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Time Projection Chamber R&D: LCTPC Collaboration

LCTPC collaboration focus: MPGD-based

readouts of TPCs for the ILD  detector at ILC

@ generic TPC R&D for other future colliders.

TPC requirements from ILC TDR:

(driven by Higgs recoil-mass measurement):

Micro-Pattern Gaseous Detectors

(MPGD) provide several benefits:

V Signifiant reduction of Ion backflow 

V Small pitch of gas amplification regions

Ą strong reduction of E×B-effects

V No preference in direction

Ą all 2 dim. readout geometries

TPC with MPGD readout for the ILD Detector at ILC:

High hit redundancy (200 hits / track) 

Ą 3D tracking / pattern recognition;

Ą dE / dx information for PID 



ILC TPC (10m2 Endcaps) with MPGD-Based Readout

V Standard ñpad readoutò (~ few mm2): 8 rows of detector 

modules (17×23 cm2); 240 modules per endcap

Ą Triple-GEMs with óstandard CERN GEMsò 

Ą Double-GEMs (laser-etched) 100Õm thick (ñAsianò)

Ą Bulk MM (128 mm) with resistive anode 

V Pixel readout (55x 55mm2): ~100-120 chips per module 

Ÿ 25000-30000 per endcap (GridPixes)

GridPixes:  MM with 1 mm Al-grid over pixel CMOS ASIC

- 55 mm pitch of readout pixels

- resistive layer for ASIC protection

Micromegas GEM GridPixes

V Gating scheme, based on large-aperture GEM,

Ą Exploit ILC bunch structure (gate opens 50 us before

the first bunch and closes 50 us after the last bunch)

Ą Suppress machine-induced background and ions from

gas amplification

Ą gating GEM has large holes (Ø 300 ɛm) and thin strips 

in-between (30 ɛm).

VElectron transparency of 82 % and good ion blocking power

Ą Gating should be tested in B = 3.5-4 T

Ą Fast HV switching circuit has to be developed

Three Baseline Technologies (GEM, MM, GridPix):

Common Developments:

Electron transparancy

> 80% for DV ~ 5V
NIM A956 (2020) 163331



Test Setup ñLarge TPC Prototypeò for the ILC at DESY

Å PCMAG: B < 1.2 T, bore O: 85 cm

Å Electron test beam: E = 1- 6 GeV

Å LP support structure (3D movable)

Å Beam and cosmic trigger

Å Silicon tracker inside PCMAG

Ą LYCORIS (single point res.: 7 ɛm)

Large Prototype setup has been built to compare different detector 

readouts under identical conditions and to address integration issues

Future developments: construction of an improved field cage for the LP

Ÿ important for learning to build the final detector

Ÿ resistor chain and HV stability studies

LP Field Cage Parameters:

Å length = 61 cm, inner O = 72 cm

Å drift field up to E å 350 V/cm

Å made of composite materials: 1.24 %X0

Modular End Plate:

Å two end plates for the LP made from Al

Å Each endplate has 7 module windows 

Ÿ size of module å 22 × 17 cm2 each

(ILD: 240 modules / endcap)

Å ALTRO based electronics (7212 ch.)

JINST 5: P10011 (2010)

JINST 16: P10023 (2021)



Optimization of Gas Electron Multiplier Readout
Two implementations:

V Double LCP GEMs (100 ɛmthick)
Ą use thicker GEMs to ensure more

stability (no frames at module sides)

V Triple CERN GEMs on thin grids
Ą Do not use frame to stretch GEMs,

but a 1 mm grid to hold GEM 

Ą 2 iterations of modules built

Paper pubslihed in 2022:

V 1.26 × 5.85mm2 pads ïstaggered

V dE/dx performance optimization (also

depending from pad size)

V Field shaping wire on side of module to

compensate the field distortions

Extrapolation to the ILD TPC dimensions:

NIM A608 (2009) 390-396

NÌM A856 (2017) 109-118

arXiv: 2205.12160



Optimization of Resistive Anode Micromegas (MM) Readout

Common ERAM 

developments 

with T2K TPC:

V Use of Diamond-like Coating (DLC) in MM TPC

- Suppress sparks

- Spread the charge allowing larger pads for the

same spatial resolution

V New HV design (ERAM) with inverted HV config.;

- grounding the mesh and encapsulating anode 

DLC (covering along the borders by 5 mm

photoresist) Ą reduces field distortions

between modules by factor of ~10

DESY

Test-Beam

@ LP TPC 

(Nov. 2018):

new ERAM

scheme

DESY Test-Beam in Nov. 2018:
Tests of 4 modules with a new ERAM scheme

NIMA581 (2007) 254

Extrapolation to the

ILD TPC dimensions:

2026: MM test-beam paper

(NIMA submission)



From MM to ñGridPixesò Ą Towards Large-Scale Pixel TPC  

3 modules for LP TPC @ DESY: 160 (1 x 96 & 2 x 32) GridPixes

320 cm² active area, 10,5 M. channels, new SRS Readout system

Module with

96 InGrids

on 12 Ăoctoboardsñ

LP Endplate with 3 modules

LARGE-AREA

PIXEL TPC

IS REALISTIC!

NIM A956 (2020) 163331

IEEE TNS 64 (2017)5, 1159-1167

160 GridPixes (Timepix)  & 32 GridPixes (Timepix3)Standard charge collection:
Pads / long strips

Instead: Bump bond pads are used
as charge collection pads.

Charge avalanche is collected by 
one pixel Ÿ one hit corresponds to 

one primary electron



V 2019: IZM Berlin discontinued production of GridPixes

V Today: Production of GridPixes is being advanced at 
the Forschungs- & Technologiezentrum Detektorphysik
(FTD) Bonn.

- First sample with grid on pillars:
50 µm high pillars in this sample
Ÿ first freestanding pillars with Al-grid

- Machine for production of resistive layers still 
needs  to be commissions

Fitst Steps Towards ñGridPixesò Production in Bonn

S. Hartung

J. Kaminski



ILC TPC Performance: Technology Comparison
Target requirement of a spatial resolution of 100 mm in transverse plane and dE/dx

resolution < 5% have been reached with all technologies (GEM, MM and GridPixes)  

V GEM: ~ 4-6 mm2 pads & 

sufficient diffusion in multi-

GEM structure

V MM: 20 mm2 pads & 

charge spreading using

resistive-anode readout

V Gridpixes: 55x55 mm2

pixels with digital readout

arXiv: 2003.01116

M. Ruan

Added value of TIME

information for ILC:

dE/dx combined 

with ToF (SiW-ECAL)

for K-PID

dE/dx ~ <4 % can be

achieved with Gridpixes

(cluster-counting)

Micromegas + GEM studies

for CEPC / FCC-ee to minimize

ion backflow (gating is not an option)

H. Qi



Cluster Counting / Charge Summation / Granularity

V Cluster Counting promises a few times 

better dE/dx resolution & separation power:

Ą in time (small drift cells): requires very fast 

electronics 

Ą in space (TPC + pixelated endplates):

requires good cluster finding algorithm

Simulation of PID with gaseous tracking and timing in ILD Prototype

Current full ILD reconstruction:

V 6 mm pads Ą 4.6 % dE/dx resolution

V 6 mm Ą 1 mm: 15% improved resolution

via charge summing (dE/dx)

V 6 mm Ą 0.1 mm: 30% improved res.

via cluster counting (dN/dx)

15%30%

arXiv: 2205.12160

B. Dudar,

U. Einhaus

ILD current resolution

Advantages of pixel TPC:

Å Lower occupancy Ą better track finding & 

removal of delta-rays

Å Improved dE/dx by cluster counting

Å Improved meas.of low angle tracks

Å Excellent double track seperation

Å Pad plane & readout electronics fully 
integrated



Test-Beam with 32 GridPixes (Timepix3) Modules: Tracking

Test beam was performed at DESY with B = 0T & B = 1T (electron energy E = 6 GeV)

V Single electron resolution is diffusion limited

V Tracking systematics are 13 ɛmin rūand 15/20ɛm in z (for B = 0/1T).

GridPixes based

on Timepix3:

NIM A 1075 (2025) 170397

NIM A908 (2018) 18-23

NIM A956 (2020) 163331



Test-Beam with 32 GridPixes (Timepix3) Modules: PID

NIM A 1081 (2026) 170849

Projected particle separation
power for an ILD pixe lTPC

Distance between primary hits corresponding 
to a cluster counting measurement

Extrapolation to ILD
conditions 

(longer track length, 
B = 3.5 T):

energy resolution 
of about 2.5%

Pixelized readout allows for various 

improvements of energy loss 

determination:

Standard energy loss dE/dx  

/  electron counting   

/  cluster counting dN/dx

V A new way of cluster counting algorithm 

is to measure the distance between hits 

which corresponds to an exponential 

function. The slope indicates the energy 

loss

V Adding different test beam events to build a 

1m long track (including 60% active area) 

gives an energy resolution of 6.0 % (3.6 %) 

at B = 0T (1T) for electron counting and 5.4 

% (2.9%) at B = 0T (1T) for new cluster 

counting algorithm.



Higgs / Electroweak / Top Factory Detector Concepts 
Guide R&D, maintain freedom to combine technologies later :

U.Husemann



Ion Backflow: Linear and Circular Higgs Factories 
TPC for ILC 250 GeV (L~1034 cm-2):

- At ILC beam-beam effects are dominant: primary ion 

density 1-5 ions/cm3
Ą track distortions < 5 mm

- Gas amplification 103
Ą ILC without gating leads to

track distortions of 60 mm Ą gating is possible (e.g. 

gating GEM)

D. Arai, K. Fujii

J. Kaminski

S. Narita, S. Ganjour

TYL 2025

TPC for FCC-ee / CEPC for H- and 

Z- pole running (L~1034  ~1036 cm-2): 

Luminosity & background change, leading to a 

different ion accumulation in the drift volume:

Ą ILC beam-beam effects are dominant

Ą CePC & FCC-ee studies Ągg-

background is very small at Z-pole

Ą Operation at different magnetic field

Ą Power pulsing and gating is not possible

Ion Backflow can give a lot of additional charge. 

Background situation is still very uncertain: Too 

early to draw any conclusions:

- H/ttbar operationĄ pixels are probably OK (5x1034 )

- Z running (@1036)Ą occupancy might be too high  

Ą tracks distrotions O(cm)

Ą could space charge effects be calibrated (e.g. 

ALICE-like procedures) ?

CEPC 
TPC



Ion Backflow: CePC TPC Simulations

Higgs mode (L ~ few x 1034 1/cm²s) and 

low lumi Z mode (L = 2×1035 1/cm²s):

- Deviations expected are ~ 400 / 800 µm

arXiv:2510.05260

TPC selected as main tracker for CEPC 

reference detector in TDR:

CePC TDR Simulations included:
- Pair production (beamstrahlung)
- Single-Beam (Beam-Gas Coulomb, 
Beam Gas Bremsstrahlung, Beam 
Thermal Photons, Touchek Scat.)

V Maximum ȹrűcan be reduced to hundred 

‘ά@Low Z (detailed optimization of MDI)

V Aimed a test beam to assess the 

performance and validate at DESY



Machine-Related Background in FCC TPC: Simulations (I)

D. Jeans

- Beamstrahlung: 

copious low pT e+/e- produced when bunches 

cross interact with forward material

- Synchrotron Radiation (SR), produced when beam 

particles pass through final quadrupoles off-axis

Depend on details of still-developing MDI design: 

beam pipe design and material, SR masks, ...

ILD @ FCCee

TPC

TPC hits are induced by 

~MeV photons entering TPC

z [mm]

TPC hits from beamstrahlung

Slow-moving ions

Ÿ space charge build-up

Ÿ additional electric fields

Ÿ distorted e- drift

Current estimates @ FCCee

# photons/BX entering TPC:

~100 (beamstrahlung)

~105~108 (SR, under study)

Typical distortions:

~ few mm (beamstrahlung)

~many cm (SR)https://doi.org/10.1051/epjconf/202431502017

https://indico.cern.ch/event/1588696/timetable/#114-status-and-plans-for-tpc-s



V A full 3D simulation with all rphi
information was developed for 
ILD@ILC and studies of 
impact of curlers and the phi 
dependence were carried out.

V This simulation was also applied 
to the FCCee settings 
(beamstrahlung).
Only 4000 bunch crossings were 
simulated and the results were 
scaled to the full 30MHz bunch 
crossing rate

K. Watanabe, LCTPC2026 Collaboration Meeting

Machine-Related Background in FCC TPC: Simulations (II)



Summary and Outlook

V TPC ILC studies have been carried out for nearly 20 years: 

Ą GEM and MM-based TPC readout have a very similar tracking performance

Ą ultimate step: build a next generation common module, including a gating structure, to 

compare technologies and, in particular, ion blocking capability;

V GridPixes is a promising alternative, allowing for a much lower occupancy. Feasibility of large-

scale GridPixes development and production & handling of large amount of GridPix data 

needs to be studied

V Excellent PID with Gridpixes has been demonstrated in simulations and prototype tests

V Circular machines running at Z-pole are (much) more challenging Ą higher luminosity and 

backgrounds, no gating possible:

Ą Good calibrations procedures will be necessary to achieve required tracking performance

V LCTPC benefit from synergies with the TPC R&Ds from T2K / ALICE / FCC-ee / CEPC / EIC; 

V LCTPC is open for groups interested in TPC applications beyond the ILC scope 

Ą effort is ongoing to investigate the feasibility of a MPGD-based TPC readout for 

CEPC & FCCee (mostly ion backflow and track distortions correction studies)

Many thanks to the LCTPC collaboration colleagues (J. Kaminski, P. Colas, P. Kluit, 

J. Timmermans, R. Settles, S. Narita, H. Qi, D. Jeans, and many others)



BACKUP SLIDES !



Critical Items for a TPC Readout Technology Choice 

Several aspects are important:

V Minimize power consumption (detector/electronics)

V Cooling optimization (e.g. 3D-printed structures,

2-phase CO2 cooling)

V Material budget (thin detector/radiation length)

V Minimize z- and xy-readout plane destortions

× MM Distortion challenge: module flatness

Ą control of mechanics (deformations if not 

rigid enough)  Ą give rise to ExB effects

Deformation challenge: GridPixes Technology

Ą Quad / pixel module: Considerable effort to reach 

very high precision mechanical mounting (10-20 um)  

of the quad and 8-quad module

× MM Distortion challenge: module edges

Ą xy-plane (new encapsulated ERAM scheme)

Corrected x deformations

Pixel (precision) 

transverse plane

z deformations

Drift direction

P. Kluit @ IAS HEP Hong Kong (2022)

P. Colas, S. Ganjour,  T. Ogawa

publication in preparation


