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Gaseous detectors
 The sensitive element of a gaseous detector is a layer of gas

which is ionized when crossed by a charged particle
 An electric field acting in the gas amplifies the very small
ionization signal which is finally detected by the “front
end” electronics
 According to the field shape two main types of gaseous
detectors can be conceived
 The “wire detectors” where the field is generated by a

positively charged wire
 The “planar detectors” working with a uniform field
generated by a two parallel electrode plates
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The Resistive Plate Chamber (RPC)
 The RPC is a planar detector with electrode plates of high

bulk resistivity
 The discharge generated in the gas, avalanche or streamer,
is quenched by a double mechanism
 The electrode resistivity which strongly limits the amount of

energy that the field can transfer to the growing avalanche
 The molecular component of the gas which absorbs UV
photons thus avoiding further gas ionizations in different
places of the detector

 Its main advantage is the excellent time resolution which

depends on the gas gap size and ranges between about 1 ns
and 30 ps

The RPC (Resistive Plates Counter):
Spacer 2 mm

Muon

Electromagnetic induction on the nearby strips

X Strips

Y Strips
Bakelite plates 2 mm
Graphite coating at 8 KV

Dielectric with copper strips on
one side and copper plane on the
other side

Non flammable gas mixture (Ar 48%, R134A 48%, Isobutane 4%)
Limited streamer

RPC are detectors commonly used in High Energy
Physics for muon detection
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The multigap RPC
 The scaling of the timing with the gas gap suggests

that very thin gaps can supply impressive time
resolutions
 However a very thin gas layer is also a very modest
target for the primary ionization with the consequence
of a low detection efficiency
 The multigap RPC structure compensates the low
single gap efficiency with many gaps inducing
simultaneous signals on the same read out strips

Sketch of a multigap RPC

Scientific applications
 The RPCs were used in most LHC experiments (Alice,

Atlas, CMS) as well as in Cosmic Rays (Argo) and
underground (Opera) experiments
 In the multigap versions they were used for time of
flight measurements (Alice, Hades, Fopi)
 The contribution of the industry in order to build up
these very large area detectors was crucial
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Industrial availability of materials
 Such large area detectors demand large amounts of

qualified materials to be found in the industry
 Resistive electrodes
 require a material of good mechanical properties with

resistivity around 10^10 - 10^12 Ohm cm. There is (there was)
no industrial material qualified with this resistivity
 We tried therefore to qualify ourselves two industrial
materials with resistivity approximately in the correct range:
phenolic high Pressure Laminates and Glass
 It took a long work to adapt the standard production to our
specific needs
 Thanks to the joint effort of research and industry the
production of phenolic laminates and glass plates with the
required resistivity it is now possible

Industrial availability of materials: the working gas
 The working gas
 A suitable RPC gas has good quenching properties ie good UV photon
absorption and is somewhat electronegative
 Moreover it has also to fulfill other requirements concerning the safety and the
environment preservation: non flammability (in most cases); low environment
impact
 good gas candidates were found fin the refrigeration industry
 Therefore the RPC gas evolution closely followed the refrigeration gases
evolution. A few examples
 CF3Br was widely used, some time ago, both in the refrigeration and as a RPC
gas component. Its industrial production was strongly limited, by the Kyoto
convention, for its environment impact
 C2H2F4 substituted the previous one. More gentle environment impact: one
halogen instead of two, some hydrogen not replaced by fluorine. GWP about
1500
 The Tetrafluoropropene molecule, with structure CH2=CFCF3 and GWP=4, Is
the new gas industrially produced to replace C2H2F4
 This new gas, which is presently under test, is characterized by a double
Carbon bond, C=C, that is an unprecedented feature for the RPC gas

Industrial availability of materials:
components for the front end electronics
 In the RPC history many different electronics

components have been used
 The main parameters are the input band that must be
adequate to the very fast detector signals and the
“signal to noise” ratio which determines the minimum
signal amplitude that can be discriminated from the
noise
 Presently the new family of Silicon-Germanium
components seems very promising
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Muon tomography with RPCs
K. Borozdin et al. “Radiographic imaging with cosmic ray muons”, Nature, 422, 20 March
2003

Muon scattering radiographic image of a tungsten cylinder (r=5.5 cm, h=5.7 cm) and its
steel support structure compared with a simulation as published by Borozdin et al.
Cosmic ray muons can be used in order to detect dense materials hidden in a container full
of lower density materials via Coulomb multiple scattering the muon direction is
measured before and after crossing the material to be inspected, radiographic imaging
techniques allow reconstructing the 3D profile of the materials. The authors claim to be
capable of detecting a uranium cube of 10 cm size in a large metallic container full of sheep

The primary CR (85% of protons +
12.5% by alpha particles + heavier
nuclei).
Interactions with the atmosphere,
originate hadronic showers. Pions
decay into muons at about 15 Km
altitude.
At SL the detectable particles are 63%
muons, 21% neutrons and 15%
electrons.
Muons have an exponential energy
distribution <E>=4 GeV and an angular
distribution peaked around the vertical
(going as cos2q, where theta is the
angle wrt the vertical). A 3 GeV muon
will penetrate more than 10 m of water.
The flux of muons on a horizontal
surface at sea level is of the order of 1
particle/cm2/minute.

Applications:
Inspection systems (trucks, containers, trains) looking for
heavy materials (guns, fissile materials)
Scanning systems for inspection of large civil engineering
works

Commercial systems for truck inspection are already available,
they are based on X-ray or gamma-ray systems running along
the trucks, scanning time around a few (5) minutes

X ray: electron accelerator up to 9 MeV, penetration 41 cm of
steel, good resolution, expensive, high running costs
In Europe one company (Smith Heimann) is monopolistic
(German, French, Italian customs), Italy bought 13 systems
http://www.heimanncargovision.com/shockedpage.html

The U.S. alternative:
gamma ray sources + NaI detectors.
Cheaper, maintenance costs are
claimed to be 50 times less than an xray system.
Worse resolution and penetrating
power. Dangerous for possible misuse
of the gamma source.
VACIS built by the company SAIC:
http://www.saic.com/products/securi
ty
resolution of 1.25 cm, equipped either
with a source of 1.6 Ci of Cs-137 (662
KeV) with a penetrating power of 10.2
cm of steel or with a source of Co-60
(1.17, 1.33 MeV) with a larger
penetrating power: 15.2 cm

We need a tunnel-like muon detector capable of reconstructing the
position and angle of the incoming and outcoming muon
Build a large surface (cheap) muon detector
with about 1 mm space resolution, two layers
at 1 m distance can provide the 1 mrad
resolution
The best candidate are RPC in streamer
mode with small pitch strips and analog
readout
RPC 1 (X,Y)
1m
RPC 2 (X,Y)

4m

6m
15 m

Detector surface: 600 m2
Gas volume 1200 l
Channels (1 cm pitch): 20K
A cheap analog electronics is needed

Positron Emission Tomography PET (1)
 A positron emitted by a β+ nuclide in dense material will soon annihilate,

interacting with an electron, in a γγ pair
 The annihilation occurs almost at rest in the laboratory system thus producing

an approximately collinear pair
 If both gammas are detected with sufficient space-time resolution the

interaction point can be localized in 3D, with the time of flight technique, on a
“event by event” basis.
 This technique can be used for the imaging of living tissues that have absorbed

a proper β+ nuclides
 As an example a detector with resolutions of 4 mm and 100 ps can localize the

source point in a volume 0.25 cm3. A collection of some millions of such events
would give a very accurate description of the tissue that have absorbed the
nuclides

Positron Emission Tomography PET
(2)
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The space resolution along the line
of flight of the two photons is
σ(t)c/√2 where σ(t) is the time
resolution of the two detectors

Conclusions
 A close collaboration of Research and Industry was

crucial so far to develop the RPCs and to make the
construction of very large RPC systems possible
 This will be even more true in the next future, for any
further improvement of the RPC performance
 At the same time we wont to encourage the industry to
seriously consider the possibility to develop some of
the potential RPC applications in order to solve
problems outside of the restricted world of the basic
science

