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Higgs boson couplings

[CMS Collaboration, 2022]

couplings to EW gauge bosons;

couplings to the third 
generation massive fermions;

coupling to the muon;

Higgs self couplings;

coupling to the electron;

couplings to the light quarks.

κ -parametrisation: κf =
ghff

gSM
hff
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General Overview
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Light fermion Yukawa couplings

Higgs decay to electrons:        at C.L.  [ATLAS Collaboration, 2019]|κe | < 260 95 %

HL-LHC at  C.L.95 %

Current 
constraints

Higgs + photon: at C.L. [CMS 
Collaboration, 2025]

95 %,

,

|κu | < 2.3 ⋅ 103

|κd | < 9.7 ⋅ 102

−42 < κs < 44

−4.0 < κc < 3.5

Proposals for light quark Yukawa couplings:


•  charge asymmetry  [Yu, 2016]


• Higgs  spectrum [Bishara, Haisch, Monni, Re, 2016]


• Higgs pair production [Alasfar, Corral Lopez, Gröber, 2019], [Alasfar, 

Gröber, Grojean, Paul, Qian, 2022] 


• Global fits on Higgs data  [de Blas et al., 2019]

• Triboson production [Falkowski et al, 2020]


• Higgs plus photon  [Aquilar-Saavedra, Cano, No, 2020]


• Higgs off-shell production  [Balzani, Gröber, Vitti, 2023] 

W± h
pT

[Balzani, Gröber, Vitti, 
2023] 

[Cepeda et al., 2019]











|κu | < 260
|κd | < 156

|κc | < 1.2
|κs | < 13

|κe | < 120

[de Blas et al., 2019]
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Standard Model Effective Field Theory

 ℒSMEFT = ℒSM + ∑
d>4

nd

∑
i=1

𝒞(d)
i (μ) 𝒪(d)

i , [𝒞(d)
i ] = 4 − d .

1. Identify deviations from SM predictions: 

 ;


2. Compare with experimental results, obtaining 

constraints in terms of Wilson Coefficients;


3. Introduce UV model dependence by matching 

procedure [Fuentes-Martín, König, Pagès, Thomsen, Wilsch, 

2022], [Guedes, Olgoso, Santiago, 2023] and  [Guedes, Olgoso, 

2024].

𝒪theo
α = 𝒪SM

α + δ𝒪SMEFT
α

Figure courtesy of L. Alasfar
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Identification of dimension-six SMEFT operators

 





𝒪uϕ = (ϕ†ϕ) (q̄Lϕ̃uR) ,

𝒪dϕ = (ϕ†ϕ) (q̄LϕdR) ,

𝒪eϕ = (ϕ†ϕ) (l̄LϕeR) .

Identify three Warsaw basis [Grzadkowski, Iskrzyński, 
Misiak, Rosiek, 2010] operators:

→↑ Ouω

ω→ ω ω→

uR q̄L

 ℒ d=6
SMEFT = ℒSM +

n6

∑
i=1

𝒞(6)
i (μ) 𝒪(6)

i , [𝒞(6)
i ] = − 2 .

mf = v

2 (yf − v2

2 𝒞fϕ)
ghff = 1

2 (yf − 3v2

2 𝒞fϕ)

E.g.: for  order per mille tuning 
between  and  

κu ≈ 1000
[yu]11 v2[𝒞uϕ]11/2Fine tuning

κf = 1 −
v3

2mf

𝒞fϕ

Broken 
phase
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Model Identification

[de Blas, Criado, Perez-Victoria, Santiago, 2018]

Goal: identify UV models 

generating unsuppressed 

contributions to  :


(a) Single scalar mediator 

models;


(b) Two scalars models; 


(c) Models with a pair of vector-

like fermions (VLQs and VLLs);


(d) Models with a VLQ / VLL + 

scalar.

𝒪fϕ

June 18, 2025 05/24
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UV models with one vector-like fermion

ω→ ω ω→

uR q̄L

qL U

If only one VLF is included, matching results in 𝒞fϕ ∼ yf λ2
UV ⇒ κf − 1 ∼

v2

M2
λ2

UV

E.g.: model with only U ∼ (3,1)2
3

ℒ ⊃ − (λUŪRϕ̃†qL + h.c.) − MuŪU

[𝒞uϕ]ij =
[y*u ]jk [λU]k[λ*U]i

2M2
U

 , constrained by EWPOs.κu − 1 ∼ v2 | [λU]1 |2

2M2
U

= − 2δgZu

June 18, 2025 06/24
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Models with Vector-like quark pairs

Prediction: No Yukawa suppressionκq − 1 ≈
v3

2mq

𝒞qϕ ∼
1

MQ1
MQ2

λQ1
λQ2

λQ1Q2
⇒

U ∼ (3,1)2
3

D ∼ (3,1)− 1
3

Q1 ∼ (3,2)1
6

Q5 ∼ (3,2)− 5
6

Q7 ∼ (3,2)7
6

T1 ∼ (3,3)− 1
3

T2 ∼ (3,3)2
3

Singlets Doublets Triplets

Doublet + Singlet










Q1 + U

Q1 + D

Q7 + U

Q5 + D

Doublet + Triplet










Q1 + T1

Q5 + T1

Q1 + T2

Q7 + T2

Yukawa-like 
interactions with SM 

light quarks 

Yukawa-like pair 
interaction

ℒUV ⊃ ∑
i=1,2

λQi
ϕ Qi q + λQ1Q2

ϕ Q1 Q2

VLQs and 
Irreps. 
under 
GSM

Models

[de Blas, Criado, Perez-Victoria, Santiago, 2018]
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Models with Vector-like Lepton pairs

[de Blas, Criado, Perez-Victoria, Santiago, 2018]

Prediction: No Yukawa suppressionκe − 1 ≈
v3

2me

𝒞eϕ ∼
1

ML1
ML2

λL1
λL2

λL1L2
⇒

E ∼ (1,1)−1 Δ1 ∼ (1,2)− 1
2

Δ3 ∼ (3,2)− 3
2

Σ ∼ (1,3)0

Σ1 ∼ (1,3)−1

Singlets Doublets Triplets

Doublet + Singlet


Δ1 + E

Δ3 + E

Doublet + Triplet







Σ1 + Δ3

Σ1 + Δ1

Σ + Δ1

Yukawa-like 
interactions with SM 

electron 

Yukawa-like pair 
interaction

ℒUV ⊃ λRϕ L1L eR + λLϕ L2RlL + λL1L2
ϕ L1 L2

VLLs and 
Irreps. 
under 
GSM

Models
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• Operators generated at the tree level (  ):


• Operators generated at the one loop level:

f = e, u, d

SMEFT operators from UV Models with VLF pairs

Barbara Anna Erdelyi

Ouω (ω†ω) (q̄Lω̃uR) Odω (ω†ω) (q̄LωdR) Oeω (ω†ω) (l̄LωeR)

Oωf (iω†→↑
D µω)(f̄RεµfR) O

(1)
ωf (iω†→↑

D µω)(f̄LεµfL) O
(3)
ωf (iω†→↑

D I
µω)(f̄LεµϑIfL)

Oω↭ (ω†ω)↭(ω†ω) OωG (ω†ω) (GA
µεGµεA) OωB (ω†ω) (BµεBµε)

OωD |ω†Dµω|
2

OωW (ω†ω) (W I
µεW µεI) OωW B (ω†εIω) (W I

µεBµε)

Table 1: Relevant dimension-6 SMEFT operators generated by Models 1 – 8 at
loop-level.

We focus on the following Warsaw basis operators [Grzadkowski, Iskrzyński, Misiak, Rosiek, 2010], 
generated by integrating out the heavy particles:


June 18, 2025 09/24
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Oω↭ (ω†ω)↭(ω†ω) OωG (ω†ω) (GA
µεGµεA) OωB (ω†ω) (BµεBµε)

OωD |ω†Dµω|
2

OωW (ω†ω) (W I
µεW µεI) OωW B (ω†εIω) (W I

µεBµε)

Table 1: Relevant dimension-6 SMEFT operators generated by Models 1 – 8 at
loop-level.

Ouω (ω†ω) (q̄Lω̃uR) Odω (ω†ω) (q̄LωdR) Oeω (ω†ω) (l̄LωeR)

Oωf (iω†→↑
D µω)(f̄RεµfR) O

(1)
ωf (iω†→↑

D µω)(f̄LεµfL) O
(3)
ωf (iω†→↑

D I
µω)(f̄LεµϑIfL)

Barbara Anna Erdelyi

SMEFT operators from UV Models with VLF pairs

These operators cause deviations in the theoretical predictions for Higgs Physics 
Observables and for ElectroWeak Precision Observables :


• Operators generated at the tree level (  ):


• Operators generated at the one loop level:

f = e, u, d

June 18, 2025 09/24



Light quark Yukawa coupling enhancements
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Constraints: Overview

Direct Searches

MQ > Λexp

EWPOs

quark couplings to  

and 

W±

Z

Higgs Physics 
Observables:


Higgs boson production 
and decays


 χ2
tot < χ2

tot, min + Δχ2(ndofs, CL)

Flavour Physics




CKM

λi
Q , i = 1,2

June 18, 2025 10/24
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Constraints: Overview

EWPOs

quark couplings to  

and 

W±

Z

Higgs Physics 
Observables:


Higgs boson production 
and decays


Flavour Physics




CKM

λi
Q , i = 1,2

κu = 260
κu = 350

λUQ1 = 1.36, 68%CL
λUQ1 = 1.41, 95%CL

[λQ1
d ]1 = [λQ1

u ]1

Model 1

-2 -1 0 1 2
-1.0

-0.5

0.0

0.5

1.0

[λQ1
u ]1

[λ
U
] 1  CL68 %

 CL95 %

June 18, 2025

Direct Searches

MQ > Λexp

Plot made using current experimental constraints

10/24
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Constraints: Flavour Physics Bounds

• Flavour changing neutral currents constrain models to very high scales if couplings to 
first and second generation couplings are allowed:


    E.g.: For  ,    sets  .


[Ishiwata, Ligeti, Wise, 2015]


NP couples to one generation at a time

D ∼ (3,1)− 1
3

K+ → π+νν̄ MD > [λD]1 [λD]2 126 TeV

⇒

• Presence of  induces deviations in  boson 

couplings, in particular deviations from CKM unitarity




[Particle Data Group, 2024]

𝒪(3)
ϕq W

S11 = |Vi1 |2 + |Vi2 |2 + |Vi3 |2 = 0.9984 ± 0.0007

Lower bounds on masses
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https://arxiv.org/abs/1506.03484
https://cds.cern.ch/record/2907603


Barbara Anna Erdelyi June 18, 2025

Constraints: Direct searches for Vector-like Quarks

Production of VLQs coupled to the light quarks at the Large Hadron Collider.

[Freitas, Gonçalves, Morais, Pasechnik, 2022] provides 

projections for HL-LHC. 


Sets  .MQ = Λ = 2.4 TeV

• Current searches: 


• Future Colliders:

In the limit , 

[ATLAS Collaboration, 2024] sets 


 TeV  TeV;    

Br(Q → qW ) = 1

MQ > 1.53 ⇒ MQ = Λ = 1.6

12/24
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 [de Blas et al, 2019], [Bresó-Pla, Falkowksi, González-Alonso, 2021], [Bernardi et al, 2022], 
[Allwicher, Isidori, Lizana, Selimović, Stefanek, 2023]

Deviations due to

• ;


• ;


• ;


•

mW = 80.379(12) GeV

ΓW = 2.085(42) GeV

ΓZ = 2.4955(23) GeV

…

E.g.:

χ2 = ∑
α,β

(𝒪exp
α − 𝒪theo

α )σ−2
αβ (𝒪exp

β − 𝒪theo
β ) , 𝒪theo

α = 𝒪SM
α + δ𝒪SMEFT

α .

δ𝒪SMEFT
α

𝒪exp
α W-pole and Z-pole observables: 

𝒪(1)
ϕq , 𝒪(3)

ϕq , 𝒪ϕu , 𝒪ϕd , 𝒪ϕud , 𝒪ϕD and 𝒪ϕWB .

δmW = − v2 g2
L

4(g2
L − g2

Y)
𝒞ϕD − v2 gLgY

g2
L − g2

Y
𝒞ϕWB .

Barbara Anna Erdelyi

Constraints: ElectroWeak Precision Observables

June 18, 2025 13/24
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[Brivio, Corbett, Trott, 2019], [Alasfar, Corral Lopez, Gröber, 2019], [Cepeda et al, 2019], 
[Spira, 2021], [CMS Collaboration, 2022]

Barbara Anna Erdelyi

Constraints: Higgs Physics Observables

χ2 = ∑
α,β

(𝒪exp
α − 𝒪theo

α )σ−2
αβ (𝒪exp

β − 𝒪theo
β ) , 𝒪theo

α = 𝒪SM
α + δ𝒪SMEFT

α .

 , , , , , .α = γγ ZZ W+W− μ+μ− τ+τ− b̄b

Observable is the Signal Strength :  μα =
σSMEFT

h BRSMEFT(h → α)
σSM

h BRSM(h → α)

=
σSMEFT

h

σSM
h

ΓSM
h

ΓSMEFT
h

ΓSMEFT
h→α

ΓSM
h→α

June 18, 2025

Current LHC results and HL-LHC projections
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Higgs boson production in SMEFT:

σSMEFT

h = σSM
h +σSMEFT

GGh +κ2
u σSM

uuh + κ2
d σSM

ddh .

Constraints: Higgs Physics Observables

h

G

G ∝ 𝒞ϕG
∝ κqyq

h

G

G

t

t

t
h

q̄

q

June 18, 2025 15/24
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Higgs boson decays in the SMEFT:

[Brivio, Corbett, Trott, 2019] +


                           

ΓSMEFT
h = ΓSM

h (1+ +2v2 (BR(h → γγ) + BR(h → GG)) 𝒞kin
h )

+Γr
dκ2

d + Γr
uκ2

u + ΓSM
c (κ2

c − 1) + ΓSM
s (κ2

s − 1)

Higgs boson production in SMEFT:

σSMEFT

h = σSM
h +σSMEFT

GGh +κ2
u σSM

uuh + κ2
d σSM

ddh .

∝ κqyq

Constraints: Higgs Physics Observables

h

G

G ∝ 𝒞ϕG
∝ κqyq

h

G

G

t

t

t
h

q̄

q

h

q̄

q
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Precision reach on effective Higgs couplings at 240 GeV and 365 GeV runs at FCC-ee [FCC Collaboration, 2018]. 

June 18, 2025

χ2 = ∑
α,β

(𝒪exp
α − 𝒪theo

α )σ−2
αβ (𝒪exp

β − 𝒪theo
β ) , 𝒪theo

α = 𝒪SM
α + δ𝒪SMEFT

α .

FCC - ee projections

Constraints: Higgs Physics Observables

16/24
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Results: up quarks

κu

κu = 260 [Balzani, Gröber, Vitti, 2023] 

June 18, 2025 17/24
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Results: light quark Yukawa couplings

κu
κd

κc κs

κd = 156
κu = 260

κc = 1.2
κs = 13

[de Blas et al., 2019],

[Balzani, Gröber, Vitti, 2023] 








|κu | < 2.3 ⋅ 103

|κd | < 9.7 ⋅ 102

−42 < κs < 44
−4.0 < κc < 3.5

HL-LHC projections 
@ CL95 %

Exp. constraints

@ CL95 %

[CMS Collaboration, 2025]
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Electron Yukawa coupling enhancements
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Constraints: Overview

June 18, 2025

• Current constraints: electron g-2 experiments 


• Constraints from future experiments

Future electron g-2

FCC-ee Tera-Z run

FCC-ee Tera-Z plus 240 GeV run

19/24
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Constraints: Electron g-2

June 18, 2025 20/24
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Constraints: Electron g-2

Dipoles: ℒSMEFT ⊃ 𝒞eB(l̄LσμνeR)ϕBμν + 𝒞eW(l̄LσμνeR)σ IϕWI
μν + h.c. .

Δae = η
m2

e

16π2v2
(κe − 1)

June 18, 2025

ae =
ge − 2

2

Δae < 5 ⋅ 10−13

Δae < 5 ⋅ 10−14

[Fan, Myers, Sukra, 
Gabrielse, 2022]

[Di Luzio, Keshavarzi, 
Masiero, Paradisi, 2024]

20/24

Current

Constraints

Future

Constraints

https://inspirehep.net/literature/2157242
https://inspirehep.net/literature/2157242
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https://arxiv.org/abs/2408.01123


Barbara Anna Erdelyi

Constraints: FCC-ee

χ2 = ∑
α,β

(𝒪exp
α − 𝒪theo

α )σ−2
αβ (𝒪exp

β − 𝒪theo
β ) , 𝒪theo

α = 𝒪SM
α + δ𝒪SMEFT

α .

• Uncertainties on 

 

from [FCC Collaboration, 2022]  

σ@ 240 GeV
Zh ⋅ BR(h → α)

•  in SMEFT at NLO 

studied in [Asteriadis, Dawson, 

Giardino, Szafron, 2024] 

σ@240 GeV
Zh

LO diagrams from [Asteriadis, Dawson, Giardino, Szafron, 2024]

Electroweak Physics fit: same construction as the one previously shown.


Higgs Physics fit: based on modifications from SMEFT to Zh production and h decays.
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Direct searches for Vector-like Fermions at HL-LHC

Model !1 + E !3 + E ”1 + !3 ”1 + !1

Mass [TeV] 1.8 1.9 2.2 2.1

[CMS Collaboration, 2024]: Provides exclusion limits expected for HL-LHC for VLLs coupled to the 
first generation leptons, as a function of the VLL mass. 

Setting , we obtain: ML1

= ML2
= Λ

June 18, 2025 22/24
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Results: electron

κe

Projection for 
Higgs pole run 
at FCC-ee 
[d’Enterria, Poldaru, 
Wojcik, 2021] 

κe = 1.6

κe = 120
Projections for 
HL-LHC 

[Cepeda et al, 2019]
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Conclusions and Outlook

• Large enhancements in the light Yukawa couplings are possible given current and future 
experimental data, even using simplified UV models

• Existence of interplay between light fermion Yukawa enhancements and limits on other 
SMEFT operators to be accounted for in future global fits;

• Motivation for dedicated experimental searches.

ωu ωd ωc ωs ωe

O(600) O(300) O(3) O(20) O(100)

O(30) O(20) O(1.04) O(1.8) O(10)

Current

FCC-ee proj.
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Thank you!
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Generated SMEFT Operators

Barbara Anna Erdelyi

Formulae

• To guarantee canonical normalisation of the Higgs boson’s kinetic term, redefine


;


•  Complete expression for the coupling deviation: 

ϕ =
1

2 (
0

v + h (1 + v2 𝒞kin
ϕ )) , 𝒞kin

ϕ = (𝒞ϕ□ −
1
4

𝒞ϕD)

 .[ghfi fj] =
mf

v
δij (1 + v2 𝒞kin

ϕ ) −
v2

2
[𝒞fϕ]ij ⇒ κfi = 1 + v2𝒞kin

ϕ −
v3

2mfi

[𝒞fϕ]ii

Suppression from

• One-loop generated operators;

• Would modify also heavy particle couplings;

• No  enhancement.1/mq

June 18, 2025 B1



Generated SMEFT Operators

Barbara Anna Erdelyi

Allowed Parameter Space (Model 1)

κu = 260
κu = 350

λUQ1 = 1.36, 68%CL
λUQ1 = 1.41, 95%CL

[λQ1
d ]1 = [λQ1

u ]1

Model 1

-2 -1 0 1 2
-1.0

-0.5

0.0

0.5

1.0

[λQ1
u ]1

[λ
U
] 1

κu = 260
κu = 850

λUQ1= (b.f.)EW = 0.97
[λQ1
d ]1= [λQ1

u ]1
Model 1

-3 -2 -1 0 1 2 3

-3

-2

-1

0

1

2

3

[λQ1
u ]1

[λ
U
] 1

κu = 260
κu = 2000

λUQ1 = 1.22, 68% CL

λUQ1 = 1.23, 95% CL

[λQ1
d ]1 = [λQ1

u ]1

Model 1

-2 -1 0 1 2

-2

-1

0

1

2

[λU ]1

[λ
Q
1u
] 1

EWPOs 
+ 

Flavour

Higgs 
Physics 

Fit

June 18, 2025 B2



Barbara Anna Erdelyi

UV models involving only scalars

Particle content ω ω + S ω + !

εe 266 925 323

S ∼ (1,1)0 φ ∼ (1,2)1
2

Ξ ∼ (1,3)0

Ξ1 ∼ (1,3)1

Singlets Doublets Triplets

Three available models:


• Single scalar extensions with 


• Scalar pair extensions with  and 

φ
φ + S φ + Ξ1

Generates   Not considered𝒪νν ⇒

[de Blas, Criado, Perez-Victoria, Santiago, 2018]
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https://arxiv.org/abs/1711.10391


Barbara Anna Erdelyi

UV models involving one scalar and one VLL

Projection for 
Higgs pole run 
at FCC-ee 
[d’Enterria, Poldaru, 
Wojcik, 2021] 

κe = 1.6

κe = 120
Projections for 
HL-LHC 

[Cepeda et al., 2019]

κe = 260
Current 
constraint  

[ATLAS 
Collaboration, 2019]
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https://arxiv.org/abs/2107.02686
https://arxiv.org/abs/2107.02686
https://arxiv.org/abs/2107.02686
https://arxiv.org/abs/1902.00134
https://arxiv.org/abs/1909.10235
https://arxiv.org/abs/1909.10235
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Branching Ratios

In some models the branching ratios in an appropriate limit can reproduce 



E.g., Model 1 with  and  :

BR (Q → Wq : Zq : hq) = 0.5 : 0.25 : 0.25

Q1 = (T
B) U

 


                                         

BR (T/U → hu) = BR (T/U → Zu) =
1
2

λ2
U + λu2

Q1

λu 2
Q1

+ λd 2
Q1

+ 2λ2
U

λu2
Q1

→λd2
Q1⟶

1
4
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Branching Ratios




              

BR (T/U → W+d) =
λ2

U + λd 2
Q1

λu 2
Q1

+ λd 2
Q1

+ 2λ2
U

λu2
Q1

→λd2
Q1⟶

1
2

In some models the branching ratios in an appropriate limit can reproduce 



E.g., Model 1 with  and  :

BR (Q → Wq : Zq : hq) = 0.5 : 0.25 : 0.25

Q1 = (T
B) U
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Branching Ratios

Neutral channel Charged channel

June 18, 2025 B5


