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a b s t r a c t

A Semi-Digital Hadronic Calorimeter (SDHCAL) concept has been proposed for future leptonic collider experi-
ments. The multigap resistive plate chamber (MRPC) is a candidate for the detector planes of this calorimeter.
We have constructed three MRPCs of 1m × 1m size for tests of the SDHCAL. Two have 4 gas gaps and one has 5
gas gaps. To achieve high granularity for a calorimeter, the signals from the MRPC are readout by 1×1 𝑐𝑚2 pads.
The three MRPCs have similar design but the fishing line spacer has different configurations. All three MRPCs
were successfully tested in the T10 test beam facility at CERN with a gas mixture of 95% 𝐶2𝐻2𝐹4 and 5% 𝑆𝐹6.
The efficiency and multiplicity of these chambers have been studied. All chamber reached around 94% efficiency
at the proper operating voltage.

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

The multigap resistive plate chamber (MRPC) has been developed
for the ALICE Time of Flight (TOF) due to its very good timing capabili-
ties [1]. Typically the MRPC has a time resolution better than 100 ps [2].
The excellent timing performance, the reasonable cost for large area
production and the low noise level makes it widely used in high energy
physics experiments. The TOF information provided by the MRPC can be
used for the identification of the charged particles or to time log different
events happening in a short time period. A Semi-Digital Hadronic
Calorimeter (SDHCAL) concept has been proposed for future leptonic
collider experiments [3]. Such detectors should have high granularity,
high efficiency, compactness and low power consumption [4]. The
SDHCAL consists of 49 iron plates (1.5 cm thickness) with 48 gaps
(13 mm) between the iron plates [5]. A cassette (1 × 1 m2 area and
10.9 mm width) containing the detector and the electronics can be slid
into this gap; a cross section of the cassette is shown in Fig. 1. Because of
the compact design of the cassette, the thickness of the MRPC is limited
to about 2.8 mm. A 1 × 1 cm2 segmentation for SDHCAL is a good
compromise with respect to cost and number of readout channels. We
have built three very thin large area MRPCs with single-ended 1 × 1 cm2
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pad readout to check if their performance meets the requirements of
SDHCAL. Here we present the beam test results of our MRPC prototypes
with a dimension of 1 × 1 m2, which show that the MRPCs can be used
as the SDHCAL detector planes.

2. 1 × 1 m2 multigap resistive plate chamber

In ALICE-TOF the induced signals on the pick-up strips of the MRPCs
are read out differentially by NINO ASIC [6]. However, to achieve high
granularity in a calorimeter, the 1 × 1 m2 area MRPC prototype has
1 × 1 cm2 pick up pads over the surface; thus a differential readout is
not practical. For our prototypes, groups of 64 pads are connected to a
HARDROC ASIC [7].

Three MRPCs were constructed: two (MRPC1 and MRPC2) have 4 gas
gaps, while MRPC3 has 5 gaps. The detectors are similar except that they
have different fishing line configuration. Fig. 1 shows the cross section
of an edge of the chamber. Two 400 μm thickness glass sheets with a
dimension of 100×100 cm2 are used for the outer glass plates. The three
inner glass sheets have a thickness of 280 μm and a size of 99.5×97.7 cm2.
A 300 μm gas gap between each glass sheet is created by fishing line
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Fig. 1. Cross section of the 4 gaps MRPC.

Fig. 2. Schematic of fishing line configuration of MRPC1.

spacers. These fishing lines are fixed along the sides by Teflon washers.
The outside surfaces of the two outer glass sheets were coated with
resistive paint to form the anode and the cathode respectively. A mylar
sheet covers and isolates these voltage layers. The lower coated glass is
the cathode and connected to negative high voltage. The top coated glass
is the anode and connected to the ground of the high voltage supply. A
printed circuit board (PCB) containing front-end electronics and pick up
pads was placed on the top of the chamber. The pads are etched on one
side of the PCB with a size of 1 × 1 cm2. A gap of 0.406 mm separates
two neighbouring pads. The pick-up signal from the pads is sent to the
input of the HARDROC chips on the other side of PCB by a transmission
line. The transmission line is created by the trace and the ground plane
of the PCB. The ground plane is well connected to the metal plates of
the cassette since these serve as the cathode pick-up electrode. The two
external stainless steel plates were placed on each side of the chamber
to support the glass and electronics. The total thickness of the detector,
including the electronics and the metal plates, is 10.9 mm. The cross
section of MRPC3 is similar to MRPC1 except that it has 5 gas gaps.
Due to the constraints of the total thickness of the MRPC, the gas gap of
MRPC3 was reduced to 250 μm and one of the outer glass plates has a
thickness of 280 μm. (The other remains at 400 μm.)

Fig. 2 shows a schematic diagram of the fishing line configuration
for MRPC1, which has an active area of 98.2 × 96.2 cm2. 10 Teflon
washers are glued along one side and 9 washers are glued along the
other side. The distance between two washers is 9.0 cm. A fishing line
crosses the glass sheets and goes around the Teflon washers as shown in
Fig. 2. Fig. 3 is a picture of MRPC1, which clearly shows the form of the
fishing line. MRPC2 has the same active area as MRPC1 but a different
fishing line configuration as shown in Fig. 4. The Teflon washers were
symmetrically placed along both sides. A schematic of the fishing line
configuration for two layers is shown in Fig. 5. For the odd number
layers, the fishing line (blue) crosses from washer D to washer A and
washer E then washer C, the washer B between A and C is not used for
these layers. In the even number layer of gas gap, the fishing line (red)
crosses from washer F to washer B then to washer D.

Fig. 3. Picture of the MRPC1.

Fig. 4. Schematic of fishing line configuration of MRPC2. Only one layer of fishing line
is shown. Right corner of the top is zoom in.

Fig. 5. Schematic of the fishing configuration for odd and even number layers in MRPC2.
The dimensions are not scaled. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

The layout of the fishing line for MRPC3 is a series of parallel
crossings, however the direction is orthogonal between even and odd
gas gaps. This is shown in Fig. 6. The Teflon washers are grouped as
pairs and placed on 4 sides of the chamber. The width of a Teflon
washer group is 2.4 cm and the distance between two groups is 1.9 cm.
The fishing line (blue) in the odd number layers crosses the glass sheet
orthogonal to the fishing line (red) in the even number layers. The
fishing line can be clearly seen in the photo shown in Fig. 7.
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Fig. 6. Schematic of the fishing configuration for odd and even number layers in MRPC3.
The dimension is not scaled. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

Fig. 7. Picture of the MRPC3.

Fig. 8. The experimental setup in T10 test beam facility.

3. Experimental setup

The MRPCs were tested in T10 test beam facility at CERN. Fig. 8
shows a sketch of the experimental setup. The beam (mostly negative
pions of 5 GeV/c momentum) has a direction perpendicular to the
chamber. A gas mixture of 95% C2H2F4 and 5% SF6 was flowed through
the chambers at a rate of 5 l/h. Three sets of crossed scintillators coupled
to photomultiplier tubes (PMTs) were used to select a small (1 × 1 cm2)
area of the beam and to provide the trigger signal. All scintillators were
well aligned with respect to the beam line. The data was read out by a
DAQ PC via a USB cable communication. The MRPCs were mounted on
a X–Y moving stage with precision of 1 mm, which could be controlled
remotely. To centralize the beam spot to the readout pad, a position
scan with 1 mm step was performed.

Fig. 9. 2D hit map of MRPC1 in the test beam including the noise. The threshold was set
at 114 fC. The measurement was with an 12 kV.

Fig. 10. Schematic of glass sheet shape in a normal MRPC. Black line is lines represent
the glasses and blue circle is circles represent the fishing lines. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this
article.)

4. Results and discussion

4.1. 4 gas gaps MRPC

The 2D hit map of MRPC1 is shown in Fig. 9. A hit was recorded
if the induced signal passed the threshold of HARDROC ASIC. The 𝑥, 𝑦
coordinates and time-stamp of the hit were registered. The bin size in
the HARDROC is 200 ns, which is defined by the 5 MHz clock. The total
live time of the HARDROC is 20 ms; for the efficiency and multiplicity
studies we apply a cut at time bin 10, thus selecting a 2 μs window in
time with the through-going beam particle. We investigated noise hits by
looking at hits with times earlier than 20 μs. A pattern within the noise
map can be clearly seen in Fig. 9. Examining Figs. 2 and 9, it is not hard
to find that this pattern is related to the fishing line configuration of
MRPC1. In the ideal case of the MRPC the glass sheet is flat and well
supported by the fishing line. However, the glass sheets can be distorted
due to insufficient support of the fishing lines when high voltage is
applied. Displacement of the glass sheet will increase the electric field
in some regions and will thus increase the noise rate. Figs. 10 and 11
are the schematic drawings of glass shape in the ideal case and in the
case where the glass sheets have been distorted, respectively. MRPC2
was built with an increased number of the fishing lines. As can be seen
in Fig. 12, the noise is quite homogeneous and no pattern as seen in
Fig. 9 was found.

The noise levels at different voltages for two MRPCs are shown
in Figs. 13 and 14. As shown in Fig. 13, the dark count rate (DCR)
of MRPC1 was quite high compared with the normal noise level (≤
2.7 Hz∕cm2 at room temperature when the electric field strength in the
gas gap is close to 100 kV/cm [8]). The DCR was about 20 Hz∕cm2

at 10 kV and it increased to 80 Hz∕cm2 at 12 kV (𝐸 = 100 kV/cm).
However, by changing the fishing line configuration in MRPC2, we
achieved a lower noise level as shown in Fig. 14. The noise rate was
about 1.1 Hz∕cm2 at 12 kV.
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Fig. 11. Distortion of glass sheet shape due to the high electric field in the gaps.

Fig. 12. 2D hit map of MRPC2 in the test beam including the noise. The threshold was
set at 114 fC. The measurement was performed with an applied voltage of 12 kV.

Fig. 13. The noise level of MRPC1 as a function of the applied high voltage, at a threshold
of 114 fC.

Fig. 14. The noise level of MRPC2 at a threshold of 114 fC.

Fig. 15. The efficiency of MRPC1 as a function of the applied high voltage.

Fig. 16. The efficiency MRPC2 as a function of the applied high voltage. Three different
thresholds are applied.

Fig. 17. The multiplicity plot of the MRPC2. All measurements were performed with a
threshold set at 114 fC.

Fig. 15 shows the efficiency of MRPC1 as a function of high voltage.
The efficiency of MRPC1 reached 94% at 12.5 kV. The efficiency plot of
MRPC2 is given in Fig. 16. The efficiency is measured at three different
thresholds. When the voltage is higher than 12 kV, the efficiency enters a
plateau with a value of 94%–95%. The trend of efficiency as a function of
voltage is similar in three threshold settings with the highest efficiency
decreasing with increasing threshold.

A plot of the multiplicity distribution for MRPC2 is shown in Fig. 17.
The mean value of the number of hits increases with higher voltage. At
the voltage of 12 kV (94% efficiency), 75% of the events record a single
hit. The idea of SDHCAL is to count the number of tracks in each sample
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Fig. 18. The efficiency and dark current as a function at different voltages of MRPC3.
The threshold was set at 114 fC.

Fig. 19. The multiplicity plot of the MRPC3. The threshold was set at 114 fC.

and relate this to the energy deposit; and thus it is better to have a large
fraction of single hits.

4.2. 5 gas gaps MRPC

As we expected, there was no fishing line pattern in the 2D hit
map of MRPC3 since the glass sheets are supported by orthogonal lines
of fishing lines in alternate gaps. The efficiency and dark current of
MRPC3 at different operating voltages are shown together in Fig. 18.
The efficiency reached 94.5% at 13.5 kV with a low dark current of

0.15 μ A∕m2. The efficiency plateau of MRPC3 starts at a higher applied
voltage since the total gas gap size is larger (1.25 mm compared with
the 1.2 mm of MRPC1 and MRPC2). Fig. 19 shows the multiplicity
distribution of MRPC3, which is similar to that of MRPC2. However, at
the voltage of 13.5 kV (94.5% efficiency), 62.5% of the events registered
single hit.

5. Conclusion

We have successfully operated the 1 × 1 m2 MRPCs with 96 ×96
1 × 1 cm2 pick up pads. MRPC1 had substantially larger noise rates due
to insufficient fishing line; a noise pattern that matched the fishing line
configuration was found. Increasing the fishing line, and changing the
pattern reduces the noise rate and eliminated the noise pattern observed
in the MRPC. The efficiency of these three MRPCs all reached to 94%.
The time performance has not been evaluated in current prototypes. We
will start to develop another prototype of MRPC with using an ASIC
chips that can perform sub ns timing measurements.
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