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,.Abstract 

Alekseev A.G. et al. Dose Characteristics of the IHEP Neutron Reference Fields: IHEP 
Preprint 93-43. - Protvino, 1993. - p. 15, figs. 3, tables 5, refs.: 13. 

The reference radiation fields are used for calibration and obtaining some metrological 
characteristics of v~rious  neutron dosimeters. The dose characteristics investigation of the 
IHEP reference radiation fields has been carried out using different methods. 

The linear energy transfer (LET) spectrometer on the base of tissue-equivalent propor­
tional counter, component remmeter based on ionization chambers with different sensitivity to 
neutrons and photons, thermoluminescent detectors have been used for the measurements. The 
calibration of the detectors was fulfilled on the basis of the National primary standard neutron 
field of dose-equivalent rates. 

The measurement data are given for the standard calibration system UKPN-1M, reference 
calibration fields on the base of Pu - Be, 252Cf neutron sources and 252Cf with moderators 
made of iron and polyethylene. 

AHHoTaUHJI 

AneKceeB A.f. H .n:p. LI030BhIe xapaKTepHCTHKH HeHTpoHHhIX OIIOpHhIX rrOJIeR 11<pB3: I1pe­
rrpHHT 11<pB3 93-43. - I1pOTBHHO, 1993. - 15 c., 3 pHC., 5 Ta6JI., 6H6mmrp.: 13. 

I1poBe.n:eHO HCCJIe.n:OBaHHe .n:030BhIX xapaKTepHCTHK HefiTpOHHhIX orropHhIX rrOJIeR, HCrrOJIb3y­
eMhIX B M<l>B3 .n:JIj[ KaJIH6pOBKH, Hccne.n:()BaHHj[ Mer~'pOnOrH'IeCKHX xapaKTepHCTHK pa3nHtIHhIX 
.n:03HMeTpOB HeHTpoHoB. 

B H3MepeHHj[X HCrrOJIb30BanHCb crreKTpOMeTp JIHHeRHOH rrepe.n:atIH :meprHIi Ha OCHOBe TKa­
He3KBHBaneHTHoro rrporrop.u;HOHanbHoro CtIeTtIHKa; aHaJIOrOBhIH KOMrrOHeHTHhIH 63pMeTp Ha 
OCHOBe Ha60pa HOHH3a.u;HOHHhIX KaMep, HMeIOIIlHX H36HpaTenbHylo tIYBCTBHTeJIbHOCTb K <po­
TOHaM H HdiTpoHaMj TepMOJIIOMHHec.u;eHTHhIe .n:eTeKTOpbI. I1pe.n:C'raBneHhI pe3YJIbTaThI KanH­
6pOBKH .n:eTeKTOpOB Ha rocy.n:apCTBeHHOM rrepBHtIHOM 3TaJIOHe MOlilHOCTH 3KBliBaneHTHOH H rro­
rnoIIleHHoR .n:03 HeRTpoHoB. Pe3YJIbTaThI H3MepeHHR rrpHBe.n:eHbI .n:JIj[ onopHhIX nOJIeR: CTaH­
.n:apTli30BaHHoR yCTaHoBKH YKTIH-1M, pa.n:HoHyKnH.n:HhIX HCTOtIHHKOB Pu - Be H 252C f H .n:JIj[ 
pa.n:HoIIyKJIH.n:Horo HCTOtIHHKa 252Cf, IIOMeIIleHHoro B CTaJIbHOR H IIOJIH3THJIeHOBbIR 3aMe.n:nH­
TerlM. 

A.iIexceeB H ,ltp. 

~030BHe  XapaKTepHCTHRK HeATpoHHHX onopHHX nOReA rl~Ba. 

© Institute for High Energy Physics, 1993. f Pe,llaKTOp A.A.AHT:rmOBa. TeXHK-qeCRml pe,llaKTOp .IT.II.TKMKKHa. 
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INTRODUCTION 

The IHEP reference fields (RF) are used for calibration and investigation 
of a neutron detector energy response. Last time they were used for the inter~  

comparison of personnel neutron dosimeters and area neutron dosimeters. 
The experimental investigation of the RF neutron spectra has been carried 

out by Bonner multisphere spectrometer [1]. This paper describes the dose char~. 

. a.eteristics of neutron reference fields and their standartization for metrological 
sertifu;a.tion by National standard of calibration structure (GOST 8.347-79). 

:\ 
1. EXPERIMENTAL PROCEDURE 

The nonstandartized detector system of IHEP has been applied to obtain 
th~  dose characteristics of the reference fields. 

1. The ~linear  energy transfer spectrometer (SLET-03) on the base of low­
pressure tissue-equivalent proportional counter (TEPC) [2] is able to determine. 
do~  equivalent and absorbed dose of penetrating radiation of any kind. The 
energy responses have been calculated for neutrons in energy range from 0.01 
to 100 MeV [3]. The systematical uncertainty of the neutron dose equivalent 
measuring may be decreased to 10% by the method of correction. 

The charge produced in the cavity and event spectrum are being measured 
simultaneously. The tissue kerma and dose equivalent are then calculated ac­
cording to 

K~·  = Rph 'q, {I) 

Kn = A . E N j • i, 
j 

(2) 

Kph "" KT ­ !(n, (3) 
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Hn == A· Bn · 2:,Nj • Q(i),� (4) 
; 

Hph = Kph . Bph ,� (5) 

Qn =Hn / Kn . Bn ,� (6) 

where Rph and A are the calibration factors; q is the charge produced in the 
cavity; N; is the total number of events in i-th channel of the pulse-height 
analyzer. 

The Q(i) functions were chosen to simulate the quality factor dependence 
from linear energy transfer L. 

I(ph and Kn are the photon a.p.d neutron tissue kerma, respectively; Kph and 
Hn are the photon and neutron dose equivalent, respectively; Bn is the phantom 
conversion factor from neutron kerma to neutron dose equivalent. Bph is the 
same value for photons. 

The events with p1,1lse height above 6 keV/ pm (in units of linear energy y) 
are included to obtain K n and Hn values. " 

The National Norms and Rules of Radiation Protection NPRB-76/87 re­
quires the maximaJ.-in-human-body dose equivalent (MOE) to be used as oper­
ational quantitY for area monitoring. The International Commission on Radi­
ological Protection (ICRP) introduced new operational quantities such as am­
bient dose equivalent H·(10). This operational quantity depends on the form 
of the phantom simulating the human body. H·(10) and MEO have different 
energy dependence' for neutrons as well as for photons. 

The dose equivalent could be obtained by using the phantom factor Bn 

and kerma. The phantom factor depends on the neutron spectrum and on the 
type of operational quantity (H·(lO) or MOE). Bn may be in the,range from 
1.0 to 1.5. 

The phantom factor Bn is obtained from the calibration of TEPC in refer­
ence field. The values of J3n are different for MDE and H·(10). 

The dependence of Bn on the type of neutron spectrum has not been taken 
into account in the present measurements. 

The factor Rph (in units of tissue kerma, Gy/G) is obtained by c81ibration 
with 137Gs photon source. The factor A is derived from the counter se11Sitive 
volume size. This factor converts the event pulse h~.ight into tissue kerma units. 
Primarily the factor A can be calculated on the base of geometrical dimensions 
of the counter and additionally - from the calibration in the neutron reference 
field. For calibration of the event spectrum in units of linear energy (y) a 
built-in a-source is used. In the present measurements the conversion phantom 
factor Bph from kerma to H·(lO) obtained for 137Gs photon radionuclide source 
'is equal to 1.094. 
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ence fields'. These errors are admitted for detector calibration.for the radiation .?"
measurements. ~'1 

The certified reference neutron fields form the basis for standartization of 
radiation measurements for IHEP accelerator radiation control'p'urp~ses.  

This work has been inspired by the program of. Committee on high energy \
f
.}radiation measurements and metrology of the MAE! of Russia. 

We thank V.N.Lebedev and V.N.Kustarev for suppott of our work, 
N.N.Baranenkov for measurements by IKS, A.P.Silchenko and E.V.Kosianenko J,
for help in measurements, A.V.Sannikov and V.T.Golova.chik for remarks and U 

criticism of this paper. / 
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2. The' analog component remmeter (ACR) [4] includes three high-pressure 
(11 torr) ionization chambers (IC) with'volume about 1000 cm3, namely: argon­
filled ionization chamber permitting to measure the contribution of p'hotons and 
charged particles (generally) into the total dose, tissue-equivalent ionization 
Chamber for measurement of photon and neutron kerma, 3He-filled ionization 
chamber allowing us to measure the neutron contribution into the total, dose 
equivalent. For minimization of the neutron dose equivalent measurement error 
the correction method based on additional information about behaviour of the 
IC neutron response in different neutron spectra is applied. 

The following processing is applied after the readings of the chambers qAT, 
qTE and qHe are measured.~  The ratios qTEIqAT and qHe I qAT are calculated. If 
the ratio qHelqAr is in the limits: 

R He qHe RHe 
~<_<_n_ (7)RAT qAr RAT

ph n 

then photon dose Hph' neutron kerma K~  and neutron dose K~  equivalent!i~  

could b~  calculated (K~,  H~  are original estimations of values) as: 

qAT _ (R~T IRtfe) . qHe 
Hph = pAT , (8) 

. 'ph 

qHe _ (RHe.IRAT) . qAT
H'� = ph ph (9) 

n Rf[e ' 

I _ qTE. R:;; - qAT. R;f 
Kn ~ RTE. RAT _ RAT. RTE' (10) 

n ph n ph 

where R~h  is the sensitivity of the i-thionization chamber (i = TE, Ar, He) to 
photons (CISv); R~  is the sensitivity of the i-th ionization chamber to neutrons 
in tissue kerma units (CIGY)j R~ is the sensitivity of the i-th ionization chamber 
to neutrons in dose equivalent units (CIS~). 

If the following relation is true: 

qTE RTf 
--:;r.:- < 1.5 . ifir� (11) 
q ph 

then corte.ction cannot be applied, Le.: 

, Hn =H~. 

3 



In case when ,relation (11) is false, the correction could be introduced as: 

Hn = H~/k(Q~), 

where Q~  = Ii~/ K~.  

The' function k(Q~) has been calculated using the detector energy responses; , J{
the analysis of measurements in various neutron fields has also been involved. Ij 

Finally, there are two boundary cases: H 
i>' 

1) photon dose is neglected, Le.: ~1:  

qH~ 

A> RHejRAr (12)q r n n; 

2) neutron dose equivalent is neglected, Le.: 
\ 

qHe -( . 
_ < RHejRAr (13)
qAr ph ph' 

""" 

For the first case we use ,
qHe 

IIph = 0; Ii = RH~'n h .~. \ 

and for the second case 
qAr 

Hph = RAr; H n = O. 
ph 

3. The linear energy transfer spectrometer of charged particles (SLETCP) 
~:\i  

is able to determine the absorbed dose of photons and charged particles at ~~ 

high level of neutron radiation. SLETCP detector is a spherical aluminium 
(2 mm wall thickness) proportional counter. It is filled by argon at pressure of 
0.7 torr. The sensitive volume diameter is 10.8 em. The measurement procedure ,

I 
for SLETCP is analogous to SLET-03. ' . 

The total kerma is obtained as: 

KT = Rph' q, (14) 

the photon kerma is given by 

t~•• • 

Kph = KT- K n , (15) \,' 

} 
! 

where ](n is the neutron kerma for argon: 

K n = A . JE . N(E)dE, 
E. 

TEPG are in a good agreement (within 15%) with ACR experimental values 
for UKPN fields. It may be explained by the fact that the main contribution to 
photon dose is produced by photons with energy above 200 keV. The deviations 
of the values H n , K n , Kph measured in UKPN fields from the Olles measured 
in RF-1 and RF-2 are explained by difference of low energy scattering compo­

•nents in the rooms. The low energy scattering component of neutron fluence for 
UKPN has been measured by cylindrical multienergy counter. This component 
is equal to 38% for UKPN and 16-18% for the reference fields [J], 

The expert estiJI!.ations of the dose characteristics from Tahle 5 have been 
calculated as average value between TEPC, ACR and [1] datC1. When estim.o.ting 
expert neutron data tQe ACR results are not included for ~52C f + Fe and 
252Cf + CH2 fields. The TEPC data are preferable in case of neutron kerma. 
The photon kerma expert data are calculated as average from TEPC, ACR, 
IKS, SLETCP, but the photon ACRand TEPC results are not included for 
252C f + Fe field expert estimat~ons.  

,Traditionally, the fluence-to-dose equivalent conversion factors are the; same 
for sources of the same, type. The errors in brackets given in Table 5 for UKPN 
correspond to the case when average conversion factor is used for dilIetent 
sources. The calculations of these errors took into accout the difference be­
tween VNIIFTRI and IHEP data for UKPN. Maximal error ,.rises when the 
same conversion factor "fluence-to-photon kerrri.a" was used for different sources 
(30%). The difference of the other individual conversion factors for all sources 
is smaller than 11% {for conversion factor "fluence-to-n'eutron dose equivalent" 
and smaller than 14% - for conversion factor "fluence-to-neutron kerma". 

As it is seen from Table 3 the 238pu - Be data for Hn and J(n are larger 
than 239Pu - Be data. It may be explained by the difference in the masses of 
neutron sources rather than neutron spectra. because accorrling to data [14] the 
neutron spectra of these sources are negligibly different. 

The results show that ACR may be used as a standard rlosimeter for UKPN 
and 252Cf, Pu - Be fields onlr 

4. SUMMARY 

The calibration of TEPC and ACR by the National primary standard neu­
tron field in terms of neutron dose equivdlent, has allowed us to organize metro­
logical certification of IHEP reference neutron field. 

The standartization of IHEP reference neutron fields was carried out ac­
cording to the National standard of calibration structure. The analysis of the 
resulttshows that systematic errors of Hn , K n are smaller than 15% for all refer­

134 
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~ The dose characteristics of the reference fields (~ert elItimation). 

Source H" Q" K" -, Kph 
10-10 Sv . cm2 10-11 Gy . cm2 10-n Gy . cm2 

239pu -:- Be 3.61± 10% 7.9 ± 2% 3.84± 9% 1.64±14% 
(UKPN-1M) (±l1%) (±2%) (± 14%) (± 18%) 
239pU_ Be 

mGI 
(UKPN-1M 
mGI 
mGI + CH2 

mGI +Fe 

1.29 ± 20% 
2.11±lO% 
(± 32%) 

1.56 ± 15% 
1.77 ± 10% 
0.16 ± 15% 

The ambient dose equivalent H*(10)' and MDE are calculated using the 
neutron spectra-data [1] and the fluence-to-dose equivalent conversion factor 
given by [10,11]. The values of MDE/H.*(1O) are e'qual to 1.007 (Pu - Be), 
0.99 e52Cj), 0.98 e52Cf +CH2) , 0.91 e52Cf + Fe). The neutron kerma data 
for soft tissue was taken from [121. 

.The calibration of TEPC and ACR has been carried out by using Pu - Be 
and 252Cf neutron sources. The value M DE/ H*(lO) is equ;U to 1 for these 
source, therefore, detectors have been calibrated in terms of H*(lO) and M:DE, 
simultaneously. 

The TEPC results show that there are no significant (maximum 11%) devi­
ation from values calculated in [1]. Taking into account that the contribution of 
intermediate neutrons into neutron dose equivalent is about 10% for 252Cf +Fe 
and 252C f +CH2 fields and the fact that TEPC has low sensitivity to neutrons 
with energy below 50 keV, we can explain why TEPC rf;!sults are smaller values 
than those of [1]. An additional source of errors arises from using the same 
factor B n for all reference fields. ' 

Comparing the neutron doses measured by ACR in the 252Cf + CH2 field 
with those measured by TEPC one Cl!Jl see that ACR doses are greater (about 
30%). Because of great contribution of photons in the total dose the ACR 
correction method couldn't be applied in this field (see ref.11). On the contrary, 
the reference field 252Cf +Fe has low contribution ofphotons in total dose and 
the errors of measurement by TEPC and ACR are not sati~fied.  The IKS 
detectors and SLETCP have lower neutron sensitivity, therefore, their results 
have been preferred to obtain photon doses. 

All detectors (TEPC, ACR, SLETCP 'and IKS) have strongly different pho­
ton energy responses in energy range below 0.5 MeV, nevertheless, the devia­
tions of the results from photon dose a:re within 20%. The doses mea,;,ured, by 
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whel'e N(E) is event distribution; E is __ the energy absorbed in the detec­
tor vohune; A is the conversion factor from the pulse height to tissue kerma 

,� (GyJMeV); Eo is the leveUor separation of the photon events. As for SLET-03, 
the event pulse height scale is calibra.ted in energy units by using the a-source. 

4. The aluminium-phosphorus glass IKS [5,6] has been used to obtain the 
Iphoton doses. The IKS-C reader used for IKS-detector readings treatment has 
metrological certification given by VNUM. 

2. DETECTOR CALmRATION 

The detector calibration in terms of the photon kerma was carried out on 
the basis of a standard calibration system using 137Cs source with certified 
uncertainty 4%. 

The calibration of the detectors in terms of neutron kerma and in terms 
of neutron dose equivalent was c'arried out in the National primary standard 
neutron field of dose equivalent rate on the base of VNIIFTRI [7]. 

This standard field is used for the absorbed dose measurements in neutron 
energy from O.oSto 14 MeV, and the dose equivalent measurements in neutron 
energy range from 0.01 to 14 MeV. The National primary standard neutron field 

-consists of the standard calibration system UKfN-1M with the set of ionization 
chambers, the system on the base of a cylindrical polyethylene proportional 
counter and the system on the base of Rossi-type spheric3.1 tissue-equivalent 
proportional counter. The set of tissue equivalent phantoms is used for obtained 
phantom factor Bn . Two types of neutron source were considered: 238 Pu _ 
Be and 252Cf. The neutron absorbed dose is obtained with 5% systematic 
uncertainty and with relative standard deviation range 2%. The neutron dose 
equivalent is measured with 8% uncertainty when using the instruments of the 
National Standard field. 

, The calibration factors (Rph and A for TEPC and calibration factors R for 
ACR) have been obtained in the field. Table 1 shows the results of measuring 
dosimetric characteristics of the National Standard field by the IHEP systems. 
The phantom factor Bn for TEPC is equal to 1.20 for Pu - Be and 1.14 for 

2
25 Cf. The phantom factor for MED in a plane tissue-equivalent phantom 
according to the measurements of [7] is equal to 1.17, i.e. coincides with the 
average one for TEPC. 
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Table 1.� Results of neutron and photon dose equivalent and kenna measurements by TEPC ~	
 

Dose cha~cteristics of the tHEP reference fields. Norm&lization is the same as inrand ACR in the na.tional primary standard neutron fields. The results are normalized ,.' Table 3. 
by VNIIFTRI da.ta. ~ 

Neutron Neutron Neutron Photon Source 
I� I ACRTEPC - ---­

23SpU - Be 2S2C! 238pu - Be mC! 
K", relative 0.96 1.03 1. 0.80 

. units 
MED, relative 0.99 1.02 0.93 0.75 

units 
](ph, relative 0.92 ..1.03 0.94 1.07 

units 

The photon energy responses of TEPC and·ACR det~ctors  in energy range 
from 29 to 114 keY have been investigated on the National secondary standard 
field of absorbed dose rate (VET 38-'4-85, VNIIFTRl). The measurem~nts  were 
fulfilled in wide beam of x-ray radiation. The standartized Robotron 27012 
dosimeter was used as a monitor. Table 2 contains the experimental values of 
photon dose. 

I 

Table 2~ 	 Results of exposure dose X, field dose or kerma K and ambient dose equivalent mea­
surements by TEPC and ACR. The results are normalized by the monitor readings. 

Effective TEPC� ACRI 
photon X I K IW(10) I TE-chamber I Ar-cl1amber 

energy, keY X K Y"(10) X K W(10) 
114 1.12 1.12 0.84 0.90 0.91 {0.68 3.1 3.1 2.3 
64 1.34 1.42 0.92. 0.61 0.65 0.42 6.3 6.7 4.3 
29 0.93 1.19 1.02 0.21 0.27 0.23 5.6 7.2 6.1 

The experimental data in comparison with photon energy responses cal­
culation are represented in fig.1 (in kermaunits). The detector composition, 
detector wall thickness and size of sensitive volume are taken into account in 
the calculation. The dose overestimation by ACR detectors in photon range 
from 30 to 100 keY is "payment" for its high absolute sensibility. One can 
see from fig.1 that the detectors have different energy responses at the photon 
energy below 200 keY. The detectors with different energy response allow one 
to estimate the mean energy of photon spectrum. 
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Source, 
detector 

RF 1 239pU:" Be 

RF~  mC! 

RF 3 2S2C! +CH2 

RF 4 'M>2C! +Fe 

TEPC� 
ACR� 
[IT 
SLETCP 
IKS 

TEPC 
AC,R 
[1) 
SLETCP 
IKS 

TEPC 
ACR 
[1) 
SLETCP 
IKS 

TEPC 
ACR 
[1) 
SLETCP 
IKS 

dose equi­
valent, Hn , 

relative 
unit 

1.00 
1.00 
0.99 
-
-

0.95 
0.99 
1.06 
-
-

0.95� 
1.63� 
1.04� 

-�
-�

1.00 
0.75 
0.99 
-
-

quality 
factor, 
Q~, 

relative 
unit 

p,•• 

8.2 
-

8.8 
-
. 

8.6 
-

9.7 
-
-

9.1 
-

8.9 
-
-

9.7 
-

11.0 
-
-

kerma, 
K", 

relative 
unit 

1.00 
1.18 
0.99 

-
. 

1.00 
1.11 
1.01 
-
-

1.00 
0.51� 
1.06� 

-�
-�

1.00 
0.83 
1.18 

-

kerma, flux, 
Kph Y" ,106 

relative n/s 
unit 

I 
1.01 53.3 
0.83 
-

1.17 
0.98 

0.90 . 49.2 
0.85 

-
1.08 
1.15 

1.07 49.2 
0.99 
-

0.99 
0.93 

0.80 49.2 
0.00 
-

1.05 
1.15 
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, ,I~ Dose characteristics of soml\ source applied ill the UKPN-l M system mef,sured by 
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various methods. Values are normalized by the eXI,ert data from Table 5. .. 10 
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I 

,)~, 

f\� 
Neutron Neu- I'!eutroll Photon Source .....

'c
II \\�
I, ,\.�

Source, dose equi- tron tissue kenna, . flux, 
::J II TEPC \ \�

deted-or valent Hn , qual. kerma, Kn K;h, Yn ,106 
II~ H*f1o)�

relative fador relative relative nls 
..c....
o II

II�

unit Qn unit unit 
0:: I Figur(' 1. Calculated (turvcb) and cXj)(;:irn':Il­

139Fu - Be I tal (symbols) data of nonnaliz,..d 

TEPC 1.03 7.9 1.04 1.12 53.7 photon energy responce for TEPC 

ACR 1.04 I - 1.17 0.95 I' (0), SLETCP, 1K5, Ar (e) and TE 
1KS - 1. - - 0.94 10-1 I I (0) ionization chambers. For com.. 

'l39Pu - Be , 10-2 ' . 10-1 parison, tissue kerma-to-amhient 

TEPC . 0.98 7.9 1.00 1.13 dose equivalent conversion iactors 

ACR 1.02 - 1.17 0.88 53.3 • l Eph,MeV W(10)IK are given (thick line). 

1KS - - 0.98 
'::;',[

239pu_ Be 
1.12 2'.25 ' r-:' The experimental data in Table 2 are given by 

TEPC 1.11 7.8 1.14 
.\~~X :

ACR 0.98 - 1.04 1.22 
" , X = Rph,x' q, (16)

228pU - Be j ~I 1.37 I 0.65 [48.2 ," I~ II Xo1.23�
(VNIIFTR1) 

-
'.�

me! 
49.2 

1./, K = Rph,It:':'i (17)
TEPC 1.04 8.5 1.00 1.01 ,

Xo·CIt: '
0.96 0.91ACn 0.96 - :; ;

1K5 - - 1.09 \'j H*(IO) = Rph,h . q, (18) 

me! <,I Xo·C" 
,TEPC 1.09 8.2 1.08 1.07 1.57 

where q is the detector reading value (CJs); Rph,x is the dosimeter calibration
ACR 0.99 - 0.99 0.97 ,i~~! 

factor in terms of expos~re dose for 137Cs source; Rph,1t: is the dosimeter cali­
. ""

bration factor in terms of tissue kenna fOf 137qs source; Rph,h is the dosimeterI WI Ime! 8.7 0.98 0.75 4.73 "(VNIIFTRI) 1.03 

calibration factor in terms of ambient do~e equivalent for 137Cs source; Xo is 

the exposure dose measured by the monitor; Cit: is the conversion factor from 

the exposure to tissue kerma for effective photon energYi Ch ·is the conversion 

factor from the exposure to ambient dose equivalent for effective photon energy. 

The energy dependrnce of H*(lO)JK ratio is also given in fig.I. It is clear 

that TEPC could measure H*(IO) after the corresponding calibration. 
'--. 

1� 
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3. CALIBRATION RESULTS 

Using the calibration coefficients obtained as described above, the dose char­
acteristics have been measured for the following IHEP reference neutron fields: 

1. The standard calibration system UKpN-1M. The commercial system 
UKPN-1M designed by VNIIM has a container with polyethylene colllinator 
with 3% of 10B [8]. The 252CI and 239Pu - Be sources are involved in measure­
ments. 

2. Reference fields:� 
- 239pu - Be (RF 1),� 
- 252CI (RF 2), "­
- 252CI into 30 cm diameter spherical polyethylene moderator (RF 3), ,� 
- 252CI jnto 30 Cm diameter spherical iron moderator (RF 4).� 
The irradiation geometry in the field is the same as it was described in� 

papers [1,9]. 
Tables 3,4 and ligures 2,3 reflect the measurement results obtained by vari­

ous methods. For comparison the VNIIFTRl dose data and the doses obtained 
from spectra [1] have been included. In Tables 3,4 and in Figures 2,3 the values 
are normalized by mean data from Table 5. The expert estimations of doses 
are given in Table 5. 

The values in Table 5 are normalized by factor cp = 4ft}rJ. Y.., where R is 
the distance between the source and detector (cm) j Y.. is neutron source flux, 
l/s. This normalization allows one to compare the measured doses for various i , 

sources with different contribution of secondary radiation. 
For TEPC the errors of the neutron measurements are estimated to be less 

than/8% (for kerma) and less than 9% (for dose equivalent). The photon kerma 
was obtained with 9% error (except the case of 252CI + Fe field, where it is 
60%). For other IHEP systems (AeR, IKS, SLETCP) the uncertainties of 
photon kerma measured are in the limits of 6-10%. 

The value of the source flux with sertified uncertainty of 5% was given by 
VNIIM. For TEPC the ~alue  of 1.17 for the phantom factor B.. was taken. The 
measurements have been carried out for different types of sources and different 
sources fluxes. The influence of these source parameters on dose characteristics 
is considered. 

5 l.Xl -------,,- ~---. ~-----O--f-----
-e l' .0;c 1.0 8 c ~--'-'--n- __ . 

I� 
--00 0 ,� 

_ 0.91.---------,- _� 

-5 1.21-.o-.a.,~-- -----o---=-~~ 

1 ~.~o-.--_a.~ic 1.0� • _:ll:� _ _ 

1.2 ~-------9------
o 0 0 -..-0---------­~ 

1.0 ~--we---·-·~·-.-1,,~~ , 
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,j� 
,f l, . 1- 0,8� 

& 
6/,,' 1 2 3 4 1 2 3 

':i; Pu-Be 1~Cf 

UKPN-1M;':l 

).', 
Figure 2.� Normalized results of measure­

ment for UKPN with Pu - Be 
and -mef source: H. (neu­

';;'; tron dose equivalent), K" (neu­
,:.V' 
,'~' 

tron tissue kerma), K~  (ph~  

ton tissue kerma). Key: (0) ex­

~ perimental data of TEPC; (D) 
experi~ental data of ACR;(.) 
experimental data of IKS; (x)

':, 

data from [7]; (- - -) errors of 
I"~  

expert data.; (1;2,3,4) number of 
:~t 

.'.,\� source. 
f 
):­

..~. 

.:It 
l

f
,

_ 1.3 j� • 

.~ 

1 ~.------/1----;;--------­
tl0 _ -.-.-O-.-----.Q-__. 

J: - 0 0 
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~ 
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o --.!..-­:-"1J""-­ --0 

2 3 4 

Pu·Be 252Cf 252c"c~2 252cf+F'e 

Figure 3.� Normalized results of measure­
ment for IHEP reference neu­
tron fields. Key: (0) TEPC 
data; (D) ACR data.; (~) val­
ues from [1]; (*) SLETCP data.; 
(.) data of !KS; (- - -) errors of 
expert data. 
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