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Rem —m eter correction factor for m easuring high energy 

neutrons outside concrete shielding 

、 Li Gui··Sheng 

(Institute ol Modern PhysicsJ the Chinese Academy ol SciencesJ Lanzhou 730000) 

Abstract Correction factors of both Rem．meters，the 10 inch diameter single．sphere Ram． 

meter and the standard A．B Rem．meter，were estimated for measuring high energy neutron 

dose cquivalent outside a concrete shielding wall and the effects that the emitted neutron 

spectra become remarkably “harder” penetrated through a concrete shielding wall，and the 

energy response of the Ram．meter were taken in account． The estimated results could be 

applied in the measurement of neutron dose equivalent for the intermediate energy heavy ion 

reactions to avoid the difficulty induced by the energy response of the Ram．meters． 
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1 Introduction, 

In heavy ion reactions．the emitted neu． 

tron energy could reach twice incident ion en． 

ergy per nucleon or even more．【 ， 】The error 

between the Rem-meter direct reading and the 

real neutron dose equivalent might appear due 

to the present of a great deal of high energy neu． 

trons and the energy response characteristics of 

the instrument during measuring the neutron 

dose equivalent with a universal neutron Rem- 

meter．[31 

The Rem．meter correction factors for mea- 

suring high energy neutron on the inside of 

shielding wall for both Rem-meters．a 10 inch 

diameter single．．sphere Rem．．meter and a stan．． 

dard A．B Rem-meter．have been presented in 

Ref．[3】by using the energy response curves 

of the both Rem-meters[4,51(Fig．1 in Ref．[3】)． 
Outside the concrete shielding wall，however， 

the neutron spectra penetrated through the 

shielding would become“harder”，namely，the 

lower energy neutrons are much rapidly atten． 

uated in the shielding and the proportion of 

high energy neutrons in the neutron field out． 

side a thicker shielding would be higher than 

that outside a thinner shielding．In this case， 

from the Rem·meter direct reading the neutron 

dose equivalent value would be underestimated 

more seriously． 

2 Neutron sp ectra outside concrete 

shielding wall 

The energy spectra of neutrons from inter． 

mediate energy heavy ion reactions are rather 

Table 1 Parameters of neutron spectra calculation 

Neutron energy 0～20 20～0 40~60 60~80 80～100 100~120 120~140 140～160 160~180 180~200 200~220 

En／MeV 

complicated and it is very difficult to calculate trons in each of the 11 energy intervals，ki， 

exactly the neutron spectra penetrated through 

a thick shielding．In order to make the prob． 

1em simple and ,convenient，the energy of neu． 

irons emitted from the reaction of 100 MeV／u 
C J-Cu[ 】were divided into 1 1 energy inter— 

penetrating through different thickness concrete 

shielding at 10 m from the neutron source(thick 
target)outside shielding were calculated，re． 
spectively，by the neutron attenuation theory 

method and taking into account the variation 

vals． For example，the proportions of neu． of neutron spectra with the shielding thickness 
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The relevant parameters were shown in Table 

1 aud the calculated value，the percent of 

neutron number in the 

neutrons，wel-e listed in 

- th energy bin in total 

variation of乜 with concrete shielding thickness 

in different directions(only showing two set of 
curves in 0。一 15。and 15。 30。directions as 

Table 2．Fig．1 given the an example in the text) 

Table 2 Neutron distribution outside the concrete shielding at 10 m from the neutron source(target) 

60 0— 1200 

0～ 20 

20～40 

40～60 

60— 80 

80,-~100 

11．1 

37．9 

36．5 

14．5 

0．1 

12．1 

49．2 

38．6 

2．2 

38．3 

59．5 

0 3 

24．4 

75．2 

14．1 

85．9 

3 Calculation of correction factor 

A correction factor K was defined as 

Ref．【3，7】 

(1) 

where礼 is number of neutron energy bins； is 

percent of neutron in the i-th energy bin to total 

neutron；rh is relative dose equivalent response 

of the i-th energy bin to 5 MeV neutron；￡ is 

Rem-meter relative response of the i-th energy 

bin to 5 MeV neutron．Then，the real neutron 

dose equivalent n(~Sv)would be written as 

H(~Sv)=K·A(gSv) (2) 

where A(~Sv1 is the RJem-meter direct reading． 
The calculation of the correction factor Was 

performed by two steps．First，the variations of 
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the neutron spectra penetrating through differ— factors K were calculated by Eq．(1)and using 
ent thickness concrete shielding were calculated the vahle．S of ， and Ei listed in Tables 2

， 3． 

Stll(1 obtain(、fl̈ l(、iI v 11( ．̈ 1f、n 1̈(、rorr(、( 川 

10—1 

10—2 

10—0 

0。一 15。 

0 40 80 120 160 200 

Neutron energy／MeV 

jg．1 ¨L L rlIIL Ill t ri[，lttilHt．'-．L L ll J 111 frl Ju L【I Ll 
thicknesses：500cm(1)，400cm (2)，300cm ：-t~ll 

(3)， 

10— 

10—2 

10—3 

15。～ 30。 

0 40 80 120 160 200 

Neutron ener~y／MeV 

-I；Ll[d outsid~‘the (：om：rctc Mudding with dlth~rent 

200cm(4)，100cm (5)and without shielding(6) 

Table 3 The values of Ei and卵i 

4 Results and discussion 

The calculated Rem．meter correction fac． 

tors for both，the 10 inch diameter single—sphere 

Rem—meter and the standard A—B Rem—meter， 

were given in Table 4． 

It may be seen from Table 4 that： f11 

The correction factors are increased with the in— 

crease in concrete shielding thickness，which are 

minimal aS shielding thickness equals to zero； 

f 2 1 Thc correction factors are decreased with 

the increase in the angles between the measur— 

ing point and the incoming beam．The facts re． 

flect that the neutron spectra become“harder” 

outside thicker shielding than outside thinner 

shielding[9J
， i⋯e outside the shielding，the per． 

cent of higher energy neutron in iotal neutrons 

increases with increasing of shielding thickness， 

and that the over 60％ 0f iotal neutron and 

nearly all neut rons with energy over 1 00 MeV 

were emitted in the sterad of 0。～ 60。in the 

reaction of 100 MeV／u 12C+C．[1，3】 

The percent of emitted high energy neu— 

tron in total neutrons is very high in interme． 

diate energy heavy ion reactions．therefore．it 

iS not suitable to take the direct reading of a 

Rem-meter aS the neutron dose cquivalent due 

to this fact and the energy response of the Rem- 

㈩ ㈤㈤㈥ 
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meter．In order to get more exact neutron dose must be corrected． 

equivalent value the Rem—meter direct reading 

rable 4 Correction factor K 

thickness 

／cIn 

oy 

H‘r10 

For the 10 inch diametr single—sphere Rem- P~em-meters of known energy response． 

cr’ the cOrrect1on factors calc
．

ulated by R
eferences NCRP 

and ICRP recommendations in 1965 are ⋯ ⋯ ⋯ ⋯  

greater than those by H (10)E 川．the reason 1 
causing this diffcfence is very clear as the state— 

ment in Ref．I3I． 

An earlier study has pointed out that the q 

neutron yield mainly depends on the projectile 
energy per nucleon and the neutron yield vari一 3 

ation is a little as the target nuclei vary from 

Al to pb[11]
． Therefore．the correction factors 

listed in the Table 4 could be used approxi— 

mately for the reactions induced by heavy ions 4 

with energy 100 MeV／u on the middle—heavy 
targets to obtain the real neutron dose equiv— 

alent with a Rem—meter． 

The Rem．meter correction factor method R 

is one of the effectivest methods overcoming the 

difficulty caused by the energy response of the 7 

Rem-meter and is a method of practical sig- 

nificance in the field of neutron dose measure一 8 

ment． It makes the high energy neutron dose 

equivalent measurement problem simple，con— 

venient and practicable in the range of the in— 

termediate energy heavy ion reactions．In this 

work．the correction factors for intermediate en— 

ergy heavy ion reaction of 100 MeV／u C—ion 】0 
on thick Cu target were calculated only．This 

method could be applied to calculate the cot— 

rection factors for measuring dose equivalent 1 1 

of neutrons known energy spectra or for other 
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