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• UV divergences induces new operators in 
the action

• Power-counting non-renormalizable!
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• Large N
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• Perturbation Theory?

Lorentzian signature
gauge symmetries
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• Gross-Neveu:  expansion2 + ε
• Effectively working in a renormalizable theory

• Litim-Sannino model
• Renormalizable models of  gauge-Yukawa theories4d
• UV fixed point controllable in perturbation theory

• What about perturbation theory directly in the  Gross-Neveu model?3d
• Perturbation theory in a power-counting non-renormalizable theory?

• Gross-Neveu:  expansion 
• Effectively working in a renormalizable theory 

2 + ε [Gracey et al, 2016][Gracey, 1990][Wetzel, 1985]

[Litim and Sannino, 2014]



Renormalizing Power-Counting Non-Renormalizable Theories

5

<latexit sha1_base64="Uyjt+l7288avUdYItYlrp2Kgyew="></latexit>ℒ = ̄𝜓0 (𝑖/𝜕 − 𝑀0) 𝜓0 + 𝐺02 ( ̄𝜓0𝜓0)2



Renormalizing Power-Counting Non-Renormalizable Theories

5

<latexit sha1_base64="Uyjt+l7288avUdYItYlrp2Kgyew="></latexit>ℒ = ̄𝜓0 (𝑖/𝜕 − 𝑀0) 𝜓0 + 𝐺02 ( ̄𝜓0𝜓0)2



Renormalizing Power-Counting Non-Renormalizable Theories

5

 divergencep2⇒

<latexit sha1_base64="Uyjt+l7288avUdYItYlrp2Kgyew="></latexit>ℒ = ̄𝜓0 (𝑖/𝜕 − 𝑀0) 𝜓0 + 𝐺02 ( ̄𝜓0𝜓0)2



Renormalizing Power-Counting Non-Renormalizable Theories

5

 divergencep2⇒
⇒ new counterterms:

<latexit sha1_base64="vVLOy3R2TrKl/FD5wVcR8VQ/H9w="></latexit>( ̄𝜓 𝑖↔/𝜕 𝜓)2+…

<latexit sha1_base64="Uyjt+l7288avUdYItYlrp2Kgyew="></latexit>ℒ = ̄𝜓0 (𝑖/𝜕 − 𝑀0) 𝜓0 + 𝐺02 ( ̄𝜓0𝜓0)2



Renormalizing Power-Counting Non-Renormalizable Theories

5

 divergencep2⇒

<latexit sha1_base64="u4qzy3PjPHvBImGhQspCAXkM3Vw="></latexit>+𝜆( ̄𝜓 𝑖↔/𝜕 𝜓)2

⇒ new counterterms:
<latexit sha1_base64="vVLOy3R2TrKl/FD5wVcR8VQ/H9w="></latexit>( ̄𝜓 𝑖↔/𝜕 𝜓)2+…

<latexit sha1_base64="Uyjt+l7288avUdYItYlrp2Kgyew="></latexit>ℒ = ̄𝜓0 (𝑖/𝜕 − 𝑀0) 𝜓0 + 𝐺02 ( ̄𝜓0𝜓0)2



Renormalizing Power-Counting Non-Renormalizable Theories

5

 divergencep2⇒

<latexit sha1_base64="u4qzy3PjPHvBImGhQspCAXkM3Vw="></latexit>+𝜆( ̄𝜓 𝑖↔/𝜕 𝜓)2

⇒ new counterterms:
<latexit sha1_base64="vVLOy3R2TrKl/FD5wVcR8VQ/H9w="></latexit>( ̄𝜓 𝑖↔/𝜕 𝜓)2+…

<latexit sha1_base64="Uyjt+l7288avUdYItYlrp2Kgyew="></latexit>ℒ = ̄𝜓0 (𝑖/𝜕 − 𝑀0) 𝜓0 + 𝐺02 ( ̄𝜓0𝜓0)2



Renormalizing Power-Counting Non-Renormalizable Theories

5

 divergencep2⇒

<latexit sha1_base64="u4qzy3PjPHvBImGhQspCAXkM3Vw="></latexit>+𝜆( ̄𝜓 𝑖↔/𝜕 𝜓)2

 divergencep8⇒
⇒ new counterterms:

<latexit sha1_base64="vVLOy3R2TrKl/FD5wVcR8VQ/H9w="></latexit>( ̄𝜓 𝑖↔/𝜕 𝜓)2+…

<latexit sha1_base64="Uyjt+l7288avUdYItYlrp2Kgyew="></latexit>ℒ = ̄𝜓0 (𝑖/𝜕 − 𝑀0) 𝜓0 + 𝐺02 ( ̄𝜓0𝜓0)2



Renormalizing Power-Counting Non-Renormalizable Theories

5

 divergencep2⇒

<latexit sha1_base64="u4qzy3PjPHvBImGhQspCAXkM3Vw="></latexit>+𝜆( ̄𝜓 𝑖↔/𝜕 𝜓)2

 divergencep8⇒
⇒ more counterterms …⇒ new counterterms:

<latexit sha1_base64="vVLOy3R2TrKl/FD5wVcR8VQ/H9w="></latexit>( ̄𝜓 𝑖↔/𝜕 𝜓)2+…

<latexit sha1_base64="Uyjt+l7288avUdYItYlrp2Kgyew="></latexit>ℒ = ̄𝜓0 (𝑖/𝜕 − 𝑀0) 𝜓0 + 𝐺02 ( ̄𝜓0𝜓0)2



Renormalizing Power-Counting Non-Renormalizable Theories

5

 divergencep2⇒

<latexit sha1_base64="u4qzy3PjPHvBImGhQspCAXkM3Vw="></latexit>+𝜆( ̄𝜓 𝑖↔/𝜕 𝜓)2

 divergencep8⇒
⇒ more counterterms …

loop expansion breaks down

⇒ new counterterms:
<latexit sha1_base64="vVLOy3R2TrKl/FD5wVcR8VQ/H9w="></latexit>( ̄𝜓 𝑖↔/𝜕 𝜓)2+…

<latexit sha1_base64="Uyjt+l7288avUdYItYlrp2Kgyew="></latexit>ℒ = ̄𝜓0 (𝑖/𝜕 − 𝑀0) 𝜓0 + 𝐺02 ( ̄𝜓0𝜓0)2



Effective Field Theory

6

<latexit sha1_base64="kEn4q7clhCMyooI6jCkNHt/hSNI="></latexit>ℒ = ̄𝜓 (𝑖/𝜕 − 𝑀) 𝜓 + 𝐺2Λ( ̄𝜓𝜓 )2 + 𝜆Λ3 ( ̄𝜓 𝑖↔/𝜕 𝜓)2 + …• Theory is governed by large mass scale Λ



Effective Field Theory

6

• Theory is governed by large mass scale Λ

• Instead of pure loop expansion, expand in 1
Λ

<latexit sha1_base64="kEn4q7clhCMyooI6jCkNHt/hSNI="></latexit>ℒ = ̄𝜓 (𝑖/𝜕 − 𝑀) 𝜓 + 𝐺2Λ( ̄𝜓𝜓 )2 + 𝜆Λ3 ( ̄𝜓 𝑖↔/𝜕 𝜓)2 + …• Theory is governed by large mass scale Λ



Effective Field Theory

6

• Theory is governed by large mass scale Λ

• Instead of pure loop expansion, expand in 1
Λ

<latexit sha1_base64="kEn4q7clhCMyooI6jCkNHt/hSNI="></latexit>ℒ = ̄𝜓 (𝑖/𝜕 − 𝑀) 𝜓 + 𝐺2Λ( ̄𝜓𝜓 )2 + 𝜆Λ3 ( ̄𝜓 𝑖↔/𝜕 𝜓)2 + …

∼
1

Λ3

• Theory is governed by large mass scale Λ



Effective Field Theory

6

• Theory is governed by large mass scale Λ

• Instead of pure loop expansion, expand in 1
Λ

<latexit sha1_base64="kEn4q7clhCMyooI6jCkNHt/hSNI="></latexit>ℒ = ̄𝜓 (𝑖/𝜕 − 𝑀) 𝜓 + 𝐺2Λ( ̄𝜓𝜓 )2 + 𝜆Λ3 ( ̄𝜓 𝑖↔/𝜕 𝜓)2 + …

∼
1

Λ3
∼

1
Λ9

strongly subleading!

• Theory is governed by large mass scale Λ



Effective Field Theory

6

• Theory is governed by large mass scale Λ

• Instead of pure loop expansion, expand in 1
Λ

• Can we do something similar that is not restricted to the IR?
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• renormalize and compute -functionβ

• only power-law divergences contribute to ZG
• in MS, these are set to zero                   no fixed point!⇒ ⇒

• we require a power-law sensitive renormalization scheme
• momentum subtraction
• Cutof
• Dim-reg?
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• and any potentially new induced divergences

• Standard computational setup (QGRAF, FORM, FIRE, MATAD)

• At 8-point function up to  diagrams∼ 12000
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• Additional fixed points with non-
vanishing m
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• Additional fixed points with non-
vanishing m

•  under perturbative controlgP
• UV safe + trajectories to 

Gaussian FP
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• Additional fixed points with non-
vanishing m

•  under perturbative controlgP
• UV safe + trajectories to 

Gaussian FP

• Asymptotic Safety from perturbation 
theory!
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1. Can we see a fixed point in PT? 

2. Can we control higher order operators?
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• The (massless) Gross-Neveu action 
induces divergences of the form 
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• Higher order couplings correspond to higher orders of the Gross-Neveu 
coupling
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• Higher order couplings correspond to higher orders of the Gross-Neveu 
coupling

• Consequence of power-counting
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• Higher order couplings correspond to higher orders of the Gross-Neveu 
coupling

• Consequence of power-counting
• If  is weak, this gives us a perturbative ordering principleg*
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• Theory is governed by a UV fixed point g*
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g*

• We expand the theory in powers of g
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g*

• We expand the theory in powers of g

∼ g3
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g*

• We expand the theory in powers of g

∼ g3 ∼ λ3 ∼ g9

higher order in g!
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g*

• We expand the theory in powers of g

• Same power counting as in EFT!

∼ g3 ∼ λ3 ∼ g9

higher order in g!
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g*

• We expand the theory in powers of g

• Same power counting as in EFT!
• Power Counting is theory independent!

∼ g3 ∼ λ3 ∼ g9

higher order in g!
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How do running couplings affect 
observables?
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• 1-loop scattering  ψψ̄ → ψψ̄
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• 1-loop scattering ψψ̄ → ψψ̄

• fully symmetric momentum configuration:
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• 1-loop scattering  ψψ̄ → ψψ̄
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breakdown of perturbation theory?

𝔰 = 𝔱 = 𝔲 = − q2

• 1-loop scattering  ψψ̄ → ψψ̄
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• Fulfills Callan-Symanzik equation
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• Large  resummed amplitudeN

• Fulfills Callan-Symanzik equation
• Scheme independent
• Falls off in UV, even in MS
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• Applied perturbative methods to understand UV completion in the  Gross-
Neveu Model 

• Sensitivity to power-law divergences is crucial 
• Higher order operators can be controlled within a coupling expansion 

• Resummation through running couplings leads to UV finite observables 

• Apply this to other “non-renormalizable” theories? 
• Quantum Gravity beyond 1-loop 

• Can power-law sensitivity improve standard EFTs?

3d
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