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Current R&D for ILD

Sub-detectors from heavier to lighter

 = “easier” to “harder”

 e.g. “outside” to “inside”

– Muons / HCAL / ECALs

– Luminometers

– PID

– Trackers 

– Vertex

System

– Services (Blood and Nerves)

• (T)DAQ and Cooling

– Coil

– Construction and Installation

How to optimise ?Quality of presentations 
(12 on instrumentation & System
Lively discussions
Speficity of ILD by “external”

mailto:Vincent.Boudry@in2p3.fr


Vincent.Boudry@in2p3.fr R&D and Optimization of ILD for FCC-ee | ILD 4 FCC WS, CERN, 14-16/09/202
6

3/32

Sub-detectors
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Muon systems – Ricardo Farinelli

+ Long-Lived Particles
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Muons systems: review

ILD Muon 

– ×2-3 others

– Thick Yoke due to
• B = 4T max
• <5mT Stray Field

– Loose 2-3 layers if B  2–3 ➘
T, SF×2

R&D:

– Update technologies… 

– Improve timing ?
• MRPC ?

– Reduce cost
• Multiplexing ?

– Integrate in PFA (?)
• HCAL +  track fittingμ

ILD

No show stopper
Applications of solid or new ideas ?
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HCALs

Very mature: large technological prototypes… with old electronics

SDHCAL

– Many Beam Test

• Very high granularity

• Low noise

 T-SDHCAL➞

• MGRP for improved rates and timing, energy 
resolution and shower separation

– Eco-friendly gases

– Higher rates RPC

– New electronics: CALOROC2D?

AHCAL
– Many Beam Tests
• (100M) events𝒪
• <1‰ dead channels
• Low noise

– “Application” as HGCAL-HCAL
– Cost & Efficiency: MegaTiles
– SPIROC2E ASIC

      ⬇︎
 Klausv7
• low power, 

lpBGT compatible
New electronics, new readout scheme, construction need time
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ECALs

Technological prototypes in Beam Tests (BT)

SiW-ECAL

– 15 layers prototype
• 18×18 cm²; 1024 ch/layer
• mega SKIROC2Ω

– BT @CERN in 2026
• Smooth operations, 

analysis just started
– Applications in fixed-target exp’t in the making
• EBES, LUXE, SHiP, Lohengrin

R&D:

– New Electronics: CALOROC1C 
• New design for Very-Font-end started…

– Re-optimisation of layout for improved  reconstruction𝛾
– Improve timing (Bulk and dedicated layers with LGAD ?)

ScW-ECAL

– 32 layers; 22×22 cm²
strips of 5×45(90) mm²

• mega SPIROC2EΩ
– BT @CERN 2022–23, 

 @KEK, 2025 (low )𝐸
• Large sample taken; analysis on-going

– Some noise issues at KEK

R&D:

– SiPM; strip geometry

~80 cm

New electronics, new readout scheme, 
construction need time
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Luminometer

FCAL collaboration
– ‘Compact’ calorimeters

for the forward regions:
• “on-hold”, for years

– now revived by new 
design for FCC-ee

Application: LUXE ECALp
– Compact SiW for  𝛾

in non-linear QED
– SiW-ECAL sensors

+ Kapton
• Many BT @DESY

– ‘FCAL’ FLAME ASIC 
 operational experience➞

FCC-ee luminosity
– 14 mrad  30 mrad➞

crossing
– 1 m mechanical μ

precision needed
– ∆TBX = 25 ns

Lumi Workshop (July 2026)
– Precision at 10–4 seems achievable
– Wide angle ee   to be investigated➞ 𝛾𝛾
– MAPS could be an alternative to Si layers
– Integration will be challenging
• Sensitivity to machine background ?

Work started in FCC-ee framework
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Tracker Enveloppe : ToF – Graham
Si Tracker timing – P. Martinez 

Optical TOF layers ?
• Particles ID at low P
• Background rejection
• BX ID

OPAL-like: Scint + WLS 
– ( ) ~ 50 ps per MIP? New WLS ?σ 𝑡

(CDF achieved ~125 ps).

Cherenkov-Correlated-Timing (CCT) : 
– 2 cm fused silica bar
– Internal reflexions 

+ imaging the rings 
 c+time+position➞ θ

– ( ) ~ 110 ps at centreσ 𝑡

Implement a digitizer for Si-tracker timing

– Motivations:

• Training (Key4HEP) , implementation of timing in 
digitization of tracker hits

• Not a proposal

– Signal

• Shape: V(t) = V0 exp(-t/ 1)(1 – exp(-t/ 2))τ τ
+ Gaussian Smearing

• Aims at 30 ps after time-walk correction

is 50 ps enough?
Useful for other detectors
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TPC Workshop summary (7/9/26) – Peter Kluit

“Identity of ILD” (  CLD)⬌

Many advantages: 

– Esp when combined with Si-tracker

Readout technologies
– GridPix + TimePix3:
• Pixel chip with integrated Grid 

(Micromegas-like)
• Detection of individual e–
• 256×256 pixels; 55 m pitch; μ

 timestamp⊃
• 2 W / (14.1mm)²

Beam Test Results
– Residuals  13 m,  20  m;𝑥𝑦 μ 𝑧 μ
– L = 1m, B = 1T

Simulation & T2K:
– 10 000 hits/tracks (≥1 e–)
• Previous: 200 pads (≥22 e–)

– 10 cm for precision ~ 20 m @ 3.5Tμ
but 30 m @ 2.0Tμ

Cooling plate
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PID with GridPix TPC

d /d  vs d /d    𝐸 𝑥 𝑁 𝑥

– e– of 5,6 GeV, L=1m with 60% corevage, 1T

– dE/dx filtering out large clusters /  = 3.6% σ μ
– dN/dx  by fit of bulk of distribution, ⟨ ⟩ /  = 2.9%σ μ

Extrapolated to ILD 

– Ri = 329 mm; Ro = 1770 mm

– /  = 2.4% (3%)σ μ
– separation of K /  for 𝜋 P<45 GeV with more than 

5.5  (4.5 ) for cos   = 0.σ σ θ

But huge background from Synchr. Radiation

– Large hit rate
 electronics➞

       heat

– Charge Buildup
 distortions➞

– Ion Back Flow
 distortion++➞

• R&D DRD1

• Use Ne gas (vs Ar)
for Tera-Z ?

VTX

Technologically mature, services to be integrated in simulation ?
Very first concern: SR background

mailto:Vincent.Boudry@in2p3.fr


Vincent.Boudry@in2p3.fr R&D and Optimization of ILD for FCC-ee | ILD 4 FCC WS, CERN, 14-16/09/202
6

12/32

Machine Backgrounds – Victor Schwan

Study of D. Jeans

– presented at FCC Week 2026
https://indico.cern.ch/event/1552126/contributions/7128849/ 

–

Ion production

Meter-size 💀
deviations💀

Silicon tracker (CLD_o2_v08)

TPC (ILD_FCCee_v01)
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SR background – Guila Nigrelli 
on behalf of the SR Task Force

Very high rate in VTX:

– up to ~20 GHz/cm² (HALO) 
and    ~1 GHz/cm² (CORE).

– Dipole and Quadrupoles + reflected on surfaces

Task Force formed 

– Simulations beam core in 
BDSIM / FLUKA / SYNRAD

• lattice LCC 106 at Z pole

• Disagreements reduced (in good direction)
 gain in confidence➞

–  No Xray reflection⚠

Main source: beam halo 

– ×100 core (stopped by dump)

 1/(beam lifetime)⬌

– Mitigation: 

• Modified Final doublet :  / 10 !➞

• Masking
@1.3m from IP

– Prelim results:
● R/100 in vertex

• Other possibilities to
be evaluated… 

Quick progresses but 
SR still dominates by far… 
Validation in real life ?
CAD and DD4HEP model ?
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Vertex  – Jeremy Andrea

Resolutions
– Internal precision σr𝜑 ~ 3 mμ
– From scattering: r0 as small as possible

System
– Thin device   MAPS !➞

– 3 m but low Power (50mW/cm²)μ
“Every aspect is interconnected” (Spaghetti diagram)

Technologies (Chips)

Implementations (in DD4HEP)

~0.5-06% X₀ at θ =90°
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FCC-SEED –  Jeremy Andrea

FCC-Seed : 
– Octopus reading bended layers (ALICE-like)
– Single layer or Double layers (redundancy)
• 0.5mm between overlaps

– R0 ~ 10–12 mm 
– ~ 0.6–1.2 % X0 
– Curved sensors
– R  r0 = 1 cm

Simulation
– Exists (Disk = CLD)
– Air cooling tubes and fixation to be added
– CAD Mechanics, etc

Prototyping

– MIMOSIS chips close 
to what is needed
• Bending tests done

– Beam test of MIMOSIS (50  m thickness)μ
in preparation

– Funded by French ANR

–

Recent rejoining of ILD
Very active…
Who for the dIsk ?
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System
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Digitizers – Uli Einhaus

Conclusions concerning the “low-level” reconstruction (close to the dirty HW)

– Si & Calo digi: should become more realistic, application of new developments to ILD

– TPC digi: major work to make more realistic and apply FCC conditions, overlap with AGORA

– In-depth discussions (focus: Vtx, FT, PFlow) at the FCC Reco WS in Oct!

 Effort is needed ➞

• Some started.

• TPC a key player; lack of man power   1/2 day to remove the technical hurdles ?➞
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(Trigger and) DAQ –  Zeynep Demiragli

Z-pole most challenging experimentally:

– 100 kHz physics rate, ~200 kHz including 
backgrounds

– 25 ns bunch spacing (40 MHz BX rate)  only →
about 1 in 200 is a physics event

– No pileup / no underlying event (pile-up 
parameter ~2.5×10⁻³)

But background dominated… 

Precision EW:

– R/R ~ 2e-5δ
•  Same DT for all events. ➞

•  trigger bias < 1e-6➞

TDAQ or DAQ (streaming) ?

– Streaming feasible ? YES,  Should we ?

• 0.2Mb events @ 200 kHz ( ) ➞ 10 Tb/s ➞

 100 GB/s on storage?➞

• But more material & power

 Optimal to be found ➞

mailto:Vincent.Boudry@in2p3.fr


Vincent.Boudry@in2p3.fr R&D and Optimization of ILD for FCC-ee | ILD 4 FCC WS, CERN, 14-16/09/202
6

20/32

Trigger and DAQ: backgrounds

TDAQ Workshop FCC Week 2026
Sources:

– IPC irreductible, soft,
Shielded by 2T but

• Dominated VTX ~ 30hits in 1st layers / BX
  70 MHz/cm²➞

– SR can saturate innermost is not tamed

– Top-up injection:

• ≤~ 1% full beam intensity 1/10s

– 12% of injected beam lost around ring

• Sim. improves… 

BW ~ OK, but lobal effort on light and low power 
readout needed (  connectors)  DRD7⊃ ⬌
+ (VBY) Monitoring close to the HW 
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Cooling

Continuous running

– Power Pulsing  Power×100 (same electronics)➞

– Embedded Electronic

Cooling Systems:

– Vertex: Air flow

(Mechanical stability from old AIDA program)
– TPC: CO2 ?
• Room temperature = high pressure = thick tubes
• Uniformity required ?

– Calorimeters
• (ongoing) Estimation of power with CaloFlux

– Calculation and Prototypes
SiW-ECAL     AHCAL TSDHCAL

System & Piping to be revisited
Engineering … Physics (DD4HEP)
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 Coil and Installation – Karsten Buesser

ILD CAD models ready

– Adaptation “easy”

Stray Field:

– 5 mT (50G) at ILC

– If 10 mT  Yoke -60 cm (500t)➞
(no work nearby, idem CMS)

Construction timeline

– 10 years  construction site⊃

 Start before stop of LHC… ➞

– ≠ assembly scheme wrt transportation by road 
(20 t or 200 t)

• FCC : What is the largest piece ?   shaft (  €€€)➞ ⌀ ⚠

ILD in the FCC-ee 
envelope documents
– Not with reduced Yoke…

ILD = largest detector… 

Open Questions
– Magnet for 4T max. Can it be reduced ?
– On-site assembly  In hall (ATLAS-like) ?➞

– Coil testing on surface ?
– Stray Field ×2  10 mT ?➞

– Radiation Shielding by the detector ?

Person power: 
– No one… 
– Magnet tech : from CERN… 
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Installation  – Karsten Büsser
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What and how to optimize ?

mailto:Vincent.Boudry@in2p3.fr


Vincent.Boudry@in2p3.fr R&D and Optimization of ILD for FCC-ee | ILD 4 FCC WS, CERN, 14-16/09/202
6

25/32

PED Letter of Mission (July 20th, P. Janot)
(my exerpt for information)

Reference Design Phase (RDP; 2026–2028)

– 39 preliminary EoI RnD for Feasibility Study

– WG structure 

– 6 concepts

• common sub-systems

• ILD, CLD, Allegro, IDEA, ALFA, ...

Next goals

– EoI det concepts end of RDP (end 2028)

• Framework for ideas, techs, eng/phys., needed 
R&D

•  "Clear direction for DRDs",➞

– "expected to align with needs of FCC-ee"

More meetings, and sharing

– Det-Concept ≠ exp. collab

• Fondation for future collabs.

– LHC: Evian 1992

– 4 future det.

LoI beg of 2030

– Strong signal for the Funding agencies 

mailto:Vincent.Boudry@in2p3.fr


Vincent.Boudry@in2p3.fr R&D and Optimization of ILD for FCC-ee | ILD 4 FCC WS, CERN, 14-16/09/202
6

26/32

Optimizing ILD for the FCC-ee… in a few prompts.

Dear “Claude”, you will act as the Technical 
and Software and Physics Coordinators of ILD…

1) For every detector technology used in ILD, 
extrapolate from the detector and technical 
groups results, the expected performances in 
10 years from now.**

2) Write some digitiser code reflecting those 
performances, allowing for flexibility in speed, 
amplitude and granularities… *

3) Create a parametric model of ILD in Key4HEP 
with those technologies, taking into account the 
services, construction and security constraints at 
the FCC-ee (pit, magnetic field) **

4) Simulate the main physics channel and 
machine backgrounds at the FCC-ee 
at 91, 180, 240 and 365 GeV using the ILD 
Model and Digitisers *

5) Write a Particle Flow Method giving the best jet 
energy resolution, and  reconstruction purity τ
and tagging for Flavour physics and Higgs, Z, W 
and top measurements,... don’t forget the 
sensibility to any new possible physics **

6) Optimise the ILD model in 3) for performance 
and cost **

7) Write a Letter of Intention *

8) You have three years… 

* hum?   ** Not “quite” there… will still have to be made “brainly” 
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Some experiment 
attempts at LLM… 

ChatPGT (4m50s) Claude (~9 m, 90% of daily free plan)

Prompt asked to Mistral, ChatGPT (5.6), CLaude (Sonnet)
Based on the presentation on the indico page https://agenda.linearcollider.org/event/11033/timetable/?view=standard, 
provide me with a status of the recent and future R&D for each of the sub-detectors of ILD. 
You will format the output as a presentation of about 30 slides. 
Order subdetectors from the outside to the inside: muon, SDHCAL, AHCAL, SCW-ECAL,SIW-ECAL, Luminometer, ToF 
and PID, TPC, silicon tracker and vertex. Then discuss the global aspects: coil and yoke, TDAQ, cooling. 
Then for each of the analysis presented, specify what could be gained by an improvement of the detector (if any).

full presentations attached on indico ; error spotted not reviewed, avoid “I want to believe” effect
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Adaptation to FCC-ee – Key elements

Identical Physics* : e+e− at 91, 165, 240, 360 GeV but
– Collisions rates × 20,000
– ≠ Machine-Detector Interface 
– (Much) Higher Machine Backgrounds

MDI / forward region
– Mitigation of machine backgrounds — especially at high-luminosity Z-pole running

Different bunch structure of beam
– Impact on operation of Time Projection Chamber
– Thermal load management in subdetectors
• Opportunity: add timing !

Miscellaneous
– Lower energies  less granular calorimeters ?→
– No close-by detector (push-pull operation) 

 no need for self-shielding  thinner yoke ?→ →
– If lower magnetic field (2T)  Do we need a larger tracker ?→

ILC FCC-ee
Crossing angles 14 mrad 30 mrad

L* (distance from IP to last 
accel. Focusing magnet)

4.1 m 2.0 m

Solenoid field 3.5 T 2.0 (3 ?) T 

Addtional B-fields anti-DID − Compensating
− Screening

Bunch separation ~350 ns @ 5–10 Hz 2–5000 ns cont.

*Identical Physics : but Tera-Z calls

– PPM Systematics

– Less explored aspects (by ILD):

• Extended Flavour physics program

• QCD, … 
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TPC inner radius

“o1”: ILD-Like TPC “o2”: Shrinked TPC, more Si

Common FCCee MDI
Beampipe, LumiCal,
quads, solenoids

CLD-like silicon tracker
vertex, inner silicon

Beampipe
forking © D. Jeans

Discussed at https://agenda.linearcollider.org/event/11107/, missing in report…
A bit in Victor’s
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Tentative To Do List… 

Instrumentation

– Continue R&D on detectors  DRD’s⬌

– Foster transverse collaboration on missing parts (e.g. Silicon trackers)

– Involve new partners: e.g maps for calorimeters (Lumi, SiW), Cherenkov / ToF

– Build scenarios for TPC (if;then;else)

– Revise Magnet + Yoke + Muons  Q? From Karsten: Who ? Major cost issue (material, pit size)←
Models

– Update detector descriptions in 2(3?) steps:

• 1st version simulations with upgraded sub-detectors (  digitisers, timing, cooling for VTX, TPC, Calos) ⊃
 prelim. Physics performance, rates, granularity, etc (  EoI ?)➞ ➞

• 2nd version Sim/CAD for full physics performance / large Production

– Prelim Cost estimates  LoI ? (beg. 2030)➞
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Work to be done – Mogens Dam

Vertex Detector & MDI Region:

– Sensor technology exists (MAPS, DRD3); lightweight support

– structures, low-material power and cooling infrastructure to be developed

– Continue and strengthen engineering effort on MDI region, support of vertex detctors + LumiCal; develop MDI for 
all detector concepts

Tracking:

– Different proposals: Scintillating Fibre, Si tracker (DRD3), gaseous tracker (DRD1): drift chamber, straw tracker, 
TPC

– Establish whether (long) drift times are compatible with high-rate Z-pole operation and related backgrounds 
(synchrotron radiation, beamstrahlung, radiative Bhabha scattering)

– Minimize material, start engineering of support structures, services, power, cooling, …

Particle ID:

– Consolidation of cluster-counting method for DCH and straw

– Potentially complement Si tracker with ARC Cherenkov detector; need for low GWP gasses

– ToF detectors (e.g. LGADs)

Calorimetry

– Continue building prototypes of all proposed calorimeters, testbeams (DRD6)

– Define needed granularity, performance optimisation

– Engineering

Muon system:

– Large area scintillator and gas detector technologies exist; need for low GWP gasses

– Need to define what is needed for optimal physics reach

Luminometry

– LumiCals satisfying extreme precision requirements to be developed

– Consolidation of luminosity measurement via large.angle di-photons

Muon system:
– Large area scintillator and gas detector technologies exist; need for low GWP gasses
– Need to define what is needed for optimal physics reach

Luminometry
– LumiCals satisfying extreme precision requirements to be developed
– Consolidation of luminosity measurement via large.angle di-photons

Magnet coils
– Effort to re-establish availability of reinforced aluminium-stabilized Nb-Ti conductors 

needed;
– Investigate novel HTS-based conductors technology

Cryostats
– Development of low-material carbon-composite cryostats as well as carbon fibre and 

aluminium honeycomb
– Construction and test of prototypes

Trigger and DAQ:
– Is a trigger needed or can all (zero-suppressed) data be streamed out
– Closely linked to studies of occupancies caused by backgrounds

Software:
– Full simulation of detector concepts gradually becoming available; important for 

performance and detector optimisation studies.
– Detailed digitizers important for quantification of background rates
– Reconstruction including particle flow appearing
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