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III. SMEffectiveFieldTheory 

IV. SM+light d.o.f. EFT

May be the right way to think about new physics. How to use 
them ? How to interpret them ? IR and UV questions.

Ex : (classical or quantum) symmetry
breaking in EFTs

[QB/Di Luzio/Grojean/Paul/
Rossia ’20, ’20, QB/Gendy/

Grojean/Ruderman ’21, ’23, QB/
Grojean/Kley ’22]
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Constraints from the UV 

The dynamics must be consistent… in the IR and in the UV !
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Many more ! (at dimension 8)

[Adams/Arkani-Hamed/
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Constraints from the UV 

Not necessarily compatible with IR assumptions ! In particular if 
dimension < 8 fixes the structure at dimension 8. 

Ex : flavor structure of the SMEFT
Or non-linear supersymmetry (SUSY).

[QB, Gendy, Grojean ’20]
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Supersymmetry (which assembles bosons and fermions in multiplets) may be 
relevant somewhere at high energies… and spontaneously broken ! 
One prediction : a massless Goldstino/massive gravitino.

At low energies, full and partial multiplets, coupled to the gravitino. 
Use SUSY actions with constrained superfields !

A zoo of constraints… but some cannot descend from the UV !

Reason : positivity bounds. For a real scalar + Goldstino,
constraint

[Rocek ‘78, Komargodski/Seiberg ’09]
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Constraints from the UV : non-linear SUSY 

Supersymmetry (which assembles bosons and fermions in multiplets) may be 
relevant somewhere at high energies… and spontaneously broken ! 
One prediction : a massless Goldstino/massive gravitino.

At low energies, full and partial multiplets, coupled to the gravitino. 
Use SUSY actions with constrained superfields !

A zoo of constraints… but some cannot descend from the UV !

Reason : positivity bounds. For a real scalar + Goldstino,
constraint

Trivial for some constraints… not for all ! When so, the EFT 
misses a piece (identified through explicit matching). 

[Rocek ‘78, Komargodski/Seiberg ’09]

[QB, Casagrande, Dudas ’22]
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Supersymmetry (which assembles bosons and fermions in multiplets) may be 
relevant somewhere at high energies… and spontaneously broken ! 
One prediction : a massless Goldstino/massive gravitino.

At low energies, full and partial multiplets, coupled to the gravitino. 
Use SUSY actions with constrained superfields !

A zoo of constraints… but some cannot descend from the UV !

Reason : positivity bounds. For a real scalar + Goldstino,
constraint

Trivial for some constraints… not for all ! When so, the EFT 
misses a piece (identified through explicit matching). 

[QB, Casagrande, Dudas ’22]
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Supersymmetry (which assembles bosons and fermions in multiplets) may be 
relevant somewhere at high energies… and spontaneously broken ! 
One prediction : a massless Goldstino/massive gravitino.

At low energies, full and partial multiplets, coupled to the gravitino. 
Use SUSY actions with constrained superfields !

A zoo of constraints… but some cannot descend from the UV !

Reason : positivity bounds. For a real scalar + Goldstino,
constraint

Trivial for some constraints… not for all ! When so, the EFT 
misses a piece (identified through explicit matching). 

[Rocek ‘78, Komargodski/Seiberg ’09]

[QB, Casagrande, Dudas ’22]
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Constraints from the UV : non-linear SUSY 

Supersymmetry (which assembles bosons and fermions in multiplets) may be 
relevant somewhere at high energies… and spontaneously broken ! 
One prediction : a massless Goldstino/massive gravitino.

At low energies, full and partial multiplets, coupled to the gravitino. 
Use SUSY actions with constrained superfields !

A zoo of constraints… but some cannot descend from the UV !

Reason : positivity bounds. For a real scalar + Goldstino,
constraint

Trivial for some constraints… not for all ! When so, the EFT 
misses a piece (identified through explicit matching). 

[Rocek ‘78, Komargodski/Seiberg ’09]

[QB, Casagrande, Dudas ’22]
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Dualities 

Seemingly different theories sometimes have identical/related 
dynamics

One example : double copy. “Squaring” relation between 
decomposed amplitudes for gauge and gravity theories, for different 
types of scalar theories, for gluon and photon theories, etc.

Do EFTs participate in these relations ? 

[Kawai/Lewellen/Tye ‘86,  
Bern/Carrasco/Johansson ’08]

[Broedel, Dixon ‘12,  
QB/Durieux/Grojean/Machado/

Roosmale Nepveu ’20]
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Yang-Mills equations of motion :

Dualities 

[Cheung/Mangan ’21]
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One key insight : gluons are propagating like scalars !

Yang-Mills equations of motion :

Dualities 

[Cheung/Mangan ’21]

<latexit sha1_base64="X4EIl+g1ru95nrN10m/VovVPCbU="></latexit>

D2F a
µ⌫ + fabcF b

µ⇢F
c⇢

⌫ = 0
<latexit sha1_base64="Ram1R0c4An++Q2OKkxiz7MCbwAA=">AAAC4HicjVHLSsNAFD2Nr1pfVZfdBIvgqqTiayMUFXFZwT6grSVJp3VoXiQToZQu3LkTt/6AW/0a8Q/0L7wzpqAW0QmZOXPuPWfmzrUCh0fCMF5T2tT0zOxcej6zsLi0vJJdXatGfhzarGL7jh/WLTNiDvdYRXDhsHoQMtO1HFaz+scyXrtmYcR970IMAtZyzZ7Hu9w2BVHtbO6k3XRj/fRyaNLa9OLRodHkLh3NonY2bxQMNf RJUExAHsko+9kXNNGBDxsxXDB4EIQdmIjoa6AIAwFxLQyJCwlxFWcYIUPamLIYZZjE9mnu0a6RsB7tpWek1Dad4tAfklLHJml8ygsJy9N0FY+Vs2R/8x4qT3m3Aa1W4uUSK3BF7F+6ceZ/dbIWgS4OVA2cagoUI6uzE5dYvYq8uf6lKkEOAXESdygeEraVcvzOutJEqnb5tqaKv6lMycq9neTGeJe3pAYXf7ZzElS3C8W9wu75Tr50lLQ6jRw2sEX93EcJZyijQt43eMQTnjVLu9XutPvPVC2VaNbxbWgPH4GJmns=</latexit>

DµF
aµ⌫ = 0 =)



One key insight : gluons are propagating like scalars !

Yang-Mills equations of motion :

Dualities 

[Cheung/Mangan ’21]

<latexit sha1_base64="cJBOUc2baJT7aoDtP20Tdqg6J+w="></latexit>

�aA
<latexit sha1_base64="/P1745B1Pyg9VZG6f6xhbV08A2o="></latexit>

f̃ABC�bB�cC

<latexit sha1_base64="X4EIl+g1ru95nrN10m/VovVPCbU="></latexit>

D2F a
µ⌫ + fabcF b

µ⇢F
c⇢

⌫ = 0
<latexit sha1_base64="Ram1R0c4An++Q2OKkxiz7MCbwAA=">AAAC4HicjVHLSsNAFD2Nr1pfVZfdBIvgqqTiayMUFXFZwT6grSVJp3VoXiQToZQu3LkTt/6AW/0a8Q/0L7wzpqAW0QmZOXPuPWfmzrUCh0fCMF5T2tT0zOxcej6zsLi0vJJdXatGfhzarGL7jh/WLTNiDvdYRXDhsHoQMtO1HFaz+scyXrtmYcR970IMAtZyzZ7Hu9w2BVHtbO6k3XRj/fRyaNLa9OLRodHkLh3NonY2bxQMNf RJUExAHsko+9kXNNGBDxsxXDB4EIQdmIjoa6AIAwFxLQyJCwlxFWcYIUPamLIYZZjE9mnu0a6RsB7tpWek1Dad4tAfklLHJml8ygsJy9N0FY+Vs2R/8x4qT3m3Aa1W4uUSK3BF7F+6ceZ/dbIWgS4OVA2cagoUI6uzE5dYvYq8uf6lKkEOAXESdygeEraVcvzOutJEqnb5tqaKv6lMycq9neTGeJe3pAYXf7ZzElS3C8W9wu75Tr50lLQ6jRw2sEX93EcJZyijQt43eMQTnjVLu9XutPvPVC2VaNbxbWgPH4GJmns=</latexit>

DµF
aµ⌫ = 0 =)



One key insight : gluons are propagating like scalars !

Yang-Mills equations of motion :

(more precisely : gluon field strengths are propagating like scalars)

Dualities 

[Cheung/Mangan ’21]

<latexit sha1_base64="cJBOUc2baJT7aoDtP20Tdqg6J+w="></latexit>

�aA
<latexit sha1_base64="/P1745B1Pyg9VZG6f6xhbV08A2o="></latexit>

f̃ABC�bB�cC

<latexit sha1_base64="X4EIl+g1ru95nrN10m/VovVPCbU="></latexit>

D2F a
µ⌫ + fabcF b

µ⇢F
c⇢

⌫ = 0
<latexit sha1_base64="Ram1R0c4An++Q2OKkxiz7MCbwAA=">AAAC4HicjVHLSsNAFD2Nr1pfVZfdBIvgqqTiayMUFXFZwT6grSVJp3VoXiQToZQu3LkTt/6AW/0a8Q/0L7wzpqAW0QmZOXPuPWfmzrUCh0fCMF5T2tT0zOxcej6zsLi0vJJdXatGfhzarGL7jh/WLTNiDvdYRXDhsHoQMtO1HFaz+scyXrtmYcR970IMAtZyzZ7Hu9w2BVHtbO6k3XRj/fRyaNLa9OLRodHkLh3NonY2bxQMNf RJUExAHsko+9kXNNGBDxsxXDB4EIQdmIjoa6AIAwFxLQyJCwlxFWcYIUPamLIYZZjE9mnu0a6RsB7tpWek1Dad4tAfklLHJml8ygsJy9N0FY+Vs2R/8x4qT3m3Aa1W4uUSK3BF7F+6ceZ/dbIWgS4OVA2cagoUI6uzE5dYvYq8uf6lKkEOAXESdygeEraVcvzOutJEqnb5tqaKv6lMycq9neTGeJe3pAYXf7ZzElS3C8W9wu75Tr50lLQ6jRw2sEX93EcJZyijQt43eMQTnjVLu9XutPvPVC2VaNbxbWgPH4GJmns=</latexit>

DµF
aµ⌫ = 0 =)



One key insight : gluons are propagating like scalars !

Yang-Mills equations of motion :

(more precisely : gluon field strengths are propagating like scalars)

Dualities 

[Cheung/Mangan ’21]

<latexit sha1_base64="cJBOUc2baJT7aoDtP20Tdqg6J+w="></latexit>

�aA
<latexit sha1_base64="/P1745B1Pyg9VZG6f6xhbV08A2o="></latexit>

f̃ABC�bB�cC

<latexit sha1_base64="X4EIl+g1ru95nrN10m/VovVPCbU="></latexit>

D2F a
µ⌫ + fabcF b

µ⇢F
c⇢

⌫ = 0
<latexit sha1_base64="Ram1R0c4An++Q2OKkxiz7MCbwAA=">AAAC4HicjVHLSsNAFD2Nr1pfVZfdBIvgqqTiayMUFXFZwT6grSVJp3VoXiQToZQu3LkTt/6AW/0a8Q/0L7wzpqAW0QmZOXPuPWfmzrUCh0fCMF5T2tT0zOxcej6zsLi0vJJdXatGfhzarGL7jh/WLTNiDvdYRXDhsHoQMtO1HFaz+scyXrtmYcR970IMAtZyzZ7Hu9w2BVHtbO6k3XRj/fRyaNLa9OLRodHkLh3NonY2bxQMNf RJUExAHsko+9kXNNGBDxsxXDB4EIQdmIjoa6AIAwFxLQyJCwlxFWcYIUPamLIYZZjE9mnu0a6RsB7tpWek1Dad4tAfklLHJml8ygsJy9N0FY+Vs2R/8x4qT3m3Aa1W4uUSK3BF7F+6ceZ/dbIWgS4OVA2cagoUI6uzE5dYvYq8uf6lKkEOAXESdygeEraVcvzOutJEqnb5tqaKv6lMycq9neTGeJe3pAYXf7ZzElS3C8W9wu75Tr50lLQ6jRw2sEX93EcJZyijQt43eMQTnjVLu9XutPvPVC2VaNbxbWgPH4GJmns=</latexit>

DµF
aµ⌫ = 0 =)

= + +



What about gluon EFTs ? 

Dualities [QB/Durieux/ 
Roosmale Nepveu, w.i.p.]



What about gluon EFTs ? 

Dualities 
<latexit sha1_base64="a/vREcpCsScMlOqMz/mBl379DvI="></latexit>

L � fabc

⇤2
F a
µ⌫F

b⌫
⇢F

c⇢µ

[QB/Durieux/ 
Roosmale Nepveu, w.i.p.]



What about gluon EFTs ? 

Equation of motion :

Dualities 
<latexit sha1_base64="a/vREcpCsScMlOqMz/mBl379DvI="></latexit>

L � fabc

⇤2
F a
µ⌫F

b⌫
⇢F

c⇢µ

<latexit sha1_base64="Fd4pJRy5EQl/NXJ9lU+meVWnxTY="></latexit>

DµF
aµ⌫ +

fabc

⇤2
F b⇢� !D ⌫F c

⇢� = 0

[QB/Durieux/ 
Roosmale Nepveu, w.i.p.]



What about gluon EFTs ? 

Equation of motion :

Dualities 
<latexit sha1_base64="a/vREcpCsScMlOqMz/mBl379DvI="></latexit>

L � fabc

⇤2
F a
µ⌫F

b⌫
⇢F

c⇢µ

<latexit sha1_base64="Fd4pJRy5EQl/NXJ9lU+meVWnxTY="></latexit>

DµF
aµ⌫ +

fabc

⇤2
F b⇢� !D ⌫F c

⇢� = 0

<latexit sha1_base64="oLqj6wrdrUPDfKlrUQOTNR8BAyY="></latexit>

O(⇤�n)
<latexit sha1_base64="W6sZPQf4ar3M470kruGReY61ahM="></latexit>

O(⇤�(n�2))

[QB/Durieux/ 
Roosmale Nepveu, w.i.p.]



What about gluon EFTs ? 

Equation of motion :

Dualities 
<latexit sha1_base64="a/vREcpCsScMlOqMz/mBl379DvI="></latexit>

L � fabc

⇤2
F a
µ⌫F

b⌫
⇢F

c⇢µ

<latexit sha1_base64="Fd4pJRy5EQl/NXJ9lU+meVWnxTY="></latexit>

DµF
aµ⌫ +

fabc

⇤2
F b⇢� !D ⌫F c

⇢� = 0

<latexit sha1_base64="oLqj6wrdrUPDfKlrUQOTNR8BAyY="></latexit>

O(⇤�n)

… …
<latexit sha1_base64="tHuMItt23r3KrswHi/8IGebk5rI="></latexit>

1/⇤2

<latexit sha1_base64="Ii4yXM78I+TfQx55TlfHATXoFXg="></latexit>

1/⇤0

<latexit sha1_base64="W6sZPQf4ar3M470kruGReY61ahM="></latexit>

O(⇤�(n�2))

[QB/Durieux/ 
Roosmale Nepveu, w.i.p.]



What about gluon EFTs ? 

Equation of motion :

Dualities 
<latexit sha1_base64="a/vREcpCsScMlOqMz/mBl379DvI="></latexit>

L � fabc

⇤2
F a
µ⌫F

b⌫
⇢F

c⇢µ

<latexit sha1_base64="Fd4pJRy5EQl/NXJ9lU+meVWnxTY="></latexit>

DµF
aµ⌫ +

fabc

⇤2
F b⇢� !D ⌫F c

⇢� = 0

<latexit sha1_base64="oLqj6wrdrUPDfKlrUQOTNR8BAyY="></latexit>

O(⇤�n)

… …
propagates
like a scalar !

<latexit sha1_base64="tHuMItt23r3KrswHi/8IGebk5rI="></latexit>

1/⇤2

<latexit sha1_base64="Ii4yXM78I+TfQx55TlfHATXoFXg="></latexit>

1/⇤0

<latexit sha1_base64="W6sZPQf4ar3M470kruGReY61ahM="></latexit>

O(⇤�(n�2))

[QB/Durieux/ 
Roosmale Nepveu, w.i.p.]



What about gluon EFTs ? 

Equation of motion :

Dualities 
<latexit sha1_base64="a/vREcpCsScMlOqMz/mBl379DvI="></latexit>

L � fabc

⇤2
F a
µ⌫F

b⌫
⇢F

c⇢µ

<latexit sha1_base64="Fd4pJRy5EQl/NXJ9lU+meVWnxTY="></latexit>

DµF
aµ⌫ +

fabc

⇤2
F b⇢� !D ⌫F c

⇢� = 0

<latexit sha1_base64="oLqj6wrdrUPDfKlrUQOTNR8BAyY="></latexit>

O(⇤�n)

… …
propagates
like a scalar !

=
<latexit sha1_base64="tHuMItt23r3KrswHi/8IGebk5rI="></latexit>

1/⇤2

<latexit sha1_base64="Ii4yXM78I+TfQx55TlfHATXoFXg="></latexit>

1/⇤0

<latexit sha1_base64="W6sZPQf4ar3M470kruGReY61ahM="></latexit>

O(⇤�(n�2))

… …

[QB/Durieux/ 
Roosmale Nepveu, w.i.p.]



What about gluon EFTs ? 

Equation of motion :

Dualities 
<latexit sha1_base64="a/vREcpCsScMlOqMz/mBl379DvI="></latexit>

L � fabc

⇤2
F a
µ⌫F

b⌫
⇢F

c⇢µ

<latexit sha1_base64="Fd4pJRy5EQl/NXJ9lU+meVWnxTY="></latexit>

DµF
aµ⌫ +

fabc

⇤2
F b⇢� !D ⌫F c

⇢� = 0

<latexit sha1_base64="oLqj6wrdrUPDfKlrUQOTNR8BAyY="></latexit>

O(⇤�n)

… …
propagates
like a scalar !

=
<latexit sha1_base64="tHuMItt23r3KrswHi/8IGebk5rI="></latexit>

1/⇤2

<latexit sha1_base64="Ii4yXM78I+TfQx55TlfHATXoFXg="></latexit>

1/⇤0

<latexit sha1_base64="W6sZPQf4ar3M470kruGReY61ahM="></latexit>

O(⇤�(n�2))

… …

<latexit sha1_base64="l2sUKuXc6WhqcJGKnfZJdZp4qes="></latexit>

DµF
aµ⌫ + fabc�bA !D ⌫�cA = 0

[QB/Durieux/ 
Roosmale Nepveu, w.i.p.]



What about gluon EFTs ? 

Equation of motion :

Dualities 
<latexit sha1_base64="a/vREcpCsScMlOqMz/mBl379DvI="></latexit>

L � fabc

⇤2
F a
µ⌫F

b⌫
⇢F

c⇢µ

<latexit sha1_base64="Fd4pJRy5EQl/NXJ9lU+meVWnxTY="></latexit>

DµF
aµ⌫ +

fabc

⇤2
F b⇢� !D ⌫F c

⇢� = 0

<latexit sha1_base64="oLqj6wrdrUPDfKlrUQOTNR8BAyY="></latexit>

O(⇤�n)

… …
propagates
like a scalar !

=
<latexit sha1_base64="tHuMItt23r3KrswHi/8IGebk5rI="></latexit>

1/⇤2

<latexit sha1_base64="Ii4yXM78I+TfQx55TlfHATXoFXg="></latexit>

1/⇤0

<latexit sha1_base64="W6sZPQf4ar3M470kruGReY61ahM="></latexit>

O(⇤�(n�2))

… …

<latexit sha1_base64="l2sUKuXc6WhqcJGKnfZJdZp4qes="></latexit>

DµF
aµ⌫ + fabc�bA !D ⌫�cA = 0

Gluons in EFTs behave 
like minimally-coupled 

scalars !

[QB/Durieux/ 
Roosmale Nepveu, w.i.p.]



Outlook

Effective field theories are a very interesting class of 
QFTs : they describe systems below the energy scale of more 
fundamental physics. They are very relevant for particle 
physics !



Outlook

Effective field theories are a very interesting class of 
QFTs : they describe systems below the energy scale of more 
fundamental physics. They are very relevant for particle 
physics !

Many interesting topics to explore. We have mentioned

- constraints on EFTs from the consistency of any 
UV completion 
 
- a duality between the dynamics of a gluon EFT 
and that of a renormalizable minimally-coupled 
theory



Outlook

Effective field theories are a very interesting class of 
QFTs : they describe systems below the energy scale of more 
fundamental physics. They are very relevant for particle 
physics !

Many interesting topics to explore. We have mentioned

- constraints on EFTs from the consistency of any 
UV completion 
 
- a duality between the dynamics of a gluon EFT 
and that of a renormalizable minimally-coupled 
theory

THANK  YOU


