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Moderated rem meterg in pulsed neutron fields

. Dinter and X, Tesch

Deutsches Flektronen-Synchrotron DESY, Hamburg

Abstract: The diffusion time of neutrons in the moderators of four
well known instruments measuring neutron equivalent doses
was determined. From these data the cbunting losses are
calenlated. Diagrams are shown from which the correction

factors can bhe deduced for a given accelerator neutron field.







1. Introduction

The most common method of measuring neutron equivalent doses is by
slowing down the neutrons in a moderator and counting them by meang of a
detector sensitive to thermal neutrons. This technique has the advantage
that the response of such an instrument as a function of neutron emergy
can be varied within wide limits by the shape and composition of the
moderator. The detector for thermal neutrons may be a counting device
(e.g. BF3 .
detector (e.g. activation probe, "LiF dosemeter). In this way both the

counter, 6LiI scintillator) or an integrating solid-state

dose rate as well as the dose integrated over a long time can be

measured.,

Spherical moderators of polyethylene with different diameters are used
for the measurement of the flux density or the fluence, or in neutron
spectrosc®y. They may also be used for neutron dosimetry in a certain
energy interval depending on the diameter of the sphere (see, €,
ref. 1). A rough measurement of the equivalent dose of neutrons from
0.1 to 10 MeV is possible by a spherical moderator of 30 em diameter,
This device is in operation at various accelerator facilities for the
survey of the site dose. A larger moderator of 45 cm diameter allows

dosimetry of neutrons between 3 and 100 MeV (ref. 2),

In portable neutron rem meters, moderators designed by Anderson and
Brown (ref. 3) and Leake (ref. 4) are used. An absorber placed within
the moderator removes the oversensitivity in the keV-region. With these
commercially available instruments the neutron dose can be determined
from thermal energies up to 10 eV within a factor of two. This
precision is sufficient for practical use and certainly not worse than
the concept of expressing the interaction of neutrons with the human

body by one single parameter, the dose equivalent.

Hoderated neutron counters may also be used in pulsed radiation fields
of small duty cycle encountered around accelerators. Although the dose
during an accelerator pulse will be very high for a given averaged
dose rate, the counting losses will be small because the neutrons are

"stored" as thermal neutrons in the moderator and can reach the detector



hundreds of microseconds later. Leake (ref. 5) and Jenkins {quoted in

ref, 1) referred to this point.

This time delay was measured by us for four commonly used neutron dose-
meters. From the results we calculated the counting losses. For a given
averaged dose rate the correction factors can be deduced from the

enclosed diagrams if the length and the repetition rate of the accelerator

pulses are known,

2, Measurements

The time distribution of the pulses wes determined experimentally for the
following instruments:
poelyethylene sphere {30 cm dismeter) with a 6LiI scintillator,
polvethylene sphere (45 cm diameter) with a spherical 3He counting tube,
nortable instrument after Anderson und Brown with a BF3 counting tube

(AB counter),
portaBle instrument after Leake with a spherical 3He counting tube (Leake

counter).

The time delay does not result from the slowing down of the neutrons to
thermal energies but from the diffusion of the thermal neutrons in the
moderator. Therefore the delay is practically independent of the neutren
spectra encountered around accelerators. We measured the time delay by
using giant-resonance neutrons produced by 300 MeV-positrons impinging on
a copper target of 3 cm length. As the beam was of very low intensity
(1 1010 e*/s), the instruments could be positioned at a distance of

1 m from the target. The width of the beam pulses was 0.2 pus, the
repetition rate was 50 sﬁl. The time intervals between beam pulse and
neutron pulses were measured with a multichannel analyzer (multichannel
scaling mode), The width of one chahnel was 10 ms. The results are shown

in fig. 1.

We studied the beginning of the curves by additional delays of 1 ps each,

In this way we could convince ourselves that the counting rate resulting



from incomplete discrimination of the photon pulses is only measured
within the first miecrosecond, and that it does not disturb the rest of
the curve; thisg effeect is not shown in fig. 2. In order'tq reduce the
{-component the instruments had to be surrounded by 10 cm of lead which
also has no effect on the shape of the curves. Neither were the curves
disturbed by dead-time effects hecause only about 3 pulses were counted
per beam pulse. With a time width of 10 mus the rise of the curves in
fig. 1 could not be observed in our measurements because 1 MeV-neutrons
are slowed down to 1 eV within 1 mus (at this energy the reaction cross
sections are already high), and the thermal energy within 5 ms. At the
end the curves bend over into a very slowly decreasing background
resulting from the diffusion of thermal neutrons in the walls, This
effect is not indicated in fig. 1., Clear separation from the background
was confirmed by varying the distance to the walls and by measurements

without moderators.

The delay time of the thermal neutrons obviously depends on the volume

of the moderator, The moderators of the AD counters and of the Leake
counter are subdivided by perforated boron containing plastics and by

a layer of ¢ admium, respectively; the resulting inner moderator is small
and gives a higher response probability than the outer one. This construc-
tion explains the change in the slope of the tw6 curves in fig. 1. The
correlation between the velume of the detector and the delay time is

shown in fig. 2. Here the curves of fig. 1 were approximated by one or

two exponential functions, and the delay time was defined as the

10-percent value of the exponential curve.

j. Results

From fig, 1 we can deduce the correcting factor for the counting losses
at & given mean dose rate in any pulsed neutron field. We divide the
abscigsa into i channels of width T, T being the dead time of the
instrument., At first we assume that the width of the accelerator pulse
is smaller than T. In addition, the distance between two successive
accelerator pulses shall be larger then i« T; this is the case at any
accelerator, Then from fig, 1 we obtain for each channel the probability

Wi that a pulse is counted within this channel;ZWi = 1.



The true dose {given in rem) per accelerator pulge is called Dp' The
true number of instrument pulses per accelerator pulse is D ¢ where ¢
is the calibration constant of the instrument expressed in rem/pulse.

Then the number of pulses expected on the average in channel i is

m, = Wi . Dp/c.

The distribution of pulses in channel i is assumed to he a Poisson

Aigtribution

P (1"'!1, X) = 1 € *

x !
where x is the ohserved number of pulses. Since in a channel with a
width eaual to the dead time of the instrument only one pulse can be

recorded, the counting-loss factor is

_ hunmber of counted pulses __Z (1-exp (—Hi_gn/b))

true number of puises Dn/c .

o

Tn the case of accelerator nulses of widths larger than T we assume
that the widih can be expressed as & rmultiple of T. Then the actual Wi

can he calenlated by a sumernosition of the Wi from fig. 1.

The relevant data of the four instruments are sumnmarized in tab. 1. As
usual the calibration constants refer to Am-Be-neutrons, as their spectrunm
is gimilar to that of giant~resonance neutrons st electron accelerators

and of evamporation neutrons at proten accelerators. The choice of the

dead time is somewhat arbitrary, Ve assumed that the two spheres are used
for site ronitoring; the commonly used electronics might have a dead time
of 2 ms. (The time constant of a Lil scintillator is 1.2;15.) Portable
instruments usually show a longer dead time, which is also dependent on the
actual rate meter circuit.

Yer a given instrument the correction factors depend only on Dp and LP.

They are indicated in the right hand part of fig. 3 and in fig. 4 to 6.

Tor a pulse length Lp and for a given factor C the dose per pulse Dp
is roughly inversely proportional to the dead time T. This devendence
allows an estimate of € for dead time constants different from those

given in tab. 1.



The true mean dose rate of a neutron field depends on Dp and on the
repetition rate f of the accelerator pulses. Fig. 3 shows how the
correction factor can be determined. The indicated examplg: For a true
mean dose rate of 100 mrem/h, a pulse Jength of 1 ms and a repetition

1, the correction factor for a 30 ¢mwsphere is 80%. For the

rate of 1 s
other instruments the right hand part of fig. 3 is to he substituted by

fig., 4, 5, or 6.

A rough estimate of the correction factor for an instrument with a
conpletely different moderator can be obtained in the following way:
The delay of the neutrons in the moderator is estimated from fig. 2,
from this the Wi are determined and then the calculation can be

performed in the same way.
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Figure captions

Tig. 1

Tah., 1
Instrument Manufacturer calibration constant ¢ dead time
rer/pulse ms .
- -8
30 cm-gphere 8.5 - 10
AT counter Altiebolaget 8.2+ 107°
Atomenergi,
Studsvik,Sweden
Leak counter Muclear Tnter- 8,k . 1078 v
prized, Edinburgh
Ue XK.
45 er-gnhere 1.0 -10-7 2

Time distribution of pulses from four moderated neutron rem

meters aiter a very short (< 1,ms) accelerator pulse, In the
measurerent the width of the time channels was 10 ms. The
statistical errors can be neglected.
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on the volume of the moderator.

Dependence of the delay time (taken as the 10% value from fig. 1)

Diagram for determining the correction factor C for a2 rem meter

with a 30 c¢m-moderator. D is the true mean equivalent dose rate,

Py, the dose per accelerator pulse, L

n

repetition rate of the accelerator piilses.
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The right hand vpart of fig.

moderator,

The right hand part of fig. 3 for the AR counter.

The right hand part of fig. 3 for the ILeake counter.

and f the length and

3 for a rem meter with a 45 cm=



counting rate (arbitrary units}

Fig. 1
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Fig. 4
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