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Particle Physics: Where do we want to go ?

The SM is a huge success… 

 

but 

 

we have been so far unlucky in getting 
answers to many questions ! 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Shamelessly stolen from Gavin Salam
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Dark Matter Landscape

30 orders of 
magnitude in 

interaction 
strength 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Snowmass Dark Matter Report, 2209.07426

30 orders of 
magnitude in mass 

https://arxiv.org/abs/2209.07426
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Higgs Boson to the Rescue

But we have been lucky in 
discovering a 125 GeV Higgs boson 

 

It opens a door to the most 
mysterious part of the Standard 

Model  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The next collider project should be an 
e+e- Higgs Factory

(ESPP 2020)
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The FCC-ee project

● 90.7 km circular collider at CERN: e+e- ; 
 then pp in long-term future 

● High Luminosity: LEP every 2 minutes at Z pole 
● 4 Interaction Points 
● Feasibility Study successful for ESPPU 

○ Huge work over 4 years ! 

6

2×106 H 2×106 tt
5×105 H

6×1012 Z

2.5×108 WW

https://arxiv.org/pdf/2505.00272
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FCC-ee Physics Programme
Extremely broad ! Excellent complementarity with HL-LHC

7
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Example: Higgs couplings and mass

● Higgs couplings 
○ Per-mille precision on many of them 

■ Start to be limited by SM parametric 
uncertainties, e.g mb 

○ H → ss at ~2σ ! 
○ HL-LHC still very important for couplings to 

top, photon, muon 
○ FCC-ee: also get absolute couplings ! 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● Higgs mass: down to 4 MeV ! 
○ < 10 MeV required for SM predictions to 

match couplings precision (e.g to Z and W) 
○ 4 MeV needed for possible H pole running 
○ Relies on excellent tracking resolution 

■ High field magnet, gaseous tracker 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Example: the ultimate EW precision
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A real challenge for theory calculations and experimental systematics !
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Outstanding Physics ⇒ Strong Requirements on Detectors

10

Versatile detector
Photon pointing

Excellent knowledge 
of detector:
Small systematicsExcellent tracking / 

energy resolution / 
PID
at low energies

Excellent tracking 
Jet energy resolution
at high energies



Plan A for CERN is FCC-ee
(ESPP draft, 2025)
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How to design FCC-ee Detectors ?
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FCC-ee Detectors will be as challenging as LHC ones
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● Vertex detectors with small pixels, 
very close to IP 

● Large gaseous trackers at high rate, 
with PID capabilities 

● Minimal X0 in front of calorimeters 
● High energy resolution for 

calorimeters 
● High granularity calorimeters 
● Precision positioning at 10µm level, 

stability 
● Very complex Machine-Detector 

Interface 

But in different ways !

● Low physics rate 
○ Easier TDAQ 

 
● No issues from radiation damage 

 
● No need to measure TeV-scale 

particles 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FCC-ee Detectors will be as challenging as LHC ones
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● Vertex detectors with small pixels, 
very close to IP 

● Large gaseous trackers at high rate, 
with PID capabilities 

● Minimal X0 in front of calorimeters 
● High energy resolution for 

calorimeters 
● High granularity calorimeters 
● Precision positioning at 10µm level, 

stability 
● Very complex Machine-Detector 

Interface 

● Low physics rate 
○ Easier TDAQ 
○ Well, actually… 

● No issues from radiation damage 
○ Well, actually… 

● No need to measure TeV-scale 
particles 

But in different ways !



DPhP, 23/02/2026N. Morange (IJCLab)

Tracking performance

● Momentum resolution 
○ Avoid large contribution from MS: 

the lighter, the better 
 

● Flavour tagging: vertex detector 
○ Closer to IP 
○ Lighter 
○ Smaller pixels 

15
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Why PID ?

16

● Higgs physics 
○ H → ss sensitivity driven by strange-tagging perf, 

depends a lot on PID performance 
○ Flavour violating modes, e.g H → bs 

 
● SM parameters 

○ Also depend on K identification / strange tagging 
○ Vts, Vbs 

 
● B physics 

○ B0
s → D±

sK
∓, B → K*νν, Bs → ϕνν, … 

 
● Handles on PID 

○ Gaseous trackers providing dE/dx or dN/dx 
○ Time-of-flight with O(10ps) resolution 
○ Cerenkov detectors (ARC concept) 

A must-have to complete the full Higgs, EW, Top programme
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Calorimeters for FCC-ee Physics

An extensive set of requirements

● Energy resolution: “only” for photons and neutral hadrons 
○ But: ideally photons as low as 200 – 300 MeV 

 
● Dynamic range: 200 MeV – 180 GeV 

○ vs LHC: 6 TeV jets ! 
 

● Granularity: PID, disentangle showers for PFlow 
○ But: how granular exactly ? 

 
● Hermeticity, uniformity, calibrability, stability 

○ Low systematics for precision measurements 
○ Complex system-level engineering questions 

 
● No need to be particularly fast 

○ But: can precise timing help in reconstructing showers more accurately ? 

17
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Calorimetry options
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Many options on the table, for both Ecal and Hcal

● All options feature good jet energy resolution 
● Varying Ecal resolution ⇒ Highest EM resol required for B physics 
● Varying segmentation: PFlow, shower shapes, cluster pointing 
● Other characteristics: Operational stability, cost 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A quest for ultimate jet energy resolution

● Target: σ(E)/E = 30%/√E (GeV) 
○ Typical figure of merit: W/Z boson separation 
○ Actual use: variety of hadronic measurements 

● What granularity do we really need ? 
● New calos concepts bring new ideas: 

crystals DR study ; GNN PFlow 

19

PFlow PFlow PFlow
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EW factories unique challenges

● Some physics channels require 
very high EM resolution 
○ e.g B0

(s) → K*γ 
 
 

● τ physics: 
reconstructing the decays 
○ π0 reconstruction and ID 
○ Count close-by π0 

○ Granularity and resolution needed 
 
 

●  BSM, e.g ALP searches 
○ Photon resolution, photon 

pointing 

20

FCC-ee: O(1011) B and τ at 45 GeV !!!



The ALLEGRO Detector Concept

21
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Detector Concepts for FCC-ee

22

● ALLEGRO is the least mature of the 4 
○ Very open to options and new ideas at this stage 

Concepts: Expressions of Interest as part of the FCC Feasibility Study

● Goal: design sub-detectors with global performance and integration into a real 
full detector in mind 

ILD  IDEA  ALLEGRO CLD 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The ALLEGRO Detector Concept
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MDI 

Lumical 

Vertex 
Detector 

Main tracker 

Silicon 
Wrapper 

Noble Liquid 
Ecal 

2T Solenoid 

Steel – 
Scintillator 

Hcal  Muon Tagger 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The ALLEGRO Detector Concept

24

MDI 

Lumical 

Vertex 
Detector 

Main tracker 

Silicon 
Wrapper 

Noble Liquid 
Ecal 

2T Solenoid 

Steel – 
Scintillator 

Hcal  Muon Tagger 

● General design: 2022
● Testbed for evaluation of Ecal and Hcal performance in 

simulation
● Concept mostly “on paper”

● Fleshing out all sub-detectors with actual concepts and 
teams behind them to do R&D: next phase
● First ALLEGRO Study Group meeting in November 2024
● Collect interests to collaborate together towards an integrated 

concept
● Individual sub-detectors concepts are projects in their 

respective DRDs
■ e.g Noble Liquid Ecal is WP2 of DRD6 on Calorimetry

https://indico.cern.ch/event/1475630/
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The ALLEGRO Detector Concept
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Noble Liquid Calorimetry

● Excellent energy resolution 
○ 5 – 8% /√E 

● High granularity achievable 
○ Few 106 channels for Particle Flow Reconstruction  

● Suitable for low systematics 
○ Linearity, uniformity, long-term stability 
○ Easy to calibrate 

26

Decades of successes in particle physics experiments

Checks all boxes for an excellent calorimeter at FCC-ee

R806 @ ISR D∅ @ Tevatron NA48 (LKr !) ATLAS @ LHC

90 MeV systematics in 
H→ɣɣ mass 
measurement with 
ATLAS
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Example: Stability of ATLAS LAr Energy Scale

● Pedestal stability < 100 keV 
● Gain stability 2.6x10-4 
● Parameters monitored in daily calibration runs 

○ Changes in constants needed only about 1 / month 
➢ Stability of the energy scale of 2x10-4 

○ Visible on Z→ee invariant mass and E/p 

27

Noble-liquid calorimetry: High intrinsic stability
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Next-gen Noble Liquid Calorimetry for FCC-ee

● New design ideas to tackle these challenges 
○ Study concepts for a barrel and for endcaps 
○ Validate with prototypes in testbeam 

➢ Aim for post-LS3 (2029) 
● Community of 20 institutes 

○ Many already involved in ATLAS LAr 
● Part of the DRD6 collaboration 

○ WP2 on Noble liquid Calorimetry 
28

Challenges for a next generation noble liquid calorimeter

ALLEGRO Ecal R&D

● Reach high granularity 
○ And optimize for physics: photon/π0 PID ; PFlow reconstruction 

● Design for improved energy resolution 
○ Including achieving very low noise 
○ “Transparent” cryostat: minimize amount of X0 in front of calorimeter 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Granularity of Noble Liquid Calorimeters

● Calorimeter collects ionization charge 
○ Granularity of the calorimeter 

⇔ granularity of the readout electrodes 
 

● ATLAS: copper/kapton electrode 
○ Traces to read out middle cells take real estate 

on back layer 
○ Limits on longitudinal granularity 

 
● FCC-ee requirements 

○ High jet energy resolution needed 
○ Particle flow algorithms take advantage of much 

finer granularity 
 

29
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Granularity of Noble Liquid Calorimeters

30

● Calorimeter collects ionization charge 
○ Granularity of the calorimeter 

⇔ granularity of the readout electrodes 
 

● ATLAS: copper/kapton electrode 
○ Traces to read out middle cells take real estate 

on back layer 
○ Limits on longitudinal granularity 

 
● FCC-ee requirements 

○ High jet energy resolution needed 
○ Particle flow algorithms take advantage of much 

finer granularity 
 

● Solution for Noble Liquid calo for FCC 
○ Multi-layer PCB to route signals inside 
○ Allows for ~ ×10 ATLAS granularity 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Allegro Barrel Design

31

● Geometry description 
○ 1536 straight inclined (50o) 1.8mm absorber plates 
○ Segmented multi-layer PCBs as readout electrodes 
○ 1.2 – 2.4mm LAr gaps ~20% sampling fraction 
○ 40cm deep (22 X0) 
○ 𝛥𝜃 ✕ 𝛥𝜙 = 10 ✕ 8 mrad, 11 longitudinal layers 

 
● PCBs as electrodes: great flexibility 

○ Number of layers and granularity of each layer 
tuneable 

○ Projective cells in 𝜃 and 𝜙 
 

● Active and passive material 
○ Baseline: Pb for absorbers, LAr gaps 
○ Options of W absorbers and LKr being investigated 

Design driven by the solution chosen for the electrodes
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Allegro Barrel Design
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● Geometry description 
○ 1536 straight inclined (50o) 1.8mm absorber plates 
○ Segmented multi-layer PCBs as readout electrodes 
○ 1.2 – 2.4mm LAr gaps ~20% sampling fraction 
○ 40cm deep (22 X0) 
○ 𝛥𝜃 ✕ 𝛥𝜙 = 10 ✕ 8 mrad, 11 longitudinal layers 

 
● PCBs as electrodes: great flexibility 

○ Number of layers and granularity of each layer 
tuneable 

○ Projective cells in 𝜃 and 𝜙 
 

● Active and passive material 
○ Baseline: Pb for absorbers, LAr gaps 
○ Options of W absorbers and LKr being investigated 

Design driven by the solution chosen for the electrodes 40cm 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Calorimeter Simulation

● Full calorimeter simulation implemented in Key4hep 
○ (DD4hep/DDSim, EDM4hep, Gaudi) 
○ Flexible enough to test easily new ideas 

33
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Simulations and design optimisation: granularity

● EM objects reconstruction using fixed-size or 
topo-clusters 
○ Includes electronics noise and cross-talk effects 

 
● Electron and photon energy reconstruction 

using BDT regression 
 

● Studies on photon / π0 classification 
○ Allows to investigate EM granularity 
○ Simple BDT for now ; GNN being developed 
○ Physics case: hadronic τ decay modes 

34

Baseline: 
7.7% /√E + 0.5% 

π0 peak : 
σ = 23 MeV 

π0/ɣ separation 
vs position of 
strip layer 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Energy resolution: design options and noise

● Constant term 
○ Hermeticity, low dead material, uniformity 

 
● Sampling term: improve sampling fraction 

○ Optimise gap size, sampling fraction, 
active and passive material 

○ Explore LAr ⇒ LKr, Pb ⇒ W 
■ between 5% and 7.5% 

 
● Noise term: readout electronics 

○ Req.: measurement of 200 MeV photons, S/N>5 for MIPs 
 
 
 

○ Longer shaping time wrt ATLAS (200 ns)  
○ Cold frontend electronics in the cryostat will provide 

noiseless readout 
35

Energy resolution: σ(E)/E = a/E + b/√E + c ⇒ 3 terms to optimise !

ATLAS shaping  FCC shaping 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Jet performance: particle flow reconstruction

● Both Pandora PFA and GNN PFlow under development 
 

● Very preliminary studies 
○ True tracks used, no track reco 
○ Lots of calibration constants and tuning to be done still 
○ Typically clustering parameters 

 
● Very encouraging results 

36
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100 GeV jets in ALLEGRO

37
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R&D on Electrodes

● Large-scale prototypes built with many design options 
○ Especially for shielding of signal traces 

● Conclusions so far 
○ (sub)-per-mille cross-talk achievable 
○ while keeping reasonable cell capacitances 
○ Good agreement with FEM simulations 
○ Holds up to 5 kV on outer layer 

38

Explore tradeoffs: max granularity / capacitance (noise) / cross-talk

Scale: 10-4 !
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End-caps: turbine design

● Nice properties: 
○ High sampling frequency 
○ Uniformity in ϕ 
○ Ability to read out solely from the high-|z| face 
○ Can be constructed with multiple copies of a small number of electrode/absorber designs 

39

Turbine design: adaptation of barrel idea to end-caps regions

Baseline: 
8.2% /√E + 0.4% 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Readout electronics in the cold

● Warm electronics outside of cryostat: 
2M cables to route ⇒ avoid if possible 
 

● Cold electronics: fewer cables, digital signals 
○ But: needs room for boards + HV, powering and 

signal cables 
○ Proposed solution inspired by DUNE electronics 
○ Requires cooling system to dissipate heat 

 
● Cold Frontend ASICs: two designs, based on 

Dune LArASIC or on CMS HGCROC 
○ DUNE: turn a cryogenic-ready design into 

calorimeter application 
○ CMS: turn a calorimeter chip into a lower-power, 

cryogenic-ready design 
○ Tests of CALOROC to begin soon 
○ First tests of CHARMS ASIC promising 

40

ALLEGRO Ecal barrel: ~2M channels
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R&D on Absorbers
● Absorbers are 1.8mm lead plates sandwiched between stainless steel sheets, 

glued by prepreg 
○ Absorbers fabricated with 0.1mm and 0.05mm SS sheets 
○ Deformations appear in cold tests at 77K with 0.05mm sheets only 

 
 
 
 
 
 
 
 

● CTE investigations 
○ Deformations probably due to CTE differences 
○ Investigated using strain gauges 

 
● 0.1mm SS sheets is now default 
● R&D conclusive ! 

41
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Support structures and general design

● How to hold the electrodes and absorbers ? 
○ Overall structure is given by support rings, 

external and internal 
○ Calculations to chose minimal beam size 
○ High precision: need uniform LAr gaps 

 
● Add constraints to route cables and pipes 

○ ANSYS studies for hollow structure 

42

Compactness, rigidity, high precision in positioning
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Transparent Cryostat for ALLEGRO Ecal 

● Carbon cryostats developed for aerospace applications 
○ But requirements quite different ! 

 
● R&D from component level to Engineering Models 

○ Sandwich Carbon layers + honeycomb: 3% X0 / wall ! 
 

● Design of a cryostat suitable for ALLEGRO in progress 
○ With plans for demonstrators 

 

43

Minimal amount of X0 ⇒ Investigate solutions based on carbon fiber



DPhP, 23/02/2026N. Morange (IJCLab)

Putting it all together: prototype module

● Prototype representative of a calorimeter 
section 
○ Full containment of EM showers 
○ Realistic size of support beams 
○ 64 electrodes, 65 absorber plates 
○ ~5000 channels 

 
● Advanced design of structure used for 

assembly and support 
 

● Testbeams at CERN 
○ Using existing cryostats 
○ Post-LS3: 2029 – 2030 
○ Coordination of calorimeter testbeams at 

DRD6 level 

44

Main goal of the R&D within 5 years
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The ALLEGRO Detector Concept

45
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Next Generation Detector Magnets 

● Baseline is 2T solenoid 
○ Limit to 2T to not blow-up electron bunches at Z pole ! 
○ Current technology: Al-stabilized NbTi Rutherford cables 

■ Well understood technology, affordable and good 
mechanical properties 

■ NOT Commercially available nowadays 
■ Required low temperature operation (< 5 K) 

 
● Physics would benefit from 3T at higher energies 

○ Higgs mass at ±4.1 MeV  
 

● Studies begin (IDEA detector concept) for HTS 3T 
Detector solenoid ! 
○ Increasing 𝑻𝒐𝒑 from 1.9 K to 15-20 K would increase the 

Cryogenic system efficiency by one order of magnitude!!! 
○ Operate at 2T only for Z pole running 
○ Cable concept: U Shape channel cable with Faraday 

Factory HTS REBCO Tapes 
○ With AlTi stabilizer: solenoid ~12 cm thick, 1.5 X0 

46

https://indico.cern.ch/event/1408515/contributions/6499557/attachments/3071359/5433640/Mariotto_Fcc_ee_3T_HTS_IDEA_Magnet.pdf
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Next Generation Detector Magnets 

● Baseline is 2T solenoid 
○ Limit to 2T to not blow-up electron bunches at Z pole ! 
○ Current technology: Al-stabilized NbTi Rutherford cables 

■ Well understood technology, affordable and good 
mechanical properties 

■ NOT Commercially available nowadays 
■ Required low temperature operation (< 5 K) 

 
● Physics would benefit from 3T at higher energies 

○ Higgs mass at ±4.1 MeV  
 

● Studies begin (IDEA detector concept) for HTS 3T 
Detector solenoid ! 
○ Increasing 𝑻𝒐𝒑 from 1.9 K to 15-20 K would increase the 

Cryogenic system efficiency by one order of magnitude!!! 
○ Operate at 2T only for Z pole running 
○ Cable concept: U Shape channel cable with Faraday 

Factory HTS REBCO Tapes 
○ With AlTi stabilizer: solenoid ~12 cm thick, 1.5 X0 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https://indico.cern.ch/event/1408515/contributions/6499557/attachments/3071359/5433640/Mariotto_Fcc_ee_3T_HTS_IDEA_Magnet.pdf
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The ALLEGRO Detector Concept
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Scintillating Tiles Hcal
● HCal inspired by ATLAS TileCal implemented in FCC 

Fullsim 
○ Either with WLS (à la ATLAS), or with SiPM on Tiles (à la 

AHCAL) 
○ Serves as return yoke 

● Design 
○ 5mm steel absorber plates alternating with 3mm  

Scintillating tiles: 8 - 9.5λ 
○ 128 modules in φ, 2 tiles/module, 13 radial layers 
○ Optimisation of segmentation and reconstruction 

 
● Prototype studies starting 

 
● Performance 

○ Ecal + Hcal combined 
clustering implemented 

○ Single-pion resolution: 
 35%/√E 

49
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The ALLEGRO Detector Concept
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Vertex Detector

● Light vertex detector and tracker 
○ Particle energies < 100 GeV: 

lower MS contribution required 
 

● Vertex detector: MAPS-based 
○ Similar to e.g Belle 2 or ALICE ITS3 
○ Extremely light: Inner layers: 0.1% X0 / layer 
○ Outer layers: 0.5 – 1% X0 / layer 
○ Designs using curved sensors 

51

Transparency key for high resolution
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Vertex Detector

● Several CMOS processes available 
○ e.g TPSCo 65nm 

 
● Spatial hit resolution 

○ 3µm per layer achievable with 15µm 
pitch or 25µm pitch with charge sharing 
 

● Cooling 
○ Study air-flow cooling to minimize X0 
○ Studied for IDEA Vertex Detector so far 

52

FCC Seed: curved sensors 
without gaps in ϕ 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The ALLEGRO Detector Concept
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Drift chamber: IDEA design

● Large volume: 
○ Rin = 0.35 m, Rout = 2 m, L = 4 m 

● Operating gas: He 90% - iC4H10 10% 
● Full stereo: 

○ 112 co-axial layers, at alternating-sign stereo 
angles ranging from 50 to 250 mrad 

○ ALLEGRO: Longer DC ⇒ fewer layers 
■ Careful optimisation needed  

● Expected resolution σxy < 100 µm, σz < 1 mm 
● Cluster counting for PID 

54

IDEA: Extremely transparent Drift Chamber



DPhP, 23/02/2026N. Morange (IJCLab)

Straw Trackers Studies

● Potential advantages: 
○ Comparable resolution with greater design flexibility, PID 
○ Operational robustness (broken wires) 
○ Economical 

● Many straw trackers built for recent experiments 
○ GlueX, NA62, PANDA, Mu2e, DUNE ND… 

● Interesting R&D paths 
○ Overall detector design 
○ Single tube production and assembly (minimize X0) 
○ Gas studies, electronics for dN/dx measurements  

55

Recent proposal as alternative to Drift Chamber
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The ALLEGRO Detector Concept
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Muon Tagger

● Hcal acting as return yoke ⇒ very little B-field in muon system 
○ Simple muon tagger, no spectrometer 

 
● Many technologies proposed 

○ RPCs, MDT, MicroMegas, scintillators 
 

● Time-of-flight capabilities might be an advantage 
○ Esp. for exotic searches (LLP) 
○ Need more studies to make the case 

57
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Conclusions

FCC-ee has an outstanding physics program and is the best project we can 
hope for after the LHC 

Detectors at FCC-ee will be as challenging as LHC detectors 

And remember: ATLAS and CMS were conceptualized > 15 years before they 
were built 

A noble-liquid based Ecal is a high-performance cost-effective solution for 
a calorimeter at FCC-ee, and ongoing R&D aim to prove feasibility of the 
design 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Additional Material
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A lot of fun for all detectors

60



DPhP, 23/02/2026N. Morange (IJCLab)

The Higgs Landscape
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Links to many mysteries of the SM !
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Higgs couplings in SMEFT Fit
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Higgs Couplings: Complementarity between Energies
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Studying the Higgs as a no-lose theorem
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Studying the Higgs as a no-lose theorem
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Electron Yukawa: does the Higgs mechanism explains chemistry ?

Higgs interactions and Higgs potential
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Exploring into the unknown
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Complementary signatures wrt HL-LHC

Axions-like Particles  Heavy Neutral Leptons 

+ Precision measurements will probe scales up to 40 TeV (through EFTs)
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FCC-ee: a Flavour factory
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10× bb and cc pairs wrt Belle 2 !
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B Physics
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B Physics
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The ultimate EW precision
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A real challenge for theory calculations !
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PID detectors
● Gaseous detectors 

○ dE/dx or cluster counting measurements 
○ Studies of TPC, Straw Tracker, Drift chamber 
○ Need dedicated electronics / signal processing 

 
● Fast detectors for time-of-flight measurements 

○ Using e.g LGAD technologies 
○ few ps – 10 ps resolution 
○ Used in “silicon wrapper” layers after gaseous tracker, 

in front of calorimeter 
■ Great complementarity 

 
● Dedicated detector: ARC concept 

○ 3σ K/π separation up to 45 GeV 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https://indico.in2p3.fr/event/32629/contributions/142934/attachments/87329/131816/PixelTPC_ECFA-kluit.pdf
https://indico.in2p3.fr/event/32629/contributions/142947/attachments/87490/132061/2024.10.9_Straw_tracker_FCCee_LG.pdf
https://indico.in2p3.fr/event/32629/contributions/142955/attachments/87387/131940/ECFA24_Paris.pdf
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Calorimetry options
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Many options on the table, for both Ecal and Hcal

● All options feature good jet energy resolution 
● Varying Ecal resolution ⇒ Highest EM resol required for B physics 
● Varying segmentation: PFlow, shower shapes, cluster pointing 
● Other characteristics: Operational stability, cost 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Example: Stability of ATLAS LAr Energy Scale

● Pedestal stability < 100 keV 
● Gain stability 2.6x10-4 
● Parameters monitored in daily calibration runs 

○ Changes in constants needed only about 1 / month 
➢ Stability of the energy scale of 2x10-4 

○ Visible on Z→ee invariant mass and E/p 

73

Noble-liquid calorimetry: High intrinsic stability
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Radiation levels
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Peak doses can be quite high !
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Simulations and design optimisation: granularity

● EM objects reconstruction using fixed-size or 
topo-clusters 
○ Includes electronics noise and cross-talk effects 

 
● Electron and photon energy reconstruction 

using BDT regression 
 

● Studies on photon / π0 classification 
○ Allows to investigate EM granularity 
○ Physics case: hadronic τ decay modes 

 
● Next challenge: Particle Flow implementation 

○ Key to performance of hadronic final states 
○ Preliminary version of Pandora PFA running 
○ Will also study state-of-the-art ML-based PFlow 

approaches  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ML PFlow in CLD 

Cluster in 
ECal + Hcal 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Conclusions

● Noble Liquid EM calorimetry is a very appealing 
solution for FCC-ee 
○ Fulfils all requirements of the physics programme 
○ Cost-effective 
○ Significant progress in simulations to prove all 

important metrics 
 

● Very active ALLEGRO Ecal R&D 
○ As part of DRD6 collaboration 
○ Working on all challenges to reach our 

performance goals 
○ Design to be demonstrated by a prototype within 

5 years 
○ There is still plenty to do ! 
○ We are always open to new collaborators ! 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R&D on Electrodes

● Large-scale prototypes built with many design options 
○ Especially for shielding of signal traces 

 
● Conclusions so far 

○ (sub)-per-mille cross-talk achievable 
○ while keeping reasonable cell capacitances 
○ Good agreement with FEM simulations 

 
● Next challenges 

○ Distribution of High Voltage (1 – 2 kV) 
■ Will investigate resistive layers or resistive ink 

○ Design of large electrodes at the end of the barrel 
■ Do we still need projectivity ? 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Explore tradeoffs: max granularity / capacitance (noise) / cross-talk

Support beams 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The ALLEGRO Detector Concept
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MDI 

Lumical 

Vertex 
Detector 

Main tracker 

Silicon 
Wrapper 

Noble Liquid 
Ecal 

2T Solenoid 

Steel – 
Scintillator 

Hcal  Muon Tagger 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Silicon Wrapper

● Two main goals 
○ Last measurement point ‘anchors’ gaseous 

tracker and significantly improve high-pT 
resolution 

○ Precise timing: provide ToF to complement 
dN/dx measurement for PID 

○ aka: 4-D tracking 
 

● Several technologies proposed 
○ DMAPS, LGAD, AC-LGAD, LGAD-RSD 
○ All aim few 10ps / layer 
○ Design will learn from HL-LHC detectors 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Add last precise tracking layer in front of calorimeter

MAPS-LGAD 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The ALLEGRO Detector Concept

83

MDI 

Lumical 

Vertex 
Detector 

Main tracker 

Silicon 
Wrapper 

Noble Liquid 
Ecal 

2T Solenoid 

Steel – 
Scintillator 

Hcal  Muon Tagger 



DPhP, 23/02/2026N. Morange (IJCLab)

MDI

● Goals: 
○ Achieve target luminosity, despite detector B-field 
○ Shielding from machine background (synchrotron radiation) 

 
● Very delicate design 
● Integration with vertex detector quite tricky 

○ Studied for IDEA so far ; lessons apply to all detector concepts 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The ALLEGRO Detector Concept
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Lumical

● Challenging requirements 
○ Position and acceptance exquisitely well known (~10µm level) 
○ Fast response 
○ High granularity (count Bhabhas) 

 
● Implementation concepts 

○ Compact sandwich SiW calorimeters 
■ 25 layers of 3.5mm W (1 X0 each) 
■ 26000 channels 

 
○ Quantum sensors (SNSPD) 

■ Innovative solution based on 
superconducting nanowire detectors 

■ Feasibility to be assessed 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Goal: luminosity measurement at 10-4 !
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TDAQ

● Initial thoughts: triggerless mode not too difficult 
 

● But: very large backgrounds related to beam 
○ Synchrotron Radiation 
○ Incoherent Pairs Creation 
○ Radiative Bhabhas (Brem) 
○ Design of MDI very delicate: shieldings, 

back-scattering 
 

● Occupancies actually not so small 
○ Main issue for vertex detector and gaseous tracker 
○ Work needed on frontend electronics to establish what 

can be done there 
○ Significant reductions necessary to make readout rates 

manageable 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Physics rate: 200 kHz at Z pole / 40 MHz bunch crossing
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Home of detectors R&D: DRD Collaborations
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8 Collaborations. Hosted at CERN. International research teams


