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k [ḡ] ⇤ h̄+

1

2
�(0,2)
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From vertex dressings/distribution functions to physics

Effective action

Background effective action
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A lesson from graviton spectral functions
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⇢ḡ(�) 2 R

Spectral properties ‘resemble’ that of an asymptotic Spectral properties of an unphysical mode

<latexit sha1_base64="ykZ77UcbfLkRjc/Pm8v1OCkK5MU="></latexit>Z

R

d�

2⇡
�⇢h(�) = 1

<latexit sha1_base64="iAQBB1RAUNtwqLKBeHPdqGXXZvo="></latexit>

⇢h(�) 2 R+

<latexit sha1_base64="PNipQbyC2HGjphzJ3lnusnoKtcc="></latexit>Z

R

d�

2⇡
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Some thoughts on vertex expansion schemes/fluctuation approach and covariant expansion schemes/background approximation
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Clear cut case: Einstein-Hilbert truncation & minimally coupled  gravity matter systems

Fluctuation approach with flat vertex expansion Background approximation with heat kernel methods

Exact map with additional truncation

Additional truncation: background approximation Background approximation flows can be derived also in the  

flat vertex expansion

Beware! 
there are qualitative differences between flows in the fluc. approach & the background approximation 

in pure gravity and minimally coupled systems
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Applications I: asymptotically safe Standard Model 
Pastor-Gutiérrez, JMP, Reichert, SciPost Phys. 15 (2023) 105

                   Dona, Eichhorn, Percacci, PRD 89 (2014) 084035   
      
                          Meibohm, JMP, Reichert, EPJC 76 (2016) 285 

Christiansen, Litim, JMP, Reichert   PRD 97 (2018) 4, 046007 

                        Shaposhnikov, Wetterich, PLB 683 (2010) 196 

                          Eichhorn, Versteegen, JHEP 1801 (2018) 030 

                                   Eichhorn, Held, PRL 121 (2018) 151302 

             Latest ‘status report’: Eichhorn, Schiffer, 2212.07456 

..
.
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Applications II: asymptotically black holes 
JMP, Tränkle, 2309.17043 

Black Holes in Asymptotically Safe Gravity:                                Platania, 2309.17043  

                                                                       and beyond: Held, Eichhorn, 2212.09495



Asymptotically black holes

Unfolding the background effective action
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<latexit sha1_base64="7sdi3ES8L3K5ed0gMpjYRGy8w28="></latexit>

�̄(4)
ḡ4 (p)

<latexit sha1_base64="2qb7UqSsp3vJpQGZqz0J6eJ5aFI="></latexit>

�̄(2)
hh (p)

<latexit sha1_base64="1X7yRh9iRoNDkfoCRa5greb4kDE="></latexit>

�̄(3)
h3 (p)

<latexit sha1_base64="QyJHRuq7u8oAWEByG5lOoJRuOMQ="></latexit>

�̄(4)
h4 (p)

gauge dependent RG-invariant

17 JMP, Tränkle, 2309.17043 



Asymptotically black holes

Unfolding the background effective action

<latexit sha1_base64="zdIjsJA7RPIPkT/tWszFZ3kBzlU="></latexit>

�[gµ⌫ ] =
1

16⇡

Z

x

p
g

(
R(�, R) +RfR2(�)R+Rµ⌫fR2
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(�)Rµ⌫ + · · ·
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�̄(3)
ḡ3 (p)

<latexit sha1_base64="7sdi3ES8L3K5ed0gMpjYRGy8w28="></latexit>

�̄(4)
ḡ4 (p)

<latexit sha1_base64="2qb7UqSsp3vJpQGZqz0J6eJ5aFI="></latexit>

�̄(2)
hh (p)

<latexit sha1_base64="1X7yRh9iRoNDkfoCRa5greb4kDE="></latexit>

�̄(3)
h3 (p)

<latexit sha1_base64="QyJHRuq7u8oAWEByG5lOoJRuOMQ="></latexit>

�̄(4)
h4 (p)

gauge dependent RG-invariant

<latexit sha1_base64="c+hJdrifLfkjmsWS/6qMO2sRS0w="></latexit>

R(�, R)

<latexit sha1_base64="tABvDwfG0GXv9+y/WmnQsseZRoQ="></latexit>

RfR2(�)R

<latexit sha1_base64="gox3u1lCg6RM/s2ZNHdDWKqp5Mw="></latexit>

Rµ⌫fR2
µ⌫
(�)Rµ⌫

gauge independent 
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Asymptotically black holes

Unfolding the background effective action

<latexit sha1_base64="zdIjsJA7RPIPkT/tWszFZ3kBzlU="></latexit>
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(
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<latexit sha1_base64="1X7yRh9iRoNDkfoCRa5greb4kDE="></latexit>

�̄(3)
h3 (p)

<latexit sha1_base64="QyJHRuq7u8oAWEByG5lOoJRuOMQ="></latexit>

�̄(4)
h4 (p)

gauge dependent RG-invariant

Maps

Unfolding

<latexit sha1_base64="c+hJdrifLfkjmsWS/6qMO2sRS0w="></latexit>

R(�, R)

<latexit sha1_base64="tABvDwfG0GXv9+y/WmnQsseZRoQ="></latexit>

RfR2(�)R

<latexit sha1_base64="gox3u1lCg6RM/s2ZNHdDWKqp5Mw="></latexit>
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gauge independent 
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Asymptotically black holes

Unfolding the background effective action

<latexit sha1_base64="zdIjsJA7RPIPkT/tWszFZ3kBzlU="></latexit>
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(�)Rµ⌫ + · · ·
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�̄(3)
ḡ3 (p)

<latexit sha1_base64="7sdi3ES8L3K5ed0gMpjYRGy8w28="></latexit>

�̄(4)
ḡ4 (p)

<latexit sha1_base64="2qb7UqSsp3vJpQGZqz0J6eJ5aFI="></latexit>

�̄(2)
hh (p)

<latexit sha1_base64="1X7yRh9iRoNDkfoCRa5greb4kDE="></latexit>

�̄(3)
h3 (p)

<latexit sha1_base64="QyJHRuq7u8oAWEByG5lOoJRuOMQ="></latexit>

�̄(4)
h4 (p)

gauge dependent RG-invariant

Maps

Unfolding Educated guess

<latexit sha1_base64="c+hJdrifLfkjmsWS/6qMO2sRS0w="></latexit>

R(�, R)

<latexit sha1_base64="tABvDwfG0GXv9+y/WmnQsseZRoQ="></latexit>

RfR2(�)R

<latexit sha1_base64="gox3u1lCg6RM/s2ZNHdDWKqp5Mw="></latexit>
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(�)Rµ⌫

gauge independent 
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Asymptotically black holes

Unfolding the background effective action

<latexit sha1_base64="zdIjsJA7RPIPkT/tWszFZ3kBzlU="></latexit>

�[gµ⌫ ] =
1

16⇡

Z

x

p
g

(
R(�, R) +RfR2(�)R+Rµ⌫fR2

µ⌫
(�)Rµ⌫ + · · ·

)

<latexit sha1_base64="RriFBTZagB+10LshheNNjxAy/1A="></latexit>

�̄(3)
ḡ3 (p)

<latexit sha1_base64="7sdi3ES8L3K5ed0gMpjYRGy8w28="></latexit>

�̄(4)
ḡ4 (p)

<latexit sha1_base64="2qb7UqSsp3vJpQGZqz0J6eJ5aFI="></latexit>

�̄(2)
hh (p)

<latexit sha1_base64="1X7yRh9iRoNDkfoCRa5greb4kDE="></latexit>

�̄(3)
h3 (p)

<latexit sha1_base64="QyJHRuq7u8oAWEByG5lOoJRuOMQ="></latexit>

�̄(4)
h4 (p)

gauge dependent RG-invariant

Maps

Unfolding Educated guess

<latexit sha1_base64="c+hJdrifLfkjmsWS/6qMO2sRS0w="></latexit>

R(�, R)

<latexit sha1_base64="tABvDwfG0GXv9+y/WmnQsseZRoQ="></latexit>

RfR2(�)R

<latexit sha1_base64="gox3u1lCg6RM/s2ZNHdDWKqp5Mw="></latexit>

Rµ⌫fR2
µ⌫
(�)Rµ⌫

gauge independent 
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<latexit sha1_base64="CcXZwaK8mo2M0K6G1x2HdwxGzL0="></latexit>

R(�, R) = R
�(3)
g (�)� �̄3�

�+R
R

Results for form factors

JMP, Tränkle, 2309.17043 
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<latexit sha1_base64="SqrcR5rPP8fftmyn7IGZbjfQHW8="></latexit>

�IR[gµ⌫ ] =
1

16⇡

Z

x

p
�g

�
G�1

N R+ gR2
µ⌫
Rµ⌫R

µ⌫ + gR2R2 + c1Rµ⌫⇤Rµ⌫ + c2R⇤R
�

Infrared asymptotic effective action

<latexit sha1_base64="1/Gi51dWRfH/RhxQAbVepk5wSCA="></latexit>

ds2 = �f(r)dt2 +
1

g(r)
dr2 + r2d⌦2

Spherical symmetric solution

Weak field solutions

<latexit sha1_base64="cAkC0l0Y/gYYybAiGrS+Pz+FL2U="></latexit>

f(r) = 1� 2M

r
+ S0

e�m0r

r
+ S2

e�m2r

r

g(r) = 1� 2M

r
� S0

e�m0r

r
(1 +m0r) +

1

2
S2

e�m2r

r
(1 +m2r)

JMP, Tränkle, 2309.17043 
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Numerical Solutions for 
<latexit sha1_base64="k/5M7esL/to2LbOkmYPkGZ2rzLI=">AAACI3icbVDLSgMxFM34qLW+Wl26GSyCqzJTfHRTKLhxI1S0D+iUksnctqFJZkgyShnmI9zq2q9xJ25c+C9m2i609UDgcM69nJvjR4wq7Thf1tr6xmZuK79d2Nnd2z8olg7bKowlgRYJWSi7PlbAqICWpppBN5KAuc+g40+uM7/zCFLRUDzoaQR9jkeCDinB2kid+0G17tZvB8WyU3FmsFeJuyBltEBzULJyXhCSmIPQhGGleq4T6X6CpaaEQVrwYgURJhM8gp6hAnNQ/WR2b2qfGiWwh6E0T2h7pv7eSDBXasp9M8mxHqtlLxP/9ZQ5ZQzBUrwe1voJFVGsQZB5+jBmtg7trBE7oBKIZlNDMJHUfMAmYywx0aa3QsET8ERCzrEIEo+a+tLEy5IlT2iamubc5Z5WSbtacS8rF3fn5UZt0WEeHaMTdIZcdIUa6AY1UQsRNEHP6AW9Wm/Wu/Vhfc5H16zFzhH6A+v7Bxcxo/U=</latexit>

S2 = 1 = M

<latexit sha1_base64="DpBOgN/uHgMCHRxBExVI/wr64Ng=">AAACInicbVDLSgMxFM1UrbW+Wl26GSyCG8uM+OhGKLhxWdE+oFNKJnPbxiaZIckoZZh/cKtrv8aduBL8GDNtF9p6IHA4517OzfEjRpV2nC8rt7K6ll8vbBQ3t7Z3dkvlvZYKY0mgSUIWyo6PFTAqoKmpZtCJJGDuM2j74+vMbz+CVDQU93oSQY/joaADSrA2Uuuu71yduP1Sxak6U9jLxJ2TCpqj0S9beS8IScxBaMKwUl3XiXQvwVJTwiAterGCCJMxHkLXUIE5qF4yPTe1j4wS2INQmie0PVV/bySYKzXhvpnkWI/UopeJ/3rKnDKCYCFeD2q9hIoo1iDILH0QM1uHdlaIHVAJRLOJIZhIaj5gkxGWmGhTW7HoCXgiIedYBIlHTXtp4mXJkic0TU1z7mJPy6R1WnUvque3Z5V6bd5hAR2gQ3SMXHSJ6ugGNVATEfSAntELerXerHfrw/qcjeas+c4++gPr+wdMv6OM</latexit>

S0 = �1
<latexit sha1_base64="vT9uHhARzupwmexZAGl6jGiTQdI=">AAACIXicbVDLSsNAFJ1UrbW+Wl26CRbBVUnERzdCwY3LivYBTSiTyW07dGYSZiZKCfkGt7r2a9yJO/FnnLRdaOuBgcM593LunCBmVGnH+bIKa+sbxc3SVnl7Z3dvv1I96KgokQTaJGKR7AVYAaMC2ppqBr1YAuYBg24wucn97iNIRSPxoKcx+ByPBB1SgrWR2vcD59odVGpO3ZnBXiXugtTQAq1B1Sp6YUQSDkIThpXqu06s/RRLTQmDrOwlCmJMJngEfUMF5qD8dHZtZp8YJbSHkTRPaHum/t5IMVdqygMzybEeq2UvF//1lDllDOFSvB42/JSKONEgyDx9mDBbR3behx1SCUSzqSGYSGo+YJMxlpho01q57Al4IhHnWISpR015WerlyZKnNMtMc+5yT6ukc1Z3L+sXd+e1ZmPRYQkdoWN0ilx0hZroFrVQGxFE0TN6Qa/Wm/VufVif89GCtdg5RH9gff8A2L6jVQ==</latexit>

S0 = 1
<latexit sha1_base64="HfI9Z4guwCaxcLL0CnBooQOleto=">AAACIXicbVDLSsNAFJ34qLW+Wl26CRbBVUmkajdCwY3LiqYtNKFMJrft0JlJmJkoJeQb3Orar3En7sSfcfpYaOuBgcM593LunDBhVGnH+bLW1jc2C1vF7dLO7t7+Qbly2FZxKgl4JGax7IZYAaMCPE01g24iAfOQQScc30z9ziNIRWPxoCcJBBwPBR1QgrWRvPu+c13vl6tOzZnBXiXuglTRAq1+xSr4UUxSDkIThpXquU6igwxLTQmDvOSnChJMxngIPUMF5qCCbHZtbp8aJbIHsTRPaHum/t7IMFdqwkMzybEeqWVvKv7rKXPKCKKleD1oBBkVSapBkHn6IGW2ju1pH3ZEJRDNJoZgIqn5gE1GWGKiTWulki/gicScYxFlPjXl5Zk/TZY8o3lumnOXe1ol7fOae1m7uKtXm41Fh0V0jE7QGXLRFWqiW9RCHiKIomf0gl6tN+vd+rA+56Nr1mLnCP2B9f0D3emjWA==</latexit>

S0 = 4

Asymptotically black holes

JMP, Tränkle, 2309.17043 

Weak field solutions

<latexit sha1_base64="cAkC0l0Y/gYYybAiGrS+Pz+FL2U="></latexit>

f(r) = 1� 2M

r
+ S0

e�m0r

r
+ S2

e�m2r

r

g(r) = 1� 2M

r
� S0

e�m0r

r
(1 +m0r) +

1

2
S2

e�m2r

r
(1 +m2r)
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Numerical Solutions for 
<latexit sha1_base64="k/5M7esL/to2LbOkmYPkGZ2rzLI=">AAACI3icbVDLSgMxFM34qLW+Wl26GSyCqzJTfHRTKLhxI1S0D+iUksnctqFJZkgyShnmI9zq2q9xJ25c+C9m2i609UDgcM69nJvjR4wq7Thf1tr6xmZuK79d2Nnd2z8olg7bKowlgRYJWSi7PlbAqICWpppBN5KAuc+g40+uM7/zCFLRUDzoaQR9jkeCDinB2kid+0G17tZvB8WyU3FmsFeJuyBltEBzULJyXhCSmIPQhGGleq4T6X6CpaaEQVrwYgURJhM8gp6hAnNQ/WR2b2qfGiWwh6E0T2h7pv7eSDBXasp9M8mxHqtlLxP/9ZQ5ZQzBUrwe1voJFVGsQZB5+jBmtg7trBE7oBKIZlNDMJHUfMAmYywx0aa3QsET8ERCzrEIEo+a+tLEy5IlT2iamubc5Z5WSbtacS8rF3fn5UZt0WEeHaMTdIZcdIUa6AY1UQsRNEHP6AW9Wm/Wu/Vhfc5H16zFzhH6A+v7Bxcxo/U=</latexit>

S2 = 1 = M

<latexit sha1_base64="DpBOgN/uHgMCHRxBExVI/wr64Ng=">AAACInicbVDLSgMxFM1UrbW+Wl26GSyCG8uM+OhGKLhxWdE+oFNKJnPbxiaZIckoZZh/cKtrv8aduBL8GDNtF9p6IHA4517OzfEjRpV2nC8rt7K6ll8vbBQ3t7Z3dkvlvZYKY0mgSUIWyo6PFTAqoKmpZtCJJGDuM2j74+vMbz+CVDQU93oSQY/joaADSrA2Uuuu71yduP1Sxak6U9jLxJ2TCpqj0S9beS8IScxBaMKwUl3XiXQvwVJTwiAterGCCJMxHkLXUIE5qF4yPTe1j4wS2INQmie0PVV/bySYKzXhvpnkWI/UopeJ/3rKnDKCYCFeD2q9hIoo1iDILH0QM1uHdlaIHVAJRLOJIZhIaj5gkxGWmGhTW7HoCXgiIedYBIlHTXtp4mXJkic0TU1z7mJPy6R1WnUvque3Z5V6bd5hAR2gQ3SMXHSJ6ugGNVATEfSAntELerXerHfrw/qcjeas+c4++gPr+wdMv6OM</latexit>

S0 = �1
<latexit sha1_base64="vT9uHhARzupwmexZAGl6jGiTQdI=">AAACIXicbVDLSsNAFJ1UrbW+Wl26CRbBVUnERzdCwY3LivYBTSiTyW07dGYSZiZKCfkGt7r2a9yJO/FnnLRdaOuBgcM593LunCBmVGnH+bIKa+sbxc3SVnl7Z3dvv1I96KgokQTaJGKR7AVYAaMC2ppqBr1YAuYBg24wucn97iNIRSPxoKcx+ByPBB1SgrWR2vcD59odVGpO3ZnBXiXugtTQAq1B1Sp6YUQSDkIThpXqu06s/RRLTQmDrOwlCmJMJngEfUMF5qD8dHZtZp8YJbSHkTRPaHum/t5IMVdqygMzybEeq2UvF//1lDllDOFSvB42/JSKONEgyDx9mDBbR3behx1SCUSzqSGYSGo+YJMxlpho01q57Al4IhHnWISpR015WerlyZKnNMtMc+5yT6ukc1Z3L+sXd+e1ZmPRYQkdoWN0ilx0hZroFrVQGxFE0TN6Qa/Wm/VufVif89GCtdg5RH9gff8A2L6jVQ==</latexit>

S0 = 1
<latexit sha1_base64="HfI9Z4guwCaxcLL0CnBooQOleto=">AAACIXicbVDLSsNAFJ34qLW+Wl26CRbBVUmkajdCwY3LiqYtNKFMJrft0JlJmJkoJeQb3Orar3En7sSfcfpYaOuBgcM593LunDBhVGnH+bLW1jc2C1vF7dLO7t7+Qbly2FZxKgl4JGax7IZYAaMCPE01g24iAfOQQScc30z9ziNIRWPxoCcJBBwPBR1QgrWRvPu+c13vl6tOzZnBXiXuglTRAq1+xSr4UUxSDkIThpXquU6igwxLTQmDvOSnChJMxngIPUMF5qCCbHZtbp8aJbIHsTRPaHum/t7IMFdqwkMzybEeqWVvKv7rKXPKCKKleD1oBBkVSapBkHn6IGW2ju1pH3ZEJRDNJoZgIqn5gE1GWGKiTWulki/gicScYxFlPjXl5Zk/TZY8o3lumnOXe1ol7fOae1m7uKtXm41Fh0V0jE7QGXLRFWqiW9RCHiKIomf0gl6tN+vd+rA+56Nr1mLnCP2B9f0D3emjWA==</latexit>

S0 = 4

Asymptotically black holes

JMP, Tränkle, 2309.17043 

Weak field solutions

<latexit sha1_base64="cAkC0l0Y/gYYybAiGrS+Pz+FL2U="></latexit>

f(r) = 1� 2M

r
+ S0

e�m0r

r
+ S2

e�m2r

r

g(r) = 1� 2M

r
� S0

e�m0r

r
(1 +m0r) +

1

2
S2

e�m2r

r
(1 +m2r)

Phase structure

<latexit sha1_base64="pcUleaOoIS3HJ2oYoggyoo6aOHk="></latexit>

T =
1

4⇡

p
|f 0(rh)g0(rh)|

‘Hawking temperature’ 
see also Borissova, Held, Afshordi,  
CQuant.Grav. 40 (2023) 7, 075011 



Summary

@t�k[�] =
1

2
� � +

1

2

<latexit sha1_base64="Fcioj6YLXt2937mC5SuSIS1Zn9g=">AAACJHicbZDLSsNAFIYnVWutt1aXboJFEISSFG/LohuXFewFmlImk5N26MwkzEyUEvISbnXt07gTF258FidtF9p6YODnP+fwn/n8mFGlHefLKqytbxQ3S1vl7Z3dvf1K9aCjokQSaJOIRbLnYwWMCmhrqhn0YgmY+wy6/uQ273cfQSoaiQc9jWHA8UjQkBKsjdU780KJidsYVmpO3ZmVvSrchaihRbWGVavoBRFJOAhNGFaq7zqxHqRYakoYZGUvURBjMsEj6BspMAc1SGcHZ/aJcQI7jKR5Qtsz9/dGirlSU+6bSY71WC33cvPfnjKnjCFYitfh9SClIk40CDJPDxNm68jOkdgBlUA0mxqBiaTmAzYZY8NFG3DlsifgiUScYxGkHjX8stTLkyVPaZYZcu4yp1XRadTdy/rF/XmtebNgWEJH6BidIhddoSa6Qy3URgQx9Ixe0Kv1Zr1bH9bnfLRgLXYO0Z+yvn8AZ4uksw==</latexit>
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Asymptotically safe SM Quantum black holes 

Phase structure
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