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The RG
Callan (1970), Symanzik (1970) 

Wilsonian Exact RG
E x a c t  R G E

the quantum fluctuations in the path integral 

can be integrated out progressively 

Wilson (1971), Kadanoff (1966)

Functional RG
F u n c t i o n a l  R G E

scale-dependent version of the effective action, 

the Effective Average Action 

Wetterich (1991)
Reuter and Wetterich (1994)
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IR UV

p2 = ∞p2 = 0 k2

k@k�k[�] =
1

2
Tr

h
(�(2)

k +Rk)
�1 k@kRk

i

<latexit sha1_base64="kXqrUMGEVMVOxs4cBGaQQnnxcuI="></latexit>

• UV- and IR finite

• Fully nonperturbative or exact

�k[�] = �̃k[�]��Sk[�] =

Z
ddx J(x)�(x) +Wk[�]��Sk[�]

<latexit sha1_base64="g4L8iskUysFEEHgZDk6eysYz6e8="></latexit>
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space of functionals over which the EAA is 
supposed to be defined. 

T H E O R Y  S P A C E

The geometrical setting
T

<latexit sha1_base64="pz5k0nXLPD7ePsdjfALVumgudqk=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJRBSkKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw6BNswhdHyaBHEsBlEr9gQ90L0Al7fmwWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ55Dk/iQ1QyCPUXCqei/h7IwHfmJnvpZNZRLPoZeJ/Xj+m8aWbyCCKCQORHSKpMD9khJZpF8hHUiMRZMmRy4AL0ECEWnIQIhXjtJxK2oez+P0y6Z7VnUb9/LZRa14VzZTZETtmp8xhF6zJbliLdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vXPGV9w==</latexit>
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basis functionals and coupling constants.
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The geometrical setting
T

<latexit sha1_base64="pz5k0nXLPD7ePsdjfALVumgudqk=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJRBSkKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw6BNswhdHyaBHEsBlEr9gQ90L0Al7fmwWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ55Dk/iQ1QyCPUXCqei/h7IwHfmJnvpZNZRLPoZeJ/Xj+m8aWbyCCKCQORHSKpMD9khJZpF8hHUiMRZMmRy4AL0ECEWnIQIhXjtJxK2oez+P0y6Z7VnUb9/LZRa14VzZTZETtmp8xhF6zJbliLdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vXPGV9w==</latexit>

A[�] =
1X

i=1

U iPi[�]

<latexit sha1_base64="yafCzuDy4YwAUYE6VoCIoan0d/Q=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIIHCbsS0Usg4kGPEYwK2XWZHTumyezsMtMrhCU/4Sf4FV715E08KvgvbmIOvupUVFXT3RWlCi257pszMTk1PTM7N19aWFxaXimvrp3bJDMSWjJRibmMhAWFGlqEpOAyNSDiSMFF1Dsa+he3YCwm+oz6KQSxuNHYQSmokMLyziFv+2kXA17nvs3iMMe6N7jKfdQd6g84b11hM8SvTFiuuFV3BP6XeGNSYWM0w/KHf53ILAZNUglr256bUpALQygVDEp+ZiEVsiduoF1QLWKwQT76asC3Miso4SkYjoqPRPg+kYvY2n4cFclYUNf+9obif147o85BkKNOMwIth4sIFYwWWWmwqAv4NRogEsPLgaPmUhhBBAa5kLIQs6K/UtGH9/v7v+R8t+rVqnuntUrjeNzMHNtgm2ybeWyfNdgJa7IWk+yOPbBH9uTcO8/Oi/P6FZ1wxjPr7Aec909Nf6Ks</latexit>
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T

<latexit sha1_base64="pz5k0nXLPD7ePsdjfALVumgudqk=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJRBSkKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw6BNswhdHyaBHEsBlEr9gQ90L0Al7fmwWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ55Dk/iQ1QyCPUXCqei/h7IwHfmJnvpZNZRLPoZeJ/Xj+m8aWbyCCKCQORHSKpMD9khJZpF8hHUiMRZMmRy4AL0ECEWnIQIhXjtJxK2oez+P0y6Z7VnUb9/LZRa14VzZTZETtmp8xhF6zJbliLdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vXPGV9w==</latexit>

A[�] =
1X

i=1

U iPi[�]

<latexit sha1_base64="yafCzuDy4YwAUYE6VoCIoan0d/Q=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIIHCbsS0Usg4kGPEYwK2XWZHTumyezsMtMrhCU/4Sf4FV715E08KvgvbmIOvupUVFXT3RWlCi257pszMTk1PTM7N19aWFxaXimvrp3bJDMSWjJRibmMhAWFGlqEpOAyNSDiSMFF1Dsa+he3YCwm+oz6KQSxuNHYQSmokMLyziFv+2kXA17nvs3iMMe6N7jKfdQd6g84b11hM8SvTFiuuFV3BP6XeGNSYWM0w/KHf53ILAZNUglr256bUpALQygVDEp+ZiEVsiduoF1QLWKwQT76asC3Miso4SkYjoqPRPg+kYvY2n4cFclYUNf+9obif147o85BkKNOMwIth4sIFYwWWWmwqAv4NRogEsPLgaPmUhhBBAa5kLIQs6K/UtGH9/v7v+R8t+rVqnuntUrjeNzMHNtgm2ybeWyfNdgJa7IWk+yOPbBH9uTcO8/Oi/P6FZ1wxjPr7Aec909Nf6Ks</latexit>

{T ,�}

<latexit sha1_base64="ArXCia1/RPcIYqSnYSwl3ytc+rc=">AAACCnicbVDLSgNBEJyNrxhfUcGLl8EgeJCwKxE9Br14jJAXZEPonXTikNkHM71CWPMHfoVXPXkTr/6EB//F3ZiDJtapqOqmq8uLlDRk259Wbml5ZXUtv17Y2Nza3inu7jVNGGuBDRGqULc9MKhkgA2SpLAdaQTfU9jyRteZ37pHbWQY1GkcYdeHYSAHUgClUq944CauD3QnQCX1ySl3PSRwJ71iyS7bU/BF4sxIic1Q6xW/3H4oYh8DEgqM6Th2RN0ENEmhcFJwY4MRiBEMsZPSAHw03WSaf8KPYwMU8gg1l4pPRfy9kYBvzNj30sksq5n3MvE/rxPT4LKbyCCKCQORHSKpcHrICC3TYpD3pUYiyJIjlwEXoIEIteQgRCrGaVOFtA9n/vtF0jwrO5Xy+W2lVL2aNZNnh+yInTCHXbAqu2E11mCCPbAn9sxerEfr1Xqz3n9Gc9ZsZ5/9gfXxDdxBmoo=</latexit>
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R G  F L O W

T

<latexit sha1_base64="pz5k0nXLPD7ePsdjfALVumgudqk=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJRBSkKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw6BNswhdHyaBHEsBlEr9gQ90L0Al7fmwWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ55Dk/iQ1QyCPUXCqei/h7IwHfmJnvpZNZRLPoZeJ/Xj+m8aWbyCCKCQORHSKpMD9khJZpF8hHUiMRZMmRy4AL0ECEWnIQIhXjtJxK2oez+P0y6Z7VnUb9/LZRa14VzZTZETtmp8xhF6zJbliLdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vXPGV9w==</latexit>

A[�] =
1X

i=1

U iPi[�]

<latexit sha1_base64="yafCzuDy4YwAUYE6VoCIoan0d/Q=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIIHCbsS0Usg4kGPEYwK2XWZHTumyezsMtMrhCU/4Sf4FV715E08KvgvbmIOvupUVFXT3RWlCi257pszMTk1PTM7N19aWFxaXimvrp3bJDMSWjJRibmMhAWFGlqEpOAyNSDiSMFF1Dsa+he3YCwm+oz6KQSxuNHYQSmokMLyziFv+2kXA17nvs3iMMe6N7jKfdQd6g84b11hM8SvTFiuuFV3BP6XeGNSYWM0w/KHf53ILAZNUglr256bUpALQygVDEp+ZiEVsiduoF1QLWKwQT76asC3Miso4SkYjoqPRPg+kYvY2n4cFclYUNf+9obif147o85BkKNOMwIth4sIFYwWWWmwqAv4NRogEsPLgaPmUhhBBAa5kLIQs6K/UtGH9/v7v+R8t+rVqnuntUrjeNzMHNtgm2ybeWyfNdgJa7IWk+yOPbBH9uTcO8/Oi/P6FZ1wxjPr7Aec909Nf6Ks</latexit>

k 7! �k

<latexit sha1_base64="Qr/lncuWKFEw4MkIcs4lB5pNRwc=">AAACBXicbVA9TwJBEN3DL8SvQ0ubjcTEitwZjZZECy0xkY8ECJlbBtywe3fZndMQQu2vsNXKztj6Oyz8Lx54hYKvenlvJvPmBbGSljzv08ktLa+sruXXCxubW9s7bnG3bqPECKyJSEWmGYBFJUOskSSFzdgg6EBhIxheTv3GPRoro/CWRjF2NAxC2ZcCKJW6bnHI2xpiS1H7CrSG7rDrlryyNwNfJH5GSixDtet+tXuRSDSGJBRY2/K9mDpjMCSFwkmhnViMQQxhgK2UhqDRdsaz6BN+mFigiMdouFR8JuLvjTFoa0c6SCc10J2d96bif14rof55ZyzDOCEMxfQQSYWzQ1YYmXaCvCcNEsE0OXIZcgEGiNBIDkKkYpKWVEj78Oe/XyT147J/Uj69OSlVLrJm8myfHbAj5rMzVmHXrMpqTLAH9sSe2Yvz6Lw6b877z2jOyXb22B84H9/yZ5hm</latexit>

{T ,�}

<latexit sha1_base64="ArXCia1/RPcIYqSnYSwl3ytc+rc=">AAACCnicbVDLSgNBEJyNrxhfUcGLl8EgeJCwKxE9Br14jJAXZEPonXTikNkHM71CWPMHfoVXPXkTr/6EB//F3ZiDJtapqOqmq8uLlDRk259Wbml5ZXUtv17Y2Nza3inu7jVNGGuBDRGqULc9MKhkgA2SpLAdaQTfU9jyRteZ37pHbWQY1GkcYdeHYSAHUgClUq944CauD3QnQCX1ySl3PSRwJ71iyS7bU/BF4sxIic1Q6xW/3H4oYh8DEgqM6Th2RN0ENEmhcFJwY4MRiBEMsZPSAHw03WSaf8KPYwMU8gg1l4pPRfy9kYBvzNj30sksq5n3MvE/rxPT4LKbyCCKCQORHSKpcHrICC3TYpD3pUYiyJIjlwEXoIEIteQgRCrGaVOFtA9n/vtF0jwrO5Xy+W2lVL2aNZNnh+yInTCHXbAqu2E11mCCPbAn9sxerEfr1Xqz3n9Gc9ZsZ5/9gfXxDdxBmoo=</latexit>
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pair of theory space and RG trajectories.
R G  F L O W

T

<latexit sha1_base64="pz5k0nXLPD7ePsdjfALVumgudqk=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJRBSkKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw6BNswhdHyaBHEsBlEr9gQ90L0Al7fmwWrPrdg6+TJyC1FiB1rD6NRiFIvYxIKHAmL5jR+QmoEkKhfPKIDYYgZjCBPspDcBH4yZ55Dk/iQ1QyCPUXCqei/h7IwHfmJnvpZNZRLPoZeJ/Xj+m8aWbyCCKCQORHSKpMD9khJZpF8hHUiMRZMmRy4AL0ECEWnIQIhXjtJxK2oez+P0y6Z7VnUb9/LZRa14VzZTZETtmp8xhF6zJbliLdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vXPGV9w==</latexit>

A[�] =
1X

i=1

U iPi[�]

<latexit sha1_base64="yafCzuDy4YwAUYE6VoCIoan0d/Q=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIIHCbsS0Usg4kGPEYwK2XWZHTumyezsMtMrhCU/4Sf4FV715E08KvgvbmIOvupUVFXT3RWlCi257pszMTk1PTM7N19aWFxaXimvrp3bJDMSWjJRibmMhAWFGlqEpOAyNSDiSMFF1Dsa+he3YCwm+oz6KQSxuNHYQSmokMLyziFv+2kXA17nvs3iMMe6N7jKfdQd6g84b11hM8SvTFiuuFV3BP6XeGNSYWM0w/KHf53ILAZNUglr256bUpALQygVDEp+ZiEVsiduoF1QLWKwQT76asC3Miso4SkYjoqPRPg+kYvY2n4cFclYUNf+9obif147o85BkKNOMwIth4sIFYwWWWmwqAv4NRogEsPLgaPmUhhBBAa5kLIQs6K/UtGH9/v7v+R8t+rVqnuntUrjeNzMHNtgm2ybeWyfNdgJa7IWk+yOPbBH9uTcO8/Oi/P6FZ1wxjPr7Aec909Nf6Ks</latexit>

k 7! �k

<latexit sha1_base64="Qr/lncuWKFEw4MkIcs4lB5pNRwc=">AAACBXicbVA9TwJBEN3DL8SvQ0ubjcTEitwZjZZECy0xkY8ECJlbBtywe3fZndMQQu2vsNXKztj6Oyz8Lx54hYKvenlvJvPmBbGSljzv08ktLa+sruXXCxubW9s7bnG3bqPECKyJSEWmGYBFJUOskSSFzdgg6EBhIxheTv3GPRoro/CWRjF2NAxC2ZcCKJW6bnHI2xpiS1H7CrSG7rDrlryyNwNfJH5GSixDtet+tXuRSDSGJBRY2/K9mDpjMCSFwkmhnViMQQxhgK2UhqDRdsaz6BN+mFigiMdouFR8JuLvjTFoa0c6SCc10J2d96bif14rof55ZyzDOCEMxfQQSYWzQ1YYmXaCvCcNEsE0OXIZcgEGiNBIDkKkYpKWVEj78Oe/XyT147J/Uj69OSlVLrJm8myfHbAj5rMzVmHXrMpqTLAH9sSe2Yvz6Lw6b877z2jOyXb22B84H9/yZ5hm</latexit>

{T ,�}

<latexit sha1_base64="ArXCia1/RPcIYqSnYSwl3ytc+rc=">AAACCnicbVDLSgNBEJyNrxhfUcGLl8EgeJCwKxE9Br14jJAXZEPonXTikNkHM71CWPMHfoVXPXkTr/6EB//F3ZiDJtapqOqmq8uLlDRk259Wbml5ZXUtv17Y2Nza3inu7jVNGGuBDRGqULc9MKhkgA2SpLAdaQTfU9jyRteZ37pHbWQY1GkcYdeHYSAHUgClUq944CauD3QnQCX1ySl3PSRwJ71iyS7bU/BF4sxIic1Q6xW/3H4oYh8DEgqM6Th2RN0ENEmhcFJwY4MRiBEMsZPSAHw03WSaf8KPYwMU8gg1l4pPRfy9kYBvzNj30sksq5n3MvE/rxPT4LKbyCCKCQORHSKpcHrICC3TYpD3pUYiyJIjlwEXoIEIteQgRCrGaVOFtA9n/vtF0jwrO5Xy+W2lVL2aNZNnh+yInTCHXbAqu2E11mCCPbAn9sxerEfr1Xqz3n9Gc9ZsZ5/9gfXxDdxBmoo=</latexit>

�k[�] =
1X

i=1

U i(k)Pi[�]

<latexit sha1_base64="AoZ4PIh8rpCTSn8slW8QoFi7gG4="></latexit>

1

2
Tr[· · · ] =

1X

i=1

bi(U1, U2, · · · ; k)Pi[�]

<latexit sha1_base64="1rscecOwJTQQywh/AUvKfeO1q4A="></latexit>

k@ku
i = �i(u1, u2, · · · ; k)

<latexit sha1_base64="cWwyHjK02Nic1tcbvSPjE4KPj/Q=">AAACInicbVDLSgNBEJz1GeMr6tHLYBAUJOyGiIIIohePCsYEsknonbQ67OyDmR4hhPyFn+BXeNWTN/Ek6L+4G3PwVaeiqpvqriBV0pDrvjkTk1PTM7OFueL8wuLScmll9dIkVgusi0QluhmAQSVjrJMkhc1UI0SBwkYQnuR+4xa1kUl8Qf0U2xFcx/JKCqBM6pYqc6GfgiYJqhty25H8kPsBEnTklu14O5lU3eG+6CVkDsLtbqnsVtwR+F/ijUmZjXHWLX34vUTYCGMSCoxpeW5K7UGeKBQOi741mIII4RpbGY0hQtMejP4a8k1rgBKeouZS8ZGI3zcGEBnTj4JsMgK6Mb+9XPzPa1m62m8PZJxawljkQSQVjoKM0DIrDHlPaiSC/HLkMuYCNBChlhyEyESbNVjM+vB+f/+XXFYrXq2ye14rHx2PmymwdbbBtpjH9tgRO2VnrM4Eu2MP7JE9OffOs/PivH6NTjjjnTX2A877J9yLojQ=</latexit>



Fixed points &
Scaling exponents



Fixed points &
Scaling exponents

�i(u⇤) = 0

<latexit sha1_base64="Xy+a+r2dEkWOCEYbVSgjcou/DdI=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAI8RJ2JaIXIeBBjxHMA7Ix9E46ccjsg5leISz5Ar/Cq568iVe/woP/4mbNQaN1Kqq66eryIiUN2faHlVtYXFpeya8W1tY3NreK2ztNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNHF1G/dozYyDG5oHGHXh2EgB1IApVKvuOd6SHAreTnuuWCIH/FzbveKJbtiZ+B/iTMjJTZDvVf8dPuhiH0MSCgwpuPYEXUT0CSFwknBjQ1GIEYwxE5KA/DRdJMs/oQfxgYo5BFqLhXPRPy5kYBvzNj30kkf6M7Me1PxP68T0+Csm8ggigkDMT1EUmF2yAgt016Q96VGIpgmRy4DLkADEWrJQYhUjNOiCmkfzvz3f0nzuOJUKyfX1VLtctZMnu2zA1ZmDjtlNXbF6qzBBEvYI3tiz9aD9WK9Wm/fozlrtrPLfsF6/wKH1JiE</latexit>
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Fixed points &
Scaling exponents

�i(u⇤) = 0

<latexit sha1_base64="Xy+a+r2dEkWOCEYbVSgjcou/DdI=">AAACCXicbVDLSgNBEJyNrxhfUfHkZTAI8RJ2JaIXIeBBjxHMA7Ix9E46ccjsg5leISz5Ar/Cq568iVe/woP/4mbNQaN1Kqq66eryIiUN2faHlVtYXFpeya8W1tY3NreK2ztNE8ZaYEOEKtRtDwwqGWCDJClsRxrB9xS2vNHF1G/dozYyDG5oHGHXh2EgB1IApVKvuOd6SHAreTnuuWCIH/FzbveKJbtiZ+B/iTMjJTZDvVf8dPuhiH0MSCgwpuPYEXUT0CSFwknBjQ1GIEYwxE5KA/DRdJMs/oQfxgYo5BFqLhXPRPy5kYBvzNj30kkf6M7Me1PxP68T0+Csm8ggigkDMT1EUmF2yAgt016Q96VGIpgmRy4DLkADEWrJQYhUjNOiCmkfzvz3f0nzuOJUKyfX1VLtctZMnu2zA1ZmDjtlNXbF6qzBBEvYI3tiz9aD9WK9Wm/fozlrtrPLfsF6/wKH1JiE</latexit>

F I X E D  P O I N T

Gaussian FP: the scaling exponent 

agrees with the canonical mass 

dimension (generally )ui
* = 0

Non-Gaussian FP (interacting, UV FP): 

at least one of the scaling exponents 

differs from the canonical mass 

dimension ( )ui
* ≠ 0



Fixed points &
Scaling exponents

k@ku
i(k) =

X

j

Bi
j(u

i(k)� ui
⇤), Bi

j(u⇤) ⌘ @j�
i(u⇤)

<latexit sha1_base64="4WXJ1p7XJ25dLcuCeGT82SaEsLk="></latexit>

�i(u⇤) = 0
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is provided by their number of derivatives. 

u p  t o  o r d e r  R ^ 7 2 w i t h  m a t t e r d i f f e r e n t  c a r r i e r  f i e l d sWhat has been done?

Reuter, Saueressig, Percacci, Falls, Litim, Eichhorn,…



Project the RG equation
on the truncated space

<latexit sha1_base64="TKKig5U1uIXK+A9mIhSFdn6FU/c="></latexit>

Search for fixed points

<latexit sha1_base64="hAqIZTPlENFvZAZT9Df+yFRJojs=">AAACDXicbVDLTgJBEJz1ifhCPRkvE4mJJ7JLNHok8aBHjPJIgJDeoYEJs7ObmV4jIcRP8Cu86smb8eo3ePBf3EUOCtapUtWd7io/UtKS6346C4tLyyurmbXs+sbm1nZuZ7dqw9gIrIhQhabug0UlNVZIksJ6ZBACX2HNH1ykfu0OjZWhvqVhhK0Aelp2pQBKpHZu/wbBiD7vhoZ35T12eBRKTZZn27m8W3An4PPEm5I8m6Lczn01O6GIA9QkFFjb8NyIWiMwJIXCcbYZW4xADKCHjYRqCNC2RpMIY34UW6CQR2i4VHwi4u+NEQTWDgM/mQyA+nbWS8X/vEZM3fPWSOooJtQiPURS4eSQFUYm3SDvSINEkH6OXGouwAARGslBiESMk7LSPrzZ9POkWix4J4XT62K+dDltJsMO2CE7Zh47YyV2xcqswgR7YE/smb04j86r8+a8/4wuONOdPfYHzsc38yGbCQ==</latexit>

Determine the critical
exponents and subspace
of relevant directions

<latexit sha1_base64="gS8k3wnKp83PqKxa2reMqEd2Uk8="></latexit>

Compute the fixed point’s
UV critical hypersurface

<latexit sha1_base64="h1BY+EGSD8pLnYpfvaluQyLiASk="></latexit>

Compute the
resulting flow

<latexit sha1_base64="xWWMXT/IQ+v0pCHRy6/ZyxpXdzA=">AAACJXicbVDLSgMxFM3UV62vqks3wSK4KjNF0WWhC11WsA/olJJJb9vQTDIkd5RS+h1+gl/hVlfuRHAh/oozYxfaehbhcM595J4gksKi6344uZXVtfWN/GZha3tnd6+4f9C0OjYcGlxLbdoBsyCFggYKlNCODLAwkNAKxrXUb92BsUKrW5xE0A3ZUImB4AwTqVf0fKWF6oNC6vPkBSPUkNZ0GMUIFEdAfd+AjSWm+kDq+16x5JbdDHSZeHNSInPUe8VPv695HCbTuWTWdjw3wu6UGRRcwqzgxxYixsdsCJ2EKhaC7U6z02b0JLYMNY3AUCFpJsLvjikLrZ2EQVIZMhzZRS8V//M6MQ4uu1Oh0jsVTxehkJAtstyIJDOgfWEAkaU/ByoU5cwwTCOijKdhxUmIhSQPb/H6ZdKslL2z8vlNpVS9mieTJ0fkmJwSj1yQKrkmddIgnDyQJ/JMXpxH59V5c95/SnPOvOeQ/IHz9Q11waYG</latexit>

Choose a (di↵erent)
truncation

<latexit sha1_base64="ePAojIS+r6hRXiuncfMMukuU594=">AAACIXicbVDLSgNBEJyNrxhfUY9eBoMQD4ZdUfQYzMWjgtFANoTeSScZMju7zPQKEvIVfoJf4VVP3sSbiP/iboygiXUqqqqnpyuIlbTkuu9Obm5+YXEpv1xYWV1b3yhubl3bKDEC6yJSkWkEYFFJjXWSpLARG4QwUHgTDGqZf3OLxspIX9FdjK0Qelp2pQBKpXbxwBeoCY3UPV7rR5FFDrzckd0umtTY575fIJPon3zJrbhj8FniTUiJTXDRLn76nUgkYfqUUGBt03Njag3BkBQKRwU/sRiDGEAPmynVEKJtDcdnjfheYoEiHqPhUvGxiL8nhhBaexcGaTIE6ttpLxP/85oJdU9bQ6njhFCLbBFJheNFVhiZ9oW8Iw0SQfZz5FJzAQYoK4qDyCpL0kIKaR/e9PWz5Pqw4h1Vji8PS9WzSTN5tsN2WZl57IRV2Tm7YHUm2D17ZE/s2XlwXpxX5+07mnMmM9vsD5yPL7CIo2Y=</latexit>

Stop

<latexit sha1_base64="lYwiZ38t9SvduNu++V9NIg+JwpU=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIjEJQRNJRBkIeURNH5sklOOZ9Pd2tEZOUXaKGiQ7T8DgX/gm1cQMJUo5ld7ez4WgqLrvvpFFZW19Y3ipulre2d3b3y/kHLhpHh0OShDE3HZxakUNBEgRI62gALfAltf3qd+u0HMFaE6h5nGvoBGysxEpxhKt1hqAflilt1M9Bl4uWkQnI0BuWv3jDkUQAKuWTWdj1XYz9mBgWXMC/1Igua8SkbQzehigVg+3GWdU5PIsswpBoMFZJmIvzeiFlg7Szwk8mA4cQueqn4n9eNcHTZj4XSEYLi6SEUErJDlhuRlAB0KAwgsjQ5UKEoZ4YhghGUcZ6IUdJKKenDW/x+mbRqVe+sen5bq9Sv8maK5Igck1PikQtSJzekQZqEkwl5Is/kxXl0Xp035/1ntODkO4fkD5yPb9B0ktM=</latexit>

Truncation reliable
(test by analysis of scheme (in-)

dependence of universal
quantities, etc.)?

<latexit sha1_base64="ylp7mdL7jiQXbu/Xp4UUhEt0J/8="></latexit>

Yes

<latexit sha1_base64="S9/H1fOoYfw65UENqDZAKDtrqec=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrIjEJQRNJRBkAdKrOh82YRTzg/drUFRlE+ghYoO0fI9FPwLtnEBCVONZna1s+NFShqy7U+rsLS8srpWXC9tbG5t75R391omjLXApghVqDseN6hkgE2SpLATaeS+p7DtjS9Tv/2A2sgwuKVJhK7PR4EcSsEpkW7u0PTLFbtqZ2CLxMlJBXI0+uWv3iAUsY8BCcWN6Tp2RO6Ua5JC4azUiw1GXIz5CLsJDbiPxp1mUWfsKDacQhahZlKxTMTfG1PuGzPxvWTS53Rv5r1U/M/rxjQ8d6cyiGLCQKSHSCrMDhmhZdIBsoHUSMTT5MhkwATXnAi1ZFyIRIyTUkpJH87894ukVas6J9XT61qlfpE3U4QDOIRjcOAM6nAFDWiCgBE8wTO8WI/Wq/Vmvf+MFqx8Zx/+wPr4BvPeklQ=</latexit>

No

<latexit sha1_base64="V0leeys8Bsx97vegpUZNCr0n42A=">AAAB9HicbVC7TsNAEFyHVwivACXNiQiJKrIjEJQRNFQoIPKQEis6XzbhlPNDd+tIkZU/oIWKDtHyPxT8C3ZwAQlTjWZ2tbPjRUoasu1Pq7Cyura+UdwsbW3v7O6V9w9aJoy1wKYIVag7HjeoZIBNkqSwE2nkvqew7Y2vM789QW1kGDzQNELX56NADqXglEr3t2G/XLGr9hxsmTg5qUCORr/81RuEIvYxIKG4MV3HjshNuCYpFM5KvdhgxMWYj7Cb0oD7aNxknnTGTmLDKWQRaiYVm4v4eyPhvjFT30snfU6PZtHLxP+8bkzDSzeRQRQTBiI7RFLh/JARWqYVIBtIjUQ8S45MBkxwzYlQS8aFSMU47aSU9uEsfr9MWrWqc1Y9v6tV6ld5M0U4gmM4BQcuoA430IAmCBjCEzzDizWxXq036/1ntGDlO4fwB9bHNxlYkdY=</latexit>

The Program



Asymptotic 
Safety

Asymptotic 
Safety

Gravity



Background 
independence

Background independence



Background 
independence

Background independence
A p p r o a c h e s  w h i c h  
l i t e r a l l y  d o  n o t  e m p l o y  
a  g r a v i t a t i o n a l  
b a c k g r o u n d  i n  a n y  w a y .  



Background 
independence

Background independence
A p p r o a c h e s  w h i c h  
l i t e r a l l y  d o  n o t  e m p l o y  
a  g r a v i t a t i o n a l  
b a c k g r o u n d  i n  a n y  w a y .  

A p p r o a c h e s  w h i c h  s e l f -
c o n s i s t e n t l y  f i x  a  g r a v i t a t i o n a l  
b a c k g r o u n d  b y  i n v o k i n g  t h e  
f u n d a m e n t a l  d y n a m i c a l  l a w s .  



Background 
independence

Background independence
A p p r o a c h e s  w h i c h  
l i t e r a l l y  d o  n o t  e m p l o y  
a  g r a v i t a t i o n a l  
b a c k g r o u n d  i n  a n y  w a y .  

A p p r o a c h e s  w h i c h  s e l f -
c o n s i s t e n t l y  f i x  a  g r a v i t a t i o n a l  
b a c k g r o u n d  b y  i n v o k i n g  t h e  
f u n d a m e n t a l  d y n a m i c a l  l a w s .  

B a c k g r o u n d  f i e l d  m e t h o d

gµ⌫ = hĝµ⌫i = ḡµ⌫ + hµ⌫

<latexit sha1_base64="43mcJ3QOsrQ2yfdLZpdU7Bn5vsI="></latexit>



Background 
independence

Background independence
A p p r o a c h e s  w h i c h  
l i t e r a l l y  d o  n o t  e m p l o y  
a  g r a v i t a t i o n a l  
b a c k g r o u n d  i n  a n y  w a y .  

A p p r o a c h e s  w h i c h  s e l f -
c o n s i s t e n t l y  f i x  a  g r a v i t a t i o n a l  
b a c k g r o u n d  b y  i n v o k i n g  t h e  
f u n d a m e n t a l  d y n a m i c a l  l a w s .  

B a c k g r o u n d  f i e l d  m e t h o d

gµ⌫ = hĝµ⌫i = ḡµ⌫ + hµ⌫

<latexit sha1_base64="43mcJ3QOsrQ2yfdLZpdU7Bn5vsI="></latexit>

The dynamical degrees of freedom are 

quantized on this background.  
hĥµ⌫iḡ = 0 () hĝµ⌫iḡ = ḡµ⌫ for ḡ = ḡ(k)sc

<latexit sha1_base64="M7ZqQdsEmvXvI+Ow2DwaRCVAqXM="></latexit>



Background 
independence

Background independence
A p p r o a c h e s  w h i c h  
l i t e r a l l y  d o  n o t  e m p l o y  
a  g r a v i t a t i o n a l  
b a c k g r o u n d  i n  a n y  w a y .  

A p p r o a c h e s  w h i c h  s e l f -
c o n s i s t e n t l y  f i x  a  g r a v i t a t i o n a l  
b a c k g r o u n d  b y  i n v o k i n g  t h e  
f u n d a m e n t a l  d y n a m i c a l  l a w s .  

B a c k g r o u n d  f i e l d  m e t h o d

gµ⌫ = hĝµ⌫i = ḡµ⌫ + hµ⌫

<latexit sha1_base64="43mcJ3QOsrQ2yfdLZpdU7Bn5vsI="></latexit>

The dynamical degrees of freedom are 

quantized on this background.  

The background is re-adjusted in such a 

way that it becomes self-consistent,  

meaning that the expectation value of the 

fluctuation vanishes.

hĥµ⌫iḡ = 0 () hĝµ⌫iḡ = ḡµ⌫ for ḡ = ḡ(k)sc

<latexit sha1_base64="M7ZqQdsEmvXvI+Ow2DwaRCVAqXM="></latexit>

�

�hµ⌫(x)
�k [h; ḡ]

����
h=0, ḡ=ḡ(k)sc

= 0

<latexit sha1_base64="JGj7w55rsT5l5sGMwHg7jWOCdqw="></latexit>



Quantum Einstein Gravity
�k =

1

16⇡G(k)

Z
ddx

p
g(R� 2⇤(k)) + gauge fixing + ghosts

<latexit sha1_base64="QjgSfm0e0Hm7PoLBrZijtS2hh+k="></latexit>

Reuter (1996)



Quantum Einstein Gravity
�k =

1

16⇡G(k)

Z
ddx

p
g(R� 2⇤(k)) + gauge fixing + ghosts

<latexit sha1_base64="QjgSfm0e0Hm7PoLBrZijtS2hh+k="></latexit>

g(k) = G(k)k2

�(k) = ⇤(k)k�2

<latexit sha1_base64="s3vju5HJ4a+wp43DvtTATb+/Km8="></latexit>

Reuter (1996)



Quantum Einstein Gravity
�k =

1

16⇡G(k)

Z
ddx

p
g(R� 2⇤(k)) + gauge fixing + ghosts

<latexit sha1_base64="QjgSfm0e0Hm7PoLBrZijtS2hh+k="></latexit>

k@kgk = �g(g,�)

<latexit sha1_base64="GNtAm1sC+5kMzV//iLDM3u1ibqY=">AAACGnicbVDLSgNBEJz1GeMr6tHLYFAUJOyKohch6MVjBJMI2bD0Ttp1yOyDmV5BQv7AT/ArvOrJm3j14sF/cTbm4KthoKjq7pquMFPSkOu+OxOTU9Mzs6W58vzC4tJyZWW1ZdJcC2yKVKX6MgSDSibYJEkKLzONEIcK22H/tNDbN6iNTJMLus2wG0OUyCspgCwVVLb63M9AkwQV9Hlk3zH3QyQIou1ol/vKrurBTlCpujV3VPwv8MagysbVCCoffi8VeYwJCQXGdDw3o+6gcBIKh2U/N5iB6EOEHQsTiNF0B6N7hnwzN0Apz1BzqfiIxO8TA4iNuY1D2xkDXZvfWkH+p3VyujrqDmSS5YSJKIxIKhwZGaGlDQp5T2okguLnyGXCBWggQi05CGHJ3CZXtnl4v6//C1p7NW+/dnC+X62fjJMpsXW2wbaZxw5ZnZ2xBmsywe7YA3tkT8698+y8OK9frRPOeGaN/Sjn7RO+PJ+f</latexit>

k@k�k = ��(g,�)

<latexit sha1_base64="sGWMGPbA89mJBHqlD3gdy9uATNc=">AAACJnicbVDLSgNBEJz1GeNr1aOXwSBEkLAbInoRgl48KhgVkrD0Tto4ZPbBTK8gwf/wE/wKr3ryJuJB8FOcjStotE5FVRfdXWGqpCHPe3MmJqemZ2ZLc+X5hcWlZXdl9cwkmRbYEolK9EUIBpWMsUWSFF6kGiEKFZ6Hg8PcP79GbWQSn9JNit0I+rG8lALISoFbH/BOCpokqMBSZZM9sGyfd0IkCAql2t/+NrcCt+LVvBH4X+IXpMIKHAfue6eXiCzCmIQCY9q+l1J3mG8VCm/LncxgCmIAfWxbGkOEpjsc/XbLNzMDlPAUNZeKj0T8mRhCZMxNFNrJCOjKjHu5+J/XzuhyrzuUcZoRxiJfRFLhaJERWtrSkPekRiLIL0cuYy5AAxFqyUEIK2a2xbLtwx///i85q9f8Rm3npFFpHhTNlNg622BV5rNd1mRH7Ji1mGB37IE9sifn3nl2XpzXr9EJp8issV9wPj4Bixqkww==</latexit>

��(g⇤,�⇤) = 0

<latexit sha1_base64="tnnNYrvG7kiTTQy8ojKE3TopeQk=">AAACG3icbVC7SgNREL0bXzG+opY2F4MYQcKuRLQRgjaWCkaF7LLM3ozxkrsP7p0VJPgJfoJfYauVndhaWPgv7q5baPRUZ86ZYWZOkChpyLY/rMrE5NT0THW2Nje/sLhUX145N3GqBXZFrGJ9GYBBJSPskiSFl4lGCAOFF8HwKPcvblAbGUdndJugF8IgkldSAGWSX990AyTwXZWN9KE58F0wtM3Luqi2+AG3/XrDbtkF+F/ilKTBSpz49U+3H4s0xIiEAmN6jp2QNwJNUii8q7mpwQTEEAbYy2gEIRpvVDx0xzdSAxTzBDWXihci/pwYQWjMbRhknSHQtRn3cvE/r5fS1b43klGSEkYiX0RSYbHICC2zpJD3pUYiyC9HLiMuQAMRaslBiExMs+hqWR7O+Pd/yflOy2m3dk/bjc5hmUyVrbF11mQO22MddsxOWJcJds8e2RN7th6sF+vVevturVjlzCr7Bev9C/XNoEY=</latexit>

�g(g⇤,�⇤) = 0

<latexit sha1_base64="dzHyFjDtqaibmuUjDfFvpMlSSNY=">AAACFXicbVC7SgNBFJ2N7/hatbQZDUIECbsS0UYQbSwVjAlkw3J3chOHzD6YuSuEkNpP8CtstbITW2sL/8XNmkITT3XmnHu4c0+QKGnIcT6twszs3PzC4lJxeWV1bd3e2Lw1caoF1kSsYt0IwKCSEdZIksJGohHCQGE96F2M/Po9aiPj6Ib6CbZC6EayIwVQJvn2jhcggd8td30PDB1wT2XhNuSvfX7KHd8uORUnB58m7piU2BhXvv3ltWORhhiRUGBM03USag1AkxQKh0UvNZiA6EEXmxmNIETTGuSnDPleaoBinqDmUvFcxN+JAYTG9MMgmwyB7sykNxL/85opdU5aAxklKWEkRotIKswXGaFl1hHyttRIBKOfI5cRF6CBCLXkIEQmpllpxawPd/L6aXJ7WHGrlaPraunsfNzMIttmu6zMXHbMztglu2I1JtgDe2LP7MV6tF6tN+v9Z7RgjTNb7A+sj28emJ20</latexit>

g(k) = G(k)k2

�(k) = ⇤(k)k�2

<latexit sha1_base64="s3vju5HJ4a+wp43DvtTATb+/Km8="></latexit>

Reuter (1996)



Quantum Einstein Gravity
�k =

1

16⇡G(k)

Z
ddx

p
g(R� 2⇤(k)) + gauge fixing + ghosts

<latexit sha1_base64="QjgSfm0e0Hm7PoLBrZijtS2hh+k="></latexit>

k@kgk = �g(g,�)

<latexit sha1_base64="GNtAm1sC+5kMzV//iLDM3u1ibqY=">AAACGnicbVDLSgNBEJz1GeMr6tHLYFAUJOyKohch6MVjBJMI2bD0Ttp1yOyDmV5BQv7AT/ArvOrJm3j14sF/cTbm4KthoKjq7pquMFPSkOu+OxOTU9Mzs6W58vzC4tJyZWW1ZdJcC2yKVKX6MgSDSibYJEkKLzONEIcK22H/tNDbN6iNTJMLus2wG0OUyCspgCwVVLb63M9AkwQV9Hlk3zH3QyQIou1ol/vKrurBTlCpujV3VPwv8MagysbVCCoffi8VeYwJCQXGdDw3o+6gcBIKh2U/N5iB6EOEHQsTiNF0B6N7hnwzN0Apz1BzqfiIxO8TA4iNuY1D2xkDXZvfWkH+p3VyujrqDmSS5YSJKIxIKhwZGaGlDQp5T2okguLnyGXCBWggQi05CGHJ3CZXtnl4v6//C1p7NW+/dnC+X62fjJMpsXW2wbaZxw5ZnZ2xBmsywe7YA3tkT8698+y8OK9frRPOeGaN/Sjn7RO+PJ+f</latexit>

k@k�k = ��(g,�)

<latexit sha1_base64="sGWMGPbA89mJBHqlD3gdy9uATNc=">AAACJnicbVDLSgNBEJz1GeNr1aOXwSBEkLAbInoRgl48KhgVkrD0Tto4ZPbBTK8gwf/wE/wKr3ryJuJB8FOcjStotE5FVRfdXWGqpCHPe3MmJqemZ2ZLc+X5hcWlZXdl9cwkmRbYEolK9EUIBpWMsUWSFF6kGiEKFZ6Hg8PcP79GbWQSn9JNit0I+rG8lALISoFbH/BOCpokqMBSZZM9sGyfd0IkCAql2t/+NrcCt+LVvBH4X+IXpMIKHAfue6eXiCzCmIQCY9q+l1J3mG8VCm/LncxgCmIAfWxbGkOEpjsc/XbLNzMDlPAUNZeKj0T8mRhCZMxNFNrJCOjKjHu5+J/XzuhyrzuUcZoRxiJfRFLhaJERWtrSkPekRiLIL0cuYy5AAxFqyUEIK2a2xbLtwx///i85q9f8Rm3npFFpHhTNlNg622BV5rNd1mRH7Ji1mGB37IE9sifn3nl2XpzXr9EJp8issV9wPj4Bixqkww==</latexit>

��(g⇤,�⇤) = 0

<latexit sha1_base64="tnnNYrvG7kiTTQy8ojKE3TopeQk=">AAACG3icbVC7SgNREL0bXzG+opY2F4MYQcKuRLQRgjaWCkaF7LLM3ozxkrsP7p0VJPgJfoJfYauVndhaWPgv7q5baPRUZ86ZYWZOkChpyLY/rMrE5NT0THW2Nje/sLhUX145N3GqBXZFrGJ9GYBBJSPskiSFl4lGCAOFF8HwKPcvblAbGUdndJugF8IgkldSAGWSX990AyTwXZWN9KE58F0wtM3Luqi2+AG3/XrDbtkF+F/ilKTBSpz49U+3H4s0xIiEAmN6jp2QNwJNUii8q7mpwQTEEAbYy2gEIRpvVDx0xzdSAxTzBDWXihci/pwYQWjMbRhknSHQtRn3cvE/r5fS1b43klGSEkYiX0RSYbHICC2zpJD3pUYiyC9HLiMuQAMRaslBiExMs+hqWR7O+Pd/yflOy2m3dk/bjc5hmUyVrbF11mQO22MddsxOWJcJds8e2RN7th6sF+vVevturVjlzCr7Bev9C/XNoEY=</latexit>

�g(g⇤,�⇤) = 0

<latexit sha1_base64="dzHyFjDtqaibmuUjDfFvpMlSSNY=">AAACFXicbVC7SgNBFJ2N7/hatbQZDUIECbsS0UYQbSwVjAlkw3J3chOHzD6YuSuEkNpP8CtstbITW2sL/8XNmkITT3XmnHu4c0+QKGnIcT6twszs3PzC4lJxeWV1bd3e2Lw1caoF1kSsYt0IwKCSEdZIksJGohHCQGE96F2M/Po9aiPj6Ib6CbZC6EayIwVQJvn2jhcggd8td30PDB1wT2XhNuSvfX7KHd8uORUnB58m7piU2BhXvv3ltWORhhiRUGBM03USag1AkxQKh0UvNZiA6EEXmxmNIETTGuSnDPleaoBinqDmUvFcxN+JAYTG9MMgmwyB7sykNxL/85opdU5aAxklKWEkRotIKswXGaFl1hHyttRIBKOfI5cRF6CBCLXkIEQmpllpxawPd/L6aXJ7WHGrlaPraunsfNzMIttmu6zMXHbMztglu2I1JtgDe2LP7MV6tF6tN+v9Z7RgjTNb7A+sj28emJ20</latexit>
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Timelike-spacelike: no distinguished ordering of the modes with a 
standard canonical status is given.
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S t a t e  d e p e n d e n c e  -  O b s e r v e r  d e p e n d e n c e

T h e  F R G  a s  a  
m a c h i n e r y

One can work out a Lorentzian heat kernel proper time regularization.

Obtain RG trajectories on a theory space which is constituted of 
functionals that are constructed on Lorentzian metrics. 

Analyze the flows of hyperbolic kinetic operators, typically of the 
d’Alembertian in the background of the running self-consistent metrics.
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xµ = X µ (öx)

<latexit sha1_base64="eJ7U9gUVV+aSkzY8Lb+4LwmABLs=">AAACCnicbVC7TgJREL3rE/GFmtjY3EhMsCG7BqONCdHGEhN5JIBk9jLADXcfuXfWQJA/8CtstbIztv6Ehf/islIoeJo5OWcmM3PcUElDtv1pLSwuLa+sptbS6xubW9uZnd2KCSItsCwCFeiaCwaV9LFMkhTWQo3guQqrbv9q4lfvURsZ+Lc0DLHpQdeXHSmAYqmV2R/cNbyIX/BaUnONHhAfHLcyWTtvJ+DzxJmSLJui1Mp8NdqBiDz0SSgwpu7YITVHoEkKheN0IzIYguhDF+sx9cFD0xwl94/5UWSAAh6i5lLxRMTfEyPwjBl6btzpAfXMrDcR//PqEXXOmyPphxGhLyaLSCpMFhmhZRwM8rbUSASTy5FLnwvQQIRachAiFqM4qXSchzP7/TypnOSdQv70ppAtXk6TSbEDdshyzGFnrMiuWYmVmWAP7Ik9sxfr0Xq13qz3n9YFazqzx/7A+vgGxa+ZOw==</latexit>



Physical coordinate system
I n t r o d u c e  a  
d y n a m i c a l  
f i e l d s  

! a(x) = { gµ ! , matter Þelds}

<latexit sha1_base64="b3LtDuG+ULl0hoFEZGsPaDZCGqU="></latexit>

x

<latexit sha1_base64="NWVbpeiBMqV2moEafHd6Lo5ebdQ=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJREKkxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w+6JrKaQ4dHMtK9gBmQQkEHBUroxRpYGEi4C6bXmX/3ANqISN3iLAY/ZBMlxoIzTKX247Bac+tuDrpMvILUSIHWsPo1GEXchqCQS2ZM33Nj9BOmUXAJ88rAGogZn7IJ9FOqWAjGT/Kgc3piDcOIxqCpkDQX4fdGwkJjZmGQToYM782il4n/eX2L40s/ESq2CIpnh1BIyA8ZrkXaANCR0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3+P0y6Z7VvUb9vN2oNa+KZsrkiByTU+KRC9IkN6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BiSGRiQ==</latexit>

x̂

<latexit sha1_base64="Xw77I8oT1BvCTUrI6BqvvSBd+Ug=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsogkYeURNH6skmOnB+6WyOClX+ghYoO0fI3FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R395omiLTAhghUoNsuGFTSxwZJUtgONYLnKmy5k6vUb92jNjLwb2kaYs+DkS+HUgAlUrM7BuIP/XLFrtoZ+CJxclJhOer98ld3EIjIQ5+EAmM6jh1SLwZNUiiclbqRwRDEBEbYSagPHppenKWd8aPIAAU8RM2l4pmIvzdi8IyZem4y6QGNzbyXiv95nYiGF71Y+mFE6Iv0EEmF2SEjtExqQD6QGokgTY5c+lyABiLUkoMQiRglvZSSPpz57xdJ86TqnFbPbk4rtcu8mSI7YIfsmDnsnNXYNauzBhPsjj2xZ/ZiPVqv1pv1/jNasPKdffYH1sc39vuTdA==</latexit>

öX öµ (x) = öx öµ

<latexit sha1_base64="EKjDaf6Cg8TzTV9fkeDDZh4ED5E=">AAACHnicbVC7TsNAEDyHd3gFKGlOREiBIrJREDRICBpKkEiIlJhofdnAKeeH7tYoyMo/8Al8BS1UdIgWCv4F26QIgWludmZXeztepKQh2/60ClPTM7Nz8wvFxaXlldXS2nrDhLEWWBehCnXTA4NKBlgnSQqbkUbwPYVXXv8086/uUBsZBpd0H6Hrw00ge1IApVKntNu+BeLN6yR/23485JXBDj/ieT3gY0anVLardg7+lzgjUmYjnHdKX+1uKGIfAxIKjGk5dkRuApqkUDgstmODEYg+3GArpQH4aNwkv2nIt2MDFPIINZeK5yKOTyTgG3Pve2mnD3RrJr1M/M9rxdQ7dBMZRDFhILJFJBXmi4zQMg0LeVdqJILs58hlwAVoIEItOQiRinGaXjHNw5m8/i9p7FWdWnX/olY+PhklM8822RarMIcdsGN2xs5ZnQn2wJ7YM3uxHq1X6816/2ktWKOZDfYL1sc3zB+hPg==</latexit>

xµ = X µ (öx)

<latexit sha1_base64="eJ7U9gUVV+aSkzY8Lb+4LwmABLs=">AAACCnicbVC7TgJREL3rE/GFmtjY3EhMsCG7BqONCdHGEhN5JIBk9jLADXcfuXfWQJA/8CtstbIztv6Ehf/islIoeJo5OWcmM3PcUElDtv1pLSwuLa+sptbS6xubW9uZnd2KCSItsCwCFeiaCwaV9LFMkhTWQo3guQqrbv9q4lfvURsZ+Lc0DLHpQdeXHSmAYqmV2R/cNbyIX/BaUnONHhAfHLcyWTtvJ+DzxJmSLJui1Mp8NdqBiDz0SSgwpu7YITVHoEkKheN0IzIYguhDF+sx9cFD0xwl94/5UWSAAh6i5lLxRMTfEyPwjBl6btzpAfXMrDcR//PqEXXOmyPphxGhLyaLSCpMFhmhZRwM8rbUSASTy5FLnwvQQIRachAiFqM4qXSchzP7/TypnOSdQv70ppAtXk6TSbEDdshyzGFnrMiuWYmVmWAP7Ik9sxfr0Xq13qz3n9YFazqzx/7A+vgGxa+ZOw==</latexit>



Physical coordinate system
I n t r o d u c e  a  
d y n a m i c a l  
f i e l d s  

! a(x) = { gµ ! , matter Þelds}

<latexit sha1_base64="b3LtDuG+ULl0hoFEZGsPaDZCGqU="></latexit>

C o n s t r u c t  t h e  
p h y s i c a l  
c o o r d i n a t e  
f r a m e

öX öµ (x) = öX öµ (! (x), "! (x), á á á)

<latexit sha1_base64="A25nbSoX1gIb5gQKiWlEXGN4aLs="></latexit>

x

<latexit sha1_base64="NWVbpeiBMqV2moEafHd6Lo5ebdQ=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJREKkxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w+6JrKaQ4dHMtK9gBmQQkEHBUroxRpYGEi4C6bXmX/3ANqISN3iLAY/ZBMlxoIzTKX247Bac+tuDrpMvILUSIHWsPo1GEXchqCQS2ZM33Nj9BOmUXAJ88rAGogZn7IJ9FOqWAjGT/Kgc3piDcOIxqCpkDQX4fdGwkJjZmGQToYM782il4n/eX2L40s/ESq2CIpnh1BIyA8ZrkXaANCR0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3+P0y6Z7VvUb9vN2oNa+KZsrkiByTU+KRC9IkN6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BiSGRiQ==</latexit>

x̂

<latexit sha1_base64="Xw77I8oT1BvCTUrI6BqvvSBd+Ug=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsogkYeURNH6skmOnB+6WyOClX+ghYoO0fI3FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R395omiLTAhghUoNsuGFTSxwZJUtgONYLnKmy5k6vUb92jNjLwb2kaYs+DkS+HUgAlUrM7BuIP/XLFrtoZ+CJxclJhOer98ld3EIjIQ5+EAmM6jh1SLwZNUiiclbqRwRDEBEbYSagPHppenKWd8aPIAAU8RM2l4pmIvzdi8IyZem4y6QGNzbyXiv95nYiGF71Y+mFE6Iv0EEmF2SEjtExqQD6QGokgTY5c+lyABiLUkoMQiRglvZSSPpz57xdJ86TqnFbPbk4rtcu8mSI7YIfsmDnsnNXYNauzBhPsjj2xZ/ZiPVqv1pv1/jNasPKdffYH1sc39vuTdA==</latexit>

öX öµ (x) = öx öµ

<latexit sha1_base64="EKjDaf6Cg8TzTV9fkeDDZh4ED5E=">AAACHnicbVC7TsNAEDyHd3gFKGlOREiBIrJREDRICBpKkEiIlJhofdnAKeeH7tYoyMo/8Al8BS1UdIgWCv4F26QIgWludmZXeztepKQh2/60ClPTM7Nz8wvFxaXlldXS2nrDhLEWWBehCnXTA4NKBlgnSQqbkUbwPYVXXv8086/uUBsZBpd0H6Hrw00ge1IApVKntNu+BeLN6yR/23485JXBDj/ieT3gY0anVLardg7+lzgjUmYjnHdKX+1uKGIfAxIKjGk5dkRuApqkUDgstmODEYg+3GArpQH4aNwkv2nIt2MDFPIINZeK5yKOTyTgG3Pve2mnD3RrJr1M/M9rxdQ7dBMZRDFhILJFJBXmi4zQMg0LeVdqJILs58hlwAVoIEItOQiRinGaXjHNw5m8/i9p7FWdWnX/olY+PhklM8822RarMIcdsGN2xs5ZnQn2wJ7YM3uxHq1X6816/2ktWKOZDfYL1sc3zB+hPg==</latexit>

xµ = X µ (öx)

<latexit sha1_base64="eJ7U9gUVV+aSkzY8Lb+4LwmABLs=">AAACCnicbVC7TgJREL3rE/GFmtjY3EhMsCG7BqONCdHGEhN5JIBk9jLADXcfuXfWQJA/8CtstbIztv6Ehf/islIoeJo5OWcmM3PcUElDtv1pLSwuLa+sptbS6xubW9uZnd2KCSItsCwCFeiaCwaV9LFMkhTWQo3guQqrbv9q4lfvURsZ+Lc0DLHpQdeXHSmAYqmV2R/cNbyIX/BaUnONHhAfHLcyWTtvJ+DzxJmSLJui1Mp8NdqBiDz0SSgwpu7YITVHoEkKheN0IzIYguhDF+sx9cFD0xwl94/5UWSAAh6i5lLxRMTfEyPwjBl6btzpAfXMrDcR//PqEXXOmyPphxGhLyaLSCpMFhmhZRwM8rbUSASTy5FLnwvQQIRachAiFqM4qXSchzP7/TypnOSdQv70ppAtXk6TSbEDdshyzGFnrMiuWYmVmWAP7Ik9sxfr0Xq13qz3n9YFazqzx/7A+vgGxa+ZOw==</latexit>



Physical coordinate system
I n t r o d u c e  a  
d y n a m i c a l  
f i e l d s  

! a(x) = { gµ ! , matter Þelds}

<latexit sha1_base64="b3LtDuG+ULl0hoFEZGsPaDZCGqU="></latexit>

C o n s t r u c t  t h e  
p h y s i c a l  
c o o r d i n a t e  
f r a m e

öX öµ (x) = öX öµ (! (x), "! (x), á á á)

<latexit sha1_base64="A25nbSoX1gIb5gQKiWlEXGN4aLs="></latexit>

A  p o i n t  i s  
l a b e l l e d  b y  
t h e  v a l u e s  
t h a t  t h e  
c o o r d i n a t e  
s y s t e m  t a k e  
a t  x .

x

<latexit sha1_base64="NWVbpeiBMqV2moEafHd6Lo5ebdQ=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJREKkxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w+6JrKaQ4dHMtK9gBmQQkEHBUroxRpYGEi4C6bXmX/3ANqISN3iLAY/ZBMlxoIzTKX247Bac+tuDrpMvILUSIHWsPo1GEXchqCQS2ZM33Nj9BOmUXAJ88rAGogZn7IJ9FOqWAjGT/Kgc3piDcOIxqCpkDQX4fdGwkJjZmGQToYM782il4n/eX2L40s/ESq2CIpnh1BIyA8ZrkXaANCR0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3+P0y6Z7VvUb9vN2oNa+KZsrkiByTU+KRC9IkN6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BiSGRiQ==</latexit>

x̂

<latexit sha1_base64="Xw77I8oT1BvCTUrI6BqvvSBd+Ug=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsogkYeURNH6skmOnB+6WyOClX+ghYoO0fI3FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R395omiLTAhghUoNsuGFTSxwZJUtgONYLnKmy5k6vUb92jNjLwb2kaYs+DkS+HUgAlUrM7BuIP/XLFrtoZ+CJxclJhOer98ld3EIjIQ5+EAmM6jh1SLwZNUiiclbqRwRDEBEbYSagPHppenKWd8aPIAAU8RM2l4pmIvzdi8IyZem4y6QGNzbyXiv95nYiGF71Y+mFE6Iv0EEmF2SEjtExqQD6QGokgTY5c+lyABiLUkoMQiRglvZSSPpz57xdJ86TqnFbPbk4rtcu8mSI7YIfsmDnsnNXYNauzBhPsjj2xZ/ZiPVqv1pv1/jNasPKdffYH1sc39vuTdA==</latexit>

öX öµ (x) = öx öµ

<latexit sha1_base64="EKjDaf6Cg8TzTV9fkeDDZh4ED5E=">AAACHnicbVC7TsNAEDyHd3gFKGlOREiBIrJREDRICBpKkEiIlJhofdnAKeeH7tYoyMo/8Al8BS1UdIgWCv4F26QIgWludmZXeztepKQh2/60ClPTM7Nz8wvFxaXlldXS2nrDhLEWWBehCnXTA4NKBlgnSQqbkUbwPYVXXv8086/uUBsZBpd0H6Hrw00ge1IApVKntNu+BeLN6yR/23485JXBDj/ieT3gY0anVLardg7+lzgjUmYjnHdKX+1uKGIfAxIKjGk5dkRuApqkUDgstmODEYg+3GArpQH4aNwkv2nIt2MDFPIINZeK5yKOTyTgG3Pve2mnD3RrJr1M/M9rxdQ7dBMZRDFhILJFJBXmi4zQMg0LeVdqJILs58hlwAVoIEItOQiRinGaXjHNw5m8/i9p7FWdWnX/olY+PhklM8822RarMIcdsGN2xs5ZnQn2wJ7YM3uxHq1X6816/2ktWKOZDfYL1sc3zB+hPg==</latexit>

xµ = X µ (öx)

<latexit sha1_base64="eJ7U9gUVV+aSkzY8Lb+4LwmABLs=">AAACCnicbVC7TgJREL3rE/GFmtjY3EhMsCG7BqONCdHGEhN5JIBk9jLADXcfuXfWQJA/8CtstbIztv6Ehf/islIoeJo5OWcmM3PcUElDtv1pLSwuLa+sptbS6xubW9uZnd2KCSItsCwCFeiaCwaV9LFMkhTWQo3guQqrbv9q4lfvURsZ+Lc0DLHpQdeXHSmAYqmV2R/cNbyIX/BaUnONHhAfHLcyWTtvJ+DzxJmSLJui1Mp8NdqBiDz0SSgwpu7YITVHoEkKheN0IzIYguhDF+sx9cFD0xwl94/5UWSAAh6i5lLxRMTfEyPwjBl6btzpAfXMrDcR//PqEXXOmyPphxGhLyaLSCpMFhmhZRwM8rbUSASTy5FLnwvQQIRachAiFqM4qXSchzP7/TypnOSdQv70ppAtXk6TSbEDdshyzGFnrMiuWYmVmWAP7Ik9sxfr0Xq13qz3n9YFazqzx/7A+vgGxa+ZOw==</latexit>



Physical coordinate system
I n t r o d u c e  a  
d y n a m i c a l  
f i e l d s  

! a(x) = { gµ ! , matter Þelds}

<latexit sha1_base64="b3LtDuG+ULl0hoFEZGsPaDZCGqU="></latexit>

C o n s t r u c t  t h e  
p h y s i c a l  
c o o r d i n a t e  
f r a m e

öX öµ (x) = öX öµ (! (x), "! (x), á á á)

<latexit sha1_base64="A25nbSoX1gIb5gQKiWlEXGN4aLs="></latexit>

A  p o i n t  i s  
l a b e l l e d  b y  
t h e  v a l u e s  
t h a t  t h e  
c o o r d i n a t e  
s y s t e m  t a k e  
a t  x .

x

<latexit sha1_base64="NWVbpeiBMqV2moEafHd6Lo5ebdQ=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJREJQRNJSJREKkxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7Syura+Ud6sbG3v7O5V9w+6JrKaQ4dHMtK9gBmQQkEHBUroxRpYGEi4C6bXmX/3ANqISN3iLAY/ZBMlxoIzTKX247Bac+tuDrpMvILUSIHWsPo1GEXchqCQS2ZM33Nj9BOmUXAJ88rAGogZn7IJ9FOqWAjGT/Kgc3piDcOIxqCpkDQX4fdGwkJjZmGQToYM782il4n/eX2L40s/ESq2CIpnh1BIyA8ZrkXaANCR0IDIsuRAhaKcaYYIWlDGeSratJJK2oe3+P0y6Z7VvUb9vN2oNa+KZsrkiByTU+KRC9IkN6RFOoQTIE/kmbw41nl13pz3n9GSU+wckj9wPr4BiSGRiQ==</latexit>

x̂

<latexit sha1_base64="Xw77I8oT1BvCTUrI6BqvvSBd+Ug=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIRCMoIGsogkYeURNH6skmOnB+6WyOClX+ghYoO0fI3FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R395omiLTAhghUoNsuGFTSxwZJUtgONYLnKmy5k6vUb92jNjLwb2kaYs+DkS+HUgAlUrM7BuIP/XLFrtoZ+CJxclJhOer98ld3EIjIQ5+EAmM6jh1SLwZNUiiclbqRwRDEBEbYSagPHppenKWd8aPIAAU8RM2l4pmIvzdi8IyZem4y6QGNzbyXiv95nYiGF71Y+mFE6Iv0EEmF2SEjtExqQD6QGokgTY5c+lyABiLUkoMQiRglvZSSPpz57xdJ86TqnFbPbk4rtcu8mSI7YIfsmDnsnNXYNauzBhPsjj2xZ/ZiPVqv1pv1/jNasPKdffYH1sc39vuTdA==</latexit>

öX öµ (x) = öx öµ

<latexit sha1_base64="EKjDaf6Cg8TzTV9fkeDDZh4ED5E=">AAACHnicbVC7TsNAEDyHd3gFKGlOREiBIrJREDRICBpKkEiIlJhofdnAKeeH7tYoyMo/8Al8BS1UdIgWCv4F26QIgWludmZXeztepKQh2/60ClPTM7Nz8wvFxaXlldXS2nrDhLEWWBehCnXTA4NKBlgnSQqbkUbwPYVXXv8086/uUBsZBpd0H6Hrw00ge1IApVKntNu+BeLN6yR/23485JXBDj/ieT3gY0anVLardg7+lzgjUmYjnHdKX+1uKGIfAxIKjGk5dkRuApqkUDgstmODEYg+3GArpQH4aNwkv2nIt2MDFPIINZeK5yKOTyTgG3Pve2mnD3RrJr1M/M9rxdQ7dBMZRDFhILJFJBXmi4zQMg0LeVdqJILs58hlwAVoIEItOQiRinGaXjHNw5m8/i9p7FWdWnX/olY+PhklM8822RarMIcdsGN2xs5ZnQn2wJ7YM3uxHq1X6816/2ktWKOZDfYL1sc3zB+hPg==</latexit>

xµ = X µ (öx)

<latexit sha1_base64="eJ7U9gUVV+aSkzY8Lb+4LwmABLs=">AAACCnicbVC7TgJREL3rE/GFmtjY3EhMsCG7BqONCdHGEhN5JIBk9jLADXcfuXfWQJA/8CtstbIztv6Ehf/islIoeJo5OWcmM3PcUElDtv1pLSwuLa+sptbS6xubW9uZnd2KCSItsCwCFeiaCwaV9LFMkhTWQo3guQqrbv9q4lfvURsZ+Lc0DLHpQdeXHSmAYqmV2R/cNbyIX/BaUnONHhAfHLcyWTtvJ+DzxJmSLJui1Mp8NdqBiDz0SSgwpu7YITVHoEkKheN0IzIYguhDF+sx9cFD0xwl94/5UWSAAh6i5lLxRMTfEyPwjBl6btzpAfXMrDcR//PqEXXOmyPphxGhLyaLSCpMFhmhZRwM8rbUSASTy5FLnwvQQIRachAiFqM4qXSchzP7/TypnOSdQv70ppAtXk6TSbEDdshyzGFnrMiuWYmVmWAP7Ik9sxfr0Xq13qz3n9YFazqzx/7A+vgGxa+ZOw==</latexit>

eöµ
µ (x) = ! µ öX öµ (x)

<latexit sha1_base64="R5QHFKlgftrGSigSRCoTeKLXSf4=">AAACLXicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoh6EoBePEcwDsjH0jp04OPtgpleUJd/iJ/gVXvXkQVCv/oa7aw7RWIehqK6mpsuLlDRk22/W1PTM7Nx8YaG4uLS8slpaW2+aMNYCGyJUoW57YFDJABskSWE70gi+p7Dl3Zxm89YtaiPD4ILuI+z6MAhkXwqgVOqVjvAyca+BuOvHw1768MrdDj/mbgSaJKhcyg3tMWNm6pXKdtXOwSeJMyJlNkK9V/pwr0IR+xiQUGBMx7Ej6iZZjlA4LLqxwQjEDQywk9IAfDTdJD9xyLdjAxTyCDWXiucijm8k4Btz73up0we6Nn9nmfjfrBNT/7CbyCCKCQORBZFUmAcZoWXaHfIrqZEIsp8jlwEXoIEIteQgRCrGaZnFtA/n7/WTpLlbdfaq++d75drJqJkC22RbrMIcdsBq7IzVWYMJ9sCe2DN7sR6tV+vd+vyxTlmjnQ32C9bXN9hmp3Q=</latexit>

÷e = det eöµ
µ
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contents, by constructing relational observables.

P h y s i c a l  g a u g e  
f i x i n g ?



Conclusions & outlook
• AS seeks for a consistent and predictive theory of the gravitational interactions within the framework of 

QFT by invoking a non-perturbative high-energy completion.

• Phenomenologically: the flow emanating from the UV fixed point connects to a low-energy regime where the 

dynamics matches the one of GR.

W h i c h  a r e  g o o d  
o b s e r v a b l e s ?

W h i c h  i s  a  g o o d  
r e f e r e n c e  
s y s t e m ?

O b s e r v a b l e s  t o  m a k e  c o n t a c t  w i t h  d i f f e r e n t  a p p r o a c h e s  o f  
q u a n t u m  g r a v i t y ?

a t  t h e  l e v e l  o f  t h e  s c a l i n g  e x p o n e n t s ,  
e . g .  s c a l i n g  o f  t h e  c o r r e l a t i o n  
f u n c t i o n s

a t  t h e  l e v e l  o f  
t h e  R G  
c o m p u t a t i o n s

• Starting from the safe harbor of asymptotically safe gravity, we developed new methods for extracting physical 

contents, by constructing relational observables.

P h y s i c a l  g a u g e  
f i x i n g ?


