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Abstract: The calculations to the standard thick target were made by using
different codes. The simulation of the thick Pb target with length of 60 cm,
diameter of 20 cm bombarded with 800, 1000, 1500 and 2000 MeV energetic
proton beam was carried out. The yields and the spectra of emitted neutron were
studied. The spallation target was simulated by SNSP, SHIELD, DCM\CEM
(Dubna Cascade Model \Cascade Evaporation Mode) and LAHET codes. The
Simulation Results were compared with experiments. The comparisons show good
agreement between the experiments and the SNSP simulated leakage neutron yield.
The SHIELD simulated leakage neutron spectra are in good agreement with the
LAHET and the DCM\CEM simulated leakage neutron spectra.
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INTRODUCTION

Since the nuclear power system of the accelerator-driven sub-critical
facility system (ADS) has obvious environment and source benefit, the
nuclear energy scientists and engineers pay fully attention on the study of the
ADS nuclear power system!"™¥. In China , the rapid increasing industry will
need more and more energy , so the government of China thinks much of the
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study of ADS system; the study of ADS system is sponsored by the national
fund. Based on the technical situation in China, Chinese scientists have
proposed a two-stage planl!. The first stage is to build a proton linac of 150
MeV beam energy and 3 mA intensities. And a conceptual validity device
will be built based on the light water reactor located in China Institute of
Atomic Energy. The second stage will be characterized by a proton beam of
approximately 1500 MeV energy and a few mA intensities.

The spallation neutron source is a link for transmutation and
applications. The proton beam tube and the spallation target constitute the
combination part of the accelerator and the sub-critical reactor, which is the
important component part of the ADS. The physical study on the spallation
target is one of the basic studies of the ADS design. From the point of view
on the engineering application the basic problems such as spallation neutron
yield, energy deposition, radiation damage, and radioactivity accumulation
are firstly concerned. There exist several Monte-Carlo codes, such as
HETC!, LAHET!, etc., most of them can solve the above problem. An
intercomparison of the computer simulation of a proton beam interaction with
heavy extended targets has been finished by 12 Laboratories®. Most of the
groups have used some version of the well-known High Energy Transport
Code (HETC) in combination with one of the neutron transport codes:
MORSE, MCNP. And some groups (CDF and INFN) performed calculations
with GEANT, FLUKA packages, which are employed usually at simulation
of installations in high energy physics.

In China, we employed SNSP, SHIELD, and CEM\DEM codes for the
calculations of the spallation target™!”); so it is necessary to compare the
simulated results using different codes for the ADS Target .

1 THE SIMULATED RESULTS AND COMPARSION

The thick Pb target with length of 60 cm and diameter of 20 cm was
used in the calculations. The Pb target bombarded with 800, 1000, 1500 and
2000 MeV energetic proton beam was simulated by SNSP, SHIELD, and
DCM\CEM codes.

SNSP was developed in China Institute of Atomic Energy. In the code,
the macroscopic particle transport is calculated with Monte Carlo simulation
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and micorscopic nuclear data are obtained from the experimental data and
systematic or empirical formulas, but the bind energy, excited energy, and the
fission energy in the nuclear reaction processes are calculated based on the
changing of the masses of nuclei. The energy conservation is approximately
considered.

The SHIELD!"'"! | developed in the Russia group, INR of Russia, is a
Monte-Carlo code that is ideologically similar to the HETC code. We have
carried out the studies on the differential cross section of (p, xn) reaction, the
neutron yield, the spallation fragment, the radiation damage and the energy
deposit proton-induced with intermediate energy on the heavy target by using
the SHIELD code ['*14-16],

The following are the comparsions of the simulation results using
SNSP, SHIELD, DCM\CEM (Dubna Cascade Model \Cascade Evaporation
Mode) and LAHET codes .

1.1 Spallation neutron yield

The neutron yield is an important data for the practical application in the

ADS study. It is related with the incident proton energy and the target

material.
Table 1 Comparisons of numbers of leakage neutrons
generated per proton for ¢20 cmx60 cm Pb terget
E,,/MeV 800 1000 1500 1600 2000
SNSP 17.72 22.74 33.57 35.59 43.08
SHIELD 18.20 23.97 36.121 38.38 46.40
DCM\CEM 17.82 224 32.1
LAHET® 14.30
Exp. 17.7517 19.518 35.65!'7)
1617

From above comparisons we can see the yields of the leakage neutrons
are increasing with the increasing of the incident proton energy. The
comparisons show the good agreement between the experiments and the
SNSP simulated leakage neutron yield as shown in Fig. 1. The agreement
between the experiments and other simulated leakage neutron yield may be
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good in some of the energetic proton but poor in some others. The
differences of the simulated results are small below 1000 MeV energetic
proton, and become big above 1000 MeV energetic proton.
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Fig. 1 Enery dependence on the number of leakage

neutrons generated per incident proton

1.2 Leakage neutron spectra

Another important data for the practical application in the ADS study is
the leakage neutron spectra. The characterization of the leakage neutron
spectra is usually using normalization neutron spectra. The normalization
neutron spectra P (E) is expressed as:

P(E)=(dN/dE)/N

Where N is neutron yield and £ is the kinetic energy of neutron.

The normalization leakage neutrons spectra for different energetic
proton beam are similar. The Fig. 2 is the normalization leakage neutrons
spectra for 800 MeV energetic proton beam. From the Fig. 2, we can see the
leakage neutron energies extend to 800 MeV, but the most leakage neutron
energies are below 15 MeV. The SHIELD simulated leakage neutron spectra
are in good agreement with the LAHET and the DCM\CEM simulated
leakage neutron spectra. All of the simulated leakage neutron spectra are
reasonable.
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Fig. 2 Comparison of the normalizatio leakage
neutron spectra for 800 MeV proton
2 SUMMARY

The comparisons shows good agreement between the experiments and
the SNSP simulated leakage neutron yield , the agreement between the
experiments and other simulated leakage neutron yield may be good in some
of the energetic proton but poor in some others. The SHIELD and
DCM\CEM simulated leakage neutron spectra are consistent with the
LAHET simulated leakage neutron spectra.

From this work, we also can conclude that the method of SNSP code is
of credibility, but it needs more experimental data and more studing of
systematics of intermediated energy proton to extend it. Our next plan is to
do the above work.

The project is sponsored by China Ministry of Science and Technology
under contract G1999022600.
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