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ILC
• We’ve known since 60’s that we should go linear

• mature design since Technical Design Report in 2013


• Lots of technical progress since then

• SCRF gradient, yield

• low emittance


• European Strategy: Higgs factory = highest priority

• the only “affordable” (~LHC) machine ready to go


• linear: extendable to higher energies

• need to finalize engineering design


• strong political support among Japanese politicians

• “Pre-lab” four-year process incl. international negotiations

• proposal submitted to MEXT, under review



Goal 1: Establish the ILC final focus method with same optics 
and comparable beamline tolerances

ATF2 Goal : 37 nm Æ ILC 7.7 nm (ILC250); achieved 41 nm (2016)

Nano-beam R&D at ATF2

Goal 2: Develop the position stabilization for the ILC collision 
z FB latency 133 nsec achieved       (target: < 366 nsec) 
z positon jitter at IP: 106 Æ 41 nm (2018) (limited by the BPM resolution)

History of ATF2 small beam 

Nano-meter stabilization at IP
(2018)

FB off FB on

AWLC2020 ILC accelerator 8

Shin Michizono



ILC Cost-Reduction R&D in US-Japan Cooperation
Based on recent advances in technologies;

• Nb material/sheet preparation
- w/ optimum Nb purity and clean surface 

• Surface treatments for high-Q and high-G 

AWLC2020 ILC accelerator
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Technical Approaches to Gradient 

RRR Nb: high RRR (purity) niobium
LG Nb: high purity large-grain niobium

HT: High Temperture post-purification
HPP: High peak pulsed Power Processing
HPR: High Pressure water Rinsing
EP: ElectroPolishing
HTA: High Temperature Annealing
LTB: Low Temperature Bake at 120 C
ER: Ethonal Rinse
USC: UltraSonic Cleaning with detergent
M-LTB: Modified LTB 75C+120C 

LL/RE: Low-Loss/ReEntrant Shape
LSF: Low_Surface-Field Shape
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M-LTBTESLA shape
Single-cell

Today

Material

Treatment/Processing

Shaping

LSF cavity, Rongli Geng, AWLC2020 4

TESLA shape

Alternative 
shape

Cavity shaping led to gradient 
breakthrough with Nb cavities 
reaching 45 - 59 MV/m in 1-cell 
cavities ten yrs ago & emerging 
sight of 50 MV/m in multi-cell 
cavities in last two years  

~50 MV/m observed in 
TESLA shape 1-cell Nb
cavities with modified 
LTB 75ºC+120°C   

24 MV/m observed in 
toda\·s best Nb3Sn 1-cell 
cavity - aiming 80 MV/m as 
ultimate goal   

Rongli Geng

ILC spec 31.5 MV/m



ILC++
Energy

low-energy

collidersbeam dump


fixed target

astrophysics

cosm

ology

H

dark 
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genesis

Coupling

EFT
ILC upgrades
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What is Higgs boson really?

What is the next energy scale?
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Introduction Higgs to invisible

Caterina Doglioni - 2019/05/13 - European Strategy Update

Comparison to direct detectionBSM scalar mediator

Higgs portal, plot for direct searches
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• Limits on BR can be translated to 
limits in the DM-nucleon plane 

arXiv:1708.02245 
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Direct searches, Majorana DM
Higgs Portal model

Collider limits at 95% CL, direct detection limits at 90% CL
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Higgs Portal model

Collider limits at 95% CL, direct detection limits at 90% CL

Caveat: EFT validity 
in Higgs-DM 

interaction not 
guaranteed beyond 

HL-LHC

e+e–

HL-LHCChinese Physics C Vol. 41, No. 6 (2017) 063102

(bb̄)(⌧+
⌧
�), (⌧+

⌧
�)(⌧+

⌧
�), (jj)(��), and (��)(��) de-

cay channels. For a decay topology of h ! 2 ! 3 ! 4
where intermediate resonances are involved, we choose
the lightest stable particle mass to be 10 GeV, the mass
splitting to be 40 GeV and the intermediate resonance
mass to be 10 GeV, which applies to (bb̄)+/ET, (jj)+/ET,
(⌧+

⌧
�)+/ET. For a decay topology of h! 2! (1+3), we

choose the lightest stable particle mass to be 10 GeV and
the mass splitting to be 40 GeV, which applies to bb̄+/ET,

jj+ /ET, ⌧+
⌧
�+ /ET. For the Higgs invisible decays, we

take the best limits in the running scenario ECFA16-S2
amongst the Zh associated production and VBF search
channels [12–14].

For the Higgs invisible decays at lepton colliders, we
quote the limits from current studies [16–18]. These lim-
its do not depend on the invisible particle mass using the
recoil mass technique at lepton colliders.
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95% C.L. upper limit on selected Higgs Exotic Decay BR

Fig. 12. The 95% C.L. upper limit on selected Higgs exotic decay branching fractions at HL-LHC, CEPC, ILC and
FCC-ee. The benchmark parameter choices are the same as in Table 3. We put several vertical lines in this figure
to divide di↵erent types of Higgs exotic decays.

From this summary in Table 3 and the correspond-
ing Fig. 12, we can clearly see the improvement in exotic
decays from the lepton collider Higgs factories. These
exotic Higgs decay channels are selected such that they
are hard to be constrained at the LHC but important for
probing BSM decays of the Higgs boson. The improve-
ments on the limits of the Higgs exotic decay branch-
ing fractions vary from one to four orders of magni-
tude for these channels. The lepton colliders can im-
prove the limits on the Higgs invisible decays beyond the
HL-LHC projection by one order of magnitude, reach-
ing the SM invisible decay branching fraction of 0.12%
from h ! ZZ

⇤
! ⌫⌫̄⌫⌫̄ [56]. For the Higgs exotic de-

cays into hadronic particle plus missing energy, (bb̄)+/

ET, (jj)+/ET and (⌧+
⌧
�)+/ET, the future lepton colliders

improve on the HL-LHC sensitivity for these channels by
roughly four orders of magnitude. This great advantage
benefits a lot from low QCD background and the Higgs
tagging from recoil mass technique at future lepton col-
liders. As for the Higgs exotic decays without missing
energy, the improvement varies between two to three or-
ders of magnitude, except for the one order of magnitude
improvement for the (��)(��) channel. Being able to re-
construct the Higgs mass from the final state particles
at the LHC does provide additional signal-background
discrimination power and hence the future lepton collid-
ers improvement on Higgs exotic decays without miss-

ing energy is less impressive than for those with missing
energy. Furthermore, as discussed earlier, leptons and
photons are relatively clean objects at the LHC and the
sensitivity at the LHC on these channels will be very
good. Future lepton colliders complement the HL-LHC
for hadronic channels and channels with missing ener-
gies.

There are many more investigations to be carried
out under the theme of Higgs exotic decays. For our
study, we take the cleanest channel of e+e� !ZH with
Z ! `

+
`
� and h !exotics up to four-body final state,

but further inclusion of the hadronic decaying spectator
Z-boson and even invisible decays of the Z-boson would
definitely improve the statistics and consequently result
in better limits. As a first attempt to evaluate the Higgs
exotic decay program at future lepton colliders, we do
not include the case of very light intermediate particles
whose decay products will be collimated, but postpone
this for future study when the detector performance is
more clearly defined. There are many more exotic Higgs
decay modes to consider, such as Higgs decaying to a
pair of intermediate particles with un-even masses [25],
Higgs CP property measurements from its decay di↵eren-
tial distributions [57–60], flavor violating decays, decays
to light quarks [61], decays into meta-stable particles,
and complementary Higgs exotic productions [62]. Our
work is a first systematic study evaluating the physics

063102-12
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exotic Higgs decays

1 10 210 310 410
 [GeV]WIMPm

47−10

45−10

43−10

41−10

39−10

]
2

 [
c
m

-n
u

c
le

o
n

W
IM

P
σ

47−10

45−10

43−10

41−10

39−10
  PreliminaryATLAS 

-1TeV, 139 fb  = 13s  

Higgs Portal               Other experiments
Scalar WIMP DarkSide-50  

Majorana WIMP LUX 

  PandaX-II 

  Xenon1T 

 < 0.11invB
All limits at 90% CL

Higgs decay  
to dark matter

direct detection limits

8

x10 HL-LHC

Higgs → dark sector → SM



SiD 
Marcel Stanitzki 

ILD 
Ties Behnke

optimizations? 
new technologies? 

new concepts?
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beam 
dump

forward

off IP

light dark 
matter search?

nuclear 
physics?
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Detector
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ShieldingDetector

FIG. 1: Schematic experimental setup. A high-intensity
multi-GeV electron beam impinging on a beam dump pro-
duces a secondary beam of dark sector states. In the basic
setup, a small detector is placed downstream so that muons
and energetic neutrons are entirely ranged out. In the con-
crete example we consider, a scintillator detector is used to
study quasi-elastic �-nucleon scattering at momentum trans-
fers �> 140 MeV, well above radiological backgrounds, slow
neutrons, and noise. To improve sensitivity, additional shield-
ing or vetoes can be used to actively reduce cosmogenic and
other environmental backgrounds.

.
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Z

e�
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b)

A0

Z

� �

FIG. 2: a) ��̄ pair production in electron-nucleus collisions
via the Cabibbo-Parisi radiative process (with A0 on- or o�-
shell) and b) � scattering o� a detector nucleus and liberating
a constituent nucleon. For the momentum transfers of inter-
est, the incoming � resolves the nuclear substructure, so the
typical reaction is quasi-elastic and nucleons will be ejected.

Figure 3: Schematic of the experimental setup. A high-intensity multi-GeV electron
beam impinging on a beam-dump produces a secondary beam of dark sector states. In
the basic setup, a small detector is placed downstream with respect to the beam-dump
so that muons and energetic neutrons are entirely ranged out.

e↵orts to search for dark photons independently of their connection to dark matter,
the success of these e↵orts relies on the assumption that the A

0 is the lightest particle
in its sector and that its primary decay channel only depends on ✏. Furthermore, if
the A

0 decays predominantly to SM particles, this explanation of the (g�2)µ anomaly
has been ruled out (see discussion in Sec. 5).

If, however, the A
0 couples to a light DM particle � (mA0 > m�), then the pa-

rameter space for reconciling theory and experiment with regard to (g � 2)µ remains
viable. For large values of ↵D, this explanation of the anomaly is under significant
tension with existing constraints, but for ↵D ⌧ ↵EM this explanation is still viable
and most of the remaining territory can be tested with BDX@JLab (see discussion in
Sec. 5).

In the remainder of this section, we review the salient features of LDM production
at an electron fixed-target facility. Secondly, we give an overview of the status of LDM
models parameter space, and the capabilities of present, and near future proposals
to make progress in the field. Finally, we highlight how BDX uniquely fits in this
developing field.

14

Figure 4. The sensitivity of NA64 to DarkPhotons with the full statistics collected in 2016 - 2018. Left
plot: in terms of the mixing strength ✏. Right plot: in terms of the variable y, assuming ↵D = 0.1 and
mA0 = 3m�, shown together with the predictions of some popular thermal Dark Matter models.

lengths shifting fiber read-out. Immediately after WCAL there is a veto counter V2, the
tracking detectors, the signal counter S4. They are followed by the ECAL that was used in
the invisible mode and the same detectors downstream of it (VETO and HCAL). The energy
of the e+e� pair is measured by the ECAL.

The candidate events were selected with the following criteria chosen to maximize the
acceptance of signal events and to minimize the number of background events, using both MC
simulation and data: (i) No energy deposition in the V2 counter exceeding about half of the
energy deposited by the minimum ionizing particle (MIP); (ii) The signal in the decay counter
S4 is consistent with two MIPs; (iii) The sum of energies deposited in the WCAL+ECAL is
equal to the beam energy within the energy resolution of these detectors. At least 25% of the
total energy should be deposited in the ECAL; (iv) The shower in the WCAL should start to
develop within a few first X0, which is ensured by the preshower part energy cut; (v) The cell
with maximal energy deposition in the ECAL should be (3,3) (vi) The lateral and longitudinal
shape of the shower in the ECAL are consistent with a single e-m one. This requirement does
not decrease the e�ciency to signal events because the distance between e� and e+ in the
ECAL is very small. The rejection of events with hadrons in the final state was based on the
VETO and/or the energy deposited in the HCAL.

In order to check various e�ciencies and the reliability of the MC simulations, we se-
lected a clean sample of ' 105 µ+µ� events with EWCAL < 0.6Ebeam originated from the
QED dimuon production in the dump. This rare process is dominated by the reaction
e�Z ! e�Z�; � ! µ+µ� of a hard bremsstrahlung photon conversion into the dimuon pair
on a dump nucleus. We performed various comparisons between these events and the corre-
sponding MC simulated sample, and applied the estimated e�ciency corrections to the MC
events. These corrections do not exceed 20%.

In order to further increase the sensitivity to short-living X bosons (higher ✏) the following
optimization steps were performed before the 2018 run: (i) Beam energy increased to 150
GeV (ii) Thinner counter V2 was prepared and installed immediately after the last tungsten
plate inside the WCAL box. In addition, the vacuum pipe was installed immediately after the
WCAL, the distance between the WCAL and ECAL was increased.
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EPJ Web of Conferences 212, 06005 (2019) https://doi.org/10.1051/epjconf/201921206005
PhiPsi 2019
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ILC-250 (1 year)

ILC-250 (20 years)

γ + N → a + N

✓ An order of magnitude better sensitivity than other beam dump experiments

YS, D.Ueda arXiv: 2009.13790
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[2] A benchmark setup (for √s=250 GeV, with passive muon shield)
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✓ Multiple scattering of electrons

✓ Axion production angle (iWW approximation)

✓ Photon decay angle

e-interaction point
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higher energies
• main reason to go linear: extendable!


• 350GeV:  threshold


• 400GeV: open top


• 550GeV: 


• 1TeV: Higgs self coupling, vector boson scattering


• multi TeV: SUSY, extra dim, Z’, ….

tt̄
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ILC Nb 35-50MV/m 0.5–1.5TeV

ILC Nb3Sn 120MV/m 4TeV

CLIC 100MV/m 3TeV

PWFA

DLA

1GV/m 30TeV
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IDT organisation
ICFA

Executive Board
ILC-IDT

Andrew Lankford (UC Irvine): Americas Liaison
Shinichiro Michizono (KEK): Working group 2 Chair
Hitoshi Murayama (UC Berkeley/U. Tokyo): Working group 3 Chair
Tatsuya Nakada (EPFL): Executive Board Chair and Working group 1 Chair
Yasuhiro Okada (KEK): KEK Liaison
Steinar Stapnes (CERN): Europe Liaison
Geoffrey Taylor (U. Melbourne): Asia-Pacific Liaison

Working group 2�
Accelerator

Working group 1�
Pre-lab set-up

Working group 3�
Physics & Detectors

Unlike LCB/LCC, ILC-IDT is focused on the ILC.
KEK provides administrative, logistic and some financial support. 

Scientific secretary: Tomohiko Tanabe (KEK)
Communication team led by Rika Takahashi (KEK)   

T. Nakada,    4
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ICFA: International Committee for Future Accelerators 
LCB: Linear Collider Board 

LCC: Linear Collider Collaboration 
IDT: International Development Team
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Software and 
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and opportunity
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accelerator and facility 
infrastructure planning 
and the needs of the 
experiments

Provide a forum for discussion 
and coordination of the 
detector and technology R&D 
for the future experimental 
programme

Promote and provide 
coordination of the 
software development 
and computing 
planning

Encourage and develop ideas 
for exploiting the physics 
potential of the ILC collider 
and by use of the beams 
available for more 
specialised experiments  
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Daniel	Jeans	(KEK)

Michael	Peskin	(SLAC),	Junping	Tian	(Tokyo)
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Draft 09 March 2021 

MANDATE AND WORKPLAN OF IDT-WG3 
 
Terms of reference from ICFA: 
WG3 carries out the ILC physics and detector activities. It continues the study of the ILC physics capabilities 
and detector efforts as previously carried out under the LCC framework, reflecting the on-going progress 
of the field. It guides the community to be ready when the ILC Pre-Lab will establish its physics program. 

 
WG3 Community actions 
ILC is moving towards the preparatory laboratory stage (Prelab), currently envisioned to start in 2022.  In 
order to activate the community towards preparing the Expressions of Interest for the experiments, the 
Physics and Detector Working Group (WG3) aims to: 

• Raise awareness and interest in the ILC development and expand the community. 
• Support newcomers to get involved in physics and detector studies. 
• Encourage new ideas for experimentations at the ILC 

While achieving this, WG3 will pay special attention to:  

• support of existing activities, as basis for any growth, through the IDT period 
• visibility for young scientists engaging in ILC activities 
• increased diversity among conveners 

 
WG3 Work plan 
Scopes of primary interest include (but are not limited to): 
 
General aspects: 

• Prepare decisions on potential changes to the ILC baseline design (e.g. positron polarization, 
permanent magnets in the damping rings) by studying their physics and detector implications. 

• Investigate possible extensions of the physics programme with non-collider options: studies on beam 
dump, off IP experiments, fixed-target experiments… 

• Connect with WG3-related activities beyond ILC-only, e.g. the ECFA Higgs Factory study, ECFA 
Detector Roadmap, Snowmass, Key4HEP, etc 

 
Technical aspects: 

• Identify all machine/detector interface issues to be addressed by the Prelab to finalize the ILC design 
(e.g. interaction campus, experimental hall, interaction regions, operating scenario), through a forum 
of exchange of information between machine and detector requirements, and study their implications 
for the experiments design. 

14
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The report attached in the previous email is an “internal document” 
(private). This report will be used to revise the TPD.
Since this report contains cost and FTE information, please treat this 
document as "confidential". 



Machine & Detector 
Interface

• The MDI group will focus in priority on 3 aspects: 


• the detector hall design (Yasuhiro Sugimoto)


• the IP campus design (Karsten Buesser)


• the machine parameters impact on the detector and its 
performance (Roman Poeschl)


• Possible future MDI aspects related to new Fixed-Target 
experiments will be followed by C.V. until relevant 
questions can be submitted to the MDI group. 
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Detector & Technology R&D

• Detector design and development: this panel forms the liaison to 
the existing detector concepts and R&D collaborations, 
attracting new groups to the ILC detector R&D effort and 
exploring new ways to attract resources. This panel should also 
monitor the detector R&D of the global community and identify 
and review promising new detector technologies, to enable their 
integration into the ILC experiments. 


• Detector performance studies: Monte-Carlo simulation studies 
to assess the benefit of new detector technologies and to 
compare the performance of alternative solutions. This panel has 
strong links to the software and physics working groups. 

Marcel Vos, Katja Krueger, Petra Merkel, David Miller
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C. Vallée - BCLC 22 July 2021 LC detector issues 2

Rather consensual
Much more stringent 

than LEP/SLC
Very different from LHC

→ steady 
ILC-oriented 
detector R&D

ongoing for more 
than 15 years

ILC DETECTORS SPECIFICATIONS 

Open point: Physics potential of high EM energy resolution for single photon measurement



C. Vallée - BCLC 22 July 2021 LC detector issues 3

SILICON DETECTORS (VERTEX & MAIN TRACKER)

3 baseline pixel technologies considered for Vertex detector:

CMOS                                        DEPFET                                           FPCCD

Current developments (mainly CMOS) driven by HL-LHC, BELLE 2 upgrades and CMB@FAIR
Pixel detectors are also challenging standard strips for main tracker

Potential new features compared to current baseline:

High-resolution timing (e.g. LGAD sensors) for e.g. TOF measurement

Best compromise to be found between 
performance (Δx, Δt) and power consumption (cooling material)

ALICE ITS2 BELLE 2



C. Vallée - BCLC 22 July 2021 LC detector issues 4

GASEOUS DETECTORS  
TPC opXon for main tracker developed by LC-TPC 

CollaboraXon using permanent beam test setup at DESY
3 RO opXons under development: Micromegas/GEM/pixel

Required 100 μm spatial and 5% dE/dx resolutions achieved
Ion gating scheme with GEMs under final design

TPC developments also benefit from synergies with ALICE and T2K Near Detector upgrades

Micromegas plane GEM plane
GRIDPIX

DESY Test Setup



C. Vallée - BCLC 22 July 2021 LC detector issues 5

ELECTROMAGNETIC CALORIMETRY 
Si-W baseline option of main EM calo developed by CALICE Collaboration

(Scintillator option also considered to reduce costs)

Strong boost of Si-W technology thanks to CMS HGCAL upgrade

Possible new options under consideration: 
High-resolution timing layers for TOF measurements and PFA improvement

Digital pixel readout of Si sensors (DECAL)
Crystal ECAL for high EM resolution (together with Dual Readout HCAL)

Special issues for
Lumical & Beamcal

(radiaXon, 
compactness)
addressed by 

FCAL CollaboraXon

15-layers
CALICE Si-W

technological
prototype



C. Vallée - BCLC 22 July 2021 LC detector issues 7

MUON DETECTORS 

Current baseline option:
Scintillator bars with SiPM readout

Also considered: RPC planes with optional
• multigap high-resolution timing (TOF)
• low-cost “virtual strip” RO layout 

F
E
B



C. Vallée - BCLC 22 July 2021 LC detector issues 8

Micro-channel cooling

SOME ENGINEERING ISSUES: low material trackers

CLICdp mockup for 

airflow vertex cooling

PLUME ladder for 

CMOS vertex

Airflow cooling test

for ILD Forward Tracker

CLICdp outer tracker 

support prototype

Used for BELLE-II 

beam commissioning

Much room for innovative 

solutions in these areas !

(e.g. MU3e He gas cooling, etc…)
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SOME ENGINEERING ISSUES (cont’d): Global mechanical structure

Several opXons considered 
for HCAL global structure

PotenXal impact on:
• Physics (cracks & dead material)
• Front-end accessibility
• Signal and cooling paths
• Seismic resilience

Iron yoke size, magnetic fields and beam backgrounds 
also strongly dependent on final Beam Delivery System and Detector Hall configuration

→ dedicated studies needed



C. Vallée - BCLC 22 July 2021 LC detector issues 10

SOME RESOURCES FOR ILC DETECTOR TECHNOLOGIES

ILD IDR and references therein (2020): https://arxiv.org/abs/2003.01116

DOE BRN for detector R&D (2020): https://www.osti.gov/servlets/purl/1659761

LCWS2021 detector sessions: https://indico.cern.ch/event/995633/

ECFA R&D panel symposia (2021): https://indico.cern.ch/event/957057/program



Software & Computing

• Engage with the community at major workshops and 
conferences


• Encourage and support (new) detector groups running 
common software tools throughout the EOI/LOI process


• Prepare a software & computing plan for prelab

• Revise and update the ILC computing resource document

• Work towards a transition of the full software chain to the 

key4HEP ecosystem

• Include new state-of the art tools, simulation and 

reconstruction algorithms (machine learning, quantum 
computing…)

Frank-Dieter Gaede, Jan Strube, Daniel Jeans
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Regular ILC Software tutorials

• organising a series of monthly seminars tutorials

• Wednesdays
• 06:30 PDT / 15:30 CEST / 22:30 JST
• 60~90 minutes

• first one will be on June 23:
• DELPHES ILC card (Filip Zarnecki)
• “make your first ILC Higgs plot” (Jenny List)

• second one on July 21:
• Introduction to iLCSoft (Thomas Madlener) 

• future candidates: SGV, LCFIPlus, PandoraPFA, 
ddsim/DD4hep,…

• what do you want to see covered ?
• send your suggestions to:                                         

ilc-swc-coreATml.post.kek.jp

grow and educate the community and newcomers

https://agenda.linearcollider.org/category/273/

Table 1
• Upcoming Tutorials:
• Aug 18th,  LCFIPlus:  https://agenda.linearcollider.org/event/9318/
• Sep 15th,  SGV fast simulation: https://agenda.linearcollider.org/event/9319/

https://agenda.linearcollider.org/event/9318/
https://agenda.linearcollider.org/event/9319/
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Physics Potential and Opportunities Group
broad forum to discuss physics at the ILC facility, collider & non-collider, experiment & theory

• conveners: Michael Peskin (SLAC), Aidan Robson (Glasgow), Junping Tian (Tokyo) [Send email]

• general entry point: https://linearcollider.org/team/wg3/physics/ 

• topical groups and their conveners (still some vacancies !):

• Higgs properties:  

Shinya Kanemura (Osaka), Patrick Meade (Stony Brook), Chris Potter (Oregon), Georg Weiglein (DESY) [Send email]

• Top/heavy flavour/QCD: 

Adrian Irles (Valencia), Alexander Mitov (Cambridge), Hua-Xing Zhu (Zhejiang) [Send email]

• BSM particle production: 

Mikael Berggren (DESY), Shigeki Matsumoto (IPMU), Werner Porod (Wurzburg), Simone Pagan Griso (LBNL) [Send email]

• Electroweak physics: 

Wolfgang Kilian (Siegen), Taikan Suehara (Kyushu), Graham Wilson (Kansas) [Send email]

• Global interpretations: 

Tim Cohen (Oregon), Christophe Grojean (DESY), Sven Heinemeyer (Madrid), Sunghoon Jung (Seoul) [Send email]

• Modelling and precision theory: 

Gudrun Heinrich (KIT), Stefan Hoeche (FNAL), Zhao Li (IHEP), Juergen Reuter (DESY) [Send email]


• sign up for mailing list(s): https://agenda.linearcollider.org/event/9154/ 

• monthly open physics meetings: https://agenda.linearcollider.org/category/266/


• short-term: contribute to ILC Snowmass document, medium-term: ILC Resource Book 2024-25

mailto:mpeskin@slac.stanford.edu,aidan.robson@glasgow.ac.uk,tian@icepp.s.u-tokyo.ac.jp
https://linearcollider.org/team/wg3/physics/
mailto:kanemu@het.phys.sci.osaka-u.ac.jp,patrick.meade@stonybrook.edu,ctp@uoregon.edu,georg.weiglein@desy.de
mailto:adrian.irles@ific.uv.es,adm74@cam.ac.uk,huaxingzhu@gmail.com
mailto:mikael.berggren@desy.de,shigeki.matsumoto@ipmu.jp,porod@physik.uni-wuerzburg.de,spagangriso@lbl.gov
mailto:kilian@physik.uni-siegen.de,suehara@phys.kyushu-u.ac.jp,gwwilson@ku.edu
mailto:tcohen@uoregon.edu,christophe.grojean@desy.de,Sven.Heinemeyer@cern.ch,sunghoonj@snu.ac.kr
mailto:gudrun.heinrich@kit.edu,shoeche@fnal.gov,zhaoli@ihep.ac.cn,juergen.reuter@desy.de
https://agenda.linearcollider.org/event/9154/
https://agenda.linearcollider.org/category/266/
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How to get involved
introduction to e+e- world; physics, detector and reconstruction topics; people to contact, …

• take a look at the “ILC Study Questions for Snowmass 2021” document, https://
arxiv.org/abs/2007.03650


• public data sets (generator-level and fast sim) and other useful information: http://
ilcsnowmass.org


• both ILD & SiD offer very light-weight guest membership, allowing access to 
large-scale Geant4-simulated data sets 

• some example projects on the next slides, covering

• detector optimisation

• high-level reconstruction

• physics analysis


https://arxiv.org/abs/2007.03650
https://arxiv.org/abs/2007.03650
http://ilcsnowmass.org
http://ilcsnowmass.org
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Physics Analyses to be picked up
just a few example ideas, see Study-Questions document for much more…
• charged Triple Gauge Couplings at 250 GeV: 

objective: cTGCs are among the EW parameters which are tightly connected to the interpretation of Higgs precision data, eg in SMEFT. Already at 250 
GeV, ILC is expected to improve substantially over current knowledge, in particular in any interpretation which considers more than one free parameter. 
Goal is to provide the first comprehensive projection based on full simulation, thereby controling important systematic effects via a nuisance parameter 
technique which is currently explored based on generator-level distributions.  
tools & methodology: Full simulation study at 250 GeV, including all relevant processes (WW, single-W etc), provide acceptance corrected production and 
decay angle spectra with statistical and systematic uncertainties, incorporation in SMEFT fit


• Dark Sector potential at 250 GeV: 
objective: Comprehensive survey of the ILC capabilities to discover or constrain dark sector models, identify e.g. special detector requirement for exotic 
signatures, compare reach with other collider and beam-dump experiments. 
tools & methodology: Depending on the channel, either full simulation or SGV, interaction with theorists to define parameter space to be scanned.


• Higgs self-coupling at 500-600 GeV:  
objective: Measurements of the triple-Higgs-coupling from ZHH will be one of the main targets of the second energy stage of the ILC, and is a key 
argument in the debate of Linear Colliders vs circular ee + hh. Last studies (~10 years old) were severely limited by reconstruction / analyses techniques 
and do not do justice to the state-of-the-art, therefore an update of the projections will have important impact on the ILC physics case. Furthermore, the 
impact of the exact choice of center-of-mass energy for the second stage should be evaluated. 
tools & methodology: revisit list of improvements from last analysis, study in particular ZZH vs ZHH separation based on state-of-the-art HLR and at 500, 
550 and 600 GeV, investigate gain by machine learning.


• Top Yukawa coupling at 500-600 GeV: 
objective: Measurements of the top-Yukawa-coupling from ttH will be one of the main targets of the second energy stage of the ILC. Last studies (~10 
years old) were severely limited by reconstruction / analyses techniques and do not do justice to the state-of-the-art,  and a center-of-mass energy 
somewhat above 500 GeV could improve the expected precision by factors. Therefore an update of the projections will have important impact on the ILC 
physics case.  
tools & methodology: Revisit full simulation analysis at 500, 550 and 600 GeV, with state-of-the-art high-level reconstruction and explore potential gain by 
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High-level reconstruction algorithms to be developed
just a few example ideas, see Study-Questions document for much more…
• systematic uncertainties: 

objective: So far most physics projections are based on either rather ad-hoc assumptions on systematic uncertainties or even on statistical uncertainties 
only. For a precision machine like the ILC, however, maximizing the control of systematic effects and thereby minimizing their impact on the final physics 
output should be integral part of the detector (and accelerator) design. Goal is to develop a list of systematics which analyses typically should consider, 
and develop strategies and tools to estimate and minimize their impact.  
tools & methodology: start by making comprehensive list, methods reach from studies of calibration samples to discussions with subdetector groups / 
theorists. 

• reconstruction of V0s, kinks and prongs: 
objective: The reconstruction of in-flight decays incl. V0s, kinks, prongs etc is a special strength of ILD due to its TPC. The current reconstruction exploits 
this strength only in a very rudimentary fashion. Realiable finding and constrained fitting of such decays could improve the overall reconstruction of jets as 
well as enable searches for exotic long-lived particles, i.e. from Dark Sector models. Evaluate wrt Si-only tracking. 
tools & methodology: full ILD simulation, review, unify and improve treatment of in-flight decays before and after particle flow. Exploit dE/dx for PID, 
develop constrained fitting. 

• photon reconstruction:  
objective: Reconstructed well calibrated and unbiased estimates of photon 4-vectors with understood measurement uncertainties are essential for more 
sophisticated uses of photons such as in brems recovery for leptons, mass-constrained fits, pi0 reconstruction, jet error parametrisation etc. Understand 
and exploit the full potential of a highly-granular ECal, and (in case of ILD) of the continuous tracking (photon conversions). 
tools & methodology: full ILD simulation, review and revise photon calibrations and error estimates apply to cases listed above.


c


• jet clustering with PFO uncertainties: 
objective: For final-states with more than 2 jets, usually the jet clustering mistakes dominate the JER. Jet algorithms used so far are mainly the ones 
developed for LEP (with the exception of the Valenica algorithm). None of them exploits the full information provided by a particle flow detector, which 
includes reliable uncertainty estimates for each PFO (aka ErrorFlow) - how can this information be used in jet clustering? 
tools & methodology: Either "classically": develop new distance measures and recombination schemes which take into account ErrorFlow information - 
or employ machine learning!
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Detector optimisation questions
just a few example ideas, see Study-Questions document for much more…
• incorporation of fast timing: 

objective: With time resolutions at the level of a few 10ps becoming conceivable, a proposal should be made if and how fast timing could be 
implemented into PFlow-optimised detectors. Possible use-cases reach  from rejection of out-of-time backgrounds via 5D Particle Flow to particle 
identification (ToF). 
tools & methodology: current simulation and reconstruction provides hits from the outer most tracker layer and the first 10 layers of the ECal with 
"perfect" timing and smeared by various assumed time resolutions. Based on these, formulate requirements for the various use cases, and 
estimate potential benefit, discuss these requirements with the relevant sub-detector groups, formulate proposal of how to implement timing and 
what R&D would be needed. 

• tracker alignment: 
objective: estimate need of tracks to align tracking system eg after push-pull,  determine achievable level of precision and residual systematics for 
standard running scenario, quantify amount of data eg at Z pole to significantly improve residual systematic uncertainties. How many cosmics 
would reach the deep ILC IP location? 
tools & methodology: Mis-align tracker components in simulation (is supported by DD4HEP) and evaluate impact of various types / sizes of mis-
alignments. Develop strategy for track-based alignment. Quantify residual uncertainties as a function of the available luminosity at each energy. 

• ILD-specific: re-optimisation of inner silicon tracker design:  
objective: The efficiency to find secondary vertices in forward direction is limited in current ILD design, e.g. due to relatively large gap between end 
of VTX barrel and first FTD disk, which is in turn related to the Faraday cage of the VTX and services in this area. Eg CLICdp takes a completely 
different approach with its "spiraling" forward vertex detector. Could a CLICdp-like approach also improve ILD? Are there other ideas for better - 
and yet realistic layouts of VTX /FTD? Are there any benefits from making SIT part of the vertex detector? 
tools & methodology: DD4HEP, start from ILD_l5_v02, modify VTX/FTD transition, and/or try to plug-in CLICdp vertex detector. Compare 
resolutions and efficiencies / purities to ILD_l5_v02, both at track-level and at vertex-level
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Future open scientific meetings

u Initially: regular monthly open scientific meetings, 
each organised by 2–3 Topical Groups – frequency will increase gradually 
as more people join.  Schedule:

– Thursday 17th June, 3pm CEST
– Thursday 15th July, 3pm CEST
– Thursday 12th August, 3pm CEST
– Thursday 16th September, 3pm CEST

u All listed on indico (linked from main WG3 Physics webpage)
https://agenda.linearcollider.org/category/266/

u Sign-up for mailing lists, overall WG3 and topical lists: 
https://agenda.linearcollider.org/event/9154/

Global Interpretations and BSM talks
including:  Status update on EFT fits

Connecting UV models to EFTs







• 1st circular (responsible: Hitoshi & WG3)

- template prepared by LOC, being finalized by Hitoshi


• Website update (responsible: LOC)

- temporary update done last Friday (on 9 July) 

- need additional update based on 1st circular

- preparing registration page including a form for new 

experimental ideas (need a confirmation from WG3)

• Poster (responsible: LOC)


- need minor corrections (see attached draft)

- final version on the web before opening pre-registration 


 Planing to start pre-registration as soon as possible

 (hopefully next week)

Toward opening pre-registration



• Venue for Plan-A: KEK Tsukuba campus (~30 min from hotels by bus)
• LOC preference: shuttle bus departure before midnight, serve lunch/dinner at KEK
• # of plenary talks: 20 min x 24 talks  +  20 min x 12 summary talks
• 4 time slots (two hours each): expect much more parallel talks than Plan-C (in-person)

- 13:00-15:00 JST (6:00-8:00 CEST,    0:00-2:00 EDT, 21:00-23:00 PDT)

- 15:30-17:30 JST (8:30-10:30 CEST,  2:30-4:30 EDT, 23:30-1:30 PDT)

- 19:00-21:00 JST (12:00-14:00 CEST, 6:00-8:00 EDT,   3:00-5:00 PDT)

- 21:30-23:30 JST (14:30-16:30 CEST, 8:30-10:30 EDT, 5:30-7:30 PDT)
CEST: Central European Summer Time, EDT: Eastern Daylight Time, PDT: Pacific Daylight Time


• Optional program:

- In the morning: KEK facility tour, on-site satellite meetings etc.

- On Monday (one day before Day 1): Excursion to Iwate (ILC candidate site etc.)

Plan-A (hybrid) & Plan-B (full-online)
Day 1 (Tue)


26 Oct
Day 2 (Wed)


27 Oct
Day 3 (Thu)


28 Oct
Day 4 (Fri)


29 Oct

13:00 - 15:00 Parallel

(max. 6 sessions)

Parallel

(max. 6 sessions)

Parallel

(max. 6 sessions)

Plenary

(summary session)

15:30 - 17:30 Parallel

(max. 6 sessions)

Parallel

(max. 6 sessions)

Parallel

(max. 6 sessions)

Parallel

(max. 6 sessions)

19:00 - 21:00 Parallel

(max. 6 sessions)

Parallel

(max. 6 sessions)

Parallel

(max. 6 sessions)

Plenary

(summary session)

21:30 - 23:30 Plenary Plenary Plenary Plenary

(discuss next steps)



parallel sessions
• Software/computing

• Calorimeters

• Tracking Detectors

• New Technologies & Ideas for Collider Detectors

• Industry Forum

• six topical groups: Higgs properties, Top/heavy flavour/QCD, 

BSM particle production, Electroweak physics, Global 
interpretations, Modeling and precision theory


• transversal task forces: MDI-CFS, MDI-BDS, D&T performance 
studies, MC sample production, communication, Fixed Target/
Dark Sectors


• detector engineering (material support, cooling, power) detector 
conveners


• a few sessions on machine (to be coordinated with WG2)



http://newsline.linearcollider.org

monthly
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Rika Takahashi 
(KEK)

Barbara Warmbein 
(DESY)

Perrine Royole-Degieux 
(IN2P3)
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ILC Physics & Detector
• Case for ILC broader and stronger than ever


• a lot more than Higgs factory


• urgent: determine needed infrastructure and technology


• finalize the design of civil construction, machine 
parameters, and experiments in 3–4 years


• new opportunities


• beam dump, off IP, extracted beams


• new organization of working groups launched


• please join!
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ILC++
Energy
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ILC upgrades
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