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A B S T R A C T

The MEG-II experiment searches for the lepton-flavor-violating decay: 𝜇 ⟶ 𝑒 + 𝛾. The reconstruction of the
positron trajectory uses a drift chamber operated with a mixture of 𝐻𝑒 and 𝑖𝐶4𝐻10 gas. It is crucial to provide
a stable performance of the detector in terms of its electron transport parameters, avalanche multiplication,
composition and purity of the gas mixture. In order to have a continuous monitoring of the quality of the gas
injected, we plan to install a small drift chamber, with a simple geometry that allows to measure very precisely
the electron drift velocity in a prompt way. The chamber is a small box with cathode walls, that determine a
highly uniform electric field inside two adjacent drift cells. Along the axis separating the two drift cells, four
staggered sense wires alternated with five guard wires collect the drifting electrons. The trigger is provided
by two 90𝑆𝑟 radioactive sources placed on top of a two thin scintillator tiles telescope. The whole system is
designed to give a response in few minutes about drift velocity variations at the 10−3 level. In this paper the
development of the drift chamber is presented, with a particular focus on the details of its construction.
. Introduction: the importance of a constant monitoring of the
as mixture

The choice of a gas mixture in a drift chamber is of utmost im-
ortance, in particular for the experiments, like MEG-II, in which the
rajectories of low momentum particles need to be reconstructed with
igh accuracy. It is crucial to control the purity of the gas injected in the
rift chamber because uncontrolled fluctuations of the gas composition
nd contamination by impurities would make the drift velocity unstable
nd could deteriorate spatial and momentum resolution of candidate
ignal tracks.

Several studies about the behavior of drift velocity as a function of
he reduced electric field in a mixture of He∕𝑖C4H10 have been pub-
ished [1–3], proving that drift velocity is the most sensitive parameter
or the operation of a drift chamber with respect to tiny variations of
he gas mixture.

. The monitoring drift chamber set-up

The main goal of the monitoring chamber is to provide a fast
esponse about drift velocity variations at 10−3 level.

This purpose can be obtained with a conceptually very simple
tructure, illustrated in Fig. 1. We will use two 90𝑆𝑟 radioactive sources
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placed on top of two thin scintillator tiles telescope. The sources will
be collimated to select the tracks crossing the drift cells. The chamber
is placed inside a box and it will be supply with the gas coming from
the inlet and the outlet of the MEG II drift chamber.

Fig. 2 shows the transverse view of the chamber. Along the plane
separating the two drift cells, four sense wires (20 μm diameter gold
plated tungsten) alternated to five guard wires (80 μm diameter silver
plated aluminum) collect the drifting electrons. The drift electric field
is defined by two high voltage cathode walls and graded by two wires
planes down to 0 V on the symmetry plane, containing the sense and
guard wires.

The mechanical design is presented in Fig. 3, with a focus on the
central part of the chamber which hosts the custom PCB for the wires
staggering (details in Section 3).

3. The construction of the monitoring drift chamber

After a campaign of simulations aimed at studying the electric field
configuration and the measurement procedure of the chamber [4],
the construction of its components has been started and despite being
conceptually simple, the constraint on the 10−3 precision has made its
construction quite challenging.
ttps://doi.org/10.1016/j.nima.2022.167737
eceived 15 July 2022; Received in revised form 31 October 2022; Accepted 2 No
vailable online 13 November 2022
168-9002/© 2022 Elsevier B.V. All rights reserved.
vember 2022

https://doi.org/10.1016/j.nima.2022.167737
https://www.elsevier.com/locate/nima
http://www.elsevier.com/locate/nima
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nima.2022.167737&domain=pdf
mailto:federica.cuna@le.infn.it
https://doi.org/10.1016/j.nima.2022.167737


F. Cuna, G. Chiarello, A. Miccoli et al. Nuclear Inst. and Methods in Physics Research, A 1046 (2023) 167737

p
s
w
c
p

a
i
s

4

s
a
i
w
c
o

T

D

c
i

R

Fig. 1. Schematic of the experimental set up of the monitoring drift chamber.

Fig. 2. The transverse view of the monitoring drift chamber.

Fig. 3. Mechanical design of the monitoring drift chamber.

Fig. 4. Custom PCB for wires staggering.

The accomplishment of the central wire staggering has been im-
lemented, by using a custom PCB, shown in Fig. 4, consisting of
ubsequent layers of resin and silver pad for wires soldering, performed
ith a 3D printing device. Fig. 5 shows the drift velocity monitoring

hamber complete in all its parts. The cathode walls are made of gold
lated brass. Two peek supports define the position of the upper and
2

Fig. 5. The monitoring drift chamber inside the gas box containment.

Fig. 6. The two 90𝑆𝑟 sources placed on top of the tapered scintillator.

lower potential grading wire planes. The bottom trigger scintillator is
kept in place by plastic supports anchored to the external gas container.
The top scintillator, thinned down to 1.5 mm to minimize the 𝛽 rays
bsorption, lays on top of the upper voltage grading plane, as shown
n Fig. 6. Two feed-through PCBs connect the drift chamber to the HV
upply and to the data acquisition system.

. Conclusion

The monitoring drift chamber, equipped with two radioactive source
nd triggered by a telescope of thin scintillator tiles, allows the monitor-
ng of the drift velocity of the MEG II central tracker, in short time and
ith a high precision. It enables to evaluate variations of the operating

onditions affecting the spatial resolution, being sensitive to variations
f:

• +0.4% in 𝑖C4H10 content (from 10.0% to 10.4%)
• −0.3% in 𝑖C4H10 content (from 10.0% to 9.8%)
• ±0.4% in E/p (≈ 6% in gas gain) at gain ≈ 5 × 105

• ∓6 V at 𝑝 ≈ 1 bar, 𝑇 ≈25 °C
• ∓4 mbar at 𝑉 ≈ 1500 V, 𝑇 ≈25 °C
• −0.3 °C at 𝑝 ≈ 1 bar, 𝑉 ≈ 1500 V

he chamber construction has been completed and now it is under test.
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