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Abstract 

Britvich G.l., Chumakov A.A. Reference Fields Superposition Method for Dosimetric Apparatus 

Calibration to Operate Within the Neutron Radiation FIelds: IHEP Preprint 93-66. - Protvino, 

1993... p. 15, figs. 11, tables 3, refs.: 18. 

H has been proposed to ~alibrate  sOme- single neutron dosimetric detector in several ref­

erenCe fields with neutron spectra whose linear combination with some weighting coefficients \approximates the spectrum in the real measurement place. The corresponding linear com­

binatioll of the rearlings from this detector in these reference fields with the same weighting 

coefficients,is used as the detector re~ding~  in a single reference field. The efficiancy of this 

calibration method \vith real 8 refer~nce fields has been inves~igo.t.ed  with the help of the .com­

puter simulation. It has been shown that this m~thod  allows cne to calibrate some :'dosime~ric  

detector more correctly than comIhonly used ones. 

AHHOTanHjI 

OpnTBlltI r.ll., qyMaKoB A.A. MeTon cyrreprrOJHUHH orropHhIX IIOJIeU npH rpanyHpoBKe 

n03u:-'leTpUl.£eCIWH arrrrapaT'yphI n;UI pa60ThI B nOJBIX HeHTpoHHcro M3JIytIeHmI: IIpenpMH1 

lleJ)B3 93-66. - IIPOTBIEIO, 1993. - 15 c., 11 puc., 3 Ta6JI., 6M6JIMOrp.: 18. 

fIpenJIOiKeHC rpanynpoBaTb haJi(nbIlI He{npoHHolH n03MMeTpMtIeCKMH neTeKTOp B Het.:KOJIb­

IdlX 0110PHbIX IIOil5lX, TaKHX, 'ITO 'lHueilHa5l KOM6IIHaUH5l HeHTpoHHhIX crreKTpoB :nux IIoneif c 

Eel,,:oTOphI:-IH BeCOBhl:-.m 1;03<p<PllUHeHTaJ-Ul aIIrrpoKcHMHpyeT cneKTp B peaJIbHOM MeCTe H3Mepe­

1II[~[' COOTBeTcTBYloWa5l JIIIHeIIHa5l KO~16IIHaU:U5l nOKa3J,HuI'i ::noro neTeKTopa B Tex )Ke IIOJUIX 

c Te:-.m )1\1" BeCOBhnm 1\03¢¢UUUeHli:l:\1Il pacc~laTpIIBaeTcSI KaK IIOKa3i:,HI1e neTeKTopa B OLlHOM 

onopno:\l DOile. IIocpe.uCTBO:-'1 KO:-'IIIhlOTepHoro '3KCrrepI1~leHTa a-:cnenOBaHa 3<p¢eKTMBHoCTb '3TO­

fO :-'leTO,ua npu JlCnOiIh30BaHlIH BOCb:-.m pea.lhHhlX onopHhlx nonet'!. IIoKa3aHo, tITO TaKoH l\leTOn 

n03BO.l~eT rpanynpoBdTh n031L\leTplltIeCKHe neTeKTophI 60JIee !WppeKTHo, tIeM 06hltIHO !1<TlOJIb­

3yp:-'lble :-'leTOllhl rpanyllpoBlm c nmWllT.hIO orropHhlx rroJIeu. 
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:f , Introduction 
~. I 

It is common'knowledge that the reading of the neutron radiometers and 
J 1 dosimeters in the neutron radiation fields behind the biological shields of 
" 

" 
~ 

,) 

nuclear-physics and nuclear-energetic installations are spectra dependent. That 
is why it is necessary to interpret these reading correctly. To this end someone 

I must know in detail a detector responselunctionlorcaliLrate this detector with 
help of the reference neutron field provided that the neutron, spectrum in the 
place of the measurement is known. The calculated detector response func­
tions are used as a rule when the first approach is applied to the abovementioned 
interpretation. It connected with the fact th~t the detailed experimental deter­
mination of the real detector response function, as a rule, is a dufficult problem. 
Only the spectra measurements are requiJ;ed for the 2nd approach application. 
Such meastlrements are' a more easy problem. It is required of the reference 
field that its neutron spectrum be similar enough to the spectrum in the real 
measurement place. The commonly used reference field of the direct neutron!> 
from the 252Cf radioactive source satisfies this condition not in all cases. That 
is why the direct calibration in the measurements place is used sometimes [1]. 
But such method is not always possible and convenient. The other method used 
is the calibration with &inglc reference field with the spedrum which simulates 

" I 
the real measurement place field spectrum [2). The spectra belonging even to 
a single installation can be significantly different [3,5]. It liniits the application 
of this calibration method. However, the simple analysis of a great number (}f 
spectra behind the biological shields of different nuclear installations points to 
the fact that these spectra, as a rule, consist of a limited number of typical 
components. The main of them are the followiI).g: 

t 
1Hereafter we shall use the term "detector response function" me;ming "energy depe!ldence of the 

detector efficiency" . ' 
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- the high energy leakage neutron component of the spectrum behind the 
biological shields of accelerators (it is dominant above 20 M~V); 

- quasy-maxwell "evaporation" component of the spectrum with the effec­
tive temperature about 0.8 MeV (below 20 MeV); , 

-l/E component of the spectrum from the air scattered neutrons (below 
0.1 MeV); 

- Jntermediate neutrons peak behind the' thick iron shields which is re­
lated to the neutron-iron interaction cross-section minimum (in the vicinity of 
20 keY); 

- an additional contribution of the intermediate neutrons from the com­
munication laHyrinthes of the biological shields (below 1 keY). 

Consequently, it is reasonable to suggest that some spectrum out of a grea.t 
variety of the neutron spectra behind the biological shields can more often be . 
approximated than not with sufficient validity by means of superpositions of a 
limited number reference field spectra. 

We propose to calibrate each detector in several reference fields, alterna­
tively. Then it is necessa...7 to approximate the real measurement place field 
spectrum with a linear combination of these reference field spectra with some 
weighting coefficients. The corresponding linear combination of this detector 
reading at these fields with the same weighting coefficients is 'equivalent to 

this detector reading at the single reference field with a spectrum similar to 
tlie measurement place field Otic. 

We have at hand 8 suitable neu1;.ron reference fields. 7 of them are based on 
the 252Cf and Pu-alpha-Be radioactive sources {4J and the 8th one is the field 
of the high energy leakage neutrons behind the biological shield of the 70 GeV 
proton synchrotron [8] (spectra N 1333, see [5]). In this paper we investigate 

I 

the proposed method efficiency with these 8 reference fields, and we compare it 
with the efficiencies of the calibrations made with direct neutrons f~om  2&2Cf 
and single reference field. This investigation and comparison are carried 'out by 
means of computer calculation. 

1. Testing of the detector calibration methods 

To compare the efficiencies of different methods of the dcsimetric detec­
tor calibrations we have simula.ted the maximum dose equivalent meas'..1rement. 
processes by-the ~omputer  calculation based on the data available in literature. 
In the case being considered it has been suggested that the measurements are 
ca.rried out within the nel1tron fields with the known spectra with the help of 
the calibrated dosimeters. And no information about the response functions of 

[9J Apfel R.E., Roy S.C. NIM, 1984, v. 219, pp. 582-587. 

[10J Sims C.S., Killough G.G. Oak Ridge National Laboratory, RETT. 
ORNL/TM-7748, 1981. 

[l1J Iwai S. et al. NIM A254, 1987,pp. 159-171. 

[12J Aleinikov V.E. et al. Roo. Prot. Dosim. (To be published). 

[131 Belogorlov E.A. et al, Kernergie, 1988, v. 31, N2 6, pp. 262-267. 

[14]� Ing H, Birnboi~ H.C. Nucl. Trakes., 1984, v. 8, pp. 285-288. 
I 

<f " [15J Lebede~  V.N., Sannikov A.V. Preprint IHEP 86-1, Serpukhov, 1986. 

~ ~, [16J Hertel H.E., Davidson J.W. NIM A238, (1985), pp. 509-516. 
4l1'1. 

[17J� BuchnevV.N. et al. Preprint JINR, P16-86-491, Dubna, 1986. 

[18J� Belogorlov E.A. et al. - In: Proc. of Tenth All-UTJ.ion Conference on 
Charged Particle Accelerators, 1987, v. 2, p. 396. 
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Figure 11. The same as in Fig.I for SR(COMBI IHEP) dOllimeter. 
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these dosimeters has been used to interpret readings. Three .calibration tech­
niques have been simulated: 

-- "method A" consists in the calibration with direct neutrons from the 
252Cj radioactive SOUTce; 

- "method B" consists in the calibration with a single reference fidd with 
the spectrum which simulates the '~measurement"  place field spectrum; 

- "method C" is the proposed calibration technique with the help of the 
several reference fields. 

The sample of 333 neutron spectra have been exploited to, develope this 
, I comparative testing. This S&IIlple ct)ntains the cosmic' rays spectra in s~all  

, proportion and spectra behind the biological shields of the nuclear reactors, 
l r) toka.maks, different accelerators, some health installations and a number of 

" I ~, other nuclear installations spectra. All Of them have been found in the published 
'j> papers, but the reference list is not presented because of its great volume. Mo~t 

'1 .... of them have been chosen from 131 and [5J. The true maximum dose equivalents 
have been calculated for all of them: 

Emu 

Ho= J j(E)h(E)dE, (1) 
Emi,. 

where j(E)- literature spectrum; h(E) - energy dependence of the neutron 
maximum dose equiv-dlent [61; Emin and El7l/Jz - the spectrum energy range 
bounds given in the literature. Then, 11 dosimeters have been chosen (see Tar~ 

ble 1). They are: two albedo personnel dosimeters, five fast neutron dosimeters 
.':' 

anp four radiation monitoring ones. The reading~  of these 11 dosimeters at 
each of 333 spectra have been simuiated as follows: 

ErniA 

N = J j(E)~(f)dE. (2) 

E,"" i 
Here ~(E) - the literature dosimeter respoqse function (all the references are 
given in Table 1). The corresponding maximrim dose equivalents are calculated 
on the basis of readings; 

N 
H= NHe. (3) 

, \ 
Here N e and He are the simulation of the dosim~ter  readings arid the, neu­
tron maximum dose equivalents for,the calibration ~easurements,  respectIvely. 
The vaiues of Ne iilld He have been calculated by means of the three different 
methcds which correspond to three different calibration techniques A, B, C. 

314 
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With A a.pproach they arp. calculated as follows: 

Ne =J00 

fe(E)~(E)dE, , (4) 
o 

He = J
00 

fe(E)h(E)dE,� (5) 
o ' 

where fe(E) is the well-known spectrum of the direct neutrons from' the mCf 
radioactive source [7]. 

With B approach they are calculated as follows: 

EcmfU 

Ne = J fe(E)~(E)dE, 	 (6) 
Ecmin 

Fem,)J: 

He = J fe(E)h(E)dE,� _(7) 
Eemin 

where fe(E) is one of the 30 spectra of reference fields which have previousiy 
been reported [3-5, 7-12]. This set of spectra contains the above-mentioned 
spectra: the direct neutrons from the 2S?Cf spectrum and the spectra of cur 8 
reference fields. Each out of 333 literature spectra has its own reference field 
spectrum fe(E) chosen out of 30 in such a way as to minimize the following 

functional: 
jm.z 2 (&)

S = L [K(Xj ) *Xj *Wj *Q(Ej ) *h(Ej)] , 
, j=1 

(9)
where Xj = f(Ej ) - fe(Ej ), 

i \ 1, if Xj < 0, 
K(X j ) =\ 1, ~f X j =0, (10) 

\ 10, ~f X j > 0, 

Ej, if.1 = 1,IEj+1 
(11)W j =� Ej+l Ej_l, if 1 < j < jm.:JZ:' 

E/· Ej_l, if j = jma~,3 
I 

Q(Ej) =1.� (12) 
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,Figure 9. The same as in Fig.l for CR(JINR) dosimeter. 
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Figure 7. The same as in Fig.l for NTEF(K-20 C) dosimeter. 
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figw:o 8. The sanle as in Fig.! for SR(lO" CH2 ) dosimeter. 

Here Ej, j = 1, ... ,jmfJ~ - the set, uf the energy pomts in which the literatw'e 
spectrum feE) is givenj K(Xj ) - the function to prefer the exceeding of H 
above Ho, rather than vice versa; Wj - the weighting function to minimize the 
contribution of ph tenuto the error of Hj Q(E;) - the weighting function to 
apply the ~nformation  about the dosimeter response function. Q(Ej ) == 1 when 
no information is used. 

With C approach: 

8 Sima" 
(13)Ne = L� Ai f Ii(E)~(E)d.E,  

i=l E ' 
imin 

8 Eo..."" 
He = L Ai f fi(E)h(E)dE,� (14)J ~  i=l E _

imin 

. I 

w~ere fi(E), i = 1, ... ,8 are the spectra of our 8 reference fields; Ai, i = 1, ... ,8 
ar~  the fitting weighting coefficients which minimize functional (8) with the 
substitution of 

8 
X; = f(Ej ) - E Ai/i(E;)� (15) 

i=l 

for (9). 
Then we have built the distribution of the HIHo ratios by 34 nonuniform 

groups~ The bounds of these groups are given in' Table 3. This distributions 
a.re plotted in' Figs.l-11 for all 11 chosen dosimeters. The results obtained 

, ~ 

{� 

with the methods A, B and C are plotted by points, dotted line and solid line, 
respectively.. 

To characterize the efficiency of the A, B and C methods the fraction' of 
spectra when the maximum dose equivalent estimations H differ from the true 
one" Ho by less than 30% of Hf) have been given on a percentage basis for all 
these distributions. This 30% interval corresponds to H/ Ho rati~ values from 
0.7 to 1.3. These proportions are given in each of Figs.I-II for the A, B and C 
mp.tllods consistently and are summarized in Table 2.,r) 

2. Short discussion 
, r 
( As can be seen from Table 2 and from Fig.l-ll the proposed method C is 

more efficient for the dosi:Qleter1aJ.ibrations than A and B. It should be noted 
that the sample of 30 reference fields used for the method B testing has inclu.ded 

I 
I 5 

12� 



... :1 
8 reference fields used for the method a. It is interesting that with the method 
B in none of 333 cases the spectrum of tJie direct neutrons from 252Cf source has 
been chosen as a reference field spectrum most similar to the measurement place 
spectrum. It can be seen the W'~rse  the dosimeter response function duplicates 
the energy dependence of the maximuln dose equivalent the more superior is 
the method C over A and B. It is esse~tia1, e.g., for such convenient on rOlltfue 
operation dosimeters ~ albedo personnel ones. It is obvious that the proposed 
method is applicable not only to the maximum dose equivalent measurements 
but to any integr3J. values (e.g., flux density, kerma etc.) measurements 2S well. 
It is simple to apply tp.e information about the dosimeter response function 
with the help of the weighting function Q (see formula (8)). And it is simple to 
make changes in the measurement fesults using this calibration method when 
the energy dependence of the measurement value is modified. 

Conclusions 

The method of the ref~eIJ.ce  fields superpositio~ has been proposed for the 
•� dosimetric apparatus calibration to operate within the neutron fip-Ids behind 

the biological shields of different nuclear installations. The main point of this' 
method is the calibration of asingle detertor in several reference fields, alterna­
tively. Then it is necessary to approximate the spectrum in the real measure­
ment place by means of the linear combination of these reference fiel? spectra 
wit.h some weighting coefficients. The, ,corresponding linear co~bination  of the 
detector evidences at these reference fi~lds with the same weighting coefficients 
is used as a detector evidence at the lingle reference field. This method effi­
ciency with utilization of our real 8 re~reDce field'3 has been investigated with 
.the help of the ~omputersimulation. Ie.ihas heen shown that this method allows 
us to calibrate some dosimetric detector' more correctly than two commonly:used 
ones: the calibration with the direct ne\ltrons from 252C j radioactive source and 
the calibratIon with the help of a single reference field with the neutron spec­
trum similar to the real measurement piace one. It can be seen the worse the 
detector response function duplicates the energy dependence of the value tinder 
measurement the more superior is the proposed method efficiency over those 
commonly used. It is essential for some convenient for the routine operation 
detectors. 
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EVENTSI BIN hhk.L. The neutron dosimeters used 
r-­

·50 FTO t237Np) Do~imeter  short Symbols Cor Calculated ReCerences 

1'-1 Ho± 30% (59:84:81 ) 

". 

40 
r t ~"ji 

20 ~.,...r·i r.l 
. Lr~~ 

~._t·  ..! ~,  

: f 

L•........:... ~.-..�0 1 c.;-"'" 
~ 10 15 20 25 30 BIN,I I I I I 

.001 .1 .7 1. 1.3 2. 100 H/Ho 'I 1 
Figure 3. The same as in Fig.1 Cor FTD(231Np) dosimeter. .:; .) 

,~ " 
'i 

l 

:1 
·,.1 

_ 
EVENTS I BIN ":'.'1 

'\
100' BO� 

H±30 %(46;79;84)� o

r..... r 
: :.I-~  lso 
1 -. r' : ,: ,,: f'~  

: I I • : 

i .. J t-1 i ,~~ 
1"._1 I '--t 

_.1':" 
. 

rJ 
I 

,Ii . ,
• ,I

I 

H/Ho ~J
Figure 4. The same as in Fig.1 Cor BD dosimeter. 

I 

description designation or meas1,lred 
Albedo perdonnel dosimeters: 
6 LiP within cadmiuin. 
plated polyethylene 
moderator. AD{6LiF) M [13J 
1:M>U wil;h cadmium-
plated ,track detector. AD{235U) M [13] 
Fast neutron dosimeters: 
Fission track detector 
'¥.11Np FTDe31Np) C,M [3J 
Bubble detector with 
supe~heated  disperse 
working substance. BD M [14J 
Recoil track Jetector 
CR-39, chemically 
etched. RTD(CR-39 CE) C~  M [3] 
Nuclear track emulsion 
film, type K-20. NTEF{K-20 M) M [13] 
Nuclear track emulsion 
film, type K·20. NTEF{K-20 C) C [15J 
Radiation monitoring dodmeters: 
6Lil detector within 
ca.dium· plated 10" diam. 
polyethylene moderator. SR{lO" CH1) C [16] 
Cylin<'rical remmeter 
with BF3count'.)r. CR(JINR) M [11J 
Leake remmeter, 95/0075 SR(LR,95/0075) M . [3J 
6 cadmi1,lm-platted 
polyethylene spheres 
2"+3"+5"+8" +10" +12" 
combination dosimeter SR{COMB! IHEP) C,M [4] 

10 7� 
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~ The proportions of spectra for which· the maJcimum dose equivalent estimations H 
differ from true oues Bo less than 30% 

t" 
r
I 

Dosimeters 

Albedo personnel dosimeters: 
AD(6LiP} 
AD(236 U} 
Fast neutron dosimeters:, 
FTD(231Np} 
BD 
RTD(CR-39 CE} 
NTEF(K-20 M) 
NTEF(K-20 C} 
Radiatio~ monitoring dosimeters: 
SR(10"CH2 } 

CR(JINR} 
SR(LR, 95/0075} \ 
SR(COMBI lHEP}. 

A 
% 

7 
6 

59 
46 
16 
49 
42 

53 
58 
52 
77 

B C 
% % 

21 68 
22 68 

84 81 
79 84 
66 86 
45 77 
70 89 

69' 87 
72 86 
71 87 
89 95 
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Figure 1. The diatributions of the B/Bo ratios, obtained with A (points), B (dott~d  line) and 
C (solid line) callibration methods for AD(6L~F} di)simete~. 
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Figure 2. The same as in Fig.1 for ADe3~U} dosimeter. 
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