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RD-FCC status of international support

2

34
K. Jakobs, ESPP Open Symposium, 27th June 2025

Photo Trevor Sherwin

From F. Gianotti‘s talk

•  The open symposium of particle physics  
of partcile physics just ended in Venice


• Inputs callected from European HEP 
community and from extra-EU 
collaborators


• Inputs from RD research groups, funding 
agency, major HEP labs


• good discussion during the symposium 
to define the basic recommendation for 
the fiture of high energy collider physics 
in Europe


• several options have been studied in 
terms of physics potential, cost, long 
term vision

Open Symposium on the European Strategy for Paticle Physics


Venice 23-27 June 2025
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K. Jakobs, ESPP Open Symposium, 27th June 2025

Proposed large-scale projects at CERN,  ~ 2045

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)

e+e- colliders
(“Higgs factories”) 

LCF (e+e-, linear, 91 – 240, 550 GeV) CLIC (e+e-, linear, 380 GeV, 1.5 TeV)FCC-ee (e+e-, circular, 91 – 365 GeV)

FCC 
91 km 

circumference

LEP3 (e+e-, circular, 91 – 230 GeV) LHeC (ep, circular, electron ERL,
50 GeV e-, > 1 TeV ep collisions) 

Several options considered including intermediate options in case the best preferred 
scenario is not favoured due to budget constraints
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Physics output comparison, H and Z couplings

14
K. Jakobs, ESPP Open Symposium, 27th June 2025

Electroweak Physics 

- The HL-LHC will provide legacy measurements for top, ttH, λ3  
and rare decays until a top and high energy run 

- Multiple energy points in e+e- colliders are important to 
Higgs precision (i.e. width, HWW, λ3)

- Tera-Z brings highest overall sensitivity to el.weak

- Significantly improved high-precision tests of the el.weak sector 
are vital to guide future direct searches of new physics 

- Precision and energy are strongly complementary

- A focus on both precision (→ smaller effects) and breadth      
(→ characterization of any eventual signal) is important in the 
search of the unknown. 

- Fundamental advancements in theory techniques and tools 
needed

Z pole physics

Higgs physics

Z pole physics dominated by FCC-ee 

Higgs physics dominated by FCC-ee + FCC-hh 

(FCC-hh results are typically provieded assuming 
an FCC-ee collider before it)
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(→ characterization of any eventual signal) is important in the 
search of the unknown. 

- Fundamental advancements in theory techniques and tools 
needed

Z pole physics

Higgs physics
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Physics output comparison, Higgs boson self-coupling

15
K. Jakobs, ESPP Open Symposium, 27th June 2025

Electroweak Physics 

FCC-ee240 under same assumption of FCC-hh result (big misunderstanding here, it should be 
fixed  before the briefing book) - HHH at 10% at FCC-ee under similar assumptions for FCC-ee
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Cost comparison

12
K. Jakobs, ESPP Open Symposium, 27th June 2025

Cost Estimates   

LEP3CLICLCF

FCC-hh
(after FCC-ee)

FCC-ee

LHeCMuon Collider

à ~2 BCHF (2025)

(cost estimate 2018, 60 GeV e-)

15 BCHF for FCC-ee, to compare with 8.4 BCHF LCF,

4 BCHF for LEP3 (very preliminary estimate)
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Muon collider demonstrator timeline
• many aspects need to be 

demonstrated 

1. muon cooling 

2. magnetic field ramping 

3. stability with respect to 
electron radiation 

4.  magnets and RF cooling 
and so on 

• timeline for R&D set at 2045, 
when we would actually like 
to be ready for construction… 

• muon collider is on the FCC-
hh timescale, it is not an 
alternative to FCC-ee 

• the expectation is an R&D 
program lead and financed 
mainly by US
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Plan B discussion
• the ESP asked also for feedback about a possible plan B in case the preferred 
option could not have been done for budget considerations

The outcome is  three possible alternatives

Machine Pros Cons

LCF 250 Best Higgs Physics, could be 
upgraded to higher energies

Z physics a factor 10 worse than LEP3, 2x 
more expensive than LEP3 (LEP3 cost 

estimate very preliminary)

LHeC
PDFs for FCChh, access to lepto-
quark observables (poorly  probed 

up to now)

cost estimate preliminary, accelerator 
principle to be demonstrated (recovery 

energy linac)

LEP3 Z phys at the level of FCC-ee
• we have already seen it, it doesn’t look  

exciting  

• after that we are again in the condition to 

chose to  move to FCC-ee
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National inputs summary

6
K. Jakobs, ESPP Open Symposium, 27th June 2025

What is the preferred large-scale accelerator for CERN 

• Overwhelming support (21/24 CERN MS 
HEP communities) in favour of the 
integrated FCC-ee/hh programme

CERN Member States (MS)

• Support as well from Associate Member states (AMS) 
and Non-member states (NMS) 
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MS Member States

Support for an FCC-ee/hh integrated program What is the best option if the preferred one 
cannot be realised

7
K. Jakobs, ESPP Open Symposium, 27th June 2025

What is the alternative if the preferred option is not feasible?

CERN Member States (MS)   (multiple entries allowed)

LCF

CLIC

LCF 

CLIC 

MC 
• 10 MS HEP communities list a Linear Collider (LCF, CLIC) as second

best choice 
(LCF is preferred to be realised with 550 GeV) 

• 3 MS HEP mention LEP3 as a genuinely less costly alternative to 
FCC-ee 

• 6 MS HEP communities support LHeC

• 6 MS HEP communities support a lower-energy hadron collider  

• 2 MS HEP see no reason for another option, as they would be
equally costly.
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Some institutes interpreted “not feasible” in a 
broad sense, like an e+e- collider in China would 
stop the plan for the same machine in Europe
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K. Jakobs, ESPP Open Symposium, 27th June 2025

Photo Trevor Sherwin

Final Words 
Over the past years very significant progress has been made towards the realisation of the next  
flagship project at CERN

• FCC: Successful completion of the Feasibility Study; No technical showstoppers identified 

• Overwhelming support for the integrated FCC-ee/hh programme by the HEP communities in the CERN Member 
and Associate Member states and beyond;  

The strong support is largely based on the superb physics potential and the long-term prospects (FCC-ee /hh)

• Discussions on the financial feasibility are ongoing  (CERN management and Council)

Summary from Karl Jakobs
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Next steps for RD-FCC

1. disucssion will continue up to the end of the year, possibility to provide further inputs to  help 
summarising the collected inputs so far, national institutes should provide their inputs by the end 
of this year;


2. I don’t expect any change on plan A, but financial feasibility could become more clear, from 
informal discussions the plan is to get something from European Commission, some extra from 
the member states and also private income contributions are under evaluation;


3. the decision is ecxpected from the CERN council in the next 2 years, in these two years the 
plan is to work more on realistic simulation, push forward the R&D of the detector technologies, 
start building detector collaborations;


4. at the moment 2 detector prototypes are proposed: IDEA and Allegro, but 4 IPs are considered 
for FCC-ee, there is room for several technologies to be implemented and specialised for 
different physics tasks
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Detector design

Fabrizio Palla - INFN Pisa

Detectors for FCC-ee

9Open Symposium on the European Strategy for Particle Physics - Venice 23-27 Jun 2025

– VTX MAPS   
– Main Tracker: Silicon 
– Very high granularity (CALICE) 

inside the Solenoid 
– ECAL Si+W  
– HCAL Fe+scintillator   

– PID: RICH and TOF 
– Muons ID with RPC

– VTX MAPS  
– Main Tracker: 

– Drift Chamber/Straw/Si 
– Si/LGAD wrapper (TOF) 
– ECAL: Pb+L-Ar/W-L-Kr  
– HCAL: Fe+scintillator outside 

the Solenoid 
– PID: RICH (in case of Silicon 

main tracker)  
– Muons with RPC

– VTX MAPS  
– Main Tracker: TPC 
– Very high granularity 

(CALICE) inside the 
Solenoid 
– HCAL Fe+scintillator   
– ECAL Si-W   

– Muons with scintillator

– VTX MAPS  
– Main Tracker: 

– He+Isob drift chamber 
– Si/LGAD wrapper (TOF) 
– DR calorimetry (fibres): 

– ECAL: Crystals 
– HCAL: Iron outside the 

Solenoid 
– HTS Solenoid (up to 3T) 
– Muon ID: µ-RWELL

CLD
ALLEGRO

ILD 
for  
FCC-ee

IDEA

(ID#211)

(ID#102)

(ID#95)

(ID#95)

• MicromegaS 
detectors 
proposed by 
Roma-Tre and 
collaborators for 
both Allegro and 
IDEA as an 
alternative option 


• In order  to push 
forward the R&D a  
minimum fast-sim 
simulation is 
needed for both 
Allegro and IDEA
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Particle flow for dual readout in IDEA

Figure 4. Left: Gaussian fit to the residuals between the truth simulated electron energy and the energy
estimated by the DNN outcome, in the energy slice 13.5 GeV < Etruth < 18 GeV. Right: energy
resolution as a function of 10 truth electron energy slices. The red line shows the fit typically used to
evaluate the energy resolution of the form: �E =

ap
E
� b

E � c.

Figure 5. Electron energy resolution as a function of 10 truth electron energy slices. The dashed black
line reproduces the results shown in Fig. 3 right. The solid red line shows the plain sum of energy over
the calorimeter cells, the solid black line shows the electron energy resolution evaluated using a DNN
with 20 hidden layers and all the kinematic information as inputs, the dashed red line shows the electron
energy resolution evaluated using a DNN with 10 hidden layers and only energy information as input
to the algorithm. Finally, the blue line shows the results previously obtained in Ref. [13].

• No batch normalisation adopted;

• Maxpooling approach and zero padding approach.

With this method it is possible to overcome memory issues, and to use the full electrons
energy range. Numpy arrays are generated with shape (N,N, d) where N ⇥ N is a matrix for
the � � ✓ calorimeter coordinates of the simulated electron energy deposits with granularity
(100x100 bins). d represents the features associated to each pixel: energy, and z coordinate
in the calorimeter. These matrices, used as input images for the CNN, discriminate between
scintillating or Cherenkov fibres. A sketch of the CNN configuration is reported in Fig. 6,
together with examples of input images.

The electron energy resolution is used as figure of merit for batch size and learning rate
optimisation of the CNN, as shown in Fig. 7.

In order to improve the CNN performance, a proto-clustering was implemented consid-
ering, as inputs for the CNN, the calorimeter hits and distance with respect to the simulated

Figure 1: Sketch of a single slice of the IDEA calorimeter.

likely best configuration is a projective tower structure where towers are truncated pyramids pointing to
the IP. The inner face of each tower is projected at the outer surface where its area is roughly quadrupled.
In such a geometry, signals directly identify a well defined interval for the production angle of the detected
particle, as each tower corresponds to a certain region in ✓ and �.
Following this reasoning, the IDEA calorimeter is made of 36 rotations around the beam axis corresponding
to a segmentation of �� = 10.0�. Each rotation is referred to as a slice. Each slice contains both barrel and
endcap towers with a ✓ coverage up to ' 0.1 rad. Towers are 2 m long.
The calorimeter barrel-region of a single slice is made of 80 towers while each slice endcap-region consists of
35 towers. Each tower has a ✓ segmentation of �✓ = 1.125�. The barrel geometry is perfectly symmetrical
with respect to the plane perpendicular to the beam, i.e. the first right-tower is identical to the first-left
tower, and so on. Each slice is identical so that each tower (both endcap and barrel ones) is repeated
2⇥ 36 = 72 times.
The calorimeter active elements are scintillating (polystyrene) and clear-plastic fibers (PolyMethyl MethAcry-
late (PMMA)) embedded in copper. Fibers are placed in a chess-board like geometry with a 1.5 mm pitch.
The fiber diameter is 1 mm thick (core + cladding) so that each fiber is separated from the closest ones by
0.5 mm of absorber material.
This complex geometry has been reproduced within the GEANT4 simulation toolkit [7] and all results in
this chapter are obtained with it. Fig 1 and 2 shows respectively a slice of the IDEA calorimeter and sketches
of the full calorimeter and of a single endcap.
Fig 3 shows the energy containment of each tower when 40 GeV electrons enter the calorimeter at the center
of the tower inner face. As towers in the endcap region shrink going towards the beam pipe, the energy
containment decreases. With the exception of the seven towers closest to the beam pipe, the average con-
tainment is above 90%. This feature is at the basis of the calibration procedure explained in the following.

1.1 Signal simulation

The goal of the full simulation is to propagate each showering particle through the calorimeter, taking into
account its interactions with the active elements, up to the formation of a signal that can be acquired in a
real-life experiment (photoelectrons (p.e.), charge, ADC counts, . . . ). The following procedures are adopted
to simulate the scintillation and Cherenkov signals.

3

B. Di Micco  Dual Read Out Calorimeter  Particle Flow  Neural Network project 03 -2021

Fiber geometry 8

Cerenkov fiber

Scintillating fiber
1 mm

0.5 mm

• the nominal calorimeter for IDEA is a dual-readout 
spaghetti-copper calorimeter;


• main difficulties is to recover the bad electromagnetic 
resolution of usch devices with respect to 
homogeneus electromagnetic calorimeter;


• a NN approach (Roma Tre) was implemented using 
different configurations, using the dual-readout 
information, the fiber-level cluster information, the 
fiber-level energy


• unfortunately no - improvement over standard electron 
reconstruction was observed, main limiting factors 
was the hardware setup in the training: unoptimised 
training algorithm, limited GPU memory and absence 
of GPU parallelisation;


• we installed in the new cluster a full cluster of GPU 
based on an obsolete PowerPC controlled 
architecture but much more powerful than what we 
had up to now;


• R. Di Nardo implemented Tensorflow on this setup


• With Ada, Michela and Roberto trying to powerup the 
training using the new hardware to probe more 
complex NN configurations

CEPC Day 25.02.2021 

Fibers loaded in a tower

33

Fibers
illuminated 
from rear end

Scintillation fibers Cherenkov fibers
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Micromegas R&D 1/2

1

Evolution of the Micromegas detectors

Sviluppo di Micromegas 
resistive ad alte prestazioni 
dal 2015 in CSN5

(MPGD_NEXT e poi RHUM)

Eccellenti performance raggiunte con la configurazione
A doppio layer resistive con DLC:

Riassunte nel paper pubblicato recentemente:

M. Alviggi et al.
“Resistive fine granularity Micromegas: characterization and performance 
for different spark protection resistive schemes” 2025 JINST 20 P01012

Nel 2024-2025:

• Sviluppo LARGE AREA

• Industrializzazione presso la ELTOS
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Sviluppo di Micromegas 
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• Sviluppo LARGE AREA
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2024-2025 Large Area Detector Development

Industrialisation at ELTOS

Initial development since 
2015 in CSN5 
(MPGD_NEXT, RHUM)

1

Evolution of the Micromegas detectors

Sviluppo di Micromegas 
resistive ad alte prestazioni 
dal 2015 in CSN5

(MPGD_NEXT e poi RHUM)

Eccellenti performance raggiunte con la configurazione
A doppio layer resistive con DLC:

Riassunte nel paper pubblicato recentemente:

M. Alviggi et al.
“Resistive fine granularity Micromegas: characterization and performance 
for different spark protection resistive schemes” 2025 JINST 20 P01012

Nel 2024-2025:

• Sviluppo LARGE AREA

• Industrializzazione presso la ELTOS

Excellent performances obtained with double-resistive layer 
configuration with DLC, recently published in:
M. Alviggi et al.
“Resistive fine granularity Micromegas: characterization and performance for different spark protection resistive 
schemes”  2025 JINST 20 P01012
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Development for application to a muon system at FCC-ee

2

Towards Application for a Muon System at FCCee

Leverage high-rate experience to create robust, simplified 
resistive Micromegas for medium/low-rate environments and 
large areas, like the FCC-ee muon system, at a reduced cost. 

• Aiming to further investigate the 
potentiality of the capacitive sharing for 2D 
pad readout we launched the production of 
two new detectors, with 4 and 5 layers of 
hexagonal pads

• Delivered at CERN last week 

• Under assembly and test
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MicromegaS current activities

• Test of new detectors with capacity sharing (2 modules  50x40 cm2 + 2x 20x20 cm2 with 4 layers with exagonal 
pads)


• Under construction a setup for the placement of 6 micromegas detectors 50x40 cm2 for the CERN Test Beam 
in November (2 weeks)


• Production and test improvement construction procedure with ELTOS


• 2 modules 20x20 cm2 by November


• New production and test of production chain in 2026


• Transition from current electronic (APV25 chip) to a new generation one (VMM chip)
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New activity: study of cavity coating with NbSn compounds
FCC-ee cavity will be subject to high electric fields, high frequency, high energy dissipation from 
photon radiation.


The aim of the project is to provide studies on the surface of different cavities using several NbSn 
compouns

L. Tortora, A. Passeri, 
V. Graziani (INFN - 
Roma Tre)


C. Pira, D. Fonnesu 
(INFN - LNL)
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Roma Tre - activity prospects

1. contribution to the EPS strategy through to phenomelogical interpratation of results and 
comparison with different setup (in particular Higgs self-couplings and Higgs couplings)


2. development of analysis using full detector simulation with different detector configurations 
(in particular testing the MicroemgaS implementation in the muon system)


3. Finalising the Dual Read Out calorimeter reconstruction studies using NN;


4. R&D on MicromegaS detector and simulation inside IDEA and Allegro


5. Studying different FCC-ee cavity coating material
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RD-FCC FTE and requests

Name FTE-RDFCC
B. Di Micco 0.2
M. Biglietti 0.3

K. Chimiel (PhD) 0.2
R. Di Nardo 0.2
A. Farrilla 0.1
M. Iodice 0.3

R. Orlandini (PhD) 0.1
A. Passeri 0.1
L. Tortora 0.2
A. Budano 0.15

F. Montereali (post-doc) 0.15
Tot 2

Total FTE 2.0 allowing to open a budget label

Financial requests

request sub iudice

Metabolismo per 2 FTE 2.5 k€

RF cavity surface tests

Travels to LNL 3 k€

ToF-SiM - Cs, Bi ion sources replacement 
(consumable) 

10 k€

Transport of samples to LNL 1 k€ 1 k€

MicromegaS activity

Prototype 50x40 cm2 construction with ELTOS 7.5 k€

Readout electronics for constructed prototypes 
- 10 VME (0.8  k€) FEC board (1.5 k€ )

7.5 k€

Test at GDD lab (CERN) 2 k€

Test Beam (sub iudice approvazione) 3 k€

Travels to  ELTOS 2 k€

Travels to ELTOS if DRD1 common project 
proposal is approved (sub iudice)

2 k€

Totale 35.5 k€ 6 k€

Servicies (m.u.)
Computing (GPU setup and assistance) 2

Electronic (for MicormegaS) 2

Mechanic (for MicromegaS) 2
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RD MUCOL 
R. Franceschini , W. Xing

20
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Person FTE-
RDMuCOL

R. Franceschini 0.1

W. Xing 0.1

Financial 
requests

bdg s.i.

Mission 3 k€ 2 k€ 

Travels needed for W. Xing work at CERN 
with R. Franceschini (located at CERN in 
first half of 2026)


Participaion to Muon Collider 
collaboration meetings and conferences


