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ABsTRACT: In this study we investigate the stability limits of Micromegas detectors upon irradiation
with alpha particles. The results are obtained with meshes with different optical transparency and
geometry of wires. The measurements are performed in Ar- and Ne- based mixtures with different
CO, content. We observe that the breakdown limit strongly depends on the gas and that a higher
amount of quencher in the mixture does not necessarily correlate with higher stability. In addition,
we observe discharge probability scaling with the wire pitch. This suggests that a Micromegas mesh
cell can be treated as an independent amplification unit, similar to a hole in a GEM foil. The outcome
of these studies provides valuable input for further optimization of MPGD detectors, multi-layer
stacks in particular.
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1 Introduction

The most common MPGD structures, GEM [1] and MICROMEGAS [2], can provide high position,
time, and energy resolutions, high rate capability, and quite reliable spark protection capabilities.
However, experience shows that in real experimental conditions, there is a non-zero probability of
spark development. If the charge carrier density in the amplification region reaches the critical
charge limit, the avalanche transitions to a streamer that ends up in a spark. The minimum avalanche
size necessary to trigger a spark varies between 10° ¢, and 107 e and concerns all MPGD-type
detectors (see e.g. [3-0]).

Systematic studies revealed that sparks usually appear in a narrow region of the amplification
gap, where the electric field lines are parallel to each other and no quenching by the electric field
reduction is possible. When a streamer reaches the cathode of the amplification structure, a full
breakdown is observed. The occurrence of spark discharges in a Micromegas detector, and related
critical charge limits, have been studied in numerous experimental and simulation works (see e.g. [7]
and [8], respectively).

A proper understanding of the fundamental limits of mesh structures may provide important
input for designing Micromegas-based detectors. For completeness of our discharge studies,
conducted initially with (TH)GEMs and summarised in [4, 5], we have launched a dedicated
discharge investigation campaign with several types of Micromegas detectors. The main motivation
of the studies is to measure stability dependency on the mesh geometry, varying the diameter of its
wires (dwire) and the distance between them (ayire ), thus varying its optical transparency. From the
studies presented in [9] a clear dependency on the wire geometry is shown pointing to thinner wires
and smaller Micromegas cells having higher stability. The conclusions are based on the argument
of amplification field uniformity which is supposed to be better in meshes with thinner wires and
smaller cells [9]. On the other hand, Finite Elements Method calculations of the electric field
obtained with different meshes, discussed in [10], show that the peak-to-average value of the electric
field is rather constant at ~3, or even slightly drops for thicker wires and larger cells (although,
it increases when for the same wire diameter only the distance a;r is enlarged). Also, the peak
values are higher for thinner wires and increase with a larger wire pitch. From the electric field
considerations, assuming discharges develop close to the high-field regions, thicker wires and less
dense meshes would be preferable. This is also a conclusion presented in [10], supported by the
streamer development simulations in meshes with dyjre = 18 pm, ayire = 45 pm, and dyjre = 28 pm,
awire = 50 m. This result is in contradiction with the measurements presented in [9] where meshes
of the same geometry show an opposite stability performance.



2 Measurements

In order to further understand the main factors responsible for the discharge behavior of a mesh-based
structure, we have performed measurements where a Micromegas detector was irradiated with highly
ionizing alpha particles. All detectors used in this study were produced in the CERN EP-DT-DD
MPT laboratory with the Micromegas bulk technology. The available meshes are listed in table 1,
together with their main geometrical parameters. Due to technological reasons, the detectors were
produced with different distances zyvg between the mesh and readout anode.

Table 1. A list of meshes used in the discharge studies. All meshes are woven. The main geometrical
parameters are specified: zymvig — amplification gap, dyire — wire thickness, ayie — distance between the
wire edges (inner dimensions of a mesh cell), density in lines per inch, optical transparency.

ZMMG  dwire QAwire Density Transparency

Mesh

[pm]  [pm] [pm]  [LPI] [e]
MMGI1 128 13 22 730 39.5
MMG2 128 15 25 640 39.0
MMG3 125 18 45 400 51.0
MMG4 200 30 80 230 52.0

In all presented studies the alpha source (mixed nuclide 2**Pu, 4! Am, and >**Cm) was placed
on top of the drift electrode, shooting toward the amplification structure. The left panel in figure 1
presents the discharge probability per alpha particle measured with the MMG?2 structure as a function
of its effective gain in four gas mixtures. The effective gain is defined as the ratio of the amplification
current induced on the readout plane to the primary current measured in the drift gap. Hence, for
electron transparencies of <100% the actual (absolute) gain value is larger than the effective one. A
clear gas dependency can be observed in the order of discharge curves, pointing to lighter gases
as more stable ones, as observed in the studies with GEMs [4] and THGEMs [5]. For both, Ne-
and Ar-based mixtures an anti-correlation can be observed between the stability of the Micromegas
and the quencher content of the gas. Similar behavior was observed with three other structures and
is in line with previous measurements presented in [7]. The results clearly point to the primary
charge density having an essential influence on the probability of spark development. Therefore,
one can ask whether mesh cells can be considered independent amplification units, similar to GEM
holes. Following the GEM and THGEM comparison [5], the discharge probability shall scale with
the Micromegas cell size, i.e. higher discharge rate is expected for large-awi,. meshes (small LPI
value) which presumably collect more primary charges in a single cell than denser meshes, where
the primary charge cloud is shared among many cells.

It is important to note, however, that the quality and density of the mesh affect multiple aspects
of Micromegas performance which should be taken into account in the comparison study. Firstly,
high electric fields around thin mesh wires and/or any defects present in the mesh may further reduce
sensitivity to the investigated correlations. We believe, however, that highly ionizing alpha particles
used in our measurements liberate enough primary ionization to study discharge dependencies at



relatively low fields and gains, where the effect of the mesh quality is suppressed. Secondly, the
open geometry of a Micromegas structure and poor quenching capabilities of CO, imply photon and
ion feedback issues, especially at high gains. Thus, the measurements in the low-gain region also
allow us to neglect this effect.

Finally, the optical transparency of a mesh also influences its electron transparency. This is
taken into account by a detailed characterization of each mesh [11-13]. The electron transparency
is measured with an >>Fe source as a function of the drift field and the drift-to-amplification
field ratio, as shown in figure 1. The amplification field Eypvig is approximated by Unmma/zmma,
where Unvg is the potential applied to the mesh. The transparency is evaluated by measuring the
amplification current while keeping Ummg constant and normalizing it to the maximum measured
current value, where a transparency of 100% can be reliably assumed. A clear correlation with the
optical transparency is observed, as expected. The maximum transmission for the low-transparency
meshes (~39%) is observed for a drift field of ~100 V. cm™!, whereas for meshes with an optical
transparency of ~50% the corresponding drift field is Eq4ig = 600 V cm~!. For higher Eq4ig values
the collection efficiency drops as more electric field lines, that originate from the drift cathode, end
on the metallic mesh. Thus, for the comparison studies of the four meshes and their absolute gain
determination the drift field value of 150 V. cm™! is chosen, for which the transparency of ~100%
can be safely assumed. Given the Egiri/ EMma dependency, shown in the right panel of figure 1, the
assumption holds for the investigated Unpmg voltage range of 400-600 V.
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Figure 1. Left: discharge probability of the MMG2 structure measured with alpha particles. A clear
dependency on the average atomic number of the gas mixture and the quencher content is visible. Middle
and right: electron transparency of all four meshes measured with an >°>Fe source as a function of drift field
(middle) and drift-to-amplification field ratio (right).

The direct comparison of all four meshes in terms of gain and discharge probability is shown in
figure 2. Although the differences between discharge stability measured for different meshes are not
large, there is a clear order of discharge curves observed, pointing to the meshes with thin wires
and small cell sizes as the more stable ones, similar to [9]. We explain this result with the primary
charge density hypothesis. With a larger wire pitch, more electrons enter a single mesh cell and are
multiplied therein. This could explain the discharge curve scaling with the wire pitch and MMG4
being the less stable structure. This observation would also suggest that a Micromegas mesh cell can
be treated as an independent amplification unit, similar to a hole in a GEM foil.

Of course, a much simpler interpretation can also be considered. For technological reasons,
the MMGH4 structure features a larger amplification gap than the other three detectors. This means,
that in order to achieve the same gain, larger potential needs to be applied to the structure, which is
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Figure 2. Left: discharge probability measured for all four types of Micromegas detectors at 31.5 mm distance
between alpha source and a mesh. Middle: effective gain measured as a function of the potential applied to the
mesh. Right: effective gain plotted as a function of the amplification field. All measurements are performed
with the drift field of 150 V. ecm™! for which the same electron transparency in all four meshes can be assumed

(see figure 1).

clearly seen in the gain curves plotted in figure 2. Although the average amplification field in the gap
is lower, the peak field around mechanical imperfections or places where two wires of a woven mesh
splice may be enhanced, increasing the chance of triggering a discharge. Therefore, a measurement
is performed in Ar-based mixtures with the alpha source placed 73 mm away from the mesh surface,
more than the range r, =~ 4.8 cm of emitted alpha particles [4]. Thus, all alpha tracks are confined
between the source and the mesh and even the highest primary charge densities obtained around the
Bragg peak will be reduced during the electron drift toward the amplification structure. As discussed
in [4, 5], the discharge probability for these distances drops by several orders of magnitude, close to
the background level. The results with the Micromegas detectors are presented in figure 3.
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Figure 3. Discharge probability vs. effective gain measured in Ar-CO; (90-10) (left) and Ar-CO, (70-30)
(right) for all four MMG types at 73 mm distance between the alpha source and the mesh. No discharges have
been observed with MMG3 in Ar-CO, (90-10) at gain values measurable with the available equipment.

Larger gains are obtained in the situation where no alpha particles penetrate the mesh, and
primary charge densities are largely reduced by diffusion. It should be noted, that the measurements
at dyource = 73 mm are available only for the drift field of 400 V.cm™!, therefore the actual gain of
the thin-wire meshes (MMG1 and MMG?2) is ~20% larger than for MMG3 and MMG4, given the
electron transparency from figure 1. At these voltages, the electric field is enhanced at the hot spots
and any kind of imperfections shall be manifested by reduced discharge stability. Indeed, this may
explain significantly higher discharge rates obtained with the MMG@G?2 structure. The latter, on the
other hand, is the most stable in the measurements at dyoyrce = 31.5 mm, which points towards the



conclusion that the charge density effects exceed those related to the potential hot spots, in this
configuration. All the other meshes measured at dyoyrce = 73 mm show stable behavior up to much
higher gains and voltages, without significant dependency on their geometrical parameters.

This measurement suggests that the dependency presented in figure 2 and the one reported
in [9] may be indeed the consequence of the charge sharing between single mesh cells and not the
result of the field uniformity. If confirmed, the observation will give valuable input to the design of
future Micromegas-based detectors, especially multi-MMG and hybrid stacks.
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