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d=2 ?

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

and D=2 is the lowest possible dimension for:

Black holes 
Boundaries with dynamics

Riemann curvature

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

For the past years: interested in d=2 (maximal) supergravities. 
(in particular, those that arise as Kaluza-Klein truncations of `string theory’).

Motivation: holographic duality between string theory on          backgrounds  
and various supersymmetric matrix quantum mechanics.
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Early works:

Kaluza 1921 
Klein 1926

D=5:     gravity Maxwell

gravity
+

dilaton
+

d=4:
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MD = Md ⇥ S1

KK truncation

What is meant exactly by consistent Kaluza-Klein truncation...? 



 Scalar field     on a D-dimensional spacetime                          

Expand on a Fourier basis:

Dynamics:

Free massless 
scalar

 : massless mode

: Infinite tower of 
  massive modes with 

+

Consistent Kaluza-Klein truncations: only keep a finite subset of Kaluza-Klein modes  
that do not source the truncated ones.
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<latexit sha1_base64="azeAQzCZQwYlRz2aDlcowJqb1UA=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFakJIU2+pCKLhxWcE+oAlhMp00QycPZibSEOqvuHGhiFs/xJ1/47SNoKIHLhzOuZd773FjRoU0jA9tZXVtfWOzsFXc3tnd29cPDnsiSjgmXRyxiA9cJAijIelKKhkZxJygwGWk706u5n7/jnBBo/BWpjGxAzQOqUcxkkpy9JLV8WlleppWL63Yp45RmVYdvWzUjAXgkph1RRqGedFsQjO3yiBHx9HfrVGEk4CEEjMkxNA0YmlniEuKGZkVrUSQGOEJGpOhoiEKiLCzxfEzeKKUEfQiriqUcKF+n8hQIEQauKozQNIXv725+Jc3TKR3bmc0jBNJQrxc5CUMygjOk4AjygmWLFUEYU7VrRD7iCMsVV5FFcLXp/B/0qvXzGatcXNWbrfyOArgCByDCjBBC7TBNeiALsAgBQ/gCTxr99qj9qK9LltXtHymBH5Ae/sE6bmTow==</latexit>

�(x, y) = �0(x)
<latexit sha1_base64="Hik5q1doXc06nV+FpIznxdGtXTE=">AAACBXicdVDLSgMxFM3UV62vUZe6CBahgpSZYlvdFd24rGAf0BmGTJq2oZlkTDLSUrpx46+4caGIW//BnX9j+hBU9EDg3HPu5eaeMGZUacf5sFILi0vLK+nVzNr6xuaWvb1TVyKRmNSwYEI2Q6QIo5zUNNWMNGNJUBQy0gj7FxO/cUukooJf62FM/Ah1Oe1QjLSRAnvfOxcD79iLezTgucGRx8nNtHBMEdhZJ+9MAWfELRhSdNyzUgm6cysL5qgG9rvXFjiJCNeYIaVarhNrf4SkppiRccZLFIkR7qMuaRnKUUSUP5peMYaHRmnDjpDmcQ2n6veJEYqUGkah6YyQ7qnf3kT8y2slunPqjyiPE004ni3qJAxqASeRwDaVBGs2NARhSc1fIe4hibA2wWVMCF+Xwv9JvZB3S/ni1Um2Up7HkQZ74ADkgAvKoAIuQRXUAAZ34AE8gWfr3nq0XqzXWWvKms/sgh+w3j4BKxGXtQ==</latexit>

⇤�n(x) 6= �0(x)

<latexit sha1_base64="znji3LZwpbGd1aDWtxDTudiBB1o=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqswU2+pCKLhxWcU+oB1KJs20oUlmSDJKmc6nuHGhiFu/xJ1/Y9qOoKIHLhzOuZd77/EjRpV2nA8rt7K6tr6R3yxsbe/s7tnF/bYKY4lJC4cslF0fKcKoIC1NNSPdSBLEfUY6/uRy7nfuiFQ0FLd6GhGPo5GgAcVIG2lgF/lAXPQDiXAyE7M0uUkHdskpOwvAJXErhlQd97xWg25mlUCG5sB+7w9DHHMiNGZIqZ7rRNpLkNQUM5IW+rEiEcITNCI9QwXiRHnJ4vQUHhtlCINQmhIaLtTvEwniSk25bzo50mP125uLf3m9WAdnXkJFFGsi8HJREDOoQzjPAQ6pJFizqSEIS2puhXiMTA7apFUwIXx9Cv8n7UrZrZWr16elRj2LIw8OwRE4AS6ogwa4Ak3QAhjcgwfwBJ6tmfVovVivy9aclc0cgB+w3j4BF7yUiQ==</latexit>

mn =
|n|
R



 Scalar field     on a D-dimensional spacetime                          

Expand on a Fourier basis:

Dynamics:

Free massless 
scalar

 : massless mode

: Infinite tower of 
  massive modes with 

+

Consistent Kaluza-Klein truncations: only keep a finite subset of Kaluza-Klein modes  
that do not source the truncated ones.

 independent of the dynamics!  (ensured by group theory)

Toy model 
<latexit sha1_base64="zwe3xBMKgKqO9KSDXsOQ0OY8y+Q="></latexit>

MD = Md ⇥ S1 with coordinates<latexit sha1_base64="wqEUBlVVdFq7lWvroVj99Lm64Bo=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU9ktttVbwYvHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLYrqOiDgcd7M8zMC2LOtHHdD6ewtr6xuVXcLu3s7u0flA+PujpKFKEdEvFI9QOsKWeSdgwznPZjRbEIOO0Fs+vM791TpVkk78w8pr7AE8lCRrDJpGF7ykblilt1l0Ar4tUsqbveVaOBvNyqQI72qPw+HEckEVQawrHWA8+NjZ9iZRjhdFEaJprGmMzwhA4slVhQ7afLWxfozCpjFEbKljRoqX6fSLHQei4C2ymwmerfXib+5Q0SE176KZNxYqgkq0VhwpGJUPY4GjNFieFzSzBRzN6KyBQrTIyNp2RD+PoU/U+6tarXqNZvLyqtZh5HEU7gFM7Bgya04Aba0AECU3iAJ3h2hPPovDivq9aCk88cww84b58NG448</latexit>

�
<latexit sha1_base64="I+nu8ooxdK1vDUdQ3TtWxtfoAa8="></latexit>

XM = (xµ , y)
<latexit sha1_base64="49+S39FtBAwS5qrKlDx2OfAeqa4="></latexit>

�(x, y) =
X

n2Z
�n(x) e

i
n
R y

<latexit sha1_base64="uYVZNpZay4nUpOjWKYdhHUuR35g="></latexit>

⇤�n(x)�
n2

R2
�n(x) = 0

<latexit sha1_base64="lrgIZKusNZB7RMxvYTLG777Bq7c=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9ktttWDUPDisaL9gHYp2TTbhibZJckKZelP8OJBEa/+Im/+G9N2BRV9MPB4b4aZeUHMmTau++HkVlbX1jfym4Wt7Z3dveL+QVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHI19zv3VGkWyTszjakv8EiykBFsrHQrL91BseSW3QXQkngVS6qud1GrIS+zSpChOSi+94cRSQSVhnCsdc9zY+OnWBlGOJ0V+ommMSYTPKI9SyUWVPvp4tQZOrHKEIWRsiUNWqjfJ1IstJ6KwHYKbMb6tzcX//J6iQnP/ZTJODFUkuWiMOHIRGj+NxoyRYnhU0swUczeisgYK0yMTadgQ/j6FP1P2pWyVytXb85KjXoWRx6O4BhOwYM6NOAamtACAiN4gCd4drjz6Lw4r8vWnJPNHMIPOG+f8YqNkA==</latexit>

n = 0

<latexit sha1_base64="N06DUt4qfV4+IkNTNsGy/5iYS0c=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9ktttVbwYvHCvYD2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmBTFn2rjuh5NbWV1b38hvFra2d3b3ivsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjn3O/dUaSbFjZnG1I/wSLCQEWys1BZ9Qe/cQbHklt0F0JJ4FUuqrndRqyEvs0qQoTkovveHkiQRFYZwrHXPc2Pjp1gZRjidFfqJpjEmEzyiPUsFjqj208W1M3RilSEKpbIlDFqo3ydSHGk9jQLbGWEz1r+9ufiX10tMeO6nTMSJoYIsF4UJR0ai+etoyBQlhk8twUQxeysiY6wwMTaggg3h61P0P2lXyl6tXL0+KzXqWRx5OIJjOAUP6tCAK2hCCwjcwgM8wbMjnUfnxXldtuacbOYQfsB5+wR/g48R</latexit>

n 6= 0

<latexit sha1_base64="vZJuaK8KkQ9uMFgD792VNGqtds0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaLUKGUpNhWF0LRjcsK9gFNKJPppBk6eTAzkYbQjb/ixoUibv0Md/6N0zaCih64cDjnXu69x4kYFdIwPrTc0vLK6lp+vbCxubW9o+/udUQYc0zaOGQh7zlIEEYD0pZUMtKLOEG+w0jXGV/N/O4d4YKGwa1MImL7aBRQl2IklTTQDywPSWhdhhOrDK2WR0uTcnJyYQz0olEx5oALYlYVqRnmeb0Ozcwqggytgf5uDUMc+ySQmCEh+qYRSTtFXFLMyLRgxYJECI/RiPQVDZBPhJ3OH5jCY6UMoRtyVYGEc/X7RIp8IRLfUZ0+kp747c3Ev7x+LN0zO6VBFEsS4MUiN2ZQhnCWBhxSTrBkiSIIc6puhdhDHGGpMiuoEL4+hf+TTrVi1iu1m9Nis5HFkQeH4AiUgAkaoAmuQQu0AQZT8ACewLN2rz1qL9rrojWnZTP74Ae0t09QWpTs</latexit>

⇤̂�(x, y) = 0
<latexit sha1_base64="UPr/CDTf0Ygi4J8W3Ow1NvPxRp8=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIsgCCVTx+rsim5cVrAP6IxDJk3b0MyDJKOW2k9x40IRt36JO//GTFtBRQ9cOJxzb3LvCRLOpELow8gtLC4tr+RXC2vrG5tbZnG7KeNUENogMY9FO8CSchbRhmKK03YiKA4DTlvB8DzzWzdUSBZHV2qUUC/E/Yj1GMFKS75ZdM/iu0M3wUIxzP3RdcU3S6iMELJsBFG54lQd+0iTKnIcrViZpVECc9R9893txiQNaaQIx1J2LJQob5y9SDidFNxU0gSTIe7TjqYRDqn0xtPVJ3BfK13Yi4WuSMGp+n1ijEMpR2GgO0OsBvK3l4l/eZ1U9U69MYuSVNGIzD7qpRyqGGY5wC4TlCg+0gQTwfSukAywwETptAo6hK9L4f+kWSlb1fLxpV2q2fM48mAX7IEDYIETUAMXoA4agIBb8ACewLNxbzwaL8brrDVnzGd2wA8Yb58zxpP0</latexit>

⇤+ @2
y

Always possible on a circle (or torus): truncate all massive modes
<latexit sha1_base64="azeAQzCZQwYlRz2aDlcowJqb1UA=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFakJIU2+pCKLhxWcE+oAlhMp00QycPZibSEOqvuHGhiFs/xJ1/47SNoKIHLhzOuZd773FjRoU0jA9tZXVtfWOzsFXc3tnd29cPDnsiSjgmXRyxiA9cJAijIelKKhkZxJygwGWk706u5n7/jnBBo/BWpjGxAzQOqUcxkkpy9JLV8WlleppWL63Yp45RmVYdvWzUjAXgkph1RRqGedFsQjO3yiBHx9HfrVGEk4CEEjMkxNA0YmlniEuKGZkVrUSQGOEJGpOhoiEKiLCzxfEzeKKUEfQiriqUcKF+n8hQIEQauKozQNIXv725+Jc3TKR3bmc0jBNJQrxc5CUMygjOk4AjygmWLFUEYU7VrRD7iCMsVV5FFcLXp/B/0qvXzGatcXNWbrfyOArgCByDCjBBC7TBNeiALsAgBQ/gCTxr99qj9qK9LltXtHymBH5Ae/sE6bmTow==</latexit>

�(x, y) = �0(x)
<latexit sha1_base64="Hik5q1doXc06nV+FpIznxdGtXTE=">AAACBXicdVDLSgMxFM3UV62vUZe6CBahgpSZYlvdFd24rGAf0BmGTJq2oZlkTDLSUrpx46+4caGIW//BnX9j+hBU9EDg3HPu5eaeMGZUacf5sFILi0vLK+nVzNr6xuaWvb1TVyKRmNSwYEI2Q6QIo5zUNNWMNGNJUBQy0gj7FxO/cUukooJf62FM/Ah1Oe1QjLSRAnvfOxcD79iLezTgucGRx8nNtHBMEdhZJ+9MAWfELRhSdNyzUgm6cysL5qgG9rvXFjiJCNeYIaVarhNrf4SkppiRccZLFIkR7qMuaRnKUUSUP5peMYaHRmnDjpDmcQ2n6veJEYqUGkah6YyQ7qnf3kT8y2slunPqjyiPE004ni3qJAxqASeRwDaVBGs2NARhSc1fIe4hibA2wWVMCF+Xwv9JvZB3S/ni1Um2Up7HkQZ74ADkgAvKoAIuQRXUAAZ34AE8gWfr3nq0XqzXWWvKms/sgh+w3j4BKxGXtQ==</latexit>

⇤�n(x) 6= �0(x)

Generally possible when internal space is a group manifold G:

<latexit sha1_base64="znji3LZwpbGd1aDWtxDTudiBB1o=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqswU2+pCKLhxWcU+oB1KJs20oUlmSDJKmc6nuHGhiFu/xJ1/Y9qOoKIHLhzOuZd77/EjRpV2nA8rt7K6tr6R3yxsbe/s7tnF/bYKY4lJC4cslF0fKcKoIC1NNSPdSBLEfUY6/uRy7nfuiFQ0FLd6GhGPo5GgAcVIG2lgF/lAXPQDiXAyE7M0uUkHdskpOwvAJXErhlQd97xWg25mlUCG5sB+7w9DHHMiNGZIqZ7rRNpLkNQUM5IW+rEiEcITNCI9QwXiRHnJ4vQUHhtlCINQmhIaLtTvEwniSk25bzo50mP125uLf3m9WAdnXkJFFGsi8HJREDOoQzjPAQ6pJFizqSEIS2puhXiMTA7apFUwIXx9Cv8n7UrZrZWr16elRj2LIw8OwRE4AS6ogwa4Ak3QAhjcgwfwBJ6tmfVovVivy9aclc0cgB+w3j4BF7yUiQ==</latexit>

mn =
|n|
R

circle radius

Isometry of the internal metric: 
DeWitt 1963

Keep only singlets 
<latexit sha1_base64="+C2O1ZzUIKDC+oX5pT9c3R7kH7o=">AAACGHicdVDJSgNBEO2JW4zbqEcvjUHwNPZo1oMQ8KAHD1HMApkh9HQ6SZOehe4eIQz5DC/+ihcPinjNzb+xs7iiDwoe71VRVc+LOJMKoTcjtbC4tLySXs2srW9sbpnbO3UZxoLQGgl5KJoelpSzgNYUU5w2I0Gx73Ha8AZnE79xS4VkYXCjhhF1fdwLWJcRrLTUNo8cxXiHJo6PVV/48Hx0+knbl9r0qYRfynXbzCILFXKonIfIyiO7dGLPSLlYhLaFpsiCOaptc+x0QhL7NFCEYylbNoqUm2ChGOF0lHFiSSNMBrhHW5oGWC90k+ljI3iglQ7shkJXoOBU/T6RYF/Koe/pzsmJ8rc3Ef/yWrHqltyEBVGsaEBmi7oxhyqEk5RghwlKFB9qgolg+lZI+lhgonSWGR3Cx6fwf1I/tuyClb/KZSvFeRxpsAf2wSGwQRFUwAWoghog4A48gCfwbNwbj8aL8TprTRnzmV3wA8b4HeNHoEg=</latexit>

G̃ = GL ⇥GR Scherk, Schwarz 1979 



 Scalar field     on a D-dimensional spacetime                          

Expand on a Fourier basis:

Dynamics:

Free massless 
scalar

 : massless mode

: Infinite tower of 
  massive modes with 

+

Consistent Kaluza-Klein truncations: only keep a finite subset of Kaluza-Klein modes  
that do not source the truncated ones.

Toy model 
<latexit sha1_base64="zwe3xBMKgKqO9KSDXsOQ0OY8y+Q="></latexit>

MD = Md ⇥ S1 with coordinates<latexit sha1_base64="wqEUBlVVdFq7lWvroVj99Lm64Bo=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU9ktttVbwYvHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLYrqOiDgcd7M8zMC2LOtHHdD6ewtr6xuVXcLu3s7u0flA+PujpKFKEdEvFI9QOsKWeSdgwznPZjRbEIOO0Fs+vM791TpVkk78w8pr7AE8lCRrDJpGF7ykblilt1l0Ar4tUsqbveVaOBvNyqQI72qPw+HEckEVQawrHWA8+NjZ9iZRjhdFEaJprGmMzwhA4slVhQ7afLWxfozCpjFEbKljRoqX6fSLHQei4C2ymwmerfXib+5Q0SE176KZNxYqgkq0VhwpGJUPY4GjNFieFzSzBRzN6KyBQrTIyNp2RD+PoU/U+6tarXqNZvLyqtZh5HEU7gFM7Bgya04Aba0AECU3iAJ3h2hPPovDivq9aCk88cww84b58NG448</latexit>

�
<latexit sha1_base64="I+nu8ooxdK1vDUdQ3TtWxtfoAa8="></latexit>

XM = (xµ , y)
<latexit sha1_base64="49+S39FtBAwS5qrKlDx2OfAeqa4="></latexit>

�(x, y) =
X

n2Z
�n(x) e

i
n
R y

<latexit sha1_base64="uYVZNpZay4nUpOjWKYdhHUuR35g="></latexit>

⇤�n(x)�
n2

R2
�n(x) = 0

<latexit sha1_base64="lrgIZKusNZB7RMxvYTLG777Bq7c=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9ktttWDUPDisaL9gHYp2TTbhibZJckKZelP8OJBEa/+Im/+G9N2BRV9MPB4b4aZeUHMmTau++HkVlbX1jfym4Wt7Z3dveL+QVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHI19zv3VGkWyTszjakv8EiykBFsrHQrL91BseSW3QXQkngVS6qud1GrIS+zSpChOSi+94cRSQSVhnCsdc9zY+OnWBlGOJ0V+ommMSYTPKI9SyUWVPvp4tQZOrHKEIWRsiUNWqjfJ1IstJ6KwHYKbMb6tzcX//J6iQnP/ZTJODFUkuWiMOHIRGj+NxoyRYnhU0swUczeisgYK0yMTadgQ/j6FP1P2pWyVytXb85KjXoWRx6O4BhOwYM6NOAamtACAiN4gCd4drjz6Lw4r8vWnJPNHMIPOG+f8YqNkA==</latexit>

n = 0

<latexit sha1_base64="N06DUt4qfV4+IkNTNsGy/5iYS0c=">AAAB7XicdVBNSwMxEJ2tX7V+VT16CRbBU9ktttVbwYvHCvYD2qVk02wbm03WJCuUpf/BiwdFvPp/vPlvTNsVVPTBwOO9GWbmBTFn2rjuh5NbWV1b38hvFra2d3b3ivsHbS0TRWiLSC5VN8CaciZoyzDDaTdWFEcBp51gcjn3O/dUaSbFjZnG1I/wSLCQEWys1BZ9Qe/cQbHklt0F0JJ4FUuqrndRqyEvs0qQoTkovveHkiQRFYZwrHXPc2Pjp1gZRjidFfqJpjEmEzyiPUsFjqj208W1M3RilSEKpbIlDFqo3ydSHGk9jQLbGWEz1r+9ufiX10tMeO6nTMSJoYIsF4UJR0ai+etoyBQlhk8twUQxeysiY6wwMTaggg3h61P0P2lXyl6tXL0+KzXqWRx5OIJjOAUP6tCAK2hCCwjcwgM8wbMjnUfnxXldtuacbOYQfsB5+wR/g48R</latexit>

n 6= 0

<latexit sha1_base64="vZJuaK8KkQ9uMFgD792VNGqtds0=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaLUKGUpNhWF0LRjcsK9gFNKJPppBk6eTAzkYbQjb/ixoUibv0Md/6N0zaCih64cDjnXu69x4kYFdIwPrTc0vLK6lp+vbCxubW9o+/udUQYc0zaOGQh7zlIEEYD0pZUMtKLOEG+w0jXGV/N/O4d4YKGwa1MImL7aBRQl2IklTTQDywPSWhdhhOrDK2WR0uTcnJyYQz0olEx5oALYlYVqRnmeb0Ozcwqggytgf5uDUMc+ySQmCEh+qYRSTtFXFLMyLRgxYJECI/RiPQVDZBPhJ3OH5jCY6UMoRtyVYGEc/X7RIp8IRLfUZ0+kp747c3Ev7x+LN0zO6VBFEsS4MUiN2ZQhnCWBhxSTrBkiSIIc6puhdhDHGGpMiuoEL4+hf+TTrVi1iu1m9Nis5HFkQeH4AiUgAkaoAmuQQu0AQZT8ACewLN2rz1qL9rrojWnZTP74Ae0t09QWpTs</latexit>

⇤̂�(x, y) = 0
<latexit sha1_base64="UPr/CDTf0Ygi4J8W3Ow1NvPxRp8=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIsgCCVTx+rsim5cVrAP6IxDJk3b0MyDJKOW2k9x40IRt36JO//GTFtBRQ9cOJxzb3LvCRLOpELow8gtLC4tr+RXC2vrG5tbZnG7KeNUENogMY9FO8CSchbRhmKK03YiKA4DTlvB8DzzWzdUSBZHV2qUUC/E/Yj1GMFKS75ZdM/iu0M3wUIxzP3RdcU3S6iMELJsBFG54lQd+0iTKnIcrViZpVECc9R9893txiQNaaQIx1J2LJQob5y9SDidFNxU0gSTIe7TjqYRDqn0xtPVJ3BfK13Yi4WuSMGp+n1ijEMpR2GgO0OsBvK3l4l/eZ1U9U69MYuSVNGIzD7qpRyqGGY5wC4TlCg+0gQTwfSukAywwETptAo6hK9L4f+kWSlb1fLxpV2q2fM48mAX7IEDYIETUAMXoA4agIBb8ACewLNxbzwaL8brrDVnzGd2wA8Yb58zxpP0</latexit>

⇤+ @2
y

Consistent Kaluza-Klein truncations are few and difficult to construct. Powerful tools: 

<latexit sha1_base64="znji3LZwpbGd1aDWtxDTudiBB1o=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqswU2+pCKLhxWcU+oB1KJs20oUlmSDJKmc6nuHGhiFu/xJ1/Y9qOoKIHLhzOuZd77/EjRpV2nA8rt7K6tr6R3yxsbe/s7tnF/bYKY4lJC4cslF0fKcKoIC1NNSPdSBLEfUY6/uRy7nfuiFQ0FLd6GhGPo5GgAcVIG2lgF/lAXPQDiXAyE7M0uUkHdskpOwvAJXErhlQd97xWg25mlUCG5sB+7w9DHHMiNGZIqZ7rRNpLkNQUM5IW+rEiEcITNCI9QwXiRHnJ4vQUHhtlCINQmhIaLtTvEwniSk25bzo50mP125uLf3m9WAdnXkJFFGsi8HJREDOoQzjPAQ6pJFizqSEIS2puhXiMTA7apFUwIXx9Cv8n7UrZrZWr16elRj2LIw8OwRE4AS6ogwa4Ak3QAhjcgwfwBJ6tmfVovVivy9aclc0cgB+w3j4BF7yUiQ==</latexit>

mn =
|n|
R

circle radius

•    

•    

Allow to uplift all solutions of the lower-dimensional theory. 

Useful for holography (sphere truncations of gravity). 



and make the following gauge choice for the D-dimensional vielbein:

•    Breaks D-dimensional local Lorentz symmetry

d-dimensional
Lorentz

internal 
symmetry

•    
vielbein        +  vectors         +  scalars 

Decomposes into d-dimensional:

KK truncation of gravity on 
<latexit sha1_base64="pyhJ/Z3Tc95Nmcwaqsxv7M12ruE=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKDU9tdwY3Lin1BO5ZMmmlDM5kxyQhlKPgDblwo4tYvcuffmD4EFT1wuYdzbsi9J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxhczv31HpWKxaOhJQv0IDwULGcHaSNeNm9t+sYRs5FY8VIXIdk1zPUM85FTLVejYaI4SWKLeL773BjFJIyo04ViproMS7WdYakY4nRZ6qaIJJmM8pF1DBY6o8rP5qlN4YpQBDGNpSmg4V7+/yHCk1CQKzGSE9Uj99mbiX1431WHFz5hIUk0FWXwUphzqGM7uhgMmKdF8YggmkpldIRlhiYk26RRMCF+Xwv9Jy7Wdsu1dnZVqtftFHHlwBI7BKXDAOaiBS1AHTUDAEDyAJ/BscevRerFeF6M5axnhIfgB6+0TzAOOkA==</latexit>

T q

Consider gravity on a D-dimensional manifold         with coordinates       

d-dimensional
spacetime

q-dimensional 
internal space

<latexit sha1_base64="xCbezPQxhsGKjNOWeXcE6Yyz8mA=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqswU2+quoAs3QgX7gHYomTTThmYyY5IplKHf4caFIm79GHf+jZl2BBU9EDiccy/35HgRZ0rb9oeVW1ldW9/Ibxa2tnd294r7B20VxpLQFgl5KLseVpQzQVuaaU67kaQ48DjteJPL1O9MqVQsFHd6FlE3wCPBfEawNpLbD7AeE8zRzQBdDYolu2wvgJbEqRhStZ2LWg05mVWCDM1B8b0/DEkcUKEJx0r1HDvSboKlZoTTeaEfKxphMsEj2jNU4IAqN1mEnqMTowyRH0rzhEYL9ftGggOlZoFnJtOQ6reXin95vVj7527CRBRrKsjykB9zpEOUNoCGTFKi+cwQTCQzWREZY4mJNj0VTAlfP0X/k3al7NTK1duzUqOe1ZGHIziGU3CgDg24hia0gMA9PMATPFtT69F6sV6Xozkr2zmEH7DePgHeaZF/</latexit>

MD

<latexit sha1_base64="5OhM+mDO5tdakyAoJeSPxQWQYzY="></latexit>

XM = (xµ, ym)

<latexit sha1_base64="kt+RDNUKfFvzVsVsEdTGuG0G3PA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJU0DIpttVdQRfurGgf0g4lk6ZtaJIZkoxQhn6FGxeKuPVz3Pk3pu0IKnrgwuGce7n3Hj/kTBvX/XBSC4tLyyvp1cza+sbmVnZ7p6GDSBFaJwEPVMvHmnImad0ww2krVBQLn9OmPzqf+s17qjQL5K0Zh9QTeCBZnxFsrHR3c5W/OEZH6LCbzbkFdwY4J6hoSclFZ+UyRImVAwlq3ex7pxeQSFBpCMdat5EbGi/GyjDC6STTiTQNMRnhAW1bKrGg2otnB0/ggVV6sB8oW9LAmfp9IsZC67HwbafAZqh/e1PxL68dmf6pFzMZRoZKMl/Ujzg0AZx+D3tMUWL42BJMFLO3QjLEChNjM8rYEL4+hf+TRrGAyoXS9UmuWkniSIM9sA/yAIEKqIJLUAN1QIAAD+AJPDvKeXRenNd5a8pJZnbBDzhvn33djuM=</latexit>

SO(D � 1, 1)
<latexit sha1_base64="z8L4IUj8orpuTG6uv2SZxfSBUAI="></latexit>

SO(d� 1, 1)⇥ SO(q)

<latexit sha1_base64="IgRjL3wE7yQXjKhIv4+fCQlIA/M=">AAAB9XicdVBNSwMxEM36WetX1aOXYBE8ld1iW70VvHisYD+g3ZZsOtuGJtklySpl6f/w4kERr/4Xb/4b03YFFX0w8Hhvhpl5QcyZNq774aysrq1vbOa28ts7u3v7hYPDlo4SRaFJIx6pTkA0cCahaZjh0IkVEBFwaAeTq7nfvgOlWSRvzTQGX5CRZCGjxFipD4OeSNJZv0d4PCaDQtEtuQvgJfHKllRc77JaxV5mFVGGxqDw3htGNBEgDeVE667nxsZPiTKMcpjle4mGmNAJGUHXUkkEaD9dXD3Dp1YZ4jBStqTBC/X7REqE1lMR2E5BzFj/9ubiX143MeGFnzIZJwYkXS4KE45NhOcR4CFTQA2fWkKoYvZWTMdEEWpsUHkbwten+H/SKpe8aqlyc16s17I4cugYnaAz5KEaqqNr1EBNRJFCD+gJPTv3zqPz4rwuW1ecbOYI/YDz9gkOpJLd</latexit>

eµ
↵ <latexit sha1_base64="tGOAoXT/A6SQHBaUZ8BvE8KiT7A=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4KrvFtnqrePFYwX5Iu5Zsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabuCij4YeLw3w8y8IOZMG9f9cJaWV1bX1nMb+c2t7Z3dwt5+S0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDnz2/dUaRbJGzOJqS/wULKQEWysdHvR74kknd6JfqHoltw50IJ4ZUsqrnderSIvs4qQodEvvPcGEUkElYZwrHXXc2Pjp1gZRjid5nuJpjEmYzykXUslFlT76fzgKTq2ygCFkbIlDZqr3ydSLLSeiMB2CmxG+rc3E//yuokJz/yUyTgxVJLFojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM0ob0P4+hT9T1rlklctVa5Pi/VaFkcODuEITsCDGtThChrQBAICHuAJnh3lPDovzuuidcnJZg7gB5y3Tw/4kJI=</latexit>

Aµ
m

<latexit sha1_base64="o3tLXxHXsEbudtrknTFByshYWkw=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwUUpSbKu7ghuXFewDmhgm00k7dDITZiZCDf0SNy4UceunuPNvnLYRVPTAhcM593LvPWHCqNKO82GtrK6tb2wWtorbO7t7JXv/oKtEKjHpYMGE7IdIEUY56WiqGeknkqA4ZKQXTi7nfu+OSEUFv9HThPgxGnEaUYy0kQK75Mmx8CoV2A3ibHaLArvsVJ0F4JK4NUPqjnvRaEA3t8ogRzuw372hwGlMuMYMKTVwnUT7GZKaYkZmRS9VJEF4gkZkYChHMVF+tjh8Bk+MMoSRkKa4hgv1+0SGYqWmcWg6Y6TH6rc3F//yBqmOzv2M8iTVhOPloihlUAs4TwEOqSRYs6khCEtqboV4jCTC2mRVNCF8fQr/J91a1W1U69dn5VYzj6MAjsAxOAUuaIIWuAJt0AEYpOABPIFn6956tF6s12XripXPHIIfsN4+AQyzkrA=</latexit>

⇢ , Vm
a

dilaton Unimodular matrix

Fix                              and perform a KK truncation on     
All fields  

independent 
       of 

What are the symmetries inherited by the truncated theory? 

<latexit sha1_base64="igS/KgWZ/ZESx2Qdxt0moclbxw4="></latexit>

MD = Md ⇥ T q <latexit sha1_base64="AfrrE15i6ee647bTTTSF0rMiieg="></latexit>

T q
<latexit sha1_base64="RYDWLyMTc+AZDbFxcm4YbsFQ3hQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9ktttVbwYvHivYD2rVk02wbmmSXJCsspT/BiwdFvPqLvPlvTNsVVPTBwOO9GWbmBTFn2rjuh5NbWV1b38hvFra2d3b3ivsHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyeXc79xTpVkkb00aU1/gkWQhI9hY6Sa9E4NiyS27C6Al8SqWVF3volZDXmaVIENzUHzvDyOSCCoN4VjrnufGxp9iZRjhdFboJ5rGmEzwiPYslVhQ7U8Xp87QiVWGKIyULWnQQv0+McVC61QEtlNgM9a/vbn4l9dLTHjuT5mME0MlWS4KE45MhOZ/oyFTlBieWoKJYvZWRMZYYWJsOgUbwten6H/SrpS9Wrl6fVZq1LM48nAEx3AKHtShAVfQhBYQGMEDPMGzw51H58V5XbbmnGzmEH7AefsEkPSN+Q==</latexit>

ym

dilaton Unimodular matrix

<latexit sha1_base64="a/b9kW/SRLM+RKBSC5nLkKLYphs=">AAAClnicdVFbb9MwGHXCbYRbYS9IvFhUTEOqOmfruuQBtDFN8IJUJNpNqrPIcd3Wmu0E20Grovwk/gxv/BvcNCCG4EiWj875bv6cFYIbi9APz791+87de1v3gwcPHz1+0nn6bGLyUlM2prnI9UVGDBNcsbHlVrCLQjMiM8HOs6vTtX/+lWnDc/XZrgqWSLJQfM4psU5KO9/O0o9VfXmyW+Gm2FQvsqRC/TiKYhT1UH+A0CCKHT mI43h4UF/Xr99AnLEFV1UhidX8uoYsxbJ0ZTARxZLAHQixXuaXVbj3pT5pPQknqXQ3gRjDAPd2cA/jADqgmwm41wY2JmZq9rtR2umiPmoANyTcd+QQhfFwCMPW6oIWo7TzHc9yWkqmLBXEmGmICptURFtOBasDXBpWEHpFFmzqqCKSmaRqNlHDV06ZwXmu3VEWNuqfGRWRxqxk5iLdfEvzt7cW/+VNSzuPkoqrorRM0U2jeSmgzeH6j+CMa0atWDlCqOZuVkiXRBNq3U8Gbgm/Xgr/Tyb7/XDYP/w06B4ftevYAi/AS7ALQnAEjsEHMAJjQL1tL/beeaf+c/+tf+a/34T6XpuzDW7AH/0ESafCdg==</latexit>

EM
A(x) =

0

@
eµ↵ ⇢1/qAµ

mVm
a

0 ⇢1/q Vm
a

1

A

<latexit sha1_base64="q3PkP9iA0cl1aCNYphMvVhylols=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzZCpfe4Kbly4qGgf0g4lk2ba0ExmTDJCGfoVblwo4tbPceffmD4EFT1w4XDOvdx7jxdxpjRCH1ZqZXVtfSO9mdna3tndy+4ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttjc9nfvueSsVCcaMnEXUDPBTMZwRrI932mIDXl/m70342h2xULqJaCSK7hJzqmbMgtUoFOjaaIweWaPSz771BSOKACk04VqrroEi7CZaaEU6nmV6saITJGA9p11CBA6rcZH7wFJ4YZQD9UJoSGs7V7xMJDpSaBJ7pDLAeqd/eTPzL68bar7oJE1GsqSCLRX7MoQ7h7Hs4YJISzSeGYCKZuRWSEZaYaJNRxoTw9Sn8n7QKtlO2S1fFXL2wjCMNjsAxyAMHVEAdXIAGaAICAvAAnsCzJa1H68V6XbSmrOXMIfgB6+0T4ZSPyQ==</latexit>

2 SL(q)



and make the following gauge choice for the D-dimensional vielbein:

•    Breaks D-dimensional local Lorentz symmetry

d-dimensional
Lorentz

internal 
symmetry

•    
vielbein        +  vectors         +  scalars 

Decomposes into d-dimensional:

KK truncation of gravity on 
<latexit sha1_base64="pyhJ/Z3Tc95Nmcwaqsxv7M12ruE=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKDU9tdwY3Lin1BO5ZMmmlDM5kxyQhlKPgDblwo4tYvcuffmD4EFT1wuYdzbsi9J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxhczv31HpWKxaOhJQv0IDwULGcHaSNeNm9t+sYRs5FY8VIXIdk1zPUM85FTLVejYaI4SWKLeL773BjFJIyo04ViproMS7WdYakY4nRZ6qaIJJmM8pF1DBY6o8rP5qlN4YpQBDGNpSmg4V7+/yHCk1CQKzGSE9Uj99mbiX1431WHFz5hIUk0FWXwUphzqGM7uhgMmKdF8YggmkpldIRlhiYk26RRMCF+Xwv9Jy7Wdsu1dnZVqtftFHHlwBI7BKXDAOaiBS1AHTUDAEDyAJ/BscevRerFeF6M5axnhIfgB6+0TzAOOkA==</latexit>

T q

Consider gravity on a D-dimensional manifold         with coordinates       

d-dimensional
spacetime

q-dimensional 
internal space

<latexit sha1_base64="xCbezPQxhsGKjNOWeXcE6Yyz8mA=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqswU2+quoAs3QgX7gHYomTTThmYyY5IplKHf4caFIm79GHf+jZl2BBU9EDiccy/35HgRZ0rb9oeVW1ldW9/Ibxa2tnd294r7B20VxpLQFgl5KLseVpQzQVuaaU67kaQ48DjteJPL1O9MqVQsFHd6FlE3wCPBfEawNpLbD7AeE8zRzQBdDYolu2wvgJbEqRhStZ2LWg05mVWCDM1B8b0/DEkcUKEJx0r1HDvSboKlZoTTeaEfKxphMsEj2jNU4IAqN1mEnqMTowyRH0rzhEYL9ftGggOlZoFnJtOQ6reXin95vVj7527CRBRrKsjykB9zpEOUNoCGTFKi+cwQTCQzWREZY4mJNj0VTAlfP0X/k3al7NTK1duzUqOe1ZGHIziGU3CgDg24hia0gMA9PMATPFtT69F6sV6Xozkr2zmEH7DePgHeaZF/</latexit>

MD

<latexit sha1_base64="5OhM+mDO5tdakyAoJeSPxQWQYzY="></latexit>

XM = (xµ, ym)

<latexit sha1_base64="kt+RDNUKfFvzVsVsEdTGuG0G3PA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJU0DIpttVdQRfurGgf0g4lk6ZtaJIZkoxQhn6FGxeKuPVz3Pk3pu0IKnrgwuGce7n3Hj/kTBvX/XBSC4tLyyvp1cza+sbmVnZ7p6GDSBFaJwEPVMvHmnImad0ww2krVBQLn9OmPzqf+s17qjQL5K0Zh9QTeCBZnxFsrHR3c5W/OEZH6LCbzbkFdwY4J6hoSclFZ+UyRImVAwlq3ex7pxeQSFBpCMdat5EbGi/GyjDC6STTiTQNMRnhAW1bKrGg2otnB0/ggVV6sB8oW9LAmfp9IsZC67HwbafAZqh/e1PxL68dmf6pFzMZRoZKMl/Ujzg0AZx+D3tMUWL42BJMFLO3QjLEChNjM8rYEL4+hf+TRrGAyoXS9UmuWkniSIM9sA/yAIEKqIJLUAN1QIAAD+AJPDvKeXRenNd5a8pJZnbBDzhvn33djuM=</latexit>

SO(D � 1, 1)
<latexit sha1_base64="z8L4IUj8orpuTG6uv2SZxfSBUAI="></latexit>

SO(d� 1, 1)⇥ SO(q)

<latexit sha1_base64="IgRjL3wE7yQXjKhIv4+fCQlIA/M=">AAAB9XicdVBNSwMxEM36WetX1aOXYBE8ld1iW70VvHisYD+g3ZZsOtuGJtklySpl6f/w4kERr/4Xb/4b03YFFX0w8Hhvhpl5QcyZNq774aysrq1vbOa28ts7u3v7hYPDlo4SRaFJIx6pTkA0cCahaZjh0IkVEBFwaAeTq7nfvgOlWSRvzTQGX5CRZCGjxFipD4OeSNJZv0d4PCaDQtEtuQvgJfHKllRc77JaxV5mFVGGxqDw3htGNBEgDeVE667nxsZPiTKMcpjle4mGmNAJGUHXUkkEaD9dXD3Dp1YZ4jBStqTBC/X7REqE1lMR2E5BzFj/9ubiX143MeGFnzIZJwYkXS4KE45NhOcR4CFTQA2fWkKoYvZWTMdEEWpsUHkbwten+H/SKpe8aqlyc16s17I4cugYnaAz5KEaqqNr1EBNRJFCD+gJPTv3zqPz4rwuW1ecbOYI/YDz9gkOpJLd</latexit>

eµ
↵ <latexit sha1_base64="tGOAoXT/A6SQHBaUZ8BvE8KiT7A=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4KrvFtnqrePFYwX5Iu5Zsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabuCij4YeLw3w8y8IOZMG9f9cJaWV1bX1nMb+c2t7Z3dwt5+S0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDnz2/dUaRbJGzOJqS/wULKQEWysdHvR74kknd6JfqHoltw50IJ4ZUsqrnderSIvs4qQodEvvPcGEUkElYZwrHXXc2Pjp1gZRjid5nuJpjEmYzykXUslFlT76fzgKTq2ygCFkbIlDZqr3ydSLLSeiMB2CmxG+rc3E//yuokJz/yUyTgxVJLFojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM0ob0P4+hT9T1rlklctVa5Pi/VaFkcODuEITsCDGtThChrQBAICHuAJnh3lPDovzuuidcnJZg7gB5y3Tw/4kJI=</latexit>

Aµ
m

<latexit sha1_base64="o3tLXxHXsEbudtrknTFByshYWkw=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwUUpSbKu7ghuXFewDmhgm00k7dDITZiZCDf0SNy4UceunuPNvnLYRVPTAhcM593LvPWHCqNKO82GtrK6tb2wWtorbO7t7JXv/oKtEKjHpYMGE7IdIEUY56WiqGeknkqA4ZKQXTi7nfu+OSEUFv9HThPgxGnEaUYy0kQK75Mmx8CoV2A3ibHaLArvsVJ0F4JK4NUPqjnvRaEA3t8ogRzuw372hwGlMuMYMKTVwnUT7GZKaYkZmRS9VJEF4gkZkYChHMVF+tjh8Bk+MMoSRkKa4hgv1+0SGYqWmcWg6Y6TH6rc3F//yBqmOzv2M8iTVhOPloihlUAs4TwEOqSRYs6khCEtqboV4jCTC2mRVNCF8fQr/J91a1W1U69dn5VYzj6MAjsAxOAUuaIIWuAJt0AEYpOABPIFn6956tF6s12XripXPHIIfsN4+AQyzkrA=</latexit>

⇢ , Vm
a

dilaton Unimodular matrixdilaton Unimodular matrix

<latexit sha1_base64="a/b9kW/SRLM+RKBSC5nLkKLYphs=">AAAClnicdVFbb9MwGHXCbYRbYS9IvFhUTEOqOmfruuQBtDFN8IJUJNpNqrPIcd3Wmu0E20Grovwk/gxv/BvcNCCG4EiWj875bv6cFYIbi9APz791+87de1v3gwcPHz1+0nn6bGLyUlM2prnI9UVGDBNcsbHlVrCLQjMiM8HOs6vTtX/+lWnDc/XZrgqWSLJQfM4psU5KO9/O0o9VfXmyW+Gm2FQvsqRC/TiKYhT1UH+A0CCKHT mI43h4UF/Xr99AnLEFV1UhidX8uoYsxbJ0ZTARxZLAHQixXuaXVbj3pT5pPQknqXQ3gRjDAPd2cA/jADqgmwm41wY2JmZq9rtR2umiPmoANyTcd+QQhfFwCMPW6oIWo7TzHc9yWkqmLBXEmGmICptURFtOBasDXBpWEHpFFmzqqCKSmaRqNlHDV06ZwXmu3VEWNuqfGRWRxqxk5iLdfEvzt7cW/+VNSzuPkoqrorRM0U2jeSmgzeH6j+CMa0atWDlCqOZuVkiXRBNq3U8Gbgm/Xgr/Tyb7/XDYP/w06B4ftevYAi/AS7ALQnAEjsEHMAJjQL1tL/beeaf+c/+tf+a/34T6XpuzDW7AH/0ESafCdg==</latexit>

EM
A(x) =

0

@
eµ↵ ⇢1/qAµ

mVm
a

0 ⇢1/q Vm
a

1

A

constant
rescaling

d-dimensional diffeo. :

internal diffeo. :

<latexit sha1_base64="ERjYSLuL2XQ135RSVeqKzAOQOzk=">AAAB8XicdVBdSwJBFL1rX2ZfVo+9DElgELIrqfUm9NJLYJAfpJvMjqMOzs4uM7OhLP6LXnoootf+TW/9m0bdoKIOXDiccy/33uOFnClt2x9Waml5ZXUtvZ7Z2Nza3snu7jVUEElC6yTggWx5WFHOBK1rpjlthZJi3+O06Y0uZn7znkrFAnGjJyF1fTwQrM8I1ka67YzZ3VV+fDI57mZzdsGeAy2IUzSkZDvn5TJyEisHCWrd7HunF5DIp0ITjpVqO3ao3RhLzQin00wnUjTEZIQHtG2owD5Vbjy/eIqOjNJD/UCaEhrN1e8TMfaVmvie6fSxHqrf3kz8y2tHun/mxkyEkaaCLBb1I450gGbvox6TlGg+MQQTycytiAyxxESbkDImhK9P0f+kUSw45ULp+jRXrSRxpOEADiEPDlSgCpdQgzoQEPAAT/BsKevRerFeF60pK5nZhx+w3j4BxhOQUQ==</latexit>

⇠M (x, y)

Compatibility 
with     .

<latexit sha1_base64="aLEFj/rrXzQKaDZEoh5hNs6DmCI=">AAAB6nicdVBNS8NAEJ3Ur1o/WvXoZbEInkJSbNVbwYvHiv2CNpbNdtMu3Wzi7kYooT/BiwdFvPqLvPlv3LYRVPTBwOO9GWbm+TFnSjvOh5VbWV1b38hvFra2d3aLpb39tooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yeXc79xTqVgkmnoaUy/EI8ECRrA20k3z9m5QKju2swBaErdiSNVxL2o15GZWGTI0BqX3/jAiSUiFJhwr1XOdWHsplpoRTmeFfqJojMkEj2jPUIFDqrx0ceoMHRtliIJImhIaLdTvEykOlZqGvukMsR6r395c/MvrJTo491Im4kRTQZaLgoQjHaH532jIJCWaTw3BRDJzKyJjLDHRJp2CCeHrU/Q/aVdst2ZXr0/LdTuLIw+HcAQn4MIZ1OEKGtACAiN4gCd4trj1aL1Yr8vWnJXNHMAPWG+fW/GNzw==</latexit>

T q

<latexit sha1_base64="Qfc06P6eeHFHCtQs8kHoG9F5A9g="></latexit>

⇠µ(x, y) = ⇠(x)

constant
          matrix 

<latexit sha1_base64="YFveGixQRb9aEUkhCdoz2kJNDOw=">AAAB7HicdVDLSgMxFM3UV62vqks3wSLUzZDRPncFNy5cVHTaQjuUTJppQzOZMckIZeg3uHGhiFs/yJ1/Y/oQVPTAhcM593LvPX7MmdIIfViZldW19Y3sZm5re2d3L79/0FJRIgl1ScQj2fGxopwJ6mqmOe3EkuLQ57Ttjy9mfvueSsUicasnMfVCPBQsYARrI7k3V8W7036+gGxUKaF6GSK7jJzaubMg9WoVOjaaowCWaPbz771BRJKQCk04VqrroFh7KZaaEU6nuV6iaIzJGA9p11CBQ6q8dH7sFJ4YZQCDSJoSGs7V7xMpDpWahL7pDLEeqd/eTPzL6yY6qHkpE3GiqSCLRUHCoY7g7HM4YJISzSeGYCKZuRWSEZaYaJNPzoTw9Sn8n7TObKdil69LhYa9jCMLjsAxKAIHVEEDXIImcAEBDDyAJ/BsCevRerFeF60ZazlzCH7AevsEQceOSg==</latexit>

SL(q)

D-dimensional diffeomorphisms decompose into:

               gauge
          parameter

<latexit sha1_base64="78nXCrUKt28FCf+kvD80DyYYs5w=">AAAB7XicdVDLSgMxFM34rPVVdekmWITqYsgMtra7ghuXFZy20I4lk2ba2MxkTDJCGfoPblwo4tb/ceffmD4EFT1w4XDOvdx7T5BwpjRCH9bS8srq2npuI7+5tb2zW9jbbyqRSkI9IriQ7QAryllMPc00p+1EUhwFnLaC0cXUb91TqZiIr/U4oX6EBzELGcHaSE2v5Jzc3PUKRWS7ZVSrOhDZyMB1DSkjp1apQGemIFQECzR6hfduX5A0orEmHCvVcVCi/QxLzQink3w3VTTBZIQHtGNojCOq/Gx27QQeG6UPQyFNxRrO1O8TGY6UGkeB6YywHqrf3lT8y+ukOqz6GYuTVNOYzBeFKYdawOnrsM8kJZqPDcFEMnMrJEMsMdEmoLwJ4etT+D9purZTsctXZ8X66SKOHDgER6AEHHAO6uASNIAHCLgFD+AJPFvCerRerNd565K1mDkAP2C9fQK5Fo6G</latexit>

U(1)q

<latexit sha1_base64="aaijHC/jo0b0/3R0pEL/bT036x8="></latexit>

⇠µ(x, y) = Lm(x) + ⇤n
myn + �ym

<latexit sha1_base64="r6o5ziOCH8EdAR8F1USYWiHk2yM=">AAAB7HicdVDLSgMxFM34rPVVdekmWARXQ6ba167gxmUFpy20Y8mkmTY0yQxJRixDv8GNC0Xc+kHu/BvTh6CiBy4czrmXe+8JE860QejDWVldW9/YzG3lt3d29/YLB4ctHaeKUJ/EPFadEGvKmaS+YYbTTqIoFiGn7XB8OfPbd1RpFssbM0loIPBQsogRbKzk9+7ZregXishFlXId1SFyy8irzQlClVrpHHqWzFAESzT7hffeICapoNIQjrXueigxQYaVYYTTab6XappgMsZD2rVUYkF1kM2PncJTqwxgFCtb0sC5+n0iw0LriQhtp8BmpH97M/Evr5uaqBZkTCapoZIsFkUphyaGs8/hgClKDJ9Ygoli9lZIRlhhYmw+eRvC16fwf9IquV7FLV9fFBvVZRw5cAxOwBnwQBU0wBVoAh8QwMADeALPjnQenRfnddG64ixnjsAPOG+fQz2O+g==</latexit>

⇠m

<latexit sha1_base64="q3PkP9iA0cl1aCNYphMvVhylols=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzZCpfe4Kbly4qGgf0g4lk2ba0ExmTDJCGfoVblwo4tbPceffmD4EFT1w4XDOvdx7jxdxpjRCH1ZqZXVtfSO9mdna3tndy+4ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttjc9nfvueSsVCcaMnEXUDPBTMZwRrI932mIDXl/m70342h2xULqJaCSK7hJzqmbMgtUoFOjaaIweWaPSz771BSOKACk04VqrroEi7CZaaEU6nmV6saITJGA9p11CBA6rcZH7wFJ4YZQD9UJoSGs7V7xMJDpSaBJ7pDLAeqd/eTPzL68bar7oJE1GsqSCLRX7MoQ7h7Hs4YJISzSeGYCKZuRWSEZaYaJNRxoTw9Sn8n7QKtlO2S1fFXL2wjCMNjsAxyAMHVEAdXIAGaAICAvAAnsCzJa1H68V6XbSmrOXMIfgB6+0T4ZSPyQ==</latexit>

2 SL(q)



and make the following gauge choice for the D-dimensional vielbein:

•    Breaks D-dimensional local Lorentz symmetry

d-dimensional
Lorentz

internal 
symmetry

•    
vielbein        +  vectors         +  scalars 

Decomposes into d-dimensional:

KK truncation of gravity on 
<latexit sha1_base64="pyhJ/Z3Tc95Nmcwaqsxv7M12ruE=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKDU9tdwY3Lin1BO5ZMmmlDM5kxyQhlKPgDblwo4tYvcuffmD4EFT1wuYdzbsi9J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxhczv31HpWKxaOhJQv0IDwULGcHaSNeNm9t+sYRs5FY8VIXIdk1zPUM85FTLVejYaI4SWKLeL773BjFJIyo04ViproMS7WdYakY4nRZ6qaIJJmM8pF1DBY6o8rP5qlN4YpQBDGNpSmg4V7+/yHCk1CQKzGSE9Uj99mbiX1431WHFz5hIUk0FWXwUphzqGM7uhgMmKdF8YggmkpldIRlhiYk26RRMCF+Xwv9Jy7Wdsu1dnZVqtftFHHlwBI7BKXDAOaiBS1AHTUDAEDyAJ/BscevRerFeF6M5axnhIfgB6+0TzAOOkA==</latexit>

T q

Consider gravity on a D-dimensional manifold         with coordinates       

d-dimensional
spacetime

q-dimensional 
internal space

<latexit sha1_base64="xCbezPQxhsGKjNOWeXcE6Yyz8mA=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqswU2+quoAs3QgX7gHYomTTThmYyY5IplKHf4caFIm79GHf+jZl2BBU9EDiccy/35HgRZ0rb9oeVW1ldW9/Ibxa2tnd294r7B20VxpLQFgl5KLseVpQzQVuaaU67kaQ48DjteJPL1O9MqVQsFHd6FlE3wCPBfEawNpLbD7AeE8zRzQBdDYolu2wvgJbEqRhStZ2LWg05mVWCDM1B8b0/DEkcUKEJx0r1HDvSboKlZoTTeaEfKxphMsEj2jNU4IAqN1mEnqMTowyRH0rzhEYL9ftGggOlZoFnJtOQ6reXin95vVj7527CRBRrKsjykB9zpEOUNoCGTFKi+cwQTCQzWREZY4mJNj0VTAlfP0X/k3al7NTK1duzUqOe1ZGHIziGU3CgDg24hia0gMA9PMATPFtT69F6sV6Xozkr2zmEH7DePgHeaZF/</latexit>

MD

<latexit sha1_base64="5OhM+mDO5tdakyAoJeSPxQWQYzY="></latexit>

XM = (xµ, ym)

<latexit sha1_base64="kt+RDNUKfFvzVsVsEdTGuG0G3PA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJU0DIpttVdQRfurGgf0g4lk6ZtaJIZkoxQhn6FGxeKuPVz3Pk3pu0IKnrgwuGce7n3Hj/kTBvX/XBSC4tLyyvp1cza+sbmVnZ7p6GDSBFaJwEPVMvHmnImad0ww2krVBQLn9OmPzqf+s17qjQL5K0Zh9QTeCBZnxFsrHR3c5W/OEZH6LCbzbkFdwY4J6hoSclFZ+UyRImVAwlq3ex7pxeQSFBpCMdat5EbGi/GyjDC6STTiTQNMRnhAW1bKrGg2otnB0/ggVV6sB8oW9LAmfp9IsZC67HwbafAZqh/e1PxL68dmf6pFzMZRoZKMl/Ujzg0AZx+D3tMUWL42BJMFLO3QjLEChNjM8rYEL4+hf+TRrGAyoXS9UmuWkniSIM9sA/yAIEKqIJLUAN1QIAAD+AJPDvKeXRenNd5a8pJZnbBDzhvn33djuM=</latexit>

SO(D � 1, 1)
<latexit sha1_base64="z8L4IUj8orpuTG6uv2SZxfSBUAI="></latexit>

SO(d� 1, 1)⇥ SO(q)

<latexit sha1_base64="IgRjL3wE7yQXjKhIv4+fCQlIA/M=">AAAB9XicdVBNSwMxEM36WetX1aOXYBE8ld1iW70VvHisYD+g3ZZsOtuGJtklySpl6f/w4kERr/4Xb/4b03YFFX0w8Hhvhpl5QcyZNq774aysrq1vbOa28ts7u3v7hYPDlo4SRaFJIx6pTkA0cCahaZjh0IkVEBFwaAeTq7nfvgOlWSRvzTQGX5CRZCGjxFipD4OeSNJZv0d4PCaDQtEtuQvgJfHKllRc77JaxV5mFVGGxqDw3htGNBEgDeVE667nxsZPiTKMcpjle4mGmNAJGUHXUkkEaD9dXD3Dp1YZ4jBStqTBC/X7REqE1lMR2E5BzFj/9ubiX143MeGFnzIZJwYkXS4KE45NhOcR4CFTQA2fWkKoYvZWTMdEEWpsUHkbwten+H/SKpe8aqlyc16s17I4cugYnaAz5KEaqqNr1EBNRJFCD+gJPTv3zqPz4rwuW1ecbOYI/YDz9gkOpJLd</latexit>

eµ
↵ <latexit sha1_base64="tGOAoXT/A6SQHBaUZ8BvE8KiT7A=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4KrvFtnqrePFYwX5Iu5Zsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabuCij4YeLw3w8y8IOZMG9f9cJaWV1bX1nMb+c2t7Z3dwt5+S0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDnz2/dUaRbJGzOJqS/wULKQEWysdHvR74kknd6JfqHoltw50IJ4ZUsqrnderSIvs4qQodEvvPcGEUkElYZwrHXXc2Pjp1gZRjid5nuJpjEmYzykXUslFlT76fzgKTq2ygCFkbIlDZqr3ydSLLSeiMB2CmxG+rc3E//yuokJz/yUyTgxVJLFojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM0ob0P4+hT9T1rlklctVa5Pi/VaFkcODuEITsCDGtThChrQBAICHuAJnh3lPDovzuuidcnJZg7gB5y3Tw/4kJI=</latexit>

Aµ
m

<latexit sha1_base64="o3tLXxHXsEbudtrknTFByshYWkw=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwUUpSbKu7ghuXFewDmhgm00k7dDITZiZCDf0SNy4UceunuPNvnLYRVPTAhcM593LvPWHCqNKO82GtrK6tb2wWtorbO7t7JXv/oKtEKjHpYMGE7IdIEUY56WiqGeknkqA4ZKQXTi7nfu+OSEUFv9HThPgxGnEaUYy0kQK75Mmx8CoV2A3ibHaLArvsVJ0F4JK4NUPqjnvRaEA3t8ogRzuw372hwGlMuMYMKTVwnUT7GZKaYkZmRS9VJEF4gkZkYChHMVF+tjh8Bk+MMoSRkKa4hgv1+0SGYqWmcWg6Y6TH6rc3F//yBqmOzv2M8iTVhOPloihlUAs4TwEOqSRYs6khCEtqboV4jCTC2mRVNCF8fQr/J91a1W1U69dn5VYzj6MAjsAxOAUuaIIWuAJt0AEYpOABPIFn6956tF6s12XripXPHIIfsN4+AQyzkrA=</latexit>

⇢ , Vm
a

dilaton Unimodular matrixdilaton Unimodular matrix

<latexit sha1_base64="a/b9kW/SRLM+RKBSC5nLkKLYphs=">AAAClnicdVFbb9MwGHXCbYRbYS9IvFhUTEOqOmfruuQBtDFN8IJUJNpNqrPIcd3Wmu0E20Grovwk/gxv/BvcNCCG4EiWj875bv6cFYIbi9APz791+87de1v3gwcPHz1+0nn6bGLyUlM2prnI9UVGDBNcsbHlVrCLQjMiM8HOs6vTtX/+lWnDc/XZrgqWSLJQfM4psU5KO9/O0o9VfXmyW+Gm2FQvsqRC/TiKYhT1UH+A0CCKHT mI43h4UF/Xr99AnLEFV1UhidX8uoYsxbJ0ZTARxZLAHQixXuaXVbj3pT5pPQknqXQ3gRjDAPd2cA/jADqgmwm41wY2JmZq9rtR2umiPmoANyTcd+QQhfFwCMPW6oIWo7TzHc9yWkqmLBXEmGmICptURFtOBasDXBpWEHpFFmzqqCKSmaRqNlHDV06ZwXmu3VEWNuqfGRWRxqxk5iLdfEvzt7cW/+VNSzuPkoqrorRM0U2jeSmgzeH6j+CMa0atWDlCqOZuVkiXRBNq3U8Gbgm/Xgr/Tyb7/XDYP/w06B4ftevYAi/AS7ALQnAEjsEHMAJjQL1tL/beeaf+c/+tf+a/34T6XpuzDW7AH/0ESafCdg==</latexit>

EM
A(x) =

0

@
eµ↵ ⇢1/qAµ

mVm
a

0 ⇢1/q Vm
a

1

A

Internal diffeomorphims generate:

Rigid symmetry                     

Local abelian symmetry  
<latexit sha1_base64="yU+5v8w1cY61kypbfsm4JWm9SQs=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZCI08eu4MZlBacttGPJpJk2NvMwyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733+IngSiP0YeVWVtfWN/Kbha3tnd294v5BS8WppMylsYhlxyeKCR4xV3MtWCeRjIS+YG1/fJH57XsmFY+jaz1JmBeSYcQDTok2Usst49Obu36xhGwH4XqlCpGNEHaciiH1es3BGGKjZCiBJZr94ntvENM0ZJGmgijVxSjR3pRIzalgs0IvVSwhdEyGrGtoREKmvOn82hk8McoABrE0FWk4V79PTEmo1CT0TWdI9Ej99jLxL6+b6qDmTXmUpJpFdLEoSAXUMcxehwMuGdViYgihkptbIR0RSag2ARVMCF+fwv9J68zGFdu5Oi81qss48uAIHIMywKAKGuASNIELKLgFD+AJPFux9Wi9WK+L1py1nDkEP2C9fQLc0I6p</latexit>

U(1)q
<latexit sha1_base64="7hmB3x6/LHm2PY3ZCHINlyhJoSg="></latexit>

Am
µ �! Am

µ + @µL
m(x)

<latexit sha1_base64="CPt4758iKUSVXM3/M4BywzgfLWE="></latexit>

R+ ⇥ SL(q)
<latexit sha1_base64="uVGv3Y8gVHQlxkQrKocqd0S+/XQ="></latexit>

⇢ �! � ⇢
<latexit sha1_base64="60Y74W5sjamKXcfiaqv8oi9SPmo="></latexit>

Vm
a �! ⇤m

nVn
a

•    

•    

<latexit sha1_base64="q3PkP9iA0cl1aCNYphMvVhylols=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzZCpfe4Kbly4qGgf0g4lk2ba0ExmTDJCGfoVblwo4tbPceffmD4EFT1w4XDOvdx7jxdxpjRCH1ZqZXVtfSO9mdna3tndy+4ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttjc9nfvueSsVCcaMnEXUDPBTMZwRrI932mIDXl/m70342h2xULqJaCSK7hJzqmbMgtUoFOjaaIweWaPSz771BSOKACk04VqrroEi7CZaaEU6nmV6saITJGA9p11CBA6rcZH7wFJ4YZQD9UJoSGs7V7xMJDpSaBJ7pDLAeqd/eTPzL68bar7oJE1GsqSCLRX7MoQ7h7Hs4YJISzSeGYCKZuRWSEZaYaJNRxoTw9Sn8n7QKtlO2S1fFXL2wjCMNjsAxyAMHVEAdXIAGaAICAvAAnsCzJa1H68V6XbSmrOXMIfgB6+0T4ZSPyQ==</latexit>

2 SL(q)

<latexit sha1_base64="N8q3aeRaR1jdNiwbsLpfUnIZT94="></latexit>

Am
µ �! ��1/q⇤n

mAn
µ



and make the following gauge choice for the D-dimensional vielbein:

•    Breaks D-dimensional local Lorentz symmetry

d-dimensional
Lorentz

internal 
symmetry

•    
vielbein        +  vectors         +  scalars 

Decomposes into d-dimensional:

KK truncation of gravity on 
<latexit sha1_base64="pyhJ/Z3Tc95Nmcwaqsxv7M12ruE=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKDU9tdwY3Lin1BO5ZMmmlDM5kxyQhlKPgDblwo4tYvcuffmD4EFT1wuYdzbsi9J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxhczv31HpWKxaOhJQv0IDwULGcHaSNeNm9t+sYRs5FY8VIXIdk1zPUM85FTLVejYaI4SWKLeL773BjFJIyo04ViproMS7WdYakY4nRZ6qaIJJmM8pF1DBY6o8rP5qlN4YpQBDGNpSmg4V7+/yHCk1CQKzGSE9Uj99mbiX1431WHFz5hIUk0FWXwUphzqGM7uhgMmKdF8YggmkpldIRlhiYk26RRMCF+Xwv9Jy7Wdsu1dnZVqtftFHHlwBI7BKXDAOaiBS1AHTUDAEDyAJ/BscevRerFeF6M5axnhIfgB6+0TzAOOkA==</latexit>

T q

Consider gravity on a D-dimensional manifold         with coordinates       

d-dimensional
spacetime

q-dimensional 
internal space

<latexit sha1_base64="xCbezPQxhsGKjNOWeXcE6Yyz8mA=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqswU2+quoAs3QgX7gHYomTTThmYyY5IplKHf4caFIm79GHf+jZl2BBU9EDiccy/35HgRZ0rb9oeVW1ldW9/Ibxa2tnd294r7B20VxpLQFgl5KLseVpQzQVuaaU67kaQ48DjteJPL1O9MqVQsFHd6FlE3wCPBfEawNpLbD7AeE8zRzQBdDYolu2wvgJbEqRhStZ2LWg05mVWCDM1B8b0/DEkcUKEJx0r1HDvSboKlZoTTeaEfKxphMsEj2jNU4IAqN1mEnqMTowyRH0rzhEYL9ftGggOlZoFnJtOQ6reXin95vVj7527CRBRrKsjykB9zpEOUNoCGTFKi+cwQTCQzWREZY4mJNj0VTAlfP0X/k3al7NTK1duzUqOe1ZGHIziGU3CgDg24hia0gMA9PMATPFtT69F6sV6Xozkr2zmEH7DePgHeaZF/</latexit>

MD

<latexit sha1_base64="5OhM+mDO5tdakyAoJeSPxQWQYzY="></latexit>

XM = (xµ, ym)

<latexit sha1_base64="kt+RDNUKfFvzVsVsEdTGuG0G3PA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSJU0DIpttVdQRfurGgf0g4lk6ZtaJIZkoxQhn6FGxeKuPVz3Pk3pu0IKnrgwuGce7n3Hj/kTBvX/XBSC4tLyyvp1cza+sbmVnZ7p6GDSBFaJwEPVMvHmnImad0ww2krVBQLn9OmPzqf+s17qjQL5K0Zh9QTeCBZnxFsrHR3c5W/OEZH6LCbzbkFdwY4J6hoSclFZ+UyRImVAwlq3ex7pxeQSFBpCMdat5EbGi/GyjDC6STTiTQNMRnhAW1bKrGg2otnB0/ggVV6sB8oW9LAmfp9IsZC67HwbafAZqh/e1PxL68dmf6pFzMZRoZKMl/Ujzg0AZx+D3tMUWL42BJMFLO3QjLEChNjM8rYEL4+hf+TRrGAyoXS9UmuWkniSIM9sA/yAIEKqIJLUAN1QIAAD+AJPDvKeXRenNd5a8pJZnbBDzhvn33djuM=</latexit>

SO(D � 1, 1)
<latexit sha1_base64="z8L4IUj8orpuTG6uv2SZxfSBUAI="></latexit>

SO(d� 1, 1)⇥ SO(q)

<latexit sha1_base64="IgRjL3wE7yQXjKhIv4+fCQlIA/M=">AAAB9XicdVBNSwMxEM36WetX1aOXYBE8ld1iW70VvHisYD+g3ZZsOtuGJtklySpl6f/w4kERr/4Xb/4b03YFFX0w8Hhvhpl5QcyZNq774aysrq1vbOa28ts7u3v7hYPDlo4SRaFJIx6pTkA0cCahaZjh0IkVEBFwaAeTq7nfvgOlWSRvzTQGX5CRZCGjxFipD4OeSNJZv0d4PCaDQtEtuQvgJfHKllRc77JaxV5mFVGGxqDw3htGNBEgDeVE667nxsZPiTKMcpjle4mGmNAJGUHXUkkEaD9dXD3Dp1YZ4jBStqTBC/X7REqE1lMR2E5BzFj/9ubiX143MeGFnzIZJwYkXS4KE45NhOcR4CFTQA2fWkKoYvZWTMdEEWpsUHkbwten+H/SKpe8aqlyc16s17I4cugYnaAz5KEaqqNr1EBNRJFCD+gJPTv3zqPz4rwuW1ecbOYI/YDz9gkOpJLd</latexit>

eµ
↵ <latexit sha1_base64="tGOAoXT/A6SQHBaUZ8BvE8KiT7A=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4KrvFtnqrePFYwX5Iu5Zsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabuCij4YeLw3w8y8IOZMG9f9cJaWV1bX1nMb+c2t7Z3dwt5+S0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDnz2/dUaRbJGzOJqS/wULKQEWysdHvR74kknd6JfqHoltw50IJ4ZUsqrnderSIvs4qQodEvvPcGEUkElYZwrHXXc2Pjp1gZRjid5nuJpjEmYzykXUslFlT76fzgKTq2ygCFkbIlDZqr3ydSLLSeiMB2CmxG+rc3E//yuokJz/yUyTgxVJLFojDhyERo9j0aMEWJ4RNLMFHM3orICCtMjM0ob0P4+hT9T1rlklctVa5Pi/VaFkcODuEITsCDGtThChrQBAICHuAJnh3lPDovzuuidcnJZg7gB5y3Tw/4kJI=</latexit>

Aµ
m

<latexit sha1_base64="o3tLXxHXsEbudtrknTFByshYWkw=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwUUpSbKu7ghuXFewDmhgm00k7dDITZiZCDf0SNy4UceunuPNvnLYRVPTAhcM593LvPWHCqNKO82GtrK6tb2wWtorbO7t7JXv/oKtEKjHpYMGE7IdIEUY56WiqGeknkqA4ZKQXTi7nfu+OSEUFv9HThPgxGnEaUYy0kQK75Mmx8CoV2A3ibHaLArvsVJ0F4JK4NUPqjnvRaEA3t8ogRzuw372hwGlMuMYMKTVwnUT7GZKaYkZmRS9VJEF4gkZkYChHMVF+tjh8Bk+MMoSRkKa4hgv1+0SGYqWmcWg6Y6TH6rc3F//yBqmOzv2M8iTVhOPloihlUAs4TwEOqSRYs6khCEtqboV4jCTC2mRVNCF8fQr/J91a1W1U69dn5VYzj6MAjsAxOAUuaIIWuAJt0AEYpOABPIFn6956tF6s12XripXPHIIfsN4+AQyzkrA=</latexit>

⇢ , Vm
a

dilaton Unimodular matrixdilaton Unimodular matrix

<latexit sha1_base64="a/b9kW/SRLM+RKBSC5nLkKLYphs=">AAAClnicdVFbb9MwGHXCbYRbYS9IvFhUTEOqOmfruuQBtDFN8IJUJNpNqrPIcd3Wmu0E20Grovwk/gxv/BvcNCCG4EiWj875bv6cFYIbi9APz791+87de1v3gwcPHz1+0nn6bGLyUlM2prnI9UVGDBNcsbHlVrCLQjMiM8HOs6vTtX/+lWnDc/XZrgqWSLJQfM4psU5KO9/O0o9VfXmyW+Gm2FQvsqRC/TiKYhT1UH+A0CCKHT mI43h4UF/Xr99AnLEFV1UhidX8uoYsxbJ0ZTARxZLAHQixXuaXVbj3pT5pPQknqXQ3gRjDAPd2cA/jADqgmwm41wY2JmZq9rtR2umiPmoANyTcd+QQhfFwCMPW6oIWo7TzHc9yWkqmLBXEmGmICptURFtOBasDXBpWEHpFFmzqqCKSmaRqNlHDV06ZwXmu3VEWNuqfGRWRxqxk5iLdfEvzt7cW/+VNSzuPkoqrorRM0U2jeSmgzeH6j+CMa0atWDlCqOZuVkiXRBNq3U8Gbgm/Xgr/Tyb7/XDYP/w06B4ftevYAi/AS7ALQnAEjsEHMAJjQL1tL/beeaf+c/+tf+a/34T6XpuzDW7AH/0ESafCdg==</latexit>

EM
A(x) =

0

@
eµ↵ ⇢1/qAµ

mVm
a

0 ⇢1/q Vm
a

1

A

Internal diffeomorphims generate:

Rigid symmetry                     

Local abelian symmetry  
<latexit sha1_base64="yU+5v8w1cY61kypbfsm4JWm9SQs=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZCI08eu4MZlBacttGPJpJk2NvMwyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733+IngSiP0YeVWVtfWN/Kbha3tnd294v5BS8WppMylsYhlxyeKCR4xV3MtWCeRjIS+YG1/fJH57XsmFY+jaz1JmBeSYcQDTok2Usst49Obu36xhGwH4XqlCpGNEHaciiH1es3BGGKjZCiBJZr94ntvENM0ZJGmgijVxSjR3pRIzalgs0IvVSwhdEyGrGtoREKmvOn82hk8McoABrE0FWk4V79PTEmo1CT0TWdI9Ej99jLxL6+b6qDmTXmUpJpFdLEoSAXUMcxehwMuGdViYgihkptbIR0RSag2ARVMCF+fwv9J68zGFdu5Oi81qss48uAIHIMywKAKGuASNIELKLgFD+AJPFux9Wi9WK+L1py1nDkEP2C9fQLc0I6p</latexit>

U(1)q
<latexit sha1_base64="7hmB3x6/LHm2PY3ZCHINlyhJoSg="></latexit>

Am
µ �! Am

µ + @µL
m(x)

<latexit sha1_base64="CPt4758iKUSVXM3/M4BywzgfLWE="></latexit>

R+ ⇥ SL(q)
<latexit sha1_base64="uVGv3Y8gVHQlxkQrKocqd0S+/XQ="></latexit>

⇢ �! � ⇢
<latexit sha1_base64="60Y74W5sjamKXcfiaqv8oi9SPmo="></latexit>

Vm
a �! ⇤m

nVn
a

•    

•    
<latexit sha1_base64="BRiCoauXBFTrYDc1/FoOphTHmWc="></latexit>

Vm
a �! Vm

bK(x)b
a

coset space

<latexit sha1_base64="L8LPNbtb8csFYn0QYRXE0iC1C7M=">AAAB8nicdVDLSgMxFM34rPVVdekmWIS6GTPa567gxoVgpfYB06Fk0rQNzWTGJCOUoZ/hxoUibv0ad/6N6UNQ0QMJh3Pu5d57/IgzpRH6sJaWV1bX1lMb6c2t7Z3dzN5+U4WxJLRBQh7Kto8V5UzQhmaa03YkKQ58Tlv+6GLqt+6pVCwUt3ocUS/AA8H6jGBtJLd+lbs7Oa1fm7+bySIbFfOoUoDILiCnfO7MSaVUgo6NZsiCBWrdzHunF5I4oEITjpVyHRRpL8FSM8LpJN2JFY0wGeEBdQ0VOKDKS2YrT+CxUXqwH0rzhIYz9XtHggOlxoFvKgOsh+q3NxX/8txY98tewkQUayrIfFA/5lCHcHo/7DFJieZjQzCRzOwKyRBLTLRJKW1C+LoU/k+aZ7ZTtAs3+Ww1v4gjBQ7BEcgBB5RAFVyCGmgAAkLwAJ7As6WtR+vFep2XLlmLngPwA9bbJ5BfkB8=</latexit>

SL(q)/SO(q)What about the dynamics?

<latexit sha1_base64="q3PkP9iA0cl1aCNYphMvVhylols=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzZCpfe4Kbly4qGgf0g4lk2ba0ExmTDJCGfoVblwo4tbPceffmD4EFT1w4XDOvdx7jxdxpjRCH1ZqZXVtfSO9mdna3tndy+4ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttjc9nfvueSsVCcaMnEXUDPBTMZwRrI932mIDXl/m70342h2xULqJaCSK7hJzqmbMgtUoFOjaaIweWaPSz771BSOKACk04VqrroEi7CZaaEU6nmV6saITJGA9p11CBA6rcZH7wFJ4YZQD9UJoSGs7V7xMJDpSaBJ7pDLAeqd/eTPzL68bar7oJE1GsqSCLRX7MoQ7h7Hs4YJISzSeGYCKZuRWSEZaYaJNRxoTw9Sn8n7QKtlO2S1fFXL2wjCMNjsAxyAMHVEAdXIAGaAICAvAAnsCzJa1H68V6XbSmrOXMIfgB6+0T4ZSPyQ==</latexit>

2 SL(q)

<latexit sha1_base64="N8q3aeRaR1jdNiwbsLpfUnIZT94="></latexit>

Am
µ �! ��1/q⇤n

mAn
µ



T qSubstitute KK 
truncation Ansatz

Dynamics of KK reduced gravity
<latexit sha1_base64="5+izVLybyg7BhXMoztyx/T1jlTU="></latexit>

SD = 1
2
D

Z
dDX ER(D)

<latexit sha1_base64="gKNSh0hLX3xmRuaBdUZPZ8lWbZY=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBZBEEpSbKsHoaAHjxXsB7ShbDabdulmE3c3Qgn9DV48KOLVH+TNf+O2jaCiDwYe780wM8+LOVPatj+s3NLyyupafr2wsbm1vVPc3WurKJGEtkjEI9n1sKKcCdrSTHPajSXFocdpxxtfzvzOPZWKReJWT2LqhngoWMAI1kZqXV34J3eDYsku23OgBXEqhlRt57xWQ05mlSBDc1B87/sRSUIqNOFYqZ5jx9pNsdSMcDot9BNFY0zGeEh7hgocUuWm82On6MgoPgoiaUpoNFe/T6Q4VGoSeqYzxHqkfnsz8S+vl+jgzE2ZiBNNBVksChKOdIRmnyOfSUo0nxiCiWTmVkRGWGKiTT4FE8LXp+h/0q6UnVq5enNaatSzOPJwAIdwDA7UoQHX0IQWEGDwAE/wbAnr0XqxXhetOSub2YcfsN4+ATizjko=</latexit>

D = d+ q

<latexit sha1_base64="5hEObhXTYell9rPNkbE+aztijyo="></latexit>

Sd = 1
2
d

Z
ddx e ⇢

⇥
R(d) � 1

4⇢
2/q(V V T )mnF

m
µ⌫ F

nµ⌫ + q�1
q ⇢�2@µ ⇢@

µ⇢� tr(PµP
µ)
⇤

d-dimensional 
gravity dilaton+ + +Dynamics in 

d dimensions: sigma modelFm
µ⌫ = 2 @[µA

m
⌫]

MaxwellU(1)q
<latexit sha1_base64="wqKjL+Ui17fqbwn3FdMSz+ToPKE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSLUzZipfe4KblwIVmofMB1KJs20oZmHSUYoQz/DjQtF3Po17vwb04egogcSDufcy733uBFnUiH0YaRWVtfWN9Kbma3tnd297P5BW4axILRFQh6Krosl5SygLcUUp91IUOy7nHbc8cXM79xTIVkY3KpJRB0fDwPmMYKVluzmVf7u9Kx5rf9+NodMVC6iWgkis4Ss6rm1ILVKBVommiMHlmj0s++9QUhinwaKcCylbaFIOQkWihFOp5leLGmEyRgPqa1pgH0qnWS+8hSeaGUAvVDoFyg4V793JNiXcuK7utLHaiR/ezPxL8+OlVd1EhZEsaIBWQzyYg5VCGf3wwETlCg+0QQTwfSukIywwETplDI6hK9L4f+kXTCtslm6KebqhWUcaXAEjkEeWKAC6uASNEALEBCCB/AEng1lPBovxuuiNGUsew7BDxhvn4/FkB0=</latexit>

SL(q)/SO(q)

Gravity in D=d+q dimensions:

<latexit sha1_base64="QKQxd9GO25/4Vywkrkiaz8Sj0HA="></latexit>

EM
A(x) =

✓
• •
0 •

◆



T q

•    Standard kinetic term for the sigma model in terms of the current:     

Invariant under rigid SL(q) and  
local SO(q) transformations 

with parameters:

Substitute KK 
truncation Ansatz

Dynamics of KK reduced gravity
<latexit sha1_base64="5+izVLybyg7BhXMoztyx/T1jlTU="></latexit>

SD = 1
2
D

Z
dDX ER(D)

<latexit sha1_base64="gKNSh0hLX3xmRuaBdUZPZ8lWbZY=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBZBEEpSbKsHoaAHjxXsB7ShbDabdulmE3c3Qgn9DV48KOLVH+TNf+O2jaCiDwYe780wM8+LOVPatj+s3NLyyupafr2wsbm1vVPc3WurKJGEtkjEI9n1sKKcCdrSTHPajSXFocdpxxtfzvzOPZWKReJWT2LqhngoWMAI1kZqXV34J3eDYsku23OgBXEqhlRt57xWQ05mlSBDc1B87/sRSUIqNOFYqZ5jx9pNsdSMcDot9BNFY0zGeEh7hgocUuWm82On6MgoPgoiaUpoNFe/T6Q4VGoSeqYzxHqkfnsz8S+vl+jgzE2ZiBNNBVksChKOdIRmnyOfSUo0nxiCiWTmVkRGWGKiTT4FE8LXp+h/0q6UnVq5enNaatSzOPJwAIdwDA7UoQHX0IQWEGDwAE/wbAnr0XqxXhetOSub2YcfsN4+ATizjko=</latexit>

D = d+ q

<latexit sha1_base64="5hEObhXTYell9rPNkbE+aztijyo="></latexit>

Sd = 1
2
d

Z
ddx e ⇢

⇥
R(d) � 1

4⇢
2/q(V V T )mnF

m
µ⌫ F

nµ⌫ + q�1
q ⇢�2@µ ⇢@

µ⇢� tr(PµP
µ)
⇤

d-dimensional 
gravity dilaton+ + +Dynamics in 

d dimensions: sigma modelFm
µ⌫ = 2 @[µA

m
⌫]

MaxwellU(1)q
<latexit sha1_base64="wqKjL+Ui17fqbwn3FdMSz+ToPKE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSLUzZipfe4KblwIVmofMB1KJs20oZmHSUYoQz/DjQtF3Po17vwb04egogcSDufcy733uBFnUiH0YaRWVtfWN9Kbma3tnd297P5BW4axILRFQh6Krosl5SygLcUUp91IUOy7nHbc8cXM79xTIVkY3KpJRB0fDwPmMYKVluzmVf7u9Kx5rf9+NodMVC6iWgkis4Ss6rm1ILVKBVommiMHlmj0s++9QUhinwaKcCylbaFIOQkWihFOp5leLGmEyRgPqa1pgH0qnWS+8hSeaGUAvVDoFyg4V793JNiXcuK7utLHaiR/ezPxL8+OlVd1EhZEsaIBWQzyYg5VCGf3wwETlCg+0QQTwfSukIywwETplDI6hK9L4f+kXTCtslm6KebqhWUcaXAEjkEeWKAC6uASNEALEBCCB/AEng1lPBovxuuiNGUsew7BDxhvn4/FkB0=</latexit>

SL(q)/SO(q)

Gravity in D=d+q dimensions:

<latexit sha1_base64="xF03sM2D8ahdxa2CsUorY2H+ArI=">AAACCXicdVDLSgMxFM34rPVVdekmWARBHDLFvhZCwY3LFuwDOuOQSTNtaOZBkhHK0K0bf8WNC0Xc+gfu/BszbQUVPZDcw7mP5B4v5kwqhD6MpeWV1bX13EZ+c2t7Z7ewt9+RUSIIbZOIR6LnYUk5C2lbMcVpLxYUBx6nXW98meW7t1RIFoXXahJTJ8DDkPmMYKUltwA7N+mZNbVjLBTD3LWDBHYumlk8bWW3WygiE5VqZVSHyCzpUCprUkZWvVKHlolmKIIFmm7h3R5EJAloqAjHUvYtFCsnzeYTTqd5O5E0xmSMh7SvaYgDKp10tskUHmtlAP1I6BMqOFO/d6Q4kHISeLoywGokf+cy8a9cP1F+zUlZGCeKhmT+kJ9wqCKY2QIHTFCi+EQTTATTf4VkhAUmSpuX1yZ8bQr/J52SaVXMcuu82Kgu7MiBQ3AEToAFqqABrkATtAEBd+ABPIFn4954NF6M13npkrHoOQA/YLx9AvcHmeA=</latexit>

V �1@µV = Pµ +Qµ

<latexit sha1_base64="uVZsSw9bbnPPFPOu3hlGqtDrH4c="></latexit>

tr(Pµ P
µ) = ⌘↵� P

↵
µ P

↵µ

<latexit sha1_base64="UTiqpJKpfgjWVX8URisz0WSW1/U=">AAAB+XicdVBLSwMxGMzWV62vVY9egkWolyW7dGt7K3jxWME+oF1KNs22odmHSbZQlv4TLx4U8eo/8ea/MdtWUNGBkGHm+8hk/IQzqRD6MAobm1vbO8Xd0t7+weGReXzSkXEqCG2TmMei52NJOYtoWzHFaS8RFIc+p11/ep373RkVksXRnZon1AvxOGIBI1hpaWiagxCrSSDwNJN8Ubm/HJplZCGn7qIGRJajL8fVxEV2o9aAtoWWKIM1WkPzfTCKSRrSSBGOpezbKFFehoVihNNFaZBKmmAyxWPa1zTCIZVetky+gBdaGcEgFvpECi7V7xsZDqWch76ezHPK314u/uX1UxXUvYxFSapoRFYPBSmHKoZ5DXDEBCWKzzXBRDCdFZIJFpgoXVZJl/D1U/g/6TiWXbPc22q5WV3XUQRn4BxUgA2uQBPcgBZoAwJm4AE8gWcjMx6NF+N1NVow1jun4AeMt0/v2pPX</latexit>

sl(q)
Cartan-Killing  

metric

<latexit sha1_base64="lYKxtAGxtsr6SazXWS51f8kWe/c=">AAAB/HicdVDLSgMxFM3UV62vapdugkWomyGjfe4KblxWsA/olJJJM21oJjMmGWEY6q+4caGIWz/EnX9j+hBU9EDgcM693JPjRZwpjdCHlVlb39jcym7ndnb39g/yh0cdFcaS0DYJeSh7HlaUM0HbmmlOe5GkOPA47XrTy7nfvaNSsVDc6CSigwCPBfMZwdpIw3zBZcINsJ74Ek9TxWel27NhvohsVC2jRgUiu4Kc+oWzJI1aDTo2WqAIVmgN8+/uKCRxQIUmHCvVd1CkBymWmhFOZzk3VjTCZIrHtG+owAFVg3QRfgZPjTKCfijNExou1O8bKQ6USgLPTM5zqt/eXPzL68farw9SJqJYU0GWh/yYQx3CeRNwxCQlmieGYCKZyQrJBEtMtOkrZ0r4+in8n3TObadqV67LxWZtVUcWHIMTUAIOqIEmuAIt0AYEJOABPIFn6956tF6s1+VoxlrtFMAPWG+fPV6VJQ==</latexit>

2 sl(q)

<latexit sha1_base64="PQ84GQ/q78Uv+/iSu7lsrFd24tc=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wom5DUauuu4MZFFxVtLTShTCaTduhkEmcmhRL6J25cKOLWP3Hn3zh9gYoeGDiccy73zvETRqWy7U8jt7K6tr6R3yxsbe/s7pn7B20ZpwKTFo5ZLDo+koRRTlqKKkY6iSAo8hm594dXU/9+RISkMb9T44R4EepzGlKMlJZ6puk2dDhALuXwtlF6OO2ZRdsqX9bssxqck0p1ScrQsewZimCBZs/8cIMYpxHhCjMkZdexE+VlSCiKGZkU3FSSBOEh6pOuphxFRHrZ7PIJPNFKAMNY6McVnKnfJzIUSTmOfJ2MkBrI395U/MvrpiqseRnlSaoIx/NFYcqgiuG0BhhQQbBiY00QFlTfCvEACYSVLqugS1j+FP5P2mXLubDObyrFemVRRx4cgWNQAg6ogjq4Bk3QAhiMwCN4Bi9GZjwZr8bbPJozFjOH4AeM9y+HCJLt</latexit>

⇤ 2 SL(q)
<latexit sha1_base64="JJE9eNerr/RbLvunf/vI7fS8ApY=">AAAB9HicdVBNS0JBFL3Pvsy+rJZthiTQjTzN0nZCm6BFRvkB+pB54zwdnDfvOTNPEvF3tGlRRNt+TLv+TeMXVNSBC4dz7uXee9yQM6Vt+9OKrayurW/ENxNb2zu7e8n9g5oKIklolQQ8kA0XK8qZoFXNNKeNUFLsu5zW3f7l1K8PqVQsEPd6FFLHx13BPEawNpJznX7ItJhAdzfpQaadTNnZ/EXJPi2hOSkUlySPcll7hhQsUGknP1qdgEQ+FZpwrFQzZ4faGWOpGeF0kmhFioaY9HGXNg0V2KfKGc+OnqATo3SQF0hTQqOZ+n1ijH2lRr5rOn2se+q3NxX/8pqR9krOmIkw0lSQ+SIv4kgHaJoA6jBJieYjQzCRzNyKSA9LTLTJKWFCWH6K/ie1fDZ3nj27LaTKhUUccTiCY0hDDopQhiuoQBUIDOARnuHFGlpP1qv1Nm+NWYuZQ/gB6/0LPT+RGA==</latexit>

K(x) 2 SO(q) <latexit sha1_base64="zTvj+DWbc0/WErsOw7Cm9ddrmPU="></latexit>

Qµ ! K�1@µK +K�1Qµ K

<latexit sha1_base64="w/3m1s16etsz1XOX9JfmuGahhxc=">AAACC3icdVDLSsNAFJ34rPUVdelmaBFcaElKW3VXcCN0E8E+oIlhMp20QycPZiZKCdm78VfcuFDErT/gzr9x2kZQ0QMXDufcy733eDGjQhrGh7awuLS8slpYK65vbG5t6zu7HRElHJM2jljEex4ShNGQtCWVjPRiTlDgMdL1xudTv3tDuKBReCUnMXECNAypTzGSSnL1kuXaQQJtTocjiTiPbmHrOj02M8tNlZHZRy1XLxsVYwY4J2ZVkbphnjUa0MytMshhufq7PYhwEpBQYoaE6JtGLJ0UcUkxI1nRTgSJER6jIekrGqKACCed/ZLBA6UMoB9xVaGEM/X7RIoCISaBpzoDJEfitzcV//L6ifRPnZSGcSJJiOeL/IRBGcFpMHBAOcGSTRRBmFN1K8QjxBGWKr6iCuHrU/g/6VQrZqNSv6yVm7U8jgLYByVwCExwAprgAligDTC4Aw/gCTxr99qj9qK9zlsXtHxmD/yA9vYJa0iaog==</latexit>

Pµ ! K�1Pµ K

<latexit sha1_base64="79+tXFhwD9GZVSerDydcXDa+EP0=">AAACCHicdVDLSsNAFJ34rPUVdenCwSJU0JKUtuqu4EbQRQWbFppQJpNJO3TyYGailtClG3/FjQtF3PoJ7vwbp20EFT0wcDjnHu7c48aMCmkYH9rM7Nz8wmJuKb+8srq2rm9sWiJKOCZNHLGIt10kCKMhaUoqGWnHnKDAZaTlDk7HfuuacEGj8EoOY+IEqBdSn2IkldTVdyyb015fIs6jG2hfqKSHoHVoQfvgvHi739ULRsmYAE6JWVakapgntRo0M6sAMjS6+rvtRTgJSCgxQ0J0TCOWToq4pJiRUd5OBIkRHqAe6SgaooAIJ50cMoJ7SvGgH3H1Qgkn6vdEigIhhoGrJgMk++K3Nxb/8jqJ9I+dlIZxIkmIp4v8hEEZwXEr0KOcYMmGiiDMqforxH3EEZaqu7wq4etS+D+xyiWzVqpeVgr1SlZHDmyDXVAEJjgCdXAGGqAJMLgDD+AJPGv32qP2or1OR2e0LLMFfkB7+wSkYZho</latexit>

V ! ⇤V � V K(x)

<latexit sha1_base64="QKQxd9GO25/4Vywkrkiaz8Sj0HA="></latexit>

EM
A(x) =

✓
• •
0 •

◆



T q

Dynamics of KK reduced gravity
<latexit sha1_base64="5+izVLybyg7BhXMoztyx/T1jlTU="></latexit>

SD = 1
2
D

Z
dDX ER(D)

<latexit sha1_base64="gKNSh0hLX3xmRuaBdUZPZ8lWbZY=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBZBEEpSbKsHoaAHjxXsB7ShbDabdulmE3c3Qgn9DV48KOLVH+TNf+O2jaCiDwYe780wM8+LOVPatj+s3NLyyupafr2wsbm1vVPc3WurKJGEtkjEI9n1sKKcCdrSTHPajSXFocdpxxtfzvzOPZWKReJWT2LqhngoWMAI1kZqXV34J3eDYsku23OgBXEqhlRt57xWQ05mlSBDc1B87/sRSUIqNOFYqZ5jx9pNsdSMcDot9BNFY0zGeEh7hgocUuWm82On6MgoPgoiaUpoNFe/T6Q4VGoSeqYzxHqkfnsz8S+vl+jgzE2ZiBNNBVksChKOdIRmnyOfSUo0nxiCiWTmVkRGWGKiTT4FE8LXp+h/0q6UnVq5enNaatSzOPJwAIdwDA7UoQHX0IQWEGDwAE/wbAnr0XqxXhetOSub2YcfsN4+ATizjko=</latexit>

D = d+ q

<latexit sha1_base64="5hEObhXTYell9rPNkbE+aztijyo="></latexit>

Sd = 1
2
d

Z
ddx e ⇢

⇥
R(d) � 1

4⇢
2/q(V V T )mnF

m
µ⌫ F

nµ⌫ + q�1
q ⇢�2@µ ⇢@

µ⇢� tr(PµP
µ)
⇤

d-dimensional 
gravity dilaton+ + +Dynamics in 

d dimensions: sigma modelFm
µ⌫ = 2 @[µA

m
⌫]

MaxwellU(1)q
<latexit sha1_base64="wqKjL+Ui17fqbwn3FdMSz+ToPKE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSLUzZipfe4KblwIVmofMB1KJs20oZmHSUYoQz/DjQtF3Po17vwb04egogcSDufcy733uBFnUiH0YaRWVtfWN9Kbma3tnd297P5BW4axILRFQh6Krosl5SygLcUUp91IUOy7nHbc8cXM79xTIVkY3KpJRB0fDwPmMYKVluzmVf7u9Kx5rf9+NodMVC6iWgkis4Ss6rm1ILVKBVommiMHlmj0s++9QUhinwaKcCylbaFIOQkWihFOp5leLGmEyRgPqa1pgH0qnWS+8hSeaGUAvVDoFyg4V793JNiXcuK7utLHaiR/ezPxL8+OlVd1EhZEsaIBWQzyYg5VCGf3wwETlCg+0QQTwfSukIywwETplDI6hK9L4f+kXTCtslm6KebqhWUcaXAEjkEeWKAC6uASNEALEBCCB/AEng1lPBovxuuiNGUsew7BDxhvn4/FkB0=</latexit>

SL(q)/SO(q)

Gravity in D=d+q dimensions:

•    ‘Free’ massless theory: no non-abelian gauge interactions, no scalar potential. 
                                                 Deformations can be obtained from certain KK truncations on compact manifolds.

Rigid symmetry from 
KK truncation on        :

<latexit sha1_base64="zDTcO3wcIRjpLKuOZBsbhGtov9E="></latexit>

R+ ⇥ SL(q)<latexit sha1_base64="xG/oP3tNKWpzd5CoY9DqdhfE0zM=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mKTfVW8OKxYr+gjWWz3bRLN5u4uxFK6E/w4kERr/4ib/4bt20EFX0w8Hhvhpl5fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6pVCwSTT2NqRfikWABI1gb6aZ5ezcoluyyvQBaEqdiSNV2LlwXOZlVggyNQfG9P4xIElKhCcdK9Rw71l6KpWaE01mhnygaYzLBI9ozVOCQKi9dnDpDJ0YZoiCSpoRGC/X7RIpDpaahbzpDrMfqtzcX//J6iQ7OvZSJONFUkOWiIOFIR2j+NxoySYnmU0MwkczcisgYS0y0SadgQvj6FP1P2pWy45ar12elei2LIw9HcAyn4EAN6nAFDWgBgRE8wBM8W9x6tF6s12VrzspmDuEHrLdPXqaN2A==</latexit>

T q

Substitute KK 
truncation Ansatz

<latexit sha1_base64="QKQxd9GO25/4Vywkrkiaz8Sj0HA="></latexit>

EM
A(x) =

✓
• •
0 •

◆



T q

Dynamics of KK reduced gravity
<latexit sha1_base64="5+izVLybyg7BhXMoztyx/T1jlTU="></latexit>

SD = 1
2
D

Z
dDX ER(D)

<latexit sha1_base64="gKNSh0hLX3xmRuaBdUZPZ8lWbZY=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBZBEEpSbKsHoaAHjxXsB7ShbDabdulmE3c3Qgn9DV48KOLVH+TNf+O2jaCiDwYe780wM8+LOVPatj+s3NLyyupafr2wsbm1vVPc3WurKJGEtkjEI9n1sKKcCdrSTHPajSXFocdpxxtfzvzOPZWKReJWT2LqhngoWMAI1kZqXV34J3eDYsku23OgBXEqhlRt57xWQ05mlSBDc1B87/sRSUIqNOFYqZ5jx9pNsdSMcDot9BNFY0zGeEh7hgocUuWm82On6MgoPgoiaUpoNFe/T6Q4VGoSeqYzxHqkfnsz8S+vl+jgzE2ZiBNNBVksChKOdIRmnyOfSUo0nxiCiWTmVkRGWGKiTT4FE8LXp+h/0q6UnVq5enNaatSzOPJwAIdwDA7UoQHX0IQWEGDwAE/wbAnr0XqxXhetOSub2YcfsN4+ATizjko=</latexit>

D = d+ q

d-dimensional 
gravity dilaton+ + +Dynamics in 

d dimensions: sigma modelFm
µ⌫ = 2 @[µA

m
⌫]

MaxwellU(1)q
<latexit sha1_base64="wqKjL+Ui17fqbwn3FdMSz+ToPKE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSLUzZipfe4KblwIVmofMB1KJs20oZmHSUYoQz/DjQtF3Po17vwb04egogcSDufcy733uBFnUiH0YaRWVtfWN9Kbma3tnd297P5BW4axILRFQh6Krosl5SygLcUUp91IUOy7nHbc8cXM79xTIVkY3KpJRB0fDwPmMYKVluzmVf7u9Kx5rf9+NodMVC6iWgkis4Ss6rm1ILVKBVommiMHlmj0s++9QUhinwaKcCylbaFIOQkWihFOp5leLGmEyRgPqa1pgH0qnWS+8hSeaGUAvVDoFyg4V793JNiXcuK7utLHaiR/ezPxL8+OlVd1EhZEsaIBWQzyYg5VCGf3wwETlCg+0QQTwfSukIywwETplDI6hK9L4f+kXTCtslm6KebqhWUcaXAEjkEeWKAC6uASNEALEBCCB/AEng1lPBovxuuiNGUsew7BDxhvn4/FkB0=</latexit>

SL(q)/SO(q)

Gravity in D=d+q dimensions:

•    ‘Free’ massless theory: no non-abelian gauge interactions, no scalar potential. 
                                                 Deformations can be obtained from certain KK truncations on compact manifolds.

<latexit sha1_base64="zDTcO3wcIRjpLKuOZBsbhGtov9E="></latexit>

R+ ⇥ SL(q)<latexit sha1_base64="xG/oP3tNKWpzd5CoY9DqdhfE0zM=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mKTfVW8OKxYr+gjWWz3bRLN5u4uxFK6E/w4kERr/4ib/4bt20EFX0w8Hhvhpl5fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6pVCwSTT2NqRfikWABI1gb6aZ5ezcoluyyvQBaEqdiSNV2LlwXOZlVggyNQfG9P4xIElKhCcdK9Rw71l6KpWaE01mhnygaYzLBI9ozVOCQKi9dnDpDJ0YZoiCSpoRGC/X7RIpDpaahbzpDrMfqtzcX//J6iQ7OvZSJONFUkOWiIOFIR2j+NxoySYnmU0MwkczcisgYS0y0SadgQvj6FP1P2pWy45ar12elei2LIw9HcAyn4EAN6nAFDWgBgRE8wBM8W9x6tF6s12VrzspmDuEHrLdPXqaN2A==</latexit>

T q

Substitute KK 
truncation Ansatz

•    Weyl rescaling:

<latexit sha1_base64="htMY+3WbMDR3bfjPAyuq2Z0Pf/c="></latexit>

Sd = 1
2
d

Z
ddx e

⇥
R(d) � 1

4⇢ (V V T )mnF
m
µ⌫ F

nµ⌫ + ⇢�2@µ ⇢@
µ⇢� tr(PµP

µ)
⇤

<latexit sha1_base64="QKQxd9GO25/4Vywkrkiaz8Sj0HA="></latexit>

EM
A(x) =

✓
• •
0 •

◆

Rigid symmetry from 
KK truncation on        :

<latexit sha1_base64="LbX9QLI7xNvCnVmG/qfxkC902BE="></latexit>

eµ
↵ �! ⇢

1
d�2 eµ

↵



T q

Dynamics of KK reduced gravity
<latexit sha1_base64="5+izVLybyg7BhXMoztyx/T1jlTU="></latexit>

SD = 1
2
D

Z
dDX ER(D)

<latexit sha1_base64="gKNSh0hLX3xmRuaBdUZPZ8lWbZY=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBZBEEpSbKsHoaAHjxXsB7ShbDabdulmE3c3Qgn9DV48KOLVH+TNf+O2jaCiDwYe780wM8+LOVPatj+s3NLyyupafr2wsbm1vVPc3WurKJGEtkjEI9n1sKKcCdrSTHPajSXFocdpxxtfzvzOPZWKReJWT2LqhngoWMAI1kZqXV34J3eDYsku23OgBXEqhlRt57xWQ05mlSBDc1B87/sRSUIqNOFYqZ5jx9pNsdSMcDot9BNFY0zGeEh7hgocUuWm82On6MgoPgoiaUpoNFe/T6Q4VGoSeqYzxHqkfnsz8S+vl+jgzE2ZiBNNBVksChKOdIRmnyOfSUo0nxiCiWTmVkRGWGKiTT4FE8LXp+h/0q6UnVq5enNaatSzOPJwAIdwDA7UoQHX0IQWEGDwAE/wbAnr0XqxXhetOSub2YcfsN4+ATizjko=</latexit>

D = d+ q

d-dimensional 
gravity dilaton+ + +Dynamics in 

d dimensions: sigma modelFm
µ⌫ = 2 @[µA

m
⌫]

MaxwellU(1)q
<latexit sha1_base64="wqKjL+Ui17fqbwn3FdMSz+ToPKE=">AAAB8nicdVDLSgMxFM3UV62vqks3wSLUzZipfe4KblwIVmofMB1KJs20oZmHSUYoQz/DjQtF3Po17vwb04egogcSDufcy733uBFnUiH0YaRWVtfWN9Kbma3tnd297P5BW4axILRFQh6Krosl5SygLcUUp91IUOy7nHbc8cXM79xTIVkY3KpJRB0fDwPmMYKVluzmVf7u9Kx5rf9+NodMVC6iWgkis4Ss6rm1ILVKBVommiMHlmj0s++9QUhinwaKcCylbaFIOQkWihFOp5leLGmEyRgPqa1pgH0qnWS+8hSeaGUAvVDoFyg4V793JNiXcuK7utLHaiR/ezPxL8+OlVd1EhZEsaIBWQzyYg5VCGf3wwETlCg+0QQTwfSukIywwETplDI6hK9L4f+kXTCtslm6KebqhWUcaXAEjkEeWKAC6uASNEALEBCCB/AEng1lPBovxuuiNGUsew7BDxhvn4/FkB0=</latexit>

SL(q)/SO(q)

Gravity in D=d+q dimensions:

Rigid symmetry from 
KK reduction on        :

<latexit sha1_base64="zDTcO3wcIRjpLKuOZBsbhGtov9E="></latexit>

R+ ⇥ SL(q)<latexit sha1_base64="xG/oP3tNKWpzd5CoY9DqdhfE0zM=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mKTfVW8OKxYr+gjWWz3bRLN5u4uxFK6E/w4kERr/4ib/4bt20EFX0w8Hhvhpl5fsyZ0rb9YeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6pVCwSTT2NqRfikWABI1gb6aZ5ezcoluyyvQBaEqdiSNV2LlwXOZlVggyNQfG9P4xIElKhCcdK9Rw71l6KpWaE01mhnygaYzLBI9ozVOCQKi9dnDpDJ0YZoiCSpoRGC/X7RIpDpaahbzpDrMfqtzcX//J6iQ7OvZSJONFUkOWiIOFIR2j+NxoySYnmU0MwkczcisgYS0y0SadgQvj6FP1P2pWy45ar12elei2LIw9HcAyn4EAN6nAFDWgBgRE8wBM8W9x6tF6s12VrzspmDuEHrLdPXqaN2A==</latexit>

T q

Substitute KK 
truncation Ansatz

<latexit sha1_base64="htMY+3WbMDR3bfjPAyuq2Z0Pf/c="></latexit>

Sd = 1
2
d

Z
ddx e

⇥
R(d) � 1

4⇢ (V V T )mnF
m
µ⌫ F

nµ⌫ + ⇢�2@µ ⇢@
µ⇢� tr(PµP

µ)
⇤

D=4: General relativity

Rigid  
symmetry

d=3:

d=2:

Ehlers 1956

Geroch 1987

<latexit sha1_base64="TJxyptnhSWuiuUF2z626KOQa4us=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiDEy9ATs94CInjwENGYQDKEnk5P0qRnobtHCCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiq58WCK43xh5VaWV1b30hvZra2d3b3svsHdypKJGVNGolItj2imOAha2quBWvHkpHAE6zljc5nfuueScWj8FaPY+YGZBByn1OijdS6ucoXTnsXvWwO27hcxLUSwnYJO9UzZ0FqlQpybDxHDpZo9LLv3X5Ek4CFmgqiVMfBsXYnRGpOBZtmuoliMaEjMmAdQ0MSMOVO5udO0YlR+siPpKlQo7n6fWJCAqXGgWc6A6KH6rc3E//yOon2q+6Eh3GiWUgXi/xEIB2h2e+ozyWjWowNIVRycyuiQyIJ1SahjAnh61P0P7kr2E7ZLl0Xc/XiMo40HMEx5MGBCtThEhrQBAojeIAneLZi69F6sV4XrSlrOXMIP2C9fQIo9o7J</latexit>

SL(2)E

<latexit sha1_base64="lSHLt0Xu6xSrqI5gIv9Pzbg3ZXs=">AAACAnicdVDLSgMxFM34rPU16krcBIvgxjJT2qq7ghuXFewD2lIyaaYNzWSG5I44DMWNv+LGhSJu/Qp3/o1pO4KKHggczjk3yT1eJLgGx/mwFhaXlldWc2v59Y3NrW17Z7epw1hR1qChCFXbI5oJLlkDOAjWjhQjgSdYyxtfTP3WDVOah/Iakoj1AjKU3OeUgJH69n6XSx+Sky6wW0gHPGBymiVi0rcLTtGZAc+JWzKk4rjn1Sp2M6uAMtT79nt3ENLY3ABUEK07rhNBLyUKOBVsku/GmkWEjsmQdQyVJGC6l85WmOAjowywHypzJOCZ+n0iJYHWSeCZZEBgpH97U/EvrxODf9ZLuYxiYJLOH/JjgSHE0z7wgCtGQSSGEKq4+SumI6IIBdNa3pTwtSn+nzRLRbdarFyVC7VyVkcOHaBDdIxcdIpq6BLVUQNRdIce0BN6tu6tR+vFep1HF6xsZg/9gPX2CX1NmB4=</latexit>

1� dimensional ?Enhancement

<latexit sha1_base64="QKQxd9GO25/4Vywkrkiaz8Sj0HA="></latexit>

EM
A(x) =

✓
• •
0 •

◆



Following the procedure described previously, one finds:

<latexit sha1_base64="a53EkgMzbRnI01mk6WJl9JmkgMw=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiewnQIWW4BCeQY0SyQDKGn00ma9Cx01wTDkD/x4kERr/6JN//GniSCij4oeLxXRVU9L5JCg+N8WBubW9s7u5m97P7B4dGxfXLa1mGsGG+xUIaq61HNpQh4CwRI3o0Up74necebXqd+Z8aVFmFwB/OIuz4dB2IkGAUjDWz7dpD0gd9DUm8sFr26O7BzTt5xHEIITgkplxxDqtVKgVQwSS2DHFqjObDf+8OQxT4PgEmqdY84EbgJVSCY5ItsP9Y8omxKx7xnaEB9rt1kefkCXxpliEehMhUAXqrfJxLqaz33PdPpU5jo314q/uX1YhhV3EQEUQw8YKtFo1hiCHEaAx4KxRnIuSGUKWFuxWxCFWVgwsqaEL4+xf+TdiFPSvnCTTFXK67jyKBzdIGuEEFlVEMN1EQtxNAMPaAn9Gwl1qP1Yr2uWjes9cwZ+gHr7RPa+pPH</latexit>

SEH[E]

vierbein

KK truncation 

<latexit sha1_base64="lLRZotXNw/uL+jqMHJYYIN77RIs="></latexit>

EM
A(x) =

✓
eµ↵ 'Aµ

0 '

◆

d=3
gravity Maxwell dilaton+ +

<latexit sha1_base64="J3YyVcshLMDS3NA49wwOohuUOo8=">AAACAXicdZBNS8MwGMdTX+d8q3oRvASHIB5KO3TqQZh48TjBvUBbSpplW1ialiQVRqkXv4oXD4p49Vt489uYblNU9A+Bh9//eZI8/zBhVCrbfjdmZufmFxZLS+XlldW1dXNjsyXjVGDSxDGLRSdEkjDKSVNRxUgnEQRFISPtcHhR+O0bIiSN+bUaJcSPUJ/THsVIaRSY22degoSiiAWZ60Vpfh5kHk/9PDArtnVkO6c1B9qWPRb8Is6UVMBUjcB887oxTiPCFWZIStexE+VnxeWYkbzspZIkCA9Rn7i65Cgi0s/GG+RwT5Mu7MVCH67gmH6fyFAk5SgKdWeE1ED+9gr4l+emqnfiZ5QnqSIcTx7qpQyqGBZxwC4VBCs20gXCguq/QjxAAmGlQyvrED43hf8Xrarl1Kzq1WGlfjCNowR2wC7YBw44BnVwCRqgCTC4BffgETwZd8aD8Wy8TFpnjOnMFvgh4/UDSZWXYA==</latexit>

= @[µA⌫]

Integrability/consistency condition  
given by the vector field equation:

<latexit sha1_base64="aRmFTyYzn1qJlYa5ztWhElHMv44=">AAACGXicdVDLSsNAFJ34rPUVdelmsAgVSkhLsW6EgiAuK9gHNGmYTCft0MkkzEwKJfQ33Pgrblwo4lJX/o2TtoLPA8MczrmXe+/xY0alsu13Y2l5ZXVtPbeR39za3tk19/ZbMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZHF5nfHhMhacRv1CQmbogGnAYUI6Ulz7SdGAlFEfOcMHF8OigSp+SMkYiHtFd1Spe9NDN4Ms3Mk3PbMwu2VbEzwN+kbM1+uwAWaHjmq9OPcBISrjBDUnbLdqzcNJuKGZnmnUSSGOERGpCuphyFRLrp7LIpPNZKHwaR0I8rOFO/dqQolHIS+royRGoof3qZ+JfXTVRw5qaUx4kiHM8HBQmDKoJZTLBPBcGKTTRBWFC9K8RDJBBWOsy8DuHzUvg/aVWs8qlVua4W6rVFHDlwCI5AEZRBDdTBFWiAJsDgFtyDR/Bk3BkPxrPxMi9dMhY9B+AbjLcPIs2gUw==</latexit>

@µ
�
e'4 Fµ⌫

�
= 0

<latexit sha1_base64="YJ9VNCR6ukk4EGvOk16eKMqtrGk="></latexit>

 �!  + cst

 d=3 dilaton

<latexit sha1_base64="pI11SlZJEX835mvhg5SK8ngZPRY="></latexit>

Sd=3 =

Z
d3x e

⇥
R(3) � 1

4 '
4 Fµ⌫ F

µ⌫ � 2'�2@µ'@µ'
⇤

KK reduction of GR  to d=3

In d=3, the vector      can be dualized into a scalar    via the duality equation:
<latexit sha1_base64="yyvU2GOUeQ+hQzpPsNwW24c3C94=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GjKDfe0qblxWcGyhHUomzbShSWZIMkIZ+g1uXCji1g9y59+YPgQVPXDhcM693HtPlHKmDUIfTmFtfWNzq7hd2tnd2z8oHx7d6SRThAYk4YnqRlhTziQNDDOcdlNFsYg47USTq7nfuadKs0TemmlKQ4FHksWMYGOl4HLQF9mgXEGuX0XNhgeRiyx835Iq8pq1GvQWCkIVsEJ7UH7vDxOSCSoN4VjrnodSE+ZYGUY4nZX6maYpJhM8oj1LJRZUh/ni2Bk8s8oQxomyJQ1cqN8nciy0norIdgpsxvq3Nxf/8nqZiRthzmSaGSrJclGccWgSOP8cDpmixPCpJZgoZm+FZIwVJsbmU7IhfH0K/yd3vuvV3OrNRaVVX8VRBCfgFJwDD9RBC1yDNggAAQw8gCfw7Ejn0XlxXpetBWc1cwx+wHn7BOytjsE=</latexit>

Aµ
<latexit sha1_base64="JxD/TYZcWsmRd4rSHWms/I6tXq0=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ0bbTrsruHFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaSuo6IELh3Pu5d57woQzbRD6cNbWNza3tgs7xd29/YPD0tFxR8epIrRNYh6rXog15UzStmGG016iKBYhp91wep373XuqNIvlnZklNBB4LFnECDa5NEg0G5bKyEW1CmpUIXKryKtfeUvS8H3ouWiBMlihNSy9D0YxSQWVhnCsdd9DiQkyrAwjnM6Lg1TTBJMpHtO+pRILqoNscescnltlBKNY2ZIGLtTvExkWWs9EaDsFNhP928vFv7x+aqJ6kDGZpIZKslwUpRyaGOaPwxFTlBg+swQTxeytkEywwsTYeIo2hK9P4f+kc+l6Nbd6Wyk3/VUcBXAKzsAF8IAPmuAGtEAbEDABD+AJPDvCeXRenNdl65qzmjkBP+C8fQKKpI6Q</latexit>

 

<latexit sha1_base64="rWmsXMS8azBdeR7nzyvdf5SzFHE=">AAAB83icdVDNSgMxGMzWv1r/qh69BIsgCEt22db2VvDisYpthe5asmnahmazS5IVytLX8OJBEa++jDffxmxbQUUHAsPM9/FNJkw4UxqhD6uwsrq2vlHcLG1t7+zulfcPOipOJaFtEvNY3oZYUc4EbWumOb1NJMVRyGk3nFzkfveeSsVicaOnCQ0iPBJsyAjWRvL9COtxGGbXs7uzfrmCbOTWq54Lke1WUcNpGFJFTqPmQcdGc1TAEq1++d0fxCSNqNCEY6V6Dkp0kGGpGeF0VvJTRRNMJnhEe4YKHFEVZPPMM3hilAEcxtI8oeFc/b6R4UipaRSayTyj+u3l4l9eL9XDepAxkaSaCrI4NEw51DHMC4ADJinRfGoIJpKZrJCMscREm5pKpoSvn8L/Sce1nZrtXnmVpresowiOwDE4BQ44B01wCVqgDQhIwAN4As9Waj1aL9brYrRgLXcOwQ9Yb59FmJHQ</latexit>

R+

<latexit sha1_base64="XoDNGDqOJtciUI9yN9UjNHAcZmU="></latexit>

' �! �'

Coordinates:

<latexit sha1_base64="MfnbEQiNqVDl+6xB5n+cpB3oVG8="></latexit>

M4 = M3 ⇥ S1

<latexit sha1_base64="NqX8I/F2rAfYdnxy/Ty/fP15B5o="></latexit>

XM = (xµ, y)

scaling       :         Rigid symmetries: shift+

The d=3 action can then be rewritten without the vector field as: 
<latexit sha1_base64="z+SfFCjpSP9RVv7aXYrixJw4Ww0="></latexit>

Sd=3 =

Z
d3x e

⇥
R(3) � 1

2 '
�4 @µ @

µ � 2'�2@µ'@
µ'

⇤

<latexit sha1_base64="k9xwMLkzdgFZw5B/1FKoqbNCqGA=">AAACCnicdVBLSwMxGMz6rPVV9eglWgRPS3bp1vZW8OKxgn1At5Zsmrah2WRJskopPXvxr3jxoIhXf4E3/43pQ1DRgZBh5huSb6KEM20Q+nCWlldW19YzG9nNre2d3dzefl3LVBFaI5JL1YywppwJWjPMcNpMFMVxxGkjGp5P/cYNVZpJcWVGCW3HuC9YjxFsrNTJHYWJZiGXoq9Yf2CwUvI25Dbfxdc+nJqdXB65yC8FqAyR69vLDywJkFculqHnohnyYIFqJ/cediVJYyoM4VjrlocS0x5jZRjhdJINU00TTIa4T1uWChxT3R7PVpnAE6t0YU8qe4SBM/V7YoxjrUdxZCdjbAb6tzcV//JaqemV2mMmktRQQeYP9VIOjYTTXmCXKUoMH1mCiWL2r5AMsMLE2PaytoSvTeH/pO67XtENLgv5SmFRRwYcgmNwCjxwBirgAlRBDRBwBx7AE3h27p1H58V5nY8uOYvMAfgB5+0TYX6bUA==</latexit>

 �! �2 

<latexit sha1_base64="Zs9pQLhdmQF2Oehn5vdJhd3GqT8="></latexit>

'4 Fµ⌫ = e�1✏µ⌫⇢ @⇢ 



Following the procedure described previously, one finds:

KK reduction of GR  to d=3

Integrability/consistency condition  
given by the vector field equation:

<latexit sha1_base64="aRmFTyYzn1qJlYa5ztWhElHMv44=">AAACGXicdVDLSsNAFJ34rPUVdelmsAgVSkhLsW6EgiAuK9gHNGmYTCft0MkkzEwKJfQ33Pgrblwo4lJX/o2TtoLPA8MczrmXe+/xY0alsu13Y2l5ZXVtPbeR39za3tk19/ZbMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZHF5nfHhMhacRv1CQmbogGnAYUI6Ulz7SdGAlFEfOcMHF8OigSp+SMkYiHtFd1Spe9NDN4Ms3Mk3PbMwu2VbEzwN+kbM1+uwAWaHjmq9OPcBISrjBDUnbLdqzcNJuKGZnmnUSSGOERGpCuphyFRLrp7LIpPNZKHwaR0I8rOFO/dqQolHIS+royRGoof3qZ+JfXTVRw5qaUx4kiHM8HBQmDKoJZTLBPBcGKTTRBWFC9K8RDJBBWOsy8DuHzUvg/aVWs8qlVua4W6rVFHDlwCI5AEZRBDdTBFWiAJsDgFtyDR/Bk3BkPxrPxMi9dMhY9B+AbjLcPIs2gUw==</latexit>

@µ
�
e'4 Fµ⌫

�
= 0

In d=3, the vector      can be dualized into a scalar    via the duality equation:
<latexit sha1_base64="yyvU2GOUeQ+hQzpPsNwW24c3C94=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GjKDfe0qblxWcGyhHUomzbShSWZIMkIZ+g1uXCji1g9y59+YPgQVPXDhcM693HtPlHKmDUIfTmFtfWNzq7hd2tnd2z8oHx7d6SRThAYk4YnqRlhTziQNDDOcdlNFsYg47USTq7nfuadKs0TemmlKQ4FHksWMYGOl4HLQF9mgXEGuX0XNhgeRiyx835Iq8pq1GvQWCkIVsEJ7UH7vDxOSCSoN4VjrnodSE+ZYGUY4nZX6maYpJhM8oj1LJRZUh/ni2Bk8s8oQxomyJQ1cqN8nciy0norIdgpsxvq3Nxf/8nqZiRthzmSaGSrJclGccWgSOP8cDpmixPCpJZgoZm+FZIwVJsbmU7IhfH0K/yd3vuvV3OrNRaVVX8VRBCfgFJwDD9RBC1yDNggAAQw8gCfw7Ejn0XlxXpetBWc1cwx+wHn7BOytjsE=</latexit>

Aµ
<latexit sha1_base64="JxD/TYZcWsmRd4rSHWms/I6tXq0=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ0bbTrsruHFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaSuo6IELh3Pu5d57woQzbRD6cNbWNza3tgs7xd29/YPD0tFxR8epIrRNYh6rXog15UzStmGG016iKBYhp91wep373XuqNIvlnZklNBB4LFnECDa5NEg0G5bKyEW1CmpUIXKryKtfeUvS8H3ouWiBMlihNSy9D0YxSQWVhnCsdd9DiQkyrAwjnM6Lg1TTBJMpHtO+pRILqoNscescnltlBKNY2ZIGLtTvExkWWs9EaDsFNhP928vFv7x+aqJ6kDGZpIZKslwUpRyaGOaPwxFTlBg+swQTxeytkEywwsTYeIo2hK9P4f+kc+l6Nbd6Wyk3/VUcBXAKzsAF8IAPmuAGtEAbEDABD+AJPDvCeXRenNdl65qzmjkBP+C8fQKKpI6Q</latexit>

 

scalingRigid symmetry enhanced to              : 
<latexit sha1_base64="oblusr+z7K4eELpYiNaaEiNXrqc=">AAAB7nicdVDLSgMxFM3UV62vqks3wSLUzZCpbafdFURw4aKitYV2KJk004ZmMkOSEcrQj3DjQhG3fo87/8b0IajogQuHc+7l3nv8mDOlEfqwMiura+sb2c3c1vbO7l5+/+BORYkktEUiHsmOjxXlTNCWZprTTiwpDn1O2/74fOa376lULBK3ehJTL8RDwQJGsDZS++aqWDrtX/TzBWSjahnVKxDZFeTUzpwFqbsudGw0RwEs0ezn33uDiCQhFZpwrFTXQbH2Uiw1I5xOc71E0RiTMR7SrqECh1R56fzcKTwxygAGkTQlNJyr3ydSHCo1CX3TGWI9Ur+9mfiX1010UPNSJuJEU0EWi4KEQx3B2e9wwCQlmk8MwUQycyskIywx0SahnAnh61P4P7kr2U7VrlyXCw13GUcWHIFjUAQOcEEDXIImaAECxuABPIFnK7YerRfrddGasZYzh+AHrLdPKd2OzA==</latexit>

SL(2)E shift hidden sym. generator+ +
Ehlers 1956

<latexit sha1_base64="a53EkgMzbRnI01mk6WJl9JmkgMw=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiewnQIWW4BCeQY0SyQDKGn00ma9Cx01wTDkD/x4kERr/6JN//GniSCij4oeLxXRVU9L5JCg+N8WBubW9s7u5m97P7B4dGxfXLa1mGsGG+xUIaq61HNpQh4CwRI3o0Up74necebXqd+Z8aVFmFwB/OIuz4dB2IkGAUjDWz7dpD0gd9DUm8sFr26O7BzTt5xHEIITgkplxxDqtVKgVQwSS2DHFqjObDf+8OQxT4PgEmqdY84EbgJVSCY5ItsP9Y8omxKx7xnaEB9rt1kefkCXxpliEehMhUAXqrfJxLqaz33PdPpU5jo314q/uX1YhhV3EQEUQw8YKtFo1hiCHEaAx4KxRnIuSGUKWFuxWxCFWVgwsqaEL4+xf+TdiFPSvnCTTFXK67jyKBzdIGuEEFlVEMN1EQtxNAMPaAn9Gwl1qP1Yr2uWjes9cwZ+gHr7RPa+pPH</latexit>

SEH[E]
<latexit sha1_base64="lLRZotXNw/uL+jqMHJYYIN77RIs="></latexit>

EM
A(x) =

✓
eµ↵ 'Aµ

0 '

◆

d=3
gravity Maxwell dilaton+ +

<latexit sha1_base64="J3YyVcshLMDS3NA49wwOohuUOo8=">AAACAXicdZBNS8MwGMdTX+d8q3oRvASHIB5KO3TqQZh48TjBvUBbSpplW1ialiQVRqkXv4oXD4p49Vt489uYblNU9A+Bh9//eZI8/zBhVCrbfjdmZufmFxZLS+XlldW1dXNjsyXjVGDSxDGLRSdEkjDKSVNRxUgnEQRFISPtcHhR+O0bIiSN+bUaJcSPUJ/THsVIaRSY22degoSiiAWZ60Vpfh5kHk/9PDArtnVkO6c1B9qWPRb8Is6UVMBUjcB887oxTiPCFWZIStexE+VnxeWYkbzspZIkCA9Rn7i65Cgi0s/GG+RwT5Mu7MVCH67gmH6fyFAk5SgKdWeE1ED+9gr4l+emqnfiZ5QnqSIcTx7qpQyqGBZxwC4VBCs20gXCguq/QjxAAmGlQyvrED43hf8Xrarl1Kzq1WGlfjCNowR2wC7YBw44BnVwCRqgCTC4BffgETwZd8aD8Wy8TFpnjOnMFvgh4/UDSZWXYA==</latexit>

= @[µA⌫]

 d=3 dilaton

<latexit sha1_base64="pI11SlZJEX835mvhg5SK8ngZPRY="></latexit>

Sd=3 =

Z
d3x e

⇥
R(3) � 1

4 '
4 Fµ⌫ F

µ⌫ � 2'�2@µ'@µ'
⇤

Coordinates:

<latexit sha1_base64="MfnbEQiNqVDl+6xB5n+cpB3oVG8="></latexit>

M4 = M3 ⇥ S1

<latexit sha1_base64="NqX8I/F2rAfYdnxy/Ty/fP15B5o="></latexit>

XM = (xµ, y)

The d=3 action can then be rewritten without the vector field as: 
<latexit sha1_base64="z+SfFCjpSP9RVv7aXYrixJw4Ww0="></latexit>

Sd=3 =

Z
d3x e

⇥
R(3) � 1

2 '
�4 @µ @

µ � 2'�2@µ'@
µ'

⇤

KK truncation 

vierbein

<latexit sha1_base64="Zs9pQLhdmQF2Oehn5vdJhd3GqT8="></latexit>

'4 Fµ⌫ = e�1✏µ⌫⇢ @⇢ 



Coordinates:

The d=3 action can then be rewritten without the vector field as: 
<latexit sha1_base64="z+SfFCjpSP9RVv7aXYrixJw4Ww0="></latexit>

Sd=3 =

Z
d3x e

⇥
R(3) � 1

2 '
�4 @µ @

µ � 2'�2@µ'@
µ'

⇤

KK reduction of GR  to d=3

sigma model

<latexit sha1_base64="KrJ81Q+VFqQxfAMjxxQ8ZFVqrI8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZipfe4KIrgQrNQ+oB1KJk3b0MzDJFMoQ7/DjQtF3Pox7vwbM20FFT1wuYdz7iU3xwk4kwqhDyOxsrq2vpHcTG1t7+zupfcPmtIPBaEN4nNftB0sKWcebSimOG0HgmLX4bTljC9ivzWhQjLfu1PTgNouHnpswAhWWrLr19ncae/yrH4T93QGmaiYR5UCRGYBWeVza0EqpRK0TDRHBixR66Xfu32fhC71FOFYyo6FAmVHWChGOJ2luqGkASZjPKQdTT3sUmlH86Nn8EQrfTjwhS5Pwbn6fSPCrpRT19GTLlYj+duLxb+8TqgGZTtiXhAq6pHFQ4OQQ+XDOAHYZ4ISxaeaYCKYvhWSERaYKJ1TSofw9VP4P2nmTKtoFm7zmWpuGUcSHIFjkAUWKIEquAI10AAE3IMH8ASejYnxaLwYr4vRhLHcOQQ/YLx9AhfhkFc=</latexit>

SL(2)E/SO(2)

<latexit sha1_base64="O5zXo2l0qG5LNPOQE+8QXiipH3g="></latexit>

=

Z
d3x e

⇥
R(3) � tr

⇥
(PµP

µ)
⇤

current:
<latexit sha1_base64="xF03sM2D8ahdxa2CsUorY2H+ArI=">AAACCXicdVDLSgMxFM34rPVVdekmWARBHDLFvhZCwY3LFuwDOuOQSTNtaOZBkhHK0K0bf8WNC0Xc+gfu/BszbQUVPZDcw7mP5B4v5kwqhD6MpeWV1bX13EZ+c2t7Z7ewt9+RUSIIbZOIR6LnYUk5C2lbMcVpLxYUBx6nXW98meW7t1RIFoXXahJTJ8DDkPmMYKUltwA7N+mZNbVjLBTD3LWDBHYumlk8bWW3WygiE5VqZVSHyCzpUCprUkZWvVKHlolmKIIFmm7h3R5EJAloqAjHUvYtFCsnzeYTTqd5O5E0xmSMh7SvaYgDKp10tskUHmtlAP1I6BMqOFO/d6Q4kHISeLoywGokf+cy8a9cP1F+zUlZGCeKhmT+kJ9wqCKY2QIHTFCi+EQTTATTf4VkhAUmSpuX1yZ8bQr/J52SaVXMcuu82Kgu7MiBQ3AEToAFqqABrkATtAEBd+ABPIFn4954NF6M13npkrHoOQA/YLx9AvcHmeA=</latexit>

V �1@µV = Pµ +Qµ with
<latexit sha1_base64="FTtTbSakwij4Z1taZcgxkMQdTkM="></latexit>

Ṽ =

✓
'�1 0
'�1  '

◆
<latexit sha1_base64="fVIDURF2plKyQ9Yb22++4ndSPiw=">AAAB6HicdVDLSgMxFL1TX7W+qi7dBIvgasgUp49dwY3LFuwD2qFk0kwbm3mQZIQy9AvcuFDErZ/kzr8xfQgqeiDkcM693HuPnwiuNMYfVm5jc2t7J79b2Ns/ODwqHp90VJxKyto0FrHs+UQxwSPW1lwL1kskI6EvWNefXi/87j2TisfRrZ4lzAvJOOIBp0QbqdUZFkvYxuWai+sI22XzlV1DXOzUK3Xk2HiJEqzRHBbfB6OYpiGLNBVEqb6DE+1lRGpOBZsXBqliCaFTMmZ9QyMSMuVly0Xn6MIoIxTE0rxIo6X6vSMjoVKz0DeVIdET9dtbiH95/VQHNS/jUZJqFtHVoCAVSMdocTUaccmoFjNDCJXc7IrohEhCtcmmYEL4uhT9Tzpl26nYbuuq1Kiu48jDGZzDJThQhQbcQBPaQIHBAzzBs3VnPVov1uuqNGete07hB6y3TyG7jSY=</latexit>

V

Following the procedure described previously, one finds:

Integrability/consistency condition  
given by the vector field equation:

<latexit sha1_base64="aRmFTyYzn1qJlYa5ztWhElHMv44=">AAACGXicdVDLSsNAFJ34rPUVdelmsAgVSkhLsW6EgiAuK9gHNGmYTCft0MkkzEwKJfQ33Pgrblwo4lJX/o2TtoLPA8MczrmXe+/xY0alsu13Y2l5ZXVtPbeR39za3tk19/ZbMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZHF5nfHhMhacRv1CQmbogGnAYUI6Ulz7SdGAlFEfOcMHF8OigSp+SMkYiHtFd1Spe9NDN4Ms3Mk3PbMwu2VbEzwN+kbM1+uwAWaHjmq9OPcBISrjBDUnbLdqzcNJuKGZnmnUSSGOERGpCuphyFRLrp7LIpPNZKHwaR0I8rOFO/dqQolHIS+royRGoof3qZ+JfXTVRw5qaUx4kiHM8HBQmDKoJZTLBPBcGKTTRBWFC9K8RDJBBWOsy8DuHzUvg/aVWs8qlVua4W6rVFHDlwCI5AEZRBDdTBFWiAJsDgFtyDR/Bk3BkPxrPxMi9dMhY9B+AbjLcPIs2gUw==</latexit>

@µ
�
e'4 Fµ⌫

�
= 0

In d=3, the vector      can be dualized into a scalar    via the duality equation:
<latexit sha1_base64="yyvU2GOUeQ+hQzpPsNwW24c3C94=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GjKDfe0qblxWcGyhHUomzbShSWZIMkIZ+g1uXCji1g9y59+YPgQVPXDhcM693HtPlHKmDUIfTmFtfWNzq7hd2tnd2z8oHx7d6SRThAYk4YnqRlhTziQNDDOcdlNFsYg47USTq7nfuadKs0TemmlKQ4FHksWMYGOl4HLQF9mgXEGuX0XNhgeRiyx835Iq8pq1GvQWCkIVsEJ7UH7vDxOSCSoN4VjrnodSE+ZYGUY4nZX6maYpJhM8oj1LJRZUh/ni2Bk8s8oQxomyJQ1cqN8nciy0norIdgpsxvq3Nxf/8nqZiRthzmSaGSrJclGccWgSOP8cDpmixPCpJZgoZm+FZIwVJsbmU7IhfH0K/yd3vuvV3OrNRaVVX8VRBCfgFJwDD9RBC1yDNggAAQw8gCfw7Ejn0XlxXpetBWc1cwx+wHn7BOytjsE=</latexit>

Aµ
<latexit sha1_base64="JxD/TYZcWsmRd4rSHWms/I6tXq0=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ0bbTrsruHFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+YaSuo6IELh3Pu5d57woQzbRD6cNbWNza3tgs7xd29/YPD0tFxR8epIrRNYh6rXog15UzStmGG016iKBYhp91wep373XuqNIvlnZklNBB4LFnECDa5NEg0G5bKyEW1CmpUIXKryKtfeUvS8H3ouWiBMlihNSy9D0YxSQWVhnCsdd9DiQkyrAwjnM6Lg1TTBJMpHtO+pRILqoNscescnltlBKNY2ZIGLtTvExkWWs9EaDsFNhP928vFv7x+aqJ6kDGZpIZKslwUpRyaGOaPwxFTlBg+swQTxeytkEywwsTYeIo2hK9P4f+kc+l6Nbd6Wyk3/VUcBXAKzsAF8IAPmuAGtEAbEDABD+AJPDvCeXRenNdl65qzmjkBP+C8fQKKpI6Q</latexit>

 

<latexit sha1_base64="a53EkgMzbRnI01mk6WJl9JmkgMw=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiewnQIWW4BCeQY0SyQDKGn00ma9Cx01wTDkD/x4kERr/6JN//GniSCij4oeLxXRVU9L5JCg+N8WBubW9s7u5m97P7B4dGxfXLa1mGsGG+xUIaq61HNpQh4CwRI3o0Up74necebXqd+Z8aVFmFwB/OIuz4dB2IkGAUjDWz7dpD0gd9DUm8sFr26O7BzTt5xHEIITgkplxxDqtVKgVQwSS2DHFqjObDf+8OQxT4PgEmqdY84EbgJVSCY5ItsP9Y8omxKx7xnaEB9rt1kefkCXxpliEehMhUAXqrfJxLqaz33PdPpU5jo314q/uX1YhhV3EQEUQw8YKtFo1hiCHEaAx4KxRnIuSGUKWFuxWxCFWVgwsqaEL4+xf+TdiFPSvnCTTFXK67jyKBzdIGuEEFlVEMN1EQtxNAMPaAn9Gwl1qP1Yr2uWjes9cwZ+gHr7RPa+pPH</latexit>

SEH[E]
KK reduction 

<latexit sha1_base64="lLRZotXNw/uL+jqMHJYYIN77RIs="></latexit>

EM
A(x) =

✓
eµ↵ 'Aµ

0 '

◆

d=3
gravity Maxwell dilaton+ +

<latexit sha1_base64="J3YyVcshLMDS3NA49wwOohuUOo8=">AAACAXicdZBNS8MwGMdTX+d8q3oRvASHIB5KO3TqQZh48TjBvUBbSpplW1ialiQVRqkXv4oXD4p49Vt489uYblNU9A+Bh9//eZI8/zBhVCrbfjdmZufmFxZLS+XlldW1dXNjsyXjVGDSxDGLRSdEkjDKSVNRxUgnEQRFISPtcHhR+O0bIiSN+bUaJcSPUJ/THsVIaRSY22degoSiiAWZ60Vpfh5kHk/9PDArtnVkO6c1B9qWPRb8Is6UVMBUjcB887oxTiPCFWZIStexE+VnxeWYkbzspZIkCA9Rn7i65Cgi0s/GG+RwT5Mu7MVCH67gmH6fyFAk5SgKdWeE1ED+9gr4l+emqnfiZ5QnqSIcTx7qpQyqGBZxwC4VBCs20gXCguq/QjxAAmGlQyvrED43hf8Xrarl1Kzq1WGlfjCNowR2wC7YBw44BnVwCRqgCTC4BffgETwZd8aD8Wy8TFpnjOnMFvgh4/UDSZWXYA==</latexit>

= @[µA⌫]

 d=3 dilaton

<latexit sha1_base64="pI11SlZJEX835mvhg5SK8ngZPRY="></latexit>

Sd=3 =

Z
d3x e

⇥
R(3) � 1

4 '
4 Fµ⌫ F

µ⌫ � 2'�2@µ'@µ'
⇤

<latexit sha1_base64="MfnbEQiNqVDl+6xB5n+cpB3oVG8="></latexit>

M4 = M3 ⇥ S1

<latexit sha1_base64="NqX8I/F2rAfYdnxy/Ty/fP15B5o="></latexit>

XM = (xµ, y)

<latexit sha1_base64="4IIs26P+0n9jrt7eS/6phtRT1U4=">AAAB/XicdVDLSgMxFM34rPVVHzs3wSLUzZCpfe4KblxWsA/olJJJM21oJjMkGaEOxV9x40IRt/6HO//GTFtBRQ8EDufcyz05XsSZ0gh9WCura+sbm5mt7PbO7t5+7uCwrcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpn6nVsqFQvFjZ5GtB/gkWA+I1gbaZA7dpmAboD12Jd4kig+KxTPB7k8slGlhOpliOwycmoXzoLUq1Xo2GiOPFiiOci9u8OQxAEVmnCsVM9Bke4nWGpGOJ1l3VjRCJMJHtGeoQIHVPWTefoZPDPKEPqhNE9oOFe/byQ4UGoaeGYyzal+e6n4l9eLtV/rJ0xEsaaCLA75MYc6hGkVcMgkJZpPDcFEMpMVkjGWmGhTWNaU8PVT+D9pF22nYpevS/lGeVlHBpyAU1AADqiCBrgCTdACBNyBB/AEnq1769F6sV4XoyvWcucI/ID19gk145UO</latexit>

2 sl(2)<latexit sha1_base64="4XKtIzGPNwe/Kk8x/5/PGJByNeI=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLa564ggssK9gHtUDJppg1NMkOSEcrQX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TxJxpg9CHk1tb39jcym8Xdnb39g+Kh0cdHSWK0DaJeKR6AdaUM0nbhhlOe7GiWAScdoPpVeZ376nSLJJ3ZhZTX+CxZCEj2GRSOh9eD4sl5KJqGTUqELkV5NUvvSVp1GrQc9ECJbBCa1h8H4wikggqDeFY676HYuOnWBlGOJ0XBommMSZTPKZ9SyUWVPvp4tY5PLPKCIaRsiUNXKjfJ1IstJ6JwHYKbCb6t5eJf3n9xIR1P2UyTgyVZLkoTDg0EcwehyOmKDF8ZgkmitlbIZlghYmx8RRsCF+fwv9J58L1qm7ltlxqlldx5MEJOAXnwAM10AQ3oAXagIAJeABP4NkRzqPz4rwuW3POauYY/IDz9gl38I6B</latexit>

E

vierbein

<latexit sha1_base64="Zs9pQLhdmQF2Oehn5vdJhd3GqT8="></latexit>

'4 Fµ⌫ = e�1✏µ⌫⇢ @⇢ 



Rigid symmetries:

sigma model

Weyl rescaling <latexit sha1_base64="oblusr+z7K4eELpYiNaaEiNXrqc=">AAAB7nicdVDLSgMxFM3UV62vqks3wSLUzZCpbafdFURw4aKitYV2KJk004ZmMkOSEcrQj3DjQhG3fo87/8b0IajogQuHc+7l3nv8mDOlEfqwMiura+sb2c3c1vbO7l5+/+BORYkktEUiHsmOjxXlTNCWZprTTiwpDn1O2/74fOa376lULBK3ehJTL8RDwQJGsDZS++aqWDrtX/TzBWSjahnVKxDZFeTUzpwFqbsudGw0RwEs0ezn33uDiCQhFZpwrFTXQbH2Uiw1I5xOc71E0RiTMR7SrqECh1R56fzcKTwxygAGkTQlNJyr3ydSHCo1CX3TGWI9Ur+9mfiX1010UPNSJuJEU0EWi4KEQx3B2e9wwCQlmk8MwUQycyskIywx0SahnAnh61P4P7kr2U7VrlyXCw13GUcWHIFjUAQOcEEDXIImaAECxuABPIFnK7YerRfrddGasZYzh+AHrLdPKd2OzA==</latexit>

SL(2)E and

The action can be simplified by going to the conformal gauge:

•    Constant rescaling of the zweibein is a symmetry. 

The dilaton cannot be removed.

•    The vector field is non-dynamical and has been integrated out.

Specificities of d=2 :

: conformal 
 factor

<latexit sha1_base64="XTGjeXCjToV+XG34vWZOIWsIF4M=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2Zw+tgV3LisYB/QDiWTZtrYJDMkGaEM/Qc3LhRx6/+4829MH4KKHgg5nHMv994TpZxpg9CHs7a+sbm1Xdgp7u7tHxyWjo7bOskUoS2S8ER1I6wpZ5K2DDOcdlNFsYg47USTq7nfuadKs0TemmlKQ4FHksWMYGOldl+zkcCDUhm5yK8FqA6R69vPDywJkFev1KHnogXKYIXmoPTeHyYkE1QawrHWPQ+lJsyxMoxwOiv2M01TTCZ4RHuWSiyoDvPFtjN4bpUhjBNlnzRwoX7vyLHQeioiWymwGevf3lz8y+tlJq6FOZNpZqgky0FxxqFJ4Px0OGSKEsOnlmCimN0VkjFWmBgbUNGG8HUp/J+0fderuMHNZblRXcVRAKfgDFwAD1RBA1yDJmgBAu7AA3gCz07iPDovzuuydM1Z9ZyAH3DePgELaY9v</latexit>�Conformal gauge
<latexit sha1_base64="QvFYfCxsh4hYWgK2I9Ir44lMauM="></latexit>

eµ
↵ = e� �↵µ

KK reduction: from d=3 to d=2

d=2
gravity

<latexit sha1_base64="KrJ81Q+VFqQxfAMjxxQ8ZFVqrI8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSLUzZipfe4KIrgQrNQ+oB1KJk3b0MzDJFMoQ7/DjQtF3Pox7vwbM20FFT1wuYdz7iU3xwk4kwqhDyOxsrq2vpHcTG1t7+zupfcPmtIPBaEN4nNftB0sKWcebSimOG0HgmLX4bTljC9ivzWhQjLfu1PTgNouHnpswAhWWrLr19ncae/yrH4T93QGmaiYR5UCRGYBWeVza0EqpRK0TDRHBixR66Xfu32fhC71FOFYyo6FAmVHWChGOJ2luqGkASZjPKQdTT3sUmlH86Nn8EQrfTjwhS5Pwbn6fSPCrpRT19GTLlYj+duLxb+8TqgGZTtiXhAq6pHFQ4OQQ+XDOAHYZ4ISxaeaYCKYvhWSERaYKJ1TSofw9VP4P2nmTKtoFm7zmWpuGUcSHIFjkAUWKIEquAI10AAE3IMH8ASejYnxaLwYr4vRhLHcOQQ/YLx9AhfhkFc=</latexit>

SL(2)E/SO(2)

<latexit sha1_base64="ZX3DVWFicdJnUgqo17O1efNprXg="></latexit>

Sd=2 =

Z
d2x [@µ� @µ⇢� ⇢ tr(PµP

µ)]

<latexit sha1_base64="4lK+pWld0P1kb1b3H6I/T2hFrR8="></latexit>

Sd=2 =

Z
d2x e ⇢

h
R(2) � tr(PµP

µ)
i

dilaton

with the current:

Reducing further on      leads to:
<latexit sha1_base64="KLKMKfHA0+StPYtdFkftQxPdrvU=">AAAB6nicdVDLSgMxFL3js9ZX1aWbYBFcDZni9LEruHFZqX1AO5ZMmmlDMw+SjFCGfoIbF4q49Yvc+TemD0FFD4QczrmXe+/xE8GVxvjDWlvf2Nzazu3kd/f2Dw4LR8dtFaeSshaNRSy7PlFM8Ii1NNeCdRPJSOgL1vEnV3O/c8+k4nF0q6cJ80IyinjAKdFGajbvnEGhiG1cqrq4hrBdMl/JNcTFTq1cQ46NFyjCCo1B4b0/jGkaskhTQZTqOTjRXkak5lSwWb6fKpYQOiEj1jM0IiFTXrZYdYbOjTJEQSzNizRaqN87MhIqNQ19UxkSPVa/vbn4l9dLdVD1Mh4lqWYRXQ4KUoF0jOZ3oyGXjGoxNYRQyc2uiI6JJFSbdPImhK9L0f+kXbKdsu3eXBbrlVUcOTiFM7gABypQh2toQAsojOABnuDZEtaj9WK9LkvXrFXPCfyA9fYJQMiNxg==</latexit>

S1

<latexit sha1_base64="pKQOiK3fLb0aUMXQ/dEv7QvaHJI=">AAAB/XicdVDLSgMxFM34rPVVHzs3wSLUzZCpfe4KblxWsA/olJJJM21oJjMkGaEOxV9x40IRt/6HO//GTFtBRQ8EDufcyz05XsSZ0gh9WCura+sbm5mt7PbO7t5+7uCwrcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpn6nVsqFQvFjZ5GtB/gkWA+I1gbaZA7dpmAboD12Jd4kqhwViieD3J5ZKNKCdXLENll5NQunAWpV6vQsdEcebBEc5B7d4chiQMqNOFYqZ6DIt1PsNSMcDrLurGiESYTPKI9QwUOqOon8/QzeGaUIfRDaZ7QcK5+30hwoNQ08MxkmlP99lLxL68Xa7/WT5iIYk0FWRzyYw51CNMq4JBJSjSfGoKJZCYrJGMsMdGmsKwp4eun8H/SLtpOxS5fl/KN8rKODDgBp6AAHFAFDXAFmqAFCLgDD+AJPFv31qP1Yr0uRles5c4R+AHr7RM6e5UR</latexit>

2 so(2)

<latexit sha1_base64="4IIs26P+0n9jrt7eS/6phtRT1U4=">AAAB/XicdVDLSgMxFM34rPVVHzs3wSLUzZCpfe4KblxWsA/olJJJM21oJjMkGaEOxV9x40IRt/6HO//GTFtBRQ8EDufcyz05XsSZ0gh9WCura+sbm5mt7PbO7t5+7uCwrcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1vcpn6nVsqFQvFjZ5GtB/gkWA+I1gbaZA7dpmAboD12Jd4kig+KxTPB7k8slGlhOpliOwycmoXzoLUq1Xo2GiOPFiiOci9u8OQxAEVmnCsVM9Bke4nWGpGOJ1l3VjRCJMJHtGeoQIHVPWTefoZPDPKEPqhNE9oOFe/byQ4UGoaeGYyzal+e6n4l9eLtV/rJ0xEsaaCLA75MYc6hGkVcMgkJZpPDcFEMpMVkjGWmGhTWNaU8PVT+D9pF22nYpevS/lGeVlHBpyAU1AADqiCBrgCTdACBNyBB/AEnq1769F6sV4XoyvWcucI/ID19gk145UO</latexit>

2 sl(2)

<latexit sha1_base64="xF03sM2D8ahdxa2CsUorY2H+ArI=">AAACCXicdVDLSgMxFM34rPVVdekmWARBHDLFvhZCwY3LFuwDOuOQSTNtaOZBkhHK0K0bf8WNC0Xc+gfu/BszbQUVPZDcw7mP5B4v5kwqhD6MpeWV1bX13EZ+c2t7Z7ewt9+RUSIIbZOIR6LnYUk5C2lbMcVpLxYUBx6nXW98meW7t1RIFoXXahJTJ8DDkPmMYKUltwA7N+mZNbVjLBTD3LWDBHYumlk8bWW3WygiE5VqZVSHyCzpUCprUkZWvVKHlolmKIIFmm7h3R5EJAloqAjHUvYtFCsnzeYTTqd5O5E0xmSMh7SvaYgDKp10tskUHmtlAP1I6BMqOFO/d6Q4kHISeLoywGokf+cy8a9cP1F+zUlZGCeKhmT+kJ9wqCKY2QIHTFCi+EQTTATTf4VkhAUmSpuX1yZ8bQr/J52SaVXMcuu82Kgu7MiBQ3AEToAFqqABrkATtAEBd+ABPIFn4954NF6M13npkrHoOQA/YLx9AvcHmeA=</latexit>

V �1@µV = Pµ +Qµ

<latexit sha1_base64="4XKtIzGPNwe/Kk8x/5/PGJByNeI=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLa564ggssK9gHtUDJppg1NMkOSEcrQX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TxJxpg9CHk1tb39jcym8Xdnb39g+Kh0cdHSWK0DaJeKR6AdaUM0nbhhlOe7GiWAScdoPpVeZ376nSLJJ3ZhZTX+CxZCEj2GRSOh9eD4sl5KJqGTUqELkV5NUvvSVp1GrQc9ECJbBCa1h8H4wikggqDeFY676HYuOnWBlGOJ0XBommMSZTPKZ9SyUWVPvp4tY5PLPKCIaRsiUNXKjfJ1IstJ6JwHYKbCb6t5eJf3n9xIR1P2UyTgyVZLkoTDg0EcwehyOmKDF8ZgkmitlbIZlghYmx8RRsCF+fwv9J58L1qm7ltlxqlldx5MEJOAXnwAM10AQ3oAXagIAJeABP4NkRzqPz4rwuW3POauYY/IDz9gl38I6B</latexit>

E

<latexit sha1_base64="ZP9/vF2CuZ7t5nbtn9zgs3S2wfE=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4KEOmdGq7EApuXFawD+kMJZNm2tBkZkgyQhn6FW5cKOLWz3Hn35g+BBU9EHI4517uvSdIOFMaoQ8rt7a+sbmV3y7s7O7tHxQPjzoqTiWhbRLzWPYCrChnEW1rpjntJZJiEXDaDSZXc797T6VicXSrpwn1BR5FLGQEayPdeSK9RF657AyKJWSjSt1FDYjsivkqriEuchq1BnRstEAJrNAaFN+9YUxSQSNNOFaq76BE+xmWmhFOZwUvVTTBZIJHtG9ohAVVfrZYeAbPjDKEYSzNizRcqN87MiyUmorAVAqsx+q3Nxf/8vqpDut+xqIk1TQiy0FhyqGO4fx6OGSSEs2nhmAimdkVkjGWmGiTUcGE8HUp/J90KrZTs92baqlZXcWRByfgFJwDB1yAJrgGLdAGBAjwAJ7AsyWtR+vFel2W5qxVzzH4AevtE7Ryj60=</latexit>

µ = 0 , 1
<latexit sha1_base64="GEeGw59nKLZDBWfYxGZTxdbJEtk="></latexit>

eµ
↵ = zweibein

<latexit sha1_base64="wicGV/l3OkrRNRSk2lricEOvbG4="></latexit>

� �! � + cst



Consider the field equation for the coset scalars: 

Integrability conditions given by the conservation of the currents        .      

… infinite tower of        -valued dual scalar fields      .

dualisation

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

Yn

On-shell symmetries in d=2 

<latexit sha1_base64="flDrIv4E3PEum/rajyv3lSj6epg=">AAAB/HicdVBLSwMxGMz6rPVV7dFLsAj1smQXt7a3ghePFewDuqVk02wbms0uSVZYlvpXvHhQxKs/xJv/xvQhqOhAyDDzfWQyQcKZ0gh9WGvrG5tb24Wd4u7e/sFh6ei4o+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gejX3u3dUKhaLW50ldBDhsWAhI1gbaVgq+0z4EdaTUOJprvis6p4PSxVkI7fuoQZEtmsu1zPEQ06j1oCOjRaogBVaw9K7P4pJGlGhCcdK9R2U6EGOpWaE01nRTxVNMJniMe0bKnBE1SBfhJ/BM6OMYBhLc4SGC/X7Ro4jpbIoMJPznOq3Nxf/8vqpDuuDnIkk1VSQ5UNhyqGO4bwJOGKSEs0zQzCRzGSFZIIlJtr0VTQlfP0U/k86ru3UbO/motJ0V3UUwAk4BVXggEvQBNegBdqAgAw8gCfwbN1bj9aL9bocXbNWO2XwA9bbJ+SplOc=</latexit>

2 sl(2)
<latexit sha1_base64="flDrIv4E3PEum/rajyv3lSj6epg=">AAAB/HicdVBLSwMxGMz6rPVV7dFLsAj1smQXt7a3ghePFewDuqVk02wbms0uSVZYlvpXvHhQxKs/xJv/xvQhqOhAyDDzfWQyQcKZ0gh9WGvrG5tb24Wd4u7e/sFh6ei4o+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gejX3u3dUKhaLW50ldBDhsWAhI1gbaVgq+0z4EdaTUOJprvis6p4PSxVkI7fuoQZEtmsu1zPEQ06j1oCOjRaogBVaw9K7P4pJGlGhCcdK9R2U6EGOpWaE01nRTxVNMJniMe0bKnBE1SBfhJ/BM6OMYBhLc4SGC/X7Ro4jpbIoMJPznOq3Nxf/8vqpDuuDnIkk1VSQ5UNhyqGO4bwJOGKSEs0zQzCRzGSFZIIlJtr0VTQlfP0U/k86ru3UbO/motJ0V3UUwAk4BVXggEvQBNegBdqAgAw8gCfwbN1bj9aL9bocXbNWO2XwA9bbJ+SplOc=</latexit>

2 sl(2)

<latexit sha1_base64="vdnHbXP2xdjlpf9ji1Racfn9gMA=">AAAB+XicdVBLSwMxGMzWV62vVY9egkWolyW7uLW9Fbx4rGAf0JaSTbNtaDa7JNlCWfpPvHhQxKv/xJv/xmxbQUUHQoaZ7yOTCRLOlEbowypsbG5t7xR3S3v7B4dH9vFJW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB9Cb3OzMqFYvFvZ4ndBDhsWAhI1gbaWjb/QjrSSjxNFN8UfEuh3YZOcir+agOkeOZy/MN8ZFbr9ah66AlymCN5tB+749ikkZUaMKxUj0XJXqQYakZ4XRR6qeKJphM8Zj2DBU4omqQLZMv4IVRRjCMpTlCw6X6fSPDkVLzKDCTeU7128vFv7xeqsPaIGMiSTUVZPVQmHKoY5jXAEdMUqL53BBMJDNZIZlgiYk2ZZVMCV8/hf+Ttue4Vce/uyo3qus6iuAMnIMKcME1aIBb0AQtQMAMPIAn8Gxl1qP1Yr2uRgvWeucU/ID19gmQuZOa</latexit>

sl(2)

Infinite number of duality relations encoded in:

consistency of the tower relies on the field equation.

or equivalently

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

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

•   

•    

<latexit sha1_base64="EvbnlEnicoAFTGuaM3XhGxAHKLM="></latexit>

Iµ(1) = ⇢V Pµ V �1 = ✏µ⌫ @⌫Y1

<latexit sha1_base64="5wW3f12PBxZPR7VlQdJVe+n159Q="></latexit>

@µ(⇢V Pµ V
�1) = @µIµ(1) = 0

<latexit sha1_base64="eSRm8s7QTcnTuk071OBM++xhXT4="></latexit>

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

2

⇥
Y1 , @

µY1

⇤
= ✏µ⌫@⌫Y2

<latexit sha1_base64="NKrg/e4a6TRo8ZDHW7az6q7bQjA=">AAAB8nicdVDLSgMxFM3UV62vqks3wSLUzZApTh+7ghvdVbAPmI4lk2ba0ExmSDJCGfoZblwo4tavceffmD4EFT0QcjjnXu69J0g4UxqhDyu3tr6xuZXfLuzs7u0fFA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJpdzv3tPpWKxuNXThPoRHgkWMoK1kbzrQVYW57O7fpQOiiVko0rdRQ2I7Ir5Kq4hLnIa1QZ0bLRACazQGhTf+8OYpBEVmnCslOegRPsZlpoRTmeFfqpogskEj6hnqMARVX62WHkGz4wyhGEszRMaLtTvHRmOlJpGgamMsB6r395c/MvzUh3W/YyJJNVUkOWgMOVQx3B+PxwySYnmU0MwkczsCskYS0y0SalgQvi6FP5POhXbqdruzUWpWVvFkQcn4BSUgQNqoAmuQAu0AQExeABP4NnS1qP1Yr0uS3PWqucY/ID19gksL5Ev</latexit>

Iµ(n)



On-shell symmetries in d=2 

Extra rigid symmetries of the field equations:

infinite number of shifts

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

•    

•    

<latexit sha1_base64="c2/webZAZ4FnTZTv+DOQjLmdD/A=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0Wom5CkbdLuCm5cVrAPaEOZTCft0MmDmUmhhP6JGxeKuPVP3Pk3TtoKKnpg4HDOvdwzx08YFdI0P7TC1vbO7l5xv3RweHR8op+edUWcckw6OGYx7/tIEEYj0pFUMtJPOEGhz0jPn93kfm9OuKBxdC8XCfFCNIloQDGSShrp+jBEchpwNMsEW1bs65FeNo1mvVG1a9A0XNd1LEuRatOxaw1oGeYKZbBBe6S/D8cxTkMSScyQEAPLTKSXIS4pZmRZGqaCJAjP0IQMFI1QSISXrZIv4ZVSxjCIuXqRhCv1+0aGQiEWoa8m85zit5eLf3mDVAYNL6NRkkoS4fWhIGVQxjCvAY4pJ1iyhSIIc6qyQjxFHGGpyiqpEr5+Cv8nXduwHKN+Vyu3nE0dRXABLkEFWMAFLXAL2qADMJiDB/AEnrVMe9RetNf1aEHb7JyDH9DePgGm9ZOp</latexit>

sl(2)

<latexit sha1_base64="ODGXmLmJbOaGPFsfnncy+XOS82E=">AAAB+nicdVDLSgMxFM3UV62vqks3wSLUzZAZ7GtXcOPChaLVQjuUTOZODWYeJBmljP0UNy4UceuXuPNvTGsFFT1wuYdz7iU3x08FV5qQd6swN7+wuFRcLq2srq1vlDe3LlSSSQYdlohEdn2qQPAYOpprAd1UAo18AZf+9eHEv7wBqXgSn+tRCl5EhzEPOaPaSIPyZv+WB6C5CCA/O666++NBuUJs4jZrpIWJ7Zrm1gypEadVb2HHJlNU0Awng/JbP0hYFkGsmaBK9RySai+nUnMmYFzqZwpSyq7pEHqGxjQC5eXT08d4zygBDhNpKtZ4qn7fyGmk1CjyzWRE9ZX67U3Ev7xepsOml/M4zTTE7POhMBNYJ3iSAw64BKbFyBDKJDe3YnZFJWXapFUyIXz9FP9PLlzbqdu104NKuzGLo4h20C6qIgc1UBsdoRPUQQzdonv0iJ6sO+vBerZePkcL1mxnG/2A9foB/zGT0g==</latexit>

ŜL(2)

Consider the field equation for the coset scalars: 

… infinite tower of        -valued dual scalar fields      .

dualisation

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

Yn

<latexit sha1_base64="flDrIv4E3PEum/rajyv3lSj6epg=">AAAB/HicdVBLSwMxGMz6rPVV7dFLsAj1smQXt7a3ghePFewDuqVk02wbms0uSVZYlvpXvHhQxKs/xJv/xvQhqOhAyDDzfWQyQcKZ0gh9WGvrG5tb24Wd4u7e/sFh6ei4o+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gejX3u3dUKhaLW50ldBDhsWAhI1gbaVgq+0z4EdaTUOJprvis6p4PSxVkI7fuoQZEtmsu1zPEQ06j1oCOjRaogBVaw9K7P4pJGlGhCcdK9R2U6EGOpWaE01nRTxVNMJniMe0bKnBE1SBfhJ/BM6OMYBhLc4SGC/X7Ro4jpbIoMJPznOq3Nxf/8vqpDuuDnIkk1VSQ5UNhyqGO4bwJOGKSEs0zQzCRzGSFZIIlJtr0VTQlfP0U/k86ru3UbO/motJ0V3UUwAk4BVXggEvQBNegBdqAgAw8gCfwbN1bj9aL9bocXbNWO2XwA9bbJ+SplOc=</latexit>

2 sl(2)
<latexit sha1_base64="flDrIv4E3PEum/rajyv3lSj6epg=">AAAB/HicdVBLSwMxGMz6rPVV7dFLsAj1smQXt7a3ghePFewDuqVk02wbms0uSVZYlvpXvHhQxKs/xJv/xvQhqOhAyDDzfWQyQcKZ0gh9WGvrG5tb24Wd4u7e/sFh6ei4o+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gejX3u3dUKhaLW50ldBDhsWAhI1gbaVgq+0z4EdaTUOJprvis6p4PSxVkI7fuoQZEtmsu1zPEQ06j1oCOjRaogBVaw9K7P4pJGlGhCcdK9R2U6EGOpWaE01nRTxVNMJniMe0bKnBE1SBfhJ/BM6OMYBhLc4SGC/X7Ro4jpbIoMJPznOq3Nxf/8vqpDuuDnIkk1VSQ5UNhyqGO4bwJOGKSEs0zQzCRzGSFZIIlJtr0VTQlfP0U/k86ru3UbO/motJ0V3UUwAk4BVXggEvQBNegBdqAgAw8gCfwbN1bj9aL9bocXbNWO2XwA9bbJ+SplOc=</latexit>

2 sl(2)

<latexit sha1_base64="vdnHbXP2xdjlpf9ji1Racfn9gMA=">AAAB+XicdVBLSwMxGMzWV62vVY9egkWolyW7uLW9Fbx4rGAf0JaSTbNtaDa7JNlCWfpPvHhQxKv/xJv/xmxbQUUHQoaZ7yOTCRLOlEbowypsbG5t7xR3S3v7B4dH9vFJW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB9Cb3OzMqFYvFvZ4ndBDhsWAhI1gbaWjb/QjrSSjxNFN8UfEuh3YZOcir+agOkeOZy/MN8ZFbr9ah66AlymCN5tB+749ikkZUaMKxUj0XJXqQYakZ4XRR6qeKJphM8Zj2DBU4omqQLZMv4IVRRjCMpTlCw6X6fSPDkVLzKDCTeU7128vFv7xeqsPaIGMiSTUVZPVQmHKoY5jXAEdMUqL53BBMJDNZIZlgiYk2ZZVMCV8/hf+Ttue4Vce/uyo3qus6iuAMnIMKcME1aIBb0AQtQMAMPIAn8Gxl1qP1Yr2uRgvWeucU/ID19gmQuZOa</latexit>

sl(2)

<latexit sha1_base64="EvbnlEnicoAFTGuaM3XhGxAHKLM="></latexit>

Iµ(1) = ⇢V Pµ V �1 = ✏µ⌫ @⌫Y1

<latexit sha1_base64="5wW3f12PBxZPR7VlQdJVe+n159Q="></latexit>

@µ(⇢V Pµ V
�1) = @µIµ(1) = 0

<latexit sha1_base64="eSRm8s7QTcnTuk071OBM++xhXT4="></latexit>

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

2

⇥
Y1 , @

µY1

⇤
= ✏µ⌫@⌫Y2

<latexit sha1_base64="cHP+5sbSZVMsFd4/0uRXNLbrgF4=">AAACBXicdVDLSgMxFM34rPVVdamLYBEEocwU2+qu0I3LCvYh7TBk0sw0NJMMSUYppRs3/oobF4q49R/c+Tdm2hFU9MCFwzn3cu89fsyo0rb9YS0sLi2vrObW8usbm1vbhZ3dthKJxKSFBROy6yNFGOWkpalmpBtLgiKfkY4/aqR+54ZIRQW/0uOYuBEKOQ0oRtpIXuEAXnu8zwQPJQ2HGkkpblPpBDY8Yxftkj0DnBOnbEjFds6rVehkVhFkaHqF9/5A4CQiXGOGlOo5dqzdCZKaYkam+X6iSIzwCIWkZyhHEVHuZPbFFB4ZZQADIU1xDWfq94kJipQaR77pjJAeqt9eKv7l9RIdnLkTyuNEE47ni4KEQS1gGgkcUEmwZmNDEJbU3ArxEEmEtQkub0L4+hT+T9rlklMtVS5Pi/VaFkcO7INDcAwcUAN1cAGaoAUwuAMP4Ak8W/fWo/Vivc5bF6xsZg/8gPX2Cc0MmBw=</latexit>

Yn �! Yn + Cn

Classical integrability

<latexit sha1_base64="UMfF70yngOD9E3GcOtTyjPiOPDY=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHqZsjUPncFEVxWsA9ohyGTZtrQzIMkI5ahv+LGhSJu/RF3/o2ZtoKKHggczrmXe3K8mDOpEPow1tY3Nre2czv53b39g0PzqNCVUSII7ZCIR6LvYUk5C2lHMcVpPxYUBx6nPW96mfm9Oyoki8JbNYupE+BxyHxGsNKSaxaGAVYTX+BpKvm8VD53r1yziCxUq6BmFSKriuzGhb0kzXod2hZaoAhWaLvm+3AUkSSgoSIcSzmwUaycFAvFCKfz/DCRNMZkisd0oGmIAyqddJF9Ds+0MoJ+JPQLFVyo3zdSHEg5Czw9mSWVv71M/MsbJMpvOCkL40TRkCwP+QmHKoJZEXDEBCWKzzTBRDCdFZIJFpgoXVdel/D1U/g/6ZYtu2ZVbyrFVmVVRw6cgFNQAjaogxa4Bm3QAQTcgwfwBJ6NufFovBivy9E1Y7VzDH7AePsE1tOUSg==</latexit>

sl(2)E

<latexit sha1_base64="FdNgly519Ddv+53pacIPcjl6EOk=">AAAB+XicdVDLSgMxFL1TX7W+Rl26CRahboaZaWvrruDGZQX7gLaUTJppQzMPkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT48WcSWXbH0ZuY3Nreye/W9jbPzg8Mo9P2jJKBKEtEvFIdD0sKWchbSmmOO3GguLA47TjTW8yvzOjQrIovFfzmA4CPA6ZzwhWWhqaZj/AauILPE0lX5Tcy6FZtK36ddmplpFt1dyqW3E0Kdfsuusgx7KXKMIazaH53h9FJAloqAjHUvYcO1aDFAvFCKeLQj+RNMZkise0p2mIAyoH6TL5Al1oZYT8SOgXKrRUv2+kOJByHnh6Msspf3uZ+JfXS5RfH6QsjBNFQ7I65CccqQhlNaARE5QoPtcEE8F0VkQmWGCidFkFXcLXT9H/pO1azpVVvasUG5V1HXk4g3MogQM1aMAtNKEFBGbwAE/wbKTGo/FivK5Gc8Z65xR+wHj7BIhIk5I=</latexit>

sl(2)

<latexit sha1_base64="nRm8FkCimMbrsqUbzyKXFKZ7V7Y=">AAAB+XicdVDLSgMxFM34rPU16tJNsAh1M2RKO627ghuXFewD2qFk0kwbmskMSaZQhv6JGxeKuPVP3Pk3ZtoKKnogcDjnXu7JCRLOlEbow9rY3Nre2S3sFfcPDo+O7ZPTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaD6U3ud2dUKhaLez1PqB/hsWAhI1gbaWjbgwjrSSjxNFN8Ua5cDe0ScjzkNlANIqdy7bl1zxCEKqiBoGtIjhJYozW03wejmKQRFZpwrFTfRYn2Myw1I5wuioNU0QSTKR7TvqECR1T52TL5Al4aZQTDWJonNFyq3zcyHCk1jwIzmedUv71c/Mvrpzps+BkTSaqpIKtDYcqhjmFeAxwxSYnmc0MwkcxkhWSCJSbalFU0JXz9FP5POhXH9ZzaXbXUrK7rKIBzcAHKwAV10AS3oAXagIAZeABP4NnKrEfrxXpdjW5Y650z8APW2yd5p5OI</latexit>

sl(2)

..

..



On-shell symmetries in d=2 

Full on-shell symmetry 
of the theory: 

<latexit sha1_base64="w5sd7jpdSGK8WXUx7GgSZKdA0+w=">AAACB3icdVDLSgMxFM34rPVVdSlIsAiCMGSKfe0KblxWsA/oDCWTptPQTDIkGaWU7tz4K25cKOLWX3Dn35g+BBU9cLmHc+4luSdMONMGoQ9naXlldW09s5Hd3Nre2c3t7Te1TBWhDSK5VO0Qa8qZoA3DDKftRFEch5y2wuHF1G/dUKWZFNdmlNAgxpFgfUawsVI3d+RrFsXY51JEikUDg5WSt3CunpFuLo9cVKgUURUit2BboWhJEXnVUhV6LpohDxaod3Pvfk+SNKbCEI617ngoMcEYK8MIp5Osn2qaYDLEEe1YKnBMdTCe3TGBJ1bpwb5UtoSBM/X7xhjHWo/i0E7G2Az0b28q/uV1UtOvBGMmktRQQeYP9VMOjYTTUGCPKUoMH1mCiWL2r5AMsMLE2OiyNoSvS+H/pFlwvZJbvDrP18qLODLgEByDU+CBMqiBS1AHDUDAHXgAT+DZuXcenRfndT665Cx2DsAPOG+f9vGaAA==</latexit>

� �! � + c

Weyl rescaling        loop group

<latexit sha1_base64="ODGXmLmJbOaGPFsfnncy+XOS82E=">AAAB+nicdVDLSgMxFM3UV62vqks3wSLUzZAZ7GtXcOPChaLVQjuUTOZODWYeJBmljP0UNy4UceuXuPNvTGsFFT1wuYdz7iU3x08FV5qQd6swN7+wuFRcLq2srq1vlDe3LlSSSQYdlohEdn2qQPAYOpprAd1UAo18AZf+9eHEv7wBqXgSn+tRCl5EhzEPOaPaSIPyZv+WB6C5CCA/O666++NBuUJs4jZrpIWJ7Zrm1gypEadVb2HHJlNU0Awng/JbP0hYFkGsmaBK9RySai+nUnMmYFzqZwpSyq7pEHqGxjQC5eXT08d4zygBDhNpKtZ4qn7fyGmk1CjyzWRE9ZX67U3Ev7xepsOml/M4zTTE7POhMBNYJ3iSAw64BKbFyBDKJDe3YnZFJWXapFUyIXz9FP9PLlzbqdu104NKuzGLo4h20C6qIgc1UBsdoRPUQQzdonv0iJ6sO+vBerZePkcL1mxnG/2A9foB/zGT0g==</latexit>

ŜL(2) and Affine 
group

central extension

Geroch 1987

Consider the field equation for the coset scalars: 

Integrability conditions given by the conservation of the currents        .      

… infinite tower of        -valued dual scalar fields      .

dualisation

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

Yn

<latexit sha1_base64="flDrIv4E3PEum/rajyv3lSj6epg=">AAAB/HicdVBLSwMxGMz6rPVV7dFLsAj1smQXt7a3ghePFewDuqVk02wbms0uSVZYlvpXvHhQxKs/xJv/xvQhqOhAyDDzfWQyQcKZ0gh9WGvrG5tb24Wd4u7e/sFh6ei4o+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gejX3u3dUKhaLW50ldBDhsWAhI1gbaVgq+0z4EdaTUOJprvis6p4PSxVkI7fuoQZEtmsu1zPEQ06j1oCOjRaogBVaw9K7P4pJGlGhCcdK9R2U6EGOpWaE01nRTxVNMJniMe0bKnBE1SBfhJ/BM6OMYBhLc4SGC/X7Ro4jpbIoMJPznOq3Nxf/8vqpDuuDnIkk1VSQ5UNhyqGO4bwJOGKSEs0zQzCRzGSFZIIlJtr0VTQlfP0U/k86ru3UbO/motJ0V3UUwAk4BVXggEvQBNegBdqAgAw8gCfwbN1bj9aL9bocXbNWO2XwA9bbJ+SplOc=</latexit>

2 sl(2)
<latexit sha1_base64="flDrIv4E3PEum/rajyv3lSj6epg=">AAAB/HicdVBLSwMxGMz6rPVV7dFLsAj1smQXt7a3ghePFewDuqVk02wbms0uSVZYlvpXvHhQxKs/xJv/xvQhqOhAyDDzfWQyQcKZ0gh9WGvrG5tb24Wd4u7e/sFh6ei4o+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gejX3u3dUKhaLW50ldBDhsWAhI1gbaVgq+0z4EdaTUOJprvis6p4PSxVkI7fuoQZEtmsu1zPEQ06j1oCOjRaogBVaw9K7P4pJGlGhCcdK9R2U6EGOpWaE01nRTxVNMJniMe0bKnBE1SBfhJ/BM6OMYBhLc4SGC/X7Ro4jpbIoMJPznOq3Nxf/8vqpDuuDnIkk1VSQ5UNhyqGO4bwJOGKSEs0zQzCRzGSFZIIlJtr0VTQlfP0U/k86ru3UbO/motJ0V3UUwAk4BVXggEvQBNegBdqAgAw8gCfwbN1bj9aL9bocXbNWO2XwA9bbJ+SplOc=</latexit>

2 sl(2)

<latexit sha1_base64="vdnHbXP2xdjlpf9ji1Racfn9gMA=">AAAB+XicdVBLSwMxGMzWV62vVY9egkWolyW7uLW9Fbx4rGAf0JaSTbNtaDa7JNlCWfpPvHhQxKv/xJv/xmxbQUUHQoaZ7yOTCRLOlEbowypsbG5t7xR3S3v7B4dH9vFJW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB9Cb3OzMqFYvFvZ4ndBDhsWAhI1gbaWjb/QjrSSjxNFN8UfEuh3YZOcir+agOkeOZy/MN8ZFbr9ah66AlymCN5tB+749ikkZUaMKxUj0XJXqQYakZ4XRR6qeKJphM8Zj2DBU4omqQLZMv4IVRRjCMpTlCw6X6fSPDkVLzKDCTeU7128vFv7xeqsPaIGMiSTUVZPVQmHKoY5jXAEdMUqL53BBMJDNZIZlgiYk2ZZVMCV8/hf+Ttue4Vce/uyo3qus6iuAMnIMKcME1aIBb0AQtQMAMPIAn8Gxl1qP1Yr2uRgvWeucU/ID19gmQuZOa</latexit>

sl(2)

consistency of the tower relies on the field equation.

<latexit sha1_base64="EvbnlEnicoAFTGuaM3XhGxAHKLM="></latexit>

Iµ(1) = ⇢V Pµ V �1 = ✏µ⌫ @⌫Y1

<latexit sha1_base64="5wW3f12PBxZPR7VlQdJVe+n159Q="></latexit>

@µ(⇢V Pµ V
�1) = @µIµ(1) = 0

<latexit sha1_base64="eSRm8s7QTcnTuk071OBM++xhXT4="></latexit>

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

2

⇥
Y1 , @

µY1

⇤
= ✏µ⌫@⌫Y2

<latexit sha1_base64="NKrg/e4a6TRo8ZDHW7az6q7bQjA=">AAAB8nicdVDLSgMxFM3UV62vqks3wSLUzZApTh+7ghvdVbAPmI4lk2ba0ExmSDJCGfoZblwo4tavceffmD4EFT0QcjjnXu69J0g4UxqhDyu3tr6xuZXfLuzs7u0fFA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJpdzv3tPpWKxuNXThPoRHgkWMoK1kbzrQVYW57O7fpQOiiVko0rdRQ2I7Ir5Kq4hLnIa1QZ0bLRACazQGhTf+8OYpBEVmnCslOegRPsZlpoRTmeFfqpogskEj6hnqMARVX62WHkGz4wyhGEszRMaLtTvHRmOlJpGgamMsB6r395c/MvzUh3W/YyJJNVUkOWgMOVQx3B+PxwySYnmU0MwkczsCskYS0y0SalgQvi6FP5POhXbqdruzUWpWVvFkQcn4BSUgQNqoAmuQAu0AQExeABP4NnS1qP1Yr0uS3PWqucY/ID19gksL5Ev</latexit>

Iµ(n)

Symmetry of space of stationary axisymmetric solutions of GR.



d=2:

D=2+q: Gravity

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

symmetry
Dualisation of the (d-1) KK vectors 
into scalars

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

=)

symmetry

<latexit sha1_base64="Vo+pdHvmCdzT34D/KFtvu9mDNRM=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNJiaeAl48RmIekKxhdjKbDJl9MDMrhJBP8OJBEa9+kTf/xtkkgooWNBRV3XR3ebHgSmP8YWVWVtfWN7Kbua3tnd29/P5BS0WJpKxJIxHJjkcUEzxkTc21YJ1YMhJ4grW98VXqt++ZVDwKb/UkZm5AhiH3OSXaSI3GndPPF7CNy6UqriJsl7BTmROMy5XiGXIMSVGAJer9/HtvENEkYKGmgijVdXCs3SmRmlPBZrleolhM6JgMWdfQkARMudP5qTN0YpQB8iNpKtRorn6fmJJAqUngmc6A6JH67aXiX1430X7FnfIwTjQL6WKRnwikI5T+jQZcMqrFxBBCJTe3IjoiklBt0smZEL4+Rf+TVtF2ynbp5rxQu1zGkYUjOIZTcOACanANdWgChSE8wBM8W8J6tF6s10VrxlrOHMIPWG+fOZiNww==</latexit>

S1

Always two paths to d=2

<latexit sha1_base64="Vp2fxVG8z3h4i5r1mpHXybqXV0Y=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgxWU2mph4CnjxGCEPIVnD7GSSDJl9ODMrhCUf4cWDIl79Hm/+jbNJBBUtaCiquunu8iLBlcb4w8osLa+srmXXcxubW9s7+d29lgpjSVmThiKUNx5RTPCANTXXgt1EkhHfE6ztjS9Tv33PpOJh0NCTiLk+GQZ8wCnRRmo3bpO7E2fayxewjculKq4ibJewU5kRjMuV4ilyDElRgAXqvfx7tx/S2GeBpoIo1XFwpN2ESM2pYNNcN1YsInRMhqxjaEB8ptxkdu4UHRmljwahNBVoNFO/TyTEV2rie6bTJ3qkfnup+JfXifWg4iY8iGLNAjpfNIgF0iFKf0d9LhnVYmIIoZKbWxEdEUmoNgnlTAhfn6L/SatoO2W7dH1WqF0s4sjCARzCMThwDjW4gjo0gcIYHuAJnq3IerRerNd5a8ZazOzDD1hvnzzhj4I=</latexit>

T q�1

<latexit sha1_base64="AZ1v7rTV8MVB31esMntkxInnb3A="></latexit>

R+ ⇥ SL(q)

<latexit sha1_base64="tTuCWvTJaaVBrLr+FEY9mNchgsY="></latexit>

SL(q)

<latexit sha1_base64="Q7c5SNRVGXZmz25Mp+KE1ALETNo="></latexit>

R+ ⇥ SL(q � 1)d=3:

<latexit sha1_base64="vYjbk3Mkgl3sUnsoMZCY5JbD7SQ=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLadtpdQQSXFewD2qFk0rQNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8acaYPQh5NbW9/Y3MpvF3Z29/YPiodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbC6VXmd+6p0iySd2YW00DgsWQjRrDJpHQ+uB4US8hF1TKqVyByK8irXXpLUvd96LlogRJYoTkovveHEUkElYZwrHXPQ7EJUqwMI5zOC/1E0xiTKR7TnqUSC6qDdHHrHJ5ZZQhHkbIlDVyo3ydSLLSeidB2Cmwm+reXiX95vcSMakHKZJwYKsly0Sjh0EQwexwOmaLE8JklmChmb4VkghUmxsZTsCF8fQr/J+0L16u6ldtyqeGv4siDE3AKzoEHfNAAN6AJWoCACXgAT+DZEc6j8+K8LltzzmrmGPyA8/YJeNeOhA==</latexit>

E

<latexit sha1_base64="vYjbk3Mkgl3sUnsoMZCY5JbD7SQ=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLadtpdQQSXFewD2qFk0rQNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8acaYPQh5NbW9/Y3MpvF3Z29/YPiodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbC6VXmd+6p0iySd2YW00DgsWQjRrDJpHQ+uB4US8hF1TKqVyByK8irXXpLUvd96LlogRJYoTkovveHEUkElYZwrHXPQ7EJUqwMI5zOC/1E0xiTKR7TnqUSC6qDdHHrHJ5ZZQhHkbIlDVyo3ydSLLSeidB2Cmwm+reXiX95vcSMakHKZJwYKsly0Sjh0EQwexwOmaLE8JklmChmb4VkghUmxsZTsCF8fQr/J+0L16u6ldtyqeGv4siDE3AKzoEHfNAAN6AJWoCACXgAT+DZEc6j8+K8LltzzmrmGPyA8/YJeNeOhA==</latexit>

E



We took 
this path

d=2:

D=2+q: Gravity

<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>✓ ◆

symmetry
Dualisation of the (d-1) KK vectors 
into scalars

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

=)

symmetrysymmetry

<latexit sha1_base64="Vo+pdHvmCdzT34D/KFtvu9mDNRM=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNJiaeAl48RmIekKxhdjKbDJl9MDMrhJBP8OJBEa9+kTf/xtkkgooWNBRV3XR3ebHgSmP8YWVWVtfWN7Kbua3tnd29/P5BS0WJpKxJIxHJjkcUEzxkTc21YJ1YMhJ4grW98VXqt++ZVDwKb/UkZm5AhiH3OSXaSI3GndPPF7CNy6UqriJsl7BTmROMy5XiGXIMSVGAJer9/HtvENEkYKGmgijVdXCs3SmRmlPBZrleolhM6JgMWdfQkARMudP5qTN0YpQB8iNpKtRorn6fmJJAqUngmc6A6JH67aXiX1430X7FnfIwTjQL6WKRnwikI5T+jQZcMqrFxBBCJTe3IjoiklBt0smZEL4+Rf+TVtF2ynbp5rxQu1zGkYUjOIZTcOACanANdWgChSE8wBM8W8J6tF6s10VrxlrOHMIPWG+fOZiNww==</latexit>

S1

Always two paths to d=2

<latexit sha1_base64="S/RRUXrtxQY3TO+Hw8jQXffsmkg=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgaclWW1tPBS8eK3TbQruWbJptQ7PZNckKZelv8OJBEa/+IG/+G7NtBRV9MPB4b4aZeX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRaOlpTL0QjwQLGMHaSG7rNr2bDYolZKNqpY7qENkV5NTmBKFqrXwGHUMylMASzUHxvT+MSBJSoQnHSvUcFGsvxVIzwums0E8UjTGZ4BHtGSpwSJWXzo+dwROjDGEQSVNCw7n6fSLFoVLT0DedIdZj9dvLxL+8XqKDmpcyESeaCrJYFCQc6ghmn8Mhk5RoPjUEE8nMrZCMscREm3wKJoSvT+H/pF22napduTkvNS6XceTBETgGp8ABF6ABrkETuIAABh7AE3i2hPVovVivi9actZw5BD9gvX0CYLmPEA==</latexit>

T q
<latexit sha1_base64="Vp2fxVG8z3h4i5r1mpHXybqXV0Y=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgxWU2mph4CnjxGCEPIVnD7GSSDJl9ODMrhCUf4cWDIl79Hm/+jbNJBBUtaCiquunu8iLBlcb4w8osLa+srmXXcxubW9s7+d29lgpjSVmThiKUNx5RTPCANTXXgt1EkhHfE6ztjS9Tv33PpOJh0NCTiLk+GQZ8wCnRRmo3bpO7E2fayxewjculKq4ibJewU5kRjMuV4ilyDElRgAXqvfx7tx/S2GeBpoIo1XFwpN2ESM2pYNNcN1YsInRMhqxjaEB8ptxkdu4UHRmljwahNBVoNFO/TyTEV2rie6bTJ3qkfnup+JfXifWg4iY8iGLNAjpfNIgF0iFKf0d9LhnVYmIIoZKbWxEdEUmoNgnlTAhfn6L/SatoO2W7dH1WqF0s4sjCARzCMThwDjW4gjo0gcIYHuAJnq3IerRerNd5a8ZazOzDD1hvnzzhj4I=</latexit>

T q�1

<latexit sha1_base64="ZJ1QUjdDf8u2yv4vArjY/Xc59ho="></latexit>

R+ ⇥ SL(q)
<latexit sha1_base64="AZ1v7rTV8MVB31esMntkxInnb3A="></latexit>

R+ ⇥ SL(q)

<latexit sha1_base64="tTuCWvTJaaVBrLr+FEY9mNchgsY="></latexit>

SL(q)

<latexit sha1_base64="Q7c5SNRVGXZmz25Mp+KE1ALETNo="></latexit>

R+ ⇥ SL(q � 1)d=3:

<latexit sha1_base64="vYjbk3Mkgl3sUnsoMZCY5JbD7SQ=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLadtpdQQSXFewD2qFk0rQNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8acaYPQh5NbW9/Y3MpvF3Z29/YPiodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbC6VXmd+6p0iySd2YW00DgsWQjRrDJpHQ+uB4US8hF1TKqVyByK8irXXpLUvd96LlogRJYoTkovveHEUkElYZwrHXPQ7EJUqwMI5zOC/1E0xiTKR7TnqUSC6qDdHHrHJ5ZZQhHkbIlDVyo3ydSLLSeidB2Cmwm+reXiX95vcSMakHKZJwYKsly0Sjh0EQwexwOmaLE8JklmChmb4VkghUmxsZTsCF8fQr/J+0L16u6ldtyqeGv4siDE3AKzoEHfNAAN6AJWoCACXgAT+DZEc6j8+K8LltzzmrmGPyA8/YJeNeOhA==</latexit>

E

<latexit sha1_base64="vYjbk3Mkgl3sUnsoMZCY5JbD7SQ=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLadtpdQQSXFewD2qFk0rQNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8acaYPQh5NbW9/Y3MpvF3Z29/YPiodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbC6VXmd+6p0iySd2YW00DgsWQjRrDJpHQ+uB4US8hF1TKqVyByK8irXXpLUvd96LlogRJYoTkovveHEUkElYZwrHXPQ7EJUqwMI5zOC/1E0xiTKR7TnqUSC6qDdHHrHJ5ZZQhHkbIlDVyo3ydSLLSeidB2Cmwm+reXiX95vcSMakHKZJwYKsly0Sjh0EQwexwOmaLE8JklmChmb4VkghUmxsZTsCF8fQr/J+0L16u6ldtyqeGv4siDE3AKzoEHfNAAN6AJWoCACXgAT+DZEc6j8+K8LltzzmrmGPyA8/YJeNeOhA==</latexit>

E
<latexit sha1_base64="W0xa5/TxUV1c3Pe4rePmde4qJMY=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFSY1Me2u4MaNUME+oA1lMp22QyeTMDMRSugvuHGhiFt/yJ1/46StoKIHLhzOuZd77wkTzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo7aKU0loi8Q8lt0QK8qZoC3NNKfdRFIchZx2wulV7nfuqVQsFnd6ltAgwmPBRoxgnUvZfHAzKFeQ7dddt1aHyHadC7/uGYK8qldD0LHRAhWwQnNQfu8PY5JGVGjCsVI9ByU6yLDUjHA6L/VTRRNMpnhMe4YKHFEVZItb5/DMKEM4iqUpoeFC/T6R4UipWRSazgjrifrt5eJfXi/Vo1qQMZGkmgqyXDRKOdQxzB+HQyYp0XxmCCaSmVshmWCJiTbxlEwIX5/C/0m7ajuXtnfrVhr+Ko4iOAGn4Bw4wAcNcA2aoAUImIAH8ASerch6tF6s12VrwVrNHIMfsN4+AaFnjp8=</latexit>

M



Realised on scalars dual to each other

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

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

Realising the two SL(q) simultaneously  
requires an infinite number of dual scalars loop group

d=2:

D=2+q: Gravity

<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>✓ ◆

symmetry
Dualisation of the (d-1) KK vectors 
into scalars

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

=)

symmetry

<latexit sha1_base64="Vo+pdHvmCdzT34D/KFtvu9mDNRM=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNJiaeAl48RmIekKxhdjKbDJl9MDMrhJBP8OJBEa9+kTf/xtkkgooWNBRV3XR3ebHgSmP8YWVWVtfWN7Kbua3tnd29/P5BS0WJpKxJIxHJjkcUEzxkTc21YJ1YMhJ4grW98VXqt++ZVDwKb/UkZm5AhiH3OSXaSI3GndPPF7CNy6UqriJsl7BTmROMy5XiGXIMSVGAJer9/HtvENEkYKGmgijVdXCs3SmRmlPBZrleolhM6JgMWdfQkARMudP5qTN0YpQB8iNpKtRorn6fmJJAqUngmc6A6JH67aXiX1430X7FnfIwTjQL6WKRnwikI5T+jQZcMqrFxBBCJTe3IjoiklBt0smZEL4+Rf+TVtF2ynbp5rxQu1zGkYUjOIZTcOACanANdWgChSE8wBM8W8J6tF6s10VrxlrOHMIPWG+fOZiNww==</latexit>

S1

Always two paths to d=2

<latexit sha1_base64="lT5k0t96QBIa7JN3EJy017PZfIY="></latexit>

SL(q)⇥ SL(q) = ŜL(q)

<latexit sha1_base64="S/RRUXrtxQY3TO+Hw8jQXffsmkg=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgaclWW1tPBS8eK3TbQruWbJptQ7PZNckKZelv8OJBEa/+IG/+G7NtBRV9MPB4b4aZeX7MmdIIfVi5ldW19Y38ZmFre2d3r7h/0FZRIgl1ScQj2fWxopwJ6mqmOe3GkuLQ57TjT64yv3NPpWKRaOlpTL0QjwQLGMHaSG7rNr2bDYolZKNqpY7qENkV5NTmBKFqrXwGHUMylMASzUHxvT+MSBJSoQnHSvUcFGsvxVIzwums0E8UjTGZ4BHtGSpwSJWXzo+dwROjDGEQSVNCw7n6fSLFoVLT0DedIdZj9dvLxL+8XqKDmpcyESeaCrJYFCQc6ghmn8Mhk5RoPjUEE8nMrZCMscREm3wKJoSvT+H/pF22napduTkvNS6XceTBETgGp8ABF6ABrkETuIAABh7AE3i2hPVovVivi9actZw5BD9gvX0CYLmPEA==</latexit>

T q
<latexit sha1_base64="Vp2fxVG8z3h4i5r1mpHXybqXV0Y=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgxWU2mph4CnjxGCEPIVnD7GSSDJl9ODMrhCUf4cWDIl79Hm/+jbNJBBUtaCiquunu8iLBlcb4w8osLa+srmXXcxubW9s7+d29lgpjSVmThiKUNx5RTPCANTXXgt1EkhHfE6ztjS9Tv33PpOJh0NCTiLk+GQZ8wCnRRmo3bpO7E2fayxewjculKq4ibJewU5kRjMuV4ilyDElRgAXqvfx7tx/S2GeBpoIo1XFwpN2ESM2pYNNcN1YsInRMhqxjaEB8ptxkdu4UHRmljwahNBVoNFO/TyTEV2rie6bTJ3qkfnup+JfXifWg4iY8iGLNAjpfNIgF0iFKf0d9LhnVYmIIoZKbWxEdEUmoNgnlTAhfn6L/SatoO2W7dH1WqF0s4sjCARzCMThwDjW4gjo0gcIYHuAJnq3IerRerNd5a8ZazOzDD1hvnzzhj4I=</latexit>

T q�1

<latexit sha1_base64="ZJ1QUjdDf8u2yv4vArjY/Xc59ho="></latexit>

R+ ⇥ SL(q)
<latexit sha1_base64="AZ1v7rTV8MVB31esMntkxInnb3A="></latexit>

R+ ⇥ SL(q)

<latexit sha1_base64="tTuCWvTJaaVBrLr+FEY9mNchgsY="></latexit>

SL(q)

<latexit sha1_base64="Q7c5SNRVGXZmz25Mp+KE1ALETNo="></latexit>

R+ ⇥ SL(q � 1)d=3:

<latexit sha1_base64="vYjbk3Mkgl3sUnsoMZCY5JbD7SQ=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLadtpdQQSXFewD2qFk0rQNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8acaYPQh5NbW9/Y3MpvF3Z29/YPiodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbC6VXmd+6p0iySd2YW00DgsWQjRrDJpHQ+uB4US8hF1TKqVyByK8irXXpLUvd96LlogRJYoTkovveHEUkElYZwrHXPQ7EJUqwMI5zOC/1E0xiTKR7TnqUSC6qDdHHrHJ5ZZQhHkbIlDVyo3ydSLLSeidB2Cmwm+reXiX95vcSMakHKZJwYKsly0Sjh0EQwexwOmaLE8JklmChmb4VkghUmxsZTsCF8fQr/J+0L16u6ldtyqeGv4siDE3AKzoEHfNAAN6AJWoCACXgAT+DZEc6j8+K8LltzzmrmGPyA8/YJeNeOhA==</latexit>

E

<latexit sha1_base64="vYjbk3Mkgl3sUnsoMZCY5JbD7SQ=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLadtpdQQSXFewD2qFk0rQNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8acaYPQh5NbW9/Y3MpvF3Z29/YPiodHbR0litAWiXikuiHWlDNJW4YZTruxoliEnHbC6VXmd+6p0iySd2YW00DgsWQjRrDJpHQ+uB4US8hF1TKqVyByK8irXXpLUvd96LlogRJYoTkovveHEUkElYZwrHXPQ7EJUqwMI5zOC/1E0xiTKR7TnqUSC6qDdHHrHJ5ZZQhHkbIlDVyo3ydSLLSeidB2Cmwm+reXiX95vcSMakHKZJwYKsly0Sjh0EQwexwOmaLE8JklmChmb4VkghUmxsZTsCF8fQr/J+0L16u6ldtyqeGv4siDE3AKzoEHfNAAN6AJWoCACXgAT+DZEc6j8+K8LltzzmrmGPyA8/YJeNeOhA==</latexit>

E
<latexit sha1_base64="W0xa5/TxUV1c3Pe4rePmde4qJMY=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFSY1Me2u4MaNUME+oA1lMp22QyeTMDMRSugvuHGhiFt/yJ1/46StoKIHLhzOuZd77wkTzpRG6MMqrK1vbG4Vt0s7u3v7B+XDo7aKU0loi8Q8lt0QK8qZoC3NNKfdRFIchZx2wulV7nfuqVQsFnd6ltAgwmPBRoxgnUvZfHAzKFeQ7dddt1aHyHadC7/uGYK8qldD0LHRAhWwQnNQfu8PY5JGVGjCsVI9ByU6yLDUjHA6L/VTRRNMpnhMe4YKHFEVZItb5/DMKEM4iqUpoeFC/T6R4UipWRSazgjrifrt5eJfXi/Vo1qQMZGkmgqyXDRKOdQxzB+HQyYp0XxmCCaSmVshmWCJiTbxlEwIX5/C/0m7ajuXtnfrVhr+Ko4iOAGn4Bw4wAcNcA2aoAUImIAH8ASerch6tF6s12VrwVrNHIMfsN4+AaFnjp8=</latexit>

M

<latexit sha1_base64="kVaG4RfuXGsq+a5kkf2nm99/IAQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZKa2HZXcONGqGAf0IYymU7aoTOTMDMRSugvuHGhiFt/yJ1/46StoKIHLhzOuZd77wkTRpV2nA+rsLa+sblV3C7t7O7tH5QPjzoqTiUmbRyzWPZCpAijgrQ11Yz0EkkQDxnphtOr3O/eE6loLO70LCEBR2NBI4qRzqVsPrwZliuOXWt4Xr0BHdtzL2oN3xDHr/p1B7q2s0AFrNAalt8HoxinnAiNGVKq7zqJDjIkNcWMzEuDVJEE4Skak76hAnGigmxx6xyeGWUEo1iaEhou1O8TGeJKzXhoOjnSE/Xby8W/vH6qo3qQUZGkmgi8XBSlDOoY5o/DEZUEazYzBGFJza0QT5BEWJt4SiaEr0/h/6RTtd1L27/1Ks3qKo4iOAGn4By4oAaa4Bq0QBtgMAEP4Ak8W9x6tF6s12VrwVrNHIMfsN4+AZ/mjpo=</latexit>

M
<latexit sha1_base64="2FsREKRZIOmZS1sNJu86WlMWpG4=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6b2uSuI4LKCfUA7lEyaaUOTzJBkhDL0F9y4UMStP+TOvzHTVlDRAxcO59zLvfcEMWfaIPThrK1vbG5t53byu3v7B4eFo+OOjhJFaJtEPFK9AGvKmaRtwwynvVhRLAJOu8H0KvO791RpFsk7M4upL/BYspARbDIpnQ+vh4UiclG1jBoViNwK8uqX3pI0ajXouWiBIlihNSy8D0YRSQSVhnCsdd9DsfFTrAwjnM7zg0TTGJMpHtO+pRILqv10cescnltlBMNI2ZIGLtTvEykWWs9EYDsFNhP928vEv7x+YsK6nzIZJ4ZKslwUJhyaCGaPwxFTlBg+swQTxeytkEywwsTYePI2hK9P4f+kU3K9qlu5LRebpVUcOXAKzsAF8EANNMENaIE2IGACHsATeHaE8+i8OK/L1jVnNXMCfsB5+wR3Vo5/</latexit>

E

" "

symmetry



D: Gravity theory

Consistent sphere truncations

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

Requires symmetry 
enhancement of    .<latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Only rare examples: must start from matter-coupled gravity

Cvetic, Gibbons, Lü, Pope 2003



D: Gravity theory

Consistent sphere truncations

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

Requires symmetry 
enhancement of    .<latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Only rare examples: must start from matter-coupled gravity

D=10 Gravity + 3-form

d=5 Gravity + SO(8) YM + scalars

<latexit sha1_base64="euN8lR2IHACkIZ6wR7rNA45yH1Q=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt09ZdwY3LSu0D2rFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68yv3tPpWKRuNWzmHohHgsWMIK1kVqtu9qwWEI2qrqVSxci20VOvZyRsusgVIGOjRYogRWaw+L7YBSRJKRCE46V6jso1l6KpWaE03lhkCgaYzLFY9o3VOCQKi9dnDqHZ0YZwSCSpoSGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAd1L2UiTjQVZLkoSDjUEcz+hiMmKdF8ZggmkplbIZlgiYk26RRMCF+fwv9Jp2w7Vdu9uSg1aqs48uAEnIJz4IAaaIBr0ARtQMAYPIAn8Gxx69F6sV6XrTlrNXMMfsB6+wQyNI27</latexit>

S7

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

AdS4 ⇥ S7 M2-branes 

Prototypical examples 
of AdS/CFT De Wit, Nicolai 1980's

Maximal SUSY context:



D: Gravity theory

Consistent sphere truncations

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

Requires symmetry 
enhancement of    .<latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Only rare examples: must start from matter-coupled gravity

D=11 Gravity + 3-form

d=7 Gravity + SO(5) YM + scalars+...

<latexit sha1_base64="t3HAWjJGOQrxus6a//6taWyvf5Y=">AAAB6nicdVBNTwIxEO3iF+IX6tFLIzHxtOkCC3gj8eIRg4AJrKRbutDQ7W7argnZ8BO8eNAYr/4ib/4bu4CJGn3JJC/vzWRmnh9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVWUSEI7JOKRvPWxopwJ2tFMc3obS4pDn9OeP73M/N49lYpF4kbPYuqFeCxYwAjWRmq376rDYgnZqOZWLlyIbBc5jXJGyq6DUAU6NlqgBFZoDYvvg1FEkpAKTThWqu+gWHsplpoRTueFQaJojMkUj2nfUIFDqrx0ceocnhllBINImhIaLtTvEykOlZqFvukMsZ6o314m/uX1Ex00vJSJONFUkOWiIOFQRzD7G46YpETzmSGYSGZuhWSCJSbapFMwIXx9Cv8n3bLt1Gz3ulpq1ldx5MEJOAXnwAF10ARXoAU6gIAxeABP4Nni1qP1Yr0uW3PWauYY/ID19gktqI24</latexit>

S4

<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 

Prototypical examples 
of AdS/CFT Nastase, Vaman, van Nieuwenhuizen 1999

Maximal SUSY context:



D: Gravity theory

Consistent sphere truncations

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

Requires symmetry 
enhancement of    .<latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Only rare examples: must start from matter-coupled gravity

D=11 Gravity + 5-form

d=4 Gravity + SO(6) YM + scalars

<latexit sha1_base64="1pt7sv47bexGhBGu9A7w6VZxFnA=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt09ZdwY3LSu0D2rFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68yv3tPpWKRuNWzmHohHgsWMIK1kVqtO3dYLCEbVd3KpQuR7SKnXs5I2XUQqkDHRguUwArNYfF9MIpIElKhCcdK9R0Uay/FUjPC6bwwSBSNMZniMe0bKnBIlZcuTp3DM6OMYBBJU0LDhfp9IsWhUrPQN50h1hP128vEv7x+ooO6lzIRJ5oKslwUJBzqCGZ/wxGTlGg+MwQTycytkEywxESbdAomhK9P4f+kU7adqu3eXJQatVUceXACTsE5cEANNMA1aII2IGAMHsATeLa49Wi9WK/L1py1mjkGP2C9fQIvLI25</latexit>

S5

<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 

Maximal SUSY context:

Prototypical examples 
of AdS/CFT Baguet, Hohm, Samtleben 2015



D: Gravity theory

Consistent sphere truncations

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

Requires symmetry 
enhancement of    .<latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Only rare examples: must start from matter-coupled gravity

D: Gravity + Maxwell + dilaton

d=D-2: Gravity +            YM + scalars

<latexit sha1_base64="iUSzX7ITCbbpbidUOKtIzcgGovg=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jpdJImPQvdPUIY8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnRYIrjfGHlVlb39jcym7ndnb39g/yh0dtFcaSshYNRSi7HlFM8IC1NNeCdSPJiO8J1vGmV6nfuWdS8TC41bOIuT4ZB3zEKdFGajbvioN8Adu4XKrhGsJ2CTvVBcG4XC1eIMeQFAVYoTHIv/eHIY19FmgqiFI9B0faTYjUnAo2z/VjxSJCp2TMeoYGxGfKTRanztGZUYZoFEpTgUYL9ftEQnylZr5nOn2iJ+q3l4p/eb1Yj6puwoMo1iygy0WjWCAdovRvNOSSUS1mhhAqubkV0QmRhGqTTs6E8PUp+p+0i7ZTtks3l4V6ZRVHFk7gFM7BgQrU4Roa0AIKY3iAJ3i2hPVovVivy9aMtZo5hh+w3j4BOjWNwQ==</latexit>

S2

<latexit sha1_base64="9RJLkn8fCxs2k70zl3GhKvBNtvE=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSLUS0mqbfVW8OLNiqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/47aNoKIPBh7vzTAzz485U9q2P6yl5ZXVtfXcRn5za3tnt7C331JRIgl1ScQj2fGxopwJ6mqmOe3EkuLQ57Ttjy9nfvueSsUicacnMfVCPBQsYARrI7m316XTk36haJftOdCCOBVDqrZzUashJ7OKkKHZL7z3BhFJQio04ViprmPH2kux1IxwOs33EkVjTMZ4SLuGChxS5aXzY6fo2CgDFETSlNBorn6fSHGo1CT0TWeI9Uj99mbiX1430cG5lzIRJ5oKslgUJBzpCM0+RwMmKdF8YggmkplbERlhiYk2+eRNCF+fov9Jq1J2auXqzVmxUc/iyMEhHEEJHKhDA66gCS4QYPAAT/BsCevRerFeF61LVjZzAD9gvX0CrrqN7w==</latexit>

SO(3)
Cvetic, Lü, Pope 2000

+ 2 other 
examples

<latexit sha1_base64="ccIC/FH/IVBs8LkpzgUyz9VueOI=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZmhz11BFy4r2Ae0pWTSTBuayYxJRiilH+HGhSJu/R53/o3pQ1DRAyGHc+7l3nuCRHBtMP5w1tY3Nre2MzvZ3b39g8Pc0XFTx6mirEFjEat2QDQTXLKG4UawdqIYiQLBWsH4cu637pnSPJa3ZpKwXkSGkoecEmOl1lVXsjtU6Ofy2MV+pYirCLu+/fyiJUXsVUtV5Ll4gTysUO/n3ruDmKYRk4YKonXHw4npTYkynAo2y3ZTzRJCx2TIOpZKEjHdmy7WnaFzqwxQGCv7pEEL9XvHlERaT6LAVkbEjPRvby7+5XVSE1Z6Uy6T1DBJl4PCVCATo/ntaMAVo0ZMLCFUcbsroiOiCDU2oawN4etS9D9p+q5Xcos3hXytvIojA6dwBhfgQRlqcA11aACFMTzAEzw7ifPovDivy9I1Z9VzAj/gvH0C4TOPRA==</latexit>

D 6= 4



D: Gravity theory

Consistent sphere truncations

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

Requires symmetry 
enhancement of    .<latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Only rare examples: must start from matter-coupled gravity

D: Gravity + Maxwell + dilaton

d=D-2: Gravity +            YM + scalars

<latexit sha1_base64="iUSzX7ITCbbpbidUOKtIzcgGovg=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jpdJImPQvdPUIY8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnRYIrjfGHlVlb39jcym7ndnb39g/yh0dtFcaSshYNRSi7HlFM8IC1NNeCdSPJiO8J1vGmV6nfuWdS8TC41bOIuT4ZB3zEKdFGajbvioN8Adu4XKrhGsJ2CTvVBcG4XC1eIMeQFAVYoTHIv/eHIY19FmgqiFI9B0faTYjUnAo2z/VjxSJCp2TMeoYGxGfKTRanztGZUYZoFEpTgUYL9ftEQnylZr5nOn2iJ+q3l4p/eb1Yj6puwoMo1iygy0WjWCAdovRvNOSSUS1mhhAqubkV0QmRhGqTTs6E8PUp+p+0i7ZTtks3l4V6ZRVHFk7gFM7BgQrU4Roa0AIKY3iAJ3i2hPVovVivy9aMtZo5hh+w3j4BOjWNwQ==</latexit>

S2

<latexit sha1_base64="9RJLkn8fCxs2k70zl3GhKvBNtvE=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSLUS0mqbfVW8OLNiqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/47aNoKIPBh7vzTAzz485U9q2P6yl5ZXVtfXcRn5za3tnt7C331JRIgl1ScQj2fGxopwJ6mqmOe3EkuLQ57Ttjy9nfvueSsUicacnMfVCPBQsYARrI7m316XTk36haJftOdCCOBVDqrZzUashJ7OKkKHZL7z3BhFJQio04ViprmPH2kux1IxwOs33EkVjTMZ4SLuGChxS5aXzY6fo2CgDFETSlNBorn6fSHGo1CT0TWeI9Uj99mbiX1430cG5lzIRJ5oKslgUJBzpCM0+RwMmKdF8YggmkplbERlhiYk2+eRNCF+fov9Jq1J2auXqzVmxUc/iyMEhHEEJHKhDA66gCS4QYPAAT/BsCevRerFeF61LVjZzAD9gvX0CrrqN7w==</latexit>

SO(3)

D: Gravity + Maxwell + dilaton

d=2: Gravity +                   YM + scalars
<latexit sha1_base64="YPtC91aluvksC2JE6/y7VtpX+QA=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahHixJsa3eCnrwZkX7AW0om+2mXbrZhN2NUEJ/hBcPinj193jz37htI6jog4HHezPMzPMizpS27Q8rs7S8srqWXc9tbG5t7+R391oqjCWhTRLyUHY8rChngjY105x2Iklx4HHa9sYXM799T6ViobjTk4i6AR4K5jOCtZHat9fFyxPnuJ8v2CV7DrQgTtmQiu2cV6vISa0CpGj08++9QUjigApNOFaq69iRdhMsNSOcTnO9WNEIkzEe0q6hAgdUucn83Ck6MsoA+aE0JTSaq98nEhwoNQk80xlgPVK/vZn4l9eNtX/mJkxEsaaCLBb5MUc6RLPf0YBJSjSfGIKJZOZWREZYYqJNQjkTwten6H/SKpecaqlyc1qo19I4snAAh1AEB2pQhytoQBMIjOEBnuDZiqxH68V6XbRmrHRmH37AevsEo5eOcg==</latexit>

SO(D � 1)

<latexit sha1_base64="FHaxsx+9CgcFLkUfyNdfiHH5Wqg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGAQvDj3RbLeAHjxGNAskY+jpdJImPQvdPUIY8hFePCji1e/x5t/Yk0RQ0QcFj/eqqKrnRYIrjfGHtbS8srq2ntnIbm5t7+zm9vabKowlZQ0ailC2PaKY4AFraK4Fa0eSEd8TrOWNL1K/dc+k4mFwqycRc30yDPiAU6KN1Lq5Sy5PC9NeLo9tXCpWcRVhu4idyoxgXKoUzpBjSIo8LFDv5d67/ZDGPgs0FUSpjoMj7SZEak4Fm2a7sWIRoWMyZB1DA+Iz5Sazc6fo2Ch9NAilqUCjmfp9IiG+UhPfM50+0SP120vFv7xOrAcVN+FBFGsW0PmiQSyQDlH6O+pzyagWE0MIldzciuiISEK1SShrQvj6FP1PmgXbKdnF6/N8rbyIIwOHcAQn4EAZanAFdWgAhTE8wBM8W5H1aL1Yr/PWJWsxcwA/YL19Avcrj1I=</latexit>

SD�2

Ciceri, Samtleben 2023

<latexit sha1_base64="ccIC/FH/IVBs8LkpzgUyz9VueOI=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZmhz11BFy4r2Ae0pWTSTBuayYxJRiilH+HGhSJu/R53/o3pQ1DRAyGHc+7l3nuCRHBtMP5w1tY3Nre2MzvZ3b39g8Pc0XFTx6mirEFjEat2QDQTXLKG4UawdqIYiQLBWsH4cu637pnSPJa3ZpKwXkSGkoecEmOl1lVXsjtU6Ofy2MV+pYirCLu+/fyiJUXsVUtV5Ll4gTysUO/n3ruDmKYRk4YKonXHw4npTYkynAo2y3ZTzRJCx2TIOpZKEjHdmy7WnaFzqwxQGCv7pEEL9XvHlERaT6LAVkbEjPRvby7+5XVSE1Z6Uy6T1DBJl4PCVCATo/ntaMAVo0ZMLCFUcbsroiOiCDU2oawN4etS9D9p+q5Xcos3hXytvIojA6dwBhfgQRlqcA11aACFMTzAEzw7ifPovDivy9I1Z9VzAj/gvH0C4TOPRA==</latexit>

D 6= 4



D: Gravity theory

Consistent sphere truncations

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

Requires symmetry 
enhancement of    .<latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Only rare examples: must start from matter-coupled gravity

D: Gravity + Maxwell + dilaton

d=D-2: Gravity +            YM + scalars

<latexit sha1_base64="iUSzX7ITCbbpbidUOKtIzcgGovg=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jpdJImPQvdPUIY8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnRYIrjfGHlVlb39jcym7ndnb39g/yh0dtFcaSshYNRSi7HlFM8IC1NNeCdSPJiO8J1vGmV6nfuWdS8TC41bOIuT4ZB3zEKdFGajbvioN8Adu4XKrhGsJ2CTvVBcG4XC1eIMeQFAVYoTHIv/eHIY19FmgqiFI9B0faTYjUnAo2z/VjxSJCp2TMeoYGxGfKTRanztGZUYZoFEpTgUYL9ftEQnylZr5nOn2iJ+q3l4p/eb1Yj6puwoMo1iygy0WjWCAdovRvNOSSUS1mhhAqubkV0QmRhGqTTs6E8PUp+p+0i7ZTtks3l4V6ZRVHFk7gFM7BgQrU4Roa0AIKY3iAJ3i2hPVovVivy9aMtZo5hh+w3j4BOjWNwQ==</latexit>

S2

<latexit sha1_base64="9RJLkn8fCxs2k70zl3GhKvBNtvE=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSLUS0mqbfVW8OLNiqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/47aNoKIPBh7vzTAzz485U9q2P6yl5ZXVtfXcRn5za3tnt7C331JRIgl1ScQj2fGxopwJ6mqmOe3EkuLQ57Ttjy9nfvueSsUicacnMfVCPBQsYARrI7m316XTk36haJftOdCCOBVDqrZzUashJ7OKkKHZL7z3BhFJQio04ViprmPH2kux1IxwOs33EkVjTMZ4SLuGChxS5aXzY6fo2CgDFETSlNBorn6fSHGo1CT0TWeI9Uj99mbiX1430cG5lzIRJ5oKslgUJBzpCM0+RwMmKdF8YggmkplbERlhiYk2+eRNCF+fov9Jq1J2auXqzVmxUc/iyMEhHEEJHKhDA66gCS4QYPAAT/BsCevRerFeF61LVjZzAD9gvX0CrrqN7w==</latexit>

SO(3)

D: Gravity + Maxwell +dilaton

d=2: Gravity +                   YM + scalars
<latexit sha1_base64="YPtC91aluvksC2JE6/y7VtpX+QA=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahHixJsa3eCnrwZkX7AW0om+2mXbrZhN2NUEJ/hBcPinj193jz37htI6jog4HHezPMzPMizpS27Q8rs7S8srqWXc9tbG5t7+R391oqjCWhTRLyUHY8rChngjY105x2Iklx4HHa9sYXM799T6ViobjTk4i6AR4K5jOCtZHat9fFyxPnuJ8v2CV7DrQgTtmQiu2cV6vISa0CpGj08++9QUjigApNOFaq69iRdhMsNSOcTnO9WNEIkzEe0q6hAgdUucn83Ck6MsoA+aE0JTSaq98nEhwoNQk80xlgPVK/vZn4l9eNtX/mJkxEsaaCLBb5MUc6RLPf0YBJSjSfGIKJZOZWREZYYqJNQjkTwten6H/SKpecaqlyc1qo19I4snAAh1AEB2pQhytoQBMIjOEBnuDZiqxH68V6XbRmrHRmH37AevsEo5eOcg==</latexit>

SO(D � 1)

<latexit sha1_base64="FHaxsx+9CgcFLkUfyNdfiHH5Wqg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGAQvDj3RbLeAHjxGNAskY+jpdJImPQvdPUIY8hFePCji1e/x5t/Yk0RQ0QcFj/eqqKrnRYIrjfGHtbS8srq2ntnIbm5t7+zm9vabKowlZQ0ailC2PaKY4AFraK4Fa0eSEd8TrOWNL1K/dc+k4mFwqycRc30yDPiAU6KN1Lq5Sy5PC9NeLo9tXCpWcRVhu4idyoxgXKoUzpBjSIo8LFDv5d67/ZDGPgs0FUSpjoMj7SZEak4Fm2a7sWIRoWMyZB1DA+Iz5Sazc6fo2Ch9NAilqUCjmfp9IiG+UhPfM50+0SP120vFv7xOrAcVN+FBFGsW0PmiQSyQDlH6O+pzyagWE0MIldzciuiISEK1SShrQvj6FP1PmgXbKdnF6/N8rbyIIwOHcAQn4EAZanAFdWgAhTE8wBM8W5H1aL1Yr/PWJWsxcwA/YL19Avcrj1I=</latexit>

SD�2

Ciceri, Samtleben 2023

D+1: D+1: GravityGravity

<latexit sha1_base64="ccIC/FH/IVBs8LkpzgUyz9VueOI=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZmhz11BFy4r2Ae0pWTSTBuayYxJRiilH+HGhSJu/R53/o3pQ1DRAyGHc+7l3nuCRHBtMP5w1tY3Nre2MzvZ3b39g8Pc0XFTx6mirEFjEat2QDQTXLKG4UawdqIYiQLBWsH4cu637pnSPJa3ZpKwXkSGkoecEmOl1lVXsjtU6Ofy2MV+pYirCLu+/fyiJUXsVUtV5Ll4gTysUO/n3ruDmKYRk4YKonXHw4npTYkynAo2y3ZTzRJCx2TIOpZKEjHdmy7WnaFzqwxQGCv7pEEL9XvHlERaT6LAVkbEjPRvby7+5XVSE1Z6Uy6T1DBJl4PCVCATo/ntaMAVo0ZMLCFUcbsroiOiCDU2oawN4etS9D9p+q5Xcos3hXytvIojA6dwBhfgQRlqcA11aACFMTzAEzw7ifPovDivy9I1Z9VzAj/gvH0C4TOPRA==</latexit>

D 6= 4

<latexit sha1_base64="oqPmF5d0hnoT1KcMhXimmlAuINo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jp9CRNeha6e4QQ8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnxYIrjfGHlVlb39jcym7ndnb39g/yh0dtFSWSshaNRCS7HlFM8JC1NNeCdWPJSOAJ1vEmV6nfuWdS8Si81dOYuQEZhdznlGgjNZt3ziBfwDYul2q4hrBdwk51QTAuV4sXyDEkRQFWaAzy7/1hRJOAhZoKolTPwbF2Z0RqTgWb5/qJYjGhEzJiPUNDEjDlzhanztGZUYbIj6SpUKOF+n1iRgKlpoFnOgOix+q3l4p/eb1E+1V3xsM40Syky0V+IpCOUPo3GnLJqBZTQwiV3NyK6JhIQrVJJ2dC+PoU/U/aRdsp26Wby0K9soojCydwCufgQAXqcA0NaAGFETzAEzxbwnq0XqzXZWvGWs0cww9Yb584sY3A</latexit>

S1<latexit sha1_base64="oqPmF5d0hnoT1KcMhXimmlAuINo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jp9CRNeha6e4QQ8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnxYIrjfGHlVlb39jcym7ndnb39g/yh0dtFSWSshaNRCS7HlFM8JC1NNeCdWPJSOAJ1vEmV6nfuWdS8Si81dOYuQEZhdznlGgjNZt3ziBfwDYul2q4hrBdwk51QTAuV4sXyDEkRQFWaAzy7/1hRJOAhZoKolTPwbF2Z0RqTgWb5/qJYjGhEzJiPUNDEjDlzhanztGZUYbIj6SpUKOF+n1iRgKlpoFnOgOix+q3l4p/eb1E+1V3xsM40Syky0V+IpCOUPo3GnLJqBZTQwiV3NyK6JhIQrVJJ2dC+PoU/U/aRdsp26Wby0K9soojCydwCufgQAXqcA0NaAGFETzAEzxbwnq0XqzXZWvGWs0cww9Yb584sY3A</latexit>

S1



D: Gravity theory

Consistent sphere truncations

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

Requires symmetry 
enhancement of    .<latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Only rare examples: must start from matter-coupled gravity

D: Gravity + Maxwell + dilaton

d=D-2: Gravity +            YM + scalars

<latexit sha1_base64="iUSzX7ITCbbpbidUOKtIzcgGovg=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jpdJImPQvdPUIY8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnRYIrjfGHlVlb39jcym7ndnb39g/yh0dtFcaSshYNRSi7HlFM8IC1NNeCdSPJiO8J1vGmV6nfuWdS8TC41bOIuT4ZB3zEKdFGajbvioN8Adu4XKrhGsJ2CTvVBcG4XC1eIMeQFAVYoTHIv/eHIY19FmgqiFI9B0faTYjUnAo2z/VjxSJCp2TMeoYGxGfKTRanztGZUYZoFEpTgUYL9ftEQnylZr5nOn2iJ+q3l4p/eb1Yj6puwoMo1iygy0WjWCAdovRvNOSSUS1mhhAqubkV0QmRhGqTTs6E8PUp+p+0i7ZTtks3l4V6ZRVHFk7gFM7BgQrU4Roa0AIKY3iAJ3i2hPVovVivy9aMtZo5hh+w3j4BOjWNwQ==</latexit>

S2

<latexit sha1_base64="9RJLkn8fCxs2k70zl3GhKvBNtvE=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSLUS0mqbfVW8OLNiqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/47aNoKIPBh7vzTAzz485U9q2P6yl5ZXVtfXcRn5za3tnt7C331JRIgl1ScQj2fGxopwJ6mqmOe3EkuLQ57Ttjy9nfvueSsUicacnMfVCPBQsYARrI7m316XTk36haJftOdCCOBVDqrZzUashJ7OKkKHZL7z3BhFJQio04ViprmPH2kux1IxwOs33EkVjTMZ4SLuGChxS5aXzY6fo2CgDFETSlNBorn6fSHGo1CT0TWeI9Uj99mbiX1430cG5lzIRJ5oKslgUJBzpCM0+RwMmKdF8YggmkplbERlhiYk2+eRNCF+fov9Jq1J2auXqzVmxUc/iyMEhHEEJHKhDA66gCS4QYPAAT/BsCevRerFeF61LVjZzAD9gvX0CrrqN7w==</latexit>

SO(3)

D+1: Gravity

<latexit sha1_base64="ccIC/FH/IVBs8LkpzgUyz9VueOI=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZmhz11BFy4r2Ae0pWTSTBuayYxJRiilH+HGhSJu/R53/o3pQ1DRAyGHc+7l3nuCRHBtMP5w1tY3Nre2MzvZ3b39g8Pc0XFTx6mirEFjEat2QDQTXLKG4UawdqIYiQLBWsH4cu637pnSPJa3ZpKwXkSGkoecEmOl1lVXsjtU6Ofy2MV+pYirCLu+/fyiJUXsVUtV5Ll4gTysUO/n3ruDmKYRk4YKonXHw4npTYkynAo2y3ZTzRJCx2TIOpZKEjHdmy7WnaFzqwxQGCv7pEEL9XvHlERaT6LAVkbEjPRvby7+5XVSE1Z6Uy6T1DBJl4PCVCATo/ntaMAVo0ZMLCFUcbsroiOiCDU2oawN4etS9D9p+q5Xcos3hXytvIojA6dwBhfgQRlqcA11aACFMTzAEzw7ifPovDivy9I1Z9VzAj/gvH0C4TOPRA==</latexit>

D 6= 4

Cvetic, Gibbons, Lü, Pope 2003

<latexit sha1_base64="oqPmF5d0hnoT1KcMhXimmlAuINo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jp9CRNeha6e4QQ8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnxYIrjfGHlVlb39jcym7ndnb39g/yh0dtFSWSshaNRCS7HlFM8JC1NNeCdWPJSOAJ1vEmV6nfuWdS8Si81dOYuQEZhdznlGgjNZt3ziBfwDYul2q4hrBdwk51QTAuV4sXyDEkRQFWaAzy7/1hRJOAhZoKolTPwbF2Z0RqTgWb5/qJYjGhEzJiPUNDEjDlzhanztGZUYbIj6SpUKOF+n1iRgKlpoFnOgOix+q3l4p/eb1E+1V3xsM40Syky0V+IpCOUPo3GnLJqBZTQwiV3NyK6JhIQrVJJ2dC+PoU/U/aRdsp26Wby0K9soojCydwCufgQAXqcA0NaAGFETzAEzxbwnq0XqzXZWvGWs0cww9Yb584sY3A</latexit>

S1

Group manifold 
reduction on

<latexit sha1_base64="qzv1KxYLXX682M+QGj6+W3PgA8U="></latexit>

SU(2) ' S3



D: Gravity theory

Consistent sphere truncations

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

Requires symmetry 
enhancement of    .<latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Only rare examples: must start from matter-coupled gravity

D: Gravity + Maxwell +dilaton

d=2: Gravity +                   YM + scalars
<latexit sha1_base64="YPtC91aluvksC2JE6/y7VtpX+QA=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahHixJsa3eCnrwZkX7AW0om+2mXbrZhN2NUEJ/hBcPinj193jz37htI6jog4HHezPMzPMizpS27Q8rs7S8srqWXc9tbG5t7+R391oqjCWhTRLyUHY8rChngjY105x2Iklx4HHa9sYXM799T6ViobjTk4i6AR4K5jOCtZHat9fFyxPnuJ8v2CV7DrQgTtmQiu2cV6vISa0CpGj08++9QUjigApNOFaq69iRdhMsNSOcTnO9WNEIkzEe0q6hAgdUucn83Ck6MsoA+aE0JTSaq98nEhwoNQk80xlgPVK/vZn4l9eNtX/mJkxEsaaCLBb5MUc6RLPf0YBJSjSfGIKJZOZWREZYYqJNQjkTwten6H/SKpecaqlyc1qo19I4snAAh1AEB2pQhytoQBMIjOEBnuDZiqxH68V6XbRmrHRmH37AevsEo5eOcg==</latexit>

SO(D � 1)

<latexit sha1_base64="FHaxsx+9CgcFLkUfyNdfiHH5Wqg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGAQvDj3RbLeAHjxGNAskY+jpdJImPQvdPUIY8hFePCji1e/x5t/Yk0RQ0QcFj/eqqKrnRYIrjfGHtbS8srq2ntnIbm5t7+zm9vabKowlZQ0ailC2PaKY4AFraK4Fa0eSEd8TrOWNL1K/dc+k4mFwqycRc30yDPiAU6KN1Lq5Sy5PC9NeLo9tXCpWcRVhu4idyoxgXKoUzpBjSIo8LFDv5d67/ZDGPgs0FUSpjoMj7SZEak4Fm2a7sWIRoWMyZB1DA+Iz5Sazc6fo2Ch9NAilqUCjmfp9IiG+UhPfM50+0SP120vFv7xOrAcVN+FBFGsW0PmiQSyQDlH6O+pzyagWE0MIldzciuiISEK1SShrQvj6FP1PmgXbKdnF6/N8rbyIIwOHcAQn4EAZanAFdWgAhTE8wBM8W5H1aL1Yr/PWJWsxcwA/YL19Avcrj1I=</latexit>

SD�2

Affine ExFT
<latexit sha1_base64="sUaDlDTOtf4COT3GoqdDZvmQalE=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjLVvnYFNy4r9AXtWDJppg3NZMYkIwxDf8KNC0Xc+jvu/BszbQUVPXDhcM693HuPF3GmNEIfVm5tfWNzK79d2Nnd2z8oHh51VRhLQjsk5KHse1hRzgTtaKY57UeS4sDjtOfNrjK/d0+lYqFo6ySiboAngvmMYG2kfvt2yISvk1GxhGxUrTRQAyK7gpz6giBUrZcvoGNIhhJYoTUqvg/HIYkDKjThWKmBgyLtplhqRjidF4axohEmMzyhA0MFDqhy08W9c3hmlDH0Q2lKaLhQv0+kOFAqCTzTGWA9Vb+9TPzLG8Tar7spE1GsqSDLRX7MoQ5h9jwcM0mJ5okhmEhmboVkiiUm2kRUMCF8fQr/J92y7VTtys1lqVlbxZEHJ+AUnAMH1EATXIMW6AACOHgAT+DZurMerRfrddmas1Yzx+AHrLdPhVeQSA==</latexit>

T1

`Simple' truncation 
Ansatz



D: Gravity theory

Consistent sphere truncations

<latexit sha1_base64="o/qbyGuElI7Oj4XSZnkG+APe3w8=">AAAB7HicdVBNTwIxEO3iF+IX6tFLIzHxtOmCC3gj8eIRowsksJJuKdDQ7a5t14Rs+A1ePGiMV3+QN/+NXcBEjb5kkpf3ZjIzL4g5UxqhDyu3srq2vpHfLGxt7+zuFfcPWipKJKEeiXgkOwFWlDNBPc00p51YUhwGnLaDyUXmt++pVCwSN3oaUz/EI8GGjGBtJO/6Nr2b9YslZKOqWzl3IbJd5NTLGSm7DkIV6NhojhJYotkvvvcGEUlCKjThWKmug2Ltp1hqRjidFXqJojEmEzyiXUMFDqny0/mxM3hilAEcRtKU0HCufp9IcajUNAxMZ4j1WP32MvEvr5voYd1PmYgTTQVZLBomHOoIZp/DAZOUaD41BBPJzK2QjLHERJt8CiaEr0/h/6RVtp2q7V6dlRq1ZRx5cASOwSlwQA00wCVoAg8QwMADeALPlrAerRfrddGas5Yzh+AHrLdPTrWPAQ==</latexit>

Sq

d=D-q:

<latexit sha1_base64="Qfybb5z2d+/FTMtXkLUrtah+2mk=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0802y3gxWPEbJCMoafTkzTpWezuEULIJ3jxoIhXv8ibf2NPEkFFHxQ83quiqp4XC640xh/Wyura+sZmZiu7vbO7t587OGypKJGUNWkkItnxiGKCh6ypuRasE0tGAk+wtje+TP32PZOKR2FDT2LmBmQYcp9Too1007i96+fy2MalYhVXEbaL2KnMCcalSuEcOYakyMMS9X7uvTeIaBKwUFNBlOo6ONbulEjNqWCzbC9RLCZ0TIasa2hIAqbc6fzUGTo1ygD5kTQVajRXv09MSaDUJPBMZ0D0SP32UvEvr5tov+JOeRgnmoV0schPBNIRSv9GAy4Z1WJiCKGSm1sRHRFJqDbpZE0IX5+i/0mrYDslu3h9ka+Vl3Fk4BhO4AwcKEMNrqAOTaAwhAd4gmdLWI/Wi/W6aF2xljNH8APW2yebN44B</latexit>

T q?
Necessary condition:

         rigid symmetry <latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
Theory withTheory with 

                 gauge 
symmetry  

Requires symmetry 
enhancement of    .<latexit sha1_base64="OuKzLd0MoDo3hwQuTlw4hneHqWs=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgqiTFproruNBlBfvANpTJdNIOnUzCzEQooX/hxoUibv0bd/6NkzaCih4YOJxzL3Pu8WPOlLbtD6uwsrq2vlHcLG1t7+zulfcPOipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p5eZ372nUrFI3OpZTL0QjwULGMHaSHeDEOsJwRxdDcsVu2ovgJbEqRlSt50L10VOblUgR2tYfh+MIpKEVGjCsVJ9x461l2KpGeF0XhokisaYTPGY9g0VOKTKSxeJ5+jEKCMURNI8odFC/b6R4lCpWeibySyh+u1l4l9eP9HBuZcyESeaCrL8KEg40hHKzkcjJinRfGYIJpKZrIhMsMREm5JKpoSvS9H/pFOrOm61fnNWaTbyOopwBMdwCg40oAnX0II2EBDwAE/wbCnr0XqxXpejBSvfOYQfsN4+ATMHkJg=</latexit>

G
<latexit sha1_base64="qm5Fyqf9J/FrPAEIoGoGawnEank=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahIpSk2FZvBS/erGg/oA1ls920SzebuLsRSuiP8OJBEa/+Hm/+G7dtBBV9MPB4b4aZeV7EmdK2/WFllpZXVtey67mNza3tnfzuXkuFsSS0SUIeyo6HFeVM0KZmmtNOJCkOPE7b3vhi5rfvqVQsFLd6ElE3wEPBfEawNlL75qp4d+Ic9/MFu2TPgRbEKRtSsZ3zahU5qVWAFI1+/r03CEkcUKEJx0p1HTvSboKlZoTTaa4XKxphMsZD2jVU4IAqN5mfO0VHRhkgP5SmhEZz9ftEggOlJoFnOgOsR+q3NxP/8rqx9s/chIko1lSQxSI/5kiHaPY7GjBJieYTQzCRzNyKyAhLTLRJKGdC+PoU/U9a5ZJTLVWuTwv1WhpHFg7gEIrgQA3qcAkNaAKBMTzAEzxbkfVovVivi9aMlc7sww9Yb5/lRo6d</latexit>

SO(q + 1)

<latexit sha1_base64="D/Tb5E8M3dkq9qZulEHxYEhFsIQ=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1iEilCSYlvdFVzozor2AU0ok+m0HTqZxJmJUEJx46+4caGIW7/CnX/jpI2gogcuHM65l3vv8UJGpbKsDyMzN7+wuJRdzq2srq1vmJtbTRlEApMGDlgg2h6ShFFOGooqRtqhIMj3GGl5o9PEb90SIWnAr9U4JK6PBpz2KUZKS11z5+qicHNoHzgy8iRR0PGRGmLE4FnXzFtFawo4I3ZJk7Jln1Qq0E6tPEhR75rvTi/AkU+4wgxJ2bGtULkxEopiRiY5J5IkRHiEBqSjKUc+kW48fWEC97XSg/1A6OIKTtXvEzHypRz7nu5MLpS/vUT8y+tEqn/sxpSHkSIczxb1IwZVAJM8YI8KghUba4KwoPpWiIdIIKx0ajkdwten8H/SLBXtSrF8eZSvVdM4smAX7IECsEEV1MA5qIMGwOAOPIAn8GzcG4/Gi/E6a80Y6cw2+AHj7RN11ZYx</latexit>

SO(q + 1) ⇢ G

Only rare examples: must start from matter-coupled gravity

D=10: IIA SUGRA

d=2: Maximal SO(9) gauged SUGRA

D=11 SUGRA
<latexit sha1_base64="oqPmF5d0hnoT1KcMhXimmlAuINo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gnqi2W4BLx4jMQskY+jp9CRNeha6e4QQ8glePCji1S/y5t/Yk0RQ0QcFj/eqqKrnxYIrjfGHlVlb39jcym7ndnb39g/yh0dtFSWSshaNRCS7HlFM8JC1NNeCdWPJSOAJ1vEmV6nfuWdS8Si81dOYuQEZhdznlGgjNZt3ziBfwDYul2q4hrBdwk51QTAuV4sXyDEkRQFWaAzy7/1hRJOAhZoKolTPwbF2Z0RqTgWb5/qJYjGhEzJiPUNDEjDlzhanztGZUYbIj6SpUKOF+n1iRgKlpoFnOgOix+q3l4p/eb1E+1V3xsM40Syky0V+IpCOUPo3GnLJqBZTQwiV3NyK6JhIQrVJJ2dC+PoU/U/aRdsp26Wby0K9soojCydwCufgQAXqcA0NaAGFETzAEzxbwnq0XqzXZWvGWs0cww9Yb584sY3A</latexit>

S1

<latexit sha1_base64="hfy9hJY6cAUZ8CyBtBiW2//Pufk=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjKt09ZdwY3LSu0D2rFk0kwbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/KB4edVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT68yv3tPpWKRuNWzmHohHgsWMIK1kVqtu/qwWEI2qrqVSxci20VOvZyRsusgVIGOjRYogRWaw+L7YBSRJKRCE46V6jso1l6KpWaE03lhkCgaYzLFY9o3VOCQKi9dnDqHZ0YZwSCSpoSGC/X7RIpDpWahbzpDrCfqt5eJf3n9RAd1L2UiTjQVZLkoSDjUEcz+hiMmKdF8ZggmkplbIZlgiYk26RRMCF+fwv9Jp2w7Vdu9uSg1aqs48uAEnIJz4IAaaIBr0ARtQMAYPIAn8Gxx69F6sV6XrTlrNXMMfsB6+wQzuI28</latexit>

S8

Maximal SUSY context:

D0-branes 
<latexit sha1_base64="BMDi/nszbWlw88Bip44ZWbrgQh4="></latexit>

‘AdS2 ⇥ S8 ’

Holographic description of 
BFSS matrix quantum mechanics

Bossard, Ciceri, Inverso, Kleinschmidt 2023

Bossard, Ciceri, Inverso, Kleinschmidt, Samtleben 2021



Thank you for your attention

and

congratulations Anamaria.


