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Development of a central tracker for SCTF 

An ultra-low mass Tracking Chamber with Particle Identification 
capabilities (TraPId) concept (INFN Lecce) based on:

• Low material
• Improved identification with 

cluster counting
• Synergy with MEG2 DC and 

the IDEA DC project for FCC-
ee and CEPC

• New drift chamber for the 
CMD3 experiment as a 
prototype for the SCT central 
tracker
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"Wire Cage" and "Gas Envelope"

Gas containment:
Gas envelope can freely deform without 

affecting the internal wire position and tension.

Wire support:
Wire cage structure not subject to differential 
pressure can be light and feed-through-less.

Mechanical design of the prototype (1)
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T > C
2V0

2L2

4πεw2Electrostatic stability condition
T = wire tension
C = capacitance per unit length
V0 = anode-cathode voltage
L = wire length, w = cell width

IDEA Drift Chamber:   C = 10 pF/m, V0 = 1500 V, L = 4.0 m, w = 1.0 cm

T > 0.32 N
v 20 μm W sense wire (Y.S. ≈ 1200 MPa): Tmax = 0.38 N (marginal)
v 40 μm Al field wire (Y.S. ≈ 300 MPa): Tmax = 0.38 N (marginal)

=> shorten chamber (loss of acceptance) 
=> widen cell size (increase occupancy)
=> increase wire diameter (increase multiple scattering and endplate load)

or, 
=> replace 40 μm Al with 35 μm Carbon monofilament  

(Y.S. > 860 MPa): Tmax > 0.83 N
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Development of new wire material (1)
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New wire material (2): carbon monofilaments
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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%)

10 nm Cr  
50 nm Au

Au

CAu+Pb+Sn

Lead forms intermetallic compound with 
gold and completely dissolves the 50 nm Au 
layer.

soldering attempt

Cu

good solder wettability  on Cu

BINP
A. Popov

V. Logashenko

35 μm C wire
20 μm W wire

Charge distribution Exponential amplification

Drift tube
with 35μm

C sense wire

INFN-Le + BINP
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New wire material (3): C wire metal coating

• Cu coating test of 35 μm carbon monofilament very successful on short samples with 
HiPIMS at BINP, Novosibirsk

• Investigation of magnetron sputtering facilities elsewhere (INFN LNL?)
• Industrialization of process for coating continuous spooled monofilament under study 
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BINP
A. Popov

V. Logashenko

New wire material (4): C wire metal coating (BINP)
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C wire soldering without metal coating

C wire soldering without metal coating (1)
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C wire soldering without metal coating

C wire soldering without metal coating (2)
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• We verified successfully the possibility of soldering manually the C 
wire on copper with the C-solder

• We are testing the usage of a infrared-laser soldering system already
available in Lecce in order to guarantee uniformity and reproducibility.
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TraPId: A proposal for SCTF
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Expected Performance: Track parameters resolutions
n = 64, B = 1.5 T, Rout = 0.8 m, L = 2.0 m, (0.8+1.8)x10-3 X/X0, σxy= 100 μm, σz = 0.8 mm

Δp⊥
p⊥

=
8 5σ

.3BRout
2 n

p⊥ = 7.8×10
−4 p⊥ GeV / c[ ] Δp⊥

p⊥
=
0.0523 GeV / c[ ]

βBL
L
X0

=
1.8×10−3 GeV / c[ ]

β

Δφ0 =
4 3σ
Rout n

=1.1×10−4 Δφ0 =
13.6×10−3 GeV / c[ ]

β p
L
X0

=
6.9×10−4 GeV / c[ ]

β p

Δθ =
12σ z

Rout n
1+ tan2θ

tan2θ
= 3.8×10−4  at θ=90o

measurement multiple scattering (gas + wires + inner wall)

Δθ =
13.6×10−3 GeV / c[ ]

β p
L
X0

=
6.9×10−4 GeV / c[ ]

β p
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                              (7.8 → 6.6  with cluster timing)  

Δp⊥
p⊥

= 7.8×10−4 p⊥ ⊕1.8×10
−3

Δφ =1.1×10−4 ⊕ 6.9×10
−4

p
Δθ = 3.8×10−4 ⊕ 6.9×10

−4

p

Δp⊥
p⊥

= 2.0×10−3,  Δφ = 0.70 mrad, Δθ = 0.78 mrad

                            at p =1 GeV / c

TraPId: Tracking performance
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Ltrack = 0.6 m
P = 1 atm

n = 64

σ dE dx

(dE / dx)
= 8.1%

σ dNcl dx

(dNcl / dx)
= 3.6%Ltrack = 0.6 m

δcl = 12.5/cm

6.9% for Ltrack = 1 m

2.8% for Ltrack = 1 m

TraPId: Pid performance
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KLOE 

BaBar 

Belle 

BelleII 

BESIII 

Cleo3 

SCTF 
(Todyshev) 

TraPId 
(this proposal) with cluster counting (dE/dx = 8.1%) 

TraPId 
(this proposal) 

with cluster timing and Ti + C wires  
1 m track length - (dE/dx = 6.9%) 

Δpt
pt

×103 at pt =1GeV dE
dx

dN
dx

0.5pt ⊕ 2.6

1.3pt ⊕ 4.5

2.8pt ⊕ 3.5

1.9pt ⊕ 2.9

2.7pt ⊕ 4.7 5.1×10−3 6− 7%

7.5%4.7×10−3

6.9%

6.4%

4.5×10−3

3.5×10−3

5%1.0pt ⊕ 9.0 9.1×10−3

2.6pt ⊕ 5.1 5.7×10−3 7%

0.78pt ⊕1.8

0.66pt ⊕1.4
2.0×10−3

1.6×10−3
3.6%

2.8%

2.6×10−3 5%

8.1 / 3.6%

6.9 / 2.8%
C wires + cluster timing

1 m track length

KLOE 0.5pt ⊕ 2.6 2.6×10−3 5% still best world performance

Summary of performance
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I. An ultra-low mass drift chamber for SCTF with a material budget
<1.5x10-2 X/X0 in the radial direction and <5x10-2 X/X0 in the forward
and backward directions (including HV and FEE services) can be built with
the novel technique adopted for the successful construction of the MEG2 drift
chamber

II. Δpt/pt = 2.0×10-3, Δθ = 0.70 mrad, Δϕ = 0.78 mrad at p = 1 GeV/c.

III. Particle identification at the level of 3.6% with cluster counting allowing
for π/Κ separation ≥ 3σ over a wide range of momenta.

IV. Further gain in momentum and angular resolutions and in particle
identification, will be obtained by
• applying cluster timing techniques,
• exploiting the possibilities of large scale implementation of C wires
• operating the chamber at lower than atmospheric pressures, with moderate
degradation of particle identification performance
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Conclusions
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Backup
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C wire soldering without metal coating

C wire soldering without metal coating (2)
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C wire without metal coating: hand soldering
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For 3Kg we will make 0.5 mm. 
We can also give it a try to go 
below 0.5 mm with no extra 
fee. 

2-3 Kg at the cost ~ 
£1500/500g (4 times cheaper 
as compared to £122.00/10g 
offered by Goodfellow). 

The Infrared laser 
system 
of the MEG2 wiring 
robot
makes use of 0.5 mm 
soldering wire

C wire without metal coating (3): laser soldering


