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METAL MICRO-DETECTORS FOR IMAGING  
AND BEAM PROFILE MONITORING IN RADIATION THERAPY 

 
Metal micro-detector (MMD) has been developed at Kiev Institute for Nuclear Research (KINR). Physics and techniques of this detector 

applied for monitoring and imaging of charged particles beams are presented. To provide the precise beam profile monitoring a 128-
channel X-Y MMD was produced. Test studies with this detector were performed for 20 MeV electrons (Cancer Center "Innovacia") and 
high energy hadrons (protons, 12C-ions and 16O-ions, Heidelberg Ion-Beam Therapy Center). Results of these studies are discussed in this 
work. The results of our studies suggest the possibility of MMD application in clinical practice. 

Key words: metal micro-detectors, beam profile monitoring, online dose monitoring, mini-beam radiation therapy. 
 

Introduction. The main goal of radiotherapy is to deposit 
a high dose of ionizing radiation in a tumor while keeping the 
absorbed dose in the surrounding healthy tissue at a tolerant 
level [1]. The monitoring of the beam position and absorbed 
dose are essential. Current developments in radiation 
therapy require non-destructive beam profile monitoring in 
real time, as beam diagnostics provides information on the 
status of the beam, monitoring of critical parameters and 
alarming in case of emergency. For low intensity beams a 
proper approach could be realized by using silicon micro-
strip detectors. However, radiation hardness aspect makes 
this approach rather limited. 

A Metal Foil Detector (MFD) technology developed at 
Kiev Institute for Nuclear Research makes possible the 
production of radiation hard monitoring devices that are 
able to take a challenge and fulfill the needs of modern 
radiotherapy. 

The general physics and registration principles of the 
MFD are discussed in details elsewhere [2]. Charged 
particles (or photons) hitting the metal sensor-foil initiate 
Secondary Electron Emission at 10–50 nm surface layers. 
The charge generated in a sensor is measured by a 
sensitive Charge Integrator. 

MFD technology was successfully explored for the 
design and production of a novel thin metal micro-strip 
beam profile monitors of charge particles and synchrotron 
radiation beams. Through an innovative plasma-chemistry 
etching process, thin (about 1 μm) metal micro-strips are 
aligned, without any other materials in the working area. 
The main advantages of MMD are: low thickness of 
detecting material; good position resolution (up to few μm); 
low operating voltage (~ 20 V); high radiation tolerance (at 
gigarads level). MMD were tested at the Minibeam 
Radiation Therapy (MBRT) setup (Bio-Medical Beamline 
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ID17, European Synchrotron Radiation Facility) [3]. 
Experimental setup. MMDw detector. To provide the 
precise beam profile monitoring a (64 x 64)-channel X-Y 
MMDw was produced at KINR. Thin metal wires are used 
to create the strip structure of a sensor. Simple technology 
of production, low cost and reliable operation are main 
advantages of the MMDw. The read-out electronics is 
based on the commercial data acquisition system XDAS 
(SENS-TECH, UK) providing sensitivity of about 103 
particles/strip and dynamic range up to 103 being 
connected with micro-strip metal detectors (Fig. 1). 
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Fig. 1. Incident particles  
on the strips initiate secondary electron emission. 

Readout is provided by X-DAS system 
 
XDAS allows creating large detector arrays with high 

speed readout in digital format. It consists out of Detector 
Head Boards with analog output modules and Signal 
Processing Boards with 16-bit digital output. 

Each detector head board acquires 128 channels of 
data, using a charge integrating ASIC and sends it via a 
local data bus to the signal processing board. The signal 
processing board converts the data into 14-bit format.  
On-board processing enables up to 4 data samples to be 
taken and added to produce a 16-bit output.  This is 
transmitted via a data interface board to the host 
processor via USB2, data I/O, Ethernet or frame-grabber 
card. A system can handle more than 20000 channels 
with an exposure time from 100 μs to 100 ms, depending 
on the number of channels. 

Experiment at Heidelberg Heavy-Ion Therapy 
Center (HIT). To fully exploit the focused energy deposition 
of 12C in carbon ion therapy, a high accuracy on dose 
location is required. It has been shown that the detection of 
nuclear reaction products resulting from the interaction of 
the beam with atomic nuclei of the tissue (can be positron 
emitting nuclides, prompt photons or light charged 
particles) provides relevant information that can be used for 
the verification of the delivered dose. The experiment in 
HIT was devoted to collect experimental data of 
distributions of different types of secondary emission with 
the best possible beam control. Schematic view of the 
experimental setup is presented on Fig. 2. 

At HIT the treatment can be performed by protons, �-
particles, 12C and 16O ions at different energies (from 50 
to 430 MeV/nucleon) and intensities (from 106 to 2*109 
particles/s). Fig. 3 illustrates the response of MMDw on 
the 12C beam with the energy 86.7 MeV/nucleon and 
intensity 6*106 particles/s.  

Experiment at Innovacia Cancer Center. The series 
of test measurements were performed at Innovacia 
Cancer Center with linear accelerator Varian Clinac 
2100C. Preliminary results with 20 MeV electrons are 
presented on Fig. 4. 
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Fig. 2. HIT experimental setup.  
The overall beam intensity was monitored by the MMDw. 

The annihilation photons were recorded by the DPGA-LPC 
(large acceptance pixelated detector) detectors placed  
following the beam direction in the plane z=0 (�=90),  

and by the in-beam PET system at HIT (�=0) 
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Fig. 3. MMDw response to 12C beam  
with energy 86.7 MeV/nucleon and intensity 6*106 particles/s. 

1-64 Channels correspond to the X-plane of MMDw,  
while 65-128 – Y-plane 

 
Experiment at Innovacia Cancer Center. The series 

of test measurements were performed at Innovacia 
Cancer Center with linear accelerator Varian Clinac 
2100C. Preliminary results with 20 MeV electrons are 
presented on Fig. 4. 
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Fig. 4. MMDw response on the 20 MeV electrons  
at intensity of 100 MU/m. 1-64 Channels correspond  

to the X-plane of MMDw, while 65-128 – Y-plane.  
The beam 5*5 cm2 was focused  

in the center of the detector 
 

The influence of MMDw on the dose distribution for the 
20 MeV electron beam was estimated. We performed 
absolute dosimetry measurements with and without detector 
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in the beam. We mentioned a higher absorbed dose on 
0.4% for the measurements with detector inside the beam. 

Conclusions. Advantages of MMD allow to create a 
reliable radiation monitoring systems for radiation therapy 
applications. Their implementation will improve beam 
delivery to tumor tissue, fast imaging and evaluation of 
data, optimization of treatment regimes. Commercially 
available read-out systems can be applied to build high 
efficient monitoring system for hadron radiation therapy. 
MMD has shown reliable performance for online beam 
profile monitoring. Once calibrated, the detector could also 
be used for dose monitoring in real time. This is one of the 
main tasks for the further measurements.  
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SELF-PHASE MODULATION OF LASER PULSE IN STRATIFIED SELF-FOCUSING MEDIUM 

 
Self-phase modulation at quasi-stationary self-focusing in stratified Kerr liquid that is divided by an optically homogenous (non-

scattering) layer has been considered. Instantaneous frequency of the laser radiation pulse at transition of the self-focusing area through a 
thin transparent layer is calculated. In addition, absorption of the light in the layer is taken into account. 

The transition radiation on the layer (a glass partition or a similar structure), located in the self-focusing medium, has analogous 
characteristics with the radiation at the exit border of the medium. The frequency shift of the transition radiation, originated on the layer, is 
smaller than the shift of the laser radiation at the exit border of the medium. However, considering that the number of layers can be more than 
one, it could be concluded that introduction of the layers simplifies the experimental observation of the transition radiation and its usage. 

Keywords: laser, self-focusing, phase self-modulation, transition effect 
 

Introduction. Combination of Stimulated Raman 
Scattering (SRS) as an effective method of laser radiation 
frequency tuning [5], and self-focusing (SF) as a method of 

spatial scanning by powerful pulses of electromagnetic field 
at a velocity close to the speed of light [4], allows 
transforming the initial pulse of laser radiation into a 
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