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What is Particle Physics?

• a scientific discipline that pursues fundamental laws & constituents that have 
been governing the Universe since its birth

Strong Synergy with Other Research Projects of ILANCE 
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FIG. 1. Left: Single quadrant view of the ILD detector. Right: Event display of a simulated hadronic decay of a tt̄ event in
ILD. The coloring of the tracks show the results of the reconstruction, each color corresponding to a reconstructed particle.

The design drivers of the ILD detector can be summarized by the following requirements:

• Impact parameter resolution: An impact parameter resolution of 5 µm � 10 µm/[p (GeV/c) sin3/2 ✓] has
been defined as a goal, where ✓ is the angle between the particle and the beamline.

• Momentum resolution: An inverse momentum resolution of �(1/p) = 2⇥ 10�5 (GeV/c�1
/) asymptotically

at high momenta should be reached with the combined silicon - TPC tracker. Maintaining excellent tracking
e�ciency and very good momentum resolution at lower momenta will be achieved by an aggressive design to
minimise the detector’s material budget.

• Jet energy resolution: Using the paradigm of particle flow a jet energy resolution �E/E = 3% for light
flavour jets should be reached. The resolution is defined in reference to light-quark jets, as the R.M.S. of the
inner 90% of the energy distribution.

• Readout: The detector readout will not use a hardware trigger, ensuring full e�ciency for all possible event
topologies.

• Powering To allow a continuous readout, and, at the same time, minimize the amount of dead material in the
detector, the power of major systems will be cycled between bunch trains.

In addition to fulfilling the science requirements, ILD has also to be able to cope with the ILC environment. Due
to the extreme focusing of the two beams at the interaction region, so-called beamstrahlung is generated, which
produces significant background in the detector. The magnetic field focuses the majority of the charged component
of the beamstrahlung background into the forward region, but some fraction will still hit sensitive detector parts.

III. IMPLEMENTATION OF THE ILD DETECTOR

The ambitious requirements of the ILC detectors sparked a world-wide R&D program to develop and demonstrate
the di↵erent technologies needed [7]. The R&D was mostly coordinated and executed within so-called R&D collabora-
tions, which concentrated on particular technologies and sub-detector systems. These collaborations operated outside
the detector concept groups, and, in many cases, served several detector concept groups, sometimes even at more
than one collider proposal. The ILD concept group from its beginning has collaborated very closely with these R&D
groups, and has organized the needed R&D work through and with the R&D collaborations.

The ILD detector is a multi-purpose detector in which the di↵erent requirements are addressed by a combination of
di↵erent sub-detector systems. The optimization for ultimate precision in the reconstruction of charged and neutral
particles requires that all major systems are contained within a strong solenoidal magnetic field, of 3.5T strength.
This field allows the measurement of the momentum of charged particles and removes low-energy background from
the main part of the detector. Ultimate precision also requires that as little material as possible is introduced into





IT’S A HIGH PRIORITY TO UNDERSTAND  
THE VACUUM OF THE UNIVERSE BY 

STUDYING THE HIGGS PARTICLE

6

Also, great opportunities for discovery of new phenomena such as Dark Matter particles!

Higgs is the first of the kind that is hiding in the vacuum — there should be more:  
another Higgs that provided neutrino masses, Dark Energy, and Inflaton



electron-positron Higgs Factory

~mass of cesium atom
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can produce lots of Higgs for scrutiny
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International Linear Collider (ILC)
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20 -> 50km
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500GeV machine for a larger low-energy data set), or if
additional cryogenic capacity is installed.

2.4.3. Polarisation upgrade

The baseline design foresees at least 80% electron polar-
isation at the IP, combined with 30% positron polarisa-
tion for the undulator positron source. At beam ener-
gies above 125GeV, the undulator photon flux increases
rapidly. Photon polarisation is maximal at zero emis-
sion angle; it is decreased and even inverted at larger an-
gles. Thus, collimating the surplus photon flux at larger
emission angles increases the net polarisation. Studies
indicate that 60% positron polarisation at the IP may
be possible at 500GeV centre–of–mass energy with the
addition of a photon collimator.

2.5. Civil engineering and site

In 2014, the ILC Strategy Council announced the re-
sult of its candidate site evaluation for the best possible
ILC site in Japan [98]. The evaluation was conducted
by a number of Japanese experts from universities and
industry, and reviewed by an international commitee. It
considered technical as well as socio-environmental as-
pects, and concluded that the candidate site in the Ki-
takami region is best suited for the ILC.

FIG. 16: The Kitakami candidate site for the ILC [99].

The site (Fig. 16) is located in the Japan’s northern
Tohoku region, not far from Sendai with its interna-
tional airport, in the prefectures of Iwate and Miyagi.
The closest cities are Ichinoseki, Oshu, and Kitakami,
which all o↵er Shinkansen (bullet train) access to Sendai
and Tokyo. The closest harbour is in the city of Kesen-
Numa. The coastal region in this area was severely hit
by the great Tohoku earthquake in 2011. Both prefec-
tures are supportive of the ILC project and view it as
an important part of their strategy to recover from the
earthquake disaster.

The Kitakami site was largely selected because of its
excellent geological condition. The proposed ILC trajec-
tory lies in two large, homogeneous granite formations,
the Hitokabe granite in the north and Senmaya granite
to the south. The site provides up to 50 km of space,
enough for a possible 1TeV upgrade or more, depending
on the achievable accelerating gradient. Extensive geo-
logical surveys have been conducted in the area, includ-
ing boring, seismic measurements, and electrical mea-
surements [100], as shown in Fig. 17. The surveys show
that the rock is of good quality, with no active seismic
faults in the area.
Earthquakes are frequent throughout Japan, and the

accelerator and detectors need proper supports that iso-
late them from vibrations during earthquakes and micro
tremors [101]. Proven technologies exist to cope with all
seismic events, including magnitude 9 earthquakes such
as the great Tohoku earthquake.
Vibration measurements taken during the construction

of a road tunnel show that accelerator operation would be
possible during the excavation of a tunnel for an energy
upgrade [102].
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FIG. 17: Geological situation at the Kitakami site.

2.6. Cost and schedule

For the Technical Design Report, the construction cost
of the ILC accelerator was carefully evaluated from a de-
tailed, bottom–up, WBS (Work Breakdown Structure)-
based cost estimation [15, Sect. 15]. The TDR estimate
distinguishes two cost categories: Value accounts for ma-
terials and supplies procured from industry and is given
in ILCU (ILC Currency Unit, where 1 ILCU = 1US$ in
2012 prices), and Labour accounts for work performed
in the participating institutions and is given in person–
hours or person–years4.

4 One person–year corresponds to 1700 working hours.
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1st Phase: International Development Team (1-1.5 yrs)

2nd Phase: ILC Pre-Laboratory (~4 years)

3rd Phase: ILC Construction (~10 years)

4th Phase: ILC Operation (20+ years)

Establish ILC Pre-Lab among national/regional laboratories

Aug. 2020: ICFA established ILC International Development Team hosted by KEK

Establish ILC Laboratory among partner country/regions

Research open to worldwide users

!Inter-governmental agreement

ILC Project Timeline
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We’re here.

Intense 
Collaboration 
Expected
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ILDとSiD

International Large Detector (ILD) – 日欧中心

Silicon detector (SiD)
- 米中心

崩壊点検出器 – silicon pixel (CMOS, CCD, DEPFET等)
飛跡検出器 – Silicon pixel/strip + TPC (ILDのみ)
電磁カロリメータ – silicon pad or scintillator + tungsten
ハドロンカロリメータ – scintillator or RPC + iron
超伝導ソレノイド (ILD: 3.5T, SiD: 5T)

International Large Detector

• One of the “Detector Concepts” 

• largely Europe-Japan collaboration



LCWS21, online, March 2021 1 M. Vos

Detector R&D in the 

Concept

Linear Collider Workshop 2021

Marcel Vos 

IFIC (U. Valencia/CSIC), Spain

With inputs from many ILD colleagues
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(Main) Technological prototypes 

Name Sensitive

Material

Absorber

Material

Resolution Pixel

size/mm
3

~Layer

size**/cm
3
 

~Layer

depth/X
0

~Layer

depth/λ
I

# of

Pixels/

layer

# of layers Comment

ScECAL Scintillator W-Cu

Alloy

Analogue,

12bit

5x45x2 23x22x0.5 0.73 0.03 210 32 2x16 x and y strips

SiECAL Si W Analogue,

12bit

5.5x5.5x

0.3 (0.5,

0.65)

18x18x

0.24 (-

0.63)

0.6-1.6 0.02-0.06 1024 ≥22 Can be run in

different configs.

AHCAL Scintillator Fe*/W Analogue,

12bit

30x30x3 72x72x2/

1.4

1/2.9 0.11 576 38 Running with Fe

and W

SDHCAL Gas Fe* Semi-

digital 2bit

10x10x6 100x100x

2.6

1.1 0.12 9216 48

*Stainless Steel

**Only absorber + sensitive material for z direction, air gaps, electronics discarded here (would add 5-10%)

ScECAL SiECAL AHCAL SDHCAL

3LCWS 2021

Testbeam plans

● Complete beam test program with current technological prototype (size ~up to 1m3, details in backup)

ScECAL SiECAL AHCAL SDHCAL

● Implies combined testbeams with high energetic electrons and hadrons of (more or less) 
real size calorimeter prototypes for PFA

 
● Develop and optimise hardware that meets tight space and power requirements in LC Detectors 

● First set of components are 
at hand for SiW ECAL

● Scrutinisation and adaptation
for other systems

Common hardware development and comparison of technologies under one roof is the big strength of CALICE

ATLAS Collaboration & ILANCE

~3000 scientific authors

90
authors
IN2P3

22 authors

New front end board           
for ILD Si-W ECAL

Jérôme NANNI

New front end board           
for ILD Si-W ECAL

Jérôme NANNI

New front end board           
for ILD Si-W ECAL

Jérôme NANNI

ATLAS Collaboration & ILANCE

~3000 scientific authors

90
authors
IN2P3

22 authors

IN2P3 : A “distributed” laboratory 
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New front end board           
for ILD Si-W ECAL

Jérôme NANNI

IN2P3 : A “distributed” laboratory 
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ATLAS Collaboration & ILANCE

~3000 scientific authors

90
authors
IN2P3

22 authors

ATLAS Collaboration & ILANCE

~3000 scientific authors

90
authors
IN2P3

22 authors
ATLAS Collaboration & ILANCE

~3000 scientific authors

90
authors
IN2P3

22 authors

Particle Flow Algorithm (PFA)
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EM Calorimeter (ECAL)

Hadron Calorimeter (HCAL)

~All IN2P3 laboratories that do particle physics research 
are involved in the ILC activities  



Activities for SiW-ECAL R&D

14

Technological prototype: FEV13 short slab 

Geometrical structure 
⁃ 32 × 32 = 1024 ch / slab 
⁃ 4 Si wafers / slab 
⁃ 16 ASICs / slab

Silicon sensor (Hamamatsu) 
⁃ 16 x 16 = 256 P-I-N diodes 
⁃ 5.5 x 5.5 mm2 pixels  
⁃ Thickness: 320, 500, 650 µm

We are working with Kyushu University. Test beam 2019 at DESY 
• The latest beam test using electron beam (1-5 GeV) 
• Collaboration with LAL/LLR 
• We obtained pedestal uniformity/stability, S/N, shower etc. 
• The recent test beam plans were canceled due to pandemic. 

Shower eventCosmic ray track, MIP spectrum

New front end board           
for ILD Si-W ECAL

Jérôme NANNI

New front end board           
for ILD Si-W ECAL

Jérôme NANNI



• Scintillator-Tungsten ECAL (ScW-ECAL)
• High granularity calorimeter for PFA calorimetry at ILC detector (R&D coordinated by CALICE collaboration)
• Scintillator strip (45mm×5mm×t2mm) readout by SiPM
• Virtual segmentation of 5×5mm2 by strips aligned alternately in horizontal and vertical orientations
• Significant reduction of readout channels(108→107) retaining performance

• Full layer (32 layers) technological prototype
• Jointly developed by R&D groups for CEPC and ILD
• Construction completed 
• To be tested in DESY test beam later this year

Scintillator-ECAL for ILC
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Particle Flow Calorimetry Felix Sefkow     Tokyo, March 11, 2016 

Particle flow technologies

35
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Assembling procedure 

6mm(active area) + 5mm(steel) =  
11 mm thickness 

Gas 
outlet 

     HV  
connection 

Gas 
inlet 

PCB support (polycarbonate) 
PCB (1.2mm)+ASICs(1.7 mm) 

Mylar layer (50µ) 

Readout ASIC 
(Hardroc2, 1.6mm) 

PCB interconnect 
Readout pads 
(1cm x 1cm) 

Mylar (175µ) 

Glass fiber frame (≈1.2mm) 

Cathode glass (1.1mm) 
+ resistive coating 

Anode glass (0.7mm) 
+ resistive coating 

Ceramic ball spacer (1.2mm) 

Gas gap 

Structure of an active layer of the SDHCAL 

Large GRPC R&D 

#   Negligible dead zone 
    (tiny ceramic spacers) 
#  Efficient gas distribution system 
    (channeling gas inlet and outlet) 
#  Homogenous resistive coating 
   (special paint mixture, silk screen print)   
 

• Silicon (ECAL) 
– most compact solution, stable 

calibration 
– 0.5 - 1 cm2 cell size 
– MAPS pixels also studied 

• Scintillator SiPM (ECAL, HCAL) 
– robust and reliable, SiPMs.. 
– ECAL strips: 0.5 - 1 cm eff. 
– HCAL tiles: 3x3 cm2 

• Gaseous technologies 
– fine segmentation: 1 cm2 
– Glass RPCs: well known, safe 
– MPGDs: proportional, rate-

capable 
• GEMs, Micromegas

12µm 

Scintillator strip

SiPM

Full layer prototype for ScW-ECAL

Construction completed Commissioning (CR test)
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• Scintillator-Steel HCAL (AHCAL)
• “SiPM-on-tile” technology
• Transverse segmentation: 8×106 scintillator cell (30×30×3mm3) + SiPM (1.3×1.3mm2)
• Longitudinal segmentation: 48 layers of detection module + steel(or tungsten) absorber (~6λI)

• Full layer (38 layers) technological prototype
• 38 layers (almost full layers) of 0.7×0.7m2, 22k tiles
• ~1% of full ILD barrel part
• Beam test at CERN/SPS H2 beam line (May 9-23 and Jun. 27-Jul.4, 2018)

Scintillator-HCAL for ILC 16

Analysis workshop＠UTokyo 2018.8

Pion 100GeV

Christian Graf Asian Linear Collider Workshop - Fukuoka - May ’18

Hadron Beams

19

• Preliminary energy 
reconstruction

• Only basic muon rejection

Energy Sum [MIP]
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Pion Beam

CALICE 
work in progress

Electron beam

Large technological prototype

Detection layer module (576 tiles)

Scintillator tile with SiPM 
on readout PCB



ILC Physics: Higgs & EW 
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• Precision Higgs Physics
Higgs mass, CP & couplings to SM particles  
Higgs self-couplings using both double- and single-Higgs processes 
prod. cross section & decay branching ratios (collaboration with LLR)

• Electroweak Precision Observables
potential of Z-pole physics at ILC250 using radiative return process 
focusing on left-right asymmetry ALR with polarized beams

[Yan, Tian, et al, PRD 94, 113002 (2016)] [Fujii, Mizuno, Tian, LoI for Snowmass 2021]
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New front end board           
for ILD Si-W ECAL

Jérôme NANNI



ILC Physics: SMEFT & Global Interpretation 
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• SM Effective Field Theory
Unified prescription for new physics effects 
in SM precision measurements 
Synergies between ILC, LHC, and all low-
energy experiments (Belle, neutrino) 
Impact of meas. at Z-pole, Top-quark pair 
production, and beam polarizations

• Global Interpretation
Deviations in concrete BSM models 
Higgs inverse problem: how various BSM 
models can be identified and 
discriminated based on global fit of 
precision meas.  
Synergies with direct searches
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0
2
4
6
8
10
12
14
16
18
20 σ

m
od

el
 d

is
cr

im
in

at
io

n 
in

 

SM pMSSM
2HDM-II

2HDM-X
2HDM-Y

Composite
LHT-6

LHT-7
Radion

Singlet

Singlet

Radion

LHT-7

LHT-6

Composite

2HDM-Y

2HDM-X

2HDM-II
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5.4 10.4 15.1 9.0 15.6 2.7 8.3

4.3 5.2 7.7 7.2 10.1 5.9

3.9 8.3 12.6 7.8 13.6

11.3 6.2 7.8 15.7

6.2 10.3 10.7

9.7 6.5

5.8
ILC250, S2*

EFT interpretation

[Barklow, Fujii, Jung, Peskin, Tian et al, PRD 97 (2018) 053004; PRD 97 (2018) 053003; arXiv:2006.14631]



17

assumed to be more stringent. These instabilities arise
from electrons and ions being attracted by the circulating
beam towards the beam axis. A low base vacuum pres-
sure of 10�7 Pa is required to limit these e↵ects to the
required level. In addition, gaps between bunch trains of
around 50 bunches are required in the DR filling pattern,
which permits the use of clearing electrodes to mitigate
EC formation. These techniques have been developed
and tested at the CESR-TA facility [81]

In the damping rings, the bunch separation is only
6.4 ns (3.2 ns for a luminosity upgrade to 2625 bunches).
Extracting individual bunches without a↵ecting their
emittance requires kickers with rise/fall times of 3 ns or
less. Such systems have been tested at ATF [82].

The damping ring RF system will employ supercon-
ducting cavities operating at half the Main Linac fre-
quency (650MHz). Klystrons and accelerator modules
can be scaled from existing 500MHz units in operation
at CESR and KEK [15, Sec. 6.6].

2.3.3. Low emittance beam transport: ring to Main

Linac (RTML)

The Ring to Main Linac (RTML) system [15, Chap. 7] is
responsible for transporting and matching the beam from
the Damping Ring to the entrance of the Main Linac. Its
main objectives are

• transport of the beams from the Damping Rings
at the center of the accelerator complex to the up-
stream ends of the Main Linacs,

• collimation of the beam halo generated in the
Damping Rings,

• rotation of the spin polarisation vector from the
vertical to the desired angle at the IP (typically, in
longitudinal direction).

The RTML consists of two arms for the positrons and
the electrons. Each arm comprises a damping ring ex-
traction line transferring the beams from the damping
ring extraction into the main linac tunnel, a long low
emittance transfer line (LTL), the turnaround section at
the upstream end of each accelerator arm, and a spin
rotation and diagnostics section.

The long transport line is the largest, most costly part
of the RTML. The main challenge is to transport the
low emittance beam at 5GeV with minimal emittance
increase, and in a cost-e↵ective manner, considering that
its total length is about 14 km for the 250GeV machine.

In order to preserve the polarisation of the particles
generated in the sources, their spins are rotated into a
vertical direction (perpendicular to the Damping Ring
plane) before injection into the Damping Rings. A set
of two rotators [83] employing superconducting solenoids
allows to rotate the spin into any direction required.

At the end of the RTML, after the spin rotation sec-
tion and before injection into the bunch compressors

(which are considered part of the Main Linac, not the
RTML [84]), a diagnostics section allows measurement of
the emittance and the coupling between the horizontal
and vertical plane. A skew quadrupole system is included
to correct for any such coupling.
A number of circular fixed-aperture and rectangular

variable-aperture collimators in the RTML provide beta-
tron collimation at the beginning of the LTL, in the turn
around and before the bunch compressors.

2.3.4. Bunch compressors and Main Linac

FIG. 12: Artist’s rendition of the ILC Main Linac tunnel.
The shield wall in the middle has been removed.

c�Rey.Hori/KEK.

The heart of the ILC are the two Main Linacs, which
accelerate the beams from 5 to 125GeV. The linac tun-
nel, as depicted in Figs. 12 and 13, has two parts, sepa-
rated by a shield wall. One side (on the right in Fig. 12)
houses the beamline with the accelerating cryomodules
as well as the RTML beamline hanging on the ceiling.
The other side contains power supplies, control electron-
ics, and the modulators and klystrons of the High-Level
RF system. The concrete shield wall (indicated as a dark-
grey strip in in Fig. 12) has a thickness of 1.5m [20]. The
shield wall allows access to the electronics, klystrons and
modulators during operation of the klystrons with cold
cryomodules, protecting personnel from X-ray radiation
emanating from the cavities caused by dark currents. Ac-
cess during beam operation, which would require a wall
thickness of 3.5m, is not possible.
The first part of the Main Linac is a two-stage bunch

compressor system [15, Sec. 7.3.3.5], each consisting of
an accelerating section followed by a wiggler. The first
stage operates at 5GeV, with no net acceleration, the
second stage accelerates the beam to 15GeV. The bunch
compressors reduce the bunch length from 6 to 0.3mm.
After the bunch compressors, the Main Linac continues

for about 6 km with a long section consisting entirely of
cryomodules, bringing the beam to 125GeV.

19

International Linear Collider (ILC)

We are very much looking forward to working together  
on Physics and Detectors for the ILC


