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ABSTRACT 
 

     It is presented a dosimeter that is able to measure the photon exposure and 
the direction from where the radiation came from. Preliminary 
measurements performed by this new directional radiation dosimeter 
demonstrate its application.  This dosimeter consists of a small lead cube with 
thermoluminescent discs on each face, placed in well known coordinates. 
Only one dosimeter of this kind indicates the direction of the radiation beam, 
if it came from a unique position. This study was conducted inside the 
radiation room of a Cobalt-60 Gamma Irradiator and the dosimeter 
indicated the source position.   
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INTRODUCTION 
 

Area and environmental monitoring are very important Radioprotection 
activities, anywhere non-natural radiation in excess could be present and to strike 
workers or public individuals [1-3].  

 
The monitoring procedure generally is passive and it is conducted by 

displacement of many thermoluminescence dosimeters [4,5] on determined 
places, covering all the area of the site.  These field points are placed during a 
time interval, normally a few months, and measurements inform the dose or 
photon exposure at each point.  

 
In this procedure, very few information of the direction where the radiation 

came from is available. This information came only from the whole interpretation 
of the set of point measured. It is not unusual to be necessary at least 20 points, 
for a reasonable estimate of this direction.  

 
The indication of this direction could be very important to search for radiation 

leaks or lost sources. This work presents a new directional radiation dosimeter [6], 
DD, that measures the exposure and indicates the most probably direction of the 
radiation beam.  

 
The measurements were performed with two of these dosimeters, displaced 

inside the radiation room of a Cobalt-60 Gamma Irradiator Panoramic (~1 kCi). 
Both dosimeters indicated the source position with a good precision. 

 453



IX Radiation Physics & Protection Conference, 15-19 November 2008, Nasr City - Cairo, Egypt 
 

     
DIRECTIONAL DOSIMETER and DISPLACEMENT DESCRIPTION 

 
 

This dosimeter consists of a small lead cube with thermoluminescent discs on each face, 
as can be seen in Figure 1 and 2. It could be used any kind of regular geometrical solid. 

 

 
Figure 1: Sketch of the directional dosimeter, DD. One TLD is placed at each face of the 

cube. This cube has 4.5cm of side.  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 2: Left: DD with plastic stripes used to its fixation. Right: closed view of TLD 
inside the face cavity. 

     
 
One thermoluminescent dosimeter, TLD, is placed at each face of the dosimeter through a 

support in such a way that the TLD don´t be prominent. The material used was CaSO4:Dy 
crystals inside a PTFE matrix in the form of sintered discs with 6mm in diameter and 0.8mm 
in thickness [7]. It could be used more than one TLD at each face, to increase precision. 
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The cube was fixed in a precise position and orientation at the area where monitoring was 
performed. For this study, the area was the radiation room, as sketched in Figure 3. 

 
It was chosen a rectangular coordinated system of reference to describe the positioning of 

source and dosimeters. This system was centered at the radiation source, the x and y axes 
were parallels to the floor, and the z axis was the vertical one. So, the source always had the 
coordinates (0,0,0)m. Two directional dosimeters, DD1 and DD2, were placed at the position 
coordinates (0, -0.56, 0.88)m and (0.81, 0.22, 0.88)m, respectively. The faces of each DD 
were always parallel to the walls or floor, as shown in Figure 3. Every face was indexed with 
a name, as indicated in (A) and (B) of Figure 4, for dosimeters DD1 and DD2, respectively.  

  
 

 
Figure 3: Sketch of the radiation room, where area monitoring was performed.  

 

 
Figure 4: Top view sketch of the radiation room, showing the relative positioning of the 

dosimeters DD1 and DD2. In (A) and (B): diagram of the names of each face of each 
dosimeter. The face xya is at backside of this draw. At intersection of x and y axis is 

placed the radiation source. 
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RESULTS 
 

Once placed at described positions, DD’s were submitted to 10 minutes of gamma 
irradiation. All thermoluminescence dosimeters were evaluated and each value was associated 
to the respective face of the DD.  Each one of these values is the size of a vector orthogonal to 
its face, pointing to the outside of the cube. So, the components of all these vectors are given 
in Table 1. 

 

Table 1: Components of the vectors associated to each face of the DDs. 
DD1 components (μC) DD2 components (μC) Face Vector: x y z x y z 

xya 0 0 -6.67 0 0 -6.85 
xyp 0 0 1.76 0 0 1.61 
xza 0 5.6 0 0 -3.33 0 
xzp 0 -2 0 0 2 0 
yza 1.36 0 0 -6.69 0 0 
yzp -1.56 0 0 1.84 0 0 

resultant vector 
(sum): -0.20 3.64 -4.92 -4.85 -1.64 -5.24 

norm of the biggest 
vector: 6.7 6.8 

direction axis 
distance from the 

source (cm): 
8.1 5.3 

exposure (R): 168 (4.33 x10-2 C/kg) 170 (4.39 x10-2 C/kg) 
  
 All six vectors on the faces of the cube are summed, resulting in a pointing vector. The 

support axis of this vector is the direction that points to the radiation source. By the elemental 
calculations of vector algebra, the less distance from this direction axis to the radiation source 
was 8.1cm and 6.8cm for DD1 and DD2, respectively.  

 
 The exposure at DD position was calculated by multiplication of the biggest norm, 

among all the face vectors, by the calibration factor (25 R/μC). 
 

CONCLUSIONS 
 
It was presented a directional dosimeter that measures exposure and the direction from 

where the radiation came from. One dosimeter only indicates correctly such a direction if 
radiation comes from a unique and small size source. 

 
The experiments were performed in a radiation room for a fast data acquisition. For essays 

at environmental situations, a few months will be necessary.  
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