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ILC: What and Where?
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• International Linear Collider (ILC): 31 km long with baseline √s = 250 GeV
 Initial phase @ 250 GeV
 Possible upgrade to higher energy at a later stage

• Baseline beam parameters
 2×1010 parts/bunch spaced by 554 ns
 Polarization: 80 (30)% for e− (e+)
 Linst = 1.8×1034 cm−2 s−1

• Two detectors (ILD and SiD) in the “push and pull” mode

Kitakami
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• Pristine final state, no QCD background, 
all channels are fully reconstructible

• Tunable √s (threshold scan), possible beam 
polarization (S/N enhancement)

• Smaller cross sections compared to LHC

SVD

PXD

ILC: Why?

☞ Buzzword: precision, precision and precision

Peskin @ ALCW2018



Unique Experimental Environment
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• 5 trains of ~1300/2600 bunches
• 1 bunch each 550/370 ns
• Beam-less time ~ 200 ms
• Operation strategies

 Full detector readout (no need for 
trigger)

 Possible readout during beam-less 
time

 Power pulsing reduced power

Beam structure

• Beam energy loss: ~1% @ 250 GeV
• Radiation level: ~100 kRad (compared 

to ~1 GRad at HL-LHC)
• Very low momentum (10-100 MeV) 

real tracks!

• Main source for occupancy  driving 
the vertex detector readout  and inner 
radius

• Typical rate of ~6 hits/cm2/BX on the 
innermost layer

Beamstrahlung



Detector Requirements vis-à-vis LHC

5

• The kind of detector we need is driven by running conditions & physics goals
 Strategy: Use the particle-flow algorithm (PFA) to its fullest potential

• For this, we require detectors of unprecedented precision
• Jet energy resolution

 3× improvement on σE with respect to LHC (~200 higher granularity)

• Tracking and vertexing
 Momentum resolution: 10× better than LHC
 Track pointing to IP
 Low momentum tracking: down to 100 MeV
 Enhanced flavor tagging: down to a flight length of O(100 μm)
 All these achieved with 10-20× finer pixels and ~5-10 lower material budget 

w.r.t. LHC

• Performances those are much less demanding compared to LHC
 Radiation hardness
 Time resolution
 Data rate 



Detector Candidates: ILD and SiD
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• Common approaches
 Allow push-pull
 Exploit PFA

• Common features
 Si+W ECAL and 

HCAL inside the 
magnet coil

 Muon system
 Forward tracker
 Low-mass vertex 

detectors

• ILD:
 Long barrel VTX
 Larger size (optimizes PFA)
 3.5 T (classical HEP design)
 TPC is the main tracker (large 

number of hits  use pattern 
recognition, dE/dx for PID)

• SiD:
 Short barrel with endcap disks
 More compact
 5.0 T (optimizes on vertexing

performances & compensates 
smaller size)

 Fully silicon-based tracker 
(robustness, time stamping 
and few high precision points)



Requirements for Vertex Detectors
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• Linear e+e− collider
 Milder running conditions than hadron machines

Relaxed readout speed and radiation tolerance
 Focus on space-point resolution (σsp) & material budget

• Requirements on vertex detectors
 Physics performances call for σsp of few μm & low material budget
 Occupancy readout speed: few % occupancy (~6 hits/cm2/BX)
 Moderate radiation tolerance (per year): ~100 kRad and 1011 neq/cm2

 Power dissipation  preferably air cooling: ~150W/12W (power cycling)
 Readout and electronics: a) immunity SEU and latchup, b) highly integrated 

micro-circuitry and high transfer rate (triggerless operation)
 Other parameters: a) cost, fabrication reliability & flexibility, b) mechanical 

integration (low mass, rigidity & heat conductive), c) alignment to sub-μm
level

☞Real challenge lies in reaching all of the above specifications



SiD: VTX and Silicon Tracker
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• VTX
• 5 barrel + 7 disks (4 close and 3 far away): pixel
• Baseline pixel pitch: 20×20 μm2

• Technology options: either monolithic CMOS chip ➠ Chronopix or 3D vertically 
integrated silicon

• Silicon Strip tracker
• 5 barrel + 4 disks: microstrip with double metal layer
• Gas cooled
• Material budget < 20% X0 in active area
• Readout KPIX ASIC bump-bonded to modules



ILD: VTX & Silicon Tracking System 
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• Barrel (VTX): 3 double-sided ladders
• Inner layers (< 300 cm2), SIT: priority on readout, speed and σsp

16×16/80 μm2 pixels and binary o/p: tro ~ 50/8 μs and σsp ~ 3/5 μm
• Outer layers (~3000 cm2), SET: importance of power consumption and σsp

35×35 μm2 pixels and 3-4 bit charge encoding: tro ~ 100 μs and σsp ~ 4 μm
• R&D on several technologies, namely DEPFET, FPCCD, SOI and CMOS

• Forward Tracker (FTD): 7 disks (2 pixels and 5 strips)
• 2 closest disks: small pixel 20×20 μm2 (σsp ~ 4 μm) ➠ multiple candidates
• 5 outer disks: strips similar to SIT/SET



Targeted Material Budget
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• Goal of ~10%X0

for full tracker in 
the barrel region 
 challenging

 Comparison with 
the CMS tracker



Targeted Performance: IP Resolution
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• Results from full simulation (single 
muon particle gun):
 σsp 1st VTX layer ~3 μm

 Mat. budget ~0.15% X0 per layer

 Beam-pipe: 500 μm Be (0.14% X0)

 Empirical parameterization:

LEP SLC LHC ILC

a (μm) 25 8 12 5

b (μm GeV) 70 33 70 10



Targeted Performance: Tracking
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• SiD:
 Better at high pT

 Robustness at high-density track 
environment

• ILD:
 Better at low pT

 dE/dx capabilities, thanks to TPC

☞Single muon events



Vertex Detector Technologies
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• ILC and SiD share vertex detector R&D
 Several mature technologies considered; needing more R&D to meet the 

desired requirements (some of them are already in use, such as Belle II PXD, 
ALICE ITS and STAR HFT)

 Safety margin uncertainty mainly from knowledge on beam background 
(would depend on beam energy and IR design)

• No technology yet chosen
 There is still time while technologies are still evolving
 Selection based on benchmark physics performances
 Different geometries are being considered, e.g., 3 double-sided vs. 5 single-

sided ladders OR long vs. short barrel+disks?
 Varieties of ro strategies
 Performances obtained with technology/geometry specific tracking/vertexing

algorithms

☞A number of options are on the table



Current Status of Project
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Conclusions
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 ILC is a mature project: accelerator TDR exists and feasibility of ILD & 
SiD detectors has been demonstrated in the detector baseline documents 
since 2012

 Several experiments already using ILC specification, e.g., Belle II PXD, 
ALICE ITS and STAR HFT

 As for vertex and tracking detectors, many options are available in terms 
of technologies, ro architecture, geometries etc.

 R&D still very active towards further pushing detector performances, 
robustness against beam background, careful integration studies

☞What is the need of hour? Political decision in JP and rest-of-the world


