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the glass and then selectively etched in any image desirable. 
We have used a pattern of spacers of 300-µm diameter and 
300-µm height covering the glass surface at 1-cm separation 
(see Fig. 1). In this way, excess mechanical support—needed 
to fix the fishing line—can be avoided, allowing for a very 
compact design that is also easier to assemble. 

A schematic of an MRPC design for a PET application is 
shown in Fig. 2. The assembly consists of glass plates glued 
inside a very low-density glass-epoxy composite frame. The 
outmost glasses are coated with a resistive layer that allows 
application of a high voltage (HV). A pair of strip-readout 
electrodes patterned onto flexible polyimide foils are placed 
above the resistive layers, bringing the induced signal to the 
front-end electronics. The pitch between readout strips has 
been chosen to be 4 mm, roughly similar to the segmentation 
of most crystal-based PET designs. 

One aspect of importance to the operation of RPCs is the 
value of the surface resistivity of the coating needed to apply 
the HV over the active area, typically measured in Ω/square. 
In our case, a higher resistivity is desirable since the less 

resistive the layer is, the more the signal produced inside the 
detector is spread out over the readout electrodes, resulting in 
a lower signal on each channel. Since we can assume that 
less overall charge will be induced on the electrodes when 
detecting 511-keV photons (only one gap fires rather than 
many as with charged particles), it follows that too low a re- 
sistivity will limit the detection efficiency. This point has 
been investigated with several types of materials. A resistiv- 
ity of 1 MΩ/square, which was about the highest that could 
be achieved while still remaining uniform over the entire 
active area, was deemed suitable for our geometry. The layer 
is a colloidal graphite emulsion that is first applied to the 
glass surface and then allowed to dry, forming a thin resistive 
layer. Other materials that offer a resistivity higher than 1 M 
Ω/square are currently under investigation. 

We have constructed prototype MRPC modules, having 
an active area of 6.5 cm × 9 cm, and tested them for gas tight- 
ness and HV stability. One example of a 4-gas-gap module is 
shown in Fig. 3, both before resistive coating was applied 
(shown left) and after the assembly was complete with the re- 
sistive coating, readout strips and front-end electronics 
support (shown right). Such modules use 400-µm soda-lime 
glass and 300-µm spacers and are only 3.2 mm thick, 
making it possible to stack many tens of modules into a 
single and compact PET camera head. 

Single-gap and MRPC prototypes, similar to the ones 
shown in Fig. 3, were tested for their efficiency and timing 
properties in the laboratory. Instead of choosing to use glued 
modules, however, we have built RPCs using the same mate- 
rials and techniques as before but housed inside larger gas 
chambers. These gas chambers can be disassembled easily, 
allowing us more flexibility in choosing the exact configur- 
ation of our RPC and MRPC prototypes. A picture of an 
MRPC module mounted inside such a gas chamber before it 
is sealed is shown in Fig. 4. In all tests, pure tetrafluor- 
oethane gas (C 2 F 4 H 2 ) was circulated through the detectors at 
a rate of a few liters per hour. 

Data acquisition was achieved with a front-end readout 
electronics board produced for the ALICE collaboration and 

Fig. 1. RPC spacers produced from photo-sensitive polyimide. Each spacer is 300 µm in diameter and 300 µm in height. 

Fig. 2. Schematic of compact MRPC design for TOF-PET 
application. 
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pulse generator simultaneously, and were found to be limited 
only by the resolution of the TDC itself. 

RESULTS 

The efficiency of single-gap RPCs and 4-gap MRPCs, each 
with two different values of resistivity, has been measured as a 
function of the applied voltage per gap. Figure 9 shows the 
results for all four detector configurations. The efficiency of 

single-gap RPCs was found to reach a maximum at ~ 0.18%, 
while for the 4-gap MRPCs the maximum was reached 
at ~ 0.66%. In both cases, the plateau of efficiency was reached 
at lower voltages for the detectors having the higher resistivity. 

A preliminary result for the timing measurement for two 
single-gap RPC modules in coincidence is shown in Fig. 10. 
The result for two 4-gap MRPC modules is shown in 
Fig. 11. In both cases, resistive coatings of 1 MΩ/square 
were used. The standard deviation of the peak was 443 ps for 
the single-gap RPCs and 525 ps for the 4-gap MRPC 
modules. This translates into a single detector time resolution 
for 511 keV gamma rays of 310 ps and 370 ps for the single- 
gap and 4-gap modules, respectively. 

DISCUSSION 

We have developed a production technique for building 
compact MRPC modules that have been tested in the 

Fig. 9. Single-gap and 4-gap RPC efficiency with 511-keV 
gamma rays. Two values of resistivity have been used for each 
configuration. 

Fig. 6. The experimental setup for RPC efficiency tests with 
511-keV photons. 

Fig. 8. The experimental setup for RPC time-of-flight 
measurements with 511-keV photons. 

Fig. 7. An example of the selection of photoelectric events in the 
BGO-PMT assembly used in the RPC efficiency measurements. 
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the construction of chambers that are easy to assemble in 
large quantity. This is an important point since any 
RPC-PET detector must consist of many hundreds of multi- 
gap modules so as to achieve a sensitivity comparable to 
crystal-based technology. 
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