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Abstract
In present work, the SHIELD code system have been used to investigate the physics properties of
spallation neutron target, such as the neutron spectra, the yield, the radioactivity in the target and the
target size etc. The fragment mass distribution of the residual nuclei from proton-induced spallation
reaction on thick lead target with energy 1.6 GeV have been analysed also. Radiation damage, such as
radiation damage cross-section, displacement atom cross-section, the rate of displacement atom, and
displacement production rates in target Pb induced from intermediate energy proton and neutron
incident were investigated.
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Introduction
ADS system consists of three parts: accelerator, spallation neutron target and sub-critical reactor.
The spallation neutron source induced by intermediate energy proton-nucleus interaction is an
important link for transmutation and applications. [1-3]
In this work, we use the SHIELD [4-6] code to simulate the physics properties of the spallation
neutron target proton-induced. The SHIELD calculations have been compared with experimental data,
such as the neutron spectra, the radioactivity in the target and the target size. The geometric design and
the visualisation performances are largely improved by inserting the relevant package of the GEANT
into the SHIELD. [7] The pair correction, the parameters of the level density related with energy and
the time scale of the charge of reaction mechanism in the process of reaction studied at
Reference [8-11] are introduced into the SHIELD code to study fragment distribution and excitation
function of the residual nuclides proton-induced with intermediate energy.
The fragment mass distribution and excitation function of the residual nuclei from proton-induced
spallation reaction on thin Pb target with intermediate energy have been analysed. And the results are
in good agreement with measured data. The fragment mass distribution of the residual nuclei from
proton-induced spallation reaction on thick Pb traget with energy 1.6 GeV have been analysed also.
Radiation damage, such as radiation damage cross-section, displacement atom cross-section, the rate
of displacement atom, the gas production cross-section, the rate of gas production and the ratio, R, of
the helium and displacement production rates in target, container window and spallation neutron
source materials: W, Pb induced from intermediate energy proton and neutron incident were
investigated. And the study of radiation damage in the thick Pb target with length 60 cm, radius 10 cm
was completed and the map of the displacement atom in all target was obtained. In the mean time, the
energy deposit in the target of 208Pb with the length 60 m and the radius 10 cm proton-induced is
analysed. The results calculated by SHIELD code are in good agreement with the measured data of
1 GeV proton into the Be, C, Al, Cu, Pb and depleted U targets. [12] The maps of power density
distribution in the target are obtained with the proton beam intensity 10mA and the energy 1.5 GeV.
Calculations
Figure 1 gives the prediction of SHIELD on the energy spectra of neutrons for incident proton
energy of 150(a) and 1 500 MeV(b) bombing on the thick lead target with the length of 60 cm and
radius of 10 cm, respectively. It is clear that the neutron spectra are much softer at 150 MeV than
1 500 MeV. However, even at 1 500 MeV beam energy, most neutrons escaped from the thick target
are concentrated at energies below about 20 MeV, which could also be generated by the research
facility of 150 MeV linac.
Figure 2 shows the mass distribution of the residual nuclear fragments induced by pencil proton
bombarding the thick Pb target of the length 60 cm and and the radius 20 cm with the incident energy
1.6 GeV. It is clear that all products of the residual nuclides are located at the vicinity of the target.
Figure 3 is shown the calculated radioactivity of a cylindrical Pb target, which is radiated by a
pencil beam of 30 mA intensity for 1 year. The proton beam energy for Figure A and Figure B are
150 MeV and 1 500 MeV, respectively. They show the time dependence of radioactivity caused by
proton, neutrons and low energy (En≤14.5 MeV) neutrons. From Figure 3(B), It is found that the
activity is mainly caused by higher energy (En≥14.5 MeV) neutrons. From Figure 3(A), It is noticeable
that at 150 MeV the radioactivity is mainly caused by proton, which is in contrast to the case at
1 500 MeV. This means that under the irradiation of 150 MeV protons, the proton reaction data is
more important than the neutron’s is the study of target property.
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Figure 1. The prediction of SHIELD on the energy spectra of neutrons for incident proton
energy of 150(a) and 1 500 MeV(b) respectively for a thick target

Figure 2. The mass distribution of the residual nuclear fragments induced by proton
bombarding the thick Pb target with energy 1.6 GeV

Figure 3. Total and partial activity of lead target caused by 150 MeV (A) and 1 500MeV (B)
protons, as a function of cooling time. ●, ○, ∆ and ▲ stand for the total activity, the activity
caused by neutrons, by protons and by low energy neutrons(En≤14.5MeV), respectively

(A)

(B)
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In order to investigate the radiation damage of the all thick target for ADS system, we divided the
cylinder lead target with length 30 cm and radius 10 cm into 100 parts. The each part is 3 cm on the
length and Ri on the radial axis, the radius, Ri are suffered from,
R12 = R 22 − R12
= R32 − R 22
2
= R10
− R92

Figure 5. The radiation damage crosssection on R axis proton induced into target
with incident energy 1.5 GeV

Figure 4. The radiation damage crosssection on Z axis proton induced into target
with incident energy 1.5 GeV

Figure 4 gives the radiation damage cross-section per proton distribution on Z axis in the lead
target of 30 length and 10 cm radius with the pencil proton beam energy 1.5 GeV. It is clear that the
radiation damage cross-section decrease when the Z values increase, and while the Ri increase, it
increase also.
Figure 5 shows the same as Figure 4, but on the R axis. We found that the radiation damage
cross-section in the incident point is not the largest value in the target, but there is largest value at the
area of the Z (3~6 cm) in all the target, and while the R increase the location of the largest value is
increasing. The reason is that the contribution of the low energy neutrons is important, and in the
incident point, the number of the low energy neutron is much less than that of the area at Z (3~6 cm)
on the centre area.
In the present work, we analyse the energy deposit in the lead cylinder target of 60 cm in length
and 10 cm in radius proton-induced with the energy 1.5 GeV and the current 10 mA. The energy
deposit mainly consists of energy loss of ionisation, the recoil energy of the residual nuclide and the
energy of the fission fragment. In order to study the detailed distribution of the energy deposit in the
target, the cylinder lead target is divided into 300 parts which the mass and the volume of each part is
equal, there are 30 parts on the length and each parts on the length is 2.0 cm.
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Figure 6. The power density distribution on Z axis

Figure 6 and 7 give the distribution of the energy deposit on Z and R axises for the lead target
with the length of 60 cm and radius of 10 cm proton-induced with the energy 1.5 GeV and the current
10 mA. From Figure 6 and 7, they are clear that the contribution of the ionisation loss energy is the
largest and the fission fragment energy is lowest. We also found the power density at incident point
(Z=0, and R=0) is largest in all the target, and it decrease on the Z axis while Z increase, and while the
R increase, we found there is a largest value in the power density distribution, and the location of the
largest value in the target increase on the Z axis, because the contribution of the cascade-charge
particle in the area have a larger fraction in the total power density.
Summary and discussions
In this work, we analyse the properties of the spallation neutron source, such as the neutron
energy spectra, the residual nuclear mass distribution and the radioactivity in the target, the radiation
damage and the energy deposit proton-induced with intermediate energy by using improved SHIELD
code system.
We can find that the neutron spectra are much softer at 150 MeV than 1 500 MeV. However,
even at 1 500 MeV beam energy, most neutrons escaped from the thick target are concentrated at
energies below about 20 MeV, which could also be generated by the research facility of 150 MeV
linac. For the mass distribution, all products of the residual nuclides are located at the vicinity of the
target. The activity is mainly caused by higher energy (En≥14.5 MeV) neutrons with the incident
proton energy of 1 500 MeV. However, it is noticeable that at 150 MeV the radioactivity is mainly
caused by proton, which is in contrast to the case at 1 500 MeV. This means that under the irradiation
of 150 MeV protons, the proton reaction data is more important than the neutron’s is the study of
target property. We found that the contribution of the ionisation loss energy is the largest and the
fission fragment energy is lowest.
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Figure 7. The power density distribution of the radial axis
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