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The CMS (compact muon solenoid) will have a forward resistive plate chamber (FRPC) to identify muons, measure their transverse momenta, pt , and determine the bunch crossing from which
they originate. The trigger algorithm is based on the muon pattern comparator (PACT). The actual hit pattern is compared to a set of predefined possible hit patterns for a muon with definite
transverse momentum. When a match is found, the muon transverse momentum is determined at
the same time. For that, the synchronized bit signals from four layers of the RPCs have to be
brought to one processor. A huge interconnection network is needed to fulfill this task. To reduce
the cost of the links trasmitting data from the detector to the control system, we propose two
compression/decompression systems for the data transmission based on both the SPC (segmentposition-compression) method and the RLE (run-length-encoding) method with bunch crossing time
information. The ideas for such systems are simulated and discussed.
PACS numbers: 29.40.Cs
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I. INTRODUCTION

toroidal LHC apparatus) [3] and CMS (compact muon
solenoid) [4] collaborations proposed to build detectors
designed for such investigations √
at highest luminosities
available (L = 105 pb−1 /y) in s = 14 TeV protonproton collisions at the LHC detectors.
The CMS detector is built around a large 13–m–long,
6–m–diameter, high–field superconducting solenoid (4
T), leading to a compact design for the muon spectrometer. The hadronic and electromagnetic calorimeters are
installed inside the coil. The innermost part is occupied
by the central tracking detector. Identification and precise measurement of muons, photons and electrons are
emphasized in the design of the CMS to detect signatures
of new physics efficiently. The goal of this experiment is
to measure these particles with high energy resolution
over a wide momentum range.
Triggering is a crucial point at the LHC where two

The main motivation to build the LHC (large hadron
collider) is to investigate the mechanism responsible for
electroweak symmetry breaking. The standard model
(SM) Higgs is such a possibility [1]. The minimal supersymmetry standard model(MSSM) is a possible extention [2]. The design and optimization of the LHC
detector should be able to explore the entire expected
SM Higgs mass range taking into account the variety
of decay modes and the expected experimental signatures. It should provide enough flexibility to investigate
the electroweak symmetry breaking mechanism even if
there were no elementary Higgs bosons. The ATLAS (A
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bunches of proton collide every 25 nsec. During each
bunch crossing, 20 to 40 individual proton-proton collisions take place. This rate of 40 MHz must be reduced
by the first level trigger down to the 10 – 100 kHz acceptable for higher levels. One way to choose interesting
events is to observe high transverse momentum muons.

II. MUON TRIGGER DETECTORS
Muon stations should be equipped with detectors enabling triggering as well as precise momentum measurement. The momentum measurement requires position
determination with an accuracy ≈ 200 µm per measuring plane in the barrel and ≈ 50 – 100 µm in the forward
regions.
In the barrel the expected occupancies and rates are
rather low (< 10 Hz/cm2 ). Therefore, a drift tube (DT)
is a natural candidate for the muon chamber in this region. Since the DT cannot stand a high magnetic field,
the muon stations are constantly maintained free of fields
even though the magnetic field is confined to the iron
yoke in the barrel.
The situation is more difficult in the forward regions.
Here, the muon stations are in a strong (up to 4 T) and
nonuniform magnetic field. Moreover, the occupancies
are substantially higher (10 – 1000 Hz/cm2 ) than in the
barrel. These conditions exclude drift tubes. The solution chosen for the CMS is the cathode strip chamber
(CSC). Either a DT or a CSC can be used for the trigger.
Their excellent spatial precision ensures a sharp momentum threshold. However, having long drift times (∼ 400
ns for a DT and ∼ 40 ns for a CSC), they require rather
complicated electronics to make correct bunch–crossing
assignments. Another drawback of CSC’s and DT’s is
that the two spatial coordinates are given by long strips
or wires. This may cause ambiguities in case of several
tracks going through one chamber. These drawbacks can
be compensated for by the superior features of another
dedicated trigger detector. Such a detector must be characterized by excellent timing (σ ∼ 2 ns) and high granularity. The strategy of precise muon chambers and fast
dedicated detectors for triggering purposes is commonly
applied in experiments running on hadronic beams, such
as CDF, D0, H1, and ZEUS. Therefore, the LHC experiments, ATLAS and CMS, envisage a resistive plate
chamber (RPC) in this place.
A typical RPC consists of two parallel plates made out
of resistive material (with resistivity 109 – 1012 Ω · cm),
for example, bakelite. The plates are separated by a gas
gap of ∼ mm in thickness. The outer surfaces of the
resistive material are coated with conductive graphite
paint to form HV and ground electrodes. The readout
is done by metal cathode strips placed on the outside of
separate plastic foil glued over the conducting surface of
the cathode. One chamber can be made of more than
one gap having a common readout in order to improve

the efficiency [5].
The first level muon trigger of CMS uses three kinds of
muon detectors: DT, CSC, and RPC. The excellent spatial precisions of the DT and the CSC ensure a sharp momentum threshold, and their multilayer structures provide a possibility for effective background rejection. The
RPC is a dedicated trigger detector. Its superior time
resolution ensures unambiguous bunch crossing identification. High granularity allows it to work in a high–rate
environment. Time information and both spatial coordinates of a dedicated particle are carried by the same
signal, which eliminates the ambiguity typical of wire
detectors [6].
The purpose of the RPC trigger is to detect a muon
transversing several muon stations, measure its direction
and transverse momentum, and identify the bunch crossing in which the muon was created. The solenoidal field
bends tracks in the muon stations. The pattern of hits
recorded by RPC’s carries informations about the bending and can be used to determine the transverse momentum, pt , of the track. This is done by comparison
with a predefined set of patterns corresponding to various values of pt . This is the pattern comparator trigger
(PACT) system. Bunch crossing is naturally identified
by the arrival time of the RPC signals. The PACT system is composed of four kinds of electronic boards: front
end board (FEB), link board (LB), trigger board (TB),
and readout board (RB). Signals from the RPC strips
are first amplified, discriminated, and synchronized with
a clock on the FEB. Then, they are sent to the LB where
the data are compressed and transmitted through optical fibers to the TB and the RB. The TB receives data
which are combined into patterns in the PACT. If they
match one of the predefined patterns, they are sent to
the muon sorter for further processing. The major task
of the LB is to transmit the RPC data to the TB and the
RB located in the counting room. Transmission of raw
data would require a very high bandwidth, e.g., 2 × 105
channels × 1 bit × 40 MHz = 8 Tb/s. This is a very expensive solution. Fortunately, the average occupancy of
the system is very low. It is dominated by uncorrelated
electrons due to captured neutrons, and it amounts to
about 1.5 × 10−4 , i.e., ∼ 30 hits/bx, so there are many
local fluctuations. These characteristics leave a lot of
room for optimization of transmission algorithms.

III. COMPRESSION METHODS FOR DATA
TRANSMISSION METHODS IN THE
FORWARD RESISTIVE PLATE
CHAMBERS FOR THE CMS
Most of the forward RPCs have 96 strips, and about
90,000 channels in total have to be transmitted every 25
ns from the detector to the counting room. However,
occupancy is rather low, so we may compress zeros. A
compression algorithm is based on the fact that the rate
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Fig. 1. Synchronous data compression and decompression
based on the SPC method.

Fig. 3. Bit structures for the SPC and RLE data compression and transmission methods.

Fig. 2. Simple model of a synchronous data compression
and decompression based on the RLE method with bunch
crossing.

of hits for a single bunch crossing in the RPC chamber
is relatively low.
The important constraints imposed on the data compression and decompression are the level of allowed data
loss and its complexity. The level of allowed data loss
during data transmission will affect the trigger efficiency.
Furthermore, the complexity of the compression method
makes it difficult to implement its design using a FPGA
(field programmable gate array), such as Xilinx, and the
design needs a larger signal travel time. A data compression method based on the segment–position–compression
(SPC) method is a possible choice [7]. In this method,
the 96 strips in a RPC are divided into several segments
with equal bit sizes, and the signal containing segment is
transmitted with its position. The SPC method has the
advantage that the rate of data loss is less independent
of hit occupancies. Thus, it has a very stable data transmission rate for the region of possible hit rates of the
RPC detector. However, the data word is determined
by the segment size. An example of synchronous compression based on the SPC method is shown in Fig. 1
for the simple model of 24-bit strip signals. The strip
signals are divided into six partitions of 4-bits. In this
example, it was assumed that the first data word came
from the bunch–crossing (BX) zero. The next data word

come from the following BX with a delay value.
Figure 2 shows the synchronous data compression algorithm scheme, namely, run–length–encoding (RLE)
method, for the simple model of 24-bits strip signals.
Run-length encoding is the most powerful data compression method when the occupancy is relatively low. For
synchronous data compression, BX time information is
needed. Each occupied data word is sent together with
the BX, its non-zero positions, and its delay value. The
delay value is the relative difference of the BX time between the origination and the transmission of the occupied signal. The position information of the bit of every
non-empty strip signal is sent in ascending order starting from the position of the lowest number (D0). In the
above, the first data word has one non-empty bit. The
D14 is sent immediately, and the value of its delay is
zero. During the next BX, the positions of D1 and D9
are sent 0 and 1 delay values, respectively. The next data
word has 2 non-empty positions. The D19 is delayed by 1
and 2 for the next position. The decompression is based
on data retrieval from the transmitted position and its
delay value with respect to BX. Because of the requirement of maximum delay value between compression and
decompression, a data loss will be generated. The CMS
detector will use devices capable of multiplexing (MUX)
parallel data at a rate of about 2.4 Gb/s and demultiplexing (DEMUX) them after. Thus, we propose to send
a packet containing 40 bits of data during each BX. Figure 3 shows the bit structures of the SPC and the RLE
methods.
The most crucial point for choosing a data transmission method is to understand the data transmission efficiency for each data transmission method over various
ranges of hit rates and detector noise levels. We simulate
the hit rate and detector noise levels using Poisson dis-
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Fig. 4. Data loss rates at each level of detector noise with
the delay value of 4 in the SPC method.

Fig. 5. Data loss rates at each level of detector noise with
the delay value of 8 in the SPC method.

tributions as functions of hits/bx/chamber. For the two
data transmission methods, 500,000 hits are generated
per a hits/bx/chamber while the detector noise level is
increased by 0.05 hits/bx/chamber. Figure 4 shows the
data transmission rates at each level of detector noise
with a delay value of 4 for the SPC method. The number inside the parenthesis in the SPC means the size
of the segment, and the number in the RLE means the
delay value. If the hit rate is decreased, the data transmission efficiency of the SPC method is improved. Comparing the SPC method with the RLE (32) method, the
SPC method seems to have a lower data transmission

Fig. 6. Effect of the bits/segment at the delay value of 8
for the SPC method.

Fig. 7. Effect of the bits/segment at the delay value of 32
for the SPC method.

efficiency. However, the delay value 32 is not practical
because of the large trigger decision time; it takes almost
800 ns, 32 × 25 ns. Figure 5 shows the improvement in
the efficiency of data transmission for a delay value of 8
for the SPC method. While the delay value of the SPC
method is increased, the data transmission efficiencies
are improved. Figure 6 and 7 show how the delay value
of the SPC method affects the data transmission efficiencies. The efficiencies of data transmission are improved
when the delay value of the SPC method is increased
from 4 to 8. However, the differences between the efficiencies become considerably small above a level of 1.5
hits/bx/chamber, including detector noise effect.
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IV. CONCLUSIONS AND DISCUSSION
The results of simulation shows that the efficiency of
data transmission based on the RLE method is improved
only when the delay value is increased. However, the efficiency of the data transmission based on the SPC method
depends on the delay value and the size of the segment.
As shown in Figs. 6 and 7, the effect of the delay value
is more important than the size of segment at a low hit
rate in the SPC method for data transmission, but the
effect becomes small at higher hit rates. For an average rate of hits the forward RPC detector of CMS, 0.5
hits/bx/chamber, 32–bit segment with a delay value of
4 for the SPC method, is the best condition for an efficiency of 99 % data transmission. However, for the
RLE method, the same efficiency of data transmission is
obtained for a delay value of 16, which is too large for
the CMS experiment which requires a delay value of less
than 8 [8].
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