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Scale symmetry

Could this be a much deeper principle of nature?

AdS/CFT, continuum limit in discrete quantum gravity approaches, asymptotically safe quantum gravity…
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quantum scale-symmetry *

* examples of quantum scale symmetry across 

various dimensionalities: 

- Litim-Sannino fixed points in d=4 gauge-Yukawa 
systems 

- Yang-Mills theory in d=4 + ε  

- Wilson-Fisher fixed point in d=3 

- non-linear σ-model in d=2 + ε 

- gravity in d=2 + ε 

- Gross-Neuveu model in 2<d<4 

- N=4 SYM 
…
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ultraviolet completions of QFTs



Scale symmetry in a QFT 

Theory space: infinite-dimensional space of couplings
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Predictivity: 

enhanced symmetry in UV 
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g2
<latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit><latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit><latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit>

g3
<latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit><latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit><latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit>

Theory space: infinite-dimensional space of couplings
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Scale symmetry in a QFT 

g1
<latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit><latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit><latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit>

g2
<latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit><latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit><latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit>

g3
<latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit><latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit><latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit>

Theory space: infinite-dimensional space of couplings
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Relevant directions: Free parameters  
(parameterize deviations from scale invariance)



Scale symmetry in a QFT 

Theory space: infinite-dimensional space of couplings

g1
<latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit><latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit><latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit>

g2
<latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit><latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit><latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit>
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Fundamental asymptotic safety: 

Fixed point with finitely many relevant directions 

!
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Ultraviolet completion 
(non-perturbative) renormalizability 



Scale symmetry in a QFT 

Theory space: infinite-dimensional space of couplings
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Asymptotic safety in gravity?

classical gravity regime Planck scale quantum scale invariance

asymptotically safe regime

Fig 1: Illustration of zooming in on spacetime: Quantum fluctuations set in at the Planck scale. Beyond, a scale-invariant regime is realized. 
The corresponding Newton coupling, measured in units of the energy scale k, becomes asymptotically safe.
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 (similarly for all other couplings)



Asymptotic safety in gravity?

[Weinberg ’86; Gastmans, Kallosh, Truffin ’78; 

Christensen, Duff ’78…]

�G = ✏G� 38

3
G2

• ε-expansion d=2 + ε

classical gravity regime Planck scale quantum scale invariance

asymptotically safe regime

Fig 1: Illustration of zooming in on spacetime: Quantum fluctuations set in at the Planck scale. Beyond, a scale-invariant regime is realized. 
The corresponding Newton coupling, measured in units of the energy scale k, becomes asymptotically safe.
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• “lattice” approach • continuum approach

(C)DTs

CDT: [Ambjorn, Jurkiewicz, Loll…]

DT: [Coumbe, Laiho, Unmuth-Yockey, Caterall]

Functional Renormalization Group

[Reuter ’96]

[Benedetti, Bonanno, Codello, AE, Falls, Gies, Held, 
Knorr, Litim, Pagani, Pawlowski, Percacci, Pereira, 

Platania, Reichert, Saueressig, Yamada, Wetterich…]

scale invariance: 
universal continuum limit exists

scale invariance: 
universal k             limit exists! 1
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• 1-loop perturbation theory 
 in d=4

[Niedermaier ’04 ’05…]

 (similarly for all other couplings)



Asymptotic safety in gravity?

[Weinberg ’86; Gastmans, Kallosh, Truffin ’78; 

Christensen, Duff ’78…]

�G = ✏G� 38

3
G2

• ε-expansion d=2 + ε

classical gravity regime Planck scale quantum scale invariance

asymptotically safe regime

Fig 1: Illustration of zooming in on spacetime: Quantum fluctuations set in at the Planck scale. Beyond, a scale-invariant regime is realized. 
The corresponding Newton coupling, measured in units of the energy scale k, becomes asymptotically safe.
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(…and similarly for all other couplings…)

• “lattice” approach • continuum approach

(C)DTs

C: [Ambjorn, Jurkiewicz, Loll…]

no C: [Coumbe, Laiho, Unmuth-Yockey, Caterall]

Functional Renormalization Group

[Reuter ’96]

[Benedetti, Bonanno, Codello, AE, Falls, Gies, Held, 
Knorr, Litim, Pagani, Pawlowski, Percacci, Pereira, 

Platania, Reichert, Saueressig, Yamada, Wetterich…]

scale invariance: 
universal continuum limit exists

scale invariance: 
universal k             limit exists! 1
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• 1-loop perturbation theory 
 in d=4

[Niedermaier ’04 ’05…]

FRG in brief: 

e��k[�] =

Z
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scale- and momentum- 
dependent ``mass”
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�gi
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in practise: 
truncate to (finite) subset of operators 

gravity: candidate guiding principle: near-perturbativity 
[Falls, Litim, Nikolakopoulos, Rahmede ’13 ’14; AE, Labus, Pawlowski, 

Reichert ’18;

Falls, Litim, Schröder ’18; AE, Lippoldt, Pawlowski, Reichert, Schiffer ’18


AE, Lippoldt, Schiffer ’18]

[Wetterich ’93]
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operators
p
g

p
gR

p
gR2,

p
gRµ⌫Rµ⌫

p
gR3

p
gR34

. 

. 

.

p
gCµ⌫�C ⇢�

� C⇢�µ⌫ [Gies, Knorr, Lippoldt, Saueressig ’16]

fixed  
point

[Codello, Percacci, Rahmede ’07, ’08

Machado, Saueressig ’07;


A.E. ’15;

de Brito, Ohta, Pereira, Tomaz, Yamada ’18]

[Falls, Litim, Nikolakopoulos, Rahmede ’13 ’14]

[Benedetti, Machado, Saueressig ’09;

Christiansen ’16


Denz, Pawlowski, Reichert ’17]

. 

. 

.

corresponding couplings:

f(R)
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full [Benedetti, Caravelli ’12; Dietz, Morris ’12, 

Demmel, Saueressig, Zanusso  ’14, ’15; 


Gonzalez-Martin, Morris, Slade ’17]

[Falls, Litim, Schröder ’18]

. 

. 

.

. 

. 

.
p
gR70
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[Reuter, Saueressig ’02;

figure: Nink]

GN k2
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based on truncated Functional Renormalization Group studies, pioneered by M. Reuter (’96):
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very different at small scales

not so different at large scales?

zooming out:  
microscopic information gets lost

…

Observational consistency tests of quantum gravity in particle physics

challenge: 
huge gap in scales between 

Planck scale & electroweak scale



zooming out:  
most microscopic information gets lost

imprints of microscopic physics at macroscopic scales

Which parts of macrophysics are sensitive to the underlying gravitational microphysics?

example: viscosity

Microscopic scale symmetry could have consequences at macroscopic scales

Observational consistency tests of quantum gravity in particle physics

challenge: 
huge gap in scales between 

Planck scale & electroweak scale



Standard Model of particles

free parameters of the  
Standard Model (19 in total) Landau poles = singularities 

• breakdown of SM 
• need for “new physics”
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Asymptotically safe Standard Model of particles?

free parameters of the  
Standard Model (19 in total) Landau poles = singularities 

• breakdown of SM 
• need for “new physics”

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

beyond MPlanck: “just” gravity?

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2 KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2 KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2 KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit> scale symmetry: 

enhanced symmetry fixes 
free parameters?
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<latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit><latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit><latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit>

g2
<latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit><latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit><latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit>
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<latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit><latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit><latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit>
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<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>
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<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

Predictive power of asymptotic safety: Abelian gauge coupling
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Abelian coupling w/o gravity
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<latexit sha1_base64="WPazEkiGyAR5Ci3y+PpqPhZaPXI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoqgnorevHYgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHHYhGrdkA1Ci7RM9wIbCcKaRQIbAWj26nfekKleSzvzThBP6IDyUPOqLFS86xXrrhVdwayTGo5qUCORq/81e3HLI1QGiao1p2amxg/o8pwJnBS6qYaE8pGdIAdSyWNUPvZ7NAJObFKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZkQ6gtvrxMvPPqddVtXlTqN3kaRTiCYziFGlxCHe6gAR4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB39eMgg==</latexit><latexit sha1_base64="WPazEkiGyAR5Ci3y+PpqPhZaPXI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoqgnorevHYgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHHYhGrdkA1Ci7RM9wIbCcKaRQIbAWj26nfekKleSzvzThBP6IDyUPOqLFS86xXrrhVdwayTGo5qUCORq/81e3HLI1QGiao1p2amxg/o8pwJnBS6qYaE8pGdIAdSyWNUPvZ7NAJObFKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZkQ6gtvrxMvPPqddVtXlTqN3kaRTiCYziFGlxCHe6gAR4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB39eMgg==</latexit><latexit sha1_base64="WPazEkiGyAR5Ci3y+PpqPhZaPXI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoqgnorevHYgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHHYhGrdkA1Ci7RM9wIbCcKaRQIbAWj26nfekKleSzvzThBP6IDyUPOqLFS86xXrrhVdwayTGo5qUCORq/81e3HLI1QGiao1p2amxg/o8pwJnBS6qYaE8pGdIAdSyWNUPvZ7NAJObFKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZkQ6gtvrxMvPPqddVtXlTqN3kaRTiCYziFGlxCHe6gAR4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB39eMgg==</latexit>

triviality problem

…

[Gell-Mann, Low ’54; Gockeler et al. ’98;

Gies, Jaeckel ’04]
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<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

Predictive power of asymptotic safety: Abelian gauge coupling

Add gravity 

Disclaimers: 

• truncation of operator basis 
(truncation scheme based on indications for near-perturbative nature of fixed point) 

• gravity-contributions to β functions are not universal (scheme-independent) 
(β functions are not physical quantities; Standard Model (marginal couplings): non-universality @ 3 loops & beyond)
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Abelian coupling w/o gravity

triviality problem

…

[Gell-Mann, Low ’54; Gockeler et al. ’98;

Gies, Jaeckel ’04]

[Falls, Litim, Nikolakopoulos, Rahmede ’13 ’14; AE, Labus, Pawlowski, Reichert ’18;

Falls, Litim, Schröder ’18; AE, Lippoldt, Pawlowski, Reichert, Schiffer ’18


AE, Lippoldt, Schiffer ’18]

[Toms ’08, ’10; Ellis, Mavromatos ’10…]

+
<latexit sha1_base64="WPazEkiGyAR5Ci3y+PpqPhZaPXI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoqgnorevHYgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHHYhGrdkA1Ci7RM9wIbCcKaRQIbAWj26nfekKleSzvzThBP6IDyUPOqLFS86xXrrhVdwayTGo5qUCORq/81e3HLI1QGiao1p2amxg/o8pwJnBS6qYaE8pGdIAdSyWNUPvZ7NAJObFKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZkQ6gtvrxMvPPqddVtXlTqN3kaRTiCYziFGlxCHe6gAR4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB39eMgg==</latexit><latexit sha1_base64="WPazEkiGyAR5Ci3y+PpqPhZaPXI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoqgnorevHYgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHHYhGrdkA1Ci7RM9wIbCcKaRQIbAWj26nfekKleSzvzThBP6IDyUPOqLFS86xXrrhVdwayTGo5qUCORq/81e3HLI1QGiao1p2amxg/o8pwJnBS6qYaE8pGdIAdSyWNUPvZ7NAJObFKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZkQ6gtvrxMvPPqddVtXlTqN3kaRTiCYziFGlxCHe6gAR4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB39eMgg==</latexit><latexit sha1_base64="WPazEkiGyAR5Ci3y+PpqPhZaPXI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoqgnorevHYgrGFNpTNdtKu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHHYhGrdkA1Ci7RM9wIbCcKaRQIbAWj26nfekKleSzvzThBP6IDyUPOqLFS86xXrrhVdwayTGo5qUCORq/81e3HLI1QGiao1p2amxg/o8pwJnBS6qYaE8pGdIAdSyWNUPvZ7NAJObFKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZkQ6gtvrxMvPPqddVtXlTqN3kaRTiCYziFGlxCHe6gAR4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB39eMgg==</latexit>



• Asymptotically safe quantum gravity could act like effective change of dimensionality
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<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

metric fluctuations

fg ! 0
<latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

above Mplfg = const � 0
<latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit>

below Mpl

Functional RG calculations in truncation of full dynamics 

(systematic uncertainties!):

Predictive power of asymptotic safety: Abelian gauge coupling

[Daum, Harst, Reuter ’09; 

Folkerts, Litim, Pawlowski ’09;

Harst, Reuter ’11; 

Christiansen, AE ’17;

AE, Versteegen ’17; 

Christiansen et al. ’17;

AE, Schiffer ’19;

de Brito, AE, Pereira ’19]

[AE, Schiffer ’19]
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<latexit sha1_base64="O48LT+7j1EFiZMnuWyFiz+zCVl8="></latexit><latexit sha1_base64="O48LT+7j1EFiZMnuWyFiz+zCVl8="></latexit><latexit sha1_base64="O48LT+7j1EFiZMnuWyFiz+zCVl8="></latexit>

for inclusion of curvature-squared couplings:
[de Brito, AE, Pereira ’19]



• Asymptotically safe quantum gravity could act like effective change of dimensionality
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<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

metric fluctuations

fg ! 0
<latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

above Mplfg = const � 0
<latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit>

below Mpl

Functional RG calculations in truncation of full dynamics 

(systematic uncertainties!):

Predictive power of asymptotic safety: Abelian gauge coupling

[Daum, Harst, Reuter ’09; 

Folkerts, Litim, Pawlowski ’09;

Harst, Reuter ’11; 

Christiansen, AE ’17;

AE, Versteegen ’17; 

Christiansen et al. ’17;

AE, Schiffer ’19;

de Brito, AE, Pereira ’19]
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<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

metric fluctuations

fg ! 0
<latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit><latexit sha1_base64="5s58Ohwp7ONaXdfu7bvp9oLU1hs=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FLx4rGC20IWy2m3TpZjfsbiol9J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmjed9O5WV1bX1jepmbWt7Z3fP3T940DJXhPpEcqk6EdaUM0F9wwynnUxRnEacPkbDm6n/OKJKMynuzTijQYoTwWJGsLFS6LpxmPQUSwYGKyWfkBe6da/hzYCWSbMkdSjRDt2vXl+SPKXCEI617ja9zAQFVoYRTie1Xq5phskQJ7RrqcAp1UExu3yCTqzSR7FUtoRBM/X3RIFTrcdpZDtTbAZ60ZuK/3nd3MSXQcFElhsqyHxRnHNkJJrGgPpMUWL42BJMFLO3IjLAChNjw6rZEJqLLy8T/6xx1fDuzuut6zKNKhzBMZxCEy6gBbfQBh8IjOAZXuHNKZwX5935mLdWnHLmEP7A+fwBtaaTPw==</latexit>

+...
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above Mplfg = const � 0
<latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit>

below Mpl

0.0 0.5 1.0 1.5
-0.04
-0.02
0.00
0.02
0.04
0.06
0.08

gY

β g
Y

IR repulsive 
= UV attractive

IR attractive 
= UV repulsive

AF AS

• Asymptotically safe quantum gravity could act like effective change of dimensionality

Functional RG calculations in truncation of full dynamics 

(systematic uncertainties!):

Predictive power of asymptotic safety: Abelian gauge coupling

[Daum, Harst, Reuter ’09; 

Folkerts, Litim, Pawlowski ’09;

Harst, Reuter ’11; 

Christiansen, AE ’17;

AE, Versteegen ’17; 

Christiansen et al. ’17;

AE, Schiffer ’19;

de Brito, AE, Pereira ’19]
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<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>
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[AE, Versteegen ’17]

= upper bound

matter & gravity fluctuations compete: 

strong gravity: asymptotically free  
strong matter: UV unsafe 
balance: UV safe & interacting                        

fg ! 0
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above Mplfg = const � 0
<latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit>

below Mpl
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• Asymptotically safe quantum gravity could act like effective change of dimensionality

Functional RG calculations in truncation of full dynamics 

(systematic uncertainties!):

Predictive power of asymptotic safety: Abelian gauge coupling

[Daum, Harst, Reuter ’09; 

Folkerts, Litim, Pawlowski ’09;

Harst, Reuter ’11; 

Christiansen, AE ’17;

AE, Versteegen ’17; 

Christiansen et al. ’17;

AE, Schiffer ’19;

de Brito, AE, Pereira ’19]
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• Asymptotically safe quantum gravity could act like effective change of dimensionality

Functional RG calculations in truncation of full dynamics 

(systematic uncertainties!):

Predictive power of asymptotic safety: Abelian gauge coupling

hint for: 

- gravity-induced UV completion 
- enhanced predictive power: 
    fixing free parameter of the EFT

[Daum, Harst, Reuter ’09; 

Folkerts, Litim, Pawlowski ’09;

Harst, Reuter ’11; 

Christiansen, AE ’17;

AE, Versteegen ’17; 

Christiansen et al. ’17;

AE, Schiffer ’19;

de Brito, AE, Pereira ’19]
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above Mplfg = const � 0
<latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit><latexit sha1_base64="OOGAtgyn/7BwiC+dECMl2ZFLjoo=">AAAB/XicbVDLSsNAFJ34rPUVFVduBovgqqQiqAuh6MZlBWMLTQiT6SQdOo84MxFKKPgrblyouPU/3Pk3TtsstPXAhcM593LvPXHGqDae9+0sLC4tr6xW1qrrG5tb2+7O7r2WucLEx5JJ1YmRJowK4htqGOlkiiAeM9KOB9djv/1IlKZS3JlhRkKOUkETipGxUuTuJ1F6WQSKQyyFNqMgJQ/Qi9yaV/cmgPOkUZIaKNGK3K+gJ3HOiTCYIa27DS8zYYGUoZiRUTXINckQHqCUdC0ViBMdFpPzR/DIKj2YSGVLGDhRf08UiGs95LHt5Mj09aw3Fv/zurlJzsOCiiw3RODpoiRn0Eg4zgL2qCLYsKElCCtqb4W4jxTCxiZWtSE0Zl+eJ/5J/aLu3Z7WmldlGhVwAA7BMWiAM9AEN6AFfIBBAZ7BK3hznpwX5935mLYuOOXMHvgD5/MHFRuVHA==</latexit>

below Mpl
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• Asymptotically safe quantum gravity could act like effective change of dimensionality

Functional RG calculations in truncation of full dynamics 

(systematic uncertainties!):

Predictive power of asymptotic safety: Abelian gauge coupling

first hints for similar mechanism: 

top-Yukawa coupling
[AE, Held ’17]

top-bottom- U(1) 
[AE, Held ’18]

Higgs self-coupling
[Shaposhnikov, Wetterich ’09]

observational consistency tests  
(currently subject to theoretical syst. uncertainties)

microscopic  
scale symmetry(

<latexit sha1_base64="D/phQvuJYXyJku7govKGSSHefpQ=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFS4iqF3QxsIigmeCyRH2NnPJkr29Y3dOCUf+hY2Fiq0/x85/4ya5QhMfDDzem2FmXpBIYdB1v53C0vLK6lpxvbSxubW9U97duzdxqjl4PJaxbgXMgBQKPBQooZVoYFEgoRkMryZ+8xG0EbG6w1ECfsT6SoSCM7TSQ+cGQmRax0/dcsWtulPQRVLLSYXkaHTLX51ezNMIFHLJjGnX3AT9jGkUXMK41EkNJIwPWR/alioWgfGz6cVjemSVHg1jbUshnaq/JzIWGTOKAtsZMRyYeW8i/ue1UwzP/UyoJEVQfLYoTCXFmE7epz2hgaMcWcK4FvZWygdMM442pJINoTb/8iLxTqoXVff2tFK/zNMokgNySI5JjZyROrkmDeIRThR5Jq/kzTHOi/PufMxaC04+s0/+wPn8ASP7kMM=</latexit><latexit sha1_base64="D/phQvuJYXyJku7govKGSSHefpQ=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFS4iqF3QxsIigmeCyRH2NnPJkr29Y3dOCUf+hY2Fiq0/x85/4ya5QhMfDDzem2FmXpBIYdB1v53C0vLK6lpxvbSxubW9U97duzdxqjl4PJaxbgXMgBQKPBQooZVoYFEgoRkMryZ+8xG0EbG6w1ECfsT6SoSCM7TSQ+cGQmRax0/dcsWtulPQRVLLSYXkaHTLX51ezNMIFHLJjGnX3AT9jGkUXMK41EkNJIwPWR/alioWgfGz6cVjemSVHg1jbUshnaq/JzIWGTOKAtsZMRyYeW8i/ue1UwzP/UyoJEVQfLYoTCXFmE7epz2hgaMcWcK4FvZWygdMM442pJINoTb/8iLxTqoXVff2tFK/zNMokgNySI5JjZyROrkmDeIRThR5Jq/kzTHOi/PufMxaC04+s0/+wPn8ASP7kMM=</latexit><latexit sha1_base64="D/phQvuJYXyJku7govKGSSHefpQ=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFS4iqF3QxsIigmeCyRH2NnPJkr29Y3dOCUf+hY2Fiq0/x85/4ya5QhMfDDzem2FmXpBIYdB1v53C0vLK6lpxvbSxubW9U97duzdxqjl4PJaxbgXMgBQKPBQooZVoYFEgoRkMryZ+8xG0EbG6w1ECfsT6SoSCM7TSQ+cGQmRax0/dcsWtulPQRVLLSYXkaHTLX51ezNMIFHLJjGnX3AT9jGkUXMK41EkNJIwPWR/alioWgfGz6cVjemSVHg1jbUshnaq/JzIWGTOKAtsZMRyYeW8i/ue1UwzP/UyoJEVQfLYoTCXFmE7epz2hgaMcWcK4FvZWygdMM442pJINoTb/8iLxTqoXVff2tFK/zNMokgNySI5JjZyROrkmDeIRThR5Jq/kzTHOi/PufMxaC04+s0/+wPn8ASP7kMM=</latexit>

prediction

[Daum, Harst, Reuter ’09; 

Folkerts, Litim, Pawlowski ’09;

Harst, Reuter ’11; 

Christiansen, AE ’17;

AE, Versteegen ’17; 

Christiansen et al. ’17;

AE, Schiffer ’19;

de Brito, AE, Pereira ’19]



�gY =
g3Y
16⇡2

41

6
�GgY f(⇤)�fg gY

<latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit><latexit sha1_base64="U8VaiP67BljmtlYrWbolJgrX6eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5akCOqt6MVjBWOrbQib7SZdutmE3Y1QQv+FFw8qXv053vw3btsctPXBwOO9GWbmBSlnStv2t1VaWl5ZXSuvVzY2t7Z3qrt79yrJJKEuSXgiOwFWlDNBXc00p51UUhwHnLaD4fXEbz9RqVgi7vQopV6MI8FCRrA20uNp6Ee9ExT5D361ZtftKdAicQpSgwItv/rV6ycki6nQhGOluo6dai/HUjPC6bjSyxRNMRniiHYNFTimysunF4/RkVH6KEykKaHRVP09keNYqVEcmM4Y64Ga9ybif1430+GFlzORZpoKMlsUZhzpBE3eR30mKdF8ZAgmkplbERlgiYk2IVVMCM78y4vEbdQv6/btWa15VaRRhgM4hGNw4ByacAMtcIGAgGd4hTdLWS/Wu/Uxay1Zxcw+/IH1+QOypI/R</latexit>

+...
<latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit><latexit sha1_base64="PA9FeU6VcyhD/lN8hsIDsmGJvD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIignorevFYwdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzopQzbTzv26msrK6tb1Q3a1vbO7t79f2DR51kitCAJDxRnQhrypmkgWGG006qKBYRp+1ofFv47SeqNEvkg5mkNBR4KFnMCDaFdOa6br/e8FxvBrRM/JI0oESrX//qDRKSCSoN4Vjrru+lJsyxMoxwOq31Mk1TTMZ4SLuWSiyoDvPZrVN0YpUBihNlSxo0U39P5FhoPRGR7RTYjPSiV4j/ed3MxFdhzmSaGSrJfFGccWQSVDyOBkxRYvjEEkwUs7ciMsIKE2PjqdkQ/MWXl0lw7l673v1Fo3lTplGFIziGU/DhEppwBy0IgMAInuEV3hzhvDjvzse8teKUM4fwB87nDyBNjSo=</latexit>

• Asymptotically safe quantum gravity could act like effective change of dimensionality

Predictive power of asymptotic safety: d=4

[AE, Marc Schiffer,  PLB 793, 383, ’19]
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<latexit sha1_base64="9L1SiZK9G0mr31m18CdslvTqJIY="></latexit>

• Asymptotically safe quantum gravity could act like effective change of dimensionality

Predictive power of asymptotic safety: d=4

[AE, Marc Schiffer,  PLB 793, 383, ’19]
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<latexit sha1_base64="9L1SiZK9G0mr31m18CdslvTqJIY="></latexit>

• Asymptotically safe quantum gravity could act like effective change of dimensionality

Predictive power of asymptotic safety: d=4

[AE, Marc Schiffer,  PLB 793, 383, ’19]
fg(d) = g f(d)

<latexit sha1_base64="NhnsQD77yyTg19bsGXmVLXhw/uU=">AAAB+HicbZDLSsNAFIZP6q3WW9Slm8EiVJCSiKAuhKIblxWMLbQhTCaTdOjkwsykUELfxI0LFbc+ijvfxmmbhbb+MPDxn3M4Z34/40wqy/o2Kiura+sb1c3a1vbO7p65f/Ak01wQ6pCUp6LrY0k5S6ijmOK0mwmKY5/Tjj+8m9Y7IyokS5NHNc6oG+MoYSEjWGnLM83QixrB6Q2K+mco1OSZdatpzYSWwS6hDqXanvnVD1KSxzRRhGMpe7aVKbfAQjHC6aTWzyXNMBniiPY0Jjim0i1ml0/QiXYCFKZCv0Shmft7osCxlOPY150xVgO5WJua/9V6uQqv3IIlWa5oQuaLwpwjlaJpDChgghLFxxowEUzfisgAC0yUDqumQ7AXv7wMznnzumk9XNRbt2UaVTiCY2iADZfQgntogwMERvAMr/BmFMaL8W58zFsrRjlzCH9kfP4ADgWRhg==</latexit><latexit sha1_base64="NhnsQD77yyTg19bsGXmVLXhw/uU=">AAAB+HicbZDLSsNAFIZP6q3WW9Slm8EiVJCSiKAuhKIblxWMLbQhTCaTdOjkwsykUELfxI0LFbc+ijvfxmmbhbb+MPDxn3M4Z34/40wqy/o2Kiura+sb1c3a1vbO7p65f/Ak01wQ6pCUp6LrY0k5S6ijmOK0mwmKY5/Tjj+8m9Y7IyokS5NHNc6oG+MoYSEjWGnLM83QixrB6Q2K+mco1OSZdatpzYSWwS6hDqXanvnVD1KSxzRRhGMpe7aVKbfAQjHC6aTWzyXNMBniiPY0Jjim0i1ml0/QiXYCFKZCv0Shmft7osCxlOPY150xVgO5WJua/9V6uQqv3IIlWa5oQuaLwpwjlaJpDChgghLFxxowEUzfisgAC0yUDqumQ7AXv7wMznnzumk9XNRbt2UaVTiCY2iADZfQgntogwMERvAMr/BmFMaL8W58zFsrRjlzCH9kfP4ADgWRhg==</latexit><latexit sha1_base64="NhnsQD77yyTg19bsGXmVLXhw/uU=">AAAB+HicbZDLSsNAFIZP6q3WW9Slm8EiVJCSiKAuhKIblxWMLbQhTCaTdOjkwsykUELfxI0LFbc+ijvfxmmbhbb+MPDxn3M4Z34/40wqy/o2Kiura+sb1c3a1vbO7p65f/Ak01wQ6pCUp6LrY0k5S6ijmOK0mwmKY5/Tjj+8m9Y7IyokS5NHNc6oG+MoYSEjWGnLM83QixrB6Q2K+mco1OSZdatpzYSWwS6hDqXanvnVD1KSxzRRhGMpe7aVKbfAQjHC6aTWzyXNMBniiPY0Jjim0i1ml0/QiXYCFKZCv0Shmft7osCxlOPY150xVgO5WJua/9V6uQqv3IIlWa5oQuaLwpwjlaJpDChgghLFxxowEUzfisgAC0yUDqumQ7AXv7wMznnzumk9XNRbt2UaVTiCY2iADZfQgntogwMERvAMr/BmFMaL8W58zFsrRjlzCH9kfP4ADgWRhg==</latexit>

@λ=0

truncation of grav. dynamics 
to Einstein-Hilbert
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G = 3
<latexit sha1_base64="QMNPUcAQkpWrbbfWB/xDqAj4oII=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KqkK6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5POmUym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dabl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz/+HY0i</latexit><latexit sha1_base64="QMNPUcAQkpWrbbfWB/xDqAj4oII=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KqkK6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5POmUym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dabl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz/+HY0i</latexit><latexit sha1_base64="QMNPUcAQkpWrbbfWB/xDqAj4oII=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KqkK6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5POmUym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dabl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz/+HY0i</latexit>

G = 5
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• Asymptotically safe quantum gravity could act like effective change of dimensionality

Predictive power of asymptotic safety: d=4

[AE, Marc Schiffer,  PLB 793, 383, ’19]
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@ larger d: solution to the triviality problem 
requires large G (non-perturbative physics)
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truncation of grav. dynamics 
to Einstein-Hilbert
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• Asymptotically safe quantum gravity could act like effective change of dimensionality

Predictive power of asymptotic safety: d=4

[AE, Marc Schiffer,  PLB 793, 383, ’19]
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but:  weak-gravity bound: 

large G triggers new divergences in higher-
order matter self interactions, e.g., 

[Christiansen, AE ’17]

no fixed point for h/o interactions in 
the presence of gravity @ large G
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@ larger d: solution to the triviality problem 
requires large G (non-perturbative physics)

[AE, Held, Pawlowski ’16; AE, Held ’17]

@λ=0

truncation of grav. dynamics 
to Einstein-Hilbert
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G = 5
<latexit sha1_base64="J2iWXs3xw4s6qfty1h+vIJw9KWY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4Kqko6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5PO2Uym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dSbl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz8BMo0k</latexit><latexit sha1_base64="J2iWXs3xw4s6qfty1h+vIJw9KWY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4Kqko6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5PO2Uym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dSbl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz8BMo0k</latexit><latexit sha1_base64="J2iWXs3xw4s6qfty1h+vIJw9KWY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4Kqko6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5PO2Uym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dSbl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz8BMo0k</latexit>

g=0 g=1.6 g=2.4
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G = 0
<latexit sha1_base64="0eKQ7HT/IqNVkegvRWq9fvaqf/4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YMeKxhbaEPZbCft0t1N2N0IpfQvePGg4tVf5M1/Y9LmoNUHA4/3ZpiZFyaCG+u6X05paXllda28XtnY3Nreqe7uPZg41Qx9FotYt0NqUHCFvuVWYDvRSGUosBWOrnO/9Yja8Fjd23GCgaQDxSPOqM2lm0u30qvW3Lo7A/lLvILUoECzV/3s9mOWSlSWCWpMx3MTG0yotpwJnFa6qcGEshEdYCejiko0wWR265QcZUqfRLHOSlkyU39OTKg0ZizDrFNSOzSLXi7+53VSG50HE66S1KJi80VRKoiNSf446XONzIpxRijTPLuVsCHVlNksnjwEb/Hlv8Q/qV/U3bvTWuOqSKMMB3AIx+DBGTTgFprgA4MhPMELvDrSeXbenPd5a8kpZvbhF5yPby5cjTM=</latexit><latexit sha1_base64="0eKQ7HT/IqNVkegvRWq9fvaqf/4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YMeKxhbaEPZbCft0t1N2N0IpfQvePGg4tVf5M1/Y9LmoNUHA4/3ZpiZFyaCG+u6X05paXllda28XtnY3Nreqe7uPZg41Qx9FotYt0NqUHCFvuVWYDvRSGUosBWOrnO/9Yja8Fjd23GCgaQDxSPOqM2lm0u30qvW3Lo7A/lLvILUoECzV/3s9mOWSlSWCWpMx3MTG0yotpwJnFa6qcGEshEdYCejiko0wWR265QcZUqfRLHOSlkyU39OTKg0ZizDrFNSOzSLXi7+53VSG50HE66S1KJi80VRKoiNSf446XONzIpxRijTPLuVsCHVlNksnjwEb/Hlv8Q/qV/U3bvTWuOqSKMMB3AIx+DBGTTgFprgA4MhPMELvDrSeXbenPd5a8kpZvbhF5yPby5cjTM=</latexit><latexit sha1_base64="0eKQ7HT/IqNVkegvRWq9fvaqf/4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YMeKxhbaEPZbCft0t1N2N0IpfQvePGg4tVf5M1/Y9LmoNUHA4/3ZpiZFyaCG+u6X05paXllda28XtnY3Nreqe7uPZg41Qx9FotYt0NqUHCFvuVWYDvRSGUosBWOrnO/9Yja8Fjd23GCgaQDxSPOqM2lm0u30qvW3Lo7A/lLvILUoECzV/3s9mOWSlSWCWpMx3MTG0yotpwJnFa6qcGEshEdYCejiko0wWR265QcZUqfRLHOSlkyU39OTKg0ZizDrFNSOzSLXi7+53VSG50HE66S1KJi80VRKoiNSf446XONzIpxRijTPLuVsCHVlNksnjwEb/Hlv8Q/qV/U3bvTWuOqSKMMB3AIx+DBGTTgFprgA4MhPMELvDrSeXbenPd5a8kpZvbhF5yPby5cjTM=</latexit>

G = 1.6
<latexit sha1_base64="PtB+BuM+0UEX6VTxgu2nmV1MbBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE/DgIRQ96rGDaQhvKZrtp1252w+5GKKH/wYsHFa/+IG/+G5M2B219MPB4b4aZeUHMmTaO822VlpZXVtfK65WNza3tneruXlPLRBHqEcmlagdYU84E9QwznLZjRXEUcNoKRje533qiSjMpHsw4pn6EB4KFjGCTSc3bK9c+q/SqNcd2pkCLxC1IDQo0etWvbl+SJKLCEI617rhObPwUK8MIp5NKN9E0xmSEB7STUYEjqv10eu0EHWVKH4VSZSUMmqq/J1IcaT2Ogqwzwmao571c/M/rJCa88FMm4sRQQWaLwoQjI1H+OuozRYnh44xgolh2KyJDrDAxWUB5CO78y4vEO7Evbef+tFa/LtIowwEcwjG4cA51uIMGeEDgEZ7hFd4sab1Y79bHrLVkFTP78AfW5w8S642s</latexit><latexit sha1_base64="PtB+BuM+0UEX6VTxgu2nmV1MbBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE/DgIRQ96rGDaQhvKZrtp1252w+5GKKH/wYsHFa/+IG/+G5M2B219MPB4b4aZeUHMmTaO822VlpZXVtfK65WNza3tneruXlPLRBHqEcmlagdYU84E9QwznLZjRXEUcNoKRje533qiSjMpHsw4pn6EB4KFjGCTSc3bK9c+q/SqNcd2pkCLxC1IDQo0etWvbl+SJKLCEI617rhObPwUK8MIp5NKN9E0xmSEB7STUYEjqv10eu0EHWVKH4VSZSUMmqq/J1IcaT2Ogqwzwmao571c/M/rJCa88FMm4sRQQWaLwoQjI1H+OuozRYnh44xgolh2KyJDrDAxWUB5CO78y4vEO7Evbef+tFa/LtIowwEcwjG4cA51uIMGeEDgEZ7hFd4sab1Y79bHrLVkFTP78AfW5w8S642s</latexit><latexit sha1_base64="PtB+BuM+0UEX6VTxgu2nmV1MbBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE/DgIRQ96rGDaQhvKZrtp1252w+5GKKH/wYsHFa/+IG/+G5M2B219MPB4b4aZeUHMmTaO822VlpZXVtfK65WNza3tneruXlPLRBHqEcmlagdYU84E9QwznLZjRXEUcNoKRje533qiSjMpHsw4pn6EB4KFjGCTSc3bK9c+q/SqNcd2pkCLxC1IDQo0etWvbl+SJKLCEI617rhObPwUK8MIp5NKN9E0xmSEB7STUYEjqv10eu0EHWVKH4VSZSUMmqq/J1IcaT2Ogqwzwmao571c/M/rJCa88FMm4sRQQWaLwoQjI1H+OuozRYnh44xgolh2KyJDrDAxWUB5CO78y4vEO7Evbef+tFa/LtIowwEcwjG4cA51uIMGeEDgEZ7hFd4sab1Y79bHrLVkFTP78AfW5w8S642s</latexit>

G = 2.4
<latexit sha1_base64="mhzlXPQ7DnFOhVoYbghe4Uv/fzY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoB6Eogc9VjBtoQ1ls920aze7YXcjlND/4MWDild/kDf/jUmbg7Y+GHi8N8PMvCDmTBvH+bZKK6tr6xvlzcrW9s7uXnX/oKVlogj1iORSdQKsKWeCeoYZTjuxojgKOG0H45vcbz9RpZkUD2YSUz/CQ8FCRrDJpNbtVd0+q/SrNcd2ZkDLxC1IDQo0+9Wv3kCSJKLCEI617rpObPwUK8MIp9NKL9E0xmSMh7SbUYEjqv10du0UnWTKAIVSZSUMmqm/J1IcaT2JgqwzwmakF71c/M/rJia88FMm4sRQQeaLwoQjI1H+OhowRYnhk4xgolh2KyIjrDAxWUB5CO7iy8vEq9uXtnN/VmtcF2mU4QiO4RRcOIcG3EETPCDwCM/wCm+WtF6sd+tj3lqyiplD+APr8wcRaY2r</latexit><latexit sha1_base64="mhzlXPQ7DnFOhVoYbghe4Uv/fzY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoB6Eogc9VjBtoQ1ls920aze7YXcjlND/4MWDild/kDf/jUmbg7Y+GHi8N8PMvCDmTBvH+bZKK6tr6xvlzcrW9s7uXnX/oKVlogj1iORSdQKsKWeCeoYZTjuxojgKOG0H45vcbz9RpZkUD2YSUz/CQ8FCRrDJpNbtVd0+q/SrNcd2ZkDLxC1IDQo0+9Wv3kCSJKLCEI617rpObPwUK8MIp9NKL9E0xmSMh7SbUYEjqv10du0UnWTKAIVSZSUMmqm/J1IcaT2JgqwzwmakF71c/M/rJia88FMm4sRQQeaLwoQjI1H+OhowRYnhk4xgolh2KyIjrDAxWUB5CO7iy8vEq9uXtnN/VmtcF2mU4QiO4RRcOIcG3EETPCDwCM/wCm+WtF6sd+tj3lqyiplD+APr8wcRaY2r</latexit><latexit sha1_base64="mhzlXPQ7DnFOhVoYbghe4Uv/fzY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoB6Eogc9VjBtoQ1ls920aze7YXcjlND/4MWDild/kDf/jUmbg7Y+GHi8N8PMvCDmTBvH+bZKK6tr6xvlzcrW9s7uXnX/oKVlogj1iORSdQKsKWeCeoYZTjuxojgKOG0H45vcbz9RpZkUD2YSUz/CQ8FCRrDJpNbtVd0+q/SrNcd2ZkDLxC1IDQo0+9Wv3kCSJKLCEI617rpObPwUK8MIp9NKL9E0xmSMh7SbUYEjqv10du0UnWTKAIVSZSUMmqm/J1IcaT2JgqwzwmakF71c/M/rJia88FMm4sRQQeaLwoQjI1H+OhowRYnhk4xgolh2KyIjrDAxWUB5CO7iy8vEq9uXtnN/VmtcF2mU4QiO4RRcOIcG3EETPCDwCM/wCm+WtF6sd+tj3lqyiplD+APr8wcRaY2r</latexit>
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<latexit sha1_base64="9L1SiZK9G0mr31m18CdslvTqJIY="></latexit>

• Asymptotically safe quantum gravity could act like effective change of dimensionality

Predictive power of asymptotic safety: d=4

[AE, Marc Schiffer,  PLB 793, 383, ’19]

[Christiansen, AE ’17]
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!
<latexit sha1_base64="MmCf4dG+cVcRIx005TIBFfLe0JA=">AAACDnicfZDNSgMxFIXv1L9a/6ou3QwWwVWZEUHdFd24rODYQjuUTJppQzPJkNxRSulDuHCrj+FK3PoKPoWvYNrOQlvxQOBwcr9wc6JUcIOe9+kUlpZXVteK66WNza3tnfLu3p1RmaYsoEoo3YyIYYJLFiBHwZqpZiSJBGtEg6vJfeOeacOVvMVhysKE9CSPOSVoo1Zb814fidbqoVOueFVvKnfR+LmpQK56p/zV7iqaJUwiFcSYlu+lGI6IRk4FG5famWEpoQPSYy1rJUmYCUfTlcfukU26bqy0PRLdafqTGJHEmGES2cmEYN/8+9o8OCH+BjE+D0dcphkySWdbxJlwUbmTctwu14yiGFpDqOb2Iy7tE00o2gpLtiF/vo9FE5xUL6rezWmldplXVYQDOIRj8OEManANdQiAgoIneIYX59F5dd6c99lowcmZffgl5+MbjUSdvQ==</latexit><latexit sha1_base64="MmCf4dG+cVcRIx005TIBFfLe0JA=">AAACDnicfZDNSgMxFIXv1L9a/6ou3QwWwVWZEUHdFd24rODYQjuUTJppQzPJkNxRSulDuHCrj+FK3PoKPoWvYNrOQlvxQOBwcr9wc6JUcIOe9+kUlpZXVteK66WNza3tnfLu3p1RmaYsoEoo3YyIYYJLFiBHwZqpZiSJBGtEg6vJfeOeacOVvMVhysKE9CSPOSVoo1Zb814fidbqoVOueFVvKnfR+LmpQK56p/zV7iqaJUwiFcSYlu+lGI6IRk4FG5famWEpoQPSYy1rJUmYCUfTlcfukU26bqy0PRLdafqTGJHEmGES2cmEYN/8+9o8OCH+BjE+D0dcphkySWdbxJlwUbmTctwu14yiGFpDqOb2Iy7tE00o2gpLtiF/vo9FE5xUL6rezWmldplXVYQDOIRj8OEManANdQiAgoIneIYX59F5dd6c99lowcmZffgl5+MbjUSdvQ==</latexit><latexit sha1_base64="MmCf4dG+cVcRIx005TIBFfLe0JA=">AAACDnicfZDNSgMxFIXv1L9a/6ou3QwWwVWZEUHdFd24rODYQjuUTJppQzPJkNxRSulDuHCrj+FK3PoKPoWvYNrOQlvxQOBwcr9wc6JUcIOe9+kUlpZXVteK66WNza3tnfLu3p1RmaYsoEoo3YyIYYJLFiBHwZqpZiSJBGtEg6vJfeOeacOVvMVhysKE9CSPOSVoo1Zb814fidbqoVOueFVvKnfR+LmpQK56p/zV7iqaJUwiFcSYlu+lGI6IRk4FG5famWEpoQPSYy1rJUmYCUfTlcfukU26bqy0PRLdafqTGJHEmGES2cmEYN/8+9o8OCH+BjE+D0dcphkySWdbxJlwUbmTctwu14yiGFpDqOb2Iy7tE00o2gpLtiF/vo9FE5xUL6rezWmldplXVYQDOIRj8OEManANdQiAgoIneIYX59F5dd6c99lowcmZffgl5+MbjUSdvQ==</latexit>

@ larger d: solution to the triviality problem 
requires large G (non-perturbative physics)
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G = 0
<latexit sha1_base64="0eKQ7HT/IqNVkegvRWq9fvaqf/4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YMeKxhbaEPZbCft0t1N2N0IpfQvePGg4tVf5M1/Y9LmoNUHA4/3ZpiZFyaCG+u6X05paXllda28XtnY3Nreqe7uPZg41Qx9FotYt0NqUHCFvuVWYDvRSGUosBWOrnO/9Yja8Fjd23GCgaQDxSPOqM2lm0u30qvW3Lo7A/lLvILUoECzV/3s9mOWSlSWCWpMx3MTG0yotpwJnFa6qcGEshEdYCejiko0wWR265QcZUqfRLHOSlkyU39OTKg0ZizDrFNSOzSLXi7+53VSG50HE66S1KJi80VRKoiNSf446XONzIpxRijTPLuVsCHVlNksnjwEb/Hlv8Q/qV/U3bvTWuOqSKMMB3AIx+DBGTTgFprgA4MhPMELvDrSeXbenPd5a8kpZvbhF5yPby5cjTM=</latexit><latexit sha1_base64="0eKQ7HT/IqNVkegvRWq9fvaqf/4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YMeKxhbaEPZbCft0t1N2N0IpfQvePGg4tVf5M1/Y9LmoNUHA4/3ZpiZFyaCG+u6X05paXllda28XtnY3Nreqe7uPZg41Qx9FotYt0NqUHCFvuVWYDvRSGUosBWOrnO/9Yja8Fjd23GCgaQDxSPOqM2lm0u30qvW3Lo7A/lLvILUoECzV/3s9mOWSlSWCWpMx3MTG0yotpwJnFa6qcGEshEdYCejiko0wWR265QcZUqfRLHOSlkyU39OTKg0ZizDrFNSOzSLXi7+53VSG50HE66S1KJi80VRKoiNSf446XONzIpxRijTPLuVsCHVlNksnjwEb/Hlv8Q/qV/U3bvTWuOqSKMMB3AIx+DBGTTgFprgA4MhPMELvDrSeXbenPd5a8kpZvbhF5yPby5cjTM=</latexit><latexit sha1_base64="0eKQ7HT/IqNVkegvRWq9fvaqf/4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YMeKxhbaEPZbCft0t1N2N0IpfQvePGg4tVf5M1/Y9LmoNUHA4/3ZpiZFyaCG+u6X05paXllda28XtnY3Nreqe7uPZg41Qx9FotYt0NqUHCFvuVWYDvRSGUosBWOrnO/9Yja8Fjd23GCgaQDxSPOqM2lm0u30qvW3Lo7A/lLvILUoECzV/3s9mOWSlSWCWpMx3MTG0yotpwJnFa6qcGEshEdYCejiko0wWR265QcZUqfRLHOSlkyU39OTKg0ZizDrFNSOzSLXi7+53VSG50HE66S1KJi80VRKoiNSf446XONzIpxRijTPLuVsCHVlNksnjwEb/Hlv8Q/qV/U3bvTWuOqSKMMB3AIx+DBGTTgFprgA4MhPMELvDrSeXbenPd5a8kpZvbhF5yPby5cjTM=</latexit>

G = 1.6
<latexit sha1_base64="PtB+BuM+0UEX6VTxgu2nmV1MbBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE/DgIRQ96rGDaQhvKZrtp1252w+5GKKH/wYsHFa/+IG/+G5M2B219MPB4b4aZeUHMmTaO822VlpZXVtfK65WNza3tneruXlPLRBHqEcmlagdYU84E9QwznLZjRXEUcNoKRje533qiSjMpHsw4pn6EB4KFjGCTSc3bK9c+q/SqNcd2pkCLxC1IDQo0etWvbl+SJKLCEI617rhObPwUK8MIp5NKN9E0xmSEB7STUYEjqv10eu0EHWVKH4VSZSUMmqq/J1IcaT2Ogqwzwmao571c/M/rJCa88FMm4sRQQWaLwoQjI1H+OuozRYnh44xgolh2KyJDrDAxWUB5CO78y4vEO7Evbef+tFa/LtIowwEcwjG4cA51uIMGeEDgEZ7hFd4sab1Y79bHrLVkFTP78AfW5w8S642s</latexit><latexit sha1_base64="PtB+BuM+0UEX6VTxgu2nmV1MbBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE/DgIRQ96rGDaQhvKZrtp1252w+5GKKH/wYsHFa/+IG/+G5M2B219MPB4b4aZeUHMmTaO822VlpZXVtfK65WNza3tneruXlPLRBHqEcmlagdYU84E9QwznLZjRXEUcNoKRje533qiSjMpHsw4pn6EB4KFjGCTSc3bK9c+q/SqNcd2pkCLxC1IDQo0etWvbl+SJKLCEI617rhObPwUK8MIp5NKN9E0xmSEB7STUYEjqv10eu0EHWVKH4VSZSUMmqq/J1IcaT2Ogqwzwmao571c/M/rJCa88FMm4sRQQWaLwoQjI1H+OuozRYnh44xgolh2KyJDrDAxWUB5CO78y4vEO7Evbef+tFa/LtIowwEcwjG4cA51uIMGeEDgEZ7hFd4sab1Y79bHrLVkFTP78AfW5w8S642s</latexit><latexit sha1_base64="PtB+BuM+0UEX6VTxgu2nmV1MbBM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE/DgIRQ96rGDaQhvKZrtp1252w+5GKKH/wYsHFa/+IG/+G5M2B219MPB4b4aZeUHMmTaO822VlpZXVtfK65WNza3tneruXlPLRBHqEcmlagdYU84E9QwznLZjRXEUcNoKRje533qiSjMpHsw4pn6EB4KFjGCTSc3bK9c+q/SqNcd2pkCLxC1IDQo0etWvbl+SJKLCEI617rhObPwUK8MIp5NKN9E0xmSEB7STUYEjqv10eu0EHWVKH4VSZSUMmqq/J1IcaT2Ogqwzwmao571c/M/rJCa88FMm4sRQQWaLwoQjI1H+OuozRYnh44xgolh2KyJDrDAxWUB5CO78y4vEO7Evbef+tFa/LtIowwEcwjG4cA51uIMGeEDgEZ7hFd4sab1Y79bHrLVkFTP78AfW5w8S642s</latexit>

G = 2.4
<latexit sha1_base64="mhzlXPQ7DnFOhVoYbghe4Uv/fzY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoB6Eogc9VjBtoQ1ls920aze7YXcjlND/4MWDild/kDf/jUmbg7Y+GHi8N8PMvCDmTBvH+bZKK6tr6xvlzcrW9s7uXnX/oKVlogj1iORSdQKsKWeCeoYZTjuxojgKOG0H45vcbz9RpZkUD2YSUz/CQ8FCRrDJpNbtVd0+q/SrNcd2ZkDLxC1IDQo0+9Wv3kCSJKLCEI617rpObPwUK8MIp9NKL9E0xmSMh7SbUYEjqv10du0UnWTKAIVSZSUMmqm/J1IcaT2JgqwzwmakF71c/M/rJia88FMm4sRQQeaLwoQjI1H+OhowRYnhk4xgolh2KyIjrDAxWUB5CO7iy8vEq9uXtnN/VmtcF2mU4QiO4RRcOIcG3EETPCDwCM/wCm+WtF6sd+tj3lqyiplD+APr8wcRaY2r</latexit><latexit sha1_base64="mhzlXPQ7DnFOhVoYbghe4Uv/fzY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoB6Eogc9VjBtoQ1ls920aze7YXcjlND/4MWDild/kDf/jUmbg7Y+GHi8N8PMvCDmTBvH+bZKK6tr6xvlzcrW9s7uXnX/oKVlogj1iORSdQKsKWeCeoYZTjuxojgKOG0H45vcbz9RpZkUD2YSUz/CQ8FCRrDJpNbtVd0+q/SrNcd2ZkDLxC1IDQo0+9Wv3kCSJKLCEI617rpObPwUK8MIp9NKL9E0xmSMh7SbUYEjqv10du0UnWTKAIVSZSUMmqm/J1IcaT2JgqwzwmakF71c/M/rJia88FMm4sRQQeaLwoQjI1H+OhowRYnhk4xgolh2KyIjrDAxWUB5CO7iy8vEq9uXtnN/VmtcF2mU4QiO4RRcOIcG3EETPCDwCM/wCm+WtF6sd+tj3lqyiplD+APr8wcRaY2r</latexit><latexit sha1_base64="mhzlXPQ7DnFOhVoYbghe4Uv/fzY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoB6Eogc9VjBtoQ1ls920aze7YXcjlND/4MWDild/kDf/jUmbg7Y+GHi8N8PMvCDmTBvH+bZKK6tr6xvlzcrW9s7uXnX/oKVlogj1iORSdQKsKWeCeoYZTjuxojgKOG0H45vcbz9RpZkUD2YSUz/CQ8FCRrDJpNbtVd0+q/SrNcd2ZkDLxC1IDQo0+9Wv3kCSJKLCEI617rpObPwUK8MIp9NKL9E0xmSMh7SbUYEjqv10du0UnWTKAIVSZSUMmqm/J1IcaT2JgqwzwmakF71c/M/rJia88FMm4sRQQeaLwoQjI1H+OhowRYnhk4xgolh2KyIjrDAxWUB5CO7iy8vEq9uXtnN/VmtcF2mU4QiO4RRcOIcG3EETPCDwCM/wCm+WtF6sd+tj3lqyiplD+APr8wcRaY2r</latexit>
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G = 3
<latexit sha1_base64="QMNPUcAQkpWrbbfWB/xDqAj4oII=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KqkK6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5POmUym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dabl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz/+HY0i</latexit><latexit sha1_base64="QMNPUcAQkpWrbbfWB/xDqAj4oII=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KqkK6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5POmUym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dabl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz/+HY0i</latexit><latexit sha1_base64="QMNPUcAQkpWrbbfWB/xDqAj4oII=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KqkK6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5POmUym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dabl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz/+HY0i</latexit>

G = 5
<latexit sha1_base64="J2iWXs3xw4s6qfty1h+vIJw9KWY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4Kqko6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5PO2Uym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dSbl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz8BMo0k</latexit><latexit sha1_base64="J2iWXs3xw4s6qfty1h+vIJw9KWY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4Kqko6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5PO2Uym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dSbl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz8BMo0k</latexit><latexit sha1_base64="J2iWXs3xw4s6qfty1h+vIJw9KWY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4Kqko6kEoetBjRWMLbSib7aZdutmE3YlQQn+CFw8qXv1H3vw3btsctPXBwOO9GWbmBYkUBl3321lYXFpeWS2sFdc3Nre2Szu7jyZONeMei2WsmwE1XArFPRQoeTPRnEaB5I1gcD32G09cGxGrBxwm3I9oT4lQMIpWur+5PO2Uym7FnYDMk2pOypCj3il9tbsxSyOukElqTKvqJuhnVKNgko+K7dTwhLIB7fGWpYpG3PjZ5NQRObRKl4SxtqWQTNTfExmNjBlGge2MKPbNrDcW//NaKYbnfiZUkiJXbLooTCXBmIz/Jl2hOUM5tIQyLeythPWppgxtOkUbQnX25XniHVcuKu7dSbl2ladRgH04gCOowhnU4Bbq4AGDHjzDK7w50nlx3p2PaeuCk8/swR84nz8BMo0k</latexit>

G
<latexit sha1_base64="pFDH4crTX9zItE59qTLKz3nGZxI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3pswdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedsrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDnfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4ACjqMng==</latexit><latexit sha1_base64="pFDH4crTX9zItE59qTLKz3nGZxI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3pswdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedsrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDnfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4ACjqMng==</latexit><latexit sha1_base64="pFDH4crTX9zItE59qTLKz3nGZxI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3pswdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedsrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDnfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4ACjqMng==</latexit>

G
<latexit sha1_base64="pFDH4crTX9zItE59qTLKz3nGZxI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3pswdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedsrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDnfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4ACjqMng==</latexit><latexit sha1_base64="pFDH4crTX9zItE59qTLKz3nGZxI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3pswdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedsrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDnfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4ACjqMng==</latexit><latexit sha1_base64="pFDH4crTX9zItE59qTLKz3nGZxI=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3pswdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBjsYhVO6AaBZfoGW4EthOFNAoEtoLRzdRvPaHSPJb3ZpygH9GB5CFn1FipedsrV9yqOwNZJrWcVCBHo1f+6vZjlkYoDRNU607NTYyfUWU4EzgpdVONCWUjOsCOpZJGqP1sduiEnFilT8JY2ZKGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+hmXSWpQsvmiMBXExGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIdQWX14m3ln1quo2zyv16zyNIhzBMZxCDS6gDnfQAA8YIDzDK7w5j86L8+58zFsLTj5zCH/gfP4ACjqMng==</latexit>



Key open question in asymptotic safety: Unitarity? 

operators
p
g

p
gR

p
gR2,

p
gRµ⌫Rµ⌫

p
gR3

p
gR34

. 

. 

.

p
gCµ⌫�C ⇢�

� C⇢�µ⌫ [Gies, Knorr, Lippoldt, Saueressig ’16]

fixed  
point

[Codello, Percacci, Rahmede ’07, ’08

Machado, Saueressig ’07;


A.E. ’15;

de Brito, Ohta, Pereira, Tomaz, Yamada ’18]

[Falls, Litim, Nikolakopoulos, Rahmede ’13 ’14]

[Benedetti, Machado, Saueressig ’09;

Christiansen ’16


Denz, Pawlowski, Reichert ’17]

. 

. 

.

corresponding couplings:

f(R)
<latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit><latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit><latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit>

full [Benedetti, Caravelli ’12; Dietz, Morris ’12, 

Demmel, Saueressig, Zanusso  ’14, ’15; 


Gonzalez-Martin, Morris, Slade ’17]

[Falls, Litim, Schröder ’18]

. 

. 

.

. 

. 

.
p
gR70

<latexit sha1_base64="B3XpsaprQU+KIpC1uO45PzqM9JU=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV1jgt6IXjyicYUEFjI7DDBh9uFMr4Zs9j+8eFDj1Y/x5t84wB4UrKSTSlV3urv8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf17HSWKcZdFMlJNn2ouRchdFCh5M1acBr7kDX90NfEbj1xpEYV3OI65F9BBKPqCUTRSp60fFKaD7LaTVu2sWyrbFXsKskicnJQhR71b+mr3IpYEPEQmqdYtx47RS6lCwSTPiu1E85iyER3wlqEhDbj20unVGTk2So/0I2UqRDJVf0+kNNB6HPimM6A41PPeRPzPayXYP/dSEcYJ8pDNFvUTSTAikwhITyjOUI4NoUwJcythQ6ooQxNU0YTgzL+8SNzTykXFvjkr1y7zNApwCEdwAg5UoQbXUAcXGCh4hld4s56sF+vd+pi1Lln5zAH8gfX5AxSFkm0=</latexit><latexit sha1_base64="B3XpsaprQU+KIpC1uO45PzqM9JU=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV1jgt6IXjyicYUEFjI7DDBh9uFMr4Zs9j+8eFDj1Y/x5t84wB4UrKSTSlV3urv8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf17HSWKcZdFMlJNn2ouRchdFCh5M1acBr7kDX90NfEbj1xpEYV3OI65F9BBKPqCUTRSp60fFKaD7LaTVu2sWyrbFXsKskicnJQhR71b+mr3IpYEPEQmqdYtx47RS6lCwSTPiu1E85iyER3wlqEhDbj20unVGTk2So/0I2UqRDJVf0+kNNB6HPimM6A41PPeRPzPayXYP/dSEcYJ8pDNFvUTSTAikwhITyjOUI4NoUwJcythQ6ooQxNU0YTgzL+8SNzTykXFvjkr1y7zNApwCEdwAg5UoQbXUAcXGCh4hld4s56sF+vd+pi1Lln5zAH8gfX5AxSFkm0=</latexit><latexit sha1_base64="B3XpsaprQU+KIpC1uO45PzqM9JU=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV1jgt6IXjyicYUEFjI7DDBh9uFMr4Zs9j+8eFDj1Y/x5t84wB4UrKSTSlV3urv8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf17HSWKcZdFMlJNn2ouRchdFCh5M1acBr7kDX90NfEbj1xpEYV3OI65F9BBKPqCUTRSp60fFKaD7LaTVu2sWyrbFXsKskicnJQhR71b+mr3IpYEPEQmqdYtx47RS6lCwSTPiu1E85iyER3wlqEhDbj20unVGTk2So/0I2UqRDJVf0+kNNB6HPimM6A41PPeRPzPayXYP/dSEcYJ8pDNFvUTSTAikwhITyjOUI4NoUwJcythQ6ooQxNU0YTgzL+8SNzTykXFvjkr1y7zNApwCEdwAg5UoQbXUAcXGCh4hld4s56sF+vd+pi1Lln5zAH8gfX5AxSFkm0=</latexit>

[Reuter ’96, Lauscher, Reuter ’01;

Reuter, Saueressig ’02; Litim ’03;


Becker, Reuter ’14;

Christiansen, Knorr, Meibohm, Pawlowski, Reichert ’15]



operators
p
g

p
gR

p
gR2,

p
gRµ⌫Rµ⌫

p
gR3

p
gR34

. 

. 

.

p
gCµ⌫�C ⇢�

� C⇢�µ⌫ [Gies, Knorr, Lippoldt, Saueressig ’16]

fixed  
point

[Codello, Percacci, Rahmede ’07, ’08

Machado, Saueressig ’07;


A.E. ’15;

de Brito, Ohta, Pereira, Tomaz, Yamada ’18]

[Falls, Litim, Nikolakopoulos, Rahmede ’13 ’14]

[Benedetti, Machado, Saueressig ’09;

Christiansen ’16


Denz, Pawlowski, Reichert ’17]

. 

. 

.

corresponding couplings:

f(R)
<latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit><latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit><latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit>

full [Benedetti, Caravelli ’12; Dietz, Morris ’12, 

Demmel, Saueressig, Zanusso  ’14, ’15; 


Gonzalez-Martin, Morris, Slade ’17]

[Falls, Litim, Schröder ’18]

. 

. 

.

. 

. 

.
p
gR70

<latexit sha1_base64="B3XpsaprQU+KIpC1uO45PzqM9JU=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV1jgt6IXjyicYUEFjI7DDBh9uFMr4Zs9j+8eFDj1Y/x5t84wB4UrKSTSlV3urv8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf17HSWKcZdFMlJNn2ouRchdFCh5M1acBr7kDX90NfEbj1xpEYV3OI65F9BBKPqCUTRSp60fFKaD7LaTVu2sWyrbFXsKskicnJQhR71b+mr3IpYEPEQmqdYtx47RS6lCwSTPiu1E85iyER3wlqEhDbj20unVGTk2So/0I2UqRDJVf0+kNNB6HPimM6A41PPeRPzPayXYP/dSEcYJ8pDNFvUTSTAikwhITyjOUI4NoUwJcythQ6ooQxNU0YTgzL+8SNzTykXFvjkr1y7zNApwCEdwAg5UoQbXUAcXGCh4hld4s56sF+vd+pi1Lln5zAH8gfX5AxSFkm0=</latexit><latexit sha1_base64="B3XpsaprQU+KIpC1uO45PzqM9JU=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV1jgt6IXjyicYUEFjI7DDBh9uFMr4Zs9j+8eFDj1Y/x5t84wB4UrKSTSlV3urv8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf17HSWKcZdFMlJNn2ouRchdFCh5M1acBr7kDX90NfEbj1xpEYV3OI65F9BBKPqCUTRSp60fFKaD7LaTVu2sWyrbFXsKskicnJQhR71b+mr3IpYEPEQmqdYtx47RS6lCwSTPiu1E85iyER3wlqEhDbj20unVGTk2So/0I2UqRDJVf0+kNNB6HPimM6A41PPeRPzPayXYP/dSEcYJ8pDNFvUTSTAikwhITyjOUI4NoUwJcythQ6ooQxNU0YTgzL+8SNzTykXFvjkr1y7zNApwCEdwAg5UoQbXUAcXGCh4hld4s56sF+vd+pi1Lln5zAH8gfX5AxSFkm0=</latexit><latexit sha1_base64="B3XpsaprQU+KIpC1uO45PzqM9JU=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV1jgt6IXjyicYUEFjI7DDBh9uFMr4Zs9j+8eFDj1Y/x5t84wB4UrKSTSlV3urv8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf17HSWKcZdFMlJNn2ouRchdFCh5M1acBr7kDX90NfEbj1xpEYV3OI65F9BBKPqCUTRSp60fFKaD7LaTVu2sWyrbFXsKskicnJQhR71b+mr3IpYEPEQmqdYtx47RS6lCwSTPiu1E85iyER3wlqEhDbj20unVGTk2So/0I2UqRDJVf0+kNNB6HPimM6A41PPeRPzPayXYP/dSEcYJ8pDNFvUTSTAikwhITyjOUI4NoUwJcythQ6ooQxNU0YTgzL+8SNzTykXFvjkr1y7zNApwCEdwAg5UoQbXUAcXGCh4hld4s56sF+vd+pi1Lln5zAH8gfX5AxSFkm0=</latexit>
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p2 +M2
<latexit sha1_base64="5HbkEF47DizXIBznt1h88DaYi1Q=">AAACR3icfVDNS8MwHE3n15xfVY9egkMQhqMdA/UgjHnxIkywbrB1I83SGZamJUmFUfr/+Ld48Kr+FXoSj2ZbD/sQHwTe7+W9kN/zIkalsqwPI7eyura+kd8sbG3v7O6Z+wcPMowFJg4OWShaHpKEUU4cRRUjrUgQFHiMNL3h9fi++USEpCG/V6OIuAEacOpTjJSWema94wuEEztNom4FluB0jLrVNLntVtIUXsFZR3o2N5bGnp5ZtMrWBHCZ2BkpggyNnvnZ6Yc4DghXmCEp27YVKTdBQlHMSFroxJJECA/RgLQ15Sgg0k0mu6bwRCt96IdCH67gRJ1NJCiQchR42hkg9Sj/fW0xOE78HVT+hZtQHsWKcDz9hR8zqEI4bhX2qSBYsZEmCAuqF4H4EemilO6+oBuyF/tYJk6lfFm27qrFWj2rKg+OwDE4BTY4BzVwAxrAARg8g1fwBt6NF+PL+DZ+ptackWUOwRxyxi9Ml7G/</latexit><latexit sha1_base64="5HbkEF47DizXIBznt1h88DaYi1Q=">AAACR3icfVDNS8MwHE3n15xfVY9egkMQhqMdA/UgjHnxIkywbrB1I83SGZamJUmFUfr/+Ld48Kr+FXoSj2ZbD/sQHwTe7+W9kN/zIkalsqwPI7eyura+kd8sbG3v7O6Z+wcPMowFJg4OWShaHpKEUU4cRRUjrUgQFHiMNL3h9fi++USEpCG/V6OIuAEacOpTjJSWema94wuEEztNom4FluB0jLrVNLntVtIUXsFZR3o2N5bGnp5ZtMrWBHCZ2BkpggyNnvnZ6Yc4DghXmCEp27YVKTdBQlHMSFroxJJECA/RgLQ15Sgg0k0mu6bwRCt96IdCH67gRJ1NJCiQchR42hkg9Sj/fW0xOE78HVT+hZtQHsWKcDz9hR8zqEI4bhX2qSBYsZEmCAuqF4H4EemilO6+oBuyF/tYJk6lfFm27qrFWj2rKg+OwDE4BTY4BzVwAxrAARg8g1fwBt6NF+PL+DZ+ptackWUOwRxyxi9Ml7G/</latexit><latexit sha1_base64="5HbkEF47DizXIBznt1h88DaYi1Q=">AAACR3icfVDNS8MwHE3n15xfVY9egkMQhqMdA/UgjHnxIkywbrB1I83SGZamJUmFUfr/+Ld48Kr+FXoSj2ZbD/sQHwTe7+W9kN/zIkalsqwPI7eyura+kd8sbG3v7O6Z+wcPMowFJg4OWShaHpKEUU4cRRUjrUgQFHiMNL3h9fi++USEpCG/V6OIuAEacOpTjJSWema94wuEEztNom4FluB0jLrVNLntVtIUXsFZR3o2N5bGnp5ZtMrWBHCZ2BkpggyNnvnZ6Yc4DghXmCEp27YVKTdBQlHMSFroxJJECA/RgLQ15Sgg0k0mu6bwRCt96IdCH67gRJ1NJCiQchR42hkg9Sj/fW0xOE78HVT+hZtQHsWKcDz9hR8zqEI4bhX2qSBYsZEmCAuqF4H4EemilO6+oBuyF/tYJk6lfFm27qrFWj2rKg+OwDE4BTY4BzVwAxrAARg8g1fwBt6NF+PL+DZ+ptackWUOwRxyxi9Ml7G/</latexit>

Why higher-order momentum-dependence 
can (need not!) be problematic:

[however, see also, e.g.,

Anselmi, Piva ’17, ’18


Donoghue ’19]

Key open question in asymptotic safety: Unitarity? 

[Reuter ’96, Lauscher, Reuter ’01;

Reuter, Saueressig ’02; Litim ’03;


Becker, Reuter ’14;

Christiansen, Knorr, Meibohm, Pawlowski, Reichert ’15]



operators
p
g

p
gR

p
gR2,

p
gRµ⌫Rµ⌫

p
gR3

p
gR34

. 

. 

.

p
gCµ⌫�C ⇢�

� C⇢�µ⌫ [Gies, Knorr, Lippoldt, Saueressig ’16]

fixed  
point

[Codello, Percacci, Rahmede ’07, ’08

Machado, Saueressig ’07;


A.E. ’15;

de Brito, Ohta, Pereira, Tomaz, Yamada ’18]

[Falls, Litim, Nikolakopoulos, Rahmede ’13 ’14]

[Benedetti, Machado, Saueressig ’09;

Christiansen ’16


Denz, Pawlowski, Reichert ’17]

. 

. 

.

corresponding couplings:

f(R)
<latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit><latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit><latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit>

full [Benedetti, Caravelli ’12; Dietz, Morris ’12, 

Demmel, Saueressig, Zanusso  ’14, ’15; 


Gonzalez-Martin, Morris, Slade ’17]

[Falls, Litim, Schröder ’18]

. 

. 

.

. 

. 

.
p
gR70

<latexit sha1_base64="B3XpsaprQU+KIpC1uO45PzqM9JU=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV1jgt6IXjyicYUEFjI7DDBh9uFMr4Zs9j+8eFDj1Y/x5t84wB4UrKSTSlV3urv8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf17HSWKcZdFMlJNn2ouRchdFCh5M1acBr7kDX90NfEbj1xpEYV3OI65F9BBKPqCUTRSp60fFKaD7LaTVu2sWyrbFXsKskicnJQhR71b+mr3IpYEPEQmqdYtx47RS6lCwSTPiu1E85iyER3wlqEhDbj20unVGTk2So/0I2UqRDJVf0+kNNB6HPimM6A41PPeRPzPayXYP/dSEcYJ8pDNFvUTSTAikwhITyjOUI4NoUwJcythQ6ooQxNU0YTgzL+8SNzTykXFvjkr1y7zNApwCEdwAg5UoQbXUAcXGCh4hld4s56sF+vd+pi1Lln5zAH8gfX5AxSFkm0=</latexit><latexit sha1_base64="B3XpsaprQU+KIpC1uO45PzqM9JU=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV1jgt6IXjyicYUEFjI7DDBh9uFMr4Zs9j+8eFDj1Y/x5t84wB4UrKSTSlV3urv8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf17HSWKcZdFMlJNn2ouRchdFCh5M1acBr7kDX90NfEbj1xpEYV3OI65F9BBKPqCUTRSp60fFKaD7LaTVu2sWyrbFXsKskicnJQhR71b+mr3IpYEPEQmqdYtx47RS6lCwSTPiu1E85iyER3wlqEhDbj20unVGTk2So/0I2UqRDJVf0+kNNB6HPimM6A41PPeRPzPayXYP/dSEcYJ8pDNFvUTSTAikwhITyjOUI4NoUwJcythQ6ooQxNU0YTgzL+8SNzTykXFvjkr1y7zNApwCEdwAg5UoQbXUAcXGCh4hld4s56sF+vd+pi1Lln5zAH8gfX5AxSFkm0=</latexit><latexit sha1_base64="B3XpsaprQU+KIpC1uO45PzqM9JU=">AAAB9HicbVDLTgJBEOz1ifhCPXqZSEw8kV1jgt6IXjyicYUEFjI7DDBh9uFMr4Zs9j+8eFDj1Y/x5t84wB4UrKSTSlV3urv8WAqNtv1tLS2vrK6tFzaKm1vbO7ulvf17HSWKcZdFMlJNn2ouRchdFCh5M1acBr7kDX90NfEbj1xpEYV3OI65F9BBKPqCUTRSp60fFKaD7LaTVu2sWyrbFXsKskicnJQhR71b+mr3IpYEPEQmqdYtx47RS6lCwSTPiu1E85iyER3wlqEhDbj20unVGTk2So/0I2UqRDJVf0+kNNB6HPimM6A41PPeRPzPayXYP/dSEcYJ8pDNFvUTSTAikwhITyjOUI4NoUwJcythQ6ooQxNU0YTgzL+8SNzTykXFvjkr1y7zNApwCEdwAg5UoQbXUAcXGCh4hld4s56sF+vd+pi1Lln5zAH8gfX5AxSFkm0=</latexit>
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Why higher-order momentum-dependence 
can (need not!) be problematic:

[however, see also, e.g.,

Anselmi, Piva ’17, ’18


Donoghue ’19]

Note subtleties in gravity! 
(flat background expansion?!)

Status of unitarity in asymptotic safety: 

form of full propagator not yet known 

Key open question in asymptotic safety: Unitarity? 

[Reuter ’96, Lauscher, Reuter ’01;

Reuter, Saueressig ’02; Litim ’03;


Becker, Reuter ’14;

Christiansen, Knorr, Meibohm, Pawlowski, Reichert ’15]



operators
p
g

p
gR

p
gR2,

p
gRµ⌫Rµ⌫

p
gR3

p
gR34

. 

. 

.

p
gCµ⌫�C ⇢�

� C⇢�µ⌫ [Gies, Knorr, Lippoldt, Saueressig ’16]

fixed  
point

[Codello, Percacci, Rahmede ’07, ’08

Machado, Saueressig ’07;


A.E. ’15;

de Brito, Ohta, Pereira, Tomaz, Yamada ’18]

[Falls, Litim, Nikolakopoulos, Rahmede ’13 ’14]

[Benedetti, Machado, Saueressig ’09;

Christiansen ’16


Denz, Pawlowski, Reichert ’17]

. 

. 

.

corresponding couplings:

f(R)
<latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit><latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit><latexit sha1_base64="wzxBxn8Y7lKiP7lNzkywhqIZUIU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoignorevFYxdhCG8pmu2mX7m7C7kYooX/BiwcVr/4ib/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK6tb5Q3K1vbO7t71f2DRx2nilCfxDxWnRBrypmkvmGG006iKBYhp+1wfJP77SeqNIvlg5kkNBB4KFnECDa5FNXvT/vVmttwZ0DLxCtIDQq0+tWv3iAmqaDSEI617npuYoIMK8MIp9NKL9U0wWSMh7RrqcSC6iCb3TpFJ1YZoChWtqRBM/X3RIaF1hMR2k6BzUgvern4n9dNTXQZZEwmqaGSzBdFKUcmRvnjaMAUJYZPLMFEMXsrIiOsMDE2nooNwVt8eZn4Z42rhnt3XmteF2mU4QiOoQ4eXEATbqEFPhAYwTO8wpsjnBfn3fmYt5acYuYQ/sD5/AGgEo1+</latexit>

full [Benedetti, Caravelli ’12; Dietz, Morris ’12, 

Demmel, Saueressig, Zanusso  ’14, ’15; 


Gonzalez-Martin, Morris, Slade ’17]

[Falls, Litim, Schröder ’18]

. 

. 

.

. 

. 

.
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Why higher-order momentum-dependence 
can (need not!) be problematic:

[however, see also, e.g.,

Anselmi, Piva ’17, ’18


Donoghue ’19]

motivates “non-fundamental” 
asymptotic safety

!
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Status of unitarity in asymptotic safety: 

form of full propagator not yet known 

Note subtleties in gravity! 
(flat background expansion?!)

Key open question in asymptotic safety: Unitarity? 

[Reuter ’96, Lauscher, Reuter ’01;

Reuter, Saueressig ’02; Litim ’03;


Becker, Reuter ’14;

Christiansen, Knorr, Meibohm, Pawlowski, Reichert ’15]



Non-fundamental asymptotic safety: 

• QFT description of metric + matter holds 
up to kUV 

• a “more fundamental” description sets 
initial conditions for RG flow at kUV

kUV
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Key open question in asymptotic safety: Unitarity? 

[Percacci, Vacca ’10];

de Alwiss, AE, Held, Pawlowski, Schiffer, Versteegen ’19]



Standard Model string theory
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separation of scales

weak-gravity conjecture in 
asymptotic safety: 

might hold at fixed point with 
finite gauge coupling, but: 

conditions on fixed-point values
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Key open question in asymptotic safety: Unitarity? 

Non-fundamental asymptotic safety: 

• QFT description of metric + matter holds 
up to kUV 

• a “more fundamental” description sets 
initial conditions for RG flow at kUV

[Percacci, Vacca ’10];

de Alwiss, AE, Held, Pawlowski, Schiffer, Versteegen ’19]

• unitarity “inherited” from microscopic 
theory
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[de Alwiss, AE, Held, Pawlowski, Schiffer, Versteegen ’19]



• unitarity “inherited” from microscopic 
theory
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separation of scales

weak-gravity conjecture in 
asymptotic safety: 

might hold at fixed point with 
finite gauge coupling, but: 

conditions on fixed-point values

kUV
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Key open question in asymptotic safety: Unitarity? 

Non-fundamental asymptotic safety: 

• QFT description of metric + matter holds 
up to kUV 

• a “more fundamental” description sets 
initial conditions for RG flow at kUV

[Percacci, Vacca ’10];

de Alwiss, AE, Held, Pawlowski, Schiffer, Versteegen ’19]

[de Alwiss, AE, Held, Pawlowski, Schiffer, Versteegen ’19]



transition from microscopic AdS to macroscopic dS?

Standard Model string theory
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Key open question in asymptotic safety: Unitarity? 

[Dona, AE, Percacci ’13]

impact of 
fermionic matter

Non-fundamental asymptotic safety: 

• QFT description of metric + matter holds 
up to kUV 

• a “more fundamental” description sets 
initial conditions for RG flow at kUV

[Percacci, Vacca ’10];

de Alwiss, AE, Held, Pawlowski, Schiffer, Versteegen ’19]

• unitarity “inherited” from microscopic 
theory

[de Alwiss, AE, Held, Pawlowski, Schiffer, Versteegen ’19]



Mathematical diversity, physical unity?

String theory

Loop QG/  
Spin foams

matrix/tensor 
models

Asymptotically 
safe gravity

causal sets

Dynamical 
Triangulations

noncommutative 
geometry

AdS/CFT

…

Group Field 
Theory



Schwarzschild black hole:

ds2 = �f(r)dt2 + f(r)�1dr2 + r2 d⌦2
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f(r) = 1� 2GN M
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Mathematical diversity, physical unity?



Schwarzschild black hole:

ds2 = �f(r)dt2 + f(r)�1dr2 + r2 d⌦2
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Mathematical diversity, physical unity?

note:  heuristic argument! 
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Schwarzschild black hole:

ds2 = �f(r)dt2 + f(r)�1dr2 + r2 d⌦2
<latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit>

(�G0)
�1

<latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit><latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit><latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit>

f(r) = 1� 2GN M

r
<latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit><latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit><latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit>

Mathematical diversity, physical unity?

note:  heuristic argument! 
GN ! GN (k)

<latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit><latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit><latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit>
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<latexit sha1_base64="/VkRdWEo7m2nZlbHays20VWCZ+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3qSisYW2lA220m7dLMJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtLyyulZcL21sbm3vlHf3HnWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMryZ+8wmV5rF8MKME/Yj2JQ85o8ZK99fd22654lbdKcgiqeWkAjka3fJXpxezNEJpmKBat2tuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTU8fkyCo9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDcz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2nZINoTb/8iLxTqoXVffutFK/zNMowgEcwjHU4AzqcAMN8IBBH57hFd4c4bw4787HrLXg5DP78AfO5w9ahY1f</latexit><latexit sha1_base64="/VkRdWEo7m2nZlbHays20VWCZ+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3qSisYW2lA220m7dLMJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtLyyulZcL21sbm3vlHf3HnWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMryZ+8wmV5rF8MKME/Yj2JQ85o8ZK99fd22654lbdKcgiqeWkAjka3fJXpxezNEJpmKBat2tuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTU8fkyCo9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDcz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2nZINoTb/8iLxTqoXVffutFK/zNMowgEcwjHU4AzqcAMN8IBBH57hFd4c4bw4787HrLXg5DP78AfO5w9ahY1f</latexit><latexit sha1_base64="/VkRdWEo7m2nZlbHays20VWCZ+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3qSisYW2lA220m7dLMJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtLyyulZcL21sbm3vlHf3HnWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMryZ+8wmV5rF8MKME/Yj2JQ85o8ZK99fd22654lbdKcgiqeWkAjka3fJXpxezNEJpmKBat2tuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTU8fkyCo9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDcz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2nZINoTb/8iLxTqoXVffutFK/zNMowgEcwjHU4AzqcAMN8IBBH57hFd4c4bw4787HrLXg5DP78AfO5w9ahY1f</latexit>

G = GN k2
<latexit sha1_base64="Nm5CsDKZt8WD+QSNxWsCCMCZr1o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCOpBKHqoJ6lgbKGJZbPdtEs3m7C7EUro3/DiQcWrv8ab/8Ztm4O2Phh4vDfDzLwg4Uxp2/62CkvLK6trxfXSxubW9k55d+9Bxakk1CUxj2U7wIpyJqirmea0nUiKo4DTVjC8nvitJyoVi8W9HiXUj3BfsJARrI3kNS5Ro3vrnaDhY61brthVewq0SJycVCBHs1v+8noxSSMqNOFYqY5jJ9rPsNSMcDoueamiCSZD3KcdQwWOqPKz6c1jdGSUHgpjaUpoNFV/T2Q4UmoUBaYzwnqg5r2J+J/XSXV47mdMJKmmgswWhSlHOkaTAFCPSUo0HxmCiWTmVkQGWGKiTUwlE4Iz//IicWvVi6p9d1qpX+VpFOEADuEYHDiDOtxAE1wgkMAzvMKblVov1rv1MWstWPnMPvyB9fkDKOOQAA==</latexit><latexit sha1_base64="Nm5CsDKZt8WD+QSNxWsCCMCZr1o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCOpBKHqoJ6lgbKGJZbPdtEs3m7C7EUro3/DiQcWrv8ab/8Ztm4O2Phh4vDfDzLwg4Uxp2/62CkvLK6trxfXSxubW9k55d+9Bxakk1CUxj2U7wIpyJqirmea0nUiKo4DTVjC8nvitJyoVi8W9HiXUj3BfsJARrI3kNS5Ro3vrnaDhY61brthVewq0SJycVCBHs1v+8noxSSMqNOFYqY5jJ9rPsNSMcDoueamiCSZD3KcdQwWOqPKz6c1jdGSUHgpjaUpoNFV/T2Q4UmoUBaYzwnqg5r2J+J/XSXV47mdMJKmmgswWhSlHOkaTAFCPSUo0HxmCiWTmVkQGWGKiTUwlE4Iz//IicWvVi6p9d1qpX+VpFOEADuEYHDiDOtxAE1wgkMAzvMKblVov1rv1MWstWPnMPvyB9fkDKOOQAA==</latexit><latexit sha1_base64="Nm5CsDKZt8WD+QSNxWsCCMCZr1o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCOpBKHqoJ6lgbKGJZbPdtEs3m7C7EUro3/DiQcWrv8ab/8Ztm4O2Phh4vDfDzLwg4Uxp2/62CkvLK6trxfXSxubW9k55d+9Bxakk1CUxj2U7wIpyJqirmea0nUiKo4DTVjC8nvitJyoVi8W9HiXUj3BfsJARrI3kNS5Ro3vrnaDhY61brthVewq0SJycVCBHs1v+8noxSSMqNOFYqY5jJ9rPsNSMcDoueamiCSZD3KcdQwWOqPKz6c1jdGSUHgpjaUpoNFV/T2Q4UmoUBaYzwnqg5r2J+J/XSXV47mdMJKmmgswWhSlHOkaTAFCPSUo0HxmCiWTmVkQGWGKiTUwlE4Iz//IicWvVi6p9d1qpX+VpFOEADuEYHDiDOtxAE1wgkMAzvMKblVov1rv1MWstWPnMPvyB9fkDKOOQAA==</latexit>

GN ⇠ 1/k2
<latexit sha1_base64="9W5rSCx+eKZtGTk9LEFXa3UFXbs=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiCXeJiXojetCTwcQVElhItxRoaLubtqshG/6HFw9qvPpjvPlvLLAHBV8yyct7M5mZF8acaeO6305uaXlldS2/XtjY3NreKe7uPegoUYT6JOKRaoRYU84k9Q0znDZiRbEIOa2Hw6uJX3+kSrNI3ptRTAOB+5L1GMHGSu3rzi1qaSaQdzJsVzrFklt2p0CLxMtICTLUOsWvVjciiaDSEI61bnpubIIUK8MIp+NCK9E0xmSI+7RpqcSC6iCdXj1GR1bpol6kbEmDpurviRQLrUcitJ0Cm4Ge9ybif14zMb3zIGUyTgyVZLaol3BkIjSJAHWZosTwkSWYKGZvRWSAFSbGBlWwIXjzLy8Sv1K+KLt3p6XqZZZGHg7gEI7BgzOowg3UwAcCCp7hFd6cJ+fFeXc+Zq05J5vZhz9wPn8A9hyRDQ==</latexit><latexit sha1_base64="9W5rSCx+eKZtGTk9LEFXa3UFXbs=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiCXeJiXojetCTwcQVElhItxRoaLubtqshG/6HFw9qvPpjvPlvLLAHBV8yyct7M5mZF8acaeO6305uaXlldS2/XtjY3NreKe7uPegoUYT6JOKRaoRYU84k9Q0znDZiRbEIOa2Hw6uJX3+kSrNI3ptRTAOB+5L1GMHGSu3rzi1qaSaQdzJsVzrFklt2p0CLxMtICTLUOsWvVjciiaDSEI61bnpubIIUK8MIp+NCK9E0xmSI+7RpqcSC6iCdXj1GR1bpol6kbEmDpurviRQLrUcitJ0Cm4Ge9ybif14zMb3zIGUyTgyVZLaol3BkIjSJAHWZosTwkSWYKGZvRWSAFSbGBlWwIXjzLy8Sv1K+KLt3p6XqZZZGHg7gEI7BgzOowg3UwAcCCp7hFd6cJ+fFeXc+Zq05J5vZhz9wPn8A9hyRDQ==</latexit><latexit sha1_base64="9W5rSCx+eKZtGTk9LEFXa3UFXbs=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiCXeJiXojetCTwcQVElhItxRoaLubtqshG/6HFw9qvPpjvPlvLLAHBV8yyct7M5mZF8acaeO6305uaXlldS2/XtjY3NreKe7uPegoUYT6JOKRaoRYU84k9Q0znDZiRbEIOa2Hw6uJX3+kSrNI3ptRTAOB+5L1GMHGSu3rzi1qaSaQdzJsVzrFklt2p0CLxMtICTLUOsWvVjciiaDSEI61bnpubIIUK8MIp+NCK9E0xmSI+7RpqcSC6iCdXj1GR1bpol6kbEmDpurviRQLrUcitJ0Cm4Ge9ybif14zMb3zIGUyTgyVZLaol3BkIjSJAHWZosTwkSWYKGZvRWSAFSbGBlWwIXjzLy8Sv1K+KLt3p6XqZZZGHg7gEI7BgzOowg3UwAcCCp7hFd6cJ+fFeXc+Zq05J5vZhz9wPn8A9hyRDQ==</latexit>

Schwarzschild black hole:

ds2 = �f(r)dt2 + f(r)�1dr2 + r2 d⌦2
<latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit>

(�G0)
�1

<latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit><latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit><latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit>

• energy scale relevant for black 
holes: curvature

K = Rµ⌫�R
µ⌫� ⇠ G2

0M
2

r6
<latexit sha1_base64="Ht1IvyUVi//zEG3K7iLLA5zag+A="></latexit><latexit sha1_base64="Ht1IvyUVi//zEG3K7iLLA5zag+A="></latexit><latexit sha1_base64="Ht1IvyUVi//zEG3K7iLLA5zag+A="></latexit>

• spherically symmetric case:

f(r) = 1� 2GN M

r
<latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit><latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit><latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit>

Mathematical diversity, physical unity?

note:  heuristic argument! 
GN ! GN (k)

<latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit><latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit><latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit>



Classical gravity regime Quantum gravity regime
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<latexit sha1_base64="/VkRdWEo7m2nZlbHays20VWCZ+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3qSisYW2lA220m7dLMJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtLyyulZcL21sbm3vlHf3HnWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMryZ+8wmV5rF8MKME/Yj2JQ85o8ZK99fd22654lbdKcgiqeWkAjka3fJXpxezNEJpmKBat2tuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTU8fkyCo9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDcz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2nZINoTb/8iLxTqoXVffutFK/zNMowgEcwjHU4AzqcAMN8IBBH57hFd4c4bw4787HrLXg5DP78AfO5w9ahY1f</latexit><latexit sha1_base64="/VkRdWEo7m2nZlbHays20VWCZ+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3qSisYW2lA220m7dLMJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtLyyulZcL21sbm3vlHf3HnWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMryZ+8wmV5rF8MKME/Yj2JQ85o8ZK99fd22654lbdKcgiqeWkAjka3fJXpxezNEJpmKBat2tuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTU8fkyCo9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDcz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2nZINoTb/8iLxTqoXVffutFK/zNMowgEcwjHU4AzqcAMN8IBBH57hFd4c4bw4787HrLXg5DP78AfO5w9ahY1f</latexit><latexit sha1_base64="/VkRdWEo7m2nZlbHays20VWCZ+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3qSisYW2lA220m7dLMJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtLyyulZcL21sbm3vlHf3HnWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMryZ+8wmV5rF8MKME/Yj2JQ85o8ZK99fd22654lbdKcgiqeWkAjka3fJXpxezNEJpmKBat2tuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTU8fkyCo9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDcz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2nZINoTb/8iLxTqoXVffutFK/zNMowgEcwjHU4AzqcAMN8IBBH57hFd4c4bw4787HrLXg5DP78AfO5w9ahY1f</latexit>

G = GN k2
<latexit sha1_base64="Nm5CsDKZt8WD+QSNxWsCCMCZr1o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCOpBKHqoJ6lgbKGJZbPdtEs3m7C7EUro3/DiQcWrv8ab/8Ztm4O2Phh4vDfDzLwg4Uxp2/62CkvLK6trxfXSxubW9k55d+9Bxakk1CUxj2U7wIpyJqirmea0nUiKo4DTVjC8nvitJyoVi8W9HiXUj3BfsJARrI3kNS5Ro3vrnaDhY61brthVewq0SJycVCBHs1v+8noxSSMqNOFYqY5jJ9rPsNSMcDoueamiCSZD3KcdQwWOqPKz6c1jdGSUHgpjaUpoNFV/T2Q4UmoUBaYzwnqg5r2J+J/XSXV47mdMJKmmgswWhSlHOkaTAFCPSUo0HxmCiWTmVkQGWGKiTUwlE4Iz//IicWvVi6p9d1qpX+VpFOEADuEYHDiDOtxAE1wgkMAzvMKblVov1rv1MWstWPnMPvyB9fkDKOOQAA==</latexit><latexit sha1_base64="Nm5CsDKZt8WD+QSNxWsCCMCZr1o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCOpBKHqoJ6lgbKGJZbPdtEs3m7C7EUro3/DiQcWrv8ab/8Ztm4O2Phh4vDfDzLwg4Uxp2/62CkvLK6trxfXSxubW9k55d+9Bxakk1CUxj2U7wIpyJqirmea0nUiKo4DTVjC8nvitJyoVi8W9HiXUj3BfsJARrI3kNS5Ro3vrnaDhY61brthVewq0SJycVCBHs1v+8noxSSMqNOFYqY5jJ9rPsNSMcDoueamiCSZD3KcdQwWOqPKz6c1jdGSUHgpjaUpoNFV/T2Q4UmoUBaYzwnqg5r2J+J/XSXV47mdMJKmmgswWhSlHOkaTAFCPSUo0HxmCiWTmVkQGWGKiTUwlE4Iz//IicWvVi6p9d1qpX+VpFOEADuEYHDiDOtxAE1wgkMAzvMKblVov1rv1MWstWPnMPvyB9fkDKOOQAA==</latexit><latexit sha1_base64="Nm5CsDKZt8WD+QSNxWsCCMCZr1o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCOpBKHqoJ6lgbKGJZbPdtEs3m7C7EUro3/DiQcWrv8ab/8Ztm4O2Phh4vDfDzLwg4Uxp2/62CkvLK6trxfXSxubW9k55d+9Bxakk1CUxj2U7wIpyJqirmea0nUiKo4DTVjC8nvitJyoVi8W9HiXUj3BfsJARrI3kNS5Ro3vrnaDhY61brthVewq0SJycVCBHs1v+8noxSSMqNOFYqY5jJ9rPsNSMcDoueamiCSZD3KcdQwWOqPKz6c1jdGSUHgpjaUpoNFV/T2Q4UmoUBaYzwnqg5r2J+J/XSXV47mdMJKmmgswWhSlHOkaTAFCPSUo0HxmCiWTmVkQGWGKiTUwlE4Iz//IicWvVi6p9d1qpX+VpFOEADuEYHDiDOtxAE1wgkMAzvMKblVov1rv1MWstWPnMPvyB9fkDKOOQAA==</latexit>

GN ⇠ 1/k2
<latexit sha1_base64="9W5rSCx+eKZtGTk9LEFXa3UFXbs=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiCXeJiXojetCTwcQVElhItxRoaLubtqshG/6HFw9qvPpjvPlvLLAHBV8yyct7M5mZF8acaeO6305uaXlldS2/XtjY3NreKe7uPegoUYT6JOKRaoRYU84k9Q0znDZiRbEIOa2Hw6uJX3+kSrNI3ptRTAOB+5L1GMHGSu3rzi1qaSaQdzJsVzrFklt2p0CLxMtICTLUOsWvVjciiaDSEI61bnpubIIUK8MIp+NCK9E0xmSI+7RpqcSC6iCdXj1GR1bpol6kbEmDpurviRQLrUcitJ0Cm4Ge9ybif14zMb3zIGUyTgyVZLaol3BkIjSJAHWZosTwkSWYKGZvRWSAFSbGBlWwIXjzLy8Sv1K+KLt3p6XqZZZGHg7gEI7BgzOowg3UwAcCCp7hFd6cJ+fFeXc+Zq05J5vZhz9wPn8A9hyRDQ==</latexit><latexit sha1_base64="9W5rSCx+eKZtGTk9LEFXa3UFXbs=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiCXeJiXojetCTwcQVElhItxRoaLubtqshG/6HFw9qvPpjvPlvLLAHBV8yyct7M5mZF8acaeO6305uaXlldS2/XtjY3NreKe7uPegoUYT6JOKRaoRYU84k9Q0znDZiRbEIOa2Hw6uJX3+kSrNI3ptRTAOB+5L1GMHGSu3rzi1qaSaQdzJsVzrFklt2p0CLxMtICTLUOsWvVjciiaDSEI61bnpubIIUK8MIp+NCK9E0xmSI+7RpqcSC6iCdXj1GR1bpol6kbEmDpurviRQLrUcitJ0Cm4Ge9ybif14zMb3zIGUyTgyVZLaol3BkIjSJAHWZosTwkSWYKGZvRWSAFSbGBlWwIXjzLy8Sv1K+KLt3p6XqZZZGHg7gEI7BgzOowg3UwAcCCp7hFd6cJ+fFeXc+Zq05J5vZhz9wPn8A9hyRDQ==</latexit><latexit sha1_base64="9W5rSCx+eKZtGTk9LEFXa3UFXbs=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiCXeJiXojetCTwcQVElhItxRoaLubtqshG/6HFw9qvPpjvPlvLLAHBV8yyct7M5mZF8acaeO6305uaXlldS2/XtjY3NreKe7uPegoUYT6JOKRaoRYU84k9Q0znDZiRbEIOa2Hw6uJX3+kSrNI3ptRTAOB+5L1GMHGSu3rzi1qaSaQdzJsVzrFklt2p0CLxMtICTLUOsWvVjciiaDSEI61bnpubIIUK8MIp+NCK9E0xmSI+7RpqcSC6iCdXj1GR1bpol6kbEmDpurviRQLrUcitJ0Cm4Ge9ybif14zMb3zIGUyTgyVZLaol3BkIjSJAHWZosTwkSWYKGZvRWSAFSbGBlWwIXjzLy8Sv1K+KLt3p6XqZZZGHg7gEI7BgzOowg3UwAcCCp7hFd6cJ+fFeXc+Zq05J5vZhz9wPn8A9hyRDQ==</latexit>

Schwarzschild black hole:

ds2 = �f(r)dt2 + f(r)�1dr2 + r2 d⌦2
<latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit>

(�G0)
�1

<latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit><latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit><latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit>

• energy scale relevant for black 
holes: curvature

K = Rµ⌫�R
µ⌫� ⇠ G2

0M
2

r6
<latexit sha1_base64="Ht1IvyUVi//zEG3K7iLLA5zag+A="></latexit><latexit sha1_base64="Ht1IvyUVi//zEG3K7iLLA5zag+A="></latexit><latexit sha1_base64="Ht1IvyUVi//zEG3K7iLLA5zag+A="></latexit>

• spherically symmetric case:

• dimensional argument:

k2 =

r
G2

0M
2

r6
<latexit sha1_base64="1PedJlbJkJRrDXcd6n2h6uSd55g=">AAACKHicfZBNS8MwHMZTX+d8q3r0EjYET6Mb4stBGHrQizDBusHalTRLt7A0rUkqjNK730Xwql/Dk+zqJ/AjmG096CY+EHh48n9C/j8/ZlQqyxoZC4tLyyurhbXi+sbm1ra5s3svo0RgYuOIRaLlI0kY5cRWVDHSigVBoc9I0x9cju+bj0RIGvE7NYyJG6IepwHFSOnIM0uDTg2eQ0c+CJU6gUA4vfIsnd10alkqOsdZ5pllq2JNBOdNNTdlkKvhmV9ON8JJSLjCDEnZrlqxclMkFMWMZEUnkSRGeIB6pK0tRyGRbjrZJYMHOunCIBL6cAUn6c9GikIph6GvJ0Ok+vL/12ab48rfTRWcuinlcaIIx9NvBAmDKoJjbLBLBcGKDbVBWFC9CcR9pHEpDbeoEVVngcwbu1Y5q1i3R+X6Rc6qAPZBCRyCKjgBdXANGsAGGDyBF/AK3oxn4934MEbT0QUj7+yBXzI+vwFgsKY8</latexit><latexit sha1_base64="1PedJlbJkJRrDXcd6n2h6uSd55g=">AAACKHicfZBNS8MwHMZTX+d8q3r0EjYET6Mb4stBGHrQizDBusHalTRLt7A0rUkqjNK730Xwql/Dk+zqJ/AjmG096CY+EHh48n9C/j8/ZlQqyxoZC4tLyyurhbXi+sbm1ra5s3svo0RgYuOIRaLlI0kY5cRWVDHSigVBoc9I0x9cju+bj0RIGvE7NYyJG6IepwHFSOnIM0uDTg2eQ0c+CJU6gUA4vfIsnd10alkqOsdZ5pllq2JNBOdNNTdlkKvhmV9ON8JJSLjCDEnZrlqxclMkFMWMZEUnkSRGeIB6pK0tRyGRbjrZJYMHOunCIBL6cAUn6c9GikIph6GvJ0Ok+vL/12ab48rfTRWcuinlcaIIx9NvBAmDKoJjbLBLBcGKDbVBWFC9CcR9pHEpDbeoEVVngcwbu1Y5q1i3R+X6Rc6qAPZBCRyCKjgBdXANGsAGGDyBF/AK3oxn4934MEbT0QUj7+yBXzI+vwFgsKY8</latexit><latexit sha1_base64="1PedJlbJkJRrDXcd6n2h6uSd55g=">AAACKHicfZBNS8MwHMZTX+d8q3r0EjYET6Mb4stBGHrQizDBusHalTRLt7A0rUkqjNK730Xwql/Dk+zqJ/AjmG096CY+EHh48n9C/j8/ZlQqyxoZC4tLyyurhbXi+sbm1ra5s3svo0RgYuOIRaLlI0kY5cRWVDHSigVBoc9I0x9cju+bj0RIGvE7NYyJG6IepwHFSOnIM0uDTg2eQ0c+CJU6gUA4vfIsnd10alkqOsdZ5pllq2JNBOdNNTdlkKvhmV9ON8JJSLjCDEnZrlqxclMkFMWMZEUnkSRGeIB6pK0tRyGRbjrZJYMHOunCIBL6cAUn6c9GikIph6GvJ0Ok+vL/12ab48rfTRWcuinlcaIIx9NvBAmDKoJjbLBLBcGKDbVBWFC9CcR9pHEpDbeoEVVngcwbu1Y5q1i3R+X6Rc6qAPZBCRyCKjgBdXANGsAGGDyBF/AK3oxn4934MEbT0QUj7+yBXzI+vwFgsKY8</latexit>

f(r) = 1� 2GN M

r
<latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit><latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit><latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit>

Mathematical diversity, physical unity?

note:  heuristic argument! 
GN ! GN (k)

<latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit><latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit><latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit>
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<latexit sha1_base64="/VkRdWEo7m2nZlbHays20VWCZ+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3qSisYW2lA220m7dLMJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtLyyulZcL21sbm3vlHf3HnWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMryZ+8wmV5rF8MKME/Yj2JQ85o8ZK99fd22654lbdKcgiqeWkAjka3fJXpxezNEJpmKBat2tuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTU8fkyCo9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDcz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2nZINoTb/8iLxTqoXVffutFK/zNMowgEcwjHU4AzqcAMN8IBBH57hFd4c4bw4787HrLXg5DP78AfO5w9ahY1f</latexit><latexit sha1_base64="/VkRdWEo7m2nZlbHays20VWCZ+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3qSisYW2lA220m7dLMJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtLyyulZcL21sbm3vlHf3HnWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMryZ+8wmV5rF8MKME/Yj2JQ85o8ZK99fd22654lbdKcgiqeWkAjka3fJXpxezNEJpmKBat2tuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTU8fkyCo9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDcz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2nZINoTb/8iLxTqoXVffutFK/zNMowgEcwjHU4AzqcAMN8IBBH57hFd4c4bw4787HrLXg5DP78AfO5w9ahY1f</latexit><latexit sha1_base64="/VkRdWEo7m2nZlbHays20VWCZ+c=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FD3qSisYW2lA220m7dLMJuxuhhP4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtLyyulZcL21sbm3vlHf3HnWcKoYei0WsWgHVKLhEz3AjsJUopFEgsBkMryZ+8wmV5rF8MKME/Yj2JQ85o8ZK99fd22654lbdKcgiqeWkAjka3fJXpxezNEJpmKBat2tuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTU8fkyCo9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDcz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2nZINoTb/8iLxTqoXVffutFK/zNMowgEcwjHU4AzqcAMN8IBBH57hFd4c4bw4787HrLXg5DP78AfO5w9ahY1f</latexit>

G = GN k2
<latexit sha1_base64="Nm5CsDKZt8WD+QSNxWsCCMCZr1o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCOpBKHqoJ6lgbKGJZbPdtEs3m7C7EUro3/DiQcWrv8ab/8Ztm4O2Phh4vDfDzLwg4Uxp2/62CkvLK6trxfXSxubW9k55d+9Bxakk1CUxj2U7wIpyJqirmea0nUiKo4DTVjC8nvitJyoVi8W9HiXUj3BfsJARrI3kNS5Ro3vrnaDhY61brthVewq0SJycVCBHs1v+8noxSSMqNOFYqY5jJ9rPsNSMcDoueamiCSZD3KcdQwWOqPKz6c1jdGSUHgpjaUpoNFV/T2Q4UmoUBaYzwnqg5r2J+J/XSXV47mdMJKmmgswWhSlHOkaTAFCPSUo0HxmCiWTmVkQGWGKiTUwlE4Iz//IicWvVi6p9d1qpX+VpFOEADuEYHDiDOtxAE1wgkMAzvMKblVov1rv1MWstWPnMPvyB9fkDKOOQAA==</latexit><latexit sha1_base64="Nm5CsDKZt8WD+QSNxWsCCMCZr1o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCOpBKHqoJ6lgbKGJZbPdtEs3m7C7EUro3/DiQcWrv8ab/8Ztm4O2Phh4vDfDzLwg4Uxp2/62CkvLK6trxfXSxubW9k55d+9Bxakk1CUxj2U7wIpyJqirmea0nUiKo4DTVjC8nvitJyoVi8W9HiXUj3BfsJARrI3kNS5Ro3vrnaDhY61brthVewq0SJycVCBHs1v+8noxSSMqNOFYqY5jJ9rPsNSMcDoueamiCSZD3KcdQwWOqPKz6c1jdGSUHgpjaUpoNFV/T2Q4UmoUBaYzwnqg5r2J+J/XSXV47mdMJKmmgswWhSlHOkaTAFCPSUo0HxmCiWTmVkQGWGKiTUwlE4Iz//IicWvVi6p9d1qpX+VpFOEADuEYHDiDOtxAE1wgkMAzvMKblVov1rv1MWstWPnMPvyB9fkDKOOQAA==</latexit><latexit sha1_base64="Nm5CsDKZt8WD+QSNxWsCCMCZr1o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCOpBKHqoJ6lgbKGJZbPdtEs3m7C7EUro3/DiQcWrv8ab/8Ztm4O2Phh4vDfDzLwg4Uxp2/62CkvLK6trxfXSxubW9k55d+9Bxakk1CUxj2U7wIpyJqirmea0nUiKo4DTVjC8nvitJyoVi8W9HiXUj3BfsJARrI3kNS5Ro3vrnaDhY61brthVewq0SJycVCBHs1v+8noxSSMqNOFYqY5jJ9rPsNSMcDoueamiCSZD3KcdQwWOqPKz6c1jdGSUHgpjaUpoNFV/T2Q4UmoUBaYzwnqg5r2J+J/XSXV47mdMJKmmgswWhSlHOkaTAFCPSUo0HxmCiWTmVkQGWGKiTUwlE4Iz//IicWvVi6p9d1qpX+VpFOEADuEYHDiDOtxAE1wgkMAzvMKblVov1rv1MWstWPnMPvyB9fkDKOOQAA==</latexit>

GN ⇠ 1/k2
<latexit sha1_base64="9W5rSCx+eKZtGTk9LEFXa3UFXbs=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiCXeJiXojetCTwcQVElhItxRoaLubtqshG/6HFw9qvPpjvPlvLLAHBV8yyct7M5mZF8acaeO6305uaXlldS2/XtjY3NreKe7uPegoUYT6JOKRaoRYU84k9Q0znDZiRbEIOa2Hw6uJX3+kSrNI3ptRTAOB+5L1GMHGSu3rzi1qaSaQdzJsVzrFklt2p0CLxMtICTLUOsWvVjciiaDSEI61bnpubIIUK8MIp+NCK9E0xmSI+7RpqcSC6iCdXj1GR1bpol6kbEmDpurviRQLrUcitJ0Cm4Ge9ybif14zMb3zIGUyTgyVZLaol3BkIjSJAHWZosTwkSWYKGZvRWSAFSbGBlWwIXjzLy8Sv1K+KLt3p6XqZZZGHg7gEI7BgzOowg3UwAcCCp7hFd6cJ+fFeXc+Zq05J5vZhz9wPn8A9hyRDQ==</latexit><latexit sha1_base64="9W5rSCx+eKZtGTk9LEFXa3UFXbs=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiCXeJiXojetCTwcQVElhItxRoaLubtqshG/6HFw9qvPpjvPlvLLAHBV8yyct7M5mZF8acaeO6305uaXlldS2/XtjY3NreKe7uPegoUYT6JOKRaoRYU84k9Q0znDZiRbEIOa2Hw6uJX3+kSrNI3ptRTAOB+5L1GMHGSu3rzi1qaSaQdzJsVzrFklt2p0CLxMtICTLUOsWvVjciiaDSEI61bnpubIIUK8MIp+NCK9E0xmSI+7RpqcSC6iCdXj1GR1bpol6kbEmDpurviRQLrUcitJ0Cm4Ge9ybif14zMb3zIGUyTgyVZLaol3BkIjSJAHWZosTwkSWYKGZvRWSAFSbGBlWwIXjzLy8Sv1K+KLt3p6XqZZZGHg7gEI7BgzOowg3UwAcCCp7hFd6cJ+fFeXc+Zq05J5vZhz9wPn8A9hyRDQ==</latexit><latexit sha1_base64="9W5rSCx+eKZtGTk9LEFXa3UFXbs=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiCXeJiXojetCTwcQVElhItxRoaLubtqshG/6HFw9qvPpjvPlvLLAHBV8yyct7M5mZF8acaeO6305uaXlldS2/XtjY3NreKe7uPegoUYT6JOKRaoRYU84k9Q0znDZiRbEIOa2Hw6uJX3+kSrNI3ptRTAOB+5L1GMHGSu3rzi1qaSaQdzJsVzrFklt2p0CLxMtICTLUOsWvVjciiaDSEI61bnpubIIUK8MIp+NCK9E0xmSI+7RpqcSC6iCdXj1GR1bpol6kbEmDpurviRQLrUcitJ0Cm4Ge9ybif14zMb3zIGUyTgyVZLaol3BkIjSJAHWZosTwkSWYKGZvRWSAFSbGBlWwIXjzLy8Sv1K+KLt3p6XqZZZGHg7gEI7BgzOowg3UwAcCCp7hFd6cJ+fFeXc+Zq05J5vZhz9wPn8A9hyRDQ==</latexit>

Schwarzschild black hole:

ds2 = �f(r)dt2 + f(r)�1dr2 + r2 d⌦2
<latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit>

(�G0)
�1

<latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit><latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit><latexit sha1_base64="MDaI0owSyrNXS60yCK390zrfvmU=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCxCPVgSEdRb0YMeKxhbaGLZbDft0t0k7E6EEnry4l/x4kHFq//Bm//G7cdBqw8GHu/NMDMvTAXX4DhfVmFufmFxqbhcWlldW9+wN7dudZIpyjyaiEQ1Q6KZ4DHzgINgzVQxIkPBGmH/YuQ37pnSPIlvYJCyQJJuzCNOCRipbe/6gkVQ8btESoIv2w72Fe/24OAuP3SHbbvsVJ0x8F/iTkkZTVFv259+J6GZZDFQQbRuuU4KQU4UcCrYsORnmqWE9kmXtQyNiWQ6yMdvDPG+UTo4SpSpGPBY/TmRE6n1QIamUxLo6VlvJP7ntTKIToOcx2kGLKaTRVEmMCR4lAnucMUoiIEhhCpubsW0RxShYJIrmRDc2Zf/Eu+oelZ1ro/LtfNpGkW0g/ZQBbnoBNXQFaojD1H0gJ7QC3q1Hq1n6816n7QWrOnMNvoF6+MbyjWXmw==</latexit>

• energy scale relevant for black 
holes: curvature

K = Rµ⌫�R
µ⌫� ⇠ G2

0M
2

r6
<latexit sha1_base64="Ht1IvyUVi//zEG3K7iLLA5zag+A="></latexit><latexit sha1_base64="Ht1IvyUVi//zEG3K7iLLA5zag+A="></latexit><latexit sha1_base64="Ht1IvyUVi//zEG3K7iLLA5zag+A="></latexit>

• spherically symmetric case:

• dimensional argument:

f(r) = 1� 2G0 M

r

1

1 + �G2
0 M
r3

<latexit sha1_base64="N/3Wb/WVANS54eRT1Q6UnuiKpWA="></latexit><latexit sha1_base64="N/3Wb/WVANS54eRT1Q6UnuiKpWA="></latexit><latexit sha1_base64="N/3Wb/WVANS54eRT1Q6UnuiKpWA="></latexit>

• RG-improved line element:

k2 =

r
G2

0M
2

r6
<latexit sha1_base64="1PedJlbJkJRrDXcd6n2h6uSd55g=">AAACKHicfZBNS8MwHMZTX+d8q3r0EjYET6Mb4stBGHrQizDBusHalTRLt7A0rUkqjNK730Xwql/Dk+zqJ/AjmG096CY+EHh48n9C/j8/ZlQqyxoZC4tLyyurhbXi+sbm1ra5s3svo0RgYuOIRaLlI0kY5cRWVDHSigVBoc9I0x9cju+bj0RIGvE7NYyJG6IepwHFSOnIM0uDTg2eQ0c+CJU6gUA4vfIsnd10alkqOsdZ5pllq2JNBOdNNTdlkKvhmV9ON8JJSLjCDEnZrlqxclMkFMWMZEUnkSRGeIB6pK0tRyGRbjrZJYMHOunCIBL6cAUn6c9GikIph6GvJ0Ok+vL/12ab48rfTRWcuinlcaIIx9NvBAmDKoJjbLBLBcGKDbVBWFC9CcR9pHEpDbeoEVVngcwbu1Y5q1i3R+X6Rc6qAPZBCRyCKjgBdXANGsAGGDyBF/AK3oxn4934MEbT0QUj7+yBXzI+vwFgsKY8</latexit><latexit sha1_base64="1PedJlbJkJRrDXcd6n2h6uSd55g=">AAACKHicfZBNS8MwHMZTX+d8q3r0EjYET6Mb4stBGHrQizDBusHalTRLt7A0rUkqjNK730Xwql/Dk+zqJ/AjmG096CY+EHh48n9C/j8/ZlQqyxoZC4tLyyurhbXi+sbm1ra5s3svo0RgYuOIRaLlI0kY5cRWVDHSigVBoc9I0x9cju+bj0RIGvE7NYyJG6IepwHFSOnIM0uDTg2eQ0c+CJU6gUA4vfIsnd10alkqOsdZ5pllq2JNBOdNNTdlkKvhmV9ON8JJSLjCDEnZrlqxclMkFMWMZEUnkSRGeIB6pK0tRyGRbjrZJYMHOunCIBL6cAUn6c9GikIph6GvJ0Ok+vL/12ab48rfTRWcuinlcaIIx9NvBAmDKoJjbLBLBcGKDbVBWFC9CcR9pHEpDbeoEVVngcwbu1Y5q1i3R+X6Rc6qAPZBCRyCKjgBdXANGsAGGDyBF/AK3oxn4934MEbT0QUj7+yBXzI+vwFgsKY8</latexit><latexit sha1_base64="1PedJlbJkJRrDXcd6n2h6uSd55g=">AAACKHicfZBNS8MwHMZTX+d8q3r0EjYET6Mb4stBGHrQizDBusHalTRLt7A0rUkqjNK730Xwql/Dk+zqJ/AjmG096CY+EHh48n9C/j8/ZlQqyxoZC4tLyyurhbXi+sbm1ra5s3svo0RgYuOIRaLlI0kY5cRWVDHSigVBoc9I0x9cju+bj0RIGvE7NYyJG6IepwHFSOnIM0uDTg2eQ0c+CJU6gUA4vfIsnd10alkqOsdZ5pllq2JNBOdNNTdlkKvhmV9ON8JJSLjCDEnZrlqxclMkFMWMZEUnkSRGeIB6pK0tRyGRbjrZJYMHOunCIBL6cAUn6c9GikIph6GvJ0Ok+vL/12ab48rfTRWcuinlcaIIx9NvBAmDKoJjbLBLBcGKDbVBWFC9CcR9pHEpDbeoEVVngcwbu1Y5q1i3R+X6Rc6qAPZBCRyCKjgBdXANGsAGGDyBF/AK3oxn4934MEbT0QUj7+yBXzI+vwFgsKY8</latexit>

= 1 +#r2 + ...
<latexit sha1_base64="nQ0wK4TCzP8IvDz+ta78T5wG5oQ=">AAACEXicfZDLSgMxGIX/qbdab1WXboKDIBSGmSKoC6HoxmUFxxbstGTSTBuayQxJRihD38KFW30MV+LWJ/ApfAXTy0Jb8UDgcPJ/4c8JU86Udt1Pq7C0vLK6VlwvbWxube+Ud/fuVJJJQn2S8EQ2Q6woZ4L6mmlOm6mkOA45bYSDq/F944FKxRJxq4cpDWLcEyxiBGsTtS+QV2nZSLarFcdxOmXbddyJ0KLxZsaGmeqd8lerm5AspkITjpW699xUBzmWmhFOR6VWpmiKyQD36L2xAsdUBflk6xE6MkkXRYk0R2g0SX8SOY6VGsahmYyx7qt/X5sHx8TfoI7OgpyJNNNUkOkWUcaRTtC4H9RlkhLNh8ZgIpn5CCJ9LDHRpsWSacib72PR+FXn3HFvTuza5ayqIhzAIRyDB6dQg2uogw8EJDzBM7xYj9ar9Wa9T0cL1ozZh1+yPr4BZf+cRQ==</latexit><latexit sha1_base64="nQ0wK4TCzP8IvDz+ta78T5wG5oQ=">AAACEXicfZDLSgMxGIX/qbdab1WXboKDIBSGmSKoC6HoxmUFxxbstGTSTBuayQxJRihD38KFW30MV+LWJ/ApfAXTy0Jb8UDgcPJ/4c8JU86Udt1Pq7C0vLK6VlwvbWxube+Ud/fuVJJJQn2S8EQ2Q6woZ4L6mmlOm6mkOA45bYSDq/F944FKxRJxq4cpDWLcEyxiBGsTtS+QV2nZSLarFcdxOmXbddyJ0KLxZsaGmeqd8lerm5AspkITjpW699xUBzmWmhFOR6VWpmiKyQD36L2xAsdUBflk6xE6MkkXRYk0R2g0SX8SOY6VGsahmYyx7qt/X5sHx8TfoI7OgpyJNNNUkOkWUcaRTtC4H9RlkhLNh8ZgIpn5CCJ9LDHRpsWSacib72PR+FXn3HFvTuza5ayqIhzAIRyDB6dQg2uogw8EJDzBM7xYj9ar9Wa9T0cL1ozZh1+yPr4BZf+cRQ==</latexit><latexit sha1_base64="nQ0wK4TCzP8IvDz+ta78T5wG5oQ=">AAACEXicfZDLSgMxGIX/qbdab1WXboKDIBSGmSKoC6HoxmUFxxbstGTSTBuayQxJRihD38KFW30MV+LWJ/ApfAXTy0Jb8UDgcPJ/4c8JU86Udt1Pq7C0vLK6VlwvbWxube+Ud/fuVJJJQn2S8EQ2Q6woZ4L6mmlOm6mkOA45bYSDq/F944FKxRJxq4cpDWLcEyxiBGsTtS+QV2nZSLarFcdxOmXbddyJ0KLxZsaGmeqd8lerm5AspkITjpW699xUBzmWmhFOR6VWpmiKyQD36L2xAsdUBflk6xE6MkkXRYk0R2g0SX8SOY6VGsahmYyx7qt/X5sHx8TfoI7OgpyJNNNUkOkWUcaRTtC4H9RlkhLNh8ZgIpn5CCJ9LDHRpsWSacib72PR+FXn3HFvTuza5ayqIhzAIRyDB6dQg2uogw8EJDzBM7xYj9ar9Wa9T0cL1ozZh1+yPr4BZf+cRQ==</latexit>

[Bonanno, Reuter ’99 ’00, 06 ; 

Falls, Litim ’11; Koch, Saueressig ’13,


Pawlowski, Stock ’18 Adeifeoba, AE, Platania, ’18,

Platania ’19, Held, Gold, AE ’19]

f(r) = 1� 2GN M

r
<latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit><latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit><latexit sha1_base64="JaFe9c9u1oI/y1z2t9xd76V5h6E=">AAACA3icbVBNS8NAEN34WetX1GMvi0WooCUpgnoQih70olQwttCEstlu2qWbTdjdCCXk4MW/4sWDilf/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9r2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3Ax8psPREga8Ts1jIkXoh6nAcVIaaljloKK2Idn0D6EbiAQTmuXnRv34DpLRdYxy1bVGgPOEjsnZZCj0TG/3G6Ek5BwhRmSsm1bsfJSJBTFjGRFN5EkRniAeqStKUchkV46fiKDe1rpwiASuriCY/X3RIpCKYehrztDpPpy2huJ/3ntRAUnXkp5nCjC8WRRkDCoIjhKBHapIFixoSYIC6pvhbiPdBZK51bUIdjTL88Sp1Y9rVq3R+X6eZ5GAZTALqgAGxyDOrgCDeAADB7BM3gFb8aT8WK8Gx+T1jkjn9kBf2B8/gAKtpYF</latexit>

Mathematical diversity, physical unity?

note:  heuristic argument! 
GN ! GN (k)

<latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit><latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit><latexit sha1_base64="s3bIoYeBvSPIoHWhI6NyfFI45jg=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEI9VJSEdRb0YOepIKxhTaEzXbTLt1kw+5EKbEH/4oXDype/R3e/Ddu2xy09cHA2/dm2JkXJIJrcJxva25+YXFpubBSXF1b39i0t7bvtEwVZS6VQqpmQDQTPGYucBCsmShGokCwRtC/GPmNe6Y0l/EtDBLmRaQb85BTAkby7d1L/xq3Fe/2gCglH7B5l/uHvl1yKs4YeJZUc1JCOeq+/dXuSJpGLAYqiNatqpOAlxEFnAo2LLZTzRJC+6TLWobGJGLay8b7D/GBUTo4lMpUDHis/p7ISKT1IApMZ0Sgp6e9kfif10ohPPUyHicpsJhOPgpTgUHiURi4wxWjIAaGEKq42RXTHlGEgomsaEKoTp88S9yjylnFuTku1c7zNApoD+2jMqqiE1RDV6iOXETRI3pGr+jNerJerHfrY9I6Z+UzO+gPrM8f1iiU4w==</latexit>



Spherically symmetric singularity-
free black hole:

ds2 = �f(r)dt2 + f(r)�1dr2 + r2 d⌦2
<latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit>
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Spherically symmetric singularity-
free black hole:

ds2 = �f(r)dt2 + f(r)�1dr2 + r2 d⌦2
<latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit>
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<latexit sha1_base64="N/3Wb/WVANS54eRT1Q6UnuiKpWA="></latexit><latexit sha1_base64="N/3Wb/WVANS54eRT1Q6UnuiKpWA="></latexit><latexit sha1_base64="N/3Wb/WVANS54eRT1Q6UnuiKpWA="></latexit>

[Nicolini ’19][Gambini, Pullin ’08, ’13; 

Rovelli, Vidotto ’14]

[Nicolini ’06]
[Bonanno, Reuter ’99 ’00, 06 ; 
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Koch, Saueressig ’13,

Pawlowski, Stock ’18 
Adeifeoba, AE, Platania, ’18,

Platania ’19, 

Held, Gold, AE ’19]

inspired by quantum gravity:

[Hayward ’06]
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Spherically symmetric singularity-
free black hole:

ds2 = �f(r)dt2 + f(r)�1dr2 + r2 d⌦2
<latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit>
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<latexit sha1_base64="eBZ7ah94WAvhWJhuHVcVIapmmII="></latexit><latexit sha1_base64="eBZ7ah94WAvhWJhuHVcVIapmmII="></latexit><latexit sha1_base64="eBZ7ah94WAvhWJhuHVcVIapmmII="></latexit>

Me↵(r ⇡ rhorizon)
<latexit sha1_base64="SLisiH+ONrjc3HymyjvLv4e8qoc=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0lFUG9FL16ECsYWmhA22027dLMbdjdiDfkHXvwrXjyoePXszX/jts1BWx8MPN6bYWZemDCqtON8W3PzC4tLy6WV8ura+samvbV9q0QqMXGxYEK2Q6QIo5y4mmpG2okkKA4ZaYWDi5HfuiNSUcFv9DAhfox6nEYUI22kwD64CjJPxpBEUQ6r0kNJIsU9lBO1LyR9EDw/DOyKU3PGgLOkXpAKKNAM7C+vK3AaE64xQ0p16k6i/QxJTTEjedlLFUkQHqAe6RjKUUyUn43/yeG+UbowEtIU13Cs/p7IUKzUMA5NZ4x0X017I/E/r5Pq6NTPKE9STTieLIpSBrWAo3Bgl0qCNRsagrCk5laI+0girE2EZRNCffrlWeIe1c5qzvVxpXFepFECu2APVEEdnIAGuARN4AIMHsEzeAVv1pP1Yr1bH5PWOauY2QF/YH3+ACVFnFA=</latexit><latexit sha1_base64="SLisiH+ONrjc3HymyjvLv4e8qoc=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0lFUG9FL16ECsYWmhA22027dLMbdjdiDfkHXvwrXjyoePXszX/jts1BWx8MPN6bYWZemDCqtON8W3PzC4tLy6WV8ura+samvbV9q0QqMXGxYEK2Q6QIo5y4mmpG2okkKA4ZaYWDi5HfuiNSUcFv9DAhfox6nEYUI22kwD64CjJPxpBEUQ6r0kNJIsU9lBO1LyR9EDw/DOyKU3PGgLOkXpAKKNAM7C+vK3AaE64xQ0p16k6i/QxJTTEjedlLFUkQHqAe6RjKUUyUn43/yeG+UbowEtIU13Cs/p7IUKzUMA5NZ4x0X017I/E/r5Pq6NTPKE9STTieLIpSBrWAo3Bgl0qCNRsagrCk5laI+0girE2EZRNCffrlWeIe1c5qzvVxpXFepFECu2APVEEdnIAGuARN4AIMHsEzeAVv1pP1Yr1bH5PWOauY2QF/YH3+ACVFnFA=</latexit><latexit sha1_base64="SLisiH+ONrjc3HymyjvLv4e8qoc=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0lFUG9FL16ECsYWmhA22027dLMbdjdiDfkHXvwrXjyoePXszX/jts1BWx8MPN6bYWZemDCqtON8W3PzC4tLy6WV8ura+samvbV9q0QqMXGxYEK2Q6QIo5y4mmpG2okkKA4ZaYWDi5HfuiNSUcFv9DAhfox6nEYUI22kwD64CjJPxpBEUQ6r0kNJIsU9lBO1LyR9EDw/DOyKU3PGgLOkXpAKKNAM7C+vK3AaE64xQ0p16k6i/QxJTTEjedlLFUkQHqAe6RjKUUyUn43/yeG+UbowEtIU13Cs/p7IUKzUMA5NZ4x0X017I/E/r5Pq6NTPKE9STTieLIpSBrWAo3Bgl0qCNRsagrCk5laI+0girE2EZRNCffrlWeIe1c5qzvVxpXFepFECu2APVEEdnIAGuARN4AIMHsEzeAVv1pP1Yr1bH5PWOauY2QF/YH3+ACVFnFA=</latexit>

<
<latexit sha1_base64="2ETfe52Lgh1v84CGsWxw29pJJfE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFD0YvHFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3U791hMqzWN5b8YJ+hEdSB5yRo2Vmte9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv8nTKMIRHMMp1OAC6nAHDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucP+YqMkw==</latexit><latexit sha1_base64="2ETfe52Lgh1v84CGsWxw29pJJfE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFD0YvHFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3U791hMqzWN5b8YJ+hEdSB5yRo2Vmte9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv8nTKMIRHMMp1OAC6nAHDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucP+YqMkw==</latexit><latexit sha1_base64="2ETfe52Lgh1v84CGsWxw29pJJfE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFD0YvHFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3U791hMqzWN5b8YJ+hEdSB5yRo2Vmte9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv8nTKMIRHMMp1OAC6nAHDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucP+YqMkw==</latexit>

Me↵(r ⇡ 1000 rhorizon)
<latexit sha1_base64="N3sPPeC2sxpap2XGpDBuIYhRMi4=">AAACFXicbVDLSgMxFM3UV62vqks3wSJU0JIRQd0V3bgRKji20BlKJs20oZlkSDJiHfoVbvwVNy5U3Aru/BvTx0JbD1w4nHMv994TJpxpg9C3k5ubX1hcyi8XVlbX1jeKm1u3WqaKUI9ILlUjxJpyJqhnmOG0kSiK45DTeti7GPr1O6o0k+LG9BMaxLgjWMQINlZqFQ+vWpmvYkijaADLysdJouQ9dBFC/gFUY7MrFXuQYrDfKpZQBY0AZ4k7ISUwQa1V/PLbkqQxFYZwrHXTRYkJMqwMI5wOCn6qaYJJD3do01KBY6qDbPTWAO5ZpQ0jqWwJA0fq74kMx1r349B2xth09bQ3FP/zmqmJToOMiSQ1VJDxoijl0Eg4zAi2maLE8L4lmChmb4WkixUmxiZZsCG40y/PEu+oclZB18el6vkkjTzYAbugDFxwAqrgEtSABwh4BM/gFbw5T86L8+58jFtzzmRmG/yB8/kDn0Wd/w==</latexit><latexit sha1_base64="N3sPPeC2sxpap2XGpDBuIYhRMi4=">AAACFXicbVDLSgMxFM3UV62vqks3wSJU0JIRQd0V3bgRKji20BlKJs20oZlkSDJiHfoVbvwVNy5U3Aru/BvTx0JbD1w4nHMv994TJpxpg9C3k5ubX1hcyi8XVlbX1jeKm1u3WqaKUI9ILlUjxJpyJqhnmOG0kSiK45DTeti7GPr1O6o0k+LG9BMaxLgjWMQINlZqFQ+vWpmvYkijaADLysdJouQ9dBFC/gFUY7MrFXuQYrDfKpZQBY0AZ4k7ISUwQa1V/PLbkqQxFYZwrHXTRYkJMqwMI5wOCn6qaYJJD3do01KBY6qDbPTWAO5ZpQ0jqWwJA0fq74kMx1r349B2xth09bQ3FP/zmqmJToOMiSQ1VJDxoijl0Eg4zAi2maLE8L4lmChmb4WkixUmxiZZsCG40y/PEu+oclZB18el6vkkjTzYAbugDFxwAqrgEtSABwh4BM/gFbw5T86L8+58jFtzzmRmG/yB8/kDn0Wd/w==</latexit><latexit sha1_base64="N3sPPeC2sxpap2XGpDBuIYhRMi4=">AAACFXicbVDLSgMxFM3UV62vqks3wSJU0JIRQd0V3bgRKji20BlKJs20oZlkSDJiHfoVbvwVNy5U3Aru/BvTx0JbD1w4nHMv994TJpxpg9C3k5ubX1hcyi8XVlbX1jeKm1u3WqaKUI9ILlUjxJpyJqhnmOG0kSiK45DTeti7GPr1O6o0k+LG9BMaxLgjWMQINlZqFQ+vWpmvYkijaADLysdJouQ9dBFC/gFUY7MrFXuQYrDfKpZQBY0AZ4k7ISUwQa1V/PLbkqQxFYZwrHXTRYkJMqwMI5wOCn6qaYJJD3do01KBY6qDbPTWAO5ZpQ0jqWwJA0fq74kMx1r349B2xth09bQ3FP/zmqmJToOMiSQ1VJDxoijl0Eg4zAi2maLE8L4lmChmb4WkixUmxiZZsCG40y/PEu+oclZB18el6vkkjTzYAbugDFxwAqrgEtSABwh4BM/gFbw5T86L8+58jFtzzmRmG/yB8/kDn0Wd/w==</latexit>

= 1� 2G0Me↵

r
<latexit sha1_base64="E4ThEws4wohYDfDCvgAc99Iox6k=">AAACIXicfZBNS8MwHMbT+TbnW9WjHoJD8OJoh6AehKEHvQgTrBuspaRZuoUlbUlSYZRe/CwevOrH8CTexA/hVzDbetBNfCDw8OT/hPx/QcKoVJb1YZTm5hcWl8rLlZXVtfUNc3PrTsapwMTBMYtFO0CSMBoRR1HFSDsRBPGAkVYwuBjdt+6JkDSObtUwIR5HvYiGFCOlI9/cPbMP3VAgnNUvfevaz1zBIQnDPM9E7ptVq2aNBWeNXZgqKNT0zS+3G+OUk0hhhqTs2FaivAwJRTEjecVNJUkQHqAe6WgbIU6kl423yOG+TrowjIU+kYLj9GcjQ1zKIQ/0JEeqL/99bbo4avxdVOGJl9EoSRWJ8OQXYcqgiuGIF+xSQbBiQ20QFlQvAnEfaWBKU61oQvY0j1nj1GunNevmqNo4L1CVwQ7YAwfABsegAa5AEzgAgwfwBJ7Bi/FovBpvxvtktGQUnW3wS8bnN+WnpCA=</latexit><latexit sha1_base64="E4ThEws4wohYDfDCvgAc99Iox6k=">AAACIXicfZBNS8MwHMbT+TbnW9WjHoJD8OJoh6AehKEHvQgTrBuspaRZuoUlbUlSYZRe/CwevOrH8CTexA/hVzDbetBNfCDw8OT/hPx/QcKoVJb1YZTm5hcWl8rLlZXVtfUNc3PrTsapwMTBMYtFO0CSMBoRR1HFSDsRBPGAkVYwuBjdt+6JkDSObtUwIR5HvYiGFCOlI9/cPbMP3VAgnNUvfevaz1zBIQnDPM9E7ptVq2aNBWeNXZgqKNT0zS+3G+OUk0hhhqTs2FaivAwJRTEjecVNJUkQHqAe6WgbIU6kl423yOG+TrowjIU+kYLj9GcjQ1zKIQ/0JEeqL/99bbo4avxdVOGJl9EoSRWJ8OQXYcqgiuGIF+xSQbBiQ20QFlQvAnEfaWBKU61oQvY0j1nj1GunNevmqNo4L1CVwQ7YAwfABsegAa5AEzgAgwfwBJ7Bi/FovBpvxvtktGQUnW3wS8bnN+WnpCA=</latexit><latexit sha1_base64="E4ThEws4wohYDfDCvgAc99Iox6k=">AAACIXicfZBNS8MwHMbT+TbnW9WjHoJD8OJoh6AehKEHvQgTrBuspaRZuoUlbUlSYZRe/CwevOrH8CTexA/hVzDbetBNfCDw8OT/hPx/QcKoVJb1YZTm5hcWl8rLlZXVtfUNc3PrTsapwMTBMYtFO0CSMBoRR1HFSDsRBPGAkVYwuBjdt+6JkDSObtUwIR5HvYiGFCOlI9/cPbMP3VAgnNUvfevaz1zBIQnDPM9E7ptVq2aNBWeNXZgqKNT0zS+3G+OUk0hhhqTs2FaivAwJRTEjecVNJUkQHqAe6WgbIU6kl423yOG+TrowjIU+kYLj9GcjQ1zKIQ/0JEeqL/99bbo4avxdVOGJl9EoSRWJ8OQXYcqgiuGIF+xSQbBiQ20QFlQvAnEfaWBKU61oQvY0j1nj1GunNevmqNo4L1CVwQ7YAwfABsegAa5AEzgAgwfwBJ7Bi/FovBpvxvtktGQUnW3wS8bnN+WnpCA=</latexit>
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QG?
increased compactness 

through “effective repulsive” qg force

effectively: 
reduced radius-dependent mass parameter

Mathematical diversity, physical unity?



Spherically symmetric singularity-
free black hole:

ds2 = �f(r)dt2 + f(r)�1dr2 + r2 d⌦2
<latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit><latexit sha1_base64="4iHuecQ+PXBAV7NG4EJrHaoz4XA=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgV25IEQV0IRTfurGBsoWnLZDJph04ezEyEEvoTbvwVNy5U3Lpw5984abPQ1gMXzpxzL3fucWNGhTSMb21hcWl5ZbWwVlzf2Nza1nd270WUcExsHLGIt1wkCKMhsSWVjLRiTlDgMtJ0h1eZ33wgXNAovJOjmHQC1A+pTzGSSurpFU90rYuqX+ZHnuxaxxnpplVz7HH1UuVUoOfcBKSPulZPLxk1YwI4T8yclECORk//crwIJwEJJWZIiLZpxLKTIi4pZmRcdBJBYoSHqE/aioYoIKKTTq4aw0OleNCPuKpQwon6eyJFgRCjwFWdAZIDMetl4n9eO5H+WSelYZxIEuLpIj9hUEYwiwh6lBMs2UgRhDlVf4V4gDjCUgVZVCGYsyfPE9uqndeM25NS/TJPowD2wQEoAxOcgjq4Bg1gAwwewTN4BW/ak/aivWsf09YFLZ/ZA3+gff4Ack2cFA==</latexit>

f(r) = 1� 2G0 M

r

1

1 + �G2
0 M
r3

<latexit sha1_base64="N/3Wb/WVANS54eRT1Q6UnuiKpWA="></latexit><latexit sha1_base64="N/3Wb/WVANS54eRT1Q6UnuiKpWA="></latexit><latexit sha1_base64="N/3Wb/WVANS54eRT1Q6UnuiKpWA="></latexit>

effectively: 
reduced radius-dependent mass parameter

Me↵ = M � �
G2

0M
2

r3
+ ...

<latexit sha1_base64="eBZ7ah94WAvhWJhuHVcVIapmmII="></latexit><latexit sha1_base64="eBZ7ah94WAvhWJhuHVcVIapmmII="></latexit><latexit sha1_base64="eBZ7ah94WAvhWJhuHVcVIapmmII="></latexit>

Me↵(r ⇡ rhorizon)
<latexit sha1_base64="SLisiH+ONrjc3HymyjvLv4e8qoc=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0lFUG9FL16ECsYWmhA22027dLMbdjdiDfkHXvwrXjyoePXszX/jts1BWx8MPN6bYWZemDCqtON8W3PzC4tLy6WV8ura+samvbV9q0QqMXGxYEK2Q6QIo5y4mmpG2okkKA4ZaYWDi5HfuiNSUcFv9DAhfox6nEYUI22kwD64CjJPxpBEUQ6r0kNJIsU9lBO1LyR9EDw/DOyKU3PGgLOkXpAKKNAM7C+vK3AaE64xQ0p16k6i/QxJTTEjedlLFUkQHqAe6RjKUUyUn43/yeG+UbowEtIU13Cs/p7IUKzUMA5NZ4x0X017I/E/r5Pq6NTPKE9STTieLIpSBrWAo3Bgl0qCNRsagrCk5laI+0girE2EZRNCffrlWeIe1c5qzvVxpXFepFECu2APVEEdnIAGuARN4AIMHsEzeAVv1pP1Yr1bH5PWOauY2QF/YH3+ACVFnFA=</latexit><latexit sha1_base64="SLisiH+ONrjc3HymyjvLv4e8qoc=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0lFUG9FL16ECsYWmhA22027dLMbdjdiDfkHXvwrXjyoePXszX/jts1BWx8MPN6bYWZemDCqtON8W3PzC4tLy6WV8ura+samvbV9q0QqMXGxYEK2Q6QIo5y4mmpG2okkKA4ZaYWDi5HfuiNSUcFv9DAhfox6nEYUI22kwD64CjJPxpBEUQ6r0kNJIsU9lBO1LyR9EDw/DOyKU3PGgLOkXpAKKNAM7C+vK3AaE64xQ0p16k6i/QxJTTEjedlLFUkQHqAe6RjKUUyUn43/yeG+UbowEtIU13Cs/p7IUKzUMA5NZ4x0X017I/E/r5Pq6NTPKE9STTieLIpSBrWAo3Bgl0qCNRsagrCk5laI+0girE2EZRNCffrlWeIe1c5qzvVxpXFepFECu2APVEEdnIAGuARN4AIMHsEzeAVv1pP1Yr1bH5PWOauY2QF/YH3+ACVFnFA=</latexit><latexit sha1_base64="SLisiH+ONrjc3HymyjvLv4e8qoc=">AAACDnicbVBNS8NAEN34WetX1KOXxaLUS0lFUG9FL16ECsYWmhA22027dLMbdjdiDfkHXvwrXjyoePXszX/jts1BWx8MPN6bYWZemDCqtON8W3PzC4tLy6WV8ura+samvbV9q0QqMXGxYEK2Q6QIo5y4mmpG2okkKA4ZaYWDi5HfuiNSUcFv9DAhfox6nEYUI22kwD64CjJPxpBEUQ6r0kNJIsU9lBO1LyR9EDw/DOyKU3PGgLOkXpAKKNAM7C+vK3AaE64xQ0p16k6i/QxJTTEjedlLFUkQHqAe6RjKUUyUn43/yeG+UbowEtIU13Cs/p7IUKzUMA5NZ4x0X017I/E/r5Pq6NTPKE9STTieLIpSBrWAo3Bgl0qCNRsagrCk5laI+0girE2EZRNCffrlWeIe1c5qzvVxpXFepFECu2APVEEdnIAGuARN4AIMHsEzeAVv1pP1Yr1bH5PWOauY2QF/YH3+ACVFnFA=</latexit>

<
<latexit sha1_base64="2ETfe52Lgh1v84CGsWxw29pJJfE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFD0YvHFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3U791hMqzWN5b8YJ+hEdSB5yRo2Vmte9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv8nTKMIRHMMp1OAC6nAHDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucP+YqMkw==</latexit><latexit sha1_base64="2ETfe52Lgh1v84CGsWxw29pJJfE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFD0YvHFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3U791hMqzWN5b8YJ+hEdSB5yRo2Vmte9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv8nTKMIRHMMp1OAC6nAHDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucP+YqMkw==</latexit><latexit sha1_base64="2ETfe52Lgh1v84CGsWxw29pJJfE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUMFD0YvHFowttKFstpN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFySCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQw9FotYtQOqUXCJnuFGYDtRSKNAYCsY3U791hMqzWN5b8YJ+hEdSB5yRo2Vmte9csWtujOQZVLLSQVyNHrlr24/ZmmE0jBBte7U3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZodOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhpZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYlG0Jt8eVl4p1Vr6pu87xSv8nTKMIRHMMp1OAC6nAHDfCAAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucP+YqMkw==</latexit>

Me↵(r ⇡ 1000 rhorizon)
<latexit sha1_base64="N3sPPeC2sxpap2XGpDBuIYhRMi4=">AAACFXicbVDLSgMxFM3UV62vqks3wSJU0JIRQd0V3bgRKji20BlKJs20oZlkSDJiHfoVbvwVNy5U3Aru/BvTx0JbD1w4nHMv994TJpxpg9C3k5ubX1hcyi8XVlbX1jeKm1u3WqaKUI9ILlUjxJpyJqhnmOG0kSiK45DTeti7GPr1O6o0k+LG9BMaxLgjWMQINlZqFQ+vWpmvYkijaADLysdJouQ9dBFC/gFUY7MrFXuQYrDfKpZQBY0AZ4k7ISUwQa1V/PLbkqQxFYZwrHXTRYkJMqwMI5wOCn6qaYJJD3do01KBY6qDbPTWAO5ZpQ0jqWwJA0fq74kMx1r349B2xth09bQ3FP/zmqmJToOMiSQ1VJDxoijl0Eg4zAi2maLE8L4lmChmb4WkixUmxiZZsCG40y/PEu+oclZB18el6vkkjTzYAbugDFxwAqrgEtSABwh4BM/gFbw5T86L8+58jFtzzmRmG/yB8/kDn0Wd/w==</latexit><latexit sha1_base64="N3sPPeC2sxpap2XGpDBuIYhRMi4=">AAACFXicbVDLSgMxFM3UV62vqks3wSJU0JIRQd0V3bgRKji20BlKJs20oZlkSDJiHfoVbvwVNy5U3Aru/BvTx0JbD1w4nHMv994TJpxpg9C3k5ubX1hcyi8XVlbX1jeKm1u3WqaKUI9ILlUjxJpyJqhnmOG0kSiK45DTeti7GPr1O6o0k+LG9BMaxLgjWMQINlZqFQ+vWpmvYkijaADLysdJouQ9dBFC/gFUY7MrFXuQYrDfKpZQBY0AZ4k7ISUwQa1V/PLbkqQxFYZwrHXTRYkJMqwMI5wOCn6qaYJJD3do01KBY6qDbPTWAO5ZpQ0jqWwJA0fq74kMx1r349B2xth09bQ3FP/zmqmJToOMiSQ1VJDxoijl0Eg4zAi2maLE8L4lmChmb4WkixUmxiZZsCG40y/PEu+oclZB18el6vkkjTzYAbugDFxwAqrgEtSABwh4BM/gFbw5T86L8+58jFtzzmRmG/yB8/kDn0Wd/w==</latexit><latexit sha1_base64="N3sPPeC2sxpap2XGpDBuIYhRMi4=">AAACFXicbVDLSgMxFM3UV62vqks3wSJU0JIRQd0V3bgRKji20BlKJs20oZlkSDJiHfoVbvwVNy5U3Aru/BvTx0JbD1w4nHMv994TJpxpg9C3k5ubX1hcyi8XVlbX1jeKm1u3WqaKUI9ILlUjxJpyJqhnmOG0kSiK45DTeti7GPr1O6o0k+LG9BMaxLgjWMQINlZqFQ+vWpmvYkijaADLysdJouQ9dBFC/gFUY7MrFXuQYrDfKpZQBY0AZ4k7ISUwQa1V/PLbkqQxFYZwrHXTRYkJMqwMI5wOCn6qaYJJD3do01KBY6qDbPTWAO5ZpQ0jqWwJA0fq74kMx1r349B2xth09bQ3FP/zmqmJToOMiSQ1VJDxoijl0Eg4zAi2maLE8L4lmChmb4WkixUmxiZZsCG40y/PEu+oclZB18el6vkkjTzYAbugDFxwAqrgEtSABwh4BM/gFbw5T86L8+58jFtzzmRmG/yB8/kDn0Wd/w==</latexit>

[EHT Collaboration ‘19]
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theory development

phenomenology

Status of asymptotic safety in gravity: 

• strong indications for fixed point in Euclidean gravity 
• tentative hints for enhanced predictive power in matter sector 
• first hint that predictive power could extend to parameters of 

the geometry (d=4) 
• heuristic argument results in regular black-hole metric similar 

to several other approaches, with “effective mass” M(r)  
     -> constraints from EHT (?) (no constraints if QG @ MPl)
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Key challenges: 

• Lorentzian nature of spacetime 
• Unitarity  

• higher-order terms only lead to extra poles in 
truncations? 

• “non-fundamental” asymptotic safety 
• observational consistency tests theory development

phenomenology

Status of asymptotic safety in gravity: 

• strong indications for fixed point in Euclidean gravity 
• tentative hints for enhanced predictive power in matter sector 
• first hint that predictive power could extend to parameters of 

the geometry (d=4) 
• heuristic argument results in regular black-hole metric similar 

to several other approaches, with “effective mass” M(r)  
     -> constraints from EHT (?) (no constraints if QG @ MPl)



Summary

g1
<latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit><latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit><latexit sha1_base64="8e9/hZhmJagKmHlVfUrm3njREDY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpftDzetWaW3dnIMvEK0gNCjR71a9uP2FZzBUySY3peG6KQU41Cib5pNLNDE8pG9EB71iqaMxNkM9OnZATq/RJlGhbCslM/T2R09iYcRzazpji0Cx6U/E/r5NhdBnkQqUZcsXmi6JMEkzI9G/SF5ozlGNLKNPC3krYkGrK0KZTsSF4iy8vE/+sflV3785rjesijTIcwTGcggcX0IBbaIIPDAbwDK/w5kjnxXl3PuatJaeYOYQ/cD5/AF9OjWI=</latexit>

g2
<latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit><latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit><latexit sha1_base64="IbS/G7lpS7tLh3EQ2y5Quf33PUw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8eKxhbaUDbbTbp0swm7E6GU/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLMykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTZprxn2WylS3Q2q4FIr7KFDydqY5TULJW+HwZuq3nrg2IlUPOMp4kNBYiUgwila6j3v1XqXq1twZyDLxClKFAs1e5avbT1mecIVMUmM6npthMKYaBZN8Uu7mhmeUDWnMO5YqmnATjGenTsipVfokSrUthWSm/p4Y08SYURLazoTiwCx6U/E/r5NjdBmMhcpy5IrNF0W5JJiS6d+kLzRnKEeWUKaFvZWwAdWUoU2nbEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDGJ4hld4c6Tz4rw7H/PWFaeYOYI/cD5/AGDRjWM=</latexit>

g3
<latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit><latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit><latexit sha1_base64="H7LIhAVsiuTY9kvVpSedqI9HczM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUUG9FLx4rGltoQ9lsJ+nSzSbsboRS+hO8eFDx6j/y5r9x2+ag1QcDj/dmmJkXZoJr47pfTmlpeWV1rbxe2djc2t6p7u496DRXDH2WilS1Q6pRcIm+4UZgO1NIk1BgKxxeT/3WIyrNU3lvRhkGCY0ljzijxkp3ce+0V625dXcG8pd4BalBgWav+tntpyxPUBomqNYdz81MMKbKcCZwUunmGjPKhjTGjqWSJqiD8ezUCTmySp9EqbIlDZmpPyfGNNF6lIS2M6FmoBe9qfif18lNdBGMucxyg5LNF0W5ICYl079JnytkRowsoUxxeythA6ooMzadig3BW3z5L/FP6pd19/as1rgq0ijDARzCMXhwDg24gSb4wCCGJ3iBV0c4z86b8z5vLTnFzD78gvPxDWJUjWQ=</latexit>

theory development

phenomenology

Stay tuned for growth at 
both ends! 

Status of asymptotic safety in gravity: 

• strong indications for fixed point in Euclidean gravity 
• tentative hints for enhanced predictive power in matter sector 
• first hint that predictive power could extend to parameters of 

the geometry (d=4) 
• heuristic argument results in regular black-hole metric similar 

to several other approaches, with “effective mass” M(r)  
     -> constraints from EHT (?) (no constraints if QG @ MPl)

Key challenges: 

• Lorentzian nature of spacetime 
• Unitarity  

• higher-order terms only lead to extra poles in 
truncations? 

• “non-fundamental” asymptotic safety 
• observational consistency tests



Quantitative characterization of universality classes from the FRG

example: Ising model

local potential approximation (LPA N): �k =

Z �
Zk@µ�@

µ�+ Vk(�
2)
�
.

<latexit sha1_base64="y5yCSahFsUyPJryOiXDnuWhIw94="></latexit><latexit sha1_base64="y5yCSahFsUyPJryOiXDnuWhIw94="></latexit><latexit sha1_base64="y5yCSahFsUyPJryOiXDnuWhIw94="></latexit>
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<latexit sha1_base64="GkkLB/m7KYw5+MMD3+Ps87NE1K0=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0V0ISUpgrooFN24kgqmLTRpmEwm7dDJg5mJUEI+wY2/4saFilu37vwbp20W2npg4HDOPdy5x0sYFdIwvrXS0vLK6lp5vbKxubW9o+/utUWcckwsHLOYdz0kCKMRsSSVjHQTTlDoMdLxRtcTv/NAuKBxdC/HCXFCNIhoQDGSSnL147Y7akBbpKGb0YaZ92+hzVTcRy6F9qmdDGk/q9Pc1atGzZgCLhKzIFVQoOXqX7Yf4zQkkcQMCdEzjUQ6GeKSYkbyip0KkiA8QgPSUzRCIRFONj0oh0dK8WEQc/UiCafq70SGQiHGoacmQySHYt6biP95vVQGF05GoySVJMKzRUHKoIzhpB3oU06wZGNFEOZU/RXiIeIIS9VhRZVgzp+8SKx67bJm3J1Vm1dFG2VwAA7BCTDBOWiCG9ACFsDgETyDV/CmPWkv2rv2MRstaUVmH/yB9vkDnFab5w==</latexit><latexit sha1_base64="GkkLB/m7KYw5+MMD3+Ps87NE1K0=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0V0ISUpgrooFN24kgqmLTRpmEwm7dDJg5mJUEI+wY2/4saFilu37vwbp20W2npg4HDOPdy5x0sYFdIwvrXS0vLK6lp5vbKxubW9o+/utUWcckwsHLOYdz0kCKMRsSSVjHQTTlDoMdLxRtcTv/NAuKBxdC/HCXFCNIhoQDGSSnL147Y7akBbpKGb0YaZ92+hzVTcRy6F9qmdDGk/q9Pc1atGzZgCLhKzIFVQoOXqX7Yf4zQkkcQMCdEzjUQ6GeKSYkbyip0KkiA8QgPSUzRCIRFONj0oh0dK8WEQc/UiCafq70SGQiHGoacmQySHYt6biP95vVQGF05GoySVJMKzRUHKoIzhpB3oU06wZGNFEOZU/RXiIeIIS9VhRZVgzp+8SKx67bJm3J1Vm1dFG2VwAA7BCTDBOWiCG9ACFsDgETyDV/CmPWkv2rv2MRstaUVmH/yB9vkDnFab5w==</latexit><latexit sha1_base64="GkkLB/m7KYw5+MMD3+Ps87NE1K0=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0V0ISUpgrooFN24kgqmLTRpmEwm7dDJg5mJUEI+wY2/4saFilu37vwbp20W2npg4HDOPdy5x0sYFdIwvrXS0vLK6lp5vbKxubW9o+/utUWcckwsHLOYdz0kCKMRsSSVjHQTTlDoMdLxRtcTv/NAuKBxdC/HCXFCNIhoQDGSSnL147Y7akBbpKGb0YaZ92+hzVTcRy6F9qmdDGk/q9Pc1atGzZgCLhKzIFVQoOXqX7Yf4zQkkcQMCdEzjUQ6GeKSYkbyip0KkiA8QgPSUzRCIRFONj0oh0dK8WEQc/UiCafq70SGQiHGoacmQySHYt6biP95vVQGF05GoySVJMKzRUHKoIzhpB3oU06wZGNFEOZU/RXiIeIIS9VhRZVgzp+8SKx67bJm3J1Vm1dFG2VwAA7BCTDBOWiCG9ACFsDgETyDV/CmPWkv2rv2MRstaUVmH/yB9vkDnFab5w==</latexit>

fourth order derivative expansion:

⌫ = 0.632, ⌘ = 0.033
<latexit sha1_base64="6L8WHOQVubnCrmYPPjfvS7KJ1Pc=">AAACA3icbVDLSsNAFJ34rPUVddnNYBFcSElb8bEQim5cVjC20IQymUzaoZNJnIdQQhdu/BU3LlTc+hPu/BunbRbaeuByD+fcy8w9QcqoVI7zbS0sLi2vrBbWiusbm1vb9s7unUy0wMTFCUtEO0CSMMqJq6hipJ0KguKAkVYwuBr7rQciJE34rRqmxI9Rj9OIYqSM1LVLHtcXTuWkXjuC3r1GIfSIQkZx6vWuXTZ9AjhPqjkpgxzNrv3lhQnWMeEKMyRlp+qkys+QUBQzMip6WpIU4QHqkY6hHMVE+tnkiBE8MEoIo0SY4gpO1N8bGYqlHMaBmYyR6stZbyz+53W0is78jPJUK8Lx9KFIM6gSOE4EhlQQrNjQEIQFNX+FuI8EwsrkVjQhVGdPnidurXJecW6Oy43LPI0CKIF9cAiq4BQ0wDVoAhdg8AiewSt4s56sF+vd+piOLlj5zh74A+vzB99UlTs=</latexit><latexit sha1_base64="6L8WHOQVubnCrmYPPjfvS7KJ1Pc=">AAACA3icbVDLSsNAFJ34rPUVddnNYBFcSElb8bEQim5cVjC20IQymUzaoZNJnIdQQhdu/BU3LlTc+hPu/BunbRbaeuByD+fcy8w9QcqoVI7zbS0sLi2vrBbWiusbm1vb9s7unUy0wMTFCUtEO0CSMMqJq6hipJ0KguKAkVYwuBr7rQciJE34rRqmxI9Rj9OIYqSM1LVLHtcXTuWkXjuC3r1GIfSIQkZx6vWuXTZ9AjhPqjkpgxzNrv3lhQnWMeEKMyRlp+qkys+QUBQzMip6WpIU4QHqkY6hHMVE+tnkiBE8MEoIo0SY4gpO1N8bGYqlHMaBmYyR6stZbyz+53W0is78jPJUK8Lx9KFIM6gSOE4EhlQQrNjQEIQFNX+FuI8EwsrkVjQhVGdPnidurXJecW6Oy43LPI0CKIF9cAiq4BQ0wDVoAhdg8AiewSt4s56sF+vd+piOLlj5zh74A+vzB99UlTs=</latexit><latexit sha1_base64="6L8WHOQVubnCrmYPPjfvS7KJ1Pc=">AAACA3icbVDLSsNAFJ34rPUVddnNYBFcSElb8bEQim5cVjC20IQymUzaoZNJnIdQQhdu/BU3LlTc+hPu/BunbRbaeuByD+fcy8w9QcqoVI7zbS0sLi2vrBbWiusbm1vb9s7unUy0wMTFCUtEO0CSMMqJq6hipJ0KguKAkVYwuBr7rQciJE34rRqmxI9Rj9OIYqSM1LVLHtcXTuWkXjuC3r1GIfSIQkZx6vWuXTZ9AjhPqjkpgxzNrv3lhQnWMeEKMyRlp+qkys+QUBQzMip6WpIU4QHqkY6hHMVE+tnkiBE8MEoIo0SY4gpO1N8bGYqlHMaBmYyR6stZbyz+53W0is78jPJUK8Lx9KFIM6gSOE4EhlQQrNjQEIQFNX+FuI8EwsrkVjQhVGdPnidurXJecW6Oy43LPI0CKIF9cAiq4BQ0wDVoAhdg8AiewSt4s56sF+vd+piOLlj5zh74A+vzB99UlTs=</latexit>

⌫ = 0.6304, ⌘ = 0.0335
<latexit sha1_base64="i/NlLnQj1CFkTSpVQYNOPItCnOI=">AAACBXicbZDLSsNAFIYn9VbrLepShMEiuJCS2HpbCEU3LisYW2hCmUwm7dDJJM5MhBK6cuOruHGh4tZ3cOfbOG2z0NYfBj7+cw5nzu8njEplWd9GYW5+YXGpuFxaWV1b3zA3t+5knApMHByzWLR8JAmjnDiKKkZaiSAo8hlp+v2rUb35QISkMb9Vg4R4EepyGlKMlLY65q7L0wurclK1aofQvU9RAF2ikLasavW4Y5Y1jAVnwc6hDHI1OuaXG8Q4jQhXmCEp27aVKC9DQlHMyLDkppIkCPdRl7Q1chQR6WXjM4ZwXzsBDGOhH1dw7P6eyFAk5SDydWeEVE9O10bmf7V2qsIzL6M8SRXheLIoTBlUMRxlAgMqCFZsoAFhQfVfIe4hgbDSyZV0CPb0ybPgHFXOK9ZNrVy/zNMogh2wBw6ADU5BHVyDBnAABo/gGbyCN+PJeDHejY9Ja8HIZ7bBHxmfP9NelbY=</latexit><latexit sha1_base64="i/NlLnQj1CFkTSpVQYNOPItCnOI=">AAACBXicbZDLSsNAFIYn9VbrLepShMEiuJCS2HpbCEU3LisYW2hCmUwm7dDJJM5MhBK6cuOruHGh4tZ3cOfbOG2z0NYfBj7+cw5nzu8njEplWd9GYW5+YXGpuFxaWV1b3zA3t+5knApMHByzWLR8JAmjnDiKKkZaiSAo8hlp+v2rUb35QISkMb9Vg4R4EepyGlKMlLY65q7L0wurclK1aofQvU9RAF2ikLasavW4Y5Y1jAVnwc6hDHI1OuaXG8Q4jQhXmCEp27aVKC9DQlHMyLDkppIkCPdRl7Q1chQR6WXjM4ZwXzsBDGOhH1dw7P6eyFAk5SDydWeEVE9O10bmf7V2qsIzL6M8SRXheLIoTBlUMRxlAgMqCFZsoAFhQfVfIe4hgbDSyZV0CPb0ybPgHFXOK9ZNrVy/zNMogh2wBw6ADU5BHVyDBnAABo/gGbyCN+PJeDHejY9Ja8HIZ7bBHxmfP9NelbY=</latexit><latexit sha1_base64="i/NlLnQj1CFkTSpVQYNOPItCnOI=">AAACBXicbZDLSsNAFIYn9VbrLepShMEiuJCS2HpbCEU3LisYW2hCmUwm7dDJJM5MhBK6cuOruHGh4tZ3cOfbOG2z0NYfBj7+cw5nzu8njEplWd9GYW5+YXGpuFxaWV1b3zA3t+5knApMHByzWLR8JAmjnDiKKkZaiSAo8hlp+v2rUb35QISkMb9Vg4R4EepyGlKMlLY65q7L0wurclK1aofQvU9RAF2ikLasavW4Y5Y1jAVnwc6hDHI1OuaXG8Q4jQhXmCEp27aVKC9DQlHMyLDkppIkCPdRl7Q1chQR6WXjM4ZwXzsBDGOhH1dw7P6eyFAk5SDydWeEVE9O10bmf7V2qsIzL6M8SRXheLIoTBlUMRxlAgMqCFZsoAFhQfVfIe4hgbDSyZV0CPb0ybPgHFXOK9ZNrVy/zNMogh2wBw6ADU5BHVyDBnAABo/gGbyCN+PJeDHejY9Ja8HIZ7bBHxmfP9NelbY=</latexit>

cf. 7-loop pert. theory

[Canet et al, ’04; Litim, Zappala ’10]

[Guida, Zinn-Justin ’98]

…similar for other universality classes  
(with fermions, scalars, vectors, in arbitrary dimension)


