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Abstract

We studied decoupled poisoned and unpoisoned composite moderators consisting of
20 mm thick hydrogen and 30 mm thick light water. The neutron pulses from unpoi-
soned one were much broader with longer decay times than a simple decoupled hydrogen
moderator in 50 mm thickness. It was also found that the poisoned composite moderator
provides higher pulse peak intensities relative to the hydrogen moderator (poisoned at 20
mm) below several tens meV with no penalty of pulse width.

1 Introduction

A decoupled composite moderator, which consists of hydrogen(H,) and light water
(H,0), has been proposed as an alternative of a high resolution liquid methane moderator
at MW-class short pulse spallation neutron sources. [1] The pulse shapes are considered
to be broader than a simple decoupled Hy moderator because of a coupling between the
H, and H;0 in spite of a higher time-integrated intensity in a range 50 - 100 meV. There-
fore, we studied decoupled poisoned composite-moderators aiming at narrower pulses and
shorter decay times. A poison sheet, such as gadolinium (Gd), is interleaved between Hy
and H,O. We compare the pulse characteristics of the poisoned composite and poisoned
H, moderators.

2 Calculation

The calculations were performed with NMTC/JAM [2, 3] and MCNP/4A [4]. For a
mercury, cross sections evaluated at JAERI [5] were used. The general parameters of the
calculation model are tabulated in Table 1. Figure 1 shows the target-moderator-reflector
system consisting of a mercury target, a beryllium (Be) reflector and moderators. The
moderators are a simple Hy of 50 mm in thickness, 50 mm H, poisoned at 20 mm from
moderator surface, an unpoisoned composite and poisoned composite moderators. The
widths and heights of all moderators are 120 mm. The details are tabulated in Table 2.
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Table 1 General parameters for calculational model

Proton beam -
Power
Energy
Repetition rate
Current density profile
Cross section
Target
Material
Dimension
Reflector
Material
Shape
Dimensions

1 MW

3 GeV

25 Hz.

Rectangular (flat distribution)
130 x 50 mm?

Mercury (Hg)
400% x 80 x 750" mm?3

Beryllium (Be)
Cylinder
600 mm in radius, 1200 mm in highet

Table 2 Calculation model of moderators

Simple Hy  Poisoned Hy  Unpoisoned Poisoned
composite composite
Material and Hy (50) Hy (50) H, (20) H, (20)
thickness (mm) +H20 (30) +H-0 (30)
Poisoned material No Gd No Gd
Poisoned position No 20 mm from No between
viewed surface Hs and HyO

0 ﬁOO mm

Decoupler (1eV)
120

20 10 30

Fig. 1 Calculation model for target-moderator-reflector system (left) and a detailed dis-
cription of a composite moderator (right).
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For all cases, moderators are decoupled at 1 eV by B4C layers.
The pulse characteristics from the moderators are discussed by pulse peak intensities
(Ipx) and a pulse widths in full width at half maximum (FWHM).

3 Unpoisoned composite moderator

It is clearly shown in Fig.2 that jors [omievistMw)
the time-integrated neutron intensities Gd poisoned  pecoypied H
Wl Composite 2
from the unpoisoned composite mod- 2"F "y Unpoisoned 3
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Neutron energy (eV)
Fig. 2 Time-integrated neutron intensities from

a simple decoupled H, (50 mm), unpoisoned and
poisoned composite moderators.

the pulse shapes from the unpoisoned
composite are broader than the simple
decoupled H, with long decay times in
this neutron energy range.
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Fig. 3 Pulse shapes of 20, 50 and 100 meV neutrons from a 50 mm thick H, and an
unpoisoned composite moderator. The decoupling energy is 1 eV.

4 Poisoned composite moderators

Figure 4 shows the pulse shapes of 20, 50 and 100 meV neutrons from Gd-poisoned
composite moderator. Those for the H, moderators poisoned at 20 mm are compared in
the figure. The Gd-poisoned composite provides narrower pulses with shorter decay times
than the simple decoupled Hs ; much narrower pulse widths and shorter decay times when
compared with the unpoisoned composite in Fig.3.
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Fig. 4 Pulse shape of 20, 50, 100 meV neutrons from poisoned composite moderator and
poisoned Hy (20 mm). The poisons are Gd, the decoupling energy is 1 eV.

In Fig.5, the pulse width (FWHM) for composite moderators poisoned by Gd are
shown as a function of neutron energy. The figure also shows those from decoupled H,
moderators (poisoned at 20 mm from the moderator surface). At the energies below 100
meV, the energy dependences of the pulse widths are almost similar. This result shows
that the pulse widths in the neutron energy below 100 meV depend on the thickness of
viewed Hj in spite of the difference of backside material. In the energy region above 100
meV (higher than the poisoning energy of Gd), the pulse widths from the poisoned com-
posite are slightly wider than the poisoned Hy because of the H,O effect in the backside.

On the other hand, the pulse peak intensities are shown in Fig.6 for the poisoned
moderators (H, and composite) mentioned above. The pulse peak intensities of poisoned
composite are larger at energies below several tens meV (~15% larger at 5 meV). At
energies above 100 meV, the pulse peak intensities are almost same between the poisoned
composite and the poisoned H.

5 Results

The unpoisoned composite moderator provides broader pulses with longer decay
times than the simple decoupled Hy (50 mm) moderator in the neutron energy region
between 20 and 100 meV.

In the neutron energy region below 100 meV (nearly above Egq), the pulse widths
of the poisoned composite moderator are almost same to the Hj poisoned at 20 mm,
however, the pulse peak intensities are larger. The reason why the pulse peak intensities
are enhanced is the premoderating effect of HoO layer and actually it was proposed aiming
this effect.
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Fig. 5 Pulse widths (FWHM) for the poi-

soned composite moderator and the poi-
soned Hy at 20 mm.
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Fig. 6 Pulse peaks for the poisoned com-
posite moderator and the poisoned Hs at
20 mm.

6 Conclusion

The unpoisoned composite moderator is not suitable for high resolution experiments
because of the broader pulse widths with longer decay times in spite of the larger time-
integrated intensities between 20 and 100 meV.

It should be mentioned that the larger pulse peak intensities can be obtained relative
to the poisoned H» in the energy range below 100 meV without any increase of pulse
widths. by using the poisoned composite moderator. Therefore, we concluded that the
poisoned composite moderator can be a candidate for high resolution experiments below
several tens meV.
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