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The Resistive Plate Chamber (hereafter

referred to as RPC) has been first developed

by R. Santonico and his group1 since the late

seventies. They have been employed in sev-

eral experiments at nuclear reactors2, fixed

target accelerators3,4, colliders5,6 as well as

in cosmic rays7,8.

In order to properly perform their func-

tions, RPC’s have to undergo a series of

restricting working conditions, mostly con-

nected to the severe radiaton backround envi-

ronment in which they are designed to work.

The RPC is a very successful wireless de-

tector which is able to ensure both a high ef-

ficiency and a fast response. The absence of

wire technologies and the cheap material em-

ployed makes the cost production very low so

that it can be used to build very large area

detectors. A large RPC can have a sensitive

area as large as 2m×2.5m. In addition it can

be operated in a low gas gain regime, pro-

viding a high rate capability. Finally it can

provide time of flight measurements as well

as position measurements.

1 RPC’c for LHC: performances

and requirements

The RPC’s play a significant role in the muon

triggers of experiments designed at the fu-

ture high energy colliders, particularly the

CERN Large Hadron Collider (hereafter re-

ferred to as LHC)9,10,11. At this collider, the

beam provide an average of 20 interaction

per bunch crossing at a beam frequency of

40 MHz.
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The environment will be heavily contam-

inated by γ ray and neutron backgrounds

whose rate could vary -in different regions of

the detectors- from ≈ 1 to ≈ 103 Hz/cm2.

The overall doses during a 10 year exposure

may vary in the range 1 Gy (barrel region)

and 100 Gy (endcup region).

To meet this requirements the detector

must provide a fast trigger with an overall

time tolerance range σtot ≤ 3ns; it has to

have a low sensitivity to both γ rays and neu-

trons. Finally the radiation damage on all

detector’s components should be adequately

affordable.

2 Rate Capability and Timing

Properties

A prototipe of a double gap (2.0m × 2.5m)

RPC -with single gap readout- to be inserted

into the CMS muon trigger system has been

exposed to a 20Ci 137Cs source at the CERN

γ irradiation facility (GIF).

A 200GeV/c muon beam could be used

to trigger the RPC in different γ background

conditions. Different absorbers could be in-

serted between the source and the RPC in-

ducing into the the RPC readout different

overall hit counting rates with beam off. We

selected two absorbers: one corresponding

to a hit rate of 180 Hz/cm2, the other to

550 Hz/cm2 which is estimated to be safely

larger than the one to the expected due to

the background at the worst RPC position in

the barrel region of CMS.

In fig.s 1 the results shown are twofold:

fig. 1a shows the efficiency curves (ε vs. HV)

in two different background conditions, com-

pared to the no background (no osurce) situa-
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Figure 1. a- Efficiency vs. high voltage of a dou-
ble gap RPC (2.0m × 2.5m) in different back-
ground conditions; b- average arrival time; c-
time resolution. �: no source; ◦: background hit
rate 180 Hz/cm2; •: background hit rate 550
Hz/cm2.

tion, while fig.s 1b,c show the time properties

of the detector. From fig. 1b one sees that

the average arrival time undergoes a time

walk ∆τ < 6ns over a high voltage range of

≈ 1.7KV from 9.0 KV to 10.7 KV. Fig. 1c

shows on the other hand that the worse in-

trinsic time resolution στ , over the same high

voltage range in the same experimental con-

ditions is στ < 1.4ns.

3 RPC Sensitivity to γ Rays and

Neutrons

The RPC detector has to have low sensitiv-

ity to both γ rays and neutrons. A Monte

Carlo algorithm has been exployted to sim-

ulate two different situations, i.e: exposure

of a fully assembled RPC -including holding

frames, electrodes, finishing foam- to:

1- isotropic flux of γ’s or, separately, neu-

trons, evenly distributed on the chamber sur-

face;

2- a parallel beam perpendicularly im-

pinging the whole chamber surface.

The package MCNP-4b developed by the

Los Alamos Nat’l Laboratory12 was used

for the γ’s simulation, while GEANT was

used for the neutron’s simulation (MICAP for

En < 20MeV and FLUKA for higher ener-

gies were used as interface for cross sections).

The major assumption is that each pro-

duced charged particle reaching the RPC gas

gap produces a signal into the readout out-

put; if during any primary particle transport

more than one charged particle reaches the

gas gap, only the first is assumed to produce

a signal.

The double gap sensitivity to γ rays is

well below 8 × 10−2 for Eγ < 100MeV . The

sensitivity is defined as: s = NI/No, where

NI is the number of charged particles reach-

ing any of the two gas gaps and No is the

number of original primary particles imping-

ing the chamber. If we use the simulated γ

sensitivity and the expected γ spectrum in

the region of the first RPC layer in the central

barrel of the CMS setup, we get an expected

hit rate in the RB1 region9 of ≈ 5 Hz/cm2.

Figure 2. a- RPC neutron sensitivity vs. neu-
tron energy. Full symbols for parallel beam; open
symbols for isotropic beam. Squares: RPC with-
out PVC foam; triangles: RPC with PVC foam.
b- Charged particle spectra produced by primary
neutrons into an RPC gas gap in the CMS bar-
rel region, compared to the simulated neutron
spectrum (full circles) in the RB1 region. Full
squares: e+/e−; open squares: α particles; full
triangles: protons.

The same definition of s holds for neu-

osaka˙rpc: submitted to World Scientific on September 16, 2000 3



For Publisher’s use

trons. The simulation program for a neutron

source is more complex as it implies the use of

neutron interaction cross sections for several

nuclei and several energies.

The results obtained in this case are

shown in fig.s 2. Fig. 2a shows the RPC

sensitivity obtained in the conditions detailed

in points 1- and 2- above, with or with-

out PVC finishing foam. The sensitivity for

En < 10−5MeV is mostly due to γ’s com-

ing from (γ, n) capture reactions whose cross

section increases with decreasing energy (σ ∼
1/

√
En): thus the presence of the foam en-

hances s. The values, however remains below

2×10−3 for En < 1 MeV . At higher energies

the sensitivity reaches a maximum around

En ∼ 50 MeV around s ∼ 7 − 8 × 10−3. At

≥ 15 MeV incoming netrons the produced

protons have a residual range of abuot 2 mm

in bakelite so that thy can easily reach the

gas gap.

Similar to the γ case, if we use the sim-

ulated neutron sensitivity and the expected

neutron spectrum of fig. 2b we get an ex-

pected hit rate in the RB1 region9 of ≈ 0.6

Hz/cm2.

4 Front End Chip Radiation

Damage

Intense radioactive environments may dam-

age not only the material used to build the

detector (namely, bakelite) but, most im-

portant, the components of the Front End

(F.E.) electronic readout chps and boards

which are located very close to the detec-

tor itself. The bakelite can easily stand

high doses without changing its resistivity

characteristics13. From this point of view

a must is to keep the operating tempera-

ture under control. The damage to electronic

components can be either severely disrup-

tive (dislocations or threshold total dose ef-

fects) or reversible as tipically may be a single

event upset produced by spurious transient

hits. This phenomenon has been studied by

exposing 4 F.E. final production 8 channel

chips to the intense fluence of the 250 kW

Triga Mark II reactor of the University of

Pavia and by measuring reactor on/off hit

rates. The measured neutron flux was about

6× 105 n/cm2s and the neutro energy in the

range 0.4 eV − 10 MeV . The average chip

rate remains stable for fluences up to 10 LHC

year equivalent in the range 1.9 − 2.5 10−3

Hz/channel.

5 Mass Production Quality

Control

Finally we tested the electrical resistivity of

the first 10% mass production of bakelite-

electrodes. The allowed values may range

from 1to61010 Ωcm. Of the total 400 slabs

produced about 77% have ρ in the range

1to4 1010 Ωcm and about 8% are to be dis-

carded. We will however use slabs of higher

resistivity in the construction of the double

gap RPC placed in regions of lower back-

ground level.
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