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Abstract: Boron neutron Capture Therapy (BNCT) is a method of treating incurable or recurrent malignant 

tumors. Its application is particularly in the field of brain tumors - especially very aggressive type of 

Glioblastoma Multiforme. BNCT reduce radiation dose to healthy tissue and allow considerable selectivity of 

the therapeutic dose to the tumor. The source of ionizing radiation is usually a nuclear reactor which provides 

an optimum neutron flow. To determine the appropriate therapeutic dose is necessary knowledge of 

characteristics of the neutron beam. In this study, experimental measurements and simulations have been 

carried out to determination of neutron beam spatial distribution of nuclear research reactor LVR-15, Czech 

Republic. To do this, a special positioning device with 
6
Li + Si detector was used. It was also performed by 

neutron radiography method. The results obtained from the measurement of 3D neutron field were compared 

with Monte Carlo N-Particle eXtended Transport Code (MCNPX). 
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I. INTRODUCTION 
Glioblastoma multiforme is the most common malignant radioresistant and chemoresistant tumor of the 

central nervous system which has been incurable for decades and even today, unfortunately, prognosis is not 

favorable. This type of tumor is characterized by very fast growth and aggressive invasion of the surrounding 

normal brain tissue.It is very difficult to remove all of the affected tumor cells without serious damage to the 

brain.In this regard, Boron Neutron Capture Therapy is an unique selective radiotherapy based on detection of 

non-radioactive nuclide 
10

B by cancer cells and then the subsequent capture of thermal neutrons is provided, 

resulting in the nuclear reaction 
10

B (n, α) 
7
Li. The products of this reaction have high linear energy transfer 

characteristic and very short reach range. For this reason the selective destruction of tumor cells which contain 

sufficient quantities of 
10

B is reached. 

Research reactor LVR-15 is only nuclear device which was used for BNCT clinical trial in Czech 

Republic(Burian J. M., 2001). A very important part of BNCT treatment planning is to determine the parameters 

and the correct setting of the neutron beam used to irradiate the patient. Therefore the proper knowledge of 

current characteristic (the neutron spectra, homogeneity, accurate beam collimation, etc.) is required. For this 

reason the measurements of 2D and 3D neutron spatial distribution of the beam were provided via 
6
Li + Si 

detector and neutron radiography method. The measurement of 3D neutron field was compared with MCNPX 

simulation.  

 

II. MEASUREMENT DEVICES AND METHODS 
2.1 The BNCT horizontal channel of LVR-15 reactor 

The LVR-15 reactor represent a light water research reactoroperated on 10 MW thermal power and 

situated in Research Centre Rez Ltd., near Prague, Czech Republic.The reactor is equipped with ten horizontal 

channels which the epithermal one is used for BNCT experiments (Fig. 1). The neutrons from the core pass 

through a set of filters (Al-AlF3) and collimator (Al with inner layer from Pb) to the outlet of the channel. The 

diameter of the outlet is 12 cm and the distance of the reactor core is about 4 m (Viererbl L., 2012). 

Measurements were performed with two kinds of method – special positioning device with 
6
Li + Si detector and 

neutron radiography. 
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Fig. 1: The LVR-15 epithermal neutron beam used for BNCT experiments(Burian J. K., 2009). 

 

2.2 Special positioning device with 
6
Li + Si detector 

Special positioning device is consisted of supporting frame which serves as a holder for the detector 

(Error! Reference source not found.). Simultaneously via use a stepper motors allows its controlled 

movement along the axis x, y, z. The movement detector is controlled by a computer program via the control 

unit. 
6
Li + Si detector is consisted of 

6
Li converter and Si diode. 

6
Li converter (isotopically enriched 

6
LiF6) 

after insertion into the neutron flux provided reaction 
6
Li(n, α)

3
H. The tritium (with energy 2,73 MeV (Viererbl 

L., 2007)) is then detected in the Si detector. The active diameter of the converter is 3 mm due to small paper 

aperture (converter itself has a diameter of about 2.5 cm) and the Si detector 25 mm(Viererbl L.). The distance 

between the converter and the detector is approximately 8 mm. 

 

 
                        Fig. 2: The special positioning device.     Fig. 3: 

6
Li + Si detector 

The neutron beam parameters were monitored by measurements of neutron 2D and 3D profile.The 

positioning device moved with detector according beforehand prepared route (Fig. 4) in front of the output of 

neutron beam. The detector in x-axis during measurements had two positions: x = 0 cm and x = 5 cm from the 

output of neutron beam. 

 
Fig. 4: The scheme of motion of positioning device with 

6
Li + Si detector. 

 

2.3 Neutron radiography method 

Screening of neutron flux through an imaging plates is mainly used for neutron radiography method. 

It´s principle is based on passing a neutron beam trough an object and subsequent detection on the image plate. 

The result is a 2D image of the different intensities of the neutron flux which is determined by the absorption 
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properties of the materials in the object. In the measurement in this work neutron radiography method was used 

as a projection of the neutron beam profile itself. 

III. RESULTS 

The experimental results of peak areas of detected 
3
H in the distance x = 0 cm from the output of 

neutron beam are shown atFig. 5 and Fig. 6. The corrections for the unstable reactor power during the irradiation 

were calculated for all the measurements. The symmetry of the neutron beam is ascertained. 

  
Fig. 5: The intensity distribution of the neutron flux 

(x = 0 cm). 

Fig. 6: 3D projection of 2D profile of the neutron beam 

(x = 0 cm). 

 

The results of the distance x = 5 cm are at Fig. 7 and Fig. 8. It can be seen that the center of the beam is 

moved to the lower half of Fig. 7. However, this phenomenon is not related to deflection of the neutron beam, 

but with a change of the initial position of the detector when there is no precise alignment on the output of the 

beam.It is significant distraction of neutron beam in this distance (x = 5 cm) compared to the distance x = 0 

cm.Symmetry remains in the y-axis, but it is less evident in the z-axis, which is caused by the move of the 

positioning device. 

  

Fig. 7: The intensity distribution of the neutron flux 

(x = 5 cm). 

 

Fig. 8: 3D projection of 2D profile of the neutron beam 

(x = 5 cm). 

The calculated neutron flux spatial distribution at the 3D graph in MCNPX is shown at Fig. 9 and Fig. 

10. The simulations represent a model for the distances x = 0 cm and x = 5 cm. The results are the calculated 

values of reaction rates Li
6
(n, t) (MT = 105) in measured points. The reaction rate corresponds with saturated 

activity of one 
6
Li target nucleus and thus the response of the detector to neutron beam.The simulation shows 

that the real beam profile (according the measurements) is more balanced in all diameter (⌀ 12 cm) while the 

outside beam intensities decreases faster than in MNCPX. However, the higher uncertainties of MCNPX (about 

10 %) compared to experimental (< 1 %) must be considered. 

https://slovnik.seznam.cz/en-cz/?q=ascertain
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Fig. 9: MCNPX simulation for x = 0 cm. Fig. 10: MCNPX simulation for x = 5 cm. 

 

The result of neutron radiography method is shown at Fig. 11. The dark blue color represents the lowest 

level of excitation (the largest decline), while the white color represents the high intensity. On the picture is 

evident symmetrical circular beam with the lowest attenuation values in the center. However, the upper half of 

the image shows a higher level of exposure than the lower half. Possible in this case, this could be the influence 

of gamma radiation to which the neutron plate can be also sensitive. This impact would be affected by the 

opening LVR-15 BNCT channel of neutron beam. 

 

 
Fig. 11: The neutron beam (radiography method). 

 

IV. CONCLUSION 

The measurement results show that the profile of the neutron beam for BNCT applications of LVR-15 

research reactor (Research Centre Rez Ltd., Czech Republic)is quite homogeneous in whole cross-section 

without any significant peaks. Also proper functionality of special positioning system which fixed the 
6
Li + Si 

detector was confirmed. The measurement using neutron image plate proved that the neutron beam is 

symmetrical with the highest intensity in the center. Detected intensity changes in the upper/lower half of the 

image are caused by the influence of unwanted exposure during opening horizontal channel. The results of 

MCNPX simulation quite correspond with experiments but they should be examined by more accurate 

calculations and other measurements. In the future, more measurements with other types of detector´s converter 

are planned. 
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