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ABSTRACT 

The space radiation mainly consists of heavy charged particles (protons and heavier particles). Due to this fact its 
effective dose significantly differs from the physical dose. The recently used measuring equipment is not fully suitable to 
measure both quantities simultaneously. 

The combined device for measurement of mentioned values consists of an on board thermoluminescent (TL) 
dosimeter reader and a three axis silicon telescope as a linear energy transfer (LET) spectrometer. 

The paper deals with the main characteristics of the new system. 
This system can be applied for dosimetry of aircrew as well.  

INTRODUCTION 

Exposure of crew to the ambient space radiation 
environment in low Earth orbit poses one of the most 
significant hazard to long term space habitations. 
Accurate dose measurement as well as the measurement of 
the linear energy transfer (LET) will become increasingly 
important in forthcoming years during the assembly and 
operation of the International Space Station.  

SOME FUNDAMENTAL QUANTITIES OF 
RADIATION PROTECTION 

Absorbed dose: 

The fundamental dosimetric quantity D, defined as 

dm
dE
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where dE is the mean energy imparted by ionizing 
radiation to matter in volume element and dm is the mass 
of matter in the volume element. The energy can be 
averaged over any defined volume, the average dose 
being equal to the total energy imparted in the volume 
divided by the mass in the volume. The SI unit of 
absorbed dose is the joule per kilogram (J*kg -1), termed 
the gray (Gy). 

Equivalent dose: 

The quantity HT,R, defined as 

RRTRT wDH ⋅= ,,  (2)

where DT,R is the absorbed dose delivered by radiation 
type R averaged over a tissue or organ T and wR is the 
radiation weighting factor for radiation type R.  

When the radiation field is composed of different 
radiation types with different values of wR, the equivalent 
dose is  
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The SI unit of equivalent dose is the joule per 
kilogram (J*kg-1), termed the sievert (Sv). 

Effective dose: 

The quantity E, defined as a summation of the tissue 
equivalent doses, each multiplied by the appropriate 
tissue weighting factor: 
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where HT is the equivalent dose in tissue T, and wT  is the 
tissue weighting factor for tissue T. From (2) and (3) it 
follows that  
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The SI unit of effective dose is the joule per kilogram 
(J*kg -1), termed the sievert (Sv). 

Linear energy transfer: 

The linear energy transfer (LET) of charged particles 
in a medium is defined as the quotient of dE by dx:  

dx
dE

LET =  (6)

where dE is the average energy imparted locally to the 
medium by a charged particle of specified energy in 
traversing a distance dx. The unit of LET is keV/ìm. 

The radiation weighting factor is function of LET. 



THE RADIATION FIELD 

The cosmic rays can be divided in two parts: the 
galactic cosmic rays and the solar particles. Figure 1 
shows the differential LET spectrum for the two 
constituents. It was measured with DOSTEL inside 
Biorack on USS-Space-Shutle mission STS-76, STS-81 and 
STS-84. GCR includes the radiation during quiet sun 
activity times outside the South Atlantic Anomaly. SAA 
contains mainly trapped protons with minor GCR 
background and used to measured during crossing of the 
radiation belt over the South Atlantic.  

 

FIGURE 1. Cosmic rays, (MIR, 25-30.10.1997.) 

Galactic cosmic rays 

It was found in the galaxy, cosmic rays have an 
energy distribution given by E-ã per MeV, where E is the 
particle kinetic energy and ã�2,6. Galactic cosmic rays 
have an intensity of about 10 (cm2· s)-1 which is 
essentially unchanging over periods of time. The major 
components of cosmic rays are proton (about 95%) and 
alpha (3,5%) particles with the reminder heavier nuclei.  

Solar particle events 

Part of the energy released in solar flares may be 
carried off by nuclei accelerated to high energies and 
injected into the interplanetary medium. The source of 
these solar particles is the solar flare, which is a transient 
and localised release of energy usually occurring in, and 
above an active region on the Sun. Major solar particle 
events occur at random with a frequency that varies from 
approximately one every two weeks to one every two 

years. Major solar particle events consist primarily of 
sizeable fluxes of energetic electrons and energetic 
protons. They may also contain a small and apparently 
variable flux of heavier nuclei. The frequency of solar 
particle events is correlated with the solar activity cycle, 
however there is a large variance in the distribution. 
Significant solar particle events have occurred during 
solar minimum.  

METHODS 

The elements of the complex system are to be seen in 
figure 2. 
• The dose is measured with the Pille TLD system. 
• Since the efficiency of the TL dosemeter is a function 

of LET, the values of the absorbed dose should be 
corrected. 

• The fundamental quantity for radiation protection 
purposes is the equivalent dose, which is obtained by 
the multiplication of the absorbed dose by the 
radiation weighting factor (wR). The wR is a function 
of the LET of the concerned radiation. The LET value 
of the space radiation shows wide range distribution 
between 0.3 to 200 keV/ìm. There are several methods 
to determine the LET, in this project Si telescope is 
used.  

• Effective dose could be determined if method 
complimented with phantom-measurement. 

Separately should be taken the effect of the secondary 
neutrons into consideration to obtain the total dose. 
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FIGURE 2. The elements of the complex system 



THE ELEMENTS OF THE COMPLEX 
SYSTEM 

Pille 

The absorbed dose (Gy) is measured with a TLD 
system named Pille. A cross-section of a TL dosemeter is 
to be seen in figure 3. Its essential component is a small 
vacuum bulb made of glass (a), containing the TL material 
(b) laminated to the surface of a resistive metal plate (c) 
that is heated electrically. The system applies different TL 
materials (CaSO4:Dy, 7LiF, LiF and Al2O3:C). Each TL bulb 
is encapsulated in a cylindrical, pen-like metal holder made 
of oxidised aluminium. A memory chip (d) mounted inside 
the holder contains the identification code and the 
individual calibration parameters of the dosemeter. The 
aperture (e) of the holder is normally covered by a 
stainless steel tube (f) to protect the bulb from light and 
mechanical effects and to prevent the operator from 
touching the hot bulb just after read-out. The tube slips 
backwards automatically when the dosemeter is inserted 
into the reader. Three gold-platted contacts (g) on one end 
of the holder provide a lead-in for the heating current and 
access to the memory chip. A milled-edged head (h) on the 
other end serves for operation during read-out. The same 
code stored in the memory chip is engraved on the head to 
provide visual identification. Except during read-out, the 
dosemeter is inserted in a protective metal case. The 
dosemeters have a diameter of 20 mm, a length of 60 mm 
and a mass of 70 g. 

 

FIGURE 3. Cross section of the TL dosemeter 

These dosimeters are read out by a lightweight (1.5 
kg) on-board reader. The TLD reader is a microprocessor-
controlled unit for providing the preliminary evaluation of 
the dose absorbed by the dosemeters. The reader heats 
the TL material inside the bulb at a defined rate. By 
measuring the amount of light subsequently emitted by 
the heated TL material, the TLD reader can measure the 
absorbed dose. The measured dose is displayed and 
stored on a removable flash memory card.  

The reader is able to work in manual and in automatic 
mode. In manual mode the user can read out the 
dosemeters, check or set the parameters of the automatic 
mode, recall the data of any previous read-out and initiate 
automatic mode. In automatic mode the reader measures 
the dosimeter left in the device. This TLD system was 
developed in Space Dosimetry Laboratory of the Atomic 
Energy Research Institute, Budapest. 

Dostel 

The instrument DOSTEL (DOSimetric TELescope) is 
based on two identical passivated implanted planar silicon 
(PIPS) detectors (Canberra Semiconductors) and designed 
to measure the energy deposit of charged particles. Both 
detectors have a thickness of 315 µm and a sensitive area 
of 693 mm2 . They are mounted in a distance of 15 mm, 
forming a telescope with a geometric factor of 824 
mm2•steradian for particles arriving from the front. The 
same geometric factor is valid for particles coming from the 
rear. 

Each detector is connected to an independent 
analogue signal section consisting of a charge sensitive 
amplifier (Amtek A250) followed by a two-step pulse 
amplifier (1µs pulse shaping time constant) and two peak 
detectors (figure 4). Together with a multiplexed 8-bit ADC 
this design allows a pulse height analysis of the detector 
signals with 255 channels of 15.65 keV width for low 
energy deposits up to 4.0 MeV and 255 channels of 313 
keV width for high energy deposits up to 80 MeV. This 
corresponds to a linear energy transfer range of about 0.1-
120 keV µm –1 in water. 

FIGURE 4. DOSTEL Block diagramm 
DV- Detector Voltage, CSA- Charge Sensitive Amplifier, 
PA- Pulse Amplifier, ADC- Analog Digital Converter, PD- 
Peak Detector, UART- Serial Interface, RTC- Real Time 
Clock 

DOSTEL was developed in co-operation of DLR and 
University of Kiel during 1995. 

The DOSTEL consisting of 6 planar silicon detectors 
placed at each side of a cube housing an organic 
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scintillator and acting as 3 telescopes and an 
anticoincidence detector. 

The DOSTEL consisting of 6 planar silicon detectors 
placed at each side of a cube housing an organic 
scintillator and acting as 3 telescopes and an 
anticoincidence detector. 

The DOSTEL will be fixed to the wall of the TLD-
Reader. (Fig. 5.) Dostel has its own power supply unit and 
its own control and processing unit. Main power will be 
provided through the TLD-Reader part, which interfaces 
to the space station power and data acquisition systems. 

The instrument is housed in an aluminum box and can 
be operated at least between –15° C and 40° C. The 
instrument is not sensitive to contamination. 

The estimated mass of the combined (Pille and Dostel) 
instrument is 4.5 kg, the estimated size 190 x240x 70 mm3. 
The power consumption is estimated to 5 W continuos 
and 11 W peak power (during TLD Read-out for 80 s). 

The instrument is equipped with a RS232 interface to 
allow telemetry of data and software changes. In nominal 
operation with DOSTEL 1 MB per day data are generated. 

Evaluation software converts the LET spectrum to an 
averaged wR and TL dosemeter correction factor is under 
construction. The final output of the system – including 
ground evaluation as well – will be the equivalent dose on 
board International Space Station. 

FIGURE 5. The Pille-DOSTEL complex system 

CONCLUSIONS 

One of the many risks of long space flights is the 
dose burden from cosmic radiation. Accurate dose 
measurements as well as the measurements of the ratio of 
low to high LET dose components will become 
increasingly important in forthcoming years during the 
assembly of large orbital stations.  

The described radiation measurement devices would 
provide the environmental information for the 
• absorbed dose 
• LET spectrum 
• quality factor 
• equivalent dose 
• effective dose, if it is complimented with phantom 

measurements. 
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