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European Strategy for Particle Physics (ESPP) in a Nutshell

CERN Council owns the formal process: it launches the update, establishes the ESG and adopts the Strategy

CERN COUNCIL

Acts as a council for European particle physics  launches /
mandates the update

Working Group of Council ® prepares the proposal for the Strategy

EUROPEAN STRATEGY GROUP (ESG)
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Particle-physics community ¢ Member / Physics Preparatory Group Community coordination
Associate Member States ® partners scientific assessment andstrategicinput

LDG / LABS

Major European laboratories
and laboratory leadership

ESG PROPOSAL

Recommendations submitted to CERN Council

ADOPTED EUROPEAN STRATEGY

Framework for European priorities and follow-up

The ESG is aWorking Group of Council and ceases to exist after Council adopts the new Strategy.
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ESG Recommendations on CERN’s Next Collider

I. The next CERN flagship collider project

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

ii. Adescoped FCC-ee is the preferred alternative option for the next flagship collider at CERN

At this stage, without knowing the reasons for which the FCC-ee would not be feasible,
other alternative options are not ranked.
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Proposed large-scale projects at CERN, ~ 2045

FCC-ee (e*e-, circular, 91 — 365 GeV) LCF (e*e’, linear, 91 — 240, 550 GeV) CLIC (e*er, linear, 380 GeV, 1.5 TeV)
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Potential for development: future 10 TeV parton-scale collider options

LCF, CLIC

.»‘i!*‘ &

new electron accelerator
~50 G ergy

FCC
b 91 km o i \
crourforence g giione - - Y
4 L RV P } "4 GeV Target, xDecay i Cooling  Low Energy
4 y ;. i Proton & pBunching Channel i Acceleration
. Channel i

FCC-hh, Muon Collider (3, 10 TeV) | R&D . e*e” with improved acceleration technologies
baseline 85 TeV (> 120 TeV) L. ! LCF, C3 (> 1TeV), CLIC (1.5 TeV), HALHF, ...
+ possibility for HI collisions - plasma acceleration for higher energies

(can 0(10) TeV be reached? on what timescale?)
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A descoped FCC-ee

A descoped FCC-ee (to improve the financial feasibility)
« Descoping scenarios include: - removing the top-quark run -1.26 BCHF
- constructing two rather than four - 0.80 BCHF

interaction regions and experiments

- decreasing the RF system power - 0.35 BCHF
(50 MW - 30 MW)

+ These measures would reduce the construction cost by approximately 15%

* The luminosity for the descoped FCC-ee would be (M. Benedikt, F. Zimmermann):
L (FCC-e€)gescoped = L (FCC-ee)x3/5x2/4x1.2 = L (FCC-ee)x 0.36

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

\
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Important input for the decision on the next CERN flagship project

(i) Physics Potential
Physics Briefing Book ( = 30 Sept. 2025)

- Assessment of overall Physics Potential
ESG Working group 2b report

(ii) Project assessment
Technical feasibility, required R&D, risks, timeline,
costs and human resources (including estimates for the
associated detectors), environmental impact
ESG Working Group 2a report

(iii) Final input by the National HEP communities
ESG Working Group 1 report
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CERN-ESU-2025-001
. . 30 September 2025
Physics Briefing Book

Input for the 2026 update of the European Strategy for Particle Physics

Electroweak Physics: Jorge de Blas', Monica Dunford® (Conveners),
Emanuele Bagnaschi® (Scientific Secretary), Ayres Freitas*, Pier Paolo Giardino®, Christian Grefe®,
Michele Selvaggi’, Angela Taliercio® (Contributors)

Strong Interaction Physics:  Andrea Dainese’, Cristinel Diaconu'” (Conveners).
Chiara Signorile-Signorile' " (Scientific Secretary), Néstor Armesto'?, Roberta Arnaldi'?,
Andy Buckley', David d’Enterria’, Antoine Gérardin'®, Valentina Mantovani Sarti'®,
Sven-Olaf Moch'?, Marco Pappagallo'®, Raimond Snellings'***, Urs Achim Wiedemann’

(Contributors)

Flavour Physics:  Gino Isidori*”, Marie-Hélene Schune®! (Conveners),
Maria Laura Piscopo®> (Scientific Secretary), Marta Calvi®*, Yuval Grossman®>, Thibaud Humair>*,
Andreas Jiittner >, Jernej F. Kamenik>®®, Matthew Kenzie?”, Patrick Kog)penburg“,
Radoslav Marchevski®*, Angela Papa®”, Guillaume Pignol™, Justine Serrano'® (Contributors)

Neutrino Physics & Cosmic Messengers:  Pilar Hernandez™, Sara Bolognesi*” (Conveners),
Ivan Esteban®! (Scientific Secretary), Stephen Dolan’, Valerie Domcke, Joseph Formaggio®,
M. C. Gonzalez-Garcia®**'*2, Aart Heijboer'®, Aldo Tanni*!, Joachim Kopp”””, Elisa Resconi**,
Mark Scott™, Viola Sordini*” (Contributors)

Beyond the Standard Model Physics: ~ Fabio Maltoni**', Rebeca Gonzalez Suarez™ (Conveners),
Benedikt Maier™ (Scientific Secretary), Timothy Cohen’**7**, Annapaola de Cosa™
Nathaniel Craig™, Roberto Franceschini®®, Loukas Gouskos", Aurelio Juste™, Sophie Renner',
Lesya Shehutska®® (Contributors)

Dark Matter and Dark Sector:  Jocelyn Monroe™ %, Matthew McCullough” (Conveners),
Yohei Ema”" (Scientific Secretary), Paolo Agnes*”, Francesca Calore’®, Emanuele Castorina>%,
Aaron Chou™, Monica D’ Onofrio®, Maksym Ovchynnikov””, Tina Pollmann'?, Josef Pradler™*®,
Yotam Soreq™?, Julia Katharina Vogel®® (Contributors)

Accelerator Science and Technology:  Gianluigi Arduini’, Philip Burrows' (Conveners),

Jacqueline Keintzel” (Scientific Secretary), Deepa Angal-Kalinin®’, Bernhard Auchmann”

mo Ferrario’, Angeles Faus Golfe', Roberto Losito’, Anke-Susanne Mueller™®,

Tor Raubenheimer’’, Marlene Turner”, Pierre Vedrine™, Hans Weise™, Walter Wuensch’,
Chenghui Yu®® (Contributors)

Detector Instrumentation: Thomas Bergauer®”, Ulrich Husemann®® (Conveners),

Dorothea vom Bruch'” (Scientific Secretary), Thea Aarrestad**, Danicla Bortoletto™,
Shikma Bressler®”, Marcel Demarteau®', Michael Doser’, Gabriella Gaudio®, Inés Gil-Botella®®,
Andrea Giuliani®', Fabrizio Palla®, Rok Pestotnik®, Felix Sefkow”, Frank Simon®®,
Maksym Titov**(Contributors)

Computing: Tommaso Boccali®*, Borut Kersevan®®® (Conveners),

Daniel Murnane® (Scientific Secretary), Gonzalo Merino Arevalo™, John Derek Chapman®”
Frank-Dieter Gaede™, Stefano Giagu®’, Maria Girone”, Heather M. Gray®®, Giovanni Iadarola’,
Stephane Jezequel®, Gregor Kasieczka', David Lange®, Sinéad M. Ryan™, Nicole Skidmore",
Sofia Vallecorsa’ (Contributors)

Theoretical Overview: _Eric Lacnen'***%

Reviewers:  Anadi Canepa®’, Xinchou Lou’®, Rogerio Rosenfeld”, Yuji Yamazaki™
Editors:  Roger Forty’, Karl Jakobs *, Hugh Montgomery”, Mike Seidel”*®, Paris Sphicas’”’
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CERN Yellow Report



https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2a_Report_CERN-ESU-2026-005.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG1_Report_CERN-ESU-2026-004.pdf
https://arxiv.org/abs/2511.03883
https://e-publishing.cern.ch/index.php/CYRM/issue/view/269/246

Final input from the national HEP communities (Nov. 2025)

What is the preferred large-scale post-LHC

What is the preferred alternative if the preferred
accelerator at CERN?

option would not be feasible?

Preferred Collider Option Preferred alternative (Plan B)

FCC-ee (MS) | FCC-ee

FCC-ee (AMS) |
Linear Collider

FCC-ee (NMS) ‘ 25

LHC Int. Project

FCC-hh l
Other Collider (MS) |1

M i
Other Collider (AMS) | 0 uon Collider

Other Collider (NMS) ‘ 0,5 No preference

0

- Overwhelming support (24/25 CERN Member States No consensus; three main axes:
HEP communities) in favour of the FCC-ee programme o
- FCC (stretched in time, descoped, ...)
» Support as well from - Linear Collider

and Non-Member States (NMS) - Intermediate project in LHC tunnel as bridge towards

FCC-hh (10++ TeV scale)
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https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG1_Report_CERN-ESU-2026-004.pdf
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Evaluation by the European Strategy Group

Assessment of large-scale accelerator projects at CERN
Report of ESG WG2a

31 October 2025

G. Arduini’® (convener), F. Bordry' (co-opted accelerator expert), R. Brinkmann? (co-opted
accelerator expert), P. Burrows®® (convener), K. Desch!, S. Farringfon®%, F. Gianotti',
K. Hanagaki’”, N Holtkamp®® (co-opted accelerator expert), J. Keintzel'® (scientific
secretary), B. Kilminster”®, T. Lesiak", L. Rivkin'®"® (co-opted accelerator expert),
F. Sabatié', M. Tuts™, A. Zoccoli™®.

Project TRL R&D Test facilies | Ferormance Site Schedule Cost Risk
uncertainty preparation uncertainty uncertainty

CLIC 380 GeV, 1.5 TeV

FCC-ee 91-365 GeV

4-7 (NbsSn)/ 4.3

FCC-hh 85 TeV

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

LCF 250 - 550 GeV 5-7/55

LEP3 91 - 230 GeV 3-6/40

LHeC: HL-LHC + 50 GeV ERL

MC 3.2 TeV, 7.6 TeV

[ \
European Strategyy  ESG Recommendations, F9 Strategy, Krvavec, 28" September 2026 CERN-ESU-2026-005


https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2a_Report_CERN-ESU-2026-005.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2a_Report_CERN-ESU-2026-005.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2a_Report_CERN-ESU-2026-005.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2a_Report_CERN-ESU-2026-005.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2a_Report_CERN-ESU-2026-005.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2a_Report_CERN-ESU-2026-005.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2a_Report_CERN-ESU-2026-005.pdf

Evaluation by the European Strategy Group

- FCC-hh:

- LEPS:

- LHeC:

European Strateg)
or Particle Physics

Project

CLIC 380 GeV, 1.5 TeV

FCC-ee 91-365 GeV

FCC-hh 85 TeV

Scope

TRL

R&D

Test facilities

Performance Site
uncertainty preparation

Schedule
uncertainty

Cost
uncertainty

Risk

FCC-hh - SA 85 TeV

LCF 250 - 550 GeV

LEP3 91 -230 GeV

LHeC: HL-LHC + 50 GeV ERL

MC 32 TeV, 7.6 TeV

4-6/52

4-7 (NbySn) /4.3

4-7 (Nb,Sn)/ 5
5-7/55
3-6/4.0

3-6/45

Demonstrator need to be built.

Nb,Sn

Further R&D and industrialisation of high-field magnets (Nb3Sn 15 - 20 y);

Muon Collider: The technologies underpinning the MC design are in the early phases of exploration;
Comprehensive R&D programme defined (300 MCHF, 1800 FTEY);

Costs of HFM, further developments of high-temperature superconducting (HTS) magnets

Absence of a detailed lattice design and full-scale simulation - uncertainties on projected luminosity;
Proposed baseline HTS nested quadrupoles/sextupoles represent the lowest TRL (luminosity, power)

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

Uncertainty on luminosity of an order of magnitude;
Successful demonstration of the PERLE programme at |JCLab is vital

ESG Recommendations, F9 Strategy, Krvavec, 28" September 2026
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Physics Potential

CERN-ESU-2025-001

https://arxiv.org/abs/2511.03883
Physics Briefing Book 0 Seemberanes

CERN Yellow Report
Input for the 2026 update of the European Strategy for Particle Physics
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Andy Buckley'*, David d'Enterria’, Antoine Gérardin'®, Valentina Mantovani Sarti'®,
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Flavour Physics:  Gino Isidori

Neutrino Phy
Tvan Esteban’
M. C. Gonzalez-Garcia™

Beyond the Standard Model Ph
Benedikt Maier” (Scientiic Secretary), Timothy Cohen’
Nathaniel Craig™, Roberto Franceschini*®, Loukas Gouskos”.
Lesya Shchutska® (Contributors)
Dark Matter and Dark Sector: Jocelyn Monroe***®, Matthew McCullough” (Conveners),
Yohei Ema” (Scienific Secretary). Paolo Agnes”, Francesca Calore*™, Emanuele Castorina’”,
Aaton Chou™”, Monica D' Onofrio”, Maksym Ovehynnikov” 8,
Yotam Soreq™, Julia Katharina Vogel™ (Contributors)

. Tina Pollmann', Josef Pradler’

" (Conveners),

Ganluigi Arduins”, Philip Burrows”
767

Accelerator Science and Technology:

Jacquclmc Keintzel” (Scientific Secretary), Deepa Angal-Kalinin®, Bernhard Auchmann

Ferrann‘ Angeles Faus Golfe?', Roberto Losito’, Anke-

anRuuhenhelmer 7. Marlene Tumer”, Perre Vedrine'”, Hans Weise", Walier Wuensch,
Chenghui Yu** (Contributors)

Detector Instrumentation: Thomas Berzaver”, Ulich Husemann® (Conveners).
Dorothea vom Bruch'® (Scientific Secretary), Thea, Aarrestad™, Danicla Bortoletto™,
Shikma Bressler, Marcel Demartcau®" Mmhacmom . Gabriclla Gaudio®, Inés Gil-Botella®,
Andrea Giuliani”", Fabrizio Palla®, Rok Peuolmk . Felix Sefkow®, Frank Simon™,
Maksym Titov*(Contributors)

=

Computing: Tommaso Boceali®, Borut Kersevan®®® (Conveners),
Daniel Murnane®® (Scientific Secretary), Gonzalo Merino Arevalo™, John Derek Chapman’
Frank-Dieter Gaede™, Stefano Giagu®”, Maria Girone”, Heather M. Gray®, Giovanni Iadarola’,
Stephane Jezequel®®, Gregor Km.eczka“, David Ldngem Sinéad M. Ryan”, Nicole Skidmore”',
Sofia Vallecorsa” (Contributors)

Theoretical Overview: _Eric Lacnen'**
Reviewers:  Anadi Cancpa®, Xinchou Lou™, Rogerio Rosenfeld”?, Yuji Yamazaki
Editor Roger Forty”, Karl Jakobs™, Hugh Montgomery™, Mike Seidel*™, Paris Sphicas
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Beyond the Technical Readiness, the physics potential and the long-term prospects of reaching

the 10++ TeV energy scale are the driving arguments for the choice of the next collider,
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Overall Physics Assessment

Precision physics BSM physics

Physics Topics
Higgs
EWPO
Top
Flavour
QCD (prec.)
QCD (struct.+HI)
Comp. H&V
SUSY (QCD)
SUSY (EW)
DM
Scalar Singlet
New forces
Portals

-- FCC.EE * Fcc.hh

III.ILCF-ZSO
.IIIILCF.ZSO'FSSO

.IIII FCC-ee descoped

I

-
. =

-.-l Fecree descoped

5 years 10 years 15 years 18 years  FCCee+hh 5 years 10 years 15 years 18 years FCCee+hh

CERN-ESU-2026-006
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European Strate
Particle Physi

What is lost, if an alternative collider,
other than the FCC, would be chosen?
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What is lost, if an alternative collider,
other than the FCC, would be chosen?

Aim of the Strategy Process, as defined in the remit by the CERN Council:

human knowledge in fundamental physics through the realisation of the next flagship project at CERN.

This plan should attract and value international collaboration and should allow Europe to continue to
play a leading role in the field.”

“The Strategy update should include the preferred option for the next collider at CERN and prioritised
alternative options to be pursued if the chosen preferred plan turns out not to be feasible or competitive.”

“The aim of the Strategy update should be to develop a visionary and concrete plan that greatly advances

\
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What is lost, if an alternative collider,
other than the FCC, would be chosen?

In addition:

- New physics is needed!

- No guidance from theory

- the coverage of a new flagship collider has to be as broad as possible
Venice Strategy Symposium:
1. Precision and energy

2. Synergies of Higgs, electroweak, top and flavour physics programmes are essential to
maximise the indirect discovery potential

/N
European Stfaﬁegy ESG Recommendations, F9 Strategy, Krvavec, 28" September 2026
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Coverage of the

Physics Landscape

(i) Methodology*

High-energy coll.

L | Top-quark

I Higgs
Electroweak
Flavour
QCD

&

di

(ol

9% s
9%

*Thanks to Jorge de Blas, Monica Dunford and Gino Isidori
(ESG WG 2b)

\
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» Slice physics landscape in 16 different sectors
(adequate representation of the effective interactions
among SM fields where new physics can show up)

» Sensitive to: Higgs, el.weak, top, flavour,
QCD, high-energy observables

examples (details on the next slide):
- Higgs-only operators (HZZ, Ap, A3)
- Quark Yukawa (Y, Ys, Y;)

- Tri-linear gauge operators (el.weak, GGG)
- 4-lepton ops. (W parameter, Y parameter)

- each sector is subdivided in 2 or 3 rings with
increasing measurement challenges

» Compare potential of each collider for all sectors/rings

* HL-LHC performance is used as reference

* Improvement factors in precision w.r.t. HL-LHC are

evaluated and mapped on a log-scale covering the
range 1to 5

HL-LHC: 1

(gray scale 1 = black)
Best collider: 5

(gray scale 5 = white)
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Coverage of the FCC-ee and FCC-eehh

FCCeehh

I | High-energy coll.

FCCee

[ High-energy coll.

[ Top-quark [ Top-quark

I Higes N Higgs
Electroweak Electroweak
Flavour Flavour
QCD QCD

CERN-ESU-2026-006
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https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf

Coverage of first-stage e*e colliders

FCCee

High-energy coll.

LEP3

¥ High-energy coll.

I Top-quark
I Higes B Top-quark
Electroweak I Higes
Flavour Electroweak
QCcD Flavour
Qco

cermiepton

LCF550

| High-energy coll.

LCF250

N High-energy coll. i

I Top-quark N Top-quark

I Higes N Higes
Electroweak Electroweak
Flavour Flavour
QCD Qco

CERN-ESU-2026-006

(

\
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https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf
https://cernbox.cern.ch/pdf-viewer/public/Q6oC8LAAlgUBtUM/ESG_WG2b_Report_CERN-ESU-2026-006.pdf

FCC-ee versus descoped FCC-ee and LCF250

FCCee-descoped

FCCee

High-energy coll. [ High-energy coll.
N Top-quark - Top-quark
I Higgs I Higgs
Electroweak Electroweak
| Flavour | Flavour
Qco Qco
LCFZSO FCCeehh-descoped
] High-energy coll.
I Top-quark High-energy coll.
. iges I Top-quark
Electroweak I iges
b fiavour Electroweak
QCcop | Flavour
Qco

CERN-ESU-2026-006

(
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Overall Summary

Machine

FCC-ee
Descoped
FCC-ee
LCF550

Constr. Path to

>10 TeV

Time
scale

Technical

. cost
T n
eadiness (BCHF)

Precision | BSM
Physics | physics

Physics
vs CEPC

2046-2060
- 2046-2055
2045-2065
2045-2066
2045-2053
2045-2054
2047-2062

2044-2051

Eurgaga_?,\?;;é;fg ESG Recommendations, F9 Strategy, Krvavec, 28" September 2026

Physics: from WG2b: sum of precision/BSM physics

Phys vs CEPC: competitiveness, assuming CEPC is
running in parallel

Tech readiness: from WG2a

Construction cost: from proponents + exp. (CERN part)
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What will happen if the FCC-ee will not be feasible?

While the FCC-ee has been demonstrated to be technically feasible, its implementation remains subject to
uncertainties related to:
(i) Financial viability

and

(ii) The potential emergence of unforeseen challenges, notably those associated with tunnel construction
(acceptance by the population/political)

/ Y\
European Strategy ESG Recommendations, F9 Strategy, Krvavec, 28" September 2026
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Alternative Collider Options?

(i) Possible alternatives if FCC-ee and the descoped FCC-ee are financially not feasible?

. LCF250, CLIC380 as low-energy e*e” colliders:
cost: 9.4, 7.5 BCHF

. LCF250 + 550:
cost: 14.8 BCHF (comparable to FCC-ee)

e (CLIC380 + 550:
cost: 9.5 BCHF

e LEP3:
cost: 4.1 BCHF

* LHeC:
cost: 2.1 BCHF

European Strategyf  ESG Recommendations, F9 Strategy, Krvavec, 28" September 2026

no satisfactory physics programme
not competitive with an FCC-ee-like collider
no demonstrated path to 10 TeV

reduced physics potential
not competitive with an FCC-ee-like collider
no demonstrated path to 10 TeV

reduced physics potential

not competitive with an FCC-ee-like collider

extended test facility needed (closer to full CLIC linac section,
full CLIC parameters)

no demonstrated path to 10 TeV

reduced physics potential
path to 10 TeV: needs a tunnel (91 km, FCC-hh) at a later stage

significantly reduced physics potential
path to 10 TeV: needs a tunnel (91 km, FCC-hh) at a later stage
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Alternative Collider Options?

(ii) Possible alternatives if a 91 km tunnel cannot be realised?
 LCF250 + 550, CLIC 380 + 1500: require 33 km long tunnel

Can such a tunnel be realised, if a 91 km FCC tunnel cannot?

- No information about this at present;

- FCC-ee realisation studies over the next years may provide some guidance on this

* LEP3/LHeC: - reduced / significantly reduced physics potential
- if 91 km FCC tunnel not possible, no 2" stage FCC-hh

- other scenarios for high-energy machines need to be considered

= Given these large uncertainties, at this stage, without knowing the reasons for which
the FCC-ee would not be feasible, other alternative options are not ranked.

EW@??T{%{%‘?Q) ESG Recommendations, F9 Strategy, Krvavec, 28" September 2026

24



Conclusions: main messages from the European Strategy Process

[ Y\
European Strategyf  ESG Recommendations, F9 Strategy, Krvavec, 28" September 2026

FCC-ee: stands out as the unique option that offers both a concrete plan (outstanding physics programme) and a
clear vision for the long-term future of the field (paving the way towards the 10++ TeV scale, re-using the tunnel for
a pp collider)
=2 It would maintain European leadership in particle physics

Large consensus has been reached in the European Particle Physics Community and beyond

There is no convincing alternative collider concept as “plan B” (physics, competitiveness, path to 10 TeV)

In case FCC-ee should financially not be feasible, a descoped FCC-ee is the preferred alternative option for the next
flagship collider at CERN

- All possible efforts should be made by the CERN Council and CERN management to explore if FCC -ee
or a descoped FCC-ee can be realised over the next years (until 2028)

Should this fail (finances, tunnel construction, ...), the CERN Council should consider to launch a new
“light-weight” strategy process in 2028 to define a new plan

(ESPP is a cornerstone of Europe’s decision-making process for the long-term future of the field, well established, important
toinvolve the full community in the decision on the large-scale, long-term facility for the entire field)
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Higgs Boson Physics: Coupling measurements - « modifiers

« e*e- machines can make model-independent measurements of the Higgs boson couplings

« Sub-percent precision in several channels; significant improvement w.r.t. HL-LHC
- 240 GeV: performance of different e*e- colliders comparable; FCC-ee has highest precision (large luminosity)
- 550 GeV or above: ttH, ZHH and vvHH accessible > significant improvements (ky,, k;,..)

* For rare processes (H — uu, H — Zy) HL-LHC prevails, strong improvement at FCC-hh

Il vec [ Fecnn LCF 250 CLICss0 FCC- eezmmizio B veCore
. LCFZ/ZSO/SSO . CLICSBOHSDO . FCC- €2/ Ww/240/365
|_| +MuCro T +FCC- hh
- LCF z/250155011000 . CLICss0115003000 . FCC-ee + FCC-hh . gt i )
68% probability sensitivity - All scenarios combined with HL- LHC ot
12 1.5] 2.0 1.5
G;: \?1.0 31'5 ?1.0
0.4} 9 0.5 o5 0.5]
02 mm . . I I . . : I I l l
0.0' 0.0' 0.0 0.0'
: " ! ! 2nd generation couplings at e*e colliders:
4 3.5 _ ']
il 1 30 28 - c¢C: good precision (+ LHeC)
5/ 1 L 2.0 — .
i N -2 e - s5: constrained: FCC-ee: lksl € [0.4,1.3]
B 57 513 Z1q | LCF (LEP3): |k, < 1.2 (1.3)
1t T ;2 05 I I . T ]
° o Py 00 ke oo o Higgs boson width:
30 20 ’ - Best precision FCC-ee .or. low-energy e*e
1. . . . .
2 1 ? s a combined with a high-energy machine
51.5 %“’ ;imo §z—
10 0s a | I °L II Invisible width:
0.5 P 0,
00 ) o II II o o \ er. II - Best precision at FCC-hh (0.02%)
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Impact of de-scoped FCC-ee on Higgs boson couplings

LCFzps0 CLIC30 FCC-eezmwr40
. LCFzp50i550 . CLIC3g0/1500 FCC-eezmwrz401365
. LCF 2505501000 . CLIC 3501150013000 . FCC-ee+FCC-hh N
European Strategy
fit 68% probability sensitivity - All scenarios combined with HL-LHC for Particle Physics
12 18 2.0
1.0
= =100 =
) 0.8 5 & —
§ 0.8 & =10
0.4 0.5 os =
o - i
0.0 0.0 0.0 R L |
Ky
d 4 35
3.0 ]
N 3 25
L) o w 1.50
2 1 1.0} L
1 0.5/
0 0 0.0 L
3.0 2.0——
=8 15
.20 g :
£15 210
3 P
= H
1.0 &
0.5/
0.5
°0 - BRiy

/Y
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Higgs Boson Physics: Self-coupling

> FCC-ee (240, 365 GeV)  ( +17-20%)
> LCF-550 GeV (+10%)
> FCC-hh, MC ( +£3-4%)

9 L H g ... H
fq_ . - t 68% probability sensitivity - All scenarios combined with HL- LHC
9 L H
9z ---H HL- LHC

LHeC

(i) Determination via di-Higgs production
HL-LHC estimate: +27%

LCFz 25

(i) Determination from single Higgs boson production
(sensitivity via loop effects)

- Two e*e” energies
- Constraining other contributions in the loops
(sizeable contributions from top operators) CLIC330 1300 300

g e : LEP3
Z/“f ,7 i i Z/»\, FCC- eezww 240
' N\ EFT analysis,
; e European Strateg) single + di-Higgs,
t
M
t
LCF550: uncertainty remains roughly constant, due to
combination of ZHH and vvHH processes

for Particle Physics,
{ \
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Electroweak precision observables (EWPQO)

* Impressive precision in circular colliders due to large Z samples

(6-10'2 (2:10'2)Z at FCC-ee (LEP3) per interaction region))

* High-energy linear colliders: partly compensate (polarised beams, enhanced sensitivity via vector-boson scattering)

| Observable | Current | FCC¢e | LCF | LEP3 |
Amy (keV) 2000 4 (100) 200 7.5 (100)
Al'z (keV) 2300 4(12) 125 7.5(23)
SR, (x107°) R, =124 [ 1600 | 24(23) | 90(90) | 4.5(23)
H
SR, (x107°) Ry={> | 3300 | 1.2(16) | 70(60) | 22(3.0)
Asin® 8, (x10°) 130 | 0.4(05) | 2723) | 0.75(0.95)
Aa(mz)™" (x10%) 14 0.8,3.8 - 14,73
Amy, (keV) 9900 | 180 (160) | 500 (1600) | 430 (700)
ATy (keV) 42000 | 270 (200) | 2000 | 650 (500)

Current and projected uncertainties of EWPOs at various colliders;
stat. uncertainty quoted, exp. syst. in parentheses (single number - total uncertainty)

- Reaching these uncertainties places strong requirements on

the detector design

- Unprecedented precision for the EWPO at the FCC-ee

178 68% prob. regions from EW fit

@ Current

@ HL-LHC
176 L 3 HL-LHC+LCF2/250/350

< > HL-LHC+FCC-ee

Direct determination

174+ MSVMS, 2024—meG‘ 2025

<".» HL-LHC

D LCFzp250/350 6897, -
172} FCC-ee
170¢

- Theory uncertainties could be as well be a limiting factor in realising the full

7
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potential - significant and sustained investment in theory work is needed

80.33 80.34 80.35 80.36 80.37 80.38 80.39
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Top-Quark Physics

« Linear Colliders at higher energies significantly improve the PIA=TTeV AN\ mme amo
sensitivity to EF T operators in the top-physics area; T/ | m—LCE,  MFCC-co
. BN L.CF;5;0 M FCC-hh
f‘)\; I 1.CF 000 MuCj ey
L 3 CLIC35 NN MuCip reyv
550 GeV opens up sensitivity to energy-dependent E . owic mmuic
operators A
- stronger bounds on (e*e~tt ) interactions g
* Highest sensitivity: 10 TeV muon collider,
followed by 3 TeV (CLIC), 1 TeV LCF Cy Cu G Cu Co oGy Cu G Ca b, Cf
o Hadron colliders complementary Sensitivity of SMEFT operators to FCNC in the top-

(qq tt, best measurement of the top-Yukawa coupling) quark sector

N AC; [Tev]

/ - \ Sensitivity to (I*1~tt ) four-fermion operators
E“*Opea”,sm“,eg)
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Flavour physics

« Large progress will be made by LHCb and Belle-ll over the next decade (until 2040)

b-hadrons in detector acceptance
T T

T

_ .~ LHCb Bom "
Ba/Ba 5 Beflel 1000
W B/B-
m B,/B,

. AR,

—
=]
3

T T
Today
06} £
- European Strategy)

iy
52,

; :
2030s
] ( )
. European Strategy,

European Strategy;

i
=]
T

—
=]
=

i
(=)
W

[Vis| /| Ve

Number of b-hadrons in 107 units

102 10 2 10
P P
10! 07 T T 7 T - T 07 T T 7 T T
2040s £ ) 4 4 :i:“c:";%o::: ' 2050s £ ) " 5 Iéi:nc:nagm .
LHCh Belle I LCF LEP3 FCCes G8E"  Binmpean fatien) ] O8] rope Resisn) / FCCee 610
(300 fb=1) (50 3b-1) @it z9) (410270 (610 2Y) ,\.,.,// o,
05pw, (23) . 05, (<3,
o
04
20405 20505 oaf
Belle Il 10 ab! Belle Il 50 ab? LCF210°2°
LHCb 50 fb* LHCb 300 fb? LEP3 1.4 1012 2° 02
2
e o1 & 1Vol/IVal o1f fN A ¥
T\ ‘ 3 VN ; 8
0002 0.0 0.2 04 06 [ 10 0952 0.0 0.2 0.4 0.6 0.8 1.0

p P

* For some b-decays and also for t—physics, Tera-Z production at a future FCC-ee would provide a step forward
(beyond the LHCb and Belle Il reach)

* Giga-Z has strongly reduced potential for flavour physics
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Flavour Physics

Touy
e Bellell = STCF LEP3 2 FCCee
+ LCF
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Expected upper limits at 90% CL on
BR (7t — py) and BR(t - pup)

Left: current and expected uncertainties on
BR (B° - uw);

Right: expected relative uncertainty on
BR (B° - K*%v7)
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Other Recommendations
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General Recommendations

The full exploitation of the physics potential of the LHC and the HL-LHC and the completion of the high-luminosity
upgrade remain the highest priorities of European particle physics.

Every effort must be made to complete the HL-LHC upgrade within the current schedule.

V(H)
— Standard Model

LHC Run 2
HL-LHC
FCC-hh

H/v
0.4 0.8

-0.8 -0.4 0|0

Constraints on
Higgs potential

[Tk silicon strip'petal

ii. The unique ecosystem of particle physics research centres and universities in Europe should be further strengthened
in order to address the objectives set out in this Strategy.

iii. ~ The implementation of the Strategy should be pursued in strong collaboration with global partners and neighbouring fields.
iv.  The relationship between the particle physics community and the European Commission should be further strengthened,

exploring funding opportunities for the realisation of infrastructure projects and R&D programmes in cooperation with
other fields of science and industry.

\
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Technologies

To ensure that Europe remains at the forefront of technologies for particle physics, R&D in collaboration with
international partners and industry must continue to be supported with high priority, thereby enhancing sustainability

and societal impact.

Accelerator science and technology:

i. In order to realise the visionary plan presented, the highest priority must be the development and industrialisation
of key technologies: advanced superconducting and normal-conducting RF structures, efficient RF power sources
and accelerator-quality magnets in the 14 - 20 T range, including those based on high-temperature superconductors.

EUCARD2 Feather M2 (CERN)

FCCee Collider RF system (400 MHz and 800 MHz)
Z-WW-ZH ttbar

Eufgﬁéﬁf‘,?;{?g,eg) ESG Recommendations, F9 Strategy, Krvavec, 28" September 2026



Technologies (cont.)

Accelerator science and technology (cont.):

ii. Demonstration of high-current multi-turn energy recovery in linacs constitutes an important step towards
power-efficient lepton accelerators for a broad range of applications and should be pursued.

fii.

The longer-term development of advanced technologies, such as high-gradient wakefield acceleration and those

underpinning bright muon beams, should be supported at an appropriate level.

Synergies with the US initiative on muon collider R&D should be exploited.

PERLE at IJCLab Electron

ﬂ\r*ﬁ“ . ‘. A*I '

Yoy Y .

7/

European Strate
Particle Physi

DC-Photo .4
Booster ~ Gun ¢
Cryomodule
ERL
Cryomodule

Plasma acceleration

\
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Preliminary design of a muon
cooling cell - Demonstrator
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Technologies (cont.)

Detector development:

I For the DRD collaborations to address the requirements of future flagship projects, they must receive adequate funding.
New R&D topics and initiatives should be integrated in the DRD scheme. The General Strategic Recommendations in the
roadmap must be fully addressed by dedicated initiatives coordinated across the DRD collaborations.

ii. A coherent, strategic approach and sufficient resources to support close cooperation with industry are required to
address the rising costs and growing complexity in engineering, particularly in microelectronics.

iii.  To enhance efficiency and align developments with global technology trends in other fields, standardised, off-the-shelf
solutions should be prioritised over custom designs, where applicable.

DRD1: Gaseous Detectors
Large - Fast - eco-friendly
gases - MPGD, e.g. GEMs

PICOSEC: NIMAS03
(2018) 317

DRD3: Semiconductor Det.
Monolithic CMOS - LGADs
radiation hardness - interconns.

DRD6: Calorimetry

Energy resolution - High
granularity - dual readout
particle flow - sandwich - optical

= - coae
NELL

—mE-

L3 =1

DRD7: Electronics
ADC/TDC IP Blocks - Opto-
electronics - packaging - power *
extreme environments - COTS -
intelligence on detector - foundry
access

DRD2: Liquid Detectors
for Neutrinos - Dark Matter
- Ovbb

i |[Cawe santiiaters

DRD4: Photon detectors
vacuum, solid-state (SiPM), hybrid
single-photon and SciFi detectors -
applications in PID and RICH

-

DRD5: Quantum Sensors
Quantum dots - superconduct
nanowires - bolometers - TES -
MMC - nuclear clocks
Applications in LEPP, first

DRD8: Mechanics

Ultra-thin beam pipes - CF foam and
new materials - curved, retractable
sensors - air & micro-channel cooling
- eco-friendly ccoling fluids - robots
augmented reality

o : K I . projects in HEPP happening
—— e —
e | | RN
5 ! 0
= 4

[ \
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Technologies (cont.)

Computing:

i. Adequate and sustained support for and coordination of software and computing must be provided to
achieve the goals of future particle physics projects, starting with the HL-LHC. Planning of future projects
should include software and computing from the outset, addressing energy efficiency and sustainability.

ii. In order to address theoretical and experimental needs, such as in lattice QCD, data -intensive workflows
through WLCG and long-term data preservation and reinterpretation, the particle physics community should
further engage with and help shape the evolution of EuroHPC, Al factories and other global initiatives.

iii. ~ The European particle physics community must further intensify its activities in Al and sustain them with
adequate resources. A roadmap, coordinated among CERN and national laboratories, institutes and
universities, should be developed to prioritise Al activities taking into account synergies with international
partners and other communities.
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Technologies (cont.)

Knowledge and Technology Transfer (KTT):

i The European particle physics community should reinforce KTT as a pillar of basic research that enables its
impact on society. Concepts and implementations for bidirectional KTT should be an integral part of all
particle physics projects, including R&D collaborations.

ESG Working Group 7 report
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Other research directions in particle physics

i. European contributions to both accelerator-based and non-accelerator neutrino and dark matter
experiments are essential and should be supported.

ii. CERN should continue to provide support to the global long-baseline neutrino programme via the Neutrino
Platform. The collaboration between CERN and non-accelerator-based experiments on technologies of mutual
benefit should be continued.

iii.  The ecosystem of European particle physics laboratories should continue to support a broad, diverse spectrum
of key precision experiments in particle physics.

DM Xenon experimént
at Gran Sasso
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Theory

i. Europe should maintain a strong and diverse particle theory landscape, from formal to phenomenological
aspects, while further strengthening and leveraging connections to neighbouring fields.

ii. 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.

European Str ?«@99 ESG Recommendations, F9 Strategy, Krvavec, 28" September 2026
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Project Implementation, cooperation with large Particle Physics
Laboratories (PPLs) in Europe

I The next flagship collider at CERN should be developed under CERN’s leadership, with coordinated in-kind contributions
from the PPLs. Collaboration between CERN and PPLs should be strengthened for strategic technology developments.

ii. The Large Particle Physics Laboratory Directors Group (LDG) should explore the possibility for a new initiative to
enable and strengthen the implementation and promotion of scientific diversity in particle physics with a shared
European vision.

iii. ~ The LDG must continue the coordination of the Accelerator R&D Roadmap by integrating strategic priorities, enhancing
collaboration across PPLs and CERN, and by optimising usage of laboratory resources. In addition, R&D efforts to enhance
the sustainability and energy efficiency of accelerators from design to operation and decommissioning should be
supported.

M AST E R major collider(s) scientific diversity R&D test facilities
P L A N @CERN @Laboratories/Universities @Laboratories/Universities

P —
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Synergies with neighbouring fields

i. The European particle physics community, in coordination with APPEC and NuPECC, should maintain its scientific
diversity via strong collaboration with nuclear and astroparticle laboratories and research infrastructures in
Europe and beyond, including the Einstein Telescope in Europe and the Electron-lon Collider in the US.

ii. CERN should continue its involvement in experimental nuclear physics and astroparticle p hysics at the current

level. Consideration of additional experimental activities outside of CERN’s accelerator-based particle p hysics
programmes should be subject to adequate resources being available for CERN’s primary mission.

ESG Working Group 4 report
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Sustainability and environmental impact

i. For new proposed projects, a detailed life cycle assessment should be carried out at each stage, from concept to
design and implementation, in order to quantify and minimise environmental impact.

ii. The particle physics community should continue and intensify its efforts to develop and adopt sustainable
solutions.

iii. ~ An effective balance between in-person and online meetings should be considered in order to mitigate the
environmental impact of carbon-intensive travel.

ESG Working Group 5 report

CERN Environmentally Value in
q . Domain reference Current status Target for 2030

Responsible Procurement Policy year (2018)
Scope 1
emissions 192 100 170 100 (2023) 7 Reduos by 50%
(CO,8) Wk
E(Li‘:ﬂﬁ:tyh o 1252 1142 (2023) » Max 1500
ren P 1290 (estimation 2024) > 10% renewable
Gas

. » Reduce by 60%

(Cgsir:l)mpflm (average 2016-2016) 39 (2024) wrt, 2018
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Public engagement, education, communication, social and career aspects

Education, communication and engagement in particle physics should target a broad range of stakeholders, with a
dedicated effort to reach diverse and underrepresented audiences.

The many education, communication and outreach initiatives in the various European national communities, EPPCN,
IPPOG and the Teacher and Student Forum should be further encouraged, integrated and supported by European
institutions and CERN.

Dedicated European training programmes in accelerator science, computing and detector instrumentation, including
sustainability aspects as well as first-hand exposure to the latest technologies, should be further developed at the master
and doctoral levels. The existing international schools in these areas should be strengthened to offer an expanded,
coherent training programme.

ESG Working Group 6 report
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Public engagement, education, communication, social and career aspects

iv.  The community should actively promote the creation of long-term positions for engineers and technicians, as well as
physicists with technological expertise in accelerators, detectors and computing. Two-way transfer of knowledge via
mobility between industry and academia should also be encouraged.

V. The particle physics community should continue its unwavering commitment to place the principles of Equity, Diversity,
and Inclusion (EDI) at the heart of all its activities.

vi.  Current efforts for mentoring, easing mobility across institutions and promoting well-being of early-career researchers

should be reinforced. In addition to scientific achievements, career evaluation should also consider technological,
outreach and knowledge transfer activities.

ESG Working Group 6 report
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Overall Physics Assessment (Precision Physics)

. . CD QCD
Project Hi EWPO T Fl Q

} 485 P WOUL (precision)  (PDF + HIs)
HL-LHC State-of-the-art starting point at the end of HL-LHC

Lepton and ep Colliders

FCC-ee 4 3 1
FCC-ee no-top 2 4 2 4 1
FCC-ee descoped 2 4 2 4 3 1

LEP3 2 4 2 4 3 1
LCF-250 2 3 2 1 2 1
CLIC-380 2 2% 3 1 2 1

LHeC 1 2 1 1 3 5
Mid-Energy Lepton Colliders

LCF-550 4 4 4 1 2 1
LCF-1000 4 4 4 1 2 1
CLIC-1500 4 3* 4 1 2 1
CLIC-3000 4 3* 4 1 2 1

Energy frontier

FCC-hh 3 No information 3 I
muC 4 3 s 3 1 2
Precision w/ energy

LHeC + FCC-hh 3 2 2 3 4

LEP3 + FCC-hh 4 4 3 4 3

LEP3 + muC 4 4 3 2
FCC-ee descoped + FCC-hh 4 3 4 4

FCC-ee + FCC-hh

CERN-ESU-2026-006

For CLIC, operations at the Z-pole are possible but not considered in the Briefing
Book studies; such operations would strengthen its EWPO programme, as noted

EW?“’?W‘SQ{%‘?Q) ESG Recommendations, F9 Strategy, Krvavec, 28" September 202§ by the “”in the table, bringing its rank to the same level as the LCF project.
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Overall Physics Assessment (BSM Physics)

Project Comp. SUSY SUSY DM Scalar New forces  Portals
H&V  (QCD) (EW) Singlet

HL-LHC State-of-the-art starting point at the end of HL-LHC
Lepton and ep Colliders
FCC-ee

FCC-ee no-top

FCC-ee descoped

LEP3

LCF-250

CLIC-380

LHeC

Mid-Energy Lepton colliders
LCF-550

CLIC-1500

LCF-1000

CLIC-3000

Energy frontier

FCC-hh

muC
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Precision w/ energy

LHeC+ FCC-hh

LEP3 + FCC-hh

LEP3 + muC

LCF + muC

FCC-ee descoped + FCC-hh
FCC-ee + FCC-hh

CERN-ESU-2026-006
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Coverage of first-stage e*e colliders

FCCee
[ High-energy coll. LE P3
I Top-quark [ High-energy coll.
I Higes B Top-quark
Electroweak I Higes
Flavour Electroweak
Qco Flavour
Qco

cermiepton

CLIC380

I | High-energy coll.

LCF250

High-energy coll.

I Top-quark I
I Higgs N Top-quark
Electroweak I Higes
Flavour Electroweak
Qco Flavour
Qco
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FCC-ee versus high-energy e*e™ colliders
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FCCeehh versus FCC-ee-descoped + FCChh

FCCeehh

FCCee
[ High-energy coll.
N Top-quark [ High-energy coll.
I Higes N Top-quark
Electroweak I Higes
[ Flavour Electroweak
Qco [ Flavour
Qco
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I i-enersy col. FCCeehh-descoped
I Top-quark N High-energy coll.
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Electroweak I Higes
[ Flavour Electroweak
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Qco
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