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• EFT basis automatically 
obtained 

✴ Symmetry factors automatically 
taken care of 

✴ Automation
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Theoretical framework
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• Generating vacuum functional

Functional formalism

<latexit sha1_base64="5kIYBotXIL9pymUSolPluDSmGgA="></latexit>
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[
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⊋ (S[ω] + JIωI)

]
, S =

→∑

ω=0

⊋ωS(ω)
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• Generating functional for 1PI diagrams 

• Legendre transformation
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• Up to          quantum effective action is expressed as

Quantum effective action
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i⊋2
2

Q̂→1
IJ V̂

(1)
JI → ⊋2

8
Q̂→1

IJ Q̂
→1
KLV̂IJKL

<latexit sha1_base64="0UMDdXpA3/dKyJ4HTG0Xg7ca5lQ="></latexit>

+
⊋2
12

Q̂→1
LI Q̂

→1
MJQ̂

→1
NK V̂IJK V̂LMN

Fuentes-Martín, Moreno-Sánchez, AP, Thomsen [2412.12270]

Ajdin Palavrić | PLANCK2025

One-loop  
contribution

Automation

[2012.08506] [2212.04510]

Two-loop  
contributions

<latexit sha1_base64="poUd2xQwJURKDoCKA0CF0uv9iRE="></latexit>

V̂(ω)
IJ = ωJJ

ε2S(ω)[ϑ]

εϑIεϑJ

∣∣∣∣∣
ε=ε̂

, V̂(ω)
I1...In

=
εnS(ω)[ϑ]

εϑIn . . . εϑI1

∣∣∣∣∣
ε=ε̂

(n →= 2), Q̂IJ ↑ V̂(0)
IJ

5/10

https://arxiv.org/abs/2412.12270
https://arxiv.org/abs/2012.08506
https://arxiv.org/pdf/2212.04510
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• Extraction of the relevant two-loop topologies
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<latexit sha1_base64="ULeE6aP/gjPR7SzLLUaL+RWbabM=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivpZFN+qqgn1AE8NkMmmHTh7MTJQSsnTjr7hxoYhbP8Gdf+OkzUJbD1w4nHMv997jxowKaRjfWmlufmFxqbxcWVldW9/QN7faIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOMOL3K/c0+4oFF4K0cxsQPUD6lPMZJKcvRd64F6ZIBkagVIDjBisJ056dV1dpfWzIPM0atG3RgDzhKzIFVQoOnoX5YX4SQgocQMCdEzjVjaKeKSYkayipUIEiM8RH3SUzREARF2On4kg/tK8aAfcVWhhGP190SKAiFGgas682vFtJeL/3m9RPpndkrDOJEkxJNFfsKgjGCeCvQoJ1iykSIIc6puhXiAOMJSZVdRIZjTL8+S9mHdPKkf3xxVG+dFHGWwA/ZADZjgFDTAJWiCFsDgETyDV/CmPWkv2rv2MWktacXMNvgD7fMHZ0uZkw==</latexit>
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<latexit sha1_base64="ULeE6aP/gjPR7SzLLUaL+RWbabM=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivpZFN+qqgn1AE8NkMmmHTh7MTJQSsnTjr7hxoYhbP8Gdf+OkzUJbD1w4nHMv997jxowKaRjfWmlufmFxqbxcWVldW9/QN7faIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOMOL3K/c0+4oFF4K0cxsQPUD6lPMZJKcvRd64F6ZIBkagVIDjBisJ056dV1dpfWzIPM0atG3RgDzhKzIFVQoOnoX5YX4SQgocQMCdEzjVjaKeKSYkayipUIEiM8RH3SUzREARF2On4kg/tK8aAfcVWhhGP190SKAiFGgas682vFtJeL/3m9RPpndkrDOJEkxJNFfsKgjGCeCvQoJ1iykSIIc6puhXiAOMJSZVdRIZjTL8+S9mHdPKkf3xxVG+dFHGWwA/ZADZjgFDTAJWiCFsDgETyDV/CmPWkv2rv2MWktacXMNvgD7fMHZ0uZkw==</latexit>
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<latexit sha1_base64="3SCjcCJkfP/9UCqq6VkIhs3Jc1U=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjbpqwT6giWEymbRDJw9mJkoJ2bnxV9y4UMStv+DOv3HSZqGtBy4czrmXe+9xY0aFNIxvrTQ3v7C4VF6urKyurW/om1ttESUckxaOWMS7LhKE0ZC0JJWMdGNOUOAy0nGHl7nfuSdc0Ci8laOY2AHqh9SnGEklOfqu9UA9MkAytQIkBxgx2Myc9Pomu0sPzczRq0bNGAPOErMgVVCg4ehflhfhJCChxAwJ0TONWNop4pJiRrKKlQgSIzxEfdJTNEQBEXY6/iOD+0rxoB9xVaGEY/X3RIoCIUaBqzrzY8W0l4v/eb1E+ud2SsM4kSTEk0V+wqCMYB4K9CgnWLKRIghzqm6FeIA4wlJFV1EhmNMvz5L2Uc08rZ00j6v1iyKOMtgBe+AAmOAM1MEVaIAWwOARPINX8KY9aS/au/YxaS1pxcw2+APt8wf4g5lg</latexit>
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<latexit sha1_base64="ULeE6aP/gjPR7SzLLUaL+RWbabM=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivpZFN+qqgn1AE8NkMmmHTh7MTJQSsnTjr7hxoYhbP8Gdf+OkzUJbD1w4nHMv997jxowKaRjfWmlufmFxqbxcWVldW9/QN7faIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOMOL3K/c0+4oFF4K0cxsQPUD6lPMZJKcvRd64F6ZIBkagVIDjBisJ056dV1dpfWzIPM0atG3RgDzhKzIFVQoOnoX5YX4SQgocQMCdEzjVjaKeKSYkayipUIEiM8RH3SUzREARF2On4kg/tK8aAfcVWhhGP190SKAiFGgas682vFtJeL/3m9RPpndkrDOJEkxJNFfsKgjGCeCvQoJ1iykSIIc6puhXiAOMJSZVdRIZjTL8+S9mHdPKkf3xxVG+dFHGWwA/ZADZjgFDTAJWiCFsDgETyDV/CmPWkv2rv2MWktacXMNvgD7fMHZ0uZkw==</latexit>

V̂(1)
IJ

<latexit sha1_base64="3SCjcCJkfP/9UCqq6VkIhs3Jc1U=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjbpqwT6giWEymbRDJw9mJkoJ2bnxV9y4UMStv+DOv3HSZqGtBy4czrmXe+9xY0aFNIxvrTQ3v7C4VF6urKyurW/om1ttESUckxaOWMS7LhKE0ZC0JJWMdGNOUOAy0nGHl7nfuSdc0Ci8laOY2AHqh9SnGEklOfqu9UA9MkAytQIkBxgx2Myc9Pomu0sPzczRq0bNGAPOErMgVVCg4ehflhfhJCChxAwJ0TONWNop4pJiRrKKlQgSIzxEfdJTNEQBEXY6/iOD+0rxoB9xVaGEY/X3RIoCIUaBqzrzY8W0l4v/eb1E+ud2SsM4kSTEk0V+wqCMYB4K9CgnWLKRIghzqm6FeIA4wlJFV1EhmNMvz5L2Uc08rZ00j6v1iyKOMtgBe+AAmOAM1MEVaIAWwOARPINX8KY9aS/au/YxaS1pxcw2+APt8wf4g5lg</latexit>
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<latexit sha1_base64="YOhd2JBIAHbmOvQ2TiAz+o06pY0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjaCLFuwDmhgmk0k7dPJgZqKUkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVFlHCMWnhiEW86yJBGA1JS1LJSDfmBAUuIx13eJn7nXvCBY3CWzmKiR2gfkh9ipFUkqPvWg/UIwMkUytAcoARg83MSa9vsrv00MwcvWrUjDHgLDELUgUFGo7+ZXkRTgISSsyQED3TiKWdIi4pZiSrWIkgMcJD1Cc9RUMUEGGn4z8yuK8UD/oRVxVKOFZ/T6QoEGIUuKozP1ZMe7n4n9dLpH9upzSME0lCPFnkJwzKCOahQI9ygiUbKYIwp+pWiAeIIyxVdBUVgjn98ixpH9XM09pJ87havyjiKIMdsAcOgAnOQB1cgQZoAQwewTN4BW/ak/aivWsfk9aSVsxsgz/QPn8A/q2ZZA==</latexit>
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<latexit sha1_base64="LRuUrCxevgYzWZOnwCOZXPRw+3Y=">AAACCnicbVC5TsNAEF2HK4TLQEmzECGFJrIRVxlBw1UEiRxSbKz1epOssj60uwZFlmsafoWGAoRo+QI6/oZ14gISnjTS03szmpnnRowKaRjfWmFmdm5+obhYWlpeWV3T1zeaIow5Jg0cspC3XSQIowFpSCoZaUecIN9lpOUOzjK/dU+4oGFwK4cRsX3UC2iXYiSV5Ojb1gP1SB/JxPKR7GPEYDN1kovLq+v0LqkYe6mjl42qMQKcJmZOyiBH3dG/LC/EsU8CiRkSomMakbQTxCXFjKQlKxYkQniAeqSjaIB8Iuxk9EoKd5XiwW7IVQUSjtTfEwnyhRj6rurM7hWTXib+53Vi2T2xExpEsSQBHi/qxgzKEGa5QI9ygiUbKoIwp+pWiPuIIyxVeiUVgjn58jRp7lfNo+rhzUG5dprHUQRbYAdUgAmOQQ2cgzpoAAwewTN4BW/ak/aivWsf49aCls9sgj/QPn8ArEKaPQ==</latexit>
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<latexit sha1_base64="ULeE6aP/gjPR7SzLLUaL+RWbabM=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivpZFN+qqgn1AE8NkMmmHTh7MTJQSsnTjr7hxoYhbP8Gdf+OkzUJbD1w4nHMv997jxowKaRjfWmlufmFxqbxcWVldW9/QN7faIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOMOL3K/c0+4oFF4K0cxsQPUD6lPMZJKcvRd64F6ZIBkagVIDjBisJ056dV1dpfWzIPM0atG3RgDzhKzIFVQoOnoX5YX4SQgocQMCdEzjVjaKeKSYkayipUIEiM8RH3SUzREARF2On4kg/tK8aAfcVWhhGP190SKAiFGgas682vFtJeL/3m9RPpndkrDOJEkxJNFfsKgjGCeCvQoJ1iykSIIc6puhXiAOMJSZVdRIZjTL8+S9mHdPKkf3xxVG+dFHGWwA/ZADZjgFDTAJWiCFsDgETyDV/CmPWkv2rv2MWktacXMNvgD7fMHZ0uZkw==</latexit>
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i⊋2
2

Q̂→1
IJ V̂

(1)
JI → ⊋2

8
Q̂→1

IJ Q̂
→1
KLV̂IJKL

<latexit sha1_base64="0UMDdXpA3/dKyJ4HTG0Xg7ca5lQ="></latexit>

+
⊋2
12

Q̂→1
LI Q̂

→1
MJQ̂

→1
NK V̂IJK V̂LMN

Fuentes-Martín, Moreno-Sánchez, AP, Thomsen [2412.12270]

Ajdin Palavrić | PLANCK2025

Counterterm topology

Figure-8 topology

<latexit sha1_base64="cfk4UTULpplI/6gz6wbxIKouHiI="></latexit>

Gct. = Q→1
IJ V

(1)
JI =

∫

x,y
ωba(y, x)Q

→1
ac (x, Px)V

(1)
cd (x, Px)ωdb(x, y)
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<latexit sha1_base64="3SCjcCJkfP/9UCqq6VkIhs3Jc1U=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjbpqwT6giWEymbRDJw9mJkoJ2bnxV9y4UMStv+DOv3HSZqGtBy4czrmXe+9xY0aFNIxvrTQ3v7C4VF6urKyurW/om1ttESUckxaOWMS7LhKE0ZC0JJWMdGNOUOAy0nGHl7nfuSdc0Ci8laOY2AHqh9SnGEklOfqu9UA9MkAytQIkBxgx2Myc9Pomu0sPzczRq0bNGAPOErMgVVCg4ehflhfhJCChxAwJ0TONWNop4pJiRrKKlQgSIzxEfdJTNEQBEXY6/iOD+0rxoB9xVaGEY/X3RIoCIUaBqzrzY8W0l4v/eb1E+ud2SsM4kSTEk0V+wqCMYB4K9CgnWLKRIghzqm6FeIA4wlJFV1EhmNMvz5L2Uc08rZ00j6v1iyKOMtgBe+AAmOAM1MEVaIAWwOARPINX8KY9aS/au/YxaS1pxcw2+APt8wf4g5lg</latexit>

Q̂→1
IJ

<latexit sha1_base64="YOhd2JBIAHbmOvQ2TiAz+o06pY0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjaCLFuwDmhgmk0k7dPJgZqKUkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVFlHCMWnhiEW86yJBGA1JS1LJSDfmBAUuIx13eJn7nXvCBY3CWzmKiR2gfkh9ipFUkqPvWg/UIwMkUytAcoARg83MSa9vsrv00MwcvWrUjDHgLDELUgUFGo7+ZXkRTgISSsyQED3TiKWdIi4pZiSrWIkgMcJD1Cc9RUMUEGGn4z8yuK8UD/oRVxVKOFZ/T6QoEGIUuKozP1ZMe7n4n9dLpH9upzSME0lCPFnkJwzKCOahQI9ygiUbKYIwp+pWiAeIIyxVdBUVgjn98ixpH9XM09pJ87havyjiKIMdsAcOgAnOQB1cgQZoAQwewTN4BW/ak/aivWsfk9aSVsxsgz/QPn8A/q2ZZA==</latexit>

Q̂→1
KL

<latexit sha1_base64="LRuUrCxevgYzWZOnwCOZXPRw+3Y=">AAACCnicbVC5TsNAEF2HK4TLQEmzECGFJrIRVxlBw1UEiRxSbKz1epOssj60uwZFlmsafoWGAoRo+QI6/oZ14gISnjTS03szmpnnRowKaRjfWmFmdm5+obhYWlpeWV3T1zeaIow5Jg0cspC3XSQIowFpSCoZaUecIN9lpOUOzjK/dU+4oGFwK4cRsX3UC2iXYiSV5Ojb1gP1SB/JxPKR7GPEYDN1kovLq+v0LqkYe6mjl42qMQKcJmZOyiBH3dG/LC/EsU8CiRkSomMakbQTxCXFjKQlKxYkQniAeqSjaIB8Iuxk9EoKd5XiwW7IVQUSjtTfEwnyhRj6rurM7hWTXib+53Vi2T2xExpEsSQBHi/qxgzKEGa5QI9ygiUbKoIwp+pWiPuIIyxVeiUVgjn58jRp7lfNo+rhzUG5dprHUQRbYAdUgAmOQQ2cgzpoAAwewTN4BW/ak/aivWsf49aCls9sgj/QPn8ArEKaPQ==</latexit>

V̂(0)
IJKL

<latexit sha1_base64="ULeE6aP/gjPR7SzLLUaL+RWbabM=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivpZFN+qqgn1AE8NkMmmHTh7MTJQSsnTjr7hxoYhbP8Gdf+OkzUJbD1w4nHMv997jxowKaRjfWmlufmFxqbxcWVldW9/QN7faIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOMOL3K/c0+4oFF4K0cxsQPUD6lPMZJKcvRd64F6ZIBkagVIDjBisJ056dV1dpfWzIPM0atG3RgDzhKzIFVQoOnoX5YX4SQgocQMCdEzjVjaKeKSYkayipUIEiM8RH3SUzREARF2On4kg/tK8aAfcVWhhGP190SKAiFGgas682vFtJeL/3m9RPpndkrDOJEkxJNFfsKgjGCeCvQoJ1iykSIIc6puhXiAOMJSZVdRIZjTL8+S9mHdPKkf3xxVG+dFHGWwA/ZADZjgFDTAJWiCFsDgETyDV/CmPWkv2rv2MWktacXMNvgD7fMHZ0uZkw==</latexit>

V̂(1)
IJ

<latexit sha1_base64="3SCjcCJkfP/9UCqq6VkIhs3Jc1U=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjbpqwT6giWEymbRDJw9mJkoJ2bnxV9y4UMStv+DOv3HSZqGtBy4czrmXe+9xY0aFNIxvrTQ3v7C4VF6urKyurW/om1ttESUckxaOWMS7LhKE0ZC0JJWMdGNOUOAy0nGHl7nfuSdc0Ci8laOY2AHqh9SnGEklOfqu9UA9MkAytQIkBxgx2Myc9Pomu0sPzczRq0bNGAPOErMgVVCg4ehflhfhJCChxAwJ0TONWNop4pJiRrKKlQgSIzxEfdJTNEQBEXY6/iOD+0rxoB9xVaGEY/X3RIoCIUaBqzrzY8W0l4v/eb1E+ud2SsM4kSTEk0V+wqCMYB4K9CgnWLKRIghzqm6FeIA4wlJFV1EhmNMvz5L2Uc08rZ00j6v1iyKOMtgBe+AAmOAM1MEVaIAWwOARPINX8KY9aS/au/YxaS1pxcw2+APt8wf4g5lg</latexit>

Q̂→1
IJ

• Extraction of the relevant two-loop topologies

Quantum effective action

<latexit sha1_base64="CDnTx48FvD2Y1lL4tnyIENIDgyk="></latexit>

![ω̂] = Ŝ(0) + ⊋Ŝ(1) +
i⊋
2
STr log Q̂+ ⊋2Ŝ(2) +

i⊋2
2

Q̂→1
IJ V̂

(1)
JI → ⊋2

8
Q̂→1

IJ Q̂
→1
KLV̂IJKL

<latexit sha1_base64="0UMDdXpA3/dKyJ4HTG0Xg7ca5lQ="></latexit>

+
⊋2
12

Q̂→1
LI Q̂

→1
MJQ̂

→1
NK V̂IJK V̂LMN
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Counterterm topology

Figure-8 topology

<latexit sha1_base64="cfk4UTULpplI/6gz6wbxIKouHiI="></latexit>

Gct. = Q→1
IJ V

(1)
JI =

∫

x,y
ωba(y, x)Q

→1
ac (x, Px)V

(1)
cd (x, Px)ωdb(x, y)

<latexit sha1_base64="KbJvHUhpQb0N696VQOorOiG5MfY="></latexit>

Gf8. =
∑

m,n,r

(→1)n
∫

x

∫

kω
V (m,n,r)
abcd (x)

[
Q→1

ae (x, Px + k)(Px + k)mUeb(x, y)
]
y=x

↑
[
(Px + ω)n↑→Q→1

cf (x, Px + ω)(Px + ω)rUfd(x, z)
]
z=x
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https://arxiv.org/abs/2412.12270


<latexit sha1_base64="3SCjcCJkfP/9UCqq6VkIhs3Jc1U=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjbpqwT6giWEymbRDJw9mJkoJ2bnxV9y4UMStv+DOv3HSZqGtBy4czrmXe+9xY0aFNIxvrTQ3v7C4VF6urKyurW/om1ttESUckxaOWMS7LhKE0ZC0JJWMdGNOUOAy0nGHl7nfuSdc0Ci8laOY2AHqh9SnGEklOfqu9UA9MkAytQIkBxgx2Myc9Pomu0sPzczRq0bNGAPOErMgVVCg4ehflhfhJCChxAwJ0TONWNop4pJiRrKKlQgSIzxEfdJTNEQBEXY6/iOD+0rxoB9xVaGEY/X3RIoCIUaBqzrzY8W0l4v/eb1E+ud2SsM4kSTEk0V+wqCMYB4K9CgnWLKRIghzqm6FeIA4wlJFV1EhmNMvz5L2Uc08rZ00j6v1iyKOMtgBe+AAmOAM1MEVaIAWwOARPINX8KY9aS/au/YxaS1pxcw2+APt8wf4g5lg</latexit>

Q̂→1
IJ

<latexit sha1_base64="YOhd2JBIAHbmOvQ2TiAz+o06pY0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjaCLFuwDmhgmk0k7dPJgZqKUkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVFlHCMWnhiEW86yJBGA1JS1LJSDfmBAUuIx13eJn7nXvCBY3CWzmKiR2gfkh9ipFUkqPvWg/UIwMkUytAcoARg83MSa9vsrv00MwcvWrUjDHgLDELUgUFGo7+ZXkRTgISSsyQED3TiKWdIi4pZiSrWIkgMcJD1Cc9RUMUEGGn4z8yuK8UD/oRVxVKOFZ/T6QoEGIUuKozP1ZMe7n4n9dLpH9upzSME0lCPFnkJwzKCOahQI9ygiUbKYIwp+pWiAeIIyxVdBUVgjn98ixpH9XM09pJ87havyjiKIMdsAcOgAnOQB1cgQZoAQwewTN4BW/ak/aivWsfk9aSVsxsgz/QPn8A/q2ZZA==</latexit>

Q̂→1
KL

<latexit sha1_base64="LRuUrCxevgYzWZOnwCOZXPRw+3Y=">AAACCnicbVC5TsNAEF2HK4TLQEmzECGFJrIRVxlBw1UEiRxSbKz1epOssj60uwZFlmsafoWGAoRo+QI6/oZ14gISnjTS03szmpnnRowKaRjfWmFmdm5+obhYWlpeWV3T1zeaIow5Jg0cspC3XSQIowFpSCoZaUecIN9lpOUOzjK/dU+4oGFwK4cRsX3UC2iXYiSV5Ojb1gP1SB/JxPKR7GPEYDN1kovLq+v0LqkYe6mjl42qMQKcJmZOyiBH3dG/LC/EsU8CiRkSomMakbQTxCXFjKQlKxYkQniAeqSjaIB8Iuxk9EoKd5XiwW7IVQUSjtTfEwnyhRj6rurM7hWTXib+53Vi2T2xExpEsSQBHi/qxgzKEGa5QI9ygiUbKoIwp+pWiPuIIyxVeiUVgjn58jRp7lfNo+rhzUG5dprHUQRbYAdUgAmOQQ2cgzpoAAwewTN4BW/ak/aivWsf49aCls9sgj/QPn8ArEKaPQ==</latexit>

V̂(0)
IJKL

<latexit sha1_base64="ULeE6aP/gjPR7SzLLUaL+RWbabM=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivpZFN+qqgn1AE8NkMmmHTh7MTJQSsnTjr7hxoYhbP8Gdf+OkzUJbD1w4nHMv997jxowKaRjfWmlufmFxqbxcWVldW9/QN7faIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOMOL3K/c0+4oFF4K0cxsQPUD6lPMZJKcvRd64F6ZIBkagVIDjBisJ056dV1dpfWzIPM0atG3RgDzhKzIFVQoOnoX5YX4SQgocQMCdEzjVjaKeKSYkayipUIEiM8RH3SUzREARF2On4kg/tK8aAfcVWhhGP190SKAiFGgas682vFtJeL/3m9RPpndkrDOJEkxJNFfsKgjGCeCvQoJ1iykSIIc6puhXiAOMJSZVdRIZjTL8+S9mHdPKkf3xxVG+dFHGWwA/ZADZjgFDTAJWiCFsDgETyDV/CmPWkv2rv2MWktacXMNvgD7fMHZ0uZkw==</latexit>

V̂(1)
IJ

<latexit sha1_base64="3SCjcCJkfP/9UCqq6VkIhs3Jc1U=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjbpqwT6giWEymbRDJw9mJkoJ2bnxV9y4UMStv+DOv3HSZqGtBy4czrmXe+9xY0aFNIxvrTQ3v7C4VF6urKyurW/om1ttESUckxaOWMS7LhKE0ZC0JJWMdGNOUOAy0nGHl7nfuSdc0Ci8laOY2AHqh9SnGEklOfqu9UA9MkAytQIkBxgx2Myc9Pomu0sPzczRq0bNGAPOErMgVVCg4ehflhfhJCChxAwJ0TONWNop4pJiRrKKlQgSIzxEfdJTNEQBEXY6/iOD+0rxoB9xVaGEY/X3RIoCIUaBqzrzY8W0l4v/eb1E+ud2SsM4kSTEk0V+wqCMYB4K9CgnWLKRIghzqm6FeIA4wlJFV1EhmNMvz5L2Uc08rZ00j6v1iyKOMtgBe+AAmOAM1MEVaIAWwOARPINX8KY9aS/au/YxaS1pxcw2+APt8wf4g5lg</latexit>

Q̂→1
IJ

• Extraction of the relevant two-loop topologies

Quantum effective action

<latexit sha1_base64="CDnTx48FvD2Y1lL4tnyIENIDgyk="></latexit>

![ω̂] = Ŝ(0) + ⊋Ŝ(1) +
i⊋
2
STr log Q̂+ ⊋2Ŝ(2) +

i⊋2
2

Q̂→1
IJ V̂

(1)
JI → ⊋2

8
Q̂→1

IJ Q̂
→1
KLV̂IJKL

<latexit sha1_base64="0UMDdXpA3/dKyJ4HTG0Xg7ca5lQ="></latexit>

+
⊋2
12

Q̂→1
LI Q̂

→1
MJQ̂

→1
NK V̂IJK V̂LMN
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<latexit sha1_base64="cfk4UTULpplI/6gz6wbxIKouHiI="></latexit>

Gct. = Q→1
IJ V

(1)
JI =

∫

x,y
ωba(y, x)Q

→1
ac (x, Px)V

(1)
cd (x, Px)ωdb(x, y)

<latexit sha1_base64="KbJvHUhpQb0N696VQOorOiG5MfY="></latexit>

Gf8. =
∑

m,n,r

(→1)n
∫

x

∫

kω
V (m,n,r)
abcd (x)

[
Q→1

ae (x, Px + k)(Px + k)mUeb(x, y)
]
y=x

↑
[
(Px + ω)n↑→Q→1

cf (x, Px + ω)(Px + ω)rUfd(x, z)
]
z=x
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<latexit sha1_base64="PvZZtIYqPSjlswJsycPdFJc54tw=">AAACCXicbVC5TsNAEF2HK4TLQEmzIkIKTWQjrjKChqMJEjmk2Fjr9TpZZX1odw2KLLc0/AoNBQjR8gd0/A3rxAUkPGmkp/dmNDPPjRkV0jC+tdLc/MLiUnm5srK6tr6hb261RZRwTFo4YhHvukgQRkPSklQy0o05QYHLSMcdnud+555wQaPwVo5iYgeoH1KfYiSV5OjQeqAeGSCZWgGSA4wYbGdOenl1nd2lNWM/c/SqUTfGgLPELEgVFGg6+pflRTgJSCgxQ0L0TCOWdoq4pJiRrGIlgsQID1Gf9BQNUUCEnY4/yeCeUjzoR1xVKOFY/T2RokCIUeCqzvxcMe3l4n9eL5H+qZ3SME4kCfFkkZ8wKCOYxwI9ygmWbKQIwpyqWyEeII6wVOFVVAjm9MuzpH1QN4/rRzeH1cZZEUcZ7IBdUAMmOAENcAGaoAUweATP4BW8aU/ai/aufUxaS1oxsw3+QPv8AQgfmec=</latexit>

V̂(0)
IJK

<latexit sha1_base64="gUo1Ay3Fez0uFgYQeJGkmSrHo7I=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIr2XRjQuVCvYBTQyTyaQdOnkwM1FKyNaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPGzMqpGF8a6W5+YXFpfJyZWV1bX1D39xqiyjhmLRwxCLedZEgjIakJalkpBtzggKXkY47PM/9zj3hgkbhrRzFxA5QP6Q+xUgqydGh9UA9MkAytQIkBxgx2M6c9PLqOrtLa8Z+5uhVo26MAWeJWZAqKNB09C/Li3ASkFBihoTomUYs7RRxSTEjWcVKBIkRHqI+6SkaooAIOx1/ksE9pXjQj7iqUMKx+nsiRYEQo8BVnfm5YtrLxf+8XiL9UzulYZxIEuLJIj9hUEYwjwV6lBMs2UgRhDlVt0I8QBxhqcKrqBDM6ZdnSfugbh7Xj24Oq42zIo4y2AG7oAZMcAIa4AI0QQtg8AiewSt40560F+1d+5i0lrRiZhv8gfb5AxYLmfA=</latexit>

V̂(0)
LMN

<latexit sha1_base64="7fxFi/n2uDfH+w3JmoTWS17UtX8=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjYKLFuwDmhgmk0k7dPJgZqKUkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVFlHCMWnhiEW86yJBGA1JS1LJSDfmBAUuIx13eJn7nXvCBY3CWzmKiR2gfkh9ipFUkqPvWg/UIwMkUytAcoARg83MSa9vsrv00MwcvWrUjDHgLDELUgUFGo7+ZXkRTgISSsyQED3TiKWdIi4pZiSrWIkgMcJD1Cc9RUMUEGGn4z8yuK8UD/oRVxVKOFZ/T6QoEGIUuKozP1ZMe7n4n9dLpH9upzSME0lCPFnkJwzKCOahQI9ygiUbKYIwp+pWiAeIIyxVdBUVgjn98ixpH9XM09pJ87havyjiKIMdsAcOgAnOQB1cgQZoAQwewTN4BW/ak/aivWsfk9aSVsxsgz/QPn8A+5eZYg==</latexit>

Q̂→1
IL

<latexit sha1_base64="dAN4pu45/tNWddVtpyFcy9aSLas=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjQhCC/YBTQyTyaQdOnkwM1FKyM6Nv+LGhSJu/QV3/o2TNgttPXDhcM693HuPGzMqpGF8a6W5+YXFpfJyZWV1bX1D39xqiyjhmLRwxCLedZEgjIakJalkpBtzggKXkY47vMz9zj3hgkbhrRzFxA5QP6Q+xUgqydF3rQfqkQGSqRUgOcCIwWbmpNc32V16aGaOXjVqxhhwlpgFqYICDUf/srwIJwEJJWZIiJ5pxNJOEZcUM5JVrESQGOEh6pOeoiEKiLDT8R8Z3FeKB/2IqwolHKu/J1IUCDEKXNWZHyumvVz8z+sl0j+3UxrGiSQhnizyEwZlBPNQoEc5wZKNFEGYU3UrxAPEEZYquooKwZx+eZa0j2rmae2keVytXxRxlMEO2AMHwARnoA6uQAO0AAaP4Bm8gjftSXvR3rWPSWtJK2a2wR9onz/+rJlk</latexit>

Q̂→1
JM

<latexit sha1_base64="neDemjCEgGrkapJ1UQ9yDO8q4n8=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjSBIC/YBTQyTyaQdOnkwM1FKyM6Nv+LGhSJu/QV3/o2TNgttPXDhcM693HuPGzMqpGF8a6W5+YXFpfJyZWV1bX1D39xqiyjhmLRwxCLedZEgjIakJalkpBtzggKXkY47vMz9zj3hgkbhrRzFxA5QP6Q+xUgqydF3rQfqkQGSqRUgOcCIwWbmpNc32V16aGaOXjVqxhhwlpgFqYICDUf/srwIJwEJJWZIiJ5pxNJOEZcUM5JVrESQGOEh6pOeoiEKiLDT8R8Z3FeKB/2IqwolHKu/J1IUCDEKXNWZHyumvVz8z+sl0j+3UxrGiSQhnizyEwZlBPNQoEc5wZKNFEGYU3UrxAPEEZYquooKwZx+eZa0j2rmae2keVytXxRxlMEO2AMHwARnoA6uQAO0AAaP4Bm8gjftSXvR3rWPSWtJK2a2wR9onz8B0Jlm</latexit>

Q̂→1
KN

<latexit sha1_base64="3SCjcCJkfP/9UCqq6VkIhs3Jc1U=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjbpqwT6giWEymbRDJw9mJkoJ2bnxV9y4UMStv+DOv3HSZqGtBy4czrmXe+9xY0aFNIxvrTQ3v7C4VF6urKyurW/om1ttESUckxaOWMS7LhKE0ZC0JJWMdGNOUOAy0nGHl7nfuSdc0Ci8laOY2AHqh9SnGEklOfqu9UA9MkAytQIkBxgx2Myc9Pomu0sPzczRq0bNGAPOErMgVVCg4ehflhfhJCChxAwJ0TONWNop4pJiRrKKlQgSIzxEfdJTNEQBEXY6/iOD+0rxoB9xVaGEY/X3RIoCIUaBqzrzY8W0l4v/eb1E+ud2SsM4kSTEk0V+wqCMYB4K9CgnWLKRIghzqm6FeIA4wlJFV1EhmNMvz5L2Uc08rZ00j6v1iyKOMtgBe+AAmOAM1MEVaIAWwOARPINX8KY9aS/au/YxaS1pxcw2+APt8wf4g5lg</latexit>

Q̂→1
IJ

<latexit sha1_base64="YOhd2JBIAHbmOvQ2TiAz+o06pY0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjaCLFuwDmhgmk0k7dPJgZqKUkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVFlHCMWnhiEW86yJBGA1JS1LJSDfmBAUuIx13eJn7nXvCBY3CWzmKiR2gfkh9ipFUkqPvWg/UIwMkUytAcoARg83MSa9vsrv00MwcvWrUjDHgLDELUgUFGo7+ZXkRTgISSsyQED3TiKWdIi4pZiSrWIkgMcJD1Cc9RUMUEGGn4z8yuK8UD/oRVxVKOFZ/T6QoEGIUuKozP1ZMe7n4n9dLpH9upzSME0lCPFnkJwzKCOahQI9ygiUbKYIwp+pWiAeIIyxVdBUVgjn98ixpH9XM09pJ87havyjiKIMdsAcOgAnOQB1cgQZoAQwewTN4BW/ak/aivWsfk9aSVsxsgz/QPn8A/q2ZZA==</latexit>

Q̂→1
KL

<latexit sha1_base64="LRuUrCxevgYzWZOnwCOZXPRw+3Y=">AAACCnicbVC5TsNAEF2HK4TLQEmzECGFJrIRVxlBw1UEiRxSbKz1epOssj60uwZFlmsafoWGAoRo+QI6/oZ14gISnjTS03szmpnnRowKaRjfWmFmdm5+obhYWlpeWV3T1zeaIow5Jg0cspC3XSQIowFpSCoZaUecIN9lpOUOzjK/dU+4oGFwK4cRsX3UC2iXYiSV5Ojb1gP1SB/JxPKR7GPEYDN1kovLq+v0LqkYe6mjl42qMQKcJmZOyiBH3dG/LC/EsU8CiRkSomMakbQTxCXFjKQlKxYkQniAeqSjaIB8Iuxk9EoKd5XiwW7IVQUSjtTfEwnyhRj6rurM7hWTXib+53Vi2T2xExpEsSQBHi/qxgzKEGa5QI9ygiUbKoIwp+pWiPuIIyxVeiUVgjn58jRp7lfNo+rhzUG5dprHUQRbYAdUgAmOQQ2cgzpoAAwewTN4BW/ak/aivWsf49aCls9sgj/QPn8ArEKaPQ==</latexit>

V̂(0)
IJKL

<latexit sha1_base64="ULeE6aP/gjPR7SzLLUaL+RWbabM=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivpZFN+qqgn1AE8NkMmmHTh7MTJQSsnTjr7hxoYhbP8Gdf+OkzUJbD1w4nHMv997jxowKaRjfWmlufmFxqbxcWVldW9/QN7faIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOMOL3K/c0+4oFF4K0cxsQPUD6lPMZJKcvRd64F6ZIBkagVIDjBisJ056dV1dpfWzIPM0atG3RgDzhKzIFVQoOnoX5YX4SQgocQMCdEzjVjaKeKSYkayipUIEiM8RH3SUzREARF2On4kg/tK8aAfcVWhhGP190SKAiFGgas682vFtJeL/3m9RPpndkrDOJEkxJNFfsKgjGCeCvQoJ1iykSIIc6puhXiAOMJSZVdRIZjTL8+S9mHdPKkf3xxVG+dFHGWwA/ZADZjgFDTAJWiCFsDgETyDV/CmPWkv2rv2MWktacXMNvgD7fMHZ0uZkw==</latexit>

V̂(1)
IJ

<latexit sha1_base64="3SCjcCJkfP/9UCqq6VkIhs3Jc1U=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjbpqwT6giWEymbRDJw9mJkoJ2bnxV9y4UMStv+DOv3HSZqGtBy4czrmXe+9xY0aFNIxvrTQ3v7C4VF6urKyurW/om1ttESUckxaOWMS7LhKE0ZC0JJWMdGNOUOAy0nGHl7nfuSdc0Ci8laOY2AHqh9SnGEklOfqu9UA9MkAytQIkBxgx2Myc9Pomu0sPzczRq0bNGAPOErMgVVCg4ehflhfhJCChxAwJ0TONWNop4pJiRrKKlQgSIzxEfdJTNEQBEXY6/iOD+0rxoB9xVaGEY/X3RIoCIUaBqzrzY8W0l4v/eb1E+ud2SsM4kSTEk0V+wqCMYB4K9CgnWLKRIghzqm6FeIA4wlJFV1EhmNMvz5L2Uc08rZ00j6v1iyKOMtgBe+AAmOAM1MEVaIAWwOARPINX8KY9aS/au/YxaS1pxcw2+APt8wf4g5lg</latexit>

Q̂→1
IJ

• Extraction of the relevant two-loop topologies

Quantum effective action

<latexit sha1_base64="CDnTx48FvD2Y1lL4tnyIENIDgyk="></latexit>

![ω̂] = Ŝ(0) + ⊋Ŝ(1) +
i⊋
2
STr log Q̂+ ⊋2Ŝ(2) +

i⊋2
2

Q̂→1
IJ V̂

(1)
JI → ⊋2

8
Q̂→1

IJ Q̂
→1
KLV̂IJKL

<latexit sha1_base64="0UMDdXpA3/dKyJ4HTG0Xg7ca5lQ="></latexit>

+
⊋2
12

Q̂→1
LI Q̂

→1
MJQ̂

→1
NK V̂IJK V̂LMN

Fuentes-Martín, Moreno-Sánchez, AP, Thomsen [2412.12270]

Ajdin Palavrić | PLANCK2025

Counterterm topology

Figure-8 topology

Sunset topology

<latexit sha1_base64="cfk4UTULpplI/6gz6wbxIKouHiI="></latexit>

Gct. = Q→1
IJ V

(1)
JI =

∫

x,y
ωba(y, x)Q

→1
ac (x, Px)V

(1)
cd (x, Px)ωdb(x, y)

<latexit sha1_base64="KbJvHUhpQb0N696VQOorOiG5MfY="></latexit>

Gf8. =
∑

m,n,r

(→1)n
∫

x

∫

kω
V (m,n,r)
abcd (x)

[
Q→1

ae (x, Px + k)(Px + k)mUeb(x, y)
]
y=x

↑
[
(Px + ω)n↑→Q→1

cf (x, Px + ω)(Px + ω)rUfd(x, z)
]
z=x

6/10

https://arxiv.org/abs/2412.12270


<latexit sha1_base64="PvZZtIYqPSjlswJsycPdFJc54tw=">AAACCXicbVC5TsNAEF2HK4TLQEmzIkIKTWQjrjKChqMJEjmk2Fjr9TpZZX1odw2KLLc0/AoNBQjR8gd0/A3rxAUkPGmkp/dmNDPPjRkV0jC+tdLc/MLiUnm5srK6tr6hb261RZRwTFo4YhHvukgQRkPSklQy0o05QYHLSMcdnud+555wQaPwVo5iYgeoH1KfYiSV5OjQeqAeGSCZWgGSA4wYbGdOenl1nd2lNWM/c/SqUTfGgLPELEgVFGg6+pflRTgJSCgxQ0L0TCOWdoq4pJiRrGIlgsQID1Gf9BQNUUCEnY4/yeCeUjzoR1xVKOFY/T2RokCIUeCqzvxcMe3l4n9eL5H+qZ3SME4kCfFkkZ8wKCOYxwI9ygmWbKQIwpyqWyEeII6wVOFVVAjm9MuzpH1QN4/rRzeH1cZZEUcZ7IBdUAMmOAENcAGaoAUweATP4BW8aU/ai/aufUxaS1oxsw3+QPv8AQgfmec=</latexit>

V̂(0)
IJK

<latexit sha1_base64="gUo1Ay3Fez0uFgYQeJGkmSrHo7I=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIr2XRjQuVCvYBTQyTyaQdOnkwM1FKyNaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPGzMqpGF8a6W5+YXFpfJyZWV1bX1D39xqiyjhmLRwxCLedZEgjIakJalkpBtzggKXkY47PM/9zj3hgkbhrRzFxA5QP6Q+xUgqydGh9UA9MkAytQIkBxgx2M6c9PLqOrtLa8Z+5uhVo26MAWeJWZAqKNB09C/Li3ASkFBihoTomUYs7RRxSTEjWcVKBIkRHqI+6SkaooAIOx1/ksE9pXjQj7iqUMKx+nsiRYEQo8BVnfm5YtrLxf+8XiL9UzulYZxIEuLJIj9hUEYwjwV6lBMs2UgRhDlVt0I8QBxhqcKrqBDM6ZdnSfugbh7Xj24Oq42zIo4y2AG7oAZMcAIa4AI0QQtg8AiewSt40560F+1d+5i0lrRiZhv8gfb5AxYLmfA=</latexit>

V̂(0)
LMN

<latexit sha1_base64="7fxFi/n2uDfH+w3JmoTWS17UtX8=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjYKLFuwDmhgmk0k7dPJgZqKUkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVFlHCMWnhiEW86yJBGA1JS1LJSDfmBAUuIx13eJn7nXvCBY3CWzmKiR2gfkh9ipFUkqPvWg/UIwMkUytAcoARg83MSa9vsrv00MwcvWrUjDHgLDELUgUFGo7+ZXkRTgISSsyQED3TiKWdIi4pZiSrWIkgMcJD1Cc9RUMUEGGn4z8yuK8UD/oRVxVKOFZ/T6QoEGIUuKozP1ZMe7n4n9dLpH9upzSME0lCPFnkJwzKCOahQI9ygiUbKYIwp+pWiAeIIyxVdBUVgjn98ixpH9XM09pJ87havyjiKIMdsAcOgAnOQB1cgQZoAQwewTN4BW/ak/aivWsfk9aSVsxsgz/QPn8A+5eZYg==</latexit>

Q̂→1
IL

<latexit sha1_base64="dAN4pu45/tNWddVtpyFcy9aSLas=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjQhCC/YBTQyTyaQdOnkwM1FKyM6Nv+LGhSJu/QV3/o2TNgttPXDhcM693HuPGzMqpGF8a6W5+YXFpfJyZWV1bX1D39xqiyjhmLRwxCLedZEgjIakJalkpBtzggKXkY47vMz9zj3hgkbhrRzFxA5QP6Q+xUgqydF3rQfqkQGSqRUgOcCIwWbmpNc32V16aGaOXjVqxhhwlpgFqYICDUf/srwIJwEJJWZIiJ5pxNJOEZcUM5JVrESQGOEh6pOeoiEKiLDT8R8Z3FeKB/2IqwolHKu/J1IUCDEKXNWZHyumvVz8z+sl0j+3UxrGiSQhnizyEwZlBPNQoEc5wZKNFEGYU3UrxAPEEZYquooKwZx+eZa0j2rmae2keVytXxRxlMEO2AMHwARnoA6uQAO0AAaP4Bm8gjftSXvR3rWPSWtJK2a2wR9onz/+rJlk</latexit>

Q̂→1
JM

<latexit sha1_base64="neDemjCEgGrkapJ1UQ9yDO8q4n8=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjSBIC/YBTQyTyaQdOnkwM1FKyM6Nv+LGhSJu/QV3/o2TNgttPXDhcM693HuPGzMqpGF8a6W5+YXFpfJyZWV1bX1D39xqiyjhmLRwxCLedZEgjIakJalkpBtzggKXkY47vMz9zj3hgkbhrRzFxA5QP6Q+xUgqydF3rQfqkQGSqRUgOcCIwWbmpNc32V16aGaOXjVqxhhwlpgFqYICDUf/srwIJwEJJWZIiJ5pxNJOEZcUM5JVrESQGOEh6pOeoiEKiLDT8R8Z3FeKB/2IqwolHKu/J1IUCDEKXNWZHyumvVz8z+sl0j+3UxrGiSQhnizyEwZlBPNQoEc5wZKNFEGYU3UrxAPEEZYquooKwZx+eZa0j2rmae2keVytXxRxlMEO2AMHwARnoA6uQAO0AAaP4Bm8gjftSXvR3rWPSWtJK2a2wR9onz8B0Jlm</latexit>

Q̂→1
KN

<latexit sha1_base64="3SCjcCJkfP/9UCqq6VkIhs3Jc1U=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjbpqwT6giWEymbRDJw9mJkoJ2bnxV9y4UMStv+DOv3HSZqGtBy4czrmXe+9xY0aFNIxvrTQ3v7C4VF6urKyurW/om1ttESUckxaOWMS7LhKE0ZC0JJWMdGNOUOAy0nGHl7nfuSdc0Ci8laOY2AHqh9SnGEklOfqu9UA9MkAytQIkBxgx2Myc9Pomu0sPzczRq0bNGAPOErMgVVCg4ehflhfhJCChxAwJ0TONWNop4pJiRrKKlQgSIzxEfdJTNEQBEXY6/iOD+0rxoB9xVaGEY/X3RIoCIUaBqzrzY8W0l4v/eb1E+ud2SsM4kSTEk0V+wqCMYB4K9CgnWLKRIghzqm6FeIA4wlJFV1EhmNMvz5L2Uc08rZ00j6v1iyKOMtgBe+AAmOAM1MEVaIAWwOARPINX8KY9aS/au/YxaS1pxcw2+APt8wf4g5lg</latexit>

Q̂→1
IJ

<latexit sha1_base64="YOhd2JBIAHbmOvQ2TiAz+o06pY0=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjaCLFuwDmhgmk0k7dPJgZqKUkJ0bf8WNC0Xc+gvu/BsnbRbaeuDC4Zx7ufceN2ZUSMP41kpz8wuLS+Xlysrq2vqGvrnVFlHCMWnhiEW86yJBGA1JS1LJSDfmBAUuIx13eJn7nXvCBY3CWzmKiR2gfkh9ipFUkqPvWg/UIwMkUytAcoARg83MSa9vsrv00MwcvWrUjDHgLDELUgUFGo7+ZXkRTgISSsyQED3TiKWdIi4pZiSrWIkgMcJD1Cc9RUMUEGGn4z8yuK8UD/oRVxVKOFZ/T6QoEGIUuKozP1ZMe7n4n9dLpH9upzSME0lCPFnkJwzKCOahQI9ygiUbKYIwp+pWiAeIIyxVdBUVgjn98ixpH9XM09pJ87havyjiKIMdsAcOgAnOQB1cgQZoAQwewTN4BW/ak/aivWsfk9aSVsxsgz/QPn8A/q2ZZA==</latexit>

Q̂→1
KL

<latexit sha1_base64="LRuUrCxevgYzWZOnwCOZXPRw+3Y=">AAACCnicbVC5TsNAEF2HK4TLQEmzECGFJrIRVxlBw1UEiRxSbKz1epOssj60uwZFlmsafoWGAoRo+QI6/oZ14gISnjTS03szmpnnRowKaRjfWmFmdm5+obhYWlpeWV3T1zeaIow5Jg0cspC3XSQIowFpSCoZaUecIN9lpOUOzjK/dU+4oGFwK4cRsX3UC2iXYiSV5Ojb1gP1SB/JxPKR7GPEYDN1kovLq+v0LqkYe6mjl42qMQKcJmZOyiBH3dG/LC/EsU8CiRkSomMakbQTxCXFjKQlKxYkQniAeqSjaIB8Iuxk9EoKd5XiwW7IVQUSjtTfEwnyhRj6rurM7hWTXib+53Vi2T2xExpEsSQBHi/qxgzKEGa5QI9ygiUbKoIwp+pWiPuIIyxVeiUVgjn58jRp7lfNo+rhzUG5dprHUQRbYAdUgAmOQQ2cgzpoAAwewTN4BW/ak/aivWsf49aCls9sgj/QPn8ArEKaPQ==</latexit>

V̂(0)
IJKL

<latexit sha1_base64="ULeE6aP/gjPR7SzLLUaL+RWbabM=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivpZFN+qqgn1AE8NkMmmHTh7MTJQSsnTjr7hxoYhbP8Gdf+OkzUJbD1w4nHMv997jxowKaRjfWmlufmFxqbxcWVldW9/QN7faIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOMOL3K/c0+4oFF4K0cxsQPUD6lPMZJKcvRd64F6ZIBkagVIDjBisJ056dV1dpfWzIPM0atG3RgDzhKzIFVQoOnoX5YX4SQgocQMCdEzjVjaKeKSYkayipUIEiM8RH3SUzREARF2On4kg/tK8aAfcVWhhGP190SKAiFGgas682vFtJeL/3m9RPpndkrDOJEkxJNFfsKgjGCeCvQoJ1iykSIIc6puhXiAOMJSZVdRIZjTL8+S9mHdPKkf3xxVG+dFHGWwA/ZADZjgFDTAJWiCFsDgETyDV/CmPWkv2rv2MWktacXMNvgD7fMHZ0uZkw==</latexit>

V̂(1)
IJ

<latexit sha1_base64="3SCjcCJkfP/9UCqq6VkIhs3Jc1U=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKIr2XRjbpqwT6giWEymbRDJw9mJkoJ2bnxV9y4UMStv+DOv3HSZqGtBy4czrmXe+9xY0aFNIxvrTQ3v7C4VF6urKyurW/om1ttESUckxaOWMS7LhKE0ZC0JJWMdGNOUOAy0nGHl7nfuSdc0Ci8laOY2AHqh9SnGEklOfqu9UA9MkAytQIkBxgx2Myc9Pomu0sPzczRq0bNGAPOErMgVVCg4ehflhfhJCChxAwJ0TONWNop4pJiRrKKlQgSIzxEfdJTNEQBEXY6/iOD+0rxoB9xVaGEY/X3RIoCIUaBqzrzY8W0l4v/eb1E+ud2SsM4kSTEk0V+wqCMYB4K9CgnWLKRIghzqm6FeIA4wlJFV1EhmNMvz5L2Uc08rZ00j6v1iyKOMtgBe+AAmOAM1MEVaIAWwOARPINX8KY9aS/au/YxaS1pxcw2+APt8wf4g5lg</latexit>

Q̂→1
IJ

• Extraction of the relevant two-loop topologies

Quantum effective action

<latexit sha1_base64="CDnTx48FvD2Y1lL4tnyIENIDgyk="></latexit>

![ω̂] = Ŝ(0) + ⊋Ŝ(1) +
i⊋
2
STr log Q̂+ ⊋2Ŝ(2) +

i⊋2
2

Q̂→1
IJ V̂

(1)
JI → ⊋2

8
Q̂→1

IJ Q̂
→1
KLV̂IJKL

<latexit sha1_base64="0UMDdXpA3/dKyJ4HTG0Xg7ca5lQ="></latexit>

+
⊋2
12

Q̂→1
LI Q̂

→1
MJQ̂

→1
NK V̂IJK V̂LMN

Fuentes-Martín, Moreno-Sánchez, AP, Thomsen [2412.12270]

Ajdin Palavrić | PLANCK2025

Counterterm topology

Figure-8 topology

Sunset topology

<latexit sha1_base64="cfk4UTULpplI/6gz6wbxIKouHiI="></latexit>

Gct. = Q→1
IJ V

(1)
JI =

∫

x,y
ωba(y, x)Q

→1
ac (x, Px)V

(1)
cd (x, Px)ωdb(x, y)

<latexit sha1_base64="KbJvHUhpQb0N696VQOorOiG5MfY="></latexit>

Gf8. =
∑

m,n,r

(→1)n
∫

x

∫

kω
V (m,n,r)
abcd (x)

[
Q→1

ae (x, Px + k)(Px + k)mUeb(x, y)
]
y=x

↑
[
(Px + ω)n↑→Q→1

cf (x, Px + ω)(Px + ω)rUfd(x, z)
]
z=x

<latexit sha1_base64="EJzzNp9V+qFmeQY1v7V49jCaIYA="></latexit>

Gss. =
∑

m,n,m→,n→

(→1)m+n

∫

x

∫

kω
V (m,n)
abc (x)Q→1

aa→(y, Py → k → ω)V (m→,n→)
a→b→c→ (y)

↑
[
(Px + k)m↑→Q→1

be (x, Px + k)(Px + k)m
→
Ueb→(x, y)

]

↑
[
(Px + ω)n↑→Q→1

cf (x, Px + ω)(Px + ω)n
→
Ufc→(x, y)

]∣∣∣∣
y=x
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https://arxiv.org/abs/2412.12270
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• Model involving one heavy ( ) and one light scalar ( )Φ ϕ

Applications: Scalar toy model 

Fuentes-Martín, AP, Thomsen [2311.13630]

Ajdin Palavrić | PLANCK2025

<latexit sha1_base64="1ItYsVy5Bs9akzWO7s5Rq6zaAHA="></latexit>

LUV =
1

2
(ωµε)

2 +
1

2
(ωµ!)

2 → 1

2
m2

ωε
2 → 1

2
M2!2 → ϑω

4!
ε4 → ϑ!

4!
!4 → ϑ!ω

4
!2ε2 → ϖ

3!
!3 + Lct

UV

https://arxiv.org/pdf/2311.13630
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• Computation of one-loop counterterms
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<latexit sha1_base64="1ItYsVy5Bs9akzWO7s5Rq6zaAHA="></latexit>

LUV =
1

2
(ωµε)

2 +
1

2
(ωµ!)

2 → 1

2
m2

ωε
2 → 1

2
M2!2 → ϑω

4!
ε4 → ϑ!

4!
!4 → ϑ!ω

4
!2ε2 → ϖ

3!
!3 + Lct

UV

• Computation of one-loop counterterms
<latexit sha1_base64="CDnTx48FvD2Y1lL4tnyIENIDgyk="></latexit>

![ω̂] = Ŝ(0) + ⊋Ŝ(1) +
i⊋
2
STr log Q̂+ ⊋2Ŝ(2) +

i⊋2
2

Q̂→1
IJ V̂

(1)
JI → ⊋2

8
Q̂→1

IJ Q̂
→1
KLV̂IJKL

<latexit sha1_base64="0UMDdXpA3/dKyJ4HTG0Xg7ca5lQ="></latexit>

+
⊋2
12

Q̂→1
LI Q̂

→1
MJQ̂

→1
NK V̂IJK V̂LMN
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<latexit sha1_base64="1ItYsVy5Bs9akzWO7s5Rq6zaAHA="></latexit>

LUV =
1

2
(ωµε)

2 +
1

2
(ωµ!)

2 → 1

2
m2

ωε
2 → 1

2
M2!2 → ϑω

4!
ε4 → ϑ!

4!
!4 → ϑ!ω

4
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i⊋2
2

Q̂→1
IJ V̂

(1)
JI → ⊋2

8
Q̂→1

IJ Q̂
→1
KLV̂IJKL

<latexit sha1_base64="0UMDdXpA3/dKyJ4HTG0Xg7ca5lQ="></latexit>

+
⊋2
12

Q̂→1
LI Q̂

→1
MJQ̂

→1
NK V̂IJK V̂LMN

• Computation of two-loop functional terms 

• Model involving one heavy ( ) and one light scalar ( )Φ ϕ

7/10

https://arxiv.org/pdf/2311.13630


8/10
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• Matching at two-loop level
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Applications: Euler-Heisenberg Lagrangian 
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• Matching QED onto theory with self-interacting photons
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• Non-vanishing two-loop functional objects
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Summary
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• Necessity of performing computations beyond one-loop order 

• Extension of the well-established functional formalism beyond one-
loop order 

• Extraction of relevant topologies in the effective action 

• Analysis of two simple examples 

• Avenues for future work 

• Implementation of  

• More applications: SMEFT, LEFT

γ5
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Generating functional
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• Expanded version of generating functional

• Topologies
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Gauge fixing
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• Background field gauge

• Faddeev-Popov procedure

• Action
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Gauge connection and integrals
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• Parallel transport

• Covariant evaluation of integrals

• Covariant evaluation of the log term


