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We present the development of resistive micromegas aiming at precision tracking in high rate
environment without efficiency loss up to several MHz/cm?. To achieve this goal, the optimisation
of the spark protection resistive layer and the miniaturisation of the readout elements, are key
elements of the project.

Several small-pad micromegas detectors have been built with a anode plane matrix of 48x16 read-
out pads, rectangular in shape, with dimensions 0.8x2.8 mm?. With this anode/readout layout, dif-
ferent concepts of the spark protection resistive layers have been implemented. Characterisation
and performance studies of the detectors have been carried out by means of radioactive sources,
X-Rays, and test beam. A comparison of the performance obtained with the different resistive
layout is presented, in particular focusing on the response under high irradiation and high rate
exposure.
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Micromegas resistive detectors have already proven suitable for precision tracking in particle
density environments up to few kHz/cm? (e.g. [1]). Rate capability up to tens MHz/cm? and low
occupancy can be achieved by using few mm? readout pads, and the optimisation of the spark
protection resistive layer. Such a rate capability will be required in upgrades of forward muon
detectors of LHC experiments as well as in experiments at future colliders. The anode segmentation
in pads in the proposed detector, has been originally inspired by a similar project for the COMPASS
experiment [2] and sampling calorimetry [3]. With respect to these developments, the present
project aim at a reduction of pad-size from O(cm?) to O(mm?).

All Small-pad micromegas detectors presented in this paper consist of a similar anode plane,
segmented with a matrix of 48x16 readout pads. Each pad with rectangular shape with a pitch of
1 and 3 mm in the two coordinates. The active surface is 4.8x4.8 cm? with a total number of 768
channels, routed off-detector for readout. The layout of the anode plane can be seen in Fig. 1-top-
left. On top of this anode plane, different concepts of the spark protection resistive layer have been
implemented.

The prototypes “series—1” are based on a pad-patterned layout with embedded resistors [4].
Each pad is totally separated from the neighbours. The anode pads are overlaid by resistive pads,
both interconnected by intermediate “embedded” resistors, as shown in bottom-left of Fig. 1. The
total resistance between the resistive and anode pads is in the range 3-7 MOhm.

The “series—2” implements a double uniform resistive layer with grounding connection vias.
Each layer is produced by sputtering deposition of DLC (Diamond Like Carbon structure) on insu-
lating (Kapton) foils. The two resistive layers are interconnected between them and to the readout
pads with a network of conducting links with a few mm pitch, filled with silver past, to evacuate
the charge, as sketched on the right part of Fig. 1. The detector was divided in two halves, each one
having a different pitch of the conducting vias through the DLC layers: 6 mm and 12 mm respec-
tively. This spark protection mechanism with a double DLC layer has been first implemented in
U-RWELL detectors prototypes [5]. Most of the results presented here for series—2 detectors refers
to a DLC sheet resistivity of about 50-70 MOhm.

The detectors finally are completed with a bulk Micromegas process [6], defining the 128
wm amplification gap with a metallic micro-mesh supported by insulating pillars, and with a drift
cathode defining the 5 mm wide conversion gap.

The performance results of a series—1 detector with patterned screen printed resistive layer
have been published and reported at several Conferences (see e.g. [4]). The detectors are operated
with a Ar/CO, 93/7 gas mixture, reaching amplification gains larger than 2x 10* In terms of be-
haviour at high rates, this prototype provides very satisfactory results, still operating stably with
a gain of 4000 up to 150 MHz/cm? with a >>Fe source. Some features are nevertheless observed:
above O(100) kHz/cm? dielectric charging up effects start to show-up, reducing the gain by about
20%, and, above 10 MHz/cm?, the voltage drop contribution, due to the current flow through the
pads resistive path, dominates the further reduction of gain.

To further improve the performance of small pad micromegas, the series—2 layout has been
produced and tested. In this Section the results of the two types are compared. Series—1 and 2 will
be referred to as “Embedded resistor - EMB” and “DLC” types, respectively.

In Fig. 2-Left, the gain curves as a function of the amplification voltage, for the two prototypes
are reported. Data have been taken with a low (1.3 kHz ) and a high (128 kHz) intensity SFe
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Figure 1: Top-left: Photo and Layout of the anode plane PCB; Bottom-Left: side view sketch of the “series—
1” embedded resistors prototypes; Right: side view sketch of the “series—2"" DLC prototypes. Pillars and
meshes are also sketched. The drift gap and cathode plane are not shown in the sketches.

radioactive source. While for the EMB prototype a reduction of about 20% with the high intensity
source is observed, in the case of the DLC the gain measurements with the high and the low
intensity sources perfectly overlap.
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Figure 2: Left: Gain Vs HV for EMB and DLC prototypes. The gain was measured reading the detector
current from the readout pads with a pico-ammeter and shown to be consistent with measurements of the
3Fe peak position obtained with a multi-channel-analyser (MCA in the plot) from the signals taken from
the mesh. Right: Relative gain of the DLC detector under high rate of X-rays.

In Fig. 3, the measured detector currents (proportional to the gain) as a function of time are
shown. The left-panel reports the results for the EMB detector, taken at different values of the
amplification voltage, irradiated with the low (red) and the high (black) intensity sources. A clear
drop with time of about 25% is observed and saturating. This behaviour, together with the similar
observed drop in gain from Fig. 2-left, is compatible with dielectric charge-up effect of kapton
between pads. The right-panel of Fig. 3 is a very convincing proof that charge-up is absent for the
DLC detector. A very stable behaviour is observed. No decrease with time, also at very high rates.
This is indeed an expected behaviour since, due to the uniform DLC resistive layers, there is no
exposed dielectric in the amplification gap (with the only exception of the pillars).
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Figure 3: Current as a function of time with detectors intermittently exposed to radioactive sources

The behaviour of the DLC detector under high rate has been studied with a X-ray gun. In order
to focus on the gain drop, the measurements as a function of the rate shown in Fig. 2-right have
been normalised to the mean value of the gain measured at low rates (below 80 kHz/cm?). The
amplification voltage was 530 V and the absolute, reference value of the gain was about 12000.
Data have been taken with different collimators (1, 3, 10 mm in diameter) and irradiating different
positions of the DLC detector: the region with grounding vias every 6 mm and 12 mm. At rates as
high as 10 MHz/cm? a gain drop up to about 50% is observed with the large collimator (10 mm),
The gain drop decreasing for smaller irradiation spots. This indicate that the resistivity of the foil
( 50-70 MOhm/sq) is not small enough to quickly evacuate the collected charge, thus causing a
voltage drop of the anode with respect to the mesh, thus producing a lower amplification electric
field. Moreover, gain drop slightly depends from the pitch of the grounding conducting vias. As
expected the farther is the connection to the ground, the higher the resistance of connection the
higher the voltage drop. Tests with DLC foils with lower resistivity (~20 MOhm/sq) are ongoing.
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