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ILC Experimental Environment
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Lepton Colliders provide much cleaner experimental conditions, 
therefore, to maximize physics performance by pursuing 
ultimate detector performance 

§ much lower backgrounds 
§ much less radiation, 

§ Much smaller beam spot and beam pipe
! first tracking layer at ~1cm of the IP

§ Pulsed beam structure 
! Power pulsed electronics → low material budget  
! Triggerless operation →  ALL events are recorded



ILC Detector Concepts
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§ Initial concepts in early 90s, developed in the 
early 2000s

§ LOIs in 2009 (4 concepts)
§ ILD and SiD validated by International 

Detector Advisory Group
§ ILC TDR 2013 including Detailed Baseline 

Design (DBD) of ILD and SiD

ILC is designed for 
two detectors in 
Push-Pull 
arrangement



ILC Detector Requirements
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ILD Baseline
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3-4 T

§ Particle flow as the key design driver
§ Excellent vertexing very close to the IP (~1cm)
§ Hybrid tracking system optimized for excellent resolution at high 

energies and ultimate efficiency over a broad momentum range
§ High granular calorimetry
§ Up to and including the HCAL, all inside solenoidal coil of 3-4 T



SiD Baseline
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§ Compact high-field design
§ All-silicon tracking
§ B field 5 T, RECAL=1.25 m
§ Robustness against backgrounds
§ Integrated design
§ Designed for Particle Flow Algorithm (PFA)



CLICdet
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§ High-performing detector optimized for CLIC beam environment
§ All-silicon vertex and tracking system, with spiral vertex endcaps for air cooling
§ PFA calorimetry (ECAL and HCAL within CALICE)
§ Full GEANT-based simulation, including beam-induced backgrounds, available 

for optimization and physics studies
§ Mature reconstruction chain allows detailed performance characterization

– e.g. displaced track reconstruction

Beam-induced backgrounds 
concentrated in very short bunch trains
→ High instantaneous hit rates (up to 

6 GHz/cm2 @ 3 TeV CLIC)

Time-stamping: few ns @ 3 TeV CLIC 
(compared with ~1-10 μs @ ILC)
→ Fast detector signals / frontend 

→ Detector R&D targeted 
at specific CLIC requirements



Vertex Detector
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• Single bunch time resolution
• 5 layers, rmin = 14 mm, < 3 µm hit resolution
• Feature size ~20 µm
• <130 µW/mm2

• ~0.1% X0 per layer material budget

FPCCD thinner wafer
60 mm X 9.7mm X 50 µm

PLUME-2 CMOS
• Cu wire: 0.42% X0
• Al wire: 0.35% X0

Shallow N-Well

HVCMOS



Main Tracker
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TPC delivers up to 220 true 3D space points along a track



ECAL
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Baseline design: Silicon/Tungsten

High granularity imaging calorimetry

New sensor design, new cable design



HCAL
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§ Two approached studied by CALICE
– Analog HCAL:  scintillator tile (3X3 cm2) 

readout using SiPM
– (Semi-)Digital HCAL: RPC with 1X1 cm2 pads

for ILD



Forward Calorimeters
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§ Luminosity from low 
angle Bhabhas

§ Reduce background

§ -e/γ ID to few mrad

§ Improve hermeticity
§ Reduce backscatter
§ Assist beam diagnostics

Sensor irradiation studies 
for Forward Calorimetry

§ Luminosity to 10-4
§ BeamCal radiation dose 

at inner radius ~100 
Mrad/year

§ Calorimetric hermeticity 
down to 6 mrad



Other ILC Items
§ Muon system

! Baseline for both concepts: Long scintillator strips with WLS fiber and SiPM readout 
§ Coil

! Looking into alternative conductors like CICC
! Implications for field, Cost …

§ MDI
! The detectors do function for a range of L*

§ DAQ 
! Triggerless readout and reasonable data volume
! With the “MAPSsification” the role of front-ends will change

§ Detector calibration and alignment
! Can’t be an afterthought in the time of push-pull

§ Software and Computing
! community wide software solutions (LCIO, DD4hep, etc) developed over 15 years
! collaborating with other communities to modernize the software stack: key4hep
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ILC Detector Design Updates Since DBD
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https://arxiv.org/abs/2003.01116https://arxiv.org/abs/2110.09965

https://arxiv.org/abs/2003.01116
https://arxiv.org/abs/2110.09965


Brief Status/Highlights of Progress
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• SiD Tracker

- Demonstrated desired point resolution of <7 µm

- Charge-sharing design works very well

• SiD ECAL

- Second generation sensor arrived and bump-
bonded

§ Both collaborations have been continuously pursuing physics studies for a wide range of possible signals at 
an LC, and detector performance studies

§ Both collaborations were active in the Snowmass Studies
§ Both collaborations are actively engaging with other Higgs factory studies
§ A common software framework has been developed and is available to do studies and detector optimization 

studies, which is shared among ILD, SiD and CLIC (and increasingly also with FCC-ee and others).



R&D Progress for CLICdet
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CLICTD 180 nm monolithic sensor
• Target: CLIC tracker
• Exploring large parameter space of sensor-design modifications, substrate materials (epitaxial, 

high-resistivity Cz) and thicknesses (40-300 μm), in collaboration with ATLAS MALTA / STREAM
• Detailed TCAD/Geant4-based simulation studies (AllPix2) to optimize sensor design

• Excellent performance observed in test-beam measurements and reproduced by simulations
• Results have served as input to sensor optimization, also for 65 nm process

IEEE TNS 67.10 (2020): 2263-2272
NIM A 1006 (2021) 0165396
NIM A 1041 (2022) 167413

A few examples:
Monolithic sensors:

Calorimeter R&D => within CALICE and FCAL

Silicon vertex/tracker R&D:
• Working Group within CLICdp and strong collaboration with DESY + AIDAinnova
• Now integrated in the CERN EP detector R&D programme

https://clicdp.web.cern.ch/content/wg-vertex-and-tracking-detector-technology
https://ep-dep.web.cern.ch/node/7537


R&D Progress for CLICdet
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A few examples:

Calorimeter R&D => within CALICE and FCAL

Silicon vertex/tracker R&D:
• Working Group within CLICdp and strong collaboration with DESY + AIDAinnova
• Now integrated in the CERN EP detector R&D programme

Hybrid assemblies:
CLICpix2
• Target: CLIC pixel detector
• 65 nm with thin active-edge sensors (25 μm pitch)

CLICpix2 hybrid assembly

3.2 mm

• Efficiency, spatial and timing resolution targets are achieved, but not yet simultaneously with material budget target
–> need advanced sensors / smaller pitch (28 nm ASICs, also considered for HL-LHC)

https://clicdp.web.cern.ch/content/wg-vertex-and-tracking-detector-technology
https://ep-dep.web.cern.ch/node/7537


R&D Tasks in ECFA Detector R&D Roadmap
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§ Identified a set of detector R&D areas 
and defined the most important 
themes (DRDTs), and made general 
strategic recommendations (GSR)

§ To implement,  the long-term R&D 
efforts into newly established Detector 
R&D (DRD) Collaborations



R&D Needs for the New Timeline
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▪ Technology R&D
– Superconducting Coil(s): wire and winding techniques, project 

with industry 
– MAPS for Tracking and ECAL: stitching for large scale sensors 

and reduced dead areas 
– Pixel readout for TPC: GridPix dE/dx from cluster counting 
– Fast timing/power requirements: benefits for 

tracking/calorimetry?

▪ Detector Concept development
– Major subsystems: main calorimeters, magnet return yoke, …
– Concept major parameters: overall dimensions, magnet field 

strength, MDI, services
– Strategy for assembly and installation of detectors



MAPS
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§ Potential for providing higher granularity, 
thinner, intelligent detectors at lower 
overall cost 

§ Significantly lower material budget, with 
sensors and readout electronics
integrated on the same chip

§ Stitching for large scale sensors and 
reduced dead areas, towards the wafer-
scale chip

§ Lower power
§ Fully-depleted MAPS/CMOS for faster 

charge collection, higher efficiency, less 
cross-pixel charge sharing

Monolithic Active Pixel Sensors (MAPS) for tracking 
(Vertex Detector, Main Tracker) and electromagnetic 
calorimeter (ECAL)

• Follow closely to CERN-lead 
65 nm MAPS program

• Start designing prototypes 
targeted for SiD

• R&D on Stitching is essential, 
spearheaded by ALICE

• Inform Vertex Detector R&D



Precision Timing
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Precision timing at the level of 10-30ps is a new capability to enhance PID and 
calorimeter measurements
• Large-radius Timing Layers in the in front of the calorimeter can provide Time-of-Flight (ToF) for PID 

• Technologies: LGAD or silicon tiles • Technologies: LGAD, 3D silicon sensors,  LYSO crystals



Precision Timing @ ILC
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§ Integrated time-stamping in the trackers
– e.g. Background rejection in the Vertex Detector 

• Requiring ns-level resolution (intra-bunching timing)
• Doable already today

§ Timing measurements for shower development in calorimeters
– Neutral and slow components

• Requiring ~ns precision
• Reachable today by reading out the cells

§ Dedicated Timing Layers
– Full 4D Tracking in the ILC environment 

• Nothing like the LHC
– What about 5D calorimetry 

• How can precision timing be best used in PFA
• What level of precision timing can make a real 

difference of calorimeter performance
– Time-of-Flight systems for PID

• 10 ps resolution as a goal to be competitive
– What kind of physics does this enable and what are the

Instrumentation implications
• For a detector designed for 250-1000 GeV



(Some) Lessons Learned from (HL-)LHC
▪ Long timeline and different project phases

– Planning with project management despite (large) uncertainties
– Early investments in critical detector R&Ds
– Necessity of proper transition from technology demonstration to TDR-level prototyping
– Well-defined production phase

▪ Large complex detectors
– Balance between conventional and novel technical solutions,  and between adoption of diverse 

technical solutions and risk mitigation
– Development of common solutions across subsystems and experiments
– Optimization between design and buildability

• Physicists vs Engineers: How to Strike the Right Balance?
– Tests, tests, tests

• Do systematical tests of all materials used
• It is always the low tech (plumbing problems)

– Integration, Installation and commissioning always more 
resource-consuming than expected

▪ International and distributed collaboration
– System engineering and technical coordination
– Multi-dimensional optimization of resource, expertise, schedule,

deliverables
22

https://doi.org/10.1146/annurev.nucl.54.070103.181209

https://www.annualreviews.org/doi/abs/10.1146/annurev.nucl.54.070103.181209


Summary
▪ CLICdet, and two ILC detector concepts, ILD and SiD,  have been developed 

and optimized for an extended period

▪ All have excellent performance for the full range of CLIC/ILC physics program

▪ All are open to new ideas/technologies and welcome new collaborators
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Many Thanks to CLIC Collaboration, ILD Collaboration and SiD collaboration, 
particularly Ties Behnke, Aidan Robson, Marcel Stanitzki and Andy White, for 
making the materials readily available and preparing this presentation. All 
inaccuracies and omissions are my own.



THANK YOU



ILD & SID
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