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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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The exploration of the neutrino sector, searches for dark sector particles, precision 
measurements in the flavour sector and tests of fundamental symmetries are crucial 
elements of particle physics. Major progress in these areas is expected in the next decade 
with the realisation of a broad programme of experiments from small to large scales, 
involving accelerator-based facilities, underground laboratories and other dedicated 
infrastructures, as well as a significant theoretical effort. 

Neutrino Physics 
The origin of neutrino masses remains one of the most profound open questions in particle 
physics. Neutrinos are much lighter than the other fermions, which suggests that these 
masses may represent a low-energy manifestation of BSM, with deep connections to the 
matter-antimatter asymmetry and the cosmic evolution of the Universe.

Over the next decade, major advances are expected from a broad set of experiments using 
neutrino beams from accelerators (DUNE and Hyper-Kamiokande), nuclear reactors (JUNO) 
and atmospheric showers (IceCube and KM3NeT). These efforts will significantly refine 
our knowledge of neutrino mixing parameters and the three-flavour oscillation paradigm, 
determine the neutrino mass ordering and possibly discover leptonic CP violation, thus 
potentially uncovering a key ingredient in the generation of the observed baryon asymmetry 
in the Universe.

European participation in DUNE and Hyper-Kamiokande is anchored in the CERN Neutrino 
Platform and relies on this facility for detector development. Achieving the next level of 
experimental precision requires a significant reduction of systematic uncertainties in neutrino 
fluxes and cross-sections. This goal demands coordinated efforts involving near detectors, 
hadron production experiments at CERN accelerators and possibly new dedicated beams, 
complemented by advances in nuclear theory to improve the modelling of neutrino–nucleus 
interactions.

Cosmological observations have now reached the statistical precision required to probe the 
absolute neutrino mass scale and are currently in mild tension with neutrino oscillation data. 
Further progress in laboratory measurements is therefore essential. The KATRIN experiment 
is approaching its ultimate sensitivity, while sustained R&D on next-generation beta-decay 
and electron-capture experiments is crucial to further extend sensitivity.

Another key frontier is the search for neutrinoless double beta decay, whose discovery 
would demonstrate that neutrinos are Majorana particles, that lepton number symmetry is 
violated and that BSM physics exists. Major experiments hosted in European underground 
laboratories using germanium, molybdenum, and xenon isotopes have the potential to 
make significant progress in the coming decade. Continued R&D is needed to enable 
further advances also in this field. Given the fundamental importance of this measurement, 

Other research directions  
in particle physics

out not to be feasible or competitive”, and given the exceptional physics programme offered 
by the FCC-ee, it should remain the primary option, with alternative scenarios considered 
only if its realisation ultimately proves unfeasible. While the FCC-ee has been demonstrated 
to be technically feasible, its implementation remains subject to uncertainties related to 
financial viability and the potential emergence of unforeseen challenges, notably those 
associated with tunnel construction.

The primary alternative option is a descoped FCC-ee.  Although this would have a significant 
impact on the breadth of the physics programme and the precision achieved, the descoped 
FCC-ee would still provide a very strong physics programme and a viable path towards high 
energies compared to the alternative collider options. Should additional resources become 
available, these descoping scenarios would be reversible. 

B. A descoped FCC-ee is the preferred alternative option for the next flagship  
 collider at CERN. 

All other alternative options offer substantially reduced precision physics programmes and 
would not be competitive with an FCC-ee-like collider such as the CEPC. Moreover, in 
themselves, they currently lack a viable path towards the 10 TeV parton energy scale and 
beyond. At this stage, without knowing the reasons why the FCC-ee would not be deemed 
feasible, the other alternative options are not ranked. 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 

• Multiple considerations go into this strategic decision, 
with the physics potential being one of the main pillars:

‣ Broadest high-precision physics programe, covering the 
EW, Higgs, Top, Flavour (and even QCD) sectors

‣ Paving the way towards the exploration of the high-
Energy frontier by the FCC-hh (access to ≳10 TeV 
Parton scale)
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 
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the unique option that offers both a concrete plan, by providing an outstanding physics 
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technology and providing significant societal benefits.
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
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All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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Project Scope TRL R&D Test facilities Performance 
uncertainty 

Site 
preparation 

Schedule 
uncertainty 

Cost 
uncertainty Risk 

CLIC 380 GeV, 1.5 TeV  4 - 6 / 5.2        

FCC-ee 91-365 GeV  4 - 7 / 6.0        

FCC-hh 85 TeV  
4 - 7 (Nb3Sn) / 4.3 

       
2 - 7 (HTS) / 3.2 

FCC-hh - SA 85 TeV  4 - 7 (Nb3Sn) / 5     Nb3Sn   

LCF 250 - 550 GeV  5 - 7 / 5.5        

LEP3 91 - 230 GeV  3 - 6 / 4.0        

LHeC:  HL-LHC + 50 GeV ERL  3 - 6 / 4.5        

MC 3.2 TeV, 7.6 TeV  3.2 TeV: 3 - 5 
7.6 TeV: 2 - 5        

 
Table 16: Summary table schematically representing the key findings of the WG according to the assessment criteria and based on the present 
status of the large-scale collider project proposals as submitted to the ESPP2026. Scope=Scope level-of-definition; TRL=Technical Readiness 
Level score - the range of values and the cost-weighted average for the baseline scenarios are listed; the colour code is selected based on on 
the cost-weighted average TRL score (TRL≥ 6 - green,  4≤TRL<6 - yellow, TRL<4 - red);  R&D=R&D requirements, R&D plan level-of-definition, 
R&D funding status; Test facilities=need of test facilities or demonstrators and (if needed) level-of-definition of their scope; Site preparation=Site 
preparation status; Risk=Risk level-of-definition. The cost-weighted average TRL score could not be estimated for the MC project as there is no 
detailed cost breakdown by sub-system. The colour code for the various criteria is defined according to the summary assessment in the Tables 
A.1 to A.8. 

 
 

34 

Muon Collider 3-8 TeV

LHeC

LEP 3: 91-230 GeV
LCF: 250-550 GeV

FCC-hh (SA): 85 TeV 

FCC-hh: 85 TeV           

FCC-ee: 91-365 GeV           
CLIC: 380-1500 GeV

Project Scope TRL R&D Test 
facilities

Performance  
Uncertainty

Site 
Preparation

Schedule  
Uncertainty

Cost 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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Project Scope TRL R&D Test facilities Performance 
uncertainty 

Site 
preparation 

Schedule 
uncertainty 

Cost 
uncertainty Risk 

CLIC 380 GeV, 1.5 TeV  4 - 6 / 5.2        

FCC-ee 91-365 GeV  4 - 7 / 6.0        

FCC-hh 85 TeV  
4 - 7 (Nb3Sn) / 4.3 

       
2 - 7 (HTS) / 3.2 

FCC-hh - SA 85 TeV  4 - 7 (Nb3Sn) / 5     Nb3Sn   

LCF 250 - 550 GeV  5 - 7 / 5.5        

LEP3 91 - 230 GeV  3 - 6 / 4.0        

LHeC:  HL-LHC + 50 GeV ERL  3 - 6 / 4.5        

MC 3.2 TeV, 7.6 TeV  3.2 TeV: 3 - 5 
7.6 TeV: 2 - 5        

 
Table 16: Summary table schematically representing the key findings of the WG according to the assessment criteria and based on the present 
status of the large-scale collider project proposals as submitted to the ESPP2026. Scope=Scope level-of-definition; TRL=Technical Readiness 
Level score - the range of values and the cost-weighted average for the baseline scenarios are listed; the colour code is selected based on on 
the cost-weighted average TRL score (TRL≥ 6 - green,  4≤TRL<6 - yellow, TRL<4 - red);  R&D=R&D requirements, R&D plan level-of-definition, 
R&D funding status; Test facilities=need of test facilities or demonstrators and (if needed) level-of-definition of their scope; Site preparation=Site 
preparation status; Risk=Risk level-of-definition. The cost-weighted average TRL score could not be estimated for the MC project as there is no 
detailed cost breakdown by sub-system. The colour code for the various criteria is defined according to the summary assessment in the Tables 
A.1 to A.8. 
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Muon Collider 3-8 TeV

LHeC

LEP 3: 91-230 GeV
LCF: 250-550 GeV

FCC-hh (SA): 85 TeV 

FCC-hh: 85 TeV           

FCC-ee: 91-365 GeV           
CLIC: 380-1500 GeV

Project Scope TRL R&D Test 
facilities

Performance  
Uncertainty

Site 
Preparation

Schedule  
Uncertainty

Cost 
Uncertainty Risk

Long-term vision of the field: Strong constraints in terms of defining 
avenues towards exploring the high-energy frontier in the future, with the 

FCC-hh currently being the most clear option
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 

22

15

15

14

10

10

15

8

23

17

17

18

16

16

17

7

15.3

12.9

14.8

14.6

9.4

7.5

4.1

2.1

2046-2060

2046-2055

2045-2065

2045-2066

2045-2053

2045-2054

2047-2062

2044-2051

Machine Precision
Physics

BSM
physics

Physics 
vs CEPC

Technical
readiness

Constr.
cost
(BCHF)

Time
scale

Path to
≥10 TeV 

FCC-ee

Descoped
FCC-ee

LCF550

CLIC1500

LCF250

CLIC380

LEP3

LHeC

20 | European Strategy for Particle Physics 2026 Update | 21

To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
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also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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Abstract

Future collider facilities are essential to carry out precision measurements in
the Higgs sector, perform precision tests of the Standard Model and probe
physics beyond it. This document presents a comparative assessment of pro-
posed colliders based on studies in the Physics Briefing Book, focusing on
two domains: precision physics – including Higgs physics, electroweak ob-
servables, top-quark and flavour physics and strong-interaction studies – and
the discovery reach for representative new-physics scenarios. The facilities
are evaluated according to their physics potential, energy reach and available
centre-of-mass energies. New-physics potential is assessed using benchmark
models and a synthesis of direct and indirect sensitivity is made. The method-
ology and results of the comparisons are summarised.

1 Introduction and methodology
Future colliders are essential for deepening our understanding of the full structure of the Standard Model
and are critical to exploring what is beyond it. The full exploitation of the HL-LHC is vital: its phys-
ics programme will greatly sharpen the precision of a vast domain of observables while continuing to
explore the energy frontier through a significant increase in luminosity. The innovative upgrade pro-
grammes that will become effective at the end of the decade, complemented by specific further upgrade
programmes proposed for flavour and quark–gluon plasma studies, confirm the vivacity of the particle
physics community and provide the foundation for any future facility.

This document reviews the criteria used by the Working Group to compare the overall physics
potential between proposed projects. It focuses on two areas:

The WG2b task: 

To synthesize the information in the Physics Briefing Book 
and provide a comparison of the physics capabilities of the 

different future collider projects 
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Precision  
Physics

Higgs

EWPO

Top

Flavour

QCD
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In general, all topics considered with the 
same weight in terms of physics 
relevance: 

‣ QCD - PDFs + Heavy Ions is separate 
from Precision QCD. (In particular, it 
requires specific type of collider. More 
details later)



Dark photons, ALPs, 
Darks scalars, HNLs

Real scalar coupled 
to H via portal

Universal Z’, flavored  
vectors, leptoquarks

WIMPs (Wino, H-ino), 
Higgs portal DM, …

QCD prod.              
(gluinos, squarks)

EW prod.              
(chargino, neutralino)
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Compositness

SUSY

Dark Matter

Scalar Singlets

New forces

Portals

BSM sensitivity 
(Direct & Indirect)

SILH 
Composite vectors

WG2b comparison 
focused on 2 areas

Topics chosen based on: 

‣ Limited set of fundamental questions 
that require BSM and can be 
addressed through collider 
experiments

‣ For each question one or two models 
are chosen

‣ Primary criterion to chose these 
benchmarks was simplicity 
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Table 1: Indicative relative reach (1–5) of future collider projects in precision physics, from yellow (weakest) to
green (best). For CLIC, operations at the Z-pole are possible but not considered in the Briefing Book studies; such
operations would strengthen its EWPO programme, as noted by the “*” in the table, bringing its rank to the same
level as the LCF project.

Project Higgs EWPO Top Flavour QCD
(precision)

QCD
(PDF + HIs)

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 5 3 5 5 1
FCC-ee no-top 2 4 2 5 4 1
FCC-ee descoped 2 4 2 4 3 1
LEP3 2 4 2 4 3 1
LCF-250 2 3 2 1 2 1
CLIC-380 2 2* 3 1 2 1
LHeC 1 2 1 1 3 5
Mid-Energy Lepton Colliders
LCF-550 4 4 4 1 2 1
LCF-1000 4 4 4 1 2 1
CLIC-1500 4 3* 4 1 2 1
CLIC-3000 4 3* 4 1 2 1
Energy frontier
FCC-hh 3 No information 3 2 5
muC 4 3 5 3 1 2
Precision w/ energy
LHeC + FCC-hh 3 2 2 3 4 5
LEP3 + FCC-hh 4 4 3 4 3 5
LEP3 + muC 4 5 5 4 3 2
LCF-1000 + muC 4 5 5 3 3 2
FCC-ee descoped + FCC-hh 4 4 3 4 4 5
FCC-ee + FCC-hh 5 5 5 5 5 5

three applies when Z and W statistics are more limited (with or without capacity to run at the top-quark
threshold), or when there are no Z- or W -pole runs but substantial high-energy coverage. A score of
two describes facilities without Z or W runs but with a dedicated top-quark-threshold scan. The same
score is also assigned to the LHeC, where incremental improvements in a small subset of observables
would be possible. For CLIC, operations at the Z-pole are possible but were not considered as part of the
baseline programme for the Physics Briefing Book. Such a run would strengthen its EWPO programme
to be similar to that of the LCF; this is indicated in the ranking table with an “*”. There is insufficient
input to evaluate the performance of the FCC-hh running directly after the HL-LHC in this category. It
is therefore not ranked in the table and is given a conservative rank of one in the plots.

For top-quark physics, the highest score is reserved for programmes combining a top-quark-
threshold scan with the highest-energy measurements. A score of four corresponds to a top-quark-
threshold run together with several high-energy operating points. A score of three is assigned when
the collider has access to the top-quark threshold or to top-quark measurements from a hadron machine.
A score of two applies when sensitivity comes primarily through EWPOs, and a score of one indicates
improvements in only a limited set of top-quark couplings. For the FCC-hh running directly after the
HL-LHC, there is insufficient input to evaluate its performance in this category. It is therefore not ranked
in the table and is given a conservative rank of one in the plot.

The flavour physics ranking reflects both the statistical power and the breadth of accessible chan-
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Higgs Physics Potential
Ranking based on 2 components: 
‣ Single Higgs boson couplings 

‣ Including top Yukawa and rare decays 
‣ Higgs self-coupling

photon-exchange diagrams, sensitive to SMEFT HZ! interactions. As the same operators gen-
erating these effects also contribute to the Higgs couplings to vector bosons, polarisation at
energies of 250 GeV helps to improve the precision on HZZ with respect to the case of non-
polarised beams.

The HL-LHC expects to obtain a precision on the Higgs cubic interaction, ∀3, of 27%.
For e+e→projects running below a centre-of-mass energy of roughly 450 GeV, ∀3 can be de-
termined via single-Higgs boson measurements, where it contributes via loop-level corrections;
at energies above this threshold, it can be determined via HH production threshold, where it
contributes at tree level. The former method requires precision Higgs bosons measurements
obtained at two different centre-of-mass energies, to break degeneracies. Furthermore, a wide
range of measured observables, especially those involving top quarks, are needed to constrain
other, non-∀3, loop-level contributions. Being sensitive to different types of effects aside from
∀3 brings an interesting complementarity between HH and single-Higgs determinations, where
a non-SM signal observed in one process and not confirmed by the other would be evidence of
additional BSM corrections.
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68% probability sensitivity - All scenarios combined with HL-LHC

HL-LHC

LHeC

LCFZ250

LCFZ250550

LCFZ2505501000

CLIC380

CLIC38015003000

LEP3

FCC-eeZ/WW240

FCC-eeZ/WW240365

FCC-hh

MuC10

Fig. 3.7: 68% probability sensitivity to
modifications of the Higgs trilinear cou-
pling in the dimension-six U(2)5-symmetric
SMEFT framework. The uncertainty band
in the figure reflects the result obtained from
single-Higgs measurements under the aggres-
sive/conservative scenarios for the theory un-
certainties considered in this study.

Figure 3.7 shows the projected preci-
sion on ∀3 for the different collider options.
As clearly seen in the figure, e+e→colliders
running at only an energy around 230 GeV,
e.g. LEP3, LC at 250 GeV, FCC-ee 240 GeV,
yield no significant improvement in ∀3 com-
pared to the HL-LHC. The combination of the
HL-LHC and the FCC-ee, which includes a
second energy point below the HH threshold,
would yield a precision ↑17-20%. When run-
ning at an energy above the HH threshold, the
precision on ∀3 improves. At linear colliders
with energies of 550 GeV and 3 TeV a preci-
sion of 7-11% could be obtainable [52]. (The
precision reported in the figure takes into ac-
count both the HH determination and the one
from single-Higgs measurements.) However,
high-energy machines like a hadron collider
or a muon collider are needed to reach the few
percent-level precision. Both machines could
obtain a precision on the self-coupling 3-4%
for the SM value.

The value of ∀3, which is assumed in
this fit to be the SM value, affects the cross-
sections of the different HH processes (see
Sect. 4.4. of Ref. [ID141]). At the HL-
LHC, due to the negative interference be-
tween the ∀3 and box diagrams, the absolute
precision deteriorates for 1.5 < ∀3/∀ SM

3 <
4.5 (although the relative precision still im-

proves) [ID170]. At the LC above 550 GeV, for ∀3 > ∀ SM
3 the pattern of interference in ZHH

34
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Fig. 3.1: 68% probability sensitivity to deviations from the SM on the ! parameters associated
to the different Higgs boson couplings compared across different collider types and energies.
Also shown are the 95% probability upper limits on the branching fractions of the Higgs bo-
son into invisible (BSM) states and the precision on the indirect determination of the Higgs
boson width. The pp and ep scenarios are separated from the ones of lepton colliders to indi-
cate the difference in assumptions that go into the interpretation at the two types of colliders.
In particular, the constraint !W,Z → 1 is assumed for the pp and ep interpretations. In these
cases, the reported value for !W,Z refers to the lower bound of the 68% probability interval
(i.e. 1 ↑ !W,Z < ∀! with 68% probability). The combinations of the LHeC and LEP3 with
the FCC-hh are indicated with the "T" bars, whereas combinations of LCF and LEP3 with the
10 TeV muon collider are show with the empty bars. For the FCC-hh only scenario, the results
are shown assuming the theory uncertainties stay as in the HL-LHC (in grey) or improve by a
factor of two (dark blue).

lepton colliders, there is no need for this additional assumption, since the normalisation for all
couplings can be obtained via the total ZH cross-section for e+e↑colliders or via neutral-current
(µ+µ↑ ↓ µ+µ↑H) interactions with forward muon tagging at a muon collider.

All e+e↑and high-energy colliders yield significant improvements in precision of the cou-
pling modifiers compared to the HL-LHC. For e+e↑energies around 250 GeV, the FCC-ee pro-
vides the highest precision compared to LEP3 and the LCF due to its large luminosity. For some
rare decays such as H ↓ µ+µ↑ and H ↓ Z# , strong improvement in precision is only obtained
by the FCC-hh. All proposed collider projects shown here can perform precise measurements
of 2nd generation couplings such as that to charm quarks, which are difficult to measure at the
HL-LHC1. The strange quark Yukawa coupling, not shown in the figure, can also be constrained

1The FCC-hh only projection is not shown because the input data was not available.
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Fig. 3.1: 68% probability sensitivity to deviations from the SM on the ! parameters associated
to the different Higgs boson couplings compared across different collider types and energies.
Also shown are the 95% probability upper limits on the branching fractions of the Higgs bo-
son into invisible (BSM) states and the precision on the indirect determination of the Higgs
boson width. The pp and ep scenarios are separated from the ones of lepton colliders to indi-
cate the difference in assumptions that go into the interpretation at the two types of colliders.
In particular, the constraint !W,Z → 1 is assumed for the pp and ep interpretations. In these
cases, the reported value for !W,Z refers to the lower bound of the 68% probability interval
(i.e. 1 ↑ !W,Z < ∀! with 68% probability). The combinations of the LHeC and LEP3 with
the FCC-hh are indicated with the "T" bars, whereas combinations of LCF and LEP3 with the
10 TeV muon collider are show with the empty bars. For the FCC-hh only scenario, the results
are shown assuming the theory uncertainties stay as in the HL-LHC (in grey) or improve by a
factor of two (dark blue).

lepton colliders, there is no need for this additional assumption, since the normalisation for all
couplings can be obtained via the total ZH cross-section for e+e↑colliders or via neutral-current
(µ+µ↑ ↓ µ+µ↑H) interactions with forward muon tagging at a muon collider.

All e+e↑and high-energy colliders yield significant improvements in precision of the cou-
pling modifiers compared to the HL-LHC. For e+e↑energies around 250 GeV, the FCC-ee pro-
vides the highest precision compared to LEP3 and the LCF due to its large luminosity. For some
rare decays such as H ↓ µ+µ↑ and H ↓ Z# , strong improvement in precision is only obtained
by the FCC-hh. All proposed collider projects shown here can perform precise measurements
of 2nd generation couplings such as that to charm quarks, which are difficult to measure at the
HL-LHC1. The strange quark Yukawa coupling, not shown in the figure, can also be constrained
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cate the difference in assumptions that go into the interpretation at the two types of colliders.
In particular, the constraint !W,Z → 1 is assumed for the pp and ep interpretations. In these
cases, the reported value for !W,Z refers to the lower bound of the 68% probability interval
(i.e. 1 ↑ !W,Z < ∀! with 68% probability). The combinations of the LHeC and LEP3 with
the FCC-hh are indicated with the "T" bars, whereas combinations of LCF and LEP3 with the
10 TeV muon collider are show with the empty bars. For the FCC-hh only scenario, the results
are shown assuming the theory uncertainties stay as in the HL-LHC (in grey) or improve by a
factor of two (dark blue).

lepton colliders, there is no need for this additional assumption, since the normalisation for all
couplings can be obtained via the total ZH cross-section for e+e↑colliders or via neutral-current
(µ+µ↑ ↓ µ+µ↑H) interactions with forward muon tagging at a muon collider.

All e+e↑and high-energy colliders yield significant improvements in precision of the cou-
pling modifiers compared to the HL-LHC. For e+e↑energies around 250 GeV, the FCC-ee pro-
vides the highest precision compared to LEP3 and the LCF due to its large luminosity. For some
rare decays such as H ↓ µ+µ↑ and H ↓ Z# , strong improvement in precision is only obtained
by the FCC-hh. All proposed collider projects shown here can perform precise measurements
of 2nd generation couplings such as that to charm quarks, which are difficult to measure at the
HL-LHC1. The strange quark Yukawa coupling, not shown in the figure, can also be constrained

1The FCC-hh only projection is not shown because the input data was not available.
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Fig. 3.6: (Top panel) 68% probability sensitivity to modifications of the effective Higgs cou-
plings and aTGCs in the dimension-six U(2)5-symmetric SMEFT framework. In this panel,
the empty boxes and "T" bars indicate the results from a combination of some of the colliders
with the 10 TeV muon collider and FCC-hh, respectively. (Bottom panel) Impact in the fit when
using the aggressive (bars) and conservative (triangles) theory scenarios.

Similarly to the discussion of Sect. 3.1, all e+e→and high-energy colliders yield signifi-
cant improvements with respect to the HL-LHC. Unlike in the ! framework, where the !W and
!Z parameters are completely independent, the obtained precision on the HZZ and HWW cou-
plings in the SMEFT approach is similar for a given project, as these couplings are connected
to each other up to custodial symmetry breaking effects, which are themselves constrained by
EWPOs. One or two permille precision can be obtained for all e+e→colliders when including
multiple energy stages. Running at only energies around 230 GeV as in the case of LEP3 yields
comparatively worse results. Similar conclusions can be drawn for other couplings, e.g. to b
quarks or tau leptons, where high-energy stages bring strong improvement to the precision. The
higher-energy stages of the LC are needed to match the high-statistical precision obtainable at
the FCC-ee. For the aTCGs, a strong improvement is seen in particular when adding in higher-
energy stages of the LC, due also in part to correlations with HWW and HZZ. The effect of
theory uncertainties is smaller here compared to EWPOs, as indicated in the lower panel of the
figure. High-energy lepton colliders, where measurements of VBF processes are used, are more
strongly affected by these uncertainties.

A high-statistics Z-pole run helps constrain operators that enter both in the EWPO and
in the ZH production, where the effect on ZH production grows with increasing energy. For
the FCC-ee, which projects to have the most precise ZH measurement for all e+e→options, a
Z-pole run with several 109 Z bosons, much less than the anticipated statistics of the Tera-Z run,
is needed to achieve sufficient precision to constrain those operators more tightly than ZH pro-
duction [51]. For the LC, polarisation is a valuable tool to probe contributions from s-channel
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Similarly to the discussion of Sect. 3.1, all e+e→and high-energy colliders yield signifi-
cant improvements with respect to the HL-LHC. Unlike in the ! framework, where the !W and
!Z parameters are completely independent, the obtained precision on the HZZ and HWW cou-
plings in the SMEFT approach is similar for a given project, as these couplings are connected
to each other up to custodial symmetry breaking effects, which are themselves constrained by
EWPOs. One or two permille precision can be obtained for all e+e→colliders when including
multiple energy stages. Running at only energies around 230 GeV as in the case of LEP3 yields
comparatively worse results. Similar conclusions can be drawn for other couplings, e.g. to b
quarks or tau leptons, where high-energy stages bring strong improvement to the precision. The
higher-energy stages of the LC are needed to match the high-statistical precision obtainable at
the FCC-ee. For the aTCGs, a strong improvement is seen in particular when adding in higher-
energy stages of the LC, due also in part to correlations with HWW and HZZ. The effect of
theory uncertainties is smaller here compared to EWPOs, as indicated in the lower panel of the
figure. High-energy lepton colliders, where measurements of VBF processes are used, are more
strongly affected by these uncertainties.

A high-statistics Z-pole run helps constrain operators that enter both in the EWPO and
in the ZH production, where the effect on ZH production grows with increasing energy. For
the FCC-ee, which projects to have the most precise ZH measurement for all e+e→options, a
Z-pole run with several 109 Z bosons, much less than the anticipated statistics of the Tera-Z run,
is needed to achieve sufficient precision to constrain those operators more tightly than ZH pro-
duction [51]. For the LC, polarisation is a valuable tool to probe contributions from s-channel

33

68% probability sensitivity - All scenarios combined with HL-LHC

HL-LHC LHeC

LCFZ/250/550/1000 CLIC380/1500/3000

LEP3

FCC-ee+FCC-hh

MuC10TeV

LCFZ/250/550 CLIC380/1500 FCC-eeZ/WW/240/365

LCFZ/250 CLIC380 FCC-eeZ/WW/240

+MuC10 +FCC-hh

gHZZ gHWW gHγγ gHZγ gHgg gHbb gHττ δg1 Z[x10] δκγ[x10] λZ[x10]gHZZ gHWW gHγγ gHZγ gHgg gHbb gHττ δg1 Z[x10] δκγ[x10] λZ[x10]gHZZ gHWW gHγγ gHZγ gHgg gHbb gHττ δg1 Z[x10] δκγ[x10] λZ[x10]gHZZ gHWW gHγγ gHZγ gHgg gHbb gHττ δg1 Z[x10] δκγ[x10] λZ[x10]gHZZ gHWW gHγγ gHZγ gHgg gHbb gHττ δg1 Z[x10] δκγ[x10] λZ[x10]
0.01

0.10

1

10

δg
i[%

]

Aggresive TH scenario

Fig. 3.6: (Top panel) 68% probability sensitivity to modifications of the effective Higgs cou-
plings and aTGCs in the dimension-six U(2)5-symmetric SMEFT framework. In this panel,
the empty boxes and "T" bars indicate the results from a combination of some of the colliders
with the 10 TeV muon collider and FCC-hh, respectively. (Bottom panel) Impact in the fit when
using the aggressive (bars) and conservative (triangles) theory scenarios.

Similarly to the discussion of Sect. 3.1, all e+e→and high-energy colliders yield signifi-
cant improvements with respect to the HL-LHC. Unlike in the ! framework, where the !W and
!Z parameters are completely independent, the obtained precision on the HZZ and HWW cou-
plings in the SMEFT approach is similar for a given project, as these couplings are connected
to each other up to custodial symmetry breaking effects, which are themselves constrained by
EWPOs. One or two permille precision can be obtained for all e+e→colliders when including
multiple energy stages. Running at only energies around 230 GeV as in the case of LEP3 yields
comparatively worse results. Similar conclusions can be drawn for other couplings, e.g. to b
quarks or tau leptons, where high-energy stages bring strong improvement to the precision. The
higher-energy stages of the LC are needed to match the high-statistical precision obtainable at
the FCC-ee. For the aTCGs, a strong improvement is seen in particular when adding in higher-
energy stages of the LC, due also in part to correlations with HWW and HZZ. The effect of
theory uncertainties is smaller here compared to EWPOs, as indicated in the lower panel of the
figure. High-energy lepton colliders, where measurements of VBF processes are used, are more
strongly affected by these uncertainties.

A high-statistics Z-pole run helps constrain operators that enter both in the EWPO and
in the ZH production, where the effect on ZH production grows with increasing energy. For
the FCC-ee, which projects to have the most precise ZH measurement for all e+e→options, a
Z-pole run with several 109 Z bosons, much less than the anticipated statistics of the Tera-Z run,
is needed to achieve sufficient precision to constrain those operators more tightly than ZH pro-
duction [51]. For the LC, polarisation is a valuable tool to probe contributions from s-channel
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Table 1: Indicative relative reach (1–5) of future collider projects in precision physics, from yellow (weakest) to
green (best). For CLIC, operations at the Z-pole are possible but not considered in the Briefing Book studies; such
operations would strengthen its EWPO programme, as noted by the “*” in the table, bringing its rank to the same
level as the LCF project.

Project Higgs EWPO Top Flavour QCD
(precision)

QCD
(PDF + HIs)

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 5 3 5 5 1
FCC-ee no-top 2 4 2 5 4 1
FCC-ee descoped 2 4 2 4 3 1
LEP3 2 4 2 4 3 1
LCF-250 2 3 2 1 2 1
CLIC-380 2 2* 3 1 2 1
LHeC 1 2 1 1 3 5
Mid-Energy Lepton Colliders
LCF-550 4 4 4 1 2 1
LCF-1000 4 4 4 1 2 1
CLIC-1500 4 3* 4 1 2 1
CLIC-3000 4 3* 4 1 2 1
Energy frontier
FCC-hh 3 No information 3 2 5
muC 4 3 5 3 1 2
Precision w/ energy
LHeC + FCC-hh 3 2 2 3 4 5
LEP3 + FCC-hh 4 4 3 4 3 5
LEP3 + muC 4 5 5 4 3 2
LCF-1000 + muC 4 5 5 3 3 2
FCC-ee descoped + FCC-hh 4 4 3 4 4 5
FCC-ee + FCC-hh 5 5 5 5 5 5

three applies when Z and W statistics are more limited (with or without capacity to run at the top-quark
threshold), or when there are no Z- or W -pole runs but substantial high-energy coverage. A score of
two describes facilities without Z or W runs but with a dedicated top-quark-threshold scan. The same
score is also assigned to the LHeC, where incremental improvements in a small subset of observables
would be possible. For CLIC, operations at the Z-pole are possible but were not considered as part of the
baseline programme for the Physics Briefing Book. Such a run would strengthen its EWPO programme
to be similar to that of the LCF; this is indicated in the ranking table with an “*”. There is insufficient
input to evaluate the performance of the FCC-hh running directly after the HL-LHC in this category. It
is therefore not ranked in the table and is given a conservative rank of one in the plots.

For top-quark physics, the highest score is reserved for programmes combining a top-quark-
threshold scan with the highest-energy measurements. A score of four corresponds to a top-quark-
threshold run together with several high-energy operating points. A score of three is assigned when
the collider has access to the top-quark threshold or to top-quark measurements from a hadron machine.
A score of two applies when sensitivity comes primarily through EWPOs, and a score of one indicates
improvements in only a limited set of top-quark couplings. For the FCC-hh running directly after the
HL-LHC, there is insufficient input to evaluate its performance in this category. It is therefore not ranked
in the table and is given a conservative rank of one in the plot.

The flavour physics ranking reflects both the statistical power and the breadth of accessible chan-
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Higgs Physics Potential

1

2

3

4

5 Best stat. precision across all couplings (incl. 
rare decays, top Yukawa and self-coupling)  

Best statistical precision in single coupling, or 
coverage of multiple prod. modes + access to 
HH
Improved precision in many couplings, relative 
to collider running at single energy point

Overall precision achievable at collider 
running at single energy point

Only small number of couplings improved wrt 
HL-LHC

Ranking based on 2 components: 
‣ Single Higgs boson couplings 

‣ Including top Yukawa and rare decays 
‣ Higgs self-coupling
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Table 1: Indicative relative reach (1–5) of future collider projects in precision physics, from yellow (weakest) to
green (best). For CLIC, operations at the Z-pole are possible but not considered in the Briefing Book studies; such
operations would strengthen its EWPO programme, as noted by the “*” in the table, bringing its rank to the same
level as the LCF project.

Project Higgs EWPO Top Flavour QCD
(precision)

QCD
(PDF + HIs)

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 5 3 5 5 1
FCC-ee no-top 2 4 2 5 4 1
FCC-ee descoped 2 4 2 4 3 1
LEP3 2 4 2 4 3 1
LCF-250 2 3 2 1 2 1
CLIC-380 2 2* 3 1 2 1
LHeC 1 2 1 1 3 5
Mid-Energy Lepton Colliders
LCF-550 4 4 4 1 2 1
LCF-1000 4 4 4 1 2 1
CLIC-1500 4 3* 4 1 2 1
CLIC-3000 4 3* 4 1 2 1
Energy frontier
FCC-hh 3 No information 3 2 5
muC 4 3 5 3 1 2
Precision w/ energy
LHeC + FCC-hh 3 2 2 3 4 5
LEP3 + FCC-hh 4 4 3 4 3 5
LEP3 + muC 4 5 5 4 3 2
LCF-1000 + muC 4 5 5 3 3 2
FCC-ee descoped + FCC-hh 4 4 3 4 4 5
FCC-ee + FCC-hh 5 5 5 5 5 5

three applies when Z and W statistics are more limited (with or without capacity to run at the top-quark
threshold), or when there are no Z- or W -pole runs but substantial high-energy coverage. A score of
two describes facilities without Z or W runs but with a dedicated top-quark-threshold scan. The same
score is also assigned to the LHeC, where incremental improvements in a small subset of observables
would be possible. For CLIC, operations at the Z-pole are possible but were not considered as part of the
baseline programme for the Physics Briefing Book. Such a run would strengthen its EWPO programme
to be similar to that of the LCF; this is indicated in the ranking table with an “*”. There is insufficient
input to evaluate the performance of the FCC-hh running directly after the HL-LHC in this category. It
is therefore not ranked in the table and is given a conservative rank of one in the plots.

For top-quark physics, the highest score is reserved for programmes combining a top-quark-
threshold scan with the highest-energy measurements. A score of four corresponds to a top-quark-
threshold run together with several high-energy operating points. A score of three is assigned when
the collider has access to the top-quark threshold or to top-quark measurements from a hadron machine.
A score of two applies when sensitivity comes primarily through EWPOs, and a score of one indicates
improvements in only a limited set of top-quark couplings. For the FCC-hh running directly after the
HL-LHC, there is insufficient input to evaluate its performance in this category. It is therefore not ranked
in the table and is given a conservative rank of one in the plot.

The flavour physics ranking reflects both the statistical power and the breadth of accessible chan-
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EWPO Physics Potential
Ranking based on aspects like: 
‣ Z/W statistics 
‣ tt threshold run (for mt input in EW fit) 
‣ Access to high energies

Fig. 3.3: Top: Comparison of the indirect and direct mass determination of the W and top
quark for different collider options. (For the EW fit results, the solid ellipses indicate the results
obtained assuming the aggressive scenario for the theory uncertainties discussed in the next sec-
tion. For the lepton colliders the dashed contours show the results for the conservative scenario,
also discussed in the next section.) Bottom: Comparison of the S and T oblique parameters.

b) PDF uncertainties: these are due to the experimental and theoretical uncertainties for the
observables used in PDF fits, and modelling uncertainties such as the parameterisation,
evolution kernels, and on heavy-quark evolution of the PDFs themselves.

c) Non-perturbative (NP) effects, e.g. in running couplings or hadronisation: these are usu-
ally implemented via physics-inspired modelling and require input from data.
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Fig. 3.5: (Top panel) 68% probability sensitivity to the combinations of operators modifying the
EW couplings in the dimension-six U(2)5-symmetric SMEFT framework. (Middle panel) Dif-
ferences in the bounds obtained using the aggressive (bars) and conservative (triangles) theory
scenarios. (Bottom panel) 68% probability reach to the interaction scale associated with oper-
ators modifying each EW fermion coupling. The last two operators induce fermion-universal
effects in EWPOs. The inverted triangles in this panel indicate the single operator limits for each
collider. In the top and bottom panels, the empty boxes and "T" bars indicate the results from a
combination of some of the colliders with the 10 TeV muon collider and FCC-hh, respectively.
See text for details.

Higgs boson interactions
For comparisons of the Higgs boson interactions, effects modifying the on-shell effective Higgs
couplings are considered and defined via the corresponding partial decay widths, i.e. !gHxx →
1
2!!(H ↑ xx), where ! refers to relative modifications with respect to the SM value: !!(H ↑
xx) = ∀!(H ↑ xx)/!SM(H ↑ xx). Figure 3.6 shows the 68% probability bounds on !gHxx for
each SM final state. The interactions with the top quark will be discussed separately. Note
that, due to the U(2)5 flavour symmetry, sizeable modifications of the Higgs couplings to the
two light fermion families are not possible, and thus are not shown. Bounds on the aTGC,
mentioned above, which receive constraints both from Higgs and W+W↓ measurements, are
also shown in the figure.
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Table 1: Indicative relative reach (1–5) of future collider projects in precision physics, from yellow (weakest) to
green (best). For CLIC, operations at the Z-pole are possible but not considered in the Briefing Book studies; such
operations would strengthen its EWPO programme, as noted by the “*” in the table, bringing its rank to the same
level as the LCF project.

Project Higgs EWPO Top Flavour QCD
(precision)

QCD
(PDF + HIs)

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 5 3 5 5 1
FCC-ee no-top 2 4 2 5 4 1
FCC-ee descoped 2 4 2 4 3 1
LEP3 2 4 2 4 3 1
LCF-250 2 3 2 1 2 1
CLIC-380 2 2* 3 1 2 1
LHeC 1 2 1 1 3 5
Mid-Energy Lepton Colliders
LCF-550 4 4 4 1 2 1
LCF-1000 4 4 4 1 2 1
CLIC-1500 4 3* 4 1 2 1
CLIC-3000 4 3* 4 1 2 1
Energy frontier
FCC-hh 3 No information 3 2 5
muC 4 3 5 3 1 2
Precision w/ energy
LHeC + FCC-hh 3 2 2 3 4 5
LEP3 + FCC-hh 4 4 3 4 3 5
LEP3 + muC 4 5 5 4 3 2
LCF-1000 + muC 4 5 5 3 3 2
FCC-ee descoped + FCC-hh 4 4 3 4 4 5
FCC-ee + FCC-hh 5 5 5 5 5 5

three applies when Z and W statistics are more limited (with or without capacity to run at the top-quark
threshold), or when there are no Z- or W -pole runs but substantial high-energy coverage. A score of
two describes facilities without Z or W runs but with a dedicated top-quark-threshold scan. The same
score is also assigned to the LHeC, where incremental improvements in a small subset of observables
would be possible. For CLIC, operations at the Z-pole are possible but were not considered as part of the
baseline programme for the Physics Briefing Book. Such a run would strengthen its EWPO programme
to be similar to that of the LCF; this is indicated in the ranking table with an “*”. There is insufficient
input to evaluate the performance of the FCC-hh running directly after the HL-LHC in this category. It
is therefore not ranked in the table and is given a conservative rank of one in the plots.

For top-quark physics, the highest score is reserved for programmes combining a top-quark-
threshold scan with the highest-energy measurements. A score of four corresponds to a top-quark-
threshold run together with several high-energy operating points. A score of three is assigned when
the collider has access to the top-quark threshold or to top-quark measurements from a hadron machine.
A score of two applies when sensitivity comes primarily through EWPOs, and a score of one indicates
improvements in only a limited set of top-quark couplings. For the FCC-hh running directly after the
HL-LHC, there is insufficient input to evaluate its performance in this category. It is therefore not ranked
in the table and is given a conservative rank of one in the plot.

The flavour physics ranking reflects both the statistical power and the breadth of accessible chan-
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1

2
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4

5 Largest Z/W statistics (Tera Z) + tt threshold 
run (for top mass input in EW fit)

Very large Z/W statistics (~Tera Z) WITHOUT tt 
threshold run OR more modest stat. (Giga Z) + 
high-energy run 
Modest Z/W stat. (Giga Z) (with or without tt run) 
OR no Z/WW runs but substantial high-energy 
coverage 

No dedicated Z or WW runs but access to tt 
threshold run. Incremental improvement wrt 
HL-LHC
No substantial improvement anywhere wrt   
HL-LHC

Ranking based on aspects like: 
‣ Z/W statistics 
‣ tt threshold run (for mt input in EW fit) 
‣ Access to high energies
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Table 1: Indicative relative reach (1–5) of future collider projects in precision physics, from yellow (weakest) to
green (best). For CLIC, operations at the Z-pole are possible but not considered in the Briefing Book studies; such
operations would strengthen its EWPO programme, as noted by the “*” in the table, bringing its rank to the same
level as the LCF project.

Project Higgs EWPO Top Flavour QCD
(precision)

QCD
(PDF + HIs)

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 5 3 5 5 1
FCC-ee no-top 2 4 2 5 4 1
FCC-ee descoped 2 4 2 4 3 1
LEP3 2 4 2 4 3 1
LCF-250 2 3 2 1 2 1
CLIC-380 2 2* 3 1 2 1
LHeC 1 2 1 1 3 5
Mid-Energy Lepton Colliders
LCF-550 4 4 4 1 2 1
LCF-1000 4 4 4 1 2 1
CLIC-1500 4 3* 4 1 2 1
CLIC-3000 4 3* 4 1 2 1
Energy frontier
FCC-hh 3 No information 3 2 5
muC 4 3 5 3 1 2
Precision w/ energy
LHeC + FCC-hh 3 2 2 3 4 5
LEP3 + FCC-hh 4 4 3 4 3 5
LEP3 + muC 4 5 5 4 3 2
LCF-1000 + muC 4 5 5 3 3 2
FCC-ee descoped + FCC-hh 4 4 3 4 4 5
FCC-ee + FCC-hh 5 5 5 5 5 5

three applies when Z and W statistics are more limited (with or without capacity to run at the top-quark
threshold), or when there are no Z- or W -pole runs but substantial high-energy coverage. A score of
two describes facilities without Z or W runs but with a dedicated top-quark-threshold scan. The same
score is also assigned to the LHeC, where incremental improvements in a small subset of observables
would be possible. For CLIC, operations at the Z-pole are possible but were not considered as part of the
baseline programme for the Physics Briefing Book. Such a run would strengthen its EWPO programme
to be similar to that of the LCF; this is indicated in the ranking table with an “*”. There is insufficient
input to evaluate the performance of the FCC-hh running directly after the HL-LHC in this category. It
is therefore not ranked in the table and is given a conservative rank of one in the plots.

For top-quark physics, the highest score is reserved for programmes combining a top-quark-
threshold scan with the highest-energy measurements. A score of four corresponds to a top-quark-
threshold run together with several high-energy operating points. A score of three is assigned when
the collider has access to the top-quark threshold or to top-quark measurements from a hadron machine.
A score of two applies when sensitivity comes primarily through EWPOs, and a score of one indicates
improvements in only a limited set of top-quark couplings. For the FCC-hh running directly after the
HL-LHC, there is insufficient input to evaluate its performance in this category. It is therefore not ranked
in the table and is given a conservative rank of one in the plot.

The flavour physics ranking reflects both the statistical power and the breadth of accessible chan-
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Top Physics Potential

1

2

3

4

5 Programme combines top-quark threshold + 
highest-energy measurements

Programme combines top-quark threshold + 
several high-energy points

Access to tt threshold OR top measurements 
from pp. High sensitivity via EWPO.

Sensitivity only via EWPO

Improvement only in limited number of top 
couplings wrt HL-LHC

Ranking based on: 
‣ Access to tt threshold 
‣ Multiple energy points above tt threshold 
‣ Sensitivity via loop effects in precision obs.

Future Collider Project Comparison: Precision Physics

Table 1: Indicative relative reach (1–5) of future collider projects in precision physics, from yellow (weakest) to
green (best). For CLIC, operations at the Z-pole are possible but not considered in the Briefing Book studies; such
operations would strengthen its EWPO programme, as noted by the “*” in the table, bringing its rank to the same
level as the LCF project.

Project Higgs EWPO Top Flavour QCD
(precision)

QCD
(PDF + HIs)

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 5 3 5 5 1
FCC-ee no-top 2 4 2 5 4 1
FCC-ee descoped 2 4 2 4 3 1
LEP3 2 4 2 4 3 1
LCF-250 2 3 2 1 2 1
CLIC-380 2 2* 3 1 2 1
LHeC 1 2 1 1 3 5
Mid-Energy Lepton Colliders
LCF-550 4 4 4 1 2 1
LCF-1000 4 4 4 1 2 1
CLIC-1500 4 3* 4 1 2 1
CLIC-3000 4 3* 4 1 2 1
Energy frontier
FCC-hh 3 No information 3 2 5
muC 4 3 5 3 1 2
Precision w/ energy
LHeC + FCC-hh 3 2 2 3 4 5
LEP3 + FCC-hh 4 4 3 4 3 5
LEP3 + muC 4 5 5 4 3 2
LCF-1000 + muC 4 5 5 3 3 2
FCC-ee descoped + FCC-hh 4 4 3 4 4 5
FCC-ee + FCC-hh 5 5 5 5 5 5

three applies when Z and W statistics are more limited (with or without capacity to run at the top-quark
threshold), or when there are no Z- or W -pole runs but substantial high-energy coverage. A score of
two describes facilities without Z or W runs but with a dedicated top-quark-threshold scan. The same
score is also assigned to the LHeC, where incremental improvements in a small subset of observables
would be possible. For CLIC, operations at the Z-pole are possible but were not considered as part of the
baseline programme for the Physics Briefing Book. Such a run would strengthen its EWPO programme
to be similar to that of the LCF; this is indicated in the ranking table with an “*”. There is insufficient
input to evaluate the performance of the FCC-hh running directly after the HL-LHC in this category. It
is therefore not ranked in the table and is given a conservative rank of one in the plots.

For top-quark physics, the highest score is reserved for programmes combining a top-quark-
threshold scan with the highest-energy measurements. A score of four corresponds to a top-quark-
threshold run together with several high-energy operating points. A score of three is assigned when
the collider has access to the top-quark threshold or to top-quark measurements from a hadron machine.
A score of two applies when sensitivity comes primarily through EWPOs, and a score of one indicates
improvements in only a limited set of top-quark couplings. For the FCC-hh running directly after the
HL-LHC, there is insufficient input to evaluate its performance in this category. It is therefore not ranked
in the table and is given a conservative rank of one in the plot.

The flavour physics ranking reflects both the statistical power and the breadth of accessible chan-
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two describes facilities without Z or W runs but with a dedicated top-quark-threshold scan. The same
score is also assigned to the LHeC, where incremental improvements in a small subset of observables
would be possible. For CLIC, operations at the Z-pole are possible but were not considered as part of the
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to be similar to that of the LCF; this is indicated in the ranking table with an “*”. There is insufficient
input to evaluate the performance of the FCC-hh running directly after the HL-LHC in this category. It
is therefore not ranked in the table and is given a conservative rank of one in the plots.

For top-quark physics, the highest score is reserved for programmes combining a top-quark-
threshold scan with the highest-energy measurements. A score of four corresponds to a top-quark-
threshold run together with several high-energy operating points. A score of three is assigned when
the collider has access to the top-quark threshold or to top-quark measurements from a hadron machine.
A score of two applies when sensitivity comes primarily through EWPOs, and a score of one indicates
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Flavour Physics Potential

1

2

3

4

5
At least one order of magnitude wrt HL-LHC/
Belle II for all missing-energy channels + 
competitive CKM determination

Reduction by factor ~4 of statistics wrt score 
of 5

Order-of-magnitude gain wrt HL-LHC/Belle II 
in fully visible b and c decays but no 
improvement in missing-energy channels 

N/A

No improvement in b, c, τ physics. Only CKM 
program from W decays

Ranking based on: 
‣ Statistical power 
‣ Breadth of accessible channels (in b ,c, τ )  

Future Collider Project Comparison: Precision Physics

Table 1: Indicative relative reach (1–5) of future collider projects in precision physics, from yellow (weakest) to
green (best). For CLIC, operations at the Z-pole are possible but not considered in the Briefing Book studies; such
operations would strengthen its EWPO programme, as noted by the “*” in the table, bringing its rank to the same
level as the LCF project.

Project Higgs EWPO Top Flavour QCD
(precision)

QCD
(PDF + HIs)

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 5 3 5 5 1
FCC-ee no-top 2 4 2 5 4 1
FCC-ee descoped 2 4 2 4 3 1
LEP3 2 4 2 4 3 1
LCF-250 2 3 2 1 2 1
CLIC-380 2 2* 3 1 2 1
LHeC 1 2 1 1 3 5
Mid-Energy Lepton Colliders
LCF-550 4 4 4 1 2 1
LCF-1000 4 4 4 1 2 1
CLIC-1500 4 3* 4 1 2 1
CLIC-3000 4 3* 4 1 2 1
Energy frontier
FCC-hh 3 No information 3 2 5
muC 4 3 5 3 1 2
Precision w/ energy
LHeC + FCC-hh 3 2 2 3 4 5
LEP3 + FCC-hh 4 4 3 4 3 5
LEP3 + muC 4 5 5 4 3 2
LCF-1000 + muC 4 5 5 3 3 2
FCC-ee descoped + FCC-hh 4 4 3 4 4 5
FCC-ee + FCC-hh 5 5 5 5 5 5

three applies when Z and W statistics are more limited (with or without capacity to run at the top-quark
threshold), or when there are no Z- or W -pole runs but substantial high-energy coverage. A score of
two describes facilities without Z or W runs but with a dedicated top-quark-threshold scan. The same
score is also assigned to the LHeC, where incremental improvements in a small subset of observables
would be possible. For CLIC, operations at the Z-pole are possible but were not considered as part of the
baseline programme for the Physics Briefing Book. Such a run would strengthen its EWPO programme
to be similar to that of the LCF; this is indicated in the ranking table with an “*”. There is insufficient
input to evaluate the performance of the FCC-hh running directly after the HL-LHC in this category. It
is therefore not ranked in the table and is given a conservative rank of one in the plots.

For top-quark physics, the highest score is reserved for programmes combining a top-quark-
threshold scan with the highest-energy measurements. A score of four corresponds to a top-quark-
threshold run together with several high-energy operating points. A score of three is assigned when
the collider has access to the top-quark threshold or to top-quark measurements from a hadron machine.
A score of two applies when sensitivity comes primarily through EWPOs, and a score of one indicates
improvements in only a limited set of top-quark couplings. For the FCC-hh running directly after the
HL-LHC, there is insufficient input to evaluate its performance in this category. It is therefore not ranked
in the table and is given a conservative rank of one in the plot.

The flavour physics ranking reflects both the statistical power and the breadth of accessible chan-
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would be possible. For CLIC, operations at the Z-pole are possible but were not considered as part of the
baseline programme for the Physics Briefing Book. Such a run would strengthen its EWPO programme
to be similar to that of the LCF; this is indicated in the ranking table with an “*”. There is insufficient
input to evaluate the performance of the FCC-hh running directly after the HL-LHC in this category. It
is therefore not ranked in the table and is given a conservative rank of one in the plots.

For top-quark physics, the highest score is reserved for programmes combining a top-quark-
threshold scan with the highest-energy measurements. A score of four corresponds to a top-quark-
threshold run together with several high-energy operating points. A score of three is assigned when
the collider has access to the top-quark threshold or to top-quark measurements from a hadron machine.
A score of two applies when sensitivity comes primarily through EWPOs, and a score of one indicates
improvements in only a limited set of top-quark couplings. For the FCC-hh running directly after the
HL-LHC, there is insufficient input to evaluate its performance in this category. It is therefore not ranked
in the table and is given a conservative rank of one in the plot.
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QCD Physics Potential

1

2

5

Ranked by precision in benchmarks

Hadron and ep machines

Muon collider

e+ e-

1-5
(Removal of top-run from FCC-ee penalized: 5→4 )

3-4 N/A

Precision ranking based on: 
‣ Benchmarks such as αS, mt, MW  

PDF + HIs ranking based on: 
‣ Suitability for DIS  
‣ Access to relevant kinematic regimes and 

observables  

Future Collider Project Comparison: Precision Physics

Table 1: Indicative relative reach (1–5) of future collider projects in precision physics, from yellow (weakest) to
green (best). For CLIC, operations at the Z-pole are possible but not considered in the Briefing Book studies; such
operations would strengthen its EWPO programme, as noted by the “*” in the table, bringing its rank to the same
level as the LCF project.

Project Higgs EWPO Top Flavour QCD
(precision)

QCD
(PDF + HIs)

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 5 3 5 5 1
FCC-ee no-top 2 4 2 5 4 1
FCC-ee descoped 2 4 2 4 3 1
LEP3 2 4 2 4 3 1
LCF-250 2 3 2 1 2 1
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LHeC 1 2 1 1 3 5
Mid-Energy Lepton Colliders
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Energy frontier
FCC-hh 3 No information 3 2 5
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Precision w/ energy
LHeC + FCC-hh 3 2 2 3 4 5
LEP3 + FCC-hh 4 4 3 4 3 5
LEP3 + muC 4 5 5 4 3 2
LCF-1000 + muC 4 5 5 3 3 2
FCC-ee descoped + FCC-hh 4 4 3 4 4 5
FCC-ee + FCC-hh 5 5 5 5 5 5

three applies when Z and W statistics are more limited (with or without capacity to run at the top-quark
threshold), or when there are no Z- or W -pole runs but substantial high-energy coverage. A score of
two describes facilities without Z or W runs but with a dedicated top-quark-threshold scan. The same
score is also assigned to the LHeC, where incremental improvements in a small subset of observables
would be possible. For CLIC, operations at the Z-pole are possible but were not considered as part of the
baseline programme for the Physics Briefing Book. Such a run would strengthen its EWPO programme
to be similar to that of the LCF; this is indicated in the ranking table with an “*”. There is insufficient
input to evaluate the performance of the FCC-hh running directly after the HL-LHC in this category. It
is therefore not ranked in the table and is given a conservative rank of one in the plots.

For top-quark physics, the highest score is reserved for programmes combining a top-quark-
threshold scan with the highest-energy measurements. A score of four corresponds to a top-quark-
threshold run together with several high-energy operating points. A score of three is assigned when
the collider has access to the top-quark threshold or to top-quark measurements from a hadron machine.
A score of two applies when sensitivity comes primarily through EWPOs, and a score of one indicates
improvements in only a limited set of top-quark couplings. For the FCC-hh running directly after the
HL-LHC, there is insufficient input to evaluate its performance in this category. It is therefore not ranked
in the table and is given a conservative rank of one in the plot.

The flavour physics ranking reflects both the statistical power and the breadth of accessible chan-
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the collider has access to the top-quark threshold or to top-quark measurements from a hadron machine.
A score of two applies when sensitivity comes primarily through EWPOs, and a score of one indicates
improvements in only a limited set of top-quark couplings. For the FCC-hh running directly after the
HL-LHC, there is insufficient input to evaluate its performance in this category. It is therefore not ranked
in the table and is given a conservative rank of one in the plot.

The flavour physics ranking reflects both the statistical power and the breadth of accessible chan-

6

Pr
ec

is
io

n 
ra

nk
in

g

Jorge de Blas - U. of Granada 
2026 European Strategy Update: Overview of WG2b Report 

Sept. 11, 2026 25

Future Collider Project Comparison: Precision Physics

22

15

15

14

10

10

15

8

23

17

17

18

16

16

17

7

15.3

12.9

14.8

14.6

9.4

7.5

4.1

2.1

2046-2060

2046-2055

2045-2065

2045-2066

2045-2053

2045-2054

2047-2062

2044-2051

Machine Precision
Physics

BSM
physics

Physics 
vs CEPC

Technical
readiness

Constr.
cost
(BCHF)

Time
scale

Path to
≥10 TeV 

FCC-ee

Descoped
FCC-ee

LCF550

CLIC1500

LCF250

CLIC380

LEP3

LHeC

20 | European Strategy for Particle Physics 2026 Update | 21

To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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Table 2: Indicative relative reach (1–5) of future collider projects for each of the specific models considered in the
Physics Briefing Book. A score of five corresponds to the best reach in terms of mass or interaction scale probed
for fixed benchmark couplings. Indicative relative reach (1–5) ranges from yellow (weakest) to green.

Project Comp.
H & V

SUSY
(QCD)

SUSY
(EW)

DM Scalar
Singlet

New forces Portals

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 3 2 2 4 4 4
FCC-ee no-top 3 3 2 2 3 4 4
FCC-ee descoped 2 2 2 2 3 3 3
LEP3 2 2 2 2 3 3 3
LCF-250 2 2 2 2 2 3 3
CLIC-380 2 2 2 2 2 3 3
LHeC 1 1 1 1 1 1 1
Mid-Energy Lepton colliders
LCF-550 2 2 2 2 3 3 3
CLIC-1500 3 2 2 2 3 3 3
LCF-1000 3 2 2 2 3 4 3
CLIC-3000 4 3 3 3 4 4 3
Energy frontier
FCC-hh 5 5 5 5 4 5 4
muC 5 4 5 5 5 5 4
Precision w/ energy
LHeC+ FCC-hh 5 5 5 5 4 5 4
LEP3 + FCC-hh 5 5 5 5 4 5 4
LEP3 + muC 5 4 5 5 5 5 4
LCF + muC 5 4 5 5 5 5 4
FCC-ee descoped + FCC–hh 5 5 5 5 4 5 4
FCC-ee + FCC-hh 5 5 5 5 5 5 5

For squarks and gluinos, a three is assigned to the Tera-Z-pole run of the FCC-ee, as this is the
only precision run that significantly improves on the HL-LHC limits and provides information in the
simplified scenario explored here (see e.g. fig. 8.1, sec. 8.2 of the Physics Briefing Book [1])). A two
is assigned to all other linear lepton colliders, except for CLIC-3000, as they provide complementary
information but do not significantly improve the limits. A three is assigned to CLIC-3000, as it provides
significant improvement with respect to the lower-energy linear colliders. The muon collider is given a
four, as it improves on CLIC-3000 but its reach remains significantly short of that of an FCC-hh and only
covers cases such as compressed spectra. The FCC-hh is given the highest score.

For electroweakinos, a two is assigned to all low-energy lepton colliders. A three is given to
CLIC-3000, which is the first collider in the energy ranking that provides a significant improvement with
respect to the HL-LHC. The muon collider and the FCC-hh are assigned a five, as they have comparable
and complementary reaches.

3.4 Simplified models for DM
Section 9.4.3 of the Physics Briefing Book reviews collider searches for weakly interacting massive
particles (WIMPs) within the broader heavy dark-matter programme. It highlights the complementarity
between collider, direct and indirect detection experiments, with colliders probing, inter alia, scenarios
inaccessible to underground searches. Current and future facilities – such as the LHC, the HL-LHC, the
FCC-ee, the FCC-hh and high-energy lepton colliders – explore simplified and UV-motivated models,
including Higgs-, vector- and two SUSY-inspired mediators. Signatures involve missing-transverse-
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Table 2: Indicative relative reach (1–5) of future collider projects for each of the specific models considered in the
Physics Briefing Book. A score of five corresponds to the best reach in terms of mass or interaction scale probed
for fixed benchmark couplings. Indicative relative reach (1–5) ranges from yellow (weakest) to green.

Project Comp.
H & V

SUSY
(QCD)

SUSY
(EW)

DM Scalar
Singlet

New forces Portals

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 3 2 2 4 4 4
FCC-ee no-top 3 3 2 2 3 4 4
FCC-ee descoped 2 2 2 2 3 3 3
LEP3 2 2 2 2 3 3 3
LCF-250 2 2 2 2 2 3 3
CLIC-380 2 2 2 2 2 3 3
LHeC 1 1 1 1 1 1 1
Mid-Energy Lepton colliders
LCF-550 2 2 2 2 3 3 3
CLIC-1500 3 2 2 2 3 3 3
LCF-1000 3 2 2 2 3 4 3
CLIC-3000 4 3 3 3 4 4 3
Energy frontier
FCC-hh 5 5 5 5 4 5 4
muC 5 4 5 5 5 5 4
Precision w/ energy
LHeC+ FCC-hh 5 5 5 5 4 5 4
LEP3 + FCC-hh 5 5 5 5 4 5 4
LEP3 + muC 5 4 5 5 5 5 4
LCF + muC 5 4 5 5 5 5 4
FCC-ee descoped + FCC–hh 5 5 5 5 4 5 4
FCC-ee + FCC-hh 5 5 5 5 5 5 5

For squarks and gluinos, a three is assigned to the Tera-Z-pole run of the FCC-ee, as this is the
only precision run that significantly improves on the HL-LHC limits and provides information in the
simplified scenario explored here (see e.g. fig. 8.1, sec. 8.2 of the Physics Briefing Book [1])). A two
is assigned to all other linear lepton colliders, except for CLIC-3000, as they provide complementary
information but do not significantly improve the limits. A three is assigned to CLIC-3000, as it provides
significant improvement with respect to the lower-energy linear colliders. The muon collider is given a
four, as it improves on CLIC-3000 but its reach remains significantly short of that of an FCC-hh and only
covers cases such as compressed spectra. The FCC-hh is given the highest score.

For electroweakinos, a two is assigned to all low-energy lepton colliders. A three is given to
CLIC-3000, which is the first collider in the energy ranking that provides a significant improvement with
respect to the HL-LHC. The muon collider and the FCC-hh are assigned a five, as they have comparable
and complementary reaches.

3.4 Simplified models for DM
Section 9.4.3 of the Physics Briefing Book reviews collider searches for weakly interacting massive
particles (WIMPs) within the broader heavy dark-matter programme. It highlights the complementarity
between collider, direct and indirect detection experiments, with colliders probing, inter alia, scenarios
inaccessible to underground searches. Current and future facilities – such as the LHC, the HL-LHC, the
FCC-ee, the FCC-hh and high-energy lepton colliders – explore simplified and UV-motivated models,
including Higgs-, vector- and two SUSY-inspired mediators. Signatures involve missing-transverse-
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Table 2: Indicative relative reach (1–5) of future collider projects for each of the specific models considered in the
Physics Briefing Book. A score of five corresponds to the best reach in terms of mass or interaction scale probed
for fixed benchmark couplings. Indicative relative reach (1–5) ranges from yellow (weakest) to green.

Project Comp.
H & V

SUSY
(QCD)

SUSY
(EW)

DM Scalar
Singlet

New forces Portals

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 3 2 2 4 4 4
FCC-ee no-top 3 3 2 2 3 4 4
FCC-ee descoped 2 2 2 2 3 3 3
LEP3 2 2 2 2 3 3 3
LCF-250 2 2 2 2 2 3 3
CLIC-380 2 2 2 2 2 3 3
LHeC 1 1 1 1 1 1 1
Mid-Energy Lepton colliders
LCF-550 2 2 2 2 3 3 3
CLIC-1500 3 2 2 2 3 3 3
LCF-1000 3 2 2 2 3 4 3
CLIC-3000 4 3 3 3 4 4 3
Energy frontier
FCC-hh 5 5 5 5 4 5 4
muC 5 4 5 5 5 5 4
Precision w/ energy
LHeC+ FCC-hh 5 5 5 5 4 5 4
LEP3 + FCC-hh 5 5 5 5 4 5 4
LEP3 + muC 5 4 5 5 5 5 4
LCF + muC 5 4 5 5 5 5 4
FCC-ee descoped + FCC–hh 5 5 5 5 4 5 4
FCC-ee + FCC-hh 5 5 5 5 5 5 5

For squarks and gluinos, a three is assigned to the Tera-Z-pole run of the FCC-ee, as this is the
only precision run that significantly improves on the HL-LHC limits and provides information in the
simplified scenario explored here (see e.g. fig. 8.1, sec. 8.2 of the Physics Briefing Book [1])). A two
is assigned to all other linear lepton colliders, except for CLIC-3000, as they provide complementary
information but do not significantly improve the limits. A three is assigned to CLIC-3000, as it provides
significant improvement with respect to the lower-energy linear colliders. The muon collider is given a
four, as it improves on CLIC-3000 but its reach remains significantly short of that of an FCC-hh and only
covers cases such as compressed spectra. The FCC-hh is given the highest score.

For electroweakinos, a two is assigned to all low-energy lepton colliders. A three is given to
CLIC-3000, which is the first collider in the energy ranking that provides a significant improvement with
respect to the HL-LHC. The muon collider and the FCC-hh are assigned a five, as they have comparable
and complementary reaches.

3.4 Simplified models for DM
Section 9.4.3 of the Physics Briefing Book reviews collider searches for weakly interacting massive
particles (WIMPs) within the broader heavy dark-matter programme. It highlights the complementarity
between collider, direct and indirect detection experiments, with colliders probing, inter alia, scenarios
inaccessible to underground searches. Current and future facilities – such as the LHC, the HL-LHC, the
FCC-ee, the FCC-hh and high-energy lepton colliders – explore simplified and UV-motivated models,
including Higgs-, vector- and two SUSY-inspired mediators. Signatures involve missing-transverse-
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Example: Compositeness

also be tested using the same strategy, making the reach even stronger. The improvement on the
reach is significantly model dependent, but sizable for each machine.

A complementary probe is to directly search for the new vector boson resonances, anal-
ogous to the ! of QCD, with mass near the scale m→ and coupling strength (to the longitudinal
modes) set by g→. Current LHC bounds already place these new resonances beyond the direct
reach of future e+e↑ colliders. However, it may be possible to produce them resonantly at fu-
ture hadron or muon colliders, highlighting the complementarity between machines: indirect
hints from e+e↑ experiments could be confirmed through direct production at higher-energy
facilities.

References [404] and [ID242] present studies of such spin-1 resonances in composite
Higgs models. Figure 8.3 shows the result for Model E as defined in these works. Hadron
colliders are sensitive to spin-1 resonances in various channels, typically reaching up to ↓0.5
of the pp center-of-mass energy, a conclusion supported by current LHC results [405, 406].
Projections for HL-LHC and FCC-hh [ID227, ID247] suggest a reach of up to 5–7 TeV and 30–
50 TeV, respectively, depending on the model. Again, we see that future colliders could probe
the parametrically interesting regime where m→ is larger than the weak scale by more than a loop
factor. The region probed directly by FCC-hh overlaps with that accessible to lower-energy
e+e↑ machines, enabling direct confirmation of indirect hints at lepton colliders. Moreover,
FCC-hh has indirect sensitivity to spin-1 states through the W and Y parameters, providing
additional insight into the nature of new physics. This indirect reach also helps cover gaps of
e+e↑ machines, which are mainly sensitive via the S parameter and can be blind in scenarios
such as Model D of Ref. [404] and [ID242], particularly if hadronic Z-pole observables under-
perform expectations.

Fig. 8.3: Indirect and direct reach on resonances of Model E, corresponding to a triplet (1,3)
of SU(2)L ↔ SU(2)R of resonances, in the SO(5) ↗ SO(4) composite Higgs model defined
in Refs. [404] and [ID242]. The vertical line for MuC-10 is from direct production of the
resonance, the curved line corresponds to the indirect sensitivity. FCC-hh has direct sensitivity
in the VV and the ωω final states as well as indirect sensitivity from high-pT Drell-Yan from the
W and Y parameters. LEP3 and FCC-ee are indirect bounds and benefit from the combination
of all foreseen energy runs.

Finally, a generic prediction of composite Higgs models is the presence of fermionic top
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Table 2: Indicative relative reach (1–5) of future collider projects for each of the specific models considered in the
Physics Briefing Book. A score of five corresponds to the best reach in terms of mass or interaction scale probed
for fixed benchmark couplings. Indicative relative reach (1–5) ranges from yellow (weakest) to green.

Project Comp.
H & V

SUSY
(QCD)

SUSY
(EW)

DM Scalar
Singlet

New forces Portals

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 3 2 2 4 4 4
FCC-ee no-top 3 3 2 2 3 4 4
FCC-ee descoped 2 2 2 2 3 3 3
LEP3 2 2 2 2 3 3 3
LCF-250 2 2 2 2 2 3 3
CLIC-380 2 2 2 2 2 3 3
LHeC 1 1 1 1 1 1 1
Mid-Energy Lepton colliders
LCF-550 2 2 2 2 3 3 3
CLIC-1500 3 2 2 2 3 3 3
LCF-1000 3 2 2 2 3 4 3
CLIC-3000 4 3 3 3 4 4 3
Energy frontier
FCC-hh 5 5 5 5 4 5 4
muC 5 4 5 5 5 5 4
Precision w/ energy
LHeC+ FCC-hh 5 5 5 5 4 5 4
LEP3 + FCC-hh 5 5 5 5 4 5 4
LEP3 + muC 5 4 5 5 5 5 4
LCF + muC 5 4 5 5 5 5 4
FCC-ee descoped + FCC–hh 5 5 5 5 4 5 4
FCC-ee + FCC-hh 5 5 5 5 5 5 5

For squarks and gluinos, a three is assigned to the Tera-Z-pole run of the FCC-ee, as this is the
only precision run that significantly improves on the HL-LHC limits and provides information in the
simplified scenario explored here (see e.g. fig. 8.1, sec. 8.2 of the Physics Briefing Book [1])). A two
is assigned to all other linear lepton colliders, except for CLIC-3000, as they provide complementary
information but do not significantly improve the limits. A three is assigned to CLIC-3000, as it provides
significant improvement with respect to the lower-energy linear colliders. The muon collider is given a
four, as it improves on CLIC-3000 but its reach remains significantly short of that of an FCC-hh and only
covers cases such as compressed spectra. The FCC-hh is given the highest score.

For electroweakinos, a two is assigned to all low-energy lepton colliders. A three is given to
CLIC-3000, which is the first collider in the energy ranking that provides a significant improvement with
respect to the HL-LHC. The muon collider and the FCC-hh are assigned a five, as they have comparable
and complementary reaches.

3.4 Simplified models for DM
Section 9.4.3 of the Physics Briefing Book reviews collider searches for weakly interacting massive
particles (WIMPs) within the broader heavy dark-matter programme. It highlights the complementarity
between collider, direct and indirect detection experiments, with colliders probing, inter alia, scenarios
inaccessible to underground searches. Current and future facilities – such as the LHC, the HL-LHC, the
FCC-ee, the FCC-hh and high-energy lepton colliders – explore simplified and UV-motivated models,
including Higgs-, vector- and two SUSY-inspired mediators. Signatures involve missing-transverse-
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Example: SUSY (EW)

Fig. 8.5: Projected 95% exclusion limit for strongly interacting (top) and weakly-only interact-
ing sparticles (bottom) as a function of their mass in a LSP simplified model for representative
decay modes. For stops: (i) Top quark+LSP with large stop-LSP mass splitting !m. (ii) Bottom
quark + W boson + LSP with mW < !m < mt . (iii) Bottom quark + off-shell W boson + LSP
with !m < mW . For light-flavour squarks: Quark + LSP, corresponding to (i) large squark-LSP
mass splitting and (ii) with !m = 50 GeV. For gluinos: (i) Top quarks + LSP, corresponding to
large gluino-LSP mass splitting !m. (ii) Off-shell top quarks + LSP with a compressed spec-
trum, !m = 50 GeV. (iii) Light-flavor quarks + LSP, with large !m. (iv) Light-flavor quarks
+ LSP with !m = 50 GeV. For winos, decays into bino + electroweak bosons in three cases,
compressed (!m = 10 GeV), moderately compressed (!m = 50 GeV) and large wino-bino mass
splittings. For the higgsinos, decays of neutral and charged higgsino to lightest neutral higgsino,
corresponding to compressed mass splittings !m = 10 and 50 GeV.

current LHC limits, for several SUSY simplified models and illustrated in the plots of Fig. 8.5.
Limits for hadron colliders are obtained with luminosity scaling using the COLLIDER REACH
tool [407], while limits for lepton colliders correspond to half of the center-of-mass energy for
distinctive final states.

The left panel of the upper plot in Fig. 8.5 shows the reach for the lightest stop, the scalar
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Table 2: Indicative relative reach (1–5) of future collider projects for each of the specific models considered in the
Physics Briefing Book. A score of five corresponds to the best reach in terms of mass or interaction scale probed
for fixed benchmark couplings. Indicative relative reach (1–5) ranges from yellow (weakest) to green.

Project Comp.
H & V

SUSY
(QCD)

SUSY
(EW)

DM Scalar
Singlet

New forces Portals

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 3 2 2 4 4 4
FCC-ee no-top 3 3 2 2 3 4 4
FCC-ee descoped 2 2 2 2 3 3 3
LEP3 2 2 2 2 3 3 3
LCF-250 2 2 2 2 2 3 3
CLIC-380 2 2 2 2 2 3 3
LHeC 1 1 1 1 1 1 1
Mid-Energy Lepton colliders
LCF-550 2 2 2 2 3 3 3
CLIC-1500 3 2 2 2 3 3 3
LCF-1000 3 2 2 2 3 4 3
CLIC-3000 4 3 3 3 4 4 3
Energy frontier
FCC-hh 5 5 5 5 4 5 4
muC 5 4 5 5 5 5 4
Precision w/ energy
LHeC+ FCC-hh 5 5 5 5 4 5 4
LEP3 + FCC-hh 5 5 5 5 4 5 4
LEP3 + muC 5 4 5 5 5 5 4
LCF + muC 5 4 5 5 5 5 4
FCC-ee descoped + FCC–hh 5 5 5 5 4 5 4
FCC-ee + FCC-hh 5 5 5 5 5 5 5

For squarks and gluinos, a three is assigned to the Tera-Z-pole run of the FCC-ee, as this is the
only precision run that significantly improves on the HL-LHC limits and provides information in the
simplified scenario explored here (see e.g. fig. 8.1, sec. 8.2 of the Physics Briefing Book [1])). A two
is assigned to all other linear lepton colliders, except for CLIC-3000, as they provide complementary
information but do not significantly improve the limits. A three is assigned to CLIC-3000, as it provides
significant improvement with respect to the lower-energy linear colliders. The muon collider is given a
four, as it improves on CLIC-3000 but its reach remains significantly short of that of an FCC-hh and only
covers cases such as compressed spectra. The FCC-hh is given the highest score.

For electroweakinos, a two is assigned to all low-energy lepton colliders. A three is given to
CLIC-3000, which is the first collider in the energy ranking that provides a significant improvement with
respect to the HL-LHC. The muon collider and the FCC-hh are assigned a five, as they have comparable
and complementary reaches.

3.4 Simplified models for DM
Section 9.4.3 of the Physics Briefing Book reviews collider searches for weakly interacting massive
particles (WIMPs) within the broader heavy dark-matter programme. It highlights the complementarity
between collider, direct and indirect detection experiments, with colliders probing, inter alia, scenarios
inaccessible to underground searches. Current and future facilities – such as the LHC, the HL-LHC, the
FCC-ee, the FCC-hh and high-energy lepton colliders – explore simplified and UV-motivated models,
including Higgs-, vector- and two SUSY-inspired mediators. Signatures involve missing-transverse-
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5 FCC-hh & MuC

3 CLIC-3000

2 LCF, LEP3 & FCC-ee

4 N/A

1 LHeC

Future Collider Project Comparison: BSM Physics

Example: Dark Matter

Table 2: Indicative relative reach (1–5) of future collider projects for each of the specific models considered in the
Physics Briefing Book. A score of five corresponds to the best reach in terms of mass or interaction scale probed
for fixed benchmark couplings. Indicative relative reach (1–5) ranges from yellow (weakest) to green.

Project Comp.
H & V

SUSY
(QCD)

SUSY
(EW)

DM Scalar
Singlet

New forces Portals

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 3 2 2 4 4 4
FCC-ee no-top 3 3 2 2 3 4 4
FCC-ee descoped 2 2 2 2 3 3 3
LEP3 2 2 2 2 3 3 3
LCF-250 2 2 2 2 2 3 3
CLIC-380 2 2 2 2 2 3 3
LHeC 1 1 1 1 1 1 1
Mid-Energy Lepton colliders
LCF-550 2 2 2 2 3 3 3
CLIC-1500 3 2 2 2 3 3 3
LCF-1000 3 2 2 2 3 4 3
CLIC-3000 4 3 3 3 4 4 3
Energy frontier
FCC-hh 5 5 5 5 4 5 4
muC 5 4 5 5 5 5 4
Precision w/ energy
LHeC+ FCC-hh 5 5 5 5 4 5 4
LEP3 + FCC-hh 5 5 5 5 4 5 4
LEP3 + muC 5 4 5 5 5 5 4
LCF + muC 5 4 5 5 5 5 4
FCC-ee descoped + FCC–hh 5 5 5 5 4 5 4
FCC-ee + FCC-hh 5 5 5 5 5 5 5

For squarks and gluinos, a three is assigned to the Tera-Z-pole run of the FCC-ee, as this is the
only precision run that significantly improves on the HL-LHC limits and provides information in the
simplified scenario explored here (see e.g. fig. 8.1, sec. 8.2 of the Physics Briefing Book [1])). A two
is assigned to all other linear lepton colliders, except for CLIC-3000, as they provide complementary
information but do not significantly improve the limits. A three is assigned to CLIC-3000, as it provides
significant improvement with respect to the lower-energy linear colliders. The muon collider is given a
four, as it improves on CLIC-3000 but its reach remains significantly short of that of an FCC-hh and only
covers cases such as compressed spectra. The FCC-hh is given the highest score.

For electroweakinos, a two is assigned to all low-energy lepton colliders. A three is given to
CLIC-3000, which is the first collider in the energy ranking that provides a significant improvement with
respect to the HL-LHC. The muon collider and the FCC-hh are assigned a five, as they have comparable
and complementary reaches.

3.4 Simplified models for DM
Section 9.4.3 of the Physics Briefing Book reviews collider searches for weakly interacting massive
particles (WIMPs) within the broader heavy dark-matter programme. It highlights the complementarity
between collider, direct and indirect detection experiments, with colliders probing, inter alia, scenarios
inaccessible to underground searches. Current and future facilities – such as the LHC, the HL-LHC, the
FCC-ee, the FCC-hh and high-energy lepton colliders – explore simplified and UV-motivated models,
including Higgs-, vector- and two SUSY-inspired mediators. Signatures involve missing-transverse-
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Fig. 9.7: The 2s sensitivity reach for the wino (Left) and the Higgsino (Right). Pink bars
indicate the experimental reach assuming each candidate makes up 100% of the DM, with
CTAO prospects shown [744–747]. Filled pink bars indicate present exclusion. Black bars show
collider reach via disappearing track searches. Blue blocks mark the kinematic limits of various
collider setups, while grey blocks indicate indirect sensitivity from precision measurements.

for the HL-LHC [751], FCC-hh (rescaled to the current nominal c.o.m. energy) [752], where
the main collider signature is production of charged states that decay into soft SM particles
and the neutral state. Searches therefore focus on large missing energy and soft decay products
inside the detector. At a Muon Collider [753] the reach for Higgsinos is enhanced due to the
possibility of soft track reconstruction, which allows sensitivity beyond 1.1 TeV. Indirect probes
via electroweak precision observables can further extend the reach in a model-dependent way,
beyond the kinematic limit. These are shown as indirect constraints in Fig. 9.7.

Direct detection experiments have limited sensitivity to pure Higgsino scenarios as the
spin-independent scattering cross-section lies below the onset of the neutrino fog, while the
wino cross-section is above it. Featuring a large annihilation cross section enhanced by Som-
merfeld effects, winos and Higgsinos are a prime target for indirect detection through gamma
rays, discussed in Sect. 9.4.2.
Simplified Models: Axial-Vector and Scalar Mediators Simplified models provide a tractable
framework allowing collider searches to be interpreted in terms of a small number of well-
defined parameters. In the benchmark scenarios considered here, as in Ref. [3, 754], the dark
sector consists of a single Dirac fermion DM particle and a single mediator. The key parameters
are the masses of the mediator and DM particle, and their couplings to SM and DM fields. The
mediators considered here can be scalar, pseudoscalar, or axial-vector bosons. Figure 9.8 shows
the projected reach, compared with direct detection searches. The specific DM mass choices
represent the points of approximate maximum sensitivity for direct detection, where sensitivity
reach varies significantly with mass. Not shown, Muon Colliders also have sensitivity through
mono-W analyses [755].

Figure 9.6 (top) shows the comparison between collider and direct detection sensitivities
for a scalar mediator, where collider reach is recast as a constraint on the DM–nucleon scattering
cross-section. Collider searches can reach DM masses up to the TeV scale, even when the medi-
ator is significantly heavier than the DM particle, whilst direct detection can probe DM masses

162

Considering direct & 
indirect sensitivity←



Jorge de Blas - U. of Granada 
2026 European Strategy Update: Overview of WG2b Report 

Sept. 11, 2026 31

Table 2: Indicative relative reach (1–5) of future collider projects for each of the specific models considered in the
Physics Briefing Book. A score of five corresponds to the best reach in terms of mass or interaction scale probed
for fixed benchmark couplings. Indicative relative reach (1–5) ranges from yellow (weakest) to green.

Project Comp.
H & V

SUSY
(QCD)

SUSY
(EW)

DM Scalar
Singlet

New forces Portals

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 3 2 2 4 4 4
FCC-ee no-top 3 3 2 2 3 4 4
FCC-ee descoped 2 2 2 2 3 3 3
LEP3 2 2 2 2 3 3 3
LCF-250 2 2 2 2 2 3 3
CLIC-380 2 2 2 2 2 3 3
LHeC 1 1 1 1 1 1 1
Mid-Energy Lepton colliders
LCF-550 2 2 2 2 3 3 3
CLIC-1500 3 2 2 2 3 3 3
LCF-1000 3 2 2 2 3 4 3
CLIC-3000 4 3 3 3 4 4 3
Energy frontier
FCC-hh 5 5 5 5 4 5 4
muC 5 4 5 5 5 5 4
Precision w/ energy
LHeC+ FCC-hh 5 5 5 5 4 5 4
LEP3 + FCC-hh 5 5 5 5 4 5 4
LEP3 + muC 5 4 5 5 5 5 4
LCF + muC 5 4 5 5 5 5 4
FCC-ee descoped + FCC–hh 5 5 5 5 4 5 4
FCC-ee + FCC-hh 5 5 5 5 5 5 5

For squarks and gluinos, a three is assigned to the Tera-Z-pole run of the FCC-ee, as this is the
only precision run that significantly improves on the HL-LHC limits and provides information in the
simplified scenario explored here (see e.g. fig. 8.1, sec. 8.2 of the Physics Briefing Book [1])). A two
is assigned to all other linear lepton colliders, except for CLIC-3000, as they provide complementary
information but do not significantly improve the limits. A three is assigned to CLIC-3000, as it provides
significant improvement with respect to the lower-energy linear colliders. The muon collider is given a
four, as it improves on CLIC-3000 but its reach remains significantly short of that of an FCC-hh and only
covers cases such as compressed spectra. The FCC-hh is given the highest score.

For electroweakinos, a two is assigned to all low-energy lepton colliders. A three is given to
CLIC-3000, which is the first collider in the energy ranking that provides a significant improvement with
respect to the HL-LHC. The muon collider and the FCC-hh are assigned a five, as they have comparable
and complementary reaches.

3.4 Simplified models for DM
Section 9.4.3 of the Physics Briefing Book reviews collider searches for weakly interacting massive
particles (WIMPs) within the broader heavy dark-matter programme. It highlights the complementarity
between collider, direct and indirect detection experiments, with colliders probing, inter alia, scenarios
inaccessible to underground searches. Current and future facilities – such as the LHC, the HL-LHC, the
FCC-ee, the FCC-hh and high-energy lepton colliders – explore simplified and UV-motivated models,
including Higgs-, vector- and two SUSY-inspired mediators. Signatures involve missing-transverse-
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Fig. 8.19: Exclusion limits for HNLs mixing with muon (Top) and electron (Bottom) neutrinos.

collider experiments like ATLAS, CMS, LHCb [ID81], as well as at the LHeC [ID214] in
the case of electron-coupling dominance, probe masses above the b-quark threshold, though
their ultimate sensitivities are significantly below the FCC-ee reach. FCC-hh [ID227, ID247]
capabilities remain to be fully explored, including proposals for dedicated detectors, such as
the mid-!@FCC-hh [468]. HNLs above 100 GeV become accessible at high-energy colliders
such as LCF [ID140], FCC-hh, or a muon collider [ID207]. Moreover, experiments like SHiP
[ID145] and FCC-ee [ID242] offer observation sensitivity to over an order of magnitude im-
provement in coupling reach beyond HL-LHC exclusion power, and unique opportunities to
study HNL properties if hints emerge during HL-LHC operation.

Finally, electroweak precision observables provide indirect constraints on |Uω|
2 at the level

of 10→4 →10→2, depending on the ω flavour and HNL mass, up to masses far beyond the reach of
any current or future collider [469, 470]. These constraints are expected to improve by another
two orders of magnitude in |Uω|

2 in the FCC-ee era [471–473].

141

HNLs

Difficult to define metric for comparison (2D space, 
widely varying coverage & detection strategies, …)

* Dark Scalars not 
included, as info is only 
available for FCC-ee

Future Collider Project Comparison: BSM Physics

BS
M

 ra
nk

in
g

Table 2: Indicative relative reach (1–5) of future collider projects for each of the specific models considered in the
Physics Briefing Book. A score of five corresponds to the best reach in terms of mass or interaction scale probed
for fixed benchmark couplings. Indicative relative reach (1–5) ranges from yellow (weakest) to green.

Project Comp.
H & V

SUSY
(QCD)

SUSY
(EW)

DM Scalar
Singlet

New forces Portals

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee 4 3 2 2 4 4 4
FCC-ee no-top 3 3 2 2 3 4 4
FCC-ee descoped 2 2 2 2 3 3 3
LEP3 2 2 2 2 3 3 3
LCF-250 2 2 2 2 2 3 3
CLIC-380 2 2 2 2 2 3 3
LHeC 1 1 1 1 1 1 1
Mid-Energy Lepton colliders
LCF-550 2 2 2 2 3 3 3
CLIC-1500 3 2 2 2 3 3 3
LCF-1000 3 2 2 2 3 4 3
CLIC-3000 4 3 3 3 4 4 3
Energy frontier
FCC-hh 5 5 5 5 4 5 4
muC 5 4 5 5 5 5 4
Precision w/ energy
LHeC+ FCC-hh 5 5 5 5 4 5 4
LEP3 + FCC-hh 5 5 5 5 4 5 4
LEP3 + muC 5 4 5 5 5 5 4
LCF + muC 5 4 5 5 5 5 4
FCC-ee descoped + FCC–hh 5 5 5 5 4 5 4
FCC-ee + FCC-hh 5 5 5 5 5 5 5

For squarks and gluinos, a three is assigned to the Tera-Z-pole run of the FCC-ee, as this is the
only precision run that significantly improves on the HL-LHC limits and provides information in the
simplified scenario explored here (see e.g. fig. 8.1, sec. 8.2 of the Physics Briefing Book [1])). A two
is assigned to all other linear lepton colliders, except for CLIC-3000, as they provide complementary
information but do not significantly improve the limits. A three is assigned to CLIC-3000, as it provides
significant improvement with respect to the lower-energy linear colliders. The muon collider is given a
four, as it improves on CLIC-3000 but its reach remains significantly short of that of an FCC-hh and only
covers cases such as compressed spectra. The FCC-hh is given the highest score.

For electroweakinos, a two is assigned to all low-energy lepton colliders. A three is given to
CLIC-3000, which is the first collider in the energy ranking that provides a significant improvement with
respect to the HL-LHC. The muon collider and the FCC-hh are assigned a five, as they have comparable
and complementary reaches.

3.4 Simplified models for DM
Section 9.4.3 of the Physics Briefing Book reviews collider searches for weakly interacting massive
particles (WIMPs) within the broader heavy dark-matter programme. It highlights the complementarity
between collider, direct and indirect detection experiments, with colliders probing, inter alia, scenarios
inaccessible to underground searches. Current and future facilities – such as the LHC, the HL-LHC, the
FCC-ee, the FCC-hh and high-energy lepton colliders – explore simplified and UV-motivated models,
including Higgs-, vector- and two SUSY-inspired mediators. Signatures involve missing-transverse-
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
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technology and providing significant societal benefits.
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
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as the preferred path. 
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long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.
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demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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Figure 1: Stacked ranking for each physics area or BSM model as a function of the estimated total amount of
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Physics Potential

The main driver of the physics case of the e+e- colliders is 
precision across different domains:

Electroweak      Higgs      Top      Flavour      QCD         
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To present the ESG recommendations to CERN council, an 
alternative graphical comparison, including more granular 

information on the EW/Higgs/Top/Flavour part, was prepared:

Figure B.3: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the LCF-250. (Top-right): the results for the
LCF-550. (Bottom-left): the results for CLIC-380. (Bottom-right): the results for CLIC-1500.
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Figure B.2: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the FCC-ee. (Top-right): the results for the
FCC-ee plus FCC-hh. (Bottom-left): the results for the FCC-ee descoped scenario. (Bottom-right): the results for
LEP3.
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ESG WG2b Project Comparison: Physics Potential

Discussed in Appendix B of WG2b report



Figure B.1: (Top): A drawing of the different sectors used for the ranking as detailed in the text. (Bottom): The
same sectors but now showing the EFT interactions or observables used to determine the ranking, using the notation
as defined in the Physics Briefing Book [1]. The diagrams on the outer circle provide a qualitative indications of the
type of contact interactions involved in each sector, while the different colours highlight the type of measurements
involved.
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Figure B.2: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the FCC-ee. (Top-right): the results for the
FCC-ee plus FCC-hh. (Bottom-left): the results for the FCC-ee descoped scenario. (Bottom-right): the results for
LEP3.
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Figure B.3: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the LCF-250. (Top-right): the results for the
LCF-550. (Bottom-left): the results for CLIC-380. (Bottom-right): the results for CLIC-1500.

25

Figure B.3: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the LCF-250. (Top-right): the results for the
LCF-550. (Bottom-left): the results for CLIC-380. (Bottom-right): the results for CLIC-1500.

25

Figure B.2: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the FCC-ee. (Top-right): the results for the
FCC-ee plus FCC-hh. (Bottom-left): the results for the FCC-ee descoped scenario. (Bottom-right): the results for
LEP3.

24

Figure B.2: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the FCC-ee. (Top-right): the results for the
FCC-ee plus FCC-hh. (Bottom-left): the results for the FCC-ee descoped scenario. (Bottom-right): the results for
LEP3.

24

FCC vs. high-Energy e+e-

Jorge de Blas - U. of Granada 
2026 European Strategy Update: Overview of WG2b Report 

Sept. 11, 2026 38

ESG WG2b Project Comparison: Physics Potential



Figure B.3: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the LCF-250. (Top-right): the results for the
LCF-550. (Bottom-left): the results for CLIC-380. (Bottom-right): the results for CLIC-1500.

25

Figure B.3: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the LCF-250. (Top-right): the results for the
LCF-550. (Bottom-left): the results for CLIC-380. (Bottom-right): the results for CLIC-1500.

25

Figure B.2: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the FCC-ee. (Top-right): the results for the
FCC-ee plus FCC-hh. (Bottom-left): the results for the FCC-ee descoped scenario. (Bottom-right): the results for
LEP3.

24

Figure B.2: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the FCC-ee. (Top-right): the results for the
FCC-ee plus FCC-hh. (Bottom-left): the results for the FCC-ee descoped scenario. (Bottom-right): the results for
LEP3.

24

First stage e+e-

Jorge de Blas - U. of Granada 
2026 European Strategy Update: Overview of WG2b Report 

Sept. 11, 2026 39

ESG WG2b Project Comparison: Physics Potential



Figure B.3: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the LCF-250. (Top-right): the results for the
LCF-550. (Bottom-left): the results for CLIC-380. (Bottom-right): the results for CLIC-1500.
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Flavour in the global picture:
Capabilities for flavour measurement 
play a key role in separating FCC-ee 

from other e+e- options
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Conclusions

• The WG2b task was to condense the information of the Physics Briefing Book and prepare a 
report with a quantitative classification of the collider options in a way that is:

‣ Easy to digest and explain during the ESG deliberations and preparation of its recommendations

‣ Easy to present to CERN council

‣ (Physics potential of the “Descoped FCC-ee” scenario also estimated in App. A - See Backup)

• The methodology used was based on a discrete 1-5 ranking of the capabilities for 

‣ Precision Physics: EW, Higgs, Top, Flavour, QCD

‣ Potential for BSM searches

• Not unique: any methodology to synthesize the information has limitations: 

‣ How to “integrate out” information, projections available for the different colliders, …

‣ Different methodologies could result in changes in the classification 
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For Precision Physics, we cross checked that the main conclusions are 
consistent with an additional alternative ranking presented in App. B⇒ 

Figure B.3: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the LCF-250. (Top-right): the results for the
LCF-550. (Bottom-left): the results for CLIC-380. (Bottom-right): the results for CLIC-1500.
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LHeC: A lepton-hadron facility like the LHeC offers a precision physics programme that is 
complementary to that of e+e– colliders. Its unique strength lies in deep-inelastic scattering, 
because it provides unparalleled constraints on proton and nuclear parton distribution 
functions, which are essential for precision measurements at hadron colliders. However, the 
impact of the LHeC on the high-priority precision physics programme in the electroweak and 
flavour sectors remains limited. With some exceptions, such as the study of Higgs to charm 
decays, the Higgs physics programme of the LHeC is also very limited compared to that 
of the e+e– colliders considered here. The LHeC can only be regarded as an intermediate 
facility and would not be competitive in any physics domain, except as regards the structure 
of the proton, if an FCC-ee-like machine such as the CEPC were to be operated in parallel.

The performance of the physics programmes in precision physics and searches for BSM 
physics of all colliders is shown in Figure 3.1, below. 

Technology readiness and construction cost
The FCC-ee also stands out from the other projects with respect to its engineering 
readiness and advanced state of preparation. The FCC Feasibility Study, which included 
a cost estimate and a construction schedule, has undergone extensive scrutiny by expert 
committees and by the CERN Council and its subordinate bodies. R&D is needed to achieve 
reproducible performance for 800 MHz bulk-Nb and, especially, 400 MHz Nb thin-film/Cu 
cavities when installed in cryomodules on an industrial scale. Moreover, to keep power 
consumption within the estimated limits, the production of high-efficiency klystrons in the 
400–800 MHz range needs to be industrialised. While the positron source is close to the 
SLC’s performance, the ongoing P3 experiment at the Paul Scherrer Institute (PSI) aims to 
further increase the positron yield per incoming electron. Industrialisation is also required for 
the production of the large-scale NEG-based vacuum system and the magnet system. 

Figure 3.1: Physics performance of all colliders, including the descoped FCC-ee. The bars on the left 
present the precision physics programme and the bars on the right present the exploration of potential BSM 
physics. The subjects according to which the colliders are compared are shown in the legend. The maximum 
performance receives a grade of 5 and corresponds to the option of the FCC-ee that is later followed by the 
FCC-hh, which offers the highest possible physics reach.

This R&D programme is well specified and funding for a pre-Technical Design Report 
phase has been allocated in the CERN Medium-Term Plan for 2026-2030. The physics 
performance is reliably predicted by simulations and by experience from previous and 
currently operating circular e+e– colliders. Extensive site-preparation studies have been 
performed, and further geological investigations are in progress to consolidate the tunnel 
placement. The FCC-ee is the only project that already possesses a complete risk-
management framework integrated into its construction planning. The current estimate for 
the construction cost of the FCC-ee is very substantial, namely 15.3 BCHF. All the costs 
quoted for the FCC-ee and for the other colliders refer to the costs to CERN and include  
an assumed CERN 10% share of the construction cost of the experiments.

CLIC offers a relatively compact design for a TeV-scale lepton collider. Key technologies 
have been demonstrated at the proof-of-principle level but further large-scale 
demonstrations (not included in the current R&D resources estimate), as well as system 
integration and industrialisation of the main components of the linac, are required, leading  
to some uncertainty about cost and schedule. The performance is well predicted by  
start-to-end simulations, but some risks remain to be addressed through R&D. CLIC at 
1.5 TeV requires a 29.6 km tunnel. A site in the Geneva basin has been evaluated, with 
no geological showstoppers identified; detailed territorial and geological investigations are 
required to define the placement of the tunnels and the respective surface facilities. The 
current estimated construction cost of a 380 GeV CLIC is substantial, namely 7.5 BCHF.  
For a 1500 GeV CLIC, it is very substantial, namely 14.6 BCHF.

LCF is based on the mature 1.3 GHz bulk-Nb superconducting RF (SRF) technology 
already in operation at the European XFEL (DESY) and LCLS-II (SLAC). The operating 
gradient, the quality factor and the two combined have not yet been demonstrated in 
operation and are the subject of an R&D programme. While most systems are well 
developed, R&D is still required for the positron source, beam dumps and the final focus 
system. Detailed start-to-end simulations support the estimated luminosity target, which 
is considered realistically achievable. The overall schedule is credible but would require 
a preparation phase including detailed territorial implementation studies and geological 
investigations for the required 33.5 km tunnel. Cost and schedule estimates are considered 
credible, with civil engineering being the main uncertainty. The current estimated 
construction cost of a 250 GeV LCF is substantial, namely 9.4 BCHF. For a 550 GeV LCF,  
it is very substantial, namely 14.8 BCHF. 

The LEP3 design for an e+e– collider in the LHC tunnel is a pre-conceptual study, based 
primarily on extrapolations from preliminary investigations in 2013 and from the FCC-ee 
studies. The absence of a detailed lattice design and full-scale simulations introduces 
significant uncertainty in the performance projections. The current design relies on HTS 
combined quadrupole and sextupole magnets that currently have low technical readiness 
level (TRL) scores. Although tunnel reuse simplifies territorial planning and reduces cost, 
logistics such as dismantling and storing or disposing of HL-LHC components introduce non-
trivial uncertainties for LEP3. In the absence of a conceptual design report, timelines, costs 
and risks are subject to significant uncertainty. The current estimated construction cost of 
LEP3 is 4.1 BCHF.
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• Consider as alternative a collider based on the FCC-ee concept but at a lower cost

• Descoping scenarios: 

‣ Removing the top-quark runs around the tt threshold and at 365 GeV

‣ Decreasing the synchrotron radiation (SR) power from 50 MW per beam to 30 MW

‣ Constructing only two interaction points (IPs) instead of four

• Physics potential not discussed in Briefing Book ⇒ Estimates presented in WG2b report

‣ -1.3 BCHF

‣ -0.35 BCHF

‣ -0.8 BCHF

WG2b Report: The descoped FCC-ee scenario physics potential
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• Consider as alternative a collider based on the FCC-ee concept but at a lower cost

• Descoping scenarios: 

‣ Removing the top-quark runs around the tt threshold and at 365 GeV

‣ Decreasing the synchrotron radiation (SR) power from 50 MW per beam to 30 MW

‣ Constructing only two interaction points (IPs) instead of four.

• Physics potential studied in WG2b report

68% probability sensitivity - All scenarios combined with HL-LHC
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Figure A.7: Comparison of the sensitivity to deviations from the SM in the different effective electroweak coup-
lings and EFT operators, as in figure 3.5 of ref. [1], but focused on the different e+e→projects and adding the
descoped FCC-ee case (last columns, in orange).
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Figure A.8: Comparison of the sensitivity to deviations from the SM in the different effective Higgs couplings,
as in figure 3.6 of ref. [1], but focused on the different e+e→projects and adding the descoped FCC-ee case (last
columns, in orange). The precision on the determination of the Higgs self-coupling is shown separately, in the ω3

panel.
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• Consider as alternative a collider based on the FCC-ee concept but at a lower cost

• Descoping scenarios: 

‣ Removing the top-quark runs around the tt threshold and at 365 GeV

‣ Decreasing the synchrotron radiation (SR) power from 50 MW per beam to 30 MW

‣ Constructing only two interaction points (IPs) instead of four.

• Physics potential studied in WG2b report

Descoped FCC-ee EW/Higgs Physics Potential - Impact of descoping
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Figure A.2: Decrease in sensitivity for the different effective Higgs coupling parameters with respect to the FCC-
ee baseline project (light shade columns) and the combination with the FCC-hh (dark shade columns), from the
same type of SMEFT fit described in section 3.5 of ref. [1]. In the case of the Higgs self-coupling, shown in the
last two columns, with the removal of the top-quark run the descoped FCC-ee would not improve on the HL-LHC
result (see figure A.8).
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Figure A.3: Top: Decrease in sensitivity for the different effective electroweak coupling parameters with respect
to the FCC-ee baseline project (light shade columns) and the combination with the FCC-hh (dark shade columns).
Bottom: The same for the scale associated with the operators entering in the EWPOs at leading order. From the
same type of SMEFT fit described in [1].
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• Consider as alternative a collider based on the FCC-ee concept but at a lower cost

• Descoping scenarios: 

‣ Removing the top-quark runs around the tt threshold and at 365 GeV

‣ Decreasing the synchrotron radiation (SR) power from 50 MW per beam to 30 MW

‣ Constructing only two interaction points (IPs) instead of four

• Physics potential not discussed in Briefing Book ⇒ Estimates presented in WG2b report 

‣ Reduced with respect to FCC-ee but still strong physics potential

‣ Still provides a convincing long-term vision for exploring the high energy frontier

‣ Part of the original scope could be restored, e.g. via extended running period 

‣ Should additional resources become available, these descoping scenarios would be reversible

‣ E.g. staging the top-quark run (important for physics programme)

‣ -1.3 BCHF

‣ -0.35 BCHF

‣ -0.8 BCHF
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Figure B.2: A five-level, gray-scale visualization of the ranking, where the highest rank is shown in white and
the lowest rank is shown in black. The outer coloured rings indicate the different physics sectors that provide
constraints on the corresponding operators. (Top-left): the results for the FCC-ee. (Top-right): the results for the
FCC-ee plus FCC-hh. (Bottom-left): the results for the FCC-ee descoped scenario. (Bottom-right): the results for
LEP3.
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Future Collider project comparison: Technical readiness
 

 

Project Scope TRL R&D Test facilities Performance 
uncertainty 

Site 
preparation 

Schedule 
uncertainty 

Cost 
uncertainty Risk 

CLIC 380 GeV, 1.5 TeV  4 - 6 / 5.2        

FCC-ee 91-365 GeV  4 - 7 / 6.0        

FCC-hh 85 TeV  
4 - 7 (Nb3Sn) / 4.3 

       
2 - 7 (HTS) / 3.2 

FCC-hh - SA 85 TeV  4 - 7 (Nb3Sn) / 5     Nb3Sn   

LCF 250 - 550 GeV  5 - 7 / 5.5        

LEP3 91 - 230 GeV  3 - 6 / 4.0        

LHeC:  HL-LHC + 50 GeV ERL  3 - 6 / 4.5        

MC 3.2 TeV, 7.6 TeV  3.2 TeV: 3 - 5 
7.6 TeV: 2 - 5        

 
Table 16: Summary table schematically representing the key findings of the WG according to the assessment criteria and based on the present 
status of the large-scale collider project proposals as submitted to the ESPP2026. Scope=Scope level-of-definition; TRL=Technical Readiness 
Level score - the range of values and the cost-weighted average for the baseline scenarios are listed; the colour code is selected based on on 
the cost-weighted average TRL score (TRL≥ 6 - green,  4≤TRL<6 - yellow, TRL<4 - red);  R&D=R&D requirements, R&D plan level-of-definition, 
R&D funding status; Test facilities=need of test facilities or demonstrators and (if needed) level-of-definition of their scope; Site preparation=Site 
preparation status; Risk=Risk level-of-definition. The cost-weighted average TRL score could not be estimated for the MC project as there is no 
detailed cost breakdown by sub-system. The colour code for the various criteria is defined according to the summary assessment in the Tables 
A.1 to A.8. 
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• Technical readiness and assessment of the time, cost & performance estimates studied by ESG WG2a
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detailed cost breakdown by sub-system. The colour code for the various criteria is defined according to the summary assessment in the Tables 
A.1 to A.8. 
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Muon Colliders

• Technologies underpinning the MC design are in the early phases of exploration

• Comprehensive R&D roadmap has been defined (300 MCHF, 1800 FTEy over 10 years)

• Without such R&D effort, realistic performance, schedule and cost estimates not 
possible at this stage 
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• Technical readiness and assessment of the time, cost & performance estimates studied by ESG WG2a
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A.1 to A.8. 
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FCC-hh

• Well-defined baseline scope based on Nb3Sn dipole magnets. Development ~15-20 yrs

• Alternative High Temperature Superconductor (HTS) is expected to develop over a 
longer timescale, with higher risk at this stage

• Large uncertainty in cost, dominated by dipole magnet cost
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• Technical readiness and assessment of the time, cost & performance estimates studied by ESG WG2a
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LEP3
• LEP3 design at pre-conceptual level: No detailed lattice or beam dynamic studies

• Uncertainty on luminosity performance and schedule

LHeC
• Performance critically depends on a very high-current Energy-Recovery Linac (ERL)

‣ Without ERL, luminosity would be factor of 10 smaller

• Successful demonstration of PERLE program at IJCLab is vital

Evaluation of “bridge projects” (LEP3 and LHeC) also identified several concerns about the readiness of these projects
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Input from national HEP communities

FCC-ee (MS)

FCC-ee (AMS)

FCC-ee (NMS)

Other Collider (MS)

Other Collider (AMS)

Other Collider (NMS)

Preferred Collider Option

0 30155 10 20 25

24

Member States

Associate Member States

Non-Member States

7

2.5

1

0.5

FCC-ee 

Linear Collider

LHC Int. Project

FCC-hh

Muon Collider

No preference

Preferred Alternative (Plan B)

0 1 2 3 4 5 6 7 8

8

7

5

1

1

3

9

18 | European Strategy for Particle Physics 2026 Update | 19

• Q1: What is the preferred large-scale post-LHC accelerator at CERN?
• Q2: What is the preferred alternative if the preferred option would not be feasible?

Additional questions concerned the preferred alternatives in the event that the preferred 
option were not competitive and the rationale for each alternative, i.e. whether it was 
primarily driven by physics, technological maturity, cost or schedule considerations. 

Figure 3.2 shows the responses to Q1 and Q2 (top and bottom diagrams, respectively). The 
responses to Q1 are nearly unanimous among all CERN’s Member and Associate Member 
States in identifying the FCC-ee as the preferred next flagship collider. In the more detailed 
responses, the FCC-ee receives strong and consistent endorsement as the preferred 
option. Although fewer in number, the non-Member States that responded are, in general, 
supportive of the FCC-ee choice.

Figure 3.2: Input from national HEP communities on the preferred collider option (top) and on the preferred 
alternative if the preferred option would not be feasible (bottom). The three rows for the FCC-ee and the 
“Other Collider” in the top diagram correspond to input from CERN Member States (MS), Associate Member 
States (AMS) and non-Member States (NMS). In the bottom diagram, only input from MS is shown.  
The “LHC Int.” row refers to the two intermediate LHC-based projects, i.e. LEP3 and LHeC.

The responses to Q2, for a “Plan B” if the preferred option could not be realised for either 
financial or technical reasons, are more diverse, with the two leading responses being some 
form of the FCC-ee or a linear collider (CLIC or LCF). The responses to these questions 
almost exclusively addressed the financial feasibility of the FCC-ee, on the basis that its 
technical feasibility has been demonstrated in the FCC Feasibility Study. 

Countries supporting the FCC-ee also as a fallback solution propose that rather than 
choosing a different machine, the community should investigate various scenarios for 
mitigating potential financial difficulties. These include postponing the start of the FCC-ee, 
spreading costs over a longer period, pursuing any viable funding solution that allows the 
FCC concept to proceed, or constructing the FCC tunnel and intensifying the investment in 
R&D for high-field and in particular HTS magnets. 

An almost equal number of HEP communities selected a linear collider at CERN as the 
preferred fallback option, typically emphasising its Higgs-factory role at energies of 550 
GeV and 1.5 TeV. LHC-based intermediate projects (LEP3, LHeC, extended HL-LHC) also 
received some support. Some countries explicitly advocated an “intermediate programme” 
exploiting the LHC infrastructure (e.g. LHeC or forward physics facilities) in order to maintain 
momentum if the FCC were to be delayed by more than a decade. A small number of 
submissions mentioned proceeding directly to an FCC-hh as the preferred alternative. A 
few countries did not explicitly name a machine but instead emphasised that any alternative 
decision should be made rapidly and guided by well-defined physics goals and timelines.

Summary
The FCC-ee would deliver the world’s broadest high-precision particle physics programme, 
with an outstanding discovery potential through the Higgs, electroweak, flavour and top-
quark sectors, as well as advances in QCD. Its technical feasibility has been demonstrated 
by the comprehensive FCC Feasibility Study, its scope and cost are well defined, plausible 
funding scenarios have been developed and its schedule enables first beams to be delivered 
within five to seven years after the end of HL-LHC operation. The FCC-ee would maintain 
European leadership in high-energy particle physics, as well as advancing technology and 
providing significant societal benefits.

The FCC-ee would also pave the way towards a hadron collider reusing the tunnel and 
much of the infrastructure, providing direct discovery reach well beyond the 10 TeV parton 
energy scale, in line with the community’s ambition for exploration at the highest achievable 
energy. The overwhelming endorsement of the FCC-ee by the particle physics communities 
of CERN’s Member and Associate Member States further reinforces it as the preferred path. 

All other collider options are only considered as potential alternatives if the FCC-ee is not 
feasible. They do not present a concrete and visionary plan because they fall short with 
respect to one or more of the requirements for the next flagship collider at CERN, namely:
(a) providing sufficient precision in the electron-positron collider programme so as to be  
 competitive with an FCC-ee-like machine running concurrently, 
(b) providing a sufficiently concrete plan, including demonstrations of key technology   
 elements, or 
(c) providing a convincing vision for exploration of the highest achievable energies. 
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technical feasibility has been demonstrated in the FCC Feasibility Study. 

Countries supporting the FCC-ee also as a fallback solution propose that rather than 
choosing a different machine, the community should investigate various scenarios for 
mitigating potential financial difficulties. These include postponing the start of the FCC-ee, 
spreading costs over a longer period, pursuing any viable funding solution that allows the 
FCC concept to proceed, or constructing the FCC tunnel and intensifying the investment in 
R&D for high-field and in particular HTS magnets. 

An almost equal number of HEP communities selected a linear collider at CERN as the 
preferred fallback option, typically emphasising its Higgs-factory role at energies of 550 
GeV and 1.5 TeV. LHC-based intermediate projects (LEP3, LHeC, extended HL-LHC) also 
received some support. Some countries explicitly advocated an “intermediate programme” 
exploiting the LHC infrastructure (e.g. LHeC or forward physics facilities) in order to maintain 
momentum if the FCC were to be delayed by more than a decade. A small number of 
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by the comprehensive FCC Feasibility Study, its scope and cost are well defined, plausible 
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much of the infrastructure, providing direct discovery reach well beyond the 10 TeV parton 
energy scale, in line with the community’s ambition for exploration at the highest achievable 
energy. The overwhelming endorsement of the FCC-ee by the particle physics communities 
of CERN’s Member and Associate Member States further reinforces it as the preferred path. 

All other collider options are only considered as potential alternatives if the FCC-ee is not 
feasible. They do not present a concrete and visionary plan because they fall short with 
respect to one or more of the requirements for the next flagship collider at CERN, namely:
(a) providing sufficient precision in the electron-positron collider programme so as to be  
 competitive with an FCC-ee-like machine running concurrently, 
(b) providing a sufficiently concrete plan, including demonstrations of key technology   
 elements, or 
(c) providing a convincing vision for exploration of the highest achievable energies. 

Clear preference for FCC (physics, long-term vision):                                    
FCC-ee → precision physics                                              

Foundation for later transition to FCC-hh → high-E frontier

No clear consensus:                                                               
LC & intermediate projects emerge as alternatives                   

But a significant subset of communities stick to FCC-ee        
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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To address the eventuality in which the full FCC-ee may not be financially feasible, 
and taking into account the near-unanimous nature of the input from the national HEP 
communities and the above analysis, the current ESPP update has also considered the 
possibility of a collider based on the FCC-ee concept but at lower cost, albeit with reduced 
physics capability. The option of a descoped FCC-ee has thus been investigated. Descoping 
scenarios include removing the top-quark programme, constructing two rather than four 
interaction regions and experiments, and lowering the RF system power by 40%. These 
measures would reduce the construction cost by 1.3 BCHF, 0.8 BCHF and 0.35 BCHF 
respectively, leading to a total cost of 12.85 BCHF, approximately 15% lower than the full 
FCC-ee. Although this cost reduction might not appear significant, it nonetheless represents 
a very important descoping of the FCC-ee accelerator, since a very large fraction of the 
total FCC-ee construction cost is required for the tunnel and infrastructure. Correspondingly, 
the FCC-ee physics programme would be reduced due to the absence of a top-quark 
programme and an integrated luminosity that is lower by a factor of 0.36, as a result of the 
lower RF power and the presence of only two experiments. This factor derives from the ratio 
of RF power (3/5), a factor 1/2 from the number of experiments and a recovery of 20% from 
optimisation of the machine parameters for two instead of four experiments.  

The physics performance of the descoped FCC-ee remains broader than that of the linear 
colliders, as it includes very strong EWPO, flavour and QCD programmes at all energies. 
The Higgs and top physics programmes would be on a par with those of the LCF250 and 
CLIC380 but inferior to the high-energy linear colliders, LCF550 and CLIC1500. The cost of 
the latter, however, is essentially the same as that of the primary choice, the FCC-ee, and 
higher than that of the descoped FCC-ee. The descoped FCC-ee continues to offer a viable 
long-term vision for the field by laying the ground for a hadron collider in the very long-term 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
either partially through an extended running period of 15 years, which is the foreseen 
duration of FCC-ee operation, but still without a top run, or fully if more resources, e.g. from 
international partners, were identified in order to add the top-quark programme. This would 
be particularly pertinent to ensure competitiveness with respect to an FCC-ee-like machine 
elsewhere in the world. 

A summary comparison of the physics performance (precision and reach in potential new 
physics), competitiveness with respect to an FCC-ee-like machine such as the CEPC, 
technical readiness, construction cost, timescale and the path to parton centre-of-mass 
energies of 10 TeV or above is presented in Figure 3.3.

Figure 3.3: Comparison of all candidate colliders in terms of physics performance, competitiveness with 
respect to another FCC-ee-like collider such as the CEPC, technical readiness, construction cost, timescale 
for the operation and the path to the highest collision energies. The numbers in the precision and BSM 
physics columns reflect the respective physics evaluations that appear in Figure 3.1.

Conclusion
The FCC-ee presents an outstanding physics programme, technical feasibility that has been 
demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
plausible funding scenarios and a schedule that enables first beams within five to seven 
years after the end of HL-LHC operation. The overwhelming endorsement of the FCC-ee by 
the HEP communities of CERN’s Member and Associate Member States further reinforces it 
as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
the unique option that offers both a concrete plan, by providing an outstanding physics 
programme for high-precision exploration of the Standard Model, and a clear vision for the 
long term future of the field of particle physics, by paving the way towards direct exploration 
of phenomena at the highest foreseeable energies, reusing the tunnel for a proton-proton 
collider. The FCC-ee would maintain European leadership in particle physics, advancing 
technology and providing significant societal benefits.

A. The electron–positron Future Circular Collider (FCC-ee) is recommended as the  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
also identify “prioritised alternative options to be pursued if the chosen preferred plan turns 
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Characterizing the Higgs boson at e+e- Higgs factories (κ)

68% probability sensitivity - All scenarios combined with HL-LHC
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Fig. 3.1: 68% probability sensitivity to deviations from the SM on the k parameters associated
to the different Higgs boson couplings compared across different collider types and energies.
Also shown are the 95% probability upper limits on the branching fractions of the Higgs bo-
son into invisible (BSM) states and the precision on the indirect determination of the Higgs
boson width. The pp and ep scenarios are separated from the ones of lepton colliders to indi-
cate the difference in assumptions that go into the interpretation at the two types of colliders.
In particular, the constraint kW,Z  1 is assumed for the pp and ep interpretations. In these
cases, the reported value for kW,Z refers to the lower bound of the 68% probability interval
(i.e. 1 � kW,Z < dk with 68% probability). The combinations of the LHeC and LEP3 with
the FCC-hh are indicated with the "T" bars, whereas combinations of LCF and LEP3 with the
10 TeV muon collider are show with the empty bars. For the FCC-hh only scenario, the results
are shown assuming the theory uncertainties stay as in the HL-LHC (in grey) or improve by a
factor of two (dark blue).

lepton colliders, there is no need for this additional assumption, since the normalisation for all
couplings can be obtained via the total ZH cross-section for e+e�colliders or via neutral-current
(µ+µ� ! µ+µ�H) interactions with forward muon tagging at a muon collider.

All e+e�and high-energy colliders yield significant improvements in precision of the cou-
pling modifiers compared to the HL-LHC. For e+e�energies around 250 GeV, the FCC-ee pro-
vides the highest precision compared to LEP3 and the LCF due to its large luminosity. For some
rare decays such as H ! µ+µ� and H ! Zg , strong improvement in precision is only obtained
by the FCC-hh. All proposed collider projects shown here can perform precise measurements
of 2nd generation couplings such as that to charm quarks, which are difficult to measure at the
HL-LHC1. The strange quark Yukawa coupling, not shown in the figure, can also be constrained

1The FCC-hh only projection is not shown because the input data was not available.
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photon-exchange diagrams, sensitive to SMEFT HZ! interactions. As the same operators gen-
erating these effects also contribute to the Higgs couplings to vector bosons, polarisation at
energies of 250 GeV helps to improve the precision on HZZ with respect to the case of non-
polarised beams.

The HL-LHC expects to obtain a precision on the Higgs cubic interaction, ∀3, of 27%.
For e+e→projects running below a centre-of-mass energy of roughly 450 GeV, ∀3 can be de-
termined via single-Higgs boson measurements, where it contributes via loop-level corrections;
at energies above this threshold, it can be determined via HH production threshold, where it
contributes at tree level. The former method requires precision Higgs bosons measurements
obtained at two different centre-of-mass energies, to break degeneracies. Furthermore, a wide
range of measured observables, especially those involving top quarks, are needed to constrain
other, non-∀3, loop-level contributions. Being sensitive to different types of effects aside from
∀3 brings an interesting complementarity between HH and single-Higgs determinations, where
a non-SM signal observed in one process and not confirmed by the other would be evidence of
additional BSM corrections.

0 5 10 15 20 25 30
δλ3[%]

68% probability sensitivity - All scenarios combined with HL-LHC
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Fig. 3.7: 68% probability sensitivity to
modifications of the Higgs trilinear cou-
pling in the dimension-six U(2)5-symmetric
SMEFT framework. The uncertainty band
in the figure reflects the result obtained from
single-Higgs measurements under the aggres-
sive/conservative scenarios for the theory un-
certainties considered in this study.

Figure 3.7 shows the projected preci-
sion on ∀3 for the different collider options.
As clearly seen in the figure, e+e→colliders
running at only an energy around 230 GeV,
e.g. LEP3, LC at 250 GeV, FCC-ee 240 GeV,
yield no significant improvement in ∀3 com-
pared to the HL-LHC. The combination of the
HL-LHC and the FCC-ee, which includes a
second energy point below the HH threshold,
would yield a precision ↑17-20%. When run-
ning at an energy above the HH threshold, the
precision on ∀3 improves. At linear colliders
with energies of 550 GeV and 3 TeV a preci-
sion of 7-11% could be obtainable [52]. (The
precision reported in the figure takes into ac-
count both the HH determination and the one
from single-Higgs measurements.) However,
high-energy machines like a hadron collider
or a muon collider are needed to reach the few
percent-level precision. Both machines could
obtain a precision on the self-coupling 3-4%
for the SM value.

The value of ∀3, which is assumed in
this fit to be the SM value, affects the cross-
sections of the different HH processes (see
Sect. 4.4. of Ref. [ID141]). At the HL-
LHC, due to the negative interference be-
tween the ∀3 and box diagrams, the absolute
precision deteriorates for 1.5 < ∀3/∀ SM

3 <
4.5 (although the relative precision still im-

proves) [ID170]. At the LC above 550 GeV, for ∀3 > ∀ SM
3 the pattern of interference in ZHH
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68% probability sensitivity - All scenarios combined with HL-LHC
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Fig. 3.6: (Top panel) 68% probability sensitivity to modifications of the effective Higgs cou-
plings and aTGCs in the dimension-six U(2)5-symmetric SMEFT framework. In this panel,
the empty boxes and "T" bars indicate the results from a combination of some of the colliders
with the 10 TeV muon collider and FCC-hh, respectively. (Bottom panel) Impact in the fit when
using the aggressive (bars) and conservative (triangles) theory scenarios.

Similarly to the discussion of Sect. 3.1, all e+e→and high-energy colliders yield signifi-
cant improvements with respect to the HL-LHC. Unlike in the ! framework, where the !W and
!Z parameters are completely independent, the obtained precision on the HZZ and HWW cou-
plings in the SMEFT approach is similar for a given project, as these couplings are connected
to each other up to custodial symmetry breaking effects, which are themselves constrained by
EWPOs. One or two permille precision can be obtained for all e+e→colliders when including
multiple energy stages. Running at only energies around 230 GeV as in the case of LEP3 yields
comparatively worse results. Similar conclusions can be drawn for other couplings, e.g. to b
quarks or tau leptons, where high-energy stages bring strong improvement to the precision. The
higher-energy stages of the LC are needed to match the high-statistical precision obtainable at
the FCC-ee. For the aTCGs, a strong improvement is seen in particular when adding in higher-
energy stages of the LC, due also in part to correlations with HWW and HZZ. The effect of
theory uncertainties is smaller here compared to EWPOs, as indicated in the lower panel of the
figure. High-energy lepton colliders, where measurements of VBF processes are used, are more
strongly affected by these uncertainties.

A high-statistics Z-pole run helps constrain operators that enter both in the EWPO and
in the ZH production, where the effect on ZH production grows with increasing energy. For
the FCC-ee, which projects to have the most precise ZH measurement for all e+e→options, a
Z-pole run with several 109 Z bosons, much less than the anticipated statistics of the Tera-Z run,
is needed to achieve sufficient precision to constrain those operators more tightly than ZH pro-
duction [51]. For the LC, polarisation is a valuable tool to probe contributions from s-channel
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Fig. 3.6: (Top panel) 68% probability sensitivity to modifications of the effective Higgs cou-
plings and aTGCs in the dimension-six U(2)5-symmetric SMEFT framework. In this panel,
the empty boxes and "T" bars indicate the results from a combination of some of the colliders
with the 10 TeV muon collider and FCC-hh, respectively. (Bottom panel) Impact in the fit when
using the aggressive (bars) and conservative (triangles) theory scenarios.

Similarly to the discussion of Sect. 3.1, all e+e→and high-energy colliders yield signifi-
cant improvements with respect to the HL-LHC. Unlike in the ! framework, where the !W and
!Z parameters are completely independent, the obtained precision on the HZZ and HWW cou-
plings in the SMEFT approach is similar for a given project, as these couplings are connected
to each other up to custodial symmetry breaking effects, which are themselves constrained by
EWPOs. One or two permille precision can be obtained for all e+e→colliders when including
multiple energy stages. Running at only energies around 230 GeV as in the case of LEP3 yields
comparatively worse results. Similar conclusions can be drawn for other couplings, e.g. to b
quarks or tau leptons, where high-energy stages bring strong improvement to the precision. The
higher-energy stages of the LC are needed to match the high-statistical precision obtainable at
the FCC-ee. For the aTCGs, a strong improvement is seen in particular when adding in higher-
energy stages of the LC, due also in part to correlations with HWW and HZZ. The effect of
theory uncertainties is smaller here compared to EWPOs, as indicated in the lower panel of the
figure. High-energy lepton colliders, where measurements of VBF processes are used, are more
strongly affected by these uncertainties.

A high-statistics Z-pole run helps constrain operators that enter both in the EWPO and
in the ZH production, where the effect on ZH production grows with increasing energy. For
the FCC-ee, which projects to have the most precise ZH measurement for all e+e→options, a
Z-pole run with several 109 Z bosons, much less than the anticipated statistics of the Tera-Z run,
is needed to achieve sufficient precision to constrain those operators more tightly than ZH pro-
duction [51]. For the LC, polarisation is a valuable tool to probe contributions from s-channel
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BSM at the Tera-Z (indirectly)

• New Physics EFT sensitivity:

68% probability sensitivity - All scenarios combined with HL-LHC
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Fig. 3.5: (Top panel) 68% probability sensitivity to the combinations of operators modifying the
EW couplings in the dimension-six U(2)5-symmetric SMEFT framework. (Middle panel) Dif-
ferences in the bounds obtained using the aggressive (bars) and conservative (triangles) theory
scenarios. (Bottom panel) 68% probability reach to the interaction scale associated with oper-
ators modifying each EW fermion coupling. The last two operators induce fermion-universal
effects in EWPOs. The inverted triangles in this panel indicate the single operator limits for each
collider. In the top and bottom panels, the empty boxes and "T" bars indicate the results from a
combination of some of the colliders with the 10 TeV muon collider and FCC-hh, respectively.
See text for details.

Higgs boson interactions
For comparisons of the Higgs boson interactions, effects modifying the on-shell effective Higgs
couplings are considered and defined via the corresponding partial decay widths, i.e. !gHxx →
1
2!!(H ↑ xx), where ! refers to relative modifications with respect to the SM value: !!(H ↑
xx) = ∀!(H ↑ xx)/!SM(H ↑ xx). Figure 3.6 shows the 68% probability bounds on !gHxx for
each SM final state. The interactions with the top quark will be discussed separately. Note
that, due to the U(2)5 flavour symmetry, sizeable modifications of the Higgs couplings to the
two light fermion families are not possible, and thus are not shown. Bounds on the aTGC,
mentioned above, which receive constraints both from Higgs and W+W↓ measurements, are
also shown in the figure.
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68% probability sensitivity - All scenarios combined with HL-LHC
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Fig. 3.5: (Top panel) 68% probability sensitivity to the combinations of operators modifying the
EW couplings in the dimension-six U(2)5-symmetric SMEFT framework. (Middle panel) Dif-
ferences in the bounds obtained using the aggressive (bars) and conservative (triangles) theory
scenarios. (Bottom panel) 68% probability reach to the interaction scale associated with oper-
ators modifying each EW fermion coupling. The last two operators induce fermion-universal
effects in EWPOs. The inverted triangles in this panel indicate the single operator limits for each
collider. In the top and bottom panels, the empty boxes and "T" bars indicate the results from a
combination of some of the colliders with the 10 TeV muon collider and FCC-hh, respectively.
See text for details.

Higgs boson interactions
For comparisons of the Higgs boson interactions, effects modifying the on-shell effective Higgs
couplings are considered and defined via the corresponding partial decay widths, i.e. !gHxx →
1
2!!(H ↑ xx), where ! refers to relative modifications with respect to the SM value: !!(H ↑
xx) = ∀!(H ↑ xx)/!SM(H ↑ xx). Figure 3.6 shows the 68% probability bounds on !gHxx for
each SM final state. The interactions with the top quark will be discussed separately. Note
that, due to the U(2)5 flavour symmetry, sizeable modifications of the Higgs couplings to the
two light fermion families are not possible, and thus are not shown. Bounds on the aTGC,
mentioned above, which receive constraints both from Higgs and W+W↓ measurements, are
also shown in the figure.
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Fig. 3.5: (Top panel) 68% probability sensitivity to the combinations of operators modifying the
EW couplings in the dimension-six U(2)5-symmetric SMEFT framework. (Middle panel) Dif-
ferences in the bounds obtained using the aggressive (bars) and conservative (triangles) theory
scenarios. (Bottom panel) 68% probability reach to the interaction scale associated with oper-
ators modifying each EW fermion coupling. The last two operators induce fermion-universal
effects in EWPOs. The inverted triangles in this panel indicate the single operator limits for each
collider. In the top and bottom panels, the empty boxes and "T" bars indicate the results from a
combination of some of the colliders with the 10 TeV muon collider and FCC-hh, respectively.
See text for details.

Higgs boson interactions
For comparisons of the Higgs boson interactions, effects modifying the on-shell effective Higgs
couplings are considered and defined via the corresponding partial decay widths, i.e. !gHxx →
1
2!!(H ↑ xx), where ! refers to relative modifications with respect to the SM value: !!(H ↑
xx) = ∀!(H ↑ xx)/!SM(H ↑ xx). Figure 3.6 shows the 68% probability bounds on !gHxx for
each SM final state. The interactions with the top quark will be discussed separately. Note
that, due to the U(2)5 flavour symmetry, sizeable modifications of the Higgs couplings to the
two light fermion families are not possible, and thus are not shown. Bounds on the aTGC,
mentioned above, which receive constraints both from Higgs and W+W↓ measurements, are
also shown in the figure.
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Characterizing the Top quark interactions

68% probability sensitivity - All scenarios combined with HL-LHC
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: Single-operator bound
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Fig. 3.8: 68% probability limits on `+`�tt̄ four-fermion operators (top panel) and on operators
modifying the EW and Higgs top-quark interactions (bottom panel). The empty boxes and "T"
bars indicate the results from a combination of some of the colliders with the 10 TeV muon
collider and FCC-hh, respectively. The inverted triangles indicate the single operator limits for
each collider.

Precision from Energy

For every dimension-six operator in SMEFT, there exists at least one process where its relative
contribution to the SM prediction increases quadratically with energy. When such processes are
experimentally accessible, higher collision energies lead to greater sensitivity to potential new
physics, which is responsible for the corresponding contact interactions.

Here, high-energy two-to-two fermion scattering and diboson production processes are
used to probe the sensitivity to four-fermion and two-fermion/two-boson operators. Although
the specific interactions mediating these processes differ between lepton and hadron colliders,
for the sake of this last comparison, it is assumed that the new physics generates universal
contributions testable at all colliders, and the interpretation is performed in terms of the EFT
Lagrangian in Eq. (A.4) in Appendix A. (This is also relevant for the BSM interpretation pre-
sented in Chapter 8.) In Fig. 3.9 the bounds on the Wilson coefficients c2B, c2W , c2G, cW , and
cB are shown. c2B, c2W and c2G are testable via two-to-two fermion scattering while cW , and cB
describe effects in diboson production that grow with the energy, similar to what was observed
for some of the Of f operators in electroweak precision measurements section. Combining with
either the FCC-hh or the 10 TeV muon collider significantly improves the sensitivity. In many
cases, the muon collider provides the greatest reach. On the other hand, the FCC-hh has the
highest sensitivity to new physics coupled to the QCD current, as shown for the c2G limit.
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The Flavour of New Physics
Flavour Physics Opportunities at future colliders

Fig. 5.1: List of flavour-changing processes in the quark and lepton sector most relevant for
constraining physics beyond the SM. The first column indicates the generations of quarks (nq)
and leptons (n`) involved in the specific processes listed in the corresponding row. Transitions
in the upper part of the table can be accessed in large-scale multi-purpose experiments, while
those in the last two lines can best be probed in dedicated facilities (K, p , µ beams). The
quantity Rab(e/µ) denotes the electron/muon LFU ratio in the transition a ! b, while M $ M̄
denotes the meson–anti-meson mixing amplitude of the meson M.

plings predicted by the SM. These ratios are predicted with high precision in the SM and
are sensitive to NP effects with non-universal couplings between the different (lepton)
generations.

Ultimate determination of CKM elements: While not directly sensitive to NP, a precise de-
termination of the Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix is a pre-requisite
to make precise SM predictions for rare processes, in particular meson mixing and FC-
NCs.

Together, these classes of processes provide a comprehensive and highly sensitive test of the
flavour structure of NP. The full set of relevant charged-current and neutral-current processes,
in both the quark and lepton sectors, is summarised in Fig. 5.1. Note that each process is
characterised by different quantities (e.g. exclusive and inclusive rates, angular observables,
etc.). While not all of these observables are experimentally accessible and/or theoretically clean,
there are more than a hundred which are relevant.

In Fig. 5.1 we also provide, via the coloured symbols, a rough indication of the expected
improvement in precision for some of the processes at existing and future large-scale facilities
(see classification below). This is only a qualitative indication, that will be substantiated in
detail in Sect. 5.4. The impact of this improvement for NP searches, together with that expected
from small-scale facilities (cf. Sect. 5.3), is discussed in Sect. 5.5.
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• Tera Z: 1012 Z bosons ⇒ Plenty of bottom, charm  and τ fermions for clean flavour physics
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Fig. 5.6: Left: number of b-hadron species produced within the detector acceptance for various
facilities (note the logarithmic scale). Right: approximate periods for future predictions and
their definitions.

for this challenging measurement, thanks to the large production cross-section of neutral kaons
and the capability to implement kaon tagging. A tagged analysis using the full 300 fb�1 dataset
expected from LHCb Upgrade II would allow a precision investigation of these interference
effects, with projected sensitivity on |Im(VtsV

⇤
td)| reaching below 50%, offering a unique test of

CPV in the kaon sector [214].
Kaon observables provide powerful tests of the SM, offering exceptional sensitivity to the

flavour structure of NP through precision measurements of rare decays and CKM parameters.
These measurements are a vital component of the global flavour physics programme.

5.4 Large-scale facilities
The number of different types of b-hadron species produced at the various facilities described
in Sect. 5.2.1 is shown in Fig. 5.6 (left). While e+e�colliders record the full set of events, only
a subset passes the trigger requirements at the LHC. In the following, future projections will be
provided for several approximate periods defined in Fig. 5.6 (right).

It is important to note that, in order to fully explore the spectrum of flavour physics at the
Z pole, the detectors must satisfy a set of stringent performance requirements [ID141, ID196].
Precise reconstruction of all decay vertices—especially those of the primary interaction point,
the b-hadron, c-hadron and t lepton—is essential. Achieving this requires not only the use of
high-resolution silicon vertex detectors but also the use of ultra-light detector materials to min-
imise multiple scattering and bremsstrahlung emission. Excellent tracking and high hermeticity
are essential for reducing background levels and ensuring the best achievable reconstruction of
decay modes involving missing energy. Effective charged-hadron identification (p/K/p sep-
aration), along with reliable electron and muon separation, over the full momentum range is
critical. Additionally, the electromagnetic calorimeter must have not only excellent energy res-
olution but also good transverse and longitudinal segmentation.

Some extrapolations exhibit greater uncertainty than others due to their stronger depen-
dence on detector design parameters, which are not yet well defined. However, it should be
noted that historically the field has often outperformed its own projections as new analysis and
data-processing techniques are developed, allowing the projected sensitivities to be achieved or
even exceeded.
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Fig. 5.14: Left: current and expected uncertainty on B(B0 ! µ+µ�), for different experi-
ments [ID223, ID196]. Right: expected relative uncertainty on B(B0 ! K⇤0nn̄).

and the FCC-ee Z pole running.
Radiative FCNC processes offer further complementary SM tests. Due to the V�A nature

of the weak interactions, the photon emitted in b ! sg decays is predominantly left-handed in
b decays (and right-handed in b decays). The polarisation of the photon can be probed in sev-
eral complementary ways, with different observables [ID223]. Precise information is coming
from LHCb analyses of the angular distributions of B0 ! K⇤0e+e� decays at very low q2, and
mixing-induced CPV in B0

s ! fg and Belle II analysis of B0 ! KSp0g decays. The current mea-
surements are in agreement with the SM predictions with a precision of the order of 5%. In the
2030s, experimental precision is expected to reach the percent level, which corresponds to the
level of accuracy currently achieved by theoretical predictions [258–260]. Since the measure-
ments in the 2030s will be limited by statistical uncertainties, the full Belle II and LHCb datasets
are expected to yield further improvements in precision, provided that theoretical uncertainties
are correspondingly reduced. Similarly, the clean environment of future e+e�colliders at the Z
pole will be beneficial to the precise understanding of radiative FCNC decays.

5.5 Impact of future programmes
As discussed in the previous sections, future projects could lead to major improvements, often
exceeding one order of magnitude, in many of the observables probing the different processes
in Table 5.1, as well as on the electron and neutron EDMs. Analysing the potential impact of
these measurements requires making hypotheses about the UV completion of the SM. Two main
scenarios are discussed below: high-scale NP with generic O(1) flavour-violating couplings and
SM extensions with approximate flavour symmetries and TeV-scale dynamics.

5.5.1 General bounds on high-scale NP
The expected bounds on the effective NP scale from selected observables are shown in Fig. 5.15.
For each observable the bound on the coefficient Ci of the dimension-six operator most con-
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Fig. 5.7: Expected upper limits at 90% on B(t ! µg) and B(t ! µµµ).

5.4.1 t-lepton physics

The physics of the t lepton is a key ingredient in NP searches. It covers a broad range of topics,
from forbidden processes to precision measurements. In this section we focus on cLFV searches
via the t ! µg and t ! 3µ channels and on LFU tests in leptonic decays.

Searches for t LFV decays are possible at many facilities since, thanks to the absence
of a neutrino in the final state, a clear signal can be expected in the invariant mass of the re-
constructed decay products. While the t ! µg decay necessitates good spatial and energy
resolution of the calorimeter, which is a limiting factor for the LHC experiments, the t ! 3µ
channel can be sought effectively at the LHC as well. In addition, the latter mode is almost
background-free, which is not the case for the former that is polluted by t ! µnn̄g events. The
expected limits at 90% confidence level can be seen in Fig. 5.7. Here the projections are taken
from the submissions [ID196, ID223, ID231], except for the LEP3 and LCF facilities that are
scaled from the FCC-ee projections according to L (

p
(L )) for the t ! 3µ (t ! µg) decay.

LFU tests can be performed by comparing the measured branching fractions of the lep-
tonic t decays and their SM predictions, which are functions of the t lifetime [215]. The preci-
sion of the SM prediction being limited by the knowledge of the t-lepton mass, the main ingre-
dients to perform LFU tests are thus the t lifetime, its mass, B(t ! enent) and B(t ! µnµnt).
The precisions on those quantities are already, or will soon be, limited by systematic uncertain-
ties such as beam energy scale, alignment and material budget. Consequently, the extrapolations
are less straightforward. The projections at future facilities can be seen in Fig. 5.8, for Belle II
with 10 ab�1 [216] and FCC-ee [ID196], compared with the current status from HFLAV [215].
In particular, Belle II will be able to improve the lifetime and mass measurements, while the
precision on the absolute branching fractions will mainly come from e+e�colliders running
at the Z pole. It should be noted that STCF will also be able to improve the t-lepton-mass
determination thanks to the energy-scan method. Another complementary test of LFU can be
performed measuring ratios of branching fractions, such as Rµ =

B(t!µnµ nt )

B(t!enent )
, that constrains

the ratio of the e and µ effective couplings in leptonic charged currents. With 10 ab�1, the
Belle II experiment is expected to improve the current measurement by a factor two [216].

The Belle II and STCF experiments will provide the best limits on t LFV decays until the
Tera-Z experiments enter the game. Those will be able to improve further the constraints by up
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Fig. 5.16: Bounds on coefficients of selected dimension-six SMEFT operators from flavour,
EW, and high-energy observables (Drell-Yan and heavy-quark production). The operator no-
tation follows the Warsaw basis [264] with implicit flavour structure consisting only of 3rd

generation fields (with up or down alignment in the quark case). The bounds are obtained con-
sidering one operator at a time and analysing separately the three different sets of observables.
Projections for all the bounds at the end of HL-LHC and Belle-II are shown. For flavour and
EW observables only, two different future scenarios (LCF and FCC-ee) are considered.

Fig. 5.17: Combined fit of RD(⇤) and other flavour, EW, and collider observables sensitive to the

semileptonic operators O(1)
`q and O(3)

`q , with third-generation fields and flavour-mixing parameter
e (see text). The gray areas denote the preferred region for the model parameters from the
current global fit. Future projections for flavour and EW observables at the end of HL-LHC and
Belle-II (2040), and after FCC-ee, assuming central values for the observables from the current
best fit point and projected uncertainties, are also shown. The individual constraints from the
most relevant observables at FCC-ee are indicated with coloured bands.
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• Complementarity Electroweak/Flavour:
EFT bounds: EW vs. Flavour  

New physics in 3rd family (U(2)5 flavour “protection”)
BSM: Vector lepto-quark (3rd gen.)

Complementarity: Best bound depend on operator                                  
(and flavour assumptions of BSM)
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Fig. 8.14: Current constraints and projected sensitivities at 95% CL on the vector U1 lepto-
quark coupling predominantly to third-generation quarks. Left: Leptonic couplings only to the
third generation. The green shaded region indicates the 2s preferred region to explain current
R(D(⇤)) measurements. Right: Leptonic couplings only to the second generation.

but FCC-ee [ID233, ID242] could measure these decays to ⇠20% precision (see Chapter 5),
greatly enhancing sensitivity to third-generation couplings. In the right plot, the non-zero cou-
plings are bµb = 1, bµs = 0.1. Current LHC exclusions [430–432] are shown in grey. Here,
current Bs ! µµ limits already impose strong constraints, and future improvements are limited.
However, direct searches at HL-LHC, Muon Collider, and FCC-hh remain sensitive to higher
masses, and µµ ! j j at the Muon Collider offers additional indirect reach. Additionally, Muon
Collider searches for flavour changing contact interactions can provide complementary sensi-
tivity to the bsµµ interaction. At linear colliders and FCC-ee, leptoquarks coupling to electrons
can be tested indirectly through e+e� ! qq̄ processes (see e.g. [433]).

To summarise the experimental messages of this section, new gauge bosons with cou-
plings to fermions can be well tested indirectly through their fermionic contact interactions.
Significant tree level effects occur in f f̄ ! f 0 f̄ 0 processes if the boson couples directly to elec-
trons (for e+e�) machines, quarks (for hadron machines) or muons (for a muon collider). In
these cases, sensitivity depends mostly on the energy of the collider. If the boson couples to
a Higgs current, then it will modify Z boson properties and can be sensitively probed by a
precision Tera-Z programme. Bosons with flavour non-universal couplings to quarks will in
general mediate flavour changing neutral currents, which can also be studied at a Tera-Z pro-
gramme, which will in particular cover new ground for bosons which couple predominantly to
third generation leptons.

8.5 Portals
A motivated class of scenarios connecting the SM to a broader framework involves portals:
renormalisable or higher-dimensional interactions linking SM fields to new sectors, often tied
to DM, neutrino masses, or other cosmological puzzles. These sectors may be neutral under
SM forces, making portals the only experimental window into their dynamics. Despite their
simplicity, portals yield rich phenomenology, from modified Higgs and electroweak properties
to missing-energy or LLP signatures. Here we focus on four representative cases, dark photons,
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solid grey horizontal regions at very large and very small q indicate a coupling becoming non-
perturbative.

U(1)Y model, while the right plot shows the parameter space of the W 0 of the deconstructed
SU(2)L model. The light grey region on both plots is disfavored by naturalness, with Higgs
mass corrections dm2

h > 1TeV2. For small q , couplings to the third generation and the Higgs are
enhanced, making electroweak precision tests at the Z pole most relevant. For large q , couplings
to light generations dominate, so Drell-Yan and e+e� ! f f̄ processes are more sensitive. The
gauge basis is aligned with the up-quark mass basis. In the SU(2)L model, Tera-Z precision
at FCC-ee could probe all of the natural region at 95% CL. For the U(1)Y model, Higgs mass
corrections are smaller and projected constraints weaker due to gY < gL. Tera-Z projections
assume the “aggressive” theory uncertainties as presented in the Electroweak, Top, and Higgs
Chapter 3. The region to the left of the black line can be reached by direct production at FCC-
hh [424].

Vector leptoquarks with dominant couplings to third-generation quarks and leptons can
explain observed anomalies in the R(D(⇤)) observables, which test lepton universality in semilep-
tonic B decays. They may also arise as heavy gauge bosons in flavour-deconstructed or flavour-
specific Pati-Salam models [425, 426]. We consider a simple model with couplings only to left
handed fermions, described by the Lagrangian:

LU1
� gUp

2
bi jQ̄

i
LgaL j

LUa
1 +h.c. . (8.3)

Figure 8.14 shows current constraints and future sensitivities for this model under two
leptonic coupling scenarios. In the left panel, non-zero couplings are set to btb = 1, bts = 0.1.
Current LHC exclusions [427] are shown in grey, and the green band marks the 2s region
favoured by R(D(⇤)) measurements. Direct pair production and t-channel exchange at HL-LHC,
Muon Collider, and FCC-hh [ID227, ID247] [428] will probe higher masses, while indirect
constraints from electroweak precision measurements at FCC-ee, LEP3 or LCF offer crucial
complementary reach [429]. Notably, current bounds on b ! stt are far above SM predictions,
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Fig. 4.1: Schematic representation of the status and projections relative to the strong coupling
determination benchmark. Current precision of the world-average as(m

2
Z) value (leftmost entry)

compared to the expected uncertainties at different future facilities from various observables,
and expected statistical uncertainty from lattice-QCD in 20 years from now (rightmost entry).

tiple observables can be used for precise as(m
2
Z) extractions [ID209], including low-energy

collisions at
p

s ⇡ 20–80 GeV [58]. Also, per mille precision on as(m
2
Z) can be reached by

exploiting hadronic Z- and W -boson decays, thanks to the very large integrated luminosities
at the Z pole and W+W� threshold and the very small systematic and parametric uncertainties
expected [59]. Beyond the Z pole, event shapes and jet-rates at high-energy e+e� machines
can provide a complementary and theoretically-accurate test of the as running. The FCC-hh
stands out for its ability to measure the running of as at scales of up to ⇠40 TeV from jet events
[ID209, ID227]. This represents an order-of-magnitude larger energy scale than probed today.
QCD effects on the W boson mass. At hadron colliders, the W boson mass is extracted using
the leptonic decays W ! `n via fits of the transverse momentum p`

T (and transverse mass m`n
T ,

at low pileup) distributions. The present uncertainty on mW at the LHC is about ±10 MeV [13],
of which about half is due to QCD-related effects: knowledge of PDFs and of the low-pT boson
distribution (dominated by intrinsic parton kT and soft gluon dynamics). Such uncertainty is
expected to decrease to ±5 MeV at the end of the HL-LHC phase [ID170], with QCD-related
uncertainties amounting to ±3 MeV (accounting for PDF uncertainties alone, and assuming that
the low-pT W boson distribution is described with much higher precision). At the LHeC, with
improved determinations of PDFs and as(m

2
Z), an overall DmW ⇡ 3 MeV precision could be

achieved [ID214]. The hadron collider mW uncertainties, including the QCD-related ones, are
shown in the lower part of Fig. 4.2 (left). At future e+e�facilities, the W boson mass and
width (GW ) can be measured through different methods. First, a threshold scan over

p
s = 157–

163 GeV produces WW pairs (nearly) at rest, and a fit of the sWW (
p

s) theory predictions to
the measured lineshape provides a precise extraction of mW and GW [60]. In addition to ac-
curate theory predictions, this method requires an excellent control of the

p
s value (in the

hundreds of keV range, reachable via resonant depolarization at FCC-ee). The leptonic final
state, e+e� ! W+W� ! `+n `�n , provides the most precise measurement thanks to lower
backgrounds and absence of hadronic uncertainties. The forecast experimental uncertainty
amounts to ±0.3 MeV at FCC-ee, while the present theory prediction precision for sWW (

p
s)

is 3–5 MeV [61, 62]. Improving the theory prediction by more than an order of magnitude is a
major challenge [ID209] that requires calculations with N2LO EW accuracy, mixed EW-QCD
corrections [63] and significantly improved MC modeling of QED initial-state radiation.

Second, the kinematic reconstruction of the invariant mass distribution of W ! j j dijet
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From EWPO (W&Z decays)

LHeC & FCC-ee comparable to future Lattice QCD projections ~ 0.1% 

PDF fits +jets


