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– Introduction

– What will the HL-LHC achieve

– Which CM energy for an e+e– Higgs factory

– Precision and flavour

– A few personal remarks

Discussion assumes no hint for new physics at the LHC. This question is not settled yet!  
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German input to European Strategy Update

The German input to European process is extremely important

• Biggest contributor to CERN
• Large and diverse particle physics community with a strong national lab, research institutions and universities

Did anything change since 2018 German input to process? Yes!

• HL-LHC Yellow Books (2 volumes) released with much more realistic extrapolations using newest Run-2 analyses

• FCC and CEPC Conceptual Design Reports released
• New Giga-Z study for ILC

• 160 written contributions to ESPP Update
• Granada Meeting

• Physics Briefing Book and accompanying studies released by Physics Preparatory Group (PPG) to ESPP Update
• Five scenarios identified by PPG and submitted for discussion with request for feedback to European Study Group (ESG)

Many thanks to KET for having this discussion and for reassessing the German input to the European strategy
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High-Luminosity LHC: 2026~2037, Lpeak up to 7×1034 cm–2s–1 (up to 200 pileup events), 3–4 ab–1

HL-LHC

• Higgs factory (400M Higgs bosons produced) for precise Higgs coupling 
ratio measurements and increased rare & new physics sensitivity

• Large-scale detector upgrades required for improved robustness 
against pileup and radiation
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Figure 1. Projected uncertainties on ki, combining
ATLAS and CMS: total (grey box), statistical (blue),
experimental (green) and theory (red). From Ref. [2].

These coupling measurements assume the absence of sizable
additional contributions to GH . As recently suggested, the patterns
of quantum interference between background and Higgs-mediated
production of photon pairs or four leptons are sensitive to GH .
Measuring the off-shell four-fermion final states, and assuming
the Higgs couplings to gluons and ZZ evolve off-shell as in the
SM, the HL-LHC will extract GH with a 20% precision at 68% CL.
Furthermore, combining all Higgs channels, and with the sole
assumption that the couplings to vector bosons are not larger than
the SM ones (kV  1), will constrain GH with a 5% precision at
95% CL. Invisible Higgs boson decays will be searched for at
HL-LHC in all production channels, VBF being the most sensitive.
The combination of ATLAS and CMS Higgs boson coupling mea-
surements will set an upper limit on the Higgs invisible branching
ratio of 2.5%, at the 95% CL. The precision reach in the mea-
surements of ratios will be at the percent level, with particularly
interesting measurements of kg/kZ, which serves as a probe of
new physics entering the H ! gg loop, can be measured with an
uncertainty of 1.4%, and kt/kg, which serves as probe of new
physics entering the gg ! H loop, with a precision of 3.4%.

A summary of the limits obtained on first and second gen-
eration quarks from a variety of observables is given in Fig. 2
(left). It includes: (i) HL-LHC projections for exclusive decays of
the Higgs into quarkonia; (ii) constraints from fits to differential
cross sections of kinematic observables (in particular pT); (iii)
constraints on the total width GH relying on different assumptions
(the examples given in the Fig. 2 (left) correspond to a projected limit of 200 MeV on the total width from the mass shift
from the interference in the diphoton channel between signal and continuous background and the constraint at 68% CL on the
total width from off-shell couplings measurements of 20%); (iv) a global fit of Higgs production cross sections (yielding the
constraint of 5% on the width mentioned herein); and (v) the direct search for Higgs decays to cc using inclusive charm tagging
techniques. Assuming SM couplings, the latter is expected to lead to the most stringent upper limit of kc / 2. A combination of
ATLAS, CMS and LHCb results would further improve this constraint to kc / 1.

The Run 2 experience in searches for Higgs pair production led to a reappraisal of the HL-LHC sensitivity, including several
channels, some of which were not considered in previous projections: 2b2g , 2b2t , 4b, 2bWW, 2bZZ. Assuming the SM Higgs

Figure 2. Left: Summary of the projected HL-LHC limits on the quark Yukawa couplings. Right: Summary of constraints on
the SMEFT operators considered. The shaded bounds arise from a global fit of all operators, those assuming the existence of a
single operator are labeled as "exclusive". From Ref. [2].
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Main expected Higgs results (and much more than Higgs physics!)

• HL-LHC excellent for rare and high-q2 Higgs processes
• Differential cross section and angular measurements
• Expect observation of H ® µµ and H ® Zg
• Precise top-Higgs coupling measurement
• Access to di-Higgs production

Huge challenge

• However, extrapolations are not scientific results. The data are 
still to be produced and collected, the HL-LHC is not a reality yet

• Operation, Analysis and Upgrade of experiments require our 
strong and sustained support
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It is important to optimise the combined scientific reach of future collider projects: 
® Results of an e+e– collider should be complementary to a future hadron collider, and not be superseded by it

Long term future of the energy frontier

Progress in particle physics requires experiments at the energy frontier

® A high-luminosity 100 TeV hadron collider such as the FCC-hh offers a huge physics potential

790 The European Physical Journal Special Topics

Table 1.1. Higgs production event rates for selected processes at 100TeV (N100) and
statistical increase with respect to the statistics of the HL-LHC (N100 = �100 TeV⇥ 30 ab�1,
N14 = �14 TeV ⇥ 3 ab�1).

gg ! H VBF WH ZH tt̄H HH

N100 24⇥ 109 2.1⇥ 109 4.6⇥ 108 3.3⇥ 108 9.6⇥ 108 3.6⇥ 107

N100/N14 180 170 100 110 530 390

Table 1.2. Target precision for the parameters relative to the measurement of various Higgs
decays, ratios thereof, and of the Higgs self-coupling �.

Observable Parameter Precision Precision
(stat) (stat+syst+lumi)

µ = �(H)⇥B(H! ��) �µ/µ 0.1% 1.45%
µ = �(H)⇥B(H!µµ) �µ/µ 0.28% 1.22%
µ = �(H)⇥B(H! 4µ) �µ/µ 0.18% 1.85%
µ = �(H)⇥B(H! �µµ) �µ/µ 0.55% 1.61%
µ = �(HH)⇥B(H!��)B(H!bb̄) ��/� 5% 7.0%
R = B(H!µµ)/B(H!4µ) �R/R 0.33% 1.3%
R = B(H!��)/B(H! 2e2µ) �R/R 0.17% 0.8%
R = B(H!��)/B(H! 2µ) �R/R 0.29% 1.38%
R = B(H!µµ�)/B(H!µµ) �R/R 0.58% 1.82%
R = �(tt̄H)⇥B(H! bb̄)/�(tt̄Z)⇥B(Z! bb̄) �R/R 1.05% 1.9%
B(H! invisible) B@95%CL 1⇥ 10�4 2.5⇥ 10�4

Notes. Notice that Lagrangian couplings have a precision that is typically half that of what
is shown here, since all rates and branching ratios depend quadratically on the couplings.

1.5 Precision Higgs studies and the exploration of EWSB

1.5.1 Higgs couplings

Two elements characterise the Higgs physics programme of FCC-hh: the large statis-
tics (see Tab. 1.1), and the large kinematic range, which probes Higgs production
at very large pT . As shown in Table 1.2, these factors allow the measurement of
Higgs couplings with (sub)percent-level precision that FCC-ee can probe with lim-
ited statistics and the precision of the Higgs self-coupling to below 10%.

The results in Table 1.2 represent the target uncertainties due to statistics (taking
into account analysis cuts, expected e�ciencies, and the possible irreducible back-
grounds) and to systematics (limited here to the identification e�ciencies for the
relevant final states, plus an overall 1% to account for luminosity and modelling
uncertainties). The full details of the analyses are presented in [17]. While these esti-
mates do not reflect the full complexity of the experimental analyses in the huge pile-
up environment of FCC-hh, the systematics assumptions that were used are rather
conservative. The projections given here are considered to be reasonable targets for
the ultimate precision and useful benchmarks to define the goals of the detector
performance.

The µ parameters shown in Table 1.2 are typically a↵ected by systematics related
to the theoretical uncertainty in the production cross sections and the luminosity
measurement. It is reasonable to expect that these will be reduced to the percent level
by the time of operation. These systematics, however, cancel entirely in the ratio of
branching ratios, which are derived from events with identical Higgs kinematics. The
measurement of the tt̄H process allows the extraction of the top Yukawa coupling,

Event numbers compared to HL-LHC
FCC-hh — the ultimate Higgs factory

Among the FCC-hh physics highlights

• 5s discovery potential for new phenomena: q* up to 40 TeV, Z’SSM up to 43 TeV, gluino / stop up to 16 / 10 TeV, …

• Precision probes of Higgs self coupling and rare Higgs processes (incl. H ® invisible down to 10–4)
• Studies of SM processes such high-mass longitudinal vector boson scattering (3%), Drell-Yan up to 15 TeV mass (10%)

• WIMP dark matter sensitivity between 1 and 3 TeV
• Heavy-ion physics program with √sNN = 39 TeV for PbPb and 63 TeV for pPb
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e+e– : complementarity with hadron colliders is key

Highest luminosity for best precision and to probe rare and forbidden phenomena: physics the FCC-hh cannot do as well

THE FUTURE CIRCULAR COLLIDERS

Figure 2.2: Luminosity as a function of centre-of-mass for the FCC-ee with two interaction points. The
simulated luminosity is shown, together with a slightly more conservative one. Also shown are those
estimated for the ILC – assuming a 500 GeV upgrade – CLIC and CEPC, at the time of submission

increased sensitivity of possibly up to 5� to the Higgs self-coupling from its energy-dependent effect on
the ZH cross-section [11].

Table 2.1: Run plan for FCC-ee in its baseline configuration with two experiments. The number of WW
events is given for the entirety of the FCC-ee running at and above the WW threshold.

Phase Run duration Centre-of-mass Integrated Event
(years) Energies (GeV) Luminosity (ab�1) Statistics

FCC-ee-Z 4 88-95 150 3 ⇥ 10
12 visible Z decays

FCC-ee-W 2 158-162 12 108 WW events
FCC-ee-H 3 240 5 106 ZH events
FCC-ee-tt 5 345-365 1.5 106

tt events

The FCC-ee experimental environment and detectors have been discussed in Chapter 7 of the
FCC-ee CDR Volume, Experiment environment and detector designs. A few important features are
summarised below.

The Machine-Detector Interface governs the geometry of the detector that is close to the beam
line. The central detector magnetic field is limited to 2 Tesla by the fact that the beams cross at a 30 mrad
angle, to avoid that the residual transverse fields generate emittance blow up and loss of luminosity.

The strong focusing of the beams ( �y ' 1 mm) requires a short distance between the focusing
quadrupoles L⇤

= 2.2 m. This forces the luminosity detectors to stand even closer; a luminosity mea-
surement with a relative experimental precision of 10

�4 will require a mechanical tolerance of 1 µm on
the radial dimension of the luminosity calorimeter. Several observables rely on an excellent luminosity
measurement (the Z line shape, the W pair threshold and the Higgs and top production cross-sections
and mass determination).

A small beam pipe (1.2 cm radius) and the possibility to bring a vertex detector to a small distance
from the interaction point are results of the strong beam focusing. This, combined with a state-of-the art
vertex detector, would lead to an excellent impact parameter resolution of �d0 = a � b/p sin

3/2 ✓, with

PREPRINT submitted to Eur. Phys. J. C
11

ILC (22~24 years of operation)

• Giga-Z: 0.1 ab–1 in 1~3 years
• 250 GeV:  2.0 ab–1 in 11.5 years
• 350 GeV:  0.1 ab–1 in 1 year
• 500 GeV:  4.0 ab–1 in 8.5 years

CLIC (> 20 years of operation)

• Giga-Z: ?
• 380 GeV:  1.0 ab–1 in 8 years
• Upgrade to > 1 TeV in > 15 years

> 105 × LEP

All numbers assume 2 experiments

Another important consideration is one vs. two running experiments!

FCC-ee (14 years of operation)
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Stable beam time assumed:
• FCC-ee: 1.08 ×107 s
• ILC:        1.6   ×107 s
• CLIC:     1.2   ×107 s
Compare:
• SLD:   < 1.0 ×107 s
• Belle:  < 1.2 ×107 s
• LHC:   < 0.7 ×107 sILC Giga-Z
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The 500 GeV question

The question whether or not an e+e– collider should be upgradable to at least  
500 GeV depends on the expected HL-LHC and FCC-hh potential

• Main considerations: 

1) Top-Higgs coupling measurement

2) Higgs self-coupling

1) Top-Higgs coupling: expectation at HL-LHC: s(kt) = 3.4%                                        
(from mostly ttH(® gg), 3.7M ttH produced in total)

• FCC-hh: 1.0% (systematics limited)

• ILC-500 (4 ab–1, 8.5 years): 6.3% (~9k ttH produced)                 
Note: strong cross-section rise for > 500 GeV (2% precision at 600 GeV)
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The 500 GeV question (continued)
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produced, for example, through the gluon-fusion mode shown in Figure 1 (c). Models with two Higgs53

doublets [5], such as the minimal supersymmetric extension of the SM [6], twin Higgs models [7] and54

composite Higgs models [8, 9] involve the addition of a second complex scalar doublet. This implies55

the existence of a heavy Higgs boson that could then decay to two of its lighter, SM-like, partners. In56

addition, the Randall-Sundrum model of warped extra dimensions [10] predicts both spin-0 radions and57

spin-2 gravitons that could couple to a Higgs boson pair in this way.58

In addition to the resonant production discussed above, there can also be non-resonant enhancements to59

the di-Higgs cross-section. These can either come through loop-corrections from new particles, such as60

light, coloured scalars [11], or through non-SM couplings: either additional couplings not present in the61

SM or alterations to SM couplings between the Higgs boson and other particles. Anomalous couplings,62

such as contact interactions between two top quarks and two Higgs bosons [12], can also enhance the63

SM cross-section, although no interpretation in terms of such processes is considered here. Deviations64

from SM couplings can be quantified using �, which measures deviations in the Higgs self-coupling65

(� = �HHH/�SM), and t , which measures deviations in the Yukawa coupling between the top quark and66

the Higgs boson (t = yt/yt,SM ), where the SM subscript refers to the SM value of these parameters.67

H

H
(a)

H
H

H
(b) (c)

Figure 1: Leading-order production modes for Higgs boson pairs. In the SM, there is destructive interference between
(a) the heavy-quark loop and (b) the Higgs self-coupling production modes, which reduces the overall cross-section.
BSM Higgs boson pair production could proceed through changes to the Higgs couplings, for example the tt̄H (red
vertices) or HHH (blue vertices) couplings which contribute to (a) and (b), or through an intermediate resonance,
X , which could, for example, be produced through a quark loop as shown in (c).

This paper describes a search for the production of pairs of Higgs bosons in pp collisions at the LHC. The68

search is carried out in the ��bb̄ final state, and considers both resonant and non-resonant contributions.69

For the resonant search, the narrow-width approximation is used, focusing on a resonance with mass (mX)70

in the range 260 GeV < mX < 1000 GeV. Although this search is for a generic scalar decaying to a pair71

of Higgs bosons, the simulated samples used to optimise the search were produced in the gluon-fusion72

mode. Previous searches have been carried out by the ATLAS [13] and CMS [14] collaborations in the73

��bb̄ channel at
p

s = 8 TeV, as well as in other final state searches [15–18] performed at both
p

s = 8 TeV74

and
p

s = 13 TeV.75

Events are required to have two isolated photons, accompanied by two jets, at least one of which is tagged76

as originating from a b-quark. These jets are required to have dijet invariant mass (mj j) compatible with77

the mass of the Higgs boson, mH = 125.09 GeV [3]. Events with one or two b-tagged jets are classified78

into separate signal regions. Two analysis selections are defined, one which is more sensitive at the low79

end of the resonance mass range and the other which is more sensitive for high masses – hereafter these80

are termed the ‘low mass’ and ‘high mass’ selections. For non-resonant production, the signal consists81

of a narrow peak around mH in the diphoton invariant mass (m��) spectrum on top of a smoothly falling82

background and can be extracted using an appropriate fit to the m�� distribution of the selected events.83

For resonant production, the signal consists of a peak in the four-object invariant mass (m�� j j) spectrum84
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• LO diagrams contributing with negative interference 
• Box diagram dominates inclusive production
• Sensitivity to H self-coupling rises at low m HH

−0.52 <
𝜆"
𝜆"12

< 1.50

Extrapolated HL-LHC 
sensitivity

1902.00134

2) Higgs self-coupling via di-Higgs production

• LHC: 40 fb (37 fb ggF) cross section ® 240k HH produced

Best channels: bbgg (BR = 0.26%), bbtt (7.3%), bbbb (34%).

Exploit machine learning and m HH mass spectrum to directly 
constrain 𝜆" (instead of optimising for HH, as done so far)

Simple analyses so far (but realistic S/B), expect to improve 
further. Also constraints from 𝜆" in loops.

Cross section reduces 
for 𝜆"/𝜆12 = 1~2.4, 

But acceptance 
improves in that region

Second minimum constrained 
at low mHH mainly from bbgg

But no dedicated analysis  
optimisation on λ" yet
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The 500 GeV question (continued)

A precise measurement of the Higgs self-coupling at the few percent level 
can only be provided by the combination of an e+e– collider and FCC-hh. 

2) Higgs self-coupling: expected precision on λ"

• HL-LHC: < 50% (HH) + some constraint from λ" in loops

• FCC-ee: 21% from λ" in loops* (EFT), note also information from energy dependence of λ" at 240 and 365 GeV

• ILC-500: 27% (HH), 32% (λ" in loops) [The ILC a Global Project, 1903.01629]

• ILC-1000 and CLIC-3000 achieve ~10% (36% for CLIC-1500)

• FCC-hh: 5% (HH), 530 × events at HL-LHC

coupling, for both pp and e+e� collisions, as shown in Fig. 9. Figure 10 shows the depen-
dence of the inclusive double Higgs production cross section when the value of the Higgs
cubic coupling is varied, assuming no other deviation from the SM. Gluon fusion production
at a hadron collider has been computed within the SM at NNLO accuracy in the infinite
top mass limit[58–61] and at NLO with the full top mass dependence[62–64], leading to a
prediction whose theoretical and parametric uncertainties are of the order of a few percent.

For the LHC at 14 TeV, the cross section is predicted to be 36.69+2.1%
�4.9% fb, about three

orders of magnitude smaller than the single Higgs production, which makes the double
Higgs channel a challenging process to observe. The most up-to-date analysis relies on the
combination of the bb̄�� and bb̄⌧⌧ decay channels to reach almost 5 standard deviation
evidence for double Higgs production at HL-LHC (see Table 55 and Fig. 65 of Ref [13]),
which can be translated into a 68% CL bound of order 50% on the deviation of the Higgs
cubic coupling relative to the SM prediction. Note that the mapping of the inclusive
gg ! HH cross section onto a value of the Higgs cubic self-coupling is not unique: for
instance, at 14 TeV LHC, a value of the cross section equal to the SM prediction corresponds
either to 3 = 1 or to 3 ⇡ 6.2. This ambiguity can however be resolved by analysing the
shape of the invariant mass distribution of the reconstructed two Higgs boson system:
the larger the value of 3, the closer to threshold the mHH distribution is peaked. This
kinematic information is a crucial element of Boosted Decision Trees (BDT) based analysis
performed at HL-LHC. However the BDT and the final selection cuts are often devised to
optimise the significance of the SM cross section for double Higgs production and therefore it
is not necessarily optimised for the determination of the Higgs self-coupling directly, leaving
room for possible improvement towards an even higher sensitivity. At lepton colliders,
double Higgs-strahlung, e+e� ! ZHH, gives stronger constraints on positive deviations
(3 > 1), while VBF is better in constraining negative deviations, (3 < 1). While at HL-
LHC, values of 3 > 1, as expected in models of strong first order phase transition, result
in a smaller double-Higgs production cross section due to the destructive interference, at
lepton colliders for the ZHH process they actually result in a larger cross section, and
hence into an increased precision. For instance at ILC500, the sensitivity around the SM
value is 27% but it would reach 18% around 3 = 1.5.

Modified Higgs self-interactions can also affect, at higher orders, the single Higgs pro-
cesses [67–69] and even the electroweak precision observables [70–72]. Since the experimen-
tal sensitivities for these observables are better than for double Higgs production, one can
devise alternative ways to assess the value of the Higgs self-interactions. For a 240 GeV lep-
ton collider, the change of the ZH production cross section at NLO induced by a deviation
of the Higgs cubic coupling amounts to

�NLO
ZH ⇡ �NLO,SM

ZH
(1 + 0.014 �3). (4.3)

Thus, to be competitive with the HL-LHC constraint, the ZH cross section needs to
be measured with an accuracy below 1%, but this is expected to be achieved by e+e� Higgs
factories at 240/250 GeV. However, one needs to be able to disentangle a variation due to
a modified Higgs self-interaction from variations due to another deformation of the SM.
This cannot always be done relying only on inclusive measurements [73, 74] and it calls

– 43 –

*
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Electroweak precision and rare phenomena physics

H Consistency of electroweak precision data

Before the discovery of a Higgs boson, the consistency of the SM has often been illustrated
by comparing the direct measurement of mW and mtop with the indirect constraints derived
from precision measurement at the Z-pole and at low-energy experiments. Fig. 18 for the
future e+e� colliders.
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Figure 18. Constraints on mW and mtop from direct measurements (horizontal and vertical lines)
and indirect constraints (ellipses). In all cases the constraints from current data plus HL-LHC are
compared to the ones expected for the e+e� collider. For ILC and CLIC the result is shown without
(top row) and with a Giga-Z (bottom row) run.
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Feedback to the European Strategy Group, a few personal remarks

• As a community we should promote the projects with the largest scientific reach and lowest technical risk, not    
(or not primarily) the ones we believe the policy makers may accept (or like). If we are not convinced and united,       
we will convince no one else. If we are convinced to have the best scientific projects, we can move mountains!

• There seems to be consensus that the next collider should be an e+e– “Higgs factory”. Given the arguments I tried     
to convey, I would wish the German community emphasised the importance of such a machine as next step, w/o 
prioritising a concrete project.

• If Japan moves forward with the ILC, a decision is taken. Since, so far, this has not been the case we should not 
close the door to an FCC-ee at CERN. Its advantages (highest luminosity ≤ HZ, at least two experiments, lowest 
technical risk) counterbalance the shortcomings (inefficient > tt). The FCC-ee is a phenomenal machine.

• I believe that the long term goal of a O(100 TeV) hadron collider for discovery physics should be emphasised. 
While it is essential that particle physics remains diverse and supports collider as well as non-collider projects, the 
flagship projects provide the largest scientific return.

• CERN, as the European Laboratory of Particle Physics, is predestined to host such a hadron collider. The way 
towards it could be realised via a circular e+e– collider with its own complementary physics potential.

• Finally, I believe it is important that the German community re-emphasises its long-term support for the High-
Luminosity LHC. Although approved, it is not a reality yet: operation, analysis and upgrade of experiments and 
accelerator require our strong and lasting engagement. 
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Extra slide 1 — Higgs self-coupling
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Graphical overview of constraints on 
Higgs self-coupling expected for future 
colliders

Figure from 1905.03764:
Sensitivity at 68% probability on the Higgs cubic self-
coupling at the various FCs. All values reported 
correspond to a simplified combination of the 
considered collider with HL-LHC. Only numbers for 
Method (1), i.e. "di-H excl.", corresponding to the 
results given by the future collider collaborations, and 
for Method (4), i.e. "single-H glob." are shown (the 
results for Method (3) are reported in parenthesis). For 
Method (4) we report the results computed by the 
Higgs@FC working group. For the leptonic colliders, 
the runs are considered in sequence. For the colliders 
with √s < 400 GeV, Method (1) cannot be used, hence 
the dash signs. Due to the lack of results available for 
the ep cross section in SMEFT, we do not present any 
result for LHeC nor HE-LHeC, and only results with 
Method (1) for FCC-eh. 
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Extra slide 2 — Power consumption
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28 CHAPTER 3. ELECTROWEAK PHYSICS
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Fig. 3.3: Higgs production cross sections in e+e� collisions [24]. The cross section of different
production processes for single and double Higgs production are shown as function of

p
s.

Table 3.2: The dependence of the event rates for the s-channel e+e� ! ZH process and the
pure t-channel e+e� ! Hnene and e+e� ! He+e� processes for several example beam polar-
isations [24].

Polarisation Scaling factor
P(e�) : P(e+) e+e� ! ZH e+e� ! Hnen̄e e+e� ! He+e�

unpolarised 1.00 1.00 1.00
�80% : 0% 1.12 1.80 1.12
�80% : +30% 1.40 2.34 1.17
�80% : �30% 0.83 1.26 1.07
+80% : 0% 0.88 0.20 0.88
+80% : +30% 0.69 0.26 0.92
+80% : �30% 1.08 0.14 0.84

Based on the electroweak precision measurements, the 95% CL upper limits on the oblique
parameters [12] are S < 0.18 and T < 0.26 [33]. Fig. 3.4 shows T vs S and illustrates how the
various precision measurements on GZ , MW and asymmetries contribute.

Measurements of diboson production are also sensitive to the electroweak symmetry
breaking mechanism as they depend on the trilinear gauge couplings of the bosons to each
other. In addition, some processes, such as pp ! W±W± + 2 jets, are also sensitive to the
quartic coupling of the W bosons and to the coupling of the Higgs boson to W bosons.

In addition, at future e+e� colliders, a campaign of electroweak measurements at the

Extra slide 2 — e+e– ® H+X cross sections

HZ factory


