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D=2 ??

D=2 gravity models are usually simpler than in higher-dimensions.

Einstein-Hilbert 
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Simplest non-trivial models: 
Dilaton gravity
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and D=2 is the lowest possible dimension for:
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Black holes 
Boundaries with dynamics

Riemann curvature

There are also models which are much harder to study than in higher-dimensions… 

In this talk: we are interested in D=2 maximal supergravities. 
(in particular, those that arise from flux compactifications of `string theory’).

Applications: holographic duality between string theory on          backgrounds  
and various matrix quantum mechanics.
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E9

Example:            gauged 
supergravity                 

<latexit sha1_base64="wTDFNNVrDZiejGlZD2AkEIMXoDg=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCG5eV2ge0Y8mkmTY0kxmSjFCGfoIbF4q49Yvc+Tdm2goqeuDC4Zx7ufceP+ZMaYQ+rNzG5tb2Tn63sLd/cHhUPD7pqiiRhHZIxCPZ97GinAna0Uxz2o8lxaHPac+fXWV+755KxSJxq+cx9UI8ESxgBGsjtdt3tVGxhGy3ghq1OkR2BTmNsmsIQvVGFUHHkAwlsEZrVHwfjiOShFRowrFSAwfF2kux1IxwuigME0VjTGZ4QgeGChxS5aXLUxfwwihjGETSlNBwqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDupUzEiaaCrBYFCYc6gtnfcMwkJZrPDcFEMnMrJFMsMdEmnYIJ4etT+D/purZTtd2bcqlZXceRB2fgHFwCB9RAE1yDFugAAibgATyBZ4tbj9aL9bpqzVnrmVPwA9bbJ0ZEjcY=</latexit>

S7

Torus reduction 

invariant under 
the following  

rigid  
duality 

symmetry

<latexit sha1_base64="pQoirMHQJecBUQRycaCiWj689bA=">AAAB7HicdVDLSgMxFM3UV62vqks3wSLUzZBp7WtXcOPOik5baIeSSTNtaCYzJBmhDP0GNy4UcesHufNvTB+Cih64cDjnXu69x485UxqhDyuztr6xuZXdzu3s7u0f5A+P2ipKJKEuiXgkuz5WlDNBXc00p91YUhz6nHb8yeXc79xTqVgk7vQ0pl6IR4IFjGBtJPf2ulg/H+QLyK4gp1EtQ2Qjg3LNkFIFNepl6CwUhApghdYg/94fRiQJqdCEY6V6Doq1l2KpGeF0lusnisaYTPCI9gwVOKTKSxfHzuCZUYYwiKQpoeFC/T6R4lCpaeibzhDrsfrtzcW/vF6ig7qXMhEnmgqyXBQkHOoIzj+HQyYp0XxqCCaSmVshGWOJiTb55EwIX5/C/0m7ZDtVu3RzUWhWV3FkwQk4BUXggBpogivQAi4ggIEH8ASeLWE9Wi/W67I1Y61mjsEPWG+f4rKODw==</latexit>

SO(8)
<latexit sha1_base64="rOpNYkDvpH43m9QY1xEJSJys2iI=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ6a1nXZXEMFlBfuAzlAyaaYNTWaGJCOUob/hxoUibv0Zd/6NmbaCih4IHM65l3tygoQzpRH6sNbWNza3tgs7xd29/YPD0tFxV8WpJLRDYh7LfoAV5SyiHc00p/1EUiwCTnvB9Cr3e/dUKhZHd3qWUF/gccRCRrA2kucJrCdSZNfzoTsslZFdQ06zXoXIRgZV15BKDTUbVegsFITKYIX2sPTujWKSChppwrFSAwcl2s+w1IxwOi96qaIJJlM8pgNDIyyo8rNF5jk8N8oIhrE0L9JwoX7fyLBQaiYCM5lnVL+9XPzLG6Q6bPgZi5JU04gsD4UphzqGeQFwxCQlms8MwUQykxWSCZaYaFNT0ZTw9VP4P+lWbKduV24vyy13VUcBnIIzcAEc4IIWuAFt0AEEJOABPIFnK7UerRfrdTm6Zq12TsAPWG+fX/GR4w==</latexit>

E7

De Wit, Nicolai, 1980's

Gauging subgroups  
of the rigid duality  
symmetry group 

Gauged supergravities
“Duality covariant” description 

in terms of an  
embedding tensor  

Ungauged supergravities

Consistent Kaluza-Klein truncations: 

•    
•    

Allow to uplift all solutions 

Useful for holography 

Kaluza-Klein  
truncation on 

Origins of maximal D=2 supergravities  



D=11:

D=10:

‘M-theory’ 

IIA IIB

D=5:

D=4:

D=3:

..

.

D=2:
..

.

<latexit sha1_base64="CLSSNMMEgau22HlWScv7zVKZaro=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lU2RdnsriOCxgv3AdinZNG1Ds9klmRXL0n/hxYMiXv033vw3ZtsKKvpg4PHeDDPzglgKA6774aysrq1vbOa28ts7u3v7hYPDlokSzXiTRTLSnYAaLoXiTRAgeSfWnIaB5O1gcpH57TuujYjUDUxj7od0pMRQMApWuu0Bv4f0ctb3+oWiW3JdlxCCM0KqFdeSWs0rEw+TzLIooiUa/cJ7bxCxJOQKmKTGdIkbg59SDYJJPsv3EsNjyiZ0xLuWKhpy46fzi2f41CoDPIy0LQV4rn6fSGlozDQMbGdIYWx+e5n4l9dNYOj5qVBxAlyxxaJhIjFEOHsfD4TmDOTUEsq0sLdiNqaaMrAh5W0IX5/i/0mrXCKVUvn6vFivLuPIoWN0gs4QQVVUR1eogZqIIYUe0BN6dozz6Lw4r4vWFWc5c4R+wHn7BNsakQU=</latexit>

E8

<latexit sha1_base64="jMK7y9qrhN22P2JaF1y0351Crpg=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8hZ0gedwCIniMYB6YLGF2MpsMmZ1dZnrFsOQvvHhQxKt/482/cTaJoKIFDUVVN91dfiyFAdf9cFZW19Y3NnNb+e2d3b39wsFh20SJZrzFIhnprk8Nl0LxFgiQvBtrTkNf8o4/ucj8zh3XRkTqBqYx90I6UiIQjIKVbvvA7yG9nA0qg0LRLbmuSwjBGSHVimtJvV4rkxommWVRREs0B4X3/jBiScgVMEmN6RE3Bi+lGgSTfJbvJ4bHlE3oiPcsVTTkxkvnF8/wqVWGOIi0LQV4rn6fSGlozDT0bWdIYWx+e5n4l9dLIKh5qVBxAlyxxaIgkRginL2Ph0JzBnJqCWVa2FsxG1NNGdiQ8jaEr0/x/6RdLpFKqXx9XmxUl3Hk0DE6QWeIoCpqoCvURC3EkEIP6Ak9O8Z5dF6c10XrirOcOUI/4Lx9AtgSkQM=</latexit>

E6

.

<latexit sha1_base64="SekGv5XJJunMsr6jfcN1R4WDG+U=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8hZ0gedwCIniMYB6YLGF2MpsMmZ1dZnrFsOQvvHhQxKt/482/cTaJoKIFDUVVN91dfiyFAdf9cFZW19Y3NnNb+e2d3b39wsFh20SJZrzFIhnprk8Nl0LxFgiQvBtrTkNf8o4/ucj8zh3XRkTqBqYx90I6UiIQjIKVbvvA7yG9nA3qg0LRLbmuSwjBGSHVimtJvV4rkxommWVRREs0B4X3/jBiScgVMEmN6RE3Bi+lGgSTfJbvJ4bHlE3oiPcsVTTkxkvnF8/wqVWGOIi0LQV4rn6fSGlozDT0bWdIYWx+e5n4l9dLIKh5qVBxAlyxxaIgkRginL2Ph0JzBnJqCWVa2FsxG1NNGdiQ8jaEr0/x/6RdLpFKqXx9XmxUl3Hk0DE6QWeIoCpqoCvURC3EkEIP6Ak9O8Z5dF6c10XrirOcOUI/4Lx9AtyekQY=</latexit>

E9

Example:            gauged 
supergravity                 

<latexit sha1_base64="wTDFNNVrDZiejGlZD2AkEIMXoDg=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uCG5eV2ge0Y8mkmTY0kxmSjFCGfoIbF4q49Yvc+Tdm2goqeuDC4Zx7ufceP+ZMaYQ+rNzG5tb2Tn63sLd/cHhUPD7pqiiRhHZIxCPZ97GinAna0Uxz2o8lxaHPac+fXWV+755KxSJxq+cx9UI8ESxgBGsjtdt3tVGxhGy3ghq1OkR2BTmNsmsIQvVGFUHHkAwlsEZrVHwfjiOShFRowrFSAwfF2kux1IxwuigME0VjTGZ4QgeGChxS5aXLUxfwwihjGETSlNBwqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDupUzEiaaCrBYFCYc6gtnfcMwkJZrPDcFEMnMrJFMsMdEmnYIJ4etT+D/purZTtd2bcqlZXceRB2fgHFwCB9RAE1yDFugAAibgATyBZ4tbj9aL9bpqzVnrmVPwA9bbJ0ZEjcY=</latexit>

S7

Torus reduction 

invariant under 
the following  

rigid  
duality 

symmetry

<latexit sha1_base64="pQoirMHQJecBUQRycaCiWj689bA=">AAAB7HicdVDLSgMxFM3UV62vqks3wSLUzZBp7WtXcOPOik5baIeSSTNtaCYzJBmhDP0GNy4UcesHufNvTB+Cih64cDjnXu69x485UxqhDyuztr6xuZXdzu3s7u0f5A+P2ipKJKEuiXgkuz5WlDNBXc00p91YUhz6nHb8yeXc79xTqVgk7vQ0pl6IR4IFjGBtJPf2ulg/H+QLyK4gp1EtQ2Qjg3LNkFIFNepl6CwUhApghdYg/94fRiQJqdCEY6V6Doq1l2KpGeF0lusnisaYTPCI9gwVOKTKSxfHzuCZUYYwiKQpoeFC/T6R4lCpaeibzhDrsfrtzcW/vF6ig7qXMhEnmgqyXBQkHOoIzj+HQyYp0XxqCCaSmVshGWOJiTb55EwIX5/C/0m7ZDtVu3RzUWhWV3FkwQk4BUXggBpogivQAi4ggIEH8ASeLWE9Wi/W67I1Y61mjsEPWG+f4rKODw==</latexit>

SO(8)
<latexit sha1_base64="rOpNYkDvpH43m9QY1xEJSJys2iI=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ6a1nXZXEMFlBfuAzlAyaaYNTWaGJCOUob/hxoUibv0Zd/6NmbaCih4IHM65l3tygoQzpRH6sNbWNza3tgs7xd29/YPD0tFxV8WpJLRDYh7LfoAV5SyiHc00p/1EUiwCTnvB9Cr3e/dUKhZHd3qWUF/gccRCRrA2kucJrCdSZNfzoTsslZFdQ06zXoXIRgZV15BKDTUbVegsFITKYIX2sPTujWKSChppwrFSAwcl2s+w1IxwOi96qaIJJlM8pgNDIyyo8rNF5jk8N8oIhrE0L9JwoX7fyLBQaiYCM5lnVL+9XPzLG6Q6bPgZi5JU04gsD4UphzqGeQFwxCQlms8MwUQykxWSCZaYaFNT0ZTw9VP4P+lWbKduV24vyy13VUcBnIIzcAEc4IIWuAFt0AEEJOABPIFnK7UerRfrdTm6Zq12TsAPWG+fX/GR4w==</latexit>

E7

De Wit, Nicolai, 1980's

Consistent Kaluza-Klein truncations: 

•    
•    

Allow to uplift all solutions 

Useful for holography 

Kaluza-Klein  
truncation on 

Consistent sphere truncations: 

D=11 SUGRA on    
<latexit sha1_base64="NrsRxP12ak75Mf9FotaWD2R+iBY=">AAAB6nicdVDLSgMxFL3js9ZX1aWbYBFcDZni9LEruHFZqX1AO5ZMmmlDMw+SjFCGfoIbF4q49Yvc+TemD0FFD4QczrmXe+/xE8GVxvjDWlvf2Nzazu3kd/f2Dw4LR8dtFaeSshaNRSy7PlFM8Ii1NNeCdRPJSOgL1vEnV3O/c8+k4nF0q6cJ80IyinjAKdFGajbvKoNCEdu4VHVxDWG7ZL6Sa4iLnVq5hhwbL1CEFRqDwnt/GNM0ZJGmgijVc3CivYxIzalgs3w/VSwhdEJGrGdoREKmvGyx6gydG2WIgliaF2m0UL93ZCRUahr6pjIkeqx+e3PxL6+X6qDqZTxKUs0iuhwUpALpGM3vRkMuGdViagihkptdER0TSag26eRNCF+Xov9Ju2Q7Zdu9uSzW3VUcOTiFM7gABypQh2toQAsojOABnuDZEtaj9WK9LkvXrFXPCfyA9fYJSUaNyg==</latexit>

S7

D=11 SUGRA on      
<latexit sha1_base64="CA6csI6AnolqGe4k3vOfdixIb4g=">AAAB6nicdVDLSgMxFL3js9ZX1aWbYBFcDZnSqe2u4MZlpfYB7VgyaaYNzTxIMkIZ+gluXCji1i9y59+YPgQVPRByOOde7r3HTwRXGuMPa219Y3NrO7eT393bPzgsHB23VZxKylo0FrHs+kQxwSPW0lwL1k0kI6EvWMefXM39zj2TisfRrZ4mzAvJKOIBp0Qbqdm8Kw8KRWzjUtXFNYTtkvlKriEudmqVGnJsvEARVmgMCu/9YUzTkEWaCqJUz8GJ9jIiNaeCzfL9VLGE0AkZsZ6hEQmZ8rLFqjN0bpQhCmJpXqTRQv3ekZFQqWnom8qQ6LH67c3Fv7xeqoOql/EoSTWL6HJQkAqkYzS/Gw25ZFSLqSGESm52RXRMJKHapJM3IXxdiv4n7ZLtVGz3plysu6s4cnAKZ3ABDlxCHa6hAS2gMIIHeIJnS1iP1ov1uixds1Y9J/AD1tsnRLqNxw==</latexit>

S4

<latexit sha1_base64="QVhyK+Xu7M/v6nVQYJBJFW3SOH8=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgasgUp7a7ghuXldoHtGPJpJk2NPMgyQhl6Ce4caGIW7/InX9j+hBU9EDI4Zx7ufcePxFcaYw/rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZr7nXsmFY+jWz1NmBeSUcQDTok2UrN55w6KJWzjctXFNYTtsvnKriEudmqVGnJsvEAJVmgMiu/9YUzTkEWaCqJUz8GJ9jIiNaeCzQr9VLGE0AkZsZ6hEQmZ8rLFqjN0ZpQhCmJpXqTRQv3ekZFQqWnom8qQ6LH67c3Fv7xeqoOql/EoSTWL6HJQkAqkYzS/Gw25ZFSLqSGESm52RXRMJKHapFMwIXxdiv4n7bLtVGz35qJUd1dx5OEETuEcHLiEOlxDA1pAYQQP8ATPlrAerRfrdVmas1Y9x/AD1tsnRj6NyA==</latexit>

S5D=10 IIB SUGRA on      
<latexit sha1_base64="S1OcCiFvOf/QROQE+tsa3Gea2tg=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWSKU9tdxY3LSu0D2nHIZDJtaOZBkimUoX/ixoUibv0Td/6N6UNQ0QMhh3Pu5d57/JQzqRD6MApr6xubW8Xt0s7u3v6BeXjUkUkmCG2ThCei52NJOYtpWzHFaS8VFEc+p11/fD33uxMqJEviOzVNqRvhYcxCRrDSkmeaV0HLcwaKRVTC1r0DPbOMLFSpOagOkVXRX8XRxEF2vVqHtoUWKIMVmp75PggSkkU0VoRjKfs2SpWbY6EY4XRWGmSSppiM8ZD2NY2xnuTmi81n8EwrAQwToV+s4EL93pHjSMpp5OvKCKuR/O3Nxb+8fqbCmpuzOM0UjclyUJhxqBI4jwEGTFCi+FQTTATTu0IywgITpcMq6RC+LoX/k07FsquWc3tRbjirOIrgBJyCc2CDS9AAN6AJ2oCACXgAT+DZyI1H48V4XZYWjFXPMfgB4+0TR1CSxQ==</latexit>

AdS5 ⇥ S5

<latexit sha1_base64="CqHljJhHSC/jmWibqqZ46TsGkio=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFTOn3sKm5cVmptoR2HTCbThmYeJBmhln6JGxeKuPVT3Pk3pg9BRQ+EHM65l3vv8VPOpELow8itrW9sbuW3Czu7e/tF8+DwRiaZILRDEp6Ino8l5SymHcUUp71UUBz5nHb98cXc795RIVkSX6tJSt0ID2MWMoKVljyzeB60vcpAsYhK2L6teWYJWahcd1ADIqusv7KjiYPsRrUBbQstUAIrtDzzfRAkJItorAjHUvZtlCp3ioVihNNZYZBJmmIyxkPa1zTGepA7XSw+g6daCWCYCP1iBRfq944pjqScRL6ujLAayd/eXPzL62cqrLtTFqeZojFZDgozDlUC5ynAgAlKFJ9ogolgeldIRlhgonRWBR3C16Xwf3JTtuyq5VxVSk1nFUceHIMTcAZsUANNcAlaoAMIyMADeALPxr3xaLwYr8vSnLHqOQI/YLx9Au4Mkpw=</latexit>

AdS4 ⇥ S7

<latexit sha1_base64="ySj5++6EZQYoiN5lFQlzWMXNlMI=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFTOn3sKm5cVmptoR2HTCbThmYeJBmhln6JGxeKuPVT3Pk3pg9BRQ+EHM65l3vv8VPOpELow8itrW9sbuW3Czu7e/tF8+DwRiaZILRDEp6Ino8l5SymHcUUp71UUBz5nHb98cXc795RIVkSX6tJSt0ID2MWMoKVljyzeB60vdpAsYhK2L6teGYJWahcd1ADIqusv7KjiYPsRrUBbQstUAIrtDzzfRAkJItorAjHUvZtlCp3ioVihNNZYZBJmmIyxkPa1zTGepA7XSw+g6daCWCYCP1iBRfq944pjqScRL6ujLAayd/eXPzL62cqrLtTFqeZojFZDgozDlUC5ynAgAlKFJ9ogolgeldIRlhgonRWBR3C16Xwf3JTtuyq5VxVSk1nFUceHIMTcAZsUANNcAlaoAMIyMADeALPxr3xaLwYr8vSnLHqOQI/YLx9Au4qkpw=</latexit>

AdS7 ⇥ S4

M2-branes 

M5-branes 

D3-branes 

Prototypical  
examples 

of AdS/CFT 

Origins of maximal D=2 supergravities  



D=11:

D=10:

‘M-theory’ 

IIA

D=5:

D=4:

D=3:

..

.

D=2:
..

.

<latexit sha1_base64="CLSSNMMEgau22HlWScv7zVKZaro=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lU2RdnsriOCxgv3AdinZNG1Ds9klmRXL0n/hxYMiXv033vw3ZtsKKvpg4PHeDDPzglgKA6774aysrq1vbOa28ts7u3v7hYPDlokSzXiTRTLSnYAaLoXiTRAgeSfWnIaB5O1gcpH57TuujYjUDUxj7od0pMRQMApWuu0Bv4f0ctb3+oWiW3JdlxCCM0KqFdeSWs0rEw+TzLIooiUa/cJ7bxCxJOQKmKTGdIkbg59SDYJJPsv3EsNjyiZ0xLuWKhpy46fzi2f41CoDPIy0LQV4rn6fSGlozDQMbGdIYWx+e5n4l9dNYOj5qVBxAlyxxaJhIjFEOHsfD4TmDOTUEsq0sLdiNqaaMrAh5W0IX5/i/0mrXCKVUvn6vFivLuPIoWN0gs4QQVVUR1eogZqIIYUe0BN6dozz6Lw4r4vWFWc5c4R+wHn7BNsakQU=</latexit>

E8

<latexit sha1_base64="hWLokDc617ISSDOWbncts20tDNA=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lU2RbnsriOCxgv3AdinZNG1Ds9klmRXL0n/hxYMiXv033vw3ZtsKKvpg4PHeDDPzglgKA6774aysrq1vbOa28ts7u3v7hYPDlokSzXiTRTLSnYAaLoXiTRAgeSfWnIaB5O1gcpH57TuujYjUDUxj7od0pMRQMApWuu0Bv4f0ctb3+oWiW3JdlxCCM0K8imtJrVYtkyommWVRREs0+oX33iBiScgVMEmN6RI3Bj+lGgSTfJbvJYbHlE3oiHctVTTkxk/nF8/wqVUGeBhpWwrwXP0+kdLQmGkY2M6Qwtj89jLxL6+bwLDqp0LFCXDFFouGicQQ4ex9PBCaM5BTSyjTwt6K2ZhqysCGlLchfH2K/yetcolUSuXr82LdW8aRQ8foBJ0hgjxUR1eogZqIIYUe0BN6dozz6Lw4r4vWFWc5c4R+wHn7BNmWkQQ=</latexit>

E7

<latexit sha1_base64="jMK7y9qrhN22P2JaF1y0351Crpg=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8hZ0gedwCIniMYB6YLGF2MpsMmZ1dZnrFsOQvvHhQxKt/482/cTaJoKIFDUVVN91dfiyFAdf9cFZW19Y3NnNb+e2d3b39wsFh20SJZrzFIhnprk8Nl0LxFgiQvBtrTkNf8o4/ucj8zh3XRkTqBqYx90I6UiIQjIKVbvvA7yG9nA0qg0LRLbmuSwjBGSHVimtJvV4rkxommWVRREs0B4X3/jBiScgVMEmN6RE3Bi+lGgSTfJbvJ4bHlE3oiPcsVTTkxkvnF8/wqVWGOIi0LQV4rn6fSGlozDT0bWdIYWx+e5n4l9dLIKh5qVBxAlyxxaIgkRginL2Ph0JzBnJqCWVa2FsxG1NNGdiQ8jaEr0/x/6RdLpFKqXx9XmxUl3Hk0DE6QWeIoCpqoCvURC3EkEIP6Ak9O8Z5dF6c10XrirOcOUI/4Lx9AtgSkQM=</latexit>

E6

.

`Terra incognita’?
Partial  
results: Samtleben, Weidner 2007

IIB

Hard!

Consistent  
Kaluza-Klein truncations Torus reduction 
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SO(9) gauged 
 supergravity

Generalised 
Scherk-Schwarz 

truncation

Hard!

Samtleben, Ortiz 2012

<latexit sha1_base64="+/OOjw24THo296Z8pSaWPdbbiXI=">AAAB6nicbVDJTgJBEK3BDXFDPXrpSEw8TWbYBm4kXjxikCWBkfQ0DXToWdLdY0ImfIIXDxrj1S/y5t/YwBwUfUklL+9VpaqeF3EmlWV9GZmt7Z3dvex+7uDw6Pgkf3rWkWEsCG2TkIei52FJOQtoWzHFaS8SFPsep11vdrP0u49USBYG92oeUdfHk4CNGcFKS63WQ22YL1imU645dgVZZqlaqteLmlgrIDslBUjRHOY/B6OQxD4NFOFYyr5tRcpNsFCMcLrIDWJJI0xmeEL7mgbYp9JNVqcu0JVWRmgcCl2BQiv150SCfSnnvqc7faymctNbiv95/ViNa27CgihWNCDrReOYIxWi5d9oxAQlis81wUQwfSsiUywwUTqdnA7B3nz5L+kUTbtqVu7KhYaTxpGFC7iEa7DBgQbcQhPaQGACT/ACrwY3no03433dmjHSmXP4BePjGzofjcA=</latexit>

S8

<latexit sha1_base64="hV9wHYtAaOwoFeyWcIYHfzebhgU=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLVttNdwY3LSu0D2rFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68yv3tPpWKRuNWzmHohHgsWMIK1kVqtO3dYLCEbVSt1VIfIriDHXRCEqm75AjqGZCiBFZrD4vtgFJEkpEITjpXqOyjWXoqlZoTTeWGQKBpjMsVj2jdU4JAqL12cOodnRhnBIJKmhIYL9ftEikOlZqFvOkOsJ+q3l4l/ef1EB66XMhEnmgqyXBQkHOoIZn/DEZOUaD4zBBPJzK2QTLDERJt0CiaEr0/h/6RTtp2qXbm5LDVqqzjy4AScgnPggBpogGvQBG1AwBg8gCfwbHHr0XqxXpetOWs1cwx+wHr7BENNjcc=</latexit>

S8

Example:

Holographic description of interacting D0-branes



D=11:

D=10:

‘M-theory’ 

IIA

D=5:

D=4:

D=3:

..

.

D=2:
..

.

<latexit sha1_base64="CLSSNMMEgau22HlWScv7zVKZaro=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lU2RdnsriOCxgv3AdinZNG1Ds9klmRXL0n/hxYMiXv033vw3ZtsKKvpg4PHeDDPzglgKA6774aysrq1vbOa28ts7u3v7hYPDlokSzXiTRTLSnYAaLoXiTRAgeSfWnIaB5O1gcpH57TuujYjUDUxj7od0pMRQMApWuu0Bv4f0ctb3+oWiW3JdlxCCM0KqFdeSWs0rEw+TzLIooiUa/cJ7bxCxJOQKmKTGdIkbg59SDYJJPsv3EsNjyiZ0xLuWKhpy46fzi2f41CoDPIy0LQV4rn6fSGlozDQMbGdIYWx+e5n4l9dNYOj5qVBxAlyxxaJhIjFEOHsfD4TmDOTUEsq0sLdiNqaaMrAh5W0IX5/i/0mrXCKVUvn6vFivLuPIoWN0gs4QQVVUR1eogZqIIYUe0BN6dozz6Lw4r4vWFWc5c4R+wHn7BNsakQU=</latexit>

E8

<latexit sha1_base64="hWLokDc617ISSDOWbncts20tDNA=">AAAB8XicdVBNSwMxEM36WetX1aOXYBE8lU2RbnsriOCxgv3AdinZNG1Ds9klmRXL0n/hxYMiXv033vw3ZtsKKvpg4PHeDDPzglgKA6774aysrq1vbOa28ts7u3v7hYPDlokSzXiTRTLSnYAaLoXiTRAgeSfWnIaB5O1gcpH57TuujYjUDUxj7od0pMRQMApWuu0Bv4f0ctb3+oWiW3JdlxCCM0K8imtJrVYtkyommWVRREs0+oX33iBiScgVMEmN6RI3Bj+lGgSTfJbvJYbHlE3oiHctVTTkxk/nF8/wqVUGeBhpWwrwXP0+kdLQmGkY2M6Qwtj89jLxL6+bwLDqp0LFCXDFFouGicQQ4ex9PBCaM5BTSyjTwt6K2ZhqysCGlLchfH2K/yetcolUSuXr82LdW8aRQ8foBJ0hgjxUR1eogZqIIYUe0BN6dozz6Lw4r4vWFWc5c4R+wHn7BNmWkQQ=</latexit>

E7

<latexit sha1_base64="jMK7y9qrhN22P2JaF1y0351Crpg=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8hZ0gedwCIniMYB6YLGF2MpsMmZ1dZnrFsOQvvHhQxKt/482/cTaJoKIFDUVVN91dfiyFAdf9cFZW19Y3NnNb+e2d3b39wsFh20SJZrzFIhnprk8Nl0LxFgiQvBtrTkNf8o4/ucj8zh3XRkTqBqYx90I6UiIQjIKVbvvA7yG9nA0qg0LRLbmuSwjBGSHVimtJvV4rkxommWVRREs0B4X3/jBiScgVMEmN6RE3Bi+lGgSTfJbvJ4bHlE3oiPcsVTTkxkvnF8/wqVWGOIi0LQV4rn6fSGlozDT0bWdIYWx+e5n4l9dLIKh5qVBxAlyxxaIgkRginL2Ph0JzBnJqCWVa2FsxG1NNGdiQ8jaEr0/x/6RdLpFKqXx9XmxUl3Hk0DE6QWeIoCpqoCvURC3EkEIP6Ak9O8Z5dF6c10XrirOcOUI/4Lx9AtgSkQM=</latexit>

E6

.

IIB

exceptional field theory
<latexit sha1_base64="nfloyV+r4ErrptdYw90O/QQoizM=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgKewEyeMWEMFjBPOA7BJmJ5NkyMzuMtMrhiW/4cWDIl79GW/+jbNJBBUtaCiquunuCmIpDLjuh5NbW9/Y3MpvF3Z29/YPiodHHRMlmvE2i2SkewE1XIqQt0GA5L1Yc6oCybvB9DLzu3dcGxGFtzCLua/oOBQjwShYyfOA34NW6dV80BgUS27ZdV1CCM4IqVVdSxqNeoXUMcksixJaoTUovnvDiCWKh8AkNaZP3Bj8lGoQTPJ5wUsMjymb0jHvWxpSxY2fLm6e4zOrDPEo0rZCwAv1+0RKlTEzFdhORWFifnuZ+JfXT2BU91MRxgnwkC0XjRKJIcJZAHgoNGcgZ5ZQpoW9FbMJ1ZSBjalgQ/j6FP9POpUyqZYrNxelZnUVRx6doFN0jgiqoSa6Ri3URgzF6AE9oWcncR6dF+d12ZpzVjPH6Aect0+BaJH4</latexit>

E9

`       covariant’
<latexit sha1_base64="7YETFsYLf5qNKS0/Q/zOhXlOp88=">AAAB83icdVDJSgNBEO1xjXGLevTSGARPQ0+MWW4BETxGMAtkhtDT6Uma9Cx014hhyG948aCIV3/Gm39jZxFU9EHB470qqur5iRQaCPmwVlbX1jc2c1v57Z3dvf3CwWFbx6livMViGauuTzWXIuItECB5N1Gchr7kHX98OfM7d1xpEUe3MEm4F9JhJALBKBjJdYHfgwqzq2m/3i8UiU0qZafkYGJfEKdWIgtSr55jxyZzFNESzX7h3R3ELA15BExSrXsOScDLqALBJJ/m3VTzhLIxHfKeoRENufay+c1TfGqUAQ5iZSoCPFe/T2Q01HoS+qYzpDDSv72Z+JfXSyGoeZmIkhR4xBaLglRiiPEsADwQijOQE0MoU8LcitmIKsrAxJQ3IXx9iv8n7ZLtVOzSTbnYKC/jyKFjdILOkIOqqIGuURO1EEMJekBP6NlKrUfrxXpdtK5Yy5kj9APW2yeDEJH3</latexit>

E9

reformulation

Hard, 
but done

Plan of the talk

Torus reduction 

<latexit sha1_base64="JsgacVL5R75frpb9G8FDdF+4DNI=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ6a1r11BBJcV7AM6Q8mkaRuaZIYkI5Shv+HGhSJu/Rl3/o2ZtoKKHggczrmXe3LCmDNtEPpw1tY3Nre2czv53b39g8PC0XFHR4kitE0iHqleiDXlTNK2YYbTXqwoFiGn3XB6lfnde6o0i+SdmcU0EHgs2YgRbKzk+wKbiRLp9XzQGBSKyK0gr1EtQ+Qii3LNklIFNepl6C0UhIpghdag8O4PI5IIKg3hWOu+h2ITpFgZRjid5/1E0xiTKR7TvqUSC6qDdJF5Ds+tMoSjSNknDVyo3zdSLLSeidBOZhn1by8T//L6iRnVg5TJODFUkuWhUcKhiWBWABwyRYnhM0swUcxmhWSCFSbG1pS3JXz9FP5POiXXq7ql28tis7aqIwdOwRm4AB6ogSa4AS3QBgTE4AE8gWcncR6dF+d1ObrmrHZOwA84b59i+ZHl</latexit>

E9

invariant under 
the following  

rigid  
duality 

symmetry

Generalised 
Scherk-Schwarz 

truncation

2.

1.

Construction of all D=2 maximal gauged supergravities that admit a consistent 
embedding in D=10 or D=11 supergravity.

3.

Consistent truncation of IIA supergravity on      to maximal SO(9) supergravity.

Holographic description of interacting D0-branes Samtleben, Ortiz 2012

<latexit sha1_base64="+/OOjw24THo296Z8pSaWPdbbiXI=">AAAB6nicbVDJTgJBEK3BDXFDPXrpSEw8TWbYBm4kXjxikCWBkfQ0DXToWdLdY0ImfIIXDxrj1S/y5t/YwBwUfUklL+9VpaqeF3EmlWV9GZmt7Z3dvex+7uDw6Pgkf3rWkWEsCG2TkIei52FJOQtoWzHFaS8SFPsep11vdrP0u49USBYG92oeUdfHk4CNGcFKS63WQ22YL1imU645dgVZZqlaqteLmlgrIDslBUjRHOY/B6OQxD4NFOFYyr5tRcpNsFCMcLrIDWJJI0xmeEL7mgbYp9JNVqcu0JVWRmgcCl2BQiv150SCfSnnvqc7faymctNbiv95/ViNa27CgihWNCDrReOYIxWi5d9oxAQlis81wUQwfSsiUywwUTqdnA7B3nz5L+kUTbtqVu7KhYaTxpGFC7iEa7DBgQbcQhPaQGACT/ACrwY3no03433dmjHSmXP4BePjGzofjcA=</latexit>

S8

D=2 gauged supergravities



Using the             Lorentz symmetry, fix the dreibein to:                                     ,<latexit sha1_base64="hncyNblEHsqnbV0JI2r6M3UY70s=">AAAB+HicdVDJSgNBEO2JW4xLoh69NAYhgoTpQbLcAl68GdEskITQ0+kkTXoWumvEOORLvHhQxKuf4s2/sSeJoKIPCh7vVVFVzw2l0GDbH1ZqZXVtfSO9mdna3tnN5vb2mzqIFOMNFshAtV2quRQ+b4AAyduh4tRzJW+5k/PEb91ypUXg38A05D2PjnwxFIyCkfq5bBf4HcTXl7OCc0pOcD+Xt4u2bRNCcEJIuWQbUq1WHFLBJLEM8miJej/33h0ELPK4D0xSrTvEDqEXUwWCST7LdCPNQ8omdMQ7hvrU47oXzw+f4WOjDPAwUKZ8wHP1+0RMPa2nnms6PQpj/dtLxL+8TgTDSi8WfhgB99li0TCSGAKcpIAHQnEGcmoIZUqYWzEbU0UZmKwyJoSvT/H/pOkUSanoXJ3la9VlHGl0iI5QARFURjV0geqogRiK0AN6Qs/WvfVovVivi9aUtZw5QD9gvX0CTcKSMA==</latexit>

SO(2, 1)

and perform a (circle) reduction to 2 dimensions All fields independent of    .
<latexit sha1_base64="aPq1UbXbfvdhng4p1o/Pu5NLsMM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLt0M7sCm5cVrQPaMeSSdM2NJMZkoxYhn6CGxeKuPWL3Pk3pg9BRQ9cOJxzL/feEyacKY3Qh5VbW9/Y3MpvF3Z29/YPiodHLRWnktAmiXksOyFWlDNBm5ppTjuJpDgKOW2Hk4u5376jUrFY3OhpQoMIjwQbMoK1ka7vbyv9YgnZvuf5yIXIdhFya2VDKr7vVxF0bLRACazQ6Bffe4OYpBEVmnCsVNdBiQ4yLDUjnM4KvVTRBJMJHtGuoQJHVAXZ4tQZPDPKAA5jaUpouFC/T2Q4UmoahaYzwnqsfntz8S+vm+qhF2RMJKmmgiwXDVMOdQznf8MBk5RoPjUEE8nMrZCMscREm3QKJoSvT+H/pFW2napdvnJLdW8VRx6cgFNwDhxQA3VwCRqgCQgYgQfwBJ4tbj1aL9brsjVnrWaOwQ9Yb5+QXY35</latexit>

x3

<latexit sha1_base64="EMo17Lq0WFWpkoVqN9AYldYvZ/0="></latexit>

êµ̂
â =

✓
eµa ⇢Aµ

0 ⇢

◆

dilaton

zweibein KK vector

The bosonic D=2 Lagrangian then reads: 

Bosonic D=3 supergravity Lagrangian:

â = (a, 3)

µ̂ = 1, 2, 3 = (µ, 3)

<latexit sha1_base64="aqgPeme6fEwATUa6SlepTqYPORM="></latexit>

LD=3 = ê R(3) � ê tr
�
Pµ̂ P

µ̂
�

sigma model

<latexit sha1_base64="YJ0jYBWb2kY7NBYm3JDdhpSyUco="></latexit>

det(êµ̂
â)

Marcus, Schwarz, 1983

Maurer Cartan form :
<latexit sha1_base64="x/W/uoDBv6lP08gRoSWGR+2Eog8="></latexit>�
@µ̂V

�
V �1 = Pµ̂ +Qµ̂

<latexit sha1_base64="ooMlZx5g1L6eExrULH/z4xjKnXs=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasi0ta27ghuXFewDOqVk0kwbmskMSUYpYz/FjQtF3Pol7vwbM20FFT0QOJxzL/fk+DFnSiP0YeXW1jc2t/LbhZ3dvf0Du3jYUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/vcz87i2VikXiRs9iOgjxWLCAEayNNLSLHhNeiPUkkHia0vmwMbRLyEG1qlt2IXLOkdsooyW5qFeg66AFSmCF1tB+90YRSUIqNOFYqb6LYj1IsdSMcDoveImiMSZTPKZ9QwUOqRqki+hzeGqUEQwiaZ7QcKF+30hxqNQs9M1kllL99jLxL6+f6KAxSJmIE00FWR4KEg51BLMe4IhJSjSfGYKJZCYrJBMsMdGmrYIp4eun8H/SKTtuzSlfV0vNyqqOPDgGJ+AMuKAOmuAKtEAbEHAHHsATeLburUfrxXpdjuas1c4R+AHr7RPRL5RV</latexit>2 e8
<latexit sha1_base64="Em7hTfEdK1BcfDSt5i5ep7dH1vI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRahboZMW9u6K7hxWcE+oDOUTJppQzOZIckIdSj+ihsXirj1P9z5N6YPQUUPBA7n3Ms9OX7MmdIIfViZldW19Y3sZm5re2d3L79/0FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP76c+Z1bKhWLxI2exNQL8VCwgBGsjdTPH7lMuCHWo0DicaqiadGpnvXzBWSjasUpORDZ58ipl9CCXNTK0LHRHAWwRLOff3cHEUlCKjThWKmeg2LtpVhqRjid5txE0RiTMR7SnqECh1R56Tz9FJ4aZQCDSJonNJyr3zdSHCo1CX0zOQuqfnsz8S+vl+ig7qVMxImmgiwOBQmHOoKzKuCASUo0nxiCiWQmKyQjLDHRprCcKeHrp/B/0i7ZTtUuXVcKjfKyjiw4BiegCBxQAw1wBZqgBQi4Aw/gCTxb99aj9WK9LkYz1nLnEPyA9fYJRZWVEQ==</latexit>

2 so(16)

<latexit sha1_base64="ddbZJdrKbB0vh4nscgw3j47/3qs=">AAACAXicdVDLSkMxEM2tr1pfVTeCm2ARdHNNSlu7LIjgzoq2Cm0puWlaQ3MfJHPFcqkbf8WNC0Xc+hfu/BvTh6CiBwYO58wwM8eLlDRAyIeTmpmdm19IL2aWlldW17LrG3UTxpqLGg9VqK88ZoSSgaiBBCWuIi2Y7ylx6fWPRv7ljdBGhsEFDCLR8lkvkF3JGVipnd1qgriF5HjYLh9M6PnpcI+W9tvZHHFJqVigZUzcIqFlWrQkX6SE5DF1yRg5NEW1nX1vdkIe+yIArpgxDUoiaCVMg+RKDDPN2IiI8T7riYalAfOFaSXjD4Z41yod3A21rQDwWP0+kTDfmIHv2U6fwbX57Y3Ev7xGDN1yK5FBFIMI+GRRN1YYQjyKA3ekFhzUwBLGtbS3Yn7NNONgQ8vYEL4+xf+Tet6lJTd/VshVCtM40mgb7aA9RNEhqqATVEU1xNEdekBP6Nm5dx6dF+d10ppypjOb6Aect0+5qpZh</latexit>

E8/SO(16) : parametrized by 128 physical scalars

Rigid symmetry :
<latexit sha1_base64="cQ7ujpFgTRpW5RlCGJui39EbE4s=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU9ikpq23gggeK9paaEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk1bQUUfDDzem2FmXpBwpjRCH1ZhZXVtfaO4Wdra3tndK+8fdFScSkLbJOax7AZYUc4EbWumOe0mkuIo4PQumFzk/t09lYrF4lZPE+pHeCRYyAjWRrq5HDQG5QqyUc2rnnsQ2R5yGm5OXM9BqAodG81RAUu0BuX3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ4bfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Tjms7Ndu9Pqs068s4iuAIHINT4IA6aIIr0AJtQMAIPIAn8Gxx69F6sV4XrQVrOXMIfsB6+wQe842s</latexit>

E8

<latexit sha1_base64="RshtrNnP6LJ4NFdWv/MmnxZWaFo=">AAAB8XicdVDLSgMxFM3UV62vqks3wSLUzZiZPqy7ggjurGgf2A4lk6ZtaCYzJBmhlP6FGxeKuPVv3Pk3ZtoKKnrgwuGce7n3Hj/iTGmEPqzU0vLK6lp6PbOxubW9k93da6gwloTWSchD2fKxopwJWtdMc9qKJMWBz2nTH50nfvOeSsVCcavHEfUCPBCszwjWRrq76FZObq7yTvm4m80hG5VLhbMSRHYJORU3IW7JQagAHRvNkAML1LrZ904vJHFAhSYcK9V2UKS9CZaaEU6nmU6saITJCA9o21CBA6q8yeziKTwySg/2Q2lKaDhTv09McKDUOPBNZ4D1UP32EvEvrx3rfsWbMBHFmgoyX9SPOdQhTN6HPSYp0XxsCCaSmVshGWKJiTYhZUwIX5/C/0nDtZ2y7V4Xc9XiIo40OACHIA8ccAqq4BLUQB0QIMADeALPlrIerRfrdd6ashYz++AHrLdPf2iPeA==</latexit>

E8/SO(16)

<latexit sha1_base64="q6wR9MT3II4zZoqVL1swZZr+cxU="></latexit>

LD=2 = e ⇢
⇥
R(2) � 1

4⇢
2 Fµ⌫ F

µ⌫ � tr(Pµ P
µ)
⇤

<latexit sha1_base64="wcow4XGxbGeFZI5z/O2nC2AVWbU=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgQkpSatWFUHHjsoJ9QBLCZDpph04mYWYilNCFG3/FjQtF3PoR7vwbJ22FKnrgwuGce2fuPUHCqFSW9WkUlpZXVteK66WNza3tHXN3ryPjVGDSxjGLRS9AkjDKSVtRxUgvEQRFASPdYHSV+907IiSN+a0aJ8SL0IDTkGKktOSb5Yuae+wmSCiKmJ85bpROLv3M5ak38c2KVbWmgAvkxLLPGza050oFzNHyzQ+3H+M0IlxhhqR0bCtRXpY/jhmZlNxUkgThERoQR1OOIiK9bHrEBB5qpQ/DWOjiCk7VxYkMRVKOo0B3RkgN5W8vF//ynFSFZ15GeZIqwvHsozBlUMUwTwT2qSBYsbEmCAuqd4V4iATCSudW0iF8Xwr/J51a1W5Uazf1SrM+j6MIyuAAHAEbnIImuAYt0AYY3INH8AxejAfjyXg13matBWM+sw9+wHj/Ase6mCw=</latexit>

= 2 @[µA⌫]

!
In D=2, the dilaton cannot be  
removed by a Weyl rescaling

Ungauged D=2 supergravity 



Rigid symmetries:

Conformal gauge
<latexit sha1_base64="hSxAeO1LOgO5BLjWRVPsXx1LUcU="></latexit>

eµ
↵ = e� �↵µ

: conformal 
 factor

<latexit sha1_base64="4rfRhzGE7YrrdJh5Wf8glr6WxB0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXJSnSx67gxmUF+4B2KJk008bmMSQZoZT+gxsXirj1f9z5N2baCip64MLhnHu5954oEdw6hD6CtfWNza3t3E5+d2//4LBwdNy2OjWUtagW2nQjYpngirUcd4J1E8OIjATrRJOrzO/cM2O5VrdumrBQkpHiMafEeandt3wkyaBQRCWEEMYYZgRXK8iTer1WxjWIM8ujCFZoDgrv/aGmqWTKUUGs7WGUuHBGjONUsHm+n1qWEDohI9bzVBHJbDhbXDuH514ZwlgbX8rBhfp9YkaktVMZ+U5J3Nj+9jLxL6+XurgWzrhKUscUXS6KUwGdhtnrcMgNo05MPSHUcH8rpGNiCHU+oLwP4etT+D9pl0u4UirfXBYb9VUcOXAKzsAFwKAKGuAaNEELUHAHHsATeA508Bi8BK/L1rVgNXMCfiB4+wTo6o9X</latexit>�

Weyl rescaling 

<latexit sha1_base64="Cj3Z37L3mjRVWFun6nqHn+SUrF0="></latexit>

LD=2 = 2 @µ� @µ⇢� ⇢ tr(Pµ P
µ)

+

The bosonic D=2 Lagrangian then reads: 

Bosonic D=3 supergravity Lagrangian:

â = (a, 3)

µ̂ = 1, 2, 3 = (µ, 3)

<latexit sha1_base64="aqgPeme6fEwATUa6SlepTqYPORM="></latexit>

LD=3 = ê R(3) � ê tr
�
Pµ̂ P

µ̂
�

sigma model

<latexit sha1_base64="YJ0jYBWb2kY7NBYm3JDdhpSyUco="></latexit>

det(êµ̂
â)

Marcus, Schwarz, 1983

Maurer Cartan form :
<latexit sha1_base64="x/W/uoDBv6lP08gRoSWGR+2Eog8="></latexit>�
@µ̂V

�
V �1 = Pµ̂ +Qµ̂

<latexit sha1_base64="ooMlZx5g1L6eExrULH/z4xjKnXs=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgasi0ta27ghuXFewDOqVk0kwbmskMSUYpYz/FjQtF3Pol7vwbM20FFT0QOJxzL/fk+DFnSiP0YeXW1jc2t/LbhZ3dvf0Du3jYUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/vcz87i2VikXiRs9iOgjxWLCAEayNNLSLHhNeiPUkkHia0vmwMbRLyEG1qlt2IXLOkdsooyW5qFeg66AFSmCF1tB+90YRSUIqNOFYqb6LYj1IsdSMcDoveImiMSZTPKZ9QwUOqRqki+hzeGqUEQwiaZ7QcKF+30hxqNQs9M1kllL99jLxL6+f6KAxSJmIE00FWR4KEg51BLMe4IhJSjSfGYKJZCYrJBMsMdGmrYIp4eun8H/SKTtuzSlfV0vNyqqOPDgGJ+AMuKAOmuAKtEAbEHAHHsATeLburUfrxXpdjuas1c4R+AHr7RPRL5RV</latexit>2 e8
<latexit sha1_base64="Em7hTfEdK1BcfDSt5i5ep7dH1vI=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRahboZMW9u6K7hxWcE+oDOUTJppQzOZIckIdSj+ihsXirj1P9z5N6YPQUUPBA7n3Ms9OX7MmdIIfViZldW19Y3sZm5re2d3L79/0FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP76c+Z1bKhWLxI2exNQL8VCwgBGsjdTPH7lMuCHWo0DicaqiadGpnvXzBWSjasUpORDZ58ipl9CCXNTK0LHRHAWwRLOff3cHEUlCKjThWKmeg2LtpVhqRjid5txE0RiTMR7SnqECh1R56Tz9FJ4aZQCDSJonNJyr3zdSHCo1CX0zOQuqfnsz8S+vl+ig7qVMxImmgiwOBQmHOoKzKuCASUo0nxiCiWQmKyQjLDHRprCcKeHrp/B/0i7ZTtUuXVcKjfKyjiw4BiegCBxQAw1wBZqgBQi4Aw/gCTxb99aj9WK9LkYz1nLnEPyA9fYJRZWVEQ==</latexit>

2 so(16)

<latexit sha1_base64="ddbZJdrKbB0vh4nscgw3j47/3qs=">AAACAXicdVDLSkMxEM2tr1pfVTeCm2ARdHNNSlu7LIjgzoq2Cm0puWlaQ3MfJHPFcqkbf8WNC0Xc+hfu/BvTh6CiBwYO58wwM8eLlDRAyIeTmpmdm19IL2aWlldW17LrG3UTxpqLGg9VqK88ZoSSgaiBBCWuIi2Y7ylx6fWPRv7ljdBGhsEFDCLR8lkvkF3JGVipnd1qgriF5HjYLh9M6PnpcI+W9tvZHHFJqVigZUzcIqFlWrQkX6SE5DF1yRg5NEW1nX1vdkIe+yIArpgxDUoiaCVMg+RKDDPN2IiI8T7riYalAfOFaSXjD4Z41yod3A21rQDwWP0+kTDfmIHv2U6fwbX57Y3Ev7xGDN1yK5FBFIMI+GRRN1YYQjyKA3ekFhzUwBLGtbS3Yn7NNONgQ8vYEL4+xf+Tet6lJTd/VshVCtM40mgb7aA9RNEhqqATVEU1xNEdekBP6Nm5dx6dF+d10ppypjOb6Aect0+5qpZh</latexit>

E8/SO(16) : parametrized by 128 physical scalars

<latexit sha1_base64="94b1vg9mP68Dma8snh88nQLjYFc=">AAACBnicdVDLSgMxFM3UV62vqksRgkUQhDIp0gduCm5cVrAP6Awlk6bT0EwyJBmllK7c+CtuXCji1m9w59+YaSuo6IELh3Pu5d57gpgzbVz3w8ksLa+srmXXcxubW9s7+d29lpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywukj99g1VmklxbcYx9SMcCjZgBBsr9fKHnmZhhD0uRahYODRYKXk7F09JL19wi67rIoRgSlCl7FpSq1VLqApRalkUwAKNXv7d60uSRFQYwrHWXeTGxp9gZRjhdJrzEk1jTEY4pF1LBY6o9iezN6bw2Cp9OJDKljBwpn6fmOBI63EU2M4Im6H+7aXiX143MYOqP2EiTgwVZL5okHBoJEwzgX2mKDF8bAkmitlbIRlihYmxyeVsCF+fwv9Jq1RE5WLp6qxQP1/EkQUH4AicAAQqoA4uQQM0AQF34AE8gWfn3nl0XpzXeWvGWczsgx9w3j4BdZ6ZwA==</latexit>

� �! � + c
<latexit sha1_base64="4bWgJFZ4qY0ZzbIu23Z5J00ZRFc=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXw0wp1WXBjeCmgn1gO5RMmmlDk8yQ3BHL0L9w40IRt/6NO//GTFvB54GQwzn3cu89YSK4Ac97d5aWV1bX1gsbxc2t7Z3d0t5+y8SppqxJYxHrTkgME1yxJnAQrJNoRmQoWDscn+d++5Zpw2N1DZOEBZIMFY84JWClmx6wO9Ayu5z2S2XPrXo58G/iu7PfK6MFGv3SW28Q01QyBVQQY7q+l0CQEQ2cCjYt9lLDEkLHZMi6lioimQmy2cZTfGyVAY5ibZ8CPFO/dmREGjORoa2UBEbmp5eLf3ndFKKzIOMqSYEpOh8UpQJDjPPz8YBrRkFMLCFUc7srpiOiCQUbUtGG8Hkp/p+0Kq5fcytX1XK9toijgA7RETpBPjpFdXSBGqiJKFLoHj2iJ8c4D86z8zIvXXIWPQfoG5zXDxXWkSg=</latexit>

K

Rigid symmetry :
<latexit sha1_base64="cQ7ujpFgTRpW5RlCGJui39EbE4s=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU9ikpq23gggeK9paaEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk1bQUUfDDzem2FmXpBwpjRCH1ZhZXVtfaO4Wdra3tndK+8fdFScSkLbJOax7AZYUc4EbWumOe0mkuIo4PQumFzk/t09lYrF4lZPE+pHeCRYyAjWRrq5HDQG5QqyUc2rnnsQ2R5yGm5OXM9BqAodG81RAUu0BuX3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ4bfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Tjms7Ndu9Pqs068s4iuAIHINT4IA6aIIr0AJtQMAIPIAn8Gxx69F6sV4XrQVrOXMIfsB6+wQe842s</latexit>

E8

<latexit sha1_base64="RshtrNnP6LJ4NFdWv/MmnxZWaFo=">AAAB8XicdVDLSgMxFM3UV62vqks3wSLUzZiZPqy7ggjurGgf2A4lk6ZtaCYzJBmhlP6FGxeKuPVv3Pk3ZtoKKnrgwuGce7n3Hj/iTGmEPqzU0vLK6lp6PbOxubW9k93da6gwloTWSchD2fKxopwJWtdMc9qKJMWBz2nTH50nfvOeSsVCcavHEfUCPBCszwjWRrq76FZObq7yTvm4m80hG5VLhbMSRHYJORU3IW7JQagAHRvNkAML1LrZ904vJHFAhSYcK9V2UKS9CZaaEU6nmU6saITJCA9o21CBA6q8yeziKTwySg/2Q2lKaDhTv09McKDUOPBNZ4D1UP32EvEvrx3rfsWbMBHFmgoyX9SPOdQhTN6HPSYp0XxsCCaSmVshGWKJiTYhZUwIX5/C/0nDtZ2y7V4Xc9XiIo40OACHIA8ccAqq4BLUQB0QIMADeALPlrIerRfrdd6ashYz++AHrLdPf2iPeA==</latexit>

E8/SO(16)

<latexit sha1_base64="cQ7ujpFgTRpW5RlCGJui39EbE4s=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU9ikpq23gggeK9paaEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk1bQUUfDDzem2FmXpBwpjRCH1ZhZXVtfaO4Wdra3tndK+8fdFScSkLbJOax7AZYUc4EbWumOe0mkuIo4PQumFzk/t09lYrF4lZPE+pHeCRYyAjWRrq5HDQG5QqyUc2rnnsQ2R5yGm5OXM9BqAodG81RAUu0BuX3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42P3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ4bfsZEkmoqyGJRmHKoY5j/DYdMUqL51BBMJDO3QjLGEhNt0imZEL4+hf+Tjms7Ndu9Pqs068s4iuAIHINT4IA6aIIr0AJtQMAIPIAn8Gxx69F6sV4XrQVrOXMIfsB6+wQe842s</latexit>

E8

Ungauged D=2 supergravity 

Using the             Lorentz symmetry, fix the dreibein to:                                     ,<latexit sha1_base64="hncyNblEHsqnbV0JI2r6M3UY70s=">AAAB+HicdVDJSgNBEO2JW4xLoh69NAYhgoTpQbLcAl68GdEskITQ0+kkTXoWumvEOORLvHhQxKuf4s2/sSeJoKIPCh7vVVFVzw2l0GDbH1ZqZXVtfSO9mdna3tnN5vb2mzqIFOMNFshAtV2quRQ+b4AAyduh4tRzJW+5k/PEb91ypUXg38A05D2PjnwxFIyCkfq5bBf4HcTXl7OCc0pOcD+Xt4u2bRNCcEJIuWQbUq1WHFLBJLEM8miJej/33h0ELPK4D0xSrTvEDqEXUwWCST7LdCPNQ8omdMQ7hvrU47oXzw+f4WOjDPAwUKZ8wHP1+0RMPa2nnms6PQpj/dtLxL+8TgTDSi8WfhgB99li0TCSGAKcpIAHQnEGcmoIZUqYWzEbU0UZmKwyJoSvT/H/pOkUSanoXJ3la9VlHGl0iI5QARFURjV0geqogRiK0AN6Qs/WvfVovVivi9aUtZw5QD9gvX0CTcKSMA==</latexit>

SO(2, 1)

and perform a (circle) reduction to 2 dimensions All fields independent of    .
<latexit sha1_base64="aPq1UbXbfvdhng4p1o/Pu5NLsMM=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjLt0M7sCm5cVrQPaMeSSdM2NJMZkoxYhn6CGxeKuPWL3Pk3pg9BRQ9cOJxzL/feEyacKY3Qh5VbW9/Y3MpvF3Z29/YPiodHLRWnktAmiXksOyFWlDNBm5ppTjuJpDgKOW2Hk4u5376jUrFY3OhpQoMIjwQbMoK1ka7vbyv9YgnZvuf5yIXIdhFya2VDKr7vVxF0bLRACazQ6Bffe4OYpBEVmnCsVNdBiQ4yLDUjnM4KvVTRBJMJHtGuoQJHVAXZ4tQZPDPKAA5jaUpouFC/T2Q4UmoahaYzwnqsfntz8S+vm+qhF2RMJKmmgiwXDVMOdQznf8MBk5RoPjUEE8nMrZCMscREm3QKJoSvT+H/pFW2napdvnJLdW8VRx6cgFNwDhxQA3VwCRqgCQgYgQfwBJ4tbj1aL9brsjVnrWaOwQ9Yb5+QXY35</latexit>

x3

<latexit sha1_base64="EMo17Lq0WFWpkoVqN9AYldYvZ/0="></latexit>

êµ̂
â =

✓
eµa ⇢Aµ

0 ⇢

◆

dilaton

zweibein KK vector



•    

Consider the field equations: 

<latexit sha1_base64="6rrZPepOLcSv+sV9AF56uakx6Og="></latexit>

⇤ ⇢ = @µI
µ
(⇢) = 0

Free field

dualisation
<latexit sha1_base64="iHNb/kIKuhRi602F05pAN+m4XGQ="></latexit>

Iµ(⇢) = @µ⇢ = ✏µ⌫ @⌫ ⇢̃
<latexit sha1_base64="JyHXoEbaVCI9fn1I9I6tmtgOUfg="></latexit>

⇢ () ⇢̃
duals

Integrability conditions given by the conservation of the currents        .      
<latexit sha1_base64="UEnbrSAYr5GrJ5LT5SgFvL2O+i0=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiDEyzATJSa3gBe9RTAmMBlDT6cnadLL0N0jhCGf4cWDIl79Gm/+jZ1FcH1Q8Hiviqp6UcKoNp737uSWlldW1/LrhY3Nre2d4u7ejZapwqSFJZOqEyFNGBWkZahhpJMognjESDsanU/99h1RmkpxbcYJCTkaCBpTjIyVgsvbLk97WVkcT3rFkud69Zp3Uoe/ie96M5TAAs1e8a3blzjlRBjMkNaB7yUmzJAyFDMyKXRTTRKER2hAAksF4kSH2ezkCTyySh/GUtkSBs7UrxMZ4lqPeWQ7OTJD/dObin95QWriWphRkaSGCDxfFKcMGgmn/8M+VQQbNrYEYUXtrRAPkULY2JQKNoTPT+H/5Kbi+lW3cnVaalQXceTBATgEZeCDM9AAF6AJWgADCe7BI3hyjPPgPDsv89acs5jZB9/gvH4AOv+RNQ==</latexit>

Iµ(n)
'consistency of the tower’ relies on the field equations.

… infinite tower of (    -valued) dual scalar fields      .<latexit sha1_base64="ag0owXC4cmJu9WOhW9MlddDhgAs=">AAAB9XicdVDLSgMxFL3js9ZX1aWbYBFclUmRdroQCm5cVrAPaGvJpJk2NJMZkoxShv6HGxeKuPVf3Pk3ZtoKKnogcDjnXu7J8WPBtXHdD2dldW19YzO3ld/e2d3bLxwctnSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztTy4zv33HlOaRvDHTmPVDMpI84JQYK932QmLGgSKTlM0G3qBQdEuu62KMUUZwteJaUqt5ZewhnFkWRViiMSi894YRTUImDRVE6y52Y9NPiTKcCjbL9xLNYkInZMS6lkoSMt1P56ln6NQqQxREyj5p0Fz9vpGSUOtp6NvJLKX+7WXiX143MYHXT7mME8MkXRwKEoFMhLIK0JArRo2YWkKo4jYromOiCDW2qLwt4eun6H/SKpdwpVS+Pi/WL5Z15OAYTuAMMFShDlfQgCZQUPAAT/Ds3DuPzovzuhhdcZY7R/ADztsnB6eS3A==</latexit>e8

•    
dualisation

<latexit sha1_base64="xx2cLQSqYijyeZ8PeSRYKbtnB8E=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqkxKaae7ghuXFewD2mHIpJk2NJMZkoxSxn6KGxeKuPVL3Pk3ZtoKKnogcDjnXu7JCRLOlHacD6uwsbm1vVPcLe3tHxwe2eXjnopTSWiXxDyWgwArypmgXc00p4NEUhwFnPaD2WXu92+pVCwWN3qeUC/CE8FCRrA2km+XR0yMIqynocSzjC5817crTtVxHIQQzAlqNhxDWi23hlyIcsugAtbo+Pb7aByTNKJCE46VGiIn0V6GpWaE00VplCqaYDLDEzo0VOCIKi9bRl/Ac6OMYRhL84SGS/X7RoYjpeZRYCbzlOq3l4t/ecNUh66XMZGkmgqyOhSmHOoY5j3AMZOUaD43BBPJTFZIplhiok1bJVPC10/h/6RXq6JGtXZdr7Tr6zqK4BScgQuAQBO0wRXogC4g4A48gCfwbN1bj9aL9boaLVjrnRPwA9bbJ886lFU=</latexit>2 e8

<latexit sha1_base64="IP9vyveeFwC0mafhjIMwDZSrUqI="></latexit>

Iµ(1) = ⇢V �1PµV = ✏µ⌫ @⌫Y1

<latexit sha1_base64="LNBGQhiYYRW5eCNUV7zS7aCpTz4="></latexit>

Iµ(2) = (⇢ ⇢̃ �µ⌫ + ✏µ� ⌘�⌫ ⇢
2)V �1P ⌫V � 1

2

⇥
Y1 , @

µY1

⇤
= ✏µ⌫ @⌫Y2

<latexit sha1_base64="X/TVJbYaIVBwq4bGkOmZmOM/yjQ="></latexit>

@µ(⇢V
�1PµV ) = @µI

µ
(1) = 0

<latexit sha1_base64="+4gehdSJLib1FPwo5a5HRGQog3I=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ2chmbkFvHiMaBZJQujpdJImPT1Dd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpeEAuuDcYfztr6xubWdmYnu7u3f3CYOzpu6ihRlDVoJCLVDohmgkvWMNwI1o4VI2EgWCuYXM791j1Tmkfy1kxj1gvJSPIhp8RY6eauL/u5PHZ9z/Oxh7Bbxrjs+ZaUfN+vlFDBxQvkYYV6P/feHUQ0CZk0VBCtOwUcm15KlOFUsFm2m2gWEzohI9axVJKQ6V66OHWGzq0yQMNI2ZIGLdTvEykJtZ6Gge0MiRnr395c/MvrJGbo9VIu48QwSZeLholAJkLzv9GAK0aNmFpCqOL2VkTHRBFqbDpZG8LXp+h/0iy6hYpbvC7na9VVHBk4hTO4gAJUoQZXUIcGUBjBAzzBsyOcR+fFeV22rjmrmRP4AeftE9FhjiQ=</latexit>

Yn

On-shell symmetries in D=2 



•    

Consider the field equations: 

<latexit sha1_base64="6rrZPepOLcSv+sV9AF56uakx6Og="></latexit>

⇤ ⇢ = @µI
µ
(⇢) = 0

Free field

dualisation
<latexit sha1_base64="iHNb/kIKuhRi602F05pAN+m4XGQ="></latexit>

Iµ(⇢) = @µ⇢ = ✏µ⌫ @⌫ ⇢̃
<latexit sha1_base64="JyHXoEbaVCI9fn1I9I6tmtgOUfg="></latexit>

⇢ () ⇢̃
duals

Extra rigid symmetries of the field equations:

<latexit sha1_base64="Pvk+cxnRGZ+BgJmzy6397AihjqY="></latexit>

⇢̃ �! ⇢̃+ c
<latexit sha1_base64="AZDePgyLRyDyA5M4EP81jv+PgfM=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgxmFSam13BTcuXFSxD2iHIZOmbWjmQZIRhmH8FTcuFHHrh7jzb8y0FVT0QOBwzr3ck+NFnEll2x9GYWV1bX2juFna2t7Z3TP3D7oyjAWhHRLyUPQ9LClnAe0opjjtR4Ji3+O0580ucr93R4VkYXCrkog6Pp4EbMwIVlpyzfLQx2rqeelN5qZXbnqKssw1K7Z1ZqNmvQ5ty7ZRrYE0aTYbWoRIKzkqYIm2a74PRyGJfRoowrGUA2RHykmxUIxwmpWGsaQRJjM8oQNNA+xT6aTz8Bk81soIjkOhX6DgXP2+kWJfysT39GQeVf72cvEvbxCrccNJWRDFigZkcWgcc6hCmDcBR0xQoniiCSaC6ayQTLHAROm+SrqEr5/C/0m3aqG6Vb2uVVq1ZR1FcAiOwAlA4By0wCVogw4gIAEP4Ak8G/fGo/FivC5GC8Zypwx+wHj7BC3llRc=</latexit>

RL�1

infinite number of shifts
<latexit sha1_base64="7H92dYN2iMbmFM3Yj0ewIn9CH5Y=">AAACA3icdVDLSgMxFM34rPVVdaebYBEEoUyK9LErdOOygn1IOwyZNG1DM8mQZJQyFNz4K25cKOLWn3Dn35hpK6jogQuHc+7l3nuCiDNtXPfDWVpeWV1bz2xkN7e2d3Zze/stLWNFaJNILlUnwJpyJmjTMMNpJ1IUhwGn7WBcT/32DVWaSXFlJhH1QjwUbMAINlbyc4fXvuhxKYaKDUcGKyVvoZXO6r41827BdV2EEEwJKpdcS6rVShFVIEotizxYoOHn3nt9SeKQCkM41rqL3Mh4CVaGEU6n2V6saYTJGA9p11KBQ6q9ZPbDFJ5YpQ8HUtkSBs7U7xMJDrWehIHtDLEZ6d9eKv7ldWMzqHgJE1FsqCDzRYOYQyNhGgjsM0WJ4RNLMFHM3grJCCtMjI0ta0P4+hT+T1rFAioVipfn+Vp1EUcGHIFjcAoQKIMauAAN0AQE3IEH8ASenXvn0XlxXuetS85i5gD8gPP2CTcsl98=</latexit>

Yn �! Yn + Cn
<latexit sha1_base64="8CbSIoPTJGtpsOfX0BsHOpYJ/bs=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKqTPxF3BjcsKthaaUCbTSTt0MgkzE6XEfoobF4q49Uvc+TdO2goqemDgcM693DMnSBiVyrY/jMLa+sbmVnG7tLO7t39glg97Mk4FJl0cs1j0AyQJo5x0FVWM9BNBUBQwchNML3L/5pYISWN+rWYJ8SM05jSkGCktDc2yR7kXITUJBZpmZD50h2bFtly75dgOtK1Ws+44DU3q9VrTbcKqZS9QASt0hua7N4pxGhGuMENSDqp2ovwMCUUxI/OSl0qSIDxFYzLQlKOISD9bRJ/DU62MYBgL/biCC/X7RoYiKWdRoCfzlPK3l4t/eYNUha6fUZ6kinC8PBSmDKoY5j3AERUEKzbTBGFBdVaIJ0ggrHRbJV3C10/h/6RXs6otq3bVqLTPV3UUwTE4AWegChzQBpegA7oAgzvwAJ7As3FvPBovxutytGCsdo7ADxhvnwBRlHo=</latexit>2 e8         loop group

… infinite tower of (    -valued) dual scalar fields      .<latexit sha1_base64="ag0owXC4cmJu9WOhW9MlddDhgAs=">AAAB9XicdVDLSgMxFL3js9ZX1aWbYBFclUmRdroQCm5cVrAPaGvJpJk2NJMZkoxShv6HGxeKuPVf3Pk3ZtoKKnogcDjnXu7J8WPBtXHdD2dldW19YzO3ld/e2d3bLxwctnSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztTy4zv33HlOaRvDHTmPVDMpI84JQYK932QmLGgSKTlM0G3qBQdEuu62KMUUZwteJaUqt5ZewhnFkWRViiMSi894YRTUImDRVE6y52Y9NPiTKcCjbL9xLNYkInZMS6lkoSMt1P56ln6NQqQxREyj5p0Fz9vpGSUOtp6NvJLKX+7WXiX143MYHXT7mME8MkXRwKEoFMhLIK0JArRo2YWkKo4jYromOiCDW2qLwt4eun6H/SKpdwpVS+Pi/WL5Z15OAYTuAMMFShDlfQgCZQUPAAT/Ds3DuPzovzuhhdcZY7R/ADztsnB6eS3A==</latexit>e8

•    
dualisation

<latexit sha1_base64="xx2cLQSqYijyeZ8PeSRYKbtnB8E=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqkxKaae7ghuXFewD2mHIpJk2NJMZkoxSxn6KGxeKuPVL3Pk3ZtoKKnogcDjnXu7JCRLOlHacD6uwsbm1vVPcLe3tHxwe2eXjnopTSWiXxDyWgwArypmgXc00p4NEUhwFnPaD2WXu92+pVCwWN3qeUC/CE8FCRrA2km+XR0yMIqynocSzjC5817crTtVxHIQQzAlqNhxDWi23hlyIcsugAtbo+Pb7aByTNKJCE46VGiIn0V6GpWaE00VplCqaYDLDEzo0VOCIKi9bRl/Ac6OMYRhL84SGS/X7RoYjpeZRYCbzlOq3l4t/ecNUh66XMZGkmgqyOhSmHOoY5j3AMZOUaD43BBPJTFZIplhiok1bJVPC10/h/6RXq6JGtXZdr7Tr6zqK4BScgQuAQBO0wRXogC4g4A48gCfwbN1bj9aL9boaLVjrnRPwA9bbJ886lFU=</latexit>2 e8

<latexit sha1_base64="IP9vyveeFwC0mafhjIMwDZSrUqI="></latexit>

Iµ(1) = ⇢V �1PµV = ✏µ⌫ @⌫Y1

<latexit sha1_base64="LNBGQhiYYRW5eCNUV7zS7aCpTz4="></latexit>

Iµ(2) = (⇢ ⇢̃ �µ⌫ + ✏µ� ⌘�⌫ ⇢
2)V �1P ⌫V � 1

2

⇥
Y1 , @

µY1

⇤
= ✏µ⌫ @⌫Y2

<latexit sha1_base64="X/TVJbYaIVBwq4bGkOmZmOM/yjQ="></latexit>

@µ(⇢V
�1PµV ) = @µI

µ
(1) = 0

<latexit sha1_base64="+4gehdSJLib1FPwo5a5HRGQog3I=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ2chmbkFvHiMaBZJQujpdJImPT1Dd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpeEAuuDcYfztr6xubWdmYnu7u3f3CYOzpu6ihRlDVoJCLVDohmgkvWMNwI1o4VI2EgWCuYXM791j1Tmkfy1kxj1gvJSPIhp8RY6eauL/u5PHZ9z/Oxh7Bbxrjs+ZaUfN+vlFDBxQvkYYV6P/feHUQ0CZk0VBCtOwUcm15KlOFUsFm2m2gWEzohI9axVJKQ6V66OHWGzq0yQMNI2ZIGLdTvEykJtZ6Gge0MiRnr395c/MvrJGbo9VIu48QwSZeLholAJkLzv9GAK0aNmFpCqOL2VkTHRBFqbDpZG8LXp+h/0iy6hYpbvC7na9VVHBk4hTO4gAJUoQZXUIcGUBjBAzzBsyOcR+fFeV22rjmrmRP4AeftE9FhjiQ=</latexit>

Yn

<latexit sha1_base64="4a7c2cU0SUA9OJRbD49ecXwRvn8=">AAAB6nicdVBNSwMxEJ34WetX1aOXYBE8ld2ia70VRPBY0X5Au5Rsmm1Ds9klyQpl6U/w4kERr/4ib/4b03YFFX0w8Hhvhpl5QSK4No7zgZaWV1bX1gsbxc2t7Z3d0t5+S8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+HLmt++Z0jyWd2aSMD8iQ8lDTomx0u1Vv9YvlZ2KMwdeELdqyZnjXngednOrDDka/dJ7bxDTNGLSUEG07rpOYvyMKMOpYNNiL9UsIXRMhqxrqSQR0342P3WKj60ywGGsbEmD5+r3iYxEWk+iwHZGxIz0b28m/uV1UxPW/IzLJDVM0sWiMBXYxHj2Nx5wxagRE0sIVdzeiumIKEKNTadoQ/j6FP9PWtWK61WqN6flupfHUYBDOIITcOEc6nANDWgChSE8wBM8I4Ee0Qt6XbQuoXzmAH4AvX0C8ZuNjQ==</latexit>

E8

Non-linearly realised ('hidden') symmetries...

•    •    

•    

On-shell symmetries in D=2 



Non-linear realisation: scalars parametrise coset space

Full on-shell symmetry
of the theory: 

•    

Consider the field equations: 

<latexit sha1_base64="6rrZPepOLcSv+sV9AF56uakx6Og="></latexit>

⇤ ⇢ = @µI
µ
(⇢) = 0

Free field

dualisation
<latexit sha1_base64="iHNb/kIKuhRi602F05pAN+m4XGQ="></latexit>

Iµ(⇢) = @µ⇢ = ✏µ⌫ @⌫ ⇢̃
<latexit sha1_base64="JyHXoEbaVCI9fn1I9I6tmtgOUfg="></latexit>

⇢ () ⇢̃
duals

•    
dualisation

<latexit sha1_base64="xx2cLQSqYijyeZ8PeSRYKbtnB8E=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqkxKaae7ghuXFewD2mHIpJk2NJMZkoxSxn6KGxeKuPVL3Pk3ZtoKKnogcDjnXu7JCRLOlHacD6uwsbm1vVPcLe3tHxwe2eXjnopTSWiXxDyWgwArypmgXc00p4NEUhwFnPaD2WXu92+pVCwWN3qeUC/CE8FCRrA2km+XR0yMIqynocSzjC5817crTtVxHIQQzAlqNhxDWi23hlyIcsugAtbo+Pb7aByTNKJCE46VGiIn0V6GpWaE00VplCqaYDLDEzo0VOCIKi9bRl/Ac6OMYRhL84SGS/X7RoYjpeZRYCbzlOq3l4t/ecNUh66XMZGkmgqyOhSmHOoY5j3AMZOUaD43BBPJTFZIplhiok1bJVPC10/h/6RXq6JGtXZdr7Tr6zqK4BScgQuAQBO0wRXogC4g4A48gCfwbN1bj9aL9boaLVjrnRPwA9bbJ886lFU=</latexit>2 e8

<latexit sha1_base64="IP9vyveeFwC0mafhjIMwDZSrUqI="></latexit>

Iµ(1) = ⇢V �1PµV = ✏µ⌫ @⌫Y1

<latexit sha1_base64="X/TVJbYaIVBwq4bGkOmZmOM/yjQ="></latexit>

@µ(⇢V
�1PµV ) = @µI

µ
(1) = 0

… infinite tower of (    -valued) dual scalar fields      .<latexit sha1_base64="ag0owXC4cmJu9WOhW9MlddDhgAs=">AAAB9XicdVDLSgMxFL3js9ZX1aWbYBFclUmRdroQCm5cVrAPaGvJpJk2NJMZkoxShv6HGxeKuPVf3Pk3ZtoKKnogcDjnXu7J8WPBtXHdD2dldW19YzO3ld/e2d3bLxwctnSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztTy4zv33HlOaRvDHTmPVDMpI84JQYK932QmLGgSKTlM0G3qBQdEuu62KMUUZwteJaUqt5ZewhnFkWRViiMSi894YRTUImDRVE6y52Y9NPiTKcCjbL9xLNYkInZMS6lkoSMt1P56ln6NQqQxREyj5p0Fz9vpGSUOtp6NvJLKX+7WXiX143MYHXT7mME8MkXRwKEoFMhLIK0JArRo2YWkKo4jYromOiCDW2qLwt4eun6H/SKpdwpVS+Pi/WL5Z15OAYTuAMMFShDlfQgCZQUPAAT/Ds3DuPzovzuhhdcZY7R/ADztsnB6eS3A==</latexit>e8
<latexit sha1_base64="+4gehdSJLib1FPwo5a5HRGQog3I=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ2chmbkFvHiMaBZJQujpdJImPT1Dd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpeEAuuDcYfztr6xubWdmYnu7u3f3CYOzpu6ihRlDVoJCLVDohmgkvWMNwI1o4VI2EgWCuYXM791j1Tmkfy1kxj1gvJSPIhp8RY6eauL/u5PHZ9z/Oxh7Bbxrjs+ZaUfN+vlFDBxQvkYYV6P/feHUQ0CZk0VBCtOwUcm15KlOFUsFm2m2gWEzohI9axVJKQ6V66OHWGzq0yQMNI2ZIGLdTvEykJtZ6Gge0MiRnr395c/MvrJGbo9VIu48QwSZeLholAJkLzv9GAK0aNmFpCqOL2VkTHRBFqbDpZG8LXp+h/0iy6hYpbvC7na9VVHBk4hTO4gAJUoQZXUIcGUBjBAzzBsyOcR+fFeV22rjmrmRP4AeftE9FhjiQ=</latexit>

Yn

includes:

<latexit sha1_base64="/xWvcIVXoqxloK+0e6TsSTgV1X4="></latexit>

E9 o RL�1

      loop group
<latexit sha1_base64="4a7c2cU0SUA9OJRbD49ecXwRvn8=">AAAB6nicdVBNSwMxEJ34WetX1aOXYBE8ld2ia70VRPBY0X5Au5Rsmm1Ds9klyQpl6U/w4kERr/4ib/4b03YFFX0w8Hhvhpl5QSK4No7zgZaWV1bX1gsbxc2t7Z3d0t5+S8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+HLmt++Z0jyWd2aSMD8iQ8lDTomx0u1Vv9YvlZ2KMwdeELdqyZnjXngednOrDDka/dJ7bxDTNGLSUEG07rpOYvyMKMOpYNNiL9UsIXRMhqxrqSQR0342P3WKj60ywGGsbEmD5+r3iYxEWk+iwHZGxIz0b28m/uV1UxPW/IzLJDVM0sWiMBXYxHj2Nx5wxagRE0sIVdzeiumIKEKNTadoQ/j6FP9PWtWK61WqN6flupfHUYBDOIITcOEc6nANDWgChSE8wBM8I4Ee0Qt6XbQuoXzmAH4AvX0C8ZuNjQ==</latexit>

E8

Weyl rescaling

..

<latexit sha1_base64="Pvk+cxnRGZ+BgJmzy6397AihjqY="></latexit>

⇢̃ �! ⇢̃+ c

<latexit sha1_base64="D0lXHbGsrM6tUowXvepVvShIk/o=">AAAB6nicdVDLSgMxFL3js9ZX1aWbYBFcDZni1M6uIILLivYB7VAyaaYNzTxIMkIZ+gluXCji1i9y59+YPgQVPRByOOde7r0nSAVXGuMPa2V1bX1js7BV3N7Z3dsvHRy2VJJJypo0EYnsBEQxwWPW1FwL1kklI1EgWDsYX8789j2TiifxnZ6kzI/IMOYhp0Qb6faq7/VLZWzjSs3FHsJ2xXwV1xAXO17VQ46N5yjDEo1+6b03SGgWsVhTQZTqOjjVfk6k5lSwabGXKZYSOiZD1jU0JhFTfj5fdYpOjTJAYSLNizWaq987chIpNYkCUxkRPVK/vZn4l9fNdFjzcx6nmWYxXQwKM4F0gmZ3owGXjGoxMYRQyc2uiI6IJFSbdIomhK9L0f+kVbGdqu3enJfr3jKOAhzDCZyBAxdQh2toQBMoDOEBnuDZEtaj9WK9LkpXrGXPEfyA9fYJObONww==</latexit>

E9

affine 
group

<latexit sha1_base64="1OpZdH7P9EXDs4WZQyGi4+tD9Po="></latexit>

E9 o RL�1

K(E9)
<latexit sha1_base64="PMu1S+oZUmHhE45CLkyt/UeWjVg=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjKD08eu4MZlBfuAdiiZNNOGJpkhyQil9BfcuFDErT/kzr8x01ZQ0QMhh3Pu5d57opQzbRD6cAobm1vbO8Xd0t7+weFR+fiko5NMEdomCU9UL8KaciZp2zDDaS9VFIuI0240vc797j1VmiXyzsxSGgo8lixmBJtcGmgmhuUKcpFfD1ADIte3nx9YEiCvUW1Az0VLVMAarWH5fTBKSCaoNIRjrfseSk04x8owwumiNMg0TTGZ4jHtWyqxoDqcL3ddwAurjGCcKPukgUv1e8ccC61nIrKVApuJ/u3l4l9ePzNxPZwzmWaGSrIaFGccmgTmh8MRU5QYPrMEE8XsrpBMsMLE2HhKNoSvS+H/pOO7XtUNbq8qzdo6jiI4A+fgEnigBprgBrRAGxAwAQ/gCTw7wnl0XpzXVWnBWfecgh9w3j4BjqqOkw==</latexit>⇠

On-shell symmetries in D=2 



or equivalently  […long story…]

How to collectively encode these duality relations?

a twisted self-duality equation Julia, Nicolai 1996 Paulot 2004

Requires to further enlarge 
 the group theoretical structure:

Use a generating function known as the linear system Belinsky, Zakarov 1978 Breitenlohner, Maison 1986

Allows to define fields  
In lowest weight reps.

•    

Consider the field equations: 

<latexit sha1_base64="6rrZPepOLcSv+sV9AF56uakx6Og="></latexit>

⇤ ⇢ = @µI
µ
(⇢) = 0

Free field

dualisation
<latexit sha1_base64="iHNb/kIKuhRi602F05pAN+m4XGQ="></latexit>

Iµ(⇢) = @µ⇢ = ✏µ⌫ @⌫ ⇢̃
<latexit sha1_base64="JyHXoEbaVCI9fn1I9I6tmtgOUfg="></latexit>

⇢ () ⇢̃
duals

On-shell symmetries in D=2 

•    
dualisation

<latexit sha1_base64="xx2cLQSqYijyeZ8PeSRYKbtnB8E=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqkxKaae7ghuXFewD2mHIpJk2NJMZkoxSxn6KGxeKuPVL3Pk3ZtoKKnogcDjnXu7JCRLOlHacD6uwsbm1vVPcLe3tHxwe2eXjnopTSWiXxDyWgwArypmgXc00p4NEUhwFnPaD2WXu92+pVCwWN3qeUC/CE8FCRrA2km+XR0yMIqynocSzjC5817crTtVxHIQQzAlqNhxDWi23hlyIcsugAtbo+Pb7aByTNKJCE46VGiIn0V6GpWaE00VplCqaYDLDEzo0VOCIKi9bRl/Ac6OMYRhL84SGS/X7RoYjpeZRYCbzlOq3l4t/ecNUh66XMZGkmgqyOhSmHOoY5j3AMZOUaD43BBPJTFZIplhiok1bJVPC10/h/6RXq6JGtXZdr7Tr6zqK4BScgQuAQBO0wRXogC4g4A48gCfwbN1bj9aL9boaLVjrnRPwA9bbJ886lFU=</latexit>2 e8

<latexit sha1_base64="IP9vyveeFwC0mafhjIMwDZSrUqI="></latexit>

Iµ(1) = ⇢V �1PµV = ✏µ⌫ @⌫Y1

<latexit sha1_base64="X/TVJbYaIVBwq4bGkOmZmOM/yjQ="></latexit>

@µ(⇢V
�1PµV ) = @µI

µ
(1) = 0

… infinite tower of (    -valued) dual scalar fields      .<latexit sha1_base64="ag0owXC4cmJu9WOhW9MlddDhgAs=">AAAB9XicdVDLSgMxFL3js9ZX1aWbYBFclUmRdroQCm5cVrAPaGvJpJk2NJMZkoxShv6HGxeKuPVf3Pk3ZtoKKnogcDjnXu7J8WPBtXHdD2dldW19YzO3ld/e2d3bLxwctnSUKMqaNBKR6vhEM8ElaxpuBOvEipHQF6ztTy4zv33HlOaRvDHTmPVDMpI84JQYK932QmLGgSKTlM0G3qBQdEuu62KMUUZwteJaUqt5ZewhnFkWRViiMSi894YRTUImDRVE6y52Y9NPiTKcCjbL9xLNYkInZMS6lkoSMt1P56ln6NQqQxREyj5p0Fz9vpGSUOtp6NvJLKX+7WXiX143MYHXT7mME8MkXRwKEoFMhLIK0JArRo2YWkKo4jYromOiCDW2qLwt4eun6H/SKpdwpVS+Pi/WL5Z15OAYTuAMMFShDlfQgCZQUPAAT/Ds3DuPzovzuhhdcZY7R/ADztsnB6eS3A==</latexit>e8
<latexit sha1_base64="+4gehdSJLib1FPwo5a5HRGQog3I=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ2chmbkFvHiMaBZJQujpdJImPT1Dd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpeEAuuDcYfztr6xubWdmYnu7u3f3CYOzpu6ihRlDVoJCLVDohmgkvWMNwI1o4VI2EgWCuYXM791j1Tmkfy1kxj1gvJSPIhp8RY6eauL/u5PHZ9z/Oxh7Bbxrjs+ZaUfN+vlFDBxQvkYYV6P/feHUQ0CZk0VBCtOwUcm15KlOFUsFm2m2gWEzohI9axVJKQ6V66OHWGzq0yQMNI2ZIGLdTvEykJtZ6Gge0MiRnr395c/MvrJGbo9VIu48QwSZeLholAJkLzv9GAK0aNmFpCqOL2VkTHRBFqbDpZG8LXp+h/0iy6hYpbvC7na9VVHBk4hTO4gAJUoQZXUIcGUBjBAzzBsyOcR+fFeV22rjmrmRP4AeftE9FhjiQ=</latexit>

Yn

•    

•    
<latexit sha1_base64="Rh4G+Rull1Tu94WiREZzrRNAQDk="></latexit>

E9 oVir�

K(E9)
<latexit sha1_base64="PMu1S+oZUmHhE45CLkyt/UeWjVg=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjKD08eu4MZlBfuAdiiZNNOGJpkhyQil9BfcuFDErT/kzr8x01ZQ0QMhh3Pu5d57opQzbRD6cAobm1vbO8Xd0t7+weFR+fiko5NMEdomCU9UL8KaciZp2zDDaS9VFIuI0240vc797j1VmiXyzsxSGgo8lixmBJtcGmgmhuUKcpFfD1ADIte3nx9YEiCvUW1Az0VLVMAarWH5fTBKSCaoNIRjrfseSk04x8owwumiNMg0TTGZ4jHtWyqxoDqcL3ddwAurjGCcKPukgUv1e8ccC61nIrKVApuJ/u3l4l9ePzNxPZwzmWaGSrIaFGccmgTmh8MRU5QYPrMEE8XsrpBMsMLE2HhKNoSvS+H/pOO7XtUNbq8qzdo6jiI4A+fgEnigBprgBrRAGxAwAQ/gCTw7wnl0XpzXVWnBWfecgh9w3j4BjqqOkw==</latexit>⇠



Fourier expansion

<latexit sha1_base64="5Xg3mpkxgiNkiTnhRC8cWTa8pg8="></latexit>

2 ẽ8

<latexit sha1_base64="eQmnHhRa8yz7z/P3z8OlO7Mu2Uk="></latexit>

2 ẽ8

central charge

A,B . . . adjoint indices<latexit sha1_base64="oXqLoftpAic6xyGQ074Mg96ndaU=">AAAB9XicdVBNSwMxFHxbv2r9qnr0EiyCp7Ippd3eCl48VrCt0NaSTbNtaDa7JFmlLP0fXjwo4tX/4s1/Y7atoKIDgWHmPd5k/FhwbVz3w8mtrW9sbuW3Czu7e/sHxcOjjo4SRVmbRiJSNz7RTHDJ2oYbwW5ixUjoC9b1pxeZ371jSvNIXptZzAYhGUsecEqMlW77ITGTQJFpyuZDb1gsuWXXdTHGKCO4XnMtaTS8CvYQziyLEqzQGhbf+6OIJiGThgqidQ+7sRmkRBlOBZsX+olmMaFTMmY9SyUJmR6ki9RzdGaVEQoiZZ80aKF+30hJqPUs9O1kllL/9jLxL6+XmMAbpFzGiWGSLg8FiUAmQlkFaMQVo0bMLCFUcZsV0QlRhBpbVMGW8PVT9D/pVMq4Vq5cVUvN6qqOPJzAKZwDhjo04RJa0AYKCh7gCZ6de+fReXFel6M5Z7VzDD/gvH0CBPKS0w==</latexit>e8

<latexit sha1_base64="BvNHG7hzt125Ua/g3bXA/6wYu6Y="></latexit>

X : S1 �! e8
<latexit sha1_base64="SUle0YAgQqDb7DEIa74/hzMLmis="></latexit>

X(✓) =
X

n2Z
Xna t

A e2⇡in✓

Start with the loop algebra over     , denoted      :
<latexit sha1_base64="myyERu3IiUOy1DYPj2cNg6z25g8=">AAAB/nicdVDLSgMxFM3UV62vqrhyEyyCqyFT2067K7hxWcE+oC0lk95pQzMPkoxQhoK/4saFIm79Dnf+jelDUNEDgcM593JPjhcLrjQhH1ZmbX1jcyu7ndvZ3ds/yB8etVSUSAZNFolIdjyqQPAQmpprAZ1YAg08AW1vcjX323cgFY/CWz2NoR/QUch9zqg20iB/0guoHvuSTtKe5mIIGGaD6iBfIDaplEitjIldJk710lmSmutixyYLFNAKjUH+vTeMWBJAqJmgSnUdEut+SqXmTMAs10sUxJRN6Ai6hoY0ANVPF/Fn+NwoQ+xH0rxQ44X6fSOlgVLTwDOT87DqtzcX//K6ifar/ZSHcaIhZMtDfiKwjvC8CzzkEpgWU0Mok9xkxWxMJWXaNJYzJXz9FP9PWkXbqdjFm1Kh7q7qyKJTdIYukINcVEfXqIGaiKEUPaAn9GzdW4/Wi/W6HM1Yq51j9APW2yeqIZXs</latexit>

ẽ8
<latexit sha1_base64="UrgWpQX3dcbtGi2dSEBQqS99I4s=">AAAB9XicdVDLSsNAFL2pr1pfVZduBovgqiRB2nRXcOOygn1AG8tkOmmHTiZhZqKU0P9w40IRt/6LO//GSVtBRQ8MHM65l3vmBAlnStv2h1VYW9/Y3Cpul3Z29/YPyodHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G08vc795RqVgsbvQsoX6Ex4KFjGBtpNtBhPUklHia0fnQG5YrdtU2qNVQThzPdgxpNDzXbSBnYdl2BVZoDcvvg1FM0ogKTThWqu/YifYzLDUjnM5Lg1TRBJMpHtO+oQJHVPnZIvUcnRllhMJYmic0WqjfNzIcKTWLAjOZp1S/vVz8y+unOvT8jIkk1VSQ5aEw5UjHKK8AjZikRPOZIZhIZrIiMsESE22KKpkSvn6K/icdt+rUqu71RaVZX9VRhBM4hXNwoA5NuIIWtIGAhAd4gmfr3nq0XqzX5WjBWu0cww9Yb58QKJLd</latexit>e8

Affine extension:
<latexit sha1_base64="lOJg5/sm8Ojw13k5tb56w/MMfTQ="></latexit>

ê8 = hẽ8 , Ki

via Sugawara  
construction

Virasoro generators
<latexit sha1_base64="/ehclfvCPcXxAWGLKZRQoeJmQEU=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjKl1nZXcOOygn1gZyyZNG1Dk8yQZJQy9D/cuFDErf/izr8x01ZQ0QOBwzn3ck9OGHOmDUIfTm5ldW19I79Z2Nre2d0r7h+0dZQoQlsk4pHqhlhTziRtGWY47caKYhFy2gknF5nfuaNKs0hem2lMA4FHkg0ZwcZKt8Jn0hfYjMMwvZn1iyXkniGvXq1C5CLkVWqeJfV6zYrQs0qGElii2S+++4OIJIJKQzjWuueh2AQpVoYRTmcFP9E0xmSCR7RnqcSC6iCdp57BE6sM4DBS9kkD5+r3jRQLracitJNZQv3by8S/vF5ihrUgZTJODJVkcWiYcGgimFUAB0xRYvjUEkwUs1khGWOFibFFFWwJXz+F/5N22fWqbvmqUmqUl3XkwRE4BqfAA+egAS5BE7QAAQo8gCfw7Nw7j86L87oYzTnLnUPwA87bJ03GkwI=</latexit>

m 2 Z

Generators:Virasoro extension of the affine algebra
<latexit sha1_base64="fGj7zmgwKci6fYsAg1PV8q8NAP0="></latexit>

ê8 � vir
<latexit sha1_base64="vUFXgh6EguqzOpygbs2pCmnbfHI="></latexit>

T↵ = {TA
n , K , Lm}

<latexit sha1_base64="Swdx3ES1KnRV/V0ClSIh+pcZ3E4="></latexit>

[TA
n , Lm] = nTA

n+m <latexit sha1_base64="Q2aFsZiKWLD86QFts2NDrmJNor0="></latexit>

e9 = hê8 , L0i

Affine algebra and representation 

<latexit sha1_base64="LbUzl1yziP6QQISKGrscarRbReM="></latexit>

[TA
n , TB

m ] = fAB
C TC

n+m + n ⌘AB�n,�m K

<latexit sha1_base64="RURFMBUh8xl+sxrJBR+NeCZ9yVo=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLa6cNVxY3LCn1BO5ZMmmljM5khyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89fsyZ0gh9WJmV1bX1jexmbmt7Z3cvv3/QUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYtEQ09i6oV4KFjACNZGajVuL/viop8vIBuViqjqQmS7yKmcOwtSLZehY6M5CmCJej//3htEJAmp0IRjpboOirWXYqkZ4XSa6yWKxpiM8ZB2DRU4pMpL59dO4YlRBjCIpCmh4Vz9PpHiUKlJ6JvOEOuR+u3NxL+8bqKDipcyESeaCrJYFCQc6gjOXocDJinRfGIIJpKZWyEZYYmJNgHlTAhfn8L/SevMdkq2e1Ms1NxlHFlwBI7BKXBAGdTANaiDJiDgDjyAJ/BsRdaj9WK9Lloz1nLmEPyA9fYJUtuO9A==</latexit>

TA
n : loop generators



A,B . . . adjoint indices<latexit sha1_base64="oXqLoftpAic6xyGQ074Mg96ndaU=">AAAB9XicdVBNSwMxFHxbv2r9qnr0EiyCp7Ippd3eCl48VrCt0NaSTbNtaDa7JFmlLP0fXjwo4tX/4s1/Y7atoKIDgWHmPd5k/FhwbVz3w8mtrW9sbuW3Czu7e/sHxcOjjo4SRVmbRiJSNz7RTHDJ2oYbwW5ixUjoC9b1pxeZ371jSvNIXptZzAYhGUsecEqMlW77ITGTQJFpyuZDb1gsuWXXdTHGKCO4XnMtaTS8CvYQziyLEqzQGhbf+6OIJiGThgqidQ+7sRmkRBlOBZsX+olmMaFTMmY9SyUJmR6ki9RzdGaVEQoiZZ80aKF+30hJqPUs9O1kllL/9jLxL6+XmMAbpFzGiWGSLg8FiUAmQlkFaMQVo0bMLCFUcZsV0QlRhBpbVMGW8PVT9D/pVMq4Vq5cVUvN6qqOPJzAKZwDhjo04RJa0AYKCh7gCZ6de+fReXFel6M5Z7VzDD/gvH0CBPKS0w==</latexit>e8

Important : Not automorphisms of the affine algebra
<latexit sha1_base64="Yfop+1sYeMaZlNHNzRLs0FJ2UBQ="></latexit>⇥
TA
m , Sn(T

B
p )

⇤
= Sn

�⇥
TA
n , TB

m

⇤�
+ . . .K

Fourier expansion

<latexit sha1_base64="5Xg3mpkxgiNkiTnhRC8cWTa8pg8="></latexit>

2 ẽ8

<latexit sha1_base64="eQmnHhRa8yz7z/P3z8OlO7Mu2Uk="></latexit>

2 ẽ8

via Sugawara  
construction

Virasoro generators
<latexit sha1_base64="/ehclfvCPcXxAWGLKZRQoeJmQEU=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjKl1nZXcOOygn1gZyyZNG1Dk8yQZJQy9D/cuFDErf/izr8x01ZQ0QOBwzn3ck9OGHOmDUIfTm5ldW19I79Z2Nre2d0r7h+0dZQoQlsk4pHqhlhTziRtGWY47caKYhFy2gknF5nfuaNKs0hem2lMA4FHkg0ZwcZKt8Jn0hfYjMMwvZn1iyXkniGvXq1C5CLkVWqeJfV6zYrQs0qGElii2S+++4OIJIJKQzjWuueh2AQpVoYRTmcFP9E0xmSCR7RnqcSC6iCdp57BE6sM4DBS9kkD5+r3jRQLracitJNZQv3by8S/vF5ihrUgZTJODJVkcWiYcGgimFUAB0xRYvjUEkwUs1khGWOFibFFFWwJXz+F/5N22fWqbvmqUmqUl3XkwRE4BqfAA+egAS5BE7QAAQo8gCfw7Nw7j86L87oYzTnLnUPwA87bJ03GkwI=</latexit>

m 2 Z

A,B . . . adjoint indices<latexit sha1_base64="oXqLoftpAic6xyGQ074Mg96ndaU=">AAAB9XicdVBNSwMxFHxbv2r9qnr0EiyCp7Ippd3eCl48VrCt0NaSTbNtaDa7JFmlLP0fXjwo4tX/4s1/Y7atoKIDgWHmPd5k/FhwbVz3w8mtrW9sbuW3Czu7e/sHxcOjjo4SRVmbRiJSNz7RTHDJ2oYbwW5ixUjoC9b1pxeZ371jSvNIXptZzAYhGUsecEqMlW77ITGTQJFpyuZDb1gsuWXXdTHGKCO4XnMtaTS8CvYQziyLEqzQGhbf+6OIJiGThgqidQ+7sRmkRBlOBZsX+olmMaFTMmY9SyUJmR6ki9RzdGaVEQoiZZ80aKF+30hJqPUs9O1kllL/9jLxL6+XmMAbpFzGiWGSLg8FiUAmQlkFaMQVo0bMLCFUcZsV0QlRhBpbVMGW8PVT9D/pVMq4Vq5cVUvN6qqOPJzAKZwDhjo04RJa0AYKCh7gCZ6de+fReXFel6M5Z7VzDD/gvH0CBPKS0w==</latexit>e8

Generators:

<latexit sha1_base64="BvNHG7hzt125Ua/g3bXA/6wYu6Y="></latexit>

X : S1 �! e8
<latexit sha1_base64="SUle0YAgQqDb7DEIa74/hzMLmis="></latexit>

X(✓) =
X

n2Z
Xna t

A e2⇡in✓

Start with the loop algebra over     , denoted      :
<latexit sha1_base64="myyERu3IiUOy1DYPj2cNg6z25g8=">AAAB/nicdVDLSgMxFM3UV62vqrhyEyyCqyFT2067K7hxWcE+oC0lk95pQzMPkoxQhoK/4saFIm79Dnf+jelDUNEDgcM593JPjhcLrjQhH1ZmbX1jcyu7ndvZ3ds/yB8etVSUSAZNFolIdjyqQPAQmpprAZ1YAg08AW1vcjX323cgFY/CWz2NoR/QUch9zqg20iB/0guoHvuSTtKe5mIIGGaD6iBfIDaplEitjIldJk710lmSmutixyYLFNAKjUH+vTeMWBJAqJmgSnUdEut+SqXmTMAs10sUxJRN6Ai6hoY0ANVPF/Fn+NwoQ+xH0rxQ44X6fSOlgVLTwDOT87DqtzcX//K6ifar/ZSHcaIhZMtDfiKwjvC8CzzkEpgWU0Mok9xkxWxMJWXaNJYzJXz9FP9PWkXbqdjFm1Kh7q7qyKJTdIYukINcVEfXqIGaiKEUPaAn9GzdW4/Wi/W6HM1Yq51j9APW2yeqIZXs</latexit>

ẽ8
<latexit sha1_base64="UrgWpQX3dcbtGi2dSEBQqS99I4s=">AAAB9XicdVDLSsNAFL2pr1pfVZduBovgqiRB2nRXcOOygn1AG8tkOmmHTiZhZqKU0P9w40IRt/6LO//GSVtBRQ8MHM65l3vmBAlnStv2h1VYW9/Y3Cpul3Z29/YPyodHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G08vc795RqVgsbvQsoX6Ex4KFjGBtpNtBhPUklHia0fnQG5YrdtU2qNVQThzPdgxpNDzXbSBnYdl2BVZoDcvvg1FM0ogKTThWqu/YifYzLDUjnM5Lg1TRBJMpHtO+oQJHVPnZIvUcnRllhMJYmic0WqjfNzIcKTWLAjOZp1S/vVz8y+unOvT8jIkk1VSQ5aEw5UjHKK8AjZikRPOZIZhIZrIiMsESE22KKpkSvn6K/icdt+rUqu71RaVZX9VRhBM4hXNwoA5NuIIWtIGAhAd4gmfr3nq0XqzX5WjBWu0cww9Yb58QKJLd</latexit>e8

Affine extension:
<latexit sha1_base64="lOJg5/sm8Ojw13k5tb56w/MMfTQ="></latexit>

ê8 = hẽ8 , Ki

Virasoro extension of the affine algebra
<latexit sha1_base64="fGj7zmgwKci6fYsAg1PV8q8NAP0="></latexit>

ê8 � vir
<latexit sha1_base64="vUFXgh6EguqzOpygbs2pCmnbfHI="></latexit>

T↵ = {TA
n , K , Lm}

<latexit sha1_base64="Swdx3ES1KnRV/V0ClSIh+pcZ3E4="></latexit>

[TA
n , Lm] = nTA

n+m <latexit sha1_base64="Q2aFsZiKWLD86QFts2NDrmJNor0="></latexit>

e9 = hê8 , L0i

<latexit sha1_base64="PP8ZyiBJQarlXw8LAQXhBtCa0fc=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcwuksct4MVjJOYByRJmJ7PJkNnZZWZWCCGf4MWDIl79Im/+jbNJBBUtaCiquunuChLBtcH4w8ltbG5t7+R3C3v7B4dHxeOTjo5TRVmbxiJWvYBoJrhkbcONYL1EMRIFgnWD6XXmd++Z0jyWd2aWMD8iY8lDTomxUqs1lMNiCZexRaWCMuLWsGtJvV7zvDpylxbGJVijOSy+D0YxTSMmDRVE676LE+PPiTKcCrYoDFLNEkKnZMz6lkoSMe3Pl6cu0IVVRiiMlS1p0FL9PjEnkdazKLCdETET/dvLxL+8fmrCmj/nMkkNk3S1KEwFMjHK/kYjrhg1YmYJoYrbWxGdEEWosekUbAhfn6L/Sccru5Wyd3tValTXceThDM7hElyoQgNuoAltoDCGB3iCZ0c4j86L87pqzTnrmVP4AeftE4YGjfE=</latexit>

SnWe define shift operators      acting as

<latexit sha1_base64="VM2xxcGM2dlHfl+bAn9rRX/c9mw=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRahIpSZQfpYCBU3Liu2tdDWIZOmbWiSGZKMUIfir7hxoYhb/8Odf2OmraCiBy73cM695Ob4IaNK2/aHlVpYXFpeSa9m1tY3Nrey2ztNFUQSkwYOWCBbPlKEUUEammpGWqEkiPuMXPuj88S/viVS0UDU9TgkXY4GgvYpRtpIXnbvyhP5+s2Zx49OkxaLYz7xsjm7YBsUizAhTtl2DKlUyq5bgc7Usu0cmKPmZd87vQBHnAiNGVKq7dih7sZIaooZmWQ6kSIhwiM0IG1DBeJEdePp9RN4aJQe7AfSlNBwqn7fiBFXasx9M8mRHqrfXiL+5bUj3S93YyrCSBOBZw/1IwZ1AJMoYI9KgjUbG4KwpOZWiIdIIqxNYBkTwtdP4f+k6RacYsG9PMlVS/M40mAfHIA8cEAJVMEFqIEGwOAOPIAn8GzdW4/Wi/U6G01Z851d8APW2ycx4ZRp</latexit>

Sn(T
A
m) = TA

n+m

<latexit sha1_base64="rfhQFZImgNlmK0hRR2a+eYsf93M=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWoCGWmSB8LoeDGRRcV7QPaYcikmTY0yQxJplCG/okbF4q49U/c+TemD0FFD1w4nHMv994TxIwq7TgfVmZtfWNzK7ud29nd2z+wD4/aKkokJi0csUh2A6QIo4K0NNWMdGNJEA8Y6QTj67nfmRCpaCTu9TQmHkdDQUOKkTaSb9t3vig0fH5+1fBTccFnvp13io5BuQznxK06riG1WrVUqkF3YTlOHqzQ9O33/iDCCSdCY4aU6rlOrL0USU0xI7NcP1EkRniMhqRnqECcKC9dXD6DZ0YZwDCSpoSGC/X7RIq4UlMemE6O9Ej99ubiX14v0WHVS6mIE00EXi4KEwZ1BOcxwAGVBGs2NQRhSc2tEI+QRFibsHImhK9P4f+kXSq65WLp9jJfr6ziyIITcAoKwAUVUAc3oAlaAIMJeABP4NlKrUfrxXpdtmas1cwx+AHr7ROMX5Lz</latexit>

Sn(Lm) = Ln+m
<latexit sha1_base64="3nDGRQSArAFSXwfjFVtNhevRIZQ="></latexit>

Sn(K) = 0

Affine algebra and representation 

central charge

<latexit sha1_base64="LbUzl1yziP6QQISKGrscarRbReM="></latexit>

[TA
n , TB

m ] = fAB
C TC

n+m + n ⌘AB�n,�m K

<latexit sha1_base64="RURFMBUh8xl+sxrJBR+NeCZ9yVo=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLa6cNVxY3LCn1BO5ZMmmljM5khyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89fsyZ0gh9WJmV1bX1jexmbmt7Z3cvv3/QUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYtEQ09i6oV4KFjACNZGajVuL/viop8vIBuViqjqQmS7yKmcOwtSLZehY6M5CmCJej//3htEJAmp0IRjpboOirWXYqkZ4XSa6yWKxpiM8ZB2DRU4pMpL59dO4YlRBjCIpCmh4Vz9PpHiUKlJ6JvOEOuR+u3NxL+8bqKDipcyESeaCrJYFCQc6gjOXocDJinRfGIIJpKZWyEZYYmJNgHlTAhfn8L/SevMdkq2e1Ms1NxlHFlwBI7BKXBAGdTANaiDJiDgDjyAJ/BsRdaj9WK9Lloz1nLmEPyA9fYJUtuO9A==</latexit>

TA
n : loop generators



Affine algebra and representation A,B . . . adjoint indices<latexit sha1_base64="oXqLoftpAic6xyGQ074Mg96ndaU=">AAAB9XicdVBNSwMxFHxbv2r9qnr0EiyCp7Ippd3eCl48VrCt0NaSTbNtaDa7JFmlLP0fXjwo4tX/4s1/Y7atoKIDgWHmPd5k/FhwbVz3w8mtrW9sbuW3Czu7e/sHxcOjjo4SRVmbRiJSNz7RTHDJ2oYbwW5ixUjoC9b1pxeZ371jSvNIXptZzAYhGUsecEqMlW77ITGTQJFpyuZDb1gsuWXXdTHGKCO4XnMtaTS8CvYQziyLEqzQGhbf+6OIJiGThgqidQ+7sRmkRBlOBZsX+olmMaFTMmY9SyUJmR6ki9RzdGaVEQoiZZ80aKF+30hJqPUs9O1kllL/9jLxL6+XmMAbpFzGiWGSLg8FiUAmQlkFaMQVo0bMLCFUcZsV0QlRhBpbVMGW8PVT9D/pVMq4Vq5cVUvN6qqOPJzAKZwDhjo04RJa0AYKCh7gCZ6de+fReXFel6M5Z7VzDD/gvH0CBPKS0w==</latexit>e8

Relevant (faithful) representation: basic representation
<latexit sha1_base64="dmIycnC3XzTzrfOgjeMXKNWjWww=">AAAB83icdVDLSgMxFM3UV62vqks3wSLUTckM0seu4MaFiyr2AZ2hZDKZNjSTGZKMUIb+hhsXirj1Z9z5N2baCip6IHA451zuzfETzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo56KU0lol8Q8lgMfK8qZoF3NNKeDRFIc+Zz2/ell7vfvqVQsFnd6llAvwmPBQkawNpJ7W3WvTTjAI3Q+KldQDRnU6zAndhPZhrRaTcdpQXthIVQBK3RG5Xc3iEkaUaEJx0oNbZRoL8NSM8LpvOSmiiaYTPGYDg0VOKLKyxY3z+GZUQIYxtI8oeFC/T6R4UipWeSbZIT1RP32cvEvb5jqsOllTCSppoIsF4UphzqGeQEwYJISzWeGYCKZuRWSCZaYaFNTyZTw9VP4P+k5Nbtec24uKu3Gqo4iOAGnoAps0ABtcAU6oAsISMADeALPVmo9Wi/W6zJasFYzx+AHrLdP+GqQ+g==</latexit>

R(⇤0)

Lowest weight representation 

<latexit sha1_base64="oXqLoftpAic6xyGQ074Mg96ndaU=">AAAB9XicdVBNSwMxFHxbv2r9qnr0EiyCp7Ippd3eCl48VrCt0NaSTbNtaDa7JFmlLP0fXjwo4tX/4s1/Y7atoKIDgWHmPd5k/FhwbVz3w8mtrW9sbuW3Czu7e/sHxcOjjo4SRVmbRiJSNz7RTHDJ2oYbwW5ixUjoC9b1pxeZ371jSvNIXptZzAYhGUsecEqMlW77ITGTQJFpyuZDb1gsuWXXdTHGKCO4XnMtaTS8CvYQziyLEqzQGhbf+6OIJiGThgqidQ+7sRmkRBlOBZsX+olmMaFTMmY9SyUJmR6ki9RzdGaVEQoiZZ80aKF+30hJqPUs9O1kllL/9jLxL6+XmMAbpFzGiWGSLg8FiUAmQlkFaMQVo0bMLCFUcZsV0QlRhBpbVMGW8PVT9D/pVMq4Vq5cVUvN6qqOPJzAKZwDhjo04RJa0AYKCh7gCZ6de+fReXFel6M5Z7VzDD/gvH0CBPKS0w==</latexit>e8

<latexit sha1_base64="8afzDuNLVsurfah94BdnpD1j5+s=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIifSyEihuXFfqCdiyZNG1DM5khyRTK2D9x40IRt/6JO//GTFtBRQ9cOJxzL/fe40eCa4PQh5NZW9/Y3Mpu53Z29/YP3MOjlg5jRVmThiJUHZ9oJrhkTcONYJ1IMRL4grX9yXXqt6dMaR7KhplFzAvISPIhp8RYqe+6jburPrpHPUXkSLBL1HfzqIAQwhjDlOByCVlSrVaKuAJxalnkwQr1vvveG4Q0Dpg0VBCtuxhFxkuIMpwKNs/1Ys0iQidkxLqWShIw7SWLy+fwzCoDOAyVLWngQv0+kZBA61ng286AmLH+7aXiX143NsOKl3AZxYZJulw0jAU0IUxjgAOuGDViZgmhittbIR0TRaixYeVsCF+fwv9Jq1jApULx9iJfK6/iyIITcArOAQZlUAM3oA6agIIpeABP4NlJnEfnxXldtmac1cwx+AHn7ROFa5Lt</latexit>

TA
0 |0i = 0

<latexit sha1_base64="YVrnBXcYrVQDs/AcLGb6Co+8QwQ="></latexit>

TA
n |0i = 0 , for all n > 0

invariant vacuum

In the basic representation, we also define a Hermitian conjugation:
<latexit sha1_base64="Sftfa1HXzGUJGC6ZOX/WHGhDMWs="></latexit>

(TA
n )† = TA

�n

<latexit sha1_base64="K8xzIvkdfPuTXFDJs/InP43U4Ew="></latexit>

(Ln)
† = L�n

<latexit sha1_base64="It30qrlOZKCBA/RY44I22939TKQ="></latexit>

(K)† = K

We will use both Fock space and index notations:
generic vector 
in          

<latexit sha1_base64="60Ki0c0gv5ADCslA/FDSqXjyGfo=">AAAB83icdVDLSgMxFM3UV62vqks3wSLUzZAU6WNXcOPCRRX7gM5QMplMG5p5kGSEMvQ33LhQxK0/486/MdNWUNEDgcM553JvjpcIrjRCH1ZhbX1jc6u4XdrZ3ds/KB8e9VScSsq6NBaxHHhEMcEj1tVcCzZIJCOhJ1jfm17mfv+eScXj6E7PEuaGZBzxgFOijeTcVp1rE/bJCJ2PyhVkI4QwxjAnuFFHhrRazRpuQpxbBhWwQmdUfnf8mKYhizQVRKkhRol2MyI1p4LNS06qWELolIzZ0NCIhEy52eLmOTwzig+DWJoXabhQv09kJFRqFnomGRI9Ub+9XPzLG6Y6aLoZj5JUs4guFwWpgDqGeQHQ55JRLWaGECq5uRXSCZGEalNTyZTw9VP4P+nVbFy3azcXlba9qqMITsApqAIMGqANrkAHdAEFCXgAT+DZSq1H68V6XUYL1mrmGPyA9fYJ62aQ6g==</latexit>

R(⇤0)
basis 
 

<latexit sha1_base64="7++gFmITPjO/Qw83nZ806xqa45U=">AAACBHicdZBNSwMxEIazflu/qh69BIvgqSRFaj0IghfBi4JVoS0lm05rMJtdklmxrD148a948aCIV3+EN/+NWa2iogOBh/edYTJvmGjlkLHXYGR0bHxicmq6MDM7N79QXFw6dnFqJdRlrGN7GgoHWhmoo0INp4kFEYUaTsLz3dw/uQDrVGyOsJ9AKxI9o7pKCvRSu7jSRLjEbH9wxZpWmJ6G7S9qF0uszBjjnNMc+GaVedjaqlV4jfLc8lUiwzpoF1+anVimERiUWjjX4CzBViYsKqlhUGimDhIhz0UPGh6NiMC1svcjBnTNKx3aja1/Bum7+n0iE5Fz/Sj0nZHAM/fby8W/vEaK3VorUyZJEYz8WNRNNcWY5onQjrIgUfc9CGmV/yuVZ8IKiT63gg/h81L6PxxXyrxarhxulHY2hnFMkRWyStYJJ5tkh+yRA1InklyTW3JPHoKb4C54DJ4+WkeC4cwy+VHB8xtjBpiL</latexit>

K|0i = |0i

<latexit sha1_base64="rL1cSyqjJpTp7WmiuyD0ILD5zGg="></latexit>

|V i = V M |eM i

Fourier expansion

<latexit sha1_base64="5Xg3mpkxgiNkiTnhRC8cWTa8pg8="></latexit>

2 ẽ8

<latexit sha1_base64="eQmnHhRa8yz7z/P3z8OlO7Mu2Uk="></latexit>

2 ẽ8

<latexit sha1_base64="BvNHG7hzt125Ua/g3bXA/6wYu6Y="></latexit>

X : S1 �! e8
<latexit sha1_base64="SUle0YAgQqDb7DEIa74/hzMLmis="></latexit>

X(✓) =
X

n2Z
Xna t

A e2⇡in✓

Start with the loop algebra over     , denoted      :

Affine extension:
<latexit sha1_base64="lOJg5/sm8Ojw13k5tb56w/MMfTQ="></latexit>

ê8 = hẽ8 , Ki

<latexit sha1_base64="myyERu3IiUOy1DYPj2cNg6z25g8=">AAAB/nicdVDLSgMxFM3UV62vqrhyEyyCqyFT2067K7hxWcE+oC0lk95pQzMPkoxQhoK/4saFIm79Dnf+jelDUNEDgcM593JPjhcLrjQhH1ZmbX1jcyu7ndvZ3ds/yB8etVSUSAZNFolIdjyqQPAQmpprAZ1YAg08AW1vcjX323cgFY/CWz2NoR/QUch9zqg20iB/0guoHvuSTtKe5mIIGGaD6iBfIDaplEitjIldJk710lmSmutixyYLFNAKjUH+vTeMWBJAqJmgSnUdEut+SqXmTMAs10sUxJRN6Ai6hoY0ANVPF/Fn+NwoQ+xH0rxQ44X6fSOlgVLTwDOT87DqtzcX//K6ifar/ZSHcaIhZMtDfiKwjvC8CzzkEpgWU0Mok9xkxWxMJWXaNJYzJXz9FP9PWkXbqdjFm1Kh7q7qyKJTdIYukINcVEfXqIGaiKEUPaAn9GzdW4/Wi/W6HM1Yq51j9APW2yeqIZXs</latexit>

ẽ8
<latexit sha1_base64="UrgWpQX3dcbtGi2dSEBQqS99I4s=">AAAB9XicdVDLSsNAFL2pr1pfVZduBovgqiRB2nRXcOOygn1AG8tkOmmHTiZhZqKU0P9w40IRt/6LO//GSVtBRQ8MHM65l3vmBAlnStv2h1VYW9/Y3Cpul3Z29/YPyodHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G08vc795RqVgsbvQsoX6Ex4KFjGBtpNtBhPUklHia0fnQG5YrdtU2qNVQThzPdgxpNDzXbSBnYdl2BVZoDcvvg1FM0ogKTThWqu/YifYzLDUjnM5Lg1TRBJMpHtO+oQJHVPnZIvUcnRllhMJYmic0WqjfNzIcKTWLAjOZp1S/vVz8y+unOvT8jIkk1VSQ5aEw5UjHKK8AjZikRPOZIZhIZrIiMsESE22KKpkSvn6K/icdt+rUqu71RaVZX9VRhBM4hXNwoA5NuIIWtIGAhAd4gmfr3nq0XqzX5WjBWu0cww9Yb58QKJLd</latexit>e8

central charge

<latexit sha1_base64="LbUzl1yziP6QQISKGrscarRbReM="></latexit>

[TA
n , TB

m ] = fAB
C TC

n+m + n ⌘AB�n,�m K

<latexit sha1_base64="RURFMBUh8xl+sxrJBR+NeCZ9yVo=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLa6cNVxY3LCn1BO5ZMmmljM5khyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89fsyZ0gh9WJmV1bX1jexmbmt7Z3cvv3/QUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYtEQ09i6oV4KFjACNZGajVuL/viop8vIBuViqjqQmS7yKmcOwtSLZehY6M5CmCJej//3htEJAmp0IRjpboOirWXYqkZ4XSa6yWKxpiM8ZB2DRU4pMpL59dO4YlRBjCIpCmh4Vz9PpHiUKlJ6JvOEOuR+u3NxL+8bqKDipcyESeaCrJYFCQc6gjOXocDJinRfGIIJpKZWyEZYYmJNgHlTAhfn8L/SevMdkq2e1Ms1NxlHFlwBI7BKXBAGdTANaiDJiDgDjyAJ/BsRdaj9WK9Lloz1nLmEPyA9fYJUtuO9A==</latexit>

TA
n : loop generators



The (infinite number of) scalar fields parametrize the                   coset space.

generated by Affine group <latexit sha1_base64="i4Gio6/K5s3z5nkHge7+dAXf3P4=">AAAB8HicdZDLSgMxFIYz9VbrrerSTbAIroZMqbXdFdy4cFHBXqQdSibNtKFJZkwyQhn6FG5cKOLWx3Hn25hpK6joD4Gf75xDzvmDmDNtEPpwciura+sb+c3C1vbO7l5x/6Cto0QR2iIRj1Q3wJpyJmnLMMNpN1YUi4DTTjC5yOqde6o0i+SNmcbUF3gkWcgINhbdXg1kn9M7iAbFEnLPkFevViFyEfIqNc+aer1mIfQsyVQCSzUHxff+MCKJoNIQjrXueSg2foqVYYTTWaGfaBpjMsEj2rNWYkG1n84XnsETS4YwjJR90sA5/T6RYqH1VAS2U2Az1r9rGfyr1ktMWPNTJuPEUEkWH4UJhyaC2fVwyBQlhk+twUQxuyskY6wwMTajgg3h61L4v2mXXa/qlq8rpYa7jCMPjsAxOAUeOAcNcAmaoAUIEOABPIFnRzmPzovzumjNOcuZQ/BDztsnYaSQFw==</latexit>

Ln  0

Maximal unitary subgroup of            
 whose elements     satisfy:  

Extended coset structure

Twisted self-duality equation:
<latexit sha1_base64="qeD/d7lrcz8YKVIhsV3i1nnU1ek=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgqWSL1PZW8NJjC/YD2qVk09k2NptdkqxQlv4CLx4U8epP8ua/MdtWUNEHA4/3ZpiZ58eCa0PIh5Pb2Nza3snvFvb2Dw6PiscnXR0likGHRSJSfZ9qEFxCx3AjoB8roKEvoOfPbjK/dw9K80jemnkMXkgnkgecUWOldnNULJEysahWcUbcGnEtqddrlUodu0uLkBJaozUqvg/HEUtCkIYJqvXAJbHxUqoMZwIWhWGiIaZsRicwsFTSELSXLg9d4AurjHEQKVvS4KX6fSKlodbz0LedITVT/dvLxL+8QWKCmpdyGScGJFstChKBTYSzr/GYK2BGzC2hTHF7K2ZTqigzNpuCDeHrU/w/6VbKbrVcaV+VGmQdRx6doXN0iVx0jRqoiVqogxgC9ICe0LNz5zw6L87rqjXnrGdO0Q84b5/xnoz+</latexit>

H

<latexit sha1_base64="LVoevLWJS4Uz3Fnpv3i8hMUAXbM=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kuUru3gggeK1pbaJeSTbNtaDa7JFmhlP4ELx4U8eov8ua/MdtWUNEHA4/3ZpiZF6aCa4Pxh1NYWV1b3yhulra2d3b3yvsHdzrJFGUtmohEdUKimeCStQw3gnVSxUgcCtYOxxe5375nSvNE3ppJyoKYDCWPOCXGSjeXfb9fruAqtqjVUE7cOnYt8f265/nInVsYV2CJZr/83hskNIuZNFQQrbsuTk0wJcpwKtis1Ms0SwkdkyHrWipJzHQwnZ86QydWGaAoUbakQXP1+8SUxFpP4tB2xsSM9G8vF//yupmJ6sGUyzQzTNLFoigTyCQo/xsNuGLUiIklhCpub0V0RBShxqZTsiF8fYr+J3de1a1VveuzSgMv4yjCERzDKbhwDg24gia0gMIQHuAJnh3hPDovzuuiteAsZw7hB5y3Tx5Djac=</latexit>

E9
<latexit sha1_base64="IblDE1LxbVgkXiq85A6lhjzEz1g=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ6ba2i6EgpsuK9gHtGPJZDJtaCYzJplCGfodblwo4taPceffmGkrqOiBC4dz7uXee7yYM6UR+rBWVtfWNzZzW/ntnd29/cLBYVtFiSS0RSIeya6HFeVM0JZmmtNuLCkOPU473vg68zsTKhWLxK2extQN8VCwgBGsjeQ27vo+Hg6phI0rZ1AoIhtVyjVUg8guI6c6JwhVqqVz6BiSoQiWaA4K730/IklIhSYcK9VzUKzdFEvNCKezfD9RNMZkjIe0Z6jAIVVuOj96Bk+N4sMgkqaEhnP1+0SKQ6WmoWc6Q6xH6reXiX95vUQHVTdlIk40FWSxKEg41BHMEoA+k5RoPjUEE8nMrZCMsMREm5zyJoSvT+H/pF2ynYpdurko1tEyjhw4BifgDDjgEtRBAzRBCxBwDx7AE3i2Jtaj9WK9LlpXrOXMEfgB6+0T35eReg==</latexit>

H
†
H = 1

<latexit sha1_base64="vk0ewLgMmWtrFIN1lmPsmTP/qYY="></latexit>

?P = S1

�
P
�

in terms of  
<latexit sha1_base64="ydyMbQkkRoFOWMR3Hz7oa+6PWyQ="></latexit>

Pµ = 1
2 (@µVV

�1 + h.c)
<latexit sha1_base64="y+z+uDKvaJjYyMXZl/8Ow9Qdpe8="></latexit>

= Pµ↵ ⌦ T↵

Encodes all the D=2 dynamics. How..?

<latexit sha1_base64="J1nJLZM6HxFAF6fXpgC4i0nqwVQ="></latexit>

Ê8 oVir�

K(E9)



The (infinite number of) scalar fields parametrize the                   coset space.

generated by Affine group <latexit sha1_base64="i4Gio6/K5s3z5nkHge7+dAXf3P4=">AAAB8HicdZDLSgMxFIYz9VbrrerSTbAIroZMqbXdFdy4cFHBXqQdSibNtKFJZkwyQhn6FG5cKOLWx3Hn25hpK6joD4Gf75xDzvmDmDNtEPpwciura+sb+c3C1vbO7l5x/6Cto0QR2iIRj1Q3wJpyJmnLMMNpN1YUi4DTTjC5yOqde6o0i+SNmcbUF3gkWcgINhbdXg1kn9M7iAbFEnLPkFevViFyEfIqNc+aer1mIfQsyVQCSzUHxff+MCKJoNIQjrXueSg2foqVYYTTWaGfaBpjMsEj2rNWYkG1n84XnsETS4YwjJR90sA5/T6RYqH1VAS2U2Az1r9rGfyr1ktMWPNTJuPEUEkWH4UJhyaC2fVwyBQlhk+twUQxuyskY6wwMTajgg3h61L4v2mXXa/qlq8rpYa7jCMPjsAxOAUeOAcNcAmaoAUIEOABPIFnRzmPzovzumjNOcuZQ/BDztsnYaSQFw==</latexit>

Ln  0

Maximal unitary subgroup of            
 whose elements     satisfy:  Twisted self-duality equation:

<latexit sha1_base64="qeD/d7lrcz8YKVIhsV3i1nnU1ek=">AAAB6HicdVBNSwMxEM3Wr1q/qh69BIvgqWSL1PZW8NJjC/YD2qVk09k2NptdkqxQlv4CLx4U8epP8ua/MdtWUNEHA4/3ZpiZ58eCa0PIh5Pb2Nza3snvFvb2Dw6PiscnXR0likGHRSJSfZ9qEFxCx3AjoB8roKEvoOfPbjK/dw9K80jemnkMXkgnkgecUWOldnNULJEysahWcUbcGnEtqddrlUodu0uLkBJaozUqvg/HEUtCkIYJqvXAJbHxUqoMZwIWhWGiIaZsRicwsFTSELSXLg9d4AurjHEQKVvS4KX6fSKlodbz0LedITVT/dvLxL+8QWKCmpdyGScGJFstChKBTYSzr/GYK2BGzC2hTHF7K2ZTqigzNpuCDeHrU/w/6VbKbrVcaV+VGmQdRx6doXN0iVx0jRqoiVqogxgC9ICe0LNz5zw6L87rqjXnrGdO0Q84b5/xnoz+</latexit>

H

<latexit sha1_base64="LVoevLWJS4Uz3Fnpv3i8hMUAXbM=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kuUru3gggeK1pbaJeSTbNtaDa7JFmhlP4ELx4U8eov8ua/MdtWUNEHA4/3ZpiZF6aCa4Pxh1NYWV1b3yhulra2d3b3yvsHdzrJFGUtmohEdUKimeCStQw3gnVSxUgcCtYOxxe5375nSvNE3ppJyoKYDCWPOCXGSjeXfb9fruAqtqjVUE7cOnYt8f265/nInVsYV2CJZr/83hskNIuZNFQQrbsuTk0wJcpwKtis1Ms0SwkdkyHrWipJzHQwnZ86QydWGaAoUbakQXP1+8SUxFpP4tB2xsSM9G8vF//yupmJ6sGUyzQzTNLFoigTyCQo/xsNuGLUiIklhCpub0V0RBShxqZTsiF8fYr+J3de1a1VveuzSgMv4yjCERzDKbhwDg24gia0gMIQHuAJnh3hPDovzuuiteAsZw7hB5y3Tx5Djac=</latexit>

E9
<latexit sha1_base64="IblDE1LxbVgkXiq85A6lhjzEz1g=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ6ba2i6EgpsuK9gHtGPJZDJtaCYzJplCGfodblwo4taPceffmGkrqOiBC4dz7uXee7yYM6UR+rBWVtfWNzZzW/ntnd29/cLBYVtFiSS0RSIeya6HFeVM0JZmmtNuLCkOPU473vg68zsTKhWLxK2extQN8VCwgBGsjeQ27vo+Hg6phI0rZ1AoIhtVyjVUg8guI6c6JwhVqqVz6BiSoQiWaA4K730/IklIhSYcK9VzUKzdFEvNCKezfD9RNMZkjIe0Z6jAIVVuOj96Bk+N4sMgkqaEhnP1+0SKQ6WmoWc6Q6xH6reXiX95vUQHVTdlIk40FWSxKEg41BHMEoA+k5RoPjUEE8nMrZCMsMREm5zyJoSvT+H/pF2ynYpdurko1tEyjhw4BifgDDjgEtRBAzRBCxBwDx7AE3i2Jtaj9WK9LlpXrOXMEfgB6+0T35eReg==</latexit>

H
†
H = 1

<latexit sha1_base64="vk0ewLgMmWtrFIN1lmPsmTP/qYY="></latexit>

?P = S1

�
P
�

in terms of  
<latexit sha1_base64="ydyMbQkkRoFOWMR3Hz7oa+6PWyQ="></latexit>

Pµ = 1
2 (@µVV

�1 + h.c)

We can choose a Borel gauge, and write the coset representative as:
      representative

<latexit sha1_base64="sG8dLqIEgZwpipXrQqPEymZT27c=">AAACAXicdZDLSgMxFIYz9VbrrepGcBMsQt3USZFedgUR3FnRXqAtJZOmbWjmQnJGLEPd+CpuXCji1rdw59uYaSuo6IHAx/+fw8n5nUAKDbb9YSUWFpeWV5KrqbX1jc2t9PZOXfuhYrzGfOmrpkM1l8LjNRAgeTNQnLqO5A1ndBr7jRuutPC9axgHvOPSgSf6glEwUje91wZ+C9HZpFs6nuHVxSRLCkfddMbO2bZNCMExkGLBNlAul/KkhElsmcqgeVW76fd2z2ehyz1gkmrdInYAnYgqEEzySaodah5QNqID3jLoUZfrTjS9YIIPjdLDfV+Z5wGeqt8nIupqPXYd0+lSGOrfXiz+5bVC6Jc6kfCCELjHZov6ocTg4zgO3BOKM5BjA5QpYf6K2ZAqysCEljIhfF2K/4d6PkcKufzlSaaSm8eRRPvoAGURQUVUQeeoimqIoTv0gJ7Qs3VvPVov1uusNWHNZ3bRj7LePgG2NpZb</latexit>

E8/SO(16)

Extra   
‘Virasoro scalars’

<latexit sha1_base64="Pq98G+7FVSPXnZN8G9KiqUFvZ/E="></latexit>

�n , n 2 N+
<latexit sha1_base64="Q0Nj8wU3FosoCcs013AAVplbYrc=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hd3gI8eACB4jmAdklzA7mU2GzM4uM71CCPkNLx4U8erPePNvnCR70MSChqKqm+6uMJXCoOt+O2vrG5tb24Wd4u7e/sFh6ei4ZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc3c789hPXRiTqEccpD2I6UCISjKKVfF8o4g8pkrterVcquxV3DrJKvJyUIUejV/ry+wnLYq6QSWpM13NTDCZUo2CST4t+ZnhK2YgOeNdSRWNugsn85ik5t0qfRIm2pZDM1d8TExobM45D2xlTHJplbyb+53UzjGrBRKg0Q67YYlGUSYIJmQVA+kJzhnJsCWVa2FsJG1JNGdqYijYEb/nlVdKqVrzrSvXhsly/yuMowCmcwQV4cAN1uIcGNIFBCs/wCm9O5rw4787HonXNyWdO4A+czx/H25DU</latexit>

2 Ê8

<latexit sha1_base64="UMXYaNbR2FA63W5ZPio+pcSRG1E=">AAAB+HicdZDLSgMxFIYz9VbrpaMu3QSL4MZhptTa7gpuXFawF2jHkknTNjSTGZIzYh36JG5cKOLWR3Hn25heBBX9IfDznXM4J38QC67BdT+szMrq2vpGdjO3tb2zm7f39ps6ShRlDRqJSLUDopngkjWAg2DtWDESBoK1gvHFrN66ZUrzSF7DJGZ+SIaSDzglYFDPzne57AK7g7TJ1fTmtGcXXOfM9arlMnYd1/VKFc+YarViIPYMmamAlqr37PduP6JJyCRQQbTueG4MfkoUcCrYNNdNNIsJHZMh6xgrSci0n84Pn+JjQ/p4ECnzJOA5/T6RklDrSRiYzpDASP+uzeBftU4Cg4qfchknwCRdLBokAkOEZyngPleMgpgYQ6ji5lZMR0QRCiarnAnh66f4f9MsOl7ZKV6VCrXSMo4sOkRH6AR56BzV0CWqowaiKEEP6Ak9W/fWo/VivS5aM9Zy5gD9kPX2CWT9k4s=</latexit>

2 Vir�

   components of twsd: 
<latexit sha1_base64="htvJOObfj+ePI9LEQ963b7i7/14=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapgptba7ghuXFewD2rFk0kwbmskMSaZShv6HGxeKuPVf3Pk3ZtoKKnogcDjnXu7J8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ1eZ35lSqVgkbvUspl6IR4IFjGBtpLt+iPU4kHiSTpmcD4olx75w3Hq1ihzbcdxKzTWkXq8ZEblGyVCCFZqD4nt/GJEkpEITjpXquU6svRRLzQin80I/UTTGZIJHtGeowCFVXrpIPUdnRhmiIJLmCY0W6veNFIdKzULfTGYp1W8vE//yeokOal7KRJxoKsjyUJBwpCOUVYCGTFKi+cwQTCQzWREZY4mJNkUVTAlfP0X/k3bZdqt2+aZSalRWdeThBE7hHFy4hAZcQxNaQEDCAzzBs3VvPVov1utyNGetdo7hB6y3T6Jrkzs=</latexit>

vir

<latexit sha1_base64="6BA0TP9fahrYF87d35yRuIi2Quk=">AAAB/HicdVDLSgMxFM34rPU12qWbYBHqpiRD6WMhFNy4rGAf0NYhk8m0oZkHSUYopf6KGxeKuPVD3Pk3ZtoKKnrgwuGce7n3Hi8RXGmEPqy19Y3Nre3cTn53b//g0D467qg4lZS1aSxi2fOIYoJHrK25FqyXSEZCT7CuN7nM/O4dk4rH0Y2eJmwYklHEA06JNpJrF3w4SMbcdS58WBrIcXzrnLt2EZURQhhjmBFcqyJDGo26g+sQZ5ZBEazQcu33gR/TNGSRpoIo1cco0cMZkZpTweb5QapYQuiEjFjf0IiETA1ni+Pn8MwoPgxiaSrScKF+n5iRUKlp6JnOkOix+u1l4l9eP9VBfTjjUZJqFtHloiAVUMcwSwL6XDKqxdQQQiU3t0I6JpJQbfLKmxC+PoX/k45TxtWyc10pNiurOHLgBJyCEsCgBprgCrRAG1AwBQ/gCTxb99aj9WK9LlvXrNVMAfyA9fYJ0jiTkQ==</latexit>

d�2 = d(⇢2)
<latexit sha1_base64="Cbmv3tkjTctw2OXE3nL/bwW+wbA="></latexit>

d�3 � �1d�2 = 2⇢2 ? d⇢

<latexit sha1_base64="vKK7KnAlVslIAHoRiRjcmiv0API=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEVyVTSh8LoeDGZQX7gCaEyWTSDJ08mJkIJRT8FTcuFHHrd7jzb5y0FVT0wIXDOfdy7z1eyplUlvVhlNbWNza3ytuVnd29/QPz8Gggk0wQ2icJT8TIw5JyFtO+YorTUSoojjxOh970qvCHd1RIlsS3apZSJ8KTmAWMYKUl1zzx7TRkLrqs21JhAX1oizBxzapVsywLIQQLglpNS5NOp11HbYgKS6MKVui55rvtJySLaKwIx1KOkZUqJ8dCMcLpvGJnkqaYTPGEjjWNcUSlky/On8NzrfgwSISuWMGF+n0ix5GUs8jTnRFWofztFeJf3jhTQdvJWZxmisZkuSjIOFQJLLKAPhOUKD7TBBPB9K2QhFhgonRiFR3C16fwfzKo11CzVr9pVLuNVRxlcArOwAVAoAW64Br0QB8QkIMH8ASejXvj0XgxXpetJWM1cwx+wHj7BE3nlQs=</latexit>

d�1 = 2 ? d⇢

.

.

Can be integrated to 
<latexit sha1_base64="6HK68MJopPWgcdur705ILEcxCSE=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgqmRK6WMhFNy4rGAf0IQwmUyaoZMHMxOxhP6KGxeKuPVH3Pk3TtoKKnrgwuGce7n3Hi/lTCrL+jBKG5tb2zvl3cre/sHhkXlcHcokE4QOSMITMfawpJzFdKCY4nScCoojj9ORN7sq/NEdFZIl8a2ap9SJ8DRmASNYack1q3YaMhddNmzFuE9tESauWbPqlmUhhGBBULtladLtdhqoA1FhadTAGn3XfLf9hGQRjRXhWMoJslLl5FgoRjhdVOxM0hSTGZ7SiaYxjqh08uXtC3iuFR8GidAVK7hUv0/kOJJyHnm6M8IqlL+9QvzLm2Qq6Dg5i9NM0ZisFgUZhyqBRRDQZ4ISxeeaYCKYvhWSEAtMlI6rokP4+hT+T4aNOmrVGzfNWq+5jqMMTsEZuAAItEEPXIM+GAAC7sEDeALPxsJ4NF6M11VryVjPnIAfMN4+AcB3lD0=</latexit>

�1 = 2⇢̃
<latexit sha1_base64="R9NHCMQanxd1E3whuKG0NPgCdgM=">AAAB9HicdVDLSsNAFJ34rPVVdelmsAiuSiaUPhZCwY3LCvYBTSyT6aQZOsnEmUmhhH6HGxeKuPVj3Pk3TtoKKnrgwuGce7n3Hj/hTGnb/rDW1jc2t7YLO8Xdvf2Dw9LRcVeJVBLaIYIL2fexopzFtKOZ5rSfSIojn9OeP7nK/d6USsVEfKtnCfUiPI5ZwAjWRvLcJGRD59KVobhzhqWyXbFtGyEEc4LqNduQZrPhoAZEuWVQBiu0h6V3dyRIGtFYE46VGiA70V6GpWaE03nRTRVNMJngMR0YGuOIKi9bHD2H50YZwUBIU7GGC/X7RIYjpWaRbzojrEP128vFv7xBqoOGl7E4STWNyXJRkHKoBcwTgCMmKdF8ZggmkplbIQmxxESbnIomhK9P4f+k61RQreLcVMut6iqOAjgFZ+ACIFAHLXAN2qADCLgHD+AJPFtT69F6sV6XrWvWauYE/ID19glWS5HL</latexit>

�2 = ⇢2
<latexit sha1_base64="Q//G+FRzFfRAEd8DQaVZwYfIB2Q=">AAACAXicdZDLSgMxFIYzXmu9jboR3ASL4KpMxtLLQii4cVnBXqAzlkya6YRmLiQZoQx146u4caGIW9/CnW9jpq2gogcCH/9/Difn9xLOpLKsD2NpeWV1bb2wUdzc2t7ZNff2OzJOBaFtEvNY9DwsKWcRbSumOO0lguLQ47TrjS9yv3tLhWRxdK0mCXVDPIqYzwhWWhqYh04SsMHZue2IIL6xHcX4kOY8MEtW2bIshBDMAdWqloZGo26jOkS5pasEFtUamO/OMCZpSCNFOJayj6xEuRkWihFOp0UnlTTBZIxHtK8xwiGVbja7YApPtDKEfiz0ixScqd8nMhxKOQk93RliFcjfXi7+5fVT5dfdjEVJqmhE5ov8lEMVwzwOOGSCEsUnGjARTP8VkgALTJQOrahD+LoU/g8du4yqZfuqUmpWFnEUwBE4BqcAgRpogkvQAm1AwB14AE/g2bg3Ho0X43XeumQsZg7AjzLePgEnAJaw</latexit>

�3 = 2⇢2⇢̃
.
.

Only dual  
fields left 
are          :

<latexit sha1_base64="+BPa+/pf2IDXPtp55OWp3DOWH8E=">AAAB+HicdZDLSgMxFIYz9VbrpaMu3QSL4EJKUkovu4IblxXsBTpDyWQybWjmQpIR6tAnceNCEbc+ijvfxkxbQUUPBD7+/xzOye8lgiuN0IdV2Njc2t4p7pb29g8Oy/bRcV/FqaSsR2MRy6FHFBM8Yj3NtWDDRDISeoINvNlV7g/umFQ8jm71PGFuSCYRDzgl2khju+zIaXzpaC58luPYrqAqQghjDHPAzQYy0G63argFcW6ZqoB1dcf2u+PHNA1ZpKkgSo0wSrSbEak5FWxRclLFEkJnZMJGBiMSMuVmy8MX8NwoPgxiaV6k4VL9PpGRUKl56JnOkOip+u3l4l/eKNVBy814lKSaRXS1KEgF1DHMU4A+l4xqMTdAqOTmVkinRBKqTVYlE8LXT+H/0K9VcaNau6lXOvV1HEVwCs7ABcCgCTrgGnRBD1CQggfwBJ6te+vRerFeV60Faz1zAn6U9fYJDuSTVA==</latexit>

⇢, ⇢̃
<latexit sha1_base64="tnAVHRgsVqVBE7wmLUd0cBOnNrQ=">AAACAHicdZDLSsNAFIYn9VbrLerChZvBIrgKSam1XQgFNy4r2As0oUwm03bo5MLMiVBCN76KGxeKuPUx3Pk2TtoKKvrDwM93zuHM+f1EcAW2/WEUVlbX1jeKm6Wt7Z3dPXP/oKPiVFLWprGIZc8nigkesTZwEKyXSEZCX7CuP7nK6907JhWPo1uYJswLySjiQ04JaDQwjwIXuAiYK8fxpauASBzkfmCWbevcdhq1GrYt23aqdUebRqOuIXY0yVVGS7UG5rsbxDQNWQRUEKX6jp2AlxEJnAo2K7mpYgmhEzJifW0jEjLlZfMDZvhUkwAPY6lfBHhOv09kJFRqGvq6MyQwVr9rOfyr1k9hWPcyHiUpsIguFg1TgSHGeRo44JJREFNtCJVc/xXTMZGEgs6spEP4uhT/bzoVy6lZlZtquVlZxlFEx+gEnSEHXaAmukYt1EYUzdADekLPxr3xaLwYr4vWgrGcOUQ/ZLx9AjIplsQ=</latexit>

d⇢̃ = ?d⇢

Loop components of twsd: 

..

.

.

.
Recover the non-linear 

relations between
  all the dual scalars

<latexit sha1_base64="XiiRzWN5GDd8tRZbjGcOS1iBk1Q="></latexit>

dY1 = ?(⇢V �1P V )

<latexit sha1_base64="y+z+uDKvaJjYyMXZl/8Ow9Qdpe8="></latexit>

= Pµ↵ ⌦ T↵

<latexit sha1_base64="7B2h5Fce18mNTHj05DzXjkbhAOc="></latexit>

V = ⇢�L0e��1L�1e��2L�2 . . . V eY1ATA
�1eY2ATA

�2 . . . e��K

<latexit sha1_base64="J1nJLZM6HxFAF6fXpgC4i0nqwVQ="></latexit>

Ê8 oVir�

K(E9)

Extended coset structure



covariance:

The (infinite number of) scalar fields parametrize the                   coset space.

Twisted self-duality equation:

in terms of  
<latexit sha1_base64="ydyMbQkkRoFOWMR3Hz7oa+6PWyQ="></latexit>

Pµ = 1
2 (@µVV

�1 + h.c)

<latexit sha1_base64="40UCp8xBg/XehrrpdRs7SVzP8tw="></latexit>

�K(E9)
� Pµ = [�,Pµ]

<latexit sha1_base64="y+z+uDKvaJjYyMXZl/8Ow9Qdpe8="></latexit>

= Pµ↵ ⌦ T↵
<latexit sha1_base64="vk0ewLgMmWtrFIN1lmPsmTP/qYY="></latexit>

?P = S1

�
P
�

Not covariant...

<latexit sha1_base64="J1nJLZM6HxFAF6fXpgC4i0nqwVQ="></latexit>

Ê8 oVir�

K(E9)

Extended coset structure



Covariance of the duality equation requires to introduce an extra one-form field       :

Transforms together 
with          in an 

indecomposable representation

<latexit sha1_base64="0QazQJ7U+o1tN4xXRF+2F0zttrA="></latexit>✓
• 0
• •

◆

group 1-cocycle

Cannot be  
diagonalised

Used to build covariant shifted one-forms:

compensate the 
lack of covariance

<latexit sha1_base64="qvQza3aN9vW1Iw/3sd3jQ8EawD0=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5KU0seu4MZlBdsK7TBk0kwbmswMSUaoQ7/EjQtF3Pop7vwbM20FFT0QOJxzL/fkBIng2iD04RQ2Nre2d4q7pb39g8Oye3Tc13GqKOvRWMTqNiCaCR6xnuFGsNtEMSIDwQbB7DL3B3dMaR5HN2aeME+SScRDTomxku+WR5KYKSUi6y78kUx9t4KqCCGMMcwJbjaQJe12q4ZbEOeWRQWs0fXd99E4pqlkkaGCaD3EKDFeRpThVLBFaZRqlhA6IxM2tDQikmkvWwZfwHOrjGEYK/siA5fq942MSK3nMrCTeUz928vFv7xhasKWl/EoSQ2L6OpQmApoYpi3AMdcMWrE3BJCFbdZIZ0SRaixXZVsCV8/hf+Tfq2KG9Xadb3Sqa/rKIJTcAYuAAZN0AFXoAt6gIIUPIAn8OzcO4/Oi/O6Gi04650T8APO2ydkLpOL</latexit>

Pµ

The (infinite number of) scalar fields parametrize the                   coset space.

Extended coset structure

Twisted self-duality equation:

in terms of  
<latexit sha1_base64="ydyMbQkkRoFOWMR3Hz7oa+6PWyQ="></latexit>

Pµ = 1
2 (@µVV

�1 + h.c)

<latexit sha1_base64="40UCp8xBg/XehrrpdRs7SVzP8tw="></latexit>

�K(E9)
� Pµ = [�,Pµ]

<latexit sha1_base64="H0MHphLOz6aYq4rAU8tdB5kWg/g=">AAACC3icdZDLSgMxFIYz9VbrbdSlm9Ai1E2ZFOllIRTcuKxgL9AZSybNtKGZC0lGKMPs3fgqblwo4tYXcOfbmGkrVNEDgY//P4ec87sRZ1JZ1qeRW1vf2NzKbxd2dvf2D8zDo64MY0Foh4Q8FH0XS8pZQDuKKU77kaDYdzntudPLzO/dUSFZGNyoWUQdH48D5jGClZaGZtGWCgvbx2pCME/a6cUK3yZldJYOzZJVsSwLIQQzQPWapaHZbFRRA6LM0lUCy2oPzQ97FJLYp4EiHEs5QFaknAQLxQinacGOJY0wmeIxHWgMsE+lk8xvSeGpVkbQC4V+gYJzdXUiwb6UM9/Vndmi8reXiX95g1h5DSdhQRQrGpDFR17MoQphFgwcMUGJ4jMNmAimd4VkggUmSsdX0CF8Xwr/h261gmqV6vV5qdVcxpEHJ6AIygCBOmiBK9AGHUDAPXgEz+DFeDCejFfjbdGaM5Yzx+BHGe9fjlqbWg==</latexit>

?P = P(1) <latexit sha1_base64="y+z+uDKvaJjYyMXZl/8Ow9Qdpe8="></latexit>

= Pµ↵ ⌦ T↵

<latexit sha1_base64="R04HhKs0j/pI5JfdddPXFrC78ik=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU8kuUttbwYvHCvYD2qVk02wbm80uSVYoS/+DFw+KePX/ePPfmG0rqOiDgcd7M8zMCxLBtcH4wymsrW9sbhW3Szu7e/sH5cOjjo5TRVmbxiJWvYBoJrhkbcONYL1EMRIFgnWD6VXud++Z0jyWt2aWMD8iY8lDTomxUmdARDIhw3IFV7FFrYZy4taxa0mjUfe8BnIXFsYVWKE1LL8PRjFNIyYNFUTrvosT42dEGU4Fm5cGqWYJoVMyZn1LJYmY9rPFtXN0ZpURCmNlSxq0UL9PZCTSehYFtjMiZqJ/e7n4l9dPTVj3My6T1DBJl4vCVCATo/x1NOKKUSNmlhCquL0V0QlRhBobUMmG8PUp+p90vKpbq3o3F5UmXsVRhBM4hXNw4RKacA0taAOFO3iAJ3h2YufReXFel60FZzVzDD/gvH0C36aPSg==</latexit>↵

covariance:

<latexit sha1_base64="J1nJLZM6HxFAF6fXpgC4i0nqwVQ="></latexit>

Ê8 oVir�

K(E9)

<latexit sha1_base64="LYmxlToY+HunjM7KaxE2EuAoYH8="></latexit>✓
Pµ↵

�µ

◆ <latexit sha1_base64="LYmxlToY+HunjM7KaxE2EuAoYH8="></latexit>✓
Pµ↵

�µ

◆

<latexit sha1_base64="VxazOrtqLX1/0lAGVqF/dLw3meY=">AAAB73icdVBNSwMxEJ2tX7V+VT16CRbBU8kWrd1bwYvHCrYWukvJptk2NNldk6xQSv+EFw+KePXvePPfmG0rqOiDgcd7M8zMC1PBtcH4wymsrK6tbxQ3S1vbO7t75f2Djk4yRVmbJiJR3ZBoJnjM2oYbwbqpYkSGgt2G48vcv71nSvMkvjGTlAWSDGMecUqMlbo+HfG+L7N+uYKr2KJeRzlxG9i1xPMatZqH3LmFcQWWaPXL7/4goZlksaGCaN1zcWqCKVGGU8FmJT/TLCV0TIasZ2lMJNPBdH7vDJ1YZYCiRNmKDZqr3yemRGo9kaHtlMSM9G8vF//yepmJGsGUx2lmWEwXi6JMIJOg/Hk04IpRIyaWEKq4vRXREVGEGhtRyYbw9Sn6n3RqVbdePb8+qzS9ZRxFOIJjOAUXLqAJV9CCNlAQ8ABP8OzcOY/Oi/O6aC04y5lD+AHn7RNl4ZA1</latexit>�µ

<latexit sha1_base64="jAcWUhoPRNVmBGRCAWCU0/QBMZY="></latexit>

P(1)
µ = Pµ↵ ⌦ S1(T

↵) + �µ ⌦K

No new on-shell degrees of freedom: <latexit sha1_base64="TUNDLyOi3LOi5Zw6Bkgn6SixqQ4="></latexit>

?PK = �

<latexit sha1_base64="S5etEp9rEG75+5scEGrlKOD+DNo=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZApTu3sCiIIbirYB7RDyaSZNjaTGZKMUIb+gxsXirj1f9z5N6YPQUUPhBzOuZd77wkSzpRG6MPKrayurW/kNwtb2zu7e8X9g5aKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g/HFzG/fU6lYLG71JKF+hIeChYxgbaTWdfmy7532iyVko0rNRR5EdsV8FdcQFzle1YOOjeYogSUa/eJ7bxCTNKJCE46V6joo0X6GpWaE02mhlyqaYDLGQ9o1VOCIKj+bbzuFJ0YZwDCW5gkN5+r3jgxHSk2iwFRGWI/Ub28m/uV1Ux3W/IyJJNVUkMWgMOVQx3B2OhwwSYnmE0MwkczsCskIS0y0CahgQvi6FP5PWhXbqdruzVmp7i7jyIMjcAzKwAHnoA6uQAM0AQF34AE8gWcrth6tF+t1UZqzlj2H4Aest0+WsI55</latexit>

K(E9)



+

Involve all the dual fields 

Relevant to study covariant deformations (embedding tensor)

<latexit sha1_base64="HYm6QgNPcPaZCVDke2wQxoS9sMo="></latexit>

V 2 Ê8 oVir�

K(E9)

? ?

Kinetic term:               natural/naive guess 
doesn't work

no invariant bilinear  
form over

<latexit sha1_base64="O9a7wKFdnIWkdNZws5KavHFomNs="></latexit>

Lkin. ⇠ ⌘↵�Pµ↵Pµ
� <latexit sha1_base64="CHzOxfQJ1ybfe2LhtO9IZrNI1Yk="></latexit>

ê8 � vir

<latexit sha1_base64="fXzyZIVt4Cfu5v992sE1UCeQhb8=">AAACCnicdVDLSgMxFM3UV62vqks30SLUzZAZnD4WQsGNywr2AW0tmTRtQzOZIckIZejajb/ixoUibv0Cd/6N6UN8oAdCDufcy733+BFnSiP0bqWWlldW19LrmY3Nre2d7O5eXYWxJLRGQh7Kpo8V5UzQmmaa02YkKQ58Thv+6HzqN26oVCwUV3oc0U6AB4L1GcHaSN3sYVtpLGE7wHpIMIfVsy96neSdk0k3m0M2ckseKkNku+ZzPUM85JQLZejYaIYcWKDazb61eyGJAyo04ViploMi3Umw1IxwOsm0Y0UjTEZ4QFuGChxQ1Ulmp0zgsVF6sB9K84SGM/V7R4IDpcaBbyqne6rf3lT8y2vFul/qJExEsaaCzAf1Yw51CKe5wB6TlGg+NgQTycyukAyxxESb9DImhM9L4f+k7tpOwfYuT3OV4iKONDgARyAPHFAEFXABqqAGCLgF9+ARPFl31oP1bL3MS1PWomcf/ID1+gENmJnY</latexit>

?P = P(1)
<latexit sha1_base64="35LNXz7UrpI/TLy4iLLyQcvYRpk="></latexit>

L = Lkin. + Ltop.Duality covariant dynamics encoded in   

Pseudo-Lagrangian for ungauged SUGRA?



Shift:
<latexit sha1_base64="J9MCQL9dFzUqcfSnmkJ9gBakFHY="></latexit>

S1

⇣�
d� �K(e9)

Q
�
P
⌘
+
�
d� �K(e9)

Q
�
�1

under

<latexit sha1_base64="YRX3I2VznLsb+RFreYR6uSTc9J4="></latexit>

S1

⇣
(d� �K(e9)

Q
�
P
⌘

<latexit sha1_base64="5TyntbzvyICCGIcRBpesqDhZnRk=">AAACF3icdVDLSgMxFM3UV62vqks3wSK4kGFSSh+7ghvBTQX7gM5QMmmmDU1mhiQjlKF/4cZfceNCEbe682/MtBV8XgicnHPuzc3xY86Udpx3K7eyura+kd8sbG3v7O4V9w86KkokoW0S8Uj2fKwoZyFta6Y57cWSYuFz2vUn55nevaFSsSi81tOYegKPQhYwgrWhBkU7dedD+nLke6ljV5yszn6BmSsFvJwNiiXHNleEEMwAqlUdAxqNehnVIbLnXqcEltUaFN/cYUQSQUNNOFaqj5xYeymWmhFOZwU3UTTGZIJHtG9giAVVXjpfaQZPDDOEQSTNCTWcs187UiyUmgrfOAXWY/VTy8i/tH6ig7qXsjBONA3J4qEg4VBHMAsJDpmkRPOpAZhIZnaFZIwlJtpEWTAhfP4U/g86ZRtV7fJVpdRsLOPIgyNwDE4BAjXQBBegBdqAgFtwDx7Bk3VnPVjP1svCmrOWPYfgW1mvHz3xm40=</latexit>

K
covariantize

covariant

Invariant
top form

central 
charge

<latexit sha1_base64="QgP47eXy4rWlFaQDwotvUvR946k=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN2VSSh+7ghvBTQVbC+0wZNJMG5rJDElGKWM/xY0LRdz6Je78GzNtBRU9EDiccy/35PgxZ0o7zoeVW1vf2NzKbxd2dvf2D+ziYU9FiSS0SyIeyb6PFeVM0K5mmtN+LCkOfU5v/Ol55t/cUqlYJK71LKZuiMeCBYxgbSTPLl6WhyHWk0DiaUrnXuvMs0tOxXEchBDMCGrUHUNarWYVNSHKLIMSWKHj2e/DUUSSkApNOFZqgJxYuymWmhFO54VhomiMyRSP6cBQgUOq3HQRfQ5PjTKCQSTNExou1O8bKQ6VmoW+mcxiqt9eJv7lDRIdNN2UiTjRVJDloSDhUEcw6wGOmKRE85khmEhmskIywRITbdoqmBK+fgr/J71qBdUr1ataqV1b1ZEHx+AElAECDdAGF6ADuoCAO/AAnsCzdW89Wi/W63I0Z612jsAPWG+f5o+Tvw==</latexit>

K(e9)

<latexit sha1_base64="QgP47eXy4rWlFaQDwotvUvR946k=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN2VSSh+7ghvBTQVbC+0wZNJMG5rJDElGKWM/xY0LRdz6Je78GzNtBRU9EDiccy/35PgxZ0o7zoeVW1vf2NzKbxd2dvf2D+ziYU9FiSS0SyIeyb6PFeVM0K5mmtN+LCkOfU5v/Ol55t/cUqlYJK71LKZuiMeCBYxgbSTPLl6WhyHWk0DiaUrnXuvMs0tOxXEchBDMCGrUHUNarWYVNSHKLIMSWKHj2e/DUUSSkApNOFZqgJxYuymWmhFO54VhomiMyRSP6cBQgUOq3HQRfQ5PjTKCQSTNExou1O8bKQ6VmoW+mcxiqt9eJv7lDRIdNN2UiTjRVJDloSDhUEcw6wGOmKRE85khmEhmskIywRITbdoqmBK+fgr/J71qBdUr1ataqV1b1ZEHx+AElAECDdAGF6ADuoCAO/AAnsCzdW89Wi/W63I0Z612jsAPWG+f5o+Tvw==</latexit>

K(e9)

Topological term: Start with  
Maurer-Cartan equation:

<latexit sha1_base64="1Ng7VRre4UpyMuXNd6BTlu4YaxA=">AAACEHicdVDLSgMxFM3UV62vUZdugkV0oWUySB8LoeDGZQu2FaZDyaRpG5p5kGSEMswnuPFX3LhQxK1Ld/6NmbZKFT0QODnnXu69x4s4k8qyPozc0vLK6lp+vbCxubW9Y+7utWUYC0JbJOShuPGwpJwFtKWY4vQmEhT7Hqcdb3yZ+Z1bKiQLg2s1iajr42HABoxgpaWeeXzR7/pYjQjmSSM9c74/zfR0wXB7ZtEqWZaFEIIZQZWypUmtVrVRFaLM0iiCORo9873bD0ns00ARjqV0kBUpN8FCMcJpWujGkkaYjPGQOpoG2KfSTaYHpfBIK304CIV+gYJTdbEjwb6UE9/TldmO8reXiX95TqwGVTdhQRQrGpDZoEHMoQphlg7sM0GJ4hNNMBFM7wrJCAtMlM6woEP4uhT+T9p2CZVLdvO8WLfnceTBATgEJwCBCqiDK9AALUDAHXgAT+DZuDcejRfjdVaaM+Y9++AHjLdPkxmdiw==</latexit>

= dP � [Q,P]

       covariant 
derivative

<latexit sha1_base64="QEOm9Vt+1gkFsEc4sxrb5fxIA5E=">AAAB9HicdVDLSgNBEJz1GeMr6tHLYBDiJcwEyeMWEEHwEsEkQrKE2cnEDJl9ONMbDEu+w4sHRbz6Md78G2eTCCpa0FBUddPd5UVKGiDkw1laXlldW89sZDe3tnd2c3v7LRPGmosmD1WobzxmhJKBaIIEJW4iLZjvKdH2Rmep3x4LbWQYXMMkEq7PbgM5kJyBldzLQhfEPSTn017tpJfLkyIhhFKKU0IrZWJJrVYt0SqmqWWRRws0ern3bj/ksS8C4IoZ06EkAjdhGiRXYprtxkZEjI/YrehYGjBfGDeZHT3Fx1bp40GobQWAZ+r3iYT5xkx8z3b6DIbmt5eKf3mdGAZVN5FBFIMI+HzRIFYYQpwmgPtSCw5qYgnjWtpbMR8yzTjYnLI2hK9P8f+kVSrScrF0dZqvk0UcGXSIjlABUVRBdXSBGqiJOLpDD+gJPTtj59F5cV7nrUvOYuYA/YDz9gk/K5G5</latexit>

K(E9)

<latexit sha1_base64="XMWrbXlpRV2C+7TGklt4L627+YM="></latexit>�
d� �K(e9)

Q
�
P = 0

covariance:
<latexit sha1_base64="40UCp8xBg/XehrrpdRs7SVzP8tw="></latexit>

�K(E9)
� Pµ = [�,Pµ]

+

Involve all the dual fields 

Relevant to study covariant deformations (embedding tensor)

<latexit sha1_base64="HYm6QgNPcPaZCVDke2wQxoS9sMo="></latexit>

V 2 Ê8 oVir�

K(E9)

? <latexit sha1_base64="fXzyZIVt4Cfu5v992sE1UCeQhb8=">AAACCnicdVDLSgMxFM3UV62vqks30SLUzZAZnD4WQsGNywr2AW0tmTRtQzOZIckIZejajb/ixoUibv0Cd/6N6UN8oAdCDufcy733+BFnSiP0bqWWlldW19LrmY3Nre2d7O5eXYWxJLRGQh7Kpo8V5UzQmmaa02YkKQ58Thv+6HzqN26oVCwUV3oc0U6AB4L1GcHaSN3sYVtpLGE7wHpIMIfVsy96neSdk0k3m0M2ckseKkNku+ZzPUM85JQLZejYaIYcWKDazb61eyGJAyo04ViploMi3Umw1IxwOsm0Y0UjTEZ4QFuGChxQ1Ulmp0zgsVF6sB9K84SGM/V7R4IDpcaBbyqne6rf3lT8y2vFul/qJExEsaaCzAf1Yw51CKe5wB6TlGg+NgQTycyukAyxxESb9DImhM9L4f+k7tpOwfYuT3OV4iKONDgARyAPHFAEFXABqqAGCLgF9+ARPFl31oP1bL3MS1PWomcf/ID1+gENmJnY</latexit>

?P = P(1)
<latexit sha1_base64="35LNXz7UrpI/TLy4iLLyQcvYRpk="></latexit>

L = Lkin. + Ltop.Duality covariant dynamics encoded in   

Pseudo-Lagrangian for ungauged SUGRA?



+
<latexit sha1_base64="fXzyZIVt4Cfu5v992sE1UCeQhb8=">AAACCnicdVDLSgMxFM3UV62vqks30SLUzZAZnD4WQsGNywr2AW0tmTRtQzOZIckIZejajb/ixoUibv0Cd/6N6UN8oAdCDufcy733+BFnSiP0bqWWlldW19LrmY3Nre2d7O5eXYWxJLRGQh7Kpo8V5UzQmmaa02YkKQ58Thv+6HzqN26oVCwUV3oc0U6AB4L1GcHaSN3sYVtpLGE7wHpIMIfVsy96neSdk0k3m0M2ckseKkNku+ZzPUM85JQLZejYaIYcWKDazb61eyGJAyo04ViploMi3Umw1IxwOsm0Y0UjTEZ4QFuGChxQ1Ulmp0zgsVF6sB9K84SGM/V7R4IDpcaBbyqne6rf3lT8y2vFul/qJExEsaaCzAf1Yw51CKe5wB6TlGg+NgQTycyukAyxxESb9DImhM9L4f+k7tpOwfYuT3OV4iKONDgARyAPHFAEFXABqqAGCLgF9+ARPFl31oP1bL3MS1PWomcf/ID1+gENmJnY</latexit>

?P = P(1)Duality covariant dynamics encoded in   

Involve all the dual fields 

Relevant to study covariant deformations (embedding tensor)

<latexit sha1_base64="HYm6QgNPcPaZCVDke2wQxoS9sMo="></latexit>

V 2 Ê8 oVir�

K(E9)

How to turn on gaugings?

Topological term:
<latexit sha1_base64="4ZKNXCFNPw0G4CEz4RpF0K8FjWA="></latexit>

Ltop. = ⇢(d�1 � ⌘AB
X

n2Z
nQn

AP�n�1
B +

1X

n=1

PLn(�n+1 � �n�1))

Loop components  
of         .

Killing form
<latexit sha1_base64="Q9ZlcNNAxPIP6kMOFggfoDLOlyM=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4Kskg7XRXcOOygn1AO5ZMmmlDM5khyShl6H+4caGIW//FnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nMLa+sbmVnG7tLO7t39QPjzq6DhVlLVpLGLVC4hmgkvWNtwI1ksUI1EgWDeYXuZ+944pzWN5Y2YJ8yMyljzklBgr3Q4iYiahItOMzYfesFxBVYQQxhjmBNdryJJGw3OxB3FuWVTACq1h+X0wimkaMWmoIFr3MUqMnxFlOBVsXhqkmiWETsmY9S2VJGLazxap5/DMKiMYxso+aeBC/b6RkUjrWRTYyTyl/u3l4l9ePzWh52dcJqlhki4PhamAJoZ5BXDEFaNGzCwhVHGbFdIJUYQaW1TJlvD1U/g/6bhVXKu61xeVpruqowhOwCk4BxjUQRNcgRZoAwoUeABP4Nm5dx6dF+d1OVpwVjvH4Aect08EWJLR</latexit>e8

<latexit sha1_base64="VHr4DHgPdtv4ADAKGv0jMdApgNI=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSyCCylJkNruCm5cVrAPaEK4mU7aoZMHMxOhhLrxV9y4UMStf+HOv3HSVlDRAxcO59zLvfcEKWdSWdaHsbS8srq2Xtoob25t7+yae/sdmWSC0DZJeCJ6AUjKWUzbiilOe6mgEAWcdoPxZeF3b6mQLIlv1CSlXgTDmIWMgNKSbx66EagRAY5bfu5GmXvmAk9HMPXNilW1NGo1XBC7btmaNBp1x2lge2ZZVgUt0PLNd3eQkCyisSIcpOzbVqq8HIRihNNp2c0kTYGMYUj7msYQUenlsw+m+EQrAxwmQles8Ez9PpFDJOUkCnRnca/87RXiX14/U2Hdy1mcZorGZL4ozDhWCS7iwAMmKFF8ogkQwfStmIxAAFE6tLIO4etT/D/pOFW7VnWuzyvN6iKOEjpCx+gU2egCNdEVaqE2IugOPaAn9GzcG4/Gi/E6b10yFjMH6AeMt0+USpbw</latexit>

Pµ↵

<latexit sha1_base64="4PseC+px9Uacg5JpoCyJ44n/Kd0=">AAAB8nicdVBNS8NAEN34WetX1aOXxSLopSTVVr0VvHisYD8gCWWz2bRLN9mwOxFK6M/w4kERr/4ab/4bt20EFX0w8Hhvhpl5QSq4Btv+sJaWV1bX1ksb5c2t7Z3dyt5+V8tMUdahUkjVD4hmgiesAxwE66eKkTgQrBeMr2d+754pzWVyB5OU+TEZJjzilICRXE+EErQX8OHpoFK1a/YceEGcuiEN27lqNrFTWFVUoD2ovHuhpFnMEqCCaO06dgp+ThRwKti07GWapYSOyZC5hiYkZtrP5ydP8bFRQhxJZSoBPFe/T+Qk1noSB6YzJjDSv72Z+JfnZhBd+jlP0gxYQheLokxgkHj2Pw65YhTExBBCFTe3YjoiilAwKZVNCF+f4v9Jt15zmrXG7Xm1dVbEUUKH6AidIAddoBa6QW3UQRRJ9ICe0LMF1qP1Yr0uWpesYuYA/YD19glH6ZE6</latexit>

. . .
� includes a 

Wess-Zumino term

<latexit sha1_base64="VDvb8qPaZk8FOOq6g0O4wi9bCuc=">AAAB+HicdVDLSgMxFM34rPXRqks3wSK4GjLFvnYFNy5cVLAPaMeSSTNtaOZBckesQ7/EjQtF3Pop7vwb04egogcu93DOveTmeLEUGgj5sFZW19Y3NjNb2e2d3b1cfv+gpaNEMd5kkYxUx6OaSxHyJgiQvBMrTgNP8rY3Pp/57VuutIjCa5jE3A3oMBS+YBSM1M/nLm/SHvA7SCGK7em0ny8QmxSrJVLDxC6aViwZUiJOrVzDjk3mKKAlGv38e28QsSTgITBJte46JAY3pQoEk3ya7SWax5SN6ZB3DQ1pwLWbzg+f4hOjDLAfKVMh4Ln6fSOlgdaTwDOTAYWR/u3NxL+8bgJ+1U1FGCfAQ7Z4yE8khgjPUsADoTgDOTGEMiXMrZiNqKIMTFZZE8LXT/H/pFW0nbJdujor1CvLODLoCB2jU+SgCqqjC9RATcRQgh7QE3q27q1H68V6XYyuWMudQ/QD1tsnuo2TyQ==</latexit>

Ltop.

after non-trivial manipulations, 
one can show that:

<latexit sha1_base64="xNrv3MGuZZATpotcoeuanZ8ltS8="></latexit>

Ltop. = physical action + (twisted sd)2

Only depends on
physical scalars

<latexit sha1_base64="NMMXihb/Krca960UNHyf/nFlDgQ=">AAACC3icdZDLSsNAFIYnXmu9RV26GVoEF6UkQavuKm5cVrAXaGKYTCft0EkmzEyEUrp346u4caGIW1/AnW/jpImgogcGPv7/HOacP0gYlcqyPoyFxaXlldXSWnl9Y3Nr29zZ7UieCkzamDMuegGShNGYtBVVjPQSQVAUMNINxheZ370lQlIeX6tJQrwIDWMaUoyUlnyz4ooRd2s1t+ZKOoxQjhFSI4wYbN1Y/rlvVq26NS+Yg+1oOLbss0YD2oVVBUW1fPPdHXCcRiRWmCEp+7aVKG+KhKKYkVnZTSVJEB6jIelrjFFEpDed3zKDB1oZwJAL/WIF5+r3iSmKpJxEge7MtpS/vUz8y+unKjz1pjROUkVinH8UpgwqDrNg4IAKghWbaEBYUL0rxCMkEFY6vrIO4etS+D90nLrdqDtXR9WmU8RRAvugAg6BDU5AE1yCFmgDDO7AA3gCz8a98Wi8GK9564JRzOyBH2W8fQKS/ply</latexit>

⇢ , � , P0
A

scalars
<latexit sha1_base64="AuFwWipKTX9Yax/ohKPzl3aSQAE=">AAAB6nicdVBNSwMxEJ34WetX1aOXYBE8ld1Fa70VRPBY0X5Au5Rsmm1Ds9klyQpl6U/w4kERr/4ib/4b03YFFX0w8Hhvhpl5QSK4No7zgZaWV1bX1gsbxc2t7Z3d0t5+S8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+HLmt++Z0jyWd2aSMD8iQ8lDTomx0u1Vv9YvlZ2KMwdeENez5MxxL6pV7OZWGXI0+qX33iCmacSkoYJo3XWdxPgZUYZTwabFXqpZQuiYDFnXUkkipv1sfuoUH1tlgMNY2ZIGz9XvExmJtJ5Ege2MiBnp395M/Mvrpias+RmXSWqYpItFYSqwifHsbzzgilEjJpYQqri9FdMRUYQam07RhvD1Kf6ftLyKW614N6flupfHUYBDOIITcOEc6nANDWgChSE8wBM8I4Ee0Qt6XbQuoXzmAH4AvX0C8GeNiQ==</latexit>

E8

<latexit sha1_base64="VDvb8qPaZk8FOOq6g0O4wi9bCuc=">AAAB+HicdVDLSgMxFM34rPXRqks3wSK4GjLFvnYFNy5cVLAPaMeSSTNtaOZBckesQ7/EjQtF3Pop7vwb04egogcu93DOveTmeLEUGgj5sFZW19Y3NjNb2e2d3b1cfv+gpaNEMd5kkYxUx6OaSxHyJgiQvBMrTgNP8rY3Pp/57VuutIjCa5jE3A3oMBS+YBSM1M/nLm/SHvA7SCGK7em0ny8QmxSrJVLDxC6aViwZUiJOrVzDjk3mKKAlGv38e28QsSTgITBJte46JAY3pQoEk3ya7SWax5SN6ZB3DQ1pwLWbzg+f4hOjDLAfKVMh4Ln6fSOlgdaTwDOTAYWR/u3NxL+8bgJ+1U1FGCfAQ7Z4yE8khgjPUsADoTgDOTGEMiXMrZiNqKIMTFZZE8LXT/H/pFW0nbJdujor1CvLODLoCB2jU+SgCqqjC9RATcRQgh7QE3q27q1H68V6XYyuWMudQ/QD1tsnuo2TyQ==</latexit>

Ltop.

<latexit sha1_base64="EotA9DIsWxTOy1A1BV5XdtVYS8k=">AAAB+nicdVDLSgMxFM3UV62vVpdugkVwNWSKfS2EghsXXVSwD2hryaRpG5p5kNxRy9hPceNCEbd+iTv/xvQhqOiByz2ccy+5OW4ohQZCPqzEyura+kZyM7W1vbO7l87sN3QQKcbrLJCBarlUcyl8XgcBkrdCxannSt50x+czv3nDlRaBfwWTkHc9OvTFQDAKRuqlM9Wz6nXcAX4HMQShPZ320llik1wpT8qY2DnTcnlD8sQpF8rYsckcWbRErZd+7/QDFnncByap1m2HhNCNqQLBJJ+mOpHmIWVjOuRtQ33qcd2N56dP8bFR+ngQKFM+4Ln6fSOmntYTzzWTHoWR/u3NxL+8dgSDUjcWfhgB99nioUEkMQR4lgPuC8UZyIkhlClhbsVsRBVlYNJKmRC+for/J42c7RTs/OVptlJcxpFEh+gInSAHFVEFXaAaqiOGbtEDekLP1r31aL1Yr4vRhLXcOUA/YL19AtzTlGY=</latexit>

L = Ltop.

Pseudo-Lagrangian for ungauged SUGRA?



Introduce gauge fields        : : embedding tensor

Gauge covariant currents 
<latexit sha1_base64="Otkl+RSaJszrE5TWX74vbKVtims="></latexit>

Pµ =
1

2
(DµV V�1 + h.c)

selects the gauge group 
<latexit sha1_base64="fgqBpeqt2N69qtiE9+Cft8HuA4Q=">AAACD3icdVDJSgNBFOxxjXGLevTSGBQvhklcEm8BET1GMFHIjKGn88Y06VnofiOGIX/gxV/x4kERr169+Td2FkFFCxqKqrf0Ky+WQqNtf1gTk1PTM7OZuez8wuLScm5ltaGjRHGo80hG6tJjGqQIoY4CJVzGCljgSbjwukcD/+IGlBZReI69GNyAXYfCF5yhkVq5rRNHJ54GpE6HIT1uVRyFIgBNHYRbTBtC9enVTiuXtwulw4q9W6Ejslf+IiVaLNhD5MkYtVbu3WlHPAkgRC6Z1s2iHaObMjOcS+hnnURDzHiXXUPT0JCZlW46vKdPN43Spn6kzAuRDtXvHSkLtO4FnqkMGHb0b28g/uU1E/QrbirCOEEI+WiRn0iKER2EQ9tCAUfZM4RxJcxfKe8wxTiaCLMmhK9L6f+kUSoUDwr7Z3v56v44jgxZJxtkmxRJmVTJKamROuHkjjyQJ/Js3VuP1ov1OiqdsMY9a+QHrLdPqGOcbA==</latexit>

G ⇢ Ê8 oVir�

<latexit sha1_base64="QjPGx94cQlfAT7slSlm0EebNdp0="></latexit>

Dµ = @µ � gAµ
M ⇥M,↵ T↵

<latexit sha1_base64="XkX6UBsrTiSeC1SreYQwtukifOM=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwNWSqY9tdxY3LCvYB7VAyaaYNzWSGJCOWsb/ixoUibv0Rd/6NmbaCih4IHM65l3ty/JgzpRH6sHIrq2vrG/nNwtb2zu5ecb/UVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucz8zi2VikXiRk9j6oV4JFjACNZGGhRL9/0Q6zHBHF70JRYjTgfFMrIrLqpXKxDZLnLq7qkhCNXqrgMdQzKUwRLNQfG9P4xIElKhCcdK9RwUay/FUjPC6azQTxSNMZngEe0ZKnBIlZfOs8/gsVGGMIikeULDufp9I8WhUtPQN5NZUPXby8S/vF6ig5qXMhEnmgqyOBQkHOoIZkXAIZOUaD41BBPJTFZIxlhiok1dBVPC10/h/6RdsZ1z270+Kzeqyzry4BAcgRPggCpogCvQBC1AwB14AE/g2ZpZj9aL9boYzVnLnQPwA9bbJzc2lI0=</latexit>

|Ai <latexit sha1_base64="7KCuSJZRSNFrg6Nkv8uWkP2Jrrg=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WlJbdfcmePGoYFXoljKbTttgNrskWaGsgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5cSaFsYy9exOTU9Mzs3PzpYXFpeWV8urauUlzzbHBU5nqyxgMSqGwYYWVeJlphCSWeBFfHQ39i2vURqTqzA4ybCXQU6IrOFgntcsbkQTVkxid9dFCOwKZ9eGmXa4wPwyCkAWU+XXG6kHoSC0Mw/0arfpshAoZ46Rdfos6Kc8TVJZLMKZZZZltFaCt4BJvS1FuMAN+BT1sOqogQdMqRuff0m2ndGg31a6UpSP1+0QBiTGDJHadCdi++e0Nxb+8Zm67QasQKsstKv65qJtLalM6zIJ2hEZu5cAR4Fq4WynvgwZuXWIlF8LXp/R/cr7rV/f9vdN65fBgHMcc2SRbZIdUyQE5JMfkhDQIJwW5J4/kybvzHrxn7+WzdcIbz6yTH/BePwAnj5ZE</latexit>

h⇥↵|

Duality covariant dynamics encoded in   

Involve all the dual fields 
<latexit sha1_base64="HYm6QgNPcPaZCVDke2wQxoS9sMo="></latexit>

V 2 Ê8 oVir�

K(E9)

+
<latexit sha1_base64="K2EV5gdH57M1j9wmPyLNTEs9Sjg="></latexit>

Lgsugra = Ltop.
gsugra � ?Vgsugra

<latexit sha1_base64="fXzyZIVt4Cfu5v992sE1UCeQhb8=">AAACCnicdVDLSgMxFM3UV62vqks30SLUzZAZnD4WQsGNywr2AW0tmTRtQzOZIckIZejajb/ixoUibv0Cd/6N6UN8oAdCDufcy733+BFnSiP0bqWWlldW19LrmY3Nre2d7O5eXYWxJLRGQh7Kpo8V5UzQmmaa02YkKQ58Thv+6HzqN26oVCwUV3oc0U6AB4L1GcHaSN3sYVtpLGE7wHpIMIfVsy96neSdk0k3m0M2ckseKkNku+ZzPUM85JQLZejYaIYcWKDazb61eyGJAyo04ViploMi3Umw1IxwOsm0Y0UjTEZ4QFuGChxQ1Ulmp0zgsVF6sB9K84SGM/V7R4IDpcaBbyqne6rf3lT8y2vFul/qJExEsaaCzAf1Yw51CKe5wB6TlGg+NgQTycyukAyxxESb9DImhM9L4f+k7tpOwfYuT3OV4iKONDgARyAPHFAEFXABqqAGCLgF9+ARPFl31oP1bL3MS1PWomcf/ID1+gENmJnY</latexit>

?P = P(1)

Must satisfy algebraic and 
'representation' constraints 

Pseudo-Lagrangian for gauged SUGRA?



Topological term:

Introduce gauge fields        : : embedding tensor

Gauge covariant currents 
<latexit sha1_base64="Otkl+RSaJszrE5TWX74vbKVtims="></latexit>

Pµ =
1

2
(DµV V�1 + h.c)

selects the gauge group 
<latexit sha1_base64="fgqBpeqt2N69qtiE9+Cft8HuA4Q=">AAACD3icdVDJSgNBFOxxjXGLevTSGBQvhklcEm8BET1GMFHIjKGn88Y06VnofiOGIX/gxV/x4kERr169+Td2FkFFCxqKqrf0Ky+WQqNtf1gTk1PTM7OZuez8wuLScm5ltaGjRHGo80hG6tJjGqQIoY4CJVzGCljgSbjwukcD/+IGlBZReI69GNyAXYfCF5yhkVq5rRNHJ54GpE6HIT1uVRyFIgBNHYRbTBtC9enVTiuXtwulw4q9W6Ejslf+IiVaLNhD5MkYtVbu3WlHPAkgRC6Z1s2iHaObMjOcS+hnnURDzHiXXUPT0JCZlW46vKdPN43Spn6kzAuRDtXvHSkLtO4FnqkMGHb0b28g/uU1E/QrbirCOEEI+WiRn0iKER2EQ9tCAUfZM4RxJcxfKe8wxTiaCLMmhK9L6f+kUSoUDwr7Z3v56v44jgxZJxtkmxRJmVTJKamROuHkjjyQJ/Js3VuP1ov1OiqdsMY9a+QHrLdPqGOcbA==</latexit>

G ⇢ Ê8 oVir�

<latexit sha1_base64="QjPGx94cQlfAT7slSlm0EebNdp0="></latexit>

Dµ = @µ � gAµ
M ⇥M,↵ T↵

Gauged Maurer-Cartan 
equation:

Field strength
<latexit sha1_base64="CcqdjSlq3QvbflBMeXr2V03UWRU=">AAAB/nicdVDLSgMxFM3UV62vUXHlJlgEVyXTOrbdFQRxI1SwD+jUkknTNjSTGZKMUIaCv+LGhSJu/Q53/o2ZtoKKHggczrmXe3L8iDOlEfqwMkvLK6tr2fXcxubW9o69u9dUYSwJbZCQh7LtY0U5E7Shmea0HUmKA5/Tlj8+T/3WHZWKheJGTyLaDfBQsAEjWBupZx94AdYjgjm86CVeEHsint5e9ew8KhRdVC0XISq4yKm6JUMQqlRdBzqGpMiDBeo9+93rhyQOqNCEY6U6Dop0N8FSM8LpNOfFikaYjPGQdgwVOKCqm8ziT+GxUfpwEErzhIYz9ftGggOlJoFvJtOw6reXin95nVgPKt2EiSjWVJD5oUHMoQ5h2gXsM0mJ5hNDMJHMZIVkhCUm2jSWMyV8/RT+T5rFgnNWcK9P87XSoo4sOARH4AQ4oAxq4BLUQQMQkIAH8ASerXvr0XqxXuejGWuxsw9+wHr7BIurldo=</latexit>

FM
µ⌫

<latexit sha1_base64="XkX6UBsrTiSeC1SreYQwtukifOM=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwNWSqY9tdxY3LCvYB7VAyaaYNzWSGJCOWsb/ixoUibv0Rd/6NmbaCih4IHM65l3ty/JgzpRH6sHIrq2vrG/nNwtb2zu5ecb/UVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucz8zi2VikXiRk9j6oV4JFjACNZGGhRL9/0Q6zHBHF70JRYjTgfFMrIrLqpXKxDZLnLq7qkhCNXqrgMdQzKUwRLNQfG9P4xIElKhCcdK9RwUay/FUjPC6azQTxSNMZngEe0ZKnBIlZfOs8/gsVGGMIikeULDufp9I8WhUtPQN5NZUPXby8S/vF6ig5qXMhEnmgqyOBQkHOoIZkXAIZOUaD41BBPJTFZIxlhiok1dBVPC10/h/6RdsZ1z270+Kzeqyzry4BAcgRPggCpogCvQBC1AwB14AE/g2ZpZj9aL9boYzVnLnQPwA9bbJzc2lI0=</latexit>

|Ai <latexit sha1_base64="7KCuSJZRSNFrg6Nkv8uWkP2Jrrg=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WlJbdfcmePGoYFXoljKbTttgNrskWaGsgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5cSaFsYy9exOTU9Mzs3PzpYXFpeWV8urauUlzzbHBU5nqyxgMSqGwYYWVeJlphCSWeBFfHQ39i2vURqTqzA4ybCXQU6IrOFgntcsbkQTVkxid9dFCOwKZ9eGmXa4wPwyCkAWU+XXG6kHoSC0Mw/0arfpshAoZ46Rdfos6Kc8TVJZLMKZZZZltFaCt4BJvS1FuMAN+BT1sOqogQdMqRuff0m2ndGg31a6UpSP1+0QBiTGDJHadCdi++e0Nxb+8Zm67QasQKsstKv65qJtLalM6zIJ2hEZu5cAR4Fq4WynvgwZuXWIlF8LXp/R/cr7rV/f9vdN65fBgHMcc2SRbZIdUyQE5JMfkhDQIJwW5J4/kybvzHrxn7+WzdcIbz6yTH/BePwAnj5ZE</latexit>

h⇥↵|

<latexit sha1_base64="9PynKa5NenuRp5XG2tGOl7w5KGw=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRZBEMpu0VZvBS8eK9gPaJeSzWbb0GyyJFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzL0g408Z1P5zCyura+kZxs7S1vbO7V94/6GiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk+u5372nSjMp7sw0oX6MR4JFjGBjpe7ZgIfS6GG54lbdBdCSeDVLLlzvql5HXm5VIEdrWH4fhJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFuTN0YpUQRVLZEgYt1O8TGY61nsaB7YyxGevf3lz8y+unJrr0MyaS1FBBlouilCMj0fx3FDJFieFTSzBRzN6KyBgrTIxNqGRD+PoU/U86tapXr9ZuzyvNRh5HEY7gGE7BgwY04QZa0AYCE3iAJ3h2EufReXFel60FJ585hB9w3j4BTKePhw==</latexit>

+ . . .

<latexit sha1_base64="WkDFtsbDQ8e/yeBWJ5QVaIr75dQ="></latexit>

= ⇢D�1 +O

⇣
V, h⇥↵|, |Fi

⌘

<latexit sha1_base64="cTmFVOJFDjlse5b+QFrYz58sP1E="></latexit>

(D � �K(e9)
Q )P = gh⇥↵|Fi (VT↵V�1 + h.c)

<latexit sha1_base64="9kvWrDSljyDTM2l4NNnEFeKO8L8="></latexit>

Ltop. = ⇢(D�1 � ⌘AB
X

n2Z
nQn

AP�n�1
B +

1X

n=1

PLn(�n+1 � �n�1))
<latexit sha1_base64="9PynKa5NenuRp5XG2tGOl7w5KGw=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRZBEMpu0VZvBS8eK9gPaJeSzWbb0GyyJFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzL0g408Z1P5zCyura+kZxs7S1vbO7V94/6GiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk+u5372nSjMp7sw0oX6MR4JFjGBjpe7ZgIfS6GG54lbdBdCSeDVLLlzvql5HXm5VIEdrWH4fhJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFuTN0YpUQRVLZEgYt1O8TGY61nsaB7YyxGevf3lz8y+unJrr0MyaS1FBBlouilCMj0fx3FDJFieFTSzBRzN6KyBgrTIxNqGRD+PoU/U86tapXr9ZuzyvNRh5HEY7gGE7BgwY04QZa0AYCE3iAJ3h2EufReXFel60FJ585hB9w3j4BTKePhw==</latexit>

+ . . .
<latexit sha1_base64="j0uAPs8HTVZntcTWTawaDxnJW+g=">AAAB6HicdVDLSgMxFM3UV62vqks3wSLoZsgUp49dwY3LFuwD2qFk0jttNPMgyQhl6Be4caGIWz/JnX9j+hBU9EDI4Zx7ufcePxFcaUI+rNza+sbmVn67sLO7t39QPDzqqDiVDNosFrHs+VSB4BG0NdcCeokEGvoCuv7d1dzv3oNUPI5u9DQBL6TjiAecUW2k1sWwWCI2KddcUsfELpuv7BriEqdeqWPHJguU0ArNYfF9MIpZGkKkmaBK9R2SaC+jUnMmYFYYpAoSyu7oGPqGRjQE5WWLRWf4zCgjHMTSvEjjhfq9I6OhUtPQN5Uh1RP125uLf3n9VAc1L+NRkmqI2HJQkAqsYzy/Go+4BKbF1BDKJDe7YjahkjJtsimYEL4uxf+TTtl2Krbbuiw1qqs48ugEnaJz5KAqaqBr1ERtxBCgB/SEnq1b69F6sV6XpTlr1XOMfsB6+wTdeIz5</latexit>

)
Same trick

(shift, then covariantize)
<latexit sha1_base64="JCoIQdbpaFF5vtUaK8c5AlSw0RU=">AAACCHicdVDLSgMxFM3UV62vqksXBovgasgUp49dwY0LFxXsA9paMmnahmYeJHfEMnTpxl9x40IRt36CO//G9CGo6IGQc8+5l+QeL5JCAyEfVmppeWV1Lb2e2djc2t7J7u7VdRgrxmsslKFqelRzKQJeAwGSNyPFqe9J3vBGZ1O/ccOVFmFwBeOId3w6CERfMApG6mYPL66TNvBbSCCM7Mmku6gGOh4oaupsjtgkX3JJGRM7b668a4hLnHKhjB2bzJBDC1S72fd2L2SxzwNgkmrdckgEnYQqEEzySaYdax5RNqID3jI0oD7XnWS2yAQfG6WH+6EyJwA8U79PJNTXeux7ptOnMNS/van4l9eKoV/qJCKIYuABmz/UjyWGEE9TwT2hOAM5NoQyJcxfMRtSRRmY7DImhK9N8f+knredgu1enuYqxUUcaXSAjtAJclARVdA5qqIaYugOPaAn9GzdW4/Wi/U6b01Zi5l99APW2yc2upti</latexit>

Ltop.
gsugra

Duality covariant dynamics encoded in   

Involve all the dual fields 
<latexit sha1_base64="HYm6QgNPcPaZCVDke2wQxoS9sMo="></latexit>

V 2 Ê8 oVir�

K(E9)

+
<latexit sha1_base64="K2EV5gdH57M1j9wmPyLNTEs9Sjg="></latexit>

Lgsugra = Ltop.
gsugra � ?Vgsugra

<latexit sha1_base64="fXzyZIVt4Cfu5v992sE1UCeQhb8=">AAACCnicdVDLSgMxFM3UV62vqks30SLUzZAZnD4WQsGNywr2AW0tmTRtQzOZIckIZejajb/ixoUibv0Cd/6N6UN8oAdCDufcy733+BFnSiP0bqWWlldW19LrmY3Nre2d7O5eXYWxJLRGQh7Kpo8V5UzQmmaa02YkKQ58Thv+6HzqN26oVCwUV3oc0U6AB4L1GcHaSN3sYVtpLGE7wHpIMIfVsy96neSdk0k3m0M2ckseKkNku+ZzPUM85JQLZejYaIYcWKDazb61eyGJAyo04ViploMi3Umw1IxwOsm0Y0UjTEZ4QFuGChxQ1Ulmp0zgsVF6sB9K84SGM/V7R4IDpcaBbyqne6rf3lT8y2vFul/qJExEsaaCzAf1Yw51CKe5wB6TlGg+NgQTycyukAyxxESb9DImhM9L4f+k7tpOwfYuT3OV4iKONDgARyAPHFAEFXABqqAGCLgF9+ARPFl31oP1bL3MS1PWomcf/ID1+gENmJnY</latexit>

?P = P(1)

<latexit sha1_base64="QcrOaYTnDN5HOjV7HbEPAuKTvpw=">AAAB7nicdVDLSgMxFM3UV62vqks3wSIIwpApTh+7ghuXFawttEPJZDJtaCYZkoxQhn6EGxeKuPV73Pk3pg9BRQ+EHM65l3vvCVPOtEHowymsrW9sbhW3Szu7e/sH5cOjOy0zRWiHSC5VL8SaciZoxzDDaS9VFCchp91wcjX3u/dUaSbFrZmmNEjwSLCYEWys1L0Y8EgaPSxXkIuqDR81IXKr9qv6lvjIa9aa0HPRAhWwQntYfh9EkmQJFYZwrHXfQ6kJcqwMI5zOSoNM0xSTCR7RvqUCJ1QH+WLdGTyzSgRjqewTBi7U7x05TrSeJqGtTLAZ69/eXPzL62cmbgQ5E2lmqCDLQXHGoZFwfjuMmKLE8KklmChmd4VkjBUmxiZUsiF8XQr/J3dV16u5/s1lpVVfxVEEJ+AUnAMP1EELXIM26AACJuABPIFnJ3UenRfndVlacFY9x+AHnLdPkkWPuQ==</latexit>

+ . . .

Pseudo-Lagrangian for gauged SUGRA?



Topological term:

Pseudo-Lagrangian for gauged SUGRA?

Scalar potential               : fixed by SUSY. Problematic in D=2...?

Get it from Kaluza-Klein truncationsNo trick...

Yukawa
couplings?

also gauge invariant!

<latexit sha1_base64="kzxiQo1WYe8etFJZeELasBgDL50=">AAAB+nicdVDLSgMxFM3UV62vVpdugkVwNWSKfe0KblxWsA9ohyGTpm1o5kFyRy1jP8WNC0Xc+iXu/BvTh6CiBy73cM695Ob4sRQaCPmwMmvrG5tb2e3czu7e/kG+cNjWUaIYb7FIRqrrU82lCHkLBEjejRWngS95x59czP3ODVdaROE1TGPuBnQUiqFgFIzk5QttL+0Dv4N0pJORorOZly8Sm5RqZVLHxC6ZViobUiZOvVLHjk0WKKIVml7+vT+IWBLwEJikWvccEoObUgWCST7L9RPNY8omdMR7hoY04NpNF6fP8KlRBngYKVMh4IX6fSOlgdbTwDeTAYWx/u3Nxb+8XgLDmpuKME6Ah2z50DCRGCI8zwEPhOIM5NQQypQwt2I2pooyMGnlTAhfP8X/k3bJdip2+eq82Kiu4siiY3SCzpCDqqiBLlETtRBDt+gBPaFn6956tF6s1+VoxlrtHKEfsN4+AbO8lPA=</latexit>

Vgsugra

<latexit sha1_base64="9kvWrDSljyDTM2l4NNnEFeKO8L8="></latexit>

Ltop. = ⇢(D�1 � ⌘AB
X

n2Z
nQn

AP�n�1
B +

1X

n=1

PLn(�n+1 � �n�1))
<latexit sha1_base64="9PynKa5NenuRp5XG2tGOl7w5KGw=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRZBEMpu0VZvBS8eK9gPaJeSzWbb0GyyJFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzL0g408Z1P5zCyura+kZxs7S1vbO7V94/6GiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk+u5372nSjMp7sw0oX6MR4JFjGBjpe7ZgIfS6GG54lbdBdCSeDVLLlzvql5HXm5VIEdrWH4fhJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFuTN0YpUQRVLZEgYt1O8TGY61nsaB7YyxGevf3lz8y+unJrr0MyaS1FBBlouilCMj0fx3FDJFieFTSzBRzN6KyBgrTIxNqGRD+PoU/U86tapXr9ZuzyvNRh5HEY7gGE7BgwY04QZa0AYCE3iAJ3h2EufReXFel60FJ585hB9w3j4BTKePhw==</latexit>

+ . . .
<latexit sha1_base64="j0uAPs8HTVZntcTWTawaDxnJW+g=">AAAB6HicdVDLSgMxFM3UV62vqks3wSLoZsgUp49dwY3LFuwD2qFk0jttNPMgyQhl6Be4caGIWz/JnX9j+hBU9EDI4Zx7ufcePxFcaUI+rNza+sbmVn67sLO7t39QPDzqqDiVDNosFrHs+VSB4BG0NdcCeokEGvoCuv7d1dzv3oNUPI5u9DQBL6TjiAecUW2k1sWwWCI2KddcUsfELpuv7BriEqdeqWPHJguU0ArNYfF9MIpZGkKkmaBK9R2SaC+jUnMmYFYYpAoSyu7oGPqGRjQE5WWLRWf4zCgjHMTSvEjjhfq9I6OhUtPQN5Uh1RP125uLf3n9VAc1L+NRkmqI2HJQkAqsYzy/Go+4BKbF1BDKJDe7YjahkjJtsimYEL4uxf+TTtl2Krbbuiw1qqs48ugEnaJz5KAqaqBr1ERtxBCgB/SEnq1b69F6sV6XpTlr1XOMfsB6+wTdeIz5</latexit>

)
<latexit sha1_base64="9PynKa5NenuRp5XG2tGOl7w5KGw=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRZBEMpu0VZvBS8eK9gPaJeSzWbb0GyyJFmhLP0RXjwo4tXf481/Y9quoKIPBh7vzTAzL0g408Z1P5zCyura+kZxs7S1vbO7V94/6GiZKkLbRHKpegHWlDNB24YZTnuJojgOOO0Gk+u5372nSjMp7sw0oX6MR4JFjGBjpe7ZgIfS6GG54lbdBdCSeDVLLlzvql5HXm5VIEdrWH4fhJKkMRWGcKx133MT42dYGUY4nZUGqaYJJhM8on1LBY6p9rPFuTN0YpUQRVLZEgYt1O8TGY61nsaB7YyxGevf3lz8y+unJrr0MyaS1FBBlouilCMj0fx3FDJFieFTSzBRzN6KyBgrTIxNqGRD+PoU/U86tapXr9ZuzyvNRh5HEY7gGE7BgwY04QZa0AYCE3iAJ3h2EufReXFel60FJ585hB9w3j4BTKePhw==</latexit>

+ . . .
<latexit sha1_base64="WkDFtsbDQ8e/yeBWJ5QVaIr75dQ="></latexit>

= ⇢D�1 +O

⇣
V, h⇥↵|, |Fi

⌘
<latexit sha1_base64="JCoIQdbpaFF5vtUaK8c5AlSw0RU=">AAACCHicdVDLSgMxFM3UV62vqksXBovgasgUp49dwY0LFxXsA9paMmnahmYeJHfEMnTpxl9x40IRt36CO//G9CGo6IGQc8+5l+QeL5JCAyEfVmppeWV1Lb2e2djc2t7J7u7VdRgrxmsslKFqelRzKQJeAwGSNyPFqe9J3vBGZ1O/ccOVFmFwBeOId3w6CERfMApG6mYPL66TNvBbSCCM7Mmku6gGOh4oaupsjtgkX3JJGRM7b668a4hLnHKhjB2bzJBDC1S72fd2L2SxzwNgkmrdckgEnYQqEEzySaYdax5RNqID3jI0oD7XnWS2yAQfG6WH+6EyJwA8U79PJNTXeux7ptOnMNS/van4l9eKoV/qJCKIYuABmz/UjyWGEE9TwT2hOAM5NoQyJcxfMRtSRRmY7DImhK9N8f+knredgu1enuYqxUUcaXSAjtAJclARVdA5qqIaYugOPaAn9GzdW4/Wi/U6b01Zi5l99APW2yc2upti</latexit>

Ltop.
gsugra

Introduce gauge fields        : : embedding tensor

Gauge covariant currents 
<latexit sha1_base64="Otkl+RSaJszrE5TWX74vbKVtims="></latexit>

Pµ =
1

2
(DµV V�1 + h.c)

selects the gauge group 
<latexit sha1_base64="fgqBpeqt2N69qtiE9+Cft8HuA4Q=">AAACD3icdVDJSgNBFOxxjXGLevTSGBQvhklcEm8BET1GMFHIjKGn88Y06VnofiOGIX/gxV/x4kERr169+Td2FkFFCxqKqrf0Ky+WQqNtf1gTk1PTM7OZuez8wuLScm5ltaGjRHGo80hG6tJjGqQIoY4CJVzGCljgSbjwukcD/+IGlBZReI69GNyAXYfCF5yhkVq5rRNHJ54GpE6HIT1uVRyFIgBNHYRbTBtC9enVTiuXtwulw4q9W6Ejslf+IiVaLNhD5MkYtVbu3WlHPAkgRC6Z1s2iHaObMjOcS+hnnURDzHiXXUPT0JCZlW46vKdPN43Spn6kzAuRDtXvHSkLtO4FnqkMGHb0b28g/uU1E/QrbirCOEEI+WiRn0iKER2EQ9tCAUfZM4RxJcxfKe8wxTiaCLMmhK9L6f+kUSoUDwr7Z3v56v44jgxZJxtkmxRJmVTJKamROuHkjjyQJ/Js3VuP1ov1OiqdsMY9a+QHrLdPqGOcbA==</latexit>

G ⇢ Ê8 oVir�

<latexit sha1_base64="QjPGx94cQlfAT7slSlm0EebNdp0="></latexit>

Dµ = @µ � gAµ
M ⇥M,↵ T↵

<latexit sha1_base64="XkX6UBsrTiSeC1SreYQwtukifOM=">AAAB+3icdVDLSgMxFM3UV62vWpdugkVwNWSqY9tdxY3LCvYB7VAyaaYNzWSGJCOWsb/ixoUibv0Rd/6NmbaCih4IHM65l3ty/JgzpRH6sHIrq2vrG/nNwtb2zu5ecb/UVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucz8zi2VikXiRk9j6oV4JFjACNZGGhRL9/0Q6zHBHF70JRYjTgfFMrIrLqpXKxDZLnLq7qkhCNXqrgMdQzKUwRLNQfG9P4xIElKhCcdK9RwUay/FUjPC6azQTxSNMZngEe0ZKnBIlZfOs8/gsVGGMIikeULDufp9I8WhUtPQN5NZUPXby8S/vF6ig5qXMhEnmgqyOBQkHOoIZkXAIZOUaD41BBPJTFZIxlhiok1dBVPC10/h/6RdsZ1z270+Kzeqyzry4BAcgRPggCpogCvQBC1AwB14AE/g2ZpZj9aL9boYzVnLnQPwA9bbJzc2lI0=</latexit>

|Ai <latexit sha1_base64="7KCuSJZRSNFrg6Nkv8uWkP2Jrrg=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WlJbdfcmePGoYFXoljKbTttgNrskWaGsgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5cSaFsYy9exOTU9Mzs3PzpYXFpeWV8urauUlzzbHBU5nqyxgMSqGwYYWVeJlphCSWeBFfHQ39i2vURqTqzA4ybCXQU6IrOFgntcsbkQTVkxid9dFCOwKZ9eGmXa4wPwyCkAWU+XXG6kHoSC0Mw/0arfpshAoZ46Rdfos6Kc8TVJZLMKZZZZltFaCt4BJvS1FuMAN+BT1sOqogQdMqRuff0m2ndGg31a6UpSP1+0QBiTGDJHadCdi++e0Nxb+8Zm67QasQKsstKv65qJtLalM6zIJ2hEZu5cAR4Fq4WynvgwZuXWIlF8LXp/R/cr7rV/f9vdN65fBgHMcc2SRbZIdUyQE5JMfkhDQIJwW5J4/kybvzHrxn7+WzdcIbz6yTH/BePwAnj5ZE</latexit>

h⇥↵|

Duality covariant dynamics encoded in   

Involve all the dual fields 
<latexit sha1_base64="HYm6QgNPcPaZCVDke2wQxoS9sMo="></latexit>

V 2 Ê8 oVir�

K(E9)

+
<latexit sha1_base64="K2EV5gdH57M1j9wmPyLNTEs9Sjg="></latexit>

Lgsugra = Ltop.
gsugra � ?Vgsugra

<latexit sha1_base64="fXzyZIVt4Cfu5v992sE1UCeQhb8=">AAACCnicdVDLSgMxFM3UV62vqks30SLUzZAZnD4WQsGNywr2AW0tmTRtQzOZIckIZejajb/ixoUibv0Cd/6N6UN8oAdCDufcy733+BFnSiP0bqWWlldW19LrmY3Nre2d7O5eXYWxJLRGQh7Kpo8V5UzQmmaa02YkKQ58Thv+6HzqN26oVCwUV3oc0U6AB4L1GcHaSN3sYVtpLGE7wHpIMIfVsy96neSdk0k3m0M2ckseKkNku+ZzPUM85JQLZejYaIYcWKDazb61eyGJAyo04ViploMi3Umw1IxwOsm0Y0UjTEZ4QFuGChxQ1Ulmp0zgsVF6sB9K84SGM/V7R4IDpcaBbyqne6rf3lT8y2vFul/qJExEsaaCzAf1Yw51CKe5wB6TlGg+NgQTycyukAyxxESb9DImhM9L4f+k7tpOwfYuT3OV4iKONDgARyAPHFAEFXABqqAGCLgF9+ARPFl31oP1bL3MS1PWomcf/ID1+gENmJnY</latexit>

?P = P(1)



But all fields and gauge parameters depend on the coordinates:
<latexit sha1_base64="mzQZEHihaRwPxjOiIuhVHyu94JE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJUKGVSpI9dwY0boYJ9QGdaMmmmDc08TDLFYeh3uHGhiFs/xp1/Y6atoKIHLhzOuZd773FCzqQyzQ8js7a+sbmV3c7t7O7tH+QPjzoyiAShbRLwQPQcLClnPm0rpjjthYJiz+G060wvU787o0KywL9VcUhtD4995jKClZbs4v3A8iKrVIoH1+fDfMEsm6aJEIIpQbWqqUmjUa+gOkSppVEAK7SG+XdrFJDIo74iHEvZR2ao7AQLxQin85wVSRpiMsVj2tfUxx6VdrI4eg7PtDKCbiB0+Qou1O8TCfakjD1Hd3pYTeRvLxX/8vqRcut2wvwwUtQny0VuxKEKYJoAHDFBieKxJpgIpm+FZIIFJkrnlNMhfH0K/yedShlVy5Wbi0KztoojC07AKSgCBGqgCa5AC7QBAXfgATyBZ2NmPBovxuuyNWOsZo7BDxhvn78dkWs=</latexit>

(xµ , yM )

D=2 
external spacetime

internal 
space

Reformulation of higher-dimensional (11D/IIB) supergravities which  
makes the duality symmetry of D=2 maximal supergravities manifest.

                  exceptional field theory (ExFT)
<latexit sha1_base64="RV8fFEdc+J+oHSVvNkLtrt1Ryo0=">AAACBXicdVBJSwMxGM3Urdat6lEPwSJ4cZipXS9SEMFjBbtAp5ZMmrahmYXkG7EMvXjxr3jxoIhX/4M3/43pIqjog8DjvW/J99xQcAWW9WEkFhaXlleSq6m19Y3NrfT2Tl0FkaSsRgMRyKZLFBPcZzXgIFgzlIx4rmANd3g28Rs3TCoe+FcwClnbI32f9zgloKVOet8ZEMDnnZIjgXtMYQfYLcR1LsfXx510xjKtfDlXzGLLzF t2OXeiSblcyhXy2DatKTJojmon/e50Axp5zAcqiFIt2wqhHRM9mwo2TjmRYiGhQ9JnLU19oje24+kVY3yolS7uBVI/H/BU/d4RE0+pkefqSo/AQP32JuJfXiuCXqkdcz+MgPl0tqgXCQwBnkSCu1wyCmKkCaGS679iOiCSUNDBpXQIX5fi/0k9a9oFM3uZy1RO53Ek0R46QEfIRkVUQReoimqIojv0gJ7Qs3FvPBovxuusNGHMe3bRDxhvn382mJo=</latexit>

Ê8 oVir�

<latexit sha1_base64="6tZ24ThcS/vv8JYihtt7AB8FOcM=">AAAB+XicdVDLSsNAFL2pr1pfUZduBosgCCUJWnVXcONKKtgHtLFMppN26GQSZiaFEvonblwo4tY/ceffOGkrqOiBgcM593LPnCDhTGnH+bAKS8srq2vF9dLG5tb2jr2711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLrK/daYSsVicacnCfUjPBAsZARrI/Vse9RlAnUjrIdBgG7uT3p22ak4M6A5cT1Dzhz3slpF7sIqwwL1nv3e7cckjajQhGOlOq6TaD/DUjPC6bTUTRVNMBnhAe0YKnBElZ/Nkk/RkVH6KIyleUKjmfp9I8ORUpMoMJN5RPXby8W/vE6qwws/YyJJNRVkfihMOdIxymtAfSYp0XxiCCaSmayIDLHERJuySqaEr5+i/0nTq7jVind7Wq55izqKcACHcAwunEMNrqEODSAwhgd4gmcrsx6tF+t1PlqwFjv78APW2yd7X5Lf</latexit>

k 2 N+Shares most of the on-shell field  
content of D=2 maximal supergravities:

<latexit sha1_base64="JdJrN3YLaS9DhgESPvPCrOf2I+4="></latexit>

Ê8 oVir�

K(E9)

<latexit sha1_base64="hFAAMvdO4wAkH7cs3pgr4sRUnhE="></latexit>

{V , �µ , Aµ
M , �M , B(k)M

µ N}
<latexit sha1_base64="1TXiEP7hojZ1JQC0fwXtl0oCepU=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2ZwaruRghuXFewDOkPJZDJtaGYyJhmhDP0JNy4UcevvuPNvTB+Cih4IOZxzL/feE2acKY3Qh7Wyura+sVnaKm/v7O7tVw4OO0rkktA2EVzIXogV5Sylbc00p71MUpyEnHbD8dXM795TqZhIb/Uko0GChymLGcHaSD2fR0IrfzqoVJGN3LqHGhDZrvlczxAPOY1aAzo2mqMKlmgNKu9+JEie0FQTjpXqOyjTQYGlZoTTadnPFc0wGeMh7Rua4oSqoJjvO4WnRolgLKR5qYZz9XtHgROlJkloKhOsR+q3NxP/8vq5jutBwdIs1zQli0FxzqEWcHY8jJikRPOJIZhIZnaFZIQlJtpEVDYhfF0K/ycd13ZqtndzXm1eLuMogWNwAs6AAy5AE1yDFmgDAjh4AE/g2bqzHq0X63VRumIte47AD1hvn8V1kHg=</latexit>

. . .}

Kaluza-Klein split

External derivative:  
<latexit sha1_base64="NxMgIuaQ2edBS3BZmsRScRBBBCg=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMifewKblxWsA/oDCWTZtrQZCbkIZShv+HGhSJu/Rl3/o2ZtoKKHrhwOOfe5N4TSc608f0Pr7CxubW9U9wt7e0fHB6Vj096OrWK0C5JeaoGEdaUs4R2DTOcDqSiWESc9qPZde7376nSLE3uzFzSUOBJwmJGsHFSEEisDMN8FAg7Klf8qu/7CCGYE9So+460Ws0aakKUWw4VsEZnVH4PximxgiaGcKz1EPnShFn+IuF0UQqsphKTGZ7QoaMJFlSH2XLnBbxwyhjGqXKVGLhUv09kWGg9F5HrFNhM9W8vF//yhtbEzTBjibSGJmT1UWw5NCnMA4BjpigxfO4IJoq5XSGZYoWJcTGVXAhfl8L/Sa9WRfVq7faq0q6v4yiCM3AOLgECDdAGN6ADuoAACR7AE3j2rPfovXivq9aCt545BT/gvX0CmhySCQ==</latexit>

@µ Internal derivative:       or <latexit sha1_base64="JTYyofMuwYUucxpKsNvlmm/Q3p0=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclUkpfewKbtwIFewD26Fk0kwbmskMSUYoQ//CjQtF3Po37vwbM20FFT0QOJxz7829x48F18Z1P5y19Y3Nre3cTn53b//gsHB03NFRoihr00hEqucTzQSXrG24EawXK0ZCX7CuP73M/O49U5pH8tbMYuaFZCx5wCkxVrobxEQZTsTwelgouiXXdTHGKCO4VnUtaTTqZVxHOLMsirBCa1h4H4wimoRMGiqI1n3sxsZLs3lUsHl+kGgWEzolY9a3VJKQaS9dbDxH51YZoSBS9kmDFur3jpSEWs9C31aGxEz0by8T//L6iQnqXsplnBgm6fKjIBHIRCg7H424YtSImSWEKm53RXRCFKHGhpS3IXxdiv4nnXIJV0vlm0qxWVnFkYNTOIMLwFCDJlxBC9pAQcIDPMGzo51H58V5XZauOaueE/gB5+0T2b2RAg==</latexit>

@M



The dynamics is fully fixed by the bosonic gauge symmetries of ExFT 

But all fields and gauge parameters depend on the coordinates:
<latexit sha1_base64="mzQZEHihaRwPxjOiIuhVHyu94JE=">AAAB9HicdVDLSgMxFM3UV62vqks3wSJUKGVSpI9dwY0boYJ9QGdaMmmmDc08TDLFYeh3uHGhiFs/xp1/Y6atoKIHLhzOuZd773FCzqQyzQ8js7a+sbmV3c7t7O7tH+QPjzoyiAShbRLwQPQcLClnPm0rpjjthYJiz+G060wvU787o0KywL9VcUhtD4995jKClZbs4v3A8iKrVIoH1+fDfMEsm6aJEIIpQbWqqUmjUa+gOkSppVEAK7SG+XdrFJDIo74iHEvZR2ao7AQLxQin85wVSRpiMsVj2tfUxx6VdrI4eg7PtDKCbiB0+Qou1O8TCfakjD1Hd3pYTeRvLxX/8vqRcut2wvwwUtQny0VuxKEKYJoAHDFBieKxJpgIpm+FZIIFJkrnlNMhfH0K/yedShlVy5Wbi0KztoojC07AKSgCBGqgCa5AC7QBAXfgATyBZ2NmPBovxuuyNWOsZo7BDxhvn78dkWs=</latexit>

(xµ , yM )

D=2 
external spacetime

internal 
spaceExternal derivative:  

<latexit sha1_base64="NxMgIuaQ2edBS3BZmsRScRBBBCg=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMifewKblxWsA/oDCWTZtrQZCbkIZShv+HGhSJu/Rl3/o2ZtoKKHrhwOOfe5N4TSc608f0Pr7CxubW9U9wt7e0fHB6Vj096OrWK0C5JeaoGEdaUs4R2DTOcDqSiWESc9qPZde7376nSLE3uzFzSUOBJwmJGsHFSEEisDMN8FAg7Klf8qu/7CCGYE9So+460Ws0aakKUWw4VsEZnVH4PximxgiaGcKz1EPnShFn+IuF0UQqsphKTGZ7QoaMJFlSH2XLnBbxwyhjGqXKVGLhUv09kWGg9F5HrFNhM9W8vF//yhtbEzTBjibSGJmT1UWw5NCnMA4BjpigxfO4IJoq5XSGZYoWJcTGVXAhfl8L/Sa9WRfVq7faq0q6v4yiCM3AOLgECDdAGN6ADuoAACR7AE3j2rPfovXivq9aCt545BT/gvX0CmhySCQ==</latexit>

@µ

Reformulation of higher-dimensional (11D/IIB) supergravities which  
makes the duality symmetry of D=2 maximal supergravities manifest.

Internal derivative:       or <latexit sha1_base64="JTYyofMuwYUucxpKsNvlmm/Q3p0=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclUkpfewKbtwIFewD26Fk0kwbmskMSUYoQ//CjQtF3Po37vwbM20FFT0QOJxz7829x48F18Z1P5y19Y3Nre3cTn53b//gsHB03NFRoihr00hEqucTzQSXrG24EawXK0ZCX7CuP73M/O49U5pH8tbMYuaFZCx5wCkxVrobxEQZTsTwelgouiXXdTHGKCO4VnUtaTTqZVxHOLMsirBCa1h4H4wimoRMGiqI1n3sxsZLs3lUsHl+kGgWEzolY9a3VJKQaS9dbDxH51YZoSBS9kmDFur3jpSEWs9C31aGxEz0by8T//L6iQnqXsplnBgm6fKjIBHIRCg7H424YtSImSWEKm53RXRCFKHGhpS3IXxdiv4nnXIJV0vlm0qxWVnFkYNTOIMLwFCDJlxBC9pAQcIDPMGzo51H58V5XZauOaueE/gB5+0T2b2RAg==</latexit>

@M
<latexit sha1_base64="EuJXx7a1WPO1YtUhl7amJqQwXP4=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQlKLtruCG5cV7APaUCbTm3boZBJmJoUS+yduXCji1j9x5984aSv4PHDhcM69M/eeIOFMadd9t1ZW19Y3Ngtbxe2d3b19++CwpeJUUmjSmMeyExAFnAloaqY5dBIJJAo4tIPxVe63JyAVi8WtnibgR2QoWMgo0Ubq23aPEzHk0EuI1Izwu75dch23VnXPa/g38Rx3jhJaotG333qDmKYRCE05UarruYn2s/w5ymFW7KUKEkLHZAhdQwWJQPnZfPMZPjXKAIexNCU0nqtfJzISKTWNAtMZET1SP71c/Mvrpjqs+hkTSapB0MVHYcqxjnEeAx4wCVTzqSGESmZ2xXREJKHahFU0IXxeiv8nrbLjXTjlm0qpXlnGUUDH6ASdIQ9dojq6Rg3URBRN0D16RE9WZj1Yz9bLonXFWs4coW+wXj8Ad4uULw==</latexit>

h@|<latexit sha1_base64="no0d6XqRc00n9YOY0eK7SeyrCl8=">AAACB3icdVDLSgMxFM3UV62vUZeCBIvgqswUGVvcFNy4rGAf0BlKJs20oUlmSDJCGbtz46+4caGIW3/BnX9jpq2gogcCh3Puvbn3hAmjSjvOh1VYWl5ZXSuulzY2t7Z37N29topTiUkLxyyW3RApwqggLU01I91EEsRDRjrh+CL3OzdEKhqLaz1JSMDRUNCIYqSN1LcPfY70SPIsllP/3GdIDBmBfoKkpojd9u2yU3EMPA/mxK05riH1eq1arUN3ZjlOGSzQ7Nvv/iDGKSdCY4aU6rlOooMsH4cZmZb8VJEE4TEakp6hAnGigmx2xxQeG2UAo1iaJzScqd87MsSVmvDQVOZbq99eLv7l9VId1YKMiiTVROD5R1HKoI5hHgocUEmwZhNDEJbU7ArxCEmEtYmuZEL4uhT+T9rViutVqlen5Ya3iKMIDsAROAEuOAMNcAmaoAUwuAMP4Ak8W/fWo/Vivc5LC9aiZx/8gPX2CR9Gmhg=</latexit>

or h@|

                  exceptional field theory (ExFT)
<latexit sha1_base64="RV8fFEdc+J+oHSVvNkLtrt1Ryo0=">AAACBXicdVBJSwMxGM3Urdat6lEPwSJ4cZipXS9SEMFjBbtAp5ZMmrahmYXkG7EMvXjxr3jxoIhX/4M3/43pIqjog8DjvW/J99xQcAWW9WEkFhaXlleSq6m19Y3NrfT2Tl0FkaSsRgMRyKZLFBPcZzXgIFgzlIx4rmANd3g28Rs3TCoe+FcwClnbI32f9zgloKVOet8ZEMDnnZIjgXtMYQfYLcR1LsfXx510xjKtfDlXzGLLzF t2OXeiSblcyhXy2DatKTJojmon/e50Axp5zAcqiFIt2wqhHRM9mwo2TjmRYiGhQ9JnLU19oje24+kVY3yolS7uBVI/H/BU/d4RE0+pkefqSo/AQP32JuJfXiuCXqkdcz+MgPl0tqgXCQwBnkSCu1wyCmKkCaGS679iOiCSUNDBpXQIX5fi/0k9a9oFM3uZy1RO53Ek0R46QEfIRkVUQReoimqIojv0gJ7Qs3FvPBovxuusNGHMe3bRDxhvn382mJo=</latexit>

Ê8 oVir�

generalised diffeomorphisms with parameters                                     

Generalised 
Lie derivative

Shares most of the on-shell field  
content of D=2 maximal supergravities:

<latexit sha1_base64="JdJrN3YLaS9DhgESPvPCrOf2I+4="></latexit>

Ê8 oVir�

K(E9)

<latexit sha1_base64="6tZ24ThcS/vv8JYihtt7AB8FOcM=">AAAB+XicdVDLSsNAFL2pr1pfUZduBosgCCUJWnVXcONKKtgHtLFMppN26GQSZiaFEvonblwo4tY/ceffOGkrqOiBgcM593LPnCDhTGnH+bAKS8srq2vF9dLG5tb2jr2711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLrK/daYSsVicacnCfUjPBAsZARrI/Vse9RlAnUjrIdBgG7uT3p22ak4M6A5cT1Dzhz3slpF7sIqwwL1nv3e7cckjajQhGOlOq6TaD/DUjPC6bTUTRVNMBnhAe0YKnBElZ/Nkk/RkVH6KIyleUKjmfp9I8ORUpMoMJN5RPXby8W/vE6qwws/YyJJNRVkfihMOdIxymtAfSYp0XxiCCaSmayIDLHERJuySqaEr5+i/0nTq7jVind7Wq55izqKcACHcAwunEMNrqEODSAwhgd4gmcrsx6tF+t1PlqwFjv78APW2yd7X5Lf</latexit>

k 2 N+

<latexit sha1_base64="hFAAMvdO4wAkH7cs3pgr4sRUnhE="></latexit>

{V , �µ , Aµ
M , �M , B(k)M

µ N}
<latexit sha1_base64="1TXiEP7hojZ1JQC0fwXtl0oCepU=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2ZwaruRghuXFewDOkPJZDJtaGYyJhmhDP0JNy4UcevvuPNvTB+Cih4IOZxzL/feE2acKY3Qh7Wyura+sVnaKm/v7O7tVw4OO0rkktA2EVzIXogV5Sylbc00p71MUpyEnHbD8dXM795TqZhIb/Uko0GChymLGcHaSD2fR0IrfzqoVJGN3LqHGhDZrvlczxAPOY1aAzo2mqMKlmgNKu9+JEie0FQTjpXqOyjTQYGlZoTTadnPFc0wGeMh7Rua4oSqoJjvO4WnRolgLKR5qYZz9XtHgROlJkloKhOsR+q3NxP/8vq5jutBwdIs1zQli0FxzqEWcHY8jJikRPOJIZhIZnaFZIQlJtpEVDYhfF0K/ycd13ZqtndzXm1eLuMogWNwAs6AAy5AE1yDFmgDAjh4AE/g2bqzHq0X63VRumIte47AD1hvn8V1kHg=</latexit>

. . .}

Kaluza-Klein split

<latexit sha1_base64="vNdDjDSW1JSEpzkMLxtSBDRVC7U=">AAACAHicdVBJSwMxGM3Urdat6sGDl2ARKpQhU5wut4IXDwoV7AKdWjKZtA3NLCQZcSi9+Fe8eFDEqz/Dm//GdBFU9EHI4733kXzPjTiTCqEPI7W0vLK6ll7PbGxube9kd/eaMowFoQ0S8lC0XSwpZwFtKKY4bUeCYt/ltOWOzqZ+65YKycLgWiUR7fp4ELA+I1hpqZc9cC502MM3l/m7QnLiFAoO90Ile9kcMlGxYqMqRGZRX0VbExtZ1VIVWiaaIQcWqPey744XktingSIcS9mxUKS6YywUI5xOMk4saYTJCA9oR9MA+1R2x7MFJvBYKx7sh0KfQMGZ+n1ijH0pE9/VSR+rofztTcW/vE6s+pXumAVRrGhA5g/1Yw5VCKdtQI8JShRPNMFEMP1XSIZYYKJ0Zxldwtem8H/SLJpWybSvTnO18qKONDgERyAPLFAGNXAO6qABCJiAB/AEno1749F4MV7n0ZSxmNkHP2C8fQKd85XJ</latexit>

⇤M (x, y) , . . .

Transport 
term

Generic field rotation term
            rotation

<latexit sha1_base64="mvQ6oxNZulIF/HWMNMGO2LKGNrs=">AAAB9XicdVDLSgNBEOyNrxhfUY9eBoPgKeyGGM0t4MVjBPOAJIbZSW8yZPbBzKwSlvyHFw+KePVfvPk3ziYrqGjBQFHVTdeUGwmutG1/WLmV1bX1jfxmYWt7Z3evuH/QVmEsGbZYKELZdalCwQNsaa4FdiOJ1HcFdtzpZep37lAqHgY3ehbhwKfjgHucUW2k275P9cSTdJrgfFgfFkt22V6ALIlTMeTMduq1GnEyqwQZmsPie38UstjHQDNBleo5dqQHCZWaM4HzQj9WGFE2pWPsGRpQH9UgWaSekxOjjIgXSvMCTRbq942E+krNfNdMpinVby8V//J6sfYuBgkPolhjwJaHvFgQHZK0AjLiEpkWM0Mok9xkJWxCJWXaFFUwJXz9lPxP2pWyUytXrqulRjWrIw9HcAyn4MA5NOAKmtACBhIe4AmerXvr0XqxXpejOSvbOYQfsN4+AePTkrw=</latexit>e9
<latexit sha1_base64="Xyvn70eKd44++jZatExUUjbEBlg=">AAAB+XicdVDLSsNAFL2pr1pfUZduBovgxpKUWnVXcOOygn1AG8tkOmmHTiZhZlIooX/ixoUibv0Td/6NkzaCih4YOJxzL/fM8WPOlHacD6uwsrq2vlHcLG1t7+zu2fsHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k+vM70ypVCwSd3oWUy/EI8ECRrA20sC2+yHW40DiSTplcn5/NrDLTsVZAC2JWzXk3HGv6nXk5lYZcjQH9nt/GJEkpEITjpXquU6svRRLzQin81I/UTTGZIJHtGeowCFVXrpIPkcnRhmiIJLmCY0W6veNFIdKzULfTGY51W8vE//yeokOLr2UiTjRVJDloSDhSEcoqwENmaRE85khmEhmsiIyxhITbcoqmRK+for+J+1qxa1Xqre1cqOW11GEIziGU3DhAhpwA01oAYEpPMATPFup9Wi9WK/L0YKV7xzCD1hvnwQwk+A=</latexit>

vir�

<latexit sha1_base64="zYzvL5axhGl4u2Cut0o0pLR8bqg="></latexit>

L|⇤i,⌃ � = ⇤M@M�+ (⌘0↵� T
↵M

N @M⇤N +
1X

k=1

⌘�k↵� T
↵M

N ⌃(k)N
M ) ���

<latexit sha1_base64="kDs0QLKHnfIv2U0oLQkMMm4wELU=">AAACAnicdVDJSgNBEO2JW4xb1JN4aQyCgoSZYBK9Bbx4jGAWyMTQ01NJmvQsdNcIIQQv/ooXD4p49Su8+Td2FkFFHxQ83quiqp4XS6HRtj+s1MLi0vJKejWztr6xuZXd3qnrKFEcajySkWp6TIMUIdRQoIRmrIAFnoSGN7iY+I1bUFpE4TUOY2gHrBeKruAMjdTJ7rnSj1AfuyeuDxLZjesBMrfaF51szs7bU9AZcQqGFG3nvFSiztzKkTmqney760c8CSBELpnWLceOsT1iCgWXMM64iYaY8QHrQcvQkAWg26PpC2N6aBSfdiNlKkQ6Vb9PjFig9TDwTGfAsK9/exPxL6+VYPesPRJhnCCEfLaom0iKEZ3kQX2hgKMcGsK4EuZWyvtMMY4mtYwJ4etT+j+pF/JOKV+8Os1VyvM40mSfHJAj4pAyqZBLUiU1wskdeSBP5Nm6tx6tF+t11pqy5jO75Aest08EO5cu</latexit>

. . .) ���
<latexit sha1_base64="V5NP6bMWZwGzLaQguJisVDFLrGY=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0mKbfVW8OKxgv2ANJTNZtMu3WTD7kQoIT/DiwdFvPprvPlv3LYRVPTBwOO9GWbm+YngGmz7wyqtrW9sbpW3Kzu7e/sH1cOjvpapoqxHpZBq6BPNBI9ZDzgINkwUI5Ev2MCfXS/8wT1Tmsv4DuYJ8yIyiXnIKQEjuVk+zkYikKDzcbVm1+0l8Io4DUOatnPVamGnsGqoQHdcfR8FkqYRi4EKorXr2Al4GVHAqWB5ZZRqlhA6IxPmGhqTiGkvW56c4zOjBDiUylQMeKl+n8hIpPU88k1nRGCqf3sL8S/PTSG89DIeJymwmK4WhanAIPHifxxwxSiIuSGEKm5uxXRKFKFgUqqYEL4+xf+TfqPutOrN24tap13EUUYn6BSdIwe1UQfdoC7qIYokekBP6NkC69F6sV5XrSWrmDlGP2C9fQIxPZHW</latexit>...



                  exceptional field theory (ExFT)
<latexit sha1_base64="RV8fFEdc+J+oHSVvNkLtrt1Ryo0=">AAACBXicdVBJSwMxGM3Urdat6lEPwSJ4cZipXS9SEMFjBbtAp5ZMmrahmYXkG7EMvXjxr3jxoIhX/4M3/43pIqjog8DjvW/J99xQcAWW9WEkFhaXlleSq6m19Y3NrfT2Tl0FkaSsRgMRyKZLFBPcZzXgIFgzlIx4rmANd3g28Rs3TCoe+FcwClnbI32f9zgloKVOet8ZEMDnnZIjgXtMYQfYLcR1LsfXx510xjKtfDlXzGLLzF t2OXeiSblcyhXy2DatKTJojmon/e50Axp5zAcqiFIt2wqhHRM9mwo2TjmRYiGhQ9JnLU19oje24+kVY3yolS7uBVI/H/BU/d4RE0+pkefqSo/AQP32JuJfXiuCXqkdcz+MgPl0tqgXCQwBnkSCu1wyCmKkCaGS679iOiCSUNDBpXQIX5fi/0k9a9oFM3uZy1RO53Ek0R46QEfIRkVUQReoimqIojv0gJ7Qs3FvPBovxuusNGHMe3bRDxhvn382mJo=</latexit>

Ê8 oVir�

Closure of the generalised Lie derivative requires to impose a section constraint. 

<latexit sha1_base64="YoLRcOdFLknAHag2cq8KSBdnbwQ="></latexit>

Y MN
PQ @M� @N�0 = 0

ExFT 
reproduces:

D=11 SUGRA 
in a 2+9 KK split 

D=10 IIB SUGRA 
in a 2+8 KK split

or
Highly

non-trivial

<latexit sha1_base64="wFqmENSvodOBpALH06MlYk3M58I="></latexit>

@M = (
@

@yi
, 0 , 0 . . .)

solve ExFT 
reproduces: D=2 ungauged SUGRA

<latexit sha1_base64="s2YrEB695HzfuUPIyz6zb8ra63Y=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqswU2+pCKLhxI1SwD2jHkkkzbWgmMyQZpQz9DzcuFHHrv7jzb8y0I6jogQuHc+5N7j1exJnStv1h5ZaWV1bX8uuFjc2t7Z3i7l5bhbEktEVCHsquhxXlTNCWZprTbiQpDjxOO97kIvU7d1QqFoobPY2oG+CRYD4jWBvpth9hqRnmg+Rqdm4PiiW7bM+BFsSpGFK1nbNaDTmZVYIMzUHxvT8MSRxQoQnHSvUcO9Jukr5JOJ0V+rGiESYTPKI9QwUOqHKT+dYzdGSUIfJDaUpoNFe/TyQ4UGoaeKYzwHqsfnup+JfXi7V/6iZMRLGmgiw+8mOOdIjSCNCQSUo0nxqCiWRmV0TGWGKiTVAFE8LXpeh/0q6UnVq5cn1SatSzOPJwAIdwDA7UoQGX0IQWEJDwAE/wbN1bj9aL9bpozVnZzD78gPX2CXvfkno=</latexit>

@M = 0

<latexit sha1_base64="OgMxwR0jPeiN40Z0aJfU1pxe1qg=">AAACBXicdVDLSgMxFM34rPU16lIXwSK4scyUWuuuIILLCvYBnXHIpGkbmnmQ3BHL0I0bf8WNC0Xc+g/u/BvTdgQVPRA4nHMfucePBVdgWR/G3PzC4tJybiW/ura+sWlubTdVlEjKGjQSkWz7RDHBQ9YADoK1Y8lI4AvW8odnE791w6TiUXgFo5i5AemHvMcpAS155p4zIIDPvaojgQdMYQfYLaRNLsfXR55ZsIrWFHhG7JImx5Z9WqlgO7MKKEPdM9+dbkSTgIVABVGqY1sxuCnRs6lg47yTKBYTOiR91tE0JHqjm06vGOMDrXRxL5L6hYCn6veOlARKjQJfVwYEBuq3NxH/8joJ9KpuysM4ARbS2aJeIjBEeBIJ7nLJKIiRJoRKrv+K6YBIQkEHl9chfF2K/yfNUtGuFEuX5UKtnMWRQ7toHx0iG52gGrpAddRAFN2hB/SEno1749F4MV5npXNG1rODfsB4+wQkzZhU</latexit>

Ê8 oVir�

covariant tensor

Generalised diffeomorphisms generate the internal  
diffeomorphisms and internal p-form gauge transformations

: invariant bilinear form over <latexit sha1_base64="rR3IvrmLoR0CF+B+ud+JKejzqQE=">AAAB/nicdVDLSgMxFM3UV62vqrhyEyyCCxkytmq7K7hxWcE+oDMMd9K0Dc08SDJCGQr+ihsXirj1O9z5N6YPQUUPXDg5515y7wkSwZUm5MPKLS2vrK7l1wsbm1vbO8XdvZaKU0lZk8Yilp0AFBM8Yk3NtWCdRDIIA8Hawehq6rfvmFQ8jm71OGFeCIOI9zkFbSS/eOAyDX42ck9dEMkQ3MC8J36xROxyzaCKiV0hhDhkQUgZOzaZoYQWaPjFd7cX0zRkkaYClOo6JNFeBlJzKtik4KaKJUBHMGBdQyMImfKy2foTfGyUHu7H0lSk8Uz9PpFBqNQ4DExnCHqofntT8S+vm+p+1ct4lKSaRXT+UT8VWMd4mgXuccmoFmNDgEpudsV0CBKoNokVTAhfl+L/SevMdi7s85tKqV5bxJFHh+gInSAHXaI6ukYN1EQUZegBPaFn6956tF6s13lrzlrM7KMfsN4+Aa04lfM=</latexit>⌘k↵�
<latexit sha1_base64="h+JHl+IEUNniTOMV9ogntxv3CvY="></latexit>

ê8 � hLki

Generalised 
Lie derivative

<latexit sha1_base64="YZW4YJ2M8heUgtjgPNE2yYMbJI0=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKewGjXoLePEYwTwwCWF20psMmZ1dZmaVsOQvvHhQxKt/482/cZKsoKIFDUVVN91dfiy4Nq774eSWlldW1/LrhY3Nre2d4u5eU0eJYthgkYhU26caBZfYMNwIbMcKaegLbPnjy5nfukOleSRvzCTGXkiHkgecUWOl267AwFClovt+seSW3TnIgngVS05d76JaJV5mlSBDvV987w4iloQoDRNU647nxqaXUmU4EzgtdBONMWVjOsSOpZKGqHvp/OIpObLKgASRsiUNmavfJ1Iaaj0JfdsZUjPSv72Z+JfXSUxw3ku5jBODki0WBYkgJiKz98mAK2RGTCyhTHF7K2EjqigzNqSCDeHrU/I/aVbKXrVcuT4p1dwsjjwcwCEcgwdnUIMrqEMDGEh4gCd4drTz6Lw4r4vWnJPN7MMPOG+fEluRIw==</latexit> 

Bossard, Cederwall, Kleinschmidt, Palmkvist, Samtleben 2017

<latexit sha1_base64="CS7yFdKj4cJ0dHCu2ZK8HEmwJbg="></latexit>

L|⇤i,⌃ � = �h@|⇤i+ (⌘0↵�h@|T↵|⇤i+ ⌃�) �
��

<latexit sha1_base64="Cw7cCuPkrtO2cSs+hV1aUE7PJuI=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgQcJu0FVvAS8eI5gHZJcwO5kkQ2YfzvQKYclPePGgiFd/x5t/4yRZQUULGoqqbrq7gkQKjbb9YRWWlldW14rrpY3Nre2d8u5eS8epYrzJYhmrTkA1lyLiTRQoeSdRnIaB5O1gfDXz2/dcaRFHtzhJuB/SYSQGglE0UscbUcy8k2mvXLGr9hxkQZyaIWe2c+m6xMmtCuRo9MrvXj9macgjZJJq3XXsBP2MKhRM8mnJSzVPKBvTIe8aGtGQaz+b3zslR0bpk0GsTEVI5ur3iYyGWk/CwHSGFEf6tzcT//K6KQ4u/ExESYo8YotFg1QSjMnsedIXijOUE0MoU8LcStiIKsrQRFQyIXx9Sv4nrVrVcau1m9NK3c3jKMIBHMIxOHAOdbiGBjSBgYQHeIJn6856tF6s10Vrwcpn9uEHrLdPGQuP/A==</latexit>

<̂latexit sha1_base64="hb1a1brc2YjM9OWGHrhcfMSuskE=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6Y4fewKblxWsA9oh5LJZNrYTDIkGaEM/Qc3LhRx6/+4829MH4KKHgg5nHMv994Tppxpg9CHs7a+sbm1Xdgp7u7tHxyWjo47WmaK0DaRXKpeiDXlTNC2YYbTXqooTkJOu+Hkau5376nSTIpbM01pkOCRYDEj2FipM+CRNHpYKiMXVeo+akDkVuxX8S3xkdeoNqDnogXKYIXWsPQ+iCTJEioM4VjrvodSE+RYGUY4nRUHmaYpJhM8on1LBU6oDvLFtjN4bpUIxlLZJwxcqN87cpxoPU1CW5lgM9a/vbn4l9fPTFwPcibSzFBBloPijEMj4fx0GDFFieFTSzBRzO4KyRgrTIwNqGhD+LoU/k86Fderuv7NZblZW8VRAKfgDFwAD9RAE1yDFmgDAu7AA3gCz450Hp0X53VZuuasek7ADzhvnyspj4Q=</latexit>. . .
<latexit sha1_base64="V5NP6bMWZwGzLaQguJisVDFLrGY=">AAAB8nicdVBNS8NAEN3Ur1q/qh69LBbBU0mKbfVW8OKxgv2ANJTNZtMu3WTD7kQoIT/DiwdFvPprvPlv3LYRVPTBwOO9GWbm+YngGmz7wyqtrW9sbpW3Kzu7e/sH1cOjvpapoqxHpZBq6BPNBI9ZDzgINkwUI5Ev2MCfXS/8wT1Tmsv4DuYJ8yIyiXnIKQEjuVk+zkYikKDzcbVm1+0l8Io4DUOatnPVamGnsGqoQHdcfR8FkqYRi4EKorXr2Al4GVHAqWB5ZZRqlhA6IxPmGhqTiGkvW56c4zOjBDiUylQMeKl+n8hIpPU88k1nRGCqf3sL8S/PTSG89DIeJymwmK4WhanAIPHifxxwxSiIuSGEKm5uxXRKFKFgUqqYEL4+xf+TfqPutOrN24tap13EUUYn6BSdIwe1UQfdoC7qIYokekBP6NkC69F6sV5XrSWrmDlGP2C9fQIxPZHW</latexit>...



ExFT building blocks 

Out of the scalars fields             , we build: 

Manifestly duality symmetric dynamics encoded in:

Gauged twisted
 self-duality equation

Pseudo
Lagrangian +

Bossard, FC, Inverso, Kleinschmidt, Samtleben 2019/21Same trick as  
in gauged SUGRA

<latexit sha1_base64="GgdUWhPkUycMDzJrB2KOOEvk/RM=">AAAB+XicdVBLSwMxGMz6rPW16tFLsAgVZMkubh+3ghePFewD2qVk07QNzT5IssVl6T/x4kERr/4Tb/4bs20FFR0IGWa+j0zGjzmTCqEPY219Y3Nru7BT3N3bPzg0j47bMkoEoS0S8Uh0fSwpZyFtKaY47caC4sDntONPr3O/M6NCsii8U2lMvQCPQzZiBCstDUyzH2A1IZhn7Xn5/jK9GJglZCGn5qI6RJajL8fVxEV2vVKHtoUWKIEVmgPzvT+MSBLQUBGOpezZKFZehoVihNN5sZ9IGmMyxWPa0zTEAZVetkg+h+daGcJRJPQJFVyo3zcyHEiZBr6ezHPK314u/uX1EjWqeRkL40TRkCwfGiUcqgjmNcAhE5QonmqCiWA6KyQTLDBRuqyiLuHrp/B/0nYsu2K5t1elRnVVRwGcgjNQBjaogga4AU3QAgTMwAN4As9GZjwaL8brcnTNWO2cgB8w3j4BdFOTiQ==</latexit>

V(x, y)

Only depends on  
internal currents          . 

<latexit sha1_base64="QN98qiHvu/nfynBF554vbzDTOjU="></latexit>

hP↵|
Fixed by generalised  

diffeomorphisms

•    
•    

External currents: covariant under 
generalised diffeomorphisms

Using the covariant derivative

<latexit sha1_base64="fpsidA9Lzx63YePUas/LynjoSw8="></latexit>

1
2 (DµVV�1 + h.c) = Pµ↵ ⌦ T↵

<latexit sha1_base64="z7u+hHDJjDNbq0zCTPGnOAhjH3I="></latexit>Pµ↵

Internal currents: not covariant under 
generalised diffeomorphisms

<latexit sha1_base64="+J2pp8eLDT2/623jiAGUju7dYoc="></latexit>

1
2 (@MVV�1 + h.c) = PM ↵ ⌦ T↵

<latexit sha1_base64="Z5BDBa9f89i75mFuR2LtRPITnQk=">AAACA3icdVBNSwMxEM36WetX1ZtegkXwtGTVWr0VvHisYFuhuyyzadoGs9klyQplLXjxr3jxoIhX/4Q3/43ph6CiDwYe780wMy9KBdeGkA9nZnZufmGxsFRcXlldWy9tbDZ1kinKGjQRibqKQDPBJWsYbgS7ShWDOBKsFV2fjfzWDVOaJ/LSDFIWxNCTvMspGCuFpW1fgOwJ5sdg+hREXg99EGkfhrdhqUxccnxETiuYuBXinRx6E3JarWLPJWOU0RT1sPTudxKaxUwaKkDrtkdSE+SgDKeCDYt+plkK9Bp6rG2phJjpIB//MMR7VungbqJsSYPH6veJHGKtB3FkO0en6t/eSPzLa2emexLkXKaZYZJOFnUzgU2CR4HgDleMGjGwBKji9lZM+6CAGhtb0Ybw9Sn+nzQPXO/YrVwclWvVaRwFtIN20T7yUBXV0Dmqowai6A49oCf07Nw7j86L8zppnXGmM1voB5y3TyibmH8=</latexit>

hP↵|

<latexit sha1_base64="8FQCVXiEC+sNfI0nWUhLj2snLiw=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcyJAZnD52BTcuK/QFnbFk0kwbmnmQZMQy9FfcuFDErT/izr8xfQgqeiDkcM693HtPkHImFUIfxtr6xubWdmGnuLu3f3BoHpU6MskEoW2S8ET0AiwpZzFtK6Y47aWC4ijgtBtMruZ+944KyZK4paYp9SM8ilnICFZaGpglL1EsohJ6F61bD/N0jAdmGVnIqbmoDpHl6M9xNXGRXa/UoW2hBcpghebAfPeGCckiGivCsZR9G6XKz7FQjHA6K3qZpCkmEzyifU1jrOf5+WL3GTzTyhCGidAvVnChfu/IcSTlNAp0ZYTVWP725uJfXj9TYc3PWZxmisZkOSjMOFQJnAcBh0xQovhUE0wE07tCMsYCE6XjKuoQvi6F/5OOY9kVy725LDeqqzgK4AScgnNggypogGvQBG1AwD14AE/g2ZgZj8aL8bosXTNWPcfgB4y3T92FlFQ=</latexit>

⌦T↵

<latexit sha1_base64="8FQCVXiEC+sNfI0nWUhLj2snLiw=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcyJAZnD52BTcuK/QFnbFk0kwbmnmQZMQy9FfcuFDErT/izr8xfQgqeiDkcM693HtPkHImFUIfxtr6xubWdmGnuLu3f3BoHpU6MskEoW2S8ET0AiwpZzFtK6Y47aWC4ijgtBtMruZ+944KyZK4paYp9SM8ilnICFZaGpglL1EsohJ6F61bD/N0jAdmGVnIqbmoDpHl6M9xNXGRXa/UoW2hBcpghebAfPeGCckiGivCsZR9G6XKz7FQjHA6K3qZpCkmEzyifU1jrOf5+WL3GTzTyhCGidAvVnChfu/IcSTlNAp0ZYTVWP725uJfXj9TYc3PWZxmisZkOSjMOFQJnAcBh0xQovhUE0wE07tCMsYCE6XjKuoQvi6F/5OOY9kVy725LDeqqzgK4AScgnNggypogGvQBG1AwD14AE/g2ZgZj8aL8bosXTNWPcfgB4y3T92FlFQ=</latexit>

⌦T↵

Also shifted version
<latexit sha1_base64="tV+1j4l8GLGqiF1LGEdD9unzdKs=">AAACB3icbVDJSgNBEO1xjXEb9ShIYxAiSOgJ2bwFvHiMYBbIxFDT6SRNeha6e4Qw5ObFX/HiQRGv/oI3/8bOctDog4LHe1VU1fMiwZUm5MtaWV1b39hMbaW3d3b39u2Dw4YKY0lZnYYilC0PFBM8YHXNtWCtSDLwPcGa3uhq6jfvmVQ8DG71OGIdHwYB73MK2khd+8T1QQ8pCFzrJq4fuxcuiGgIk7sk65xPunaG5Cr5SoEUMckVCCldVgwhM2BnQTJogVrX/nR7IY19FmgqQKm2QyLdSUBqTgWbpN1YsQjoCAasbWgAPlOdZPbHBJ8ZpYf7oTQVaDxTf04k4Cs19j3TOb1aLXtT8T+vHet+pZPwIIo1C+h8UT8WWId4GgruccmoFmNDgEpubsV0CBKoNtGlTQjO8st/SSOfc0q54k0hUy0v4kihY3SKsshBZVRF16iG6oiiB/SEXtCr9Wg9W2/W+7x1xVrMHKFfsD6+AXY/mQk=</latexit>

P(1)
µ↵

<latexit sha1_base64="zvSSD742P/0k65ztAhj7cJ5Xzgk="></latexit>

LExFT = Ltop.
ExFT � ?VExFT

<latexit sha1_base64="fXzyZIVt4Cfu5v992sE1UCeQhb8=">AAACCnicdVDLSgMxFM3UV62vqks30SLUzZAZnD4WQsGNywr2AW0tmTRtQzOZIckIZejajb/ixoUibv0Cd/6N6UN8oAdCDufcy733+BFnSiP0bqWWlldW19LrmY3Nre2d7O5eXYWxJLRGQh7Kpo8V5UzQmmaa02YkKQ58Thv+6HzqN26oVCwUV3oc0U6AB4L1GcHaSN3sYVtpLGE7wHpIMIfVsy96neSdk0k3m0M2ckseKkNku+ZzPUM85JQLZejYaIYcWKDazb61eyGJAyo04ViploMi3Umw1IxwOsm0Y0UjTEZ4QFuGChxQ1Ulmp0zgsVF6sB9K84SGM/V7R4IDpcaBbyqne6rf3lT8y2vFul/qJExEsaaCzAf1Yw51CKe5wB6TlGg+NgQTycyukAyxxESb9DImhM9L4f+k7tpOwfYuT3OV4iKONDgARyAPHFAEFXABqqAGCLgF9+ARPFl31oP1bL3MS1PWomcf/ID1+gENmJnY</latexit>

?P = P(1)

<latexit sha1_base64="d1WR8nC0h1HBi7r2kMUPwPCe1ys="></latexit>

Dµ = @µ � L|Aµi



 ExFT dynamics

All fields depend on the full set of coordinates               .   
<latexit sha1_base64="kEjJa/PXvJJRiAf0iek7sGl82kY=">AAAB8nicdVDLSgMxFM3UV62vqks3wSJUkDJTtOqu4MaNUME+YDotmTTThiaTIcmIw9DPcONCEbd+jTv/xrQdoYoeuHA4517uvcePGFXatj+t3NLyyupafr2wsbm1vVPc3WspEUtMmlgwITs+UoTRkDQ11Yx0IkkQ9xlp++Orqd++J1JREd7pJCIeR8OQBhQjbSS3/NDr8vgk6d0c94slu2LPABfIme1c1hzoZEoJZGj0ix/dgcAxJ6HGDCnlOnakvRRJTTEjk0I3ViRCeIyGxDU0RJwoL52dPIFHRhnAQEhToYYzdXEiRVyphPumkyM9Ur+9qfiX58Y6uPBSGkaxJiGeLwpiBrWA0//hgEqCNUsMQVhScyvEIyQR1ialggnh+1P4P2lVK06tUr09LdWrWRx5cAAOQRk44BzUwTVogCbAQIBH8AxeLG09Wa/W27w1Z2Uz++AHrPcvcBeQqg==</latexit>

(xµ, yM )

<latexit sha1_base64="HjJvvN8NhtsoKazC7eE1i8LfQJI=">AAADXXicpVJdaxNBFJ3sWm1jbVN98MGXwSBUtGE32FQfhIIoPkZI0kImWe5OZjdDZz+YmS0N4/5J3/TFv+Lsh9KKBcULA+eec++5M8MNc8GV9ryvHce9s3X33vZO9/7ug7393sHDmcoKSdmUZiKT5yEoJnjKppprwc5zySAJBTsLL95V+tklk4pn6URvcrZIIE55xCloSwUHHUXkOluaI78kL2eBIZpdafP+6sOkLN8SHUmgxi /N0KqEaQi8pSEg8jWQ0KYlEZDGghmSgF5TEHgcNHL5+Rc1a9zb1MxKm5MVxDGT16psY+VIZG149PfGk2UjYAtqh38a9OLWQUtz6D8v/39c43NjaNDrewOvDtwAf2jBsee/GY2w30p91MY46H0hq4wWCUs1FaDU3PdyvTAgNaeClV1SKJYDvYCYzS1MIWFqYertKPEzy6xwlEl7Uo1r9nqHgUSpTRLayurS6netIv+kzQsdvV4YnuaFZiltBkWFwDrD1arhFZeMarGxAKjk9q6YrsFulLYL2bWf8POl+HYwGw780WD46VX/9KT9jm30BD1Fh8hHJ+gUfURjNEW0881Bzo7Tdb67W+6uu9eUOp225xG6Ee7jH8UfF/c=</latexit>

⇢�1 VExFT = 1
2 ⌘

↵�
0 hP↵|V�1V�†|P�i � hP↵|V�1T↵T �V�†|P�i+ hP(1)

↵ |V�1T↵T �V�†|P(1)
� i

<latexit sha1_base64="dzmK99Iuk/SMdWrzOyN5kfFK5oo="></latexit>

+hP↵|V�1T↵V�†|PL0i+ 2
1X

q=1

�
hP↵|V�1T↵V�†|PLq i+ q(q � 1)hPLq |V�1V�†|PLq i

�

Appropriate setup to study Kaluza-Klein truncations to D=2 gauged supergravities.

Complete dynamics encoded into: +

Reproduces D=11 or IIB supergravity dynamics upon choosing corresponding  
solutions to the section constraint:

Check:

D=11 SUGRA 
in a 2+9 KK split 

D=10 IIB SUGRA 
in a 2+8 KK split

or Highly
non-trivial

<latexit sha1_base64="wFqmENSvodOBpALH06MlYk3M58I="></latexit>

@M = (
@

@yi
, 0 , 0 . . .)

!

<latexit sha1_base64="zvSSD742P/0k65ztAhj7cJ5Xzgk="></latexit>

LExFT = Ltop.
ExFT � ?VExFT

<latexit sha1_base64="fXzyZIVt4Cfu5v992sE1UCeQhb8=">AAACCnicdVDLSgMxFM3UV62vqks30SLUzZAZnD4WQsGNywr2AW0tmTRtQzOZIckIZejajb/ixoUibv0Cd/6N6UN8oAdCDufcy733+BFnSiP0bqWWlldW19LrmY3Nre2d7O5eXYWxJLRGQh7Kpo8V5UzQmmaa02YkKQ58Thv+6HzqN26oVCwUV3oc0U6AB4L1GcHaSN3sYVtpLGE7wHpIMIfVsy96neSdk0k3m0M2ckseKkNku+ZzPUM85JQLZejYaIYcWKDazb61eyGJAyo04ViploMi3Umw1IxwOsm0Y0UjTEZ4QFuGChxQ1Ulmp0zgsVF6sB9K84SGM/V7R4IDpcaBbyqne6rf3lT8y2vFul/qJExEsaaCzAf1Yw51CKe5wB6TlGg+NgQTycyukAyxxESb9DImhM9L4f+k7tpOwfYuT3OV4iKONDgARyAPHFAEFXABqqAGCLgF9+ARPFl31oP1bL3MS1PWomcf/ID1+gENmJnY</latexit>

?P = P(1)



D=2 gSUGRA fields and 
gauge parameters

<latexit sha1_base64="+k87US0CR1nz8W80jSl+AVp2Cp8=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFSKCUpttWFUHDjsoJ9QFvKZDpph04mYWYiDaELN/6KGxeKuPUj3Pk3TtsIKnrgwuGce7n3HjdkVCrb/jBWVtfWNzYzW9ntnd29ffPgsCWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3I599u3REga8BsVh6TvoxGnHsVIaWlg5no+UmOMWNKaWdNiXLhoWdNCr9i04sLAzNslewG4JE5Zk4rtnFer0EmtPEjRGJjvvWGAI59whRmSsuvYoeonSCiKGZlle5EkIcITNCJdTTnyiewniydm8EQrQ+gFQhdXcKF+n0iQL2Xsu7pzfrL87c3Fv7xupLyzfkJ5GCnC8XKRFzGoAjhPBA6pIFixWBOEBdW3QjxGAmGlc8vqEL4+hf+TVrnkVEuV69N8vZbGkQE5cAws4IAaqIMr0ABNgMEdeABP4Nm4Nx6NF+N12bpipDNH4AeMt0+p+pbL</latexit>

V(x, y) = V (x)U(y)Consider the simple 
truncation Ansatz:

..

ExFT fields and  
gauge parameters

'Twist matrix'
<latexit sha1_base64="VD3mO48TpmCQHhV7J5iinCuPRhY="></latexit>

U(y) 2 Ê8 oVir�

.

respects the section 
constraint

with

Assume twist matrix  
         such that:

<latexit sha1_base64="UbDpeX84gQcJAlT1OptheMUMuKQ="></latexit>

U(y)

<latexit sha1_base64="mVF1FDKJfTQ8z4LltwDEKqgpID8="></latexit>

L|⇤iV ⇠
⇣
h⇥↵|�i �↵V

⌘
U

Generalised 
diffeomorphisms in 

ExFT

Gauge transformation 
in gSUGRA

with constant embedding 
tensor

<latexit sha1_base64="TsVVLZ18r67fKTDasVr90sV7BcQ=">AAAB/nicdVBNSwMxEM3W7/pVFU9egkXwtGSLVXsTvHhUsFXoljKbTtvQbHZJskJZBf+KFw+KePV3ePPfmH4IKvpgmMd7M2TyolQKYxn78Aozs3PzC4tLxeWV1bX10sZmwySZ5ljniUz0dQQGpVBYt8JKvE41QhxJvIoGpyP/6ga1EYm6tMMUWzH0lOgKDtZJ7dJ2KEH1JIaXfbTQDkGmfbhtl8rMZ5XjKqtR5ldcq1QdqbKgdlijgc/GKJMpztul97CT8CxGZbkEY5oBS20rB20Fl3hXDDODKfAB9LDpqIIYTSsfn39H95zSod1Eu1KWjtXvGznExgzjyE3GYPvmtzcS//Kame0et3Kh0syi4pOHupmkNqGjLGhHaORWDh0BroW7lfI+aODWJVZ0IXz9lP5PGhU/OPSrFwflk6NpHItkh+ySfRKQI3JCzsg5qRNOcvJAnsizd+89ei/e62S04E13tsgPeG+f/Q6WJw==</latexit>

h⇥↵|

<latexit sha1_base64="XtT9Mu1YGPOi6EKIi6HIwFSwizM="></latexit>

|⇤(x, y)i = U�1(y) |�(x)i

...

<latexit sha1_base64="/i4L8ys9E7nCWAYqmbexdOjbRRo="></latexit>

|Aµ(x, y)i = U�1(y) |Aµ(x)i

GSS truncations to D=2 gauged supergravities



D=2 gSUGRA fields and 
gauge parameters

<latexit sha1_base64="+k87US0CR1nz8W80jSl+AVp2Cp8=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFSKCUpttWFUHDjsoJ9QFvKZDpph04mYWYiDaELN/6KGxeKuPUj3Pk3TtsIKnrgwuGce7n3HjdkVCrb/jBWVtfWNzYzW9ntnd29ffPgsCWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3I599u3REga8BsVh6TvoxGnHsVIaWlg5no+UmOMWNKaWdNiXLhoWdNCr9i04sLAzNslewG4JE5Zk4rtnFer0EmtPEjRGJjvvWGAI59whRmSsuvYoeonSCiKGZlle5EkIcITNCJdTTnyiewniydm8EQrQ+gFQhdXcKF+n0iQL2Xsu7pzfrL87c3Fv7xupLyzfkJ5GCnC8XKRFzGoAjhPBA6pIFixWBOEBdW3QjxGAmGlc8vqEL4+hf+TVrnkVEuV69N8vZbGkQE5cAws4IAaqIMr0ABNgMEdeABP4Nm4Nx6NF+N12bpipDNH4AeMt0+p+pbL</latexit>

V(x, y) = V (x)U(y)

GSS truncations to D=2 gauged supergravities

Consider the simple 
truncation Ansatz:

..

ExFT fields and  
gauge parameters

'Twist matrix'
<latexit sha1_base64="VD3mO48TpmCQHhV7J5iinCuPRhY="></latexit>

U(y) 2 Ê8 oVir�

.

respects the section 
constraint

with

Assume twist matrix  
         such that:

<latexit sha1_base64="UbDpeX84gQcJAlT1OptheMUMuKQ="></latexit>

U(y)

<latexit sha1_base64="mVF1FDKJfTQ8z4LltwDEKqgpID8="></latexit>

L|⇤iV ⇠
⇣
h⇥↵|�i �↵V

⌘
U

Generalised 
diffeomorphisms in 

ExFT

Gauge transformation 
in gSUGRA

with constant embedding 
tensor

<latexit sha1_base64="TsVVLZ18r67fKTDasVr90sV7BcQ=">AAAB/nicdVBNSwMxEM3W7/pVFU9egkXwtGSLVXsTvHhUsFXoljKbTtvQbHZJskJZBf+KFw+KePV3ePPfmH4IKvpgmMd7M2TyolQKYxn78Aozs3PzC4tLxeWV1bX10sZmwySZ5ljniUz0dQQGpVBYt8JKvE41QhxJvIoGpyP/6ga1EYm6tMMUWzH0lOgKDtZJ7dJ2KEH1JIaXfbTQDkGmfbhtl8rMZ5XjKqtR5ldcq1QdqbKgdlijgc/GKJMpztul97CT8CxGZbkEY5oBS20rB20Fl3hXDDODKfAB9LDpqIIYTSsfn39H95zSod1Eu1KWjtXvGznExgzjyE3GYPvmtzcS//Kame0et3Kh0syi4pOHupmkNqGjLGhHaORWDh0BroW7lfI+aODWJVZ0IXz9lP5PGhU/OPSrFwflk6NpHItkh+ySfRKQI3JCzsg5qRNOcvJAnsizd+89ei/e62S04E13tsgPeG+f/Q6WJw==</latexit>

h⇥↵|

<latexit sha1_base64="XtT9Mu1YGPOi6EKIi6HIwFSwizM="></latexit>

|⇤(x, y)i = U�1(y) |�(x)i

...

<latexit sha1_base64="/i4L8ys9E7nCWAYqmbexdOjbRRo="></latexit>

|Aµ(x, y)i = U�1(y) |Aµ(x)i

Then
<latexit sha1_base64="pfqripo7DJWpbR9+BrZ5s95RCq8="></latexit>

[U(y)]L0 LgSUGRA = [U(y)]L0

⇣
Ltop.
gsugra � ?Vgsugra

⌘
<latexit sha1_base64="zvSSD742P/0k65ztAhj7cJ5Xzgk="></latexit>

LExFT = Ltop.
ExFT � ?VExFT

Consistent truncation!

<latexit sha1_base64="fXzyZIVt4Cfu5v992sE1UCeQhb8=">AAACCnicdVDLSgMxFM3UV62vqks30SLUzZAZnD4WQsGNywr2AW0tmTRtQzOZIckIZejajb/ixoUibv0Cd/6N6UN8oAdCDufcy733+BFnSiP0bqWWlldW19LrmY3Nre2d7O5eXYWxJLRGQh7Kpo8V5UzQmmaa02YkKQ58Thv+6HzqN26oVCwUV3oc0U6AB4L1GcHaSN3sYVtpLGE7wHpIMIfVsy96neSdk0k3m0M2ckseKkNku+ZzPUM85JQLZejYaIYcWKDazb61eyGJAyo04ViploMi3Umw1IxwOsm0Y0UjTEZ4QFuGChxQ1Ulmp0zgsVF6sB9K84SGM/V7R4IDpcaBbyqne6rf3lT8y2vFul/qJExEsaaCzAf1Yw51CKe5wB6TlGg+NgQTycyukAyxxESb9DImhM9L4f+k7tpOwfYuT3OV4iKONDgARyAPHFAEFXABqqAGCLgF9+ARPFl31oP1bL3MS1PWomcf/ID1+gENmJnY</latexit>

?P = P(1)
<latexit sha1_base64="CF3mUbW3+SLBAtPkafpoxlmvriU=">AAAB/HicdVDLSgMxFM3UV62vapdugkWomyEzOH0shIIblxXsA9paMmmmDc1khiQjlKH+ihsXirj1Q9z5N6YPQUUPXHI4517uzfFjzpRG6MPKrK1vbG5lt3M7u3v7B/nDo5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/cnl3G/fUalYJG70NKb9EI8ECxjB2kiDfKGnNJawBxsXpm7TknM2G+SLyEZu1UM1iGzXPK5niIecWrkGHRstUAQrNAb5994wIklIhSYcK9V1UKz7KZaaEU5nuV6iaIzJBI9o11CBQ6r66eL4GTw1yhAGkTQlNFyo3ydSHCo1DX3TGWI9Vr+9ufiX1010UO2nTMSJpoIsFwUJhzqC8yTgkElKNJ8agolk5lZIxlhiok1eORPC10/h/6Tl2k7Z9q7Pi/XKKo4sOAYnoAQcUAF1cAUaoAkImIIH8ASerXvr0XqxXpetGWs1UwA/YL19AtW/k5g=</latexit>

? P = P (1)



D=2 maximal gauged supergravities

We find:
<latexit sha1_base64="DW1NPf6BYskyc103mX0B5EEv/eU="></latexit>

Ltop.
gsugra = ⇢D�+O

⇣
V, h⇥↵|, |F i

⌘

Recover previous D=2 result 

with 
<latexit sha1_base64="yssakKLCSBrPbaoPwrelD/sIexU=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQN0OmOLVdCAU3boQKdlpoa8lk0jY08yDJqGXsp7hxoYhbv8Sdf2P6EFT0wOUezrmX3Bwv5kwqhD6MzNLyyupadj23sbm1vWPmd10ZJYLQBol4JFoelpSzkDYUU5y2YkFx4HHa9EZnU795Q4VkUXilxjHtBngQsj4jWGmpZ+YvindHp+51x8eDARXQhT2zgCxUqjioCpFV0q3kaOIgu1quQttCMxTAAvWe+d7xI5IENFSEYynbNopVN8VCMcLpJNdJJI0xGeEBbWsa4oDKbjo7fQIPteLDfiR0hQrO1O8bKQ6kHAeengywGsrf3lT8y2snql/ppiyME0VDMn+on3CoIjjNAfpMUKL4WBNMBNO3QjLEAhOl08rpEL5+Cv8nbsmyy5ZzeVyoVRdxZME+OABFYIMTUAPnoA4agIBb8ACewLNxbzwaL8brfDRjLHb2wA8Yb5+8uZMG</latexit>

M(x) = V †VSupergravity scalars packaged in

: invariant bilinear form over <latexit sha1_base64="rR3IvrmLoR0CF+B+ud+JKejzqQE=">AAAB/nicdVDLSgMxFM3UV62vqrhyEyyCCxkytmq7K7hxWcE+oDMMd9K0Dc08SDJCGQr+ihsXirj1O9z5N6YPQUUPXDg5515y7wkSwZUm5MPKLS2vrK7l1wsbm1vbO8XdvZaKU0lZk8Yilp0AFBM8Yk3NtWCdRDIIA8Hawehq6rfvmFQ8jm71OGFeCIOI9zkFbSS/eOAyDX42ck9dEMkQ3MC8J36xROxyzaCKiV0hhDhkQUgZOzaZoYQWaPjFd7cX0zRkkaYClOo6JNFeBlJzKtik4KaKJUBHMGBdQyMImfKy2foTfGyUHu7H0lSk8Uz9PpFBqNQ4DExnCHqofntT8S+vm+p+1ct4lKSaRXT+UT8VWMd4mgXuccmoFmNDgEpudsV0CBKoNokVTAhfl+L/SevMdi7s85tKqV5bxJFHh+gInSAHXaI6ukYN1EQUZegBPaFn6956tF6s13lrzlrM7KMfsN4+Aa04lfM=</latexit>⌘k↵�
<latexit sha1_base64="h+JHl+IEUNniTOMV9ogntxv3CvY="></latexit>

ê8 � hLki

<latexit sha1_base64="IHaXWQFIBTlSS5ocGKi1fz6Lwbc="></latexit>

Vgsugra =
1

2⇢3
h✓|M�1|✓i+ 1

2⇢
⌘�2↵�h✓|T↵M�1T �†|✓i

Constant embedding tensor
<latexit sha1_base64="Y1CZnW7gTCVumSFhz72yPYs3FpU="></latexit>

h⇥↵| = ⌘�1↵�h✓|T �

Gauge invariant D=2 pseudo-Lagrangian

All fields only depend on D=2 coordinates Full dynamics of all D=2 gauged  
maximal supergravities that result from  
consistent truncations D=11/10 SUGRA



We explicitly constructed the twist matrix           which leads to a constant embedding tensor  
that induces an            gauging in D=2.  

<latexit sha1_base64="n2IbWhTOc5+KkoDwPNu6zqq1CWo=">AAAB7HicdVDLSgMxFM34rPVVdekmWIS6GVJb25ldwY07KzptoR1KJs20oZnMkGSEMvQb3LhQxK0f5M6/MX0IKnrgwuGce7n3niDhTGmEPqyV1bX1jc3cVn57Z3dvv3Bw2FJxKgn1SMxj2QmwopwJ6mmmOe0kkuIo4LQdjC9nfvueSsVicacnCfUjPBQsZARrI3m31yX3rF8oItt1HBc5ENlVhKqOa0jFdd1aBZZtNEcRLNHsF957g5ikERWacKxUt4wS7WdYakY4neZ7qaIJJmM8pF1DBY6o8rP5sVN4apQBDGNpSmg4V79PZDhSahIFpjPCeqR+ezPxL6+b6tDxMyaSVFNBFovClEMdw9nncMAkJZpPDMFEMnMrJCMsMdEmn7wJ4etT+D9pndvlmn1xUy026ss4cuAYnIASKIM6aIAr0AQeIICBB/AEni1hPVov1uuidcVazhyBH7DePgEnAY5B</latexit>

SO(9) Depends on 8 coordinates

Consistent truncation of D=10 IIA supergravity on      to            gauged supergravity 
<latexit sha1_base64="n2IbWhTOc5+KkoDwPNu6zqq1CWo=">AAAB7HicdVDLSgMxFM34rPVVdekmWIS6GVJb25ldwY07KzptoR1KJs20oZnMkGSEMvQb3LhQxK0f5M6/MX0IKnrgwuGce7n3niDhTGmEPqyV1bX1jc3cVn57Z3dvv3Bw2FJxKgn1SMxj2QmwopwJ6mmmOe0kkuIo4LQdjC9nfvueSsVicacnCfUjPBQsZARrI3m31yX3rF8oItt1HBc5ENlVhKqOa0jFdd1aBZZtNEcRLNHsF957g5ikERWacKxUt4wS7WdYakY4neZ7qaIJJmM8pF1DBY6o8rP5sVN4apQBDGNpSmg4V79PZDhSahIFpjPCeqR+ezPxL6+b6tDxMyaSVFNBFovClEMdw9nncMAkJZpPDMFEMnMrJCMsMdEmn7wJ4etT+D9pndvlmn1xUy026ss4cuAYnIASKIM6aIAr0AQeIICBB/AEni1hPVov1uuidcVazhyBH7DePgEnAY5B</latexit>

SO(9)

<latexit sha1_base64="qMNqnd18iLja1sNTzVUPftlaKqc=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBahXkpSbKu3ghePFUxbaEPZbLft0s0m7G6EEPoXvHhQxKt/yJv/xk0bQUUfDDzem2Fmnh9xprRtf1iFtfWNza3idmlnd2//oHx41FVhLAl1SchD2fexopwJ6mqmOe1HkuLA57Tnz68zv3dPpWKhuNNJRL0ATwWbMIJ1JrnV5HxUrtg1ewm0Ik7dkIbtXDWbyMmtCuTojMrvw3FI4oAKTThWauDYkfZSLDUjnC5Kw1jRCJM5ntKBoQIHVHnp8tYFOjPKGE1CaUpotFS/T6Q4UCoJfNMZYD1Tv71M/MsbxHpy6aVMRLGmgqwWTWKOdIiyx9GYSUo0TwzBRDJzKyIzLDHRJp6SCeHrU/Q/6dZrTrPWuL2otFt5HEU4gVOoggMtaMMNdMAFAjN4gCd4tgLr0XqxXletBSufOYYfsN4+AX5Ajd4=</latexit>

U(y)

<latexit sha1_base64="jtaFfqzggbQ7Hrf8mCe8tfYquEY=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mKTeut4MVjpfYD2lg22027dLMJuxuhhP4ELx4U8eov8ua/cdtGUNEHA4/3ZpiZ58ecKW3bH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68WfveeSsUicatnMfVCPBYsYARrI7Vad/VhsWSX7SXQijgVQ6q2c+m6yMmsEmRoDovvg1FEkpAKTThWqu/YsfZSLDUjnM4Lg0TRGJMpHtO+oQKHVHnp8tQ5OjPKCAWRNCU0WqrfJ1IcKjULfdMZYj1Rv72F+JfXT3RQ91Im4kRTQVaLgoQjHaHF32jEJCWazwzBRDJzKyITLDHRJp2CCeHrU/Q/6VTKjluu3lyUGrUsjjycwCmcgwM1aMA1NKENBMbwAE/wbHHr0XqxXletOSubOYYfsN4+AQa8jZ4=</latexit>

S8

<latexit sha1_base64="l4lcdERVgGFU1+Re7+fLhqR1Dfk=">AAACEnicdVDLSgMxFM3UV62vUZdugkVoN2Wm2NeuIIILwUrtA9phyKSZNjTzIMkIZeg3uPFX3LhQxK0rd/6NaTvFB3ogcO4593JzjxMyKqRhfGipldW19Y30ZmZre2d3T98/aIsg4pi0cMAC3nWQIIz6pCWpZKQbcoI8h5GOMz6b+Z1bwgUN/Bs5CYnloaFPXYqRVJKt55tXuVq+LyJHEAmbl6qAy+rcrn7Rmq1njYIxB1wQs6hIyTBr5TI0EysLEjRs/b0/CHDkEV9ihoTomUYorRhxSTEj00w/EiREeIyGpKeojzwirHh+0hSeKGUA3YCr50s4V79PxMgTYuI5qtNDciR+ezPxL68XSbdqxdQPI0l8vFjkRgzKAM7ygQPKCZZsogjCnKq/QjxCHGGpUsyoEJaXwv9Ju1gwy4XS9Wm2XkniSIMjcAxywAQVUAcXoAFaAIM78ACewLN2rz1qL9rrojWlJTOH4Ae0t0/xyJvG</latexit>

SO(9) ⇢ SL(9) ⇢ E8 ⇢ E9

<latexit sha1_base64="9yqzGlxzAC1dBn3KhU+pQeEv71Q="></latexit>

SO(9) ⇢ SL(9) ⇢ cSL(9) ⇢ E9

Example: sphere truncation



Example: sphere truncation

Simplest D=2 solution: SO(9)-invariant half-supersymmetric domain wall 

<latexit sha1_base64="uIt8i9lPr3EZfYJukgP/SgD4p2M=">AAAB/HicdVBNS8NAEN3Ur1q/oj16WSyCF0sStNWDUPDisYK1hTYpm82mXbrZhN2NEEL9K148KOLVH+LNf+O2jaCiDwYe780wM89PGJXKsj6M0tLyyupaeb2ysbm1vWPu7t3KOBWYdHDMYtHzkSSMctJRVDHSSwRBkc9I159czvzuHRGSxvxGZQlxIzTiNKQYKS0NzWogPedCeHlzGijPOQ6E5wzNmlW35oALYjuanFr2eaMB7cKqgQLtofk+CGKcRoQrzJCUfdtKlJsjoShmZFoZpJIkCE/QiPQ15Sgi0s3nx0/hoVYCGMZCF1dwrn6fyFEkZRb5ujNCaix/ezPxL6+fqvDMzSlPUkU4XiwKUwZVDGdJwIAKghXLNEFYUH0rxGMkEFY6r4oO4etT+D+5dep2o+5cn9RazSKOMtgHB+AI2KAJWuAKtEEHYJCBB/AEno1749F4MV4XrSWjmKmCHzDePgGwzZQh</latexit>

ds2 = r7dt2 � dr2
<latexit sha1_base64="LsQbhkABbOoDQ9Vkq/nK8N8d1Ro=">AAAB9HicdVBNS8NAEJ34WetX1aOXxSJ4qknQ1h6EghePFewHtLFstpt26SYbdzeFEvo7vHhQxKs/xpv/xm0bQUUfDDzem2Fmnh9zprRtf1hLyyura+u5jfzm1vbObmFvv6lEIgltEMGFbPtYUc4i2tBMc9qOJcWhz2nLH13N/NaYSsVEdKsnMfVCPIhYwAjWRvK6cigukbxLq6futFco2iV7DrQgjmvIue1Uy2XkZFYRMtR7hfduX5AkpJEmHCvVcexYeymWmhFOp/luomiMyQgPaMfQCIdUeen86Ck6NkofBUKaijSaq98nUhwqNQl90xliPVS/vZn4l9dJdHDhpSyKE00jslgUJBxpgWYJoD6TlGg+MQQTycytiAyxxESbnPImhK9P0f+k6Zaccsm9OSvWKlkcOTiEIzgBBypQg2uoQwMI3MMDPMGzNbYerRfrddG6ZGUzB/AD1tsn2JCReg==</latexit>

⇢ = r9/2

Uplifts to solution of IIA supergravity: warped                   geometry with flux. 
<latexit sha1_base64="PCSjoOcXieyp3RBWzW5hVGTXxmM=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5IEbeuu4sZlpfYBbQyTyaQdOpmEmYlQQ7/EjQtF3Pop7vwbp20EFT1w4XDOvdx7j58wKpVlfRiFldW19Y3iZmlre2e3bO7td2WcCkw6OGax6PtIEkY56SiqGOkngqDIZ6TnTy7nfu+OCEljfqOmCXEjNOI0pBgpLXlm+SJoe85Q0YhI2L5teGbFqloLwCWxHU3OLPu8VoN2blVAjpZnvg+DGKcR4QozJOXAthLlZkgoihmZlYapJAnCEzQiA0050ovcbHH4DB5rJYBhLHRxBRfq94kMRVJOI193RkiN5W9vLv7lDVIVNtyM8iRVhOPlojBlUMVwngIMqCBYsakmCAuqb4V4jATCSmdV0iF8fQr/J12nateqzvVppVnP4yiCQ3AEToAN6qAJrkALdAAGKXgAT+DZuDcejRfjddlaMPKZA/ADxtsnp3CSaw==</latexit>

AdS2 ⇥ S8

Near-horizon geometry of D0 branes: dual to SU(N) matrix quantum mechanics.

We explicitly constructed the twist matrix           which leads to a constant embedding tensor  
that induces an            gauging in D=2.  

<latexit sha1_base64="n2IbWhTOc5+KkoDwPNu6zqq1CWo=">AAAB7HicdVDLSgMxFM34rPVVdekmWIS6GVJb25ldwY07KzptoR1KJs20oZnMkGSEMvQb3LhQxK0f5M6/MX0IKnrgwuGce7n3niDhTGmEPqyV1bX1jc3cVn57Z3dvv3Bw2FJxKgn1SMxj2QmwopwJ6mmmOe0kkuIo4LQdjC9nfvueSsVicacnCfUjPBQsZARrI3m31yX3rF8oItt1HBc5ENlVhKqOa0jFdd1aBZZtNEcRLNHsF957g5ikERWacKxUt4wS7WdYakY4neZ7qaIJJmM8pF1DBY6o8rP5sVN4apQBDGNpSmg4V79PZDhSahIFpjPCeqR+ezPxL6+b6tDxMyaSVFNBFovClEMdw9nncMAkJZpPDMFEMnMrJCMsMdEmn7wJ4etT+D9pndvlmn1xUy026ss4cuAYnIASKIM6aIAr0AQeIICBB/AEni1hPVov1uuidcVazhyBH7DePgEnAY5B</latexit>

SO(9) Depends on 8 coordinates

Consistent truncation of D=10 IIA supergravity on      to            gauged supergravity 
<latexit sha1_base64="n2IbWhTOc5+KkoDwPNu6zqq1CWo=">AAAB7HicdVDLSgMxFM34rPVVdekmWIS6GVJb25ldwY07KzptoR1KJs20oZnMkGSEMvQb3LhQxK0f5M6/MX0IKnrgwuGce7n3niDhTGmEPqyV1bX1jc3cVn57Z3dvv3Bw2FJxKgn1SMxj2QmwopwJ6mmmOe0kkuIo4LQdjC9nfvueSsVicacnCfUjPBQsZARrI3m31yX3rF8oItt1HBc5ENlVhKqOa0jFdd1aBZZtNEcRLNHsF957g5ikERWacKxUt4wS7WdYakY4neZ7qaIJJmM8pF1DBY6o8rP5sVN4apQBDGNpSmg4V79PZDhSahIFpjPCeqR+ezPxL6+b6tDxMyaSVFNBFovClEMdw9nncMAkJZpPDMFEMnMrJCMsMdEmn7wJ4etT+D9pndvlmn1xUy026ss4cuAYnIASKIM6aIAr0AQeIICBB/AEni1hPVov1uuidcVazhyBH7DePgEnAY5B</latexit>

SO(9)

<latexit sha1_base64="qMNqnd18iLja1sNTzVUPftlaKqc=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBahXkpSbKu3ghePFUxbaEPZbLft0s0m7G6EEPoXvHhQxKt/yJv/xk0bQUUfDDzem2Fmnh9xprRtf1iFtfWNza3idmlnd2//oHx41FVhLAl1SchD2fexopwJ6mqmOe1HkuLA57Tnz68zv3dPpWKhuNNJRL0ATwWbMIJ1JrnV5HxUrtg1ewm0Ik7dkIbtXDWbyMmtCuTojMrvw3FI4oAKTThWauDYkfZSLDUjnC5Kw1jRCJM5ntKBoQIHVHnp8tYFOjPKGE1CaUpotFS/T6Q4UCoJfNMZYD1Tv71M/MsbxHpy6aVMRLGmgqwWTWKOdIiyx9GYSUo0TwzBRDJzKyIzLDHRJp6SCeHrU/Q/6dZrTrPWuL2otFt5HEU4gVOoggMtaMMNdMAFAjN4gCd4tgLr0XqxXletBSufOYYfsN4+AX5Ajd4=</latexit>

U(y)

Rich structure of vacua to explore:

<latexit sha1_base64="13ZhhxhrSFhWDGwrU7NIglNo8nk=">AAACCHicdVDLSgNBEJz1GeMr6tGDg0HwtMwGE81BCHjxGMGokCxhdtKrg7MPZnrFsOToxV/x4kERr36CN//GyUNQ0YKmi6puZrqCVEmDjH04U9Mzs3PzhYXi4tLyymppbf3MJJkW0BKJSvRFwA0oGUMLJSq4SDXwKFBwHlwfDf3zG9BGJvEp9lPwI34Zy1AKjlbqlrY6CLeYi8QAUiO44toMDieiwUG3VGYuqxxUWZ0yt2JbpWpJlXn1Wp16LhuhTCZodkvvnV4isghiFIob0/ZYin7ONUqhYFDsZAZSLq75JbQtjXkExs9HhwzojlV6NEy0rRjpSP2+kfPImH4U2MmI45X57Q3Fv7x2huGBn8s4zRBiMX4ozBTFhA5ToT2pQaDqW8KFlvavVFxxzQXa7Io2hK9L6f/krOJ6Nbd6sldu7E/iKJBNsk12iUf2SYMckyZpEUHuyAN5Is/OvfPovDiv49EpZ7KzQX7AefsEssGbDQ==</latexit>

coset scalars = cst
<latexit sha1_base64="ZbbmbZD0DtlPY+Iy7JrJB2g4F+4=">AAAB/nicdVDLSgNBEJz1GeMrKp68DAbB0zIbTDQHIeDFo4J5QBLC7KQ3GZx9MNMrhiXgr3jxoIhXv8Obf+MkRlDRgqaLqm6mp/xESYOMvTtz8wuLS8u5lfzq2vrGZmFru2HiVAuoi1jFuuVzA0pGUEeJClqJBh76Cpr+9dnEb96ANjKOrnCUQDfkg0gGUnC0Uq+w20G4xWzA0wHQQILqm/Ep6xWKzGWlkzKrUuaWbCuVLSkzr1qpUs9lUxTJDBe9wlunH4s0hAiF4sa0PZZgN+MapVAwzndSAwkX13wAbUsjHoLpZtPzx/TAKn0axNpWhHSqft/IeGjMKPTtZMhxaH57E/Evr51icNLNZJSkCJH4fChIFcWYTrKgfalBoBpZwoWW9lYqhlxzgTaxvA3h66f0f9IouV7FLV8eFWvHszhyZI/sk0PikWNSI+fkgtSJIBm5J4/kyblzHpxn5+VzdM6Z7eyQH3BePwCrHZXv</latexit>

gauge fields = 0

Holographic access to supermembrane/
BFSS model

<latexit sha1_base64="F0HA2M51LX3a0bRqsOzfI/wk8sg=">AAAB63icdVBNSwMxEJ2tX7V+tOrRS7AInspusVVvBS8eK9gPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MduuoKIPBh7vzTAzL4g508Z1P5zC2vrG5lZxu7Szu7dfrhwcdnWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZteZ37unSrNI3pl5TH2BJ5KFjGCTSeliVB9Vqm7NXQKtiFe3pOF6V80m8nKrCjnao8r7cByRRFBpCMdaDzw3Nn6KlWGE00VpmGgaYzLDEzqwVGJBtZ8ub12gU6uMURgpW9Kgpfp9IsVC67kIbKfAZqp/e5n4lzdITHjpp0zGiaGSrBaFCUcmQtnjaMwUJYbPLcFEMXsrIlOsMDE2npIN4etT9D/p1mtes9a4Pa+2GnkcRTiGEzgDDy6gBTfQhg4QmMIDPMGzI5xH58V5XbUWnHzmCH7AefsEH1+ORg==</latexit>

2

<latexit sha1_base64="jtaFfqzggbQ7Hrf8mCe8tfYquEY=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mKTeut4MVjpfYD2lg22027dLMJuxuhhP4ELx4U8eov8ua/cdtGUNEHA4/3ZpiZ58ecKW3bH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68WfveeSsUicatnMfVCPBYsYARrI7Vad/VhsWSX7SXQijgVQ6q2c+m6yMmsEmRoDovvg1FEkpAKTThWqu/YsfZSLDUjnM4Lg0TRGJMpHtO+oQKHVHnp8tQ5OjPKCAWRNCU0WqrfJ1IcKjULfdMZYj1Rv72F+JfXT3RQ91Im4kRTQVaLgoQjHaHF32jEJCWazwzBRDJzKyITLDHRJp2CCeHrU/Q/6VTKjluu3lyUGrUsjjycwCmcgwM1aMA1NKENBMbwAE/wbHHr0XqxXletOSubOYYfsN4+AQa8jZ4=</latexit>

S8

<latexit sha1_base64="l4lcdERVgGFU1+Re7+fLhqR1Dfk=">AAACEnicdVDLSgMxFM3UV62vUZdugkVoN2Wm2NeuIIILwUrtA9phyKSZNjTzIMkIZeg3uPFX3LhQxK0rd/6NaTvFB3ogcO4593JzjxMyKqRhfGipldW19Y30ZmZre2d3T98/aIsg4pi0cMAC3nWQIIz6pCWpZKQbcoI8h5GOMz6b+Z1bwgUN/Bs5CYnloaFPXYqRVJKt55tXuVq+LyJHEAmbl6qAy+rcrn7Rmq1njYIxB1wQs6hIyTBr5TI0EysLEjRs/b0/CHDkEV9ihoTomUYorRhxSTEj00w/EiREeIyGpKeojzwirHh+0hSeKGUA3YCr50s4V79PxMgTYuI5qtNDciR+ezPxL68XSbdqxdQPI0l8vFjkRgzKAM7ygQPKCZZsogjCnKq/QjxCHGGpUsyoEJaXwv9Ju1gwy4XS9Wm2XkniSIMjcAxywAQVUAcXoAFaAIM78ACewLN2rz1qL9rrojWlJTOH4Ae0t0/xyJvG</latexit>

SO(9) ⇢ SL(9) ⇢ E8 ⇢ E9

<latexit sha1_base64="9yqzGlxzAC1dBn3KhU+pQeEv71Q="></latexit>

SO(9) ⇢ SL(9) ⇢ cSL(9) ⇢ E9



Thank you for your attention.



Two paths to D=2

D=3:

D=2:
Realised on scalars dual to each other

Two (on-shell) equivalent versions of the D=2  theory

D=11: Elfbein

symmetry

<latexit sha1_base64="iFneJIlsrNc1Kz+J6z/AbLvXiiA=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXQ2bq1NZVwY3Lin1BO5ZMmmlDM5khyQil9BPcuFDErV/kzr8x01ZQ0QMXDufcy733BAlnSiP0Ya2srq1vbOa28ts7u3v7hYPDlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8VXmt++pVCwWDT1JqB/hoWAhI1gb6bZxV+0XishGZa9U9SCyPeRU3Iy4noNQCTo2mqMIlqj3C++9QUzSiApNOFaq66BE+1MsNSOczvK9VNEEkzEe0q6hAkdU+dP5qTN4apQBDGNpSmg4V79PTHGk1CQKTGeE9Uj99jLxL6+b6rDiT5lIUk0FWSwKUw51DLO/4YBJSjSfGIKJZOZWSEZYYqJNOnkTwten8H/Scm2nbLs358Xa5TKOHDgGJ+AMOOAC1MA1qIMmIGAIHsATeLa49Wi9WK+L1hVrOXMEfsB6+wQ2s42+</latexit>

T 9
<latexit sha1_base64="drQ616CDk2oawQc5tp1ONtQZDH0=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjJTp1ZXBTcuK/YF7VgyaaYNzWSGJCOU0k9w40IRt36RO//GTFtBRQ9cOJxzL/feEyScKY3Qh5VbWV1b38hvFra2d3b3ivsHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0H46vMb99TqVgsGnqSUD/CQ8FCRrA20m3jrtovlpCNKl75woPI9pBTdTPieg5CZejYaI4SWKLeL773BjFJIyo04ViproMS7U+x1IxwOiv0UkUTTMZ4SLuGChxR5U/np87giVEGMIylKaHhXP0+McWRUpMoMJ0R1iP128vEv7xuqsOqP2UiSTUVZLEoTDnUMcz+hgMmKdF8YggmkplbIRlhiYk26RRMCF+fwv9Jy7Wdiu3enJVql8s48uAIHINT4IBzUAPXoA6agIAheABP4Nni1qP1Yr0uWnPWcuYQ/ID19gk1L429</latexit>

T 8

<latexit sha1_base64="qGt5lMTOVUlJW9fSrPK2KUTjKvI=">AAACGHicdVDLSgMxFM34rPVVdekmWBRXdaZofW0KblxWsA/oDCWT3rahmcyQZMQy9DPc+CtuXCjitjv/xnRai4oeEjiccy/33uNHnClt2x/W3PzC4tJyZiW7ura+sZnb2q6pMJYUqjTkoWz4RAFnAqqaaQ6NSAIJfA51v3819ut3IBULxa0eROAFpCtYh1GijdTKHbk+dJlIooBoye6H2L08SJ/rzhiI9sxv5fJ2wU6BJ8QpGnJiO+elEnamVh5NUWnlRm47pHEAQlNOlGo6dqS9hEjNKIdh1o0VRIT2SReahgoSgPKS9LAh3jdKG3dCab7QOFW/dyQkUGoQ+KbS7NdTv72x+JfXjHXnzEuYiGINgk4GdWKOdYjHKeE2k0A1HxhCqGRmV0x7RBKqTZZZE8LXpfh/UisWnFKheHOcL19M48igXbSHDpGDTlEZXaMKqiKKHtATekGv1qP1bL1Z75PSOWvas4N+wBp9AqRgn4Y=</latexit>✓ ◆

<latexit sha1_base64="qGt5lMTOVUlJW9fSrPK2KUTjKvI=">AAACGHicdVDLSgMxFM34rPVVdekmWBRXdaZofW0KblxWsA/oDCWT3rahmcyQZMQy9DPc+CtuXCjitjv/xnRai4oeEjiccy/33uNHnClt2x/W3PzC4tJyZiW7ura+sZnb2q6pMJYUqjTkoWz4RAFnAqqaaQ6NSAIJfA51v3819ut3IBULxa0eROAFpCtYh1GijdTKHbk+dJlIooBoye6H2L08SJ/rzhiI9sxv5fJ2wU6BJ8QpGnJiO+elEnamVh5NUWnlRm47pHEAQlNOlGo6dqS9hEjNKIdh1o0VRIT2SReahgoSgPKS9LAh3jdKG3dCab7QOFW/dyQkUGoQ+KbS7NdTv72x+JfXjHXnzEuYiGINgk4GdWKOdYjHKeE2k0A1HxhCqGRmV0x7RBKqTZZZE8LXpfh/UisWnFKheHOcL19M48igXbSHDpGDTlEZXaMKqiKKHtATekGv1qP1bL1Z75PSOWvas4N+wBp9AqRgn4Y=</latexit>✓ ◆

<latexit sha1_base64="6LRLcKFf5gNGyTxF2YnYOGhQnvc="></latexit>

R+⇥SL(9)

symmetry
<latexit sha1_base64="hKIg1loW/L4vsynZv6Px68yB9tg="></latexit>

R+ ⇥ SL(8)

Dualisation of the 8 KK vectors 
into scalars <latexit sha1_base64="gHOihgqppi10joFD7gXuqvLNACU=">AAAB7HicdVDLSgMxFM3UV62vqks3wSLUzZCpfboquHHhoqJjC+1QMmmmDc1khiQjlKHf4MaFIm79IHf+jelDUNEDFw7n3Mu99/gxZ0oj9GFlVlbX1jeym7mt7Z3dvfz+wZ2KEkmoSyIeyY6PFeVMUFczzWknlhSHPqdtf3wx89v3VCoWiVs9iakX4qFgASNYG8m9uSo2Tvv5ArJRtYwaFYjsCnLqZ86CNGo16NhojgJYotXPv/cGEUlCKjThWKmug2LtpVhqRjid5nqJojEmYzykXUMFDqny0vmxU3hilAEMImlKaDhXv0+kOFRqEvqmM8R6pH57M/Evr5vooO6lTMSJpoIsFgUJhzqCs8/hgElKNJ8Ygolk5lZIRlhiok0+ORPC16fwf3JXsp2qXbouF5rnyziy4AgcgyJwQA00wSVoARcQwMADeALPlrAerRfrddGasZYzh+AHrLdP70aOGw==</latexit>

SL(9) symmetry<latexit sha1_base64="qcbBnEtZbN/ijE20jNrQD/GWFac=">AAAB+HicdVDLSgMxFM34rPXRqks3wSK4GjK1T1cFNy5cVLAPaEvJpJlpaCYZkoxSS7/EjQtF3Pop7vwb04egogcuHM65l3vv8WPOtEHow1lZXVvf2Extpbd3dvcy2f2DppaJIrRBJJeq7WNNORO0YZjhtB0riiOf05Y/upj5rVuqNJPixoxj2otwKFjACDZW6mcz3SspQsXCocFKybt+NodcVCqgahEit4i8ypm3INVyGXoumiMHlqj3s+/dgSRJRIUhHGvd8VBsehOsDCOcTtPdRNMYkxEOacdSgSOqe5P54VN4YpUBDKSyJQycq98nJjjSehz5tjPCZqh/ezPxL6+TmKDSmzARJ4YKslgUJBwaCWcpwAFTlBg+tgQTxeytkAyxwsTYrNI2hK9P4f+kmXe9kpu/LuRq58s4UuAIHINT4IEyqIFLUAcNQEACHsATeHbunUfnxXldtK44y5lD8APO2yembpO8</latexit>

=)

<latexit sha1_base64="6v2TGKnP42ZJ3PlsuCvhflE2l7o="></latexit>

R+⇥SL(9) symmetry
<latexit sha1_base64="fvAveZR8cRiLv7Am5BRZO95Y33Y=">AAAB/HicdZBLSwMxFIUz9VXrq9qlm2ARXA0ZKz52ihsXLirYKrRDyaSZNphJhuSOUgbFf+LGhSJu/SHu/DemD0FFDwQO59yQmy9KpbBAyIdXmJqemZ0rzpcWFpeWV8qra02rM8N4g2mpzWVELZdC8QYIkPwyNZwmkeQX0dXxsL+45sYKrc5hkPIwoT0lYsEouKhTrrRPtepJHoMRvT5QY/RNp1wlfu3AaR8Tf4cQEpCJITUc+GSkKpqo3im/t7uaZQlXwCS1thWQFMKcGhBM8ttSO7M8peyK9njLWUUTbsN8tPwt3nRJF8fauKMAj9LvN3KaWDtIIjeZUOjb390w/KtrZRDvh7lQaQZcsfFDcSYxaDwkgbvCcAZy4AxlRrhdMetTQxk4XiUH4eun+H/T3PaDXX/7bKd6eHQ/xlFE62gDbaEA7aFDdILqqIEYGqAH9ISevTvv0XvxXsejBW+CsIJ+yHv7BPWSlgo=</latexit>()

<latexit sha1_base64="2W5NeKVWG7EiuyiK7gYYfGlchrU=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgKewGjY9TwIvHKOYByZLMTmaTITOzy8ysEJb8gRcPinj1j7z5N06SFVS0oKGo6qa7K4g508Z1P5zc0vLK6lp+vbCxubW9U9zda+ooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK9mfuueKs0ieWcmMfUFHkoWMoKNlW77/V6x5JbdOdCCeBVLTl3volpFXmaVIEO9V3zvDiKSCCoN4VjrjufGxk+xMoxwOi10E01jTMZ4SDuWSiyo9tP5pVN0ZJUBCiNlSxo0V79PpFhoPRGB7RTYjPRvbyb+5XUSE577KZNxYqgki0VhwpGJ0OxtNGCKEsMnlmCimL0VkRFWmBgbTsGG8PUp+p80K2WvWq7cnJRql1kceTiAQzgGD86gBtdQhwYQCOEBnuDZGTuPzovzumjNOdnMPvyA8/YJovCNaw==</latexit>

“
<latexit sha1_base64="fPSy+XVewx+nOXbg08exniYY/xI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXJkHwFGaCxuUU8OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO8kIKvqg4PFeFVX1vFhwpW37w8qtrK6tb+Q3C1vbO7t7xf2DtooSybDFIhHJrkcVCh5iS3MtsBtLpIEnsONNrud+5x6l4lF4q6cxugEdhdznjGojNUuDYtmu2AuQJXGqhpzZzmWtRpzMKkOGxqD43h9GLAkw1ExQpXqOHWs3pVJzJnBW6CcKY8omdIQ9Q0MaoHLTxaEzcmyUIfEjaSrUZKF+n0hpoNQ08ExnQPVY/fbm4l9eL9H+hZvyME40hmy5yE8E0RGZf02GXCLTYmoIZZKbWwkbU0mZNtkUTAhfn5L/SbtacWqVavO0XL/K4sjDEZTgBBw4hzrcQANawADhAZ7g2bqzHq0X63XZmrOymUP4AevtE44ljMM=</latexit>

”
<latexit sha1_base64="xqs5WsoujJv9onxIGOcBfCfpOKk="></latexit>

SL(9) ⇥ SL(9) = ŜL(9)
Realising the two SL(9) simultaneously  
requires an infinite number of dual scalars loop group


