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Executive Summary
Korea Atomic Energy Research Institute is planning to build a cold neutron triple-axis
spectrometer at HANARO, the 30 MW research reactor. The spectrometer is expected to be
completed in 2008 with the following configuration from the upstream to the downstream.

Guide

Filters
Monochromators
Monochromator-Sample Distance
Collimation C1
Beam Height at the Sample Table
Sample-Analyzer Distance
Collimation C2
Analyzers
Analyzer-Detector Distance
Detectors

Supermirror m = 2
In-pile Straight Section, ~ 5 m
Curved Guide, ~ 26 m w/ R = 1500 m
Straight Guide before the Instrument, ~ 40 m
PG and Be
Neutron Velocity Selector (Future)
Vertically Focusing Monochromators
PG(002) and Heusler(111)
Doubly Focusing Monochromators (Future)
2m
Soller Collimators, 20’, 40’, 80’
1.5 m
1.0 m
Soller Collimators, 20’, 40’, 80’
Radial Collimator
Horizontally Focusing Analyzers
w/ Fixed Vertical Focusing
PG(002) and Heusler(111)
0.5 m
5 cm Tube Detector
25 cm wide Position Sensitive Detector

Once completed, the neutron flux at sample is expected to surpass that of SPINS at NCNR,
making this instrument one of the most powerful 2nd generation cold neutron triple-axis
spectrometers in the world.
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1 INTRODUCTION
Neutron scattering plays the key role in understanding materials, the materials that are central to our
civilization. With their wavelength matching the inter-atomic distance, neutrons’ ability to identify
material structure has been well known and has been used in diverse disciplines of science. Less
well known, but more significant about neutrons is, arguably, their inelastic scattering cross-section.
Through inelastic – energy changing – scattering, dynamics of the material, i.e., the motion of
constituent atoms can be studied in detail. Neutrons, which have the right energies to observe the
atomic and molecular motions, excel in this area compared to X-rays or light, thus offering critical
information to validate and improve material theories.
Triple-axis spectroscopy, after four decades of its invention by Bertram Brockhouse, the 1994 Nobel
physics prize winner who shared the prize with another great neutron scatterer, Clifford Shull, is still
one of the simplest, most economical and most widely used techniques for inelastic neutron
scattering. Thanks to its versatility, triple-axis technique has been used to measure a variety of
systems. Traditionally, however, triple-axis spectrometers have shown their strength in measuring
excitations in solid-state materials.
With the advent of cold neutron sources, cold neutron triple-axis spectroscopy has become
increasingly important. Cold neutron triple-axis opens door to previously inaccessible low energy
regime with unprecedented resolutions. Thanks to this new capability, scientists around the world
have been able to study in detail the high TC superconductivity, low dimensional magnets, frustrated
magnets, and a whole additional set of materials which show low energy excitations with small
momentum transfer values.
It is difficult to overestimate the impact of cold neutron triple-axis spectrometers in science. (From
now on, “cold neutron triple-axis spectrometer” will be abbreviated as “cold TAS”) Figure 1 shows the
NIST (National Institute of Standards and Technology) cold neutron triple-axis spectrometer SPINS
(Spin Polarized Inelastic Neutron Spectrometer), which is a typical 2nd generation triple-axis
spectrometer. Crucial works on high TC superconductivity, frustrated magnetism, magnetic thin films,
low dimensional magnets, ferroelectrics, and Cr have been carried out on this instrument.

Fig. 1-1 The NIST Spin-Polarized Inelastic Neutron Spectrometer (SPINS)
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Currently there are only a few cold TAS in the world that have considerable neutron flux. In North
America, SPINS is the only operational instrument with three new ones planned at NIST and Oak
Ridge National Laboratory combined. In Europe, ILL (Institut Laue-Langevin) has a couple of very
powerful cold TAS. Many other famous cold TAS are located or planned throughout Europe. In Asia,
LTAS and HER at JAERI (Japan Atomic Energy Research Institute) are the only two cold TAS
available for now. Inelastic neutron scattering is still considered at the forefront of science, hence the
concentration of cold TAS in scientifically advanced countries.
South Korea has a relatively long history of neutron scattering which dates back to 1960’s when the
first research reactor was built just after it emerged from the Korean War. However, neutron
scattering did not receive its due attention because of more urgent economic development of that
time. Only when HANARO, the 30 MW modern research reactor, went critical in 1995, it emerged as
one of the most important scientific methods in Korea.
Inelastic neutron scattering, however, has not progressed until the cold neutron research facility was
approved by the Ministry of Science and Technology in 2003. Along with the long overdue thermal
triple-axis spectrometer project, the cold TAS project gained momentum to initiate neutron inelastic
scattering research in Korea.

Fig. 1-2 The IN14 Cold Neutron Triple-Axis Spectrometer at ILL
Considering South Korea is the world’s 12th largest economy, it lags behind other competing
economies in neutron scattering programs. This unfortunately delayed growth of scientific
understanding and applications of important new materials. For example, groups based in Korea are
not playing a major role in high TC superconductivity research activities nor in the economy this new
kind of material is generating.
Triple-axis spectroscopy is an important tool with which many types of materials can be studied.
Once built, the new cold TAS at HANARO will not only open doors to new science previously
inaccessible to Korean scientific community, but also benefit the national economy in the long term
by igniting interest in new materials.
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2 SCIENTIFIC MOTIVATION
2.1 INTRODUCTION
It is always important to remember why we are doing this. The reactor is not everybody’s idea of a
safe place. Neutrons are not quite harmless. Being squeezed among heavy instruments is not such
a pleasant experience. Nevertheless scientists flock to research reactors around the world to push
the limits of human knowledge, to advance science in the hope of serving the humanity and nature
that surrounds us all.
That is, we are building instruments for the sake of science. Therefore, it is important to start with
what we can do with the planned instrument. The use of the instrument is not limited to a small
number of examples that are presented here. The instrument can be used as far as the human
imagination can go.

2.2 HIGH TC SUPERCONDUCTIVITY
In modern physics, the most actively studied area of research is arguably superconductivity [2].
Superconductivity draws a lot of attention because of its exciting application possibilities such as
lossless electric cable, maglev, magnetic resonance imaging, and countless others.
With room temperature superconductivity still up for grabs, most research effort has been focused on
high temperature superconductivity since 1980’s. It is now well-known that high TC superconductivity
occurs on the 2 dimensional copper oxide planes. While not much more is known, most important
findings so far have been made through using triple-axis spectrometers because they are most
suitable for single crystals research. For example, John Tranquada of Brookhaven National
Laboratory observed spin fluctuations in the copper oxide plane common to high TC superconductors
and concluded that dynamic charge stripes may play important role in such superconductors. Today
hordes of scientists are studying his stripe idea using inelastic neutron scattering with triple-axis
spectrometers.
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Fig. 2-1 Spin Fluctuations in the Nickel Oxide Plane. Park et al., unpublished.

2.3 LOW DIMENSIONAL MAGNETS
Efforts to explain high TC superconductivity naturally lead to study of low dimensional magnets since
it is essentially the 2-D copper-oxide plane that transmits super-current. In addition, low
dimensionality offers solvable models with increased quantum fluctuations that result in interesting
phase behaviours. In search for new materials, many scientists have been attracted by these exotic
behaviours.

Fig. 2-2 SPINS inelastic neutron scattering data from Cu(C4H4N2)(NO3)2(CuPzN), a one
dimensional spin 1/2 magnet. Broholm et al., 2003 NCNR annual report.
Take the one dimensional quantum spin magnet Cu(C4H4N2)(NO3)2(CuPzN) for example. (See the
above figure.) Inelastic neutron scattering data obtained from a cold triple-axis gave crucial
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information that explains spinon behaviours under (zero-) magnetic field. Likewise many low
dimensional magnets are probed with triple-axis spectrometers to test and polish condensed matter
theories.

2.4 GEOMETRICAL FRUSTRATION
Ordinary magnets with unique ground state have easy to understand low temperature excitation:
spin waves that involve all of the spins in the system. One of the most fascinating behaviours in
magnetism, however, involves magnets with infinitely many ground states, so called macroscopically
degenerate ground state. Since nature does not tolerate this multiplicity close to the absolute zero
temperature, unforeseen characteristics can be found in these “frustrated magnets.”
Geometrical frustration starts from a simple idea. If a spin lattice is triangular themed with
antiferromagnetic correlations between the nearest neighbours, it is not possible to align the spins
anti-parallel to all of their neighbours. Since this effect is entirely due to the geometry of the system,
it is called geometrical frustration. With macroscopic number of such frustrated unit cells,
macroscopic number of different states shares the same ground state energy, resulting in infinitely
degenerate ground state.
These systems show many exotic low temperature phases as well as excitations other than ordinary
spin waves. Spin glass, spin ice, heavy fermions, and even superconductivity have been found in
this set of materials, which is actively studied using triple-axis spectroscopy as well as other
scattering techniques.

Fig. 2-3 A hexagonal spin object found in geometrically frustrated ZnCr2O4. Lee et al., Nature
418, 856 (2002)
The figure above shows a hexagonal spin object, a unit of elementary excitations in geometrically
frustrated ZnCr2O4. It is also found in some of the isomorphic structures like CdFe2O4 as expected
from the same frustrating lattice with similar nearest neighbor antiferromagnetic interactions.
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2.5 CHROMIUM
It is an irony that even one of the most widely used materials by human kind, Cr with bcc structure,
still poses many challenges. Since its discovery in 1960’s, Scientists have not been able to figure out
why a strange excitation known as Fincher-Burke mode exists in this simple metal.
Many discoveries have been made about the properties of the Fincher-Burke mode using triple-axis
spectrometers. The schematic diagram of this excitation that has been known so far is shown in the
figure below. The intrinsic shape of this mode, which is located next to the transverse spin density
wave around (001), is still under experimental scrutiny using neutron scattering as the primary tool.

Fig. 2-4 Dispersion of magnetic excitations in the transverse spin density wave (TSDW) phase
of Cr. Hiraka et al., PRB
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3 THE VERITAS
3.1 INTRODUCTION
HANARO is one of the most powerful research reactors in the world. Its peak neutron flux ranks it
among the top 10 research reactors as of August, 2005. The “high flux” even found its way into the
name of the reactor HANARO, which stands for “High-flux Advanced Neutron Application Reactor.”
This, in fact, is quite surprising to Korean scientists, who have been treated only with experimental
tools adequate for small and mid sized labs for decades but not with anything close to a big user
facility. At the time when the construction of HANARO began, Korea had an economy large enough
to build a large scale research reactor. It was just a matter of whether they were willing to invest in a
big science facility.
Indeed the record shows that HANARO was not simply intended for science. Rather it was intended
for boosting the nuclear industry by providing a means for testing materials in a neutron rich
environment. This kind of material irradiation activity is still very much active. In fact, the program
widened recently as the commercial neutron transmutation doping (NTD) of silicon became a serious
business. In addition, the reactor is used for neutron activation analysis (NAA), radioisotope
production, and a variety of other activities. These days HANARO is considered the first genuinely
successful multi-purpose research reactor in the world.
As a neutron beam facility, HANARO faces steep challenges from its neighbours. In Japan, JRR-3M,
the 20 MW research reactor of similar capability is fully operational and has been producing big
scientific output for a long time. Although the 3 kW spallation neutron source, KENS, is going to
shutdown in 2006, the 1 MW J-PARC is going to go online in 2008 along with the initial set of
instruments. In China, CARR, the new 60 MW research reactor is targeting 2006 to start the
operation. The Chinese also have a plan to build a powerful spallation source that matches J-PARC,
too. Although HANARO as of today is a very competitive neutron source, once all of the above
projects bear fruits, it will have a steep competition from its neighbours as well as other world
renowned facilities in North America, Europe, and Australia. Therefore, the instrument planning must
take account of this new and changing environment.

Fig. 3-1 The Planned J-PARC Facilities
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Fig. 3-2 The World Wide Distribution of Cold Neutron Triple Axis Spectrometers

Compared to the large and active neutron research community in Japan, the user base in Korea is
quite limited. If it comes to the inelastic neutron scattering, it is even more so. What would be the
best strategy for HANARO to pursue in a situation like this?
The traditional attitude toward the inelastic neutron scattering in Korea has been that we don’t need it
in a developing country. Diffraction seemed to be quite enough in a country that was only interested
in immediate applications. However, the times have changed and the nation is feeling increasing
pressure to boost the science to sustain the economic growth. It has become evident that without
properly understanding the building blocks – the matter – the industry cannot produce highly
advanced products.
There are many strategies available for HANARO to purse to shore up inelastic neutron scattering.
The traditional approach taken by the forefathers of neutron scattering in Korea has been to close its
doors to the outside world until domestic science grew big enough. Judging from the scientific output
from HANARO for the past 10 years, it is clear that this approach has utterly failed.
To overcome its shallow user base as well as limited knowledge on inelastic neutron scattering, it
would be ideal for Korean neutron scattering community to learn from its more advanced neighbours.
Therefore, the planned cold neutron triple-axis has to have attractive features to encourage scientists
from more advanced countries to use the instrument. As long as the new cold triple-axis is powerful
enough, there will be users from around the world, especially from Japan and China, who would be
collaborating with the local scientists. Needless to say, this kind of cooperation must be designed to
be mutually beneficial.
With the above in mind, I adopted following as the directives for the cold triple-axis construction.
1. The instrument should benefit from the continuous source.
2. Maximize the neutron flux at sample, so that even a tiny sample can be seen.
3. Make the instrument versatile, since it is very likely to be the only cold neutron triple-axis in
the country.
4. Adopt attractive features such as high magnetic field sample environment.
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nd

Fig. 3-3 The Conceptual Diagram of a 2

Generation Cold Triple-Axis Spectrometer

The triple-axis spectroscopy has changed considerably from the days of Brockhouse. Although it is
still essentially triple-axis, extensive multi-focusing and multiplexing made the method more powerful
nd
than ever. Remembering the directives, the 2 generation triple-axis design shown in the above
figure was chosen as the initial target of the instrument. This design, which is sometimes called the
RITA-type, is currently the most advanced triple-axis design adopted by operational instruments.
nd

st

The reason for choosing the 2 generation triple-axis is as follows. Firstly, the 1 generation triplend
axis with mosaic crystals is no match against the 2 generation in terms of neutron flux, which uses
focusing mechanism both at the monochromator and the analyzer. Especially because cold neutrons
have very fine energy and momentum transfer resolutions, gaining more intensity with a little
st
sacrifice of resolutions has been the norm in recent years. That is why the 1 generation triple-axis is
no longer built any more.
rd

Currently a 3 generation triple-axis spectrometer, MACS, is under construction at NIST, and a few
others are being considered at other sites. Since it adopts extensive multiplexing combined with a
doubly focusing monochromator, it has to meet many technical and also prove its quality before it is
adopted at HANARO, which is just starting out the first inelastic neutron scattering program.
Moreover, MACS technology is optimized for reactor face locations looking at the cold source with
large solid angle, which is not possible with the HANARO cold source. Given the resources at
HANARO, it is deemed premature to build such instrument at the moment.
Therefore, the target design seems to be simple enough to build with low budget while providing a
powerful instrumentation to produce world-class science. Especially at HANARO, which has to start
with the basics of inelastic neutron scattering, it seems to be the most suitable choice.
To meet the needs of the user community and to have competing power against newly built
instruments in the world the new instrument must have its strong points compared to other existing
instruments. The benchmark instrument used for this purpose was the SPINS at the National
Instutute of Standards and Technology.
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nd

The SPINS is one of the most versatile and most used 2 generation cold neutron triple-axis
nd
instruments in the world. Besides being a 2 generation, it has the following additional important
features: multiplexing with a position sensitive detector(PSD) and polarization capabilities using
super-mirror-benders and guide fields.
The usefulness of PSD is proven at the SPINS and the RITA II at PSI (Paul Scherrer Institut,
Switzerland). Multiplexing modes using PSD enable triple-axis obtain energy-momentum space data
more like TOF instruments do. Since HANARO has been traditionally strong at PSD technology, it is
natural that the new instrument adopts a PSD as an optional detector.
Although using super-mirror-benders as polarizer allows simpler monochromator/analyzer design,
their polarizing power is sub-par compared to the Heusler monochromator/analyzer pair. Having the
Heusler also saves space along the beam path. Due to these benefits, the SPINS will be upgraded
with Heusler analyzer in the near future. For the new instrument to be competitive, it is logical,
therefore, to have the Heusler monochromator/analyzer pair installed from the onset.
One of the main weaknesses of the SPINS instrument has been its location at the cold guide NG-5.
Since heavy guide shield limits table movements considerably, momentum transfer values greater
than 2 inverse Angstrom have been difficult to achieve. It is very problematic when single crystals
with only one or two Bragg peaks within the available range are studied. Ideally a cold triple-axis
must be built at the end position of a guide close to the source to guarantee maximum versatility.
The placement of the planned cold triple-axis at Oak Ridge National Laboratory, STAR, is a good
example. Positioning of MACS and PANDA at FRM-II at their respective reactor face is a result of
going to the extreme which is not applicable at HANARO as mentioned before.
I laid out the directions for the new cold triple-axis at HANARO. It is to become a versatile instrument
that suits the user community’s need. In this regard, I nicknamed it VERITAS, which stands for
VERsatile Triple-Axis Spectrometer. In the following sections, I will go through details of the
instrumentation and compare its performance against SPINS and other cold neutron triple-axis
spectrometers.

3.2 GUIDE SYSTEM
The neutron guides deliver cold neutrons to the instruments in the experimental hall. The efficiency
of the guides, therefore, has a direct link to the performance of the instrument. The following figure
shows the tentative layout of the guides as well as the instruments in the experiment hall. VERITAS,
which is noted as TAS in the figure, will be attached at the end position of a devoted guide, CG2
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Fig. 3-4 Guide Hall Layout

As of August 2005, the guide system design is not completed yet. Therefore, the guide that feeds
neutrons to VERITAS can be changed in the future. Whatever modifications are made, the
instrument requires certain qualities from the guide as described below. I will discuss the instrument
itself based on the assumption that all the following requirements are satisfied.
More specifically the beamline should be designed with the following in mind:
1. Maximizing the neutron flux at sample between 3.5 ~ 5 meV,
2. The guide width should be large enough to cover large samples,
3. Allowing a free space of 4-m radius half-circle,
4. Locating the spectrometer at the guide end position,
5. Giving reasonable flux at 14.7 meV.
6. Finally there should be a bit of 20 meV neutrons for the sample alignment purpose.
It is targeted that the simulated flux at the sample with the vertical focusing of the monochromator
should match or exceed that of SPINS.
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Fig. 3-5 The Cross-section of the Guide System Viewed from the Instruments

The proposed beamline CG2 is 50 mm wide and 150 mm tall from the start to the end. (See the
above figure.) It is to be made of the Ni-Ti supermirror of m=2. The guide consists of 3 sections: the
in-pile section close to the cold source, the curved section which filters high energy neutrons, and the
last straight section that delivers the neutrons to the instrument. (See the next figure. Note: The
dimension and the curvature of the guide is exaggerated) The in-pile section which is 1.84 m away
from the cold source surface, is tilted by 0.95° northward from the center-line of the horizontal beam
tube and is (L0 =) 4.802 m long. The curved section curves southward with the radius of curvature (R
=) 1500 m. This section is about (L1 =) 26 m long. At the end of the curved section starts the straight
section which is more than (L2 =) 40 m long.

Fig. 3-6 The Schematic Diagram of the CG4 Guide.

The Ni-Ti supermirror was chosen to accommodate curving of the guide as prescribed above.
However, it is known that the long distance from the cold source to the spectrometer is not desirable
for the sake of flux when this material is used. The neutron flux that reaches the monochromator
must be studied through rigorous Monte Carlo simulations.
Although there are many neutron instrument simulation packages, Vitess was chosen for the initial
simulation effort thanks to its easy to use interface. Originally designed for the European Spallation
Source (ESS), it is the primary tool of many neutron instrument builders around the world.
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Unfortunately the description of the cold source is not precisely known at this time. Probably it will
remain so until the neutron flux is actually measured after the source is installed. Nevertheless
current best estimate from Monte-Carlo N-Particle (MCNP) simulation allows us to use the following
parameters as the Vitess source description.
Table 3-1 The Source Description
Moderator Width

7 cm

Moderator Height

15 cm

Moderator 1 Temperature

125 K

Moderator 1 Flux

13

4.81×10

Moderator 2 Temperature
Moderator 2 Flux

n/s cm

2

26.3 K
12

7.65×10

n/s cm

2

Although the guide system is not fixed yet, the following parameters are used for the Vitess
simulation.

Table 3-2 The Guide Description
Guide Width

5 cm

Guide Height

15 cm

Supermirror m

2

Source-Guide Distance

1.84 m

Guide Tilt

0.95° to North

L0

4.802 m

L1

26 m

R

1500 m

L2

40 m

With the given source, the wavelength dependence of the neutron flux is shown in the figure below.
Note that the curved section works as a neutron energy filter. The more curved the guide is the
longer the cut-off wavelength becomes. Therefore, it is not desirable to curve the guide too much. In
fact, the curvature must be determined so that the neutron flux of the desired wavelength remains
roughly same. In the following figure, different coloured symbols denote varying radius of curvature.
It can be seen that there are lots of thermal neutrons entering the guide. For the cold neutron tripleaxis, the relevant wavelength range is between 2 and 6.4 Å. The neutron flux in this range of the
wavelength does not drop significantly when R is more than or equal to 1500 m. Therefore, 1500 m
will be the lower bound for the radius of curvature.
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Fig. 3-7 Neutron Spectrum at the End of the CG2 Guide
At the end of the guide system, the last straight section is added to ensure a uniform spatial
distribution of neutrons. The next set of figures show the neutron flux along the horizontal axis at the
end of the straight guide as a function of L2.
When there is no straight section the intensity is certainly shifted to one side. This asymmetry
generated by the curvature can be reduced with lengthy straight section. It looks reasonably
symmetric when L2 = 40 m.
The last figure in this section shows the beam uniformity at the monochromator position. On the left,
the beam is quite uniformly spread over the 5 cm×15 cm guide cross-section. The divergence of the
beam on the right hand side does not seem to show any sign of the curved guide.
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Fig. 3-8 Intensity as a function of horizontal coordinate, Y.
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Fig. 3-9 The Neutron Intensity Profile at the End of the Guide.

3.3 THE 1ST SPECTROMETER
st

The 1 spectrometer consists of the monochromator, its radiation shield and some components that
should be inserted inside the shield.
As for the monochromator, for cold neutron triple-axis, PG (002) is the unanimous first choice
because of its large d-spacing and good reflectivity. With it the incident neutron energy must cover
2.0 ~ 14.7 meV. This energy range translates into roughly 20 ~ 70 degrees of monochromator angle.
As for polarized neutron experiments, supermirror bender is typically used among existing cold tripleaxis spectrometers. However, the bender requires careful maintenance to function properly
especially when it is frequently moved around. Heusler monochromator, in comparison, has much
better polarizing power and requires less maintenance. Therefore, Heusler is recommended for the
new instrument to give competitive edge over other instruments.
Choice of Heusler as an additional monochromator would require installation of vertically elevating
monochromator system typically found in thermal triple axis spectrometers. Although it incurs
additional costs, better-polarized flux at the sample with convenience of motorized monochromator
selection will provide easy access to polarized neutron experiments with much better brightness.
As for the monochromators installed in a cold neutron guide, it has been known that vertical focusing
boosts the flux on the sample considerably. Since this has become a standard practice, vertical
focusing schemes for both PG and Heusler monochromators must be used.
Recent technological advances made available the doubly focusing monochromators. It is yet to be
seen whether there is any gain in the neutron flux by adopting the additional focusing along the
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horizontal direction for an instrument attached to a neutron guide. This possibility will be explored
after the instrument is completed.
It should be pointed out that the monochromators must be installed at the exact center of the beam
with less error than 1 mm. Failure to do so will result in inadequate alignment of the spectrometer.
The monochromator size is sensitive to the guide design. Wider and taller guide will result in wider
and taller monochromator to utilize all of the neutron flux. For example, if a 5 cm wide guide is used,
monochromator width should be wide enough to cover 5 cm when it is at 20 degree, which is 5 /
sin(20°) ~ 14.6 cm. Practically this will require use of the three 5 cm wide crystals. The
monochromator height must be at least 15 cm if a 15 cm tall guide is to be used. Note that
divergence of the beam would require use of slightly wider and taller than the calculated values.
Therefore, the best estimate at present is 15 cm (W) × 16 cm (H) monochromators. The following
table summarized the discussion on the monochromator specification.

Table 3-3 The Monochromator Spec.
Monochromator Dimension

15 cm (W)×16 cm (H)

Monochromator Focusing Scheme

Vertical Focusing

Monochromator Angle Coverage

20° ~ 70°

Monochromator 1 d-spacing & Energy Range

PG(002), d=3.35416, E = 2.06 ~ 15.5

Monochromator 2 d-spacing & Energy Range

Heusler(111), d = 3.44, E = 1.96 ~ 14.7

Monochromator shielding for a cold neutron triple-axis is often less massive than that of the thermal
counterpart thanks to the much smaller neutron flux. Especially because all of the guide system is
designed to have curved sections at HANARO, noise from fast neutrons may be already small
compared to other straight guides. At any case there should be enough shielding to achieve the
largest signal to noise ratio possible. Also it is important to commit to non-magnetic monochromator
shield to reduce risk of accidents when magnets are used on the sample table.
Although the design is still in its conception, the followings are being considered regarding the shield
and other components surrounding it.
1. The filters (Be and PG) are placed before the monochromator shield right after the guide
end. A neutron velocity selector is also being considered, but may not be adopted in this
phase of the project.
2. The monochromator shield is a rotating drum. Its diameter is to be 1.6 m. The diameter of
the inner bore where the monochromator sits is 40 cm. Therefore, this leaves 60 cm for the
shielding material.
3. The guide side of the shield opens when the wedges are pulled up by air. The wedges cover
about 10° each. Since all of them combined must span the entire scattering angle of 100°,
total of 10 wedges are used.
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4. After the monochromator there is an opening that leads the neutrons out of the shield. Its
dimension must be large enough to accommodate a soller collimator and an additional
shield after the collimator.
5. Along this opening, a guide field is to be applied electrically for polarized neutron
experiments.
6. There should be an X-rail right outside the opening which will support various components
such as a beam monitor that enters between the monochromator and the sample.

3.4 SAMPLE ENVIRONMENT

Fig. 3-10 The Sample Table of RITA II

The sample table also has to be made with non-magnetic materials due to increased demand on
high magnetic field environment. Ideally all steel parts e.g. nuts and bolts must be exchanged with
non-magnetic ones. However, it is not entirely feasible nor is necessary. It should be sufficient to
have bulk of the material made of non-magnetic materials and to test the sample table against real
magnets.
At any case, the table must be constructed with at least a 15 Tesla magnet in mind. Within 20 years
of the instrument’s projected lifetime, magnet technology will continue to grow and higher field
magnets will be available. For the instrument to remain competitive, it will become very important to
accommodate such magnets on it.
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The big magnet imposes another severe limit on the sample table: maximum load. Magnets are
typically very heavy sample environments weighing more than a few hundred kilograms. The table
must be constructed so that it can withstand such a weight and, of course, itself.
This enormous weight requires use of air pads combined with a sturdy dance floor if angular
precision is to be maintained. Though there are instruments which use supporting structure and
wheels, it is increasingly evidenced that they cannot handle modern sample environments and
detectors effectively and must be upgraded therefore.
The sample table requires use of 2 large one circle goniometers and one goniometer head to handle
θS (ω) and 2θS as well as sample tilting angles. Custom made base and air pads have to be attached
at the bottom and an insert has to be placed below the goniometer head to adjust the sample height.
The above picture of the sample table of RITA II shows all the elements mentioned here.
The advance of science requires use of extreme sample environments on regular basis. Thus, like
any other neutron instruments, the success of VERITAS depends heavily on the sample environment
availability.
The science that utilizes a cold TAS generally deals with low energy phenomena, hence requiring
cryogenic temperatures quite often. Closed Cycle Refrigerators (CCRs), orange cryostats and
superconducting magnets are frequently used sample environments.
The most prized sample environment is, arguably, a high field magnet with dilution refrigerator. One
of such magnet is shown in the following picture. The field strength requirement has steadily
increased in recent years, and recently the cold triple-axis at FRM-II, PANDA, obtained a 15 T
magnet. To remain competitive, it is crucial to have a comparable field strength magnet available in
the cold neutron guide hall.
Other items that remain to be purchased are low temperature displex that covers 4 K to 300 K, a
high temperature displex with the temperature range of 30 ~ 700 K, and finally a displex or an
orange cryostat with access to 1.5 K.
Since such sample environments are quite expensive, thus standardization is critical to share those
equipments on various instruments and save costs. Eventually a dedicated sample environment
team is needed to maintain and purchase new ones.

Rev. 1 / 2005-09-30

III - 24

HANARO

KAERI
Development of Cold Neutron Research Facility
And Utilization Technology

Fig. 3-11 11.5 T superconducting magnet at NCNR.

3.5 THE 2ND SPECTROMETER

nd

Fig. 3-12 Artistic Image of the 2

Spectrometer

The cold triple-axis spectrometers around the world without exception has PG(002) as its analyzer
because of the good reflectivity. There is no doubt that the new instrument requires a PG analyzer.
In addition, having Heusler analyzer would bring a considerable boost to its polarization capability.
Many cold TAS’s including SPINS have plans for such analyzer, too, for the same reason.
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To enhance count rate modern analyzers adopt horizontal focusing schemes. This, coupled with
vertically focusing monochromator, makes good use of the available flux for a guide based cold
triple-axis spectrometer. It is natural VERITAS adopt horizontally focusing analyzers, too.
Since a PSD is going to be adopted, it will be ideal if the beam from the analyzer, when it is flat,
reaches the whole PSD surface. This will help determine the analyzer and the PSD width.
There are a few crucial pieces of information to begin with in formulating the analyzer width.
Otherwise, there are too many free parameters to determine one value. The most widely used Ef and
the energy window that is of interest must be determined beforehand. For a cold TAS they are 5
meV and considering the resolution, about 0.1 meV range. Conventionally an odd number of
analyzer blades are used. Hence, 11 ~ 21 blades is sufficient for this purpose.
One simple exercise is in order. Let's denote the sample-analyzer distance as LSA, analyzer-detector
distance LAD, analyzer angle θA, detector angle θD, and analyzer width W A as shown in the figure
below.

Analyzer
θA

WA

LSA

Sample
LAD

PSD
Fig. 3-13 The schematic diagram of the analyser and the position sensitive detector (PSD).
Following the neutrons that hit the center blade, θD = 2 θA to satisfy the Bragg condition.
-1

The angle between an outer ray and the central ray is δ = tan ( W A sin θA / ( LSA + cos θA ) ). Hence,
the Bragg diffraction angles at the analyzer end points are θA ± δ.
2

Energy is determined from λ = 2 d sin( θ ), E = 81.81/λ , where d is the analyzer lattice spacing.

Table 3-4 Neutron Energy Probed by Each Analyzer Blade (4 cm wide) in the Multiplexing
Mode
Blade Index

Distance from the PSD
Center (cm)

δ (°)

Neutron Energy Probed
(meV)

-5

9.8293921

-3.7491909

4.2521677

-4

7.7295025

-2.9498434

4.3937097

-3

5.6999869

-2.1761876

4.5392516
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-2

3.7373658

-1.4272733

4.6887934

-1

1.8383855

-0.70217640

4.8423351

0

0.00000000

0.00000000

4.9998766

+1

1.7806455

0.68012455

5.1614181

+2

3.5062292

1.3390371

5.3269595

+3

5.1792662

1.9775484

5.4965008

+4

6.8021207

2.5964399

5.6700420

+5

8.3770171

3.1964645

5.8475831

It is clear from the above table that a 20 cm wide PSD can be fully utilized by 9 of 4 cm wide blades
or equally 17 of 2 cm wide blades.
Conventional wisdom states that the taller the analyzer the better. Sensitivity to sample tilting angles
can be overcome to some degree with a tall analyzer crystal. For example, if 8 degree acceptance
angle is required, the total height of the analyzer should be 2 * LSA * tan 4° ~ 15 cm.
The conclusion from the above argument is that the analyzer dimension is to be 34 (or 36) cm by 15
cm. If purchased by 5 cm by 2 cm pieces, this means 51 or 54 pieces. With 5 cm by 1 cm pieces, the
number doubles.
If there is no physical limit, a 2-dimensional detector has to be as wide as possible. Surely it is not
practical to build a huge flat detector since the distance neutrons have to travel would become
considerably different. Ideally a curved detector should wrap the entire solid angle from the analyzer
to count every scattered neutron. However, even if a curved detector is available, there is another
practical matter of collimator design and the finite analyzer size. This all limits the size of the detector.
(Of course, all detector area can be used if a curved detector is used with a good radial collimator.)
Starting from a flat detector, we have yet to find the "good" size. One way of measuring a "good" size
fo the detector is to check whether the outer pixels will be effective in the multiplexing mode. Note
that to reduce the background a radial collimator is going to be used which has about a few degrees
of collimation. Because most of the analyzer blades are off-centered, the collimation may block
signals.
Just as it was calculated for the analyzer, detector height can be determined by 2 LSD tan( 4°
degree ) ~ 21 cm.
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Analyzer Height

15 cm

Analyzer Width

15 cm

Detector Height

21 cm

Detector Width

2 cm for a single detector
20 cm for a PSD
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3.6 Q-E RANGE
Before a neutron instrument is designed in detail, it is important to check its capability through
simulation. Although it is already a common knowledge for a triple-axis, the accessible momentum
transfer (Q) and energy transfer (E) must be calculated to see the changes of the Q-E range with
varying parameters. There are many parameters that determine this range. A few non-optical
parameters such as the monochromator drum size and guide widths are also considered here.
For this simple exercise, a simplified triple-axis is used as shown in the figure below. Note that the
three axes are designated as circles, which corresponds to their shielding radii. Guide widths are
also a limiting factor.

Rm

Wdn

Wup
Lms

Wms
Rs

Wsa
Lsa
Ra

Fig. 3-14 Simplified layout of a cold TAS with parameters used for simulation.

To begin with, the following set of parameters is used.

Parameters

Value (cm)

Description

W up

50

Half of up stream shielding width.

Rm

100

Monochromator shielding radius.

Lms

200

Distance between monochromator and sample.

W ms

10

Half of mono-sample structure width.

Rs

40

Sample table radius.

Lsa

100

Distance between sample and analyser.

W sa

10

Half of sample-analyser structure width.

Ra

40

Analyser shielding radius.

W dn

50

Half of down stream shielding width.
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The most frequently used mode of a cold TAS is when Ef is set to 5.0 meV. The accessible Q-E
range can be easily calculated and is shown below.

Fig. 3-15 Q-E accessibility at Ef = 5.0 meV.

The calculated range shown in the left hand side of the figure is not unexpected from a typical cold
TAS. The right hand side figure shows the effect of putting the instrument at the guide end position,
i.e., W dn = 0. It is seen that the available Q-E region expands considerably at high energy transfer
side. Therefore, the benefit of locating the instrument at the guide-end position is clearly
demonstrated.
If we do the same calculation for other Ef values, e.g., 3.7 meV, it can be easily seen that the
accessible Q range is reduced considerably. However, one should remember that the 3.7 meV final
energy combined with a BeO filter gives better energy resolution with little contamination from higher
orders.
The same enlargement of the accessible Q-E region can also be achieved with reduced sampleanalyser distance. However, it is not always easy to have short distance between the two elements
since the filters, collimators, shielding, etc. are going to be placed.
To conclude this part of the simulation, it is seen that the planned cold TAS has a typical Q-E range
as expected. It is suggested that to expand the range, the instrument better be placed at the end of a
guide. In addition, many lengths must be carefully planned to have maximum accessibility while
maintaining a good signal to noise ratio.
If the current guide layout is maintained, VERITAS will become more versatile than SPINS in the
sense that it can access more of the higher energy region.

3.7 EXPECTED PERFORMANCE
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The instrument has been simulated using the most frequently used set-up parameters up to the
sample, i.e., at Ei = 5 meV with 80’ collimation between the monochromator and the sample. It is
7

2

shown that the neutron flux at the sample position is about 1.4×10 n/s cm . Comparing this number
with the numbers from the other prominent cold neutron triple-axis spectrometers, it is not such a
7

2

bad number. For example, SPINS is about 0.9×10 n/s cm at this set-up. The current world best
7

2

cold neutron triple-axis, IN14 has 4.1×10 n/s cm . Therefore, as long as the instrument has an
excellent signal to noise ratio, VERITAS will be competitive against world’s best cold triple-axis
spectrometers. When the new instrument such as MACS begins to operate the gap between the best
instrument and VERITAS will widen. Therefore, a strategy will have to be devised to guarantee the
usefulness of the instrument in due time.

Fig. 3-16 Flux and Divergence Distribution of the Neutron Beam at the Sample Position

3.8 DATA ACQUISITION AND ANALYSIS
Since triple-axis spectrometers only use single detectors and/or a PSD, they do not require extensive
data collection mechanism. Rather a single PC has enough capacity to deal with the data flow rate
typically found in triple-axis machines.
Selecting or devising proper software that will actually collect the data from the counting electronics
is a difficult problem. So far different neutron scattering facilities developed their own instrument
control programs. Ideally HANARO should also develop facility-wide standard software for data
collection.
However, HANARO suffers from inadequate amount of funding and human resource to perform this
task on its own for the moment. Therefore, until now only primitive programming has been done for
individual instruments separately.
Considering the lack of resource, there are a few options at HANARO.
1. Writing own programs with limited capability.
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2. Purchasing established instrument control software such as SPEC.
3. Adapting one of the existing instrument control software from other facilities.
Since option 1 will severely limit the new instrument's capability. It is not in line with the philosophy of
building competitive instrument.
Option 2 will let almost immediate access to the instrument, but also delay the ultimate goal of writing
own software.
Option 3 depends on whether a good quality instrument control program is freely available along with
its source code. Candidates for considerations are Oak Ridge National Laboratory's graphical
instrument control program, SPICE, and National Institute of Standards and Technology's New ICP.
Downside of SPICE is that it is LabView based, which requires purchasing of the expensive software.
New ICP is still under development, thus is not proven on real instruments yet.
Ultimately a decision should be made whether to choose one of the above mentioned options or
enlarge the programming capability at HANARO. The recommendation is to hire a few professional
programers in coming years so that the facility can stand on its own.
Serving the data to the outside the facility is a completely different matter, and it must be done by a
centralized server shared by many instruments. Traditionally this has not been the role of individual
instrument contacts, but that of facility management. However, due to the lack of resource at the
institute, a full scale data server is suggested at the instrument level.
One of the major strength of triple-axis spectroscopy is that its raw data converts directly to the
scattering function. Therefore, most research papers in widely circulated journals simply publish the
raw data with minimal intensity normalization. For general users, it is good news that there won’t be
much need for specific data analysis tool for triple-axis data.
For more experienced users, there are already simple tools available. For example, DAVE (Data
Analysis and Visualization Environment) developed at NCNR is freely available and includes tripleaxis data reduction routine. Once HANARO triple-axis data format is decided, it will be an easy task
to add a few lines of code so that DAVE or any other data reduction tool can read the local data.
For the fledging neutron scattering facility at HANARO, open source programs like DAVE can be a
good starting point to develop its own data reduction and analysis program if it decides to do so
ultimately.
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Fig. 3-17 A screen shot of DAVE.

3.9 TECHNICAL BASELINE
Over the years, HANARO has developed numerous neutron instruments. Especially because a
triple-axis spectrometer is simple enough, there is little technical challenge left for VERITAS. This
does not mean HANARO can do everything.
In this section, some of the technologies that HANARO excels or require more than HANARO’s
current capacity will be discussed in detail.

3.9.1

Dance Floor

If VERITAS adopts air pads as being suggested in this report, good quality dance floor must be
constructed to ensure smooth operation. Fortunately the test dance floor construction at ST-1 in
2004 and the full scale dance floor construction at ST-4 went successfully in 2005. This means
VERITAS can make use of the dance floor technology developed in recent years. Surely the dance
floors have to be tested for a few years to prove their worth.

Rev. 1 / 2005-09-30

III - 32

HANARO

KAERI
Development of Cold Neutron Research Facility
And Utilization Technology

Fig. 3-18 the ST-4 Dance Floor

Even if they fail to satisfy, flat stones with micrometer scale flatness can be a good alternative to
conventional dance floor. With its beam 1.5 m above the experimental floor, there is enough room to
place a wide and 40 ~ 50 cm thick stone and place the spectrometer on top of it. How enduring such
stone will be against such abuses as cryogen spills is an open question yet, and requires further
study.

3.9.2

Heusler Monochromator and Analyser

HANARO is still taking baby steps in terms of polarized neutrons. Therefore, the polarized neutron
spectroscopy suggested for VERITAS is certainly a challenge considering the existing resource
present at HANARO. Therefore, one way to avoid difficulties with this component is to adopt a
successful foreign design and build domestically.

3.9.3

Monochromator Elevation Mechanism

Design plan asks a monochromator switching mechanism between PG(002) and Heusler(111)
monochromators. Since both monochromators will have focusing mechanism, it will be a complicated
task to switch between them.
One way of solving this technical challenge is to use an elevation mechanism, which has been
successfully used at NCNR triple-axis spectrometers.

3.9.4

Monochromator Drum
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So far there has not been any attempt to build a monochromator drum at HANARO due to its
complexity. One is being designed for the ST-4 thermal triple-axis. Albeit similar in design, the
VERITAS drum would not require such heavy shield. It is planned to run MCNP to optimize the
shield and enhance S/N as much as reasonably possible.

3.9.5

Velocity Selector

The new cold neutron triple-axis being planed at Oak Ridge National Laboratory employs a velocity
selector to filter out higher order neutron beams. Traditionally this has been the role of PG or Be
filters. The benefit of choosing the velocity selector is not verified yet, but worth considering in the
future.
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4 MANAGEMENT
4.1 INTRODUCTION
It is well known that the overall instrument performance not only depends on the detailed
specification of the instrument but also on the qualities of the people involved: the instrument
development team (IDT) who builds the instrument, the instrument scientists who operate it and the
users who produce the bulk of the scientific output. How this human element of the instrumentation is
effectively managed will directly affect the outcome.
nd

Since VERITAS targets one of the most powerful 2 generation triple-axis spectrometers available, it
is, therefore, of paramount importance to invite the world experts to the IDT as international advisors
to ensure that the planning and development is done right. It is equally important to gather the local
engineering staff with exceptional qualities since they are the ones who actually execute the
engineering plan. The instrument scientists must be trained before the commission of the instrument,
a point which has been neglected during the past instrument development at HANARO. The kind of
powerful instruments such as VERITAS needs world-class instrument scientists to produce scientific
output that the instrument is intended for. Lastly the users also have to be trained to harness the full
power of the proposed instrument.
These are the ideals that every neutron instrumentation projects must adopt given the importance of
neutron scattering and the high cost of an instrument. However, they usually remain as ideals
because of many reasons. Especially in Korea lack of a big user facility experience is to blame. Take
the instrument scientists for example. Currently HANARO operates a few scattering instruments as
user instruments. The instrument scientists are, however, hardly scientists. They have no prior
scattering experience and no one properly trains them before they are engaged in the user support
roles. Many of them leave the institute never learning what neutron scattering is all about. It is not
surprising, then, that there are not many “power” users in Korea. With only minimal user assistance
available without any scientific content, most of the users helplessly leave the data to collect dust.
The study conducted by the US government in 2002 on neutron science concludes that peer-reviewbased user program was behind the successes of major neutron scattering facilities such as ILL,
ISIS, and NCNR, and recommended initiating it at other facilities [4]. Since the planned VERITAS
instrument is an important national resource, it is of utmost importance to operate a similarly
vigorous user program.
There are a few important points to remember to achieve this goal. Firstly, review process must be
open and transparent to guarantee fairness. Secondly, users must be well supported by the
knowledgeable local staff. Thirdly, the user instrument must be well-maintained with little downtime.
Therefore, the managing the part of the project may be more important than building the instrument
hardware. Here in this chapter, I discuss this aspect of the instrument development and
management in detail.

4.2 INSTRUMENT DEVELOPMENT TEAM
The IDT consists of the lead scientists, the group of international and domestic advisors, some of
them junior enough to become future users, and the engineering staff. Instrumentation in Korea is a
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bit complicated due to the extra baggage called the “project based system (PBS).” As a result the
project manager (PM) controls the budget as well as the engineering staff.
The following figure illustrates how the IDT is currently organized.

Fig. 4-1 The Organization of the Instrument Development Team (IDT).

As long as the system works, this organizational structure is not so bad. Under this scheme the PM
is supposed to unload the burden of myriads of paperwork from the lead scientists and to allocate
proper amount of the engineering staff to the project. The lead scientists then carry out construction
of the instrument along with the engineering staff heeding the advice from the advisory group. Still
the lack of the engineering capacity of the lead scientists and the project manager can be
problematic. Too many simultaneous instrument developments also prevent the PM from playing his
appropriate role. Therefore, the current organization in reality creates an impasse that only delays
the project.
Probably the most urgent modification to the IDT organization is, given the current condition, to hire a
lead engineer who will oversee the engineering part of the project and manage the budget on behalf
of the PM. This idea is illustrated in the following figure.
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Fig. 4-2 The Proposed Organization of the Instrument Development Team
In this scheme, the lead engineer plays the crucial role of executing the project. Therefore, the lead
engineer must be chosen among the most talented pool of engineers. In addition, he or she must be
given a chance to study and understand the basics of neutron scattering if the person is to effectively
manage the project.
Implementing scientific ideas into real systems will be the responsibility of the lead engineer. Since
the planned instrument is like no other, the job includes learning or even inventing new schemes of
doing things. Once the mechanical drawing is complete, the engineer will be overseeing
procurement and implementation of the drawing along with the scientific staff members.
The principal investigator of this project is the spokesperson and the primary responsible who
manages all aspects of the project. Since HANARO has quite different policies and procedures in
building an instrument and operating it, the co-investigator, who has years of experience at HANARO,
supports the principal investigator as a local scientist. The project manager oversees the project, i.e.
he checks the progress and the use of the financial and engineering resources.
The following lists the current leadership in the IDT.

Table 4-1 The Leadership in the IDT as of August 2005.
Position

Name

Affiliation

Project Manager

Chang Hee Lee

KAERI

Principal Investigator

Sungil Park

KAERI

Co-Investigator

Yong Nam Choi

KAERI

Project Engineer

N/A

N/A
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The planned instrument will be only as good as the engineering staffs who actually implement them.
HANARO has a talented pool of such engineering staffs who have been involved in numerous
instrument-building projects. The following table is a listing of the local engineering staffs.

Table 4-2 The Engineering Staffs in the IDT as of August 2005.
Position/Job

Name

Affiliation

Mechanical Engineer
(Drawings)

Young Hyun Choi

KAERI

Electrical & Electronic
Engineer (Motor
Control)

Kwang Pyo Hong

KAERI

Electronic Engineer
(Detectors)

Myoung-Kook Moon

KAERI

Among the many international advisers the triple-axis group leaders of major neutron facilities and
nd
the 2 generation triple-axis spectroscopy experts consist of the international advisory team,
consists of. They are asked to review the project regularly.

Table 4-3 International Advisory Team
Name
Collin Broholm
Kazuhisa Kakurai
Jeff Lynn
Jiri Kulda
Seung-Hun Lee

Title & Affiliation
Professor, Dept. of Physics and Astronomy
Johns Hopkins University
Spin Lattice Related Neutron Scattering Group Leader
Japan Atomic Energy Research Institute
National Institute of Standards and Technology
Triple-Axis Spectrometer Team Leader
Institut Laue-Langevin
Triple-Axis Spectrometer Group Leader
Physicist, Primary SPINS Instrument Responsible
National Institute of Standards and Technology

The following table lists the rest of the advisers both domestic and international who are regularly
notified of the progress of the project.

Table 4-4 Instrument Advisers
Ki bong Lee, POSTECH
Andrey Zheludev, ORNL
Young S. Lee, MIT
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Michel Kenzelmann, ETH/PSI
Taku J. Sato, ISSP, U. Tokyo
Shuichi Wakimoto, JAERI
ASO Naofumi, ISSP, U. Tokyo
Takatsugu Masuda, Yokohama City U.

Since the instrument building is spread into the remaining 3 years, it will be appropriate for the
advisory team to convene once a year and review the instrument building.
It is strongly recommended that potential users in the region are allowed to participate in the
meetings to encourage scientific cooperation and maximize the user base of the instrument.

4.3 INSTRUMENT SCIENTISTS
The reality of building a neutron instrument often requires an instrument scientist with extensive
instrument building experience. Fortunately HANARO excels at building neutron instruments. For
example, it has successfully built and operated one of the world’s best high resolution powder
diffractometer, HRPD. By tapping into this human resource pool, instrument building can be greatly
eased.
His primary responsibilities will be technical management and support including but not limited to
instrument simulation using McStas and RESTAX, dance floor/support structure construction,
instrument assembly, logistics support, and some of the procurements. Post-Doctoral
Trainee/Graduate Student
For the future well-being of the instrument it is essential to train the next generation of instrument
scientists as early as possible. Participation in the early stage, when done right, can provide unique
experience that translates into valuable assets for the instrument as well as the facility. Therefore, it
is suggested that one post-doctoral trainee and a graduate student are associated with the cold TAS
project so that they can have learning experience and provide scientific and technical support to
relieve the burdens of the existing staff members.
At the end of their tenure, it is customary for the facility to offer them continuing position to wellperforming trainees or students so that their experience can be fully utilized. Exceptional trainees or
students are expected to get offers from overseas institutions, too.
Historically bulk of important work using an instrument came from instrument scientists themselves.
This is not surprising since they are the most knowledgeable of the instrument.
There are two lessons from this past experience. Firstly, it stresses that the quality of the instrument
scientists must match that of the best outside users. Good work can only come from good scientists.
In addition, it is a waste of the precious beam time if an instrument is not fully utilized by well trained
instrument scientists. Therefore, neutron scattering institutions try hard to hire and retain qualified
scientists. That is why instrument scientists at ILL are well respected and equally well paid.
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Secondly, it also demonstrates a potential pitfall of the current system. Outside users are often left
out from the details and the hidden powers of the instrument because of poor user support. It is
against the philosophy of user facilities. In most cases, lack of resources is to blame. How many
instrument scientists should serve users and how user-friendly the instrument control should be are
the issues here.
American institutions generally have fewer instrument scientists per instrument than their European
counterparts. This has partially contributed to the European lead in neutron scattering in general. For
example, similarly equipped SPINS and RITA II have 2 versus 4 listed instrument responsibles.
To fully utilize the expensive instrument the new cold TAS at HANARO will have to operate with a
number of qualified instrument responsibles. 2 permanent staff and 1 post-doctorial trainee as well
as a shared mechanical engineer following RITA II model seems like a good starting point for a
successful operation.
Once the team is set up, it is also important to offer them competitive salaries to retain them. Current
salary structure being adopted by KAERI and other national research labs in Korea are not adequate
to retain highly skilled instrument scientists since there are only a handful of qualified instrument
scientists in the world and they are always in demand.
Conversely HANARO may take the initiative and aggressively recruit skilled instrument scientists
among the internationals. This again means salary structures and procedures in hiring foreign
nationals must be changed.

4.4 BEAM TIME ALLOCATION

Fig. 4-3 The Proposed Procedure for Beam Time Allocation
Without many users, HANARO currently runs a very primitive beam time allocation program. Simply
put, the users submit their proposals through the web based system. All the proposals end up with
the responsible of the instrument the beam time is proposed for, who reviews them and allocates the
beam time, period.
Since HANARO strives to become a major user facility, the current procedure requires a big overhaul.
The beam time allocation procedure in the above figure is proposed in exchange for the out-dated
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system. The order of the beam time proposal flow is noted with numbers. I will explain the procedure
following the flow.
1. Users submit their beam time proposal to the user office. The current web based proposal
system is a good starting point.
2. The user office collects the proposal and sends a batch of them to the individual proposal
reviewers electronically.
3. The reviewers review the proposal and give their marks electronically.
4. The user office then sens the reviewed proposals to the proposal advisory committee.
5. The committee meets to decide which proposal deserves beam time and sends back this
information to the user office.
6. The instrument scientists are notified of the decision from the user office.
7. The instrument scientists coordinate the beam time with the users.
8. The user office is notified the beam time schedule.
9. The user office notifies the finalized beam time schedule to users.
Note that the user office, the proposal reviewers and the program advisory committee are not
installed as of yet. The user office is a must for a big user facility. Its task ranges from coordinating
the beam time allocation to tracking the output from each instrument. The proposal reviewers are the
volunteers who accept to review the beam time proposals. They are usually past and current users
of the instrument. Due to the lack of the properly trained neutron scientists in Korea, however, the
international neutron science community must be brought in for the peer-review process. The
VERITAS management will have to tap its advisers and a pool of world-renowned scatterers for such
peer-review. In the beginning, just giving out marks without any remark on the proposal would be
sufficient. Once the peer-review is done, program advisory committee must meet to decide whether
the proposal would be awarded beam time or not. Such committee generally consists of prominent
outside users and local scientists. Although it would be ideal to have famous international scholars in
this committee, too, due to the localized geography of the Korean peninsular, it would be sufficient to
have one foreign and a few nationals serve in the committee.
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5 ESTIMATED BUDGET AND TIME SCALE
5.1 BUDGET
The following table summarizes the total cost of building the planned cold neutron triple-axis
spectrometer at HANARO.

Table 5-1 Total Cost Estimate
Item

Price (million Korean won)

st

The 1 Spectrometer and Accessories

771.500

The Sample Table

130.000

nd

The 2

Spectrometer and Accessories

717.935

Instrument Control and Misc. Items

177.500

Manpower Costs

975.560

Sample Environment

187.500

Grand Total

5.1.1

2,959.995

Instrument Hardware

The following tables list the prices of the items that are going to be manufactured or procured.

st

Table 5-2 the 1 Spectrometer and Accessories Cost Summary
Item

Price (million won)

Beam Shutter and Drive

12.5

PG, Be Filters

50

PG Crystals

25

VF Monochromator Drive for PG

25

Heusler Crystals

144

VF Monochromator Drive for Heusler and Magnet

87.5

2 Huber Goniometer

77.5
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Monochromator Elevation System

62.5

Monochromator Shielding

250

Collimators

15

Monitor, Counting Electronics, and PS

6.25

Beam Slits, Motors, and Controllers

3.75

Flipper and 2 Power Supplies

7.5

Vertical Guide Field

2.5

Vacuum Tank

2.5

Total

771.5

Table 5-3 the Sample Table Cost Summary
Item

Price (million won)

Huber Goniometers

116.25

Guide Field and Power Supply

12.5

Beam Stop

1.25

Total

130

nd

Table 5-4 the 2
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Spectrometer and Accessories Cost Summary
Item

Price (million won)

PG,Be,BeO Filters

62.5

Flipper and PS

10

Vertical Guide Field

2.5

Beam Slits

3.75

Collimators

21.25

Huber Goniometers

93
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PG Crystals

25

PG Analyzer Drive

50

Heusler Crystals

143,685

Heusler Analyzer Drive and Magnet

87.5

Collimators

31.25

Detection System

125

Shielding

62.5

Total

717.935

Table 5-5 Instrument Control and Misc. Items Cost Summary

5.1.2

Item

Price (million won)

Instrument Control Computer

6.25

Data Acquisition Accessories

1.25

Instrument Monitoring Computer and Survey Cameras

5

Neutron Camera

12.5

Lasers, Optical Sensors

62.5

Alignment and General Purpose Tools

5

Dance Floor

62.5

Air Pads and Table Supports

12.5

Crane and Other Support Structure

10

Total

177.5

Manpower Cost

The manpower required for building VERITAS and widening the user base in the remaining years is
estimated in the following table.
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Table 5-6 Manpower Requested
Position

MY (Per Year)

Project Manager (PM)

0.2

Principal Investigator (PI)

1

Co-Investigator

0.5

Post-Doctoral Trainee

0.5

Project Engineer

1

Mechanical Eng. (Drawings)

0.5

Misc. Eng.

0.5

Total

4.2

Under ordinary circumstances, there would not be much demand for scientists in the group. For
example, only about 10 % of the PI’s time might be sufficient for instrument building itself. However,
because of the budget structure, money for science and promotion of the instrument to future users
has to be included in the instrument construction cost. The miscellaneous engineering includes the
motor control, detectors and collimators that are traditionally done in-house.
Overall, full salary of 4.2 staff members for the rest 3 years of development is required. The postdoctoral trainee is assumed to cost half of what one full staff member costs.
The scientific staffs have to visit major neutron scattering facilities to learn and get updated on tripleaxis operation. In this spirit, they shall make combined 12 international trips a year. Average staying
period is expected to be about a week and cost about 5 million won (~ 5,000 US dollars). Also the
same number of domestic travels that last one or two days is expected.
The international advisory team and the rest of the international advisers have to be paid for their
travel, too. About 6 people will be invited to HANARO each year. The domestic advisers will also be
invited to HANARO as many times a year.

Table 5-7 Manpower Cost Summary
Item

Description

Price (million won)

Salary

4.2 people × 3 Years × 60 m. won

756

Travel (International)

12 times × 3 Years × 4 m. won

144

Travel (Domestic)

12 times × 3 Years × 0.1 m. won

0.36

Travel (International Advisers)

6 times × 3 Years × 4 m. won

72

Travel (Domestic Advisers)

6 times × 3 Years × 0.4 m. won

7.2

Total
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5.1.3

Sample Environment

The regulation in Korea makes it very difficult to enter the reactor hall. Hence sharing the sample
environments between the guide hall and the reactor hall will be impractical. It is a significant
drawback that should be addressed in the future by the government. Assuming this will remain so in
the foreseeable future, the following shared items are recommended for purchasing for use in the
guide hall to initiate research after the commission of the instrument.
Low temperature and high temperature displexes and an orange cryostat consist of a basic set for a
triple-axis spectroscopy. The low temperature displex and the orange cryostat can be replaced by a
1 K displex if one is available. In addition, sample holders, cans and sample environment adapters
are also required for performing actual experiments. These are summarized in the following table.

Table 5-8 Sample Environment Cost Summary
Item

Price (million won)

Low T displex (4 ~ 300 K)

75

High T displex (30 ~ 700 K)

50

70 mm Orange Cryostat

43.75

Sample Holders, etc.

18.75

Total

187.5

5.2 SCHEDULE BASELINE
Triple-Axis Spectrometers are not so complicated compared to many modern instruments. Hence
development time is not expected to exceed 5 years from conception to commission, which is
expected in 2008.
Although it would not take a long time to construct a cold TAS if all the positions are filled, the
inability to form a proper engineering team has been delaying the project. This is a very complicated
issue that has deep roots in Korean culture. Still there is an ample amount of time left for the
development of VERITAS.
Things to do in the current year (2005 – 2006) of the development are:

(a) Basic Design Report
i.

Instrument Simulation

ii.

Top-Level-Specification of the Instrument

iii.

Revising this Report

(b) Draft Drawing of the Major Instrument Hardware Parts
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i.

The 1st Spectrometer

ii.

The Sample Table

iii.

The 2nd Spectrometer

In the next year (2006-2007), the drawings will be revised and finalized. The procurements will start
as well as construction of some of the major parts.
In the last year (2007-2008) of the development, the remaining items will be purchased, and the
instrument will be installed in the guide hall. The later half of this year is devoted to debugging of the
instrument – both hardware and software.
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7 APPENDIX-A SUMMARY OF THE IAT MEETING

Summary of the International Advisory
Team Meeting for the HANARO TripleAxis Spectrometers
April 16, 2005
Date: April 12, 2005
Location: Hwarang Hall and the HANARO Reactor Hall, Korea Atomic Energy
Research Institute
Instrument Advisors:
Kazuhisa Kakurai, JAERI
Jiri Kulda, ILL
Seung-Hun Lee, U. of VA
Participating KAERI Staffs:
Sungil Park, KAERI
Yong Nam Choi, KAERI
Along with the 2 KAERI staffs involved, 3 members of the instrument
advisors for the triple-axis spectrometers met for the first time at KAERI to discuss
the status and the strategies for the future instrument development. They also had a
chance to scrutinize the reactor floor and the ongoing efforts at ST1 to realize an Eifixed triple-axis spectrometer there. The two projects – thermal and cold neutron
triple-axis development – were at a point to fix the specification and move on to the
actual drawing. The instrument advisors found that the more emphasis must be
given to science and attracting users for the projects to succeed. A few technical
issues were also raised. The following summarizes the discussions and
recommendations. (Note: A single advisory team was formed to cover both the
thermal and the cold neutron triple-axis spectrometers due to popular request.
Therefore, this report naturally contains the discussions and the recommendations
outside the domain of the Cold Neutron Research Facility. Professor Yasuo Endoh
also contributed in this report through his valuable advice.)
The Philosophy
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Everyone present believed that the new triple-axis spectrometers must be
producing world-class science once they are completed. It is agreed that the
instrument development as well as the managerial strategy should be based on this
principle.
The Status
The two triple-axis spectrometers, a thermal TAS at the ST4 beam port in the reactor
hall and the cold TAS, are currently planned, and the specs of the two instruments
are being fixed. The funding for the two spectrometers is not clear at present.
Currently, an effort is being made to convert the test station at the ST1 beam port
into a triple-axis spectrometer with fixed incident energy of neutrons. The aim is to
introduce inelastic scattering capability to HANARO by the end of year 2005, and to
start building the inelastic neutron scattering user community in Korea by
performing science using inelastic scattering technique. This effort is to build a core
group of inelastic neutron scattering users in Korea who will be actively involved in
the scientific endeavor using inelastic scattering at HANARO when the planned
two triple-axis spectrometers come into operation.
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The TAS Advisors’ Recommendations to
HANARO
“Solid Instruments that Produce World-Class Science”
April 2005
The Strategies
“HANARO should have strong research program utilizing inelastic neutron
scattering.”
1.

The principal investigators have two principal tasks:
• design and build optimized thermal and cold neutron TAS at the
HANARO neutron source
• setup a community of Korean and abroad users, which would exploit these
instruments for a science program, competitive in the international context

2.

To render their double task viable, HANARO should provide the principal
investigators with sufficient technical support. In particular, we recommend
the appointment of a full-time project engineer, who would supervise the
design and, later on, coordinate the procurement and installation of the
equipment.

3.

In order to develop an adequate scientific program, the principal investigators
have to conduct active scientific work and prospect for collaborations with
Korean and abroad users. For this purpose, they should pursue both trial
experiments at a test set-up on the ST1 instrument at HANARO and
experimental work at world-class instruments at neutron sources abroad.

4.

The advisors expressed their concern about the large number of inelastic
instrument projects, facing manpower shortage, budgetary uncertainties and
space limitations. They agreed that the preferable strategy heads for highly
optimized and well funded instruments, finished in possibly short deadlines
and competitive on an international scale, albeit in a lower number.
_____________________________________________________
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To build a strong inelastic neutron scattering user community in Korea and
promote neutron scattering in general, the following was specifically recommended
by the advisors.
1.

Find out what kind of condensed matter physics and materials science
programs are active in Korea and look for scientific program that can generate
interest and efforts from Korean scientists in short term, such as phonon
anomalies in relaxors and magnetic correlations in transition metal oxides.

2.

Have a few Korean scientists in the Instrument Advisory Team, and form an
Instrument Core User Group (ICUG) with potential users.

3.

Now, there are only a few people in the entire scientific communities in Korea
who has any experience with inelastic neutron spectroscopy. Therefore, it
would be better for them to come together to build the inelastic neutron
scattering community. It is suggested to combine the existing two IATs, one
for TAS and the other for TOF, and form a single IAT to oversee the
development of the inelastic spectrometers.

4.

It is recommended to have an in-house single crystal growth facility in the
future.

5.

An independent organization, such as NCNR, that solely focus on conducting
their own research and providing user program using neutron scattering
spectrometers should be created for successful operation of HANARO.

Technicalities (Cold TAS)
1.

The neutron guide for the cold TAS has to be at least 6 cm wide; if necessary, a
tapered (elliptic) nose can be employed for its entrance part to match space
constraints close to the cold source. These days it is not so unusual to have
large single crystals with a dimension larger than 5 cm due to the
advancement on the crystal growth techniques for the last decades.

2.

The cold TAS should have enough space on the floor, a true end-position on a
neutron guide is highly recommended for a variety of reasons (freedom of
monochromator design, accessibility of an adequate momentum and energy
transfer range, minimization of environmental constraints when using highfield cryomagnets).
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Technicalities (Thermal TAS)
1.

The adoption of a doubly focusing PG 002 or Si 111 monochromator in
combination with a virtual source (heavy slit) placed in the in-pile rotating
beam plug is strongly recommended for the thermal TAS. A sapphire or
silicon filter, placed before the monochromator, should be considered to
improve the signal/noise ratio of the thermal TAS.

2.

The options of additional monochromators for higher resolution work and of
equipment for neutron polarization analysis on both instruments should be
foreseen at the design stage, but their realization should be postponed to a
second phase, after experience with the instruments operation has been
acquired.

3.

According to the current organizational structure, the in-pile parts fall under
the scientists’ responsibility. The KAERI staffs involved (the principal
investigators and the instrument scientists), however, are not qualified to do
any work related to the in-pile parts. Instead, the reactor maintenance crew
must do the job while the PIs and instrument scientists oversee the process

Technicalities (Both)
1.

Nonmagnetic materials and components (motors, encoders) have to be
employed wherever necessary to enable operation with cryomagnets up to 15
T.

2.

The instrument must be designed to guarantee the safe operation even by the
not-so-experienced users.

Closing Remark
The advisors are satisfied with the future prospects of the planned triple-axis
spectrometers, especially with the strong commitment of the HANARO
management to the TAS projects. If everything goes as planned the spectrometers
will become competitive with other peer spectrometers in the world. However, they
also noticed the risks that the TAS projects may face as some previous HANARO
projects had. For instance, the Residual Stress Instrument (RSI) is currently underutilized due to the lack of scientific program even though the machine is
competitive. The Polarized Neutron Spectrometer (PNS) project has been severely
crippled due to the lack of interest and commitment. In order to avoid a similar fate,
the new Triple-Axis Spectrometer (TAS) project should emphasize science, and a
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proper budget should be secured. It is recommended that the PIs actively seek
future users and also conduct their own research. It is also recommended that it is
necessary for a single body of IAT oversee the development of inelastic neutron
scattering instruments.
The advisors praise the efforts made so far by the HANARO staff to build worldclass instruments and thank them for their hospitality during the symposium.

Kazuhisa Kakurai
Group Leader, Japan Atomic Energy Research Institute
Jiri Kulda
Group Leader, Institut Laue-Langevin
Seung-Hun Lee
Professor, University of Virginia
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