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Cnoco6 omnpepereHHs1 3KBHBAaJIEHTHOH OO3HI
- HEHTPOHOB B AHAaNa30HE OT TEIUIOBBIX A0 BEICOKHMX

3Hepruf -

MexpyHapooHOH KOMHCCHeH IO pafgHallMOHHbIM eOHHHIIaM H H3-—
mMepenuaM (ICRU) 6bna pexoMeHmoBaHa HOBas CHCTeMa omnepauy-—
OHHBIX BeJIHYHMH 3KBHBAJIeHTHON O0O3bl IOJs pagHallMOHHOI'O MOHHTO-—
puHra. IlpegnoxeH cnocof6 omnpenesieHUA onépaunonﬂmx BeNHYHH
3KBHBAaJIEHTHOH O03bl HEeHTPOHOB, OCHOBAaHHBIN Ha JIHHEHHOH cy-—
.nepnoauuun NOKAa3aHHI OBYX THIIOB OETEKTOPOB M I03BOJIAKLHHA

. OleHUBAaTh SKBHUBAJIEHTHYK 03y HEHTpPOHOB B OHana3OHe 3Heprui
. CT TEeIUIOBBIX [0 HECKOJIbKHX cOTeH MsB. '

Pabora BhmosiHeHa B JlaGopaTopun sapepHbix npoGneM OUAH.
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Neutron Dose Equivalent Determination
in the Energy Range from Thermal

to High-Energy Neutrons

The International Commission on Radiation Units and Me-
asurements (ICRU) has recommended a new system of operati-
onal dose equivalent quantities for radiation monitoring.
The technique for the determination of neutron operational
dose equivalent quantities is proposed. Linear superposi-
tion of two types of detector reading allows the estima-
tion of the neutron dose equivalent with energies from
thermal to hundreds of MeV.

The investigation has been performed at the Laboratory
of Nuclear Reactions, JINR.
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Introduction

Neutrons .usually dominate the dose equivalent in radiation
fields outside the shield of high-energy accelerators. There are
significant differences in the neutron'spectra outside  ,the ac-
celerator shielding and no single detector can be expected to
give a response that is proportional to dose equivalent under all
circumstances in the entire energy range.

The ICRU has recommended(!) a new operational dose equi-
valent quantity, the ambient dose equivalent H*HO) that is
appropriate for strongly penetrating radiation for purposes of
environmental and area radiation monitoring.

This article has been prepared as a contribution to the
still on.eoine international discussion on implementation of a new
system of ICRU operational quantities. The purpose of the baper
is to propose a technique us;ed to determine H’("O) and the
peak summed dose equivalent HP for neutrons in- the energy
‘range from thermal to hundreds of MeV in radiation areas outside

the shield of accelerators.

Method and iechnique
Let us consider the function
f(E): ;a;k; , W
where al's are inderendent on energy coefficients,
R;_'s are the detector responses. »
€3 Qy's were selected so, that  $(E)  is proportional to the
neutron fluence-to-dose conversion factor h(E) of monoenergetic
neutrons for the additive operational dose equivalent quantity

‘H . that 1s

-f(E)ﬁ‘ h(E) @




then in a radiation field of neutrons with the spectrum P(E)
the operational dose equivalent quantityHis given by:

' Emax

H= | PE)h(E)dE *Za j PERENE .
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Taking into account that
Ehll)‘

N, = [PE)R(E)HE, | "

Emin

where Ni's are the detector I;eﬂ_dlngS; we obtain
(5
He 20N, .
t X

Thus, in order to estimate the quantityHwe should find such
detector responses R,;(E). for which the linear superposition (1)

meets condition (2), then measure readings and calculate the
sum (5). ‘

Two types of detqctOrs'were chosen to cover the neutron
energy range from thermal to hﬁndreds of MeV. These are a multi-
sphere detector® and a neutron counter with plastic scintil-
latort3™®). The multisphere detector is well Known. The counter
with a plastic scintillator 1s a neutron detector (a plastic
polystyrene scintillator 120 mm in diameter and in height)
surrounded by a protective scintillator in: the form of a cup
viewed by another photomultiplier of a veto counter operated in
anticoincidence - with the neutron detector to suppress the
recording of the charged component of the radiation field. In the
case of measurement outside the shield of high-energy ac-
celerators no special rejection of gamma—ray§ is ‘necessary as
the high threshold: of the neutron signal reegistration 1is used.
The - pulse - height spectrum 1s measured in a multichannel
analyzer, the scale of which 1S calibrated in the units of

electron energy. The quantity of the form

) (T)= n; : 7 ' (6)
is used as the readmgs of the detector, where is the thresh-
old expressed in the umts of pqmvalent electron energy ( MeV
eee), which corresponds to the channel number ' N;is the
summary count in channels with numbers over j. )
The detector response functions for different thresholds of
signal registration were calculated by the Monte Carlo code (6.
Multisphere detector response functions (7} as well as the
response function of the counter with the plastic scintillator

are shown in Fig. 1.
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Fig. 1. Response functions of Bonner speltrometer for various

cm? . neutron-?

moderator diameters in inches and of the neutron counter (reduced
by a.factor of 10} at various thresholds of signal registration

in Mev eee.

Results

The shape of the response functions of detectors can be
changed either using different moderators in the case of the
multisphere ~detector or different thresholds| for the counter
with a plastic scintillator. Moderator diameters and threshoi'dsT
were used as parameters i (see eq.! ) to approximate the
neutron fluence-to-dose equivalent conversion factors k.(E) of

*
monoeneregetic neutrons for k(“oJ and hp



. .
The approximations of W (40} and ‘{Lp by the expressions

K(10) = 1.5310 "R, (3") - 5.2610"°Re (5”) +4.0740°Rg(10) =
-2.3610°R,(12)+ 3.38-16"R4(7)- 34710"Rs(35) +

+4.18+10 'R (100)
and )
hp = ~5.8840 Rg(S7)+2.81-10 *Ry(42")* 1.22-16 R (7) +
| +2.9716 R (30)+1.02-10"Rg(30) (®)
are shown in Fig.2 and Fig.3. In expressions (7) and (8) R’ s

are the responses of Bonner spheres with different moderator
diameters (in inches), Qs(i-) ‘s are the responses of the counter
with plastic scintillator for different thresholds ( Mev_eee ).

Dose equivalent per unit fluence at depth of 10 mm on the
principral axis for neutrons incident in a plane parallel beam on

~ . ‘ N .
the ICRU sphere 8) was used a5 h (10) in the energy range from
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Fig. 2. Approximation of h (40) by expression (7).

25 1078 to 20 MeV. For higher energies there is no data forK({O)
that spans the entire eneregy range. Dose equivalent per unit
fluence at a depth of 10 mm for neutrons incident in a plane
parallel beam on a 30 cm thick semi-infinite slab phantom ©) was

», .
therefore used as h (10) for neutron energy more than 20 MeV.
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Fig. 3. ApDproximation ofhgby expression (8).

The conversion coefficients h,p(E) were taken from the USSR

radiation protection regulations (9)
Conclusions

Linear superposition of the detector ~r‘es_ponses as a function
of neutron energy follows closely the functions required with the
exception of thermal neutrons which are of little importance for
neutron dose equivalent in radiatidn fields outside the shield of
high-energy accelerators. The bias errors of the method are es-
timated to be less than a few per cent for typical neutron
spectra at proton accelerators.

It would also be relatively simple to modify this method to
accommodate possible changes in the ' definition of neutron
conversion coefficients for operational dose equivalent quan-

tities.
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