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Motivation
Why should we study 3D gravity?

3D gravity shares many interesting features with its four dimensional  
analog, for example, the existence of black holes (BTZ).



Motivation
Why should we study 3D gravity?

3D gravity shares many interesting features with its four dimensional  
analog, for example, the existence of black holes (BTZ).

3D gravity it is much more accessible so it is a perfect toy model  
to explore theoretical aspects of gravity.
Examples:

Microscopic description on non-susy BH entropy. 

Sum over geometries and study the quantum gravity partition function.

Investigate the consistency of holography (2D CFT).



Motivation
Why should we study 3D gravity?

Einstein gravity in 3D does not have local degrees of freedom which  
reduces the content of the theory to BH and massless boundary  
gravitons (but no propagating modes).

The theory can acquire propagating modes when one deforms it 
by adding mass to the graviton (in 3D there exist consistent ways of 
giving mass to the graviton).  

Let us visit some of these roads…



Motivation
Why should we study 3D gravity?

Topologically Massive Gravity with negative cosmological constant
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The action is given by

With                and     a mass parameter (graviton mass).  ⇤ = �1/l2
<latexit sha1_base64="Cz/wWG02LIy9xMoYmT80LDpTLZI=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ31qRIHwuh4MaFiwr2Ae20ZDKZNjSTGZKMUkr/w40LRdz6L+78GzNtBRU9EDiccy735nix4Nog9OEsLa+srq1nNrKbW9s7u7m9/aaOEkVZg0YiUm2PaCa4ZA3DjWDtWDESeoK1vNFl6rfumNI8krdmHDM3JAPJA06JsVKve22jPrk4xWeiV+zn8qiAEMIYw5TgcglZUq1WirgCcWpZ5MEC9X7uvetHNAmZNFQQrTsYxcadEGU4FWya7SaaxYSOyIB1LJUkZNqdzK6ewmOr+DCIlH3SwJn6fWJCQq3HoWeTITFD/dtLxb+8TmKCijvhMk4Mk3S+KEgENBFMK4A+V4waMbaEUMXtrZAOiSLU2KKytoSvn8L/SbNYwKiAb87ztdKijgw4BEfgBGBQBjVwBeqgAShQ4AE8gWfn3nl0XpzXeXTJWcwcgB9w3j4BHy6Rkw==</latexit><latexit sha1_base64="Cz/wWG02LIy9xMoYmT80LDpTLZI=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ31qRIHwuh4MaFiwr2Ae20ZDKZNjSTGZKMUkr/w40LRdz6L+78GzNtBRU9EDiccy735nix4Nog9OEsLa+srq1nNrKbW9s7u7m9/aaOEkVZg0YiUm2PaCa4ZA3DjWDtWDESeoK1vNFl6rfumNI8krdmHDM3JAPJA06JsVKve22jPrk4xWeiV+zn8qiAEMIYw5TgcglZUq1WirgCcWpZ5MEC9X7uvetHNAmZNFQQrTsYxcadEGU4FWya7SaaxYSOyIB1LJUkZNqdzK6ewmOr+DCIlH3SwJn6fWJCQq3HoWeTITFD/dtLxb+8TmKCijvhMk4Mk3S+KEgENBFMK4A+V4waMbaEUMXtrZAOiSLU2KKytoSvn8L/SbNYwKiAb87ztdKijgw4BEfgBGBQBjVwBeqgAShQ4AE8gWfn3nl0XpzXeXTJWcwcgB9w3j4BHy6Rkw==</latexit><latexit sha1_base64="Cz/wWG02LIy9xMoYmT80LDpTLZI=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ31qRIHwuh4MaFiwr2Ae20ZDKZNjSTGZKMUkr/w40LRdz6L+78GzNtBRU9EDiccy735nix4Nog9OEsLa+srq1nNrKbW9s7u7m9/aaOEkVZg0YiUm2PaCa4ZA3DjWDtWDESeoK1vNFl6rfumNI8krdmHDM3JAPJA06JsVKve22jPrk4xWeiV+zn8qiAEMIYw5TgcglZUq1WirgCcWpZ5MEC9X7uvetHNAmZNFQQrTsYxcadEGU4FWya7SaaxYSOyIB1LJUkZNqdzK6ewmOr+DCIlH3SwJn6fWJCQq3HoWeTITFD/dtLxb+8TmKCijvhMk4Mk3S+KEgENBFMK4A+V4waMbaEUMXtrZAOiSLU2KKytoSvn8L/SbNYwKiAb87ztdKijgw4BEfgBGBQBjVwBeqgAShQ4AE8gWfn3nl0XpzXeXTJWcwcgB9w3j4BHy6Rkw==</latexit><latexit sha1_base64="Cz/wWG02LIy9xMoYmT80LDpTLZI=">AAAB9XicdVDLSgMxFM34rPVVdekmWAQ31qRIHwuh4MaFiwr2Ae20ZDKZNjSTGZKMUkr/w40LRdz6L+78GzNtBRU9EDiccy735nix4Nog9OEsLa+srq1nNrKbW9s7u7m9/aaOEkVZg0YiUm2PaCa4ZA3DjWDtWDESeoK1vNFl6rfumNI8krdmHDM3JAPJA06JsVKve22jPrk4xWeiV+zn8qiAEMIYw5TgcglZUq1WirgCcWpZ5MEC9X7uvetHNAmZNFQQrTsYxcadEGU4FWya7SaaxYSOyIB1LJUkZNqdzK6ewmOr+DCIlH3SwJn6fWJCQq3HoWeTITFD/dtLxb+8TmKCijvhMk4Mk3S+KEgENBFMK4A+V4waMbaEUMXtrZAOiSLU2KKytoSvn8L/SbNYwKiAb87ztdKijgw4BEfgBGBQBjVwBeqgAShQ4AE8gWfn3nl0XpzXeXTJWcwcgB9w3j4BHy6Rkw==</latexit>

µ
<latexit sha1_base64="+h2Jvq8imZJ/P8KoS6FAvXpQcBk=">AAAB6nicdVDLSgMxFL3js9ZX1aWbYBFclaRIH7uCG5cV7QPaoWTStA1NZoYkI5Shn+DGhSJu/SJ3/o2ZtoKKHrhwOOde7r0niKUwFuMPb219Y3NrO7eT393bPzgsHB23TZRoxlsskpHuBtRwKULessJK3o01pyqQvBNMrzK/c8+1EVF4Z2cx9xUdh2IkGLVOuu2rZFAo4hLGmBCCMkKqFexIvV4rkxoimeVQhBWag8J7fxixRPHQMkmN6REcWz+l2gom+TzfTwyPKZvSMe85GlLFjZ8uTp2jc6cM0SjSrkKLFur3iZQqY2YqcJ2K2on57WXiX14vsaOan4owTiwP2XLRKJHIRij7Gw2F5szKmSOUaeFuRWxCNWXWpZN3IXx9iv4n7XKJ4BK5uSw2Kqs4cnAKZ3ABBKrQgGtoQgsYjOEBnuDZk96j9+K9LlvXvNXMCfyA9/YJpriOAA==</latexit><latexit sha1_base64="+h2Jvq8imZJ/P8KoS6FAvXpQcBk=">AAAB6nicdVDLSgMxFL3js9ZX1aWbYBFclaRIH7uCG5cV7QPaoWTStA1NZoYkI5Shn+DGhSJu/SJ3/o2ZtoKKHrhwOOde7r0niKUwFuMPb219Y3NrO7eT393bPzgsHB23TZRoxlsskpHuBtRwKULessJK3o01pyqQvBNMrzK/c8+1EVF4Z2cx9xUdh2IkGLVOuu2rZFAo4hLGmBCCMkKqFexIvV4rkxoimeVQhBWag8J7fxixRPHQMkmN6REcWz+l2gom+TzfTwyPKZvSMe85GlLFjZ8uTp2jc6cM0SjSrkKLFur3iZQqY2YqcJ2K2on57WXiX14vsaOan4owTiwP2XLRKJHIRij7Gw2F5szKmSOUaeFuRWxCNWXWpZN3IXx9iv4n7XKJ4BK5uSw2Kqs4cnAKZ3ABBKrQgGtoQgsYjOEBnuDZk96j9+K9LlvXvNXMCfyA9/YJpriOAA==</latexit><latexit sha1_base64="+h2Jvq8imZJ/P8KoS6FAvXpQcBk=">AAAB6nicdVDLSgMxFL3js9ZX1aWbYBFclaRIH7uCG5cV7QPaoWTStA1NZoYkI5Shn+DGhSJu/SJ3/o2ZtoKKHrhwOOde7r0niKUwFuMPb219Y3NrO7eT393bPzgsHB23TZRoxlsskpHuBtRwKULessJK3o01pyqQvBNMrzK/c8+1EVF4Z2cx9xUdh2IkGLVOuu2rZFAo4hLGmBCCMkKqFexIvV4rkxoimeVQhBWag8J7fxixRPHQMkmN6REcWz+l2gom+TzfTwyPKZvSMe85GlLFjZ8uTp2jc6cM0SjSrkKLFur3iZQqY2YqcJ2K2on57WXiX14vsaOan4owTiwP2XLRKJHIRij7Gw2F5szKmSOUaeFuRWxCNWXWpZN3IXx9iv4n7XKJ4BK5uSw2Kqs4cnAKZ3ABBKrQgGtoQgsYjOEBnuDZk96j9+K9LlvXvNXMCfyA9/YJpriOAA==</latexit><latexit sha1_base64="+h2Jvq8imZJ/P8KoS6FAvXpQcBk=">AAAB6nicdVDLSgMxFL3js9ZX1aWbYBFclaRIH7uCG5cV7QPaoWTStA1NZoYkI5Shn+DGhSJu/SJ3/o2ZtoKKHrhwOOde7r0niKUwFuMPb219Y3NrO7eT393bPzgsHB23TZRoxlsskpHuBtRwKULessJK3o01pyqQvBNMrzK/c8+1EVF4Z2cx9xUdh2IkGLVOuu2rZFAo4hLGmBCCMkKqFexIvV4rkxoimeVQhBWag8J7fxixRPHQMkmN6REcWz+l2gom+TzfTwyPKZvSMe85GlLFjZ8uTp2jc6cM0SjSrkKLFur3iZQqY2YqcJ2K2on57WXiX14vsaOan4owTiwP2XLRKJHIRij7Gw2F5szKmSOUaeFuRWxCNWXWpZN3IXx9iv4n7XKJ4BK5uSw2Kqs4cnAKZ3ABBKrQgGtoQgsYjOEBnuDZk96j9+K9LlvXvNXMCfyA9/YJpriOAA==</latexit>

Gravitational Chern-Simons action

The eom are 3rd order.

[Deser et al.]
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Gravitational Chern-Simons action

For every value of     TMG has an          as solution with radius µ
<latexit sha1_base64="LIREWENjPhq8sXJvACrjnjVo53o=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2NZTwYvHitYW2qVk02wbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbmBYkUxmL84eVWVtfWN/Kbha3tnd294v7BnYlTzXiLxTLWnYAaLoXiLSus5J1EcxoFkreD8WXmt++5NiJWt3aScD+iQyVCwah10k0vSvvFEi5jjAkhKCOkeo4dqddrFVJDJLMcSrBEs1987w1ilkZcWSapMV2CE+tPqbaCST4r9FLDE8rGdMi7jioaceNP56fO0IlTBiiMtStl0Vz9PjGlkTGTKHCdEbUj89vLxL+8bmrDmj8VKkktV2yxKEwlsjHK/kYDoTmzcuIIZVq4WxEbUU2ZdekUXAhfn6L/yV2lTHCZXJ+VGhfLOPJwBMdwCgSq0IAraEILGAzhAZ7g2ZPeo/fivS5ac95y5hB+wHv7BKfsjgQ=</latexit><latexit sha1_base64="LIREWENjPhq8sXJvACrjnjVo53o=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2NZTwYvHitYW2qVk02wbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbmBYkUxmL84eVWVtfWN/Kbha3tnd294v7BnYlTzXiLxTLWnYAaLoXiLSus5J1EcxoFkreD8WXmt++5NiJWt3aScD+iQyVCwah10k0vSvvFEi5jjAkhKCOkeo4dqddrFVJDJLMcSrBEs1987w1ilkZcWSapMV2CE+tPqbaCST4r9FLDE8rGdMi7jioaceNP56fO0IlTBiiMtStl0Vz9PjGlkTGTKHCdEbUj89vLxL+8bmrDmj8VKkktV2yxKEwlsjHK/kYDoTmzcuIIZVq4WxEbUU2ZdekUXAhfn6L/yV2lTHCZXJ+VGhfLOPJwBMdwCgSq0IAraEILGAzhAZ7g2ZPeo/fivS5ac95y5hB+wHv7BKfsjgQ=</latexit><latexit sha1_base64="LIREWENjPhq8sXJvACrjnjVo53o=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2NZTwYvHitYW2qVk02wbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbmBYkUxmL84eVWVtfWN/Kbha3tnd294v7BnYlTzXiLxTLWnYAaLoXiLSus5J1EcxoFkreD8WXmt++5NiJWt3aScD+iQyVCwah10k0vSvvFEi5jjAkhKCOkeo4dqddrFVJDJLMcSrBEs1987w1ilkZcWSapMV2CE+tPqbaCST4r9FLDE8rGdMi7jioaceNP56fO0IlTBiiMtStl0Vz9PjGlkTGTKHCdEbUj89vLxL+8bmrDmj8VKkktV2yxKEwlsjHK/kYDoTmzcuIIZVq4WxEbUU2ZdekUXAhfn6L/yV2lTHCZXJ+VGhfLOPJwBMdwCgSq0IAraEILGAzhAZ7g2ZPeo/fivS5ac95y5hB+wHv7BKfsjgQ=</latexit><latexit sha1_base64="LIREWENjPhq8sXJvACrjnjVo53o=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2NZTwYvHitYW2qVk02wbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbmBYkUxmL84eVWVtfWN/Kbha3tnd294v7BnYlTzXiLxTLWnYAaLoXiLSus5J1EcxoFkreD8WXmt++5NiJWt3aScD+iQyVCwah10k0vSvvFEi5jjAkhKCOkeo4dqddrFVJDJLMcSrBEs1987w1ilkZcWSapMV2CE+tPqbaCST4r9FLDE8rGdMi7jioaceNP56fO0IlTBiiMtStl0Vz9PjGlkTGTKHCdEbUj89vLxL+8bmrDmj8VKkktV2yxKEwlsjHK/kYDoTmzcuIIZVq4WxEbUU2ZdekUXAhfn6L/yV2lTHCZXJ+VGhfLOPJwBMdwCgSq0IAraEILGAzhAZ7g2ZPeo/fivS5ac95y5hB+wHv7BKfsjgQ=</latexit>

AdS3
<latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit>

l
<latexit sha1_base64="pfMPW2jsnFl5XGfr1btJNLJvOQY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMYmngBePCZgHJEuYncwmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vFgKbTD+cHJr6xubW/ntws7u3v5B8fCoo6NEMd5mkYxUz6OaSxHythFG8l6sOA08ybve9Drzu/dcaRGFt2YWczeg41D4glFjpZYcFku4jDEmhKCMkOoltqRer1VIDZHMsijBCs1h8X0wilgS8NAwSbXuExwbN6XKCCb5vDBINI8pm9Ix71sa0oBrN10cOkdnVhkhP1K2QoMW6veJlAZazwLPdgbUTPRvLxP/8vqJ8WtuKsI4MTxky0V+IpGJUPY1GgnFmZEzSyhTwt6K2IQqyozNpmBD+PoU/U86lTLBZdK6KDWuVnHk4QRO4RwIVKEBN9CENjDg8ABP8OzcOY/Oi/O6bM05q5lj+AHn7RMepo0e</latexit><latexit sha1_base64="pfMPW2jsnFl5XGfr1btJNLJvOQY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMYmngBePCZgHJEuYncwmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vFgKbTD+cHJr6xubW/ntws7u3v5B8fCoo6NEMd5mkYxUz6OaSxHythFG8l6sOA08ybve9Drzu/dcaRGFt2YWczeg41D4glFjpZYcFku4jDEmhKCMkOoltqRer1VIDZHMsijBCs1h8X0wilgS8NAwSbXuExwbN6XKCCb5vDBINI8pm9Ix71sa0oBrN10cOkdnVhkhP1K2QoMW6veJlAZazwLPdgbUTPRvLxP/8vqJ8WtuKsI4MTxky0V+IpGJUPY1GgnFmZEzSyhTwt6K2IQqyozNpmBD+PoU/U86lTLBZdK6KDWuVnHk4QRO4RwIVKEBN9CENjDg8ABP8OzcOY/Oi/O6bM05q5lj+AHn7RMepo0e</latexit><latexit sha1_base64="pfMPW2jsnFl5XGfr1btJNLJvOQY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMYmngBePCZgHJEuYncwmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vFgKbTD+cHJr6xubW/ntws7u3v5B8fCoo6NEMd5mkYxUz6OaSxHythFG8l6sOA08ybve9Drzu/dcaRGFt2YWczeg41D4glFjpZYcFku4jDEmhKCMkOoltqRer1VIDZHMsijBCs1h8X0wilgS8NAwSbXuExwbN6XKCCb5vDBINI8pm9Ix71sa0oBrN10cOkdnVhkhP1K2QoMW6veJlAZazwLPdgbUTPRvLxP/8vqJ8WtuKsI4MTxky0V+IpGJUPY1GgnFmZEzSyhTwt6K2IQqyozNpmBD+PoU/U86lTLBZdK6KDWuVnHk4QRO4RwIVKEBN9CENjDg8ABP8OzcOY/Oi/O6bM05q5lj+AHn7RMepo0e</latexit><latexit sha1_base64="pfMPW2jsnFl5XGfr1btJNLJvOQY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMYmngBePCZgHJEuYncwmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vFgKbTD+cHJr6xubW/ntws7u3v5B8fCoo6NEMd5mkYxUz6OaSxHythFG8l6sOA08ybve9Drzu/dcaRGFt2YWczeg41D4glFjpZYcFku4jDEmhKCMkOoltqRer1VIDZHMsijBCs1h8X0wilgS8NAwSbXuExwbN6XKCCb5vDBINI8pm9Ix71sa0oBrN10cOkdnVhkhP1K2QoMW6veJlAZazwLPdgbUTPRvLxP/8vqJ8WtuKsI4MTxky0V+IpGJUPY1GgnFmZEzSyhTwt6K2IQqyozNpmBD+PoU/U86lTLBZdK6KDWuVnHk4QRO4RwIVKEBN9CENjDg8ABP8OzcOY/Oi/O6bM05q5lj+AHn7RMepo0e</latexit>

For large   , the linearized excitations about          describe a propagating 
graviton with mass    but negative energy!.  Then          is generically  
unstable. 

µ
<latexit sha1_base64="LIREWENjPhq8sXJvACrjnjVo53o=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2NZTwYvHitYW2qVk02wbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbmBYkUxmL84eVWVtfWN/Kbha3tnd294v7BnYlTzXiLxTLWnYAaLoXiLSus5J1EcxoFkreD8WXmt++5NiJWt3aScD+iQyVCwah10k0vSvvFEi5jjAkhKCOkeo4dqddrFVJDJLMcSrBEs1987w1ilkZcWSapMV2CE+tPqbaCST4r9FLDE8rGdMi7jioaceNP56fO0IlTBiiMtStl0Vz9PjGlkTGTKHCdEbUj89vLxL+8bmrDmj8VKkktV2yxKEwlsjHK/kYDoTmzcuIIZVq4WxEbUU2ZdekUXAhfn6L/yV2lTHCZXJ+VGhfLOPJwBMdwCgSq0IAraEILGAzhAZ7g2ZPeo/fivS5ac95y5hB+wHv7BKfsjgQ=</latexit><latexit sha1_base64="LIREWENjPhq8sXJvACrjnjVo53o=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2NZTwYvHitYW2qVk02wbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbmBYkUxmL84eVWVtfWN/Kbha3tnd294v7BnYlTzXiLxTLWnYAaLoXiLSus5J1EcxoFkreD8WXmt++5NiJWt3aScD+iQyVCwah10k0vSvvFEi5jjAkhKCOkeo4dqddrFVJDJLMcSrBEs1987w1ilkZcWSapMV2CE+tPqbaCST4r9FLDE8rGdMi7jioaceNP56fO0IlTBiiMtStl0Vz9PjGlkTGTKHCdEbUj89vLxL+8bmrDmj8VKkktV2yxKEwlsjHK/kYDoTmzcuIIZVq4WxEbUU2ZdekUXAhfn6L/yV2lTHCZXJ+VGhfLOPJwBMdwCgSq0IAraEILGAzhAZ7g2ZPeo/fivS5ac95y5hB+wHv7BKfsjgQ=</latexit><latexit sha1_base64="LIREWENjPhq8sXJvACrjnjVo53o=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2NZTwYvHitYW2qVk02wbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbmBYkUxmL84eVWVtfWN/Kbha3tnd294v7BnYlTzXiLxTLWnYAaLoXiLSus5J1EcxoFkreD8WXmt++5NiJWt3aScD+iQyVCwah10k0vSvvFEi5jjAkhKCOkeo4dqddrFVJDJLMcSrBEs1987w1ilkZcWSapMV2CE+tPqbaCST4r9FLDE8rGdMi7jioaceNP56fO0IlTBiiMtStl0Vz9PjGlkTGTKHCdEbUj89vLxL+8bmrDmj8VKkktV2yxKEwlsjHK/kYDoTmzcuIIZVq4WxEbUU2ZdekUXAhfn6L/yV2lTHCZXJ+VGhfLOPJwBMdwCgSq0IAraEILGAzhAZ7g2ZPeo/fivS5ac95y5hB+wHv7BKfsjgQ=</latexit><latexit sha1_base64="LIREWENjPhq8sXJvACrjnjVo53o=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2NZTwYvHitYW2qVk02wbms0uSVYopT/BiwdFvPqLvPlvzLYVVPTBwOO9GWbmBYkUxmL84eVWVtfWN/Kbha3tnd294v7BnYlTzXiLxTLWnYAaLoXiLSus5J1EcxoFkreD8WXmt++5NiJWt3aScD+iQyVCwah10k0vSvvFEi5jjAkhKCOkeo4dqddrFVJDJLMcSrBEs1987w1ilkZcWSapMV2CE+tPqbaCST4r9FLDE8rGdMi7jioaceNP56fO0IlTBiiMtStl0Vz9PjGlkTGTKHCdEbUj89vLxL+8bmrDmj8VKkktV2yxKEwlsjHK/kYDoTmzcuIIZVq4WxEbUU2ZdekUXAhfn6L/yV2lTHCZXJ+VGhfLOPJwBMdwCgSq0IAraEILGAzhAZ7g2ZPeo/fivS5ac95y5hB+wHv7BKfsjgQ=</latexit>

AdS3
<latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit>
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Brown and Henneaux showed that quantum gravity on asymptotically 
         spacetimes with certain BC is described by a 2D CFT which lives 
on the boundary. 
For TMG the two central charges are given by
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And [Kraus et al.]cR =
3l
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1
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)
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Brown and Henneaux showed that quantum gravity on asymptotically 
         spacetimes with certain BC is described by a 2D CFT which lives 
on the boundary. 
For TMG the two central charges are given by
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And [Kraus et al.]

For          , there are warped          (and warped         BH) solutions that 
are presumably stable (these are NON-Einstein solutions). 

For           ,           (and BTZ) are presumably stable under small  
perturbations.This is call Chiral gravity (          and               ).   
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AdS3
<latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit>

cL = 0
<latexit sha1_base64="g+9g94fXUmtrWuN5RVJ80gxt0Gg=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK9OMgFLx48FDBbQttKdk0bUOz2SXJCqX0N3jxoIhXf5A3/43ZtoKKPhh4vDfDzLwglsJYjD+8zNr6xuZWdju3s7u3f5A/PGqaKNGM+yySkW4H1HApFPetsJK3Y81pGEjeCiZXqd+659qISN3Zacx7IR0pMRSMWif5rH9zifv5Ai5ijAkhKCWkUsaO1GrVEqkikloOBVih0c+/dwcRS0KuLJPUmA7Bse3NqLaCST7PdRPDY8omdMQ7jioactObLY6dozOnDNAw0q6URQv1+8SMhsZMw8B1htSOzW8vFf/yOokdVnszoeLEcsWWi4aJRDZC6edoIDRnVk4doUwLdytiY6opsy6fnAvh61P0P2mWigQXye1FoV5exZGFEziFcyBQgTpcQwN8YCDgAZ7g2VPeo/fivS5bM95q5hh+wHv7BE9mjlE=</latexit><latexit sha1_base64="g+9g94fXUmtrWuN5RVJ80gxt0Gg=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK9OMgFLx48FDBbQttKdk0bUOz2SXJCqX0N3jxoIhXf5A3/43ZtoKKPhh4vDfDzLwglsJYjD+8zNr6xuZWdju3s7u3f5A/PGqaKNGM+yySkW4H1HApFPetsJK3Y81pGEjeCiZXqd+659qISN3Zacx7IR0pMRSMWif5rH9zifv5Ai5ijAkhKCWkUsaO1GrVEqkikloOBVih0c+/dwcRS0KuLJPUmA7Bse3NqLaCST7PdRPDY8omdMQ7jioactObLY6dozOnDNAw0q6URQv1+8SMhsZMw8B1htSOzW8vFf/yOokdVnszoeLEcsWWi4aJRDZC6edoIDRnVk4doUwLdytiY6opsy6fnAvh61P0P2mWigQXye1FoV5exZGFEziFcyBQgTpcQwN8YCDgAZ7g2VPeo/fivS5bM95q5hh+wHv7BE9mjlE=</latexit><latexit sha1_base64="g+9g94fXUmtrWuN5RVJ80gxt0Gg=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK9OMgFLx48FDBbQttKdk0bUOz2SXJCqX0N3jxoIhXf5A3/43ZtoKKPhh4vDfDzLwglsJYjD+8zNr6xuZWdju3s7u3f5A/PGqaKNGM+yySkW4H1HApFPetsJK3Y81pGEjeCiZXqd+659qISN3Zacx7IR0pMRSMWif5rH9zifv5Ai5ijAkhKCWkUsaO1GrVEqkikloOBVih0c+/dwcRS0KuLJPUmA7Bse3NqLaCST7PdRPDY8omdMQ7jioactObLY6dozOnDNAw0q6URQv1+8SMhsZMw8B1htSOzW8vFf/yOokdVnszoeLEcsWWi4aJRDZC6edoIDRnVk4doUwLdytiY6opsy6fnAvh61P0P2mWigQXye1FoV5exZGFEziFcyBQgTpcQwN8YCDgAZ7g2VPeo/fivS5bM95q5hh+wHv7BE9mjlE=</latexit><latexit sha1_base64="g+9g94fXUmtrWuN5RVJ80gxt0Gg=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU0mK9OMgFLx48FDBbQttKdk0bUOz2SXJCqX0N3jxoIhXf5A3/43ZtoKKPhh4vDfDzLwglsJYjD+8zNr6xuZWdju3s7u3f5A/PGqaKNGM+yySkW4H1HApFPetsJK3Y81pGEjeCiZXqd+659qISN3Zacx7IR0pMRSMWif5rH9zifv5Ai5ijAkhKCWkUsaO1GrVEqkikloOBVih0c+/dwcRS0KuLJPUmA7Bse3NqLaCST7PdRPDY8omdMQ7jioactObLY6dozOnDNAw0q6URQv1+8SMhsZMw8B1htSOzW8vFf/yOokdVnszoeLEcsWWi4aJRDZC6edoIDRnVk4doUwLdytiY6opsy6fnAvh61P0P2mWigQXye1FoV5exZGFEziFcyBQgTpcQwN8YCDgAZ7g2VPeo/fivS5bM95q5hh+wHv7BE9mjlE=</latexit>

cR = 3l/G
<latexit sha1_base64="brBPiTQWMkn5YZsWp4aanSIH0q0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4qkmVPhZCwYUuq9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ZtoKKnrgwuGce7n3Hi8SXBuEPpzM0vLK6lp2PbexubW9k9/da+kwVpQ1aShC1fGIZoJL1jTcCNaJFCOBJ1jbG1+kfvueKc1DeWsmEXMDMpTc55QYK3Vo/+b8VJxc9vMFVEQIYYxhSnCljCyp1aolXIU4tSwKYIFGP//eG4Q0Dpg0VBCtuxhFxk2IMpwKNs31Ys0iQsdkyLqWShIw7Saze6fwyCoD6IfKljRwpn6fSEig9STwbGdAzEj/9lLxL68bG7/qJlxGsWGSzhf5sYAmhOnzcMAVo0ZMLCFUcXsrpCOiCDU2opwN4etT+D9plYoYFfH1WaFeXsSRBQfgEBwDDCqgDq5AAzQBBQI8gCfw7Nw5j86L8zpvzTiLmX3wA87bJygZj1o=</latexit><latexit sha1_base64="brBPiTQWMkn5YZsWp4aanSIH0q0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4qkmVPhZCwYUuq9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ZtoKKnrgwuGce7n3Hi8SXBuEPpzM0vLK6lp2PbexubW9k9/da+kwVpQ1aShC1fGIZoJL1jTcCNaJFCOBJ1jbG1+kfvueKc1DeWsmEXMDMpTc55QYK3Vo/+b8VJxc9vMFVEQIYYxhSnCljCyp1aolXIU4tSwKYIFGP//eG4Q0Dpg0VBCtuxhFxk2IMpwKNs31Ys0iQsdkyLqWShIw7Saze6fwyCoD6IfKljRwpn6fSEig9STwbGdAzEj/9lLxL68bG7/qJlxGsWGSzhf5sYAmhOnzcMAVo0ZMLCFUcXsrpCOiCDU2opwN4etT+D9plYoYFfH1WaFeXsSRBQfgEBwDDCqgDq5AAzQBBQI8gCfw7Nw5j86L8zpvzTiLmX3wA87bJygZj1o=</latexit><latexit sha1_base64="brBPiTQWMkn5YZsWp4aanSIH0q0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4qkmVPhZCwYUuq9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ZtoKKnrgwuGce7n3Hi8SXBuEPpzM0vLK6lp2PbexubW9k9/da+kwVpQ1aShC1fGIZoJL1jTcCNaJFCOBJ1jbG1+kfvueKc1DeWsmEXMDMpTc55QYK3Vo/+b8VJxc9vMFVEQIYYxhSnCljCyp1aolXIU4tSwKYIFGP//eG4Q0Dpg0VBCtuxhFxk2IMpwKNs31Ys0iQsdkyLqWShIw7Saze6fwyCoD6IfKljRwpn6fSEig9STwbGdAzEj/9lLxL68bG7/qJlxGsWGSzhf5sYAmhOnzcMAVo0ZMLCFUcXsrpCOiCDU2opwN4etT+D9plYoYFfH1WaFeXsSRBQfgEBwDDCqgDq5AAzQBBQI8gCfw7Nw5j86L8zpvzTiLmX3wA87bJygZj1o=</latexit><latexit sha1_base64="brBPiTQWMkn5YZsWp4aanSIH0q0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4qkmVPhZCwYUuq9gHtEPJpJk2NJMZk4xQhv6EGxeKuPV33Pk3ZtoKKnrgwuGce7n3Hi8SXBuEPpzM0vLK6lp2PbexubW9k9/da+kwVpQ1aShC1fGIZoJL1jTcCNaJFCOBJ1jbG1+kfvueKc1DeWsmEXMDMpTc55QYK3Vo/+b8VJxc9vMFVEQIYYxhSnCljCyp1aolXIU4tSwKYIFGP//eG4Q0Dpg0VBCtuxhFxk2IMpwKNs31Ys0iQsdkyLqWShIw7Saze6fwyCoD6IfKljRwpn6fSEig9STwbGdAzEj/9lLxL68bG7/qJlxGsWGSzhf5sYAmhOnzcMAVo0ZMLCFUcXsrpCOiCDU2opwN4etT+D9plYoYFfH1WaFeXsSRBQfgEBwDDCqgDq5AAzQBBQI8gCfw7Nw5j86L8zpvzTiLmX3wA87bJygZj1o=</latexit>

cR =
3l

2G
(1 +

1

µl
)

<latexit sha1_base64="KocXnberivatJSjb7F3Rr7GaeOI="></latexit><latexit sha1_base64="KocXnberivatJSjb7F3Rr7GaeOI="></latexit><latexit sha1_base64="KocXnberivatJSjb7F3Rr7GaeOI="></latexit><latexit sha1_base64="KocXnberivatJSjb7F3Rr7GaeOI="></latexit>

µl > 3
<latexit sha1_base64="fK5o6ctJg6L8STUz1NTLsg6CsEI=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4KkkV27qQghuXFewD2qFk0kwbmmSGJCOUoR/hxoUibv0ed/6NmbaCih64cDjnXu69J4gFNxahDy+3srq2vpHfLGxt7+zuFfcP2iZKNGUtGolIdwNimOCKtSy3gnVjzYgMBOsEk+vM79wzbXik7uw0Zr4kI8VDTol1UqcvEyiuzgbFEiojhDDGMCO4eoEcqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NwZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecx+h0OuGbVi6gihmrtbIR0TTah1CRVcCF+fwv9Ju1LGqIxvz0uNy2UceXAEjsEpwKAKGuAGNEELUDABD+AJPHux9+i9eK+L1py3nDkEP+C9fQLBmI8p</latexit><latexit sha1_base64="fK5o6ctJg6L8STUz1NTLsg6CsEI=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4KkkV27qQghuXFewD2qFk0kwbmmSGJCOUoR/hxoUibv0ed/6NmbaCih64cDjnXu69J4gFNxahDy+3srq2vpHfLGxt7+zuFfcP2iZKNGUtGolIdwNimOCKtSy3gnVjzYgMBOsEk+vM79wzbXik7uw0Zr4kI8VDTol1UqcvEyiuzgbFEiojhDDGMCO4eoEcqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NwZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecx+h0OuGbVi6gihmrtbIR0TTah1CRVcCF+fwv9Ju1LGqIxvz0uNy2UceXAEjsEpwKAKGuAGNEELUDABD+AJPHux9+i9eK+L1py3nDkEP+C9fQLBmI8p</latexit><latexit sha1_base64="fK5o6ctJg6L8STUz1NTLsg6CsEI=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4KkkV27qQghuXFewD2qFk0kwbmmSGJCOUoR/hxoUibv0ed/6NmbaCih64cDjnXu69J4gFNxahDy+3srq2vpHfLGxt7+zuFfcP2iZKNGUtGolIdwNimOCKtSy3gnVjzYgMBOsEk+vM79wzbXik7uw0Zr4kI8VDTol1UqcvEyiuzgbFEiojhDDGMCO4eoEcqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NwZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecx+h0OuGbVi6gihmrtbIR0TTah1CRVcCF+fwv9Ju1LGqIxvz0uNy2UceXAEjsEpwKAKGuAGNEELUDABD+AJPHux9+i9eK+L1py3nDkEP+C9fQLBmI8p</latexit><latexit sha1_base64="fK5o6ctJg6L8STUz1NTLsg6CsEI=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4KkkV27qQghuXFewD2qFk0kwbmmSGJCOUoR/hxoUibv0ed/6NmbaCih64cDjnXu69J4gFNxahDy+3srq2vpHfLGxt7+zuFfcP2iZKNGUtGolIdwNimOCKtSy3gnVjzYgMBOsEk+vM79wzbXik7uw0Zr4kI8VDTol1UqcvEyiuzgbFEiojhDDGMCO4eoEcqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NwZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecx+h0OuGbVi6gihmrtbIR0TTah1CRVcCF+fwv9Ju1LGqIxvz0uNy2UceXAEjsEpwKAKGuAGNEELUDABD+AJPHux9+i9eK+L1py3nDkEP+C9fQLBmI8p</latexit>

[Strominger et al.]

AdS3
<latexit sha1_base64="PvIG+C4Br7Vmoe1d4GREwFTk3W8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkkV27qquHFZ0T6gHUomk2ljM5MhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vv8WLBtUHow8ktLa+sruXXCxubW9s7xd29tpaJoqxFpZCq6xHNBI9Yy3AjWDdWjISeYB1vfJn5nXumNJfRrZnEzA3JMOIBp8RYqQ0v/JvByaBYQmWEEMYYZgRXz5Al9XqtgmsQZ5ZFCSzQHBTf+76kScgiQwXRuodRbNyUKMOpYNNCP9EsJnRMhqxnaURCpt10du0UHlnFh4FUtiIDZ+r3iZSEWk9Cz3aGxIz0by8T//J6iQlqbsqjODEsovNFQSKgkTB7HfpcMWrExBJCFbe3QjoiilBjAyrYEL4+hf+TdqWMURlfn5Ya54s48uAAHIJjgEEVNMAVaIIWoOAOPIAn8OxI59F5cV7nrTlnMbMPfsB5+wS9GY6O</latexit><latexit sha1_base64="PvIG+C4Br7Vmoe1d4GREwFTk3W8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkkV27qquHFZ0T6gHUomk2ljM5MhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vv8WLBtUHow8ktLa+sruXXCxubW9s7xd29tpaJoqxFpZCq6xHNBI9Yy3AjWDdWjISeYB1vfJn5nXumNJfRrZnEzA3JMOIBp8RYqQ0v/JvByaBYQmWEEMYYZgRXz5Al9XqtgmsQZ5ZFCSzQHBTf+76kScgiQwXRuodRbNyUKMOpYNNCP9EsJnRMhqxnaURCpt10du0UHlnFh4FUtiIDZ+r3iZSEWk9Cz3aGxIz0by8T//J6iQlqbsqjODEsovNFQSKgkTB7HfpcMWrExBJCFbe3QjoiilBjAyrYEL4+hf+TdqWMURlfn5Ya54s48uAAHIJjgEEVNMAVaIIWoOAOPIAn8OxI59F5cV7nrTlnMbMPfsB5+wS9GY6O</latexit><latexit sha1_base64="PvIG+C4Br7Vmoe1d4GREwFTk3W8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkkV27qquHFZ0T6gHUomk2ljM5MhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vv8WLBtUHow8ktLa+sruXXCxubW9s7xd29tpaJoqxFpZCq6xHNBI9Yy3AjWDdWjISeYB1vfJn5nXumNJfRrZnEzA3JMOIBp8RYqQ0v/JvByaBYQmWEEMYYZgRXz5Al9XqtgmsQZ5ZFCSzQHBTf+76kScgiQwXRuodRbNyUKMOpYNNCP9EsJnRMhqxnaURCpt10du0UHlnFh4FUtiIDZ+r3iZSEWk9Cz3aGxIz0by8T//J6iQlqbsqjODEsovNFQSKgkTB7HfpcMWrExBJCFbe3QjoiilBjAyrYEL4+hf+TdqWMURlfn5Ya54s48uAAHIJjgEEVNMAVaIIWoOAOPIAn8OxI59F5cV7nrTlnMbMPfsB5+wS9GY6O</latexit><latexit sha1_base64="PvIG+C4Br7Vmoe1d4GREwFTk3W8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4KkkV27qquHFZ0T6gHUomk2ljM5MhyQhl6D+4caGIW//HnX9jpq2gogcuHM65l3vv8WLBtUHow8ktLa+sruXXCxubW9s7xd29tpaJoqxFpZCq6xHNBI9Yy3AjWDdWjISeYB1vfJn5nXumNJfRrZnEzA3JMOIBp8RYqQ0v/JvByaBYQmWEEMYYZgRXz5Al9XqtgmsQZ5ZFCSzQHBTf+76kScgiQwXRuodRbNyUKMOpYNNCP9EsJnRMhqxnaURCpt10du0UHlnFh4FUtiIDZ+r3iZSEWk9Cz3aGxIz0by8T//J6iQlqbsqjODEsovNFQSKgkTB7HfpcMWrExBJCFbe3QjoiilBjAyrYEL4+hf+TdqWMURlfn5Ya54s48uAAHIJjgEEVNMAVaIIWoOAOPIAn8OxI59F5cV7nrTlnMbMPfsB5+wS9GY6O</latexit>
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[Strominger et al.]
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[Townsend et al.]

Where     represents the mass of the graviton. The eom are 4th order.m
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[Townsend et al.]

This coefficient is essential for the 
theory to be ghost free about  
sensible backgrounds.
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[Townsend et al.]

NMG has a large set of interesting solutions, e.g.          ,  
Warped          , Lifshitz spaces, etc. (i.e. Einstein and non Einstein)

AdS3
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bulk and the boundary at the same time.
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There are different attempts to solve this problem. The most recent is

Exotic 3D massive gravity
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Exotic 3D Massive Gravity
It is defined by the following fourth-order equations of motion,
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2
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Lµ⌫ = 0
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[Townsend et al.]
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Einstein gravity TMG term Exotic term

IMPORTANT: The equations of motion do not come from varying any action! 
The Bianchi identities are only satisfy on-shell.
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Einstein gravity TMG term Exotic term

Cµ⌫ ⌘ 0
<latexit sha1_base64="gMYcmHysxBUHKBGJpMZamy9SpUI=">AAAB+3icdVBNS0JBFJ3Xp9mX2bLNkAStZEYitZXgpqVBfoBPZN446uC8ea/5kOThX2nTooi2/ZF2/ZvmqUFFHbhwOOde7r0niAXXBqEPb219Y3NrO7OT3d3bPzjMHeVbOrKKsiaNRKQ6AdFMcMmahhvBOrFiJAwEaweTeuq3p0xpHslbM4tZLyQjyYecEuOkfi5f7yd+aH1p5z67s3wKUT9XQEWEEMYYpgSXL5Ej1WqlhCsQp5ZDAazQ6Ofe/UFEbcikoYJo3cUoNr2EKMOpYPOsbzWLCZ2QEes6KknIdC9Z3D6HZ04ZwGGkXEkDF+r3iYSEWs/CwHWGxIz1by8V//K61gwrvYTL2Bom6XLR0ApoIpgGAQdcMWrEzBFCFXe3QjomilDj4sq6EL4+hf+TVqmIURHfXBRqV6s4MuAEnIJzgEEZ1MA1aIAmoOAePIAn8OzNvUfvxXtdtq55q5lj8APe2yckT5R6</latexit><latexit sha1_base64="gMYcmHysxBUHKBGJpMZamy9SpUI=">AAAB+3icdVBNS0JBFJ3Xp9mX2bLNkAStZEYitZXgpqVBfoBPZN446uC8ea/5kOThX2nTooi2/ZF2/ZvmqUFFHbhwOOde7r0niAXXBqEPb219Y3NrO7OT3d3bPzjMHeVbOrKKsiaNRKQ6AdFMcMmahhvBOrFiJAwEaweTeuq3p0xpHslbM4tZLyQjyYecEuOkfi5f7yd+aH1p5z67s3wKUT9XQEWEEMYYpgSXL5Ej1WqlhCsQp5ZDAazQ6Ofe/UFEbcikoYJo3cUoNr2EKMOpYPOsbzWLCZ2QEes6KknIdC9Z3D6HZ04ZwGGkXEkDF+r3iYSEWs/CwHWGxIz1by8V//K61gwrvYTL2Bom6XLR0ApoIpgGAQdcMWrEzBFCFXe3QjomilDj4sq6EL4+hf+TVqmIURHfXBRqV6s4MuAEnIJzgEEZ1MA1aIAmoOAePIAn8OzNvUfvxXtdtq55q5lj8APe2yckT5R6</latexit><latexit sha1_base64="gMYcmHysxBUHKBGJpMZamy9SpUI=">AAAB+3icdVBNS0JBFJ3Xp9mX2bLNkAStZEYitZXgpqVBfoBPZN446uC8ea/5kOThX2nTooi2/ZF2/ZvmqUFFHbhwOOde7r0niAXXBqEPb219Y3NrO7OT3d3bPzjMHeVbOrKKsiaNRKQ6AdFMcMmahhvBOrFiJAwEaweTeuq3p0xpHslbM4tZLyQjyYecEuOkfi5f7yd+aH1p5z67s3wKUT9XQEWEEMYYpgSXL5Ej1WqlhCsQp5ZDAazQ6Ofe/UFEbcikoYJo3cUoNr2EKMOpYPOsbzWLCZ2QEes6KknIdC9Z3D6HZ04ZwGGkXEkDF+r3iYSEWs/CwHWGxIz1by8V//K61gwrvYTL2Bom6XLR0ApoIpgGAQdcMWrEzBFCFXe3QjomilDj4sq6EL4+hf+TVqmIURHfXBRqV6s4MuAEnIJzgEEZ1MA1aIAmoOAePIAn8OzNvUfvxXtdtq55q5lj8APe2yckT5R6</latexit><latexit sha1_base64="gMYcmHysxBUHKBGJpMZamy9SpUI=">AAAB+3icdVBNS0JBFJ3Xp9mX2bLNkAStZEYitZXgpqVBfoBPZN446uC8ea/5kOThX2nTooi2/ZF2/ZvmqUFFHbhwOOde7r0niAXXBqEPb219Y3NrO7OT3d3bPzjMHeVbOrKKsiaNRKQ6AdFMcMmahhvBOrFiJAwEaweTeuq3p0xpHslbM4tZLyQjyYecEuOkfi5f7yd+aH1p5z67s3wKUT9XQEWEEMYYpgSXL5Ej1WqlhCsQp5ZDAazQ6Ofe/UFEbcikoYJo3cUoNr2EKMOpYPOsbzWLCZ2QEes6KknIdC9Z3D6HZ04ZwGGkXEkDF+r3iYSEWs/CwHWGxIz1by8V//K61gwrvYTL2Bom6XLR0ApoIpgGAQdcMWrEzBFCFXe3QjomilDj4sq6EL4+hf+TVqmIURHfXBRqV6s4MuAEnIJzgEEZ1MA1aIAmoOAePIAn8OzNvUfvxXtdtq55q5lj8APe2yckT5R6</latexit>

In D=3, all Einstein manifolds are conformally flat $<latexit sha1_base64="kejXSImmhXrcY8y2/lGZsIbfVt4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQfFU8OKxgv2ANpTNdtMu3eyG3YlSS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WCG/T9b6ewtr6xuVXcLu3s7u2X3YPDplGZpqxBlVC6HRHDBJesgRwFa6eakSQSrBWNbmZ+64Fpw5W8x3HKwoQMJI85JWilnlvuChaj5oMhEq3VY8+t+FV/Dm+VBDmpQI56z/3q9hXNEiaRCmJMJ/BTDCdEI6eCTUvdzLCU0BEZsI6lkiTMhJP54VPv1Cp9L1balkRvrv6emJDEmHES2c6E4NAsezPxP6+TYXwVTrhMM2SSLhbFmfBQebMUvD7XjKIYW0Ko5vZWjw6JJhRtViUbQrD88ippnlcDvxrcXVRq13kcRTiGEziDAC6hBrdQhwZQyOAZXuHNeXJenHfnY9FacPKZI/gD5/MHZ+6TiQ==</latexit><latexit sha1_base64="kejXSImmhXrcY8y2/lGZsIbfVt4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQfFU8OKxgv2ANpTNdtMu3eyG3YlSS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WCG/T9b6ewtr6xuVXcLu3s7u2X3YPDplGZpqxBlVC6HRHDBJesgRwFa6eakSQSrBWNbmZ+64Fpw5W8x3HKwoQMJI85JWilnlvuChaj5oMhEq3VY8+t+FV/Dm+VBDmpQI56z/3q9hXNEiaRCmJMJ/BTDCdEI6eCTUvdzLCU0BEZsI6lkiTMhJP54VPv1Cp9L1balkRvrv6emJDEmHES2c6E4NAsezPxP6+TYXwVTrhMM2SSLhbFmfBQebMUvD7XjKIYW0Ko5vZWjw6JJhRtViUbQrD88ippnlcDvxrcXVRq13kcRTiGEziDAC6hBrdQhwZQyOAZXuHNeXJenHfnY9FacPKZI/gD5/MHZ+6TiQ==</latexit><latexit sha1_base64="kejXSImmhXrcY8y2/lGZsIbfVt4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQfFU8OKxgv2ANpTNdtMu3eyG3YlSS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WCG/T9b6ewtr6xuVXcLu3s7u2X3YPDplGZpqxBlVC6HRHDBJesgRwFa6eakSQSrBWNbmZ+64Fpw5W8x3HKwoQMJI85JWilnlvuChaj5oMhEq3VY8+t+FV/Dm+VBDmpQI56z/3q9hXNEiaRCmJMJ/BTDCdEI6eCTUvdzLCU0BEZsI6lkiTMhJP54VPv1Cp9L1balkRvrv6emJDEmHES2c6E4NAsezPxP6+TYXwVTrhMM2SSLhbFmfBQebMUvD7XjKIYW0Ko5vZWjw6JJhRtViUbQrD88ippnlcDvxrcXVRq13kcRTiGEziDAC6hBrdQhwZQyOAZXuHNeXJenHfnY9FacPKZI/gD5/MHZ+6TiQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="uY1whie6txQVTC3rmXC4//zYxzg=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAdiiZNNOGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06cSWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtTy6VQvIUCJe9mhtM0lrwTT27neeeRGyu0esBpxqOUjpRIBKPorIFf60ueoBGjMVJj9NPArweNYCGyCeEK6rBSc+B/9Yea5SlXyCS1thcGGUYFNSiY5LNKP7c8o2xCR7znUNGU26hYLD4j584ZkkQbdxSShfv7RUFTa6dp7G6mFMd2PZub/2W9HJPrqBAqy5ErthyU5JKgJvMWyFAYzlBOHVBmhNuVsDE1lKHrquJKCNe/vAnty0YYNML7AMpwCmdwASFcwQ3cQRNawCCHF3iDd+/Ze/U+lnWVvFVvJ/BH3ucPECmSLg==</latexit><latexit sha1_base64="uY1whie6txQVTC3rmXC4//zYxzg=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MZlBfuAdiiZNNOGZpIhuaPUob/EjQtF/Dvu/Demj4W2Hgh8nJNwb06cSWExCL690tb2zu5eeb9yUD08qvnH1bbVuWG8xbTUphtTy6VQvIUCJe9mhtM0lrwTT27neeeRGyu0esBpxqOUjpRIBKPorIFf60ueoBGjMVJj9NPArweNYCGyCeEK6rBSc+B/9Yea5SlXyCS1thcGGUYFNSiY5LNKP7c8o2xCR7znUNGU26hYLD4j584ZkkQbdxSShfv7RUFTa6dp7G6mFMd2PZub/2W9HJPrqBAqy5ErthyU5JKgJvMWyFAYzlBOHVBmhNuVsDE1lKHrquJKCNe/vAnty0YYNML7AMpwCmdwASFcwQ3cQRNawCCHF3iDd+/Ze/U+lnWVvFVvJ/BH3ucPECmSLg==</latexit><latexit sha1_base64="DR115+6eMs6jYoKtWAr1OEIXOio=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0m8KJ4KXjxWsB/QhrLZbtqlm03YnSg19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSqFQc/7dtbWNza3tks75d29/YOKe3jUMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2Ob2Z++4FrIxJ1j5OUBzEdKhEJRtFKfbfSkzxCLYYjpFonj3236tW8Ocgq8QtShQKNvvvVGyQsi7lCJqkxXd9LMcipRsEkn5Z7meEpZWM65F1LFY25CfL54VNyZpUBiRJtSyGZq78nchobM4lD2xlTHJllbyb+53UzjK6CXKg0Q67YYlGUSYIJmaVABkJzhnJiCWVa2FsJG1FNGdqsyjYEf/nlVdK6qPlezb/zqvXrIo4SnMApnIMPl1CHW2hAExhk8Ayv8OY8OS/Ou/OxaF1ziplj+APn8wdmrpOF</latexit><latexit sha1_base64="kejXSImmhXrcY8y2/lGZsIbfVt4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQfFU8OKxgv2ANpTNdtMu3eyG3YlSS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WCG/T9b6ewtr6xuVXcLu3s7u2X3YPDplGZpqxBlVC6HRHDBJesgRwFa6eakSQSrBWNbmZ+64Fpw5W8x3HKwoQMJI85JWilnlvuChaj5oMhEq3VY8+t+FV/Dm+VBDmpQI56z/3q9hXNEiaRCmJMJ/BTDCdEI6eCTUvdzLCU0BEZsI6lkiTMhJP54VPv1Cp9L1balkRvrv6emJDEmHES2c6E4NAsezPxP6+TYXwVTrhMM2SSLhbFmfBQebMUvD7XjKIYW0Ko5vZWjw6JJhRtViUbQrD88ippnlcDvxrcXVRq13kcRTiGEziDAC6hBrdQhwZQyOAZXuHNeXJenHfnY9FacPKZI/gD5/MHZ+6TiQ==</latexit><latexit sha1_base64="kejXSImmhXrcY8y2/lGZsIbfVt4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQfFU8OKxgv2ANpTNdtMu3eyG3YlSS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WCG/T9b6ewtr6xuVXcLu3s7u2X3YPDplGZpqxBlVC6HRHDBJesgRwFa6eakSQSrBWNbmZ+64Fpw5W8x3HKwoQMJI85JWilnlvuChaj5oMhEq3VY8+t+FV/Dm+VBDmpQI56z/3q9hXNEiaRCmJMJ/BTDCdEI6eCTUvdzLCU0BEZsI6lkiTMhJP54VPv1Cp9L1balkRvrv6emJDEmHES2c6E4NAsezPxP6+TYXwVTrhMM2SSLhbFmfBQebMUvD7XjKIYW0Ko5vZWjw6JJhRtViUbQrD88ippnlcDvxrcXVRq13kcRTiGEziDAC6hBrdQhwZQyOAZXuHNeXJenHfnY9FacPKZI/gD5/MHZ+6TiQ==</latexit><latexit sha1_base64="kejXSImmhXrcY8y2/lGZsIbfVt4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQfFU8OKxgv2ANpTNdtMu3eyG3YlSS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WCG/T9b6ewtr6xuVXcLu3s7u2X3YPDplGZpqxBlVC6HRHDBJesgRwFa6eakSQSrBWNbmZ+64Fpw5W8x3HKwoQMJI85JWilnlvuChaj5oMhEq3VY8+t+FV/Dm+VBDmpQI56z/3q9hXNEiaRCmJMJ/BTDCdEI6eCTUvdzLCU0BEZsI6lkiTMhJP54VPv1Cp9L1balkRvrv6emJDEmHES2c6E4NAsezPxP6+TYXwVTrhMM2SSLhbFmfBQebMUvD7XjKIYW0Ko5vZWjw6JJhRtViUbQrD88ippnlcDvxrcXVRq13kcRTiGEziDAC6hBrdQhwZQyOAZXuHNeXJenHfnY9FacPKZI/gD5/MHZ+6TiQ==</latexit><latexit sha1_base64="kejXSImmhXrcY8y2/lGZsIbfVt4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQfFU8OKxgv2ANpTNdtMu3eyG3YlSS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WCG/T9b6ewtr6xuVXcLu3s7u2X3YPDplGZpqxBlVC6HRHDBJesgRwFa6eakSQSrBWNbmZ+64Fpw5W8x3HKwoQMJI85JWilnlvuChaj5oMhEq3VY8+t+FV/Dm+VBDmpQI56z/3q9hXNEiaRCmJMJ/BTDCdEI6eCTUvdzLCU0BEZsI6lkiTMhJP54VPv1Cp9L1balkRvrv6emJDEmHES2c6E4NAsezPxP6+TYXwVTrhMM2SSLhbFmfBQebMUvD7XjKIYW0Ko5vZWjw6JJhRtViUbQrD88ippnlcDvxrcXVRq13kcRTiGEziDAC6hBrdQhwZQyOAZXuHNeXJenHfnY9FacPKZI/gD5/MHZ+6TiQ==</latexit><latexit sha1_base64="kejXSImmhXrcY8y2/lGZsIbfVt4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQfFU8OKxgv2ANpTNdtMu3eyG3YlSS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WCG/T9b6ewtr6xuVXcLu3s7u2X3YPDplGZpqxBlVC6HRHDBJesgRwFa6eakSQSrBWNbmZ+64Fpw5W8x3HKwoQMJI85JWilnlvuChaj5oMhEq3VY8+t+FV/Dm+VBDmpQI56z/3q9hXNEiaRCmJMJ/BTDCdEI6eCTUvdzLCU0BEZsI6lkiTMhJP54VPv1Cp9L1balkRvrv6emJDEmHES2c6E4NAsezPxP6+TYXwVTrhMM2SSLhbFmfBQebMUvD7XjKIYW0Ko5vZWjw6JJhRtViUbQrD88ippnlcDvxrcXVRq13kcRTiGEziDAC6hBrdQhwZQyOAZXuHNeXJenHfnY9FacPKZI/gD5/MHZ+6TiQ==</latexit><latexit sha1_base64="kejXSImmhXrcY8y2/lGZsIbfVt4=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQfFU8OKxgv2ANpTNdtMu3eyG3YlSS3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WCG/T9b6ewtr6xuVXcLu3s7u2X3YPDplGZpqxBlVC6HRHDBJesgRwFa6eakSQSrBWNbmZ+64Fpw5W8x3HKwoQMJI85JWilnlvuChaj5oMhEq3VY8+t+FV/Dm+VBDmpQI56z/3q9hXNEiaRCmJMJ/BTDCdEI6eCTUvdzLCU0BEZsI6lkiTMhJP54VPv1Cp9L1balkRvrv6emJDEmHES2c6E4NAsezPxP6+TYXwVTrhMM2SSLhbFmfBQebMUvD7XjKIYW0Ko5vZWjw6JJhRtViUbQrD88ippnlcDvxrcXVRq13kcRTiGEziDAC6hBrdQhwZQyOAZXuHNeXJenHfnY9FacPKZI/gD5/MHZ+6TiQ==</latexit>

Then, GR appears as a sub-sector of the space of solutions of EMG.

EMG also admits non-Einstein solutions.



Exotic 3D Massive Gravity
Vacua of EMG (a quick glimpse)

Let us focus on solutions to the eom when the parameters satisfy,

µ =
m2l

1�m2l2
, l2 = �1/⇤

<latexit sha1_base64="wDLqWxc3sn5S+IoCxLVfglXXFjM="></latexit><latexit sha1_base64="wDLqWxc3sn5S+IoCxLVfglXXFjM="></latexit><latexit sha1_base64="wDLqWxc3sn5S+IoCxLVfglXXFjM="></latexit><latexit sha1_base64="wDLqWxc3sn5S+IoCxLVfglXXFjM="></latexit>

We will call this the CRITICAL POINT.



Exotic 3D Massive Gravity
Vacua of EMG (a quick glimpse)

Let us focus on solutions to the eom when the parameters satisfy,

µ =
m2l

1�m2l2
, l2 = �1/⇤

<latexit sha1_base64="wDLqWxc3sn5S+IoCxLVfglXXFjM="></latexit><latexit sha1_base64="wDLqWxc3sn5S+IoCxLVfglXXFjM="></latexit><latexit sha1_base64="wDLqWxc3sn5S+IoCxLVfglXXFjM="></latexit><latexit sha1_base64="wDLqWxc3sn5S+IoCxLVfglXXFjM="></latexit>

An important example: at the critical point the following non-Einstein metric 
is a solution of the eom, 

ds2 = �r2dt2 +
dr2

r2
+ r2d�2 +N�(t, r)(dt+ d�)2

<latexit sha1_base64="S2PGB66X49HehD8zUxlBY/L+T7U="></latexit><latexit sha1_base64="S2PGB66X49HehD8zUxlBY/L+T7U="></latexit><latexit sha1_base64="S2PGB66X49HehD8zUxlBY/L+T7U="></latexit><latexit sha1_base64="S2PGB66X49HehD8zUxlBY/L+T7U="></latexit>

N�(t, r) =
⇣
�(t� t0) +

�

r4

⌘

<latexit sha1_base64="rAmW+0Ukw5NVz8Ax9zL6dVpVbW0="></latexit><latexit sha1_base64="rAmW+0Ukw5NVz8Ax9zL6dVpVbW0="></latexit><latexit sha1_base64="rAmW+0Ukw5NVz8Ax9zL6dVpVbW0="></latexit><latexit sha1_base64="rAmW+0Ukw5NVz8Ax9zL6dVpVbW0="></latexit>

with

And is asymptotically          in the Brown-Henneaux sense, i.e.AdS3
<latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit>

gtt ' r2 +O(1) , gt� ' O(1) , g�� ' r2 +O(1)
<latexit sha1_base64="eAbCsGpOgx2rT+hFl8CVSVM+oRQ="></latexit><latexit sha1_base64="eAbCsGpOgx2rT+hFl8CVSVM+oRQ="></latexit><latexit sha1_base64="eAbCsGpOgx2rT+hFl8CVSVM+oRQ="></latexit><latexit sha1_base64="eAbCsGpOgx2rT+hFl8CVSVM+oRQ="></latexit>

grr ' r�2 +O(r�4) , gtr ' O(r�4) , gr� ' O(r�4)
<latexit sha1_base64="9Ywb2n2Sw4DsZnESYQZCrOv5y4c="></latexit><latexit sha1_base64="9Ywb2n2Sw4DsZnESYQZCrOv5y4c="></latexit><latexit sha1_base64="9Ywb2n2Sw4DsZnESYQZCrOv5y4c="></latexit><latexit sha1_base64="9Ywb2n2Sw4DsZnESYQZCrOv5y4c="></latexit>

[Chernicoff et al.]



Exotic 3D Massive Gravity
Vacua of EMG (a quick glimpse)

ds2 = �r2dt2 +
dr2

r2
+ r2d�2 +N�(t, r)(dt+ d�)2

<latexit sha1_base64="S2PGB66X49HehD8zUxlBY/L+T7U="></latexit><latexit sha1_base64="S2PGB66X49HehD8zUxlBY/L+T7U="></latexit><latexit sha1_base64="S2PGB66X49HehD8zUxlBY/L+T7U="></latexit><latexit sha1_base64="S2PGB66X49HehD8zUxlBY/L+T7U="></latexit>

N�(t, r) =
⇣
�(t� t0) +

�

r4

⌘

<latexit sha1_base64="rAmW+0Ukw5NVz8Ax9zL6dVpVbW0="></latexit><latexit sha1_base64="rAmW+0Ukw5NVz8Ax9zL6dVpVbW0="></latexit><latexit sha1_base64="rAmW+0Ukw5NVz8Ax9zL6dVpVbW0="></latexit><latexit sha1_base64="rAmW+0Ukw5NVz8Ax9zL6dVpVbW0="></latexit>

with

The solution exhibits time translation symmetry even though explicitly  
depends on   . t

<latexit sha1_base64="tA/fumnl8eWqGUmREwx8aVj6HqA=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMYmngBePCZgHJEuYncwmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vFgKbTD+cHJr6xubW/ntws7u3v5B8fCoo6NEMd5mkYxUz6OaSxHythFG8l6sOA08ybve9Drzu/dcaRGFt2YWczeg41D4glFjpZYZFku4jDEmhKCMkOoltqRer1VIDZHMsijBCs1h8X0wilgS8NAwSbXuExwbN6XKCCb5vDBINI8pm9Ix71sa0oBrN10cOkdnVhkhP1K2QoMW6veJlAZazwLPdgbUTPRvLxP/8vqJ8WtuKsI4MTxky0V+IpGJUPY1GgnFmZEzSyhTwt6K2IQqyozNpmBD+PoU/U86lTLBZdK6KDWuVnHk4QRO4RwIVKEBN9CENjDg8ABP8OzcOY/Oi/O6bM05q5lj+AHn7RMqxo0m</latexit><latexit sha1_base64="tA/fumnl8eWqGUmREwx8aVj6HqA=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMYmngBePCZgHJEuYncwmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vFgKbTD+cHJr6xubW/ntws7u3v5B8fCoo6NEMd5mkYxUz6OaSxHythFG8l6sOA08ybve9Drzu/dcaRGFt2YWczeg41D4glFjpZYZFku4jDEmhKCMkOoltqRer1VIDZHMsijBCs1h8X0wilgS8NAwSbXuExwbN6XKCCb5vDBINI8pm9Ix71sa0oBrN10cOkdnVhkhP1K2QoMW6veJlAZazwLPdgbUTPRvLxP/8vqJ8WtuKsI4MTxky0V+IpGJUPY1GgnFmZEzSyhTwt6K2IQqyozNpmBD+PoU/U86lTLBZdK6KDWuVnHk4QRO4RwIVKEBN9CENjDg8ABP8OzcOY/Oi/O6bM05q5lj+AHn7RMqxo0m</latexit><latexit sha1_base64="tA/fumnl8eWqGUmREwx8aVj6HqA=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMYmngBePCZgHJEuYncwmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vFgKbTD+cHJr6xubW/ntws7u3v5B8fCoo6NEMd5mkYxUz6OaSxHythFG8l6sOA08ybve9Drzu/dcaRGFt2YWczeg41D4glFjpZYZFku4jDEmhKCMkOoltqRer1VIDZHMsijBCs1h8X0wilgS8NAwSbXuExwbN6XKCCb5vDBINI8pm9Ix71sa0oBrN10cOkdnVhkhP1K2QoMW6veJlAZazwLPdgbUTPRvLxP/8vqJ8WtuKsI4MTxky0V+IpGJUPY1GgnFmZEzSyhTwt6K2IQqyozNpmBD+PoU/U86lTLBZdK6KDWuVnHk4QRO4RwIVKEBN9CENjDg8ABP8OzcOY/Oi/O6bM05q5lj+AHn7RMqxo0m</latexit><latexit sha1_base64="tA/fumnl8eWqGUmREwx8aVj6HqA=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKcwEMYmngBePCZgHJEuYncwmY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7vFgKbTD+cHJr6xubW/ntws7u3v5B8fCoo6NEMd5mkYxUz6OaSxHythFG8l6sOA08ybve9Drzu/dcaRGFt2YWczeg41D4glFjpZYZFku4jDEmhKCMkOoltqRer1VIDZHMsijBCs1h8X0wilgS8NAwSbXuExwbN6XKCCb5vDBINI8pm9Ix71sa0oBrN10cOkdnVhkhP1K2QoMW6veJlAZazwLPdgbUTPRvLxP/8vqJ8WtuKsI4MTxky0V+IpGJUPY1GgnFmZEzSyhTwt6K2IQqyozNpmBD+PoU/U86lTLBZdK6KDWuVnHk4QRO4RwIVKEBN9CENjDg8ABP8OzcOY/Oi/O6bM05q5lj+AHn7RMqxo0m</latexit>

� = 0
<latexit sha1_base64="vYoqwKzrDgd6TssJIBQXfiwH+6k=">AAAB7nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbCsIBS8eK1hbaJeSTbNtaDa7JLNCKf0RXjwo4tXf481/Y7atoKIPBh7vzTAzL0iUtEDIh5dbWV1b38hvFra2d3b3ivsHdzZODRctHqvYdAJmhZJatECCEp3ECBYFSrSD8VXmt++FsTLWtzBJhB+xoZah5Ayc1O4FAtgl6RdLpEwIoZTijNDqOXGkXq9VaA3TzHIooSWa/eJ7bxDzNBIauGLWdilJwJ8yA5IrMSv0UisSxsdsKLqOahYJ60/n587wiVMGOIyNKw14rn6fmLLI2kkUuM6Iwcj+9jLxL6+bQljzp1InKQjNF4vCVGGIcfY7HkgjOKiJI4wb6W7FfMQM4+ASKrgQvj7F/5O7SpmSMr05KzUulnHk0RE6RqeIoipqoGvURC3E0Rg9oCf07CXeo/fivS5ac95y5hD9gPf2CQG9j1M=</latexit><latexit sha1_base64="vYoqwKzrDgd6TssJIBQXfiwH+6k=">AAAB7nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbCsIBS8eK1hbaJeSTbNtaDa7JLNCKf0RXjwo4tXf481/Y7atoKIPBh7vzTAzL0iUtEDIh5dbWV1b38hvFra2d3b3ivsHdzZODRctHqvYdAJmhZJatECCEp3ECBYFSrSD8VXmt++FsTLWtzBJhB+xoZah5Ayc1O4FAtgl6RdLpEwIoZTijNDqOXGkXq9VaA3TzHIooSWa/eJ7bxDzNBIauGLWdilJwJ8yA5IrMSv0UisSxsdsKLqOahYJ60/n587wiVMGOIyNKw14rn6fmLLI2kkUuM6Iwcj+9jLxL6+bQljzp1InKQjNF4vCVGGIcfY7HkgjOKiJI4wb6W7FfMQM4+ASKrgQvj7F/5O7SpmSMr05KzUulnHk0RE6RqeIoipqoGvURC3E0Rg9oCf07CXeo/fivS5ac95y5hD9gPf2CQG9j1M=</latexit><latexit sha1_base64="vYoqwKzrDgd6TssJIBQXfiwH+6k=">AAAB7nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbCsIBS8eK1hbaJeSTbNtaDa7JLNCKf0RXjwo4tXf481/Y7atoKIPBh7vzTAzL0iUtEDIh5dbWV1b38hvFra2d3b3ivsHdzZODRctHqvYdAJmhZJatECCEp3ECBYFSrSD8VXmt++FsTLWtzBJhB+xoZah5Ayc1O4FAtgl6RdLpEwIoZTijNDqOXGkXq9VaA3TzHIooSWa/eJ7bxDzNBIauGLWdilJwJ8yA5IrMSv0UisSxsdsKLqOahYJ60/n587wiVMGOIyNKw14rn6fmLLI2kkUuM6Iwcj+9jLxL6+bQljzp1InKQjNF4vCVGGIcfY7HkgjOKiJI4wb6W7FfMQM4+ASKrgQvj7F/5O7SpmSMr05KzUulnHk0RE6RqeIoipqoGvURC3E0Rg9oCf07CXeo/fivS5ac95y5hD9gPf2CQG9j1M=</latexit><latexit sha1_base64="vYoqwKzrDgd6TssJIBQXfiwH+6k=">AAAB7nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFbCsIBS8eK1hbaJeSTbNtaDa7JLNCKf0RXjwo4tXf481/Y7atoKIPBh7vzTAzL0iUtEDIh5dbWV1b38hvFra2d3b3ivsHdzZODRctHqvYdAJmhZJatECCEp3ECBYFSrSD8VXmt++FsTLWtzBJhB+xoZah5Ayc1O4FAtgl6RdLpEwIoZTijNDqOXGkXq9VaA3TzHIooSWa/eJ7bxDzNBIauGLWdilJwJ8yA5IrMSv0UisSxsdsKLqOahYJ60/n587wiVMGOIyNKw14rn6fmLLI2kkUuM6Iwcj+9jLxL6+bQljzp1InKQjNF4vCVGGIcfY7HkgjOKiJI4wb6W7FfMQM4+ASKrgQvj7F/5O7SpmSMr05KzUulnHk0RE6RqeIoipqoGvURC3E0Rg9oCf07CXeo/fivS5ac95y5hD9gPf2CQG9j1M=</latexit>

N� = 0
<latexit sha1_base64="UTBMKHEVRwtwk4taBsvt6GBM2yo=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY0rqWAf0BlKJk3b0CQzJBmhDP0NNy4UcevPuPNvzLQVVPTAhcM593LvPWEsuLEIfXi5ldW19Y38ZmFre2d3r7h/0DZRoilr0UhEuhsSwwRXrGW5Fawba0ZkKFgnnFxlfueeacMjdWenMQskGSk+5JRYJ/k3/dQfESnJ7BL1iyVURghhjGFGcPUcOVKv1yq4BnFmOZTAEs1+8d0fRDSRTFkqiDE9jGIbpERbTgWbFfzEsJjQCRmxnqOKSGaCdH7zDJ44ZQCHkXalLJyr3ydSIo2ZytB1SmLH5reXiX95vcQOa0HKVZxYpuhi0TAR0EYwCwAOuGbUiqkjhGruboV0TDSh1sVUcCF8fQr/J+1KGaMyvj0rNS6WceTBETgGpwCDKmiAa9AELUBBDB7AE3j2Eu/Re/FeF605bzlzCH7Ae/sE5maRkQ==</latexit><latexit sha1_base64="UTBMKHEVRwtwk4taBsvt6GBM2yo=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY0rqWAf0BlKJk3b0CQzJBmhDP0NNy4UcevPuPNvzLQVVPTAhcM593LvPWEsuLEIfXi5ldW19Y38ZmFre2d3r7h/0DZRoilr0UhEuhsSwwRXrGW5Fawba0ZkKFgnnFxlfueeacMjdWenMQskGSk+5JRYJ/k3/dQfESnJ7BL1iyVURghhjGFGcPUcOVKv1yq4BnFmOZTAEs1+8d0fRDSRTFkqiDE9jGIbpERbTgWbFfzEsJjQCRmxnqOKSGaCdH7zDJ44ZQCHkXalLJyr3ydSIo2ZytB1SmLH5reXiX95vcQOa0HKVZxYpuhi0TAR0EYwCwAOuGbUiqkjhGruboV0TDSh1sVUcCF8fQr/J+1KGaMyvj0rNS6WceTBETgGpwCDKmiAa9AELUBBDB7AE3j2Eu/Re/FeF605bzlzCH7Ae/sE5maRkQ==</latexit><latexit sha1_base64="UTBMKHEVRwtwk4taBsvt6GBM2yo=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY0rqWAf0BlKJk3b0CQzJBmhDP0NNy4UcevPuPNvzLQVVPTAhcM593LvPWEsuLEIfXi5ldW19Y38ZmFre2d3r7h/0DZRoilr0UhEuhsSwwRXrGW5Fawba0ZkKFgnnFxlfueeacMjdWenMQskGSk+5JRYJ/k3/dQfESnJ7BL1iyVURghhjGFGcPUcOVKv1yq4BnFmOZTAEs1+8d0fRDSRTFkqiDE9jGIbpERbTgWbFfzEsJjQCRmxnqOKSGaCdH7zDJ44ZQCHkXalLJyr3ydSIo2ZytB1SmLH5reXiX95vcQOa0HKVZxYpuhi0TAR0EYwCwAOuGbUiqkjhGruboV0TDSh1sVUcCF8fQr/J+1KGaMyvj0rNS6WceTBETgGpwCDKmiAa9AELUBBDB7AE3j2Eu/Re/FeF605bzlzCH7Ae/sE5maRkQ==</latexit><latexit sha1_base64="UTBMKHEVRwtwk4taBsvt6GBM2yo=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY0rqWAf0BlKJk3b0CQzJBmhDP0NNy4UcevPuPNvzLQVVPTAhcM593LvPWEsuLEIfXi5ldW19Y38ZmFre2d3r7h/0DZRoilr0UhEuhsSwwRXrGW5Fawba0ZkKFgnnFxlfueeacMjdWenMQskGSk+5JRYJ/k3/dQfESnJ7BL1iyVURghhjGFGcPUcOVKv1yq4BnFmOZTAEs1+8d0fRDSRTFkqiDE9jGIbpERbTgWbFfzEsJjQCRmxnqOKSGaCdH7zDJ44ZQCHkXalLJyr3ydSIo2ZytB1SmLH5reXiX95vcQOa0HKVZxYpuhi0TAR0EYwCwAOuGbUiqkjhGruboV0TDSh1sVUcCF8fQr/J+1KGaMyvj0rNS6WceTBETgGpwCDKmiAa9AELUBBDB7AE3j2Eu/Re/FeF605bzlzCH7Ae/sE5maRkQ==</latexit>

In the case          , where            , the metric reduces to that of  
massless BTZ.      

� 6= 0
<latexit sha1_base64="A5QIjKjU7Bi6DbyQ7mrSJVmWbWM=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFtHoqePFYwVahLSWbTm1oNrsms0Ip/RlePCji1V/jzX9jtq2gog8GHu/NMDMvTLRyyNhHkFtYXFpeya8W1tY3NreK2ztNF6dWQkPGOrY3oXCglYEGKtRwk1gQUajhOhyeZ/71PVinYnOFowQ6kbg1qq+kQC+12iGgaBu4o6xbLLEyY4xzTjPCT46ZJ6en1QqvUp5ZHiUyR71bfG/3YplGYFBq4VyLswQ7Y2FRSQ2TQjt1kAg5FLfQ8tSICFxnPD15Qg+80qP92PoySKfq94mxiJwbRaHvjAQO3G8vE//yWin2q52xMkmKYORsUT/VFGOa/U97yoJEPfJESKv8rVQOhBUSfUoFH8LXp/R/0qyUOSvzy6NS7WweR57skX1ySDg5ITVyQeqkQSSJyQN5Is8BBo/BS/A6a80F85ld8gPB2yfti5D+</latexit><latexit sha1_base64="A5QIjKjU7Bi6DbyQ7mrSJVmWbWM=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFtHoqePFYwVahLSWbTm1oNrsms0Ip/RlePCji1V/jzX9jtq2gog8GHu/NMDMvTLRyyNhHkFtYXFpeya8W1tY3NreK2ztNF6dWQkPGOrY3oXCglYEGKtRwk1gQUajhOhyeZ/71PVinYnOFowQ6kbg1qq+kQC+12iGgaBu4o6xbLLEyY4xzTjPCT46ZJ6en1QqvUp5ZHiUyR71bfG/3YplGYFBq4VyLswQ7Y2FRSQ2TQjt1kAg5FLfQ8tSICFxnPD15Qg+80qP92PoySKfq94mxiJwbRaHvjAQO3G8vE//yWin2q52xMkmKYORsUT/VFGOa/U97yoJEPfJESKv8rVQOhBUSfUoFH8LXp/R/0qyUOSvzy6NS7WweR57skX1ySDg5ITVyQeqkQSSJyQN5Is8BBo/BS/A6a80F85ld8gPB2yfti5D+</latexit><latexit sha1_base64="A5QIjKjU7Bi6DbyQ7mrSJVmWbWM=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFtHoqePFYwVahLSWbTm1oNrsms0Ip/RlePCji1V/jzX9jtq2gog8GHu/NMDMvTLRyyNhHkFtYXFpeya8W1tY3NreK2ztNF6dWQkPGOrY3oXCglYEGKtRwk1gQUajhOhyeZ/71PVinYnOFowQ6kbg1qq+kQC+12iGgaBu4o6xbLLEyY4xzTjPCT46ZJ6en1QqvUp5ZHiUyR71bfG/3YplGYFBq4VyLswQ7Y2FRSQ2TQjt1kAg5FLfQ8tSICFxnPD15Qg+80qP92PoySKfq94mxiJwbRaHvjAQO3G8vE//yWin2q52xMkmKYORsUT/VFGOa/U97yoJEPfJESKv8rVQOhBUSfUoFH8LXp/R/0qyUOSvzy6NS7WweR57skX1ySDg5ITVyQeqkQSSJyQN5Is8BBo/BS/A6a80F85ld8gPB2yfti5D+</latexit><latexit sha1_base64="A5QIjKjU7Bi6DbyQ7mrSJVmWbWM=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqSRFtHoqePFYwVahLSWbTm1oNrsms0Ip/RlePCji1V/jzX9jtq2gog8GHu/NMDMvTLRyyNhHkFtYXFpeya8W1tY3NreK2ztNF6dWQkPGOrY3oXCglYEGKtRwk1gQUajhOhyeZ/71PVinYnOFowQ6kbg1qq+kQC+12iGgaBu4o6xbLLEyY4xzTjPCT46ZJ6en1QqvUp5ZHiUyR71bfG/3YplGYFBq4VyLswQ7Y2FRSQ2TQjt1kAg5FLfQ8tSICFxnPD15Qg+80qP92PoySKfq94mxiJwbRaHvjAQO3G8vE//yWin2q52xMkmKYORsUT/VFGOa/U97yoJEPfJESKv8rVQOhBUSfUoFH8LXp/R/0qyUOSvzy6NS7WweR57skX1ySDg5ITVyQeqkQSSJyQN5Is8BBo/BS/A6a80F85ld8gPB2yfti5D+</latexit>

For         , the metric is NOT conformally flat!

This example is important because it shows that the Birkhoff theorem 
does not hold in Exotic Massive Gravity.



Exotic 3D Massive Gravity
Vacua of EMG (a quick glimpse)

Besides those of GR and the example that I just showed, EMG admits 
other interesting type of solutions which appear on the curve of the  
parameter space          .(µ,m)

<latexit sha1_base64="+Q02k6w5r9jjrdDh0vPowNdawNk=">AAAB7nicdVDLSgMxFM34rPVVdekmWIQKUpIitnVVcOOygn1AO5RMmmlDk8yQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BLHgxiL04a2srq1vbOa28ts7u3v7hYPDtokSTVmLRiLS3YAYJrhiLcutYN1YMyIDwTrB5DrzO/dMGx6pOzuNmS/JSPGQU2Kd1Cn1ZXIuzwaFIiojhDDGMCO4eokcqddrFVyDOLMcimCJ5qDw3h9GNJFMWSqIMT2MYuunRFtOBZvl+4lhMaETMmI9RxWRzPjp/NwZPHXKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecx+h0OuGbVi6gihmrtbIR0TTah1CeVdCF+fwv9Ju1LGqIxvL4qNq2UcOXAMTkAJYFAFDXADmqAFKJiAB/AEnr3Ye/RevNdF64q3nDkCP+C9fQKjzY8W</latexit><latexit sha1_base64="+Q02k6w5r9jjrdDh0vPowNdawNk=">AAAB7nicdVDLSgMxFM34rPVVdekmWIQKUpIitnVVcOOygn1AO5RMmmlDk8yQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BLHgxiL04a2srq1vbOa28ts7u3v7hYPDtokSTVmLRiLS3YAYJrhiLcutYN1YMyIDwTrB5DrzO/dMGx6pOzuNmS/JSPGQU2Kd1Cn1ZXIuzwaFIiojhDDGMCO4eokcqddrFVyDOLMcimCJ5qDw3h9GNJFMWSqIMT2MYuunRFtOBZvl+4lhMaETMmI9RxWRzPjp/NwZPHXKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecx+h0OuGbVi6gihmrtbIR0TTah1CeVdCF+fwv9Ju1LGqIxvL4qNq2UcOXAMTkAJYFAFDXADmqAFKJiAB/AEnr3Ye/RevNdF64q3nDkCP+C9fQKjzY8W</latexit><latexit sha1_base64="+Q02k6w5r9jjrdDh0vPowNdawNk=">AAAB7nicdVDLSgMxFM34rPVVdekmWIQKUpIitnVVcOOygn1AO5RMmmlDk8yQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BLHgxiL04a2srq1vbOa28ts7u3v7hYPDtokSTVmLRiLS3YAYJrhiLcutYN1YMyIDwTrB5DrzO/dMGx6pOzuNmS/JSPGQU2Kd1Cn1ZXIuzwaFIiojhDDGMCO4eokcqddrFVyDOLMcimCJ5qDw3h9GNJFMWSqIMT2MYuunRFtOBZvl+4lhMaETMmI9RxWRzPjp/NwZPHXKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecx+h0OuGbVi6gihmrtbIR0TTah1CeVdCF+fwv9Ju1LGqIxvL4qNq2UcOXAMTkAJYFAFDXADmqAFKJiAB/AEnr3Ye/RevNdF64q3nDkCP+C9fQKjzY8W</latexit><latexit sha1_base64="+Q02k6w5r9jjrdDh0vPowNdawNk=">AAAB7nicdVDLSgMxFM34rPVVdekmWIQKUpIitnVVcOOygn1AO5RMmmlDk8yQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733BLHgxiL04a2srq1vbOa28ts7u3v7hYPDtokSTVmLRiLS3YAYJrhiLcutYN1YMyIDwTrB5DrzO/dMGx6pOzuNmS/JSPGQU2Kd1Cn1ZXIuzwaFIiojhDDGMCO4eokcqddrFVyDOLMcimCJ5qDw3h9GNJFMWSqIMT2MYuunRFtOBZvl+4lhMaETMmI9RxWRzPjp/NwZPHXKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecx+h0OuGbVi6gihmrtbIR0TTah1CeVdCF+fwv9Ju1LGqIxvL4qNq2UcOXAMTkAJYFAFDXADmqAFKJiAB/AEnr3Ye/RevNdF64q3nDkCP+C9fQKjzY8W</latexit>

Lifshitz black holes

Euclidean vacua

Warped AdS3
<latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit><latexit sha1_base64="5ST3MS1UOwvt+dWV8MnptgfhFuI=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8laSKbT1VvHis6LaFdinZbLYNzWaXJCuUpb/BiwdFvPqDvPlvzLYVVPTBwOO9GWbm+Yng2iD04Swtr6yurRc2iptb2zu7pb39to5TRZlLYxGrrk80E1wy13AjWDdRjES+YB1/fJX7nXumNI/lnZkkzIvIUPKQU2Ks5F4Gt4PTQamMKgghjDHMCa6dI0sajXoV1yHOLYsyWKA1KL33g5imEZOGCqJ1D6PEeBlRhlPBpsV+qllC6JgMWc9SSSKmvWx27BQeWyWAYaxsSQNn6veJjERaTyLfdkbEjPRvLxf/8nqpCetexmWSGibpfFGYCmhimH8OA64YNWJiCaGK21shHRFFqLH5FG0IX5/C/0m7WsGogm/Oys2LRRwFcAiOwAnAoAaa4Bq0gAso4OABPIFnRzqPzovzOm9dchYzB+AHnLdPZw2OZA==</latexit>

The first two specially important in the context of AdS/CFT. 

Now, let us move from D = 3
<latexit sha1_base64="8tKBMm1t0rnC2ARoTReicGcS/wQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcxEMYkgBPTgMaJ5QLKE2ckkGTL7YGZWCEs+wYsHRbz6Rd78G2eTCCpa0FBUddPd5UVSaIPxh5NZWl5ZXcuu5zY2t7Z38rt7TR3GivEGC2Wo2h7VXIqAN4wwkrcjxanvSd7yxpep37rnSoswuDOTiLs+HQZiIBg1Vrq9ujjp5Qu4iDEmhKCUkPIZtqRarZRIBZHUsijAAvVe/r3bD1ns88AwSbXuEBwZN6HKCCb5NNeNNY8oG9Mh71gaUJ9rN5mdOkVHVumjQahsBQbN1O8TCfW1nvie7fSpGenfXir+5XViM6i4iQii2PCAzRcNYolMiNK/UV8ozoycWEKZEvZWxEZUUWZsOjkbwten6H/SLBUJLpKb00LtfBFHFg7gEI6BQBlqcA11aACDITzAEzw70nl0XpzXeWvGWczsww84b5/WVY16</latexit><latexit sha1_base64="8tKBMm1t0rnC2ARoTReicGcS/wQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcxEMYkgBPTgMaJ5QLKE2ckkGTL7YGZWCEs+wYsHRbz6Rd78G2eTCCpa0FBUddPd5UVSaIPxh5NZWl5ZXcuu5zY2t7Z38rt7TR3GivEGC2Wo2h7VXIqAN4wwkrcjxanvSd7yxpep37rnSoswuDOTiLs+HQZiIBg1Vrq9ujjp5Qu4iDEmhKCUkPIZtqRarZRIBZHUsijAAvVe/r3bD1ns88AwSbXuEBwZN6HKCCb5NNeNNY8oG9Mh71gaUJ9rN5mdOkVHVumjQahsBQbN1O8TCfW1nvie7fSpGenfXir+5XViM6i4iQii2PCAzRcNYolMiNK/UV8ozoycWEKZEvZWxEZUUWZsOjkbwten6H/SLBUJLpKb00LtfBFHFg7gEI6BQBlqcA11aACDITzAEzw70nl0XpzXeWvGWczsww84b5/WVY16</latexit><latexit sha1_base64="8tKBMm1t0rnC2ARoTReicGcS/wQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcxEMYkgBPTgMaJ5QLKE2ckkGTL7YGZWCEs+wYsHRbz6Rd78G2eTCCpa0FBUddPd5UVSaIPxh5NZWl5ZXcuu5zY2t7Z38rt7TR3GivEGC2Wo2h7VXIqAN4wwkrcjxanvSd7yxpep37rnSoswuDOTiLs+HQZiIBg1Vrq9ujjp5Qu4iDEmhKCUkPIZtqRarZRIBZHUsijAAvVe/r3bD1ns88AwSbXuEBwZN6HKCCb5NNeNNY8oG9Mh71gaUJ9rN5mdOkVHVumjQahsBQbN1O8TCfW1nvie7fSpGenfXir+5XViM6i4iQii2PCAzRcNYolMiNK/UV8ozoycWEKZEvZWxEZUUWZsOjkbwten6H/SLBUJLpKb00LtfBFHFg7gEI6BQBlqcA11aACDITzAEzw70nl0XpzXeWvGWczsww84b5/WVY16</latexit><latexit sha1_base64="8tKBMm1t0rnC2ARoTReicGcS/wQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgKcxEMYkgBPTgMaJ5QLKE2ckkGTL7YGZWCEs+wYsHRbz6Rd78G2eTCCpa0FBUddPd5UVSaIPxh5NZWl5ZXcuu5zY2t7Z38rt7TR3GivEGC2Wo2h7VXIqAN4wwkrcjxanvSd7yxpep37rnSoswuDOTiLs+HQZiIBg1Vrq9ujjp5Qu4iDEmhKCUkPIZtqRarZRIBZHUsijAAvVe/r3bD1ns88AwSbXuEBwZN6HKCCb5NNeNNY8oG9Mh71gaUJ9rN5mdOkVHVumjQahsBQbN1O8TCfW1nvie7fSpGenfXir+5XViM6i4iQii2PCAzRcNYolMiNK/UV8ozoycWEKZEvZWxEZUUWZsOjkbwten6H/SLBUJLpKb00LtfBFHFg7gEI6BQBlqcA11aACDITzAEzw70nl0XpzXeWvGWczsww84b5/WVY16</latexit>



Q-curvature and Gravity

On general grounds, for            higher-curvature modifications render 
the theory of gravity renormalizable, but at the cost of introducing ghost  
instabilities and other pathologies.

Why should we study gravity in D>4?

D � 4
<latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit><latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit><latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit><latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit>



Q-curvature and Gravity

On general grounds, for            higher-curvature modifications render 
the theory of gravity renormalizable, but at the cost of introducing ghost  
instabilities and other pathologies.

Why should we study gravity in D>4?

Some known examples that are well behaved:

D � 4
<latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit><latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit><latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit><latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit>

D = 4<latexit sha1_base64="/CgDX30UZeYnmDjz+AViGDGbpUM=">AAAB63icdVDLSgMxFM34rPVVdekmWARXJSnFtoJQ0IXLCvYB7VAyaaYNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8SCG4vQh7eyura+sZnbym/v7O7tFw4O2yZKNGUtGolIdwNimOCKtSy3gnVjzYgMBOsEk6vM79wzbXik7uw0Zr4kI8VDTonNpOvLChwUiqiEEMIYw4zg6jlypF6vlXEN4sxyKIIlmoPCe38Y0UQyZakgxvQwiq2fEm05FWyW7yeGxYROyIj1HFVEMuOn81tn8NQpQxhG2pWycK5+n0iJNGYqA9cpiR2b314m/uX1EhvW/JSrOLFM0cWiMBHQRjB7HA65ZtSKqSOEau5uhXRMNKHWxZN3IXx9Cv8n7XIJoxK+rRQbF8s4cuAYnIAzgEEVNMANaIIWoGAMHsATePak9+i9eK+L1hVvOXMEfsB7+wQuBY2l</latexit><latexit sha1_base64="/CgDX30UZeYnmDjz+AViGDGbpUM=">AAAB63icdVDLSgMxFM34rPVVdekmWARXJSnFtoJQ0IXLCvYB7VAyaaYNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8SCG4vQh7eyura+sZnbym/v7O7tFw4O2yZKNGUtGolIdwNimOCKtSy3gnVjzYgMBOsEk6vM79wzbXik7uw0Zr4kI8VDTonNpOvLChwUiqiEEMIYw4zg6jlypF6vlXEN4sxyKIIlmoPCe38Y0UQyZakgxvQwiq2fEm05FWyW7yeGxYROyIj1HFVEMuOn81tn8NQpQxhG2pWycK5+n0iJNGYqA9cpiR2b314m/uX1EhvW/JSrOLFM0cWiMBHQRjB7HA65ZtSKqSOEau5uhXRMNKHWxZN3IXx9Cv8n7XIJoxK+rRQbF8s4cuAYnIAzgEEVNMANaIIWoGAMHsATePak9+i9eK+L1hVvOXMEfsB7+wQuBY2l</latexit><latexit sha1_base64="/CgDX30UZeYnmDjz+AViGDGbpUM=">AAAB63icdVDLSgMxFM34rPVVdekmWARXJSnFtoJQ0IXLCvYB7VAyaaYNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8SCG4vQh7eyura+sZnbym/v7O7tFw4O2yZKNGUtGolIdwNimOCKtSy3gnVjzYgMBOsEk6vM79wzbXik7uw0Zr4kI8VDTonNpOvLChwUiqiEEMIYw4zg6jlypF6vlXEN4sxyKIIlmoPCe38Y0UQyZakgxvQwiq2fEm05FWyW7yeGxYROyIj1HFVEMuOn81tn8NQpQxhG2pWycK5+n0iJNGYqA9cpiR2b314m/uX1EhvW/JSrOLFM0cWiMBHQRjB7HA65ZtSKqSOEau5uhXRMNKHWxZN3IXx9Cv8n7XIJoxK+rRQbF8s4cuAYnIAzgEEVNMANaIIWoGAMHsATePak9+i9eK+L1hVvOXMEfsB7+wQuBY2l</latexit><latexit sha1_base64="/CgDX30UZeYnmDjz+AViGDGbpUM=">AAAB63icdVDLSgMxFM34rPVVdekmWARXJSnFtoJQ0IXLCvYB7VAyaaYNTTJDkhHK0F9w40IRt/6QO//GTFtBRQ9cOJxzL/feE8SCG4vQh7eyura+sZnbym/v7O7tFw4O2yZKNGUtGolIdwNimOCKtSy3gnVjzYgMBOsEk6vM79wzbXik7uw0Zr4kI8VDTonNpOvLChwUiqiEEMIYw4zg6jlypF6vlXEN4sxyKIIlmoPCe38Y0UQyZakgxvQwiq2fEm05FWyW7yeGxYROyIj1HFVEMuOn81tn8NQpQxhG2pWycK5+n0iJNGYqA9cpiR2b314m/uX1EhvW/JSrOLFM0cWiMBHQRjB7HA65ZtSKqSOEau5uhXRMNKHWxZN3IXx9Cv8n7XIJoxK+rRQbF8s4cuAYnIAzgEEVNMANaIIWoGAMHsATePak9+i9eK+L1hVvOXMEfsB7+wQuBY2l</latexit>

In           , Critical Gravity, which is defined by

I =
1



2

Z
d

4
x

p
�g(R� 2⇤+ L

2
C↵�µ⌫C

↵�µ⌫)
<latexit sha1_base64="TZ7Om5o8QahMem0vhFNGLbwrr/s="></latexit><latexit sha1_base64="TZ7Om5o8QahMem0vhFNGLbwrr/s="></latexit><latexit sha1_base64="TZ7Om5o8QahMem0vhFNGLbwrr/s="></latexit><latexit sha1_base64="TZ7Om5o8QahMem0vhFNGLbwrr/s="></latexit>

EH term

Coupling constant

Conformally invariant linear combination of       terms.  R2
<latexit sha1_base64="1+QlRMsuuc/gYDXucutT9dlu8tA=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPoTtIllvAi8e4ZIFkDD2dnqRJz0J3jxCGfIIXD4p49Yu8+Tf2JBFU9EHB470qqup5sRTaYPzhrKyurW9s5rby2zu7e/uFg8O2jhLFeItFMlJdj2ouRchbRhjJu7HiNPAk73iTi8zv3HOlRRTemmnM3YCOQuELRo2Vbq7vyoNCEZcwxoQQlBFSrWBL6vVamdQQySyLIizRHBTe+8OIJQEPDZNU6x7BsXFTqoxgks/y/UTzmLIJHfGepSENuHbT+akzdGqVIfIjZSs0aK5+n0hpoPU08GxnQM1Y//Yy8S+vlxi/5qYijBPDQ7ZY5CcSmQhlf6OhUJwZObWEMiXsrYiNqaLM2HTyNoSvT9H/pF0uEVwiV+fFRmUZRw6O4QTOgEAVGnAJTWgBgxE8wBM8O9J5dF6c10XrirOcOYIfcN4+ARsljaQ=</latexit><latexit sha1_base64="1+QlRMsuuc/gYDXucutT9dlu8tA=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPoTtIllvAi8e4ZIFkDD2dnqRJz0J3jxCGfIIXD4p49Yu8+Tf2JBFU9EHB470qqup5sRTaYPzhrKyurW9s5rby2zu7e/uFg8O2jhLFeItFMlJdj2ouRchbRhjJu7HiNPAk73iTi8zv3HOlRRTemmnM3YCOQuELRo2Vbq7vyoNCEZcwxoQQlBFSrWBL6vVamdQQySyLIizRHBTe+8OIJQEPDZNU6x7BsXFTqoxgks/y/UTzmLIJHfGepSENuHbT+akzdGqVIfIjZSs0aK5+n0hpoPU08GxnQM1Y//Yy8S+vlxi/5qYijBPDQ7ZY5CcSmQhlf6OhUJwZObWEMiXsrYiNqaLM2HTyNoSvT9H/pF0uEVwiV+fFRmUZRw6O4QTOgEAVGnAJTWgBgxE8wBM8O9J5dF6c10XrirOcOYIfcN4+ARsljaQ=</latexit><latexit sha1_base64="1+QlRMsuuc/gYDXucutT9dlu8tA=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPoTtIllvAi8e4ZIFkDD2dnqRJz0J3jxCGfIIXD4p49Yu8+Tf2JBFU9EHB470qqup5sRTaYPzhrKyurW9s5rby2zu7e/uFg8O2jhLFeItFMlJdj2ouRchbRhjJu7HiNPAk73iTi8zv3HOlRRTemmnM3YCOQuELRo2Vbq7vyoNCEZcwxoQQlBFSrWBL6vVamdQQySyLIizRHBTe+8OIJQEPDZNU6x7BsXFTqoxgks/y/UTzmLIJHfGepSENuHbT+akzdGqVIfIjZSs0aK5+n0hpoPU08GxnQM1Y//Yy8S+vlxi/5qYijBPDQ7ZY5CcSmQhlf6OhUJwZObWEMiXsrYiNqaLM2HTyNoSvT9H/pF0uEVwiV+fFRmUZRw6O4QTOgEAVGnAJTWgBgxE8wBM8O9J5dF6c10XrirOcOYIfcN4+ARsljaQ=</latexit><latexit sha1_base64="1+QlRMsuuc/gYDXucutT9dlu8tA=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPoTtIllvAi8e4ZIFkDD2dnqRJz0J3jxCGfIIXD4p49Yu8+Tf2JBFU9EHB470qqup5sRTaYPzhrKyurW9s5rby2zu7e/uFg8O2jhLFeItFMlJdj2ouRchbRhjJu7HiNPAk73iTi8zv3HOlRRTemmnM3YCOQuELRo2Vbq7vyoNCEZcwxoQQlBFSrWBL6vVamdQQySyLIizRHBTe+8OIJQEPDZNU6x7BsXFTqoxgks/y/UTzmLIJHfGepSENuHbT+akzdGqVIfIjZSs0aK5+n0hpoPU08GxnQM1Y//Yy8S+vlxi/5qYijBPDQ7ZY5CcSmQhlf6OhUJwZObWEMiXsrYiNqaLM2HTyNoSvT9H/pF0uEVwiV+fFRmUZRw6O4QTOgEAVGnAJTWgBgxE8wBM8O9J5dF6c10XrirOcOYIfcN4+ARsljaQ=</latexit>



Q-curvature and Gravity

On general grounds, for            higher-curvature modifications render 
the theory of gravity renormalizable, but at the cost of introducing ghost  
instabilities and other pathologies.

Why should we study gravity in D>4?

Some known examples that are well behaved:
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This theory includes GR, there no ghost around AdS and has  
a second massless spin-2 field.

In           CG can be defined but generically does not admit Einstein spaces.  D > 4
<latexit sha1_base64="df85iOdZKL4b/VznPzesjmvNL+M=">AAAB6nicdVBNS0JBFL3Pvsy+rJZthiRoJTMiqS1CqEVLo/wAfci8cZ4OzvtgZl4g4k9o06KItv2idv2b5qlBRR24cDjnXu69x4ul0AbjDyezsrq2vpHdzG1t7+zu5fcPWjpKFONNFslIdTyquRQhbxphJO/EitPAk7ztjS9Tv33PlRZReGcmMXcDOgyFLxg1Vrq9uij38wVcxBgTQlBKSOUMW1KrVUukikhqWRRgiUY//94bRCwJeGiYpFp3CY6NO6XKCCb5LNdLNI8pG9Mh71oa0oBrdzo/dYZOrDJAfqRshQbN1e8TUxpoPQk82xlQM9K/vVT8y+smxq+6UxHGieEhWyzyE4lMhNK/0UAozoycWEKZEvZWxEZUUWZsOjkbwten6H/SKhUJLpKbcqF+vowjC0dwDKdAoAJ1uIYGNIHBEB7gCZ4d6Tw6L87rojXjLGcO4Qect0/ZXo18</latexit><latexit sha1_base64="df85iOdZKL4b/VznPzesjmvNL+M=">AAAB6nicdVBNS0JBFL3Pvsy+rJZthiRoJTMiqS1CqEVLo/wAfci8cZ4OzvtgZl4g4k9o06KItv2idv2b5qlBRR24cDjnXu69x4ul0AbjDyezsrq2vpHdzG1t7+zu5fcPWjpKFONNFslIdTyquRQhbxphJO/EitPAk7ztjS9Tv33PlRZReGcmMXcDOgyFLxg1Vrq9uij38wVcxBgTQlBKSOUMW1KrVUukikhqWRRgiUY//94bRCwJeGiYpFp3CY6NO6XKCCb5LNdLNI8pG9Mh71oa0oBrdzo/dYZOrDJAfqRshQbN1e8TUxpoPQk82xlQM9K/vVT8y+smxq+6UxHGieEhWyzyE4lMhNK/0UAozoycWEKZEvZWxEZUUWZsOjkbwten6H/SKhUJLpKbcqF+vowjC0dwDKdAoAJ1uIYGNIHBEB7gCZ4d6Tw6L87rojXjLGcO4Qect0/ZXo18</latexit><latexit sha1_base64="df85iOdZKL4b/VznPzesjmvNL+M=">AAAB6nicdVBNS0JBFL3Pvsy+rJZthiRoJTMiqS1CqEVLo/wAfci8cZ4OzvtgZl4g4k9o06KItv2idv2b5qlBRR24cDjnXu69x4ul0AbjDyezsrq2vpHdzG1t7+zu5fcPWjpKFONNFslIdTyquRQhbxphJO/EitPAk7ztjS9Tv33PlRZReGcmMXcDOgyFLxg1Vrq9uij38wVcxBgTQlBKSOUMW1KrVUukikhqWRRgiUY//94bRCwJeGiYpFp3CY6NO6XKCCb5LNdLNI8pG9Mh71oa0oBrdzo/dYZOrDJAfqRshQbN1e8TUxpoPQk82xlQM9K/vVT8y+smxq+6UxHGieEhWyzyE4lMhNK/0UAozoycWEKZEvZWxEZUUWZsOjkbwten6H/SKhUJLpKbcqF+vowjC0dwDKdAoAJ1uIYGNIHBEB7gCZ4d6Tw6L87rojXjLGcO4Qect0/ZXo18</latexit><latexit sha1_base64="df85iOdZKL4b/VznPzesjmvNL+M=">AAAB6nicdVBNS0JBFL3Pvsy+rJZthiRoJTMiqS1CqEVLo/wAfci8cZ4OzvtgZl4g4k9o06KItv2idv2b5qlBRR24cDjnXu69x4ul0AbjDyezsrq2vpHdzG1t7+zu5fcPWjpKFONNFslIdTyquRQhbxphJO/EitPAk7ztjS9Tv33PlRZReGcmMXcDOgyFLxg1Vrq9uij38wVcxBgTQlBKSOUMW1KrVUukikhqWRRgiUY//94bRCwJeGiYpFp3CY6NO6XKCCb5LNdLNI8pG9Mh71oa0oBrdzo/dYZOrDJAfqRshQbN1e8TUxpoPQk82xlQM9K/vVT8y+smxq+6UxHGieEhWyzyE4lMhNK/0UAozoycWEKZEvZWxEZUUWZsOjkbwten6H/SKhUJLpKbcqF+vowjC0dwDKdAoAJ1uIYGNIHBEB7gCZ4d6Tw6L87rojXjLGcO4Qect0/ZXo18</latexit>



Q-curvature and Gravity

On general grounds, for            higher-curvature modifications render 
the theory of gravity renormalizable, but at the cost of introducing ghost  
instabilities and other pathologies.

Why should we study gravity in D>4?

Some known examples that are well behaved:

D � 4
<latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit><latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit><latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit><latexit sha1_base64="WRIKWlrk49iPANz4+XkwSK2bPNw=">AAAB7nicdVDLSgNBEJz1GeMr6tHLYBA8hZkQTOIpoAePEcwDkiXMTnqTIbMPZ2aFsOQjvHhQxKvf482/cTaJoKIFDUVVN91dXiyFNoR8OCura+sbm7mt/PbO7t5+4eCwraNEcWjxSEaq6zENUoTQMsJI6MYKWOBJ6HiTy8zv3IPSIgpvzTQGN2CjUPiCM2OlzlV/BHe4MigUSYkQQinFGaHVc2JJvV4r0xqmmWVRREs0B4X3/jDiSQCh4ZJp3aMkNm7KlBFcwizfTzTEjE/YCHqWhiwA7abzc2f41CpD7EfKVmjwXP0+kbJA62ng2c6AmbH+7WXiX14vMX7NTUUYJwZCvljkJxKbCGe/46FQwI2cWsK4EvZWzMdMMW5sQnkbwten+H/SLpcoKdGbSrFxsYwjh47RCTpDFFVRA12jJmohjiboAT2hZyd2Hp0X53XRuuIsZ47QDzhvn7IOjx8=</latexit>

In           , Lovelock theory which is defined by dimensionallyD > 4
<latexit sha1_base64="df85iOdZKL4b/VznPzesjmvNL+M=">AAAB6nicdVBNS0JBFL3Pvsy+rJZthiRoJTMiqS1CqEVLo/wAfci8cZ4OzvtgZl4g4k9o06KItv2idv2b5qlBRR24cDjnXu69x4ul0AbjDyezsrq2vpHdzG1t7+zu5fcPWjpKFONNFslIdTyquRQhbxphJO/EitPAk7ztjS9Tv33PlRZReGcmMXcDOgyFLxg1Vrq9uij38wVcxBgTQlBKSOUMW1KrVUukikhqWRRgiUY//94bRCwJeGiYpFp3CY6NO6XKCCb5LNdLNI8pG9Mh71oa0oBrdzo/dYZOrDJAfqRshQbN1e8TUxpoPQk82xlQM9K/vVT8y+smxq+6UxHGieEhWyzyE4lMhNK/0UAozoycWEKZEvZWxEZUUWZsOjkbwten6H/SKhUJLpKbcqF+vowjC0dwDKdAoAJ1uIYGNIHBEB7gCZ4d6Tw6L87rojXjLGcO4Qect0/ZXo18</latexit><latexit sha1_base64="df85iOdZKL4b/VznPzesjmvNL+M=">AAAB6nicdVBNS0JBFL3Pvsy+rJZthiRoJTMiqS1CqEVLo/wAfci8cZ4OzvtgZl4g4k9o06KItv2idv2b5qlBRR24cDjnXu69x4ul0AbjDyezsrq2vpHdzG1t7+zu5fcPWjpKFONNFslIdTyquRQhbxphJO/EitPAk7ztjS9Tv33PlRZReGcmMXcDOgyFLxg1Vrq9uij38wVcxBgTQlBKSOUMW1KrVUukikhqWRRgiUY//94bRCwJeGiYpFp3CY6NO6XKCCb5LNdLNI8pG9Mh71oa0oBrdzo/dYZOrDJAfqRshQbN1e8TUxpoPQk82xlQM9K/vVT8y+smxq+6UxHGieEhWyzyE4lMhNK/0UAozoycWEKZEvZWxEZUUWZsOjkbwten6H/SKhUJLpKbcqF+vowjC0dwDKdAoAJ1uIYGNIHBEB7gCZ4d6Tw6L87rojXjLGcO4Qect0/ZXo18</latexit><latexit sha1_base64="df85iOdZKL4b/VznPzesjmvNL+M=">AAAB6nicdVBNS0JBFL3Pvsy+rJZthiRoJTMiqS1CqEVLo/wAfci8cZ4OzvtgZl4g4k9o06KItv2idv2b5qlBRR24cDjnXu69x4ul0AbjDyezsrq2vpHdzG1t7+zu5fcPWjpKFONNFslIdTyquRQhbxphJO/EitPAk7ztjS9Tv33PlRZReGcmMXcDOgyFLxg1Vrq9uij38wVcxBgTQlBKSOUMW1KrVUukikhqWRRgiUY//94bRCwJeGiYpFp3CY6NO6XKCCb5LNdLNI8pG9Mh71oa0oBrdzo/dYZOrDJAfqRshQbN1e8TUxpoPQk82xlQM9K/vVT8y+smxq+6UxHGieEhWyzyE4lMhNK/0UAozoycWEKZEvZWxEZUUWZsOjkbwten6H/SKhUJLpKbcqF+vowjC0dwDKdAoAJ1uIYGNIHBEB7gCZ4d6Tw6L87rojXjLGcO4Qect0/ZXo18</latexit><latexit sha1_base64="df85iOdZKL4b/VznPzesjmvNL+M=">AAAB6nicdVBNS0JBFL3Pvsy+rJZthiRoJTMiqS1CqEVLo/wAfci8cZ4OzvtgZl4g4k9o06KItv2idv2b5qlBRR24cDjnXu69x4ul0AbjDyezsrq2vpHdzG1t7+zu5fcPWjpKFONNFslIdTyquRQhbxphJO/EitPAk7ztjS9Tv33PlRZReGcmMXcDOgyFLxg1Vrq9uij38wVcxBgTQlBKSOUMW1KrVUukikhqWRRgiUY//94bRCwJeGiYpFp3CY6NO6XKCCb5LNdLNI8pG9Mh71oa0oBrdzo/dYZOrDJAfqRshQbN1e8TUxpoPQk82xlQM9K/vVT8y+smxq+6UxHGieEhWyzyE4lMhNK/0UAozoycWEKZEvZWxEZUUWZsOjkbwten6H/SKhUJLpKbcqF+vowjC0dwDKdAoAJ1uIYGNIHBEB7gCZ4d6Tw6L87rojXjLGcO4Qect0/ZXo18</latexit>

extending topological invariants, e.g 
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<latexit sha1_base64="d7TignIYCFWdgkySD6/Kp69K79o="></latexit><latexit sha1_base64="d7TignIYCFWdgkySD6/Kp69K79o="></latexit><latexit sha1_base64="d7TignIYCFWdgkySD6/Kp69K79o="></latexit><latexit sha1_base64="d7TignIYCFWdgkySD6/Kp69K79o="></latexit>

Only topologically invariant term

Second order eom, no ghost around AdS, etc.



Q-curvature and Gravity
The family of theories we want to explore can be thought of as a hybrid 
between CG and Lovelock, in the sense that are defined by dimensionally 
extending conformal invariants, in opposition to topological invariants.

The fundamental building block to construct the action of the theory is 
the so called Q-curvature. Let us motivate its definition…

Warning: what follows is a bit technical but the end result is quite simple.



Q-curvature and Gravity
Given the Weyl rescaling of a D-dimensional metric                            ,gµ⌫ ! g̃µ⌫ = e2'gµ⌫

<latexit sha1_base64="NUTCKnrXr/UoXPu1ynnP7FTVbPc="></latexit><latexit sha1_base64="NUTCKnrXr/UoXPu1ynnP7FTVbPc="></latexit><latexit sha1_base64="NUTCKnrXr/UoXPu1ynnP7FTVbPc="></latexit><latexit sha1_base64="NUTCKnrXr/UoXPu1ynnP7FTVbPc="></latexit>

we consider linear differential operator         (with              and             ), Pm,n
<latexit sha1_base64="g+yNseDEt0yHCRI1+7XI+FUKTOw=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcSEmK9LEruHFZwT6gHUomTdvQTGZIMkIZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57glgKYzH+8NbWNza3tnM7+d29/YPDwtFx20SJZrzFIhnpbkANl0LxlhVW8m6sOQ0DyTvB9DrzO/dcGxGpOzuLuR/SsRIjwah1Uqc5SMNLNR8UiriEMSaEoIyQagU7Uq/XyqSGSGY5FGGF5qDw3h9GLAm5skxSY3oEx9ZPqbaCST7P9xPDY8qmdMx7jioacuOni3Pn6NwpQzSKtCtl0UL9PpHS0JhZGLjOkNqJ+e1l4l9eL7Gjmp8KFSeWK7ZcNEokshHKfkdDoTmzcuYIZVq4WxGbUE2ZdQnlXQhfn6L/SbtcIrhEbq+KjcoqjhycwhlcAIEqNOAGmtACBlN4gCd49mLv0XvxXpeta95q5gR+wHv7BG7gj5g=</latexit><latexit sha1_base64="g+yNseDEt0yHCRI1+7XI+FUKTOw=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcSEmK9LEruHFZwT6gHUomTdvQTGZIMkIZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57glgKYzH+8NbWNza3tnM7+d29/YPDwtFx20SJZrzFIhnpbkANl0LxlhVW8m6sOQ0DyTvB9DrzO/dcGxGpOzuLuR/SsRIjwah1Uqc5SMNLNR8UiriEMSaEoIyQagU7Uq/XyqSGSGY5FGGF5qDw3h9GLAm5skxSY3oEx9ZPqbaCST7P9xPDY8qmdMx7jioacuOni3Pn6NwpQzSKtCtl0UL9PpHS0JhZGLjOkNqJ+e1l4l9eL7Gjmp8KFSeWK7ZcNEokshHKfkdDoTmzcuYIZVq4WxGbUE2ZdQnlXQhfn6L/SbtcIrhEbq+KjcoqjhycwhlcAIEqNOAGmtACBlN4gCd49mLv0XvxXpeta95q5gR+wHv7BG7gj5g=</latexit><latexit sha1_base64="g+yNseDEt0yHCRI1+7XI+FUKTOw=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcSEmK9LEruHFZwT6gHUomTdvQTGZIMkIZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57glgKYzH+8NbWNza3tnM7+d29/YPDwtFx20SJZrzFIhnpbkANl0LxlhVW8m6sOQ0DyTvB9DrzO/dcGxGpOzuLuR/SsRIjwah1Uqc5SMNLNR8UiriEMSaEoIyQagU7Uq/XyqSGSGY5FGGF5qDw3h9GLAm5skxSY3oEx9ZPqbaCST7P9xPDY8qmdMx7jioacuOni3Pn6NwpQzSKtCtl0UL9PpHS0JhZGLjOkNqJ+e1l4l9eL7Gjmp8KFSeWK7ZcNEokshHKfkdDoTmzcuYIZVq4WxGbUE2ZdQnlXQhfn6L/SbtcIrhEbq+KjcoqjhycwhlcAIEqNOAGmtACBlN4gCd49mLv0XvxXpeta95q5gR+wHv7BG7gj5g=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="9s0fmU1RiU7D5F/lswinwmWyNT8=">AAAB43icbZBLSwMxFIXv1FetVatbN8EiuJAy40aXghuXFewD2qFk0jttaB5DkhHK0B/hxoUi/id3/hvTx0JbDwQ+zknIvSfJBLcuDL+D0tb2zu5eeb9yUD08Oq6dVNtW54Zhi2mhTTehFgVX2HLcCexmBqlMBHaSyf087zyjsVyrJzfNMJZ0pHjKGXXe6jQHhbxSs0GtHjbChcgmRCuow0rNQe2rP9Qsl6gcE9TaXhRmLi6ocZwJnFX6ucWMsgkdYc+johJtXCzGnZEL7wxJqo0/ypGF+/tFQaW1U5n4m5K6sV3P5uZ/WS936W1ccJXlDhVbfpTmgjhN5ruTITfInJh6oMxwPythY2ooc76hii8hWl95E9rXjShsRI8hlOEMzuESIriBO3iAJrSAwQRe4A3egyx4DT6WdZWCVW+n8EfB5w/2/44V</latexit><latexit sha1_base64="F3Adxd1aK9FZzNTtTjU/kqPjo3c=">AAAB43icdZDNSgMxFIXv+Ftr1erWTbAILqQkXdh2J7hxWcH+QDuUTJq2oUlmSDJCGfoQblwo4ju5823MtBVU9EDg45yE3HuiRArrMP4INja3tnd2C3vF/dLB4VH5uNSxcWoYb7NYxqYXUcul0LzthJO8lxhOVSR5N5rd5Hn3gRsrYn3v5gkPFZ1oMRaMOm91W8NMXerFsFzBVYwxIQTlQOpX2EOz2aiRBiJ55FWBtVrD8vtgFLNUce2YpNb2CU5cmFHjBJN8URyklieUzeiE9z1qqrgNs+W4C3TunREax8Yf7dDS/f4io8rauYr8TUXd1P7OcvOvrJ+6cSPMhE5SxzVbfTROJXIxyndHI2E4c3LugTIj/KyITamhzPmGir6Er03R/9CpVQmukjsMBTiFM7gAAnW4hltoQRsYzOARnuElSIKn4HVV10aw7u0Efih4+wRBso5L</latexit><latexit sha1_base64="5EVcMCJZ9aflHM6UJHtI61Sz8c0=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgQkrSRR+7ghuXFewD2qFk0rQNzWSGJCOUoR/hxoUibv0ed/6NmbaCih64cDjnXu69J4ilMBbjDy+3sbm1vZPfLeztHxweFY9POiZKNONtFslI9wJquBSKt62wkvdizWkYSN4NZteZ373n2ohI3dl5zP2QTpQYC0atk7qtYRpeqcWwWMJljDEhBGWE1KrYkUajXiF1RDLLoQRrtIbF98EoYknIlWWSGtMnOLZ+SrUVTPJFYZAYHlM2oxPed1TRkBs/XZ67QBdOGaFxpF0pi5bq94mUhsbMw8B1htROzW8vE//y+okd1/1UqDixXLHVonEikY1Q9jsaCc2ZlXNHKNPC3YrYlGrKrEuo4EL4+hT9TzqVMsFlcotLzeo6jjycwTlcAoEaNOEGWtAGBjN4gCd49mLv0XvxXletOW89cwo/4L19Am2gj5Q=</latexit><latexit sha1_base64="g+yNseDEt0yHCRI1+7XI+FUKTOw=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcSEmK9LEruHFZwT6gHUomTdvQTGZIMkIZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57glgKYzH+8NbWNza3tnM7+d29/YPDwtFx20SJZrzFIhnpbkANl0LxlhVW8m6sOQ0DyTvB9DrzO/dcGxGpOzuLuR/SsRIjwah1Uqc5SMNLNR8UiriEMSaEoIyQagU7Uq/XyqSGSGY5FGGF5qDw3h9GLAm5skxSY3oEx9ZPqbaCST7P9xPDY8qmdMx7jioacuOni3Pn6NwpQzSKtCtl0UL9PpHS0JhZGLjOkNqJ+e1l4l9eL7Gjmp8KFSeWK7ZcNEokshHKfkdDoTmzcuYIZVq4WxGbUE2ZdQnlXQhfn6L/SbtcIrhEbq+KjcoqjhycwhlcAIEqNOAGmtACBlN4gCd49mLv0XvxXpeta95q5gR+wHv7BG7gj5g=</latexit><latexit sha1_base64="g+yNseDEt0yHCRI1+7XI+FUKTOw=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcSEmK9LEruHFZwT6gHUomTdvQTGZIMkIZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57glgKYzH+8NbWNza3tnM7+d29/YPDwtFx20SJZrzFIhnpbkANl0LxlhVW8m6sOQ0DyTvB9DrzO/dcGxGpOzuLuR/SsRIjwah1Uqc5SMNLNR8UiriEMSaEoIyQagU7Uq/XyqSGSGY5FGGF5qDw3h9GLAm5skxSY3oEx9ZPqbaCST7P9xPDY8qmdMx7jioacuOni3Pn6NwpQzSKtCtl0UL9PpHS0JhZGLjOkNqJ+e1l4l9eL7Gjmp8KFSeWK7ZcNEokshHKfkdDoTmzcuYIZVq4WxGbUE2ZdQnlXQhfn6L/SbtcIrhEbq+KjcoqjhycwhlcAIEqNOAGmtACBlN4gCd49mLv0XvxXpeta95q5gR+wHv7BG7gj5g=</latexit><latexit sha1_base64="g+yNseDEt0yHCRI1+7XI+FUKTOw=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcSEmK9LEruHFZwT6gHUomTdvQTGZIMkIZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57glgKYzH+8NbWNza3tnM7+d29/YPDwtFx20SJZrzFIhnpbkANl0LxlhVW8m6sOQ0DyTvB9DrzO/dcGxGpOzuLuR/SsRIjwah1Uqc5SMNLNR8UiriEMSaEoIyQagU7Uq/XyqSGSGY5FGGF5qDw3h9GLAm5skxSY3oEx9ZPqbaCST7P9xPDY8qmdMx7jioacuOni3Pn6NwpQzSKtCtl0UL9PpHS0JhZGLjOkNqJ+e1l4l9eL7Gjmp8KFSeWK7ZcNEokshHKfkdDoTmzcuYIZVq4WxGbUE2ZdQnlXQhfn6L/SbtcIrhEbq+KjcoqjhycwhlcAIEqNOAGmtACBlN4gCd49mLv0XvxXpeta95q5gR+wHv7BG7gj5g=</latexit><latexit sha1_base64="g+yNseDEt0yHCRI1+7XI+FUKTOw=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcSEmK9LEruHFZwT6gHUomTdvQTGZIMkIZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57glgKYzH+8NbWNza3tnM7+d29/YPDwtFx20SJZrzFIhnpbkANl0LxlhVW8m6sOQ0DyTvB9DrzO/dcGxGpOzuLuR/SsRIjwah1Uqc5SMNLNR8UiriEMSaEoIyQagU7Uq/XyqSGSGY5FGGF5qDw3h9GLAm5skxSY3oEx9ZPqbaCST7P9xPDY8qmdMx7jioacuOni3Pn6NwpQzSKtCtl0UL9PpHS0JhZGLjOkNqJ+e1l4l9eL7Gjmp8KFSeWK7ZcNEokshHKfkdDoTmzcuYIZVq4WxGbUE2ZdQnlXQhfn6L/SbtcIrhEbq+KjcoqjhycwhlcAIEqNOAGmtACBlN4gCd49mLv0XvxXpeta95q5gR+wHv7BG7gj5g=</latexit><latexit sha1_base64="g+yNseDEt0yHCRI1+7XI+FUKTOw=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcSEmK9LEruHFZwT6gHUomTdvQTGZIMkIZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57glgKYzH+8NbWNza3tnM7+d29/YPDwtFx20SJZrzFIhnpbkANl0LxlhVW8m6sOQ0DyTvB9DrzO/dcGxGpOzuLuR/SsRIjwah1Uqc5SMNLNR8UiriEMSaEoIyQagU7Uq/XyqSGSGY5FGGF5qDw3h9GLAm5skxSY3oEx9ZPqbaCST7P9xPDY8qmdMx7jioacuOni3Pn6NwpQzSKtCtl0UL9PpHS0JhZGLjOkNqJ+e1l4l9eL7Gjmp8KFSeWK7ZcNEokshHKfkdDoTmzcuYIZVq4WxGbUE2ZdQnlXQhfn6L/SbtcIrhEbq+KjcoqjhycwhlcAIEqNOAGmtACBlN4gCd49mLv0XvxXpeta95q5gR+wHv7BG7gj5g=</latexit><latexit sha1_base64="g+yNseDEt0yHCRI1+7XI+FUKTOw=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcSEmK9LEruHFZwT6gHUomTdvQTGZIMkIZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57glgKYzH+8NbWNza3tnM7+d29/YPDwtFx20SJZrzFIhnpbkANl0LxlhVW8m6sOQ0DyTvB9DrzO/dcGxGpOzuLuR/SsRIjwah1Uqc5SMNLNR8UiriEMSaEoIyQagU7Uq/XyqSGSGY5FGGF5qDw3h9GLAm5skxSY3oEx9ZPqbaCST7P9xPDY8qmdMx7jioacuOni3Pn6NwpQzSKtCtl0UL9PpHS0JhZGLjOkNqJ+e1l4l9eL7Gjmp8KFSeWK7ZcNEokshHKfkdDoTmzcuYIZVq4WxGbUE2ZdQnlXQhfn6L/SbtcIrhEbq+KjcoqjhycwhlcAIEqNOAGmtACBlN4gCd49mLv0XvxXpeta95q5gR+wHv7BG7gj5g=</latexit>

m 2 2Z�0
<latexit sha1_base64="sfdVBQorKTpCqo+MaXwF0CTa6Ao=">AAACAnicdVDLSgMxFM3UV62vqitxEyyCq5IU6WNXcOOygm3FzjBk0rQNzWTGJCOUobjxV9y4UMStX+HOvzHTVlDRAxcO59zLvfcEseDaIPTh5JaWV1bX8uuFjc2t7Z3i7l5HR4mirE0jEamrgGgmuGRtw41gV7FiJAwE6wbjs8zv3jKleSQvzSRmXkiGkg84JcZKfvEgdLmEFTckZhQE6fXUT90hu4Fo6hdLqIwQwhjDjOBaFVnSaNQruA5xZlmUwAItv/ju9iOahEwaKojWPYxi46VEGU4FmxbcRLOY0DEZsp6lkoRMe+nshSk8tkofDiJlSxo4U79PpCTUehIGtjM7Vf/2MvEvr5eYQd1LuYwTwySdLxokApoIZnnAPleMGjGxhFDF7a2Qjogi1NjUCjaEr0/h/6RTKWNUxhenpWZ1EUceHIIjcAIwqIEmOAct0AYU3IEH8ASenXvn0XlxXuetOWcxsw9+wHn7BPUGlx0=</latexit><latexit sha1_base64="sfdVBQorKTpCqo+MaXwF0CTa6Ao=">AAACAnicdVDLSgMxFM3UV62vqitxEyyCq5IU6WNXcOOygm3FzjBk0rQNzWTGJCOUobjxV9y4UMStX+HOvzHTVlDRAxcO59zLvfcEseDaIPTh5JaWV1bX8uuFjc2t7Z3i7l5HR4mirE0jEamrgGgmuGRtw41gV7FiJAwE6wbjs8zv3jKleSQvzSRmXkiGkg84JcZKfvEgdLmEFTckZhQE6fXUT90hu4Fo6hdLqIwQwhjDjOBaFVnSaNQruA5xZlmUwAItv/ju9iOahEwaKojWPYxi46VEGU4FmxbcRLOY0DEZsp6lkoRMe+nshSk8tkofDiJlSxo4U79PpCTUehIGtjM7Vf/2MvEvr5eYQd1LuYwTwySdLxokApoIZnnAPleMGjGxhFDF7a2Qjogi1NjUCjaEr0/h/6RTKWNUxhenpWZ1EUceHIIjcAIwqIEmOAct0AYU3IEH8ASenXvn0XlxXuetOWcxsw9+wHn7BPUGlx0=</latexit><latexit sha1_base64="sfdVBQorKTpCqo+MaXwF0CTa6Ao=">AAACAnicdVDLSgMxFM3UV62vqitxEyyCq5IU6WNXcOOygm3FzjBk0rQNzWTGJCOUobjxV9y4UMStX+HOvzHTVlDRAxcO59zLvfcEseDaIPTh5JaWV1bX8uuFjc2t7Z3i7l5HR4mirE0jEamrgGgmuGRtw41gV7FiJAwE6wbjs8zv3jKleSQvzSRmXkiGkg84JcZKfvEgdLmEFTckZhQE6fXUT90hu4Fo6hdLqIwQwhjDjOBaFVnSaNQruA5xZlmUwAItv/ju9iOahEwaKojWPYxi46VEGU4FmxbcRLOY0DEZsp6lkoRMe+nshSk8tkofDiJlSxo4U79PpCTUehIGtjM7Vf/2MvEvr5eYQd1LuYwTwySdLxokApoIZnnAPleMGjGxhFDF7a2Qjogi1NjUCjaEr0/h/6RTKWNUxhenpWZ1EUceHIIjcAIwqIEmOAct0AYU3IEH8ASenXvn0XlxXuetOWcxsw9+wHn7BPUGlx0=</latexit><latexit sha1_base64="sfdVBQorKTpCqo+MaXwF0CTa6Ao=">AAACAnicdVDLSgMxFM3UV62vqitxEyyCq5IU6WNXcOOygm3FzjBk0rQNzWTGJCOUobjxV9y4UMStX+HOvzHTVlDRAxcO59zLvfcEseDaIPTh5JaWV1bX8uuFjc2t7Z3i7l5HR4mirE0jEamrgGgmuGRtw41gV7FiJAwE6wbjs8zv3jKleSQvzSRmXkiGkg84JcZKfvEgdLmEFTckZhQE6fXUT90hu4Fo6hdLqIwQwhjDjOBaFVnSaNQruA5xZlmUwAItv/ju9iOahEwaKojWPYxi46VEGU4FmxbcRLOY0DEZsp6lkoRMe+nshSk8tkofDiJlSxo4U79PpCTUehIGtjM7Vf/2MvEvr5eYQd1LuYwTwySdLxokApoIZnnAPleMGjGxhFDF7a2Qjogi1NjUCjaEr0/h/6RTKWNUxhenpWZ1EUceHIIjcAIwqIEmOAct0AYU3IEH8ASenXvn0XlxXuetOWcxsw9+wHn7BPUGlx0=</latexit>

n 2 Z�0
<latexit sha1_base64="8oWE7fHgfI0hROnnOR2QxRBy7m8=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIrkpSpI9dwY3LCrYVO8OQSdM2NJMZk4xQhrrxV9y4UMStf+HOvzHTVlDRAxcO59zLvfcEseDaIPTh5JaWV1bX8uuFjc2t7Z3i7l5HR4mirE0jEamrgGgmuGRtw41gV7FiJAwE6wbjs8zv3jKleSQvzSRmXkiGkg84JcZKfvFAulxCNyRmFATp9dRP3SG7gWjqF0uojBDCGMOM4FoVWdJo1Cu4DnFmWZTAAi2/+O72I5qETBoqiNY9jGLjpUQZTgWbFtxEs5jQMRmynqWShEx76eyDKTy2Sh8OImVLGjhTv0+kJNR6Ega2MztV//Yy8S+vl5hB3Uu5jBPDJJ0vGiQCmghmccA+V4waMbGEUMXtrZCOiCLU2NAKNoSvT+H/pFMpY1TGF6elZnURRx4cgiNwAjCogSY4By3QBhTcgQfwBJ6de+fReXFe5605ZzGzD37AefsEgDKW4g==</latexit><latexit sha1_base64="8oWE7fHgfI0hROnnOR2QxRBy7m8=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIrkpSpI9dwY3LCrYVO8OQSdM2NJMZk4xQhrrxV9y4UMStf+HOvzHTVlDRAxcO59zLvfcEseDaIPTh5JaWV1bX8uuFjc2t7Z3i7l5HR4mirE0jEamrgGgmuGRtw41gV7FiJAwE6wbjs8zv3jKleSQvzSRmXkiGkg84JcZKfvFAulxCNyRmFATp9dRP3SG7gWjqF0uojBDCGMOM4FoVWdJo1Cu4DnFmWZTAAi2/+O72I5qETBoqiNY9jGLjpUQZTgWbFtxEs5jQMRmynqWShEx76eyDKTy2Sh8OImVLGjhTv0+kJNR6Ega2MztV//Yy8S+vl5hB3Uu5jBPDJJ0vGiQCmghmccA+V4waMbGEUMXtrZCOiCLU2NAKNoSvT+H/pFMpY1TGF6elZnURRx4cgiNwAjCogSY4By3QBhTcgQfwBJ6de+fReXFe5605ZzGzD37AefsEgDKW4g==</latexit><latexit sha1_base64="8oWE7fHgfI0hROnnOR2QxRBy7m8=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIrkpSpI9dwY3LCrYVO8OQSdM2NJMZk4xQhrrxV9y4UMStf+HOvzHTVlDRAxcO59zLvfcEseDaIPTh5JaWV1bX8uuFjc2t7Z3i7l5HR4mirE0jEamrgGgmuGRtw41gV7FiJAwE6wbjs8zv3jKleSQvzSRmXkiGkg84JcZKfvFAulxCNyRmFATp9dRP3SG7gWjqF0uojBDCGMOM4FoVWdJo1Cu4DnFmWZTAAi2/+O72I5qETBoqiNY9jGLjpUQZTgWbFtxEs5jQMRmynqWShEx76eyDKTy2Sh8OImVLGjhTv0+kJNR6Ega2MztV//Yy8S+vl5hB3Uu5jBPDJJ0vGiQCmghmccA+V4waMbGEUMXtrZCOiCLU2NAKNoSvT+H/pFMpY1TGF6elZnURRx4cgiNwAjCogSY4By3QBhTcgQfwBJ6de+fReXFe5605ZzGzD37AefsEgDKW4g==</latexit><latexit sha1_base64="8oWE7fHgfI0hROnnOR2QxRBy7m8=">AAACAXicdVDLSgMxFM3UV62vqhvBTbAIrkpSpI9dwY3LCrYVO8OQSdM2NJMZk4xQhrrxV9y4UMStf+HOvzHTVlDRAxcO59zLvfcEseDaIPTh5JaWV1bX8uuFjc2t7Z3i7l5HR4mirE0jEamrgGgmuGRtw41gV7FiJAwE6wbjs8zv3jKleSQvzSRmXkiGkg84JcZKfvFAulxCNyRmFATp9dRP3SG7gWjqF0uojBDCGMOM4FoVWdJo1Cu4DnFmWZTAAi2/+O72I5qETBoqiNY9jGLjpUQZTgWbFtxEs5jQMRmynqWShEx76eyDKTy2Sh8OImVLGjhTv0+kJNR6Ega2MztV//Yy8S+vl5hB3Uu5jBPDJJ0vGiQCmghmccA+V4waMbGEUMXtrZCOiCLU2NAKNoSvT+H/pFMpY1TGF6elZnURRx4cgiNwAjCogSY4By3QBhTcgQfwBJ6de+fReXFe5605ZzGzD37AefsEgDKW4g==</latexit>

that transform covariantly as

P̃m,n(f) = e�
n+m

2 'Pm,n(e
n�m

2 'f)
<latexit sha1_base64="E5fLBou+rpx9S8REHUf+fI0fje8="></latexit><latexit sha1_base64="E5fLBou+rpx9S8REHUf+fI0fje8="></latexit><latexit sha1_base64="E5fLBou+rpx9S8REHUf+fI0fje8="></latexit><latexit sha1_base64="E5fLBou+rpx9S8REHUf+fI0fje8="></latexit>

This operator has the form,

Pm,n = �m,n +
n�m

2
Qm,n , �m,n = ⇤m

2 + ...
<latexit sha1_base64="bGT1oETnqOFSIa+owKRBfUHjZks="></latexit><latexit sha1_base64="bGT1oETnqOFSIa+owKRBfUHjZks="></latexit><latexit sha1_base64="bGT1oETnqOFSIa+owKRBfUHjZks="></latexit><latexit sha1_base64="bGT1oETnqOFSIa+owKRBfUHjZks="></latexit>

Constant termsLaplace operator

Qm,n
<latexit sha1_base64="fmYdr8ZAgFiuuoXn3sN0QBlwhaE=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4kJIUsa2rghuXLdgHtEPJpJk2NMkMSUYoQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7TxALbixCH15ubX1jcyu/XdjZ3ds/KB4edUyUaMraNBKR7gXEMMEVa1tuBevFmhEZCNYNpjeZ371n2vBI3dlZzHxJxoqHnBLrpG5rmMoLNR8WS6iMEMIYw4zg6hVypF6vVXAN4sxyKIEVmsPi+2AU0UQyZakgxvQxiq2fEm05FWxeGCSGxYROyZj1HVVEMuOni3Pn8MwpIxhG2pWycKF+n0iJNGYmA9cpiZ2Y314m/uX1ExvW/JSrOLFM0eWiMBHQRjD7HY64ZtSKmSOEau5uhXRCNKHWJVRwIXx9Cv8nnUoZozJuXZYa16s48uAEnIJzgEEVNMAtaII2oGAKHsATePZi79F78V6XrTlvNXMMfsB7+wRxno+d</latexit><latexit sha1_base64="fmYdr8ZAgFiuuoXn3sN0QBlwhaE=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4kJIUsa2rghuXLdgHtEPJpJk2NMkMSUYoQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7TxALbixCH15ubX1jcyu/XdjZ3ds/KB4edUyUaMraNBKR7gXEMMEVa1tuBevFmhEZCNYNpjeZ371n2vBI3dlZzHxJxoqHnBLrpG5rmMoLNR8WS6iMEMIYw4zg6hVypF6vVXAN4sxyKIEVmsPi+2AU0UQyZakgxvQxiq2fEm05FWxeGCSGxYROyZj1HVVEMuOni3Pn8MwpIxhG2pWycKF+n0iJNGYmA9cpiZ2Y314m/uX1ExvW/JSrOLFM0eWiMBHQRjD7HY64ZtSKmSOEau5uhXRCNKHWJVRwIXx9Cv8nnUoZozJuXZYa16s48uAEnIJzgEEVNMAtaII2oGAKHsATePZi79F78V6XrTlvNXMMfsB7+wRxno+d</latexit><latexit sha1_base64="fmYdr8ZAgFiuuoXn3sN0QBlwhaE=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4kJIUsa2rghuXLdgHtEPJpJk2NMkMSUYoQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7TxALbixCH15ubX1jcyu/XdjZ3ds/KB4edUyUaMraNBKR7gXEMMEVa1tuBevFmhEZCNYNpjeZ371n2vBI3dlZzHxJxoqHnBLrpG5rmMoLNR8WS6iMEMIYw4zg6hVypF6vVXAN4sxyKIEVmsPi+2AU0UQyZakgxvQxiq2fEm05FWxeGCSGxYROyZj1HVVEMuOni3Pn8MwpIxhG2pWycKF+n0iJNGYmA9cpiZ2Y314m/uX1ExvW/JSrOLFM0eWiMBHQRjD7HY64ZtSKmSOEau5uhXRCNKHWJVRwIXx9Cv8nnUoZozJuXZYa16s48uAEnIJzgEEVNMAtaII2oGAKHsATePZi79F78V6XrTlvNXMMfsB7+wRxno+d</latexit><latexit sha1_base64="fmYdr8ZAgFiuuoXn3sN0QBlwhaE=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4kJIUsa2rghuXLdgHtEPJpJk2NMkMSUYoQz/CjQtF3Po97vwbM20FFT1w4XDOvdx7TxALbixCH15ubX1jcyu/XdjZ3ds/KB4edUyUaMraNBKR7gXEMMEVa1tuBevFmhEZCNYNpjeZ371n2vBI3dlZzHxJxoqHnBLrpG5rmMoLNR8WS6iMEMIYw4zg6hVypF6vVXAN4sxyKIEVmsPi+2AU0UQyZakgxvQxiq2fEm05FWxeGCSGxYROyZj1HVVEMuOni3Pn8MwpIxhG2pWycKF+n0iJNGYmA9cpiZ2Y314m/uX1ExvW/JSrOLFM0eWiMBHQRjD7HY64ZtSKmSOEau5uhXRCNKHWJVRwIXx9Cv8nnUoZozJuXZYa16s48uAEnIJzgEEVNMAtaII2oGAKHsATePZi79F78V6XrTlvNXMMfsB7+wRxno+d</latexit>

is called the n-dimensional Q-curvature of m-order. Under Weyl, 
transform as

Q̃m,n = e�
n+m

2 '
⇣
Qm,n +

2

n�m
�m,n

⌘
e

n�m
2 '

<latexit sha1_base64="yal5XXMwUdX6wK8HS96HroXgTiA="></latexit><latexit sha1_base64="yal5XXMwUdX6wK8HS96HroXgTiA="></latexit><latexit sha1_base64="yal5XXMwUdX6wK8HS96HroXgTiA="></latexit><latexit sha1_base64="yal5XXMwUdX6wK8HS96HroXgTiA="></latexit>



Q-curvature and Gravity

           (arbitrary spacetime dimensions)m = 2
<latexit sha1_base64="IB2tyiXGCpqNXA/7cK8H2+69D+c=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY3LivYB7VAyaaYNTTJDkhHK0E9w40IRt36RO//GTFtBRQ9cOJxzL/feE8SCG4vQh5dbWV1b38hvFra2d3b3ivsHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3YaM1+SkeIhp8Q66VZeVgbFEiojhDDGMCO4eo4cqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NQZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecz+hkOuGbVi6gihmrtbIR0TTah16RRcCF+fwv9Ju1LGqIxvzkqNi2UceXAEjsEpwKAKGuAaNEELUDACD+AJPHvCe/RevNdFa85bzhyCH/DePgETVo2i</latexit><latexit sha1_base64="IB2tyiXGCpqNXA/7cK8H2+69D+c=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY3LivYB7VAyaaYNTTJDkhHK0E9w40IRt36RO//GTFtBRQ9cOJxzL/feE8SCG4vQh5dbWV1b38hvFra2d3b3ivsHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3YaM1+SkeIhp8Q66VZeVgbFEiojhDDGMCO4eo4cqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NQZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecz+hkOuGbVi6gihmrtbIR0TTah16RRcCF+fwv9Ju1LGqIxvzkqNi2UceXAEjsEpwKAKGuAaNEELUDACD+AJPHvCe/RevNdFa85bzhyCH/DePgETVo2i</latexit><latexit sha1_base64="IB2tyiXGCpqNXA/7cK8H2+69D+c=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY3LivYB7VAyaaYNTTJDkhHK0E9w40IRt36RO//GTFtBRQ9cOJxzL/feE8SCG4vQh5dbWV1b38hvFra2d3b3ivsHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3YaM1+SkeIhp8Q66VZeVgbFEiojhDDGMCO4eo4cqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NQZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecz+hkOuGbVi6gihmrtbIR0TTah16RRcCF+fwv9Ju1LGqIxvzkqNi2UceXAEjsEpwKAKGuAaNEELUDACD+AJPHvCe/RevNdFa85bzhyCH/DePgETVo2i</latexit><latexit sha1_base64="IB2tyiXGCpqNXA/7cK8H2+69D+c=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY3LivYB7VAyaaYNTTJDkhHK0E9w40IRt36RO//GTFtBRQ9cOJxzL/feE8SCG4vQh5dbWV1b38hvFra2d3b3ivsHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3YaM1+SkeIhp8Q66VZeVgbFEiojhDDGMCO4eo4cqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NQZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecz+hkOuGbVi6gihmrtbIR0TTah16RRcCF+fwv9Ju1LGqIxvzkqNi2UceXAEjsEpwKAKGuAaNEELUDACD+AJPHvCe/RevNdFa85bzhyCH/DePgETVo2i</latexit>

Q2,n = � 1

2(n� 1)
R , P2,n = ⇤+

n� 2

2
Q2,n , �2,n = ⇤.

<latexit sha1_base64="kINvnod02eBTULE+qLiqGd1/co8="></latexit><latexit sha1_base64="kINvnod02eBTULE+qLiqGd1/co8="></latexit><latexit sha1_base64="kINvnod02eBTULE+qLiqGd1/co8="></latexit><latexit sha1_base64="kINvnod02eBTULE+qLiqGd1/co8="></latexit>

Gaussian curvature Yamabe operator

Examples:



Q-curvature and Gravity

           (arbitrary spacetime dimensions)m = 2
<latexit sha1_base64="IB2tyiXGCpqNXA/7cK8H2+69D+c=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY3LivYB7VAyaaYNTTJDkhHK0E9w40IRt36RO//GTFtBRQ9cOJxzL/feE8SCG4vQh5dbWV1b38hvFra2d3b3ivsHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3YaM1+SkeIhp8Q66VZeVgbFEiojhDDGMCO4eo4cqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NQZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecz+hkOuGbVi6gihmrtbIR0TTah16RRcCF+fwv9Ju1LGqIxvzkqNi2UceXAEjsEpwKAKGuAaNEELUDACD+AJPHvCe/RevNdFa85bzhyCH/DePgETVo2i</latexit><latexit sha1_base64="IB2tyiXGCpqNXA/7cK8H2+69D+c=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY3LivYB7VAyaaYNTTJDkhHK0E9w40IRt36RO//GTFtBRQ9cOJxzL/feE8SCG4vQh5dbWV1b38hvFra2d3b3ivsHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3YaM1+SkeIhp8Q66VZeVgbFEiojhDDGMCO4eo4cqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NQZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecz+hkOuGbVi6gihmrtbIR0TTah16RRcCF+fwv9Ju1LGqIxvzkqNi2UceXAEjsEpwKAKGuAaNEELUDACD+AJPHvCe/RevNdFa85bzhyCH/DePgETVo2i</latexit><latexit sha1_base64="IB2tyiXGCpqNXA/7cK8H2+69D+c=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY3LivYB7VAyaaYNTTJDkhHK0E9w40IRt36RO//GTFtBRQ9cOJxzL/feE8SCG4vQh5dbWV1b38hvFra2d3b3ivsHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3YaM1+SkeIhp8Q66VZeVgbFEiojhDDGMCO4eo4cqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NQZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecz+hkOuGbVi6gihmrtbIR0TTah16RRcCF+fwv9Ju1LGqIxvzkqNi2UceXAEjsEpwKAKGuAaNEELUDACD+AJPHvCe/RevNdFa85bzhyCH/DePgETVo2i</latexit><latexit sha1_base64="IB2tyiXGCpqNXA/7cK8H2+69D+c=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4KkkR2wpCwY3LivYB7VAyaaYNTTJDkhHK0E9w40IRt36RO//GTFtBRQ9cOJxzL/feE8SCG4vQh5dbWV1b38hvFra2d3b3ivsHbRMlmrIWjUSkuwExTHDFWpZbwbqxZkQGgnWCyVXmd+6ZNjxSd3YaM1+SkeIhp8Q66VZeVgbFEiojhDDGMCO4eo4cqddrFVyDOLMcSmCJ5qD43h9GNJFMWSqIMT2MYuunRFtOBZsV+olhMaETMmI9RxWRzPjp/NQZPHHKEIaRdqUsnKvfJ1IijZnKwHVKYsfmt5eJf3m9xIY1P+UqTixTdLEoTAS0Ecz+hkOuGbVi6gihmrtbIR0TTah16RRcCF+fwv9Ju1LGqIxvzkqNi2UceXAEjsEpwKAKGuAaNEELUDACD+AJPHvCe/RevNdFa85bzhyCH/DePgETVo2i</latexit>

Q2,n = � 1

2(n� 1)
R , P2,n = ⇤+

n� 2

2
Q2,n , �2,n = ⇤.

<latexit sha1_base64="kINvnod02eBTULE+qLiqGd1/co8="></latexit><latexit sha1_base64="kINvnod02eBTULE+qLiqGd1/co8="></latexit><latexit sha1_base64="kINvnod02eBTULE+qLiqGd1/co8="></latexit><latexit sha1_base64="kINvnod02eBTULE+qLiqGd1/co8="></latexit>

Gaussian curvature Yamabe operator

m = 4
<latexit sha1_base64="y8wnEll3Zucjmd1XcA99/8VGYj8=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXJSnFtoJQcOOyon1AO5RMmmlDk8yQZIQy9BPcuFDErV/kzr8x01ZQ0QMXDufcy733BLHgxiL04a2srq1vbOa28ts7u3v7hYPDtokSTVmLRiLS3YAYJrhiLcutYN1YMyIDwTrB5CrzO/dMGx6pOzuNmS/JSPGQU2KddCsvK4NCEZUQQhhjmBFcPUeO1Ou1Mq5BnFkORbBEc1B47w8jmkimLBXEmB5GsfVToi2ngs3y/cSwmNAJGbGeo4pIZvx0fuoMnjplCMNIu1IWztXvEymRxkxl4DolsWPz28vEv7xeYsOan3IVJ5YpulgUJgLaCGZ/wyHXjFoxdYRQzd2tkI6JJtS6dPIuhK9P4f+kXS5hVMI3lWLjYhlHDhyDE3AGMKiCBrgGTdACFIzAA3gCz57wHr0X73XRuuItZ47AD3hvnxZejaQ=</latexit><latexit sha1_base64="y8wnEll3Zucjmd1XcA99/8VGYj8=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXJSnFtoJQcOOyon1AO5RMmmlDk8yQZIQy9BPcuFDErV/kzr8x01ZQ0QMXDufcy733BLHgxiL04a2srq1vbOa28ts7u3v7hYPDtokSTVmLRiLS3YAYJrhiLcutYN1YMyIDwTrB5CrzO/dMGx6pOzuNmS/JSPGQU2KddCsvK4NCEZUQQhhjmBFcPUeO1Ou1Mq5BnFkORbBEc1B47w8jmkimLBXEmB5GsfVToi2ngs3y/cSwmNAJGbGeo4pIZvx0fuoMnjplCMNIu1IWztXvEymRxkxl4DolsWPz28vEv7xeYsOan3IVJ5YpulgUJgLaCGZ/wyHXjFoxdYRQzd2tkI6JJtS6dPIuhK9P4f+kXS5hVMI3lWLjYhlHDhyDE3AGMKiCBrgGTdACFIzAA3gCz57wHr0X73XRuuItZ47AD3hvnxZejaQ=</latexit><latexit sha1_base64="y8wnEll3Zucjmd1XcA99/8VGYj8=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXJSnFtoJQcOOyon1AO5RMmmlDk8yQZIQy9BPcuFDErV/kzr8x01ZQ0QMXDufcy733BLHgxiL04a2srq1vbOa28ts7u3v7hYPDtokSTVmLRiLS3YAYJrhiLcutYN1YMyIDwTrB5CrzO/dMGx6pOzuNmS/JSPGQU2KddCsvK4NCEZUQQhhjmBFcPUeO1Ou1Mq5BnFkORbBEc1B47w8jmkimLBXEmB5GsfVToi2ngs3y/cSwmNAJGbGeo4pIZvx0fuoMnjplCMNIu1IWztXvEymRxkxl4DolsWPz28vEv7xeYsOan3IVJ5YpulgUJgLaCGZ/wyHXjFoxdYRQzd2tkI6JJtS6dPIuhK9P4f+kXS5hVMI3lWLjYhlHDhyDE3AGMKiCBrgGTdACFIzAA3gCz57wHr0X73XRuuItZ47AD3hvnxZejaQ=</latexit><latexit sha1_base64="y8wnEll3Zucjmd1XcA99/8VGYj8=">AAAB6nicdVDLSgMxFM34rPVVdekmWARXJSnFtoJQcOOyon1AO5RMmmlDk8yQZIQy9BPcuFDErV/kzr8x01ZQ0QMXDufcy733BLHgxiL04a2srq1vbOa28ts7u3v7hYPDtokSTVmLRiLS3YAYJrhiLcutYN1YMyIDwTrB5CrzO/dMGx6pOzuNmS/JSPGQU2KddCsvK4NCEZUQQhhjmBFcPUeO1Ou1Mq5BnFkORbBEc1B47w8jmkimLBXEmB5GsfVToi2ngs3y/cSwmNAJGbGeo4pIZvx0fuoMnjplCMNIu1IWztXvEymRxkxl4DolsWPz28vEv7xeYsOan3IVJ5YpulgUJgLaCGZ/wyHXjFoxdYRQzd2tkI6JJtS6dPIuhK9P4f+kXS5hVMI3lWLjYhlHDhyDE3AGMKiCBrgGTdACFIzAA3gCz57wHr0X73XRuuItZ47AD3hvnxZejaQ=</latexit>

Examples:

(arbitrary spacetime dimensions)

Q4,n = � 1

2(n� 1)
⇤R� 2

(n� 2)2
Rµ⌫R

µ⌫ +
n2(n� 4) + 16(n� 1)

8(n� 1)2(n� 2)2
R2,

<latexit sha1_base64="RlLmp4dg4kyJiN26sDP5HHQVDcM="></latexit><latexit sha1_base64="RlLmp4dg4kyJiN26sDP5HHQVDcM="></latexit><latexit sha1_base64="RlLmp4dg4kyJiN26sDP5HHQVDcM="></latexit><latexit sha1_base64="RlLmp4dg4kyJiN26sDP5HHQVDcM="></latexit>

Branson’s Q-curvature

P4,n
<latexit sha1_base64="R+CgEJ3ZyTKAl3KNXGNJgW3PGbY=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBg5SkFNt6KnjxWMF+QFtKNk3b0Gx2SbJCWfojvHhQxKu/x5v/xmxbQUUfDDzem2Fmnh9JYSzGH15mbX1jcyu7ndvZ3ds/yB8etUwYa8abLJSh7vjUcCkUb1phJe9EmtPAl7ztT69Tv33PtRGhurOziPcDOlZiJBi1Tmo3Bkn5Qs0H+QIuYowJISglpHKJHanVqiVSRSS1HAqwQmOQf+8NQxYHXFkmqTFdgiPbT6i2gkk+z/ViwyPKpnTMu44qGnDTTxbnztGZU4ZoFGpXyqKF+n0ioYExs8B3nQG1E/PbS8W/vG5sR9V+IlQUW67YctEolsiGKP0dDYXmzMqZI5Rp4W5FbEI1ZdYllHMhfH2K/ietUpHgIrktF+pXqziycAKncA4EKlCHG2hAExhM4QGe4NmLvEfvxXtdtma81cwx/ID39gkZBY9j</latexit><latexit sha1_base64="R+CgEJ3ZyTKAl3KNXGNJgW3PGbY=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBg5SkFNt6KnjxWMF+QFtKNk3b0Gx2SbJCWfojvHhQxKu/x5v/xmxbQUUfDDzem2Fmnh9JYSzGH15mbX1jcyu7ndvZ3ds/yB8etUwYa8abLJSh7vjUcCkUb1phJe9EmtPAl7ztT69Tv33PtRGhurOziPcDOlZiJBi1Tmo3Bkn5Qs0H+QIuYowJISglpHKJHanVqiVSRSS1HAqwQmOQf+8NQxYHXFkmqTFdgiPbT6i2gkk+z/ViwyPKpnTMu44qGnDTTxbnztGZU4ZoFGpXyqKF+n0ioYExs8B3nQG1E/PbS8W/vG5sR9V+IlQUW67YctEolsiGKP0dDYXmzMqZI5Rp4W5FbEI1ZdYllHMhfH2K/ietUpHgIrktF+pXqziycAKncA4EKlCHG2hAExhM4QGe4NmLvEfvxXtdtma81cwx/ID39gkZBY9j</latexit><latexit sha1_base64="R+CgEJ3ZyTKAl3KNXGNJgW3PGbY=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBg5SkFNt6KnjxWMF+QFtKNk3b0Gx2SbJCWfojvHhQxKu/x5v/xmxbQUUfDDzem2Fmnh9JYSzGH15mbX1jcyu7ndvZ3ds/yB8etUwYa8abLJSh7vjUcCkUb1phJe9EmtPAl7ztT69Tv33PtRGhurOziPcDOlZiJBi1Tmo3Bkn5Qs0H+QIuYowJISglpHKJHanVqiVSRSS1HAqwQmOQf+8NQxYHXFkmqTFdgiPbT6i2gkk+z/ViwyPKpnTMu44qGnDTTxbnztGZU4ZoFGpXyqKF+n0ioYExs8B3nQG1E/PbS8W/vG5sR9V+IlQUW67YctEolsiGKP0dDYXmzMqZI5Rp4W5FbEI1ZdYllHMhfH2K/ietUpHgIrktF+pXqziycAKncA4EKlCHG2hAExhM4QGe4NmLvEfvxXtdtma81cwx/ID39gkZBY9j</latexit><latexit sha1_base64="R+CgEJ3ZyTKAl3KNXGNJgW3PGbY=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBg5SkFNt6KnjxWMF+QFtKNk3b0Gx2SbJCWfojvHhQxKu/x5v/xmxbQUUfDDzem2Fmnh9JYSzGH15mbX1jcyu7ndvZ3ds/yB8etUwYa8abLJSh7vjUcCkUb1phJe9EmtPAl7ztT69Tv33PtRGhurOziPcDOlZiJBi1Tmo3Bkn5Qs0H+QIuYowJISglpHKJHanVqiVSRSS1HAqwQmOQf+8NQxYHXFkmqTFdgiPbT6i2gkk+z/ViwyPKpnTMu44qGnDTTxbnztGZU4ZoFGpXyqKF+n0ioYExs8B3nQG1E/PbS8W/vG5sR9V+IlQUW67YctEolsiGKP0dDYXmzMqZI5Rp4W5FbEI1ZdYllHMhfH2K/ietUpHgIrktF+pXqziycAKncA4EKlCHG2hAExhM4QGe4NmLvEfvxXtdtma81cwx/ID39gkZBY9j</latexit>

is called the Paneitz operator (but I won’t write it down).

And all these for what???
[Fradkin and Tseytlin]



Q-curvature and Gravity
Connection between Q-curvature and conformal invariants…
According to the Gauss-Bonnet theorem, in dimension 2,

I = � 1
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<latexit sha1_base64="rw7vp2RuTDpQzm5LBFyekV0jb70="></latexit><latexit sha1_base64="rw7vp2RuTDpQzm5LBFyekV0jb70="></latexit><latexit sha1_base64="rw7vp2RuTDpQzm5LBFyekV0jb70="></latexit><latexit sha1_base64="rw7vp2RuTDpQzm5LBFyekV0jb70="></latexit>

Topological invariant



Q-curvature and Gravity
Connection between Q-curvature and conformal invariants…
According to the Gauss-Bonnet theorem, in dimension 2,
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<latexit sha1_base64="rw7vp2RuTDpQzm5LBFyekV0jb70="></latexit><latexit sha1_base64="rw7vp2RuTDpQzm5LBFyekV0jb70="></latexit><latexit sha1_base64="rw7vp2RuTDpQzm5LBFyekV0jb70="></latexit><latexit sha1_base64="rw7vp2RuTDpQzm5LBFyekV0jb70="></latexit>

Topological invariant

And we know that all metrics are locally conformally equivalent. We also 
have the following properties:

gµ⌫ ! e2'gµ⌫
<latexit sha1_base64="mfjITzv/CarVpKeNGHJw+RdYJrs="></latexit><latexit sha1_base64="mfjITzv/CarVpKeNGHJw+RdYJrs="></latexit><latexit sha1_base64="mfjITzv/CarVpKeNGHJw+RdYJrs="></latexit><latexit sha1_base64="mfjITzv/CarVpKeNGHJw+RdYJrs="></latexit>

R ! e�2'(R� 2�2,2')
<latexit sha1_base64="qvaZsMIo9T5uVxRON1SCfifXMGI="></latexit><latexit sha1_base64="qvaZsMIo9T5uVxRON1SCfifXMGI="></latexit><latexit sha1_base64="qvaZsMIo9T5uVxRON1SCfifXMGI="></latexit><latexit sha1_base64="qvaZsMIo9T5uVxRON1SCfifXMGI="></latexit>

�2,2 ! e�2'�2,2
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If ,then and
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According to the Gauss-Bonnet theorem, in dimension 2,
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Topological invariant

And we know that all metrics are locally conformally equivalent. We also 
have the following properties:

gµ⌫ ! e2'gµ⌫
<latexit sha1_base64="mfjITzv/CarVpKeNGHJw+RdYJrs="></latexit><latexit sha1_base64="mfjITzv/CarVpKeNGHJw+RdYJrs="></latexit><latexit sha1_base64="mfjITzv/CarVpKeNGHJw+RdYJrs="></latexit><latexit sha1_base64="mfjITzv/CarVpKeNGHJw+RdYJrs="></latexit>

R ! e�2'(R� 2�2,2')
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If ,then and
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Let us see what exactly are we doing here…



Q-curvature and Gravity
Connection between Q-curvature and conformal invariants…
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        is the fourth order, four dimensional curvature invariant that under  
Weyl transform as
Q4,4
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Explicitly, is given by
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Weyl transform as
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Explicitly, is given by

Both terms in the action are conformal invariants. That is, the Q-curvature 
computes a topological invariant within a given conformal class.

Mr. Branson gave us a definition of the Q-curvature in arbitrary dimension.



Q-curvature and Gravity
The gravity action we will consider is defined by the sum of the  
dimensionally continued conformal invariants; namely
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This action preserves Einstein spaces as solutions and includes some of the 
results present in the literature (e.g. conformal gravity, chiral gravity).

The theory described by this action has among its solutions

Black holes
Non- Einstein metrics
Gravitational waves

All the details can be found in 1805.12160.



Final remarks

There is a lot that we can learn by studying aspects of gravity 
in different dimensions.

Close connection with different topics of AdS/CFT. 

BH with very interesting thermodynamics (did not mentioned anything  
in this talk).

3D gravity is probably the best toy model to start understanding  
quantum gravity.

And… 



Final remarks
This is Olivia! My newly born…


