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ABSTRACT 

 

 

High energy stray radiation fields have been realised since 1993 at CERN also 

in the frame of CEC-CERN collaboration on the project: „Detection and the 

Dosimetry of Neutrons and Charged Particles at Aviation Altitudes in the 

Earth´s Atmosphere“. They are formed at the H6 beam of the north experimental 

area of the SPS facility. Two shielding configurations have been built, with the 

top concrete, resp. top iron shielding. Many intercalibration experiments have 

been realised since the beginning. After an interruption due to technical 

problems, two other campaigns have been realised during 2006 year, another 

one during the June 2007. This report describes analyses and discusses the most 

of results obtained during the last, 2007 run, by the participants from the 

Department of Radiation Dosimetry of the NPI of the AS CR. 
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I. INTRODUCTION 

 

Spectrometry and dosimetry in high energy stray radiation fields are interesting not only from 

the point of view of the radiation protection around high energy accelerator but also for the 

correct interpretation of radiation measurements on the aircraft board. Actually, ICRP 60 

recommendations [1] suggest including aircrew members between occupationally exposed 

persons. Workshop [2] organized by EC to exchange available information has underlined the 

importance of calibration experiments behind shielding of high-energy accelerators. High 

energy stray radiation fields have been realised in the frame of CEC-CERN collaboration on 

this topic. More then twenty intercalibration experiments have been already realized in these 

fields since 1993, frequently with our participation [3-5]. This report describes, analyses and 

discusses the results obtained during the runs performed at the August and October 2006. 

 

2. EXPERIMENTAL 

 

2.1. CERN High Energy Stray Radiation Fields 

 

High energy stray radiation fields have been realized at the beam H6 of the SPS facility at 

CERN. A secondary beam positively charged particles (protons: pions; 2:1; 120 GeV/c) was 

during June 2007 campaigns allowed to enter into collision with a thick copper target ( 70 

mm x 500 mm). The target is located in one of two shielding configuration built for the 

purpose of the experiment with a concrete (800 mm) or an iron (400 mm) top as already 

described [3-5]. Different measurement positions are available on top and on the side of both 

shielding configurations. Only positions behind the side concrete shield were used during 

2007 run. 

The time structure of the beam changed as compared to previous runs. It is that within a pulse 

cycles lasting 16.8 s the particles are impinging on the target 5.1 s.  Some information on 

neutron spectra is available from the calculation by means of FLUKA Monte Carlo code 

and/or from the measurements with Bonner spectrometer [6]. 

High energy stray radiation fields are monitored with a beam monitor-precise ionization 

chamber (PIC), all results will be presented for 1 count of this monitor.  

 

2.2. Equipment and Detectors Studied 

LIULIN-4C semiconductor energy deposition spectrometer [5,7] 

The equipment is a miniature spectrometer-dosimeter containing: semiconductor detector (Si-

diode), a charge-sensitive preamplifier, 2 microcontrollers, a flash memory and Li-ion cells. 

Pulse analysis technique is used to measure the energy deposited in the detector. The unit is 

managed by the microcontrollers through specially developed firmware, plug-in links provide 

the transmission of the data stored in the flash memory toward a standard PC. Two units of 

this equipment were used in both 2006 CERF runs, MDU01, and 02, both powered with the 

standard 1350 mAh Li-ion accumulators. In such case they can operate continuously about 

120 hours. They were calibrated and compared in many previous studies [5,7-9]. 

 

Tissue equivalent proportional counter (TEPC) HAWK [10] 

The HAWK environmental Monitoring System FW-AD1 is available from Far West 

Technology Inc. It includes a 127 mm diameter spherical TEPC simulating a mean chord 

length of 1.3 µm. Its calibration has been performed by 60Co photons, for the component with 

low linear energy transfer (LET), by means of AmBe, and 252Cf neutrons for the component 

with high LET (neutrons). 
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Bubble Neutron Damage Detectors (BDND) [11] 

Detectors have been developed and are commercially available from Bubble Technology 

Industries, Chalk River, Canada. The types tested and used (PND, BD100R) detect neutrons 

from about 100 keV, in terms of equivalent dose are roughly energetically independent from 

200 keV to about 10 MeV. For higher neutron energies their response decreases. The response 

in Dubna high energy reference fields represents about one half of the response to 252Cf 

neutrons [12]. Both PND and BD100R tested had nominal sensitivity about 4 bubble per 1 

µSv of H*(10) of AmBe neutrons. 

 

Thermoluminescent Detectors (TLD´s)  

Three types of thermoluminescent detectors were used to characterise low LET contribution 

to the total equivalent dose: Al2O3:C [13], CaSO4:Dy [14], and czech alumophosphate TL 

glasses [15]. They have been studied in our laboratory since many years, including theirs 

responses to high LET charged particles. Their thermoluminescence yield („light conversion 

factor“) decreases with the increase of LET of the particle transferring the energy above few 

keV/µm, much more rapidly for Al2O3:C than for other two types of TLD´s [16,17].  

 

Spectrometer of the linear energy transfer (LET), based on a chemically etched 

polyallyldiglycolcarbonate track etch detector was used to establish LET spectra in the 

reference fields. It was developed in our laboratory many years ago[18], and recently 

upgraded [19] it can appreciate dose and dose equivalent distributions in LET between 10 and 

700 keV per m in tissue. As far as integral values are concerned, it can be used to measure 

the dose equivalent between few and 100 mSv.  

 

2.2.3. Detector and Instruments Calibration 

Detectors and instruments devoted to characterise low LET component of high energy 

reference fields have been calibrated in etalon beam of 60Co photons. Detectors and 

instruments devoted to characterise high LET (neutron) component of high energy reference 

fields have been calibrated using a bare AmBe and/or 252Cf radionuclide neutron source, and 

in CERN high energy reference field [3-5]. 

In both cases the reading has been treated in terms of ambient dose equivalent H*(10). All 

results presented are expressed with errors corresponding to 95% statistical reliability. 

 

3. RESULTS 

 

3.1. Measurements with MDU-Liulin energy deposition spectrometer 

(nevyhodnoceno zatim – 12.4.2008) 

Measurements, results of which are described in this report, were realised at the 05-06/07. 

Example of MDU-Liulin data record taken from the flash memory is presented in Fig. 1.   

First, the details of MDU equipment data treatment should be reminded. Pulse analysis 

technique is used to measure the deposited energy in the detector. The amplitude of the pulses 

is proportional by a factor of 240 mV/MeV to the energy deposited in the detector. Final 

adjustment of the energy scale is made through the 60 keV photons of 241Am. The amplitudes 

are digitised and organised in a 256-channel spectrum. The dose D [Gy] is calculated from the 

spectrum as: 

D = K*(Ei*Ai)/MD,     (1) 

where MD is the mass of the detector in [kg];  Ei is the energy loss in the channel i; Ai is the 

number of events in it; and K is a coefficient. 
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Figure 1 Flash memory record of MDU01 reading during 14-15th August measurements 

 

MDU-Liulin Si- diode has the dimensions 10x20x0.3 mm3, it is covered from the front side 

by 0.3 mm of epoxy and 0.4 mm of Al.  

As already observed in previous studies, both MDU units used behave similarly. As an 

example for this statement, D(Si) deposition spectra comparison is presented in Figs 2 and 3.   

One can see there that, actually, D(Si) energy deposition spectra registered  in both MDU 

units are very similar. 
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Fig.3: Comparison of D(Si) spectra – TC position Fig.4: Comparison of D(Si) spectra – CS position 

 

Further treatment of data has been performed as follows: 

a) Total value of D(Si) is, on the base of calibrations realised in several on-Earth reference 

radiation fields, divided on the part corresponding mostly due the energy deposited due to 

non-neutron and/or neutron (and neutron-like) component of the  radiation field. 
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b) These partial values of D(Si) are converted to the ambient dose equivalent (H*(10)) due to 

components mentioned using conversion factors determined in the CERF high-energy 

radiation fields [6] and during direct onboard aircraft common measurements of MDU 

equipment with tissue equivalent  proportional counters [17]. 

Examples of data treated in this way are presented in Figs. 5, and 6. 
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Fig.5: Record of D(H) rates as treated from 

MDUs data registered during 30/10 run 

Fig.6: Record of the ratios of H values per PIC 

obtained from data presented in Fig. 5. 

 

Figure 5 shows again the agreement of both MDU units data, the influence of beam fails is 

also demonstrated. In Figure 6, these data are presented relatively to corresponding counts of 

PIC monitor. A drop of ratios after about 12:00 will be explained and discussed further. 

Using the data obtained during both runs, integral values of dose equivalent for total dose 

equivalent (Htot) as well as for components corresponding to low, and high-energy deposition 

events (Hlow, Hhigh) can be calculated. The most important results are given in Tables 1 to 3. 

One can see there that: 

1. There is a quite good agreement of the results obtained by means of two MDU-Liulin 

units used. 

2. There is a good agreement of results obtained in the same conditions ar August and 

October run. 

3. A not negligible influence of the distance from the wall can be stated. The results obtained 

at 20 cm distance are about 11% lower than those obtained at the distance of 12 cm. 

 

Table 1: Values of dose quantities as measured by and/or interpreted from MDU-Liulin data; 

CS 2 position, distance to the wall 12 cm, August 2006 

MDU unit  D(Si) Hlow Hhigh Htot 

01 Time integral, mGy(mSv) 1.28 1.05 3.54 4.59 

 Per PIC, mGy(mSv) 103 84.5 285 370 

02 Time integral, mGy(mSv) 1.18 1.07 3.45 4.52 

 Per PIC, mGy(mSv) 96.3 86.9 280 367 
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Table 2: Values of dose quantities, in μSv per hour, as interpreted from MDU-Liulin data;  

CS 2 position, October 2006 

MDU Distance to wall, cm Hlow Hhigh Htot 

01 12 1202 *) 39416 51316 

02 12 1242 39116 51517 

01 20 1102 36114 47116 

02 20 1182 36414 48216 
*) Here, and in all other cases; 1s, only statistical 

 

Table 3: Values of dose quantities, in pSv per 1 PIC count, as interpreted from MDU-Liulin 

data; CS 2 position, October 2006 

MDU Distance to wall, cm Hlow Hhigh Htot 

01 12 83.71.9 *) 27511 35912 

02 12 86.91.3 27411 36012 

01 20 73.51.4 2418 3159 

02 20 79.62.2 24511 32413 
*) Here, and in all other cases; 1s, only statistical 

 

3.2. Measurements with TLD’s – low LET component 

 

TLD’s were together with other passive detectors exposed in the position CS3 , at the distance 

of 20 cm from the shield wall. The results of their evaluation are presented in Table 4. 

 

Table 4: Values of dose quantities, in pSv per 1 PIC count, as obtained by means of TLD’s, 

CS 3, distance to wall 12 cm 

 

TLD AlP glass CaSO4:Dy Al2O3:C 

H*(10), pSv/PIC 85.8±5.2 1) 110±4 82.3±3.2 
1)  2 s for all values 

One can see that: 

1. As usually, the values obtained with Al2O3:C are the lowest one, due to their most rapid 

decrease of RR with the LET of radiation 

2. Values obtained with Al2O3:C are close to the values obtained with MDU-Liulin, while 

those obtained with other two TLD’s are a little higher, probably due to theirs higher 

responses to higher LET radiation [15,16]. 

 

3.3. High LET component measurements 

 

3.3.1. Bubble Damage Detectors  

 Bubble damage detectors used were during June run also irradiated at side concrete, 

CS2 position, in the distance of about 12 cm from shield wall. The results of their readings 

when individual calibration was used, are, in the H*(10) of Am Be neutrons presented in 

Table 5. 
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Table 5: Results of evaluation of BDND exposed in CERN behind side concrete shielding  

 

type pSv(AmBe) per PIC count 

 1. exposure 2. exposure 

BD 100R 235  24 199  22 

PND 330  45 297  42 

 

 One can see that: 

1. The response of PND type BDND is regularly higher that that of BD 100R, in average of 

about 45 %. 

2. When compared to reference values [6], the response to CERF neutrons represents about 

(86 ± 10) % of that to AmBe neutrons for PND type, (77 ± 10) % for BD 100 R. It is a 

little more than it was observed previously ( ~ 70 – 65 %) 

 

3.3.2. Spectrometer of the linear energy transfer (LET) 
Example of LET spectra as measured by the spectrometer based on chemically etched track detectors 

is shown on Figure X 
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