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[ū�µ(1� �5)d][ē�µ(1� �5)⌫e]

<latexit sha1_base64="B+7K+7aET1k6sAUIY0PQmRJTPOs="></latexit>u
<latexit sha1_base64="Pwkr1gANNU3AXWQPbGeeY+rs2Go="></latexit>

d
<latexit sha1_base64="6QOHI4MT4KyWeaqQmgSAZ1+hs48="></latexit>e

<latexit sha1_base64="r5EGn5OwgzO9uRRJof744zuRL9s="></latexit>

⌫̄e <latexit sha1_base64="omc5rRJpPThgIhkGXT/aMG33yio="></latexit>

W�

<latexit sha1_base64="xuOECsNiUv5k3DG+yqY0CkIpXDM="></latexit>

GF =
g2

m2
W

Weakly coupled UV theory,
fundamental d.o.f.s



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Glorious examples :

II. Chiral perturbation theory
<latexit sha1_base64="ZrKlE4dM39FAFsGZC/PpM4LeGXU="></latexit>

L =
f2
⇡

4
Tr|@µ(e2i⇡

aTa/f⇡ )|2

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡
<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡
<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Glorious examples :

II. Chiral perturbation theory
<latexit sha1_base64="ZrKlE4dM39FAFsGZC/PpM4LeGXU="></latexit>

L =
f2
⇡

4
Tr|@µ(e2i⇡

aTa/f⇡ )|2

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡
<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡
<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Glorious examples :

II. Chiral perturbation theory
<latexit sha1_base64="ZrKlE4dM39FAFsGZC/PpM4LeGXU="></latexit>

L =
f2
⇡

4
Tr|@µ(e2i⇡

aTa/f⇡ )|2

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡
<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡
<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡ Strongly coupled UV 

theory, effective d.o.f.s
<latexit sha1_base64="CMobh1V2HSlkpzRAJG+KUdCCAwE="></latexit>q

<latexit sha1_base64="1eWDuP19sXW2h1u9g3UZ80Z7xQ4="></latexit>

q̄

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Glorious examples :

II. Chiral perturbation theory
<latexit sha1_base64="ZrKlE4dM39FAFsGZC/PpM4LeGXU="></latexit>

L =
f2
⇡

4
Tr|@µ(e2i⇡

aTa/f⇡ )|2

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡
<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡
<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡ Strongly coupled UV 

theory, effective d.o.f.s
<latexit sha1_base64="CMobh1V2HSlkpzRAJG+KUdCCAwE="></latexit>q

<latexit sha1_base64="1eWDuP19sXW2h1u9g3UZ80Z7xQ4="></latexit>

q̄

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡QCD



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Glorious examples :

II. Chiral perturbation theory
<latexit sha1_base64="ZrKlE4dM39FAFsGZC/PpM4LeGXU="></latexit>

L =
f2
⇡

4
Tr|@µ(e2i⇡

aTa/f⇡ )|2

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡
<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡
<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡ Strongly coupled UV 

theory, effective d.o.f.s
<latexit sha1_base64="CMobh1V2HSlkpzRAJG+KUdCCAwE="></latexit>q

<latexit sha1_base64="1eWDuP19sXW2h1u9g3UZ80Z7xQ4="></latexit>

q̄

<latexit sha1_base64="6MpU1I4lnQ1fG2nLodxPwx1yzTc="></latexit>⇡QCD

Symmetry! Broken
flavor symmetry, 

spurions, anomalies, …



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Glorious examples :

I. Fermi theory  
II. Chiral perturbation theory 
… 
Appropriate description at the appropriate scale !



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Next examples ?



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Next examples ?

III. SMEffectiveFieldTheory



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Next examples ?

III. SMEffectiveFieldTheory

i.e. all effective 
interactions of 
the SM d.o.f.s

<latexit sha1_base64="QQO2WpUgFoFdQqoCWMy8KLdx82g="></latexit>

A
a,i,Y
µ  i,L/R H

[Buchmüller/Wyler ’85, Grzadkowski et al ’10]



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Next examples ?

III. SMEffectiveFieldTheory

i.e. all effective 
interactions of 
the SM d.o.f.s 
(subject to gauge 
invariance, and 
additional symmetry 
requirements, e.g. 
B,L)

<latexit sha1_base64="QQO2WpUgFoFdQqoCWMy8KLdx82g="></latexit>

A
a,i,Y
µ  i,L/R H

<latexit sha1_base64="f9P5KUr0NmHUJK6YDUpuCP4RFZ8="></latexit>

SU(3)⇥ SU(2)⇥ U(1)

[Buchmüller/Wyler ’85, Grzadkowski et al ’10]



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Next examples ?

III. SMEffectiveFieldTheory

i.e. all effective 
interactions of 
the SM d.o.f.s 
(subject to gauge 
invariance, and 
additional symmetry 
requirements, e.g. 
B,L)

<latexit sha1_base64="QQO2WpUgFoFdQqoCWMy8KLdx82g="></latexit>

A
a,i,Y
µ  i,L/R H

<latexit sha1_base64="f9P5KUr0NmHUJK6YDUpuCP4RFZ8="></latexit>

SU(3)⇥ SU(2)⇥ U(1)
<latexit sha1_base64="V8a4NkALISdos1OZCdwYSsI/FkE="></latexit>

L = LSM +
X

i

ci
⇤di�4

Oi

<latexit sha1_base64="4kBzbvfrppoo7oV+GXwgfA9MBs0="></latexit>

Oi = C
(1)
H L,ij

 
i

L
�
µ
 
j

L

⇣
H

† !
D µH

⌘

[Buchmüller/Wyler ’85, Grzadkowski et al ’10]



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Next examples ?

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



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Next examples ?

III. SMEffectiveFieldTheory 

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

May be the right way to think about new physics.



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Next examples ?

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 ?



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Next examples ?

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.



Effective field theories 

Universal tool ! In particle physics: hinting towards more 
fundamental description at shorter scales.

Next examples ?

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/
Dubovsky/Nicolis/
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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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Related by SUSY to the 
kinetic term and scalar 

potential… but must be > 0



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). 

[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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One key insight : gluons are propagating like scalars !

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]
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