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Abstract We reported the muon beam test results of the first full-scale prototype of CMS RE 1,2 Resistive Plate Chamber (RPC) .
The bakelite surface is treated using a special technology without oil to make it smooth enough. The full scale RE 1/2 RPC with hon-
eycomb supporting frame is strong and thin enough to be fitted to the limited space of CMS design for the inner Forward RPC. The

muon beam test was performed at CERN Gamma Irradiation Facility (GIF). The detection efficiency of this full scale RPC prototype

is >95% even at very high irradiation background. The time resolution (less than 1.2 ns) and spatial resolution are satisfactory for

the muon trigger device in future CMS experiments. The noise rate is also calculated and discussed.
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1 Introduction

Resistive Plate Chambers (RPCs) are gaseous parallel-
plate detectors' . RPCs are proposed to build large trigger
detectors for future CMS experiments at LHC. A common de-

sign of RPC is a gas gap bounded by two parallel resistivity
1, 2]

plates made of Bakelite-* <. High voliage is applied to a
carbon film painted onto the outer sides of these Bakelite
plates to produce a high electric field across the gap between
the plates. The gap between the plates is sealed and a suit-
able mixture of gas flowed. Electrons generated in the gas
near the crossing of the ionizing particle avalanche in high
electric field, and initiate a spark discharge in the gas. Fi-
nally the signal induced on the extemal readout strips can be
picked up by electronic set and recorded. Originally RPCs
have been operated in streamer mode. However, streamers
produce a large amount of charge in the gas gap and thus
there is a severe rate limitation. Due to the high particle flux
expected at LHC, RPCs at LHC experiments will have to be

operated in avalanche mode. In avalanche mode there is a
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substantial reduction of the charge produced in the gas gap,
and the rate capability is improved by more than one order of

magnitude than that in streamer mode.

2 Material performance and chamber
structure

The CMS experiment proposes a double gap design with
the read-out strips sandwiched between two of these RPC
modules ( double gap RPC). The layouts of gas gaps are
shown in Fig.1. There are altogether three single modules in
this full-scale prototype of CMS RE 1/2 RPC, one is big
(Chamber C) and the other two are small ( Chamber A and
Chamber B) . Fach single RPC module has a shape of isosce-
les trapezia. The read-out strips are divided into three sec-
tions. One section covers the Chamber A area. The Chamber
B area is divided into two sections. Each section is composed
of 32 copper strips whose average width varies from 1.5¢m to
2.1cm according to the size of chamber. A cross section of

the prototype is also shown in Fig. 1. A single module is
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built with 2 mm thick Bakelite plates which enclose a 2 mm
gas gap. The Bakelite surface is treated using a special tech-
nology to improve the smoothness. The high voltage is sup-
plied to one side of graphite sheets, while the other side
(close to the read-out strips layer) is grounded. The three
gas gaps have independent high voltage connections. The
read-out strips’ layer is insulated from graphite coating by
PET films. The aluminum honeycomb panels are used to pro-
tect the chambers from deformation. The use of the honey-
comb panel ensures that the large full scale RPC prototype is
strong and thin enough. Finally the whole chamber is fixed by

an aluminum frame to ensure the rigidity.
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Fig.1. 'The schematic view of CMS RE 1/2 full-size RPC prototype ..

TOP: The layout of gas gaps; Bottom: The cross section of
the double-gap RPC.

The volume resistivity of the bakelite plate has a large
impact on the rate capability of RPC. The volume resistivity
of the Bakelite plate used here is around 5 x 10°Q- em.

We tested the CMS RE 1/2 full-size RPC prototype on
the Gamma Irradiation Facility (GIF) at CERN, the schemat-
ic view of this muon beam test facility can be found in our

previous papersj’” .

3 Experimental results

3.1 Efficiency

As the fast muon trigger device of CMS experiment at
LHC, one crucial parameter is the detection efficiency. The
detection efficiency of the RPC was determined as the ratio of
the number of RPC responses to the number of triggers at each
HV and gamma irradiation background setting. Some care was

taken in the calculation of the efficiency in order to remove

the spurious hits. For the windows (200 ns) containing the
signals and spurious hits in a given time, the number of ob-
served events NV, is:
Ny, =eN +P(1-¢g)N,
where ¢ is the real RPC detection efficiency, /N, the number
of triggers and P, the probability of the spurious hit. We can
calculate P, by counting the number of spurious hits in the
same time window (200 ns) but out of the signal window
(500ns before the trigger signal) . So the efficiency is given
by:
e=[(Ny/N)-Pl/(1-P,).

Fig. 2 shows the detection efficiency of the beam test
results. The RPC exhibits full efficiency with a plateau width
of several hundred volts under every gamma irradiation back-
ground. This implies a good rate capability of this RPC proto-
type. For the operation without the gas SFs;, RPC reaches its
full efficiency ( >95% ) at9.0kV under every gamma irradi-
ation background (ABS 1, ABS 5, source off which are cor-
responding to the strongest gamma irradiation, the medium
gamma irradiation, the gamma irradiation turned off respec-
tively) , we choose 9.2 kV as the working high voltage point;
For the experiment operated with the gas Sky, RPC reaches
its full efficiency ( > 95% ) at about 9.75 kV under every
gamma irradiation background ( source off, ABS 1), we
choose 9.8 kV as the working high voltage point. All the
comparisons in this paper later are based on these two working

high voltage points.
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Fig.2.
gamma irradiation backgrounds. Top: The gas mixture of 97.5%
GHF, +2.5% i-C4H,p; Bottom: The gas mixiure of 95.7%

CH,F, +3.5% i-C;Hyy + 0.8% SF,. Source off means no *'Cs

gamma irradiation source during the beam test; ABS 1 means the

Efficiency as a function of high voltage under different

strongest gamma irradiation flux without any Pb filter before ' Cs
gamma irradiation source; ABS 5 means there are some Pb filiers

before '¥’Cs gamma irradiation source, the gamma irradiation flux

is less than ABS 1.
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3.2 Dark current and power consumption

Fig. 3 shows the variation of the dark currents of indi-
vidual gas gap modules as a function of applied high voliage
under different gamma irradiation backgrounds. The gas mix-
ture is 97.5% C,H,F, + 2.5% i-C4H, for the solid experi-
ment point and 95.7% C,H, ¥, +3.5% i-C4H;o + 0.8% SF;
for the open experiment point. The maximum power consump-
tion of gas gap at working high voltage point ( without SFg,
ABS 1) is 2.1 W/m?, satisfies the CMS requirement of less
than 3 W/m? for RPC. The power consumption is decreased
when a small portion of SFg gas is added to the chamber.
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Fig.3. Dark current of single gap as a function of applied high

voltage under different gamma irradiation backgrounds. Solid
point: gas mixture of 97. 5% CyH,F, + 2.5% i-C;Hyy; Open
point: gas mixture of 95.7% CH,F, +3.5% i-C;Hy, +0.8% SFy.

3.3 Cluster size

The cluster size is defined as the number of hits record-
ed within 10 ns following the fastest one. The 10 ns time win-
dow is wide enough to cover all possible signals from one real
event. The cluster size corresponds to the spatial resolution of
RPC. It should be kept as small as possible in order to
achieve the required spatial resolution. Fig.4 shows the clus-
ter size as a function of applied high voltage under different
gamma irradiation backgrounds. For the operation without
SFg, the cluster size is 2.5 for ABS 1 and 3.7 for source off
at working high voltage (9.2kV), while for the operation
with SFg, the cluster size is about 1.5 for ABS 1 and 2.1 for
source off at working high voltage (9.8kV). A small portion

of SF gas can also decrease the cluster size of RPC.
3.4 Time resolution

Time resolution is one of the most important parameters
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Fig.4. Cluster size as a function of applied HV
under different gamma irradiation backgrounds

for the operation with and without SFy.

for a fast muon trigger device. The time resolution is defined
as the RMS width of a Gaussian function fit to the signal time
distribution. Fig.5 shows the time resolution as a function of
high voltage under different gamma irradiation backgrounds.
The time resolution is less than 1.2 ns for all kinds of set-
tings. This indicates that the time performance of this full
scale RE 1/2 RPC prototype is good enough to fulfill the re-

quirements of CMS experiment .
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Fig.5. Time resolution as a function of applied HV

under different gamma irradiation backgrounds.

3.5 Noise rate

The organic material used in RPCs causes the subse-
quent excitation and ionization via secondary processes
(mainly Compton scattering and photoelectric effect) . The
chamber rate measured under gamma irradiation is generated
mainly by the Compton electrons coming from the photons
emitted by the source and interacting with hydrogenated com-

pounds of the Bakelite layers. Time differences between ran-
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dom events with uniform time distribution are like the decays
of a long-lived radiation source. They can be well described
by an exponential distribution characterized by a probability
density function' ;
f(e) = r'exp( —1),

where ¢ is the time and r represents the average rate at which
events are occurring. We use this method to calculate the
chamber rate of RPC. Fig. 6 shows the time difference be-
tween two consecutive clusters over 16 strips’ area under the
gamma irradiation ABS 5. The slope r gives directly the over-
all counting rate (in ns~'). Thus the averaged rate over the
16 strips’ area is 320Hz/cm®. For the operations at low HV
while the gamma irradiation is tumed off (source off), this
method is not suitable, the rate is experimentally measured by
counting the total number of clusters per event not associated
with the extrapolated muon tracks in a given time window,
and then divided by the effective area and time window
length. Tt was checked that the rate values calculated by
these two methods are consistent within error range at high
HV and strong gamma irradiation background. It was also
checked that the cluster rate values with and without gamma
irradiation are not affected by the choice of the time window.
In Fig.7 the counting rates for ABS 1, ABS 5 and source off
are plotted vs. the applied high voltage. Under the strongest
gamma irradiation ( ABS 1), the measured rate at working
high voltage is 922Hz/cm® for the operation without SFy gas
(9.2kV), and about 800 Hz/cm’ for the operation with SFg
gas (9.8kV) . If the gamma irradiation is turned off (source
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Fig.6. Time difference between two consecutive clusters.

off), the measured rate at working high voltage is 20.7Hz/
o for the operation without SFy gas (9.2kV), and less than
10Hz/ cm? for the operation with SFg gas (9.8kV) . Since this
chamber rate is not triggered by gamma irradiation ( source

off) and muon beam (out of signal time window), we call it

noise rate. A small portion of SFg gas could decrease the
noise rate.
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Fig.7. Measured chamber rate as a function of applied HV

under different gamma irradiation backgrounds.

4 Conclusion and discussion

A full-scale prototype of CMS RE 1/2 RPC using honey-
comb support frame was assembled and beam tested at CERN
GIF. The analysis of the data shows that this RPC had a good
performance as a fast muon trigger device for CMS experiment
at LHC. The RPC prototype can reach full detection efficien-
cy (>95%) easily under every gamma irradiation back-
ground. The dark current and power consumption are small
and meet the requirement of CMS experiment. The spatial
resolution is good, and the time performance is very well con-
tained within 25 ns of the bunch crossing period expected at
LHC. The beam test results show that a small portion of SF
gas helps reduce the dark current, power consumption and
noise rate, but the RPC reaches full detection efficiency at
higher voltage. The small portion of SFy gas also helps im-
prove the spatial resolution while the time resolution almost

remains the same.
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