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Where we are now
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Open questions

BIG QUESTIONS WE STILL DON'T KNOW

NATURE OF THE “ . DARK MATTER?
HIGGS BOSON?

; —e— Observed
4 Data { : . AR 4 — = - Visible matter only
+— Background P N\ : e e - 3 Dark matter

= el
H-vyy e

Events/2 GeV

20 30
o Why is it so light? o What is the origin ) G - o 85% of matter in the Universe is invisible Distance (kpc)
o Is it elementary or composite? of electroweak symmetry breaking? A 3 \ What is it made of?

AATTER
QUANTUM THEORY
OF GRAVITY?

NEUTRINOS’ MASSES
HIERARCHY?

N

ANTIMATTER

Why is there more matter than antimatter?

o Where did the asymmetry come from?

How do we reconcile General Relativity
lightest heaviest ‘

and Quantum Mechanics?

What happens at the Planck scale?

e What is the ordering: normal or inverted?
\ o Are they their own antiparticles?
N

e Why do neutrinos have mass? ‘

/

THE STANDARD MODEL IS INCREDIBLY SUCCESSFUL... BUT INCOMPLETE. WE NEED NEW IDEAS, NEW TOOLS, AND NEW DISCOVERIES.




What comes the next

What will be the next flagship project at CERN after the HL-LHC?




The European Strategy for Particle Physics (ESPP) 2026
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European Strategy
for Particle Physics

https://europeanstrategyupdate.web.cern.ch/
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ESPP 2026

Council appointment of the Deadline for the Open
members of the PPG and submission of main .
decision on the venue for the input from the Symposmm
Open Symposium community
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“Briefing Book” to
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national input in advance
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Discussion of the draft strategy
document by the Council and
updating of the Strategy




Recommendations from ESPP 2026

The next CERN flagship collider project

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

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



Proposed large scale projects @ CERN (2040s)

FCC-ee (e'e, circular, 91 — 365 GeV)

LCF (e'e’, linear, 91 — 240, 550 GeV)

e*e" colliders

CLIC (e’e, linear, 380 GeV, 1.5 TeV)
(“Higgs factories™)

272

e
Compact Lineer Collider (CLIC) ’:{
N 200 GoV - 114 v (CLCIN0 , g

| S A5 %V 90InCUCN

S 30TV 50 em CLC000

LEP3 (e*e-, circular, 91 — 230 GeV)

LHeC (ep, circular, electron ERL,
50 GeV e, > 1 TeV ep collisions)

Intermediate projects

(Leave room (time, budget, resources) for further
development of THE machine that can probe

directly the energy frontier at the 10 TeV parton
scale)

)
’ K. Jakobs, CERN Colloquium, 26" February 2026



Circular or linear?

T Y s y — - -
Circular e*e- 5 i e |1 | Linear e*e- colliders
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Hom
m K. Jakobs, CERN Colloquium, 26" February 2026



Towards more far future
LCF, CLIC

Muon Collider (3, 10 TeV) e*e” with improved acceleration technologies
i LCF, C3 (> 1TeV), CLIC (1.5 TeV), HALHF, ...

- plasma acceleration for higher energies

FCC-hh,
baseline 85 TeV (= 120 TeV)
(can 0(10) TeV be reached? on what timescale?)

ibility for HI collisions
a
ﬂ K. Jakobs, CERN Colloquium, 26" February 2026

10



Evaluation of the proposed projects

Project

TRL

R&D

Test facilities

Performance

Site
preparation

Schedule

Cost

Risk

CLIC 380 GeV, 15 TeV

FCC-ee 91-365 GeV

FCC-hh 85 TeV

4 -7 (NbySn)/4.3

FCC-hh - SA 85 TeV

4 -7 (NbsSn)/5

LCF 250 - 550 GeV

5-7155

LEP3 91 - 230 GeV

3-6/4.0

LHeC: HL-LHC + 50 GeV ERL

3-6/45

MC32TeV, 76 TeV




Physics: the Driver

FCC-ee physics programme Frank Simon, 7th FCC
Physics Workshop

Higgs Pillar Top Pillar

Electroweak Pillar

Precise and theoretically

Electroweak Precision & Discovery
o 3 ¢ well-defined
Precision measurements as a probe § Model-independent study ! : measurement of top
of all accessible couplings § | quark mass.

of New Physics at high scales.

¢ to high precision.
' ! Top as a BSM probe:

¢ Sensitivity due to high
§ mass.

' The Higgs Width: y - % Y
' Connects higher-E pillars!

Flavour Physics
The next generation Flavour Factory:
Solving flavour puzzles with extreme £
statistics (10x Belle II). :

Direct Searches
Weakly coupled lighter BSM
particles with high statistics.

The combination of all three pillars provides compelling discovery
potential - and you need all three to cover the broadest possible range.
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Higgs physics: Couplings

Model independent
measurements at e+e- colliders

Sub-percent precision of
K modifiers in many channels

e Performance similar for
centre of mass energies up
to 240 GeV

o ttH, ZHH and vvHH
contributes at higher
energies (> 550 GeV)

Hadron colliders for improvements
in rare decays (H—pu, H—2Zy)
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Higgs self-coupling

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

(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)

i o e /L
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/

R LY
_ K. Jakobs, CERN Colloquium, 26" February 2026

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

( \
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Electroweak precision observables (EWPO)

Best performance of the circular colliders

(FCC-ee, LEP3) due to large samples

e 10— 100x better precision compared
to current limits

Linear colliders profit from polarised
beams, but not reaching FCC-ee precision

I Observable I Current | FCC-ee [ LCF LEP3 I
Am,, (keV) 2000 | 4(100) 200 7.5 (100)
AT (keV) 2300 | 4(12) 125 7.5 (23)
SR, (x107°%) R, = | 1600 | 24(23) | 90(90) | 4.5(2.3)
u
SRy, (x107°) Ry=¢2> | 3300 | 1.2(1.6) | 70(60) | 22(3.0)
Asin” 6y, (x10°%) 130 | 0405) | 2723) [0.75(0.95)
Aa(my)~" (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)

2 an

178+ 68% prob. regions from EW fit
@» Current

@ HL-LHC

176} “® HL-LHC+LCFz250/350
HL-LHC+FCC-ee

s- Direct determination

L ... paCMS, 2024 _ PDG, 2025
3 1745 ... ycwo. 20240
. . HL-LHC :
= O LCFzps0/3s0 G, .. .-
g 172 FCC-ee

80.33 80.34 80.35 80.36 80.37 80.38 80.39

My [GeV]
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Flavour physics

LHCDb and Belle-1l will increase significantly its potential until 2045

Reduced possibilities in linear colliders (103x lower sample compared to circular colliders)

f-hadrons in detector acceptance

T Ll Ll
: — 07 v - v .
\ BBy 2030s ’;,E‘f,, ey
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-a LB,
[ I
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Top physics

Linear Colliders at higher energies
significantly improve the sensitivity to EFT
operators in the top-physics area

Highest sensitivity with 10 TeV muon
collider, followed by 3 TeV (CLIC),
1 TeV LCF

Hadron colliders complementary

10! 5

10° 4

Projected upper bound (95%)

10714

Sensitivity of SMEFT operators to FCNCs
in the top-quark sector

107" 4l

-('L[('l.'.(m
I CLIC;000
N FCC-ee
I FCC-hh
MuCj rev
I MuCyg rey

L RTERS




Beyond Standard Model at e+e- colliders

Indirect searches by deviation from SM predictions

Direct searches for BSM particles — feebly interacting particles of low masses

e Strong requirements on the detector performance

Axion-Like Particles (ALPs)

/ FCC-PbPb
v
/
74

Europ'can S‘tratcg)
for Particle Physics,
| L

E o %N T o SRR TSI R ATe] NS T] SR A |
1072 101 100 10! 102 103 104

10°

~ == Bellell, 20 ab~!
—— Bellell, 50 ab~!
—— SHiP, 15 years
ALICE 5.52 TeV, 35 nb~!
ALICE 5.52 TeV, 35 nb~!
MuC 3 TeV, 0.9 ab~!
—— MuC 10 TeV, 10 ab~!
-+ CLIC 380 GeV 4.3ab~!
CLIC 1500 GeV 4.5 ab~!
CLIC 3000 GeV 5ab™!
==+ LCF Beam Dump (1yr)
— LCF Beam Dump (20yrs)
—— FCC-hh 85 TeV 30 ab~!
===+ FCC-PbPb 39 TeV 110 nb~!
==+ FCC-pPb 63 TeV 29 nb~!
===+ FCC-ee non-Z-pole(y—fusion)
—— FCC-ee Z-pole (37), 204 ab~!
= FCC-ee Z-pole (17), 204 ab!

ALP @ FCC-ee (Z pole)

et 9
a .
S 5

Z/ry \‘{

e &
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FCC-ee and other options

FCC-ee

e Broadest high-precision particle physics programme
e Technical feasibility is demonstrated in the FCC feasibility study
e Straightforward path towards 10 TeV parton energy at FCC-hh

LEP3 and LHeC

Proposed as intermediate colliders

Reduced physics programme at lower cost

Not competitive with an FCC-ee-like collider

Need to be complemented by another machine leading to 10 TeV collisions

Linear Colliders

e Reduced physics programme
e Not competitive with an FCC-ee-like collider
e Currently no path exists to 10 TeV collisions

19



Descoped FCC-ee

Aim: to improve financial feasibility of FCC-ee, but to keep as wide range of
physics programme as possible to keep

Descoping means

e removing top quark run (-1.26 BCHF)
e two instead of four experiments (0.8 BCHF)
e decreasing RF system power from 50 MW to 30 MW (-0.35 BCHF)

Reduction of the cost by ~15%

20



Physics reach

B
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Precision physics

FCC-ee
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Comparison between the options

Constr.
cost
(BCHF)

Time Path to
scale >10 TeV

Precision | BSM Physics | Technical

Machi
BENIE Physics | physics |vs CEPC |readiness

FCC-ee 22 23 2046-2060

",’c‘:z“d 15 17 2046-2055 |

LCF550 15 17 2045-2065
14 18 2045-2066
10 16 94 20452053
10 16 75  2045-2054

15 17 4.1 2047-2062

2.1  2044-2051
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Recommendations from ESPP 2026

The next CERN flagship collider project

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

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

23



Recommendations from ESPP 2026

The next CERN flagship collider project

1.

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

— Flagship project at CERN, which will allow Europe to play a leading role in
the field

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

— Other projects not competitive with FCC-ee like machine, or currently no
path exists to 10 TeV collisions in the future

24



More recommendations

LHC and HL-LHC programme as a highest priority
e Complete upgrades for HL-LHC is a must
R&D in collaboration with international partners and industry

e Accelerator technology
e.g. magnets up to 20 T; high-gradient wakefield acceleration
e Development of detectors

25



Requirements on the detectors

Physics at FCC-ee

e Electroweak precision
measurements
e Higgs physics

e Flavour physics, top physics

e Searches for new physics

Detectors

Small systematics on the
measurements

Perfect tracking, energy resolution
Perfect tracking, energy
resolution, particle identification
Sensitivity to small signals, low

noise, displaced vertex
reconstruction

06




ALLEGRO detector concept

A Lepton-Lepton collider Experiment with Granular Read-Out ALLEGRO
Noble Liquid 2T Solenoid
Ecal
Vertex
. Detector
Lumical
Main tracker
MDI
Silicon
Wrapper
Steel -
Scintillator
Hcal Muon Tagger




Conclusions

CERN Council: Update of the European Strategy for Particle Physics
(Budapest, 21-22 May 2026)

e Official Release of all Strategy Update Documents

Decision to build or not to build FCC-ee to be taken in 2028

THE FUTURE OF PARTICLE PHYSICS 1S TAKING SHAPE. .. ==
o3 cern.ch/esp s
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Site
Project Scope TRL R&D Test facities | Performance preparation Schedule Cost Risk

CLIC 380 GeV, 1.5 TeV 4-6/52

FCC-ee 91-385 GeV

4-7 (Nb,Sn)/ 4.3
FCC-nh 85 TeV

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

LCF 250 - 550 GeV 5-7155

LEP3 01 - 230 GeV 3-6/40

LHeC: HLLHC + 50 GeV ERL 3-6/45

MC 32 TeV, 78 Tev

Muon Collider: The technologies underpinning the MC design are in the early phases of exploration;
Comprehensive R&D programme defined (300 MCHF, 1800 FTEYy);
Demonstrator need to be built.

FCC-hh: Further R&D and industrialisation of high-field magnets (Nb;Sn 15 - 20 y);
Costs of HFM, further developments of high-temperature superconducting (HTS) magnets
LEP3: 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)
LHeC: 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 IJCLab is vital a1

£
m K. Jakobs, CERN Colloquium, 26" February 2026 18



National inputs

Preferred Collider Option

FCC-ee (MS) ‘

FCC Integrated (MS) ‘

Other Collider (MS) ‘

» 24/25 CERN Member States HEP communities in
favour of the FCC-ee programme

+ 20/24 CERN Member States HEP communities in
favour of the integrated FCC-ee / FCC-hh programme

Preferred alternative (Plan B)

Muon Collider

No preference

* No consensus

« Three main axes: - FCC (stretched in time, descoped, ...)

- Linear Collider
- Intermediate project in LHC tunnel as
bridge towards FCC-hh (10++ TeV scale)
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