
h

T
a
v
i
P
c

©

Journal Pre-proof

Analysis and study of the problems on the wires used in the MEG CDCH
and the construction of the new drift chamber

G. Chiarello, M. Chiappini, A.M. Baldini, H. Benmansour, G. Cavoto,
F. Cei, A. Corvaglia, F. Cuna, M. D’Elia, M. Francesconi, L. Galli,
F. Grancagnolo, M. Grassi, R. Ishak, M. Meucci, A. Miccoli,
D. Nicoló, A. Papa, M. Panareo, V. Pettinacci, F. Raffaelli, F. Renga,
G. Signorelli, G.F. Tassielli, R. Valentini, A. Venturini, B. Vitali,
C. Voena

PII: S0168-9002(22)01027-0
DOI: https://doi.org/10.1016/j.nima.2022.167735
Reference: NIMA 167735

To appear in: Nuclear Inst. and Methods in Physics Research, A

Received date : 15 July 2022
Revised date : 30 October 2022
Accepted date : 2 November 2022

Please cite this article as: G. Chiarello, M. Chiappini, A.M. Baldini et al., Analysis and study of the
problems on the wires used in the MEG CDCH and the construction of the new drift chamber,
Nuclear Inst. and Methods in Physics Research, A (2022), doi:

ttps://doi.org/10.1016/j.nima.2022.167735.

his is a PDF file of an article that has undergone enhancements after acceptance, such as the
ddition of a cover page and metadata, and formatting for readability, but it is not yet the definitive
ersion of record. This version will undergo additional copyediting, typesetting and review before it
s published in its final form, but we are providing this version to give early visibility of the article.
lease note that, during the production process, errors may be discovered which could affect the
ontent, and all legal disclaimers that apply to the journal pertain.

2022 Elsevier B.V. All rights reserved.

https://doi.org/10.1016/j.nima.2022.167735
https://doi.org/10.1016/j.nima.2022.167735


Journal Pre-proof

Analysis and study of the problems on the wires used in the MEG CDCH and the

G. Chiarello ’Eliad,e,
M. Franc af,1,

M. Panareod italia,b,

Abstract

In the MEG I cy single
volume, full s rift cells.
The single dri m silver
plated alumin of about
hundred catho cathodes
is less than 1% e verified
by means of si he results
of the analysis show the
studies carried on of the
new drift cham ing robot
will be optimi hich has
very little effe g process
different from

Keywords: ga
2010 MSC: 0

1. The cylind
The Cylind

(CDCH) [1, 2
chamber . Th
out of the sen5

fully cover 52
The CDCH (F
vided in 12 id
cells wide. Ea
planes enclosi10

angles with re
struction of th
is approximat
8 mm wide, a

∗Correspondin
Email addres

qualizing
ers of 50
per radii

04 for an
10−3 X0

s mixture
isopropyl

everal 4-
pany [4].
dreds of
h reduce
the ultra-
orrect di-

Preprint submitte er 30, 2022

Manuscript two Click here to view linked References
Jo
ur

na
l P

re
-p

ro
of

construction of the new drift chamber

a,∗, M. Chiappinia, A. M. Baldinia, H. Benmansoura, G. Cavotob,c, F. Ceif,a, A. Corvagliae, F. Cunad,e, M. D
esconif,a, L. Gallia, F. Grancagnoloe, M. Grassia, R. Ishakg, M. Meuccib,c, A. Miccolie, D. Nicolóf,a, A. Pap
,e, V. Pettinaccic, F. Raffaellia, F. Rengac, G. Signorellia, G.F. Tassiellih,i, R. Valentinig, A. Venturinif,a, B. V

C. Voenac

aINFN Sezione di Pisa, Largo B. Pontecorvo 3, 56127, Pisa, Italy
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I detector, the measurement of the momentum of the charged particle is performed by a high transparen
tereo cylindrical Drift Chamber (CDCH). It is composed by 9 concentric layers, each consisting of 192 d
ft cell is approximately squared, with a 20 µm gold plate tungsten sense wire surrounded by 40 µm/50 µ
um field wires in a ratio of 5:1. During the construction of the first CDCH, we observed the breaking
de wires: 97 of these were 40 µm aluminum wires, while 10 were 50 µm wires. Since the number of broken

of the total, one can expect the influence on the track reconstruction efficiency to be not so dramatic. W
mulations that the loss of one cathode does not change the cell electric field appreciably. Here we present t
of the effects of mechanical stress and chemical corrosion observed on these broken wires. Finally, we
out on new wires to overcome the weaknesses found and the process that will be used for the constructi
ber (CDCH2). It will be built with the same modular technique, as for the previous one, the use of the wir

sed to improve some weaker step in the procedure, new wires will be adopted with a 25% thicker diameter, w
cts on the resolution and efficiency of the detector. Furthermore these wires are made with a manufacturin
that used previously.

s detector
0-01, 99-00

rical Drift Chamber (CDCH)
rical Drift CHamber of the MEG II experiment
] is unique volume low-mass full stereo drift

e inner radius is 17 cm to sweep low energy e+

sitive volume and the outer radius is 29 cm to
.8 MeV/c signal e+.
igure 1) is composed by 9 concentric layers, di-
entical sectors, each covering 30◦ and 16 drift
ch layer consists of two criss-crossing field wire
ng a sense wire plane at alternating sign stereo
spect to contiguous layers for a precise recon-
e longitudinal coordinate. The single drift cell

ely squared, with a linear size between 6 mm to
20 µm Au-plated W sense wire surrounded by
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40/50 µm Ag-plated Al field wires in a 5:1 ratio. For e15

the gain of the innermost and outermost layers, two lay
µm Ag-plated Al guard wires have been added at pro
and HV. The total number of wires amounts to 119
equivalent radiation length per e+ track turn of ≈ 1.5 ×
when the chamber is filled with 90:10 He/i-C4H10 ga20

+ additives to improve the operational stability: 1.5%
alcohol + 0.5% Oxygen.[3].

2. Wires used

The wires used in the CDCH were produced in s
inch spools by the California Fine Wire (CFW) com25

Starting from wires with a diameter higher than hun
microns, they carry out various drawing stages whic
the diameter of the wire to 55 µm. A final step, called
finishing procedure, is used for reaching the wire c
mensions.30
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G II drift chamber. The drift chamber is still mounted on the
e in the clean room, the two carbon fiber support half-shells
ed

age showing the difference in the Ag coating of silver plated
Several cracks on a 40 µm wire are visible on the left, while a
e is shown on the right.

wing procedure is only effective for wire diam-
an 50 µm therefore ultra-finishing is unavoidable
s but not for 50 µm wires. Ag coating (needed for
fixing the wires) is performed by electrochemical
ore the ultra finishing stage, therefore this coating
a mechanical stress which can produce localized

2 for a 40 µm wire on the left and for 50 µm
ght). The fabrication procedure of the MEG II
sen so that their plastic region was as small as
oid the plastic deformation of the wires (due to
a elongation) which could lead to possible elec-
cuits when the chamber is powered. In Figure 3
nergy Dispersive X-ray Analysis (EDX) analysis
ire, one can see the main component is the silver
mall traces of aluminum because the EDX beam
r the external surface.

ions on wire breakages
construction of the first CDCH, we observed the
hundred cathode wires: of these, 97 are 40 µm
es while 10 are 50 µm wires. Since the number
odes is less than 1% of the total, one can expect
n the track reconstruction efficiency to be not so
ever, these wires must be removed to avoid areas

which must be turned off due to short circuits.

analysis (Energy Dispersive X-ray Analysis) on a 50 µ wire

Figure 4: SEM image showing the corrosion point of a 40 µm wir
and EDX analisys on right.

From the Scanning Electron Microscope (SEM) ima55

ure 2) one can see cracks and discontinuities on the si
ing, making the aluminum core of the wire clearly
An analysis of the chemical composition sometimes s
presence of elements not strictly related to the aluminu
ver alloys used for wire fabrication; traces of chlorine60

halogen elements are measured in some cases. The
vations favour wire breakages induced by the develo
corrosion processes in the aluminum alloy (Figure 4
the silver coating [5]. At room temperature, the onset
sion processes requires the presence of water or wate65

condensed on the aluminum surface. A humid enviro
then the natural scenario in which the corrosion can
proceed. Nevertheless, the water vapour is by itself
to produce corrosion processes on aluminum alloys,
drogen ions are easily liberated by water dissociation70

mation of aluminum oxide. The cracks in the silver co
particularly dangerous, since they expose the aluminum
the environmental relative humidity. The galvanic cou
tween silver and aluminum and the presence of a large
age of magnesium in the aluminum alloy 5056 used75

fabrication make possible a rapid and severe corrosion
localized regions close to the cracks.
4. Conclusion

After several analyses carried out and considering
wires, we decided to use new wires, evaluating the80

cons for the costruction of the new CDCH. The final
about the wire characteristics is still in progress, t
ble choices are 50 µm Ag-coated Al wires in which
finishing step is avoided and 50 µm pure Al wires (
plus glue). We are doing tests to understand the best so85

avoid problems. The wiring robot [6] has been transfe
Lecce to Pisa and is ready to be operated.
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Highlights

The highlights for our paper ””NIMA PROCEEDINGS−D−22−00278 -Analysis
and study of the problems on the wires used in the MEG CDCH and the con-
struction of the new drift chamber.” can be:

• Brief description of the MEG CDCH;

• Analysis and study of the problems on the wires used in the MEG CDCH;

• Analysis and study of the problems on the wires used in the MEG CDCH;

• The construction of the new MEG CDCH;

• Behavior of the wires used in the CDCH in the presence of humidity;

• Chemical and SEM analysis of the wires used in the CDCH;
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