
N. De Filippis 1Seminar at LIP, February 25, 2026

Measurement of the Higgs properties at FCC-ee

Nicola De Filippis

Politecnico and INFN Bari

1



N. De Filippis 2Seminar at LIP, February 25, 2026

Landscape of the Higgs physics today

So far many  questions  still  open for Higgs physics :
V How well the Higgs boson couplings to fermions, gauge bosons and to itself be probed at current 

and future colliders?

V How do precision electroweak observables provide us information about the Higgs boson 

properties and/or BSM physics?

V why the Higgs boson remains light?ð the heart of the naturalness problem

V What is the best path towards measuring the Higgs potential ?

V To what extent can we tell whether the Higgs is fundamental or composite? 
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V Couplings to gauge bosons and 3rd generation fermions close to SM expectations       

(~ 10% precision), evidence for 2nd generation fermion coupling (HĄmm), all 

mesurements consistent with CP-even scalar

V LHC experiments entered era of differential corss section measurements (EFT fits, etc.)



N. De Filippis 3Seminar at LIP, February 25, 2026

Landscape of the Higgs physics for HL-LHC

ü HL-LHC and future colliders  

would  explore  in detail  the 

Higgs properties : understand the 

deep origin of EWSB

ü Beyond HL -LHC measurements :

V couplings to fermions to %-

level, to bosons to per-mil

V self-coupling

V invisible decays

V BSM Higgses

3

ü Non-resonant  HH projections : 3000 fb -1

Combined  evidence  >7ů.                     Precision on kl=1 ~26%

Theory uncertainties are dominating
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ñAn electron -positron Higgs factory is the highest priority next collider . For the longer

term, the European particle physics community has the ambition to operate a proton-proton

collider at the highest achievable energy.ò

ñEurope,together with its international partners, should investigate the technical and financial

feasibility of a future hadron collider at CERN with a centre-of-mass energy of at least 100 TeV

and with an electron-positron Higgs and electroweak factory as a possible first stage. Such a

feasibility study of the colliders and related infrastructure should be established as a global

endeavour and be completed on the timescale of the next Strategy update.ò

FCC Feasibility Study (FS) launched in 2021:

Ç To be carried out in 2021-2025

Ç Mid-term review in Autumn 2023

Ç March 2025: documentation submitted to ES committe

European Strategy 2020
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FCC project @ CERN: a new 100 km tunnel in the Geneva 

region, for two complementary machines covering the largest 

phase space in the high energy frontier:

ü extreme  precision  circular  e+e-collider  (FCC-ee) with 

variable collision energy from 90-360 GeV

ü highest  energy reach  in pp collisions  (FCC-hh): 100 TeV
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European 

Strategy 2025

https://cds.cern.ch/record/2944678

Published ! Feasibility  Study Reports

Physics Briefing Book
02/10/2025

https://arxiv.org/abs/1910.11775
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European 

Strategy 2025

FCC-ee FCC-hh

2020 - 2045 2046 - 2065 2070 - 2100 

FCC integrated program - timeline

Ambitious schedule tak ing into account:
Ç past experience in building colliders at 

CERN

Ç approval timeline: ESPP, Council 
decision

Ç that HL -LHC will run until 2041 

Ç project preparatory phase with 
adequate resources immediately after 

Feasibility Study

15 years of FCC-ee operation followed by 25 years of FCC-

hh operation, interleaved with a shutdown of 10 years
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Machine luminosity for physics at FCC-ee

ü Higgs factory:

Á 2.2x106 e+e- Ÿ HZ

ü EW & Top factory:

Á 6x1012 e+e- Ÿ Z (LEPx105)

Á 2.4x108 e+e- Ÿ W+W- 

Á 2x106 e+e- Ÿ tt

ü Flavor factory:

Á 5x1012 e+e- Ÿ bb, cc 

Á 1011 e+e- Ÿ + -

~100 kHz of physics 

data at the Z pole
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Higgs production at FCC-ee

Higgs-strahlung or e+e-
Ą ZH

VBF production: e+e-
ĄnnH (W fusion)

e+e-
ĄHe+e- (Z fusion)
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Background sources

VBF xsection increases significantly with the centre-of-mass energy Ą dominant process above 450 GeV

=︡ 10.8 abī1 in 3 years with 4 detectors located 

at 4 interaction points (IPs), at ãs=240 GeV
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Higgs yield at colliders

9

Á e+eī colliders produce less Higgs bosons than the LHC, but they benefit from precise 

knowledge of initial stage and a ñcleanò experimental environment. 

Á pp colliders allow measurements of rare decays

Á e+eī and pp colliders are complementary to fully explore the Higgs sector
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Global strategy for Higgs studies

s(e+e-Ÿ HZ) ‌ g2
HZZ

ZH events tagged by the Z, without reconstructing 

the Higgs decay. Unique to lepton colliders.

e.g. when Z Ÿ leptons :

A fit to the recoil mass distribution allows:

Å measurement of ů(ZH) independent of the Higgs decay 

mode with 0.31 % uncertainty. Hence an absolute 

determination on gHZZ

Å a precise meas. of the Higgs mass Ą ŮmH/mH ~ O(MeV)

Easiest case: Z Ÿ lep.

Å Z Ÿ had: more careful design of the analysis

e+e-ŸHZ

m+

m-

Ą ŮgHZZ/gHZZ ~ 0.1-0.2 %  (also including ZĄhad)

10

doi: 10.17181/jfb44-s0d81

(w.r.t 20 MeV for HL -LHC)

affected by the Beam 
Energy Spread (BES) 

and Initial State 

Radiation (ISR)

Eur. Phys. J. Plus 137(1), 23 (2022)
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Model-independent Higgs couplings measurements

Known gHZZ it is possible to measure ů x BR for specific Higgs decays

Å H Ÿ ZZ* provides GH

Å H Ÿ XX provides gHXX

Data at higher energy bring important additional observables:

H Ÿ ZZ* provides GH :

Select events with H Ÿ bb, cc, gg, WW, tt, gg, mm, Zg, é

Ą deduce gHbb , gHcc , gHgg , gHWW , gHtt , gHgg, gHmm, gHZg, ...

Select events with H Ÿ ñnothingò  Ą deduceG(HŸinvisible)
a model-indep 

determination of Higgs 

couplings.

Ÿ ŮŪH /ŪH ~ several  %

Ÿ ŮgXX/gXX ~ 1 %

First nnH Ÿ nnbb ~ gHWW
2 gHbb

2 / ũH 

 Å  nnbb / ( ZH(bb) ZH(WW) ~ gHZZ
4 / ũH = R Ą ũH precision at 1%

Then do nnH ŸnnWW ~ gHWW
4 / ũH 

 Å R / nnWW ~ gHWW
4 / gHZZ
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 Å gHWW precision to few permil

11

At the end: Higgs couplings and GH extracted from a global 

fit to all ů x BR (Kappa framework, SMEFT framework)
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HZ selection strategy

Analysis workflow based on recoil method using
Z(ɛɛ/ee) final state

Baseline selection :

Á at least 2 OS leptons with p>20 GeV, one isolated

Á in case of more than 2 leptons in event, select pair
minimizing

Á tight selection of Z mass between [86, 96] GeV

Á Background reduction by cut on

Á Z pT [20, 70] GeV to suppress Z/ɔ*

Á |cos(ɗmiss)| < 0.98 for ZĄll, ggĄee/mm/tt 

events

Parametric  fit  based  on  recoil  mass  distribution :

Á Fit function: double-sided Crystal-ball + Gaussian 

core

Á Free parameter: H mass, signal and bkg 

normalization

12

MC simulation  based  on Whizard :

Á ãί = 240 GeV,  ︡= 10.8 ὥὦ-1

Á IDEA detector; detector response modelled with Delphes

doi:10.17181/jfb44-s0d81, Eur. Phys. J. Plus 137(1), 23 (2022)
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Higgs mass measurement

Likelihood scans to extract uncertainties on mass

Stat . + syst . uncertainties:

- Higgs mass: 3.97 MeV at 68% C.L.

Source of uncertainty:

- Beam Energy Spread (BES)

- Initial State Radiation (ISR)

- Muon momentum scale

- Center-of-mass energy - dominant

- FSR uncertainty

13

BES ~ 1 %

doi:10.17181/jfb44-s0d81, Eur. Phys. J. Plus 137(1), 23 (2022)
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Constraint on detector requirement from H mass measurement

14

Higgs boson mass to be measured with a precision better than its natural width (4MeV), in view of 

a potential run at the Higgs resonance

m from Z, with momentum of O(50) GeV, to be measured with a pT resolution smaller than the 

BES for the momentum measurement not to limit the mass resolution

Á achieved with the baseline IDEA detector Ą uncertainty of 3.49 MeV with 10 abī1

Á CLD performs less well because of the larger amount of material Ą larger effects of MS

If the B increased from 2T to 3T Ą 50% improvement of the momentum resolution 

          14% improvement on the total mass uncertainty

doi:10.17181/jfb44-s0d81
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HZ cross section measurement

15

For the ZH cross-section measurement, after applying the basic selection criteria, the |cos ɗmiss| 

cut is omitted and replaced by a BDT approach to further suppress background. 

Stat. uncertainty in %:

The impact of systematic 

uncertainties is found to 

be below 1%, mostly 

from BES

The overall impact of 

systematics is minimal, 

and the measurement 

remains fully statistically 

dominated

input variables for BDT 

doi:10.17181/jfb44-s0d81, Eur. Phys. J. Plus 137(1), 23 (2022)
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HĄqq (hadrons) and progress on jet flavour tagging

Å Key ingredients: 

Å tagging of b, c and g jets

Å detector requirements (tracking, vertexing, timing) 

and particle flow algorithm used

Å State-of-the-art flavour-tagging algorithm developed 

recently in the context of FCC-ee based on GNN

‐c = 80%,

mis-id ~ 1ï2%

Eur. Phys. J. C 82(7), 646 (2022)

High precision Higgs BRs to hadron measurements:
Å coupling of the H to bottom and charm, gluons , and strange

Å bb, cc, ss, gg final states in addition to WW, ZZ, tt

Å classification is performed by a neural network (NN)

Á Z(ll)H(qq)

Á Z(nn)H(qq)

Á Z(qq)H(qq)

16

doi:10.17181/9pr7y-3v657

Z(ll)H(qq) @ ãs = 240 GeV 

Á 0.21%, on H Ÿ bb 

Á 1.6% on H Ÿ cc 

Á 0.8% on H Ÿ gg 

Á 90% on H Ÿ ss

Á 1.0% of H ŸWW

The combination  of the three  

Z boson  final  states  leads to 

expected  uncertainties  on 

ůZH × B(H ŸXX) @68%CL :
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s(HZ) x BR and s(WWĄH) x BR measurements

Uncertainty  on 

s * BR in %

doi: 10.17181/n78xk-qcv56

projections from FCC-ee CDR
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Higgs to invisible particles analysis

Á only invisible decay in the SM:  H Ÿ ZZ Ÿ nnnn (BR = 0.106%)

Á best individual measurements from ZHĄqq + missing energy using  recoil 

mass or missing mass at the Z peak 

Á Ą requires excellent hadronic energy resolution

Á tag the Z using muon, electron and hadron final states (qq and bb), Z peak 

[87, 96] GeV

Á calculate missing mass mmiss as 240 GeV minus visible mass mvis

18

doi: 10.17181/7hbn8-3d233 BR(HŸ inv ) > 0.052 excluded @ 95%CL
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Uncertainty on Higgs couplings and width: latest
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Á FCC-ee and FCC-hh Integrated Programme is complementary and provide Ḑ order  of 

magnitude  improvement  of all Higgs coupling w.r.t HL-LHC

Á Neverthless, until FCC-hh, HL-LHC is still going to be the best machine for Zg, mm(rare decays) 

and ttH coupling determination for the next decades years

Á HL-LHC has no access to charm Yukawa coupling

Á FCC-ee has limited access to top Yukawa coupling (only via loop corrections to e+e-
Ątt cross 

section indirectly)

Á Couplings to H Ÿbb can be 

improved compared to the HL-LHC 

to reach sub-percent-level 

precision. 

Á Couplings to H Ÿcc can be 

measured at the percent level.

Á Sensitivity to the strange-quark 

Yukawa coupling with potential 

evidence
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Higgs Yukawa coupling to electron

20

FCC-ee: unique opportunity to study the Higgs Yukawa coupling to electron, ye, via resonant s-

channel production e+e- Ÿ H in a dedicated run at the Higgs pole,ãs = mH.     

Á Beams must be monochromatized such that the spread of their center-of-mass energy is 

commensurate with the narrow width of the SM Higgs boson

Á Generator-level study for signal+background for 10 decay channels:

Å most significant channel: HĄgg (quark-gluon tagging via ML, for light mistag ~ 1%), HĄWW* Ąln+jets

In the SM:

Á the Yukawa coupling of the electron is ye = ã2 me/v = 2.8·10ī6

Á BR(H Ÿe+eī) å 5 × 10ī9

Eur. Phys. J. Plus 137 (2022) 201

Main background

upper limit @ 95CL on 

the electron Yukawa 

coupling at 1.6 times the 

SM value for each 

detector for one yearĄ 

x 100 better  than  for 

HL-LHC

as peak cross section
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Higgs self coupling at ãs <  500 GeV ï i.e. ZH & tt  thresholds

Probe indirectly trilinear Higgs self couplingɚ3 through

higher-order corrections to single-Higgs processes

The total (NLO) cross section can be measured O(1%):

- possible probing NLO deviations from SM:ŭəɚ=əɚï1

- parameter C1 sensitive toãs:exploit different sensitivities

at 240 GeV and 365 GeV:

- ZH @ 240 GeV

- VBF @ 365 GeV

O(few%) NLO correction  to SM observable (i.e the 

cross section) parameterized according to:

The secondary minimum 

easily excluded adding a 2nd 

energy point
21

arXiv:1607.04251

arXiv:1711.03978

C1 process-dependent coefficient that encodes the interference 

between the NLO amplitudes and the LO ones

arXiv:2503.13719v2

https://arxiv.org/abs/1607.04251
https://arxiv.org/abs/1711.03978
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NB: 365 GeVĄ ZHH threshold, but too low ZHH x-section

l3 affects single-Higgs prod at NLO
e.g. 100% variation onl3 modifiesů(ZH)

by ~ 2% at 240 GeV and ~ 0.5% at 365 GeV.
Larger than / comparable with the exp. 

precision onů(ZH)

Precise measurement ofů(ZH)constrains a combination ofl3 and gHZZ. 

Measurements at two values ofãsneeded to determine separatelyl3 and gHZZ.

Higgs self coupling at FCC-ee (ãs <  500 GeV)

ü Recent: 4 IPs. Running at ãs =  240 and 365 GeV 

Ÿ ŭəɚ ~ 28% for FCC -ee 

      ~ 18% (combining with HL-LHC)

With 4 IPs:5ůobservation of l3 within reach 

with 15 years of operation at FCC-ee

22

arXiv:2505.00272v1
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Higgs self coupling at FCC-hh via HH  

23

Most sensitivity in channels that can be cleanly 

tagged: HH Ÿ bbgg  HH Ÿ bbbb, HH Ÿ bbtt

destructive  interference

Gluon gluon Fusion (ggF)

10.1016/j.revip.2020.100045

doi:10.17181/w6928-gr929

HH Ÿ bbgg 

Exp. prec. on əɚ      
@ 68% C.L.:

Á 3.2% to 5.4% at 

84 TeV 

Á 2.8% to 4.8% at 

100 TeV

Depending on the di-

jet mass resolution 

and systematic 

assumptions Ą

https://www.sciencedirect.com/science/article/pii/S2405428320300083
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Precision on Higgs self couplings


