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Drift chamber for IDEA@FCC: hardware and detector simulation

3

Hardware:

▪ studies about mechanical design of a drift chamber for the IDEA proposal at FCC-ee

➢ DCH is a unique-volume, high granularity, fully stereo, low-mass cylindrical

➢ gas: He 90% - iC4H10 10%

➢ inner radius Rin = 0.35m, outer radius Rout = 2m

➢ length L = 4m, drift length ~1 cm, drift time up to 400ns

➢ xy < 100 m, z < 1 mm

➢ 12÷14.5 mm wide square cells, 5 : 1 field to sense wires ratio

➢ 112 co-axial layers, at alternating-sign stereo angles, arranged in 24 

identical azimuthal sectors, with frontend electronics

➢ 343968 wires in total:

A realistic complete model ready:

• mechanically accurate
• precise definition of the connections of the 

cables on the structure

• connections of the wires on the PCB
• location of the necessary spacers

• connection between wire cage and gas 
containment structure

INFN Bari and Lecce
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Principle: In He based gas mixtures the signals from each ionization act can be spread in time to few ns.

➢ By counting the number of ionization acts per unit length (dN/dx), it is possible to identify the
particles (P.Id.) with a better resolution w.r.t the dE/dx method.

Beam tests to experimentally asses and optimize the performance of the cluster counting/timing:

➢ to muon beam tests at CERN (βγ > 400) in Nov. 2021+July 2022 (pT =165/180 GeV)

μ at CERN-H8
40-180 GeV/c

μ at PSI
150-450 MeV/c

K at FCC-ee
1-35 GeV/c

K at FNAL
5-70 GeV/c

Nov. 2021

Lug. 2022

1997

Drift chamber for IDEA@FCC: hardware and detector simulation
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► Check the limits of the wires’ electrostatic stability at full length and at nominal stereo 
angles

► Test different wires: uncoated Al, C monofilaments, Mo sense wires, …, of different diameters
o Test different wire anchoring procedures (soldering, welding, gluing, crimping, …) to the wire PCBs

o Test different materials and production procedures for spokes, stays, support structures and spacers
o Test compatibility of proposed materials with drift chamber operation (outgassing, aging, creeping, …)

► Validate the concept of the wire tension recovery scheme with respect to the tolerances on 
the wire positions

o Optimize the layout of the wires’ PCBs (sense, field and guard), according to the wire anchoring 
procedures, with aim at minimizing the end-plate total material budget

► Starting from the new concepts implemented in the MEG2 DCH robot, optimize the wiring 
strategy, by taking into account the 4m long wires arranged in multi-wire layers

► Define and validate the assembly scheme (with respect to mechanical tolerances) of the multi-
wire layers on the end plates

o Define the front-end cards channel multiplicity and their location (cooling system necessary?)

► Optimize the High Voltage and signal distribution (cables and connectors)

► Test performance of different versions of front-end, digitization and acquisition chain

5► Full-length prototype necessary o Can be done in parallel on small prototypes

Plans for a full-length prototype: Goals
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First two layers of superlayer #1
V and U guard layers (2 x 9 guard wires)

V and U field layers (2 x 18 field wires)

U layer (8 sense + 9 guard)

U and V field layers (2 x 18 field wires)

V layer (8 sense + 9 guard)

V and U field layers (2 x 18 field wires)

V and U guard layer (2 x 9 guard wires)

Last two layers of superlayer #7
V and U guard layers (2 x 21 guard wires)

V and U field layers (2 x 42 field wires)

U layer (20 sense + 21 guard)

U and V field layers (2 x 42 field wires)

V layer (20 sense + 21 guard)

V field layer (42 field wires)

First two layers of superlayer #8

U field layer (46 field wires)

U layer (22 sense + 23 guard)

U and V field layers (2 x 46 field wires)

V layer (22 sense + 23 guard)

V and U field layers (2 x 46 field wires)

V and U guard layer (2 x 23 guard wires)

Last two layers of superlayer #14
V and U guard layers (2 x 35 guard wires)

V and U field layers (2 x 70 field wires)

U layer (34 sense + 35 guard)

U and V field layers (2 x 70 field wires)

V layer (34 sense + 35 guard)

V and U field layers (2 x 70 field wires)

V and U guard layer (2 x 35 guard wires)

TOTAL LAYERS: 8

Sense wires: 168

Field wires: 965

Guard wires: 264

PCBoards wire layers: 42 

Sense wire boards: 8

Field wire boards: 22 

Guard wire boards: 12

HV values: 14

Readout channels: 8+8 +16+16+16+16 + 16+16 = 112

Plans for a full-length prototype: Configuration

Target: a full length DCH prototype with 3 sectors per endcap

▪ 8 spokes (4 per endcap)

▪ Internal ring
▪ part of the outer ring

▪ part of the cylindrical panel

6
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Tentative Timeline for the full length prototype 
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Spending profile for the full length prototype 
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2025:

prototype mechanics:

• spokes (already funded by EURIZON) 20 k€

• stays + strain gage controller 5 k€ 120 elements +spares

• inner cylinder (probably only) half cylinder

• outer ring 1/6 (= 60°) of full ring 10 k€
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Spending profile for the full length prototype 
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Totale 387 keuro (200 dei quali da capire meglio e 30 di missioni) + 200 giunta + ?? 

missioni Le-Ba per filatura)
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Other activities of the Drift Chamber team
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Tests with wires with standard protocols 
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Tests started in a small clean room at 

INFN Bari: 

A. Miccoli, F. Procacci, N. De Filippis

● Tungsten coated with gold

● Molibden coated with gold

● Carbon monofilament

● Aluminium (to be tested yet)



N. De Filippis 12

Tests with wires with standard protocols 

12
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Tests with wires with standard protocols 
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MEG2 chamber

in contact also with experts 

from MEG at INFN Pisa
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Testbeam analysis: 2021-2022 data

14
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Plans for Testbeam 2025→2026

15
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Electronics

17

G. De Robertis and F. Loddo from INFN Bari + J. Verdejo Palacios 

(Ph.D)
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Responsabilità/Coordinamento RD_FCC: 

N. De Filippis: Fisica, Simulazione e 

Software di RD_FCC Italia
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Garfield fast/full simulation chain

19

IHEP + M. Anwar/N. De Filippis  (Bari Politecnico)
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The task of peak finding can be framed as a classification problem in machine learning

The waveforms are divided into segments, each comprising 15 bins. Each segment can 
represent either a signal or a noise

The list of the amplitudes of a segment, subtracted by their mean and normalized by their 
standard deviation, is served as the input feature for the neural network

The data of waveform is time sequence data, which suitable for Long Short Term Memory 
Model

Simulation of Cluster Counting: GARFIELD + NN

IHEP + M. Anwar/N. De Filippis  (Bari Politecnico)
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Simulation of Cluster Counting: GARFIELD + NN

IHEP + M. Anwar/N. De Filippis  (Bari Politecnico)

→ new complete full simulation on going
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Strategy of digitization for the IDEA DCH in FCC software
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❏ Presented at the FCC Physics week in January 2025

❏ Details at link: 
https://indico.cern.ch/event/1439509/contributions/6289570/attachments/2997087/5280386/DeFilippis_Digitizer_v1.pdf



N. De Filippis 23

Full simulation of the IDEA drift chamber in DD4HEP

23

Activity started (in collaboration with Purdue 

U.) to derive the material budget by using the 
latest implementation of the DCH in 

DD4HEP/Geant4                 →

Activity started (in collaboration with CERN)
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ZH, Z→(qq/) H→ZZ*→4l  studies 
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DRD1 WP2: 
Inner and central tracking with PID (Drift Chambers)

Responsible: 

Nicola De Filippis

Politecnico and INFN Bari
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Participating institutes

• Laboratoire de Physique des 2 Infinis Irène Joliot-Curie(IJCLab-IN2P3)

• INFN, Bari (INFN-BA)

• INFN, Lecce (INFN-LE)

• INFN, Rome (INFN-RM)

• US cluster (US): 

• - U. Mass Amherst, U. Michigan, Irvine, Tufts U., BNL, FIT, U. Florida, U. Wisconsin

• Nankai University (Nankai U.)

• Tsinghua University (Tsinghua U.)

• Institute of High Energy Physics, Chinese Academy of Sciences (IHEP-CAS)

• Wuhan University (Wuhan U.)

• Jilin University (Jilin U.)

• University of Science and Technology of China (USTC)

• Institute of Modern Physics, Chinese Academy of Sciences (IMP-CAS)

• Bose Institute (Bose)
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R & D Tasks for WP2  

ADVANCED

STARTED

STARTED

TO BE RESTARTED

STARTED

ADVANCED

NOT STARTED
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International collaboration

28

INFN Bari + Lecce involved in all the tasks
NEW: INFN Pisa expression of interest of MEG DCH experts

G. Iakovidis group from BNL (US): wire procurement
A. Jung group from Purdue U. (US):

• coating / manufacturing facility at composite center Purdue would allow manufacturing all kinds of 
materials
• existing supported R&D on US side
• composite R&D for thicker high TC / electric C CFs
• reconstruction / tracking for FCC folded GEANT work of implementing CF into sim
• prototype of CF and reference of tungsten being constructed in lab

G. Charles group from IJCLAB (France)
• any test with wire material, choice for the prototype chosen but new ones could be tested. Produce 
charaterization of strength, maybe with a micrometric motor. Test different kind of wires
• test also of anchoring the wire (crimp, gluing, soldering)
• activity on mechanical design and realization of prototypes

China:
→ well established collaboration with IHEP for NN-based cluster counting algorithm
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➢ Richiesta di servizio di officina meccanica (1 m.u) e 
progettazione meccanica (1m.u.) per realizzazione di componenti 
per vari prototipi di camera a a drift  e progettazione di un nuovo 
prototipo in scala

In contatto con: 
• C. Pastore (OM)

• M. Mongelli (SPM)

• Richiesta di servizio elettronico (1 m.u.) per test componenti 
elettronici

In contatto con: 
• F. Loddo 

• Richiesta di servizio alta tecnologie (1 m.u.) per test su fili

In contatto con: 
• G. Ciani 

Richieste per personale e servizi
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INFN- Bari 2026

N. De Filippis (Assoc. Prof.) 30%

M. Abbrescia (Assoc. Prof.) 20% 

M. Louka (PhD) 100%

M. Saiel (PhD) 100%

A. Ali (PhD) 100%

M. Anwar (PhD) 20%

J. Verdeios Palacios 50%

W. Elmetenawee (Postdoc INFN) 30%

D. Diacono (Tecn. INFN) 10%

F. Procacci (PhD) 100%

G. Pappalettera (Assoc. Prof.) 20%

G. De Robertis (Tecn. INFN) 20%

TOT 6  FTE

Anagrafica RD_FCC 2026
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