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A Linear Collider Vision for the Future of Particle Physics

In this paper we review the physics opportunities at linear e+e→ colliders with a special focus
on high centre-of-mass energies and beam polarisation, take a fresh look at the various acceler-
ator technologies available or under development and, for the first time, discuss how a facility first
equipped with a technology that is mature today could be upgraded with technologies of tomorrow
to reach much higher energies and/or luminosities. In addition, we discuss detectors, alternative
collider modes, as well as opportunities for beyond-collider experiments and R&D facilities as part
of a linear collider facility (LCF). The material of this paper supports all plans for e+e→ linear col-
liders and the additional opportunities they offer, independently of technology choice or proposed
site, as well as R&D for advanced accelerator technologies. This joint perspective on the phys-
ics goals, early technologies and upgrade strategies has been developed by the LCVision team
based on an initial discussion at LCWS2024 in Tokyo and a follow-up at the LCVision Community
Event at CERN in January 2025. It heavily builds on decades of achievements of the global linear
collider community, in particular in the context of CLIC and ILC.
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Our priority is Higgs Factory!

Why Study Top & EW Now? 

• We want to scrutinise the 125GeV Higgs boson for possible signs of New Physics.
Interplay between EWPOs & Higgs

13

the same new physics that modifies Higgs properties may show 
somewhere else as well: Global Interpretation

[Jorge de Blas @ ESU Open 
Symposium, Venice 2025]
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A global framework to find & identify New Physics

SM Effective Field Theory (SMEFT)

• Global analysis of precision observables of Higgs / Top / Electroweak  

• Assumption: no new physics below  

• No signature found at LHC (so far). But we may be mistaken.

M ∼ 10 TeV

13

There is one further complication.   The SM Higgs boson width is too small 
to measure directly  (4 MeV).  The total width, needed for absolute 
coupling measurements, must be extracted from a fit to the data using 
some theoretical model. 

I will do this by a fit to Standard Model Effective Field Theory (SMEFT).  
This assumes the general Lagrangian, 

where      is the mass of heavy BSM particles.  The series is ordered by the 
dimension of the operators; already at dimension 6 there are 2499 
operators.   This can lead to a closed fit by restricting to dimension 6 
operators that appear at the tree level in Higgs factory processes (18 of 
these).  Data from precision electroweak,                         ,  and LHC 
Higgs measurements can be added to constrain the fit. 

This strategy is as model-independent as is practical. For more details, 
see Barklow et al.,  arXiv:1708.08912, 1708.09079.
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European XFEL Commissioning

General Assembly – May 4th, 2017
XFEL Accelerator Consortium, many institutes title of your talk

ca. 1 kilometer “cold” LINAC 107

Linear Collider 
Facility @CERN
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LCF at CERN arXiv: 2503.24049

4 Upgrade Scenarios for the Linear Collider Facility
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Figure 2: Two of the suggested run plans for a CERN linear collider, based on 1.2→107 s operation
time per year, and including assumptions on performance ramp-up analogously to [19].
(a) starting in the “low-power” configuration (b) starting directly with the “full-power” option.
The technical time zero would be close to 2044.

outlined in the third bullet of Section 2. Constructing the 550 GeV machine immediately would require
13.8 BCHF for operation with 1312 bunches per train, which includes costs for creating twice the
production capacity. Upgrading the power to double the luminosity (2625 bunches per train) costs
an additional 1.4 BCHF.

Beyond a collider A linear collider facility offers the opportunity to cater to a diverse "beyond
collider" programme, including beam dump experiments with several 1021 electrons / positrons on-
target per year, experiments with beam extracted before the collisions for fixed target experiments,
test beams and irradiation facilities as well as large scale accelerator R&D. The R&D and physics
opportunities, spanning from light new particle searches to strong-field QED, are described in more
detail in [6]. The necessary underground construction is best done together with the initial facility,
based on a design to be developed together with the "beyond colliders" community. Since no detailed
designs exist yet, the "beyond colliders" facilities are not included in the costing.

4. Upgrade Scenarios for the Linear Collider Facility

As we emphasised in the previous section, energy upgrades of the Linear Collider Facility would be
achieved with technological progress rather than with new civil construction. The proposed facility
offers numerous options to increase the energy, the luminosity and/or the type of colliding particles.
Choices can be made at later stages taking into account scientific and technological developments
– or even revolutions. We give here a brief summary of the opportunities described in [6].

4.1. Energy upgrades beyond 550 GeV
There are four technical solutions now under consideration to reach much higher accelerating

gradients, targeting gradients of at least 70 MV/m, reaching up to 155 MV/m. An accelerator with
these gradients would reach a centre-of-mass energy between 1 and 3 TeV in the 33.5 km tunnel.
For the first two technologies, this gradient has already been achieved and substantially exceeded in
test modules. All four technologies have fully engaged R&D programmes that should reach maturity

7

2 Operating scenarios, experimental environment and algorithmic developments

(Table 1) by planning for 3 instead of 2 ab→1 at 250 GeV, and by doubling the integrated luminosities of the
top threshold scan and the 550 GeV run. It also assumes that after the operation of the lower energy stages,
the helical undulator of the positron source can be prolonged and equipped with a tighter collimation system
for the undulator photons to increase the absolute value of the positron polarisation to 60 % [43–45]. Example
upgrade scenarios and timelines for collecting these data sets will be discussed in Sec. 4.4.

91 GeV 250 GeV 350 GeV 550 GeV 1-3 TeV
∫

L (ab→1) 0.1 3 0.4 8 8
beam polarisation (e→,e+; %) 80/30 80/30 80/30 80/60 80/20
(→→, →+, +→, ++) (%) (10,40,40,10) (5,45,45,5) (5,68,22,5) (10,40,40,10) (10,40,40,10)

Table 3: Centre-of-mass energy, integrated luminosity and beam polarisation of the various stages of the
strawman LCVision – or LCF – scenario. Running at the WW threshold is technically possible, how-
ever currently not prioritized, c.f. Sec. 3.2.2 for a discussion of the role of the threshold running for the
W mass determination.

2.3 Instantaneous luminosity and power consumption of linear colliders

The instantaneous luminosity is intimately connected to the electrical power budget of a collider. Linear
collider proposals have traditionally been designed against self-imposed limits on the power consumption. For
instance ILC aimed to stay around 100 MW for operation at 250 GeV, and not to exceed 300 MW for operation
at 1 TeV. This has led to some misconceptions about the technical possibilities of linear colliders. In Sec. 4,
we will come back to this theme and discuss in more detail the possibilities to increase the luminosity w.r.t. the
classic linear collider proposals and their respective implications on the power consumption. Here, we give
already a summary in Fig. 1, where LCF (red lines) refers to an ILC-like collider with some of the improvements
discussed in Sec. 4 applied, as proposed in [20].

Figure 1(a) gives the instantaneous luminosity of various proposed circular and linear colliders as a function
of the centre-of-mass energy, clearly showing the complementary performance of circular and linear colliders.
The corresponding total AC power consumption is presented in Fig. 1(b), indicating that the higher luminosity
of LCF w.r.t. ILC comes at the price of a higher power consumption – although still significantly below that of
circular colliders. Nevertheless, the luminosity-to-power ratio (c.f. Fig. 1(c)) for LCF is more favourable than for
ILC, thus the moderate increase in power consumption enables a more efficient operation of the machine.

At centre-of-mass energies above 1 or 1.5 TeV, both SCRF and drive-beam based linear colliders become
very power hungry (c.f. Fig. 1(b)) – in case of CLIC at 3 TeV in particular due to the required second drive-
beam complex. The cool copper technology promises a more benign growth of the AC power with centre-of-
mass energy. Therefore, the LCF proposal chose to not fix the technology for centre-mass-energies above
550 GeV at this point in time, and instead proposes that the initial facility should be designed maximising the
compatibility with various different upgrade options which are expected to become production ready in the
next decade.

2.4 Experimental environment and detector requirements

A common feature of most linear colliders is the pulsed operation, i.e. the grouping of bunches into trains or
pulses, with a time structure determined by the accelerator technology. In case of the ILC, the beam structure
features 0.73 ms long bunch trains being delivered to the interaction point with a rate of 5 Hz/10 Hz. The
bunches are spaced equally every 554 ns or 336 ns, c.f. Table 13. At CLIC, the bunch separation is reduced
to 0.5 ns, with a train repetition rate of 50 or 100 Hz, c.f. Table 14, and at C3 the bunch separation ranges
between 1.65 ns and 5.26 ns, with a train repetition rate of 60 or 120 Hz, c.f. Table 18.

10
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The instantaneous luminosity is intimately connected to the electrical power budget of a collider. Linear
collider proposals have traditionally been designed against self-imposed limits on the power consumption. For
instance ILC aimed to stay around 100 MW for operation at 250 GeV, and not to exceed 300 MW for operation
at 1 TeV. This has led to some misconceptions about the technical possibilities of linear colliders. In Sec. 4,
we will come back to this theme and discuss in more detail the possibilities to increase the luminosity w.r.t. the
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discussed in Sec. 4 applied, as proposed in [20].

Figure 1(a) gives the instantaneous luminosity of various proposed circular and linear colliders as a function
of the centre-of-mass energy, clearly showing the complementary performance of circular and linear colliders.
The corresponding total AC power consumption is presented in Fig. 1(b), indicating that the higher luminosity
of LCF w.r.t. ILC comes at the price of a higher power consumption – although still significantly below that of
circular colliders. Nevertheless, the luminosity-to-power ratio (c.f. Fig. 1(c)) for LCF is more favourable than for
ILC, thus the moderate increase in power consumption enables a more efficient operation of the machine.

At centre-of-mass energies above 1 or 1.5 TeV, both SCRF and drive-beam based linear colliders become
very power hungry (c.f. Fig. 1(b)) – in case of CLIC at 3 TeV in particular due to the required second drive-
beam complex. The cool copper technology promises a more benign growth of the AC power with centre-of-
mass energy. Therefore, the LCF proposal chose to not fix the technology for centre-mass-energies above
550 GeV at this point in time, and instead proposes that the initial facility should be designed maximising the
compatibility with various different upgrade options which are expected to become production ready in the
next decade.

2.4 Experimental environment and detector requirements

A common feature of most linear colliders is the pulsed operation, i.e. the grouping of bunches into trains or
pulses, with a time structure determined by the accelerator technology. In case of the ILC, the beam structure
features 0.73 ms long bunch trains being delivered to the interaction point with a rate of 5 Hz/10 Hz. The
bunches are spaced equally every 554 ns or 336 ns, c.f. Table 13. At CLIC, the bunch separation is reduced
to 0.5 ns, with a train repetition rate of 50 or 100 Hz, c.f. Table 14, and at C3 the bunch separation ranges
between 1.65 ns and 5.26 ns, with a train repetition rate of 60 or 120 Hz, c.f. Table 18.
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Table 3: Centre-of-mass energy, integrated luminosity and beam polarisation of the various stages of the
strawman LCVision – or LCF – scenario. Running at the WW threshold is technically possible, how-
ever currently not prioritized, c.f. Sec. 3.2.2 for a discussion of the role of the threshold running for the
W mass determination.

2.3 Instantaneous luminosity and power consumption of linear colliders

The instantaneous luminosity is intimately connected to the electrical power budget of a collider. Linear
collider proposals have traditionally been designed against self-imposed limits on the power consumption. For
instance ILC aimed to stay around 100 MW for operation at 250 GeV, and not to exceed 300 MW for operation
at 1 TeV. This has led to some misconceptions about the technical possibilities of linear colliders. In Sec. 4,
we will come back to this theme and discuss in more detail the possibilities to increase the luminosity w.r.t. the
classic linear collider proposals and their respective implications on the power consumption. Here, we give
already a summary in Fig. 1, where LCF (red lines) refers to an ILC-like collider with some of the improvements
discussed in Sec. 4 applied, as proposed in [20].

Figure 1(a) gives the instantaneous luminosity of various proposed circular and linear colliders as a function
of the centre-of-mass energy, clearly showing the complementary performance of circular and linear colliders.
The corresponding total AC power consumption is presented in Fig. 1(b), indicating that the higher luminosity
of LCF w.r.t. ILC comes at the price of a higher power consumption – although still significantly below that of
circular colliders. Nevertheless, the luminosity-to-power ratio (c.f. Fig. 1(c)) for LCF is more favourable than for
ILC, thus the moderate increase in power consumption enables a more efficient operation of the machine.

At centre-of-mass energies above 1 or 1.5 TeV, both SCRF and drive-beam based linear colliders become
very power hungry (c.f. Fig. 1(b)) – in case of CLIC at 3 TeV in particular due to the required second drive-
beam complex. The cool copper technology promises a more benign growth of the AC power with centre-of-
mass energy. Therefore, the LCF proposal chose to not fix the technology for centre-mass-energies above
550 GeV at this point in time, and instead proposes that the initial facility should be designed maximising the
compatibility with various different upgrade options which are expected to become production ready in the
next decade.

2.4 Experimental environment and detector requirements

A common feature of most linear colliders is the pulsed operation, i.e. the grouping of bunches into trains or
pulses, with a time structure determined by the accelerator technology. In case of the ILC, the beam structure
features 0.73 ms long bunch trains being delivered to the interaction point with a rate of 5 Hz/10 Hz. The
bunches are spaced equally every 554 ns or 336 ns, c.f. Table 13. At CLIC, the bunch separation is reduced
to 0.5 ns, with a train repetition rate of 50 or 100 Hz, c.f. Table 14, and at C3 the bunch separation ranges
between 1.65 ns and 5.26 ns, with a train repetition rate of 60 or 120 Hz, c.f. Table 18.
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Figure 2: Two of the suggested run plans for a CERN linear collider, based on 1.2→107 s operation
time per year, and including assumptions on performance ramp-up analogously to [19].
(a) starting in the “low-power” configuration (b) starting directly with the “full-power” option.
The technical time zero would be close to 2044.

outlined in the third bullet of Section 2. Constructing the 550 GeV machine immediately would require
13.8 BCHF for operation with 1312 bunches per train, which includes costs for creating twice the
production capacity. Upgrading the power to double the luminosity (2625 bunches per train) costs
an additional 1.4 BCHF.

Beyond a collider A linear collider facility offers the opportunity to cater to a diverse "beyond
collider" programme, including beam dump experiments with several 1021 electrons / positrons on-
target per year, experiments with beam extracted before the collisions for fixed target experiments,
test beams and irradiation facilities as well as large scale accelerator R&D. The R&D and physics
opportunities, spanning from light new particle searches to strong-field QED, are described in more
detail in [6]. The necessary underground construction is best done together with the initial facility,
based on a design to be developed together with the "beyond colliders" community. Since no detailed
designs exist yet, the "beyond colliders" facilities are not included in the costing.

4. Upgrade Scenarios for the Linear Collider Facility

As we emphasised in the previous section, energy upgrades of the Linear Collider Facility would be
achieved with technological progress rather than with new civil construction. The proposed facility
offers numerous options to increase the energy, the luminosity and/or the type of colliding particles.
Choices can be made at later stages taking into account scientific and technological developments
– or even revolutions. We give here a brief summary of the opportunities described in [6].

4.1. Energy upgrades beyond 550 GeV
There are four technical solutions now under consideration to reach much higher accelerating

gradients, targeting gradients of at least 70 MV/m, reaching up to 155 MV/m. An accelerator with
these gradients would reach a centre-of-mass energy between 1 and 3 TeV in the 33.5 km tunnel.
For the first two technologies, this gradient has already been achieved and substantially exceeded in
test modules. All four technologies have fully engaged R&D programmes that should reach maturity

7

2 Operating scenarios, experimental environment and algorithmic developments

(Table 1) by planning for 3 instead of 2 ab→1 at 250 GeV, and by doubling the integrated luminosities of the
top threshold scan and the 550 GeV run. It also assumes that after the operation of the lower energy stages,
the helical undulator of the positron source can be prolonged and equipped with a tighter collimation system
for the undulator photons to increase the absolute value of the positron polarisation to 60 % [43–45]. Example
upgrade scenarios and timelines for collecting these data sets will be discussed in Sec. 4.4.

91 GeV 250 GeV 350 GeV 550 GeV 1-3 TeV
∫

L (ab→1) 0.1 3 0.4 8 8
beam polarisation (e→,e+; %) 80/30 80/30 80/30 80/60 80/20
(→→, →+, +→, ++) (%) (10,40,40,10) (5,45,45,5) (5,68,22,5) (10,40,40,10) (10,40,40,10)

Table 3: Centre-of-mass energy, integrated luminosity and beam polarisation of the various stages of the
strawman LCVision – or LCF – scenario. Running at the WW threshold is technically possible, how-
ever currently not prioritized, c.f. Sec. 3.2.2 for a discussion of the role of the threshold running for the
W mass determination.

2.3 Instantaneous luminosity and power consumption of linear colliders

The instantaneous luminosity is intimately connected to the electrical power budget of a collider. Linear
collider proposals have traditionally been designed against self-imposed limits on the power consumption. For
instance ILC aimed to stay around 100 MW for operation at 250 GeV, and not to exceed 300 MW for operation
at 1 TeV. This has led to some misconceptions about the technical possibilities of linear colliders. In Sec. 4,
we will come back to this theme and discuss in more detail the possibilities to increase the luminosity w.r.t. the
classic linear collider proposals and their respective implications on the power consumption. Here, we give
already a summary in Fig. 1, where LCF (red lines) refers to an ILC-like collider with some of the improvements
discussed in Sec. 4 applied, as proposed in [20].

Figure 1(a) gives the instantaneous luminosity of various proposed circular and linear colliders as a function
of the centre-of-mass energy, clearly showing the complementary performance of circular and linear colliders.
The corresponding total AC power consumption is presented in Fig. 1(b), indicating that the higher luminosity
of LCF w.r.t. ILC comes at the price of a higher power consumption – although still significantly below that of
circular colliders. Nevertheless, the luminosity-to-power ratio (c.f. Fig. 1(c)) for LCF is more favourable than for
ILC, thus the moderate increase in power consumption enables a more efficient operation of the machine.

At centre-of-mass energies above 1 or 1.5 TeV, both SCRF and drive-beam based linear colliders become
very power hungry (c.f. Fig. 1(b)) – in case of CLIC at 3 TeV in particular due to the required second drive-
beam complex. The cool copper technology promises a more benign growth of the AC power with centre-of-
mass energy. Therefore, the LCF proposal chose to not fix the technology for centre-mass-energies above
550 GeV at this point in time, and instead proposes that the initial facility should be designed maximising the
compatibility with various different upgrade options which are expected to become production ready in the
next decade.

2.4 Experimental environment and detector requirements

A common feature of most linear colliders is the pulsed operation, i.e. the grouping of bunches into trains or
pulses, with a time structure determined by the accelerator technology. In case of the ILC, the beam structure
features 0.73 ms long bunch trains being delivered to the interaction point with a rate of 5 Hz/10 Hz. The
bunches are spaced equally every 554 ns or 336 ns, c.f. Table 13. At CLIC, the bunch separation is reduced
to 0.5 ns, with a train repetition rate of 50 or 100 Hz, c.f. Table 14, and at C3 the bunch separation ranges
between 1.65 ns and 5.26 ns, with a train repetition rate of 60 or 120 Hz, c.f. Table 18.
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Figure 2: Two of the suggested run plans for a CERN linear collider, based on 1.2→107 s operation
time per year, and including assumptions on performance ramp-up analogously to [19].
(a) starting in the “low-power” configuration (b) starting directly with the “full-power” option.
The technical time zero would be close to 2044.

outlined in the third bullet of Section 2. Constructing the 550 GeV machine immediately would require
13.8 BCHF for operation with 1312 bunches per train, which includes costs for creating twice the
production capacity. Upgrading the power to double the luminosity (2625 bunches per train) costs
an additional 1.4 BCHF.

Beyond a collider A linear collider facility offers the opportunity to cater to a diverse "beyond
collider" programme, including beam dump experiments with several 1021 electrons / positrons on-
target per year, experiments with beam extracted before the collisions for fixed target experiments,
test beams and irradiation facilities as well as large scale accelerator R&D. The R&D and physics
opportunities, spanning from light new particle searches to strong-field QED, are described in more
detail in [6]. The necessary underground construction is best done together with the initial facility,
based on a design to be developed together with the "beyond colliders" community. Since no detailed
designs exist yet, the "beyond colliders" facilities are not included in the costing.

4. Upgrade Scenarios for the Linear Collider Facility

As we emphasised in the previous section, energy upgrades of the Linear Collider Facility would be
achieved with technological progress rather than with new civil construction. The proposed facility
offers numerous options to increase the energy, the luminosity and/or the type of colliding particles.
Choices can be made at later stages taking into account scientific and technological developments
– or even revolutions. We give here a brief summary of the opportunities described in [6].

4.1. Energy upgrades beyond 550 GeV
There are four technical solutions now under consideration to reach much higher accelerating

gradients, targeting gradients of at least 70 MV/m, reaching up to 155 MV/m. An accelerator with
these gradients would reach a centre-of-mass energy between 1 and 3 TeV in the 33.5 km tunnel.
For the first two technologies, this gradient has already been achieved and substantially exceeded in
test modules. All four technologies have fully engaged R&D programmes that should reach maturity
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2 Operating scenarios, experimental environment and algorithmic developments

(Table 1) by planning for 3 instead of 2 ab→1 at 250 GeV, and by doubling the integrated luminosities of the
top threshold scan and the 550 GeV run. It also assumes that after the operation of the lower energy stages,
the helical undulator of the positron source can be prolonged and equipped with a tighter collimation system
for the undulator photons to increase the absolute value of the positron polarisation to 60 % [43–45]. Example
upgrade scenarios and timelines for collecting these data sets will be discussed in Sec. 4.4.
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∫
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(→→, →+, +→, ++) (%) (10,40,40,10) (5,45,45,5) (5,68,22,5) (10,40,40,10) (10,40,40,10)

Table 3: Centre-of-mass energy, integrated luminosity and beam polarisation of the various stages of the
strawman LCVision – or LCF – scenario. Running at the WW threshold is technically possible, how-
ever currently not prioritized, c.f. Sec. 3.2.2 for a discussion of the role of the threshold running for the
W mass determination.

2.3 Instantaneous luminosity and power consumption of linear colliders

The instantaneous luminosity is intimately connected to the electrical power budget of a collider. Linear
collider proposals have traditionally been designed against self-imposed limits on the power consumption. For
instance ILC aimed to stay around 100 MW for operation at 250 GeV, and not to exceed 300 MW for operation
at 1 TeV. This has led to some misconceptions about the technical possibilities of linear colliders. In Sec. 4,
we will come back to this theme and discuss in more detail the possibilities to increase the luminosity w.r.t. the
classic linear collider proposals and their respective implications on the power consumption. Here, we give
already a summary in Fig. 1, where LCF (red lines) refers to an ILC-like collider with some of the improvements
discussed in Sec. 4 applied, as proposed in [20].

Figure 1(a) gives the instantaneous luminosity of various proposed circular and linear colliders as a function
of the centre-of-mass energy, clearly showing the complementary performance of circular and linear colliders.
The corresponding total AC power consumption is presented in Fig. 1(b), indicating that the higher luminosity
of LCF w.r.t. ILC comes at the price of a higher power consumption – although still significantly below that of
circular colliders. Nevertheless, the luminosity-to-power ratio (c.f. Fig. 1(c)) for LCF is more favourable than for
ILC, thus the moderate increase in power consumption enables a more efficient operation of the machine.

At centre-of-mass energies above 1 or 1.5 TeV, both SCRF and drive-beam based linear colliders become
very power hungry (c.f. Fig. 1(b)) – in case of CLIC at 3 TeV in particular due to the required second drive-
beam complex. The cool copper technology promises a more benign growth of the AC power with centre-of-
mass energy. Therefore, the LCF proposal chose to not fix the technology for centre-mass-energies above
550 GeV at this point in time, and instead proposes that the initial facility should be designed maximising the
compatibility with various different upgrade options which are expected to become production ready in the
next decade.

2.4 Experimental environment and detector requirements

A common feature of most linear colliders is the pulsed operation, i.e. the grouping of bunches into trains or
pulses, with a time structure determined by the accelerator technology. In case of the ILC, the beam structure
features 0.73 ms long bunch trains being delivered to the interaction point with a rate of 5 Hz/10 Hz. The
bunches are spaced equally every 554 ns or 336 ns, c.f. Table 13. At CLIC, the bunch separation is reduced
to 0.5 ns, with a train repetition rate of 50 or 100 Hz, c.f. Table 14, and at C3 the bunch separation ranges
between 1.65 ns and 5.26 ns, with a train repetition rate of 60 or 120 Hz, c.f. Table 18.
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• Optimised for Particle Flow 
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• Hermetic, ~4π coverage 

• High precision low mass Si -TPC tracking  

• Highly granular calorimeter 

• Particle ID
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Polarised Beams & Higher Energy Reach 

Top & EW Physics at LCF

•  Resonance — Direct measurements of “chiral observables” 
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•  Threshold —  
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• Top compositeness , Multi-boson processes
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Direct measurements of chiral observables
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• EW theory expected to achieve N3LO level accuracy.
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3 The portal to new physics

Figure 4: Z lineshape with polarised beams. The blue, red, and violet curves are the measurable averaged
hadronic cross section after including ISR for various polarisation values of the electron and positron
beams. The black curve is with unpolarised beams and no QED radiative corrections.

3. The eventual precision on observables such as Ab, Rω, and !0
had depends partly on how well one can

measure hadronic events, and do b-tagging at very forward angles. Current estimates for the Z pole are
based on full simulation studies at 250 GeV as presented in Sec. 3.2.3. A key part will be being able to
instrument the tracking to low angles where the linear collider design and the associated backgrounds
may permit tracking instrumentation down to the 40 mrad regime.

4. Measurements rely on precise knowledge of the initial-state conditions. One recent development is
a new approach to precision luminosity where the process e+e→ ↑ ! ! is also considered [64]. The
measurement techniques for precision centre-of-mass energy measurement using leptonic final states
discussed in [62] have been further refined including a method for measuring statistically the energy of
each colliding beam [61].

The potential for highly longitudinally polarised electron and positron beams, and the ability to instrument well
the detector to very low angles are significant advantages for the linear collider approach. Polarisation adds
unique observables, improves statistical precision, and allows for control of backgrounds. Forward accept-
ance and the freedom to design appropriate detectors may be determinative in setting the scale for realistic
systematic uncertainties both absolute and relative that play a key role in measuring the Z lineshape. Fig-
ure 4 illustrates that polarised beams in the →+ and +→ configurations result in a significant increase in the
averaged cross section over a facility with no polarisation, while providing a simple way of simultaneously
measuring ALR which is proportional to (!→+ → !+→)/(!→+ + !+→). By taking some data with all four polar-
isation sign combinations and so measuring also !→→ and !++, the polarisation magnitudes can be reliably
reconstructed [34].

For ultimate luminosity at the Z pole and WW threshold, while retaining the polarisation advantages inherent
to a LC, luminosities in the 1036 cm→2s→1 regime may be realizable in the future using energy and particle
recovery technologies such as those discussed in Sec. 4.6.3.
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based on full simulation studies at 250 GeV as presented in Sec. 3.2.3. A key part will be being able to
instrument the tracking to low angles where the linear collider design and the associated backgrounds
may permit tracking instrumentation down to the 40 mrad regime.

4. Measurements rely on precise knowledge of the initial-state conditions. One recent development is
a new approach to precision luminosity where the process e+e→ ↑ ! ! is also considered [64]. The
measurement techniques for precision centre-of-mass energy measurement using leptonic final states
discussed in [62] have been further refined including a method for measuring statistically the energy of
each colliding beam [61].

The potential for highly longitudinally polarised electron and positron beams, and the ability to instrument well
the detector to very low angles are significant advantages for the linear collider approach. Polarisation adds
unique observables, improves statistical precision, and allows for control of backgrounds. Forward accept-
ance and the freedom to design appropriate detectors may be determinative in setting the scale for realistic
systematic uncertainties both absolute and relative that play a key role in measuring the Z lineshape. Fig-
ure 4 illustrates that polarised beams in the →+ and +→ configurations result in a significant increase in the
averaged cross section over a facility with no polarisation, while providing a simple way of simultaneously
measuring ALR which is proportional to (!→+ → !+→)/(!→+ + !+→). By taking some data with all four polar-
isation sign combinations and so measuring also !→→ and !++, the polarisation magnitudes can be reliably
reconstructed [34].

For ultimate luminosity at the Z pole and WW threshold, while retaining the polarisation advantages inherent
to a LC, luminosities in the 1036 cm→2s→1 regime may be realizable in the future using energy and particle
recovery technologies such as those discussed in Sec. 4.6.3.
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based on full simulation studies at 250 GeV as presented in Sec. 3.2.3. A key part will be being able to
instrument the tracking to low angles where the linear collider design and the associated backgrounds
may permit tracking instrumentation down to the 40 mrad regime.

4. Measurements rely on precise knowledge of the initial-state conditions. One recent development is
a new approach to precision luminosity where the process e+e→ ↑ ! ! is also considered [64]. The
measurement techniques for precision centre-of-mass energy measurement using leptonic final states
discussed in [62] have been further refined including a method for measuring statistically the energy of
each colliding beam [61].

The potential for highly longitudinally polarised electron and positron beams, and the ability to instrument well
the detector to very low angles are significant advantages for the linear collider approach. Polarisation adds
unique observables, improves statistical precision, and allows for control of backgrounds. Forward accept-
ance and the freedom to design appropriate detectors may be determinative in setting the scale for realistic
systematic uncertainties both absolute and relative that play a key role in measuring the Z lineshape. Fig-
ure 4 illustrates that polarised beams in the →+ and +→ configurations result in a significant increase in the
averaged cross section over a facility with no polarisation, while providing a simple way of simultaneously
measuring ALR which is proportional to (!→+ → !+→)/(!→+ + !+→). By taking some data with all four polar-
isation sign combinations and so measuring also !→→ and !++, the polarisation magnitudes can be reliably
reconstructed [34].

For ultimate luminosity at the Z pole and WW threshold, while retaining the polarisation advantages inherent
to a LC, luminosities in the 1036 cm→2s→1 regime may be realizable in the future using energy and particle
recovery technologies such as those discussed in Sec. 4.6.3.
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ElectroWeak measurements other than Higgs

 250GeVHZ0

•  kinematical fits for  measurements 

• Triple Gauge Boson Couplings:  

• The beam polarisation enable to  

• disentangle  and  couplings  

• enhance cross sections  

• Can study multi-gauge boson couplings at higher energies 

W+W− mW

Z0 γ

ANOMALOUS TRIPLE GAUGE COUPLINGS
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• enhance cross sections

• disentangle Z and γ couplings

• measure luminosity
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top quark mass

 thresholdtt̄

• The top quark mass measured at LHC suffer 
hadronisation uncertainties that make it difficult to 
interpret their values.  

• The  threshold scan, free from such uncertainties, 
can deliver MeV and MeV 
if the beam energy and luminosity under control. 

tt̄
Δmt ≈ 20 − 40 ΔΓt ≈ 50

[Degrassi et al, JHEP 1208 (2012) 098]

14

Measurements @ LCF350

Top-pair threshold scan, crucial to improve top-quark mass to ~50MeV

Important implication for vacuum stability

One source of parametric theory errors for W mass

TOP MASS AND WIDTH
• Direct mt measurements at LHC base on the reconstruction 

of kinematics from the decay products, currently reach a 
precision of 0.3 GeV, but MC hadronisation introduces 
another 0.5-1 GeV uncertainty between mMC and mpole

• A comparison of cross section measurements at several 
centre-of-mass energies of e+e- colliders gives access to the 
top quark mass in a well-controlled mass scheme.

• If beam energy and luminosity under control, 
Δmt ~ 20-40 MeV, ΔΓt ~ 50 MeV

• The Yukawa coupling and αs can be extracted as well, but 
not competitive when systematics included

18
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• The  threshold scan, free from such uncertainties, 
can deliver MeV and MeV 
if the beam energy and luminosity under control. 

tt̄
Δmt ≈ 20 − 40 ΔΓt ≈ 50

[Degrassi et al, JHEP 1208 (2012) 098]
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Measurements @ LCF350

Top-pair threshold scan, crucial to improve top-quark mass to ~50MeV

Important implication for vacuum stability

One source of parametric theory errors for W mass

TOP MASS AND WIDTH
• Direct mt measurements at LHC base on the reconstruction 

of kinematics from the decay products, currently reach a 
precision of 0.3 GeV, but MC hadronisation introduces 
another 0.5-1 GeV uncertainty between mMC and mpole

• A comparison of cross section measurements at several 
centre-of-mass energies of e+e- colliders gives access to the 
top quark mass in a well-controlled mass scheme.

• If beam energy and luminosity under control, 
Δmt ~ 20-40 MeV, ΔΓt ~ 50 MeV

• The Yukawa coupling and αs can be extracted as well, but 
not competitive when systematics included
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Top Yukawa Coupling

Higher Energies ≥ 550 GeV

• The  threshold scan can yield experimental accuracy of 
4%, but suffers theoretical uncertainty of 20% 

• The  process provides direct measurement of the top 
Yukawa coupling .  

• With 4 ab-1 at 550GeV, a precision of 2.8% is expected, 
and 1% with 8 ab-1 at 1TeV. 

tt̄

tt̄H
yt

TOP YUKAWA

• The threshold scan can reach an 
uncertainty of 4%, but additional 
theoretical uncertainty adds 20%.

• e+e- → ttH at energies above 500 GeV 
could probe the Yukawa coupling directly.

• With 4 ab–1 at 550 GeV, a precision of 
2.8% is expected, 1% with 8 ab–1 at 1 TeV.
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TOP ELECTROWEAK COUPLINGS

20

[2503.19983]

Top ElectroWeak Couplings

Higher Energies ≥ 550 GeV

• If the Higgs is composite, the strongly 
coupled top quark may also become 
“partially composite.” 

• The top can mix with vector-like fermions 
(Little Higgs) or couple to new vector 
bosons (R-S). 

• The top EW couplings may deviate 
from SM. 

• The top compositeness may manifest 
itself in the four-fermion couplings. 
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TOP SMEFT FITS
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More constraints at higher energies



The LCF Offers Great Opportunities for Top/EW Studies for Discovery. 

Conclusion

• The Top / EW studies are important ingredients of an overall program to find and identify 
New Physics behind the EW Symmetry Breaking.  

• The Linear Collider Facility offers a strategically integrated program to achieve this goal, with 
more solid and robust methodologies and handles to identify New Physics. 
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