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what is asymptotic safety?

Gross, Wilzcek ’73 , Politzer ‘73

UV fixed point fundamental QFT Wilson ’71

asymptotic freedom free
UV fixed point 

Weinberg ‘79

asymptotic safety

Bailin, Love ‘74

asymptotic 
near-freedom interacting

UV fixed point 



gauge + matter

quantum gravity
Christensen, Duff ’78

Gastmans, Kallosh, Truffin ’78
Weinberg ’79

infinite-NF Gross-Neveu Rosenstein, War, Park’ 89
de Calan, Faria da Veiga, Magnen, de Seneor ’91

Litim, Sannino ’14
Bond, Litim ’16, ’17, ’18

Bond, Litim, Steudtner, ‘19

exact asymptotic safety

Reuter ’96 
Litim ’03

infinite-N non-linear sigma
infinite-NF Gross-Neveu Gawedzki, Kupiainen ‘85

Brezin, Zinn-Justin ’76
Bardeen, Lee, Shrock ‘76

infinite-N scalars Pisarski ’82
Bardeen, Moshe, Bander ‘84

2+eps 

3d 

4d

4d quantum gravity



today:

understand asymptotic safety 
in general (weakly-coupled) 4d QFTs

status of asymptotic safety
in quantum gravity 

investigate asymptotic safety 
in concrete models beyond BSM

(and if time permits:)



asymptotic safety
in 4d gauge-matter theories



running couplings
quantum fluctuations modify interactions
couplings depend on energy

µ

~fluctuations

energy scale 
couplings ↵(µ)
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running couplings
quantum fluctuations modify interactions
couplings depend on energy

predictions into regions where we 
cannot (yet) make measurements

µ

fluctuations

energy scale 
couplings ↵(µ)

QFT provides 
     us with 
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asymptotic freedom

free
UV fixed point

e.g. QCD

� =
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d lnµ
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infrared freedom

e.g. QED (MSSM, gravity,…)

“Landau pole”
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asymptotic safety

interacting 
UV fixed point

“cancellations at quantum level”



path integral

4d QFTs

Z[J ] = exp�i

Z
d

4
x(L+ Lgf + Lgh + J

i
�i)
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fields vectors       , fermions      , scalars Aa
µ
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path integral

4d QFTs
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BZG

�
<latexit sha1_base64="2IqI+t8FyL1K8k/sZuwvkxwhMDo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMVWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZv7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/t1lrXFfxFGGEziFc/DhChpwC01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8imjrQ=</latexit><latexit sha1_base64="2IqI+t8FyL1K8k/sZuwvkxwhMDo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMVWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZv7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/t1lrXFfxFGGEziFc/DhChpwC01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8imjrQ=</latexit><latexit sha1_base64="2IqI+t8FyL1K8k/sZuwvkxwhMDo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMVWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZv7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/t1lrXFfxFGGEziFc/DhChpwC01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8imjrQ=</latexit><latexit sha1_base64="2IqI+t8FyL1K8k/sZuwvkxwhMDo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMVWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZv7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/t1lrXFfxFGGEziFc/DhChpwC01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8imjrQ=</latexit>
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↵
<latexit sha1_base64="iLg3TnaWylQEx/SHxKwqNnOA3ck=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4Zua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBkFGPKA==</latexit><latexit sha1_base64="iLg3TnaWylQEx/SHxKwqNnOA3ck=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4Zua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBkFGPKA==</latexit><latexit sha1_base64="iLg3TnaWylQEx/SHxKwqNnOA3ck=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4Zua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBkFGPKA==</latexit><latexit sha1_base64="iLg3TnaWylQEx/SHxKwqNnOA3ck=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4Zua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBkFGPKA==</latexit>

UV GYBZG

�
<latexit sha1_base64="2IqI+t8FyL1K8k/sZuwvkxwhMDo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMVWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZv7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/t1lrXFfxFGGEziFc/DhChpwC01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8imjrQ=</latexit><latexit sha1_base64="2IqI+t8FyL1K8k/sZuwvkxwhMDo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMVWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZv7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/t1lrXFfxFGGEziFc/DhChpwC01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8imjrQ=</latexit><latexit sha1_base64="2IqI+t8FyL1K8k/sZuwvkxwhMDo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMVWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZv7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/t1lrXFfxFGGEziFc/DhChpwC01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8imjrQ=</latexit><latexit sha1_base64="2IqI+t8FyL1K8k/sZuwvkxwhMDo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgxWMVWwttKJvtpF262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIY8rxvp7S2vrG5Vd6u7Ozu7R9UD4/aJsk0xxZPZKI7ITMohcIWCZLYSTWyOJT4GI5vZv7jE2ojEvVAkxSDmA2ViARnZKVWL0Ri/WrNq3tzuKvEL0gNCjT71a/eIOFZjIq4ZMZ0fS+lIGeaBJc4rfQygynjYzbErqWKxWiCfH7s1D2zysCNEm1LkTtXf0/kLDZmEoe2M2Y0MsveTPzP62YUXQe5UGlGqPhiUZRJlxJ39rk7EBo5yYkljGthb3X5iGnGyeZTsSH4yy+vkvZF3ffq/t1lrXFfxFGGEziFc/DhChpwC01oAQcBz/AKb45yXpx352PRWnKKmWP4A+fzB8imjrQ=</latexit>
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& no go theorems
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semi-simple gauge theories with matter

supersymmetric gauge theories with matter

DF Litim, F Sannino, Asymptotic Safety Guaranteed, 1406.2337  (JHEP)

AD Bond, DF Litim, More Asymptotic Safety Guaranteed,  1707.04217 (PRD)

AD Bond, DF Litim, Asymptotic Safety Guaranteed in Supersymmetry, 1709.06953 (PRL)

AD Bond, DF Litim, G Medina Vazquez, T Steudtner, Conformal window for asymptotic safety, 1710.07615 (PRD)

higher order interactions in gauge theories with matter
T Buyukbese, DF Litim, Asymptotic Safety Beyond Marginal Interactions, PoS LATTICE2016 (2017) 233

general theorems for fixed points
AD Bond, DF Litim, Theorems for Asymptotic Safety of Gauge Theories,  1608.00519 (EPJC)
AD Bond, DF Litim, Price of Asymptotic Safety,  1801.08527 (PRL)
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phenomenology and models beyond BSM
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gauge coupling

competition between matter and gauge fields

� = �B ↵2 + C ↵3 +O(↵4)↵ =
g2

(4⇡)2

weakly coupled fixed point 0 < ↵⇤ = B/C ⌧ 1

why no UV BZ?

UV BZ requires B < 0, C < 0
<latexit sha1_base64="XE4DGc3NDwd6AVEC0EHelvI5U9M=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAgWEmZF0CJFSBrLCOYByRJmJ5NkyMzsMjMrhCWFv2CrvZ3Y+im2fomTZAtNPHDhcM69nMsJY8GNxfjLW1vf2Nzazu3kd/f2Dw4LR8dNEyWasgaNRKTbITFMcMUallvB2rFmRIaCtcJxbea3Hpk2PFIPdhKzQJKh4gNOiXVSu1rGl6hWxr1CEZfwHGiV+BkpQoZ6r/Dd7Uc0kUxZKogxHR/HNkiJtpwKNs13E8NiQsdkyDqOKiKZCdL5v1N07pQ+GkTajbJorv6+SIk0ZiJDtymJHZllbyb+64VyKdkOboOUqzixTNFF8CARyEZoVgbqc82oFRNHCNXc/Y7oiGhCrass70rxlytYJc2rko9L/v11sVLN6snBKZzBBfhwAxW4gzo0gIKAZ3iBV+/Je/PevY/F6pqX3ZzAH3ifPwi/lRk=</latexit><latexit sha1_base64="XE4DGc3NDwd6AVEC0EHelvI5U9M=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAgWEmZF0CJFSBrLCOYByRJmJ5NkyMzsMjMrhCWFv2CrvZ3Y+im2fomTZAtNPHDhcM69nMsJY8GNxfjLW1vf2Nzazu3kd/f2Dw4LR8dNEyWasgaNRKTbITFMcMUallvB2rFmRIaCtcJxbea3Hpk2PFIPdhKzQJKh4gNOiXVSu1rGl6hWxr1CEZfwHGiV+BkpQoZ6r/Dd7Uc0kUxZKogxHR/HNkiJtpwKNs13E8NiQsdkyDqOKiKZCdL5v1N07pQ+GkTajbJorv6+SIk0ZiJDtymJHZllbyb+64VyKdkOboOUqzixTNFF8CARyEZoVgbqc82oFRNHCNXc/Y7oiGhCrass70rxlytYJc2rko9L/v11sVLN6snBKZzBBfhwAxW4gzo0gIKAZ3iBV+/Je/PevY/F6pqX3ZzAH3ifPwi/lRk=</latexit><latexit sha1_base64="XE4DGc3NDwd6AVEC0EHelvI5U9M=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAgWEmZF0CJFSBrLCOYByRJmJ5NkyMzsMjMrhCWFv2CrvZ3Y+im2fomTZAtNPHDhcM69nMsJY8GNxfjLW1vf2Nzazu3kd/f2Dw4LR8dNEyWasgaNRKTbITFMcMUallvB2rFmRIaCtcJxbea3Hpk2PFIPdhKzQJKh4gNOiXVSu1rGl6hWxr1CEZfwHGiV+BkpQoZ6r/Dd7Uc0kUxZKogxHR/HNkiJtpwKNs13E8NiQsdkyDqOKiKZCdL5v1N07pQ+GkTajbJorv6+SIk0ZiJDtymJHZllbyb+64VyKdkOboOUqzixTNFF8CARyEZoVgbqc82oFRNHCNXc/Y7oiGhCrass70rxlytYJc2rko9L/v11sVLN6snBKZzBBfhwAxW4gzo0gIKAZ3iBV+/Je/PevY/F6pqX3ZzAH3ifPwi/lRk=</latexit><latexit sha1_base64="XE4DGc3NDwd6AVEC0EHelvI5U9M=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAgWEmZF0CJFSBrLCOYByRJmJ5NkyMzsMjMrhCWFv2CrvZ3Y+im2fomTZAtNPHDhcM69nMsJY8GNxfjLW1vf2Nzazu3kd/f2Dw4LR8dNEyWasgaNRKTbITFMcMUallvB2rFmRIaCtcJxbea3Hpk2PFIPdhKzQJKh4gNOiXVSu1rGl6hWxr1CEZfwHGiV+BkpQoZ6r/Dd7Uc0kUxZKogxHR/HNkiJtpwKNs13E8NiQsdkyDqOKiKZCdL5v1N07pQ+GkTajbJorv6+SIk0ZiJDtymJHZllbyb+64VyKdkOboOUqzixTNFF8CARyEZoVgbqc82oFRNHCNXc/Y7oiGhCrass70rxlytYJc2rko9L/v11sVLN6snBKZzBBfhwAxW4gzo0gIKAZ3iBV+/Je/PevY/F6pqX3ZzAH3ifPwi/lRk=</latexit>

� =
min C2(R)

C2(adj)
necessary 
condition

<
1
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<latexit sha1_base64="j3fPddknwJ0heTQwpcBKfhpyW/Q=">AAACAnicbZA9SwNBEIbn4leMX1FLm8UgWIVbEbSwCNpYRjAxkISwt9lLluzHsbsnhCOdf8FWezux9Y/Y+kvcJFdo4gsDL+/MMMMTJYJbF4ZfQWFldW19o7hZ2tre2d0r7x80rU4NZQ2qhTatiFgmuGINx51grcQwIiPBHqLRzbT/8MiM5Vrdu3HCupIMFI85Jc5H7atObAjFGcaTXrkSVsOZ0LLBualArnqv/N3pa5pKphwVxNo2DhPXzYhxnAo2KXVSyxJCR2TA2t4qIpntZrOXJ+jEJ30Ua+NLOTRLf29kRFo7lpGflMQN7WJvGv7bi+TCZRdfdjOuktQxReeH41Qgp9GUB+pzw6gTY28INdz/juiQeCjOUyt5KHgRwbJpnlVxWMV355XadY6nCEdwDKeA4QJqcAt1aAAFDc/wAq/BU/AWvAcf89FCkO8cwh8Fnz/Pl5dN</latexit><latexit sha1_base64="j3fPddknwJ0heTQwpcBKfhpyW/Q=">AAACAnicbZA9SwNBEIbn4leMX1FLm8UgWIVbEbSwCNpYRjAxkISwt9lLluzHsbsnhCOdf8FWezux9Y/Y+kvcJFdo4gsDL+/MMMMTJYJbF4ZfQWFldW19o7hZ2tre2d0r7x80rU4NZQ2qhTatiFgmuGINx51grcQwIiPBHqLRzbT/8MiM5Vrdu3HCupIMFI85Jc5H7atObAjFGcaTXrkSVsOZ0LLBualArnqv/N3pa5pKphwVxNo2DhPXzYhxnAo2KXVSyxJCR2TA2t4qIpntZrOXJ+jEJ30Ua+NLOTRLf29kRFo7lpGflMQN7WJvGv7bi+TCZRdfdjOuktQxReeH41Qgp9GUB+pzw6gTY28INdz/juiQeCjOUyt5KHgRwbJpnlVxWMV355XadY6nCEdwDKeA4QJqcAt1aAAFDc/wAq/BU/AWvAcf89FCkO8cwh8Fnz/Pl5dN</latexit><latexit sha1_base64="j3fPddknwJ0heTQwpcBKfhpyW/Q=">AAACAnicbZA9SwNBEIbn4leMX1FLm8UgWIVbEbSwCNpYRjAxkISwt9lLluzHsbsnhCOdf8FWezux9Y/Y+kvcJFdo4gsDL+/MMMMTJYJbF4ZfQWFldW19o7hZ2tre2d0r7x80rU4NZQ2qhTatiFgmuGINx51grcQwIiPBHqLRzbT/8MiM5Vrdu3HCupIMFI85Jc5H7atObAjFGcaTXrkSVsOZ0LLBualArnqv/N3pa5pKphwVxNo2DhPXzYhxnAo2KXVSyxJCR2TA2t4qIpntZrOXJ+jEJ30Ua+NLOTRLf29kRFo7lpGflMQN7WJvGv7bi+TCZRdfdjOuktQxReeH41Qgp9GUB+pzw6gTY28INdz/juiQeCjOUyt5KHgRwbJpnlVxWMV355XadY6nCEdwDKeA4QJqcAt1aAAFDc/wAq/BU/AWvAcf89FCkO8cwh8Fnz/Pl5dN</latexit><latexit sha1_base64="j3fPddknwJ0heTQwpcBKfhpyW/Q=">AAACAnicbZA9SwNBEIbn4leMX1FLm8UgWIVbEbSwCNpYRjAxkISwt9lLluzHsbsnhCOdf8FWezux9Y/Y+kvcJFdo4gsDL+/MMMMTJYJbF4ZfQWFldW19o7hZ2tre2d0r7x80rU4NZQ2qhTatiFgmuGINx51grcQwIiPBHqLRzbT/8MiM5Vrdu3HCupIMFI85Jc5H7atObAjFGcaTXrkSVsOZ0LLBualArnqv/N3pa5pKphwVxNo2DhPXzYhxnAo2KXVSyxJCR2TA2t4qIpntZrOXJ+jEJ30Ua+NLOTRLf29kRFo7lpGflMQN7WJvGv7bi+TCZRdfdjOuktQxReeH41Qgp9GUB+pzw6gTY28INdz/juiQeCjOUyt5KHgRwbJpnlVxWMV355XadY6nCEdwDKeA4QJqcAt1aAAFDc/wAq/BU/AWvAcf89FCkO8cwh8Fnz/Pl5dN</latexit>

impossible!



Bond, Litim, 1608.00519/EPJC

here’s why.
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t = lnµ/⇤

↵⇤ ⌧ 1

@t↵g = �B ↵2
g + C ↵3

g �D ↵2
g ↵y

@t↵y = E ↵2
y � F ↵g ↵y

loop coefficients in any QFTD,E, F > 0

!
= 0
!
= 0

Yukawa’s slow down the running of the gaugeone loop gauge Yukawa

why Yukawas?



t = lnµ/⇤
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g ↵y

@t↵y = E ↵2
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loop coefficients in any QFTD,E, F > 0

!
= 0
!
= 0

Yukawa’s slow down the running of the gaugeone loop gauge Yukawa

here’s why.

Yukawas always slow down the
running of gauge couplings



templates with SU/SO/Sp

DF Litim, F Sannino, Asymptotic safety guaranteed, 1406.2337

SU(N) + Diracs
+ mesons

SO(N) + Majoranas 
+ mesons

Sp(N) + Majoranas
+ mesons

α

Y
4

GY

G

Y
uk

aw
a

gauge
G

str
ong

wea
k

UV

AD Bond, DF Litim, T Steudtner, Asymptotic safety with Majorana fermions and new large N equivalences 1911.11168
AD Bond, DF Litim, G Medina Vazquez, T Steudtner, Conformal window for asymptotic safety, 1710.07615



semi-simple template

1

2

4

5

8

9

UV

IR

AS

AD Bond, DF Litim, More Asymptotic Safety Guaranteed,  1707.04217

SU(N) x SU(M)
 + Diracs
 + mesons

 2 gauge
 2 Yukawas
 5 quartics

 various FPs

G



G

IR

UV

↵1

↵2

templates for SUSY

 SU(N) x SU(M) 
 + chiral superfields
 + superpotential

AD Bond, DF Litim, Asymptotic Safety Guaranteed in Supersymmetry, 1709.06953 (PRL)

“Susy
enhances 

predictivity"



overview

AD Bond, DF Litim, Price of Asymptotic Safety, PRL 122 (2019) 211601 [1801.08527]

asymptotic safety requires all types of matter fields 
Yukawa couplings are key
works with supersymmetry



implications

    particle physics: UV complete 4D theories (free 
or safe) require  non-abelian gauge fields

    universality class of any weakly coupled 4D 
critical point contains non-abelian gauge fields

“any QFT under pert. control in the deep UV or IR 
asymptotes to a conformal field theory”    

    any weakly-coupled 4D conformal field theory 
contains gauge degrees of freedom

Polchinski ’88
Luty, Polchinski, Rattazzi, ‘12

asymptotic freedom and asymptotic safety 
are two sides of one and the same medal



implications

    particle physics: UV complete 4D theories (free 
or safe) require  non-abelian gauge fields

    universality class of any weakly coupled 4D 
critical point contains non-abelian gauge fields

“any QFT under pert. control in the deep UV or IR 
asymptotes to a conformal field theory”    

    any weakly-coupled 4D conformal field theory 
contains gauge degrees of freedom

Polchinski ’88
Luty, Polchinski, Rattazzi, ‘12

asymptotic freedom and asymptotic safety 
are two sides of one and the same medal

new territory “beyond BSM” to 
UV-complete the Standard Model



implications

    particle physics: UV complete 4D theories (free 
or safe) require  non-abelian gauge fields

    statistical physics:  universality class of any 
weakly coupled 4D critical point contains non-
abelian gauge fields

“any QFT under pert. control in the deep UV or IR 
asymptotes to a conformal field theory”    

    any weakly-coupled

Polchinski ’88
Luty, Polchinski, Rattazzi, ‘12systematic classification of 

weak critical points in 4D



implications

    particle physics: UV complete 4D theories (free 
or safe) require  non-abelian gauge fields

    statistical physics:  universality class of any 
weakly coupled 4D critical point contains non-
abelian gauge fields

    conformal field theory: any weakly-coupled 
4D CFT contains non-abelian gauge fields

“any QFT under perturbative control in the deep UV 
or IR asymptotes to a conformal field theory”  Polchinski ’88

Luty, Polchinski, Rattazzi, ‘12



implications

    particle physics: UV complete 4D theories (free 
or safe) require non-abelian gauge fields

    statistical physics:  universality class of any 
weakly coupled 4D critical point contains non-
abelian gauge fields

    conformal field theory: any weakly-coupled 
4D CFT contains non-abelian gauge fields

QFT offers infinitely many 4D CFTs
access to CFT data
complementary to conformal bootstrap



beyond BSM 

A Bond, G Hiller, K Kowalska, DF Litim, 
Directions for model building from asymptotic safety, JHEP1708 (2017) 004

G Hiller, C Hermigos-Feliu, DF Litim, T Steudtner, 
Asymptotically safe extensions  of the Standard Model and their flavour phenomenology 1905.11020 
Anomalous magnetic moments from asymptotic safety  1910.14062 
Model building from asymptotic safety with Higgs and flavour portals  2008.08606

…inspired by asymptotic safety



anomalous  
magnetic moments

a puzzle… 



anomalous  
magnetic moments
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chiral enhancement 

not accessible
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intriguing… 



anomalous  
magnetic moments

to date: 25 BSM models can explain the data

24 of them treat electrons and muons differently
i.e. lepton universality manifestly broken

what’s the new physics?



beyond BSM

    universality class of any weakly coupled 4D 
critical point contains non-abelian gauge fields

“any QFT under pert. control in the deep UV or IR 
asymptotes to a conformal field theory”    

    any weakly-coupled 4D conformal field theory 
contains gauge degrees of freedom

Polchinski ’88
Luty, Polchinski, Rattazzi, ‘12

new vector-like BSM fermions + scalars
new Yukawas + portal interactions

BSM matter SM matter

BSM models inspired by asymptotic safety:

lepton universality intact



    universality class of any weakly coupled 4D 
critical point contains non-abelian gauge fields

“any QFT under pert. control in the deep UV or IR 
asymptotes to a conformal field theory”    

    any weakly-coupled 4D conformal field theory 
contains gauge degrees of freedom

Polchinski ’88
Luty, Polchinski, Rattazzi, ‘12

BSM Yukawas can explain
anomalous magnetic moments

feature: 

new vector-like BSM fermions + scalars
new Yukawas + portal interactions

beyond BSM



    universality class of any weakly coupled 4D 
critical point contains non-abelian gauge fields

“any QFT under pert. control in the deep UV or IR 
asymptotes to a conformal field theory”    

    any weakly-coupled 4D conformal field theory 
contains gauge degrees of freedom

Polchinski ’88
Luty, Polchinski, Rattazzi, ‘12

“chirally 
   enhanced”“minimal”

beyond BSM

new vector-like BSM fermions + scalars
new Yukawas + portal interactions
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chiral enhancement 

not accessible

beyond BSM
natural explanation for both AMMs



constraints

beyond BSM



beyond BSM
asymptotic safety

AMMs

G Hiller, C Hermigos-Feliu, DF Litim, T Steudtner, Anomalous magnetic moments from asymptotic safety  1910.14062



beyond BSM

G Hiller, C Hermigos-Feliu, DF Litim, T Steudtner, 
Anomalous magnetic moments from asymptotic safety  1910.14062 
Model building from asymptotic safety with Higgs and flavour portals  2008.08606



beyond BSM

BSM models inspired by asymptotic safety

AMMs are explained naturally
for wide range of parameters

G Hiller, C Hermigos-Feliu, DF Litim, T Steudtner, Anomalous magnetic moments from asymptotic safety  1910.14062

compatible with lepton universality
prediction for tau AMM

more features: 

can be tested at colliders



asymptotic safety
in 4d quantum gravity



gravitation
physics of classical gravity

Einstein’s theory of general relativity

GN = 6.7⇥ 10�11 m3

kg s3

⇤ ⇡ 10�35s�2

Rµ⌫ � 1

2
gµ⌫R = �⇤ gµ⌫ + 8⇡GN Tµ⌫

Newton’s coupling

cosmological constant



what’s new with gravity?

degrees of freedom: spin 2 

Newton’s coupling is dimensionful [GN ] = 2�D < 0

perturbatively non-renormalisable

interacting fixed point may require strong
coupling and large anomalous dimensions Weinberg, ’79

 Stelle ’77



fermions

gluons

Gawedzki, Kupiainen ’85
de Calan et al ’91

Peskin ’80
Morris ’04

scalars Brezin, Zinn-Justin ’76
Bardeen, Lee, Shrock ’76D = 2 + ✏ : ↵ = gNL(µ)µ

D�2

classes of
gauge-Yukawa 
theories

D = 4 : several ↵i Litim, Sannino ’14

dimensionless coupling

G(µ) ⇡ GN G(µ) ⇡ ↵⇤
µD�2

classical GR

µ/⇤T
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why it ‘might’ work…

UV fixed point 
implies 

‘weak gravity’

quantum GR

Litim, ’03, ‘06

↵ = GN (µ)µD�2
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effective action with 
invariants up to mass 
dimension D = 2(N � 1)

Ricci scalars �k / f(R)

S =

Z
d

4
x

p
detgµ⌫

1

16⇡G

[�R+ 2⇤] +
N�1X

n=2

�n R
n�k

template:



effective action with 
invariants up to mass 
dimension D = 2(N � 1)
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bootstrap search strategy Falls, DL, Nikolakopoulos, Rahmede ’13, ’14

1 fix N, compute RG flow
2 deduce fixed point and exponents
3 increase N to N+1 and start over at 1

�k
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effective action with 
invariants up to mass 
dimension D = 2(N � 1)

Ricci scalars �k / f(R)

Falls, Litim, Schroeder ’18

up to order N =   2 
N =   3 
N =   7
N = 11 
N = 35 
N = 71 

Codello, Percacci, Rahmede ’07

Falls, Litim, Nikolakopoulos, Rahmede ’13, ’14, ’16

Bonanno, Contillo,, Percacci ’10

Souma, ‘99, Reuter, Lauscher ’01, Litim ’03

Reuter, Lauscher ’01
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Ricci tensors

“as Gaussian as it g
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beyond EH
asymptotic safety for gravity

inclusion of higher order curvature interactions
strong circumstantial evidence for FP

signatures of weak couplingmore features: 

next steps:

systematic (bootstrap) search strategy

find hidden small parameter?
include matter !

dS solutions



conclusions

rigorous asymptotic safety in 4d ordinary QFTs

evidence for asymptotic safety in 4d quantum gravity

weak coupling: theorems, templates, links with CFTs
new directions for BSM 

strong coupling? 

signatures for weak coupling and near-Gaussianity
small parameter?

systematic inclusion of matter?

…stay tuned


