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IDEA drift chamber
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Challenges for large-volume drift chambers
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Mechanical structure of the DCH
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165cm

tension recovery system 

MEG2 drift
chamber
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Mechanical structure with FEM
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416 Kg/spoke => 2.5 Kg/cm average

416 Kg/14/sin 8.6° = 200 Kg/stay 
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Mechanical structure: FEM simulation studies
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Everything supported by the EURIZON project

Studi di progettazione meccanica DCH per 
IDEA con calcoli FEM analysis (EnginSoft, pagati 
con Eurizon)
§ definita la sezione degli spokes,
§ si sta lavorando sulla struttura del composito con 

cui realizzarli e sul comportamento sotto stress, è
partita l’analisi di stabilità del cilindro esterno

Statical structure simulation: 
deformation along r

Our main goal is to limit the deformation of the spokes
to 200 µm, while ensuring the structural integrity
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Testbeam data analysis
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Principle: In He based gas mixtures the signals from each ionization act can be spread in time to few ns. With the
help of a fast read-out electronics they can be identified efficiently.

Ø 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.

dE/dx: truncated mean cut (70-80%), with a 2m track 
at 1 atm give σ ≈ 4.3%

dNcl/dx: for He/iC4H10=90/10 and a 2m  track
gives σdNcl/dx /(dNcl/dx) < 2.0%

The Drift Chamber: Cluster Counting/Timing and PID
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• collect signal and identify peaks

• record the time of arrival of 
electrons generated in every
ionisation cluster 

• reconstruct the trajectory at the 
most likely position

Ø The cluster counting is based on replacing the measurement of an ANALOG information (the 
[truncated] mean dE/dX ) with a DIGITAL one, the number of ionisation clusters per unit length:

Ø Landau distribution of dE/dx originated by the mixing of primary and secondary ionizations, has
large fluctuations and limits separation power of PID à primary ionization is a Poisson process, has
small fluctuations
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Waveform

Electron Peaks from Primary Ionization Clusters

Primary Ionization Clusters

Electrons found: 29
Expected Electrons: 29.4
Clusters found: 18
Expected Clusters: 18.4
Track Angle: 45.0

Waveform signal Ch5 - Event 5 - Sense Wire Diameter 20 um - Cell Size 1.0 cm - Track Angle 45.0 - run_10 - 2.0 GSa/s - Gas Mixture 80/20 0 - 90/10 1 - 85/15 0
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Ø Analitic calculations: Expected excellent K/p
separation  over the entire range except  
0.85<p<1.05 GeV (blue lines)

Ø Simulation with Garfield++ and with the Garfield 
model ported in GEANT4:

Ø the particle separation, both with dE/dx and 
with dNcl/dx, in GEANT4 found considerably
worse than in Garfield

Ø the dNcl/dx Fermi plateau with respect to 
dE/dx is reached at lower values of βγ with a 
steeper slope

Ø finding answers by using real data from beam
tests
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The Drift Chamber: Cluster Counting/Timing and PID

8/ 18

CC efficiency ≈ 80%
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Beam tests in 2021,2022, 2023 and 2024

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

§ Two muon beam tests performed at CERN-H8  (βγ > 400) in Nov. 2021 
and July 2022 (pT = 165/180 GeV).

§ A muon beam test (from 4 to 12 GeV momentum) in 2023 performed at 
CERN. Just completed a testbeam with the same configuration, July 10-24,
2024 ß large participation (BA, LE, BNL, FSU)

§ Ultimate test at FNAL-MT6 in 2025 with π and K (βγ = 10−140) to fully 
exploit the relativitic rise.

He:IsoB 90/10, 
80/20

He:IsoB 
80/20, 

85/15,90/10

Track Angle: 
0°

He:IsoB(80/20)
0.8 drift, 180 

GeV
Courtesy of 
Shuaiyi Liu 

(IHEP)
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Electron Peaks from Primary Ionization Clusters

Primary Ionization Clusters

Electrons found: 29
Expected Electrons: 29.4
Clusters found: 18
Expected Clusters: 18.4
Track Angle: 45.0

Waveform signal Ch5 - Event 5 - Sense Wire Diameter 20 um - Cell Size 1.0 cm - Track Angle 45.0 - run_10 - 2.0 GSa/s - Gas Mixture 80/20 0 - 90/10 1 - 85/15 0

§ Several algorithms developed for electron 
peak finding: 

ü Derivative Algorithm (DERIV)
ü and Running Template Algorithm (RTA)
ü NN-based approach (developed by 
IHEP)
§ Clusterization algorithm to merge 

electron peaks in consecutive bins
§ Poissonian distribution for the number 

of clusters as expected
§ Different scans have been done to 

check the performance: (HV, Angle, gas 
gain, template scan)

Poissonian distribution for the number of clusters

2021/2022 beam test results: performance plots
Sense Wire Diameter 15 µm;  Cell Size 1.0 cm  
Track Angle 45; Sampling rate 2 GSa/s
Gas Mixture He:IsoB 80/20 

Expected number of electrons =
δ cluster/cm (M.I.P.) * drift tube size [cm] * 1.3 (relativistic 
rise)* 1.6 electrons/cluster * 1/cos(α)

§ α = angle of the muon track w.r.t. normal direction to the 
sense wire

§ δ cluster/cm (M.I.P) changes from 12, 15, 18 respectively 
for He:IsoB 90/10, 85/15 and 80/20 gas mixtures.

§ drift tube size are 0.8, 1.2, and 1.8 respectively for 1 cm, 
1.5 cm, and 2 cm cell size tubes.

[1] H. Fischle, J. Heintze and B. Schmidt, Experimental determination of 
ionization cluster size distributions in counting gases, NIMA 301 (1991)
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Integral (All) Charge Values
hist_charge_all_values

Entries  178
Mean    185.1
Std Dev     139.3

hist_charge_all_values

Entries  178
Mean    185.1
Std Dev     139.3

Amplitude: 58.7912861699

Most Probable Value (MPV): 116.082985395

Sigma: 26.4730480244

Chi-square/ndf: 24.4678518085

Integral (All) Charge Values
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Resolution vs Track Length for MeandEdx.txt
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Resolution vs Number of Clusters for MeandNdx.txt

~ 2 times improvement in 
the resolution using dN/dx 

method

Ø Landau distribution for the charge along a
track

Ø Selected the distribution with 80% of the 
charges for the dE/dx truncation, to be 
compared with dN/dx

Ø NEW results

Integral charges along a 2 m track length

dE/dx Resolution scan vs track 
lenght resolution

dN/dx scan vs track lenght
Resolution

2021/2022 beam test results: resolutions

A complete report  to 
be given at ICHEP 

last week 
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Overview delle attività di RD_FCC Bari nel 2025
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Hardware (in forte sinergia con INFN Lecce):
§ setup tubi a drift per testbeam 2025 a Fermilab

§ inizio costruzione di un prototipo «full length» della DCH per 
IDEA

§ proposta di ristrutturazione di una camera pulita per assemblaggio/filatura
Simulazione e progettazione:
§ full simulation (digi+ tracking algorithms) della camera a drift per IDEA FCC-ee
§ studi di beam related background in connessione con il gruppo CERN e Frascati
§ progettazione meccanica di un nuovo prototipo in scala di camera a drift per IDEA FCC-ee per 

studi di tracking performance
Analisi dati/Fisica:
§ finalizzazione analisi dati del testbeam 2023 e 2024 (in sinergia con INFN Lecce), paper
§ Analisi di fisica Higgs per FCCee e FCC-hh
Attività di coordinamento: software, fisica e calcolo per FCC Italia
Partecipazione a workshop/conferenze/meeting FCC
Partecipazione a DRD1 per gas detector (WP2)
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Overview delle attività di RD_FCC Lecce nel 2025
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Hardware (in forte sinergia con INFN Bari):
§ setup tubi a drift per testbeam 2025 a Fermilab
§ inizio costruzione di un prototipo «full lenght» della DCH per IDEA
§ Implementazione su FPGA di algoritmi di peak finding per il processamento parallelo 

delle waveforms da molti canali di ADC à riduzione del trasferimento dati (completamento 
attivita’ su AIDAInnova) 

Analisi dati

• Finalizzazione analisi dati del testbeam 2023 (in sinergia con INFN Bari), note e paper, analisi 
dati del TB 2024

Partecipazione a workshop/conferenze/meeting FCC
Partecipazione a DRD1 per gas detector (WG2)
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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

2025 full-length prototype: Goals

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

2025 full-length prototype: Wiring
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

15



2025 full-length prototype: Coverage
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► First phase of conceptual design of full chamber completed as of today by a collaboration of 
EnginSoft and INFN-LE mechanical service (+ a PhD student from Bari Politecnico): final 
draft of technical report ready

► Full design of full-scale prototype completed by summer 2024 by EnginSoft (purchase 
order issued) with INFN-LE mechanical service

► Preparation of samples of prototype components (molds and machining) ready by fall 2024 
by CETMA consortium 

► All mechanical parts (wires, wire PCBs, spacers, end plates) ready by end of 2024
► MEG2 CDCH2 Wiring robot transported from INFN-PI (being used for MEG2 CDCH2 until May 

2024) to INFN-LE/BA, refurbished and re-adapted, to be operational by spring 2025
► Wiring and assembling clean rooms:

■ INFN-LE clean room currently occupied by ATLAS ITK assembly (until 2026 ?)
■ Investigating the possibility of renovate a clean room at INFN-BA or at CNR-LE 

(subject to agreement between INFN and CNR)
► Wiring and assembling operations would occur during second half of 2025
► Prototype built by end of 2025/beginning 2026 and ready to be tested during 2026

2025 full-length prototype: Schedule

17

N. B. Aggressive schedule strongly depending on the INFN funding
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2025 full-length prototype: Costs

► Drift Chamber conceptual design (20 k€ from EURIZON-LE, invoice paid to EnginSoft)
► Full-Scale Prototype design (20 k€ from EURIZON-LE, purchase order issued to 

EnginSoft)
► Full-Scale Prototype design and material tradeoffs (molds and machining) (20 k€ from 

EURIZON-LE, purchase order issued to CETMA)
► Full-Scale Prototype components (inner cylinder and 8 spokes) (20 k€ from EURIZON-

LE, purchase order issued to CETMA)
► Wires from CFW: 10 Km of 50 μm Al for field and guard; 1 Km of 20 μm W for sense

(15 k€ from EURIZON-BA)
► Wires from Specialty Materials: 900 m of 35 μm C monofilament (5 k€ from EURIZON-

LE)
► Wiring robot from MEG2 CDCH CSN1 funds to INFN-LE (estimated 100 k€)

Costs to be borne (late 2024 and 2025)
Ø Additional wires
Ø Wire PCBs
Ø Peek spacer
Ø Wiring robot refurbishing
Ø Mechanical support and gas envelope
Ø Front-end, digitizers and acquisition electronics
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Everything
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2025 full-length: additional arguments
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o Tre settori sono il minimo per le due viste stereo.
o E’ necessario testare il layer più interno, con le celle più piccole, il layer più esterno col massimo 

angolo stereo e due layer intermedi alla transizione di due superlayer, dove cambia il passo dei fili 
per l’incremento di celle da un superlayer al successivo. Dunque, 4 layer per due viste, ovvero 8 
layer.

o E’ necessario coprire in azimuth con i fili l’intero settore per distribuire il campo elettrico in modo da 
testare la stabilità elettrostatica con le configurazioni stereo. Ridurre ulteriormente il numero di fili di 
campo comporterebbe l’introduzione di effetti di bordo che influirebbero sui fili di sense più interni.

o E’ necessario coprire in azimuth con i fili l’intero settore per controllare la filatura su pcb che 
diventano circa 50 cm lunghe al layer più esterno con ovvie difficoltà di mantenimento delle 
tolleranze geometriche.

o Per quanto riguarda il numero di canali di lettura, leggiamo le due viste interne (tutti gli 8+8 canali), 
le quattro viste intermedie (16+16+16+16 canali su 20+20+22+22 fili di sense) e le due viste esterne 
(16+16 canali su 34+34). Il tutto ci offre una copertura di un paio di decimetri quadrati per i raggi 
cosmici verticali. 

o I 112 canali à richiesta delle due schede NALU da 64 canali oltre ai due digitizzatori CAEN VX2751 da 
16 canali per confronto e per testare la lettura divisione di corrente e la differenza di tempo fra le 
due estremità dei fili



N. De Filippis                             

Anagrafica 2025: INFN Bari
INFN- Bari 2025

N. De Filippis (Assoc. Prof.) 30%
M. Abbrescia (Assoc. Prof.) 20% 
M. Louka (PhD) 100%
B. D’Anzi (PhD) 100%
M. Barbieri (PhD) 0%
M. Anwar (PhD) 20%
W. Elmetenawee (Postdoc INFN) 30%

D. Diacono (Tecn. INFN) 10%

F. Procacci (PhD) 100%
G. Pappalettera (Assoc. Prof.) 20%
F. Loddo (Tecn. INFN) 20%
TOT 4,5 FTE

20
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Anagrafica 2025: INFN Lecce

Totale:  1.8 (+0.20 su sigle sinergiche) à 2.0 FTE 
à apertura nuova sigla

Responsabile: M. Primavera

INFN- Lecce 2025
M. Primavera (INFN I ricer) 20% + + 10% su sigle sinergiche (AIDAInnova 

7.4.1, 10%)
E. Gorini (Full prof.) 30%
A. Ventura (Assoc. Prof.) 30% 
M. Panareo (Assoc. Prof.) 10%
F.G. Gravili. (RTDA) 30%
S. Grancagnolo (RTDB) 30%
A. Miccoli (Tecnologo INFN) 20% + 10% su sigle sinergiche (AIDAInnova 7.3.1, 

10%)
F. De Santis (PHD) 10%
F. Grancagnolo (retired) 0%
TOT 2.0 FTE

Personale tecnico:
A. Corvaglia
C. Veri

21
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Funding 2024: sub-judice INFN Bari 
Linear stage (aka «slitta micrometrica>): fundamental to test the tensioning schema/limitations
of different wire prototypes and materials

§ stress-strain curve
§ elastic limit
§ breaking load
§ elongation (Young module)

à wire qualification chain to be implemented

22

https://www.newport.com/p/XMS100-S

https://www.newport.com/p/XMS100-S
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Funding 2024: sub-judice INFN Lecce 
For the readout of the prototype we need 112 channels, so we need 2 boards with 64 channels
equipped with FPGA.

23
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Funding request 2025: INFN Bari 
Consumi/Inventariabile: 
Østrumentazione per tubi a drift e prototipo full size:

§ lastre di peek (spaziatori e costi di lavorazione): 10k
§ filatura su piano: sistema di trasporto dei fili su 4m + saldatura a 

infrarossi + motori passo passo delle National instruments, scheda di 
controllo, decoder à 12k€ per modificare il robot usato da MEG

§ trigger: tile di scintillatori (24 tile 30x30) con SiPM 8k à 12k€ con 
elettronica con schede + support

§ rotating table per testbeam – 2k€
§ costi ulteriori per testbeam @ FNAL (gas+servizi): 2k€
§ Costo di 3km di sense wire in molibdeno da 20 micron con rivestimento 

in oro): 3k€
Totale: 41 k€

Facility per costruzione prototipi  à camera pulita 
§ individuata area disponibile da attrezzare con filtri, condizionamento, 

rivestimento pareti adeguato, certificazione 10000 -> preventivo di circa 
208k€ (richiesta da valutare successivamente)

24
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Richieste missioni per RD_FCC 2025 - Bari

• Testbeam al Fermilab a luglio/settembre 2025:
• missioni per 2 settimane, 3 persone: 10k€

• missioni a INFN Lecce – 5k€
• missioni per meeting, workshop, trasferte (4.5 FTE) 5.5k€

Totale: 20.5 k€
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Funding request 2025: INFN Lecce 

26

Consumi

§ 200 PCB + componenti elettronica per prototipo à 15 keuro
stays + sistemi di ancoraggio e regolazione+misuratori di tensione per prototipo —> 
5 keuro

§ Materiale (profilati) per realizzazione sistema di sostegno per prototipo à 5 keuro
§ costi per testbeam Fermilab (gas+servizi) à 2 keuro
§ pannello strutturale esterno prototipo e lavorazioni pannelli laterali e frontali à 15 

keuro

Inventario

§ Controller misuratori di tensione per prototipoà 2 keuro

Trasporti

§ Trasporto del robot di filatura da Pisa a Lecce à 3 keuro
§ Trasporto del setup di test a Fermilab à 5 keuro
       Totale: 52 k€
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Richieste missioni per RD_FCC 2025 - Lecce

• Testbeam al Fermilab a luglio/settembre 2025:
• missioni per 2 settimane, 3 persone: 10k€

• missioni per meeting, workshop, trasferte (2.0 FTE) 2.5k€

Totale: 12.5 k€
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Attività DRD1
N. De Filippis:

WP2 convener: 
«Inner and Central Tracking with Particle
Identification Capability – Drift Chambers»

Technological representative in the DRD1 
Management Board 

M. Panareo: 

Lecce IR in DRD1 Collaboration Board

M. Primavera:

Secretariat of DRD1 Collaboration 
Board
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Richieste finanziarie per DRD1-WP2 - Bari
• Prototipo di camera a drift per tracciamento: 20k€
• Elettronica di lettura per prototipo per tracciamento: digitizer VX2751 

CAEN: 25k€
• Missioni al CERN per organizzazione meeting DRD1 WP2: 2k€
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Richieste finanziarie per DRD1-WP2 - Lecce

• Prototipo di camera a drift per tracciamento: 20k€
• Elettronica di lettura per protipo per tracciamento: digitizer VX2751 

CAEN: 25k€
• Missioni al CERN per CB meeting DRD1 (M. Primavera)? : 2k€   

(non richieste nei preventivi!)
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Summary/Conclusions

Good progress reported on:

Ø mechanical structure design
Ø on going effort to build a full-length prototype next year
Ø testbeam data analysis à NEW and quite conclusive results

Plenty of areas for collaboration:
Ø detector design, construction, beam test, performance
Ø local and global reconstruction, full simulation
Ø physics performance and impact
Ø etc.

Effort to build a international collaboration enforced
Ø started to collaborate with US people from BNL
Ø significative participation of BNL to the 2024 testbeam

31
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Backup

32
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TestBeam 2021 and 2022: resolution studies
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TestBeam 2021 and 2022: resolution studies

34
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Funding request 2025: clean room @INFN Bari 

35

Class 10000
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Summary and conclusions (2)
• PID with a cluster counting technique is under study by using simulations and beam-test data
• Several algorithms for peak finding under development show agreement in data 
• Results demonstrate the capability to count cluster with high efficiency at a fixed βγ
• Limiting conditions for an efficient cluster counting established: 

§ gas gain saturation
§ cluster density (by changing the gas mixture)
§ space charge ( gas gain, sense wire diameter, track angle)
§ recombination effects and electron attachment

Short term prospects:
• Finalization of Mechanical Structure and DAQ of the Drift Chamber 
• Continuation of Beam Tests
• Construction of a prototype of a full scale wedge of the drift chamber:

• to verify the electrostatic stability of different wire types (aluminum, titanium and carbon 
monofilamets for field and guard wires and tungsten, molybdenum for sense wires) of different 
diameters

• to optimize the wire tension compensation scheme proposed to minimize the end-plates budget 
material

Notes in preparation:
• IDEA drift chamber proposal
• Results from cluster counting beam test
• Data acquisition system for cluster counting
• Preliminary studies on the IDEA drift chamber mechanical structure
• Preliminary estimate of the IDEA drift chamber costing
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