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Effective Field Theories are an useful tool in our search for 
physics beyond the SM

Introduction

SM SM
NP

We can exchange the unknown NP with a known EFT

SM SM
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Assume the SM is low energy limit of an EFT 

ℒSMEFT = ℒSM + ∑
k=5

∑
i

𝒞k
i

Λk−4
𝒪k

i

Scale of new physics Operators respect SM gauge symmetries

Assumptions: no “light” particles; Higgs is part of a SU(2) doublet. 

Introduction
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Assume the SM is low energy limit of an EFT 

ℒSMEFT = ℒSM + ∑
k=5

∑
i

𝒞k
i

Λk−4
𝒪k

i

Scale of new physics Operators respect SM gauge symmetries

Assumptions: no “light” particles; Higgs is part of a SU(2) doublet. 

The theory is renormalizable order by order in Λ

Introduction
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There is a definition of renormalization that allows to 
calculated loop corrections in SMEFT 

w

hf

𝒞1
v2

Λ2
1 + 𝒞2

v2

Λ2

Introduction



Indirect constraints on SMEFT operators

Pier Paolo Giardino, UAM-IFT / 194

Operatively that means to fix the power of Λ and 
throw away anything that carries higher powers of Λ

 ∝ 𝒞1
v2

Λ2
The term  is 

simply thrown away

𝒞1𝒞2
v4

Λ4

There is a definition of renormalization that allows to 
calculated loop corrections in SMEFT 

w

hf
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A generic process can be expressed as: 

Introduction
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hf
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hf
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A generic process can be expressed as: 
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w

hf

𝒞1
v2

Λ2
1 + 𝒞2

v2

Λ2

hf

𝒞0
v2

Λ2

hf

= + +…

A generic process can be expressed as: 

If we have  “under control” we can obtain info on 
 from  without measuring 

𝒞0
𝒞1 ff → HH ff → WW

Introduction
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V(H) =
1
2

M2
HH2 +

M2
H

2v
H3 +

M2
H

8v2
H4

6

Indirect measurements help constrain the Higgs trilinear 
from single-Higgs processes:

Higgs trilinear
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V(H) =
1
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HH2 +
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Indirect measurements help constrain the Higgs trilinear 
from single-Higgs processes:

V(H) =
1
2

M2
HH2 + λ3vH3 + λ4H4

This is not the same EFT of SMEFT but it is related

Higgs trilinear
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H

H

H

g

g H

Hg

g

Extraction of  from
direct searches

λ3

7

Modifications to the Higgs trilinear can appears in different channels

Measuring the Higgs potential

Higgs trilinear
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Modifications to the Higgs trilinear can appears in different channels
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V

H

H
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V

Extraction of  from
indirect searches

λ3

G. Degrassi, PPG, F. Maltoni, D. Pagani, JHEP 1612 (2016) 080 

Measuring the Higgs potential
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Modifications to the Higgs trilinear can appears in different channels
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H

V

V

H

H

V

V

Extraction of  from
indirect searches

λ3

G. Degrassi, PPG, F. Maltoni, D. Pagani, JHEP 1612 (2016) 080 

Measuring the Higgs potential

Extraction of  from
precision observables

λ3

G. Degrassi, M. Fedele, PPG, JHEP 1704 (2017) 155 

Higgs trilinear
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Single-H helps improving the 
HH bounds

ATLAS-CONF-2022-050

Nowadays the HH bounds are 
stronger than H bounds 

Higgs trilinear
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Higgs trilinear

Higgs Pair production is 
sensitive to anomalous 

top couplings.

H

H

H

g

g H

Hg

g
kt
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Bounds from single 
Higgs measurements 
give information on 
other directions in 
parameter space

ATLAS-CONF-2022-050

Higgs trilinear

Higgs Pair production is 
sensitive to anomalous 

top couplings.

H

H

H

g

g H

Hg

g
kt
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Top observables in Electroweak precision observables

In the SMEFT* the EWPO depend on a set of 10 operators at LO

*in the Warsaw basis

Mostly include modifications of the Z verteces 

EWPO
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At NLO EWPO give us indirect info 
on 4-fermion interactions

EWPO
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At NLO EWPO give us indirect info 
on 4-fermion interactions

4-fermion interactions involving tops 
are particularly relevant

Z

u

u

1

t

t

b

b

S. Dawson, PPG; Phys.Rev.D105(2022)7, 073006 SMEFiT Collaboration; arXiv: 2105.00006

EWPO

Direct searches
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CP violating operators in the Higgs sector

CP violation

K. Asteriadis, S. Dawson, P.P.G, R. Szafron; arXiv:2406.
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CP violating operators in the Higgs sector

𝒪ϕW̃B = ϕ†τiϕW̃i
μνBμν

CP violation

In particular we concentrate on 3 operators

𝒪ϕW̃ = ϕ†ϕW̃μνWμν 𝒪ϕB̃ = ϕ†ϕB̃μνBμν

K. Asteriadis, S. Dawson, P.P.G, R. Szafron; arXiv:2406.
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CP violating operators in the Higgs sector

𝒪ϕW̃B = ϕ†τiϕW̃i
μνBμν

That appear in HVV couplings
H

Z

Z

CP violation

In particular we concentrate on 3 operators

𝒪ϕW̃ = ϕ†ϕW̃μνWμν 𝒪ϕB̃ = ϕ†ϕB̃μνBμν

K. Asteriadis, S. Dawson, P.P.G, R. Szafron; arXiv:2406.
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H

Z

Z

CP violation



Indirect constraints on SMEFT operators

Pier Paolo Giardino, UAM-IFT / 1913

H

Z

Z

𝒜 ∼ SM(gμν − pμpν) + 𝒪CPV
ϵμνρσpρpσ

No interference between SM and EFT

CP violation
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H

Z

Z

𝒜 ∼ SM(gμν − pμpν) + 𝒪CPV
ϵμνρσpρpσ

No interference between SM and EFT

H

Z

ℓ

ℓ 𝒜 ∼ SM + i𝒪CPV

The interference disappears in the square

∼ Tr[γμγνγργσγ5] ∼ iϵμνρσ

CP violation
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H

Z

Z

𝒜 ∼ SM(gμν − pμpν) + 𝒪CPV
ϵμνρσpρpσ

No interference between SM and EFT

H

Z

ℓ

ℓ 𝒜 ∼ SM + i𝒪CPV

The interference disappears in the square

∼ Tr[γμγνγργσγ5] ∼ iϵμνρσ

CP violation

Only quadratic terms in  possible𝒪CPV
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More info on  can be ontained if we “rotate” 𝒪CPV
H → Zℓℓ

H

Z

ℓ

ℓ

H

Zℓ

ℓ

CP violation
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More info on  can be ontained if we “rotate” 𝒪CPV
H → Zℓℓ

H

Z

ℓ

ℓ

H

Zℓ

ℓ

Loop corrections to  have imaginary partsℓℓ → HZ

H

Zℓ

ℓ

𝒜 ∼ SM(1 + ℜSM + iℑSM)
+i𝒪CPV

(1 + ℜ𝒪CPV
+ iℑ𝒪CPV

)

CP violation
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More info on  can be ontained if we “rotate” 𝒪CPV
H → Zℓℓ

H

Z

ℓ

ℓ

H

Zℓ

ℓ

Loop corrections to  have imaginary partsℓℓ → HZ

H

Zℓ

ℓ

𝒜 ∼ SM(1 + ℜSM + iℑSM)
+i𝒪CPV

(1 + ℜ𝒪CPV
+ iℑ𝒪CPV

)

|𝒜 |2 ∼ SM2(1 + 2ℜSM) + 2SM𝒪CPV
(ℑSM − ℑ𝒪CPV

)

CP violation
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 and SM have different dependence on 𝒪CPV
θh

CP violation

*preliminary study: K. Asteriadis, S. Dawson, P.P.G, R. Szafron; arXiv:2406.
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 and SM have different dependence on 𝒪CPV
θh

Assuming  and 
differences* at small angles

Λ = 1 TeV 𝒞 ∼ 1
∼ 2 − 3 %

Ratio (dσEFT/d cos θ)/(dσSM/d cos θ)

-1.0 -0.5 0.5 1.0
cos θ

-0.02

-0.01

0.01

0.02

`Δ
s =240 GeV

TphiWf

TphiBf

TphiWBf

CP violation

*preliminary study: K. Asteriadis, S. Dawson, P.P.G, R. Szafron; arXiv:2406.
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 differences at 𝒪(10%) s = 350 GeV

CP violation

*preliminary study: K. Asteriadis, S. Dawson, P.P.G, R. Szafron; arXiv:2406.
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-1.0 -0.5 0.5 1.0
cos θ

-0.04

-0.02

0.02

0.04

Δ
s =240 GeV, TphiWf

Unpolarizeed

L

R

Further info. in polarized-unpolarized   σ

 differences at 𝒪(10%) s = 350 GeV

CP violation

*preliminary study: K. Asteriadis, S. Dawson, P.P.G, R. Szafron; arXiv:2406.
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-1.0 -0.5 0.5 1.0
cos θ

-0.04

-0.02

0.02

0.04

Δ
s =240 GeV, TphiWf

Unpolarizeed

L

R

Further info. in polarized-unpolarized   σ

Fcc-ee will be able to put strong* 
bounds on these operators

 differences at 𝒪(10%) s = 350 GeV

CP violation

*preliminary study: K. Asteriadis, S. Dawson, P.P.G, R. Szafron; arXiv:2406.
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H

ℓ

ℓ

Single limits are ∼ 𝒪(1)

arXiv: 2304.09612

CP violation

EDM single Op. limits:  𝒪CPV
≲ 10−5

J. Kley, T. Theil, E. Venturini, A. Weiler; arXiv:2109.15085v3 [hep-ph]ℓ

γ
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Atlas limits:

CP violation

EDM single Op. limits:  𝒪CPV
≲ 10−5

J. Kley, T. Theil, E. Venturini, A. Weiler; arXiv:2109.15085v3 [hep-ph]

EDM:

H

ℓ ℓ

γ

Asym: 
∫

forward
dσee→HZ − ∫

backward
dσee→HZ

∫ dσee→HZ
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• Loop corrections of SM processes involve EFT operators not 
present at LO.

• This can be used to find information on NLO operators 
through indirect searches.

• Bounds from indirect searches can compete with direct 
searches, or at least help with multi-dimensional bounds.

Conclusion


