

<latexit sha1_base64="CF8oYgepFXf86Bq3CpyLCaDqUJY=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSFEWXBTcuK9gLtqFMpqftkMmFmUmhhD6EC0Fc6MKn8RF8Gycxm7b+q4/znwv/8WLBlbbtH6u0sbm1vVPereztHxweVY9POipKJMM2i0Qkex5VKHiIbc21wF4skQaewK7n32d+d4ZS8Sh80vMY3YBOQj7mjGpT6g8CqqeeR56H/rBas+t2LrIOTgE1KNQaVr8Ho4glAYaaCapU37Fj7aZUas4ELiqDRGFMmU8nmNJAqXngLchFdlCtelnxP6+f6PGdm/IwTjSGzLQYb5wIoiOSpSEjLpFpMTdAmeTmMmFTKinTJvPyJoUhDVBdkdGMxypnN80fuKiY7M5q0nXoNOrOTd1+vK41G8UXynAG53AJDtxCEx6gBW1gEMErfMCn5Vsv1pv1/tdasoqZU1iS9fUL8A+Nxw==</latexit>

Zk
<latexit sha1_base64="74E6bIB60JnkM/iyJhj9ZYMZoX8=">AAAB+nicbZDLSsNAGIUn9VbrLepON4NFqFhLUhTdCAU3rkoFe4E2hMn0bzt0cmFmUigx4LO4EMSFLnwJH8G3ManZtPUsho///DPDOU7AmVSG8aPlVlbX1jfym4Wt7Z3dPX3/oCX9UFBoUp/7ouMQCZx50FRMcegEAojrcGg747vUb09ASOZ7j2oagOWSoccGjBKVjGz9aIxvcdQTLh7Sflyql3HdPk+PizNbLxoVYya8DGYGRZSpYevfvb5PQxc8RTmRsmsagbIiIhSjHOJCL5QQEDomQ4iIK+XUdWJ86hI1koteOvzP64ZqcGNFzAtCBR5NVhJvEHKsfJzGw30mgCo+TYBQwZKfMR0RQahKSph/SYJHXJBl3J+wQM7YimaNxoUku7mYdBla1Yp5VTEeLou1atZCHh2jE1RCJrpGNXSPGqiJKHpGr+gDfWpP2ov2pr3/rea07M4hmpP29Qu2lJHS</latexit>

k = gcd(N,N+, N�)
<latexit sha1_base64="r5ZaPD75pVFbxSq27LhPpjCH/Tg=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0UQ+iApiu6suHFVKthWaGKYTG/boZOHmUmhlH6MC79FRBAXuujfmMS4aOtZncedudzjBJwJqeszJbeyura+kd9Ut7Z3dve0/YOW8KOQQpP63A8fHCKAMw+akkkOD0EIxHU4tJ3hTZK3RxAK5nv3chyA5ZK+x3qMEhlbtnZVx2YJX9sGLuK6XczEYzGV5T9ZVk14itgIDxPHdIkcUMKTyNYKekVPgZeJkZECytCwtTez69PIBU9SToToGHogrQkJJaMcpqoZCQgIHZI+TIgrxNh1pvgk2SgWs8T8L+tEsndpTZgXRBI8Go/EWS/iWPo46QB3WQhU8nFMCA1ZvBnTAQkJlXFT8z8J8IgLooS7IxaIlFuTtPapGt9uLF66TFrVinFe0e/OCrVq1kIeHaFjdIoMdIFq6BY1UBNR9ILe0Rf6Vp6VV+VD+fwdzSnZm0M0B2X2A4e7nLE=</latexit>

N A1 +N+ A+
1 +N� A�

1 ⌘ kA1
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This system has a rich variety of terms in the inflow anomaly polynomial:   

Ø  Mixed terms between isometries/gravity and discrete symmetries, e.g. 

Ø  Mixed terms between discrete symmetries and axions, e.g. 

<latexit sha1_base64="McTVA4R5czlsT0Y7netLnxHlqpE=">AAACAXicbZDLSsNAGIUn9VbrLerSzWgRKkhJiqLLihuXFXqDJoTJZNoOnSTDzKRQQlYufBYXgrjQhU/gI/g2Tmo2bT2rj//8Mz/n+JxRqSzrxyitrW9sbpW3Kzu7e/sH5uFRV8aJwKSDYxaLvo8kYTQiHUUVI30uCAp9Rnr+5D73e1MiJI2jtppx4oZoFNEhxUjpkWeecs+utS+gMxQIp4ETIjXGiME7z87ShsNp5plVq27NBVfBLqAKCrU889sJYpyEJFKYISkHtsWVmyKhKGYkqziJJBzhCRqRFIVSzkI/g+f5Ybns5cP/vEGihrduSiOeKBJhvaK9YcKgimGeEgZUEKzYTAPCgurLEI+Rjqh0F4s/SRKhkMhLGEwpl3N203mxWUVnt5eTrkK3Ubev69bjVbXZKFoogxNwBmrABjegCR5AC3QABs/gFXyAT+PJeDHejPe/1ZJRvDkGCzK+fgFoc5Zl</latexit>

p1(T )
dA1

2⇡

<latexit sha1_base64="tECg+OCGnpsLxafU629MQIYfqfQ=">AAACEXicbZDNSsNAFIUn9a/Wv6hLN4NFaKGUJCi6rLhxWdG0hSaEyWTaDp0kw8ykUEKewoXP4kIQF4r4BL6NSc3G1rP6uOfOXM7xOaNSGca3Vllb39jcqm7Xdnb39g/0w6OejBOBiY1jFouBjyRhNCK2ooqRARcEhT4jfX96U/j9GRGSxtGDmnPihmgc0RHFSOUjTzexZzXu7YbV9JwZEnxCm9BpQeiMBMJp4IRITTBi8Nozs9RyOM08vW60jYXgKpgl1EGprqd/OkGMk5BECjMk5dA0uHJTJBTFjGQ1J5GEIzxFY5KiUMp56GfwrDgsl71i+J83TNToyk1pxBNFIpyv5N4oYVDFsEgNAyoIVmyeA8KC5pchnqA8osq7+fuTJBEKiWzBYEa5XLCbLorOanl2cznpKvSstnnRNu7O6x2rbKEKTsApaAATXIIOuAVdYAMMnsALeAcf2qP2rL1qb7+rFa18cwz+SPv6AazFm90=</latexit>

c2(SU(2)')
dA1

2⇡

<latexit sha1_base64="WoPbVXwoBKnich7cmwRuDeJ7mHk="></latexit>

dA1

2⇡

✓
da0
2⇡

dea0
2⇡

◆2 <latexit sha1_base64="RcPYlpfoBaRpuY22pPcNOnmdHrY="></latexit>✓
dea0
2⇡

dB2

2⇡

◆✓
da0
2⇡

dea0
2⇡

◆
(indices are 
suppressed) 

Ø  All three kinds of symmetries at once, e.g. 
<latexit sha1_base64="TmVQJOuAzHfNqdiLk1trqPxexfY="></latexit>

c1(U(1) )
dA1

2⇡

✓
da0
2⇡

dea0
2⇡

◆ <latexit sha1_base64="DTxQS7pYDPQ5+h6itZX2CekdWHo="></latexit>

c1(U(1) )

✓
dea0
2⇡

dB2

2⇡

◆
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•  Terms with the 0-form gauge fields            are interpreted as anomalies in 
the space of coupling constants 

<latexit sha1_base64="wGNKC8AyhKHSUAg60Q9bamJ4aYA=">AAACBXicbZA7T8MwFIUdnqW8AowsFk0lhqpyKiEYK7EwFok+pCaNHOe2teo8FDtFVZSZgd/CgIQYYGDmJ/BvSEuWtpzp6H7XvjrHjQSXipAfbWNza3tnt7RX3j84PDrWT047MkxiBm0WijDuuVSC4AG0FVcCelEM1HcFdN3J7Zx3pxBLHgYPahaB7dNRwIecUZWPHL1q0IEV+U5KeGbUsGE9cg8UFx5gOkh5jjKHGI5eIXWyEF43ZmEqqFDL0b8tL2SJD4FigkrZN0mk7JTGijMBWdlKJESUTegIUupLOfPdDFd9qsZylc2H/7F+ooY3dsqDKFEQsHwlZ8NEYBXieVLs8RiYErPcUBbz/DJmYxpTpvI+ln+SEFAfZA17Ux7JhbfTRblZOc9uriZdN51G3byqk/tGpdkoWiihc3SBLpGJrlET3aEWaiOGntEr+kCf2pP2or1p73+rG1rx5gwtSfv6BQ+0l88=</latexit>

a±0i, ea
i±
0

[Cordova, Freed, Ho Tat Lam, Seiberg 19]  

•  Exactly marginal couplings associated to 4d operators  

<latexit sha1_base64="BJyQKSV3nV5TdMkFsWDsKC7pyiQ=">AAAB9nicbZDLSsNAFIZP6q3WW1Rw42awCBWkJKWiG6GgC3dWsBdoQplMT9uhkwuZSbHEvooLQVzowtfwEXwbk5pNW//Vx/nPzOH/nUBwqQzjR8utrK6tb+Q3C1vbO7t7+v5BU/pRyLDBfOGHbYdKFNzDhuJKYDsIkbqOwJYzukn91hhDyX3vUU0CtF068HifM6qSUVc/sm5RKFqyXKqGjApyf0auSbWrF42yMRNZBjODImSqd/Vvq+ezyEVPMUGl7JhGoOyYhoozgdOCFUkMKBvRAcbUlXLiOlNymh6Vi146/M/rRKp/ZcfcCyKFHktWEq8fCaJ8kkYjPR4iU2KSAGUhTy4TNqQhZSopYP4niR51UZ6T3pgHcsZ2PGtzWkiym4tJl6FZKZsXZeOhWqxVshbycAwnUAITLqEGd1CHBjB4hlf4gE/tSXvR3rT3v9Wclr05hDlpX797aZFF</latexit>

�(O) = 4

<latexit sha1_base64="Gcp7QDxYyMyut4vkp2p8uxnmf8o=">AAACFHicbVDNSsNAGNzUv1r/oh69LBZBpJSkRPRY8OJFrGBbsQlhs922SzebsLsplNDX8OCzeBDEQz14923ctEFo63eanZn9PmaCmFGpLOvHKKytb2xuFbdLO7t7+wfm4VFLRonApIkjFomnAEnCKCdNRRUjT7EgKAwYaQfDm0xvj4iQNOKPahwTL0R9TnsUI6Up33RcypWfuiFSA4wYvPOdCfx73UO3cuE70IbaNqeDAD77ZtmqWrOBq8DOQRnk0/DNqduNcBISrjBDUnZsK1ZeioSimJFJyU0kiREeoj5JUSjlOAwm8Cw7J5e1jPxP6ySqd+2llMeJIhxri9Z6CYMqgllw2KWCYMXGGiAsqL4M8QAJhJWuZ3GTJByFRFZgd0RjOcNeOut6UtLZ7eWkq6BVq9qXVevBKddreQtFcAJOwTmwwRWog1vQAE2AwSt4B1PwZbwYb8aH8Tm3Foz8zzFYGOP7F92PnOo=</latexit>Z

M4

O ⇤4 1 2 Z<latexit sha1_base64="lKVvfJveSQwMNRiOlauloyKRTrU=">AAACDHicbZDNTgIxFIU7+If4h7p008iYuCBkZhKjSxI3LtHIT8IQcqdcoKEzU9sOhhBewYXP4sLEuNCFiY/g2zggG8Cz+nrPbZtzAim4No7zY2XW1jc2t7LbuZ3dvf2D/OFRTceJYlhlsYhVIwCNgkdYNdwIbEiFEAYC68HgeurXh6g0j6N7M5LYCqEX8S5nYNJRO1+0oe3YtA+aSlQ87lDb8yW3qf+QQHrw73ivb0Cp+JHa7XzBKTkz0VVw51Agc1Xa+W+/E7MkxMgwAVo3XUea1hiU4UzgJOcnGiWwAfRwDKHWozCY0LMQTF8ve9Phf14zMd2r1phHMjEYsXQl9bqJoCam08C0wxUyI0YpAFM8/ZmyPihgJq1l8SWNEYSoi7Qz5FLPuDWedTzJpdnd5aSrUPNK7kXJufUKZW/eQpackFNyTlxyScrkhlRIlTDyTF7JB/m0nqwX6816/1vNWPM7x2RB1tcvUfGZbA==</latexit>

a0 has period 2⇡ )
<latexit sha1_base64="QGUEMjk93Jav75S/1h/laB4SHPs=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0XoopSkKLos6MKFYAX7gCaEm+ltO3TyIDMplNAfcOG3uBDEhS7c+Qn+jUkNiK1ndTjnPjjHDQWXyjC+tMLK6tr6RnGztLW9s7un7x+0ZRBHDFssEEHUdUGi4D62FFcCu2GE4LkCO+74MvM7E4wkD/x7NQ3R9mDo8wFnoFLJ0SvWFQoF1PJAjRgIekMtyT0KjkGt6q986+hlo2bMQZeJmZMyydF09E+rH7DYQ18xAVL2TCNUdgKR4kzgrGTFEkNgYxhiAp6UU8+d0ZPsn1z0MvE/rxerwYWdcD+MFfosHUm9QSyoCmgWlvZ5hEyJaUqARTz9TNkIImAqreTvJYk+eCirtD/hoZxzO5n3Oyul2c3FpMukXa+ZZzXj7rTcqOctFMkROSYVYpJz0iDXpElahJFH8kzeyLv2oD1pL9rrz2hBy3cOyR9oH9895JhW</latexit>

�L ⇠ a0 O
<latexit sha1_base64="cNWg3yD0VKaD7gyRiqMfr0j9Gn0="></latexit>

(analogous to �L ⇠ ✓ ✏µ⌫⇢�tr (Fµ⌫ F ⇢�
) in gauge theory)

•  We expect that this rich structure of ‘t Hooft anomalies has interesting 
implications for the dynamics of the theory 
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•  Topological mass terms in 5d AdS supergravity encode discrete global 
symmetries of the dual field theory  

Ø  The same bulk theory with different topological boundary conditions 
gives field theories with different discrete global symmetries 

•  We can capture ‘t Hooft anomalies with a 6-form inflow anomaly polynomial 

•  Rich interplay between all p-forms fields from expansion of C3 (p=0,1,2,3) 

Ø  Higher-form symmetries 
Ø  Discrete symmetries 
Ø  Anomalies in the space of coupling constants, or “(–1)-form” symmetries 

Ø  Systematic geometric tools using data from holographic solution 



Outlook 

31 

•  Analysis of singleton sector and decoupling modes 

•  Dynamical implications of anomalies 

•  Complement the holographic/inflow approach with field theory analysis 
Ø  e.g. theories engineered with N=2 M5-branes  

•  Use topological mass terms in 5d to organize/classify extended operators 

Ø  potential avenue for exact anomalies, including           terms  
<latexit sha1_base64="ZXgxpCZDSomvdVg1J/UaqWOV8fg=">AAAB73icbZDLSsNAFIZP6q3WS6Mu3QwWoYKUpCi6LLhxpRXsBdpYJtPTdujk4sykUEKfw4UgLnTho/gIvo1Jzaat/+rj/OfCf9xQcKUt68fIra1vbG7ltws7u3v7RfPgsKmCSDJssEAEsu1ShYL72NBcC2yHEqnnCmy545vUb01QKh74j3oaouPRoc8HnFGdlHpmsetRPWJUkPvy3ZN11jNLVsWai6yCnUEJMtV75ne3H7DIQ18zQZXq2FaonZhKzZnAWaEbKQwpG9MhxtRTauq5M3KaHlXLXlr8z+tEenDtxNwPI40+S1oSbxAJogOSZiJ9LpFpMU2AMsmTy4SNqKRMJ8kXNyn0qYfqnPQnPFRzduL5G2eFJLu9nHQVmtWKfVmxHi5KtWr2hTwcwwmUwYYrqMEt1KEBDCJ4hQ/4NJ6NF+PNeP9rzRnZzBEsyPj6BS45juQ=</latexit>

O(N0)

Ø  line operators in class S from               system? 
<latexit sha1_base64="IpkCkpeRZYadX68isPKNpSjplmk=">AAAB+nicbZDLSsNAGIUn9VbrLepON8EiVCglCYoui25cVrAXaGOYTP62QycXZiaVEgM+iwtBXOjCl/ARfBunNZu2ns18/OefGc7xYkaFNM0frbCyura+UdwsbW3v7O7p+wctESWcQJNELOIdDwtgNISmpJJBJ+aAA49B2xvdTP32GLigUXgvJzE4AR6EtE8Jlmrk6keV3iP1QVLmg3Ht2g+0qo7UptmZq5fNmjmTsQxWDmWUq+Hq3z0/IkkAoSQMC9G1zFg6KeaSEgZZqZcIiDEZ4QGkOBBiEniZcRpgORSL3nT4n9dNZP/KSWkYJxJColaU10+YISNjGs/wKQci2UQBJpyqnw0yxBwTqUqYf0lAiAMQVcMf01jM2ElnjWYlld1aTLoMLbtmXdTMu/Ny3c5bKKJjdIIqyEKXqI5uUQM1EUHP6BV9oE/tSXvR3rT3v9WClt85RHPSvn4BtcaTIg==</latexit>

( eBi
2, B2i)

•  Explore other sources of discrete symmetries 
Ø  torsion cycles in the internal geometry 
Ø  discrete isometries 
Ø  … 

[Camara, Ibanez, Marchesano 11; 
Bersaluce-Gonzales, Camara, 

Marchesano, Regalado, Uranga 12]  

Thank you! 


