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Introduction

• The purpose of any future collider is to improve our knowledge of what new 
physics explains the issues of the Standard Model
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No single experiment can explore all directions at once.
None can guarantee discoveries.
The next big FC will exist only if capable to explore many 
directions, and be conclusive on some of those

The best Future Collider is that which allows to explore many directions



Introduction

• The purpose of any future collider is to improve our knowledge of what new 
physics explains the issues of the Standard Model

• Because we do not know what the form of new physics may be or where it 
could be hidding…
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Ideology

?

No single experiment can explore all directions at once.
None can guarantee discoveries.
The next big FC will exist only if capable to explore many 
directions, and be conclusive on some of those

The best Future Collider is that which allows to explore many directions

Explore the search of BSM in a general way, not attached to any particular scenario 

Model independence → Many posible BSM deformations  
→ Need many observables and a global interpretation
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Ideology

?

No single experiment can explore all directions at once.
None can guarantee discoveries.
The next big FC will exist only if capable to explore many 
directions, and be conclusive on some of those

The best Future Collider is that which allows to explore many directions

Global interpretations to maximize the sensitivity to new physics 
Particularly important for model characterization

In this talk:  

‣ Summary of the global interpretation studies of the EW/Higgs 
sector prepared for FCC feasibility report 

‣ Emphasis on updates wrt. last studies from CDR & Snowmass 

‣ Focused on the “agnostic” global SMEFT fits 

‣ Conclusions: Ongoing work for ESPP 2026
See talks by:   L. Allwicher & J. ter Hove (Tue.)  

 H. Vuong (today)
for BSM interpretations of SMEFT fits



Effective Field Theories for BSM physics

• EFT to describe indirect effects of BSM at low energies:

• Global fits performed within the dimension-6 SMEFT framework:

• Model independent only within the assumptions 

• N
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February 16, 2018

EFT analyses with FCC precision

J. de Blasa†

aINFN, Sezione di Roma, Piazzale A. Moro 2, I-00185 Rome, Italy

Abstract

Materials for the talk presented at the FCC physics meeting on Feb. 19 2018.
EFT: E↵ects suppressed by �

q

⇤

�d�4

q = v, E < ⇤

1 Expected precision for EWPO at FCC-ee

Observable Expected uncertainty (Relative uncertainty)

MZ [GeV] 10
�4

(10
�6

)

�Z [GeV] 10
�4

(4 ⇥ 10
�5

)

�
0
had [nb] 5⇥10

�3
(10

�4
)

Re 0.006 (3 ⇥ 10
�4

)

Rµ 0.001 (5 ⇥ 10
�4

)

R⌧ 0.002 (10
�4

)

Rb 0.00006 (3 ⇥ 10
�4

)

Rc 0.00026 (15 ⇥ 10
�4

)

Table 1: Expected sensitivities to Z-lineshape parameters and normalized partial decay widths.

†E-mail: Jorge.DeBlasMateo@roma1.infn.it
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LaTeX materials for the talks at the HEFT 2020
workshop. April 2020.

J. de Blas
a†

a
Institute for Particle Physics Phenomenology, Department of Physics, Durham University,

Durham DH1 3LE, United Kingdom

Abstract

LaTeX materials for the talks at the HEFT 2020 workshop. April 2020
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IR: SM Symmetries & Fields (H in 2~SU(2)L) Decoupling for Λ→∞+

Higgs

Top

EW

…Flavour

SMEFT

• Not the only possibility (HEFT, EFTs with extra 
light d.o.f.) but:
✓ Well motivated phenomenologically
✓ SMEFT TH correlations connects sectors
✓ More mature tools and techniques
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Global SMEFT studies
Updates for FCC feasibility study
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Global SMEFT fit results in FCC feasibility report

• Starting point: setup prepared for the FCC CDR → previous European 
Strategy Update → later updated in the Snowmass 2021

‣ LO dimension-6 SMEFT fit to EW + Higgs + (very minimal) Top

‣ Limited by input available at the time of CDR/2020 ESU. Improved during Snowmass 
(WW) and afterwards (Top)

‣ Flavor assumptions: maximize exploration of deformations in Higgs and EW 
observables w/o FCNC 

‣ Non-universal Diagonal NC → SMEFTND (Cumbersome from BSM point of view)

‣ Bayesian fit including 5 SM + 30 SMEFT free physics parameters using

‣ Performed in Warsaw basis ⇒ projected in terms of sensitivity to NP in “effective” 
SM couplings  
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Posterior predictive
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Designed with focus on the characterization of Higgs boson & role of EW
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Figure 3: Precision reach on e↵ective couplings from a SMEFT global analysis of the Higgs
and EW measurements at various future colliders listed in Table 2. The wide (narrow)
bars correspond to the results from the constrained-�H (free-�H) fit. The HL-LHC and
LEP/SLD measurements are combined with all lepton collider scenarios. For e+e� colliders,
the high energy runs are always combined with the low energy ones. For the ILC scenarios,
the (upper edge of the) triangle mark shows the results for which a Giga-Z run is also
included. For the muon collider, 3 separate scenarios are considered. The subscripts in the
collider scenarios denote the corresponding integrated luminosity of the run in ab�1. Note
the Higgs total width measurement from the o↵-shell Higgs processes at the HL-LHC is not
included in the global fit.
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• Yukawa couplings:
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where �̂yf mf should be thought as 3 ⇥ 3 matrices in flavour space. FCNC
are avoided when �̂yf is diagonal in the same basis as mf . Note that once we
include dimension-6 contributions, the SM relation between the fermion masses
and Yukawa interactions no longer holds and these are two sets of independent
parameters.

• Vector couplings to fermions: while corrections to the QED and QCD ver-
tices are protected by gauge invariance, the electroweak interactions of fermions
V ff (V = Z,W ) are modified at dimension 6. These modifications are directly
related to contact interactions of the form hV ff :
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The �̂gY
X,L/R

are, again, 3x3 matrices in flavor space and parameterize, in par-
ticular, absolute modifications of the EW couplings. Also, not all terms in the
previous equation are independent and the following relations hold to dimension
6:
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with VCKM the Cabibbo-Kobayashi-Maskawa (CKM) matrix which, unless oth-
erwise is stated, we approximate to the identity matrix.

2.2 E↵ective couplings

As done in [8, 9], some of the results will be presented, not in terms of the Wil-
son coe�cients of the manifestly gauge-invariant operators, but in terms of pseudo-
observable quantities, referred to as e↵ective Higgs and electroweak couplings, com-
puted from physical observables and thus, independent of the basis one could have
chosen for the dimension-6 Lagrangian. This is done by performing the fit internally
in terms of the Wilson coe�cients and then, from the posterior of the fit, compute
the posterior prediction for the quantities
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HX

⌘
�H!X

�SM
H!X

. (15)

9

for the Higgs e↵ective couplings, or the quantities ge↵
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Note that the definition in Eq. (15) is not phenomenologically possible for the top-
Higgs coupling and the Higgs self-interaction. Being aware of this, for presentational
purpose we will nevertheless still apply similar definition for ge↵

Htt
. To further connect

with diboson processes, and even though they are technically not pseudo-observables,
we will also use the aTGC �g1,Z , �� and �Z . Finally, we use gHHH ⌘ �3/�SM

3 , to
describe modifications of the Higgs self coupling.

In the results presented below, we will report the expected sensitivities to relative
modifications of these e↵ective couplings with respect to the SM values, whenever
these are non-zero. Such relative shifts are always indicated by the symbol �, whereas
absolute shifts will be indicated with �, i.e., given a quantity X:

�X ⌘ X �XSM, �X ⌘
�X

XSM
. (17)

For instance, in this notation, the new physics contributions to the e↵ective couplings
between fermions and electroweak bosons are given by:

�gff
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⌘
(�̂gf

V,L/R
)ff

gf,SM
V,L/R

. (18)

Whenever a given quantity is zero in the SM, e.g. �Z or any of the Wilson coe�cients
Ci, the sensitivity will be reported directly on the parameter.

3 Recap on SMEFT fits for ESG

Global fits of the data expected at HL-LHC and future colliders have been carried
out in the context of the 2020 European Strategy Update for Particle Physics [9] with
a special emphasis on the Higgs sector. One key question addressed was the sensitivity
of the various colliders to the deformations of the Higgs couplings to the di↵erent SM
particles compared to their values predicted robustly in SM itself. These fits relied
on the measurements of the Higgs production cross section times its decay branching
ratios in the di↵erent channels. Two di↵erent approaches, as model-independent
as possible, were adopted. On the one hand, in the -framework, it is assumed
that the structure of the Higgs interactions remain identical to the SM one. While
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Figure 3: Precision reach on e↵ective couplings from a SMEFT global analysis of the Higgs
and EW measurements at various future colliders listed in Table 2. The wide (narrow)
bars correspond to the results from the constrained-�H (free-�H) fit. The HL-LHC and
LEP/SLD measurements are combined with all lepton collider scenarios. For e+e� colliders,
the high energy runs are always combined with the low energy ones. For the ILC scenarios,
the (upper edge of the) triangle mark shows the results for which a Giga-Z run is also
included. For the muon collider, 3 separate scenarios are considered. The subscripts in the
collider scenarios denote the corresponding integrated luminosity of the run in ab�1. Note
the Higgs total width measurement from the o↵-shell Higgs processes at the HL-LHC is not
included in the global fit.
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• Yukawa couplings:
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�̂yf mfff + h.c., (12)

where �̂yf mf should be thought as 3 ⇥ 3 matrices in flavour space. FCNC
are avoided when �̂yf is diagonal in the same basis as mf . Note that once we
include dimension-6 contributions, the SM relation between the fermion masses
and Yukawa interactions no longer holds and these are two sets of independent
parameters.

• Vector couplings to fermions: while corrections to the QED and QCD ver-
tices are protected by gauge invariance, the electroweak interactions of fermions
V ff (V = Z,W ) are modified at dimension 6. These modifications are directly
related to contact interactions of the form hV ff :
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The �̂gY
X,L/R

are, again, 3x3 matrices in flavor space and parameterize, in par-
ticular, absolute modifications of the EW couplings. Also, not all terms in the
previous equation are independent and the following relations hold to dimension
6:
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with VCKM the Cabibbo-Kobayashi-Maskawa (CKM) matrix which, unless oth-
erwise is stated, we approximate to the identity matrix.

2.2 E↵ective couplings

As done in [8, 9], some of the results will be presented, not in terms of the Wil-
son coe�cients of the manifestly gauge-invariant operators, but in terms of pseudo-
observable quantities, referred to as e↵ective Higgs and electroweak couplings, com-
puted from physical observables and thus, independent of the basis one could have
chosen for the dimension-6 Lagrangian. This is done by performing the fit internally
in terms of the Wilson coe�cients and then, from the posterior of the fit, compute
the posterior prediction for the quantities
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HX

⌘
�H!X

�SM
H!X

. (15)

9

for the Higgs e↵ective couplings, or the quantities ge↵
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couplings, defined from:

�Z!e+e� =
↵MZ

6 sin2 ✓w cos2 ✓w
(|ge↵

Zee,L
|
2 + |ge↵

Zee,R
|
2), Ae =

|ge↵
Zee,L

|
2
� |ge↵

Zee,R
|
2

|ge↵
Zee,L

|2 + |ge↵
Zee,R

|2
. (16)

Note that the definition in Eq. (15) is not phenomenologically possible for the top-
Higgs coupling and the Higgs self-interaction. Being aware of this, for presentational
purpose we will nevertheless still apply similar definition for ge↵

Htt
. To further connect

with diboson processes, and even though they are technically not pseudo-observables,
we will also use the aTGC �g1,Z , �� and �Z . Finally, we use gHHH ⌘ �3/�SM

3 , to
describe modifications of the Higgs self coupling.

In the results presented below, we will report the expected sensitivities to relative
modifications of these e↵ective couplings with respect to the SM values, whenever
these are non-zero. Such relative shifts are always indicated by the symbol �, whereas
absolute shifts will be indicated with �, i.e., given a quantity X:

�X ⌘ X �XSM, �X ⌘
�X

XSM
. (17)

For instance, in this notation, the new physics contributions to the e↵ective couplings
between fermions and electroweak bosons are given by:

�gff
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V,L/R
)ff

gf,SM
V,L/R

. (18)

Whenever a given quantity is zero in the SM, e.g. �Z or any of the Wilson coe�cients
Ci, the sensitivity will be reported directly on the parameter.

3 Recap on SMEFT fits for ESG

Global fits of the data expected at HL-LHC and future colliders have been carried
out in the context of the 2020 European Strategy Update for Particle Physics [9] with
a special emphasis on the Higgs sector. One key question addressed was the sensitivity
of the various colliders to the deformations of the Higgs couplings to the di↵erent SM
particles compared to their values predicted robustly in SM itself. These fits relied
on the measurements of the Higgs production cross section times its decay branching
ratios in the di↵erent channels. Two di↵erent approaches, as model-independent
as possible, were adopted. On the one hand, in the -framework, it is assumed
that the structure of the Higgs interactions remain identical to the SM one. While
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• Updated to the current baseline (4IP) and luminosities
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where �̂yf mf should be thought as 3 ⇥ 3 matrices in flavour space. FCNC
are avoided when �̂yf is diagonal in the same basis as mf . Note that once we
include dimension-6 contributions, the SM relation between the fermion masses
and Yukawa interactions no longer holds and these are two sets of independent
parameters.

• Vector couplings to fermions: while corrections to the QED and QCD ver-
tices are protected by gauge invariance, the electroweak interactions of fermions
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The �̂gY
X,L/R

are, again, 3x3 matrices in flavor space and parameterize, in par-
ticular, absolute modifications of the EW couplings. Also, not all terms in the
previous equation are independent and the following relations hold to dimension
6:
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with VCKM the Cabibbo-Kobayashi-Maskawa (CKM) matrix which, unless oth-
erwise is stated, we approximate to the identity matrix.

2.2 E↵ective couplings

As done in [8, 9], some of the results will be presented, not in terms of the Wil-
son coe�cients of the manifestly gauge-invariant operators, but in terms of pseudo-
observable quantities, referred to as e↵ective Higgs and electroweak couplings, com-
puted from physical observables and thus, independent of the basis one could have
chosen for the dimension-6 Lagrangian. This is done by performing the fit internally
in terms of the Wilson coe�cients and then, from the posterior of the fit, compute
the posterior prediction for the quantities
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Note that the definition in Eq. (15) is not phenomenologically possible for the top-
Higgs coupling and the Higgs self-interaction. Being aware of this, for presentational
purpose we will nevertheless still apply similar definition for ge↵

Htt
. To further connect

with diboson processes, and even though they are technically not pseudo-observables,
we will also use the aTGC �g1,Z , �� and �Z . Finally, we use gHHH ⌘ �3/�SM

3 , to
describe modifications of the Higgs self coupling.

In the results presented below, we will report the expected sensitivities to relative
modifications of these e↵ective couplings with respect to the SM values, whenever
these are non-zero. Such relative shifts are always indicated by the symbol �, whereas
absolute shifts will be indicated with �, i.e., given a quantity X:

�X ⌘ X �XSM, �X ⌘
�X

XSM
. (17)

For instance, in this notation, the new physics contributions to the e↵ective couplings
between fermions and electroweak bosons are given by:
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. (18)

Whenever a given quantity is zero in the SM, e.g. �Z or any of the Wilson coe�cients
Ci, the sensitivity will be reported directly on the parameter.

3 Recap on SMEFT fits for ESG

Global fits of the data expected at HL-LHC and future colliders have been carried
out in the context of the 2020 European Strategy Update for Particle Physics [9] with
a special emphasis on the Higgs sector. One key question addressed was the sensitivity
of the various colliders to the deformations of the Higgs couplings to the di↵erent SM
particles compared to their values predicted robustly in SM itself. These fits relied
on the measurements of the Higgs production cross section times its decay branching
ratios in the di↵erent channels. Two di↵erent approaches, as model-independent
as possible, were adopted. On the one hand, in the -framework, it is assumed
that the structure of the Higgs interactions remain identical to the SM one. While
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• Updated to the current baseline (4IP) and luminosities and in combination 
with FCC-hh (Higgs)
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• Yukawa couplings:
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�̂yf mfff + h.c., (12)

where �̂yf mf should be thought as 3 ⇥ 3 matrices in flavour space. FCNC
are avoided when �̂yf is diagonal in the same basis as mf . Note that once we
include dimension-6 contributions, the SM relation between the fermion masses
and Yukawa interactions no longer holds and these are two sets of independent
parameters.

• Vector couplings to fermions: while corrections to the QED and QCD ver-
tices are protected by gauge invariance, the electroweak interactions of fermions
V ff (V = Z,W ) are modified at dimension 6. These modifications are directly
related to contact interactions of the form hV ff :
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The �̂gY
X,L/R

are, again, 3x3 matrices in flavor space and parameterize, in par-
ticular, absolute modifications of the EW couplings. Also, not all terms in the
previous equation are independent and the following relations hold to dimension
6:
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with VCKM the Cabibbo-Kobayashi-Maskawa (CKM) matrix which, unless oth-
erwise is stated, we approximate to the identity matrix.

2.2 E↵ective couplings

As done in [8, 9], some of the results will be presented, not in terms of the Wil-
son coe�cients of the manifestly gauge-invariant operators, but in terms of pseudo-
observable quantities, referred to as e↵ective Higgs and electroweak couplings, com-
puted from physical observables and thus, independent of the basis one could have
chosen for the dimension-6 Lagrangian. This is done by performing the fit internally
in terms of the Wilson coe�cients and then, from the posterior of the fit, compute
the posterior prediction for the quantities
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• Made more precise the interplay between Z-pole and Higgs measurements
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are avoided when �̂yf is diagonal in the same basis as mf . Note that once we
include dimension-6 contributions, the SM relation between the fermion masses
and Yukawa interactions no longer holds and these are two sets of independent
parameters.

• Vector couplings to fermions: while corrections to the QED and QCD ver-
tices are protected by gauge invariance, the electroweak interactions of fermions
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with VCKM the Cabibbo-Kobayashi-Maskawa (CKM) matrix which, unless oth-
erwise is stated, we approximate to the identity matrix.

2.2 E↵ective couplings

As done in [8, 9], some of the results will be presented, not in terms of the Wil-
son coe�cients of the manifestly gauge-invariant operators, but in terms of pseudo-
observable quantities, referred to as e↵ective Higgs and electroweak couplings, com-
puted from physical observables and thus, independent of the basis one could have
chosen for the dimension-6 Lagrangian. This is done by performing the fit internally
in terms of the Wilson coe�cients and then, from the posterior of the fit, compute
the posterior prediction for the quantities
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Influence of # Z’s in Higgs precision
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Figure 1. Tree-level diagrams contributing to the e+e≠
æ bW + b̄W ≠ production at lepton col-

liders: (a) the top-quark pair production through a s-channel Z boson or photon exchange, (b)
representative diagram for single top-quark production e+e≠

æ tb̄W ≠.

available for these operators in the e+e≠
æ bW + b̄W ≠ process.

The impact of runs at various centre-of-mass energies and for several beam polariza-
tions is examined. We derive global constraints on the whole ten-dimensional e�ective-
field-theory parameter space considered for di�erent collider programmes. A special focus
is devoted to two benchmark run scenarios covering the ranges of possibilities contem-
plated by future linear colliders, with runs at centre-of-mass energies of 500 GeV and 1 TeV
and P (e+, e≠) = (±30%, û80%) beam polarizations for the ILC [22, 23], and 380 GeV,
1.4 TeV and 3 TeV runs with P (e+, e≠) = (0%, û80%) beam polarizations for CLIC [24].
Circular lepton collider could also access top-quark pair production, collecting for instance
1.5 ab≠1 at a centre-of-mass energy of 365 GeV, in addition to 200 fb≠1 at the top-quark
pair production threshold, without beam polarization [25]. We will also briefly discuss this
scenario.

This paper is organized as follows. Top-quark production at lepton colliders is intro-
duced in Sec. 2. Section 3 describes our e�ective-field-theory setup. Various observables are
then discussed in Sec. 4, together with their sensitivity to operator coe�cients. Statisti-
cally optimal observables are treated in a separate Sec. 5. The global reach of future lepton
collider is then finally presented in Sec. 6. Our main results appear in Figs. 23, 24, and 25
for the three benchmark run scenarios considered. Comparisons with existing constraints
and various HL-LHC prospects are provided Sec. 7. A few appendices include additional
material, notably a conversion of our results into the e�ective-field-theory conventions es-
tablished by the LHC TOP WG [26]. Useful computer codes and numerical results are
made available at https://github.com/gdurieux/optimal_observables_ee2tt2bwbw.

2 Top-quark production at lepton colliders

In the standard model, lepton colliders primarily produce top quarks in pairs through a s-
channel Z boson or photon, as pictured in Fig. 1(a). A number of other processes, including
single top-quark production illustrated in Fig. 1(b), also contribute to the bW + b̄W ≠ final
state. Although certain regions of the bW energies and invariant masses are enriched in
double- and single-resonant processes [27, 28], a clean separation is generally not achievable.
It is therefore in principle preferable to consider the inclusive e+e≠

æ bW + b̄W ≠ process.

– 2 –

Z

Degradation in Higgs precision wrt Tera Z

x E2/MZ2
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• Made more precise the interplay between Z-pole and Higgs measurements
Characterization of Higgs boson & role of EW
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• Made more precise the interplay between Z-pole and Higgs measurements
Characterization of Higgs boson & role of EW

Jorge de Blas - U. of Granada Global SMEFT fits at FCC 
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• Extension more adding Top operators/observables to the EW/Higgs fit
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Towards an EW/Higgs/Top FCC-ee fit
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• Fit to HLLHC+ FCC-ee including 
simultaneously EW, Higgs at Top 
measurements

•  LHC Top WG flav. assumptions: 

• Also including:

‣ NLO QCD effects in LHC obs.

‣ Impact of quadratic terms



• Extension more adding Top operators/observables to the EW/Higgs fit
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• Fit to HLLHC+ FCC-ee including 
simultaneously EW, Higgs at Top 
measurements

•  LHC Top WG flav. assumptions: 

• Also including:

‣ NLO QCD effects in LHC obs.

‣ Impact of quadratic terms  
⇒Small for operators tested by 

FCC-ee precision measurements
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Towards an EW/Higgs/Top FCC-ee fit: Interplay of different sectors
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Towards an EW/Higgs/Top FCC-ee fit: Interplay of different sectors
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• Simple estimate of FCC-ee sensitivity to the Higgs self-coupling via loop effects
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Characterization of Higgs boson & role of EW: Higgs self-coupling
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CHAPTER 10
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Figure 10.2: From Ref. [275], sample Feynman diagrams illustrating the effects of the Higgs trilinear
self-coupling on single Higgs process at next-to-leading order.

Figure 10.3: Indirect measurements of the Higgs self-coupling at FCC-ee combining runs at different
energies.

are equally important to fix extra parameters that would otherwise enter the global Higgs fit and open flat
directions that cannot be resolved.

10.5 FCC-hh: Direct Probes
At FCC-hh, the Higgs self-coupling can be probed directly via Higgs-pair production. The cross sec-
tions for several production channels are given [276] in Table 10.1, where the quoted systematics reflect
today’s state of the art, and are therefore bound to be significantly improved by the time of FCC-hh
operations.

The most studied channel, in view of its large rate, is gluon fusion (see Fig. 10.1). In the SM
there is a large destructive interference between the diagram with the top-quark loop and that with the
self-coupling. While this interference suppresses the SM rate, it makes the rate more sensitive to possible
deviations from the SM couplings, the sensitivity being enhanced after NLO corrections are included, as
shown in the case of gg!HH in Ref. [277], where the first NLO calculation of �(gg!HH) inclusive of
top-mass effects was performed. For values of � close to 1, 1/�HHd�HH/d� ⇠ �1, and a measure-
ment of � at the few percent level requires therefore the measurement and theoretical interpretation of

120
DRAFT - NOT FOR DISTRIBUTION

Patrick Janot 

The	trilinear	Higgs	self-coupling	κλ	[2]		
q  The	cross	section	depends	on	other	couplings	(HZZ,	HHZZ,	at	least)	

◆  …	and	of	the	overall	model	structure,	which	might	differ	from	SM	structure	
●  e.g.,	additional	eeZH	coupling,	or	e+e-	→	A	→	HZ	graphs	

q  Two	energy	points	lift	off	the	degeneracy	between	HZZ	and	HHH	

q  Additional	couplings	addressed	by	a	global	EFT	fit				(J.	De	Blas’	presentation)	
◆  All	FCC-ee	Higgs	measurements	are	important	in	this	fit	
◆  Most	FCC-ee	EW	precision	measurements	are	equally	important					(R.	Tenchini’s	talk)	

●  To	fix	extra	parameters	that	would	otherwise	enter	the	fit	and	open	flat	directions	

6 March 2019 
Physics at FCC : CDR Symposium 
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From SMEFT point of view this cannot be seen as model-independent
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Fig. 12: Results from fits to simulated data to illustrate the benefit of FCC-ee measurements in the FCC-
hh determinations of the top Yukawa coupling (left) and Higgs self-coupling (right). The yellow (gray)
areas show the 68% and 95% probability contours obtained assuming that the FCC-ee measurements are
(are not) used in the extraction of the couplings from the FCC-hh data. The HL-LHC projection of 50%
precision for the determination of the Higgs-self-coupling is employed. See text for details.

While an inclusive analysis taking into account all these effects has not been undertaken, an illustration771

of the impact of such effects is shown in the right panel of Fig. 12. This concerns how the uncertainty on772

the top Yukawa coupling modifies the precision with which � can be obtained from the measurement of773

the total gg ! HH ! bb�� cross-section. The top Yukawa coupling enters with several powers in the774

different diagrams, contributing to �(gg ! HH). As noted above, the precise determination of the top775

Yukawa coupling at FCC-hh relies on the measurement of the �(pp ! ttH)/�(pp ! ttZ) ratio, where776

the ttZ coupling itself should be allowed to vary within its experimental uncertainty, rather than being777

fixed to its assumed SM value. The plots in Fig. 12 show the impact of using, or not, the direct FCC-ee778

measurement of the ttZ coupling in the extraction of the top Yukawa coupling at FCC-hh (left) and the779

consequent impact on the � determination (right).780

Precision of �� from EFT global fit (FCC-ee + HL-LHC)
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Fig. 13: Left and Middle: Precision in the determination of the Higgs boson self-coupling as a function
of the luminosity of the 240 and 365 GeV runs, combined with HL-LHC measurements leading to a 50%
(left) and 25% (middle) sensitivity Adapted from Ref. [58]. Right: Improvement in the determination
of � at the FCC-ee (the darker colours are for the 4 IP optimised scenario) and, subsequently, at the
FCC-hh.
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FCC precision (Exclusive κλ@NLO) As function of FCCee luminosities 
(Assumes HL-LHC 25%)

Jorge de Blas - U. of Granada Global SMEFT fits at FCC 
January 16, 2025

• Simple estimate of FCC-ee sensitivity to the Higgs self-coupling via loop effects

• You can still learn from this (e.g. need at least two energy points to separate κλ 

from LO), but a “model-independent" interpretation of κλ within the SMEFT 
assumptions requires introducing all operators that contribute at NLO! 

Characterization of Higgs boson & role of EW: Higgs self-coupling
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• Proper SMEFT estimate of FCC-ee sensitivity to the Higgs self-coupling via 
loop effects requires full NLO calculation. Recently computed for e+e-→ZH:

• On top of the LO operators, a total of 6 boson operator (4 CP violating),   9 2-
fermion operators and 14 four-fermion operators contribute to dimension 6 at 
NLO

• Some of them which will remain relatively weakly constrained at the LHC!                      

Characterization of Higgs boson & role of EW: Higgs self-coupling

DRAFT

3 Developments in Higgs Physics
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Figure 37: Example of 1-loop diagrams for contributions to the e+e� ! ZH cross section in the SMEFT.

Figure 38: Left: Joint constraints on the trilinear Higgs self-coupling (x axis) and on right-handed ēet̄t operator
(y axis) from LEP, as well as 240 and 365 GeV runs. Right: Similarly for the top-quark Yukawa
operator (y axis). Figures reproduced from [535].

measurements of a large enough number of observables to constrain any possible BSM effects in other2768

contributions that enter in the calculations of the observables to the same order in perturbation theory as the2769

leading contributions of lhhh.2770

There is currently an ongoing effort to extend the lhhh EFT determination from single-Higgs measurements,2771

including these recent NLO effects, and other aspects related to this EFT interpretation. These are discussed2772

in Section 3.4.6.2773

3.4.6 Single-Higgs processes as probes of the Higgs self-coupling2774

[Results are hopefully available in January 2025, and discussed here.2775

Draft: 07.12.2024 – 10:07 75

K. Asteriadis et al.,  
arXiv: 2409.11466 [hep-ph]

See S. Dawson’s  
talk on Tuesday

⇒ e+e- tt operators ⇒ Extend EW/Higgs/Top fit to NLO (WiP) 
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Concluding
Towards the 2026 European Strategy Update

Jorge de Blas - U. of Granada Global SMEFT fits at FCC 
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Concluding…

• Comprehensive study of exploration/characterization of Higgs/EW sectors 
+ progress made in adding Top sector into the global picture

• Several places where to improve current studies and issues to clarify.   
(Work in progress for the 2026 ESPP)

✓ Adopting more sensible flavor assumptions: 

‣ SMEFTND could test all directions possible with the projections available at the 
time. Contrived from BSM point of view.

‣ ESPP fits: Choose assumptions to increase coverage to BSM while consistent 
with flavor → Respect approximate SM flavor symmetries

✓ RGE and NLO effects where relevant in the global fit
‣ Bring another layer of complementarity between different measurements

‣ Complicated to close a proper global fit

‣ Needed for precise assessment of κλ precision from Higgs loops

✓ Extending fits with other data sets (in particular FCC-hh!)
‣ Need input from experimental side… 
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See e.g. L. Allwicher et al., JHEP 03 (2024) 049 for U(2)5 (single operator sensitivity)
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Fig. 9: Sensitivity to the effective scale of new physics, ⇤, of measurements at the Z pole compared to
higher-energy runs for four-fermion, gauge, and Higgs dimension-6 operators. From Ref. [67].

in the left panel of Fig. 12. The previous discussion assumes, however, that contributions from other750

operators, e.g. four-fermion interactions in e+e� ! tt̄ or pp ! tt̄X, are constrained to be small. A751

more robust determination of the sensitivity to the top Yukawa would require a global analysis including752

such contributions. These could be constrained, for the pp case, from tt̄ measurements. In the e+e� case,753

however, a clean separation of the effects of modifications of the Ztt vertices from those from e+e�t̄t754

operators would require top-quark measurements at two separate energies [71]. Having measurements755

at 350 and 365 GeV with the expected luminosities does not seem to allow such separation and one may756

need to look for extra ‘handles’ on such interactions to lift the approximate flat directions that would757

appear in a global top-quark analysis.758

The precise value of the Higgs boson self-coupling, �, will remain largely unknown after the HL-759

LHC, with an uncertainty of about 50%. The sub-percent precision of the FCC-ee Higgs measurements760

could improve this determination, as single Higgs-boson production measurements are sensitive to �761

via one-loop radiative corrections [72]. As explained in Ref. [73], Higgs measurements at two energy762
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Single operator NLO sensitivity: on vs. off pole
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