
Viola Gattus 
Corfu Summer Institute 2024, Corfu, Greece

Effective Action in 
Supergeometric QFts

Based on hep-th/2406.13594 with 
Prof Apostolos Pilaftsis

https://arxiv.org/pdf/2406.13594


Viola Gattus 02/09/24

In this talk

1

1 Supergeometry in QFT

Covariant Interactions

Covariant Effective Action

Effective Action with Curvature

Fermionic One-Loop Effective Action

2

3

4

5

6 Summary and Outlook



Viola Gattus 02/09/24

Motivation

Supergeometry in QFT

2

Off-shell calculations sensitive to choice of parametrisation

Gauge-fixing in gauge theory and quantum 
gravity 

Potential solution to quantum frame problem

New physics phenomena in SMEFT [Alonso, Jenkins, Manohar (2016), 
Cohen, Craig, Sutherland (2021), 
Talbert (2023), Assi, Helset, 
Manohar, Pagès, Shen (2023) ...] 

[Burns, Karamitsos, Pilaftsis (2016), 
Falls, Herrero-Valea (2019), Finn, 
Karamitsos, Pilaftsis (2020) ..] 

[Barvinsky, Vilkovisky (1985), 
Ellicott, Toms (1989), Burgess, 
Kunstatter (1987), Odintsov (1990)]

Disclaimer: Supergeometry  Supersymmetry≠
Theory with bosons and fermions and no extra symmetry
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Field-space supermanifold of dimension (N|8M) in 4d spacetime

Now fermions in the chart

Field reparameterization = diffeomorphism

Diffeormophically - or frame invariant Lagrangian

3

Supergeometry in QFT
Supermanifolds

[DeWitt (2012)]

[Finn, Karamitsos, Pilaftsis (2021), 
VG, Finn, Karamitsos, Pilaftsis 

(2022)] 
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Global metric found from vielbeins and local metric

Supergeometry in QFT
Supermanifolds

[Finn, Karamitsos, Pilaftsis (2021), 
VG, Finn, Karamitsos, Pilaftsis 
(2022)] 

supersymmetric rank-2 FS tensor
ultralocal
determined from action 

Supermanifold metric
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Scalar-Fermion Theories
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D operator

Complete covariant inverse superpropagator

Covariant Interactions

[VG, Pilaftsis (2024)]

[Ecker, Honerkamp, (1972)]

Important supergeometric identity 
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Covariant Effective Action

Implicit equation for effective action using VDW

Implicit equation 

Master functional differential equation for 1PI QEA at all orders

One and two loops expressions

[Vilkovisky (1984), DeWitt (1985), 
Finn, Karamitsos, Pilaftsis (2022)] 

6

[Kim (2006)]
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Schwinger-DeWitt Heat Kernel Method

7

Covariant Effective Action

Use HK to compute one-loop effective action in      space

1. Represent            as integral over 

2. Obtain UV divergences as           poles in                   limit

3. Solve iteratively a diffusion-type equation in powers of  
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E.g. for                              and  

Covariant Effective Action

Use HK to compute one-loop effective action in      space

Schwinger-DeWitt Heat Kernel Method
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1. Represent            as integral over 

2. Obtain UV divergences as           poles in                   limit

3. Use Zassenhaus formula to derive HK coefficients
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Pure scalar theory

QEA with Curvature

Diffeormophically - or frame invariant Lagrangian

8
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Pure scalar theory

QEA with Curvature

Scalar frame invariant Lagrangian

Project        operator with vielbeins

Extract covariant heat kernel

Mixed-rank covariant inverse propagator

8
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Pure scalar theory

QEA with Curvature

Covariant heat diffusion equation

Series expansion in 
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Pure scalar theory

QEA with Curvature

Covariant heat diffusion equation

Integrate over
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Pure scalar theory

QEA with Curvature

Covariant heat diffusion equation

Integrate over

UV contributing terms
terms with - poles1/ϵ [Alonso, Jenkins, Manohar (2016), 

Jenkins, Manohar, Naterop, Pagès 
(2024)…]

9
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Fermionic One-loop QEA

Diffeormophically - or frame invariant Lagrangian

use to get 
fermion 
metric

New Clifford Algebra and Bosonization

10
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Fermionic One-loop QEA
Extracting divergent terms

Fermionic one-loop effective action

Series expansion in 

11
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Fermionic One-loop QEA
Extracting divergent terms

Fermionic one-loop effective action

Series expansion in 
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Fermionic One-loop QEA
Extracting divergent terms

Only terms with scaling factor                      are non zero 

No leftover      function integration              keep .            terms

12
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Fermionic One-loop QEA
Divergent terms

New fermionic operators in the UV



Viola Gattus 02/09/24

Summary

14

Conclusions

New approach to Schwinger-DeWitt HK technique 

Systematically identify covariant EFT operators 

Computation of the covariant one-loop EA with fermions

Next up

Include gauge and gravitational interactions

Include global or local symmetries

Phenomenology: dark-sector fermions & SM neutrinos/axions

Thank you!


