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



Detector Concepts
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§ Initial concepts in early 90s
§ 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



ILD Baseline
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3-4 T



SiD Baseline
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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



Tracker
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ECAL
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Baseline design: Slicon/Tungsten

High granularity imaging calorimetry



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



UPDATES SINCE DBD
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ILD OPTIMIZATION
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R&D Needs for a 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 and 
electromagnetic calorimeter



FAST TIMING
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▪
H

ow
 can precision tim

ing be 
best used in PFA or D

R
▪

W
hat level of precision tim

ing 
can m

ake a real difference to 
calorim

eter perform
ance

Precision timing at the level of 10-30ps is a new capability to 
enhance PID and calorimeter measurements



(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 early readiness 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 and 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
▪ Communicate and document well (and the mistakes)
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https://doi.org/10.1146/annurev.nucl.54.070103.181209

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


SUMMARY
▪ Two ILC detector concepts, SiD and ILD,  have been developed and optimized for an 

extended period

▪ Both have excellent performance for the full range of ILC physics program

▪ Both are open to new ideas/technologies and welcome new collaborators
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THANK YOU



ILD & SID
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