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Abstract: Removing ambiguities within a single stage becomes crucial when one can not use
multiple detectors behind each other to resolve them which naturally is the case for neutral radiation.
An example would be RICH detectors. Commonly, pixilated readout is choosen for this purpose.
However, this causes a remarkable increase in quantity of channels. Thus, the overall costs of the
detector would increase. Therefore, the XYU-GEM was proposed as a three coordinate strip-readout
which is combined with a triple GEM detector. The readout complements a common XY readout with
an additional projection which is tilted by 45◦. The overdetermination due to three projections can
be used to resovle ambiguities. Following the detector design will be explained, first measurements
discussed to understand the response of the detector and a way to change the charge sharing without
changing the manufacturing parameters of the readout.
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1 Introduction

Within limits, ambiguities can be resolved by using electronics which give access to better time
resolution or additional information about signal amplitude. However, solutions can be found as well
at detector level by specific designs [1, 2]. The proposed XYU readout would be such a solution
which does not depend on the used electronics. A cross-section and microscope picture of the
proposed XYU readout can be seen in figure 1.

Figure 1. Left: schematic cross section. Right: microscope picture of the three strip layers.

How the three coordinates can be used to resolve ambiguities is shown in figure 2. As depicted
on the left it is not possible to resolve ambiguities with a binary readout with only using two
projections. But obvious with the third coordinate. On the right resolving most of the ambiguities
by simple correlation is already possible. Still present ghosts might be resolved by more complex
combinatory algorithm, e.g. looping over the multiple possibilities and requiring to use up all signals.
A multi-hit event like illustrated in 2 would be impossible to reconstruct with two projections, while
one would be able resolve this using the third projection. This has to be verified with actual multi-hit
events, caused by showers, from test beam data.
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Figure 2. Left: schematic of ambiguities. Right: illustrated Multi-hit example. The blue circles indicate
the simulated hits. The coloured lines indicate all strips with signal. Resolving the ambiguities within this
example can only be achieved by taking into account all three coordinates.

2 Detector design and setup

From simulations a smaller charge collection for U is predicted for the current parameters which are
limited by manufacturing constrains [3]. In principle it would be desired to have an equal sharing to
avoid the need of operating the detector at higher gains to achieve full efficiency with all projections.
These simulations were based on the Ramo-Shockley theorem [4, 5] and can provide the total
induced charge on the different strip layers. The picture in figure 1 shows all three conductive layers
of the readout which are exposed to the gas volume. On top visible the X strips, by 90◦ tilted the Y
strips and by another 45◦ the U strips. The manufacturing process was developed by the CERN
Micro Pattern Technology (MPT) group [6]. The process involves the glueing of two copper-cladded
polyimide foils, hosting the different strip-layers. To reveal projections, three dielectric etchings
need to be performed. The result can be seen in figure 1 as it was stated above. The detector itself is
based on the standard COMPASS-like triple-GEM detector [7]. The gas mixture Ar/CO2 70/30 was
used. For the readout electronics the VMM3a ASIC with the RD51 Scalable Readout System (SRS)
was used [8].

3 General response of the detector

The response of the XYU detector was investigated with 55Fe in the laboratory and with Minimum
Ionizing Particles (MIPs) during the RD51 October test-beam at the SPS H4 beam-line. Due to
the lower energy deposition from MIPs, compared to 55Fe, the gain for the test-beam is increased
by a factor of three.1 As shown by the ADC counts, figure 3, the distribution looks similar for all
three coordinates. Altough one can observe a shift to lower adc channel for the U coordinate, which
indicates the lower charge collection. Extracting the position of the photopeak and the MPV, the

1The gain during laboratory measurements was ∼10k.
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charge sharing can be determined. This leads to 41/38/21 (X/Y/U)2 for the 55Fe and 39/36/25 for the
beam measurements, which matches with the simulations [3].

Figure 3. Left: ADC spectra for 55Fe. Right: ADC spectra for 150 GeV/c muons.

4 Biasing strips and charge sharing variation

Applying a voltage on the strips can be used to compensate the unequal charge collection. As shown
in figure 4 one can see a clear shift of the spectrum collected from the X strips while applying
different voltages on the U strips. Therefore one could achieve equal sharing without changing the
manufacturing parameters.

Figure 4. Spectra from the X strips for different bias voltages on U strips.

5 Summary and outlook

The first prototype of the XYU-GEM could operated and it is possible to collect reasonable data using
an 55Fe source and 150 GeV/c muons. The observed characteristics are as expected. It is shown, that
one can influence the sharing of the signal by applying a bias voltage on the strips. However, further

2A minor change of sharing with radiation can be observed as well caused by charging up of the insulator [3].
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investigations are needed to see the effect simultaneously on all projections. Using the beam data the
detector response with actual multi-hit events, caused by showers, is under investigation. As well as
the possible influence of the third coordinate on the resolution. Another aspect worth to investigate
would be a different pitch of the U projection. This can be done merging channels and therefore
changing the signal-to-noise-ratio on individual strips which could be compared to simulations.
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