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Introductory remarks
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• Many thanks to the organisers for the invitation and the extremely interesting and well organised conference 

• Huge amount of R&D on accelerators and detectors towards Higgs factories   

• impossible to cover in one talk, I will show you a personal selection of recent activities 

• There are more details in the slides than I can cover in 25’  

• I won’t go through everything, but slides are available offline!
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Higgs factories are the highest-priority next collider in HEP
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"construction of the International 
Linear Collider (ILC) with a collision 
energy of 250 GeV should start in 

Japan immediately without delay so 
as to guide the pursuit of particle 

physics beyond the Standard Model 
through detailed research of the 

Higgs particle" 
Final report of the Japanese committee on 

Future Projects in High Energy Physics, 
2017 (link)

"An electron-positron Higgs 
factory is the highest priority 

next collider" 
Update of the European Strategy 
for Particle Physics, 2020 (link)

“The Energy Frontier supports a fast 
start for the construction of an e+e 

Higgs Factory (linear or circular), and 
a significant R&D program for multi-

TeV colliders (hadron and muon)" 
Snowmass21 executive summary, 2021 

(link)

“The Chinese Electron Positron 
Collider (CEPC) has been identified as 

the No. 1 priority for the next high-
energy physics (HEP) project in China 

by the HEP Division of the Chinese 
Physical Society." 

CEPC CDR Vol1, 2018 (link)

https://www.jahep.org/files/20170906-en.pdf
https://cds.cern.ch/record/2721370
https://www.slac.stanford.edu/econf/C210711/reports/ExecutiveSummary.pdf
https://arxiv.org/pdf/1809.00285.pdf
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Higgs factory proposals
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e+e- Linear (10-50 km)

+ C3 ..

MuCol

√s = 3, 10 TeV

μ+μ- Circular (5-10 km)

+ C3 ..

pp Circular (~100 km)
FCC-hh, SppC

√s > 100 TeV

e+e- Circular (~100 km)

FCC-ee => ALLEGRO, CLD, IDEA 
√s : 90 - 365 GeV

CEPC => baseline, FST, low-B, 4th 
√s : 90 - 365 GeV

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Project timescales
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K. Jakobs

"the timelines shown are technologically limited, 
and some challenges need to be sorted out, for 

example, successful R&D and feasibility 
demonstrations for C3 and Muon Collider are 

essential at a short timescale.”


Snowmass21 Energy Frontier Report

e+e- linear

e+e- / pp circular

e+e- / pp circular

e+e- linear

e+e- linear

μ+μ- Circular

https://agenda.infn.it/event/34841/contributions/203984/attachments/111489/159100/ECFA_activities_Paestum_2023.10.pdf
http://Energy%20Frontier%20Report
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Project timescales
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Though a O(100TeV) pp collider (FCC-hh, SppC) 

and a multi-TeV lepton collider (muon collider or CLIC) 


are also Higgs factories, 

they are either less mature solutions and/or longer term projects 


compared to e+e- colliders at √s~250 GeV


In the following, also for the sake of time,

I will highlight some recent R&D activities on shorter term 

projects  
with more mature studies: ILC, CEPC, FCC-ee 

Apologies if your favourite R&D topic is not covered! 
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• A powerful accelerator/collider 

• Energy: beam energies of ~120 GeV (240 GeV ~peak of ZH cross-section) and beyond


• Linear: ~250 GeV    => open ZHH process, for self-coupling measurement from HH production


• Circular: limited by synchrotron radiation, ~175-180 GeV     => self-coupling study from electroweak corrections to ZH production 
at two different CM energies (+ top physics at ttbar threshold)


• Also crucial to go down to 45 GeV  (=> Z pole run to disentangle effect of H and EW operators), possibly run @62.5 GeV  (ee->H) 


• Luminosity: as high as possible to deliver O(1M) of Higgs over (few) years of data-taking


• Beam current as large as possibly allowed by power budget


• Beam size at interaction point (IP) as small as possible


• A detector with unprecedented performance 

• Full coverage


• High efficiency


• Excellent particle reconstruction (resolution) and identification


• A big, reliable, stable - and sometimes very thin - solenoid magnet to provide the field for charged track pT measurements 

Ingredients for a successful e+e- Higgs factory

7
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Accelerator
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Key areas of accelerator R&D
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• Example from the ILC technical network accelerator R&D programme
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Key aspects of accelerator R&D
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• Example from the ILC technical network accelerator R&D programme

Sources

Acceleration


Focusing


(+ many more: injection, backgrounds, logistics, 
power consumption & cost reduction, …)


Only a few selected highlights in the following
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• All e+e- Higgs factories require an intense positron source 
and have thus a vigorous positron R&D programme


• Examples of R&D for FCC-ee:


• production target: conventional vs hybrid scheme 
(comparable production rate but lower thermal load)


• matching device (fast phase space rotation to transform small size, high divergence -> big size, low divergence) & capture system


• High-temperature superconducting (HTS) solenoid being investigated as more flexible alternative to current solutions          
(higher peak field & aperture, DC operation, flexibility on field profile and target position) - ongoing, no showstopper found so far


• Pre-acceleration: e+ linac designed, full tracking simulations from production target to damping ring using the realistic field maps

Sources

11

HTS solenoid designed by PSI

Target Matching & capture Pre-acceleration

I. Chaikovska

https://indico.cern.ch/event/1202105/contributions/5422198/attachments/2661196/4610203/WP3positrons_FCCweek2023.pdf
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• Provided by superconducting radio-frequency (SRF) cavities. Key aspects: field (->energy), quality factor Q0 (->efficiency)


• CEPC target: 2-cell (1-cell) cavities for collider ring for H (Z) running => 25 MV/m (17 MV/m) and Q0 = 3e10 (2e10) at 2K 


• Three prototypes of 2-cell cavities manufactured and treated with buffered chemical polishing (BCP) => 25 MV/m, Q0=2.5e10


• Electropolishing and mid-T baking promise higher Q0: 8e10 @ 25MV/m in single-cell cavities. To be tested on 2-cell cavities


• R&D on new design of 1-cell cavity applicable to all beam energies of Higgs, Z, and W on-going


• R&D also ongoing on klystrons that power the SRFs to increase their efficiency (typical: 40-45%; CEPC target: 80%)

Acceleration

12

2-cell cavities 
BCP

1-cell cavities 
mid-T or EP

N. Wang

(in fabrication)

https://indico.desy.de/event/34916/contributions/147048/attachments/84388/111813/EPS_HEP_NaWang_202308224.pdf
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• CEPC arc quadrupoles: dual-aperture configuration  => 50% less power consumption (~3000 quads in full ring)


• QUAD for CEPC fabricated, meet requirements


• CEPC quadrupoles for final focus: short-length, high gradient (up to 140 T/m). Single-aperture magnet fabricated and OK (reaching 
needed gradient), next step = dual-aperture quadrupole


• FCC-ee arc quads and sextupoles: R&D ongoing on use of HTS magnets


• power saving (T~40K, cryo-cooler supplied cryostat) and reduced length/increased dipole filling factor 
(sextupole nested inside quadrupole)


• Plan to produce 1m prototype by 2026


• Damping ring: FCC-ee damping ring and transfer line design completed & 
simulated (2000 turns have been tracked - ~15% damping time)


• R&D ongoing on alternative design, with significantly less elements and 
lower design complexity => lower cost, higher reliability


• Booster: CEPC new design  => -60% emittance wrt CDR

CAD design of HTS short 
sextupole demonstrator

Focusing & low emittance beams

13

M. Benedikt

N. Wang

C. Milardi 

https://indico.desy.de/event/34916/contributions/142198/attachments/84437/111884/230824_FCC-FS-Status-ap.pdf
https://indico.desy.de/event/34916/contributions/147048/attachments/84388/111813/EPS_HEP_NaWang_202308224.pdf
https://indico.cern.ch/event/1202105/contributions/5408589/attachments/2661400/4610879/DRandTLs_FCCweek_London23_CM.pdf
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• Geology & surface constraints / connection to electrical grid & transport infrastructures / resistance from local communities .. 

• Good progress on all these points from FCC-ee


• Layout chosen out of ~100 initial variants, based on geology and surface constraints (land availability, access to roads, etc.), 
environment, (protected zones), infrastructure (water, electricity, transport), machine performance etc.


• Environmental studies and preparation of geological investigations ongoing since Feb 2023, working with FR and CH to get 
authorisations for start of seismic investigations and drillings in Q2 2024

• Several meetings with municipalities concerned either done or scheduled

• Electrical connection concept was studied and confirmed by the French electrical grid operator (RTE)

• Detailed road & highway access/creation study carried out by public expertise agency, including regulatory requirements

Logistic aspects

14

M. Benedikt

Meetings w/ municipalities Electrical connection studies Road access studies

https://indico.desy.de/event/34916/contributions/142198/attachments/84437/111884/230824_FCC-FS-Status-ap.pdf
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Detector magnet
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• H-factory experiments will feature big superconducting solenoids 
providing few T fields for charged particle tracking


• Main lines of R&D (in sparse order):


• Vacuum vessel technology: 

• For ultra-transparent magnets for detectors (e.g. IDEA @FCC) with 
magnet inside calorimeter


• Effort within CERN EP R&D WP4 to optimise transparency through 
smart geometries (such as honey-comb structure) and novel materials 
(carbon-fibre vacuum-vessel wall) => 1/10th wrt solid Al vessel


• Conductor technology: 

• Commercial availability of Al-stabilised Nb-Ti conductor used in all 
modern experiments has been an issue in recent years                          
=> joint CERN+KEK effort to see how to re-establish availability


• New types of conductor being investigated e.g. magnesium-diboride 
(MgB2) for IDEA solenoid (Rare-earth barium copper oxide for CEPC)


• TC=39K, would allow operating the magnet at T>10K 


• => lower costs:  more efficient cryogenics -> less power needed;  higher adiabatic stability -> 
no need for Al matrix as stabiliser, just for protection -> less demanding in terms of Al purity 
and of quality of bonding between cable and Al (cabling/soft soldering)

Detector magnet R&D

16

M. Mentink, M. Bracco

https://agenda.infn.it/event/34841/contributions/203981/attachments/111402/159002/Mentink%20-%20R&D%20on%20superconducting%20detector%20magnets%20for%20a%20future%20Higgs%20factory%20-%202nd%20ECFA%20workshop,%20October%202023.pdf
https://agenda.infn.it/event/34841/timetable/?view=standard
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• Main lines of R&D (continued from previous slide):


• Cryogenics: 


• "standard" solution based on gravity-powered circulation of 4.2K liquid helium well understood & reliable, but 


• Liquid helium price increasing fast and future availability a concern


• Requires big cryogenic plant with long transmission lines


• Power consumption not negligible: ATLAS ~3MCHF/year => >50% of magnet cost after 30 yrs of running


• Novel solutions under study


• HTS intermediate section so that >99% of the dissipation between power converters at room 
temperature and magnet at 4.2K takes place at ~50K => 10x less power


• Use of cryocoolers closer to magnets => only modest amount of He needed, liquified 
locally  => more redundancy, higher efficiency, lower costs

• Quench detection and protection:


• Well-understood and works well for Al-NbTi magnets, more challenging for HTS magnets


• CERN EP R&D WP8 has developed concepts that tackle both issues


• demonstration with demonstrator coil planned 

Detector magnet R&D

17
M. Mentink

https://agenda.infn.it/event/34841/contributions/203981/attachments/111402/159002/Mentink%20-%20R&D%20on%20superconducting%20detector%20magnets%20for%20a%20future%20Higgs%20factory%20-%202nd%20ECFA%20workshop,%20October%202023.pdf
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Detector
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Physics drivers and target performance

19

C. Vernieri

Additional requirements on particle identification (PID): 

desirable for Higgs physics (further improve precision in some channels), crucial for flavour physics

(vertex)

Track momentum 
resolution

Jet energy resolution

EM energy resolution


Timing

Impact parameter 
resolution

https://agenda.infn.it/event/34841/contributions/207304/attachments/111466/159070/Maps-ECFA-2023.pdf
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Vertexing with Si detectors

20

Bkg hits from 
incoherent pair 

creation in FCC-
ee CLD detector

• Jet flavour tagging (for e.g H->bb/cc/ss..) => very precise track impact parameter resolution => low-mass Si trackers near IP


• 5 μm hit resolution or better, with <~0.15% X0 per layer for vertex detector


• Good timing resolution can be an additional handle for improved performance


• 1-500 ns: bunch identification


• 1-10 ns: bkg rejection


• 10-100 ps: PID with time-of-flight (TOF)


• A lot of R&D ongoing for Higgs factories as well as other future projects e.g. ALICE ITS3


• all based on Monolithic Active Pixel Sensors (electronics and sensor on same wafer => can be extremely thin, ~50um or even less)


• general trends: use technologies with small feature size (65-110 nm) to reduce 
power consumption or add more features; target big sensors (up to wafer size) 
through use of “stitching” (step-and-repeat of reticles) to reduce further the overall 
material budget
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Vertexing with Si detectors

21

• Further directions of R&D:


• Bent sensors to reduce material budget (currently planned for ALICE ITS3)


• A layer-0 inside the beam pipe being investigated by CEPC

TaichuPix: MAPS in 180 nm process for CEPC
16x26 mm2 with 25 μm pitch

Thinned to 150 μm

Tested with beam: 4.5 μm hit resolution, >99% efficiency, 35 ns 
track time resolution @20 MHz clock

6-layer detector prototype assembled and tested, with air cooling on 
=> 60 mW/cm2, 41C ->27 C with 2m/s flux, resolution unaffected

Further work to reduce material budget: thinner sensor (150->50 μm), 
replace Cu->Al in flex

NAPA: MAPS with ns timing

First prototype (p1) 
produced in 65 nm process

5x5 mm2, 25 μm pitch

Chip characterization ongoing

Design of large sensor prototype 
(5x20 cm2) ongoing

C. Vernieri
CE65 project: MAPS in 65nm process 
towards ALICE ITS3 and Higgs factories

Various designs (different pitch, in-pixel 
architecture, ..) tested with beam: 

3-4 μm resolution (15-25) μm pitch, 
>99% efficiency

Z. El Bitar

Z. Liang 

https://agenda.infn.it/event/34841/contributions/207304/attachments/111466/159070/Maps-ECFA-2023.pdf
https://agenda.infn.it/event/34841/contributions/207300/attachments/111436/159007/ECFA2023_Ziad_ELBITAR_65nm.pdf
https://indico.ihep.ac.cn/event/19316/contributions/142758/attachments/72642/88509/20231023MOST2-silicon-v19.pdf
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Tracking with Si detectors

22

A. Andreazza

• Thin Si detectors (with looser requirements than for the vertex) can also be used for the main tracker (or part of it)


• Possibly use Si detectors for wrapper around a gaseous main tracker (TPC, drift chamber) => high-res point for extrapolation to calo


• Timing with few 10 ps resolution for TOF could be provided in Si wrapper or in dedicated layers of full-Si tracker — without 
compromising other requirements especially for inner layers (material budget, granularity)

ATLASPIX3 (KIT, China, INFN, UK)

full reticle size detector, implementing most features 
needed for Internal Tracker and Si Wrapper

• 180 nm HVCMOS monolithic sensor

• 20×21 mm2, assembled in quad modules 

• pixel size 50×150 μm2 (25×150 on recent proto)

• 25 ns timestamping

Tested with beam: > 99% eff, resolution ~10 μm 
Latest version can be biased by serial powering  
=> less cables/power losses

Timing layer with resistive silicon detectors (RSD) 

• LGAD sensors with continuous gain layer, 

charge collection through resistive n-layer, 
readout on AC-coupled pads


• Position of track determines charge sharing on 
pads (impedance of path between charge 
deposition and electrodes)

good resolution even with large pitch               
(10 μm achieved in lab with 200 μm pitch)


• More space in readout pixel cell to implement 
precision TDC (35 ps time resolution so far)


• Hybrid detector => more material => OK in outer layers


A. Andreazza

https://agenda.infn.it/event/34841/contributions/208326/attachments/111412/158979/20231012_SiDetectorsForIDEA.pdf
https://agenda.infn.it/event/34841/contributions/208326/attachments/111412/158979/20231012_SiDetectorsForIDEA.pdf
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• Despite intrinsic hit resolution is smaller wrt Si, gas detectors with many dense sampling layers can provide 
similar track momentum resolution, and much smaller material budget => better overall resolution at low pT


• Gaseous tracker can also provide PID at p>few GeV via ionisation loss measurement (dE/dx or dNcl/dx)


• Drift chamber proposed for FCC-ee IDEA detector, evolution of MEG2 design - 1.6% X0 at 90 degrees


• Significant challenges being addressed by current R&D activities:


• Wires (material/radius/number..): in baseline design with 20 μm W and 40-50 μm Al wires and cell size ~1.2 cm, very 
little margin for wire tension Tc to satisfy both electrostatic stability and elastic limit conditions (Al: 26< Tc <36g)            
=> R&D on (2 μm) Ag coated 35 μm C wires (30<Tc<87g with 10% larger cell and ~60% more wires, but -40% X0)


• Overall mechanical structure:


• huge number of wires (Nw~400k) + avoid massive feed-through => R&D on (feed-through-less) wiring with robot


• support structure: huge load (10-20 tons depending on Nw and Tc) w/ little deformation (<200 μm on spokes) to 
avoid spoiling resolution (100 μm), studied w/ FEM analysis (600 μm achieved) => R&D on structure and materials


• Data reduction (crucial @Z pole): full detector >1 TB/s, only amplitude & time of each peak 25 GB/s    
=> R&D on readout with ADC+FPGA/multichannel board with real-time peak-finding algorithm

Tracking with gas detectors: drift chambers

23

F. Grancagnolo 

MS only

https://indico.cern.ch/event/1264807/contributions/5344229/attachments/2656054/4599876/Tracking_May23_compressed.pdf
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• A TPC is the main tracking detector for ILD @ILC and for baseline detector for CEPC (though new concept uses DCH instead)


• Provides 3D track reconstruction exploiting timing of drift, with much lower material budget than Si detector


• Pad (GEM or Micromegas) or pixelated (Gridpix) readout both achieve desired resolution


• Mechanical studies indicate that deformations are under control 


• Power consumption not an issue for pad readout (6 kW/endplate), but large 
(~60 kW/endplate) with pixelated readout => R&D on 65 nm electronics at low 
voltage with low-consumption ADC


• Main issue (@Z pole): Ion-BackFlow (positive ions going back to drift volume, 
creating space charge that distorts electric field) => significant R&D


• MPGD combining GEMs + Micromegas


• GridPix with second grid


• Graphene layer (transparent to electrons, but not to larger ions)


• Either of these could lead to large IBF suppression and small distortions 
from ee->Z events at Z pole. Beamstrahlung background more challenging 
(200x hit rate), requires further R&D


• Optimise shielding in MDI region


• Develop techniques to map E field distortions using silicon detectors 
(vertex detector and internal/external tracker)

Tracking with gas detectors: TPCs

24

P. Colas 

J. Kaminski 

K. Ja 

https://indico.cern.ch/event/1264807/contributions/5344230/attachments/2656038/4599831/TPCchallenges.pdf
https://indico.ihep.ac.cn/event/19316/contributions/143556/attachments/72727/88644/CEPC_pixelTPC.pdf
https://indico.ihep.ac.cn/event/19316/contributions/143562/attachments/72753/88702/Graphne_CEPC_202310_Final.pdf


Giovanni Marchiori R&D towards future Higgs factories - 1/12/2023

• Traditional approach (since late 70’s): dE/dx from total ionisation Δ (per unit length) => β 


• In the relativistic rise region: [Δ(π) – Δ(K)] / Δ(π) ≈ 10-15% => π/K separation requires resolutions better than few % 


• Resolution obtained in ~40 years saturates at ~4-4.5%   —   despite different gases/technologies/geometries 


• largely due to long tail in energy loss distribution from secondary interactions 


• maybe improvable with finer (x2) granularity/higher pressure/machine learning algorithms


• Alternative technique: cluster counting (in time and/or space domain)


• dNcl/dx in time domain for IDEA: peak-finding algo developed and tested on prototype drift tubes at testbeam


• Observed Ncl distribution in good agreement with Poisson with μ = expected Ncl => 
2.5% resolution extrapolated to IDEA 


• dNcl/dx in space domain for ILD TPC with pixelated readout (55 μm pitch) 
=> 3.3% achieved in testbeams 

PID with gaseous detectors

25

IDEA DCH, time domain

space domain

F. Grancagnolo 

N. De Filippis 

https://indico.cern.ch/event/1256374/contributions/5338921/attachments/2640639/4569818/PID_May23.pdf
https://indico.ihep.ac.cn/event/19316/contributions/143558/attachments/72684/88566/DeFilippis_DCH_status.pdf
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• Target jet energy resolution ~3-4% (or better) at Ejet~ 30-100 GeV for e.g. separation of W/Z/H->qq peaks


• Typical jet energy composition: 30% photons / 70% hadrons (60% charged / 10% neutral)


• To get to desired resolution, either have both ECAL and HCAL with excellent EM and hadron energy resolution


• E.g. 40 GeV jet, ECAL with 5%/√E and HCAL with 30%/√E => 4%


• Or, use particle-flow algorithm (PFA) to leverage excellent momentum resolution from tracker to measure charged hadron contribution


• Same 40 GeV jet, and 2x worse resolutions - HCAL with 60%/√E, ECAL with 10%/√E => 3%


• Or, correct HCAL event-by-event through measurement of EM fraction with dual readout 
calorimeter, even with relatively modest EM resolution (15%/√E)


• Photons from π0 increase confusion between jets - could be addressed by π0 reconstruction in PFA, 
requires excellent γ energy resolution (also desirable for heavy flavour physics)


• Some type of calorimeters could implement timing info    => potential for PID with TOF, but also 
supplemental info for PFA and hadronic energy reconstruction


• Three different types of calorimeter proposals:


• High-granularity "sandwich" sampling calorimeters (10-15%/√E EM resolution)


• Optical calorimeters (crystal/fiber w/ dual read-out) - more emphasis (for crystal option) on EM resolution (1-2/%/√E)


• Noble liquid calorimeters (for EM section) - interpolate a bit between previous two cases (~5%/√E)

Calorimetry - some general considerations

26

F. Simon 

https://indico.cern.ch/event/1256374/contributions/5338873/attachments/2639917/4570485/PhysicsDrivers_CaloHF.pdf
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• A lot of R&D performed on various hardware options by CALICE collaboration for ILC

• also the technology chosen for some concepts for 

CEPC/FCCee, e.g. CEPC baseline detector


• New concept under study: homogeneous crystal ECAL + scintillating glass HCAL

• ECAL: transverse crystal bars + SiPM => x,y,z,t,E ; EM resolution 3%/√E


• Large light yield measured in BGO crystals, 1 ns timing (100ps with Cherenkov?)

• But ~25% larger RM (2.3 cm) => more shower overlap/ambiguity 

=> R&D on software for PFA reconstruction

• HCAL: R&D on high-density glass (higher sampling fraction 

=> less fluctuations in response, smaller stochastic term)

• With 6 g/cm3 (R&D target) expect 30%/√E               

=> boson mass resolution ~3% within reach

R&D on sandwich high-granularity sampling calorimeters

27

Boson mass resolution ~4% achievable (with PFA)

Under study: need for cooling @Z pole; timing

F. Guo 

https://agenda.infn.it/event/34841/contributions/207307/attachments/111379/158927/CEPC_Calo_ECFA2nd_20231011_v2.pdf
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• ALLEGRO concept for FCC-ee built around highly granular noble-liquid (Ar, Kr) ECAL with Pb or W absorbers

• Multi-layer PCB as read-out electrode with “arbitrary granularity”


• Signal traces inside the electrode 

• Prototype for PCBs produced and tested, x-talk negligible thx to 

shielding inside PCB + shaping

• Simulation studies ongoing to optimise granularity for next proto


• Prototype of two absorbers and one electrode built ant tested in 
liquid nitrogen bath, no damages found


• FEM analysis performed for structural element design

• Work ongoing:


• Geant4 simulation implemented, performance studies in progress

• Test-beam prototype with 64 layers in development planned


• Design ready by 9/2024, then need to build it

• Design of end-cap section

R&D on noble liquid calorimeters

28

J. Pekkanen 

https://agenda.infn.it/event/34841/contributions/207297/attachments/111388/158939/allegro_ecal_ecfa_juska_v3.pdf
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• Improve energy measurement of hadronic showers using two sampling processes => event-by-event EM fraction calculation

• Scintillation light (total deposited energy)

• Cherenkov light (mainly EM shower component)


• IDEA calorimeter: highly granular fibre-based dual-readout calorimeter

• 130M fibres, 1 mm diameter, 1.5 mm pitch

• Metal capillaries containing fibres act as absorbers


• Tested small EM-size module to understand 
construction issues + integration with SiPMs 


• Hadronic-size module funded and under construction, expected pion resolution ~35%/√E

• IDEA++: DR crystal inside solenoid + DR fibre outside => EMER ~3%/√E, had ER ~29%/√E

R&D on dual readout calorimeters

29

G. Polesello 

https://agenda.infn.it/event/34841/contributions/207299/attachments/111387/158929/polesello_paestum.pdf
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Particle identification

30

Lots of R&D and prototyping to do, eg

* transparent but leak-tight vessel

* eco-friendly gas for radiator (pressurised Ar/Xe?)

* SiPM photosensors: performance/cooling/..

* aerogel: develop larger & thinner tiles, use as 

thermal insulator, …

• Two possibilities discussed already


• TOF in external layers of Si detector or (some) layers of imaging calorimeters 
equipped with Si sensors (MAPS)


• dE/dx or dN/dx with TPC/DCH


• Third option being investigated: Cherenkov detectors (considered in particular 
for experiments with Si trackers)


• ARC: array of RICH cells - tile the plane with many separate cells, each with its own mirror and sensor array. 


• Compact (target radial depth of 20 cm and few %X0) with dual aerogel + gas radiators


• Use spherical focusing mirrors (R~30 cm for radiator thickness ~15cm)


• Performance studied (simulations) varying the gas type and pressure 


• C4F10 at atmospheric pressure gives good momentum range for K-π 
separation, with acceptable photon yield 

R. Forty 

https://indico.cern.ch/event/1202105/contributions/5402790/attachments/2662086/4612032/FCC-DRD4.pdf
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Muons

31

3.0

• Large distance from IP and granularity achievable with current technologies => less critical constraints / R&D needs


• Large R => large surface => effort to simplify design / reduce costs


• e.g. μ-Rwells for IDEA: cheap & can sustain high rates


• 2021 beam test confirms good performance (140-180 GeV μ/π beam,  Ar/CO2/CF4 45/15/40)


• Studies ongoing to optimise geometrical and electrical parameters (e.g. pitch)


• Work ongoing on 2D readout - next years


• Industrialisation / full layout / gas mixture : few years

R. Farinelli 

https://agenda.infn.it/event/34841/contributions/208328/attachments/111404/158956/ECFA%20-%20Workshop%20Paestum%20(4).pdf
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Conclusion
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Beyond the success of the HL-LHC phase,  
the top priority for the future of our community is a Higgs factory.  

It might not be ready tomorrow, but we need to prepare for it today. 
Vigorous R&D has tackled many issues, but others still remain
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I don’t know which Higgs factory accelerator and detectors will be built, 
but they will be those that we will have invented.


If you want a future Higgs factory tomorrow*, get involved in R&D today

The future cannot be predicted,

but futures can be invented.


(Dennis Gabor, Nobel Prize in Physics 1971 for 
the invention of the holographic method)

*or as soon as possible
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FCC feasibility study (2021—2025) status summary

35

M. Benedikt

https://indico.cern.ch/event/1220533/contributions/5624394/attachments/2754194/4795146/231117_FCC-FS-Status-ap.pdf
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CEPC timeline

36
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Muon collider

37

• Main challenges


• Dense neutrino flux


• Beam induced background


• Beam quality


• Critical beam complex with new technologies required


• Lots of R&D planned towards addressing these issues and 
building a demonstrator to prove that it can work by ~2045


• Ambitious goal: 3 TeV collider on same timescale

5 yrs/energy point

D. Schulte 

https://indico.ijclab.in2p3.fr/event/9063/contributions/28453/attachments/21752/30845/Paris_2023.pdf
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• Other elements of CEPC (electron guns, all types of magnets, beam diagnostics, vacuum beam pipes with NEG coating, electro-static 
separators, alignment apparatus, as well as high efficiency klystrons) in progress. Many were already tested to have satisfied design 
specifications


• Lattice and IR design,  overall collider layout optimisation (optics/SRF) to e.g. reduce synchrotron radiation and power consumption


• MDI design => bkg shielding, ..


• Accelerator placement


• Continuous Injection: FCC-ee, CEPC require top-up injection for collider rings to keep luminosity high => Continuing efforts on start-
to-end simulations


• Bending


• Beamstrahlung Photon Dump


• …

More accelerator R&D activities

38
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CEPC hardware R&D progress

39

• Prototypes built for almost all parts, with specifications met for many of them
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• CEPC R&D:


• Dual-aperture configuration for arc dipoles  =>  50% less power consumption


• Full-length dual-aperture dipoles for collider fabricated and meet requirements


• Further power savings / cost reduction 

• Ongoing R&D to replace Cu with Al for coils (or dilute Cu)


• Ongoing R&D to operate at higher V / lower I to reduce power loss in cables

Bending

40
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• High luminosity -> high currents -> high backgrounds -> shielding


• Also, nanobeams -> focusing magnets close to IP -> very compact MDI region -> geometrical constraints


• Novel outer support tube for central beam pipe and vertex detector designed, as part of full engineering study of the interaction 
region with LumiCal and vertex trackers of the IDEA detector


• Ongoing studies: thermal isolation from beampipe takeout / routing of services 
• IR design / bkg studies well advanced

Machine-detector interface

41

Inner vtx: Total power ~120 W Total weight ~230 g

F. Palla 

Synchrotron Radiation backgrounds
M. Boscolo 

https://agenda.infn.it/event/34841/contributions/207301/attachments/111469/159095/Paestum%20ECFA%202023.pdf
https://agenda.infn.it/event/34841/contributions/207305/attachments/111475/159083/231012_FCCee_IR__Mboscolo.pdf
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• In principle, the idea is very simple : return energy from used beam back to the RF cavity and use it to accelerate fresh beam


• Extremely low losses of Superconducting RF linacs making this process very efficient


• Concepts developed for linear and circular machines

Recycling energy-recovery linacs

42

V. Litvinenko 

https://indico.desy.de/event/34916/contributions/147045/attachments/84336/111710/EPS-HEP_Litvinenko.pdf
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Plasma-based acceleration

43

M. Bai 

https://accelconf.web.cern.ch/napac2022/talks/tuzd3_talk.pdf
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C3
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E. Nanni 

https://indico.fnal.gov/event/22303/contributions/246677/attachments/157769/206591/CCC%20Overview.pdf
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CEPC solenoid R&D

45
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CEPC new detector concept

46
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IDEA detector concept

47

P. Giacomelli

IDEA++ (w/ crystal DR calo)



Giovanni Marchiori R&D towards future Higgs factories - 1/12/2023

Allegro detector concept

48

M. Aleksa
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ILC detectors

49
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CEPC layer-0 inside beampipe

50

H->qq Migration Matrix

M. Ruan

https://indico.cern.ch/event/1264807/contributions/5344222/attachments/2655752/4599314/ECFA-2.pdf
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Drift chamber wire material

51

But cell size not too big => occupancy

F. Grancagnolo

https://indico.cern.ch/event/1256374/contributions/5338921/attachments/2640639/4569818/PID_May23.pdf
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Particle identification technologies

52

F. Grancagnolo

https://indico.cern.ch/event/1256374/contributions/5338921/attachments/2640639/4569818/PID_May23.pdf
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Pixelated TPC

53

J. Kaminski
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Typical jet energies at Higgs factories

54

F. Simon
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Jet performance - physics drivers

55

When using PFA, confusion (= shower 
separation, pattern recognition) and intrinsic 
energy resolution of the calorimeter system 

drive performance

Possible benefit of timing 
for pattern recognition in 

PFA calorimeters, ...

Photons from π0 increase confusion 
between jets.

Could be addressed by explicit π0 
reconstruction in PFA. Requires 
excellent γ energy resolution.


F. Simon
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Glass scintillator HCAL

56

0
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Dual readout calorimeter: EM section with crystals

57

G. Polesello

Calorimeter 
simulation
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Dual readout calorimeter: longitudinal segmentation with timing

58
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Allegro testbeam module

59

M. Aleksa
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Interaction regions
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FCC-ee ILC

FCC-ee CEPC ILC CLIC

L*  

(Δz between IP and first 

quadrupole)

2.2 m 2.2 m 4.1 m 6 m

Position of final quadrupole Inside detector Inside detector Outside detector Outside detector

LumiCal position z=1m, ~50-100 mrad

(Constrained by compensating solenoid)

z~0.95~1.11m  26-105 mrad 

(fiducial volume 53-79 mrad) z=2.5m, 33-80 mrad z=2.5m, 39-134 mrad

Tracker acceptance Down to ~9 degrees

(defined by luminometer) Down to ~8 degrees Down to ~6°


(defined by conical beam pipe)
Down to ~7°


(defined by conical beam pipe)

Inner beam pipe radius 10 mm 10 mm 16 mm 29.4 mm

Crossing angle 30 mrad 33 mrad 14 mrad 20 mrad

Main solenoid B field 2T 3T (2T at Z pole) 3.5-5T 4T

CLICCEPC

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Physics rates
• In central detector


• At Z resonance: 


• ~80 kHz for L = 180*1034/cm2s (FCC-ee, CEPC)


• includes O(10) kHz from ee→ee and O(100 Hz) from 
ee→γγ in detector acceptance (θ ~9–171°)


➡ fast detector response to minimise dead time


➡ zero-suppression to reduce data transfer/output rate


➡ trigger-less design (preferable to avoid trigger efficiency 
systematic uncertainties) could be challenging


• At √s >= 160 MeV: L<1035/cm2s, σ≲1 nb ⇒ rate ≲ 100 Hz


• In forward luminosity calorimeters


• sustained rate due to large Bhabha xsections at small angles:   
~80 kHz for L = 180*1034/cm2s (FCC-ee, CEPC)


➡ radiation hardness in very forward region

61

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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• All projects: very small beams ⇒ high EM fields ⇒ bend the trajectories of the opposite bunch particles


➡ beamstrahlung ⇒ photons     


➡ Incoherent pair creation (IPC) ⇒ e± 


➡ γγ→qqbar ⇒ hadrons (jets)


• Circular colliders: bending of charged beam particles in dipole magnetic field


➡ Synchrotron radiation ⇒ photons     


• Increase with energy: most significant at 365 GeV (FCC-ee) / 500 GeV (ILC) / 3 TeV (CLIC)


• Mitigated through machine-detector-interface (MDI) design, but pose constraints on detector design too


Backgrounds at e+e--factories
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⇒  can lead to large occupancy and energy deposited in detector 

⇒ space granularity / time resolution for use of timing in offline reconstruction

⇒ very large e± rate at low pT => impact on design of inner region and on 
forward region (envelope around IR limits beam pipe and inner detector radii)

⇒  can lead to energy deposited in the detector if unshielded

⇒  SR in solenoid due to x-ing angle limits B field to minimise impact on luminosity

⇒ increase of IP size / center-of-mass energy spread. Impact on physics but 
not on detector (but requires measurement in situ of luminosity profile vs √s)

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056

