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The ILD Detector: A Versatile Detector for an Electron-Positron Collider
at Energies up to 1 TeV

» LD ig a detector concept for e*e™ collidere for precision physice from 90 GeV/ to ~[ Tel.
» |LD hag been propoged both for linear and circular colliders, be it at CERN or eleewhere

https://doi.org/10.48550/arXiv.2003.01116

INTERIM DESIGN REPORT 2020

The International Large Detector
ILD Concept Gro

The concept was established more than 10 years ago in the context of the ILC.
(Part of the ILC TDR in 2013, ILD Interim Design Report (IDR) — 2020)

The design is now being revisited to adapt it to FCC-ee and take advantage of recent ftechnological
advances, particularly in silicon tracking and vertexing.

There is still room for improvement even beyond the FCC-ee additional requirements.

ILD remains open to innovation and continuous evolution

And it is open to new collaborators and to new ideas which can
improve our detector including new technologies ‘ I ou Me

pmvviel
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1LY The ILD “DNA" . Particle Flow

* Low-mass tracking system
Hybrid: Silicon — TPC tracking
Silicon Vertex
Very high granularity calorimeter system

all inside a central solenoidal B field

» PID in TPC reinforced with timing

U
/ \ i

Si External Tracker Time Projection Chamber
strips, 1 x 2 layers, (timing)
pad or pixel electrode

GEM or Micromegas
Si Inner Tracker

pixel / strips, 2 x 2 layers

] nmm

N e e

s«us-,.«- _.n. -

Si Vertex Detéctor

MAPS, 6 layers, R-16258mm e ] i
Il HH

— = : /T

— today;rinzclosercanaestiomwith the 1L collaborations

Optimized around Particle Flow: Granularity & Hermeticity

/

ILD has always evolved hand in hand with detector R&D collaborations (CALICE, LC-TPC, FCAL)

Return Yoke & Muon Detector
Scintillation bars / RPCs

R

Hadron Calorimeter

Scintillation tiles / RPCs semi-digital
48 |ayers, 6/10 in total, with steel absorber,

—
ElectroMagnetic Calorimeter _
30 Iayers 24X, \with Tungsten absorber i
5 x 5mm? Si pads /5 X 45mm? scintillator strips ’

ey g —

MCFouz Ciemat




JUD FCC-ee vs Linear Colliders: Key Differences Impa

cting Detector Design

From this Mogens Dam s talk ) yminosity and rates orders of magnitude larger at Z pole

FCC-ee parameters W+W- ZH ttbar
Vs Gev i 240 350-365 Luminosi’ry/ IP (1034 Cm'ZS'l)
ominosty /17 o em?s” 0 | 75 | 5 Z(91GeV) | HZ (240-250 GeV)
Bunch spacing ns 160 680 5000
: | ILC 0.23 1.35 (2.7)
Eventrate Hz - 6 0.5 0.1 FCCee 140 /0

Implications on detectors, electronics, DAQ: time resolution, event size, data handling....

= Up to two orders of magnitude tighter control of systematics
Higgs Factory: O (10-3)
TeraZ: O (10 — 107°)
= Luminosity precision requirements relies on um-level control of luminometer geometry and
acceptance and high stability between center-of-mass energy scans

IL 250 GeV: ~10-3 (absolute)
Tera-Z: ~10* (absolute) ~10° (relative)

= No power pulsing (electronics off between trains to reduce power dissipation)

Cooling? Which one?
This affects material budget, calorimetry homogeneity and compactness = Impact on performance?

= Higher ionization rate and lon backflow (IBF) in TPC (specific for ILD), no gating options = Efield distortions

Additional second grid for IBF supresion?
Offline space-charge corrections (a la ALICE)?

Continuous vs pulsed Beam

200 ms

969 us

_beamless time

369 ns

A, 10

L.
gk ey ILC Beam

= 1 train

25ns @I-pole

Continuous heam
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https://indico.cern.ch/event/1583755/contributions/6727393/attachments/3168379/5631554/TDAQworkshop_251106.pdf
https://indico.cern.ch/event/1583755/contributions/6727393/attachments/3168379/5631554/TDAQworkshop_251106.pdf
https://indico.cern.ch/event/1583755/contributions/6727393/attachments/3168379/5631554/TDAQworkshop_251106.pdf

LD More challenging MDI for FCC-ee

200 e v e — QPO TI?C V'I:X IP
ip
_:l:/ internafi I!"'blld
-I-» Internarionar iinéar conioer
e N Bea;nCaI LI-EICAL Lur;;—iCaI —
‘ H
.200_3 | : 1_1 ‘1) 11 ; : Graphite L*
Crossing angle 30mrad Crossing angle 14 mrad
L* 2m: Final Quadrupole inside the detector L* 4.1 m: Final Quadrupole outside the detector
Solenoid B field restricted to 2T maximum Solenoid magnetic field 3.5-4T
Lumical at ~1m from IP Lumical at ~2.5m from IP
Inner beam pipe radius 10mm Inner beam pipe radius 16 mm
=>» Tracker acceptance: Conical =» Tracker acceptance:

How much the lower B field could impact on TPC reconstruction and PFA. Physics performance to be checked
Do we need a larger tracker?

Complication in forward detector design and background shielding

CEPC 2026 - Shanghai Oct 2026 MCFouz Ciemat



ILD New ILD Models :
In (@)

ILD_1'CCee_VO02 (Reduced TPC)

1

o st TLD I5.V02 (ILC) = s ILD_FCCee_VOI (Large TPC)

500 =

1

X [em]
X [em]

x

400

Common FCCee MDI 400
CLD-like silicon tracker

107

300 102

| 107

200

200 100
e arger TPC 10

10°®

TPC innR= TPC Inner Radious

100

X [em]

Beamstrahlung
background decreases
with increasing radius.

x [mm]
X [mm]

80

TPC innR

60

40

Realistic background o
conditions needed for 104
reliable optimization. 10

10°®

Z [cm]
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L9 The TpC for LD &1

A TPC provides high-precision tracking with a low material budget, making it ideal for Particle Flow reconstruction.
It also offers excellent particle identification (PID) capabilities through dE/dx measurements.

The LC-TPC Collaboration has been developing and testing TPC technologies for ILD for many years, exploring
different readout solutions based on GEMs, resistive-anode Micromegas, and, more recently, GridPix technology.

GRIDPIX . o o .
Pixel chip with integrated Grid (Micromegas-like)

Quad: 4 TimePix3
All services located
under the detection surface

Timepix: 256 x256 pixes, size 55 um
=» can detect individual electrons

Aluminium grid 1m thick, 35 um holes, 55 um pitch

Supported by 50 um high pilars ]
Pixel TP
HV: range: -600V to -300V

A 4

— : R - S \
L SiRNG Protection Layer (few pm) (Octopuce) NN §§\§\\§\\\\\\\\ W \
high resistive material against sparks i\\\\\\\\\\\\\\l\l\m\m\\m\-\\\\h\ “
15 pMm aSi:H ("‘1011Qcm) %200 7400 600 800 1000 1200 1400 1600 18
i 14 XEBB  ZBwm .
s e | S HMSLN, (~107Qcm) gy (TimePixt) TPX3 chip  Quad Module TPC plane

~—CEPC 2026 =Shanghai Oct 2026
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ILD 1he TPC for ILD — GridPix studies 1000

Different TPC readout technologies have been tested using the DESY test beam setup,
which includes a TPC field cage and a B<1.2 T

2021 TB: 32 GridPiX . Nucl. Instrum. Meth. A 1075 (2025) 345

E 0.45/ = g 14 — electron -pion | Projected PID resolution for ILD at cos 6 =0
& 0.4- Single-electron resolutionin xyasa 5, — kaon - pion
2 0.35 function of the local track angle = ’ — proton - pion Dashed line _ _
= 03f = I 3 N — electron PID resolution 3.0% - truncation method
- E S\ —|  Continuous line
- = | R e S | electron PID resolution 2.4% - templated fit
0.1 _2026 170849 N - Fits distances between electrons to estimate
0.05- NIM A 1081 3 QE ......................... . the primary ionization cluster density.
O T R s ||1\\\\|| ..... :
0 1 2 3 4 5 6 0 e
° 0 20 % 0 % %0 p7a?ticle msoomentur?lo[GeV/l?o Mc Fouz Ciremalt
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https://www.sciencedirect.com/science/article/pii/S0168900225006515
https://www.sciencedirect.com/science/article/pii/S0168900225006515

Distortions at ILC

L9 The TPC at the FCC-ee [pole conditions

€ RaSLRaRE W,
! :jLo.soom
c 4r=0.700 m
. . . . = ———— =1=0.600 m
Field distortion by ions caused by g- —— | ossom

. . . = r-0.500
- alarge amount of the primary ions from ionization of the tracks from both Z-pole events 0.475m
and the machine background ’=g'422”‘
. . . . pe . r=0.425m

- the backflowing ions generated in amplification. 50~ AZ1% - 855 mm -
r=0. m
Due to the beam operation conditions gating is no possible L A2y PV 0,385 m

-70
Simulation studies are ongoing 0200 400 600 800 1000 1200 1200 1600 1800 2000 2200

Drift lanath Imml

A good understanding of backgrounds is essential to assess TPC operational limits and optimize the ILD tracking design

Strategies to be evaluated

* Different TPCinner radius
* Map distortions (ALICE demonstrates effective correction)
e Study if including precise timing and position from dedicated silicon layers could help with the distortion corrections

e Possible mitigation strategies need to be explored
* It has been reported recently that a combined Micromegas with GEM readout module
could suppress ion backflow".
e Graphene membrane might be useful™ (stops ions / transparent to electrons)
* Optimization of field conditions (collection efficiency of primary ions can be also affected)
e Using a Neon based gas

* https://indico.desy.de/event/33640/contributions/128390/attachments/77557/100324/ECFA_LCTPC_IHEP __ Huirong 20220930.pdf
** Nuclear Inst. And Methods in Physics Research, A824 (2016) 571.
Nuclear Inst. and Methods in Physics Research, A 1031 (2022) 166521.
https://indico.cern.ch/event/1219224/contributions/5130761/attachments/2567723/4427337/MPGD_Conference 2022 CERN.pptx

Prove that
it works under

Tera-Z conditions |

* occupancy
* space charge
« distortions

* stability




B -
ILD - ” -
Vertexing and silicon tracking 11
R&D developments along years on novel pixel sensors with different technologies, capable to achieve a spatial resolution and a material
budget well beyond the LHC Standard.

Aiming high timing resolution for the tracking. Baseline: LGAD/ILGAD (Low Gain Avalanche Detector)
Timing and pixelation could now play an even more important role in facilitating offline space-charge corrections.

ILC vertex design: 3 double-layers (16, 37, 58 mm from IP). Spacial Resolution 3.0 um, timing resolution 2-4 s

Material Budget: 0.15% X, per layer (air cooling, enabled by power pulsing)
At FCC it could increase a factor 2 with liquid cooling as suggested by the CLD design assumptions

Design for FCC-ee to be revisited. New R&D developments ongoing to be evaluated

FCC Snail-shape vErtEx Detector (FCC — SEED)

a

FCC\-‘S/EED Overlapping curved sensors (a la ALICE).

1D Stiching MAPS (Octopus like)
5 layers, 0.15% X, per layer (single or double layer)
Barrel + Endcaps

VERTEX DETECTOR
FOR FCC-ee

- Soon available in Key4hep full simulation framework . - . _
’é) Pull request made to FCC.-SEED as option to ILD Using MIMOSIS chips for curved sensor tests
2026 - Shanghai Oct 2026 MCFouz Ciemat



https://agenda.linearcollider.org/event/11033/contributions/59555/attachments/41065/65505/FCCSEED_ILDWorkshop_v3.pdf
https://agenda.linearcollider.org/event/11033/contributions/59555/attachments/41065/65505/FCCSEED_ILDWorkshop_v3.pdf
https://agenda.linearcollider.org/event/11033/contributions/59555/attachments/41065/65505/FCCSEED_ILDWorkshop_v3.pdf
https://agenda.linearcollider.org/event/11033/contributions/59555/attachments/41065/65505/FCCSEED_ILDWorkshop_v3.pdf
https://agenda.linearcollider.org/event/11033/contributions/59555/attachments/41065/65505/FCCSEED_ILDWorkshop_v3.pdf
https://agenda.linearcollider.org/event/11033/contributions/59555/attachments/41065/65505/FCCSEED_ILDWorkshop_v3.pdf
https://agenda.linearcollider.org/event/11033/contributions/59555/attachments/41065/65505/FCCSEED_ILDWorkshop_v3.pdf
https://indico.cern.ch/event/792656/contributions/3534459/attachments/1897686/3131323/clic_collabMeeting_CLDdetector.pdf
https://indico.cern.ch/event/792656/contributions/3534459/attachments/1897686/3131323/clic_collabMeeting_CLDdetector.pdf

Reconstruct every single particle in the event and measure it
only with the detector providing the best resolution

High granularity calorimeter technological challenges

High precision mechanics to minimize dead spaces.
Tolerances over 1x3x1m3 of <1mm
Compact electronics despite the huge number of channels
— Embedded in the calorimeter

Precise timing ~100-200 ps resolution =D -CALORIMETER

Low power consumption — ~—_ Exy.z1)

FE electronics is embedded into the layer structure

..... . o€ ‘C

PCB boards
Bottom has the pads/strips
Bottom Top has ASIC chips

CEPC 2026 - Shanghai Oct 2026

L Highly segmented calorimeters optimized for PFA 12

° 3
ILD Simulatio
g;. A ~
o ” i

Charged % %

HHHHH

“traditional’
calorimeters

80 GeV pion @ Beam test

drdcale
& T w>

Calorimeters developed at CALICE, now at DRD Calo
Technologies fully validated for ILC with large
prototypes at test beams

MCFouz Ciemat



Scintillator HCAL - AHCAL Full extension
HBU: HC 1slab =6 HBU2

uF R
g y Trasiase:

B L M )

15 layers 18x18 cm?
0.5%0.5 cm? Si cells
2.8+5.6 mm W (21 Xo)
100 kg, 0.4x0.4x80 cm?
15k channels

Tiles 3x3x0.3 cm3
38 layers 0.72 x 0.72 m?
~22.000 channels

ASIC SPIROC2E

/ / 4

\\\777!7 77777“77A777777777777 e
LONGSLAB -150cm

ASU = ASIC+PCB-+SiWafer 1Hst

DIF = Detector InterFace:

‘ASICSKIROG2 2.
Pads on bottom

Semidigital HCAL - SDHCAL

48 GRPC layers (-6A)
1 em? pads - 3-threshold —Semi-digital Readout
Self-supporting mechanical structure

Scintillator-W ECAL 45mm (center dimple)

Lo - popsd

90mm (dimples at both ends)

"~ ™§ v SiPMin dimple of strip

wi iR B R —> better LY and uniformity
LU N v' Double SiPM readout considered e
—> noise reduction, hit position reconstruction

)

_ASIOSPIROC2E

ScW-ECAL

32 layers (23.4Xp) "7 "Pads with signal above
ol " |11 threshald (0114 pC)

22x22 cm? - Alum 2""thrrzs;hl:ﬂd(5pl2)p

0.5 x 4.5 cm?# strips group 3 threshold (15 pC)




14
Here only few examples

AHCAL: From Tiles to Megatiles
ted planes!

dica
me de

7 On SO
““e\ .

q (pvery I

Huge number of channels for the fy(| detector
Single tile

Light Tightness 4

D t tiles </
Scintillator tiles Wrapped \ ead areas be sl fles

individually in reflective foil

Glued on boarg one by onel]

Megatile design:

Large scintillator plate o

ptically
Separated by trenches

Plated Wrapped in
No dead area

Glue on top
£ of trenches ptical trench
£ Reflective foil A filleq with
! \/_L glue +Tio,

—

HBU

reflective foil

Easier assembly and no dead areas:& »
Optical crosstalk and uniformity s 5 challenge </

Several generations produceg.

Last shows reasonable uniformity ang light yield anq
low crosstalk ~3%

Ontimization is onaoing

VR eRrert

BRUSSEL




ILD And.. .. what about the cooling

The compactness and uniformity in calorimeters is important for high performance.
It is challenging to maintain it when including active cooling.

Several preliminary simulations has been done in the different calorimeters,
based on the present electronics used for the prototypes.

SIiWCAL ACTIVE COOLING

Tungsten Plates

“Standard Slab”

8 ASU (z=1440 mm)
8192 ch / 128 ASICS _

" Thermal Pad

FEV Board 025|/m|n HZO@ 150C
sinwaes CO|d plate in Copper with grooves

HV Flex Circuit

SL-BRD Board TN Wlth stainless Steel plpe (1/8")

‘ Débitmétre 0,2 - 4 L/min |

PASSIVE COOLING

\ Capteur de pression
0-10 bar

2mm Cu
AT=500°C =

Vanne de

p g Eau réchauffée
régulation
de débit
PT100 26 L100mm Pressure Sensor

0-10 bar

Prototype of
cold plate

CEPC 2026 - Shanghai Oct 2026




L pnd

... What about the cooling

The compactness and uniformity in calorimeters is important for high performance.

It is challenging to maintain it when including active cooling.

Several preliminary simulations has been done in the different calorimeters,
based on the present electronics used for the prototypes.

—

Rectangular section 1.5
tubes : 2x1 mm

Copper plate
over: 1.5 mm

SDHCAL water circulation in copper pipes \\

» __ pCB plate under: 1.4 mm

0.8 mW/chip with power pulsing
vs 80 mW/chip without

0.5m 108 chips

symmetry

27.187 Max
26.738
26.288
25.839
25.389
24.939
24.49
24.04
23.591
23.141 Min

//-q_-w-:o— oTrarigitdi UCL ZUZ0O

|

AHCAL Copper plate on one side in direct contact to ASIC via thermal pad/paste

Screws close to ASICs for good contact pressure with Cu plate

Cooling Material T max (°C) AT (°C)

Copper plane in the PCB 35 um 614.1 596.4
Copper plane in the PCB 140 um 165.9 152.7

| Copper plate 1mm 36.2 16.4 |
Copper plate 3 mm 22.5 5.6
Copper plate 5mm 19.6 3.4
Stainless Steel Absorber 19 mm 44.6 22.6

Dummy HBU to mimic ASIC heat production

Simulation vs data

Power B\
Supply | SRS
5
-
=)

Temperature
Readout
A

TempSensor 2




ILD The luminometer

Developments in the framework VFCAL collaboration, CALICE and DRDCalo. Kapton-copper fanout
Tight mechanical precision requirements, extreme compactness S

ultrasonic wire bonding

Si or GaAs/W sandwich calorimeters, Lumicel Silicon sensor

Conductive glue —p

High voltage kapton

Ultra thin layers <1mm for minimal Moliere Radius

High granularity calorimeter but without embedded electronics
Higher radiation levels

FLAME (Fcal Asic for Multiplane rEadout) ASIC

Carbon fiber support

Kapton Fan ut ~740pm
‘ = Q ==

apton Fan out: 120pum

Glue: 10-20pm

Large sinergiy with the LUXE ECALp (Highcompactcalo - FCAL) Figure 5.13. Structure of a sensitive layer of the LumiCAL calorimeter.

Front end boards above sensors

1 11T VE
LUNL

N

CEPC 2026 - Shanghai
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ILD ILD Software - Simulation & Reconstruction 18

Original ILD software framework | ILD within the Key4hep ecosystem
ILD has a long-standing commitment to common | (LCIO / Marlin) (EDM4hep / Gaudi) common
software frameworks, from ILCSoft to the Keydhep = oetector o LCIO B vanced LB  EDMdhep FCC-ee
ecosystem. ! ( = 212221?31) Event Data Model tra nsition (:g‘g:;'r?&) Event Data Model =
( 5 CLIC
‘ Marlin ‘ Gaudi / Key4hep e
Reconstruction framework | | m Common data model Reconstruction framework
ILD SOﬂWﬂre iS entiml in Ke llhe Widely used e . m Modern software stacl
. . y y. p . . | in th?}{lljc éra S _{ _ " :\:tt:jropera:ility ke ‘ Shared software
Full simulation & reconstruction producing EDMahep exists ~~ erainiervco { ILD reconstruction |, s | ® Lontem sipor T [ | S e
. . . . i analysis | m Broader communi . analysis
Full reconstruction available via Marlin Wrapper | S ) ‘y and analysis g
Marlin processor migration is ongoing % -
ILD is well advanced in its transition from the LCIO/Marlin framework
: towards the common EDM4hep/Key4hep ecosystem.
The new developments should use Gaudi and EDM4hep

New data samples to be generated directly within Key4Hep

Beyond migration to the new software ecogystem significant opportunitiee remain for improving recongtruction.
See recent Uli Eihaus talk on reconstruetion

CEPC 2026 - Shanghai Oct 2026 MCFouz Ciemat



https://github.com/key4hep/k4MarlinWrapper/issues/469
https://agenda.linearcollider.org/event/11033/contributions/59587/attachments/41058/65494/2026_09_14_ILD_Meeting.pdf
https://agenda.linearcollider.org/event/11033/contributions/59587/attachments/41058/65494/2026_09_14_ILD_Meeting.pdf
https://agenda.linearcollider.org/event/11033/contributions/59587/attachments/41058/65494/2026_09_14_ILD_Meeting.pdf

LD |1 Software and analysis. Exploring the use of machine learning 19

Modern machine learning aprroacheg are aleo being explored to improve
recongtruction and develop novel methods for phygice analyses.

Examples oi reconstruction studies

WORK

Energy reconstruction using .

Energy reconstruction using Convolutional Neural Network

Dynamic Graph Convolutional Neural Network Vs - A
i 1etn 1 1 ,/ 1000 e e:esev- 1000 10 Gev ( ) VISlhle
Width of the reconstructed energy distribution vs quantile CNN w/o fimi
0.05 —— pfo, std: 0.0425  std90: 0.026 it m w_o Imlng
e o CNN w timing

004 Using energies up to 500GeV

Pandora PFO0
DGCNN

—_—— ok=x

1 — ' Enlegy [GGV]3 ) — ! ° IEssnerg)/m[GeVi2 e
improvement for the full gy
150 GeV — =

ible:
29

distribution with DGCNN - B0GeV =

o
o
@

CNN improves resolution 40-607

std of relative error

o
o
N

—> helps to correct bias
and outliers

0.01

@ILD Software meeting

@ LCWS 2025 Proceedings

(*) Visible - Summing all visible hits energy (SIECAL + AHCAL)

0.00

0.5 0.6 0.7 0.8 0.9 1.0
Quantile

CEPC 2026 - Shanghai Oct 2026 MLltouz Ciematl


https://agenda.linearcollider.org/event/10786/contributions/57928/attachments/40539/65201/LCWS_2025_Proceedings.pdf
https://agenda.linearcollider.org/event/10786/contributions/57928/attachments/40539/65201/LCWS_2025_Proceedings.pdf
https://agenda.linearcollider.org/event/10786/contributions/57928/attachments/40539/65201/LCWS_2025_Proceedings.pdf
https://agenda.linearcollider.org/event/11037/contributions/58932/attachments/40955/65311/CNN_regression.pdf

%}f\:
LD

False Positive Rate

ILD Software and analysis. Exploring the use of machine learning 20

Modern machine learning aprroacheg are aleo being explored to improve

recongtruction and deve

Flavour tagging

o b-tagging Separating bbbb vs qggq with 3rd highest btag
10 1.0 LI | b £ g
—_— LCFI.PIus b vs ¢ (AUC = 0.896) ILD preliminary
- ParticleNet b vs ¢ (AUC = 0.938)
0.8
107
ParticleNet e Particle Transiormer
©
X 0.6
LCFIPIus v LCFIPIus
1072 - =
%]
(o]
o
0 0.4
-}
=
1072 5 —— Fast Sim ParT (AUROC = 1.000)
S 0.2 ~— Full Sim ParT (AUROC = 1,000)
ILD prel Iminary —— Fast Sim LCFIPlus (AUROC = 0.999)
~ =~ Full Sim LCFIPlus (AUROC = 0.998)
10-4 0.0 T d uad ud d uud o
0.75 0.80 0.85 0.90 0.95 1.00 107 10= 107* 210 107 107 10°

B-tagging performance with c-background

True Positive (b) Rate

CEPC 2026 - Shanghai Oct 2026

False Positive Rate

@Higgs Pairs Workshop 2025

op novel methods for physice analyses.

Significant improvements using new
ML-driven methods

~10-12% higher tagging accuracy
at same background rejection

MCFouz Ciemat


https://indico.cern.ch/event/1399335/contributions/6384805/attachments/3068918/5428808/Bliewert_HiggsPairs2025_ILD_ZHH.pdf

g'ﬁ:
LD

ILD Physics analysis 21

The ILD community has long been actively engaged in physics studies for e*e™ Higgs factories, making significant

contributions to the ECFA Higgs, Electroweak and Top Factory Study and the European Strategy for Particle Physics Update
(ESPPU)

Most of these studies have focused on energies above 230-240 GeV.

More recently, the ILD community has started to extend its physics studies to the Z-pole region of FCC-ee

These studies serves not only to explore the physics potential at the FCC-ee Z pole, but are also also essential for
optimizing the reconstruction and detector design to meet the stringent precision requirements needed to fully

exploit the unprecedented Z-pole statistics. The ILD detector has not yet been fully optimized for these
operating conditions

CEPC 2026 - Shanghai Oct 2026 MCFouz Ciemat



Efficiency

Events ™.

lLD@lLC-Z
0.25 - 'LD@FC(}eevDZ»z See more
ILD@ILC - Higgs deta”S here
0.2 5‘(::7"““ ILD@FCC g6 voy . H o
0.15 Different B-field
j” . Vs FCC: 2 T)
0.1 > different peak resolutions
0.05 | ;/E-R Y PRELIMINARY Resy
ith full Gaudi-based re, or |
ok L onstruction |
0 80 g b c‘

0.3

100 110 Ty 130

Recoil Mase againgt -+~

150 5
Mass [Ge\}JGO

pair from z

140

Displaced-vertex leConctruetion  arXiv:2409.1349,

ILD Simulation

An= 1.0 GeV mmmn reayy scalars, 5 My=20Gey | Heavy SCa |a rs

/

= heavy scalars, A m

0.8

heavy scalars, A My = 3.0 GeV mummm heavy scalars, Amy=
Amy=

== Selected snapshots
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Hidden Valley cearchee through azimuthal correlatione
of reonstructed charged particles
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Different mass hypotheses for
dark communicators and
hidden-sector quarks

@ICHEP 2026
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May provide sensitivity to
Hidden Valley scenarios.
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Exploiting the large tracking volume of the ILD ™ forsi
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Tau recongtruction at FCC-ee

ILD: 0.0049
o(Ax) CLD: 0.0048
Arel: +1.6%

ILD: 0.0063
o(Ae) CLD: 0.0061

Arel: +2.8%

o(9u/g2) CLD: 60031
Arel: +2.8%

ILD: 0.00080

o(sin? Berr) CLD: 0.00078

Arel: +2.7%

Tau Polarization, summary

m+ X P + lep e + X M+ X
ot i el e 4 i

ILD: 0.0073
CLD: 0.0071

Arel: +3.2%

ILD: 0.0094
CLD: 0.0092

Arel: +2.0%

CLD: 0.0047

Arel: +2.0%

Preliminary — See more here

\LD: 0.0079
CLD: 0.0081

\LD: 0.0095
CLD: 0.0096

Arel: -1.2% Arel: -2.7%

ILD: 0.011
CLD: 0.011

ILD: 0.013
ClD: 001
Arel: +0.5% Arel: -3.1%

\LD: 0.0052
CLD: 0.0054

ILD: 0.0063
CLD: 0.0063

ILD: 0.0048

Arel: +0.5% Arel: -3.1%

ILD: 0.0016
CLD: 0.0016

\LD: 0.0013
CLD: 0.0014

ILD: 0.0012
CLD: 0.0012
Arel: +0.5%

Arel: +2.1% Drel: -3.1%
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https://agenda.linearcollider.org/event/11099/contributions/59270/attachments/41019/65433/ILD_BSM_ICHEP26_Musumeci.pdf
https://agenda.linearcollider.org/event/11033/contributions/59581/attachments/41075/65519/2026-09-15-HInv.pdf
https://arxiv.org/abs/2409.13492
https://arxiv.org/abs/2409.13492
https://agenda.linearcollider.org/event/11099/contributions/59270/attachments/41019/65433/ILD_BSM_ICHEP26_Musumeci.pdf
https://indico.ific.uv.es/event/8657/contributions/31500/attachments/15534/22859/CLD_vs_ILD_in_FCC-ee_Red_Futuros_colisionadores_-2.pdf
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ILD is a mature and robust detector concept, originally designed and optimized for the ILC, and now evolving to meet the challenges of
FCC-ee operation, particularly at the Z pole.

Particle Flow remains at the heart of ILD’s DNA, while the concept continues to embrace new technologies and maintain strong links with
detector R&D collaborations, with the ultimate goal of building the best possible detector to fully exploit the physics potential of future
colliders.

ILD has a very active software community, which has contributed to the development of the new FCC software ecosystem. We are now
working towards completing the migration of the ILD software to this new framework.

ILD also has a strong tradition of physics studies, with significant contributions to the ECFA studies and the European Strategy for Particle
Physics Update (ESPPU). While our studies have traditionally focused on energies above 230-240 GeV, the enormous statistics expected at
the FCC-ee Z pole open up exciting new physics opportunities, but also pose unprecedented challenges.

Expanding our physics program to lower energies, particularly the Z pole, is therefore a key priority. These studies will allow us to explore
the full physics potential of this regime while guiding the further optimization of ILD to achieve the demanding detector performance
required at the Z pole.

There ig a lot of exciting work ahead of ug, and we would be delighted to
have more people joining ug in thie journey.
Everyone interested in contributing to the future of (LD ie very welcome

CEPC 2026 - Shanghai Oct 2026 MCFouz Ciemat
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LUXE: Laser Und XFEL Experiment

>Experiment based at DESY-XFEL

[>Strong EM field: 30-350TW laser &16.5 GeV e- beam

> Ambitious time-scale (start data taking in 2027)

Quantum non-linearity parameter

® - /laser interaction mode and y/laser interaction

mode

® CDR published, TDR in arxiv since 2023

o [LUXETTH
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laser intensity parameter &

CEPC 2026 - Shanghai Oct 2026

Physics processes

scattering

e

trident

et

Non-linear Compton on-linear Breit-Wheeler

¥ Spanish DRD Calo meeting r‘

First experiment to try this E144 @
SLAC in 1990s.

Nowadays experiments : SLAC-E320
(US), Astra Gemini (UK), ELI-NP (RO)

Field intensity parameter
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Particle Transformer (ParT)

Transformer: self-attention-based algorithm
intensively used for NLP (e.g. chatGPT)

— Weak biasing: possible to train big samples efficiently
(with more learnable weights) but demanding big
training sample for high performance

ParT is a new Transformer-based architecture
for Jet tagging, published in 2022.

— Pair-wise variable (angle, mass etc.) is added to plain
Transformer encoder to boost attention

Surpasses the performance of ParticleNet

— ParticleNet only looks “neighbor” particles while
Transformer uses attention to learn where to look

https://agenda.linearcollider.org/event/11033/contributions/5
9588/attachments/41057/65491/260915-ildmtg-flavortag-

suehara.pdf

(b) Particle Attention Block (¢) Class Attention Block

All classes
Accuracy AUC

0.772 0.9714
0.809 0.9789
0.844 0.9849
0.861 0.9877

Performance

with JetClass
event classificatio
(100M sample)

PEN
P-CNN
ParticleNet
ParT

Taikan Suehara et al., ILD workshop 2026 at CERN, 14 Sep. 2026, péage 4
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