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critical points in 4d

UV critical points

asymptotic freedom
asymptotic near freedom
asymptotic safety

fundamental definition of QFT Wilson ’71

Gross, Wilzcek ’73 , Politzer ‘73

Bailin, Love ’74

Weinberg ’79
Reuter ’98

Banks-Zaks conformal window
IR critical points

Caswell ’74
Banks, Zaks, ‘82

weak-strong dualities Seiberg ’95



today:

canonical mass dimension as ordering principle

weakly-coupled 4d QFTs
strongly-coupled fermions 

higher curvature quantum gravity



path integral

perturbative 4d QFTs

Z[J ] = exp�i

Z
d4x(L+ Lgf + Lgh + J i �i)
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gauge

Yukawa quartics



Perturbativity guarantees that

mass terms remain relevant

higher dimension interactions remain irrelevant

classically marginal couplings are key



strongly-coupled fermions



Gross-Neveu 

…yet non-perturbatively renormalisable 
interacting UV fixed point

4-fermion interactions

functional RG

3d: perturbatively non-renormalisable…

G( ̄ )2
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Gawedzki, Kupiainen ’85
Rosenstein, War, Park ’89

de Calan, Faria da Veiga, Magnen, de Seneor ’91

Gross,  Neveu ‘74

chiral symmetry

Gies, MM Scherer ’10
Braun, Gies, DD Scherer ‘12

Jakovac, Patkos ’13, ‘14

Gracey ’90
Moshe Moshe, Zinn-Justin ‘03PT, large Nf

Gross-Neveu (-Yukawa)

U(N) symmetric fermions



↵
<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>

UVIR

�
<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>

IR free

renormalisation group

4F

4F

  “cancellations 
 at quantum level”

interacting 
UV fixed point



Gross-Neveu+ 

[H] = 3� 2d
<latexit sha1_base64="Yqh2lyY3PBxH4Jv9odLn9gVzr38=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAg2ht0oaCMEbVJGMA9IljA7O5sMmZldZmaFsKTwF2y1txNbP8XWL3GSbKGJBy4czrmXczlBwpk2rvvlrKyurW9sFraK2zu7e/ulg8OWjlNFaJPEPFadAGvKmaRNwwynnURRLAJO28Hobuq3H6nSLJYPZpxQX+CBZBEj2Fip0637Nxfn1bBfKrsVdwa0TLyclCFHo1/67oUxSQWVhnCsdddzE+NnWBlGOJ0Ue6mmCSYjPKBdSyUWVPvZ7N8JOrVKiKJY2ZEGzdTfFxkWWo9FYDcFNkO96E3Ff71ALCSb6NrPmExSQyWZB0cpRyZG0zJQyBQlho8twUQx+zsiQ6wwMbayoi3FW6xgmbSqFc+tePeX5dptXk8BjuEEzsCDK6hBHRrQBAIcnuEFXp0n5815dz7mqytOfnMEf+B8/gDkppWj</latexit><latexit sha1_base64="Yqh2lyY3PBxH4Jv9odLn9gVzr38=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAg2ht0oaCMEbVJGMA9IljA7O5sMmZldZmaFsKTwF2y1txNbP8XWL3GSbKGJBy4czrmXczlBwpk2rvvlrKyurW9sFraK2zu7e/ulg8OWjlNFaJPEPFadAGvKmaRNwwynnURRLAJO28Hobuq3H6nSLJYPZpxQX+CBZBEj2Fip0637Nxfn1bBfKrsVdwa0TLyclCFHo1/67oUxSQWVhnCsdddzE+NnWBlGOJ0Ue6mmCSYjPKBdSyUWVPvZ7N8JOrVKiKJY2ZEGzdTfFxkWWo9FYDcFNkO96E3Ff71ALCSb6NrPmExSQyWZB0cpRyZG0zJQyBQlho8twUQx+zsiQ6wwMbayoi3FW6xgmbSqFc+tePeX5dptXk8BjuEEzsCDK6hBHRrQBAIcnuEFXp0n5815dz7mqytOfnMEf+B8/gDkppWj</latexit><latexit sha1_base64="Yqh2lyY3PBxH4Jv9odLn9gVzr38=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAg2ht0oaCMEbVJGMA9IljA7O5sMmZldZmaFsKTwF2y1txNbP8XWL3GSbKGJBy4czrmXczlBwpk2rvvlrKyurW9sFraK2zu7e/ulg8OWjlNFaJPEPFadAGvKmaRNwwynnURRLAJO28Hobuq3H6nSLJYPZpxQX+CBZBEj2Fip0637Nxfn1bBfKrsVdwa0TLyclCFHo1/67oUxSQWVhnCsdddzE+NnWBlGOJ0Ue6mmCSYjPKBdSyUWVPvZ7N8JOrVKiKJY2ZEGzdTfFxkWWo9FYDcFNkO96E3Ff71ALCSb6NrPmExSQyWZB0cpRyZG0zJQyBQlho8twUQx+zsiQ6wwMbayoi3FW6xgmbSqFc+tePeX5dptXk8BjuEEzsCDK6hBHRrQBAIcnuEFXp0n5815dz7mqytOfnMEf+B8/gDkppWj</latexit><latexit sha1_base64="Yqh2lyY3PBxH4Jv9odLn9gVzr38=">AAAB/3icbVC7SgNBFL3rM8ZX1NJmMAg2ht0oaCMEbVJGMA9IljA7O5sMmZldZmaFsKTwF2y1txNbP8XWL3GSbKGJBy4czrmXczlBwpk2rvvlrKyurW9sFraK2zu7e/ulg8OWjlNFaJPEPFadAGvKmaRNwwynnURRLAJO28Hobuq3H6nSLJYPZpxQX+CBZBEj2Fip0637Nxfn1bBfKrsVdwa0TLyclCFHo1/67oUxSQWVhnCsdddzE+NnWBlGOJ0Ue6mmCSYjPKBdSyUWVPvZ7N8JOrVKiKJY2ZEGzdTfFxkWWo9FYDcFNkO96E3Ff71ALCSb6NrPmExSQyWZB0cpRyZG0zJQyBQlho8twUQx+zsiQ6wwMbayoi3FW6xgmbSqFc+tePeX5dptXk8BjuEEzsCDK6hBHRrQBAIcnuEFXp0n5815dz7mqytOfnMEf+B8/gDkppWj</latexit>

6-fermion interactions permitted

relax chiral symmetry

mass term permitted m ̄ 
<latexit sha1_base64="0RIbHvw3MmjP5EOjVFbN/lImZDs=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sYxgHpBdwuxkNhkyM7uZmRXCktZfsNXeTmz9D1u/xNlkC008cOFwzr2cywkTzrRx3S+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UqVZLB/MNKGBwEPJIkawsVIg/BArP9Esn3615tbdOdAq8QpSgwLNfvXbH8QkFVQawrHWPc9NTJBhZRjhdFbxU00TTMZ4SHuWSiyoDrL50zN0ZpUBimJlRxo0V39fZFhoPRWh3RTYjPSyl4v/eqFYSjbRdZAxmaSGSrIIjlKOTIzyRtCAKUoMn1qCiWL2d0RGWGFibG8VW4q3XMEqaV/UPbfu3V/WGjdFPWU4gVM4Bw+uoAF30IQWEJjAM7zAq/PkvDnvzsditeQUN8fwB87nD5vumPA=</latexit><latexit sha1_base64="0RIbHvw3MmjP5EOjVFbN/lImZDs=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sYxgHpBdwuxkNhkyM7uZmRXCktZfsNXeTmz9D1u/xNlkC008cOFwzr2cywkTzrRx3S+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UqVZLB/MNKGBwEPJIkawsVIg/BArP9Esn3615tbdOdAq8QpSgwLNfvXbH8QkFVQawrHWPc9NTJBhZRjhdFbxU00TTMZ4SHuWSiyoDrL50zN0ZpUBimJlRxo0V39fZFhoPRWh3RTYjPSyl4v/eqFYSjbRdZAxmaSGSrIIjlKOTIzyRtCAKUoMn1qCiWL2d0RGWGFibG8VW4q3XMEqaV/UPbfu3V/WGjdFPWU4gVM4Bw+uoAF30IQWEJjAM7zAq/PkvDnvzsditeQUN8fwB87nD5vumPA=</latexit><latexit sha1_base64="0RIbHvw3MmjP5EOjVFbN/lImZDs=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sYxgHpBdwuxkNhkyM7uZmRXCktZfsNXeTmz9D1u/xNlkC008cOFwzr2cywkTzrRx3S+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UqVZLB/MNKGBwEPJIkawsVIg/BArP9Esn3615tbdOdAq8QpSgwLNfvXbH8QkFVQawrHWPc9NTJBhZRjhdFbxU00TTMZ4SHuWSiyoDrL50zN0ZpUBimJlRxo0V39fZFhoPRWh3RTYjPSyl4v/eqFYSjbRdZAxmaSGSrIIjlKOTIzyRtCAKUoMn1qCiWL2d0RGWGFibG8VW4q3XMEqaV/UPbfu3V/WGjdFPWU4gVM4Bw+uoAF30IQWEJjAM7zAq/PkvDnvzsditeQUN8fwB87nD5vumPA=</latexit><latexit sha1_base64="0RIbHvw3MmjP5EOjVFbN/lImZDs=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sYxgHpBdwuxkNhkyM7uZmRXCktZfsNXeTmz9D1u/xNlkC008cOFwzr2cywkTzrRx3S+ntLa+sblV3q7s7O7tH1QPj9o6ThWhLRLzWHVDrClnkrYMM5x2E0WxCDnthOPb3O88UqVZLB/MNKGBwEPJIkawsVIg/BArP9Esn3615tbdOdAq8QpSgwLNfvXbH8QkFVQawrHWPc9NTJBhZRjhdFbxU00TTMZ4SHuWSiyoDrL50zN0ZpUBimJlRxo0V39fZFhoPRWh3RTYjPSyl4v/eqFYSjbRdZAxmaSGSrIIjlKOTIzyRtCAKUoMn1qCiWL2d0RGWGFibG8VW4q3XMEqaV/UPbfu3V/WGjdFPWU4gVM4Bw+uoAF30IQWEJjAM7zAq/PkvDnvzsditeQUN8fwB87nD5vumPA=</latexit>

exactly solvable at infinite Nf
Charlie Cresswell-Hogg, DFL, PRL ’23 and PRD ‘23

functional RG



“theory space”

relevant

in 3d

.

.

.

�n( ̄ )
n

<latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit>

�3( ̄ )
3

<latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit>

�2( ̄ )
2

<latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit><latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit><latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit><latexit sha1_base64="GDtpWEt+tRl99xax6D0VgvfNGx4=">AAACFHicbVC7TsMwFHXKq5RXgLGLRYVUliqpkGCsYGEsEn1ITYgcx2mt2k5kO0hV1IGf4BdYYWdDrOysfAlumwFajnSlo3PO1bVPmDKqtON8WaW19Y3NrfJ2ZWd3b//APjzqqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeOr2d+74FIRRNxpycp8TkaChpTjLSRArvqMROOUNCEdS9EEnqporM5u28Gds1pOHPAVeIWpAYKtAP724sSnHEiNGZIqYHrpNrPkdQUMzKteJkiKcJjNCQDQwXiRPn5/BNTeGqUCMaJNCM0nKu/N3LElZrw0CQ50iO17M3Ef72QL13W8aWfU5Fmmgi8OBxnDOoEzhqCEZUEazYxBGFJzdshHiGJsDY9Vkwp7nIFq6TbbLhOw709r7WuinrKoApOQB244AK0wA1ogw7A4BE8gxfwaj1Zb9a79bGIlqxi5xj8gfX5A81ona8=</latexit>

�1  ̄ 
<latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit><latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit><latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit><latexit sha1_base64="8e7VLdQM3fiXhgzWO5HM1EhhQQc=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJoSbyaQdOpOEmYlQSvEn/AW3uncnbv0Bt36JkzYLbT1w4XDOudyZE2acKe04X1ZlaXllda26XtvY3NresXf3OirNJaFtkvJUdkNQlLOEtjXTnHYzSUGEnN6Hw+vCv3+gUrE0udOjjPoC+gmLGQFtpMA+8LgJRxC42Dv1QpDYyxQrJrDrTsOZAi8StyR1VKIV2N9elJJc0EQTDkr1XCfT/hikZoTTSc3LFc2ADKFPe4YmIKjyx9MvTPCxUSIcp9JMovFU/b0xBqHUSIQmKUAP1LxXiP96oZi7rONLf8ySLNc0IbPDcc6xTnHRD46YpETzkSFAJDNvx2QAEog2LdZMKe58BYukc9ZwnYZ7e15vXpX1VNEhOkInyEUXqIluUAu1EUGP6Bm9oFfryXqz3q2PWbRilTv76A+szx/i7p1B</latexit>

classical

irrelevant

.

.

.



“theory space”

relevant

.

.

.

�n( ̄ )
n

<latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit><latexit sha1_base64="BBHFhZE3/+S+7DDfLaysbxTWM3k=">AAACFHicbVC7TsMwFHV4lvIqMHaxqJDKUiUICcYKFsYi0YfUhOrGcVqrjhPZDlIVdeAn+AVW2NkQKzsrX4LTZoCWI13p6Jxzde3jJ5wpbdtf1srq2vrGZmmrvL2zu7dfOTjsqDiVhLZJzGPZ80FRzgRta6Y57SWSQuRz2vXH17nffaBSsVjc6UlCvQiGgoWMgDbSoFJ1uQkHMBC47vogsZsols/pvXFrdsOeAS8TpyA1VKA1qHy7QUzSiApNOCjVd+xEexlIzQin07KbKpoAGcOQ9g0VEFHlZbNPTPGJUQIcxtKM0Him/t7IIFJqEvkmGYEeqUUvF//1/Gjhsg4vvYyJJNVUkPnhMOVYxzhvCAdMUqL5xBAgkpm3YzICCUSbHsumFGexgmXSOWs4dsO5Pa81r4p6SqiKjlEdOegCNdENaqE2IugRPaMX9Go9WW/Wu/Uxj65Yxc4R+gPr8wePD54n</latexit>

�3( ̄ )
3

<latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit><latexit sha1_base64="3brxtp6z5CcYl3UuPQcje35etAA=">AAACFHicbVC7TsMwFHV4lvIKMHaxqJDKUiUUCcYKFsYi0YfUhMhx3Naq7US2g1RFHfgJfoEVdjbEys7Kl+C0GaDlSFc6OudcXfuECaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPxde53H4hUNBZ3epIQn6OhoAOKkTZSYFc8ZsIRChqw5oVIQi9RNJ/T+0ZgV526MwNcJm5BqqBAK7C/vSjGKSdCY4aU6rtOov0MSU0xI9OylyqSIDxGQ9I3VCBOlJ/NPjGFJ0aJ4CCWZoSGM/X3Roa4UhMemiRHeqQWvVz81wv5wmU9uPQzKpJUE4HnhwcpgzqGeUMwopJgzSaGICypeTvEIyQR1qbHsinFXaxgmXTO6q5Td2/Pq82rop4SqIBjUAMuuABNcANaoA0weATP4AW8Wk/Wm/VufcyjK1axcwT+wPr8AdCinbE=</latexit>

�2( ̄ )
2
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anomalous dimensions 
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Ricci scalars
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Ricci tensors
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Yannick Kluth, DF Litim, Fixed points of quantum gravity and the dimensionality of the UV critical surface, 2008.09181
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comparison

Yannick Kluth, DF Litim, Fixed points of quantum gravity and the dimensionality of the UV critical surface, 2008.09181



status

signatures of weak coupling
FPs in various extensions of EH

+
+
+ consistency of findings

- pragmatic choices in theory space
- prospect of global FPs unclear
- systematic search in theory space missing



fRG for f(Riemann)

Yannick Kluth, DF Litim, Functional Renormalisation of f(Riemann) Quantum Gravity, (PRD) 2202.10436

consider fRG for actions



“theory space”

(curvature)

(curvature)n

2

cosmo
constant

Ricci



fRG for f(Riemann)

Yannick Kluth, DF Litim, Functional Renormalisation of f(Riemann) Quantum Gravity (PRD) 2202.10436
Yannick Kluth, DF Litim, Fixed points of QG and the dimensionality of the UV critical surface (PRD) 2008.09181



fRG for f(Riemann)

Yannick Kluth, DF Litim, Functional Renormalisation of f(Riemann) Quantum Gravity (PRD) 2202.10436
Yannick Kluth, DF Litim, Fixed points of QG and the dimensionality of the UV critical surface (PRD) 2008.09181



fRG for f(Riemann)
1st variation:

2nd variation:

= it’s complicated

= even more so…



fRG for f(Riemann)
1st variation:

2nd variation:
max symmetric backgrounds

max symmetric backgrounds



fRG for f(Riemann)
1st variation:

2nd variation:



fRG for f(Riemann)
1st variation:

2nd variation:

2nd variation only depends on three functions



parameter count

   5 functions of curvature L, E, A, B, C
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@L

@R
= E- 2 conditions

= 3 independent functions L, B, C

are sufficient to characterise the fRG flow
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@tL = I[L,B,C]
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⇤ =
R

d(d� 1)



Yannick Kluth, DF Litim, Functional Renormalisation of f(Riemann) Quantum Gravity, (PRD) 2202.10436

Examples:

a) b)

c)



Yannick Kluth, DF Litim, Functional Renormalisation of f(Riemann) Quantum Gravity, (PRD) 2202.10436

2nd variation



Yannick Kluth, DF Litim, Functional Renormalisation of f(Riemann) Quantum Gravity, (PRD) 2202.10436

2nd variation

= e.o.m.



Yannick Kluth, DF Litim, Functional Renormalisation of f(Riemann) Quantum Gravity, (PRD) 2202.10436

2nd variation

= e.o.m.
= exp. split



fRG for f(Riemann)

Yannick Kluth, DF Litim, Functional Renormalisation of f(Riemann) Quantum Gravity, (PRD) 2202.10436

cosmological constant for general backgrounds

standard metric split generates contributions to all 
modes, irrespective of background geometry

exp split only generates contributions to trace mode,
irrespective of the background



Yannick Kluth, DF Litim, Functional Renormalisation of f(Riemann) Quantum Gravity, (PRD) 2202.10436

d.o.f.

=F



Yannick Kluth, DF Litim, Functional Renormalisation of f(Riemann) Quantum Gravity, (PRD) 2202.10436

auxiliary function

e.g. Einsteinian gravities:

=S

S=0
F=0

see poster by Gabriel Assant



Yannick Kluth, DF Litim, Functional Renormalisation of f(Riemann) Quantum Gravity, (PRD) 2202.10436

enables “horizontal" and “vertical" searches

-

-

-

dim 2

dim 0

dim 4

dim 6

b

c

dim (curvature inv.)

(b 2
, c 2
)
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(b 3
, c 3
)
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conclusions

    challenges
      same mass dim curvature invariants   
         backgrounds beyond msb
            include (DRiem)^n interactions

    new fRG flows
      flow for general f(Riemann) actions
         one curvature invariant at a time, LPA
             vertical and horizontal searches
                 global fixed points

↵
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