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e.g. aiming at better convergence

non-perturbative example: analytic perturbation theory in QCD

O(g)Consider an observable with fundamental coupling g

Renormalisation group fixed points

@tg = �g(g, µ)

@tµ = �µ(g, µ)

beta functions

Logarithmic momentum (RG) scale: t = log
k

k0

dimensionless coupling
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Weinberg `79: Ultraviolet Divergences in Quantum Theories of Gravitation

Standard perturbation theory

O(g) = O0 +O1 g +
1

2
O2 g

2 + · · ·

Generalised perturbation theory

O(g) = O
⇤ +O

⇤
1 (g � g

⇤) +
1

2
O

⇤
2 (g � g

⇤)2 + · · ·

e.g. aiming at better convergence

non-perturbative example: analytic perturbation theory in QCD

O(g)Consider an observable with fundamental coupling g

Fixed points

�µ(g
⇤, µ⇤) = 0

�g(g
⇤, µ⇤) = 0

Renormalisation group fixed points

@tg = �g(g, µ)

@tµ = �µ(g, µ)

beta functions

dimensionless coupling
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Ultraviolet running

Asymptotic freedom

Renormalisation group fixed points

@tg = �g(g, µ)

@tµ = �µ(g, µ)

beta functions

�g(g) = � 1

16⇡2

22Nc

3
g3

QCD quantum gravity

dimensional running quantum fluctuations

Asymptotic safety

�gN =
h
2 + ⌘N (gN ,�)

i
gN

gN = Gnk
2 � =

⇤

k2

Asymptotic safety

O(g)Consider an observable with fundamental coupling g

Fixed points

�µ(g
⇤, µ⇤) = 0

�g(g
⇤, µ⇤) = 0
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Ultraviolet running

Asymptotic freedom

Renormalisation group fixed points

@tg = �g(g, µ)

@tµ = �µ(g, µ)

beta functions

�g(g) = � 1

16⇡2

22Nc

3
g3

QCD quantum gravity

dimensional running quantum fluctuations

Asymptotic safety

�gN =
h
2 + ⌘N (gN ,�)

i
gN

non-Gaußian fixed pointGaußian fixed point
⌘N = �2

(g⇤N ,�⇤) 6= 0

Asymptotic safety

O(g)Consider an observable with fundamental coupling g

Fixed points

�µ(g
⇤, µ⇤) = 0

�g(g
⇤, µ⇤) = 0
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Computing the effective action

Effective action/free energy gauge fields bosons gravityfermions  

<latexit sha1_base64="HoxD9+zK41f1rQzjhYlizqY9aU4=">AAACKHicbVDLSgMxFM1UrbW+Wl26CRZBEMqM1MdGKLhxWcE+oFNKJnPbhiaZIckoZZjfcKtrv8addOuXmD4W2nogcDjnXs7NCWLOtHHdqZPb2NzKbxd2irt7+weHpfJRS0eJotCkEY9UJyAaOJPQNMxw6MQKiAg4tIPx/cxvP4PSLJJPZhJDT5ChZANGibGSP7zzA6LwEF/gUb9UcavuHHideEtSQUs0+mUn74cRTQRIQznRuuu5semlRBlGOWRFP9EQEzomQ+haKokA3UvnR2f4zCohHkTKPmnwXP29kRKh9UQEdlIQM9Kr3kz819P2lBGEK/FmcNtLmYwTA5Iu0gcJxybCs1pwyBRQwyeWEKqY/QCmI6IINba8YtGX8EIjIYgMU5/ZDrPUnyUrkbIss815qz2tk9Zl1buuXj3WKvXassMCOkGn6Bx56AbV0QNqoCaiKEav6A29Ox/Op/PlTBejOWe5c4z+wPn+AcznpdY=</latexit>

g = ḡ + hLinear split

Fluctuation fields

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>

+
1

2

<latexit sha1_base64="dFKMNP95HtcIhidsc3Otg9VgR9k="></latexit>

k@k�k[ḡ,�] =
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

Common approach: the functional renormalisation group

Diagrammatic approach with gauge fixing

<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

<latexit sha1_base64="KOjJEAj/rKda+7VfomHUWOBF7c0="></latexit>

� = (�grav , �mat)
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Computing the effective action

Effective action/free energy gauge fields bosons gravityfermions  

<latexit sha1_base64="HoxD9+zK41f1rQzjhYlizqY9aU4=">AAACKHicbVDLSgMxFM1UrbW+Wl26CRZBEMqM1MdGKLhxWcE+oFNKJnPbhiaZIckoZZjfcKtrv8addOuXmD4W2nogcDjnXs7NCWLOtHHdqZPb2NzKbxd2irt7+weHpfJRS0eJotCkEY9UJyAaOJPQNMxw6MQKiAg4tIPx/cxvP4PSLJJPZhJDT5ChZANGibGSP7zzA6LwEF/gUb9UcavuHHideEtSQUs0+mUn74cRTQRIQznRuuu5semlRBlGOWRFP9EQEzomQ+haKokA3UvnR2f4zCohHkTKPmnwXP29kRKh9UQEdlIQM9Kr3kz819P2lBGEK/FmcNtLmYwTA5Iu0gcJxybCs1pwyBRQwyeWEKqY/QCmI6IINba8YtGX8EIjIYgMU5/ZDrPUnyUrkbIss815qz2tk9Zl1buuXj3WKvXassMCOkGn6Bx56AbV0QNqoCaiKEav6A29Ox/Op/PlTBejOWe5c4z+wPn+AcznpdY=</latexit>

g = ḡ + hLinear split

Fluctuation fields

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>

+
1

2

<latexit sha1_base64="dFKMNP95HtcIhidsc3Otg9VgR9k="></latexit>

k@k�k[ḡ,�] =
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

Common approach: the functional renormalisation group

Diagrammatic approach with gauge fixing

<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

<latexit sha1_base64="KOjJEAj/rKda+7VfomHUWOBF7c0="></latexit>

� = (�grav , �mat)

<latexit sha1_base64="X9yY6JMj30vzz0RJFTK84IJ9uK8="></latexit>

�grav = (hµ⌫ , cµ, c̄µ)Pure Gravity:
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Computing the effective action

Effective action/free energy gauge fields bosons gravityfermions  

<latexit sha1_base64="HoxD9+zK41f1rQzjhYlizqY9aU4=">AAACKHicbVDLSgMxFM1UrbW+Wl26CRZBEMqM1MdGKLhxWcE+oFNKJnPbhiaZIckoZZjfcKtrv8addOuXmD4W2nogcDjnXs7NCWLOtHHdqZPb2NzKbxd2irt7+weHpfJRS0eJotCkEY9UJyAaOJPQNMxw6MQKiAg4tIPx/cxvP4PSLJJPZhJDT5ChZANGibGSP7zzA6LwEF/gUb9UcavuHHideEtSQUs0+mUn74cRTQRIQznRuuu5semlRBlGOWRFP9EQEzomQ+haKokA3UvnR2f4zCohHkTKPmnwXP29kRKh9UQEdlIQM9Kr3kz819P2lBGEK/FmcNtLmYwTA5Iu0gcJxybCs1pwyBRQwyeWEKqY/QCmI6IINba8YtGX8EIjIYgMU5/ZDrPUnyUrkbIss815qz2tk9Zl1buuXj3WKvXassMCOkGn6Bx56AbV0QNqoCaiKEav6A29Ox/Op/PlTBejOWe5c4z+wPn+AcznpdY=</latexit>

g = ḡ + hLinear split

Fluctuation fields

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>

+
1

2

<latexit sha1_base64="dFKMNP95HtcIhidsc3Otg9VgR9k="></latexit>

k@k�k[ḡ,�] =
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

Common approach: the functional renormalisation group

Diagrammatic approach with gauge fixing

<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

<latexit sha1_base64="KOjJEAj/rKda+7VfomHUWOBF7c0="></latexit>

� = (�grav , �mat)

<latexit sha1_base64="Rwev5TQlPj5L1dSXlWrWvl+TSgg="></latexit>

�mat = (Aµ, c, c̄, ,  ̄,', ...)Matter:
<latexit sha1_base64="X9yY6JMj30vzz0RJFTK84IJ9uK8="></latexit>

�grav = (hµ⌫ , cµ, c̄µ)Pure Gravity:
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Computing the effective action

Effective action/free energy gauge fields bosons gravityfermions  

<latexit sha1_base64="HoxD9+zK41f1rQzjhYlizqY9aU4=">AAACKHicbVDLSgMxFM1UrbW+Wl26CRZBEMqM1MdGKLhxWcE+oFNKJnPbhiaZIckoZZjfcKtrv8addOuXmD4W2nogcDjnXs7NCWLOtHHdqZPb2NzKbxd2irt7+weHpfJRS0eJotCkEY9UJyAaOJPQNMxw6MQKiAg4tIPx/cxvP4PSLJJPZhJDT5ChZANGibGSP7zzA6LwEF/gUb9UcavuHHideEtSQUs0+mUn74cRTQRIQznRuuu5semlRBlGOWRFP9EQEzomQ+haKokA3UvnR2f4zCohHkTKPmnwXP29kRKh9UQEdlIQM9Kr3kz819P2lBGEK/FmcNtLmYwTA5Iu0gcJxybCs1pwyBRQwyeWEKqY/QCmI6IINba8YtGX8EIjIYgMU5/ZDrPUnyUrkbIss815qz2tk9Zl1buuXj3WKvXassMCOkGn6Bx56AbV0QNqoCaiKEav6A29Ox/Op/PlTBejOWe5c4z+wPn+AcznpdY=</latexit>

g = ḡ + hLinear split

Fluctuation fields

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>

+
1

2

<latexit sha1_base64="dFKMNP95HtcIhidsc3Otg9VgR9k="></latexit>

k@k�k[ḡ,�] =
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

Common approach: the functional renormalisation group

Diagrammatic approach with gauge fixing

<latexit sha1_base64="uwTcKR5tFnZ1QzyNbro92ZCU6Eg="></latexit>

1
�2�
��2 [ḡ,�] +Rk

<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

<latexit sha1_base64="KOjJEAj/rKda+7VfomHUWOBF7c0="></latexit>

� = (�grav , �mat)

<latexit sha1_base64="Rwev5TQlPj5L1dSXlWrWvl+TSgg="></latexit>

�mat = (Aµ, c, c̄, ,  ̄,', ...)Matter:
<latexit sha1_base64="X9yY6JMj30vzz0RJFTK84IJ9uK8="></latexit>

�grav = (hµ⌫ , cµ, c̄µ)Pure Gravity:
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Computing the effective action

Effective action/free energy gauge fields bosons gravityfermions  

<latexit sha1_base64="HoxD9+zK41f1rQzjhYlizqY9aU4=">AAACKHicbVDLSgMxFM1UrbW+Wl26CRZBEMqM1MdGKLhxWcE+oFNKJnPbhiaZIckoZZjfcKtrv8addOuXmD4W2nogcDjnXs7NCWLOtHHdqZPb2NzKbxd2irt7+weHpfJRS0eJotCkEY9UJyAaOJPQNMxw6MQKiAg4tIPx/cxvP4PSLJJPZhJDT5ChZANGibGSP7zzA6LwEF/gUb9UcavuHHideEtSQUs0+mUn74cRTQRIQznRuuu5semlRBlGOWRFP9EQEzomQ+haKokA3UvnR2f4zCohHkTKPmnwXP29kRKh9UQEdlIQM9Kr3kz819P2lBGEK/FmcNtLmYwTA5Iu0gcJxybCs1pwyBRQwyeWEKqY/QCmI6IINba8YtGX8EIjIYgMU5/ZDrPUnyUrkbIss815qz2tk9Zl1buuXj3WKvXassMCOkGn6Bx56AbV0QNqoCaiKEav6A29Ox/Op/PlTBejOWe5c4z+wPn+AcznpdY=</latexit>

g = ḡ + hLinear split

Fluctuation fields

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>

+
1

2

<latexit sha1_base64="dFKMNP95HtcIhidsc3Otg9VgR9k="></latexit>

k@k�k[ḡ,�] =
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

Common approach: the functional renormalisation group

Diagrammatic approach with gauge fixing

<latexit sha1_base64="sCGcPT6x4Dfy5iyAp0PFQf13J30="></latexit>

�[gµ⌫ = �[gµ⌫ , �grav = 0 , �mat]Background effective action

<latexit sha1_base64="uwTcKR5tFnZ1QzyNbro92ZCU6Eg="></latexit>

1
�2�
��2 [ḡ,�] +Rk

<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

<latexit sha1_base64="KOjJEAj/rKda+7VfomHUWOBF7c0="></latexit>

� = (�grav , �mat)

<latexit sha1_base64="Rwev5TQlPj5L1dSXlWrWvl+TSgg="></latexit>

�mat = (Aµ, c, c̄, ,  ̄,', ...)Matter:
<latexit sha1_base64="X9yY6JMj30vzz0RJFTK84IJ9uK8="></latexit>

�grav = (hµ⌫ , cµ, c̄µ)Pure Gravity:
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Computing the effective action

Effective action/free energy gauge fields bosons gravityfermions  

<latexit sha1_base64="HoxD9+zK41f1rQzjhYlizqY9aU4=">AAACKHicbVDLSgMxFM1UrbW+Wl26CRZBEMqM1MdGKLhxWcE+oFNKJnPbhiaZIckoZZjfcKtrv8addOuXmD4W2nogcDjnXs7NCWLOtHHdqZPb2NzKbxd2irt7+weHpfJRS0eJotCkEY9UJyAaOJPQNMxw6MQKiAg4tIPx/cxvP4PSLJJPZhJDT5ChZANGibGSP7zzA6LwEF/gUb9UcavuHHideEtSQUs0+mUn74cRTQRIQznRuuu5semlRBlGOWRFP9EQEzomQ+haKokA3UvnR2f4zCohHkTKPmnwXP29kRKh9UQEdlIQM9Kr3kz819P2lBGEK/FmcNtLmYwTA5Iu0gcJxybCs1pwyBRQwyeWEKqY/QCmI6IINba8YtGX8EIjIYgMU5/ZDrPUnyUrkbIss815qz2tk9Zl1buuXj3WKvXassMCOkGn6Bx56AbV0QNqoCaiKEav6A29Ox/Op/PlTBejOWe5c4z+wPn+AcznpdY=</latexit>

g = ḡ + hLinear split

Fluctuation fields

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>

+
1

2

<latexit sha1_base64="dFKMNP95HtcIhidsc3Otg9VgR9k="></latexit>

k@k�k[ḡ,�] =
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

Common approach: the functional renormalisation group

Diagrammatic approach with gauge fixing

<latexit sha1_base64="sCGcPT6x4Dfy5iyAp0PFQf13J30="></latexit>

�[gµ⌫ = �[gµ⌫ , �grav = 0 , �mat]Background effective action

<latexit sha1_base64="uwTcKR5tFnZ1QzyNbro92ZCU6Eg="></latexit>

1
�2�
��2 [ḡ,�] +Rk

<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

<latexit sha1_base64="KOjJEAj/rKda+7VfomHUWOBF7c0="></latexit>

� = (�grav , �mat)

<latexit sha1_base64="Rwev5TQlPj5L1dSXlWrWvl+TSgg="></latexit>

�mat = (Aµ, c, c̄, ,  ̄,', ...)Matter:
<latexit sha1_base64="X9yY6JMj30vzz0RJFTK84IJ9uK8="></latexit>

�grav = (hµ⌫ , cµ, c̄µ)Pure Gravity:
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Manifestly background independent effective action



Asymptotically safe observables 

How to? 

hR(g(x1)) · · ·R(g(xn))i
Ricci scalar correlations

diffeomorphism invariant

metric correlations

not diffeomorphism invariant

<latexit sha1_base64="YLSAS/4Urru9QPAE4DIVQLV1AV4="></latexit>

hh(x1) · · ·h(xn)i

background metric fluctuation

<latexit sha1_base64="Q0qNvZkbuZHq2smf96osyp6eXRY=">AAACKnicbVDLSgMxFM34qLW+Wl26CRZBEMqMSHUjFN24rGAf0Kklk7ltQ5PMkGSUMsx/uNW1X+OuuPVDTB8LbT0QOJxzL+fmBDFn2rjuxFlb39jMbeW3Czu7e/sHxdJhU0eJotCgEY9UOyAaOJPQMMxwaMcKiAg4tILR3dRvPYPSLJKPZhxDV5CBZH1GibHS0wDfYD8gCg/wOR72imW34s6AV4m3IGW0QL1XcnJ+GNFEgDSUE607nhubbkqUYZRDVvATDTGhIzKAjqWSCNDddHZ2hk+tEuJ+pOyTBs/U3xspEVqPRWAnBTFDvexNxX89bU8ZQrgUb/rX3ZTJODEg6Ty9n3BsIjwtBodMATV8bAmhitkPYDokilBj6ysUfAkvNBKCyDD1mW0xS/1pshIpyzLbnLfc0yppXlS8aqX6cFmu3S46zKNjdILOkIeuUA3dozpqIIoUekVv6N35cD6difM1H11zFjtH6A+c7x+N6aY5</latexit>

g = ḡ + h
metric

7



Asymptotically safe observables 

How to? 

hR(g(x1)) · · ·R(g(xn))i
Ricci scalar correlations

diffeomorphism invariant

metric correlations

not diffeomorphism invariant

<latexit sha1_base64="YLSAS/4Urru9QPAE4DIVQLV1AV4="></latexit>

hh(x1) · · ·h(xn)i

background metric fluctuation

<latexit sha1_base64="Q0qNvZkbuZHq2smf96osyp6eXRY=">AAACKnicbVDLSgMxFM34qLW+Wl26CRZBEMqMSHUjFN24rGAf0Kklk7ltQ5PMkGSUMsx/uNW1X+OuuPVDTB8LbT0QOJxzL+fmBDFn2rjuxFlb39jMbeW3Czu7e/sHxdJhU0eJotCgEY9UOyAaOJPQMMxwaMcKiAg4tILR3dRvPYPSLJKPZhxDV5CBZH1GibHS0wDfYD8gCg/wOR72imW34s6AV4m3IGW0QL1XcnJ+GNFEgDSUE607nhubbkqUYZRDVvATDTGhIzKAjqWSCNDddHZ2hk+tEuJ+pOyTBs/U3xspEVqPRWAnBTFDvexNxX89bU8ZQrgUb/rX3ZTJODEg6Ty9n3BsIjwtBodMATV8bAmhitkPYDokilBj6ysUfAkvNBKCyDD1mW0xS/1pshIpyzLbnLfc0yppXlS8aqX6cFmu3S46zKNjdILOkIeuUA3dozpqIIoUekVv6N35cD6difM1H11zFjtH6A+c7x+N6aY5</latexit>

g = ḡ + h
metric

Manifestly background independent effective action
<latexit sha1_base64="OX5TztSmVpEIzdlfZvEDRMdpIGE="></latexit>

�[gµ⌫ ]

Equations of motion & derivatives
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Asymptotically safe observables 

How to? 

hR(g(x1)) · · ·R(g(xn))i
Ricci scalar correlations

diffeomorphism invariant

metric correlations

not diffeomorphism invariant

<latexit sha1_base64="YLSAS/4Urru9QPAE4DIVQLV1AV4="></latexit>

hh(x1) · · ·h(xn)i

Gauge-fixed effective action
<latexit sha1_base64="FeJ5Ilh3auH56u7AmW61bf6UZy4="></latexit>

�[ḡµ⌫ , hµ⌫ ]

Fluctuation          =0
<latexit sha1_base64="OuUsoBF30S/7blssCS01JneJOXE=">AAACJnicbZDLSsNAFIYn9VbjrdWlm2ARXJVEpLosunFZwV6wKWUyOWmHzkzCzEQpIW/hVtc+jTsRdz6K0zYLbT0w8POfc/jPfEHCqNKu+2WV1tY3NrfK2/bO7t7+QaV62FFxKgm0Scxi2QuwAkYFtDXVDHqJBMwDBt1gcjPrdx9BKhqLez1NYMDxSNCIEqyN9TAeZj5PfZHmw0rNrbvzclaFV4gaKqo1rFqbfhiTlIPQhGGl+p6b6EGGpaaEQW77qYIEkwkeQd9IgTmoQTY/OXdOjRM6USzNE9qZu783MsyVmvLATHKsx2q5NzP/7SlzyhjCpXgdXQ0yKpJUgyCL9Chljo6dGRQnpBKIZlMjMJHUfMAhYywx0QadbfsCnkjMORZh5lNDMDfUTLLkGc1n5LxlTquic173GvXG3UWteV0wLKNjdILOkIcuURPdohZqI4IEekYv6NV6s96tD+tzMVqyip0j9Kes7x+uKqZ+</latexit>

hµ⌫

background metric fluctuation

<latexit sha1_base64="Q0qNvZkbuZHq2smf96osyp6eXRY=">AAACKnicbVDLSgMxFM34qLW+Wl26CRZBEMqMSHUjFN24rGAf0Kklk7ltQ5PMkGSUMsx/uNW1X+OuuPVDTB8LbT0QOJxzL+fmBDFn2rjuxFlb39jMbeW3Czu7e/sHxdJhU0eJotCgEY9UOyAaOJPQMMxwaMcKiAg4tILR3dRvPYPSLJKPZhxDV5CBZH1GibHS0wDfYD8gCg/wOR72imW34s6AV4m3IGW0QL1XcnJ+GNFEgDSUE607nhubbkqUYZRDVvATDTGhIzKAjqWSCNDddHZ2hk+tEuJ+pOyTBs/U3xspEVqPRWAnBTFDvexNxX89bU8ZQrgUb/rX3ZTJODEg6Ty9n3BsIjwtBodMATV8bAmhitkPYDokilBj6ysUfAkvNBKCyDD1mW0xS/1pshIpyzLbnLfc0yppXlS8aqX6cFmu3S46zKNjdILOkIeuUA3dozpqIIoUekVv6N35cD6difM1H11zFjtH6A+c7x+N6aY5</latexit>

g = ḡ + h
metric

Manifestly background independent effective action
<latexit sha1_base64="OX5TztSmVpEIzdlfZvEDRMdpIGE="></latexit>

�[gµ⌫ ]

Equations of motion & derivatives
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Asymptotically safe observables 

How to? 

hR(g(x1)) · · ·R(g(xn))i
Ricci scalar correlations

diffeomorphism invariant

metric correlations

not diffeomorphism invariant

<latexit sha1_base64="YLSAS/4Urru9QPAE4DIVQLV1AV4="></latexit>

hh(x1) · · ·h(xn)i

Gauge-fixed effective action
<latexit sha1_base64="FeJ5Ilh3auH56u7AmW61bf6UZy4="></latexit>

�[ḡµ⌫ , hµ⌫ ]

Fluctuation          =0
<latexit sha1_base64="OuUsoBF30S/7blssCS01JneJOXE=">AAACJnicbZDLSsNAFIYn9VbjrdWlm2ARXJVEpLosunFZwV6wKWUyOWmHzkzCzEQpIW/hVtc+jTsRdz6K0zYLbT0w8POfc/jPfEHCqNKu+2WV1tY3NrfK2/bO7t7+QaV62FFxKgm0Scxi2QuwAkYFtDXVDHqJBMwDBt1gcjPrdx9BKhqLez1NYMDxSNCIEqyN9TAeZj5PfZHmw0rNrbvzclaFV4gaKqo1rFqbfhiTlIPQhGGl+p6b6EGGpaaEQW77qYIEkwkeQd9IgTmoQTY/OXdOjRM6USzNE9qZu783MsyVmvLATHKsx2q5NzP/7SlzyhjCpXgdXQ0yKpJUgyCL9Chljo6dGRQnpBKIZlMjMJHUfMAhYywx0QadbfsCnkjMORZh5lNDMDfUTLLkGc1n5LxlTquic173GvXG3UWteV0wLKNjdILOkIcuURPdohZqI4IEekYv6NV6s96tD+tzMVqyip0j9Kes7x+uKqZ+</latexit>

hµ⌫

background metric fluctuation

<latexit sha1_base64="Q0qNvZkbuZHq2smf96osyp6eXRY=">AAACKnicbVDLSgMxFM34qLW+Wl26CRZBEMqMSHUjFN24rGAf0Kklk7ltQ5PMkGSUMsx/uNW1X+OuuPVDTB8LbT0QOJxzL+fmBDFn2rjuxFlb39jMbeW3Czu7e/sHxdJhU0eJotCgEY9UOyAaOJPQMMxwaMcKiAg4tILR3dRvPYPSLJKPZhxDV5CBZH1GibHS0wDfYD8gCg/wOR72imW34s6AV4m3IGW0QL1XcnJ+GNFEgDSUE607nhubbkqUYZRDVvATDTGhIzKAjqWSCNDddHZ2hk+tEuJ+pOyTBs/U3xspEVqPRWAnBTFDvexNxX89bU8ZQrgUb/rX3ZTJODEg6Ty9n3BsIjwtBodMATV8bAmhitkPYDokilBj6ysUfAkvNBKCyDD1mW0xS/1pshIpyzLbnLfc0yppXlS8aqX6cFmu3S46zKNjdILOkIeuUA3dozpqIIoUekVv6N35cD6difM1H11zFjtH6A+c7x+N6aY5</latexit>

g = ḡ + h
metric

Manifestly background independent effective action
<latexit sha1_base64="OX5TztSmVpEIzdlfZvEDRMdpIGE="></latexit>

�[gµ⌫ ]

Equations of motion & derivatives

Equations of motion & derivatives
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Asymptotically safe observables 

How to? 

hR(g(x1)) · · ·R(g(xn))i
Ricci scalar correlations

diffeomorphism invariant

metric correlations

not diffeomorphism invariant

<latexit sha1_base64="YLSAS/4Urru9QPAE4DIVQLV1AV4="></latexit>

hh(x1) · · ·h(xn)i

Gauge-fixed effective action
<latexit sha1_base64="FeJ5Ilh3auH56u7AmW61bf6UZy4="></latexit>

�[ḡµ⌫ , hµ⌫ ]

Fluctuation          =0
<latexit sha1_base64="OuUsoBF30S/7blssCS01JneJOXE=">AAACJnicbZDLSsNAFIYn9VbjrdWlm2ARXJVEpLosunFZwV6wKWUyOWmHzkzCzEQpIW/hVtc+jTsRdz6K0zYLbT0w8POfc/jPfEHCqNKu+2WV1tY3NrfK2/bO7t7+QaV62FFxKgm0Scxi2QuwAkYFtDXVDHqJBMwDBt1gcjPrdx9BKhqLez1NYMDxSNCIEqyN9TAeZj5PfZHmw0rNrbvzclaFV4gaKqo1rFqbfhiTlIPQhGGl+p6b6EGGpaaEQW77qYIEkwkeQd9IgTmoQTY/OXdOjRM6USzNE9qZu783MsyVmvLATHKsx2q5NzP/7SlzyhjCpXgdXQ0yKpJUgyCL9Chljo6dGRQnpBKIZlMjMJHUfMAhYywx0QadbfsCnkjMORZh5lNDMDfUTLLkGc1n5LxlTquic173GvXG3UWteV0wLKNjdILOkIcuURPdohZqI4IEekYv6NV6s96tD+tzMVqyip0j9Kes7x+uKqZ+</latexit>

hµ⌫ Reconstruction/unfolding

Manifestly background independent effective action
<latexit sha1_base64="OX5TztSmVpEIzdlfZvEDRMdpIGE="></latexit>

�[gµ⌫ ]

Equations of motion & derivatives

Equations of motion & derivatives

7

    Reconstructing & unfolding, recent works:   

          Knorr, Saueressig, PRL 121 (2018) 161304  

Fraaije, Platania, Saueressig, 834 (2022) 137399 

                                      JMP, Tränkle, 2309.17043 



Asymptotically safe correlation functions 
JMP, Reichert, Front.in Phys. 8 (2021) 527 
                                          2309.10785



Computing the effective action

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>

+
1

2

<latexit sha1_base64="dFKMNP95HtcIhidsc3Otg9VgR9k="></latexit>

k@k�k[ḡ,�] =
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
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Effective action/free energy gauge fields bosons gravityfermions  



Computing the effective action

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>

+
1

2

<latexit sha1_base64="dFKMNP95HtcIhidsc3Otg9VgR9k="></latexit>

k@k�k[ḡ,�] =
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

<latexit sha1_base64="MBcMDkhfV7Cuztl/kQSgLCV8cjI="></latexit>

Tr f(rg, R,Rµ⌫ , ...; @,�, ...)Loop:  

<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
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Effective action/free energy gauge fields bosons gravityfermions  



Computing the effective action

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>

+
1

2

<latexit sha1_base64="dFKMNP95HtcIhidsc3Otg9VgR9k="></latexit>

k@k�k[ḡ,�] =
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

<latexit sha1_base64="MBcMDkhfV7Cuztl/kQSgLCV8cjI="></latexit>

Tr f(rg, R,Rµ⌫ , ...; @,�, ...)Loop:  

Fluctuation approach Background approximation

<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�

9

Effective action/free energy gauge fields bosons gravityfermions  



Computing the effective action

Fluctuation approach Background approximation

Compute 

<latexit sha1_base64="fBlWrpl1GgZ9TpQ4kWXt9GR0b3g="></latexit>

�n+m�[ḡ, h]

�hn��m

����
�=0

= fn(r̄, R̄, R̄µ⌫ , ...)

in a given background  
<latexit sha1_base64="WhphomAAsIk9nr7GQ9A+qA1dI84=">AAACI3icbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXisYD+gW0o2+9qGJtklySpl2R/hVc/+Gm/ixYP/xWzbg7YOBIaZ95iXCWLOtHHdL6ewsblV3C7tlHf39g8OK9Wjjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbT29zvPoLSLJIPZhbDQJCxZCNGibFS1w+IwmM8rNTcujsHXifektTQEq1h1Sn6YUQTAdJQTrTue25sBilRhlEOWdlPNMSETskY+pZKIkAP0vm9GT6zSohHkbJPGjxXf2+kRGg9E4GdFMRM9KqXi/962p4ygXAl3oyuBymTcWJA0kX6KOHYRDhvBIdMATV8ZgmhitkPYDohilBjeyuXfQlPNBKCyDD1ma0vS/08WYmUZZltzlvtaZ10Lupeo964v6w1b5YdltAJOkXnyENXqInuUAu1EUVT9Ixe0Kvz5rw7H87nYrTgLHeO0R843z+6qaRc</latexit>

ḡ

<latexit sha1_base64="MBcMDkhfV7Cuztl/kQSgLCV8cjI="></latexit>

Tr f(rg, R,Rµ⌫ , ...; @,�, ...)Loop:  



Computing the effective action

Fluctuation approach Background approximation

Compute 

<latexit sha1_base64="fBlWrpl1GgZ9TpQ4kWXt9GR0b3g="></latexit>

�n+m�[ḡ, h]

�hn��m

����
�=0

= fn(r̄, R̄, R̄µ⌫ , ...)

in a given background  
<latexit sha1_base64="WhphomAAsIk9nr7GQ9A+qA1dI84=">AAACI3icbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXisYD+gW0o2+9qGJtklySpl2R/hVc/+Gm/ixYP/xWzbg7YOBIaZ95iXCWLOtHHdL6ewsblV3C7tlHf39g8OK9Wjjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbT29zvPoLSLJIPZhbDQJCxZCNGibFS1w+IwmM8rNTcujsHXifektTQEq1h1Sn6YUQTAdJQTrTue25sBilRhlEOWdlPNMSETskY+pZKIkAP0vm9GT6zSohHkbJPGjxXf2+kRGg9E4GdFMRM9KqXi/962p4ygXAl3oyuBymTcWJA0kX6KOHYRDhvBIdMATV8ZgmhitkPYDohilBjeyuXfQlPNBKCyDD1ma0vS/08WYmUZZltzlvtaZ10Lupeo964v6w1b5YdltAJOkXnyENXqInuUAu1EUVT9Ixe0Kvz5rw7H87nYrTgLHeO0R843z+6qaRc</latexit>

ḡ

<latexit sha1_base64="WhphomAAsIk9nr7GQ9A+qA1dI84=">AAACI3icbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXisYD+gW0o2+9qGJtklySpl2R/hVc/+Gm/ixYP/xWzbg7YOBIaZ95iXCWLOtHHdL6ewsblV3C7tlHf39g8OK9Wjjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbT29zvPoLSLJIPZhbDQJCxZCNGibFS1w+IwmM8rNTcujsHXifektTQEq1h1Sn6YUQTAdJQTrTue25sBilRhlEOWdlPNMSETskY+pZKIkAP0vm9GT6zSohHkbJPGjxXf2+kRGg9E4GdFMRM9KqXi/962p4ygXAl3oyuBymTcWJA0kX6KOHYRDhvBIdMATV8ZgmhitkPYDohilBjeyuXfQlPNBKCyDD1ma0vS/08WYmUZZltzlvtaZ10Lupeo964v6w1b5YdltAJOkXnyENXqInuUAu1EUVT9Ixe0Kvz5rw7H87nYrTgLHeO0R843z+6qaRc</latexit>

ḡ flat: 
<latexit sha1_base64="BuVHCuxacQ/1RiZWaexzt2FbAOs="></latexit>

fn(r̄, R̄, R̄µ⌫ , ...) ! fn(p) = fn(p, 0, 0, ...)

Compute ‘standard’ momentum loops’

<latexit sha1_base64="MBcMDkhfV7Cuztl/kQSgLCV8cjI="></latexit>

Tr f(rg, R,Rµ⌫ , ...; @,�, ...)Loop:  



Computing the effective action

Fluctuation approach Background approximation

Compute 

<latexit sha1_base64="fBlWrpl1GgZ9TpQ4kWXt9GR0b3g="></latexit>

�n+m�[ḡ, h]

�hn��m

����
�=0

= fn(r̄, R̄, R̄µ⌫ , ...)

in a given background  
<latexit sha1_base64="WhphomAAsIk9nr7GQ9A+qA1dI84=">AAACI3icbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXisYD+gW0o2+9qGJtklySpl2R/hVc/+Gm/ixYP/xWzbg7YOBIaZ95iXCWLOtHHdL6ewsblV3C7tlHf39g8OK9Wjjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbT29zvPoLSLJIPZhbDQJCxZCNGibFS1w+IwmM8rNTcujsHXifektTQEq1h1Sn6YUQTAdJQTrTue25sBilRhlEOWdlPNMSETskY+pZKIkAP0vm9GT6zSohHkbJPGjxXf2+kRGg9E4GdFMRM9KqXi/962p4ygXAl3oyuBymTcWJA0kX6KOHYRDhvBIdMATV8ZgmhitkPYDohilBjeyuXfQlPNBKCyDD1ma0vS/08WYmUZZltzlvtaZ10Lupeo964v6w1b5YdltAJOkXnyENXqInuUAu1EUVT9Ixe0Kvz5rw7H87nYrTgLHeO0R843z+6qaRc</latexit>

ḡ

<latexit sha1_base64="WhphomAAsIk9nr7GQ9A+qA1dI84=">AAACI3icbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXisYD+gW0o2+9qGJtklySpl2R/hVc/+Gm/ixYP/xWzbg7YOBIaZ95iXCWLOtHHdL6ewsblV3C7tlHf39g8OK9Wjjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbT29zvPoLSLJIPZhbDQJCxZCNGibFS1w+IwmM8rNTcujsHXifektTQEq1h1Sn6YUQTAdJQTrTue25sBilRhlEOWdlPNMSETskY+pZKIkAP0vm9GT6zSohHkbJPGjxXf2+kRGg9E4GdFMRM9KqXi/962p4ygXAl3oyuBymTcWJA0kX6KOHYRDhvBIdMATV8ZgmhitkPYDohilBjeyuXfQlPNBKCyDD1ma0vS/08WYmUZZltzlvtaZ10Lupeo964v6w1b5YdltAJOkXnyENXqInuUAu1EUVT9Ixe0Kvz5rw7H87nYrTgLHeO0R843z+6qaRc</latexit>

ḡ flat: 
<latexit sha1_base64="BuVHCuxacQ/1RiZWaexzt2FbAOs="></latexit>

fn(r̄, R̄, R̄µ⌫ , ...) ! fn(p) = fn(p, 0, 0, ...)

Compute ‘standard’ momentum loops’

<latexit sha1_base64="MBcMDkhfV7Cuztl/kQSgLCV8cjI="></latexit>

Tr f(rg, R,Rµ⌫ , ...; @,�, ...)Loop:  

Those are my backgrounds (principles),  
and if you don’t like them…well I have others 

Covariantly constant backgrounds: Christiansen, Falls, JMP, Reichert, PRD 97 (2018) 046007



Computing the effective action

Fluctuation approach Background approximation

<latexit sha1_base64="16zat5wtRE2mOP8u8oMV7pnAW4I="></latexit>

�[ḡ, h] = �qu[ḡ, h] + �gf[ḡ, h] ⇡ �qu[g, 0] + �gf[ḡ, h]
Compute 

<latexit sha1_base64="fBlWrpl1GgZ9TpQ4kWXt9GR0b3g="></latexit>

�n+m�[ḡ, h]

�hn��m

����
�=0

= fn(r̄, R̄, R̄µ⌫ , ...)

in a given background  
<latexit sha1_base64="WhphomAAsIk9nr7GQ9A+qA1dI84=">AAACI3icbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXisYD+gW0o2+9qGJtklySpl2R/hVc/+Gm/ixYP/xWzbg7YOBIaZ95iXCWLOtHHdL6ewsblV3C7tlHf39g8OK9Wjjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbT29zvPoLSLJIPZhbDQJCxZCNGibFS1w+IwmM8rNTcujsHXifektTQEq1h1Sn6YUQTAdJQTrTue25sBilRhlEOWdlPNMSETskY+pZKIkAP0vm9GT6zSohHkbJPGjxXf2+kRGg9E4GdFMRM9KqXi/962p4ygXAl3oyuBymTcWJA0kX6KOHYRDhvBIdMATV8ZgmhitkPYDohilBjeyuXfQlPNBKCyDD1ma0vS/08WYmUZZltzlvtaZ10Lupeo964v6w1b5YdltAJOkXnyENXqInuUAu1EUVT9Ixe0Kvz5rw7H87nYrTgLHeO0R843z+6qaRc</latexit>

ḡ

<latexit sha1_base64="WhphomAAsIk9nr7GQ9A+qA1dI84=">AAACI3icbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXisYD+gW0o2+9qGJtklySpl2R/hVc/+Gm/ixYP/xWzbg7YOBIaZ95iXCWLOtHHdL6ewsblV3C7tlHf39g8OK9Wjjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbT29zvPoLSLJIPZhbDQJCxZCNGibFS1w+IwmM8rNTcujsHXifektTQEq1h1Sn6YUQTAdJQTrTue25sBilRhlEOWdlPNMSETskY+pZKIkAP0vm9GT6zSohHkbJPGjxXf2+kRGg9E4GdFMRM9KqXi/962p4ygXAl3oyuBymTcWJA0kX6KOHYRDhvBIdMATV8ZgmhitkPYDohilBjeyuXfQlPNBKCyDD1ma0vS/08WYmUZZltzlvtaZ10Lupeo964v6w1b5YdltAJOkXnyENXqInuUAu1EUVT9Ixe0Kvz5rw7H87nYrTgLHeO0R843z+6qaRc</latexit>

ḡ flat: 
<latexit sha1_base64="BuVHCuxacQ/1RiZWaexzt2FbAOs="></latexit>

fn(r̄, R̄, R̄µ⌫ , ...) ! fn(p) = fn(p, 0, 0, ...)

Compute ‘standard’ momentum loops’

<latexit sha1_base64="MBcMDkhfV7Cuztl/kQSgLCV8cjI="></latexit>

Tr f(rg, R,Rµ⌫ , ...; @,�, ...)Loop:  

Those are my backgrounds (principles),  
and if you don’t like them…well I have others 

Covariantly constant backgrounds: Christiansen, Falls, JMP, Reichert, PRD 97 (2018) 046007



Computing the effective action

Fluctuation approach Background approximation

<latexit sha1_base64="16zat5wtRE2mOP8u8oMV7pnAW4I="></latexit>

�[ḡ, h] = �qu[ḡ, h] + �gf[ḡ, h] ⇡ �qu[g, 0] + �gf[ḡ, h]
Compute 

<latexit sha1_base64="fBlWrpl1GgZ9TpQ4kWXt9GR0b3g="></latexit>

�n+m�[ḡ, h]

�hn��m

����
�=0

= fn(r̄, R̄, R̄µ⌫ , ...)

in a given background  
<latexit sha1_base64="WhphomAAsIk9nr7GQ9A+qA1dI84=">AAACI3icbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXisYD+gW0o2+9qGJtklySpl2R/hVc/+Gm/ixYP/xWzbg7YOBIaZ95iXCWLOtHHdL6ewsblV3C7tlHf39g8OK9Wjjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbT29zvPoLSLJIPZhbDQJCxZCNGibFS1w+IwmM8rNTcujsHXifektTQEq1h1Sn6YUQTAdJQTrTue25sBilRhlEOWdlPNMSETskY+pZKIkAP0vm9GT6zSohHkbJPGjxXf2+kRGg9E4GdFMRM9KqXi/962p4ygXAl3oyuBymTcWJA0kX6KOHYRDhvBIdMATV8ZgmhitkPYDohilBjeyuXfQlPNBKCyDD1ma0vS/08WYmUZZltzlvtaZ10Lupeo964v6w1b5YdltAJOkXnyENXqInuUAu1EUVT9Ixe0Kvz5rw7H87nYrTgLHeO0R843z+6qaRc</latexit>

ḡ

<latexit sha1_base64="WhphomAAsIk9nr7GQ9A+qA1dI84=">AAACI3icbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXisYD+gW0o2+9qGJtklySpl2R/hVc/+Gm/ixYP/xWzbg7YOBIaZ95iXCWLOtHHdL6ewsblV3C7tlHf39g8OK9Wjjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbT29zvPoLSLJIPZhbDQJCxZCNGibFS1w+IwmM8rNTcujsHXifektTQEq1h1Sn6YUQTAdJQTrTue25sBilRhlEOWdlPNMSETskY+pZKIkAP0vm9GT6zSohHkbJPGjxXf2+kRGg9E4GdFMRM9KqXi/962p4ygXAl3oyuBymTcWJA0kX6KOHYRDhvBIdMATV8ZgmhitkPYDohilBjeyuXfQlPNBKCyDD1ma0vS/08WYmUZZltzlvtaZ10Lupeo964v6w1b5YdltAJOkXnyENXqInuUAu1EUVT9Ixe0Kvz5rw7H87nYrTgLHeO0R843z+6qaRc</latexit>

ḡ flat: 
<latexit sha1_base64="BuVHCuxacQ/1RiZWaexzt2FbAOs="></latexit>

fn(r̄, R̄, R̄µ⌫ , ...) ! fn(p) = fn(p, 0, 0, ...)

Compute ‘standard’ momentum loops’

<latexit sha1_base64="MBcMDkhfV7Cuztl/kQSgLCV8cjI="></latexit>

Tr f(rg, R,Rµ⌫ , ...; @,�, ...)Loop:  

Compute loops at vanishing fluctuation field  
<latexit sha1_base64="nj4by+b1BLz0lZrjTmomnPk8QnQ=">AAACJnicbVDLSgMxFM1UrbW+Wl26CRbBVZkRqW6EohuXFewDO6VkMrdtaJIZkoxShvkLt7r2a9yJuPNTTB8LbT0QOJxzL+fmBDFn2rjul5NbW9/Ibxa2its7u3v7pfJBS0eJotCkEY9UJyAaOJPQNMxw6MQKiAg4tIPxzdRvP4LSLJL3ZhJDT5ChZANGibHSgx8QhYf4Cg/7pYpbdWfAq8RbkApaoNEvO3k/jGgiQBrKidZdz41NLyXKMMohK/qJhpjQMRlC11JJBOheOjs5wydWCfEgUvZJg2fq742UCK0nIrCTgpiRXvam4r+etqeMIFyKN4PLXspknBiQdJ4+SDg2EZ6WgkOmgBo+sYRQxewHMB0RRaix1RWLvoQnGglBZJj6zDaYpf40WYmUZZltzlvuaZW0zqperVq7O6/UrxcdFtAROkanyEMXqI5uUQM1EUUSPaMX9Oq8Oe/Oh/M5H805i51D9AfO9w+DIqU+</latexit>

ḡ = g

Those are my backgrounds (principles),  
and if you don’t like them…well I have others 

Covariantly constant backgrounds: Christiansen, Falls, JMP, Reichert, PRD 97 (2018) 046007



Computing the effective action

Fluctuation approach Background approximation

<latexit sha1_base64="16zat5wtRE2mOP8u8oMV7pnAW4I="></latexit>

�[ḡ, h] = �qu[ḡ, h] + �gf[ḡ, h] ⇡ �qu[g, 0] + �gf[ḡ, h]
Compute 

<latexit sha1_base64="fBlWrpl1GgZ9TpQ4kWXt9GR0b3g="></latexit>

�n+m�[ḡ, h]

�hn��m

����
�=0

= fn(r̄, R̄, R̄µ⌫ , ...)

in a given background  
<latexit sha1_base64="WhphomAAsIk9nr7GQ9A+qA1dI84=">AAACI3icbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXisYD+gW0o2+9qGJtklySpl2R/hVc/+Gm/ixYP/xWzbg7YOBIaZ95iXCWLOtHHdL6ewsblV3C7tlHf39g8OK9Wjjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbT29zvPoLSLJIPZhbDQJCxZCNGibFS1w+IwmM8rNTcujsHXifektTQEq1h1Sn6YUQTAdJQTrTue25sBilRhlEOWdlPNMSETskY+pZKIkAP0vm9GT6zSohHkbJPGjxXf2+kRGg9E4GdFMRM9KqXi/962p4ygXAl3oyuBymTcWJA0kX6KOHYRDhvBIdMATV8ZgmhitkPYDohilBjeyuXfQlPNBKCyDD1ma0vS/08WYmUZZltzlvtaZ10Lupeo964v6w1b5YdltAJOkXnyENXqInuUAu1EUVT9Ixe0Kvz5rw7H87nYrTgLHeO0R843z+6qaRc</latexit>

ḡ

<latexit sha1_base64="WhphomAAsIk9nr7GQ9A+qA1dI84=">AAACI3icbVBNSwMxFMxWrbV+tXr0EiyCp7IrUj0WvXisYD+gW0o2+9qGJtklySpl2R/hVc/+Gm/ixYP/xWzbg7YOBIaZ95iXCWLOtHHdL6ewsblV3C7tlHf39g8OK9Wjjo4SRaFNIx6pXkA0cCahbZjh0IsVEBFw6AbT29zvPoLSLJIPZhbDQJCxZCNGibFS1w+IwmM8rNTcujsHXifektTQEq1h1Sn6YUQTAdJQTrTue25sBilRhlEOWdlPNMSETskY+pZKIkAP0vm9GT6zSohHkbJPGjxXf2+kRGg9E4GdFMRM9KqXi/962p4ygXAl3oyuBymTcWJA0kX6KOHYRDhvBIdMATV8ZgmhitkPYDohilBjeyuXfQlPNBKCyDD1ma0vS/08WYmUZZltzlvtaZ10Lupeo964v6w1b5YdltAJOkXnyENXqInuUAu1EUVT9Ixe0Kvz5rw7H87nYrTgLHeO0R843z+6qaRc</latexit>

ḡ flat: 
<latexit sha1_base64="BuVHCuxacQ/1RiZWaexzt2FbAOs="></latexit>

fn(r̄, R̄, R̄µ⌫ , ...) ! fn(p) = fn(p, 0, 0, ...)

Compute ‘standard’ momentum loops’

<latexit sha1_base64="MBcMDkhfV7Cuztl/kQSgLCV8cjI="></latexit>

Tr f(rg, R,Rµ⌫ , ...; @,�, ...)Loop:  

Compute loops at vanishing fluctuation field  
<latexit sha1_base64="nj4by+b1BLz0lZrjTmomnPk8QnQ=">AAACJnicbVDLSgMxFM1UrbW+Wl26CRbBVZkRqW6EohuXFewDO6VkMrdtaJIZkoxShvkLt7r2a9yJuPNTTB8LbT0QOJxzL+fmBDFn2rjul5NbW9/Ibxa2its7u3v7pfJBS0eJotCkEY9UJyAaOJPQNMxw6MQKiAg4tIPxzdRvP4LSLJL3ZhJDT5ChZANGibHSgx8QhYf4Cg/7pYpbdWfAq8RbkApaoNEvO3k/jGgiQBrKidZdz41NLyXKMMohK/qJhpjQMRlC11JJBOheOjs5wydWCfEgUvZJg2fq742UCK0nIrCTgpiRXvam4r+etqeMIFyKN4PLXspknBiQdJ4+SDg2EZ6WgkOmgBo+sYRQxewHMB0RRaix1RWLvoQnGglBZJj6zDaYpf40WYmUZZltzlvuaZW0zqperVq7O6/UrxcdFtAROkanyEMXqI5uUQM1EUUSPaMX9Oq8Oe/Oh/M5H805i51D9AfO9w+DIqU+</latexit>

ḡ = g

<latexit sha1_base64="ZjWOzWvDX4kcKcuBOulKFC3L7iA="></latexit>

Tr f(rg, R,Rµ⌫ , ...; @,�, ...) ! Tr f(rg, R,Rµ⌫ , ...)

Heat kernel techniques with covariantly constant backgroundsThose are my backgrounds (principles),  
and if you don’t like them…well I have others 

Covariantly constant backgrounds: Christiansen, Falls, JMP, Reichert, PRD 97 (2018) 046007



Background (in)dependence in gravity

Effective action

h̄ = hhi�k[ḡ, h̄] = �k[ḡ] + �(0,1)
k [ḡ] ⇤ h̄+

1

2
�(0,2)
k [ḡ] ⇤ h̄2 +

1

6
�(0,3)
k [ḡ] ⇤ h̄3 + · · ·

aka  
background and fluctuations fields, modified STIs and their importance

<latexit sha1_base64="HoxD9+zK41f1rQzjhYlizqY9aU4=">AAACKHicbVDLSgMxFM1UrbW+Wl26CRZBEMqM1MdGKLhxWcE+oFNKJnPbhiaZIckoZZjfcKtrv8addOuXmD4W2nogcDjnXs7NCWLOtHHdqZPb2NzKbxd2irt7+weHpfJRS0eJotCkEY9UJyAaOJPQNMxw6MQKiAg4tIPx/cxvP4PSLJJPZhJDT5ChZANGibGSP7zzA6LwEF/gUb9UcavuHHideEtSQUs0+mUn74cRTQRIQznRuuu5semlRBlGOWRFP9EQEzomQ+haKokA3UvnR2f4zCohHkTKPmnwXP29kRKh9UQEdlIQM9Kr3kz819P2lBGEK/FmcNtLmYwTA5Iu0gcJxybCs1pwyBRQwyeWEKqY/QCmI6IINba8YtGX8EIjIYgMU5/ZDrPUnyUrkbIss815qz2tk9Zl1buuXj3WKvXassMCOkGn6Bx56AbV0QNqoCaiKEav6A29Ox/Op/PlTBejOWe5c4z+wPn+AcznpdY=</latexit>

g = ḡ + h
Linear split

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>

+
1

2

<latexit sha1_base64="dFKMNP95HtcIhidsc3Otg9VgR9k="></latexit>

k@k�k[ḡ,�] =

JMP, Reichert, Front.in Phys. 8 (2021) 527 
                                                  2309.10785
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free energy gauge fields bosons gravityfermions  

<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�



Background (in)dependence in gravity

Effective action

h̄ = hhi

⇢
�k[ḡ] , �

(0,1)
k [ḡ] , �(0,2)

k [ḡ] , �(0,3)
k [ḡ] , ...

�

�k[ḡ, h̄] = �k[ḡ] + �(0,1)
k [ḡ] ⇤ h̄+

1

2
�(0,2)
k [ḡ] ⇤ h̄2 +

1

6
�(0,3)
k [ḡ] ⇤ h̄3 + · · ·

aka  
background and fluctuations fields, modified STIs and their importance

<latexit sha1_base64="HoxD9+zK41f1rQzjhYlizqY9aU4=">AAACKHicbVDLSgMxFM1UrbW+Wl26CRZBEMqM1MdGKLhxWcE+oFNKJnPbhiaZIckoZZjfcKtrv8addOuXmD4W2nogcDjnXs7NCWLOtHHdqZPb2NzKbxd2irt7+weHpfJRS0eJotCkEY9UJyAaOJPQNMxw6MQKiAg4tIPx/cxvP4PSLJJPZhJDT5ChZANGibGSP7zzA6LwEF/gUb9UcavuHHideEtSQUs0+mUn74cRTQRIQznRuuu5semlRBlGOWRFP9EQEzomQ+haKokA3UvnR2f4zCohHkTKPmnwXP29kRKh9UQEdlIQM9Kr3kz819P2lBGEK/FmcNtLmYwTA5Iu0gcJxybCs1pwyBRQwyeWEKqY/QCmI6IINba8YtGX8EIjIYgMU5/ZDrPUnyUrkbIss815qz2tk9Zl1buuXj3WKvXassMCOkGn6Bx56AbV0QNqoCaiKEav6A29Ox/Op/PlTBejOWe5c4z+wPn+AcznpdY=</latexit>

g = ḡ + h
Linear split

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>

+
1

2

<latexit sha1_base64="dFKMNP95HtcIhidsc3Otg9VgR9k="></latexit>

k@k�k[ḡ,�] =

JMP, Reichert, Front.in Phys. 8 (2021) 527 
                                                  2309.10785
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free energy gauge fields bosons gravityfermions  

<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
<latexit sha1_base64="0vsMz77cND2D5Y9XgCgcksd+JE4=">AAACIHicbVBNS8NAFNxUrbV+tXr0EiyCp5KIVI9FLx4r2A9oStlsXpulu5uwu1FKyF/wqmd/jTfxqL/GTZuDtg4sDDPvMW/HjxlV2nG+rNLG5lZ5u7JT3d3bPzis1Y96KkokgS6JWCQHPlbAqICupprBIJaAuc+g789uc7//CFLRSDzoeQwjjqeCTijBOpe8OKTjWsNpOgvY68QtSAMV6IzrVtkLIpJwEJowrNTQdWI9SrHUlDDIql6iIMZkhqcwNFRgDmqULo7N7DOjBPYkkuYJbS/U3xsp5krNuW8mOdahWvVy8V9PmVNCCFbi9eR6lFIRJxoEWaZPEmbryM7rsAMqgWg2NwQTSc0HbBJiiYk2pVWrnoAnEnGORZB61HSXpV6eLHlKs8w05672tE56F0231WzdXzbaN0WHFXSCTtE5ctEVaqM71EFdRFCIntELerXerHfrw/pcjpasYucY/YH1/QM6/aOj</latexit>

�
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From vertex dressings/distribution functions to physics

Effective action

Background effective action
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Example: graviton-graviton scattering in a flat background

Scattering amplitudes and cross sections
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Apparent convergence in asymptotic safety
a community effort



Phase structure of asymptotically safe gravity
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QCD & SM thresholds in the RG since (many) decades 
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 Scattering amplitudes, spectral properties & unitarity 
Donoghue, Knorr, Litim, Platania, JMP, Percacci, Reichert, Saueressig, Wetterich, …



Spectral properties
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Spectral properties

Källen-Lehmann spectral representation
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Analytic consequences & constraints
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⇤

<latexit sha1_base64="rMcJZLmfqHwppEwGnvXouqy8zhU=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoivnBVcOPCRRX7gDaUyWTSDp1M4sykUEK+w40LRdz6Me78G6dtFtp6YOBwzrncO8eLOVPatr+twtLyyupacb20sbm1vVPe3WuqKJGENkjEI9n2sKKcCdrQTHPajiXFocdpyxveTPzWiErFIvGoxzF1Q9wXLGAEayO5D710eNK9M3kfZ71yxa7aU6BF4uSkAjnqvfJX149IElKhCcdKdRw71m6KpWaE06zUTRSNMRniPu0YKnBIlZtOj87QkVF8FETSPKHRVP09keJQqXHomWSI9UDNexPxP6+T6ODKTZmIE00FmS0KEo50hCYNIJ9JSjQfG4KJZOZWRAZYYqJNTyVTgjP/5UXSPK06F9Xz+7NK7TqvowgHcAjH4MAl1OAW6tAAAk/wDK/wZo2sF+vd+phFC1Y+sw9/YH3+AGfykds=</latexit>

Rk,⇤

<latexit sha1_base64="Y+LPTuabX9dUErCwH3MBrFAqMGw="></latexit>�
@t
��
⇤
+Dk @t⇤

�
�k,⇤ =

1

2
TrG�

k,⇤

�
@t
��
⇤
R�

k,⇤ +Dk @t⇤R
�
k,⇤

�
Composite UV-IR fRG flow
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Idea

<latexit sha1_base64="A7Qp1Ythj5TkOKydlWvj7NTbiig=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPihqeAF49xyQLJEHo6NUmTnp6hu0cIQz7BiwdFvPpF3vwbO8kcNPqg4PFeFVX1gkRwbVz3yyksLa+srhXXSxubW9s75d29po5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81g+mHGCfkQHkoecUWOl+7veqFeuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3Xj27Pa3UrvI4inAAh3AMHlxADW6gDg1gMIAneIFXRzjPzpvzPm8tOPnMPvyC8/ENKoyNtg==</latexit>

Rk

<latexit sha1_base64="P+hJRKFZ+h6eDLcwobkcQoDJwdI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSfdQrld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xriqX9Yty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/ANNdjPE=</latexit>

k

<latexit sha1_base64="/KER9kBAXRKDo+o95nyOK25FU0c=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4CjPihqdALh7jkgWSIfR0epIm3T1jd00wDPkOLx4U8erHePNv7CRz0OiDgsd7VVTVC2LBDbjul5NbWl5ZXcuvFzY2t7Z3irt7DRMlmrI6jUSkWwExTHDF6sBBsFasGZGBYM1gWJ36zRHThkfqHsYx8yXpKx5ySsBK/m23A+wRtEyrd5NuseSW3RnwX+JlpIQy1LrFz04voolkCqggxrQ9NwY/JRo4FWxS6CSGxYQOSZ+1LVVEMuOns6Mn+MgqPRxG2pYCPFN/TqREGjOWge2UBAZm0ZuK/3ntBMJLP+UqToApOl8UJgJDhKcJ4B7XjIIYW0Ko5vZWTAdEEwo2p4INwVt8+S9pnJS98/LZzWmpcpXFkUcH6BAdIw9doAq6RjVURxQ9oCf0gl6dkfPsvDnv89ack83so19wPr4B/2GSPQ==</latexit>

RCS

<latexit sha1_base64="Z0R0oGLpJBjb8vlGYQhXRNa89mc=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasiUjoqrghsXLirYB7RDyWQybWjmQZIRSulHuHGhiFu/x51/Y6YdQUUvhBzOOZd77/FTwZXG+MMqrayurW+UNytb2zu7e9X9g45KMklZmyYikT2fKCZ4zNqaa8F6qWQk8gXr+pOrXO/eM6l4Et/pacq8iIxiHnJKtKG6gxtjDciwWsO2i03VEbbzv+GignGRs2AwrkFRrWH1fRAkNItYrKkgSvUdnGpvRqTmVLB5ZZAplhI6ISPWNzAmEVPebLHuHJ0YJkBhIs2LNVqw3ztmJFJqGvnGGRE9Vr+1nPxL62c6vPBmPE4zzWK6HBRmAukE5bejgEtGtZgaQKjkZldEx0QSqk1CFRPC16Xof9Cp286Z7d42as3LIo4yHMExnIID59CEa2hBGyhM4AGe4NlKrUfrxXpdWktW0XMIP8p6+wQx+I95</latexit>

⇤

<latexit sha1_base64="rMcJZLmfqHwppEwGnvXouqy8zhU=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoivnBVcOPCRRX7gDaUyWTSDp1M4sykUEK+w40LRdz6Me78G6dtFtp6YOBwzrncO8eLOVPatr+twtLyyupacb20sbm1vVPe3WuqKJGENkjEI9n2sKKcCdrQTHPajiXFocdpyxveTPzWiErFIvGoxzF1Q9wXLGAEayO5D710eNK9M3kfZ71yxa7aU6BF4uSkAjnqvfJX149IElKhCcdKdRw71m6KpWaE06zUTRSNMRniPu0YKnBIlZtOj87QkVF8FETSPKHRVP09keJQqXHomWSI9UDNexPxP6+T6ODKTZmIE00FmS0KEo50hCYNIJ9JSjQfG4KJZOZWRAZYYqJNTyVTgjP/5UXSPK06F9Xz+7NK7TqvowgHcAjH4MAl1OAW6tAAAk/wDK/wZo2sF+vd+phFC1Y+sw9/YH3+AGfykds=</latexit>

Rk,⇤

<latexit sha1_base64="Y+LPTuabX9dUErCwH3MBrFAqMGw="></latexit>�
@t
��
⇤
+Dk @t⇤

�
�k,⇤ =

1

2
TrG�

k,⇤

�
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��
⇤
R�

k,⇤ +Dk @t⇤R
�
k,⇤

�
Composite UV-IR fRG flow

Limes 
<latexit sha1_base64="wzCvpx5Nh+uI+tcNWIueam5k6dY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTiC1cFNy5cVLAPaEKZTCbt0MkkzNwoofZT3LhQxK1f4s6/cdpmodUDA4dzzmXuPUEquAbH+bJKS8srq2vl9crG5tb2jl3dbeskU5S1aCIS1Q2IZoJL1gIOgnVTxUgcCNYJRldTv3PPlOaJvIM8ZX5MBpJHnBIwUt+uejcmHBIPEuxxGUHet2tO3ZkB/yVuQWqoQLNvf3phQrOYSaCCaN1znRT8MVHAqWCTipdplhI6IgPWM1SSmGl/PFt9gg+NEuIoUeZJwDP158SYxFrncWCSMYGhXvSm4n9eL4Powh9zmWbAJJ1/FGUCmzunPeCQK0ZB5IYQqrjZFdMhUYSCaatiSnAXT/5L2sd196x+entSa1wWdZTRPjpAR8hF56iBrlETtRBFD+gJvaBX69F6tt6s93m0ZBUze+gXrI9vCHeT2Q==</latexit>

⇤ ! 1

<latexit sha1_base64="7CS7rR1thcBnKNv5ElBZeTUKChw="></latexit>

Dk @t⇤�k,⇤ � 1

2
TrG�

k,⇤ Dk @t⇤R
�
k,⇤ ! @tScl[�]

Local

<latexit sha1_base64="wzCvpx5Nh+uI+tcNWIueam5k6dY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTiC1cFNy5cVLAPaEKZTCbt0MkkzNwoofZT3LhQxK1f4s6/cdpmodUDA4dzzmXuPUEquAbH+bJKS8srq2vl9crG5tb2jl3dbeskU5S1aCIS1Q2IZoJL1gIOgnVTxUgcCNYJRldTv3PPlOaJvIM8ZX5MBpJHnBIwUt+uejcmHBIPEuxxGUHet2tO3ZkB/yVuQWqoQLNvf3phQrOYSaCCaN1znRT8MVHAqWCTipdplhI6IgPWM1SSmGl/PFt9gg+NEuIoUeZJwDP158SYxFrncWCSMYGhXvSm4n9eL4Powh9zmWbAJJ1/FGUCmzunPeCQK0ZB5IYQqrjZFdMhUYSCaatiSnAXT/5L2sd196x+entSa1wWdZTRPjpAR8hF56iBrlETtRBFD+gJvaBX69F6tt6s93m0ZBUze+gXrI9vCHeT2Q==</latexit>

⇤ ! 1
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Idea

<latexit sha1_base64="A7Qp1Ythj5TkOKydlWvj7NTbiig=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPihqeAF49xyQLJEHo6NUmTnp6hu0cIQz7BiwdFvPpF3vwbO8kcNPqg4PFeFVX1gkRwbVz3yyksLa+srhXXSxubW9s75d29po5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YhK81g+mHGCfkQHkoecUWOl+7veqFeuuFV3BvKXeDmpQI56r/zZ7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oQcWaVPwljZkobM1J8TGY20HkeB7YyoGepFbyr+53VSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsv/yXNk6p3Xj27Pa3UrvI4inAAh3AMHlxADW6gDg1gMIAneIFXRzjPzpvzPm8tOPnMPvyC8/ENKoyNtg==</latexit>

Rk

<latexit sha1_base64="P+hJRKFZ+h6eDLcwobkcQoDJwdI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xhaeAF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSfdQrld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xriqX9Yty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/ANNdjPE=</latexit>

k

<latexit sha1_base64="/KER9kBAXRKDo+o95nyOK25FU0c=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4CjPihqdALh7jkgWSIfR0epIm3T1jd00wDPkOLx4U8erHePNv7CRz0OiDgsd7VVTVC2LBDbjul5NbWl5ZXcuvFzY2t7Z3irt7DRMlmrI6jUSkWwExTHDF6sBBsFasGZGBYM1gWJ36zRHThkfqHsYx8yXpKx5ySsBK/m23A+wRtEyrd5NuseSW3RnwX+JlpIQy1LrFz04voolkCqggxrQ9NwY/JRo4FWxS6CSGxYQOSZ+1LVVEMuOns6Mn+MgqPRxG2pYCPFN/TqREGjOWge2UBAZm0ZuK/3ntBMJLP+UqToApOl8UJgJDhKcJ4B7XjIIYW0Ko5vZWTAdEEwo2p4INwVt8+S9pnJS98/LZzWmpcpXFkUcH6BAdIw9doAq6RjVURxQ9oCf0gl6dkfPsvDnv89ack83so19wPr4B/2GSPQ==</latexit>

RCS

<latexit sha1_base64="Z0R0oGLpJBjb8vlGYQhXRNa89mc=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgasiUjoqrghsXLirYB7RDyWQybWjmQZIRSulHuHGhiFu/x51/Y6YdQUUvhBzOOZd77/FTwZXG+MMqrayurW+UNytb2zu7e9X9g45KMklZmyYikT2fKCZ4zNqaa8F6qWQk8gXr+pOrXO/eM6l4Et/pacq8iIxiHnJKtKG6gxtjDciwWsO2i03VEbbzv+GignGRs2AwrkFRrWH1fRAkNItYrKkgSvUdnGpvRqTmVLB5ZZAplhI6ISPWNzAmEVPebLHuHJ0YJkBhIs2LNVqw3ztmJFJqGvnGGRE9Vr+1nPxL62c6vPBmPE4zzWK6HBRmAukE5bejgEtGtZgaQKjkZldEx0QSqk1CFRPC16Xof9Cp286Z7d42as3LIo4yHMExnIID59CEa2hBGyhM4AGe4NlKrUfrxXpdWktW0XMIP8p6+wQx+I95</latexit>

⇤

<latexit sha1_base64="rMcJZLmfqHwppEwGnvXouqy8zhU=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoivnBVcOPCRRX7gDaUyWTSDp1M4sykUEK+w40LRdz6Me78G6dtFtp6YOBwzrncO8eLOVPatr+twtLyyupacb20sbm1vVPe3WuqKJGENkjEI9n2sKKcCdrQTHPajiXFocdpyxveTPzWiErFIvGoxzF1Q9wXLGAEayO5D710eNK9M3kfZ71yxa7aU6BF4uSkAjnqvfJX149IElKhCcdKdRw71m6KpWaE06zUTRSNMRniPu0YKnBIlZtOj87QkVF8FETSPKHRVP09keJQqXHomWSI9UDNexPxP6+T6ODKTZmIE00FmS0KEo50hCYNIJ9JSjQfG4KJZOZWRAZYYqJNTyVTgjP/5UXSPK06F9Xz+7NK7TqvowgHcAjH4MAl1OAW6tAAAk/wDK/wZo2sF+vd+phFC1Y+sw9/YH3+AGfykds=</latexit>

Rk,⇤

Limes 
<latexit sha1_base64="wzCvpx5Nh+uI+tcNWIueam5k6dY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTiC1cFNy5cVLAPaEKZTCbt0MkkzNwoofZT3LhQxK1f4s6/cdpmodUDA4dzzmXuPUEquAbH+bJKS8srq2vl9crG5tb2jl3dbeskU5S1aCIS1Q2IZoJL1gIOgnVTxUgcCNYJRldTv3PPlOaJvIM8ZX5MBpJHnBIwUt+uejcmHBIPEuxxGUHet2tO3ZkB/yVuQWqoQLNvf3phQrOYSaCCaN1znRT8MVHAqWCTipdplhI6IgPWM1SSmGl/PFt9gg+NEuIoUeZJwDP158SYxFrncWCSMYGhXvSm4n9eL4Powh9zmWbAJJ1/FGUCmzunPeCQK0ZB5IYQqrjZFdMhUYSCaatiSnAXT/5L2sd196x+entSa1wWdZTRPjpAR8hF56iBrlETtRBFD+gJvaBX69F6tt6s93m0ZBUze+gXrI9vCHeT2Q==</latexit>

⇤ ! 1

<latexit sha1_base64="7CS7rR1thcBnKNv5ElBZeTUKChw="></latexit>

Dk @t⇤�k,⇤ � 1

2
TrG�

k,⇤ Dk @t⇤R
�
k,⇤ ! @tScl[�]

Local

<latexit sha1_base64="wzCvpx5Nh+uI+tcNWIueam5k6dY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTiC1cFNy5cVLAPaEKZTCbt0MkkzNwoofZT3LhQxK1f4s6/cdpmodUDA4dzzmXuPUEquAbH+bJKS8srq2vl9crG5tb2jl3dbeskU5S1aCIS1Q2IZoJL1gIOgnVTxUgcCNYJRldTv3PPlOaJvIM8ZX5MBpJHnBIwUt+uejcmHBIPEuxxGUHet2tO3ZkB/yVuQWqoQLNvf3phQrOYSaCCaN1znRT8MVHAqWCTipdplhI6IgPWM1SSmGl/PFt9gg+NEuIoUeZJwDP158SYxFrncWCSMYGhXvSm4n9eL4Powh9zmWbAJJ1/FGUCmzunPeCQK0ZB5IYQqrjZFdMhUYSCaatiSnAXT/5L2sd196x+entSa1wWdZTRPjpAR8hF56iBrlETtRBFD+gJvaBX69F6tt6s93m0ZBUze+gXrI9vCHeT2Q==</latexit>

⇤ ! 1

fRG flow with flowing renormalisation
<latexit sha1_base64="ElJSnK/oA73iNDLfm/QAqFwR+A0="></latexit>

@t�k[�] =
1

2
TrG�[�] @tR

� � @tSct[�]
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Spectral CS-fRG flow with flowing renormalisation

<latexit sha1_base64="nI8khuQSGNm5SrO8sGftwllDYJY="></latexit>

@t�k[�] = TrG�[�] k
2 � @tSct[�]

<latexit sha1_base64="uXJAvJzpJgEJXuvgIcRH+CpvK3w="></latexit>

Gk[�](p) =

Z 1

�1

d�

2⇡

� ⇢k[�](�, ~p )

�2 + p20

fQCD, Reichert, arXiv:2206.10232 (SciPost Core)

Renormalised renormalisation group flows 
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Spectral CS-fRG flow with flowing renormalisation

<latexit sha1_base64="nI8khuQSGNm5SrO8sGftwllDYJY="></latexit>

@t�k[�] = TrG�[�] k
2 � @tSct[�]

<latexit sha1_base64="uXJAvJzpJgEJXuvgIcRH+CpvK3w="></latexit>

Gk[�](p) =

Z 1

�1

d�

2⇡

� ⇢k[�](�, ~p )

�2 + p20

Flowing on-shell renormalisation

Controlled UV-limit

<latexit sha1_base64="2ZpA2exFow2p6s9Je0q2/jKwpE8="></latexit>

lim
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k,⇤

⇥
�̄
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0=�µ2(k)
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fQCD, Reichert, arXiv:2206.10232 (SciPost Core)
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Spectral CS-fRG flow with flowing renormalisation

<latexit sha1_base64="nI8khuQSGNm5SrO8sGftwllDYJY="></latexit>

@t�k[�] = TrG�[�] k
2 � @tSct[�]

<latexit sha1_base64="uXJAvJzpJgEJXuvgIcRH+CpvK3w="></latexit>

Gk[�](p) =

Z 1

�1

d�

2⇡

� ⇢k[�](�, ~p )

�2 + p20

Flowing on-shell renormalisation

Controlled UV-limit

<latexit sha1_base64="2ZpA2exFow2p6s9Je0q2/jKwpE8="></latexit>

lim
⇤!1

�(2)
k,⇤

⇥
�̄
⇤
(p)

���
p2
0=�µ2(k)

= �k2
<latexit sha1_base64="4QA7GCXMxKxMfD+1SAwpu8D0Co4="></latexit>

lim
⇤!1
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�(2)
k,⇤

⇥
�̄
⇤
(p)

���
p2
0=�µ2

�
= �2 k2

Controlled UV-limit

fQCD, Reichert, arXiv:2206.10232 (SciPost Core)
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Spectral CS-fRG flow with flowing renormalisation

<latexit sha1_base64="nI8khuQSGNm5SrO8sGftwllDYJY="></latexit>

@t�k[�] = TrG�[�] k
2 � @tSct[�]

<latexit sha1_base64="uXJAvJzpJgEJXuvgIcRH+CpvK3w="></latexit>

Gk[�](p) =

Z 1

�1

d�

2⇡

� ⇢k[�](�, ~p )

�2 + p20

Flowing on-shell renormalisation

Controlled UV-limit

<latexit sha1_base64="2ZpA2exFow2p6s9Je0q2/jKwpE8="></latexit>

lim
⇤!1

�(2)
k,⇤

⇥
�̄
⇤
(p)

���
p2
0=�µ2(k)

= �k2
<latexit sha1_base64="4QA7GCXMxKxMfD+1SAwpu8D0Co4="></latexit>

lim
⇤!1

@t


�(2)
k,⇤

⇥
�̄
⇤
(p)

���
p2
0=�µ2

�
= �2 k2

Controlled UV-limit

Similarly for wave function and coupling renormalisation

fQCD, Reichert, arXiv:2206.10232 (SciPost Core)

Renormalised renormalisation group flows 



Spectral functional approaches at work
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                  Horak, JMP, Wink, PRD 102 (2020) 125016 
Horak, Ihssen, JMP, Wessely, Wink, arXiv:2303.16719 
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35



Spectral functional approaches at work
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Scattering amplitudes  
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Asymptotically safe Standard Model
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