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Abstract

The fluence rate distribution of neutrons in the reactions of 50 MeV/u **O-jon

on thick Be, Cu and Au targets have been measured with an activation method of threshold
detectors and the neutron dose equivalent rate distributions at 1 m from the targets in interme-
diate energy heavy ion target area are obtained by using the conversion factors from neutron

fluence rate to neutron dose equivalent rate.
Keywords

1 Introduction

The exact dose equivalent measurement of
neutrons with energy greater than 14 MeV is a
rather difficult problem in radiation protection.
The energies of neutrons emitted from interme-
diate energy heavy ion reactions are rather high,
the energy of most neutrons is over 20 MeV
and the maximal neutron energy could reach
twice incident ion energy per nucleon, most neu-
trons, particularly high energy neutrons, are
emitted in the forward direction of 0° to 60°
solid angles.[1~3)

Due to the existence of a vast amount of
high energy neutrons the dose in intermediate
energy heavy ion target area is quite high, which
is produced mainly by neutrons. Therefore, ex-
act measurement of the neutron dose equivalent
rate in heavy ion target area is an important
topic.

Neutron-Rem meter is a most useful in-
strument in routine dose survey, but these in-
struments are limited to energies from a few keV
to about 15 MeV. The deviations of the sensitiv-
ity curves of Rem meters from the dose equiva-
lent curves specified by the ICRP amount to as
much as a factor of 5 or even more in the inter-
mediate energy region, particularly in the high
energy region®~% (gee Fig.1). Therefore, the
direct reading of Rem-meter must be corrected
when measuring the intermediate and high en-
ergy neutron dose equivalent using a Rem-meter
to obtain the real dose equivalent value.[3:©)

At present, the Rem-meter is calibrated by
using an isotope neutron source for the low en-
ergy (Ep <20MeV/u) heavy ion reactions in
some heavy ion laboratories in the world, but
the response of Rem-meter to E,, >20MeV neu-
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trons is not known and not calibrated too.[7~10]
In the National Laboratory of Heavy Ion Accel-
erator, Lanzhou, we have used not only the cor-
rection factor method[®8), but also used ihe ac-
tivation method of threshold detectors to mea-
sure the neutron dose equivalent produced by
the intermediate energy heavy ion reactions, the
latter avoids the inconvenience caused by the
Rem-meter energy response

2 Measurement principle

It is feasible that some suitable threshold
detectors with suitable threshold energy is cho-
sen to measure neutrons with different energies.
The 27Al. '9F, 1C and 27Al could be used
to measure neturons with energy over about 7,
11, 20 and 50MeV as threshold detectors by
threshold reactions of 27Al(n, a)**Na, °F(n,
2n)!8F, 12C(n,2n)!'C and 2’Al(n, 4p6n)*®F, re-
spectively. The parameters of detectors used in
this study are the same as Ref.[11]

Neutron dose equivalent rate distributions
in the intermediate energy heavy ion target area
could be obtained approximately by using the
conversion factors from measured neutron flu-
ence rate to neutron dose equivalent rate.[12]

3 Experimental

The experiment was carried out in the
rapid chemistry terminal area at HIRFL. A
50MeV /u 80-ion beam passes through a hole
in concrete shielding wall, then through a pair
of quadrupole lenses and a collimating slit to a
thick target, the thickness of which was slightly
greater than the range of heavy ions in the tar-
get, and was completely stopped in the target
and a copper beam stopper, and was collected
and recorded by a beam integrator. The layout
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of threshold detectors around the target is the

same as shown in Fig.2 of Ref.[11].
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Fig.1 The H*(10) curve and the response curve of the standard A-B Rem-metcr

All threshold detectors were disks shaped
and previously cleaned with alcohol liquid and
put into clean sample cells. The sample cells
were located on a horizontal platform around
the target and at 1m from the target, and
were irradiated in the radiation field of neutrons
emitted from the reactions of 50 MeV /u '20-ion
on thick Be, Cu and Au targets, respectively.
The platform was at a side of the beam tube
and its height was equal to that of the beam
tube.

The irradiated activities of detectors were

measured by an analysis system composed of
a pc-multichannel analyser and a HPGe detec-
tor. The efficiency of the system was calibrated
using a 1*2Eu standard +-source.

4 Results ahd discussion

Measured neutron fluence rate distribution
at 1m from the target with energies over 7, 11,
20 and 50 MeV, respectively, emitted from the
reactions of 50 MeV '80-ion in thick Be, Cu and
Au targets are shown in Table 1.

Table 1 Neutron distributions at 1 m from the target

Reactions Neutron @, nem~2.s~T.nA~T
energy 0° 307 60° 90° 1207 150°
>7MeV 2.59x 107 1.06x107 2.92x10% 8.01x 102 4.29x10? 3.09x107?
50 MeV /u >11MeV 1.88x10% 5.66x10% 9.45x 102 2.72x 102 1.01x 102 7.57x10!
180 + Be >20MeV 1.21x104 2.16x103 3.41x10? 8.67x10! 3.73x10! 1.97x10!
>50MeV 3.43x10° 1.13x10° 2.28x 102 3.59x 10! 1.49x10! 7.06x10!
>7MeV 8.74x10° 4.42x10° 1.89x 103 6.81x107 4.60x 107 3.23x10°
50MeV /u >11MeV 6.41x103 2.06x103 5.60x 102 1.79% 102 6.67x 10! 5.07x10!
180 + Cu >20MeV 2.62x10% 6.49x 102 1.76x 102 4.67x 10! 2.82x10! 1.97x10!
>50MeV 1.63x10°% 3.75x102 9.77x 101 3.27x10! 1.44x10? 9.41x10°
>7MeV 6.09x10° 2.67x10° 1.55x10° 8.81x10° 3.63x107 2.43x10?%
50MeV /u >11MeV 4.32x10°% 1.29%x103 5.16x 102 2.10x 10?2 7.33x10! 4.87x10!
180 + Au >20MeV 2.70x10% 6.36x 102 1.47x 102 9.44x 10! 4.99x 10! 3.09x10!
>50MeV 1.11x10° 3.71x102 8.27x 10! 4.90x 10! 1.99x 10! 1.01x10!
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In order to obtain neutron number between
0~7MeV we have estimated the emitted neu-
tron proportion in the same energy region for
the reaction of 41.7 MeV/u 12C + C[?3] and as-
sumed that the proportions are approximately
identical for the both reactions. Based on the
measured neutron fluence rate data and the es-
timated neutron number of 0~ 7MeV region,
the neutron dose equivalent rate distributions
in rapid chemistry terminal area were obtained
approximately by using the conversion factors
from neutron fluence rate to neutron dose equiv-
alent rate listed in Table 2. The results are
given in Fig.2.

It may be seen from Fig.2 that the neutron
dose equivalent rates decrense exponentially
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Fig.2 Neutron dose equivalent rate distribution
curvers at 1 m from the target

Table 2 Conversion factor from neutron fluence
rate to neutron dose equivalent rate

Neutron energy Conversion factor Quality
/MeV x10~2 factor
/n-em~2.5~! (mSv-h—1)~!

2.5x107F 260 2.3
1x10°7 240 2
1x10~6 220 2
1x10° 230 2
1x1074 240 2
1x10"3 270 2
1x10~2 280 2
1x10~t 48 7.4
5x10"! 14 11

1 8.5 10.6

2 7.0 9.3

5 6.8 7.8

10 6.8 6.8

14 6.5 6.8

20 6.5 6.0

50 6.1 5.0
1x102 5.6 4.4

with the increase of angle between the thresh-
old detector and the incident beam and its dis-
tributions are peaked remarkably in the heavy
ion target area. The dose equivalent rate of
neutrons emitted from 50 MeV/u 80 + Be was
greater than those of other reactions. There-
fore, it can be concluded that the neutron dose
equivalent rates produced by lighter targets are
greater than those produced by heavier target
when incident ion and its energy are identi-
cal. Because the 0 and °Be are neutron-
rich nuclei relatively and the excitation energy
of resultant nucleus of 20 +°Be (~625MeV)
is grater than those of 80 + Cu(~209 MeV)
and 80 4 Au(~42MeV), the neutron yield
and neutron dose equivalent rate produced by
180) 4 Be were greater than those of others two
reactions.

It is rougher to divide the neutron energy
into only five energy region in this experiment.
We would use some new suitable threshold de-
tectors in next experiment to divide the emitted
neutron energy into 9~10 energy region and it
could be expected that the neutron dose equiv-
alent rate values would be measured more ex-
actly.
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