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Abstract  Resistive Plate Chamber (RPC) is a robust and low cost gas detector, which is extensively used in 

high-energy physics, cosmic and astroparticle physics experiments. Over the past twenty years, as a particle detector, 

RPC has made remarkable progress. The main achievements, features and results of experiemantal tests including 

R&D and production of the RPCs by several Chinese groups in recent years are reported in this article. 
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1 Introduction 

Resistive plate chamber (RPC) was developed in 

1981.[1] It exploits gas amplification in a uniform 

electric field between two resistive parallel plates. 

During the past 20 years, to understand the detector 

physics and to improve its efficiency, rate capability 

as well as ageing effect, investigations and develop-

ments are lively progressing.[2,3] RPC has several at-

tractive features: large pulse, good time and moderate 

spatical resolution, mechanical simplicity and robust-

ness. RPC is widely used in high energy physics ex-

periments such as: L3 at CERN,[4] BABAR at 

SLAC,[5] BELLE at KEK[6] and cosmic ray experi-

ments like GREX/COVER-PLASTEX,[7] EAS-TOP[8] 

and ARGO[9] experiments at the Yangbajing 

High-Altitude Cosmic Ray Laboratory, Tibet, China. 

Future applications will include the muon tracker and 

trigger detectors for ATLAS, CMS[10,11] ALICE and 

LHCb experiments at the Large Hadron Collider 

(LHC), BESIII[12,13] at BEPCII and proposed MONO-

LITH (Massive Observatory of Neutrino Oscillation 

or Limits on Their existence) project. 

As an important achievement, multi-gap RPC 

(MRPC) was introduced in 1996[14] in the application 

of the Time of Flight (TOF) device. MRPC TOF sys-

tems are already in use by the HARP[15] experiment at 

CERN. A prototype of TOF tray[16] has already been 

run for the ascertainment of a 64 m2 barrel TOF has 

been proposed for STAR experiment at RHIC. The 

160 m2 barrel TOF of ALICE[17] will be equipped in 

the near future. 

The study of the RPC’s potential as an imaging 

detector[18] is a very promising start point for possible 

applications outside particle physics. 

Several Chinese groups[11,13,19,20] are working on 

the R&D and mass production of RPC. With the de-

velopment of RPCs, we expect that more Chinese la-

boratories and groups would involve in application 

and R&D of RPC. 

2 Resistive plate chamber (RPC) 

The RPC is a DC operated particle detector uti-

lizing a constant and uniform electric field produced 

by two parallel electrode plates, at least one of which 

is made of material with high bulk resistivity, such as 

bakelite and glass, which have a resistivity of 1011±1 

Ω·cm. An example of the configuration is shown in 

Fig.1. The sensitive element of the chamber is a ~2 

mm thick gas layer between the electrodes. The spac-

ers between the electrodes keep the size accuracy of 

the gap. High voltage is applied to the resistive elec-

trodes. The gas should have high absorption coeffi-

cient for ultraviolet light. Normally argon, butane and 

freon mixture at normal pressure flows through the 

chamber, which is gas sealed. When the gas is ionized 

by a charged particle crossing the chamber, the liber-

ated electrons will initiate the electric discharge. 
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Fig.1  Schematic drawing of the single gap RPC. 

The  development of a discharge can be sum-

marized into the following steps: (1) Avalanche 

growth: the average multiplicity of the avalanche that 

grows past a length l is ( ) exp[( ) ]m l l   , where 

α is the Townsend coefficient, η is the attachment co-

efficient.[21] (2) Around a multiplication of 105~106 the 

space charge field generated by the avalanche itself 

starts smoothly to perturb its growth.[22] Due to space 

charge effects, the effective field acting on the ava-

lanche electrons and therefore the multiplication rate 

are reduced, it is called saturation phenomenon. As a 

result, the larger is the avalanche the lower is its 

growth rate. (3) When the space charge field reaches a 

critical magnitude, a new discharge propagation mode 

called streamer, starts rather suddenly.[23] (4) The 

streamer propagates toward the anode and the cathode, 

and then a tiny channel of weakly ionized plasma be-

tween the electrodes is formed. (5) The spark can de-

velop.[24] 

In RPC the discharge is localized and quenched 

by the following mechanism: (a) prompt switching off 

the field around the discharge point, due to the large 

electrode resistivity; (b) UV photon absorption by the 

butane preventing secondary discharges from gas 

photo-ionization; (c) capture of electrons of the dis-

charge due to the freon electron affinity, which reduc-

es the size of the discharge and possibly its transversal 

dimension. 

The high voltage is applied to resistive plaste via 

an electrode with a resistive layer whose surface resis-

tivity is in the range of 105~107 Ω/square. The resis-

tive electrode is transparent[25] to the transient induced 

signals, which allows signal pickup copper-pads at 

ground potential (no high voltage capacitors are used) 

and makes possible a wide range of design of pickup 

pad geometries, such as the use of orthogonal strips to 

achieve a bi-dimensional readout. 

Phenolic or melamine-phenolic bakelite is widely 

used as RPC electrode. The electrode bulk resistivity 

is an important parameter for the RPC performance. 

The resistivity of the bakelite changes with tempera-

ture and humidity.[26] Another important parameter is 

the surface smoothness of the plates facing the gas. 

The bakelite plates of BES III Muon RPC are pressed 

with dense amine film on the surface to guarantee the 

smoothness.[13] The average roughness of qualified 

bakelite is around 0.2 μm.[11] To get high efficiency 

and low noise rate, some group treated the surface 

with linseed oil.[27] Float glass with volume resistivity 

around 1011-13 Ω·cm, that has good smooth surface 

and good planarity, is also used as RPC electrode. But 

when operating with the freon gas mixture the humid-

ity must be well controlled to assure the perfor-

mance.[28] 

2.1 Streamer mode 

RPC was originally operated in streamer mode. 

In streamer mode, usually the gas mixture used is 

composed of argon/C4H10/freon. The electric field in 

the gas gap is around 4~5.5 kV·mm-1. Very large 

signals up to ~102 pC (1pC = 10-12 C) can be achieved, 

which makes the front-end electronics much simpler 

to be realized and the experiment operation easier. The 

streamer mode is used not only for the cosmic ray ex-

periments like ARGO-YBJ but also for the collider 

experiments like BABAR and BELLE. This operation 

mode can reach good detection efficiency (~90%) and 

time resolution (1~2 ns), when a low flux of incident 

particles is involved. The KL/μ detector for the Belle 

experiment is equipped with glass-electrode RPC. Its 

barrel RPCs are rectangular in shape and vary in size 

from 2.2 m × 1.5 m to 2.2 m × 2.7 m. The resistivity of 

glass is as high as ~5×1012 Ω·cm, which limits the 

rate capability of these counter to ~1.0 Hz·cm-2. The 

signals typically have a 102 mV peak into a 50Ω ter-

mination and have a full width at half-maximum of 

less than 50 ns. The efficiency of a single gap is 

85%~95%. To provide redundancy and high efficiency 

(≥98%), double-gap structure shown in Fig.2 is used. 

In particular, offsetting the locations of the spacers in 

the two RPCs could minimize the effects of dead re-

gions near the spacers. 

The relaxation time, τ, of discharge for RPC can 

be estimated from the volume resistivity ρ and the 

dielectric constant ε of the resistive electrode, as τ=ρε. 
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The rate capability of RPC depends on how quickly a 

discharge spot is recharged and therefore depends on 

the τ. From the optical observation of the streamer 

images in RPC, the discharge is limited in a 0.4~0.6 

cm diameter.[29] So a limited area of 0.2~0.4 cm2 

around the discharge point remains inactive for a dead 

time of the order of τ. For ρ ~5×1012 Ω·cm and ε 

~7ε0 of glass, then τ is ~3 s, which limits the rate ca-

pability. It should be noticed that this is just a naive 

estimation, and both charge spread and conduction on 

the surface are not included. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2  Two kinds of double gap RPC configuration 
(a) High Voltage (HV) inverted double gap, (b) HV parallel 
double gap. 

2.2 Avalanche mode 

In recent years, the applications of RPC at LHC 

experiment require high rate capability ~103Hz·cm-2. 

RPCs at high flux begin to lose their efficiency, due to 

the fact that, after the streamer development, the area 

of electrode plates involved in the discharge needs a 

certain time to get recharge. A way to solve this prob-

lem is to use the plates of lower resistivity (~1010 

Ω·cm) and operate RPC in the low gas gain mode, 

which is usually referred as avalanche mode, to reduce 

the size and charge of the avalanche and the corre-

sponding electrode discharge area. For this reason, the 

discharge development should be controlled to stop 

before the formation of streamer. RPCs operated in 

avalanche mode have been proposed as the dedicated 

detector both in CMS and ATLAS at LHC. The basic 

problem is to operate the RPC in avalanche mode with 

high efficiency, wide HV plateau and a very low con-

tamination of streamers. The performance of the RPCs 

in low gas amplification mode has been studied in 

term of rate capability, electric discharge inside the 

RPC, its evolution with increasing electric field and 

the effect of gas mixtures. The avalanche amplitude 

was observed to be exponentially dependent on the 

operating voltage to a value, characteristic of the gas, 

where saturation occurs and delayed streamer signals 

start to appear. For a RPC with 2 mm gap and 2 mm 

bakelite electrode, the waveform observed refers to a 

gas mixture of argon/n-C4H10/C2H2F4 in the ratio of 

10/7/83 in volume as shown in Fig.3, where multiple 

streamer signals are frequently visible with the voltage 

above 11 kV.[30] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3  The signal waveform at different operating voltage 
(a) An avalanche signal (at 9.4kV) has a typical duration 4~5 ns 
FWHM; (b) A streamer signal follows the avalanche with a 
delay of 38 ns at 9.6kV; (c) The avalanche to streamer delay 
becomes shorter at 10.2kV; (d) The avalanche and streamer 
signals merge into a single pulse at 11.4kV. Multi-streamer 
signals are also observed. 

For most gases, a high fraction of freon is pre-

ferred; this gas exhibits attractive features like elec-

tron affinity and a high primary ionization (~10 clus-

ter·mm-1). The C2H2F4 (R134a) is preferred, because 

it is an ecologically acceptable freon for its negligible 

world warm effect. The voltage range in which RPC 

can be operated in avalanche mode is limited by the 

appearance of the streamer. For RPCs to operate in 

avalanche mode and with longer voltage range, groups 
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have been working to search the streamer suppressing 

gases. 

The addition of small amounts of sulphur hex-

afluoride (SF6) to the mixture C2H2F4/ C4H10, 97/3, 

has the effect of suppressing the streamer in a very 

large interval of operating voltages. The absence of 

streamers makes the avalanche working in the satura-

tion region, thus attractive for RPC though SF6 will 

make RPC operating at higher voltage. Fig.4 shows 

the detection efficiency and streamer probability ver-

sus operating voltage, where there is a >1 kV opera-

tion voltage plateau in pure avalanche mode with de-

tection efficiency >98%, if only 1% SF6 added.[31] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.4  Detection efficiency and streamer probability vs. oper-
ating voltage for 
(a)5%, (b) 2%, (c) 1% SF6 concentration and (d) no SF6. 

Operated in avalanche mode, the rate capability 

of a RPC is determined by the volume resistivity ρ of 

the electrode and scales roughly as 1/ρ. For this reason, 

RPCs used in experiments working at high rates are 

generally built with bakelite electrode, that can be 

produced with resistivity as low as 109 Ω·cm. Fig.5 

shows the efficiency could be higher than 90% at rate 

of kHz·cm-2. A consistent improvement in the rate 

capability has been achieved.[32,33] 

According to the experience, the RPC operating 

electric field decreases with the gap size at a lower 

rate. The simplest functional relationship between the 

voltage V and the gap size g, for fixed pressure and 

temperature, is of type 

V = Kgγ 

where K and γ are the parameters depending on the 

gas and operating mode, 0<γ<1. K and γ can be ob-

tained by fitting the existing data on different gases 

for both avalanche and streamer mode operation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5  The efficiency of a 2 mm gap RPC as a function of the 
flux rate at different HV values for different bakelite bulk resis-
tivity (low  : 5×108 Ω·cm, high  : 3×1010 Ω·cm). 

For small changes of pressure and temperature, 

based on a linear scaling of the voltage with the gas 

density, the operating voltage is usually corrected by 

scaling the applied voltage Va according to the rela-

tionship 

0
a

0

PT
V V

PT
  

where P and T are the operating pressure and temper-

ature, V is the effective operating voltage scaled at 

some standard pressure P0 and temperature T0. The 

effect of a large change of pressure should be equiva-

lent to a proportional change in gap size and therefore 

the corresponding scaling of the voltage is not line-

ar.[34] 

The aging effect is also very important for the 

application of RPCs. Various tests have been made. 

The aging studies concerned most of the materials of 

the RPC components: bakelite or glass resistive plate, 

graphite electrodes (or surface painting), surface 

coating (like linseed oil coating) and the chemical 

etching of the electrode inner surface by fluorine ions 

(the fluorine compounds delivered by the discharge). 

In avalanche mode operating under gamma irradiation 

with count rate ~102 Hz, and a total discharge charge 
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above 0.05 C·cm-2 in gap accumulated, the perfor-

mance of RPC shows no aging effect.[35,36] 

2.3 Multigap resistive plate chamber (MRPC) 

The first multigap resistive plate chamber 

(MRPC) is proposed in 1995. The original goal is to 

improve the time resolution of the wide gap (8 mm) 

RPC to be as good as the 2 mm gap RPC, and keep 

the advantages of the wide gap (8 mm) RPC: higher 

rate capability and lower power dissipation.[37] Further 

R&D work on application of the MRPC for Time of 

Flight (TOF) detectors showed that it can reach a time 

resolution better than 70 ps and be proposed for the 

very large area TOF array of the heavy ion collision 

experiment-ALICE at the CERN LHC.[38-40] 

The MRPC consists of a stack of resistive plates. 

Spacers between these plates define a series of gas 

gaps. An anode and cathode electrodes are connected 

to the outer surfaces of the outermost resistive plates. 

All internal plastes are electrically floating. The basic 

features of MRPC are: (a) the internal plates take the 

correct voltage initially by the electrostatics and are 

kept at the correct voltage due to the flow of electrons 

and positive ions created in the avalanche process. (b) 

the resistive plates are transparent to the fast signals 

generated by the avalanches indside each gas gap. The 

induced signal on the external electrodes is the sum of 

the charges of all the gaps. Fig.6 shows the cross sec-

tion of a single stack MRPC with 6 gas gaps. 

 

 

 

 

 

 

Fig.6  Gross section of a single stack MRPC with 6 gas gaps 

For timing detector, the important character is the 

time resolution. In parallel plate chamber, the signal is 

generated by avalanche across the gap. The number of 

electrons, N, in an avalanche is given by N=N0eα*l, 

where α* is the effective Townsend coefficient 

(α*=α-η); l is the distance of avalanche that has been 

progressed from its initial position; and N0 is the ini-

tial number of electrons in the primary ionization 

clusters. Thus the generated signal depends on the 

position of primary ionization clusters. Applying a 

threshold to the signal gives a threshold cross time. 

The variation of the position of the primary cluster 

and the avalanche fluctuation generate the time jitter. 

The time resolution could be given by σt ∝1/(α*νd), 

where νd is the drift velocity of electron in the gas. 

From the program to compute energy loss of fast par-

ticle in gas HEED (I. Smirnov) and gas transport 

IMONTE, MAGBOLTZ (S. Biagi), for gas mixture 

C2H2F4/i-C4H10/SF6 at normal pressure, 9~10 primary 

clusters/mm will be produced by ionization of fast 

charged particles. The Townsend coefficient and drift 

velocity related to electric field predicted by these 

program are shown in Fig.7. With the electric field 

~10 kV·mm-1, the effective Townsend coefficient is 

about 100 mm-1, the dirft velocity is ~200 μm·ns-1,[41] 

1/(α*νd) reaches ~50 ps (1 ps=10-12s). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7  (a) Townsend (solid symbol) and attachment (open 
symbol) coefficient simulated with IMONTE. (b) Drift velocity 
simulated with MAGBOLTZ. 
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RPC with gas gaps as thin as 0.2~0.3 mm could 

work at avalanche mode with high value of α* and νd. 

The lower efficiency, due to the thin gas gap, can be 

compensated by increasing the number of gaps as in 

the multigap version. For Multigap RPC the resistive 

plates are float glass, the thickness of internal glass 

plates in the range of 400 μm ~ 1.1 mm and the exter-

nal glass plates in the range 550 μm ~ 2 mm have been 

used. Nylon fishing line (its diameter error is in the 

range of 2~3 μm) is used as spacer between the glass 

plates. The voltage is applied to the exterior glass sur-

face using graphite tape (or resistive painting) with a 

surface of 105~106 Ω/square. A layer of Mylar of 350 

μm thick is used to insulate the HV from the readout 

pads. Each pad is connected to a fast amplifier. The 

output of the amplifier is split into two, one to the dis-

criminator and then fed to a Time Digital Converter 

(TDC), and the other one further amplified and fed to 

the Analog Digital Converter (ADC). The time over 

discriminator’s threshold of the pulse leading edge 

and the total charge of the signal are then measured. 

The electric field in the gas is around 10~12 

kV·mm-1, operating in the C2H2F4/iso-C4H10/SF6 gas 

mixture. For a 1.2 m×7 cm strip with 96 readout pads 

(the area of each pad is 2.5 cm×3.5 cm), the beam test 

results for different gap sizes are shown in Fig.8. A 

time resolution around 70 ps is achieved.[39] 

To obtain longer efficiency plateau and operate at 

lower high voltage, double stack of MRPC was built, 

one example of the structure is shown in Fig.9.[42] 

Testing with a collimated 7 GeV/c pion beam, effi-

ciency and time resolution of this MRPC is shown in 

Fig.10. The character of 10 gap MRPC is much im-

proved, around 50 ps of time resolution and >98% of 

efficiency are reached. 

 

 

 

 

 

 

 

 

 

 

 

Fig.8  Efficiency, time resolution and time walk as a function of high voltage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9  A double stack of 5-gap MRPC. 
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Fig.10  Efficiency and time resolution of a 10 gap MRPC. 

The rate capability of a double stack MRPC with 

10 gaps (each stack has five 250 μm gaps) of ALICE 

group was tested at the Gamma Irradiation Facility 

(GIF) at CERN. Fig.11 shows the efficiency and time 

resolution as a function of the rate of charged parti-

cle.[39] In the flux, due to the current drawn by MRPC 

the voltage across the glass stack drops, so the real 

effective voltage on the MRPC is lower than the 

nominal applied voltage. In Fig.11 the effective volt-

age is the effective voltage on MRPC. 

Each pad of MRPC is read out individually. On 

the PC board, between the pads there are distances of 

2~3 mm, so ‘charge sharing’ effect is present between 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11  Efficiency and time resolution as a function of the rate 
of charged particles. 

adjacent pads. The increased number of gaps (from 6 

to 10) results in collecting larger signal. The other 

important factor is that the size of the induced charge 

distribution of avalanche on the readout pads will be 

larger than the 6 gaps. A resistive layer on the elec-

trode also adds a spreading effect. Fig.12 shows the 

time resolution distribution with the beam position 

along the pads. From the figure we learn that using 

higher resistivity, the time resolution along the pad is 

more uniform. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.12  Time resolution distribution along the pads for 
200kΩ/square (a) and 5MΩ/square (b) resistive layers on the 
electrodes.[40] 

MRPC as a TOF detector has many attractive 

features: high detection efficiency (>95%), excellent 

intrinsic time resolution (<100 ps), good rate capabil-

ity (102~103 Hz·cm-2), large acceptance, ability to 

operate inside the magnetic field and low cost. For the 
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experiment of heavy ion collision, the high particle 

multiplicity of final state dictates demanding require-

ment of high granularity of detector. Using the tradi-

tional methodology based on scintillators and pho-

to-multipliers can hardly meet the entire mentioned 

requirement. But MRPC is such a detector, which 

could fit these requirements. The TOF system (10 m2, 

368 readout channels) of HARP experiment was al-

ready operating, which consisted of double stack of 

two gaps of 0.3 mm MRPC. A time resolution of ~150 

ps and an efficiency of ~99% were obtained. A proto-

type of STAR barrel TOF system consisting of twenty 

eight single stack ‘six gaps of 0.22 mm’ MRPCs has 

been operated in the experiment in RHIC (BNL), an 

average time resolution of ~85 ps and an efficiency of 

~95% are reached. The proposed TOF detector of 

ALICE experiment will have an active area of ~160 

m2 and ~160,000 readout channels. 

3 Conclusion 

RPC working at both avalanche and streamer 

mode could obtain a time resolution of ~1 ns and an 

efficiency of ~90%. Efficiency above 99% is reached 

by use of two or more gaps. The counting rates of 

~102 Hz·cm-2 in avalanche mode and ~10 Hz·cm-2 

in streamer mode are routinely achieved. 

An important achievement in the RPC applica-

tion is the progress in the timing capability. Many ex-

perimental data showed that thin gas gaps (0.2~0.3 

mm) RPCs can achieve a time resolution of ~50 ps, 

definitely better than 100 ps. 

RPCs have already been widely accepted in high 

energy experimental physics and astroparticle field, 

for its robustness, good time resolution and relative 

low cost. 

RPCs with special configurations such as second 

electron emitters and micro-strip readout[43] and mi-

cro-gap RPCs,[44] are being developed. To study the 

potential of RPC as an imaging detector, RPC-PET,[17] 

is a very promising starting point for possible applica-

tion in other fields. Future task for developing RPCs 

would be improving the detector physics understand-

ing, management and control of an unprecedented 

large mass production (104 m2), and developing new 

configuration for the application in other fields. 
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