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ABSTRACT

An overview of the target-moderator-reflector assembly (TMRA) systems at the Neutron 
Science Laboratory (KENS) at the High Energy Accelerator Research Organization (KEK) is 
described together with the historical changes. Because of the optimized design of TMRA, the 
neutron-generation efficiency is very high. The characteristics of the cold moderator system, such as 
the absolute intensity, spectrum and radiation damage to it, are also described. There are a number of 
new neutron-scattering instruments which are being viewed at the moderator. A brief description of 
the proposed TMRA for our future project is also given.

1. INTRODUCTION

The spallation neutron souce (SNS) at KENS [1] of KEK is one of the earliest SNSs for the 
general use of time-of-flight neutrons. The very high-power SNS (ISIS)[2] at Rutherford Appleton 
Laboratory was built in 1985. ISIS has more than 50-times the proton power as KENS. Despite the 
difference, the ratio of the cold-neutron intensity between them is about 7.5,[3] due to the high 
efficiency of the solid methane at KENS compared with the liquid hydrogen moderator at ISIS and 
the difference in the coupling efficiency of the target and moderator.

In this paper, an overall description of the target-moderator-reflector assembly (TMRA) 
systems at KENS is described together with the neutron-scattering instruments at the cold source, as 
well as the plan for the future project.

2. THE TMRA AT KENS

The neutron source at KENS is a pulsed SNS based on a 500 MeV - 6 pA proton booster 
synchrotron operating at 20 Hz [1],

The KENS TMRA configuration [4] is shown in Figure 1. In this figure, the proton beam 
enters from the left side. A target is sitting at the center of the assembly, which is not shown in the 
figure. It is located on the B4C decoupler container for the ambient-temperature moderator made of 
aluminum. Note that a reflector is not shown in the figure, and the components of the TMRA are 
displaced in order to show them more clearly.

In between the target and the ambient-temperature moderator is placed a 4 mm thick sintered 
10B4C plate. The solid-methane moderator cryostat is located above the target, inside of a cadmium 
decoupler. The bottom part of the cadmium decoupler for the cold moderator has been removed; 
thus, the solid methane is partially coupled to the target. Since it is decoupled with the beryllium 
reflector, the pulse width is not affected by the coupling. There is also a cadmium liner along the 
neutron flight path. The target and moderator are surrounded by a beryllium reflector inside of an 
aluminum wall, as shown in the Figure 1.

A cross-section of KENS TMRA is shown in Figure 2. Note that the solid methane 
moderator is rotated by 45 degrees around its vertical axis for simplicity. In order to gain good 
coupling efficiency between the target and the moderator, the cross-sections of the target blocks 
perpendicular to the proton beam were made to be rectangular-shaped ones, compared with circular 
or ellipsoidal shaped disks for the other facilities. A profile of the proton beam at the bottom edge
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without a halo part is shown in the figure with a black ellipsoid. The beam size is 42 mm x 32 mm at 
the entrance of the beam-transport pipe attached to the target. Note that the distance from the bottom 
of the solid methane moderator to the upper edge of the target is only 18 mm, and to the center of the 
target is 46 mm. These numbers are quite small compared with the ones at other facilities.
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Figure 1. Structure of the KENS TMRA.
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Figure 2. Cross-sectional view of the KENS TMRA.

The trend of the proton beam current impinged on the targets and a summary of the target and 
moderator systems used at KENS are shown in Figure 3. The first target was made of tungsten, [4]
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and the moderator was a flat-type solid methane one [4] from 1980 until 1982. This moderator was 
replaced by a grooved solid-methane moderator, [5] as shown in Figure 4, in 1983.

The target was changed to a depleted-uranium one [6] in 1986. A cutout view of the target 
assembly is shown in Figure 5. Four depleted uranium blocks cladded by zircaloy 
(76.9W x 56.2h x 29.2°) were inside of it. To reduce the expected heat load in the solid-methane 
moderator, because of the neutron flux increase in the uranium compared with the tungsten target, we 
changed the grooved moderator to a flat-type moderator, [7] as illustrated in Figure 6. The internal 
dimensions of the moderator are 104w x 152H x 53T. Methane is cooled by helium gas at about 17K, 
which flows along the side walls of the moderator container, as shown in the figure. Methane gas is 
introduced from the top-center of the container and condensed and frozen inside of the container. To 
enhance the apparent heat conduction of the solid methane, four aluminum plates are inserted.

Tungsten target Depleted uranium target Tantalum target

80 82 84 88 90 92 94 96
year

1996: Tantalum target 
Flat solid methane

Dec. 19, 1986: first burp 
Jan. 22 ,1987: second burp

Dec, 1985: Uranium target 
Flat solid m ethane moderator 

side wall cooling type 
 four alum inum  plates inside

11983: Grooved moderator I

1980: first beam 

Tungsten target 
F lat solid methane m oderatorI r ia t  so u q  metnane m oderator

aire 3. Summary of the proton beam current at KENS.
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Figure 4. Top and side views of the grooved solid-methane moderator.
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Figure 5. A cutout view of the target assembly.

Figure 6. Flat-type solid-methane moderator.

In July 1995, we detected a very small xenon gas leak from the uranium target, because of a 
failure in the zircaloy cladding of the target block. We had to change the target because of the leak. 
After detecting xenon gas from two succeeding uranium target assemblies right from the beginning, 
we decided to change over to a tantalum target. It has an identical shape as the uranium target 
assembly. We are currently using the tantalum one.

3. CHARACTERISTICS OF THE KENS SOLID-METHANE MODERATORS

The characteristics for all three moderators except for the last one, are summarized in 
Table 1. There is a possibility of an over estimation in the total heat deposit, because for the 
uncertainty in the measured temperature rise. One of the reasons of the uncertainty is that the sheath 
of the thermocouple could average out the position dependence of the solid-methane temperature, 
resulting in a higher temperature rise, and thus the higher total heat deposit given in the table.
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In Table 2, the results of a chemical analysis of the irradiated methane gas is summarized. 
The average decomposition rate was 0.35%/1018 p. It did not depend on the target materials, either 
uranium or tungsten.

Two incidents of “burp” phenomena were encountered [7] with 5.6 and 6.2 X 1018 integrated 
proton doses on December 19, 1986, and January 22, 1987. To avoid burp phenomena, we evapolate 
and reintroduced fresh methane every 2- 3 days. [8],

Table 1. Summary of the characteristics of the early moderators.

Flat Moderator 
(Jul. 1980)

Flat Moderator 
(Feb. 1983)

Grooved Moderator 
(Jul. 1983)

Proton Intensity (1012) 7.3 8 6.5
Current I (pA) 1.2 1.3 1
Volume V (cm3) 900 900 1544
Bottom Area S (cm2) 60 60 131
Temperature Rise (K) 1 1.4 2
Thermal Conductance K(J/K/sec) 1.08 1.09 2.46
Total heat deposit Q(W) 1.2 1.7 4.9
Normalized Heat Deposit (mW/cm3/pA) 1.11 1.44 2.75

Table 2. Chemical analysis of the methane after irradiation.

Sample
Total
number of 
protons up

average
current
pA

decomposed
hydrogen
concentration
%

CH4 c 2h 6 C2H4

Sample-1
June 29-July 3, 1987

3.29x10" 1.64 1.3 97.3 1.4 <0.05

Sample-2
July 14-July 18, 1987

5.37x10" 2.59 1.9 96.2 1.8 <0.1

The absolute intensity of the cold neutron flux from the solid methane moderator was 
measured in 1980 and 1985. The gold-foil activation method was used to measure the absolute 
intensity. A maxwellian integral flux of 1.4 X 1011 n/cm2/s was obtained with a uranium target with 
the flat-type moderator [3], The proton current was 3pA, and the number of fast neutrons (nf) 
generated by the target was estimated to be 3 x 1014 n,/s.

Since we have not measured the absolute intensity of cold neutrons from the current tantalum 
target, we estimated the current flux by normalizing the previous values measured in 1985. The 
scaled value for the current condition is 3 x 1014 n/s/cm2. We assumed that uranium has a 1.7 better 
fast-neutron yield compared with a tantalum target. The time-averaged flux was calculated to be 
1.6 X 1011 n/cm2/s when the proton current is 6pA with a tantalum target. A cold-neutron spectrum 
thus scaled is shown in Figure 7. Also shown in the figure is the energy-dependent pulse width, again 
measured in 1985. The wavelength-dependent pulse shapes are shown in Figure 8 using a linear 
scale.

We are now planning to measure the absolute intensity, spectra, pulse shapes, and flux 
distribution on the moderator surface and so on for the current configuration.
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Figure 7. Spectrum and pulse width of the solid-methane moderator.
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Figure 8. Neutron pulse shape from the flat moderator.

4. WHAT USERS NEED TO KNOW ABOUT THE MODERATOR PERFORMANCE

The moderator characteristics become very important when designing and optimizing an 
instrument. The following is a list of the characteristics which have an impact on the optimum design 
of an instrument:

Absolute neutron intensity.
Spectrum, including the effects from such as windows, a collimator system and air in the 
flight path.
Period between pulses.
Energy-dependent pulse shapes.
Size and shape of the moderator.
Spatial distribution and angular dependence of the neutron flux on the moderator surface. 
Neutron flight-path information, including coupling to a guide tube.
Long-time fluctuation or intensity trend.
High energy neutron flux, which has impact on the instrument background.
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In order to show the impact of the neutron pulse shape to experiments, those from the 
grooved moderator [5] at Hokkaido University are shown in Figure 9. Because there is a time 
difference in the neutrons coming from the top of the grooved “teeth” and the bottom, the leading 
edge of the pulse shape shows a two-step rise structure. It is an annoying structure: for example, the 
fitting quality of the powder-scattering patterns became worse because of the structure. A similar 
thing occurred in a high resolution backscattering crystal-analyzer spectrometer. We thus changed 
the grooved moderator to the flat one in 1985, although it had about 1.2-times the integrated flux 
compared with the flat one [9] at a long-wavelength region.

The size of the moderator viewed from an instrument is another important parameter, which 
requires a high-momentum resolution, such as that of a small-angle diffractometer and reflectometer. 
To show the effect, a very simple-minded phase-space analysis is shown in the following. Although 
it is simple, it highlights one of the important boundary conditions.

In the left-hand side of Figure 10, a Akx -x cut of the phase space on the moderator surface is 
shown, where x denotes the coordinate along the surface of the moderator, either the horizontal or 
vertical axis. Note that the moderator size is denoted by 2dM . At the sample position, because of the 
difference in the momentum of a neutron (Akx), the neutron moves toward either positive or 
negative x, depending on the sign of Akx. Since we defined that the sample has a dimension of 2ds, 
neutrons outside of this region are eliminated. Thus, the incident neutron momentum resolution (Ak,) 
(roughly corresponding to a FWHM of the resolution) can be expressed by using time t, which is the

maximum time for a neutron to travel from the moderator to the sample. The t normally corresponds 
to the time between succeeding pulses; Ak, can be expressed as

du + d5 
A k, = c -----------

If we use msec, m and A for the units, c becomes 1.59. To have a feel for the size, if we 
assume 2dM = 0.08, 2ds = 0.01 (m) and t = 20 msec, Ak, becomes 4.5 X 10"3 A"1. Thus, in this 
configuration, Ak, alone gives us the absolute limit of 4.5 x 10"3 A"1 in the case of a 20 msec time 
frame. This is rather large for a small-angle diffractometer or a reflectometer. To reduce the 
momentum resolution, we have to have either a longer time frame or the sizes should be reduced for 
the moderator and the sample, according to the needs of the experiment. It is not easy to increase t, 
because it is connected to an accelerator design, and of course we loose much intensity by reducing 
the size of the moderator. Although, we could use a multi-pin hole collimator or a conversing Sollar 
slit system, they are not so easy to realize for a high-resolution small-angle diffractometer.

In order to resolve this situation, a moderator which has a small, but bright, surface is needed. 
A moderator with a groove or a reentrance hole is best suited for this purpose. Figure 11 is an 
experimental result from a grooved moderator, [10] which was obtained at the Hokkaido university 
electron linac facility. In this figure, the neutron flux is plotted against the distances from the bottom 
of the moderator. The height of the four grooves was 11 mm each, 47 mm in depth and the width 
spans across the whole moderator width. The brightness of neutrons from the bottom surface of the 
groove was about 80% higher than that from the flat one in the case of the groove being close to the 
target for neutrons having a wavelength around 10 A. The gain is lower for shorter wavelength 
neutrons. Quite recently, a single-groove experiment was also performed at Hokkaido University, 
and about a 50% improvement in brightness was detected from a 30 mm high single groove which 
span across the whole width.
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Figure 11. Neutron intensity distribution from the bottom of the grooved moderator.

5. CURRENT STATUS OF THE COLD-NEUTRON INSTRUMENTS AT KENS

A new guide hall was built in 1996, and three new instruments (the High-Resolution Powder 
Diffractometer (Sirius), the Polarized Neutron Reflectometer (TOP) and the Small/Wide-Angle 
Diffractometer (SWAN) have been built and are now under commissioning. Three other instruments 
(the Versatile Neutron Diffractometer (Vega), the High Resolution Quasi-elastic Spectrometer 
(LAM-80ET) and the High Resolution Spectrometer under Extreme Conditions (LAM-80cl)) have 
been restored in nearly the same configuration as before the construction of the building.

All of those instruments are viewing at the solid methane moderator. Although TOP and 
SWAN are sharing the same neutron beamline (Cl), they have a slightly different angle in order to 
obtain independent neutron shutters. The neutron-beam separation at the TOP’s sample position is 
only 65 mm between the center of the neutron beam.

The LAM-80ET is located after a normal nickel bent guide tube. The LAM-80cl is using the 
through-beam of the LAM-80ET. The Sirius has a 3 Qc super mirror guide tube of 28.5 m in length. 
The sample position of the Sirius is about 38.0 m from the moderator.

The Quasi-elastic Spectrometer (LAM-40), the Small/Midium-angle Diffractometer (Wink) 
and the Vega are sharing the same beamline (C4) one after the other.

A photograph of the Sirius is shown in Figure 12. Neutrons enter from the right-hand side of 
the picture. A 2m backscattering detector bank with almost 500 linear position-sensitive He-3 gas 
neutron detectors (PSD) will be installed at the bank in the near future. Also shown in the left-hand 
side is the 90-degree detector bank. Sirius has the 3 Qc super-mirror guide tube with a 
40 mm-by-50 mm cross-section. The relative transmission function of the guide tube is obtained by 
dividing the spectrum at the exit of the guide tube by the spectrum at the upstream of the Vega 
sample position, which has no guide tube, as shown in Figure 13. The obtained transmission function 
is shown by the filled circles, which is well explained by the calculated transmission function shown 
in the solid curve. The measured value is about 80% lower than expected one. A detailed 
measurement is underway. The calculated transmission function of a natural nickel guide is also 
shown in a curve with hallow circles. Note that the super-mirror guide is very effective in the lambda 
range of 0.5-4 A, which is important for normal powder diffraction. Sirius has already achieved 
Ad/d < 0.089% resolution in the case of scattering from a silicone single crystal, as shown in 
Figure 14.

A schematic drawing of SWAN is shown in Figure 15. The collimator system of SWAN 
utilizes a “point” geometry, which is defined by the viewed surface of the moderator and the size of
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the sample. In the case of a pulsed neutron source, because of its lower time-averaged neutron flux at 
the sample position compared with that of a reactor based one, it is desirable to have large solid angle 
detectors to compensate for the flux. SWAN has two arrays of PSDs at around the sample position, 
like is a conventional powder machine, which cover the angular range from 30° to 150°. At 1.15m 
from the sample position, 68 normal single-ended tubes of 1 inch diameter are arranged in 8-fold 
symmetry. At the 2.35 m position, 32 PSDs are installed and at 5m, 40 PSDs are installed.

Figure 12. Photograph of the High-Resolution Powder Diffractometer (Sirius).
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Figure 13. Measured and calculated transmission function of the super-mirror guide.
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Figure 14. Bragg scattering pattern from silicon single crystal.
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Figure 15. A schematic drawing of the Small/Wide-Angle Diffractometer (SWAN).

6. N-ARENA.

The Japan Hadron Facility Project (JHF), Neutron Science Facility (N-arena) is a project to 
build a 3-GeV-200pA, 0.6 MW spallation neutron source running at 25 Hz, upgradable to over one 
MW. Note that the repetition rate is lower than 50-60 Hz, typical for the other projects aiming at MW 
class sources.

A preliminary drawing of the target-moderator configuration for the N-arena is shown in 
Figure 16. We are now considering two candidates, namely, 3 and 4-moderator configurations. In 
the 3-moderator configuration, a coupled hydrogen moderator is sitting below the target, with a built- 
in premoderator in between, which also will serve as a target housing cooling circuit, as shown in a 
hatched region of the target assembly. This moderator is suitable for high-intensity instruments, 
which do not require a high time resolution. A decoupled liquid-hydrogen moderator with a poisoned 
premoderator will be installed at the downstream position above the target, for the cold neutron high- 
resolution instruments. We would like to have a deocoupled liquid-methane moderator with a 
premoderator at the upstream position above the target for short pulse experiments for higher energy 
neutrons. According to experience at ISIS, there is a possibility of the radiation damage, namely, the 
formation of higher-level hydrocarbons would prevent the use of this kind of moderator. We hope 
that the premoderator would reduce the radiation damage, and some kind of improvement in the flow 
of the methane would also reduce the possibility of hydrocarbons condensing inside of the moderator 
container. We need much more research and development efforts before actually employing this kind
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of moderator. For the 4-moderator configuration, we will employ two decoupled-poisoned water 
moderators.

D ecoupled  Liquid-CH4 
with Premoderator

D ecoup led  Liquid-H2 
with P oisoned  Premoderator

V / / / / / / /A

Proton Beam

/  C oupled Liquid-H2 
' /  with Premoderator

Figure 16. Preliminary drawing of the target-moderator configuration of JHF N-arena.
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