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Why a Drift Chamber?

VEPP2000
CMD-3 Drift Chamber

KEDR Drift Chamber

BEPC2 BES3 Drift Chamber

S.KEKB Belle2 Drift Chamber

PEP

MARK2 Drift Chamber

PEP-4 TPC

MAC Drift Chamber

HRS Drift Chamber

DELCO MWPC

BEPC BES1,2 Drift Chamber

LEP

ALEPH TPC

DELPHI TPC

L3 Si + TEC

OPAL Drift Chamber

SLC
MARK2 Drift Chamber

SLD Drift Chamber

DAPHNE KLOE Drift Chamber

PEP2 BaBar Drift Chamber

KEKB Belle Drift Chamber

SPEAR
MARK2 Drift Chamber

MARK3 Drift Chamber

DORIS
PLUTO MWPC

ARGUS Drift Chamber

CESR CLEO1,2,3 Drift Chamber

VEPP2/4M

CMD-2 Drift Chamber

KEDR Drift Chamber

NSD Drift Chamber

PETRA

CELLO MWPC + Drift Ch.

JADE Drift Chamber

PLUTO MWPC

MARK-J TEC + Drift Ch.

TASSO MWPC + Drift Ch.

TRISTAN

AMY Drift Chamber

VENUS Drift Chamber

TOPAZ TPC

past

ILC
ILD TPC

SiD Si

CLIC CLIC Si

FCC-ee
CLD Si

IDEA Drift Chamber

CEPC

Baseline TPC Si

4th Si + Drift Chamber

IDEA Drift Chamber

SCTF BINP Drift Chamber

STCF HIEPA Drift Chamber

present

future

Trackers at e+e− Colliders
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Wire constraints

Electrostatic stability condition
Tc wire tension
w cell width
L wire length

C capacitance 
per unit length

V0 voltage
anode-cathode

Elastic limit condition

Tc < YTS × π･rw2

YTS = 750 Mpa for W,  290 Mpa for Al

Tc < 36 g for 40 μm Al field wires     (𝛿grav = 190 𝜇m) 
Tc < 24 g for 20 μm W sense wires   (𝛿grav = 510 𝜇m) 

For w = 1 cm, L = 4 m: 
Tc > 26 g for 40 μm Al field wires    (𝛿grav = 260 𝜇m) 
Tc > 21 g for 20 μm W sense wires  (𝛿grav = 580 𝜇m) 

The drift chamber length (L = 4 m) imposes
strong constraints on the drift cell size (w = 1 cm)

Very little margin left ⇒ increase wires radii or cell size
⇒ use different types of wires
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Drift Chamber material budget

Increase cell size to w > 1.5 cm (+10%)
(56,448 ➝ 45,700 cells, 112 ➝ 100 layers, 

and replace 20 μm W and 40-50 μm Al (5:1) 
with 35 μm C wires (10:1) 

340,000 ➝ 500,000 wires, 9➝ 18 Ton)
Stability condition:
30 g < Tc < 87 g 
corresponding to 

270 (158) μm > 𝛿grav > 93 (54) μm
(safety factor within ample margin!)

Contribution to m. scatt. from wires:    
1.3×10-3 X0➝ 0.9×10-3 X0

Material budget estimates

1.3×10-3 X0      

1.3×10-3 X0      

6.8×10-4 X0
4.3×10-4 X0

1.6×10-4 X0
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1st CHALLENGES: wire types – Carbon monofilament

35 μm C wire
20 μm W wire

Charge distribution Exponential amplification

Drift tube37 K𝛺/m

60 €/Km

0.65 GPa

Metal coating by HiPIMS: High-power impulse magnetron sputtering
physical vapor deposition (PVD) of thin films based on magnetron sputter deposition (extremely high 
power densities of the order of kW/cm2 in short pulses of tens of microseconds at low duty cycle <10%)

20 nm Ni + 50 nm Cu

solder test
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1st CHALLENGES: wire types – Carbon monofilament

1Gabriel CHARLES                                                    05/30/2023 ECFA WG3: Topical workshop on tracking and vertexing

Blue Sky R&D at in2p3 to �nd new wire material

Carbon wire chamber soldered then 

glued
Carbone wires seen from 

SEM

3 groups implied

2 with wiring 

machines

Design a simple 

detector (active 

area 17x7 cm2) to 

test different types 

of wires

First results in 2017 Carbon wire 

chamber at sub-atmospheric pressure, 

G. Charles et al., NIM A

Tests with radioactive sources at 1 atm 

are on going for carbon wires and 

soldered AlMg5 wires.

Next step will be beam tests and 

internationalize the collaboration.
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2nd CHALLENGE: 350,000 wires!
Evolution of the MEG2 drift chamber wiring

Wiring robot at INFN Lecce:
32 wires at once

MEG2: 12 wires/cm2

IDEA: 4 wires/cm2

Very different dimensions!
+ tension recovery scheme

Need new wiring strategy! 
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3rd CHALLENGE: Cluster counting/timing
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PID with dNcl/dx in the time domain: requirements

t j
el{ }       j =1,nel

P( j, i)     j =1,nel,   i =1,ncl

ti
cl{ }       i =1,ncl

Determine, in the signal, the ordered 
sequence of the electron arrival times:
 

Based on the dependence of the average 
time separation between consecutive 
clusters and on the time spread due to 
diffusion, as a function of the drift time, 
define the probability  function,  that  
the jth electron belongs to the ith cluster: 

 

from this derive the 
most probable time 
ordered sequence of 
the original ionization 
clusters:

and the total number of 
clusters 

tj+1 – tj
j = 1, Nele

(same cluster) 
nel

ti+1 – ti
i = 1, Ncl ncl

Requirements
fast front-end electronics 

(bandwidth ∼ 1 GHz)
high sampling rate digitization 

(∼ 2 GSa/s, 12 bits, >3 KB)

5 ns

single electron
simulation:

rise time ≲ 0.5 ns
fall time  ∼ 2.0 ns
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PID with dNcl/dx in the time domain: simulations

full simulation

2.0 m long tracks in 90/10 He/iC4H10

Heed

Heed

GEANT4

GEANT4

dE/dx

dNcl/dx

3𝝈

3𝝈 3𝝈

3𝝈

F. Cuna, N. De Filippis, F. Grancagnolo, G. Tassielli, Simulation of particle identification 
with the cluster counting technique, arXiv:2105.07064v1 [physics.ins-det] 14 May 2021 

IDEA drift chamber
expected 𝝅/K separation

𝝈

30ps

Geant4 uses the cluster 
density and the cluster 
size distributions derived 
from Heed, however, they 
disagree, most likely, due 
to a different choice of the 
Ecut parameter (the 
maximum energy of an 
electron still associated to 
a track in the simulation)

M. Hauschild Progress in dE/dx 
techniques used for particle 
identification  NIM A379(1996) 436
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Work Package list
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