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ABSTRACT

For the design of ADS (Accelerator Driven
System), it is important to study neutron spectra
and details of nuclear reactions induced by
neutrons. Furthermore, neutron energy and
angular distribution data are important for a
correct simulation of the propagation of particles
inside a spallation target and the geometrical
distribution of the outgoing neutron flux. Many
experimental results are available for thin targets
and massive targets additional studies of neutron
spectra and neutron production were investigated
to design target for ADS with incident proton
energies up to 3 GeV. In our study, the angular
distribution and the neutron energy spectra are
reported for the (p,n) reaction on target nuclei
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INTRODUCTION

The spallation reaction is caused by
bombarding a target with particles having
energies above a few hundred MeV. This
reaction produces a great number of neutrons,
and is applicable to produce an intense spallation
neutron source or transmuting long-lived
radioactive wastes [1, 2].

The design of target is a key issue to be
investigated when designing an ADS [3], and

such as Pb, U, W with energy from 50 MeV to
350 MeV calculated with database of JENDL-HE
2007. We obtain a set of data about the angular
distribution and energy spectra of produced
neutrons on some heavy targets with energy
ranges as stated above. From the results of
neutron spectra, the paper also gives many
comments to recommend a choice of materials
for target and energies for accelerating proton
beam . From the angle distribution of neutrons
generated in (p, n) reactions on the different
targets with the different energies of proton, the
solutions to arrange the reflection bars in reactor
proposed. A comparison is also made to improve
the reliability for calculation of the paper.

its performance is characterized by the number of
neutrons emitted by (p, n) reaction.

This paper describes the calculation of spatial
distribution and energy spectra of produced
neutron performed on the proton beam with the
energy of 50 MeV to 350 MeV.

Based on the JENDL-HE library [4] we
obtain a set data about energy — angle spectra on
Pb, U, W targets with ranges as stated above.
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METHOD

We adopt the formula for calculating energy-
angle double differential cross section of neutron
from (p,n) reaction:

2
LA (e v(E, ) 1 (18, 8) O

Where:

p=coso ; u[-1,+1],

E, is the incident energy (eV),

E., is the energy of the product emitted (eV),

o is the interaction cross section (barn),

y is the product yield or multiplicity,

f is the normalized distribution with units
(eV unit cosine™),

d’o(y, E,.E.) :

dEJQ

energy-angle double differential cross section
(barn/eV-sr).
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Fig. 1. Angular distribution of neutron produced

on #U target with proton beam energy from 50 to

350 MeV

RESULTS
Angular distribution of neutrons produced

For the proton induced reaction, we are
interested in the neutron production. We use the
data of JENDL-HE library to calculate for
incident proton energies of 50, 100, 150, 200,
250, 350 MeV. Figures 1, 2, 3 show angular
distribution of neutron produced from the (p,n)
reaction on *®U, 2pb, W calculated at the
energies from 50 MeV to 350 MeV:

All the curves have the same behaviors but
they have different values.

The angular distribution of emitted neutrons
shows dominant forward angular emission with
respect to the incident proton direction.

Production cross section is the highest for
reaction induced on lead target and the lowest for
reaction induced.

When the incident proton energy increases,
production cross section does, too.
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Fig. 2. Angular distribution of neutron produced
on 2%ph target with proton beam energy from 50
to 350 MeV
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Fig. 3. Angular distribution of neutron produced on 186 W target with proton beam energy from 50 to 350 MeV

Comparison with the other published data

Up to now, we haven’t found any papers
studying about angular distribution of neutron in
energy range of 50 MeV to 350 MeV. We use our
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model to calculate the angular distribution of
neutron at 800 MeV and we make a comparison
with the obtained result of P.K. Sarkar and
Maitreyee Nandy [5] as following:
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Fig. 4. A comparison of angular distribution of neutron on lead target with the value reported in literature at 800
MeV. A. The result of P.K. Sarkar and M. Nandy [5]. B. Our result

We can see that there is a significant
difference between the two models QMD
(Quantum Molecular Dynamics) and SDM
(Statistical Decay Model). Fig. 4A shows a
dominant forward angle emission for the QMD
process while the neutrons from the SDM
calculations have isotropic angular distribution

with respect to the incident proton direction. Fig.
4B shows that the curve in our result is similar to
that of the QMD process. We do not mention
several important effects, the result shows a
significant difference in value.

We are interested in the form of the curve. It
means that our calculation model is good.
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The neutron energic spectra

Figures 4-6 show the neutron spectra from the (p, n) reaction on U, 2%pb, W calculated at the

energies from 50 MeV to 350 MeV.
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Fig.4. The neutron energic spectra produced on *¥w
target with proton beam energy from 50 to 350 MeV
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Fig.5. The neutron energic spectra produced on 26Pb
target with proton beam energy from 50 to 350 MeV
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For the considered energy range of incident
protons, we find that most of produced neutrons
have the energy from 1 to 14 MeV. From Fig. 4
through Fig. 6, we have some remarks as follows:
the neutron emission spectra produced by (p,n)
reactions depend on:

Incident proton bombarding energy.
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Fig.6. The neutron energic spectra produced on 2*U target with
proton beam energy from 50 to 350 MeV

Different target materials.

With the same isotope of an element, if the
proton bombarding energies are the highest, the
neutron cross sections will be the largest. At the
same bombarding energy, neutron emission cross
sections depend on target materials.
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Comparison with other published literature
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Fig. 7. The comparison of neutron emission spectrum of *®Ph(p,n) reaction with the value reported in the
literature at 62.9 MeV incident proton energy

It is clear that the forms of both Fig. 7A) and Fig. 7B) are similar.

CONCLUSION

We are interested in the cross section for the
energic spectra and spatial distribution of neutron
obtained for the incident proton energy of 50 to
350 MeV. We calculate the distribution of
neutron escaped a heavy target at different angles
from zero degree to 180° degree, so we know the
dominant forward angular emission with incident
proton direction and spatial distribution of
produced neutrons to arrange fuel bars in ADS.
Heavy nuclei as U, Pb, W were chosen as
spallation target and obtained rather hard neutron

energic spectrum (see Figures 4, 5, 6). This is the
need to optimize the fission probability of
Transuranic elements (TRU). Indeed, in the fast
neutron flux provided by the ADS, all TRU can
undergo fission, a process which eliminates them,
while in a traditional reactor thermal neutron flux
many TRU do not fission and thus accumulate as
waste.
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Nghién ctru vé pho ning luong neutron va
phan bd goc cua neutron sinh ra tir phan
tng (p,n) trén mot s6 bia nguyén to ning tir

e Nguyén Thi Ai Thu

Truong Pai hoc Sai Gon
TOM TAT

Véi thiét ké cho ADS (Accelerator Driven
System) lo phan img diéu khién bang mdy gia toc
diéu quan trong nhdt la nghién ciru phé neutron
va phan wng hat nhdan dwoc gdy ra boi neutron.
Hon nita, nang heong neutron va phdn bé géc
cua neutron la nhitng dir liéu quan trong cho viéc
mo phong sw nhdn neutron trén bia va sy phan
bé khéng gian cia théng lwong neutron sinh ra.
Nhiéu két qua thwe nghiém vé cdc bia mong va
nhitng nghién ciru vé phé neutron ciing san phiam
neutron trén cdc bia khéi da dwoc khdo sat dé
thiét ké bia cho ADS véi ndng lwong proton t6i
lén dén 3 GeV. Tir két qua ciia phé neutron, bai
bdo ciing cho nhitng khuyén cdo dé luya chon vit
liéu bia va nang lwong cho chum proton.

Tir khéa: ADS, spallation reaction, neutron spectra

REFERENCES
[1]. J.R. Maiorino, S.T. Mongelli, A.S.S.
Anefalos, A. Deppman, T. Carluccio,

Review of models and codes for neutron
source (spallation) calculation for ADS
application, International Nuclear Atlantic
Conference — INAC (2005)

[2]. V. Henzl, D. Henzlova, A. Kugler, V.
Wagner, J. Adam, P. Caloun, V.G.
Kalinnikov, M.l.  Krivopustov, A.V.
Pavliouk, V.I. Stegajlov, V.M. Toupko-
sitnikov, W. Westmeier, Transmutation of
1291 with energy neutrons produced in
spallation reactions induced by protons in
massive target, Journal of Nuclear Science
and Technology, Supplement 2, 1248-1251
(2002).

Sw phan bé goc cua neutron diwroc tao ra tir
phan ung (p,n) trén nhitng bia khdac nhau voi
nang lwong proton khdc nhau va giai phdp sdp
xép thanh nhién liéu trong 1o phan img ciing
duwoe dé nghi. Trong nghién ciru cia ching 16,
phéin bé géc va phé ning lwong neutron dwoc
bao cao cho phan vng (p,n) voi cac hat nhan bia
nhu Pb, U, W trong vung nang luong tu 50 MeV
dén 350 MeV sir dung dir liéu hat nhan cua
JENDL-HE 2007. Chiing t6i dat dwoc mét b s6
liéu vé phin bé géc va phé ndng lwong ciia
neutron sinh ra trén mét sé bia ndng trong ddi
nang luong tir 50 MeV dén 350 MeV. Mot sur so
sanh dugc thuc hién dé tang mwrc do tin cdy cho
mo hinh tinh todan cua bai bdo.

[3]. Y. Kadi, JP. Revol, Design of an
Accelerator Driven System for the
destruction of nuclear waste, Lectures given
at the workshop on Hybrid Nuclear for
energy production utilization of actinides
and transmutation of long lived radioactive
waste, Trieste 3—7 (2001).

[4]. Nuclear Data Center, Japan Atomic Energy
Agency (JAEA), Japanese valuated Nuclear
Data library (JENDL), modified at
2008/03/24, 12:14 JST.

[5]. P.K. Sarkar, M. Nandy, Quantum molecular
dynamics approach to estimate spallation
yield from p + 208Pb reaction at 800 MeV,
Journal of C Indian Academy of Sciences
Physics, 61, 4, 675-684 (2003).

Trang 136



