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• In 1961, S. Glashow discovered a way to combine electromagnetic and weak 

interactions. In this way, the two forces were unified, and  we speak of 

electroweak interactions.

• In 1964, the Higgs mechanism was developed, by Robert Brout,  Francois 

Englert, Peter Higgs,  Gerald Guralnik, Carl Hagen and Tom Kibble. This was a 
way to incorporate mass into a theory with  gauge symmetry.

Kibble, Hagen, 

Guralnik, Englert, 
Brout

P. Higgs

• In 1967, Steven Weinberg and Abdus 

Salam incorporated the Higgs 

mechanism into the electroweak theory. 
The resulting model is called the 

Glashow-Weinberg-Salam (GWS) model.

• We define the Standard Model as the 

combination of the GWS  theory (which

includes quantum electrodynamics) with
QCD.

The “Standard Model” of particle physics
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Standard Model of elementary particles
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The beginning of Higgs boson story
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physical Higgs boson

v

modes “eaten” by W,Z

all masses

due to 

Higgs
• Breaks symmetry while maintaining local gauge 
invariance (→renormalizability)

• Add complex weak isospin SU(2) doublet                        
with “mexican hat” potential V =  +  

• 3 components of  form longitudinal components of 
W± and Z (→massive)

• 1 component → real scalar particle: Higgs boson 

• Couple fermion fields to  → fermion mass terms

mass2 of Higgs ~ curvature of potential at 
minimum

The Higgs potential 
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circle of degenerate minima 
→ choice of the minimum gives spontaneous simmetry breaking:

The Higgs mechanism
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mf/v
m2     /v

m2
 /v =m2

  /v
2

W,Z

H
H

All couplings predicted

From Gauge Invariance :

mZ = mW/cosW ;                  mW = gv/2                   (→ v  250 GeV)

                                                                          vacuum expectation value

and from the Higgs Mechanism …                         

Masses and couplings
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Dominant at LEP: The Higgs-strahlung process

(The production cross section depends only on mH)

LEP 1:   s  mZ
LEP 2:   s  mZ + mH

(Large coupling to the Z  Only sizeable cross section) 

SM Higgs production at LEP
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❑ mH  2me:  H →  + large lifetime;

❑ mH  2m:  H → e+e- dominates

❑ mH  2m:  H → +- dominates

❑ mH  3 - 4 GeV:  H → gg dominates

❑ mH  2mb:  H → +- and cc dominate
-

❑ mH  2mb up to 1000 GeV/c2: H → bb 

The decay branching ratios depend only on mH: 

 +− 

 … etc

SM Higgs decay at LEP
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First Candidate Event 
(14-Jun-2000, 206.7 GeV)

• Mass 114.3 GeV/c2;

• Good HZ fit;

• Poor WW and ZZ fits;

• P(Background) : 2% 

• s/b(115) = 4.7

The purest candidate event ever!

b-tagging 
(0 = light quarks, 1 = b quarks)

• Higgs jets: 0.99 and 0.99

• Z jets: 0.14 and 0.01.

e+e- → bbqq
_ _

Missing
Momentum

High pT muon

First pb-1’s above 206 GeV, first thrills at 115 GeV
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Higgs results at LEP
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SM Higgs production at Tevatron
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Higgs results at Tevatron



N. De Filippis 14Seminar, IHEP, Beijing, July 24, 2025

Circumference (km) 26.7

Number of superconducting Dipoles 1232

Length of Dipole (m) 14.3

Dipole Field Strength (Tesla) 8.4

Operating Temperature (K) 1.9

Current in dipole sc coils (A) 13000

Beam Intensity (A) 0.5

Beam Stored Energy (MJoules) 362

Number of particles per bunch 1.15x1011

Number of bunches per beam 2808

Crossing angle (rad) 285

Bunch length (cm) 7.55

Norm transverse emittance (m rad) 3.75

Beta function at IP 1,2,5,8 (m) 0.55,10,0.55,10

First Collisions at 3.5TeV/beam

The LHC machine
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LHC : 27 km long
100m underground

General Purpose,

pp, heavy ions

CMS

ATLAS

Heavy ions, pp

ALICE

pp, B-Physics,
CP Violation
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• ggF: dominant, larger initial 

state radiation from gluons

• VBF: two forward jets with high 

mass and large rapidity gap

• VH: vector boson (lv, ll’, qq’)

• ttH: many b-jets, leptons, ET
miss

Total cross-section = 56 pb at 13 TeV

Higgs production at the LHC
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At mH =125 GeV:

• H(bb)    = 57.8%

• H(WW) = 21.4%

• H(gg)    = 8.19%

• H()     = 6.27%

• H(ZZ)   = 2.62%

At mH =125 GeV:

• H(cc)    = 2.89%

• H()     = 0.23%

• H(Z)    = 0.15 %

• H()    = 0.02%

Higgs decay channels
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Full 7+8 TeV data: H→ZZ→4l analysis



N. De Filippis 19Seminar, IHEP, Beijing, July 24, 2025

Full 7+8 TeV data: H→𝛾𝛾 analysis
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October 8, 2013: Nobel Prize
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Landscape of the Higgs physics today

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

current and future colliders?

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

properties and/or BSM physics?

✓ What progress is needed in theoretical developments in QCD and EWK to fully capitalize on 

the experimental data?

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

✓ To what extent can we tell whether the Higgs is fundamental or composite? 

21
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Landscape of the Higgs physics today

➢ HL-LHC and future colliders

would explore in detail the 

Higgs properties: understand the 

deep origin of EWSB

➢ Beyond HL-LHC measurements:

✓ couplings to fermions to %-

level, to bosons to per-mil

✓ self-coupling

✓ invisible decays

✓ BSM Higgses

22

Non-resonant HH projections: 3000 fb-1

Combined evidence >7σ.                     Precision on k=1 ~26%

Theory uncertainties are dominating
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“An 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.”

“Europe, 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.”

FCC Feasibility Study (FS) launched in 2021:

❑ To be carried out in 2021-2025➔ input to the next

Strategy update

❑ Mid-term review in Autumn 2023

2020 update of European Strategy for Particle Physics

23

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:

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

variable collision energy from 90-360 GeV

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

Strategy 2025
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European 

Strategy 2025
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European 

Strategy 2025

FCC-ee FCC-hh

2020 - 2045 2046 - 2065 2070 - 2100 

FCC integrated program - timeline

Ambitious schedule taking into account:

❑ past experience in building colliders at 

CERN

❑ approval timeline: ESPP, Council 

decision

❑ that HL-LHC will run until 2041 

❑ 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

➢ Higgs factory:

▪ 2.2x106 e+e- → HZ

➢ EW & Top factory:

▪ 6x1012 e+e- → Z (LEPx105)

▪ 2.4x108 e+e- → W+W-

▪ 2x106 e+e- → tt

➢ Flavor factory:

▪ 5x1012 e+e- → bb, cc 

▪ 1011 e+e- → 𝛕+𝛕-

~100 kHz of physics 

data at the Z pole

27
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Imported from CLIC

➢ Full Si tracker

➢ SiW Ecal HG

➢ SciFe Hcal HG

➢ Large coil outside

FCCee specific design

➢ Si Vtx + wrapper (LGAD)

➢ Large drift chamber (PID)

➢ DR calorimeter 

➢ Small coil inside

FCCee specific design

➢ Tracker as IDEA

➢ LAr EM calorimeter

➢ Coil integrated

➢ Hcal not specified

FCC-ee detector benchmarks

28

▪ High luminosity required for the physics → constraints on the design of the detectors close to 

the machine components, in particular the LumiCal and VTX detectors
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Detector requirements for an experiment at FCC-ee

As an example: IDEA proposal

• a silicon pixel vertex detector

• a large-volume extremely-light drift

wire chamber

• surrounded by a layer of silicon 

micro-strip detectors

• a thin low-mass superconducting

solenoid coil

• a preshower detector

• a dual read-out calorimeter

• muon chambers inside the magnet

return yoke

29
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Requirements on track momentum resolution

30

For 10 GeV (50 GeV)  emitted at an angle of 90° w.r.t the detector axis, the pT resolution is

▪ about 0.05 % (0.15%) with the very light IDEA DCH

▪ about 0.25% (0.3%) with the CLD full silicon tracker, being dominated by the effect of MS

The IDEA Drift Chamber is designed to cope with 

transparency

▪ a unique-volume, high granularity, fully

stereo, low-mass cylindrical

▪ gas: He 90% - iC4H10 10%

▪ inner radius 0.35m, outer radius 2m

▪ length L = 4m

~ 5% X0 - barrel

< 15% X0 -forward

% X
0

30/

18

The CLD silicon tracker is made of: 

▪ six barrel layers, at radii ranging

between 12.7 cm and 2.1 m, and of 

eleven disks. 

▪ the material budget for the tracker 

modules is estimated to be 1.1 − 2.1% 

of a radiation length per layer
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Higgs production at FCC-ee

Higgs-strahlung or e+e-
→ ZH

VBF production: e+e-
→vvH (WW fus.)

           e+e-
→He+e- (ZZ fus.)

31

Background sources
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Higgs yield

32

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

knowledge of initial stage and a “clean” experimental environment. 

▪ pp colliders allow measurements of rare decays

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

(e+e− → HZ) 𝛼 g2
HZZ

ZH events tagged by the Z, without reconstructing

the Higgs decay. Unique to lepton colliders.

e.g. when Z → leptons :

A fit to the recoil mass distribution allows:

• measurement of σ(ZH) independent of the Higgs decay

mode with O(%) uncertainty. Hence an absolute

determination on gHZZ

• a precise meas. of the Higgs mass → δmH/mH ~ O(MeV)

Easiest case: Z → lep.

• Z → had: more careful design of the analysis

e+e-→ HZ

+

−

→ δgHZZ/gHZZ ~ 0.1-0.2 %  (also including Z→had)

33

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)
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Model-independent Higgs couplings measurements

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

• H → ZZ* provides H

• H → XX provides gHXX

Data at higher energy bring important additional observables:

H → ZZ* provides H :

Select events with H → bb, cc, gg, WW, tt, , , Z, …

→ deduce gHbb , gHcc , gHgg , gHWW , gHtt , gH , gH , gHZ , ...

Select events with H → “nothing”  → deduce (H→invisible)
a model-indep

determination of Higgs 

couplings.

→ δΓH /ΓH ~ several %

→ δgXX/gXX ~ 1 %

First vvH → vvbb ~ gHWW
2 gHbb

2 / ΓH

•  vvbb / ( ZH(bb) ZH(WW) ~ gHZZ
4 / ΓH = R → ΓH precision at 1%

Then do vvH →vvWW ~ gHWW
4 / ΓH

• R / vvWW ~ gHWW
4 / gHZZ

4

• gHWW precision to few permil

34

At the end: Higgs couplings and H extracted from a global 

fit to all σ x BR (Kappa framework, SMEFT framework)
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HZ cross section and mass measurement

Analysis workflow based on recoil method using

Z(μμ/ee) final state

Baseline selection:

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

▪ in case of more than 2 leptons in event, select pair

minimizing

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

▪ Background reduction by cut on Z pT [20, 70] GeV

and |cos(θmiss)| < 0.98

▪ the former to suppress Z/γ*, the later for 

→ee event

Parametric fit based on recoil mass distribution:

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

core

▪ Free parameter: H mass, signal and bkg

normalization

35

MC simulation based on Whizard:

▪ √𝑠 = 240 GeV, 𝐿 = 10.8 𝑎𝑏-1

▪ IDEA detector; detector response modelled with Delphes doi:10.17181/jfb44-s0d81
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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

- FSR uncertainty

36

BES ~ 1 %

doi:10.17181/jfb44-s0d81
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Constraint on detector requirement from H mass measurement

37

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

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

BES in order for the momentum measurement not to limit the mass resolution

▪ achieved with the baseline IDEA detector → uncertainty of 4.27 MeV with 10 ab−1

▪ CLD performs less well because of the larger amount of material → larger effects of MS

If the B increased from 2T to 3T → 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

38

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

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
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H→qq (hadrons) and progress on jet flavour tagging

• Key ingredients: 

• tagging of b, c and g jets

• detector requirements (tracking, vertexing, timing)

• tagging performance from old-ish algorithms

• large room for improvement for σ x BR(cc)

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

recently in the context of FCC-ee based on NN

𝜀c = 80%,

mis-id ~ 1–2%

arXiv:2202.03285

High precision Higgs BRs to hadron measurements:

• Bottom and charm, gluons, probe strange coupling?

▪ Z(ll)H(qq)

▪ Z(inv)H(qq)

▪ Z(qq)H(qq)

39

doi:10.17181/9pr7y-3v657



N. De Filippis 40Seminar, IHEP, Beijing, July 24, 2025 40

(HZ) x BR and (WW→H) x BR measurements

Uncertainty on 

 * BR in %

doi: 10.17181/n78xk-qcv56
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Higgs to invisible particles analysis

▪ only invisible decay in the SM:  H → ZZ →  (BR = 0.106%)

▪ best individual measurements from ZH→qq + missing energy using recoil
mass or missing mass at the Z peak
▪ → requires excellent hadronic energy resolution

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

[87, 96] GeV

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

41

doi: 10.17181/7hbn8-3d233 BR(H → inv ) > 0.052 excluded @ 95%CL
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Higgs Yukawa coupling to electron

42

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

channel production e+e- → H in a dedicated run at the Higgs pole, √s = mH.     

▪ 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

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

• most significant channels: H→gg (for light mistag ~ 1%), H→WW* →l +jets

In the SM:

▪ the Yukawa coupling of the electron is ye = √2 me/v = 2.8·10−6

▪ BR(H →e+e−) ≈5 ×10−9

arXiv:2107.02686

background

upper limit @ 95CL on 

the electron Yukawa 
coupling at 1.6 times the 
SM value for each

detector for one year→
x 100 better than for 

HL-LHC
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The Higgs self coupling

43

► The Higgs self-couplings λi are still largely unconstrained

experimentally

► These couplings provide key information on the shape of the Higgs 

potential V (H) which has important physics implications (e.g. 

stability of the universe, JHEP08(2012) 098

► known 𝑚H (∼125 GeV), SM predicts 𝜆3 = 𝑚H
2/ 2v2 (∼0.13)

► 𝜆3 = 𝜆4 in SM

SM quartic Higgs 

coupling out of reach

even for HL-LHC

► 𝜆3 can be directly accessed through the production of Higgs boson pairs (HH)

► contributions also come from single Higgs production (H) via NLO EW corrections

PRD 72, 053008
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Higgs self coupling at √s < 500 GeV – i.e. ZH & tt thresholds

Probe indirectly trilinear Higgs self coupling λ3 through

higher-order corrections to single-Higgs processes

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

- possible probing NLO deviations from SM: δκλ = κλ – 1

- parameter C1 sensitive to √s: exploit different sensitivities

at 240 GeV and 365 GeV:

- ZH @ 240 GeV

- VBF @ 365 GeV

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

cross section) parameterized according to:

The secondary minimum 

easily excluded adding a 2nd

energy point
44

arxiv:1607.04251

arxiv:1711.03978

C1 process-dependent coefficient that encodes the interference

between the NLO amplitudes and the LO ones

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

λ3 affects single-Higgs prod at NLO
e.g. 100% variation on λ3 modifies σ(ZH)

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

precision on σ(ZH)

Precise measurement of σ(ZH) constrains a combination of λ3 and gHZZ. 

Measurements at two values of √s needed to determine separately λ3 and gHZZ.

Higgs self coupling at √s < 500 GeV – i.e. ZH & tt thresholds

➢ Recent: 4 IPs. Running at √s = 240 and 365

GeV → δκλ ~ 28% for FCC-ee

~ 18% (combining with HL-LHC)

With 4 IPs: 5σ observation of λ3 within reach

with 15 years of operation at FCC-ee.

45

arXiv:2505.00272v1
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Di-Higgs production at FCC-hh

46

Most sensitivity in channels that can be cleanly

tagged: HH → bbγγ HH → bbbb, HH → bb

Destructive interference

Gluon gluon Fusion (ggF)

10.1016/j.revip.2020.100045

doi: 10.17181/w6928-gr929

HH → bbγγ

Expected prec. on 

κλ @ 68% C.L.:

▪ 3.2% to 5.4% at

84 TeV 
▪ 2.8% to 4.8% at

100 TeV

Depending on the di-

jet mass resolution
and systematic
assumptions →

https://www.sciencedirect.com/science/article/pii/S2405428320300083
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FCChh measurements of Rare Higgs decays

47

doi: 10.17181/n78xk-qcv56

FCChh will produce about 30 billion Higgs bosons in 30 ab−1 allowing measurements of

H →  , H →  , H → Z, , with 1-2% uncertainty (systematically limited)
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Complementarity/synergy between
HL-LHC, FCC-ee and FCC-hh

48
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Higgs couplings: HL-LHC, FCCee, FCChh

49

▪ HL-LHC is still going to be the best machine for Zγ, µµ (rare decays) and ttH coupling

determination for the next decades years (until FCC-hh)

▪ HL-LHC has no access to charm Yukawa coupling

▪ FCC-ee has limited access to top Yukawa coupling (only via loop corrections to e+e-
→tt cross 

section indirectly)

Phys. Rev. Lett. 132 (2024) 221802

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.221802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.221802
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Uncertainty on Higgs couplings: latest

50
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Precision on Higgs self couplings
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Conclusions

▪ FCC is a unique project, offering an extremely complete and compelling

programme, with synergies and complementarities between the various machines

and running scenarios (FCC-ee, FCC-hh) → prospects for 100 years of great physics

at energy and intensity frontiers!

▪ FCC-ee provides ultimate precision in Higgs sector, aimed at starting at CERN in

e+e- mode, shortly after the end of the HL-LHC.

▪ FCC-ee will produce almost 3 million Higgs in a clean environment:

▪ allows for model independent measurement of Higgs properties
▪ an order-of-magnitude improvement in precision in Higgs decay channels

▪ FCC-hh will provide precise meaurement of the Higgs tri-linear self coupling, of the

top Yukava coupling and inspection of the Higgs rare decays

▪ New experimental developments coming in: progress on detector R&D,

reconstruction algorithms, ML revolution, allow to contemplate more ambitious

goals

▪ an exciting future for HEP ahead…join the team!

52
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Backup

53
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Timeline of the discoveries



N. De Filippis 55Seminar, IHEP, Beijing, July 24, 2025

Seminal papers
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➢ Problem: give mass to gauge files W+, W- and Z

▪ Explicit mass terms in the Lagrangian break the gauge invariance

➢ Solution: Higgs mechanism 

▪ Higgs pointed out a massive scalar boson

➢ “… an essential feature of [this] type of theory … is the prediction of 
incomplete multiplets of vector and scalar bosons”

➢ Englert, Brout, Guralnik, Hagen & Kibble did not comment on its 
existence

➢ Discussed in detail by Higgs in 1966 paper

The Higgs boson 
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 Signatures: 4e, 4mu and 2e2mu final state 

 extremely demanding channel for requiring the 
highest possible efficiencies (lepton 

Reco/ID/Isolation).
  x BR small ≈ few fb

 Backgrounds:
Irreducible: ZZ* 

Reducible: Zbb, tt and tt+jets, Z+jets, WZ+jets

 Sensitivity:  115 < mH < 600 GeV

 Selection strategy:

 triggering on double leptons

 Particle Flow algorithm to build physics objects

 applying reco, id and isolation of leptons

 recovery of FSR photons

 use of impact parameter

 mZ and mZ* constraint

 kinematical discriminant / scalarity of the Higgs

H → ZZ* → e+e-μ+μ-

H→ZZ→4l in a nutshell
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Background:

• irreducible :  gg→𝛾𝛾,  qqbar, qg→g𝛾 from QCD

• reducible: 

 pp → 𝛾+jets (1 prompt 𝛾 + 1 fake 𝛾)

 pp → jets (2 fake 𝛾),  fake 𝛾 from 𝜋0
→𝛾𝛾

Important channel for Higgs with 110< mH<140 GeV

• clear signature of two isolated high ET photons

• small B.R. (0.2%)

• narrow mass peak with very good mass resolution 1-2%

• VBF channels has two additional jets form outgoing quarks

Analysis strategy based on:

• trigger (double photon HLT)
• vertex ID via BDT MVA

• photon reconstruction, ID and isolation via BDT MVA 

• categories of events based on the photon h/shower 
shape (R9) to optimize s/b

• look for a peak with cut-based and MVA techniques
• use data to evaluate the background

H→ in a nutshell
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CMS able to exclude the existence of Higgs in the mass range 149-
206 GeV and 300-440 GeV

EPS in July 2011 at Grenoble
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A candidate 
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7 TeV DATA

4μ+γ Mass : 126.1 GeV

μ-(Z1) pT : 28 GeV

μ+(Z2) pT : 6 GeV

μ+(Z1) pT : 67 GeV

μ-(Z2) pT : 14 GeV

γ(Z1) ET : 8 GeV

Candidates



N. De Filippis 62Seminar, IHEP, Beijing, July 24, 2025 62

μ-(Z1) pT : 24 GeV

μ+(Z1) pT : 43 GeV

e-(Z2) pT : 10 GeV

e+(Z2) pT : 21 GeV

8 TeV DATA

4-lepton Mass : 126.9 
GeV

Candidates
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14.6.2012: Approval
of H→ZZ→4l 
analysis

June 2012
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Excess at 
m4l≈126 GeV 
with a p-value 
of  3.2

Evidence of a new state
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H ➔
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July 4: seminar at CERN
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A new boson discovery: July 4 2012
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July 4 fireworks
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October 8, 2013: Nobel Prize
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March 2010: 
Collisions at 7 TeV.
LHC delivered:
44.22 pb-1
CMS recorded:
40.56 pb-

The first Z→

Candidate

First collisions at 7 TeV
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Shows strength of 
accelerator and 

experiment 

2010: “Rediscover” the SM
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History of the Higgs boson

72
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European 

Strategy
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Higgs Yukawa coupling to electron

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

channel production e+e- → H in a dedicated run at the Higgs pole, √s = mH.     

In the SM:

▪ the Yukawa coupling of the electron is ye = √2 me/v = 2.8·10−6

▪ BR(H →e+e−) ≈5 ×10−9

arXiv:2107.02686

background
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Higgs couplings from SMEFT fit

75

Recent example of 

a global fit in the 

SMEFT framework

arXiv:2206.08326

truncated to opera-

tors of dimension six
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Complementarity and synergy between FCC-ee and FCC-hh

76

arXiv:2206.08326

Recent example of 

a global fit in the 

SMEFT framework

truncated to opera-

tors of dimension six
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Comparison of accelerators

77
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