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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 
future. Lastly, a descoped FCC-ee allows the original scope of the FCC-ee to be restored, 
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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 

Competitiveness wrt 
CEPC running in parallel

WG2b report 
(From Briefing Book)

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.
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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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plausible funding scenarios and a schedule that enables first beams within five to seven 
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the HEP communities of CERN’s Member and Associate Member States further reinforces it 
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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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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.

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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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
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Performance  
Uncertainty
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Preparation

Schedule  
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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  
 preferred option for the next flagship collider at CERN.

All other colliders are found to have significant shortcomings. With respect to the request to 
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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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demonstrated by the comprehensive FCC Feasibility Study, well-defined scope and cost, 
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as the preferred path. 
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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 
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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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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CLIC: 380-1500 GeV

Project Scope TRL R&D Test 
facilities

Performance  
Uncertainty

Site 
Preparation

Schedule  
Uncertainty

Cost 
Uncertainty Risk

Jorge de Blas - U. of Granada 
Interplay with the 2026 European Strategy Update: Theory challenges at the FCC-ee 

July 3, 2026 8

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



The European Strategy for Particle Physics: 2026 Update 

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.
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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.

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, 
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energies of 10 TeV or above is presented in Figure 3.3.
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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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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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All other colliders are found to have significant shortcomings. With respect to the request to 
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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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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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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.
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Figure 4. Left: dependence of the WbWb production cross section on mt, �t, yt, and ↵S. The
plot shows the ratio of the cross section calculated after varying each parameter to the one obtained
using the reference values. The solid lines represent positive variations, while the dashed ones show
the corresponding negative variations. Right: Fitted lineshape (solid line) as a function of the
centre-of-mass energy, normalised to the reference cross section (horizontal dashed line). The fitted
lineshape is derived by applying the parameters obtained in the 10-point fit to the full lineshape
calculated with QQbar Threshold, taking correlations into account. The fit is performed to pseudo-
data (markers) generated according to the pseudo-data cross section (curved dashed line) obtained
with di↵erent parameters with respect to the reference cross section. The uncertainty in the pseudo-
data (vertical bars) represents the experimental uncertainty in the WbWb cross section. The solid
band corresponds to the post-fit uncertainty in the fitted cross section, all profiled uncertainties
included.

tistical uncertainties and can therefore be considered statistically independent. For each274

scan point i, the statistical uncertainty in the measured cross section (�i) is estimated as275 p
�i/Li, where Li is the assumed integrated luminosity for that scan point. In order to276

approximately match the total uncertainties of Table 2, we inflate this uncertainty by a277

factor of 1.2 for all centre-of-mass energies. This is necessary in order to take into account278

the e↵ect of the background contamination. The values of mt and �t are treated as free-279

floating parameters in the fit, while the other parameters are constrained using Gaussian280

priors representing external constraints. Further details on the statistical model can be281

found in Appendix B.282

In the fit, the value of ↵S(m2

Z
) is constrained within an uncertainty of 10�4 according283

to FCC-ee projections [40], while the value of yt is constrained within 3% according to the284

expected precision at HL-LHC [25] combined with the absolute measurement of other Higgs285

couplings at FCC-ee. At the energy of the tt production threshold, significantly larger286

energy deposits in the luminosity calorimeters are expected compared to lower energy287

runs, , and the luminosity calibration via small-angle Bahaba scattering remains to be288

demonstrated in this regime. We therefore assume that we can measure the integrated289

– 10 –

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-

80

Figure 3: BB Fig. 3.3 (only HL and FCC): SM and ST plots. Alternative version including

the conservative TH scenarios in ST figure.

3

This picture relies not only on the experimental 
capabilities but also on theory being able to match the 

expected level of experimental precision
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2 P. Azzurri et al.: Measuring the Higgs mass and production cross section with ultimate precision at FCC-ee

Higgsstrahlung

WW fusion

Fig. 1. (Left) Feynman diagrams for the Higgsstrahlung (top) and the WW fusion (bottom) processes. (Right) Improved-Born
Higgs production cross sections (with initial state radiation included [2]), as predicted by HZHA [3] as a function of the centre-
of-mass energy for mH = 125GeV. The small interference term between the two diagrams in the H⌫e⌫̄e final state is included
in the WW fusion cross section. Vertical dashed lines indicate the

p
s values foreseen at FCC-ee.

determined, the measurement of the cross sections for each exclusive Higgs boson decay, H ! XX,

�ZH ⇥ B(H ! XX) /
g2HZZ ⇥ g2HXX

�H

and �H⌫e⌫̄e
⇥ B(H ! XX) /

g2HWW ⇥ g2HXX

�H

, (1)

gives access to all other couplings in a model-independent, absolute, way. For example, the ratio of the WW-fusion-
to-Higgstrahlung cross sections for the same Higgs boson decay, proportional to g2HWW/g2HZZ, yields gHWW, and the
Higgsstrahlung rate with the H ! ZZ decay, proportional to g4HZZ/�H, provides a determination of the Higgs boson
total decay width �H. The measurement of gHZZ, and thus of the total ZH cross section, is a cornerstone of the
Higgs physics programme at FCC-ee. Conservative values for the statistical precision on inclusive and exclusive ZH
cross sections, obtained from preliminary FCC-ee conceptual studies with realistic beam and detector parameters [4],
are indicated in Table 1, and the resulting accuracy of Higgs couplings obtained from global fits to the FCC-ee
measurements (the details of which are explained in Ref. [5]), are listed in Table 2.

Table 1. From Ref. [4]: Relative uncertainty (in %) on
�ZH⇥B(H ! XX) and �⌫e⌫̄eH

⇥B(H ! XX), as expected
from the FCC-ee data at 240 and 365GeV.
p
s 240GeV 365GeV

Integrated luminosity 5 ab�1 1.5 ab�1

Channel ZH ⌫e⌫̄e H ZH ⌫e⌫̄e H
H ! any ±0.5 ±0.9
H ! bb̄ ±0.3 ±3.1 ±0.5 ±0.9
H ! cc̄ ±2.2 ±6.5 ±10
H ! gg ±1.9 ±3.5 ±4.5
H ! W+W�

±1.2 ±2.6 ±3.0
H ! ZZ ±4.4 ±12 ±10
H ! ⌧+⌧�

±0.9 ±1.8 ±8
H ! �� ±9.0 ±18 ±22
H ! µ+µ�

±19 ±40
H ! invisible < 0.3 < 0.6

Table 2. From Ref. [5]: Precision on a few Higgs cou-
plings gHXX and on the total width �H at FCC-ee, in the
 framework and in a global E↵ective Field Theory fit.

Coupling Precision (%)
( framework / EFT)

gHZZ 0.17 / 0.26
gHWW 0.41 / 0.27
gHbb 0.64 / 0.56
gHcc 1.3 / 1.2
gHgg 0.89 / 0.82
gH⌧⌧ 0.66 / 0.57
gHµµ 3.9 / 3.8
gH�� 1.3 / 1.2
gHZ� 10. / 9.3
gHtt 3.1 / 3.1
�H 1.1

The precise measurement of the ZH cross section can also give access to the Higgs boson self-coupling gHHH via
loop diagrams (shown in the left panel of Fig. 2) as was realised for the first time in Ref. [6]. Indeed, the contribution
of these diagrams to the ZH cross section amounts to ⇠2% at 240 GeV and ⇠0.5% at 365 GeV [7], similar to or
significantly larger than the experimental precision expected at FCC-ee. The dependence of the ZH cross section on
the centre-of-mass energy allows in addition the gHZZ and gHHH couplings to be determined separately in a robust and
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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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• The European Strategy for Particle Physics is the cornerstone of Europe’s strategy-setting process for the 
long-term future of the field.

• Mandated by the CERN Council, the Strategy takes into account the landscape of the field, and the input 
of the particle physics communities of CERN Member and Associate Member States, and beyond.

• The European Strategy Group (ESG) develops recommendations, which are submitted to the CERN 
Council for an update of the Strategy
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Recommendations  
by the European Strategy Group 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2006 
(Original) 

2013 
(1st Update) 

- LHC, mooting of 
luminosity upgrade  
- R&D in accelerator 
technologies 
- Coordination with a 
potential ILC project

- High Luminosity LHC 
- Need for a post-LHC 
program

2020 
(2nd Update) 

- FCC feasibility study

2026 
(3rd Update) 

- Recommendation for next 
large-scale accelerator 
project at CERN 

(Preferred option and 
possible alternatives)

European Strategy Group Recommendations

Theory Recommendations

Crucial for exploitation of physics program at future colliders (not only FCC-ee, but also HL-LHC)

 

CERN-ESU-2025-002 9 

5. Theory 

Theoretical physics is an essential pillar of particle physics, providing the conceptual frameworks, 
models and computational tools needed to interpret data, uncover new phenomena and guide 
future experiments.  

A. Europe should maintain a strong and diverse particle theory landscape, from formal to pheno-
menological aspects, while further strengthening and leveraging connections to neighbouring 
fields.  

The coming decades will be marked by the HL-LHC programme and the beginning of a new flagship 
facility at CERN. The success of these endeavours crucially depends on achieving theoretical 
predictions at an unprecedented level of precision. This relies on close interaction in collider 
phenomenology between theory and experiment. Collaborative efforts in perturbative quantum field 
theory and lattice QCD calculations, along with the development of theoretical tools for experimental 
analyses, will be essential. 
  
B. Collaborative efforts to improve the precision of theoretical predictions should be recognised and 

supported. Europe is world-leading in these areas and should strive to remain so by attracting, 
fostering and retaining early-career global talent. CERN should continue to be an integral part of 
all these efforts. 
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Theory challenges at the FCC-ee:
The Electroweak/Higgs/Top factory
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Theory challenges: Electroweak Physics

• Studies in the Physics Briefing Book were based on two scenarios for the projected precision of 
future TH calculations:

• Sensitivity studies in different frameworks were prepared to illustrate the impact of theory 
uncertainties, comparing these two scenarios (also with the ideal case of negligible TH uncertainties)

Treatment of SM uncertainties

Conservative: assuming theory 
improvements that are likely to be achieved by 
building on existing computational methods

Aggressive: would require more 
fundamental advances in techniques and tools

The goal was to estimate the level of  TH improvement required to match the future EXP 
precision, NOT to assess which scenario is most likely to be realized

Jorge de Blas - U. of Granada 
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Theory challenges: Electroweak Physics

• Matching the projected experimental precision will require significant effort from the theory side

Figure 3: BB Fig. 3.3 (only HL and FCC): SM and ST plots. Alternative version including

the conservative TH scenarios in ST figure.

3

Figure 3: BB Fig. 3.3 (only HL and FCC): SM and ST plots. Alternative version including

the conservative TH scenarios in ST figure.

3

Impact of different assumptions for projected TH uncertainties 
in EWPO (Conservative          /Aggresive         ) 

(Conservative still assumes significant improvement wrt today!)
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• Electroweak physics potential of the different colliders evaluated in the dimension-6 SMEFT framework:              

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

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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• Electroweak physics potential of the different colliders evaluated in the dimension-6 SMEFT framework:              

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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Theory challenges: Electroweak Physics

In general, the Aggressive TH scenario seems to be a reasonable goal from the 
point of view of FCC-ee electroweak precision measurements
What is required to reach this level of theoretical precision?
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Theory challenges: Electroweak Physics

• Studies in the Physics Briefing Book were based on two scenarios for the projected precision of 
future TH calculations:

• Different sources of theory uncertainties in predictions and systematic errors:

‣ Missing higher-order uncertainties (MHOUs): from the truncation of perturbative expansions

‣ Non-perturbative effects, e.g., hadronization and low-scale dynamics

‣ Parametric uncertainties: from the propagation of uncertainties of model input parameters into 
predictions

Treatment of SM uncertainties

Aggressive: would require more 
fundamental advances in techniques and tools

The goal was to estimate the level of  TH improvement required to match the future EXP 
precision, NOT to assess which scenario is most likely to be realized
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Conservative: assuming theory 
improvements that are likely to be achieved by 
building on existing computational methods



• EWPO are pseudo-observables (PO): extracted from real observables “isolating” the 
EW information by correcting for the presence of other effects, thus introducing theory systematics 

Theory challenges: Electroweak Physics

Z-pole background subtraction: non-resonant γ exchange, boxes, …

20

Non-Resonant and QED background.

❏ QED contributions are fully taken care by MC tools (e.g. CEEX 
S. Jadach, B.F.L.Ward,Z.Was).

Most sizable QED effect comes from ISR.

Forms a gauge-invariant subset together with photonic 
boxes.

❏ photon-Z boxes needs special care  since they also 
contribute to resonant part.

❏ Other finite EW boxes,as pure background, are computed.
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❏ Other finite EW boxes,as pure background, are computed.
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❏ QED contributions are fully taken care by MC tools (e.g. CEEX 
S. Jadach, B.F.L.Ward,Z.Was).

Most sizable QED effect comes from ISR.

Forms a gauge-invariant subset together with photonic 
boxes.

❏ photon-Z boxes needs special care  since they also 
contribute to resonant part.

❏ Other finite EW boxes,as pure background, are computed.
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Gauge invariance can easily be violated.

Dyson-resumming truncated 1-PI self-energy.

+

An exact S-matrix description gives
where the pole is strictly defined:

Renormalization can only affect the renormalized mass but not the location of 
the pole.

Resonant …

Remove
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• Current: NLO corrections

• Conservative: Assumes NNLO will be available 

Z-pole:

d) For the “conservative” future scneario, the leading missing contributions are O(ω2
ωs)

(future), where the result obtained in (a) is rescaled by the relative factor ωωs/ωW ,
and O(ωω2

s), which is estimated by multiplying the O(ωfωs) contribution by the factor
ωs/ε → 2CA.

At present, no projections are available for the aggressive scenario. Consequently, this source
of uncertainty is neglected in that case. The resulting uncertainty estimates are collected in
Tab. 1.

Observable Current Conservative Aggressive

!Z [MeV] 0.11 0.016 —

Rω [10→3] 2.1 0.27 —

Rb [10→4] 0.015 0.0023 —

Rc [10→4] 0.023 0.0034 —
ωhad [pb] 5 0.8 —

A
ω
FB [10→4] 3.4 0.42 —

A
b
FB [10→4] 1.1 0.22 —

A
c
FB [10→4] 0.8 0.16 —

ALR [10→4] 1.4 0.29 —

Pε [10→4] 3.0 0.4 —

Table 1: Current and projected theory uncertainties for the extraction of Z-pole POs at
colliders, due to background subtraction.

Uncertainties associated with QED Monte Carlo (Monte-Carlo (MC)) modeling, in par-
ticular those related to multi-photon radiation and fermion–pair creation, are accounted for
as follows. The estimates are based on the analysis presented in Ref. [?], which provides
a benchmark assessment of the size of these e!ects for Z-pole observables. At present, no
dedicated uncertainty estimates are available for the observables R

0

b,c, A
b,c
FB

, and Pω . For
observables involving bottom and charm final states, the corresponding uncertainties are
nevertheless expected to be smaller than those for the leptonic quantities R0

ε and A
ε
FB. This

expectation is motivated by the fact that the event selection for heavy-flavor final states is
largely inclusive with respect to photon radiation in the final state. However, in the absence
of a quantitative assessment, the degree of this reduction cannot currently be determined
reliably. As in the case of other theory-systematic e!ects, no projections are available for
the aggressive scenario. This source of uncertainty is therefore neglected in that scenario.
The resulting uncertainty estimates are summarized in Tab. 2.

Uncertainties associated with QCD Monte Carlo (MC) modeling, in particular those aris-
ing from hadronization and gluon splitting, are treated following the studies in Refs. [?, ?, ?].
For Z-boson branching-ratio observables, the current uncertainties are dominated by gluon-
splitting contributions, which in principle can be reduced through improved perturbative
calculations. In contrast, non-perturbative hadronization uncertainties originate from the

5



Theory challenges: Electroweak Physics

Observable Current Conservative Aggressive

Rb [10→4] 4.4 0.44 0.09

Rc [10→4] 17 1.7 0.34

A
b
FB [10→4] 1.0 0.22 0.028

A
c
FB [10→4] 0.75 0.16 0.021

Table 3: Current and projected theory uncertainties for the extraction of Z-pole POs at
colliders, due to QCD modeling.

2.1.2 Predictions for pseudo-observables

Precise Standard Model (SM) predictions for electroweak and Higgs pseudo-observables
(EWPOs/HPOs) are essential for comparison with the values extracted from data at future
colliders, and thereby for probing potential e!ects of physics beyond the Standard Model
(BSM). In this context, the treatment of theoretical uncertainties for Higgs decay observables
follows the methodology and assumptions outlined in Refs. [?, ?], with the decay H → Zω

treated according to Ref. [?]. The size of missing higher-order corrections is estimated on the
basis of the available partial perturbative results, combined with a geometric-series scaling
to extrapolate the impact of yet-unknown contributions (see eq. (2)).

Higgs decays: Table 4 shows the estimated uncertainty of the currently available predic-
tions for Higgs decays and future projections in two scenarios. Also shown are the pretur-
bative orders that are currently known (see Refs. [?, ?] and references therein) or assumed
to be available in the future. Additional improvements for the aggressive scenario are only
considered for decay channels where the conservative theory error estimate is not already
su”ciently smaller than the projected experimental precision of future Higgs factories. For
the decays H → WW

→ and H → ZZ
→, reliable predictions require a calculation of the full

process H → 4f , including the decays of the intermediate gauge bosons, in order to correctly
capture o!-shell e!ects and interference contributions. In the case of H → gg, the dominant
higher-order QCD corrections are computed in the infinite-mt limit within an e!ective field
theory framework. Finite top-mass e!ects are known to be relatively modest, and corrections
up to O(ε2

s) are expected to be su”cient for the precision requirements considered here. For
the loop-induced decays H → gg, H → ωω, and H → Zω, electroweak corrections must be
evaluated with the full top-mass dependence. In practice, this implies that the computation
of the nth-order electroweak correction requires the evaluation of (n + 1)-loop amplitudes.
For the decay H → Zω, the current SM predictions [?] are already adequate for the precision
goals of future colliders. For FCC-hh, however, further theoretical improvements would be
desirable, but a quantitative assessment of how much precision could be gained by extending
the perturbative calculation to higher orders requires additional dedicated studies, and thus
it is not considered in our scenarios.

7

QCD MonteCarlo modeling
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Z-pole (extraction of POs)

● Need Monte-Carlo (MC)  simulations to account for acceptances, cut, particle ID, etc.
● Uncertainties of QED MC estimated 

according to 1903.09895
● Future scenario includes full O(α2), 

log-enhanced O(α3), and 
fermion-pair production

● QCD MC uncertainty driven by 
gluon splitting, NP hadronization 
(see 2010.08604, 2209.08078)

● Conservative (aggressive) future 
scenario assumes fixed-order 
NNLO (N3LO) QCD corrections, 
and factor 5 (50) NP improvement

15

• Different sources:

• Perturbatively improvable, e.g. gluon splitting functions

‣ Conservative: NNLO QCD →10-4

‣ Aggressive: N3LO QCD →10-4 x CA αs/π

• Non-perturbative, e.g. hadronization from

‣ Limited precision of data for generator tuning

‣ Intrinsic modeling assumptions in MC generators

‣ Conservative: Improvement by factor 5-10

‣ Aggressive: Improvement by a factor 50

‣ Not possible with current models in MC generators

• EWPO are pseudo-observables (PO): extracted from real observables “isolating” the 
EW information by correcting for the presence of other effects, thus introducing theory systematics 



Theory challenges: Electroweak Physics

QED MonteCarlo modeling
Observable Current Conservative Assumed improvements for “Conservative”

mZ [MeV] 0.3 0.03 Fermion pairs
!Z [MeV] 0.2 0.03 Fermion pairs

Rω [10→3] 12 0.3 Fermion pairs; FSR+IFI beyond O(ω)
εhad [pb] 25 1.5 Fermion pairs; IFI beyond O(ω)

A
ω
FB [10→4] 5 0.09 Full O(ω2) QED plus log-enhanced O(ω3)

MW [MeV] 3 0.3

For MW from threshold scan:
O(ω2) QED corrections for W
production and decay; soft
photon exponentiation for pho-
tons emitted from W bosons;
improved ISR

Table 2: Current and projected theory uncertainties for the extraction of Z-pole POs at
colliders, due QED modeling. Estimates for the aggressive scenario are unavailable at this
time and thus this source of uncertainty is ignored in this scenario.

limited precision of the data used for generator tuning and from the intrinsic modeling as-
sumptions implemented in MC generators. These non-perturbative e!ects can be probed,
for example, by comparing predictions obtained with di!erent hadronization models, such
as string fragmentation and cluster fragmentation. Based on these considerations, an overall
improvement of the theory uncertainty on branching ratios by a factor of 10 in the conserva-
tive scenario and by a factor of 50 in the aggressive scenario, relative to the LEP estimates
in Ref. [?], is assumed.

For the forward–backward asymmetry AFB, it was pointed out in Ref. [?] that an acol-
inearity cut of 0.3 significantly reduces the sensitivity to theory modeling uncertainties, and
this cut is assumed for all uncertainty estimates here. Compared to the analysis of Ref. [?],
for the coservative scenario it is assumed that non-perturbative hadronization uncertainties
are reduced by a factor 5, and perturbative uncertainties reduced to 10→4 (as a relative fac-
tor) due to inclusion of NNLO QCD corrections (the techniques for calculating the latter are
already available now [?]). In the aggressive scenario, the perturbative treatment is extended
to N3LO QCD, and a factor of 50 improvement in non-perturbative e!ects (compared to to-
day) is assumed. The uncertainty associated with the N3LO QCD corrections is estimated
by rescaling the NNLO uncertainty by the factor ωs/ε → 2CA. Achieving a factor of 50
reduction in non-perturbative hadronization uncertainties would require not only extremely
precise tuning data but also substantial conceptual and technical advances in hadronization
modeling and simulation tools. Such a level of improvement is not expected to be achievable
with the current string or cluster fragmentation models implemented in generators such as
Pythia and Herwig [?, ?, ?, ?]. The resulting uncertainty estimates are summarized in
Tab. 3.
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Figure 1.12: Average over measurements of the hadronic cross-sections (top) and of the muon
forward-backward asymmetry (bottom) by the four experiments, as a function of centre-of-mass
energy. The full line represents the results of model-independent fits to the measurements, as
outlined in Section 1.5. Correcting for QED photonic effects yields the dashed curves, which
define the Z parameters described in the text.
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• Open issues: No available TH unc. estimate for MC generator effects for W/H/t production and decay

• EWPO are pseudo-observables (PO): extracted from real observables “isolating” the 
EW information by correcting for the presence of other effects, thus introducing theory systematics 



• Precision of the SM predictions for EWPO: crucial to establish any potential deviation 
as a sign of new physics

Theory challenges: Electroweak Physics

Z pole (incl. W-mass prediction): The current theoretical uncertainty estimate is taken
from Ref. [?, ?]. The results in these papers include calculations at O(ω2) and O(ωωs), as
well as higher-order top-Yukawa–enhanced terms of O(ωtω

2

s), O(ω2

tωs), O(ω3

t ), and O(ωtω
3

s).
In addition, final-state QCD corrections are included up to O(ω4

s). [See Ref. [?, ?] for the
complete list of references.] Not included are the three-loop corrections with a maximal
number of fermion loops [?, ?], but those are believed to have only a minor impact on the
error estimate.

In the conservative future scenario, it is assumed that a number of further perturba-
tive contributions become available beyond the currently known leading-ωt approximation.
These include mixed electroweak–QCD terms at O(ωω2

s), O(ω2
ωs), and O(ω2

fω), as well as

higher-order top-Yukawa–enhanced corrections at O(ω2

tω
2

s), O(ω3

tωs), and O(ω4

t ). Further-
more, final-state QCD corrections are assumed to be extended to O(ω5

s). For the aggressive
scenario, additional progress beyond this level is envisaged. Full corrections beyond the
leading-ωt approximation are assumed to be available at O(ω3), O(ω2

ω
2

s), O(ω2

fωωs), and

O(ω2

fω
2). Moreover, higher-order top-Yukawa–enhanced terms at O(ωtω

4

s) and O(ω2

tω
3

s) are

included, and final-state QCD corrections are assumed to be known up to O(ω6

s). Note that
in both scenarios, at the highest loop orders we only consider corrections with some number
of closed fermion loops, since these are expected to be numerically dominant and technically
more manageable. The projected uncertainties for both future scenarios are estimated us-
ing the extrapolation-of-perturbative-series method. The resulting uncertainty estimates are
summarized in Tab. 5.

Observable Current Conservative Aggressive

!Z [MeV] 0.4 0.08 0.016

Rω [10→3] 6 1.2 0.2

Rb [10→4] 1 0.2 0.035

Rc [10→4] 0.5 0.1 0.02
ωhad [pb] 6 1.6 0.3

sin2
εe! [10→5] 4.5 0.7 0.06

MW [MeV] 4.0 1.0 0.1

Table 5: Current and projected theory uncertainties for the SM prediction of Z-pole POs.

W-boson physics: The treatment of theoretical uncertainties for W-boson observables
follows the same general strategy adopted for Higgs observables, combining the best avail-
able fixed-order calculations (see Ref. [?] and references therein) with proxy-based estimates
for missing higher-order contributions. For the leptonic partial decay width W → εϑ, next-
to-leading-order (NLO) corrections are currently known. The O(ω2

f ) corrections are com-
paratively straightforward to compute and have been explicitly evaluated for the present
study. The latter result is used as a proxy for the size of the missing complete NNLO elec-
troweak corrections. For hadronic decays, W → qq

→, perturbative corrections are available

9
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SM EWPO uncertainties

Z-pole (SM predictions for POs)

● Comparison of POs extracted from data with 
SM predictions used to test SM and probe BSM 
physics

● EW SM corrections are relatively large 
➔ need multi-loop contributions

● Current: NNLO + mt-enhanced N3LO* 

● “Conservative”: N3LO with Nf ≥ 2 or N(αS) ≥ 1   
+ mt-enhanced N4LO

● “Aggressive”: N4LO with Nf ≥ 2 or N(αS) ≥ 2   
+ partial mt-enhanced N5LO

   * also O(αtαS
3)

For past work see: 1809.01830, 1906.05379

17

• Current (*2025): O(α2), O(α αs) + HO Yt-enhanced O(αt αs2), O(αt2 αs), O(αt3) and O(αt αs3). Final 
state QCD corrections to O(αs4).

• Conservative: includes O(α αs2) , O(α2 αs) and O(αf2 α) + HO Yt-enhanced O(αt2 αs2), O(αt3 αs) and 
O(αs2 αt4). Final state QCD corrections to O(αs5).    

• Aggressive: + Full corrections O(α3), O(α2 αs2), O(αf2 α αs) & O(αf2αs2) + HO Yt-enhanced O(αt αs4), 
O(αt2 αs3). Final state QCD corrections to O(αs6).



• Precision of the SM predictions for other EW processes: crucial to establish any 
potential deviation as a sign of new physics

Theory challenges: Electroweak Physics

Jorge de Blas - U. of Granada 
Interplay with the 2026 European Strategy Update: Theory challenges at the FCC-ee 

July 3, 2026 31

SM uncertainties

at O(ω), O(ωωs), and O(ω4

s). The uncertainty associated with missing higher-order QCD
contributions is estimated following the methodology of Ref. [?]. However, in this chan-
nel the dominant theoretical uncertainty also arises from missing electroweak contributions
beyond NLO. In the conservative future scenario, it is assumed that the full NNLO correc-
tions become available, together with mixed electroweak–QCD contributions at O(ωω2

s) for
qq

→ final states. Future uncertainties are estimated using the same prefactor-based scaling
procedure employed elsewhere in this study. Missing electroweak orders are accounted for
by multiplying the current uncertainty by the factor ωW

ε nf , while missing QCD orders are
estimated by applying the factor ωs

ε CA.
For the ratio of hadronic to leptonic branching fractions, the leading radiative corrections

largely cancel. As a consequence, the current theoretical uncertainty is dominated by missing
mixed electroweak–QCD corrections at N3LO, as discussed in Ref. [?]. Both the current and
projected uncertainties for this observable are evaluated using the same scaling assumptions
as for the individual partial widths. For → W

+
W

↑ production, the current state of the
art consists of NLO predictions including o!-shell e!ects, with an associated uncertainty
estimate provided in Ref. [?]. The conservative future scenario assumes the availability of full
NNLO corrections for on-shell (double-pole) W+

W
↑ production. The projected uncertainty

is obtained by rescaling the current estimate using the same electroweak and QCD prefactors
defined above.

The resulting projected uncertainties in the conservative scenario are su”ciently small
that no separate aggressive scenario is introduced for W-boson observables. All numerical
results are summarized in Tab. 6.

Quantity Current Conservative Aggressive

!lep
W (%) 0.1 0.013 —

!had
W (%) 0.1 0.015 —

!had
W /!lep

W (%) 0.015 < 0.01 —

ω[e+
e
→
→ W

+
W

→] (%) 0.4 0.07 —

Table 6: Theory uncertainties (in percent) for the SM predictions of partial W -boson decay
widths, ratios, and production cross-sections.

Fermion pair production: The evaluation of theoretical uncertainties for fermion-pair
production follows the same strategy adopted for the subtraction of non-resonant back-
grounds discussed in Sec. 2.1.1. Thus the current scenario includes NLO electroweak cor-
rections together with fourth-order QCD corrections for light-quark qq̄ final states (q ↑= t).
The (conservative) future projection assumes that the full NNLO corrections and third-order
mixed electroweak corrections at O(ω2

ωs) and O(ωω2

s ) will become available. The uncer-
tainties are estimated by applying appropriate pre-factors as described in Sec. 2.1.1. For
light-quark final states, the uncertainty associated with missing fifth-order QCD corrections
is negligible compared to the electroweak uncertainties and is therefore omitted.

10

In the case of tt̄ production, next-to-next-to-next-to-leading-order (N3LO) QCD correc-
tions are available, and the corresponding uncertainty estimate is taken from the analysis
presented in Ref. [?]. For the future conservative scenario, it is assumed that N4LO QCD
corrections become available. The associated uncertainty is then assumed to be further
suppressed by a factor ωs/vt, where vt denotes the top-quark velocity and parametrizes the
enhancement of radiative corrections in the vicinity of the production threshold.

For the aggressive scenario, no uncertainty projections are available, and thus the theory
error for fermion pair processes is neglected in this scenario. The resulting uncertainty
estimates are summarized in Tab. 7.

→
s = 250 GeV

→
s = 365 GeV

Quantity Current Conservative Current Conservative

ω[e+
e
→
↑ ε

+
ε
→] (%) 1.2 0.15 1.2 0.15

ω[e+
e
→
↑ cc̄] (%) 0.8 0.1 0.7 0.09

ω[e+
e
→
↑ bb̄] (%) 0.43 0.06 0.45 0.06

ω[e+
e
→
↑ had.] (%) 0.6 0.08 0.6 0.08

ω[e+
e
→
↑ tt̄] (%) — — 1.2 0.4

A
ω
FB (%) 0.4 0.05 0.35 0.045

A
c
FB (%) 0.47 0.06 0.64 0.08

A
b
FB (%) 0.25 0.03 0.3 0.04

Table 7: Current and projected theory uncertainties for the extraction fermion pair produc-
tion above the Z-pole at colliders. “had” stands for all hadronic final states except top
quarks.

2.1.3 Standard Model (SM) parameters

The precision physics program of future colliders requires a much improved determination
of other SM parameters which are used as inputs for theory predictions. The extraction of
these parameters from data is also subject to theory uncertainties. The determinations of
the masses of the top-quark and the W boson from pair production near threshold require
predictions of the cross-section including o!-shell and Coulomb scattering e!ects. They can
be obtained in an integrated e!ective field theory framework. The estimates in Table 8 are
based on Ref. [?, ?]. Estimates for the aggressive future theory scenario are currently not
available, but further reduction of theoretical uncertainties will require fundamental advances
in computational techniques.

The most important source of uncertainty of the strong and electromagnetic couplings
at the scale mZ stems from non-perturbative QCD, which could be reduced with advances
in lattice calculations. The strong coupling could also be determined from the Z branching
ratio (BR) Rω [?], but this requires the assumption that there contribution of BSM physics
in this BR, so we are not considering this option as input for the global fits.

11

W-boson properties/WW production

Fermion-pair production

• Current → Future (Conservative)

‣ WW: NLO, incl. off-shell → + full NNLO on-shell 
(double-pole)

‣ W→ lν: NLO → + full NNLO

‣ W→ qq: O(α, α αs, αs4) → + full NNLO + O(α αs2)

• Current: NLO EW + 4th-order QCD for light-
quarks

• Conservative: Full NNLO + O(α αs2) , O(α2 αs)



Theory challenges: Electroweak Physics

• Studies in the Physics Briefing Book were based on two scenarios for the projected precision of 
future TH calculations:

Treatment of SM uncertainties

Aggressive: would require more 
fundamental advances in techniques and tools
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Δ
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FCC-ee EWPO TH comparison: EXP < TH-Aggr. <TH-Cons. <TH-Current

Conservative: assuming theory 
improvements that are likely to be achieved by 
building on existing computational methods



• Matching the projected experimental precision should be goal…

Theory challenges: Electroweak Physics
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But more important than that is to motivate the work to greatly improve our current knowledge of SM calculations
Precision of current theory calculations would dramatically hinder the FCC-ee EW physics program

Using current SM uncertainties



Theory challenges: Electroweak Physics
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Figure 4. Left: dependence of the WbWb production cross section on mt, �t, yt, and ↵S. The
plot shows the ratio of the cross section calculated after varying each parameter to the one obtained
using the reference values. The solid lines represent positive variations, while the dashed ones show
the corresponding negative variations. Right: Fitted lineshape (solid line) as a function of the
centre-of-mass energy, normalised to the reference cross section (horizontal dashed line). The fitted
lineshape is derived by applying the parameters obtained in the 10-point fit to the full lineshape
calculated with QQbar Threshold, taking correlations into account. The fit is performed to pseudo-
data (markers) generated according to the pseudo-data cross section (curved dashed line) obtained
with di↵erent parameters with respect to the reference cross section. The uncertainty in the pseudo-
data (vertical bars) represents the experimental uncertainty in the WbWb cross section. The solid
band corresponds to the post-fit uncertainty in the fitted cross section, all profiled uncertainties
included.

tistical uncertainties and can therefore be considered statistically independent. For each274

scan point i, the statistical uncertainty in the measured cross section (�i) is estimated as275 p
�i/Li, where Li is the assumed integrated luminosity for that scan point. In order to276

approximately match the total uncertainties of Table 2, we inflate this uncertainty by a277

factor of 1.2 for all centre-of-mass energies. This is necessary in order to take into account278

the e↵ect of the background contamination. The values of mt and �t are treated as free-279

floating parameters in the fit, while the other parameters are constrained using Gaussian280

priors representing external constraints. Further details on the statistical model can be281

found in Appendix B.282

In the fit, the value of ↵S(m2

Z
) is constrained within an uncertainty of 10�4 according283

to FCC-ee projections [40], while the value of yt is constrained within 3% according to the284

expected precision at HL-LHC [25] combined with the absolute measurement of other Higgs285

couplings at FCC-ee. At the energy of the tt production threshold, significantly larger286

energy deposits in the luminosity calorimeters are expected compared to lower energy287

runs, , and the luminosity calibration via small-angle Bahaba scattering remains to be288

demonstrated in this regime. We therefore assume that we can measure the integrated289

– 10 –

mt @ tt threshold: matching ~7 MeV EXP precision would require large improvement in NR QCD 
effects at threshold: Currently N3LO → Δmt~35 MeV (going dow to ~20 MeV going be enough for EW)

• Matching the projected experimental precision should be goal…



• Compared to EW, Higgs precision will be at the level 10-3, imposing less demanding 
requirements on theory

Theory challenges: Higgs Physics

Current Conservative Aggressive
Error Error Add’l. Error Add’l.

Process est. (%) Available orders est. (%) orders est. (%) orders

D
ec

ay

H → bb/cc < 0.4 ω
4
s + ω + ω

2
t + ωtωs 0.2 ω

2 + ωωs 0.1 ω
5
s

H → εε/µµ < 0.3 ω + ω
2
t + ωtωs < 0.1 ω

2 + ωωs

H → WW
→
/ZZ

→ 0.5 ωs + ω + ω
2
t + ωtωs 0.3 ω

2
s

H → gg 3.2 ω
3
s + ω 1.0 ω

4
s 0.5 ω

5
s + ωωs

H → ϑϑ < 1.0 ω
2
s + ω < 1.0 0.4 ωωs

H → Zϑ 1.5 ωs + ω 1.5

P
ro

d
.

e
+
e
↑

→ ZH 0.3 ω + ωωs + ωωf < 0.1 ω
2

e
+
e
↑

→ ϖϖ̄H ↑ 1 ω ↑ 0.1 ωωs + ω
2

Table 4: Theory uncertainties (in percent) for the SM predictions of partial Higgs decay
widths and production cross-sections.

Higgs production: The theoretical uncertainty estimates for Higgs production processes
are defined as follows. For associatedHZ production, the current error estimate is taken from
Ref. [?], which is mainly driven by the missing NNLO electroweak corrections without closed
fermion loops. For Higgs production via WW fusion at colliders, only NLO corrections are
currently known [?].

Future uncertainty estimates are obtained using a prefactor-based scaling approach. Miss-
ing higher-order electroweak corrections of O(ω3) are estimated by rescaling the O(ω2) un-
certainty according to

ε(ω3) = ε(ω2)→
ωW

ϑ
nf , ωW =

g
2

4ϑ
, nf = 12 (number of charged fermion species).

Mixed electroweak–QCD corrections are treated analogously. For O(ω2
ωs) contributions,

the uncertainty is estimated as

ε(ω2
ωs) = ε(ω2)→

ωs

ϑ
2CF (with a heuristic factor of 2 to account for diagram combinatorics),

while higher-order QCD e!ects at O(ωω2
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For the WW fusion process, we simply adopt the same relative uncertainty estimates as
for the HZ process. The resulting theoretical uncertainty estimates for Higgs production
observables are summarized in Tab. 4.
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• Compared to EW, Higgs precision will be at the level 10-3, imposing less demanding 
requirements on theory

Theory challenges: Higgs Physics
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Theory challenges: Higgs Physics

• Higgs physics potential of the different colliders evaluated in the dimension-6 SMEFT framework:              

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

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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Some of these results also rely on precise inputs from Lattice QCD (αS, mb, …)
Lattice QCD also impacts other aspects of the FCC-ee physics program



Theory challenges at the FCC-ee:
More than a Electroweak/Higgs/Top factory
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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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and taking into account the near-unanimous nature of the input from the national HEP 
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as the preferred path. 

Among all the collider options considered in the ESPP update, the FCC-ee stands out as 
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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 
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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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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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plausible funding scenarios and a schedule that enables first beams within five to seven 
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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)

Breadth of physics program is key, 
going beyond an EW/Higgs factory
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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.
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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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Flavour in the global picture:

Future Collider Comparison: Precision Physics

Capabilities for flavour measurement 
play a key role in separating FCC-ee 

from other e+e- options
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Theory challenges: Flavour Physics

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 (nω) 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, ! , 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.

63

• The very high luminosity at the Z-pole (and WW threshold) would allow substantial improvements in 
Flavour measurements with respect to LHCb and BELLE experiments

‣  Tera Z: 1012 Z bosons ⇒ Plenty of b, c & τ for clean flavour physics ⇒ O(10) improvement

‣  WW threshold: Decays of 108 W pairs ⇒ To further improve CKM

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↓0!!̄).

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 → s∀ 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 → #∀ and Belle II analysis of B0 → KS∃0∀ 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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Order of  
magnitude  

improvement

FCC-ee: 
Exp. precision ~0.5% 

(systematics at the same level)
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Theory challenges: Flavour Physics
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‣  O(1%) for other transitions
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Fig. 5.10: CKM unitarity triangle today and for projections in 2030s, 2040s and 2050s. The cen-
tral values are selected to correspond to those obtained from the current SM fits. The coloured
regions take into account the precision of the experimental measurements only. The dashed
lines also account for theory related uncertainties that arise when interpreting the experimental
measurements in terms of the UT parameters.

the expected experimental sensitivity will be at the same level as the current theory prediction,
and could be enough to observe CPV in B0-B̄0 mixing at the SM level.

The CKM matrix element |Vcb| enters the UT in the sides Ru (via the ratio |Vub|/|Vcb|)
and Rt = |(VtdV →

tb)/(VcdV →
cb)| (via the extraction of CKM parameters from B mixing), and in the

constraint from !K . Presently it is determined from semileptonic b ↑ cω↓∀̄ processes. There
is a significant discrepancy between the inclusive and exclusive (typically B ↑ Dω↓∀̄) deter-
minations, which leads to an uncertainty above 5%. The issue may be resolved with future
developments in LQCD predictions, see Sect. 5.2.2.

A more direct way to determine |Vcb| is via on-shell W decays to charmed and beauty jets.
The anticipated W boson samples at future e+e↓colliders will achieve statistical uncertainties
on |Vcb| well below 1%. The critical item however is the uncertainty on the jet flavour-tagging
efficiency [240, 241]. Fig. 5.11 shows the uncertainty on |Vcb| versus that of the tagging effi-
ciency. The jet tagging efficiency will be calibrated at the Z pole, which in all facilities provides
samples at least an order of magnitude larger than for the W boson. Even with relatively poor
understanding of the tagging efficiency, a significant improvement on |Vcb| is to be expected,
while in optimistic scenarios precisions around 0.2% can be achieved. The size of the W -boson
sample plays a subdominant role; for tagging-efficiency uncertainties beyond 0.5% the sys-
tematic uncertainty dominates. The same argument applies to |Vcs|, whose present uncertainty
of 0.6% dominates the uncertainty in the unitarity relation with processes involving strange
quarks [15]. In this case ultimate precisions around 10↓4 can be anticipated [240].
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Theory challenges: Flavour Physics
Precision Physics in the Lattice

• Lattice QCD (LQCD) provides de theoretical accuracy for SM predictions required to interpret flavour 
observables:

Precision quantities discussed 
in FLAG24 http://flag.unibe.ch

Exploiting future experimental facilities in full  
sets a high bar for future lattice simulations 
in terms of:  
• software/computing/algorithm 
• precision/accuracy 
• set of calculated observables 

re
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Not all perfect — there are tensions between  
lattice results, indicating for some quantities  
that better control of systematics is required. 

Develop benchmarks? 
e.g. [Tsang & Della Morte EPJST 233 (2024)]

What’s state-of-the-art of lattice for pheno?

quark masses

kaon decay

kaon mixing

nucleon matrix elements

-meson decayD(s)

-meson decayB(s)

-mixingB(s)

strong-coupling constant

FLAG 24 arXiv:2411.04268

5

 SL decaysD(s)

 SL decaysB(s,c)

http://flag.unibe.ch

input to theory

NA62/KOTO(-II)

→MK, πK, π∼ /π

nucleon structure 
nEDM

input to theory

STCF 
LHCb 
BESIII 
BelleII 
terra Z

FLAG tries to answer: 

“What is currently the best  
lattice value for a particular 

quantity?”  
in a way that is readily 

accessible to those who  are not 
expert in lattice methods.


STCF 
LHCb 
BESIII 
BelleII 
terra Z

Current uncertainties
FLAG 2024, arXiv: 2411.04268 [hep-lat]

A. Jüttner

Jorge de Blas - U. of Granada 
Interplay with the 2026 European Strategy Update: Theory challenges at the FCC-ee 

July 3, 2026 46

Target precision:

• Uncertainties in form factors:
‣ Below percent for B→K
‣O(1%) for other transitions

• Strong requirements on lattice calculations in 
terms of 
‣High-performance (parallel-)computing 
resources/Algorithmic innovation
‣ Precision AND accuracy
‣ Some tensions exist between lattice results

‣ Set of calculated observables



• Computing:  To tackle larger volumes, smaller lattice spacings and high statistics

• Improved computing algorithms, novel ideas in QFT,  AI/ML To tackle larger volumes, smaller lattice 
spacings and high statistics

• Precision and Accuracy: Going below 1% one cannot neglect several effects in lattice calculations:

‣ State-of-the-art includes combined treatment of QCD+QED+SIB for hadron spectra, (g-2)μ and some 
leptonic decays

‣ Progress needed to extend it to semi-leptonic decays and other more complicated quantities but no 
fundamental show-stopper has been identified

Theory challenges: Flavour Physics
Sub-Percent Precision Physics in the Lattice
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Theory challenges: Flavour Physics
Precision Physics in the Lattice

• Lattice QCD (LQCD) also provides important inputs for the study of EW and Higgs
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Precision tests of QCD (αs)

European Strategy
for Particle Physics

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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EWPO sensitivity to αs (Rl, ΓZ, W→had, …): ~0.1% precision BUT new 
physics affecting these observables would affect this determination

(Less precisely known SM input) 

Lattice-QCD provides a complementary determination of this important parameter
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Conclusions

• The 2026 ESSP recommendation of FCC-ee is largely supported by the superb capabilities of the 
project for precision experiments

‣ Covering not only the exploration of Higgs properties (one of the main motivations) but also 
ultra-precise measurements of electroweak, top, flavour and QCD observables

• Significant advancements on the theory side are however required to make sure we get the most 
of those experiments

‣ Critical progress is required for EW physics, both in perturbative and non-perturbative aspects

‣ Less stringent requirements in other areas, but still sustained effort is needed to improve 
current precision to the level required at FCC-ee

• Theory is a crucial ingredient for the success of FCC-ee:

‣ Towards the approval of the project in 2028 it is important to show that the community is 
taking initiatives targeting the challenges of the future large particle collider at CERN 

‣ Exploring synergies with the calculations needed for HL-LHC physics is also important, to 
motivate these FCC-ee studies in parallel to the needs for the completion of the LHC program
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Conclusions

• Very clear and strong message from the 2026 European Strategy Group, regarding the next 
large-scale project at CERN:

• I

The realization of the FCC as the next flagship project at CERN is the best 
plan for Europe to continue playing a leading role in the field

All efforts (Council, CERN management) should be made to make FCC a reality

• The physics potential is clear but not 
without challenges

‣ FCC PED studies during the 
Reference Design Phase are focused in 
identifying and addressing such 
challenges:
Link to FCC Physics Groups Activities
Mailing list: FCC-PED-PhysicsGroup-XXX

XXX:  BSM, EWPrecision, Flavours,  
   GlobalFits, hh, Higgs, HighLevelReco,  
   MCgenerators, PrecisionCalculations,  
   QCD, Top
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