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EFT from the UV point of View

Direct experimental reach
(Lack of direct discoveries)

Scale of New Physics
(New physics should be rather heavy or 

weakly coupled to the SM) 
ΛBSM

How to probe higher energy scale scales?

Energy

Eexp
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ΛBSM

Energy

Eexp

EFT from the UV point of View
<latexit sha1_base64="Mf8DGF6qSFfgqnI2PxEFoERkPU4="></latexit>

S[�H ,�L]
Matching

(Compute Wilson 
coefficients )

<latexit sha1_base64="vurco3LBSoWTWBHaJ/o8cxD/d6s="></latexit>

Se↵ [�L] = SSM +
X

i

ci(⇤BSM)Oi

Running
(Done once and for all)

<latexit sha1_base64="ZtN3CJHaq1m1Nw6UZvBTLiprheg="></latexit>

ci(Eexp)
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Mapping 
(Done once and for all)

Matching done once 
and for all

Observables

UOLEAPath integral methods



Matching
<latexit sha1_base64="ZX+BFu3Rr0Smw0B5WouWHMQ6Zaw="></latexit>

eiSe↵ [�L] =

Z
D�He

iS[�H ,�L] ) iSe↵ [�L] = log det
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��2
H
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Matching

Assume a generic form for the action:

<latexit sha1_base64="ZX+BFu3Rr0Smw0B5WouWHMQ6Zaw="></latexit>
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Matching

Assume a generic form for the action:

<latexit sha1_base64="ZX+BFu3Rr0Smw0B5WouWHMQ6Zaw="></latexit>

eiSe↵ [�L] =

Z
D�He

iS[�H ,�L] ) iSe↵ [�L] = log det
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��2
H

�

<latexit sha1_base64="i4EPYcKkWy0Hgh3+k8mzICcnr0A="></latexit>

ci(m,µ)Oi(D,U)
<latexit sha1_base64="gxg6AWIOk6JKiXEMntf7Ot9m/l0="></latexit>)
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<latexit sha1_base64="t7zVuaXNMa3eHLah9zYfnpyKsCI="></latexit>

S[�H ,�L] =

Z
ddx�H

�
D2 +m2 + U [�H ,�L]

�
�H

UOLEA

Example: 
<latexit sha1_base64="tA3k5kfIDIDoQEFdBkCJwQJ6zVk="></latexit>

) O6 = |H|
6
, c6 = 24⌘3

<latexit sha1_base64="0axHemF3cRVl8O7mF+F9b9gAI60="></latexit>

L = �(D2 +m
2 � ⌘|H|2)�



Matching in gravity

Assume a generic form for the action:

<latexit sha1_base64="ZX+BFu3Rr0Smw0B5WouWHMQ6Zaw="></latexit>
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<latexit sha1_base64="smOzxX5w8mvBaLCF3uir3OR2Mns="></latexit>

ci(m,µ)Oi(D,U,R)

<latexit sha1_base64="EQLtupWZG8biALQuPBvb/+OpBog="></latexit>
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Functional methods
Heat kernel
Position space representation

Iterative procedure, quite involved, lack of physical insight

<latexit sha1_base64="wRzuNJ9i1CQwJJjAEJvJu0nxr08="></latexit>
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Functional methods
Heat kernel
Position space representation

Iterative procedure, quite involved, lack of physical insight

<latexit sha1_base64="Vc2uM3XnaNpCqcVC1bDiqbaxAdM="></latexit>

� = (q2 �m2)�1
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Covariant Derivative Expansion (CDE)
   Momentum space, systematic, several codes exist

<latexit sha1_base64="03M+ObPgr96geEWW5g0Jovcz2L4="></latexit>
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Limits of the bosonic action

Bosonisation

<latexit sha1_base64="l9BxKnIdeRx4fiGG+L1RU+wyYU8="></latexit>

S =

Z
ddx  ̄(i /D �m�Q) 

<latexit sha1_base64="o5ktsckO2hYGRMy31+8CZwk0M44="></latexit>
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⇥
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Limits of the bosonic action

Bosonisation
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<latexit sha1_base64="o5ktsckO2hYGRMy31+8CZwk0M44="></latexit>

log det
⇥
D2 +m2 + U [Q]

⇤
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Cannot use the usual heat kernel coefficients
However, it is not possible for a chiral fermion



Limits of the bosonic action

Bosonisation

<latexit sha1_base64="l9BxKnIdeRx4fiGG+L1RU+wyYU8="></latexit>

S =

Z
ddx  ̄(i /D �m�Q) 
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log det
⇥
D2 +m2 + U [Q]

⇤

<latexit sha1_base64="JELjiN0fBo0GKdIrc7CoZhz3Oac="></latexit>
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<latexit sha1_base64="OkO/CmqQzL6vzS53CA2wnqw8+1k="></latexit>

� = �(/q +m)�1

Chiral fermion: fermionic CDE (S.Ellis, J.Quevillon, H.Pham Ngoc Hoa, Z.Zhang, 
“The Fermionic Universal One-Loop Effective Action”)
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Cannot use the usual heat kernel coefficients
However, it is not possible for a chiral fermion

<latexit sha1_base64="XLEm7aktkfrkWMynnE1vx1XMJvY="></latexit>

'
✓Z

ddq�iq2j
◆
trUk /D

l
�0s



Curved spacetime functional methods
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Curved spacetime methods for computing bosonic determinants :


They remain quite involved


Nothing available for a chiral UV theory

Heat kernel (Avramidi 90’, De Witt 75’,…), CDE 
(Gaillard 89’, Alonso 20’)



CDE in curved spacetime
Momentum representation (Fourier transform) in curved spacetime

Depends on the choice of coordinates
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CDE in curved spacetime
Momentum representation (Fourier transform) in curved spacetime

Depends on the choice of coordinates

Possible solution: rely on a specific choice of coordinate (often 
Riemann Normal Coordinates)

16



CDE in curved spacetime
Momentum representation (Fourier transform) in curved spacetime

Depends on the choice of coordinates

Possible solution: rely on a specific choice of coordinate (often 
Riemann Normal Coordinates)
Does not allow to obtain non-covariant results (anomalies, B.Filoche, R.L, 
J.Quevillon, H. Pham Ngoc Vuong, “Anomalies from an Effective Field Theory 
Perspective)
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CDE in curved spacetime
Momentum representation (Fourier transform) in curved spacetime

Depends on the choice of coordinates

Possible solution: rely on a specific choice of coordinate (often 
Riemann Normal Coordinates)
Does not allow to obtain non-covariant results (anomalies, B.Filoche, R.L, 
J.Quevillon, H. Pham Ngoc Vuong, “Anomalies from an Effective Field Theory 
Perspective)
We introduce a coordinate-independent Fourier transform
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CDE in curved spacetime
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Previous CDE in curved spacetime were manifestly covariant, but 
computation much more involved

Very systematic procedure, easy to automatise

Still have the factorisation of momentum and operator part : universality

Expansion greatly simplified in Riemann Normal Coordinates, plus it is 
manifestly covariant



Results
First time computation of non-renormalisable operators with the CDE

     Recover the Euler-Heisenberg Effective Action
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Results

<latexit sha1_base64="E+qw/zFhRPx1IUNTpf5Nu0pdOdU="></latexit>

S =

Z
ddx

p
�g  ̄(i /D �m�Q) 

with
<latexit sha1_base64="lASd0Qog8E3S5EO/X8Rxq69KsaA="></latexit>

Q � W0 + iW1�5 + Vµ�
µ + iAµ�

µ�5

First time computation of non-renormalisable operators with the CDE
     Recover the Euler-Heisenberg Effective Action
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Results

<latexit sha1_base64="E+qw/zFhRPx1IUNTpf5Nu0pdOdU="></latexit>

S =

Z
ddx

p
�g  ̄(i /D �m�Q) 

with

New effective renormalisable operators:

<latexit sha1_base64="lASd0Qog8E3S5EO/X8Rxq69KsaA="></latexit>

Q � W0 + iW1�5 + Vµ�
µ + iAµ�

µ�5

<latexit sha1_base64="HMADMBvcjS9KnoPFgdgvxENLPvo="></latexit>

A2R, W 2
1R, AW1R

and non-renormalisable operators:
<latexit sha1_base64="aGhpxKFTvl/gnby59c2q+S/ou20="></latexit>

W0AAR, AVW1R, W0W
2
1R, . . .

First time computation of non-renormalisable operators with the CDE
     Recover the Euler-Heisenberg Effective Action
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Applications
Powerful tool to understand the behavior of quantum particles on a 
curved background (inflation, black holes, baryogenesis, …), including 
chiral particles (axion models, neutrinos, …)
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Applications

Quantisation of gravity (as an EFT):
Study interaction of a particle with the graviton on a curved 
background
Compute the saddle points of the gravitational path integral (integrate 
out the graviton)

Powerful tool to understand the behavior of quantum particles on a 
curved background (inflation, black holes, baryogenesis, …), including 
chiral particles (axion models, neutrinos, …)
Up to bottom approach to modified gravity theories, large scale 
structure EFTs 



Applications

Quantisation of gravity (as an EFT):
Study interaction of a particle with the graviton on a curved 
background
Compute the saddle points of the gravitational path integral (integrate 
out the graviton)

Non-perturbative and coordinate independent computation of 
gravitational anomalies, crucial in model building when including gravity

Powerful tool to understand the behavior of quantum particles on a 
curved background (inflation, black holes, baryogenesis, …), including 
chiral particles (axion models, neutrinos, …)
Up to bottom approach to modified gravity theories, large scale 
structure EFTs 
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Thanks for you attention



Momentum representation
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Define a contra-variant vector
<latexit sha1_base64="waWm1gZt/p4pln5MJyj61TPswnE="></latexit>qµ such that 

<latexit sha1_base64="Hx8x3SVSB3/QlaYh/oIaa5xPLUI="></latexit>

@ qµ
@ x⌫

= 0

Can show that if 
<latexit sha1_base64="X/hMHi2atIfxEhM3Zw8OzN9iU58="></latexit>

O is covariant, then
<latexit sha1_base64="6MCI9T0yAyhbjWxf1pkYemF6w8c="></latexit>Z

ddxddq eiq·xOe�iq·x

is coordinate independent, even though

Loose the commutativity of 
<latexit sha1_base64="gfe/mHVTIZFsNe7IOj1ijSVJ8rM="></latexit>

q2 and
<latexit sha1_base64="sXOxW0unOo350XoHpqq0VJW4aFQ="></latexit>

@
Generates the gravity operators

Can define a coordinate independent functional trace

<latexit sha1_base64="BLz9GqsxbO8Ac6T5jwdVsxlq4CU="></latexit>q · x is not


