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The Proton Range Radiography (PRR) technique is expected to provide significant 
improvements in accuracy of the hadron therapy, which is presently limited by the uncertainty 
in stopping power distribution. The technique requires measuring residual energies and 
positions of mono-energetic protons passing through the target. Such an imaging system can 
be operated in-situ before and after the treatment allowing real time monitoring of the 
irradiated tissue position. 

A detector system suitable for such applications must be capable of measuring the residual 
proton energy after passing the object to be imaged and sub-millimetre spatial resolution over 
the area of 30 x 30 cm2. In order to limit the exposure time and obtain real-time images the 
detector and data acquisition must provide capability of working with high-count rates up to 
106/s. Several detection technologies are investigated to realize a system meeting these 
requirements. The PRR detector system being developed comprises two Gas Electron 
Multiplier (GEM) detectors to determine trajectories of protons and a stack of 30 thin plastic 
scintillators to measure the energy losses [1]. 

In this paper we present a novel concept of two-dimensional readout of the GEM detectors, 
which provide high count rate capability as required for PRR application being developed in 
collaboration with the TERA Foundation. The key component of the system is an Application 
Specific Integrated Circuit (ASIC) named GEMROC. The GEMROC comprises 
32 independent channels, each one capable of measuring the amplitude and the time of 
incoming signals. The signal amplitudes and corresponding time stamps measured with 4 ns 
resolution are stored in the derandomizing buffers. The buffers are read out via a token-based 
multiplexer, which provides on-chip zero suppression. Reconstruction of the hit positions is 
performed in an external FPGA based data acquisition module by matching the time stamps 
of signals recorded in X- and Y-strips. The amplitude information is used for finding centers 
of gravity for clusters of signals on neighboring strips belonging to the same detection events. 
Such a readout architecture utilizing data derandomization and zero suppression can cope 
with the required count rates up to 106/s compared to 104/s achieved in the existing prototype 
instrument. 

Performance of the GEMROC ASIC has been evaluated by electronic measurements as well 
as in the test bench comprising a GEM detector. The presented test results confirm that the 
developed GEMROC ASIC and data acquisition system fulfill the requirements for readout of 
the GEM detectors in the PRR instrument. 
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