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Motivation

Supergeometry in QFT

2

Off-shell clcultions sensitive to choice of prmetristion

Guge-fixing in guge theory nd quntum 
grvity 

Potentil solution to quntum frme problem

New physics phenomen in SMEFT [Alonso, Jenkins, Mnohr (2016), 
Cohen, Crig, Sutherlnd (2021), 
Tlbert (2023), Assi, Helset, 
Mnohr, Pgès, Shen (2023) ...] 

[Burns, Krmitsos, Pilftsis (2016), 
Flls, Herrero-Vle (2019), Finn, 
Krmitsos, Pilftsis (2020) ..] 

[Brvinsky, Vilkovisky (1985), 
Ellicott, Toms (1989), Burgess, 
Kunsttter (1987), Odintsov (1990)]

Disclimer: Supergeometry  Supersymmetry≠
Theory with bosons nd fermions nd no extr symmetry
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Field-spce supermnifold of dimension (N|8M) in 4d spcetime

Now fermions in the chrt

Field reprmeteriztion = diffeomorphism

Diffeormophiclly - or frme invrint Lgrngin

3

Supergeometry in QFT
Supermanifolds

[DeWitt (2012)]

[Finn, Krmitsos, Pilftsis (2021), 
VG, Finn, Krmitsos, Pilftsis 

(2022)] 
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Globl metric found from vielbeins nd locl metric

Supergeometry in QFT
Supermanifolds

[Finn, Krmitsos, Pilftsis (2021), 
VG, Finn, Krmitsos, Pilftsis 
(2022)] 

supersymmetric rank-2 FS tensor
ultralocal
determined from action 

Supermnifold metric
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Scalar-Fermion Theories

5

D opertor

Complete covrint inverse superpropgtor

Covariant Interactions

[VG, Pilftsis (2024)]

[Ecker, Honerkmp, (1972)]

Importnt supergeometric identity 
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Covariant Effective Action

Implicit eqution for effective ction using VDW

Implicit equation 

Mster functionl differentil eqution for 1PI QEA t ll orders

One nd two loops expressions

[Vilkovisky (1984), DeWitt (1985), 
Finn, Krmitsos, Pilftsis (2022)] 

6

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

7

Covariant Effective Action

Use HK to compute one-loop effective ction in      spce

1. Represent            s integrl over 

2. Obtin UV divergences s           poles in                   limit

3. Solve itertively  diffusion-type eqution in powers of  
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E.g. for                              nd  

Covariant Effective Action

Use HK to compute one-loop effective ction in      spce

Schwinger-DeWitt Heat Kernel Method

7

1. Represent            s integrl over 

2. Obtin UV divergences s           poles in                   limit

3. Use Zssenhus formul to derive HK coefficients
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Pure scalar theory

QEA with Curvature

Diffeormophiclly - or frme invrint Lgrngin

8
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Pure scalar theory

QEA with Curvature

Sclr frme invrint Lgrngin

Project        opertor with vielbeins

Extrct covrint het kernel

Mixed-rnk covrint inverse propgtor

8
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Pure scalar theory

QEA with Curvature

Covrint het diffusion eqution

Series expnsion in 
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Pure scalar theory

QEA with Curvature

Covrint het diffusion eqution

Integrte over

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

Jenkins, Mnohr, Nterop, Pgès 
(2024)…]

9
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Fermionic One-loop QEA

Diffeormophiclly - or frme invrint Lgrngin

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 ction

Series expnsion in 
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Fermionic One-loop QEA
Extracting divergent terms

Only terms with scling fctor                      re non zero 

No leftover      function integrtion              keep .            terms

12
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Fermionic One-loop QEA
Divergent terms

New fermionic opertors in the UV
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Summary

14

Conclusions

New pproch to Schwinger-DeWitt HK technique 

Systemticlly identify covrint EFT opertors 

Computtion of the covrint one-loop EA with fermions

Next up

Include guge nd grvittionl interctions

Include globl or locl symmetries

Phenomenology: drk-sector fermions & SM neutrinos/xions

Thank you!


