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No new particle at the LHC, no clear deviation from SM couplings : 
renewed interest in effective field theories (EFTs)
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If no light BSM d.o.f. : generic framework to interpret experimental 
results

Usual picture : presence of BSM states 

Slightly less discussed aspect : different types of EFTs for 
different types of BSM states
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Which EFTs ?

The HEFT
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Use of the SMEFT : assumption about the nature of EWSB and 
about the origin of the UV states mass

[see e.g. Cohen/Craig/Lu/Sutherland ’20 + refs therein] 
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Prototypical example : heavy fermion which gets all of 
its mass from the EW vev
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Prototypical example : heavy fermion which gets all of 
its mass from the EW vev

Leads to non-decoupling effects and a violation of the 
SMEFT power counting

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

SU(3)⇥ SU(2)⇥ U(1)

<latexit sha1_base64="Z+8Gh5LKae/9rWHxHVhdWr0f8uU="></latexit>

Aa,i,Y
µ  i,L/R U = ei⇡

a�a

h

<latexit sha1_base64="h88WMHBy/qc3INL/0bsYK9b2NA0="></latexit>

L = ...
[Feruglio ’93]

Use of the SMEFT : assumption about the nature of EWSB and 
about the origin of the UV states mass

[see e.g. Cohen/Craig/Lu/Sutherland ’20 + refs therein] 

The HEFT
(non-linear EW sym.)



Prototypical example : heavy fermion which gets all of 
its mass from the EW vev

Leads to non-decoupling effects and a violation of the 
SMEFT power counting 
 

Ex : Higgs to photons^2
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Large      : linear EW 
sym. limit

Vanishing     : « IR » 
chirality
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- electroweak precision tests : satisfied in the custodial limit
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- Higgs couplings 
(in the alignment limit) :

- direct searches for stable  
charged particles : 

200 400 600 800 1000 1200
M [GeV]

10�4

10�3

10�2

10�1

100

�
[
p
b
]

CMS DY bounds

Tracker Only

Tracker+TOF

DY cross-section

|Q| = 1, 1

|Q| = 1, 2

200 400 600 800 1000 1200
M [GeV]

10�4

10�3

10�2

10�1

100

�
[
p
b
]

CMS DY bounds

Tracker Only

Tracker+TOF

DY cross-section

|Q| = 2, 1

|Q| = 2, 2



Take away

A non-linear EW symmetry above the EW scale has 
quantitative effects on EFTs (e.g. on power counting)



Take away

A non-linear EW symmetry above the EW scale has 
quantitative effects on EFTs (e.g. on power counting)

It implies a violation of sum rules on axion couplings 
to electroweak gauge fields



Take away

Ex : in the presence of heavy chiral fermions (i.e. which 
obtain their mass mainly from the/a Higgs field)

A non-linear EW symmetry above the EW scale has 
quantitative effects on EFTs (e.g. on power counting)

It implies a violation of sum rules on axion couplings 
to electroweak gauge fields



Take away

It implies a violation of sum rules on axion couplings 
to electroweak gauge fields

Ex : in the presence of heavy chiral fermions (i.e. which 
obtain their mass mainly from the/a Higgs field)

The simplest model which realizes this is not yet 
excluded

A non-linear EW symmetry above the EW scale has 
quantitative effects on EFTs (e.g. on power counting)



Thank you !
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Axion coupling

Global anomaly
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fa,m 
[Quevillon, Smith  ’19]

Wrong conclusion e.g. in 
DFSZ model 
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Anomalies MUST match 
for a GAUGE symmetry
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since boundary term… 
better to deal with 
« bulk » objects
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We obtain that 
                     for a massless gauge field :  
                     for a massive (chiral) gauge field :

A = C
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