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✦ Z or H decay muons in ZH events have rather low pt 
❖ Transparency more important than asymptotic resolution
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IDEA	DC

(see Figure 2).
A system of tie-rods directs the wire tension stress to the outer endplate rim,
where a cylindrical carbon fibre support structure bearing the total load is
attached. Two thin carbon fibre domes (”gas envelope”), suitably shaped to
minimise the stress on the inner cylinder and free to deform under the gas pres-
sure without a↵ecting the wire tension, enclose the gas volume.
This assembling technique allows to manage large number of wires with con-
siderably simplified procedures and it has been successfully applied to the con-
struction of the MEG2 drift chamber.

Figure 1: Schematic representation of the separation between gas containment
and wire tension relief. In evidence the ”wire cage” and the ”gas envelope”.

Figure 2: Schematics from the MEG2 drift chamber construction to illustrate
how the chamber is built: printed circuit boards (in green), to which the wires
are soldered, are stacked radially alternating with spacers (in red), which set
the proper cell dimensions.

4

3.1 Layer Structure

The active volume of the drift chamber is divided in 14 co-axial super-layers,
each one composed of 8 layers, at stereo angles of alternating signs, for a total of
112 layers, arranged in 24 identical azimuthal sectors. The innermost 8 layers,
constituting the first super-layer, contain N1 = 192 drift cells (8 per sector)
each. In order to maintain an approximately constant cell size, the number of
drift cells in each consecutive super-layer is incremented by 48 (2 in each sector):
Ni = 192+(i�1)⇥48, up to N14 = 816 (34 drift cells per sector), for a total of
56,448 drift cells. The width of the cell, approximately square, varies from about
12mm at the innermost layer to about 14.5mm at the outermost layer. For the
chosen gas, 90%He � 10%iC4H10, this corresponds to about 350ns maximum
drift time for the largest cell size, well below the bunch crossing spacing of 537ns
at the Higgs running mode.
The stereo angle is generated by stringing the wires between two points on the
end plates at the same radius and mutually displaced by two sectors (2↵i =
±30�, see Figure 3). Thus, the stereo angles increase linearly with the layer

Figure 3: Arrangement of a stereo wire.

radius from 20mrad to 180mrad. Because of this configuration, the cell size at
the end plates (z = ±L/2) results larger by about 3.5%, with respect to the cell
size at z = 0, maintaining, however, its aspect ratio identical to 1 at any z. Each
layer consists of three wire sub-layers: an inner and an outer cathode sub-layers
made of 40µm diameter Au coated Al field wires and a middle anode sub-layer
made of alternating sense (20µm diameter Au coated W) and field shaping
(50µm diameter Au coated Al) wires. Two consecutive layers are oriented at
opposite stereo angles. The outer cathode sub-layer of each layer lies at the
same radius as the inner cathode sub-layer of its radially adjacent layer, thus
forming a dense equipotential mesh of cathode wires (Figure 4). Its envelope in
space forms a rotational hyperboloid surface. The resulting large ratio of field
to sense wires of 5 : 1, besides assuring uniformity of response longitudinally,

5

◆ IDEA:	Extremely	transparent	Drift	Chamber	
❑ Gas:	90%	He	–	10%	iC4H10	
❑ Radius	0.35	–	2.00	m	
❑ Total	thickness:	1.6%	of	X0	at	90o	

❑ All	stereo	wires	(56448	cells,	343968	wires)	
❖ Tungsten	wires	dominant	contribution	

❑ 112	layers	for	each	15o	azimuthal	sector	
❑ max	drift	time:	350	ns

L = 4m
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dN/dx from Garfield+

◆ In	general,	tracks	have	rather	low	momenta	(pT	≲	50	GeV)	
❑ Transparency	more	relevant	than	asymptotic	resolution		

◆ Drift	chamber	(gaseous	tracker)	advantages	
❑ Extremely	transparent:	minimal	multiple	scattering	and	secondary	interactions	
❑ Continuous	tracking:	reconstruction	of	far-detached	vertices	(K0S	,	Λ,	BSM,		LLPs)	
❑ Outstanding	Particle	separation	via	dE/dx	or	cluster	counting	(dN/dx)		
❖ >3σ	K/π		separation	up	to	~35	GeV
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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
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Well established with IHEP for NN-based cluster counting algorithms



The IDEA drift chamber - Paolo Giacomelli 25/10/2024 18

Backup
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Gas envelope

Wire Cage❖ 90% He - 10% C4H10 – All stereo – σ ~ 100 µm 
❖ Small cells, max drift time ~ 350 ns 
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Based on MEG2 experienceBased on MEG2 experience

❖ 90% He - 10% C4H10 – All stereo – σ ~ 100 µm 
❖ Small cells, max drift time ~ 350 ns 
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❖Complete mapping of dN/dx data in all relevant βγ regions (few years) 

➢Understand details of cluster counting performance 

❖Build large mechanical prototype (few years) 

❖Build full length functioning prototype with few cells (few years) 

❖Develop on-detector cluster counting electronics (few years)  

❖Towards a drift chamber TDR
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Test beam data 2022

❖ Cluster counting 2x better than dE/dx 
➢Poisson vs . Landau à no large tails 

❖ Sample signal few GHz à on detector electronics R&D

• For dN/dx method:
• RTA algorithm has been used for peak 
finding.

• dN/dx resolution dependence on the 
track length  L-0.5

~ 2 times improvement in the resolution using dN/dx method as expected from the analytical calculation.

Test beam 2024


