
  Extended geometry and tensor hierarchy algebras

Abstract: Extended geometry is a unified framework for double geometry, 
exceptional geometry, etc. In the talk, I will explain the structure of gauge 
transformations (generalised diffeomorphisms) in these models. They are 
generically infinitely reducible, and arise as derived brackets from an 
underlying tensor hierarchy algebra. The infinite reducibility gives rise to 
an      structure, the brackets of which have universal expressions in terms 
of the underlying superalgebra. Dynamics is formulated in terms of the 
auperalgebra. 
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Part of the motivation: the appearances of dualities in string 
theory / M-theory.  

When M-theory is compactified on an n-torus, the U-duality  
group is                   . 

The duality mixes momenta and brane windings. If this 
symmetry is to be “geometrised”, also diffeomorphisms and 
tensor gauge transformations need to be unified.
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Membranes can wind on 2-cycles, 
5-branes on 5-cycles.

An example: A 6-dimensional torus.T 6
<latexit sha1_base64="HSJT3SntI1qncUTVL+pYBIJFpFA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvXis2NhCG8tmu2mXbjZhdyKU0p/gxYOKV/+RN/+N2zYHrT4YeLw3w8y8MJXCoOt+OYWl5ZXVteJ6aWNza3unvLt3b5JMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH11O/+ci1EYlq4CjlQUz7SkSCUbTSXePhrFuuuFV3BvKXeDmpQI56t/zZ6SUsi7lCJqkxbc9NMRhTjYJJPil1MsNTyoa0z9uWKhpzE4xnp07IkVV6JEq0LYVkpv6cGNPYmFEc2s6Y4sAselPxP6+dYXQRjIVKM+SKzRdFmSSYkOnfpCc0ZyhHllCmhb2VsAHVlKFNp2RD8BZf/kv8k+pl1bs9rdSu8jSKcACHcAwenEMNbqAOPjDowxO8wKsjnWfnzXmftxacfGYffsH5+AZIzI1U</latexit><latexit sha1_base64="HSJT3SntI1qncUTVL+pYBIJFpFA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvXis2NhCG8tmu2mXbjZhdyKU0p/gxYOKV/+RN/+N2zYHrT4YeLw3w8y8MJXCoOt+OYWl5ZXVteJ6aWNza3unvLt3b5JMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH11O/+ci1EYlq4CjlQUz7SkSCUbTSXePhrFuuuFV3BvKXeDmpQI56t/zZ6SUsi7lCJqkxbc9NMRhTjYJJPil1MsNTyoa0z9uWKhpzE4xnp07IkVV6JEq0LYVkpv6cGNPYmFEc2s6Y4sAselPxP6+dYXQRjIVKM+SKzRdFmSSYkOnfpCc0ZyhHllCmhb2VsAHVlKFNp2RD8BZf/kv8k+pl1bs9rdSu8jSKcACHcAwenEMNbqAOPjDowxO8wKsjnWfnzXmftxacfGYffsH5+AZIzI1U</latexit><latexit sha1_base64="HSJT3SntI1qncUTVL+pYBIJFpFA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvXis2NhCG8tmu2mXbjZhdyKU0p/gxYOKV/+RN/+N2zYHrT4YeLw3w8y8MJXCoOt+OYWl5ZXVteJ6aWNza3unvLt3b5JMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH11O/+ci1EYlq4CjlQUz7SkSCUbTSXePhrFuuuFV3BvKXeDmpQI56t/zZ6SUsi7lCJqkxbc9NMRhTjYJJPil1MsNTyoa0z9uWKhpzE4xnp07IkVV6JEq0LYVkpv6cGNPYmFEc2s6Y4sAselPxP6+dYXQRjIVKM+SKzRdFmSSYkOnfpCc0ZyhHllCmhb2VsAHVlKFNp2RD8BZf/kv8k+pl1bs9rdSu8jSKcACHcAwenEMNbqAOPjDowxO8wKsjnWfnzXmftxacfGYffsH5+AZIzI1U</latexit><latexit sha1_base64="HSJT3SntI1qncUTVL+pYBIJFpFA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE/LgVvXis2NhCG8tmu2mXbjZhdyKU0p/gxYOKV/+RN/+N2zYHrT4YeLw3w8y8MJXCoOt+OYWl5ZXVteJ6aWNza3unvLt3b5JMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyH11O/+ci1EYlq4CjlQUz7SkSCUbTSXePhrFuuuFV3BvKXeDmpQI56t/zZ6SUsi7lCJqkxbc9NMRhTjYJJPil1MsNTyoa0z9uWKhpzE4xnp07IkVV6JEq0LYVkpv6cGNPYmFEc2s6Y4sAselPxP6+dYXQRjIVKM+SKzRdFmSSYkOnfpCc0ZyhHllCmhb2VsAHVlKFNp2RD8BZf/kv8k+pl1bs9rdSu8jSKcACHcAwenEMNbqAOPjDowxO8wKsjnWfnzXmftxacfGYffsH5+AZIzI1U</latexit>

✓
6

2

◆
= 15

<latexit sha1_base64="u5HYWzUIyFTiP9EjXvjxkk5CUO8=">AAAB93icbVBNSwMxEM36WetHVz16CRbBU9ktfh6EohePFVxbaEvJprNtaDZZkqxQl/4SLx5UvPpXvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dpeWV1bb2wUdzc2t4pubt7D1qmikJAJZeqGRINnAkIDDMcmokCEoccGuHwZuI3HkFpJsW9GSXQiUlfsIhRYqzUdUvZWZsOpNRQHV/5p7jrlr2KNwVeJH5OyihHvet+tXuSpjEIQznRuuV7ielkRBlGOYyL7VRDQuiQ9KFlqSAx6E42PXyMj6zSw5FUtoTBU/X3REZirUdxaDtjYgZ63puI/3mt1EQXnYyJJDUg6GxRlHJsJJ6kgHtMATV8ZAmhitlbMR0QRaixWRVtCP78y4skqFYuK/7dSbl2nadRQAfoEB0jH52jGrpFdRQgilL0jF7Rm/PkvDjvzsesdcnJZ/bRHzifP9KrkhU=</latexit><latexit sha1_base64="u5HYWzUIyFTiP9EjXvjxkk5CUO8=">AAAB93icbVBNSwMxEM36WetHVz16CRbBU9ktfh6EohePFVxbaEvJprNtaDZZkqxQl/4SLx5UvPpXvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dpeWV1bb2wUdzc2t4pubt7D1qmikJAJZeqGRINnAkIDDMcmokCEoccGuHwZuI3HkFpJsW9GSXQiUlfsIhRYqzUdUvZWZsOpNRQHV/5p7jrlr2KNwVeJH5OyihHvet+tXuSpjEIQznRuuV7ielkRBlGOYyL7VRDQuiQ9KFlqSAx6E42PXyMj6zSw5FUtoTBU/X3REZirUdxaDtjYgZ63puI/3mt1EQXnYyJJDUg6GxRlHJsJJ6kgHtMATV8ZAmhitlbMR0QRaixWRVtCP78y4skqFYuK/7dSbl2nadRQAfoEB0jH52jGrpFdRQgilL0jF7Rm/PkvDjvzsesdcnJZ/bRHzifP9KrkhU=</latexit><latexit sha1_base64="u5HYWzUIyFTiP9EjXvjxkk5CUO8=">AAAB93icbVBNSwMxEM36WetHVz16CRbBU9ktfh6EohePFVxbaEvJprNtaDZZkqxQl/4SLx5UvPpXvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dpeWV1bb2wUdzc2t4pubt7D1qmikJAJZeqGRINnAkIDDMcmokCEoccGuHwZuI3HkFpJsW9GSXQiUlfsIhRYqzUdUvZWZsOpNRQHV/5p7jrlr2KNwVeJH5OyihHvet+tXuSpjEIQznRuuV7ielkRBlGOYyL7VRDQuiQ9KFlqSAx6E42PXyMj6zSw5FUtoTBU/X3REZirUdxaDtjYgZ63puI/3mt1EQXnYyJJDUg6GxRlHJsJJ6kgHtMATV8ZAmhitlbMR0QRaixWRVtCP78y4skqFYuK/7dSbl2nadRQAfoEB0jH52jGrpFdRQgilL0jF7Rm/PkvDjvzsesdcnJZ/bRHzifP9KrkhU=</latexit><latexit sha1_base64="u5HYWzUIyFTiP9EjXvjxkk5CUO8=">AAAB93icbVBNSwMxEM36WetHVz16CRbBU9ktfh6EohePFVxbaEvJprNtaDZZkqxQl/4SLx5UvPpXvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dpeWV1bb2wUdzc2t4pubt7D1qmikJAJZeqGRINnAkIDDMcmokCEoccGuHwZuI3HkFpJsW9GSXQiUlfsIhRYqzUdUvZWZsOpNRQHV/5p7jrlr2KNwVeJH5OyihHvet+tXuSpjEIQznRuuV7ielkRBlGOYyL7VRDQuiQ9KFlqSAx6E42PXyMj6zSw5FUtoTBU/X3REZirUdxaDtjYgZ63puI/3mt1EQXnYyJJDUg6GxRlHJsJJ6kgHtMATV8ZAmhitlbMR0QRaixWRVtCP78y4skqFYuK/7dSbl2nadRQAfoEB0jH52jGrpFdRQgilL0jF7Rm/PkvDjvzsesdcnJZ/bRHzifP9KrkhU=</latexit>

✓
6

5

◆
= 6

<latexit sha1_base64="6EIfH20fOIaFJEwTpsDbTeChybg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVrXoQil48VnBtoV1KNs22odlkTbKFsvR3ePGg4tU/481/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97de9AyVYT6RHKpWiHWlDNBfcMMp61EURyHnDbD4c3Ub46o0kyKezNOaBDjvmARI9hYKchqHTKQUtOzyVWtW664VXcG9Jd4OalAjka3/NnpSZLGVBjCsdZtz01MkGFlGOF0UuqkmiaYDHGfti0VOKY6yGZHT9CRVXooksqWMGim/pzIcKz1OA5tZ4zNQC96U/E/r52a6CLImEhSQwWZL4pSjoxE0wRQjylKDB9bgoli9lZEBlhhYmxOJRuCt/jyX+KfVC+r3t1ppX6dp1GEAziEY/DgHOpwCw3wgcAjPMELvDoj59l5c97nrQUnn9mHX3A+vgGTJZGD</latexit><latexit sha1_base64="6EIfH20fOIaFJEwTpsDbTeChybg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVrXoQil48VnBtoV1KNs22odlkTbKFsvR3ePGg4tU/481/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97de9AyVYT6RHKpWiHWlDNBfcMMp61EURyHnDbD4c3Ub46o0kyKezNOaBDjvmARI9hYKchqHTKQUtOzyVWtW664VXcG9Jd4OalAjka3/NnpSZLGVBjCsdZtz01MkGFlGOF0UuqkmiaYDHGfti0VOKY6yGZHT9CRVXooksqWMGim/pzIcKz1OA5tZ4zNQC96U/E/r52a6CLImEhSQwWZL4pSjoxE0wRQjylKDB9bgoli9lZEBlhhYmxOJRuCt/jyX+KfVC+r3t1ppX6dp1GEAziEY/DgHOpwCw3wgcAjPMELvDoj59l5c97nrQUnn9mHX3A+vgGTJZGD</latexit><latexit sha1_base64="6EIfH20fOIaFJEwTpsDbTeChybg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVrXoQil48VnBtoV1KNs22odlkTbKFsvR3ePGg4tU/481/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97de9AyVYT6RHKpWiHWlDNBfcMMp61EURyHnDbD4c3Ub46o0kyKezNOaBDjvmARI9hYKchqHTKQUtOzyVWtW664VXcG9Jd4OalAjka3/NnpSZLGVBjCsdZtz01MkGFlGOF0UuqkmiaYDHGfti0VOKY6yGZHT9CRVXooksqWMGim/pzIcKz1OA5tZ4zNQC96U/E/r52a6CLImEhSQwWZL4pSjoxE0wRQjylKDB9bgoli9lZEBlhhYmxOJRuCt/jyX+KfVC+r3t1ppX6dp1GEAziEY/DgHOpwCw3wgcAjPMELvDoj59l5c97nrQUnn9mHX3A+vgGTJZGD</latexit><latexit sha1_base64="6EIfH20fOIaFJEwTpsDbTeChybg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVrXoQil48VnBtoV1KNs22odlkTbKFsvR3ePGg4tU/481/Y9ruQasPBh7vzTAzL0w408Z1v5zC0vLK6lpxvbSxubW9U97de9AyVYT6RHKpWiHWlDNBfcMMp61EURyHnDbD4c3Ub46o0kyKezNOaBDjvmARI9hYKchqHTKQUtOzyVWtW664VXcG9Jd4OalAjka3/NnpSZLGVBjCsdZtz01MkGFlGOF0UuqkmiaYDHGfti0VOKY6yGZHT9CRVXooksqWMGim/pzIcKz1OA5tZ4zNQC96U/E/r52a6CLImEhSQwWZL4pSjoxE0wRQjylKDB9bgoli9lZEBlhhYmxOJRuCt/jyX+KfVC+r3t1ppX6dp1GEAziEY/DgHOpwCw3wgcAjPMELvDoj59l5c97nrQUnn9mHX3A+vgGTJZGD</latexit>

membrane windings

5-brane windings

                                         behave as momenta in a  
27-dimensional space, and transform under  
U-duality.            .

E6(Z)
<latexit sha1_base64="xlALRO0ZmftAu9IIsXmGbBhRQ28=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoixY9bqQgeKxhbbEPZbDft0s0m7m4KJfR3ePGg4tU/481/47bNQVsfDDzem2Fmnh9zprRtf1u5ldW19Y38ZmFre2d3r7h/8KCiRBLqkohHsuVjRTkT1NVMc9qKJcWhz2nTH15P/eaISsUica/HMfVC3BcsYARrI3k33fNy2qn7PnqcnHaLJbtiz4CWiZOREmRodItfnV5EkpAKTThWqu3YsfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp7OgJOjFKDwWRNCU0mqm/J1IcKjUOfdMZYj1Qi95U/M9rJzq49FIm4kRTQeaLgoQjHaFpAqjHJCWajw3BRDJzKyIDLDHRJqeCCcFZfHmZuGeVq4pzVy3V6lkaeTiCYyiDAxdQg1togAsEnuAZXuHNGlkv1rv1MW/NWdnMIfyB9fkDfQWQzw==</latexit><latexit sha1_base64="xlALRO0ZmftAu9IIsXmGbBhRQ28=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoixY9bqQgeKxhbbEPZbDft0s0m7m4KJfR3ePGg4tU/481/47bNQVsfDDzem2Fmnh9zprRtf1u5ldW19Y38ZmFre2d3r7h/8KCiRBLqkohHsuVjRTkT1NVMc9qKJcWhz2nTH15P/eaISsUica/HMfVC3BcsYARrI3k33fNy2qn7PnqcnHaLJbtiz4CWiZOREmRodItfnV5EkpAKTThWqu3YsfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp7OgJOjFKDwWRNCU0mqm/J1IcKjUOfdMZYj1Qi95U/M9rJzq49FIm4kRTQeaLgoQjHaFpAqjHJCWajw3BRDJzKyIDLDHRJqeCCcFZfHmZuGeVq4pzVy3V6lkaeTiCYyiDAxdQg1togAsEnuAZXuHNGlkv1rv1MW/NWdnMIfyB9fkDfQWQzw==</latexit><latexit sha1_base64="xlALRO0ZmftAu9IIsXmGbBhRQ28=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoixY9bqQgeKxhbbEPZbDft0s0m7m4KJfR3ePGg4tU/481/47bNQVsfDDzem2Fmnh9zprRtf1u5ldW19Y38ZmFre2d3r7h/8KCiRBLqkohHsuVjRTkT1NVMc9qKJcWhz2nTH15P/eaISsUica/HMfVC3BcsYARrI3k33fNy2qn7PnqcnHaLJbtiz4CWiZOREmRodItfnV5EkpAKTThWqu3YsfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp7OgJOjFKDwWRNCU0mqm/J1IcKjUOfdMZYj1Qi95U/M9rJzq49FIm4kRTQeaLgoQjHaFpAqjHJCWajw3BRDJzKyIDLDHRJqeCCcFZfHmZuGeVq4pzVy3V6lkaeTiCYyiDAxdQg1togAsEnuAZXuHNGlkv1rv1MW/NWdnMIfyB9fkDfQWQzw==</latexit><latexit sha1_base64="xlALRO0ZmftAu9IIsXmGbBhRQ28=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoixY9bqQgeKxhbbEPZbDft0s0m7m4KJfR3ePGg4tU/481/47bNQVsfDDzem2Fmnh9zprRtf1u5ldW19Y38ZmFre2d3r7h/8KCiRBLqkohHsuVjRTkT1NVMc9qKJcWhz2nTH15P/eaISsUica/HMfVC3BcsYARrI3k33fNy2qn7PnqcnHaLJbtiz4CWiZOREmRodItfnV5EkpAKTThWqu3YsfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp7OgJOjFKDwWRNCU0mqm/J1IcKjUOfdMZYj1Qi95U/M9rJzq49FIm4kRTQeaLgoQjHaFpAqjHJCWajw3BRDJzKyIDLDHRJqeCCcFZfHmZuGeVq4pzVy3V6lkaeTiCYyiDAxdQg1togAsEnuAZXuHNGlkv1rv1MW/NWdnMIfyB9fkDfQWQzw==</latexit>

PM = (pm, zmn, zmnpqr)



The discrete duality group contains the geometric 
mapping class group. Can it be “geometrised”?

A completely general framework has been 
formulated. MC, Palmkvist, 1711.07694 

MC, Palmkvist, 1804.04377 
MC, Palmkvist, 1908.08696

Yes. This type of model goes under the name of 
extended geometry. Special cases are: 
double geometry (for T-duality), and 
exceptional geometry (for U-duality) 

Early work by  
Tseytlin, Siegel, Hitchin, 

Hull, Zwiebach, …

“Scalar fields” parametrise                               . 
Parametrised by internal metric, 3-form and 6-form.

E6(6)/(USp(8)/Z2)



The gauge transformations in extended geometry 
– the generalised diffeomorphisms –  
unify diffeomorphisms and gauge transformations 
for tensor fields.

g
<latexit sha1_base64="IXmXkAn3fJ14S2L25wQV++fYtPQ=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2lXUo2zbahSXZJskJZ+iu8eFDx6t/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWlldW19o7xZ2dre2d2r7h88mCTTlAU0EYluR8QwwRULLLeCtVPNiIwEa0Wjm6nfemLa8ETd23HKQkkGisecEuukx7wbazLCg0mvWvPq3gx4mfgFqUGBZq/61e0nNJNMWSqIMR3fS22YE205FWxS6WaGpYSOyIB1HFVEMhPms4Mn+MQpfRwn2pWyeKb+nsiJNGYsI9cpiR2aRW8q/ud1MhtfhjlXaWaZovNFcSawTfD0e9znmlErxo4Qqrm7FdMh0YRal1HFheAvvrxMgrP6Vd2/O681ros0ynAEx3AKPlxAA26hCQFQkPAMr/CGNHpB7+hj3lpCxcwh/AH6/AEeRJAn</latexit><latexit sha1_base64="IXmXkAn3fJ14S2L25wQV++fYtPQ=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2lXUo2zbahSXZJskJZ+iu8eFDx6t/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWlldW19o7xZ2dre2d2r7h88mCTTlAU0EYluR8QwwRULLLeCtVPNiIwEa0Wjm6nfemLa8ETd23HKQkkGisecEuukx7wbazLCg0mvWvPq3gx4mfgFqUGBZq/61e0nNJNMWSqIMR3fS22YE205FWxS6WaGpYSOyIB1HFVEMhPms4Mn+MQpfRwn2pWyeKb+nsiJNGYsI9cpiR2aRW8q/ud1MhtfhjlXaWaZovNFcSawTfD0e9znmlErxo4Qqrm7FdMh0YRal1HFheAvvrxMgrP6Vd2/O681ros0ynAEx3AKPlxAA26hCQFQkPAMr/CGNHpB7+hj3lpCxcwh/AH6/AEeRJAn</latexit><latexit sha1_base64="IXmXkAn3fJ14S2L25wQV++fYtPQ=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2lXUo2zbahSXZJskJZ+iu8eFDx6t/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWlldW19o7xZ2dre2d2r7h88mCTTlAU0EYluR8QwwRULLLeCtVPNiIwEa0Wjm6nfemLa8ETd23HKQkkGisecEuukx7wbazLCg0mvWvPq3gx4mfgFqUGBZq/61e0nNJNMWSqIMR3fS22YE205FWxS6WaGpYSOyIB1HFVEMhPms4Mn+MQpfRwn2pWyeKb+nsiJNGYsI9cpiR2aRW8q/ud1MhtfhjlXaWaZovNFcSawTfD0e9znmlErxo4Qqrm7FdMh0YRal1HFheAvvrxMgrP6Vd2/O681ros0ynAEx3AKPlxAA26hCQFQkPAMr/CGNHpB7+hj3lpCxcwh/AH6/AEeRJAn</latexit><latexit sha1_base64="IXmXkAn3fJ14S2L25wQV++fYtPQ=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWcG2lXUo2zbahSXZJskJZ+iu8eFDx6t/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWlldW19o7xZ2dre2d2r7h88mCTTlAU0EYluR8QwwRULLLeCtVPNiIwEa0Wjm6nfemLa8ETd23HKQkkGisecEuukx7wbazLCg0mvWvPq3gx4mfgFqUGBZq/61e0nNJNMWSqIMR3fS22YE205FWxS6WaGpYSOyIB1HFVEMhPms4Mn+MQpfRwn2pWyeKb+nsiJNGYsI9cpiR2aRW8q/ud1MhtfhjlXaWaZovNFcSawTfD0e9znmlErxo4Qqrm7FdMh0YRal1HFheAvvrxMgrP6Vd2/O681ros0ynAEx3AKPlxAA26hCQFQkPAMr/CGNHpB7+hj3lpCxcwh/AH6/AEeRJAn</latexit>



The Courant bracket does not define a Lie algebra.



Given a KM algebra     and a lowest weight coordinate 
representation             , one may give a universal expression for 
the invariant tensors:

This is connected to the condition that any pair of momenta lie 
in a linear subspace of a minimal orbit of          .

R(��)
<latexit sha1_base64="EWuZ8AhL518V8Ak3kYSyifLsii0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSLUhWVGBF0W3LisYh8wHUomk2lDM8mQ3BHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wlRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hMU9amSijdC4lhgkvWBg6C9VLNSBIK1g3HtzO/+8S04Uo+wiRlQUKGksecErCS/1C/6Aubjsj5oFpzG+4ceJV4BamhAq1B9asfKZolTAIVxBjfc1MIcqKBU8GmlX5mWEromAyZb6kkCTNBPl95is+sEuFYafsk4Ln6eyIniTGTJLTJhMDILHsz8T/PzyC+CXIu0wyYpIuP4kxgUHh2P464ZhTExBJCNbe7YjoimlCwLVVsCd7yyaukc9nw3IZ3f1VrNos6yugEnaI68tA1aqI71EJtRJFCz+gVvTngvDjvzsciWnKKmWP0B87nDxQWkHM=</latexit><latexit sha1_base64="EWuZ8AhL518V8Ak3kYSyifLsii0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSLUhWVGBF0W3LisYh8wHUomk2lDM8mQ3BHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wlRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hMU9amSijdC4lhgkvWBg6C9VLNSBIK1g3HtzO/+8S04Uo+wiRlQUKGksecErCS/1C/6Aubjsj5oFpzG+4ceJV4BamhAq1B9asfKZolTAIVxBjfc1MIcqKBU8GmlX5mWEromAyZb6kkCTNBPl95is+sEuFYafsk4Ln6eyIniTGTJLTJhMDILHsz8T/PzyC+CXIu0wyYpIuP4kxgUHh2P464ZhTExBJCNbe7YjoimlCwLVVsCd7yyaukc9nw3IZ3f1VrNos6yugEnaI68tA1aqI71EJtRJFCz+gVvTngvDjvzsciWnKKmWP0B87nDxQWkHM=</latexit><latexit sha1_base64="EWuZ8AhL518V8Ak3kYSyifLsii0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSLUhWVGBF0W3LisYh8wHUomk2lDM8mQ3BHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wlRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hMU9amSijdC4lhgkvWBg6C9VLNSBIK1g3HtzO/+8S04Uo+wiRlQUKGksecErCS/1C/6Aubjsj5oFpzG+4ceJV4BamhAq1B9asfKZolTAIVxBjfc1MIcqKBU8GmlX5mWEromAyZb6kkCTNBPl95is+sEuFYafsk4Ln6eyIniTGTJLTJhMDILHsz8T/PzyC+CXIu0wyYpIuP4kxgUHh2P464ZhTExBJCNbe7YjoimlCwLVVsCd7yyaukc9nw3IZ3f1VrNos6yugEnaI68tA1aqI71EJtRJFCz+gVvTngvDjvzsciWnKKmWP0B87nDxQWkHM=</latexit><latexit sha1_base64="EWuZ8AhL518V8Ak3kYSyifLsii0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSLUhWVGBF0W3LisYh8wHUomk2lDM8mQ3BHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wlRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hMU9amSijdC4lhgkvWBg6C9VLNSBIK1g3HtzO/+8S04Uo+wiRlQUKGksecErCS/1C/6Aubjsj5oFpzG+4ceJV4BamhAq1B9asfKZolTAIVxBjfc1MIcqKBU8GmlX5mWEromAyZb6kkCTNBPl95is+sEuFYafsk4Ln6eyIniTGTJLTJhMDILHsz8T/PzyC+CXIu0wyYpIuP4kxgUHh2P464ZhTExBJCNbe7YjoimlCwLVVsCd7yyaukc9nw3IZ3f1VrNos6yugEnaI68tA1aqI71EJtRJFCz+gVvTngvDjvzsciWnKKmWP0B87nDxQWkHM=</latexit>

R(�)
<latexit sha1_base64="1Ex6tsrfgVQ1M4zHybXTXvrhM+o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3LisYh/YDiWTudOGZjJDkhFK6V+4caGIW//GnX9j2s5CWw8EDuecS+49QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAejm5nffkKleSIfzDhFP6YDySPOqLHS4321J2w4pOf9csWtuXOQVeLlpAI5Gv3yVy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn842n5MwqIYkSZZ80ZK7+npjQWOtxHNhkTM1QL3sz8T+vm5no2p9wmWYGJVt8FGWCmITMzichV8iMGFtCmeJ2V8KGVFFmbEklW4K3fPIqaV3UPLfm3V1W6vW8jiKcwClUwYMrqMMtNKAJDCQ8wyu8Odp5cd6dj0W04OQzx/AHzucPqPuQPA==</latexit><latexit sha1_base64="1Ex6tsrfgVQ1M4zHybXTXvrhM+o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3LisYh/YDiWTudOGZjJDkhFK6V+4caGIW//GnX9j2s5CWw8EDuecS+49QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAejm5nffkKleSIfzDhFP6YDySPOqLHS4321J2w4pOf9csWtuXOQVeLlpAI5Gv3yVy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn842n5MwqIYkSZZ80ZK7+npjQWOtxHNhkTM1QL3sz8T+vm5no2p9wmWYGJVt8FGWCmITMzichV8iMGFtCmeJ2V8KGVFFmbEklW4K3fPIqaV3UPLfm3V1W6vW8jiKcwClUwYMrqMMtNKAJDCQ8wyu8Odp5cd6dj0W04OQzx/AHzucPqPuQPA==</latexit><latexit sha1_base64="1Ex6tsrfgVQ1M4zHybXTXvrhM+o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3LisYh/YDiWTudOGZjJDkhFK6V+4caGIW//GnX9j2s5CWw8EDuecS+49QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAejm5nffkKleSIfzDhFP6YDySPOqLHS4321J2w4pOf9csWtuXOQVeLlpAI5Gv3yVy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn842n5MwqIYkSZZ80ZK7+npjQWOtxHNhkTM1QL3sz8T+vm5no2p9wmWYGJVt8FGWCmITMzichV8iMGFtCmeJ2V8KGVFFmbEklW4K3fPIqaV3UPLfm3V1W6vW8jiKcwClUwYMrqMMtNKAJDCQ8wyu8Odp5cd6dj0W04OQzx/AHzucPqPuQPA==</latexit><latexit sha1_base64="1Ex6tsrfgVQ1M4zHybXTXvrhM+o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3LisYh/YDiWTudOGZjJDkhFK6V+4caGIW//GnX9j2s5CWw8EDuecS+49QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAejm5nffkKleSIfzDhFP6YDySPOqLHS4321J2w4pOf9csWtuXOQVeLlpAI5Gv3yVy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn842n5MwqIYkSZZ80ZK7+npjQWOtxHNhkTM1QL3sz8T+vm5no2p9wmWYGJVt8FGWCmITMzichV8iMGFtCmeJ2V8KGVFFmbEklW4K3fPIqaV3UPLfm3V1W6vW8jiKcwClUwYMrqMMtNKAJDCQ8wyu8Odp5cd6dj0W04OQzx/AHzucPqPuQPA==</latexit>

g
<latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit>

�Y = �⌘↵�T↵ ⌦ T� + (�,�)� 1 + �
<latexit sha1_base64="17bF4y4JKAokxZqePja62g9MpAY="></latexit><latexit sha1_base64="17bF4y4JKAokxZqePja62g9MpAY="></latexit><latexit sha1_base64="17bF4y4JKAokxZqePja62g9MpAY="></latexit><latexit sha1_base64="17bF4y4JKAokxZqePja62g9MpAY="></latexit>

Bossard, MC, Kleinschmidt, Samtleben, Palmkvist, 1708.08936 
MC, Palmkvist, 1711.07694



Actually, the closure of the generalised diffeomorphisms 
happens only under certain conditions:
– The algebra     is finite-dimensional, and 
–                  , i.e., the highest weight     is a fundamental weight, 
corresponding to a simple root with Coxeter label 1.

g
<latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit>

(�, ✓) = 1
<latexit sha1_base64="n1a29/TSipSfXuRatehkMu4D+ng=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUoigm6EghuXFewDmlAmk0k7dDIJMzdiCf0VNy4UceuPuPNvnLZZaOuBgcM553LvnCAVXIPjfFultfWNza3ydmVnd2//wD6sdnSSKcraNBGJ6gVEM8ElawMHwXqpYiQOBOsG49uZ331kSvNEPsAkZX5MhpJHnBIw0sCu1j1h0iE592DEgJzduAO75jScOfAqcQtSQwVaA/vLCxOaxUwCFUTrvuuk4OdEAaeCTStepllK6JgMWd9QSWKm/Xx++xSfGiXEUaLMk4Dn6u+JnMRaT+LAJGMCI73szcT/vH4G0bWfc5lmwCRdLIoygSHBsyJwyBWjICaGEKq4uRXTEVGEgqmrYkpwl7+8SjoXDddpuPeXtWazqKOMjtEJqiMXXaEmukMt1EYUPaFn9IrerKn1Yr1bH4toySpmjtAfWJ8/keWTdw==</latexit><latexit sha1_base64="n1a29/TSipSfXuRatehkMu4D+ng=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUoigm6EghuXFewDmlAmk0k7dDIJMzdiCf0VNy4UceuPuPNvnLZZaOuBgcM553LvnCAVXIPjfFultfWNza3ydmVnd2//wD6sdnSSKcraNBGJ6gVEM8ElawMHwXqpYiQOBOsG49uZ331kSvNEPsAkZX5MhpJHnBIw0sCu1j1h0iE592DEgJzduAO75jScOfAqcQtSQwVaA/vLCxOaxUwCFUTrvuuk4OdEAaeCTStepllK6JgMWd9QSWKm/Xx++xSfGiXEUaLMk4Dn6u+JnMRaT+LAJGMCI73szcT/vH4G0bWfc5lmwCRdLIoygSHBsyJwyBWjICaGEKq4uRXTEVGEgqmrYkpwl7+8SjoXDddpuPeXtWazqKOMjtEJqiMXXaEmukMt1EYUPaFn9IrerKn1Yr1bH4toySpmjtAfWJ8/keWTdw==</latexit><latexit sha1_base64="n1a29/TSipSfXuRatehkMu4D+ng=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUoigm6EghuXFewDmlAmk0k7dDIJMzdiCf0VNy4UceuPuPNvnLZZaOuBgcM553LvnCAVXIPjfFultfWNza3ydmVnd2//wD6sdnSSKcraNBGJ6gVEM8ElawMHwXqpYiQOBOsG49uZ331kSvNEPsAkZX5MhpJHnBIw0sCu1j1h0iE592DEgJzduAO75jScOfAqcQtSQwVaA/vLCxOaxUwCFUTrvuuk4OdEAaeCTStepllK6JgMWd9QSWKm/Xx++xSfGiXEUaLMk4Dn6u+JnMRaT+LAJGMCI73szcT/vH4G0bWfc5lmwCRdLIoygSHBsyJwyBWjICaGEKq4uRXTEVGEgqmrYkpwl7+8SjoXDddpuPeXtWazqKOMjtEJqiMXXaEmukMt1EYUPaFn9IrerKn1Yr1bH4toySpmjtAfWJ8/keWTdw==</latexit><latexit sha1_base64="n1a29/TSipSfXuRatehkMu4D+ng=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUoigm6EghuXFewDmlAmk0k7dDIJMzdiCf0VNy4UceuPuPNvnLZZaOuBgcM553LvnCAVXIPjfFultfWNza3ydmVnd2//wD6sdnSSKcraNBGJ6gVEM8ElawMHwXqpYiQOBOsG49uZ331kSvNEPsAkZX5MhpJHnBIw0sCu1j1h0iE592DEgJzduAO75jScOfAqcQtSQwVaA/vLCxOaxUwCFUTrvuuk4OdEAaeCTStepllK6JgMWd9QSWKm/Xx++xSfGiXEUaLMk4Dn6u+JnMRaT+LAJGMCI73szcT/vH4G0bWfc5lmwCRdLIoygSHBsyJwyBWjICaGEKq4uRXTEVGEgqmrYkpwl7+8SjoXDddpuPeXtWazqKOMjtEJqiMXXaEmukMt1EYUPaFn9IrerKn1Yr1bH4toySpmjtAfWJ8/keWTdw==</latexit>

�
<latexit sha1_base64="JaXwMaXXtXF6k2xUuOO/mMetDz8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6DLgxmUF+4A2lMnkph06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nzATXxnW/ncrG5tb2TnW3trd/cHhUPz7p6DRXDNssFanqhVSj4BLbhhuBvUwhTUKB3XByN/e7T6g0T+WjmWYYJHQkecwZNVbqDoSNRnRYb7hNdwGyTrySNKBEa1j/GkQpyxOUhgmqdd9zMxMUVBnOBM5qg1xjRtmEjrBvqaQJ6qBYrDsjF1aJSJwq+6QhC/X3REETradJaJMJNWO96s3F/7x+buLboOAyyw1KtvwozgUxKZnfTiKukBkxtYQyxe2uhI2poszYhmq2BG/15HXSuWp6btN7uG74fllHFc7gHC7Bgxvw4R5a0AYGE3iGV3hzMufFeXc+ltGKU86cwh84nz88K497</latexit><latexit sha1_base64="JaXwMaXXtXF6k2xUuOO/mMetDz8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6DLgxmUF+4A2lMnkph06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nzATXxnW/ncrG5tb2TnW3trd/cHhUPz7p6DRXDNssFanqhVSj4BLbhhuBvUwhTUKB3XByN/e7T6g0T+WjmWYYJHQkecwZNVbqDoSNRnRYb7hNdwGyTrySNKBEa1j/GkQpyxOUhgmqdd9zMxMUVBnOBM5qg1xjRtmEjrBvqaQJ6qBYrDsjF1aJSJwq+6QhC/X3REETradJaJMJNWO96s3F/7x+buLboOAyyw1KtvwozgUxKZnfTiKukBkxtYQyxe2uhI2poszYhmq2BG/15HXSuWp6btN7uG74fllHFc7gHC7Bgxvw4R5a0AYGE3iGV3hzMufFeXc+ltGKU86cwh84nz88K497</latexit><latexit sha1_base64="JaXwMaXXtXF6k2xUuOO/mMetDz8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6DLgxmUF+4A2lMnkph06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nzATXxnW/ncrG5tb2TnW3trd/cHhUPz7p6DRXDNssFanqhVSj4BLbhhuBvUwhTUKB3XByN/e7T6g0T+WjmWYYJHQkecwZNVbqDoSNRnRYb7hNdwGyTrySNKBEa1j/GkQpyxOUhgmqdd9zMxMUVBnOBM5qg1xjRtmEjrBvqaQJ6qBYrDsjF1aJSJwq+6QhC/X3REETradJaJMJNWO96s3F/7x+buLboOAyyw1KtvwozgUxKZnfTiKukBkxtYQyxe2uhI2poszYhmq2BG/15HXSuWp6btN7uG74fllHFc7gHC7Bgxvw4R5a0AYGE3iGV3hzMufFeXc+ltGKU86cwh84nz88K497</latexit><latexit sha1_base64="JaXwMaXXtXF6k2xUuOO/mMetDz8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6DLgxmUF+4A2lMnkph06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nzATXxnW/ncrG5tb2TnW3trd/cHhUPz7p6DRXDNssFanqhVSj4BLbhhuBvUwhTUKB3XByN/e7T6g0T+WjmWYYJHQkecwZNVbqDoSNRnRYb7hNdwGyTrySNKBEa1j/GkQpyxOUhgmqdd9zMxMUVBnOBM5qg1xjRtmEjrBvqaQJ6qBYrDsjF1aJSJwq+6QhC/X3REETradJaJMJNWO96s3F/7x+buLboOAyyw1KtvwozgUxKZnfTiKukBkxtYQyxe2uhI2poszYhmq2BG/15HXSuWp6btN7uG74fllHFc7gHC7Bgxvw4R5a0AYGE3iGV3hzMufFeXc+ltGKU86cwh84nz88K497</latexit>

In other cases, so-called ancillary transformations occur. These 
are restricted local    -tranformations, that remove degrees of 
freedom corresponding to “mixed tensors” (dual graviton, etc.)
Ancillary transformations are constructed with derivatives, and 
are restricted by the section constraint.

g
<latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit>

MC, Palmkvist, 1711.07694

[LU ,LV ]W = L 1

2
(LUV−LV U)W + ΣU,V ·W



The complete list of situations without ancillary transformations is:



Gauge parameters: U, V, . . . 2 R(��) = R1
<latexit sha1_base64="E80myZHNPB36oboWwK6ewNjte3Q=">AAACBnicbVDNSsNAGNzUv1r/oh5FWCxChVoSEfQiFLx4rMW0hSaEzWbTLt1swu5GKKEnL76KFw+KePUZvPk2btsctDqwMMx8w7ffBCmjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29jkwygYmDE5aIXoAkYZQTR1HFSC8VBMUBI91gdD31u/dESJrwOzVOiRejAacRxUhpyTcPnXqn7rIwUdKlHLZrpy7T6RCdXLV92zerVsOaAf4ldkGqoEDLNz/dMMFZTLjCDEnZt61UeTkSimJGJhU3kyRFeIQGpK8pRzGRXj47YwKPtRLCKBH6cQVn6s9EjmIpx3GgJ2OkhnLRm4r/ef1MRZdeTnmaKcLxfFGUMagSOO0EhlQQrNhYE4QF1X+FeIgEwko3V9El2Isn/yWds4ZtNezb82qzWdRRBgfgCNSADS5AE9yAFnAABg/gCbyAV+PReDbejPf5aMkoMvvgF4yPb6nml08=</latexit><latexit sha1_base64="E80myZHNPB36oboWwK6ewNjte3Q=">AAACBnicbVDNSsNAGNzUv1r/oh5FWCxChVoSEfQiFLx4rMW0hSaEzWbTLt1swu5GKKEnL76KFw+KePUZvPk2btsctDqwMMx8w7ffBCmjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29jkwygYmDE5aIXoAkYZQTR1HFSC8VBMUBI91gdD31u/dESJrwOzVOiRejAacRxUhpyTcPnXqn7rIwUdKlHLZrpy7T6RCdXLV92zerVsOaAf4ldkGqoEDLNz/dMMFZTLjCDEnZt61UeTkSimJGJhU3kyRFeIQGpK8pRzGRXj47YwKPtRLCKBH6cQVn6s9EjmIpx3GgJ2OkhnLRm4r/ef1MRZdeTnmaKcLxfFGUMagSOO0EhlQQrNhYE4QF1X+FeIgEwko3V9El2Isn/yWds4ZtNezb82qzWdRRBgfgCNSADS5AE9yAFnAABg/gCbyAV+PReDbejPf5aMkoMvvgF4yPb6nml08=</latexit><latexit sha1_base64="E80myZHNPB36oboWwK6ewNjte3Q=">AAACBnicbVDNSsNAGNzUv1r/oh5FWCxChVoSEfQiFLx4rMW0hSaEzWbTLt1swu5GKKEnL76KFw+KePUZvPk2btsctDqwMMx8w7ffBCmjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29jkwygYmDE5aIXoAkYZQTR1HFSC8VBMUBI91gdD31u/dESJrwOzVOiRejAacRxUhpyTcPnXqn7rIwUdKlHLZrpy7T6RCdXLV92zerVsOaAf4ldkGqoEDLNz/dMMFZTLjCDEnZt61UeTkSimJGJhU3kyRFeIQGpK8pRzGRXj47YwKPtRLCKBH6cQVn6s9EjmIpx3GgJ2OkhnLRm4r/ef1MRZdeTnmaKcLxfFGUMagSOO0EhlQQrNhYE4QF1X+FeIgEwko3V9El2Isn/yWds4ZtNezb82qzWdRRBgfgCNSADS5AE9yAFnAABg/gCbyAV+PReDbejPf5aMkoMvvgF4yPb6nml08=</latexit><latexit sha1_base64="E80myZHNPB36oboWwK6ewNjte3Q=">AAACBnicbVDNSsNAGNzUv1r/oh5FWCxChVoSEfQiFLx4rMW0hSaEzWbTLt1swu5GKKEnL76KFw+KePUZvPk2btsctDqwMMx8w7ffBCmjUlnWl1FaWl5ZXSuvVzY2t7Z3zN29jkwygYmDE5aIXoAkYZQTR1HFSC8VBMUBI91gdD31u/dESJrwOzVOiRejAacRxUhpyTcPnXqn7rIwUdKlHLZrpy7T6RCdXLV92zerVsOaAf4ldkGqoEDLNz/dMMFZTLjCDEnZt61UeTkSimJGJhU3kyRFeIQGpK8pRzGRXj47YwKPtRLCKBH6cQVn6s9EjmIpx3GgJ2OkhnLRm4r/ef1MRZdeTnmaKcLxfFGUMagSOO0EhlQQrNhYE4QF1X+FeIgEwko3V9El2Isn/yWds4ZtNezb82qzWdRRBgfgCNSADS5AE9yAFnAABg/gCbyAV+PReDbejPf5aMkoMvvgF4yPb6nml08=</latexit>

The Jacobi identity does not hold, but

where                          , representing reducibility. [[U, V,W ]] 2 R2
<latexit sha1_base64="ZaDs2tBCQnDcFzUjrMOnHp1wea4=">AAACHHicbVDLSsNAFJ34rPUVdelmahFclJJUQZcFNy6r2AckoUwmk3boZBJmJkIJ/RA3/oobF4q4cSH4N07SLLT1wsB53Mude/yEUaks69tYWV1b39isbFW3d3b39s2Dw56MU4FJF8csFgMfScIoJ11FFSODRBAU+Yz0/cl17vcfiJA05vdqmhAvQiNOQ4qR0tLQPHcDErrMF5nj1pxZtaBCU8+teZpqB3YbvUY/F13K4d2wNTTrVtMqCi4DuwR1UFZnaH66QYzTiHCFGZLSsa1EeRkSimJG9JZUkgThCRoRR0OOIiK9rDhuBk+1EsAwFvpxBQv190SGIimnka87I6TGctHLxf88J1XhlZdRnqSKcDxfFKYMqhjmScGACoIVm2qAsKD6rxCPkUBY6TyrOgR78eRl0Gs1batp317U2+0yjgo4BifgDNjgErTBDeiALsDgETyDV/BmPBkvxrvxMW9dMcqZI/CnjK8fhJ6gVw==</latexit><latexit sha1_base64="ZaDs2tBCQnDcFzUjrMOnHp1wea4=">AAACHHicbVDLSsNAFJ34rPUVdelmahFclJJUQZcFNy6r2AckoUwmk3boZBJmJkIJ/RA3/oobF4q4cSH4N07SLLT1wsB53Mude/yEUaks69tYWV1b39isbFW3d3b39s2Dw56MU4FJF8csFgMfScIoJ11FFSODRBAU+Yz0/cl17vcfiJA05vdqmhAvQiNOQ4qR0tLQPHcDErrMF5nj1pxZtaBCU8+teZpqB3YbvUY/F13K4d2wNTTrVtMqCi4DuwR1UFZnaH66QYzTiHCFGZLSsa1EeRkSimJG9JZUkgThCRoRR0OOIiK9rDhuBk+1EsAwFvpxBQv190SGIimnka87I6TGctHLxf88J1XhlZdRnqSKcDxfFKYMqhjmScGACoIVm2qAsKD6rxCPkUBY6TyrOgR78eRl0Gs1batp317U2+0yjgo4BifgDNjgErTBDeiALsDgETyDV/BmPBkvxrvxMW9dMcqZI/CnjK8fhJ6gVw==</latexit><latexit sha1_base64="ZaDs2tBCQnDcFzUjrMOnHp1wea4=">AAACHHicbVDLSsNAFJ34rPUVdelmahFclJJUQZcFNy6r2AckoUwmk3boZBJmJkIJ/RA3/oobF4q4cSH4N07SLLT1wsB53Mude/yEUaks69tYWV1b39isbFW3d3b39s2Dw56MU4FJF8csFgMfScIoJ11FFSODRBAU+Yz0/cl17vcfiJA05vdqmhAvQiNOQ4qR0tLQPHcDErrMF5nj1pxZtaBCU8+teZpqB3YbvUY/F13K4d2wNTTrVtMqCi4DuwR1UFZnaH66QYzTiHCFGZLSsa1EeRkSimJG9JZUkgThCRoRR0OOIiK9rDhuBk+1EsAwFvpxBQv190SGIimnka87I6TGctHLxf88J1XhlZdRnqSKcDxfFKYMqhjmScGACoIVm2qAsKD6rxCPkUBY6TyrOgR78eRl0Gs1batp317U2+0yjgo4BifgDNjgErTBDeiALsDgETyDV/BmPBkvxrvxMW9dMcqZI/CnjK8fhJ6gVw==</latexit><latexit sha1_base64="ZaDs2tBCQnDcFzUjrMOnHp1wea4=">AAACHHicbVDLSsNAFJ34rPUVdelmahFclJJUQZcFNy6r2AckoUwmk3boZBJmJkIJ/RA3/oobF4q4cSH4N07SLLT1wsB53Mude/yEUaks69tYWV1b39isbFW3d3b39s2Dw56MU4FJF8csFgMfScIoJ11FFSODRBAU+Yz0/cl17vcfiJA05vdqmhAvQiNOQ4qR0tLQPHcDErrMF5nj1pxZtaBCU8+teZpqB3YbvUY/F13K4d2wNTTrVtMqCi4DuwR1UFZnaH66QYzTiHCFGZLSsa1EeRkSimJG9JZUkgThCRoRR0OOIiK9rDhuBk+1EsAwFvpxBQv190SGIimnka87I6TGctHLxf88J1XhlZdRnqSKcDxfFKYMqhjmScGACoIVm2qAsKD6rxCPkUBY6TyrOgR78eRl0Gs1batp317U2+0yjgo4BifgDNjgErTBDeiALsDgETyDV/BmPBkvxrvxMW9dMcqZI/CnjK8fhJ6gVw==</latexit>

                 are the positive levels (level = ghost number) 
of the Borcherds superalgebra            with Dynkin 
diagram 

R1, R2, . . .
<latexit sha1_base64="V8WUfNyC21bfSpmjpxURTOH4Dtg=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopSkCLosuHFZi31AE8JkMmmHTmbCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFuljc2t7Z3ybmVv/+DwyK4e95TIJCZdLJiQgxApwignXU01I4NUEpSEjPTDyc3c7z8Qqajg93qaEj9BI05jipE2UmBXO4Fb9+qwEzTrHouEVoFdcxrOAnCduAWpgQLtwP7yIoGzhHCNGVJq6Dqp9nMkNcWMzCpepkiK8ASNyNBQjhKi/Hxx+gyeGyWCsZCmuIYL9fdEjhKlpkloOhOkx2rVm4v/ecNMx9d+TnmaacLxclGcMagFnOcAIyoJ1mxqCMKSmlshHiOJsDZpVUwI7urL66TXbLhOw727rLVaRRxlcArOwAVwwRVogVvQBl2AwSN4Bq/gzXqyXqx362PZWrKKmRPwB9bnDxxskpo=</latexit><latexit sha1_base64="V8WUfNyC21bfSpmjpxURTOH4Dtg=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopSkCLosuHFZi31AE8JkMmmHTmbCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFuljc2t7Z3ybmVv/+DwyK4e95TIJCZdLJiQgxApwignXU01I4NUEpSEjPTDyc3c7z8Qqajg93qaEj9BI05jipE2UmBXO4Fb9+qwEzTrHouEVoFdcxrOAnCduAWpgQLtwP7yIoGzhHCNGVJq6Dqp9nMkNcWMzCpepkiK8ASNyNBQjhKi/Hxx+gyeGyWCsZCmuIYL9fdEjhKlpkloOhOkx2rVm4v/ecNMx9d+TnmaacLxclGcMagFnOcAIyoJ1mxqCMKSmlshHiOJsDZpVUwI7urL66TXbLhOw727rLVaRRxlcArOwAVwwRVogVvQBl2AwSN4Bq/gzXqyXqx362PZWrKKmRPwB9bnDxxskpo=</latexit><latexit sha1_base64="V8WUfNyC21bfSpmjpxURTOH4Dtg=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopSkCLosuHFZi31AE8JkMmmHTmbCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFuljc2t7Z3ybmVv/+DwyK4e95TIJCZdLJiQgxApwignXU01I4NUEpSEjPTDyc3c7z8Qqajg93qaEj9BI05jipE2UmBXO4Fb9+qwEzTrHouEVoFdcxrOAnCduAWpgQLtwP7yIoGzhHCNGVJq6Dqp9nMkNcWMzCpepkiK8ASNyNBQjhKi/Hxx+gyeGyWCsZCmuIYL9fdEjhKlpkloOhOkx2rVm4v/ecNMx9d+TnmaacLxclGcMagFnOcAIyoJ1mxqCMKSmlshHiOJsDZpVUwI7urL66TXbLhOw727rLVaRRxlcArOwAVwwRVogVvQBl2AwSN4Bq/gzXqyXqx362PZWrKKmRPwB9bnDxxskpo=</latexit><latexit sha1_base64="V8WUfNyC21bfSpmjpxURTOH4Dtg=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgopSkCLosuHFZi31AE8JkMmmHTmbCzEQpsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFuljc2t7Z3ybmVv/+DwyK4e95TIJCZdLJiQgxApwignXU01I4NUEpSEjPTDyc3c7z8Qqajg93qaEj9BI05jipE2UmBXO4Fb9+qwEzTrHouEVoFdcxrOAnCduAWpgQLtwP7yIoGzhHCNGVJq6Dqp9nMkNcWMzCpepkiK8ASNyNBQjhKi/Hxx+gyeGyWCsZCmuIYL9fdEjhKlpkloOhOkx2rVm4v/ecNMx9d+TnmaacLxclGcMagFnOcAIyoJ1mxqCMKSmlshHiOJsDZpVUwI7urL66TXbLhOw727rLVaRRxlcArOwAVwwRVogVvQBl2AwSN4Bq/gzXqyXqx362PZWrKKmRPwB9bnDxxskpo=</latexit>

This is the beginning of the       structure. L1
<latexit sha1_base64="CuQyPrWZCWJfTh15Be7QvsAy7OM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiwcPFeyHtKFstpt26WYTdidCKP0VXjwo4tWf481/46bNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJje533ni2ohYPWCWcD+iIyVCwSha6fFu0BcqxKwyqNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0p1SjYJLPKv3U8ISyCR3xnqWKRtz40/nBM3JmlSEJY21LIZmrvyemNDImiwLbGVEcm2UvF//zeimG1/5UqCRFrthiUZhKgjHJvydDoTlDmVlCmRb2VsLGVFOGNqM8BG/55VXSvqh7bt27v6w1GkUcZTiBUzgHD66gAbfQhBYwiOAZXuHN0c6L8+58LFpLTjFzDH/gfP4ASlaQDQ==</latexit><latexit sha1_base64="CuQyPrWZCWJfTh15Be7QvsAy7OM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiwcPFeyHtKFstpt26WYTdidCKP0VXjwo4tWf481/46bNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJje533ni2ohYPWCWcD+iIyVCwSha6fFu0BcqxKwyqNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0p1SjYJLPKv3U8ISyCR3xnqWKRtz40/nBM3JmlSEJY21LIZmrvyemNDImiwLbGVEcm2UvF//zeimG1/5UqCRFrthiUZhKgjHJvydDoTlDmVlCmRb2VsLGVFOGNqM8BG/55VXSvqh7bt27v6w1GkUcZTiBUzgHD66gAbfQhBYwiOAZXuHN0c6L8+58LFpLTjFzDH/gfP4ASlaQDQ==</latexit><latexit sha1_base64="CuQyPrWZCWJfTh15Be7QvsAy7OM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiwcPFeyHtKFstpt26WYTdidCKP0VXjwo4tWf481/46bNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJje533ni2ohYPWCWcD+iIyVCwSha6fFu0BcqxKwyqNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0p1SjYJLPKv3U8ISyCR3xnqWKRtz40/nBM3JmlSEJY21LIZmrvyemNDImiwLbGVEcm2UvF//zeimG1/5UqCRFrthiUZhKgjHJvydDoTlDmVlCmRb2VsLGVFOGNqM8BG/55VXSvqh7bt27v6w1GkUcZTiBUzgHD66gAbfQhBYwiOAZXuHN0c6L8+58LFpLTjFzDH/gfP4ASlaQDQ==</latexit><latexit sha1_base64="CuQyPrWZCWJfTh15Be7QvsAy7OM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiwcPFeyHtKFstpt26WYTdidCKP0VXjwo4tWf481/46bNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJje533ni2ohYPWCWcD+iIyVCwSha6fFu0BcqxKwyqNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0p1SjYJLPKv3U8ISyCR3xnqWKRtz40/nBM3JmlSEJY21LIZmrvyemNDImiwLbGVEcm2UvF//zeimG1/5UqCRFrthiUZhKgjHJvydDoTlDmVlCmRb2VsLGVFOGNqM8BG/55VXSvqh7bt27v6w1GkUcZTiBUzgHD66gAbfQhBYwiOAZXuHN0c6L8+58LFpLTjFzDH/gfP4ASlaQDQ==</latexit>

Berman, MC, Kleinschmidt, Thompson, 1208.5884 
Palmkvist, 1507.08828 

MC, Palmkvist, 1503.06215

[[U [[V,W ]]]] + cycl. = d[[U, V,W ]]



What is an       algebra?  L1
<latexit sha1_base64="CuQyPrWZCWJfTh15Be7QvsAy7OM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiwcPFeyHtKFstpt26WYTdidCKP0VXjwo4tWf481/46bNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJje533ni2ohYPWCWcD+iIyVCwSha6fFu0BcqxKwyqNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0p1SjYJLPKv3U8ISyCR3xnqWKRtz40/nBM3JmlSEJY21LIZmrvyemNDImiwLbGVEcm2UvF//zeimG1/5UqCRFrthiUZhKgjHJvydDoTlDmVlCmRb2VsLGVFOGNqM8BG/55VXSvqh7bt27v6w1GkUcZTiBUzgHD66gAbfQhBYwiOAZXuHN0c6L8+58LFpLTjFzDH/gfP4ASlaQDQ==</latexit><latexit sha1_base64="CuQyPrWZCWJfTh15Be7QvsAy7OM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiwcPFeyHtKFstpt26WYTdidCKP0VXjwo4tWf481/46bNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJje533ni2ohYPWCWcD+iIyVCwSha6fFu0BcqxKwyqNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0p1SjYJLPKv3U8ISyCR3xnqWKRtz40/nBM3JmlSEJY21LIZmrvyemNDImiwLbGVEcm2UvF//zeimG1/5UqCRFrthiUZhKgjHJvydDoTlDmVlCmRb2VsLGVFOGNqM8BG/55VXSvqh7bt27v6w1GkUcZTiBUzgHD66gAbfQhBYwiOAZXuHN0c6L8+58LFpLTjFzDH/gfP4ASlaQDQ==</latexit><latexit sha1_base64="CuQyPrWZCWJfTh15Be7QvsAy7OM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiwcPFeyHtKFstpt26WYTdidCKP0VXjwo4tWf481/46bNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJje533ni2ohYPWCWcD+iIyVCwSha6fFu0BcqxKwyqNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0p1SjYJLPKv3U8ISyCR3xnqWKRtz40/nBM3JmlSEJY21LIZmrvyemNDImiwLbGVEcm2UvF//zeimG1/5UqCRFrthiUZhKgjHJvydDoTlDmVlCmRb2VsLGVFOGNqM8BG/55VXSvqh7bt27v6w1GkUcZTiBUzgHD66gAbfQhBYwiOAZXuHN0c6L8+58LFpLTjFzDH/gfP4ASlaQDQ==</latexit><latexit sha1_base64="CuQyPrWZCWJfTh15Be7QvsAy7OM=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBiwcPFeyHtKFstpt26WYTdidCKP0VXjwo4tWf481/46bNQVsfDDzem2FmXpBIYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4JJje533ni2ohYPWCWcD+iIyVCwSha6fFu0BcqxKwyqNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0p1SjYJLPKv3U8ISyCR3xnqWKRtz40/nBM3JmlSEJY21LIZmrvyemNDImiwLbGVEcm2UvF//zeimG1/5UqCRFrthiUZhKgjHJvydDoTlDmVlCmRb2VsLGVFOGNqM8BG/55VXSvqh7bt27v6w1GkUcZTiBUzgHD66gAbfQhBYwiOAZXuHN0c6L8+58LFpLTjFzDH/gfP4ASlaQDQ==</latexit>

Consider a full set of ghosts, including ghosts for ghosts, 
etc. Let  
This is, to first approximation, an element in             . 

C = C1 + C2 + C3 + . . .
<latexit sha1_base64="vhWX9Skc7I9RmXP8uz4kH8NFyJo=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkUQCiWpgm6EQjYuK9gHtCFMppN26GQSZm6EEOqvuHGhiFs/xJ1/47TNQlsPXDiccw9z5wQJZwps+9sobWxube+Udyt7+weHR+bxSVfFqSS0Q2Iey36AFeVM0A4w4LSfSIqjgNNeMHXnfu+RSsVi8QBZQr0IjwULGcGgJd+sureu79Rdv6nnsj4cxaB8s2Y37AWsdeIUpIYKtH3zS+dIGlEBhGOlBo6dgJdjCYxwOqsMU0UTTKZ4TAeaChxR5eWL42fWuVZGVhhLPQKshfo7keNIqSwK9GaEYaJWvbn4nzdIIbzxciaSFKggy4fClFsQW/MmrBGTlADPNMFEMn2rRSZYYgK6r4ouwVn98jrpNhuO3XDur2qtVlFHGZ2iM3SBHHSNWugOtVEHEZShZ/SK3own48V4Nz6WqyWjyFTRHxifP+FUkvo=</latexit><latexit sha1_base64="vhWX9Skc7I9RmXP8uz4kH8NFyJo=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkUQCiWpgm6EQjYuK9gHtCFMppN26GQSZm6EEOqvuHGhiFs/xJ1/47TNQlsPXDiccw9z5wQJZwps+9sobWxube+Udyt7+weHR+bxSVfFqSS0Q2Iey36AFeVM0A4w4LSfSIqjgNNeMHXnfu+RSsVi8QBZQr0IjwULGcGgJd+sureu79Rdv6nnsj4cxaB8s2Y37AWsdeIUpIYKtH3zS+dIGlEBhGOlBo6dgJdjCYxwOqsMU0UTTKZ4TAeaChxR5eWL42fWuVZGVhhLPQKshfo7keNIqSwK9GaEYaJWvbn4nzdIIbzxciaSFKggy4fClFsQW/MmrBGTlADPNMFEMn2rRSZYYgK6r4ouwVn98jrpNhuO3XDur2qtVlFHGZ2iM3SBHHSNWugOtVEHEZShZ/SK3own48V4Nz6WqyWjyFTRHxifP+FUkvo=</latexit><latexit sha1_base64="vhWX9Skc7I9RmXP8uz4kH8NFyJo=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkUQCiWpgm6EQjYuK9gHtCFMppN26GQSZm6EEOqvuHGhiFs/xJ1/47TNQlsPXDiccw9z5wQJZwps+9sobWxube+Udyt7+weHR+bxSVfFqSS0Q2Iey36AFeVM0A4w4LSfSIqjgNNeMHXnfu+RSsVi8QBZQr0IjwULGcGgJd+sureu79Rdv6nnsj4cxaB8s2Y37AWsdeIUpIYKtH3zS+dIGlEBhGOlBo6dgJdjCYxwOqsMU0UTTKZ4TAeaChxR5eWL42fWuVZGVhhLPQKshfo7keNIqSwK9GaEYaJWvbn4nzdIIbzxciaSFKggy4fClFsQW/MmrBGTlADPNMFEMn2rRSZYYgK6r4ouwVn98jrpNhuO3XDur2qtVlFHGZ2iM3SBHHSNWugOtVEHEZShZ/SK3own48V4Nz6WqyWjyFTRHxifP+FUkvo=</latexit><latexit sha1_base64="vhWX9Skc7I9RmXP8uz4kH8NFyJo=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkUQCiWpgm6EQjYuK9gHtCFMppN26GQSZm6EEOqvuHGhiFs/xJ1/47TNQlsPXDiccw9z5wQJZwps+9sobWxube+Udyt7+weHR+bxSVfFqSS0Q2Iey36AFeVM0A4w4LSfSIqjgNNeMHXnfu+RSsVi8QBZQr0IjwULGcGgJd+sureu79Rdv6nnsj4cxaB8s2Y37AWsdeIUpIYKtH3zS+dIGlEBhGOlBo6dgJdjCYxwOqsMU0UTTKZ4TAeaChxR5eWL42fWuVZGVhhLPQKshfo7keNIqSwK9GaEYaJWvbn4nzdIIbzxciaSFKggy4fClFsQW/MmrBGTlADPNMFEMn2rRSZYYgK6r4ouwVn98jrpNhuO3XDur2qtVlFHGZ2iM3SBHHSNWugOtVEHEZShZ/SK3own48V4Nz6WqyWjyFTRHxifP+FUkvo=</latexit>

The Batalin–Vilkovisky action, restricted to ghosts, 
can be expanded as  

where

is the n-bracket.



In order for it to be nilpotent, (S,(S,C)) = 0, the brackets 
must satisfy the “generalised Jacobi identities” 

The derivative is the 1-bracket. 

The BV variation of C is



In order to be able to construct all the brackets, one 
needs to rely on some “underlying” structure. It 
would seems like the superalgebra            provides 
it.  

However, there is no natural way of expressing the 
generalised Lie derivatives in terms of the 
(anti-)commutators of            . 

For this one needs a further extension,             :

⇡<latexit sha1_base64="GMwwY+o5FCNmZ4CbD6jZmeKB4Qc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9ol5JNs21oNolJVixL/4QXD4p49e9489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUw1oS0iudTdCBvKmaAtyyynXaUpTiJOO9HkJvc7j1QbJsW9nSoaJngkWMwItk7q9rFSWj5VBtWaX/fnQKskKEgNCjQH1a/+UJI0ocISjo3pBb6yYYa1ZYTTWaWfGqowmeAR7TkqcEJNmM3vnaEzpwxRLLUrYdFc/T2R4cSYaRK5zgTbsVn2cvE/r5fa+DrMmFCppYIsFsUpR1ai/Hk0ZJoSy6eOYKKZuxWRMdaYWBdRHkKw/PIqaV/UA78e3F3WGo0ijjKcwCmcQwBX0IBbaEILCHB4hld48x68F+/d+1i0lrxi5hj+wPv8AcnWj8g=</latexit><latexit sha1_base64="GMwwY+o5FCNmZ4CbD6jZmeKB4Qc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9ol5JNs21oNolJVixL/4QXD4p49e9489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUw1oS0iudTdCBvKmaAtyyynXaUpTiJOO9HkJvc7j1QbJsW9nSoaJngkWMwItk7q9rFSWj5VBtWaX/fnQKskKEgNCjQH1a/+UJI0ocISjo3pBb6yYYa1ZYTTWaWfGqowmeAR7TkqcEJNmM3vnaEzpwxRLLUrYdFc/T2R4cSYaRK5zgTbsVn2cvE/r5fa+DrMmFCppYIsFsUpR1ai/Hk0ZJoSy6eOYKKZuxWRMdaYWBdRHkKw/PIqaV/UA78e3F3WGo0ijjKcwCmcQwBX0IBbaEILCHB4hld48x68F+/d+1i0lrxi5hj+wPv8AcnWj8g=</latexit><latexit sha1_base64="GMwwY+o5FCNmZ4CbD6jZmeKB4Qc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9ol5JNs21oNolJVixL/4QXD4p49e9489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUw1oS0iudTdCBvKmaAtyyynXaUpTiJOO9HkJvc7j1QbJsW9nSoaJngkWMwItk7q9rFSWj5VBtWaX/fnQKskKEgNCjQH1a/+UJI0ocISjo3pBb6yYYa1ZYTTWaWfGqowmeAR7TkqcEJNmM3vnaEzpwxRLLUrYdFc/T2R4cSYaRK5zgTbsVn2cvE/r5fa+DrMmFCppYIsFsUpR1ai/Hk0ZJoSy6eOYKKZuxWRMdaYWBdRHkKw/PIqaV/UA78e3F3WGo0ijjKcwCmcQwBX0IBbaEILCHB4hld48x68F+/d+1i0lrxi5hj+wPv8AcnWj8g=</latexit><latexit sha1_base64="GMwwY+o5FCNmZ4CbD6jZmeKB4Qc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r2A9ol5JNs21oNolJVixL/4QXD4p49e9489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUw1oS0iudTdCBvKmaAtyyynXaUpTiJOO9HkJvc7j1QbJsW9nSoaJngkWMwItk7q9rFSWj5VBtWaX/fnQKskKEgNCjQH1a/+UJI0ocISjo3pBb6yYYa1ZYTTWaWfGqowmeAR7TkqcEJNmM3vnaEzpwxRLLUrYdFc/T2R4cSYaRK5zgTbsVn2cvE/r5fa+DrMmFCppYIsFsUpR1ai/Hk0ZJoSy6eOYKKZuxWRMdaYWBdRHkKw/PIqaV/UA78e3F3WGo0ijjKcwCmcQwBX0IBbaEILCHB4hld48x68F+/d+1i0lrxi5hj+wPv8AcnWj8g=</latexit>

This is also good for several other reasons.
Palmkvist, 1507.08828 

MC, Palmkvist, 1711.07694

B(g+)

g
+



Using this Borcherds superalgebra as an underlying 
structure, we are able to construct all brackets as 
“derived brackets” and check their identities. 

Some interesting things appear in most cases, 
including the exceptional series. At some level 
(ghost number) the derivative fails to be a 
derivation, and the generalised Lie derivative fails to 
be covariant. This gives rise to extra ghosts, so-
called ancillary ghosts. They are naturally encoded 
in the doubly extended algebra. (Also related to 
failure of Poincaré lemma.)

MC, Palmkvist, 1804.04377



Example: E5

p “ ´1 p “ 0 p “ 1 p “ 2 p “ 3 p “ 4 p “ 5

q “ 2 1 16

q “ 1 1 16 10 16 45 ‘ 1 144 ‘ 16

q “ 0 16 1 ‘ 45 ‘ 1 16 10 16 45 144

q “ ´1 16 1

Table �: Part of the decomposition of BpE6p6qq in E5p5q « sop5, 5q modules. Note the
appearance of modules rRp for p • 4.

p “ 0 p “ 1 p “ 2 p “ 3 p “ 4

q “ 3 1

q “ 2 1 56 1539 ‘ 133 ‘ 2 ¨ 1

q “ 1 1 56 133 ‘ 1 912 ‘ 56 8645 ‘ 2 ¨ 133 ‘ 1539 ‘ 1

q “ 0 1 ‘ 133 ‘ 1 56 133 912 8645 ‘ 133

q “ ´1 1

Table �: Part of the decomposition of BpE8p8qq in E7p7q modules.

��

E6 is on the diagonal           .      p = q

The marked fields constitute a so called tensor 
hierarchy. The modules are the ones of p-forms in 
the external dimension.



Concrete expression for all brackets:

where



The Borcherds superalgebra is unable to handle 
situations where ancillary transformations appear in 
the commutator of two generalised Lie derivatives. 
Then one needs a tensor hierarchy algebra, a 
generalisation by Palmkvist of the Cartan-type 
superalgebras W(n) and S(n) in Kac’s classification.

These algebras agree with the Borcherds 
superalgebras at positive levels, and turn out to 
“know” when ancillary transformations appear. This 
development is necessary in order to go to higher 
dimensions (E8, E9,…),  

but also for incorporating dynamical fields (vielbein, 
torsion,…) in the present framework. 

Palmkvist, 1305.0018 
Carbone, MC, Palmkvist, 1802.05767 

MC, Palmkvist, 1908.08695

Hohm, Samtleben, 1406.3348 
MC, Rosabal, 1504.04843 

Bossard, MC, Kleinschmidt, Samtleben, Palmkvist, 1708.08936 
MC, Palmkvist, 1908.08696



Torsion (the module of the embedding tensor of 
gauged supergravity) is contained at level -1, torsion 
Bianchi identities at level -2 etc.

These algebras agree with the Borcherds 
superalgebras at positive levels, and turn out to 
“know” when ancillary transformations appear. This 
development is necessary in order to go to higher 
dimensions (E8, E9,…),  

but also for incorporating dynamical fields (vielbein, 
torsion,…) in the present framework. 



p = ≠1 p = 0 p = 1 p = 2

q = 2 1 248

q = 1 1 ü 3875 248 248 ü 1 1 ü 3875 ü 248

q = 0 248 ü 1 ü 3875 1 ü 248 248 1 ü 3875

q = ≠1 248 1

Table �: Basis elements of S(E9). Note the symmetry under (p, q) ¡ (1 ≠ p, 1 ≠ q)
associated with existence of a bilinear form.

Equation (�.��) is solved with

Ï =
X

“0œH0

(g‚ ≠ g
‚
“0 + 2)PR(◊+“0) + 2(g‚ + 1)P1 ,

¸ = dim gP1 , (�.�)

where the projectors in Ï and ¸ are expressed in their respective bases. In the example
with S(E9), g

‚ = 30 and g“0 = E7 with g
‚
“0 = 18, and we get Ï = 14P3875 + 62P1, i.e.

(see eq. (�.��)),

Ï–—
“” = 2”

“

(–”
”

—) ≠ f(–
“‘

f—)
”

‘ . (�.�)

This latter expression is generic in the present class of examples. This can be shown
by inserting this expression for Ï, together with ¸–—

“” = ÷–—÷
“”, into eq. (�.��) with

(t–)—
“ = ≠f–—

“ and using the Jacobi identity.

In this series of examples, g+ is the (untwisted) a�ne algebra over g. At level 1, there
is an anti-fundamental module, whose lowest weight state is e0. At level 0, there is, in
addition to the adjoint, a single generator L, which can be identified with the Virasoro
generator L1. At level ≠1, we find a shifted fundamental module, with highest weight
state L

˘.

As can be seen in Table �, there is a symmetry in the representation content of S(E9)
under (p, q) ¡ (1≠p, 1≠q), associated with the existence of an invariant non-degenerate

��

Example: E8

Action formed using structure constants of S(E9). 

Note the peculiar appearance of the bosonic 
subalgebra                 at         . . Similar phenomena 
become more pronounced for infinite-dimensional   .

⟨L1⟩! E9

(ghosts)

p = q

g
<latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit><latexit sha1_base64="VSk6UqwRd2EvnOPPp5MIoFZLz5s=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYxnBJEpyhLnNXrJkd+/Y3RPCkV9hY6GIrT/Hzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj3kv1jgmw2m/WvPr/hxklQQFqUGBZr/61RskNJNMWSrQmG7gpzbMUVtOBZtWeplhKdIxDlnXUYWSmTCfHzwlZ04ZkDjRrpQlc/X3RI7SmImMXKdEOzLL3kz8z+tmNr4Oc67SzDJFF4viTBCbkNn3ZMA1o1ZMHEGqubuV0BFqpNZlVHEhBMsvr5L2RT3w68HdZa3RKOIowwmcwjkEcAUNuIUmtICChGd4hTdPey/eu/exaC15xcwx/IH3+QOyU5BR</latexit>



Future: 

Infinite-dimensional structure groups…  
           algebraic emergence of space (and time?)? 

Extended supergeometry 

Relaxation of section constraint? 

…



Thank you!


