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Performances of oscillating radial collimator for the Fermi chopper spectrometer
4SEASONS at J-PARC

Mitsutaka Nakamura®*, Wataru Kambara?, Kazuki lida®, Ryoichi Kajimoto?, Kazuya Kamazawa®, Kazuhiko
Ikeuchi®, Motoyuki Ishikado®, Kazuhiro Aoyama?

“Materials and Life Science Division, J-PARC Center, Japan Atomic Energy Agency, Tokai, Ibaraki, 319-1195, Japan
bNeutron Science and Technology Center, Comprehensive Research Organization for Science and Society, Tokai, Ibaraki, 319-1106, Japan

Abstract

A novel operation pattern is introduced into the oscillating radial collimator for the Fermi chopper spectrometer
4SEASONS at the Materials and Life Science Experimental Facility in J-PARC. This pattern is shown to suppress
shadows originating from shielding blades of the radial collimator. We also report the transmission property of the
oscillating radial collimator for 4SEASONS, based on an investigation of the scattered intensities from polycrystalline

samples of different diameter.
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1. Introduction

There has recently been an increasing need for inelas-
tic neutron scattering (INS) measurements [1, 2] in spe-
cial sample environment such as strong magnetic fields
and high temperatures. To obtain high-quality data, the
unwanted scatterings originating from these sample en-
vironment equipments should be suppressed as much
as possible. A radial collimator with a lot of shielding
blades radially arranged at regular intervals has conven-
tionally been used to eliminate these unwanted scatter-
ings [3, 4]. It is also typical to oscillate the shielding
blades at a certain speed because the blades themselves
cause shadows in the signal to be detected.

We have developed two types of oscillating radial col-
limators for chopper spectrometers at the Materials and
Life Science Experimental Facility (MLF) at the Japan
Proton Accelerator Research Complex (J-PARC) [5].
One type uses commercially available Gd,O3 sheets
as shielding blades, and is employed in the AMAT-
ERAS [6] installed at beamline 14 (BL14) in the MLF;
the other is made of Cd-plated aluminum sheets, as used
for 4SEASONS [7] at BLO1. The Gd,O5 radial collima-
tor provides sufficient performance in experiments with
AMATERAS utilizing incident energy (E;) between 1
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and 80 meV. However, the shielding property of Gd, 03
worsens for energies above several hundred meV, as the
large incoherent scatterings from the polymer substrate
adversely affect the signal to be detected. In 4SEA-
SONS, which is designed for measurements at energies
up to 300 meV, the hydrogen-free metal sheet is chosen
for the substrate of a radial collimator blade. This paper
describes the newly introduced operation pattern and
evaluates the performance of the oscillating radial colli-
mator specialized for 4SEASONS (4SEASONS-ORC).

2. The shift-mode operation

To begin with, let us introduce the design parameters
of the 4SEASONS-ORC [5]. It has an inner radius (R;)
of 210 mm, an outer radius (R,) of 400 mm, an angu-
lar separation « of 2.5°, and a blade height of 482 mm.
The diameter of the visible sample by is estimated to be
19.3 mm based on the relation by = @R 1R>/(R, — Ry).
The design of the neutron guide system for 4SEASONS
was optimized by assuming a sample size of 20 mm
X 20 mm [7, 8], which is almost equivalent to the by
value of the 4SEASONS-ORC. As might be expected,
this by is much smaller than the inner diameters of the
typical sample environments (> 50 mm). The shielding
blades cover the range from —45° to +135° in a hori-
zontal direction; however, none are installed along the
direct beam path. The oscillation of a shielding blade is
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driven by a stepper motor, where accurate position con-
trol is achieved with a programmable logic controller
(PLC). Linear motion by a ball screw directly connected
to the stepper motor is converted into rotary motion by
a crossed roller bearing.

(51)2.5 deg

Figure 1: Schematic illustration representing shift-mode operation.
The angular separation between neighboring blades is assumed to be
2.5° in this figure. The detailed oscillation sequence is described in
the text.

Generally, the oscillating angle of a radial collima-
tor must be an integer multiple of an angular separation
«; otherwise, the blades cause shadows in a certain an-
gular range. However, it should be noted that shadows
inevitably exist, even if the above conditions are satis-
fied. This is because there exists a dead-time when a
blade changes its direction of movement, which causes
a series of shadows in the signal to be detected. To pre-
vent these inevitable shadows we need to introduce a
new operation pattern into the 4SEASONS-ORC, even
though it already achieves a considerably short dead-
time (20 ms) by virtue of the rigidity of the direct motor
drive ball screw. We refer to this new operational pat-
tern as the shift-mode. The detailed movements of the
shielding blades in shift-mode are schematically illus-
trated in Fig. 1. The red arrows correspond to the for-
ward direction and the blue to the backward one. The
angular separation « is assumed to be 2.5° in this fig-
ure. At the start of operation, one blade moves in a
forward direction by an oscillating angle equal to a (=
2.5°) and returns in a backward direction by an angle
slightly less than the oscillating one. In Fig. 1, the an-
gle in the backward direction is 2.4°, meaning that the
shift amount per one reciprocation is 0.1°. When the to-
tal shift amount reaches the value of angular separation
(= 2.5°), the amount of movement in the backward di-
rection is changed such that the angle is slightly greater
than the oscillating one, which is set to be 2.6° in Fig. 1.
Consequently, the gradual shifting of the dead-center
position will bring about a homogeneous signal.

The benefit of shift-mode operation is displayed in
Fig. 2. A white neutron beam was irradiated onto
the vanadium sample and the scattered neutrons were
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Figure 2: The intensity distributions along the horizontal direction.
The incoherent scatterings from vanadium are detected through the
4SEASONS-ORC by *He position sensitive detectors (a) without and
(b) with shift-mode operation. The oscillating speed and angle are
0.33°/s and 2.5°, respectively. Each exposure time after the start of
measurement is indicated in the figure.

detected by >He position sensitive detectors (PSD)
with dimensions of ¢$19 mm X 2,500 mm, covering
the horizontal-scattering-angle region from —35.3° to
+90.7°. In Figs. 2(a) and (b), the oscillating speed and
angle were set to 0.33°/s and 2.5°, respectively. The
shift amount per one reciprocation was 0.1°. Each ex-
posure time after the start of measurement is indicated
in the figures. Over a period of 75 seconds, the shield-
ing blades reciprocate 5 times, — i.e., shift amounts
accumulate to 0.5° during shift-mode operation. Each
intensity was accumulated in the time-of-flight region
from 10,000 us to 20,000 us and integrated in the re-
gion of £15° in the vertical direction. The difference in
the exposure time was normalized by the incident pro-
ton current into the neutron target during the exposure
time, and solid-angle correction was also performed.
These data reduction processes were completed by us-
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Figure 3: The S(Q, E) maps of the Al,O3 rod at around the elastic region (a) with and (b) without 4SEASONS-ORC. The diameter of the sample
rod is 5 mm and E; is 20.9 meV for both measurements. (c) Comparison of elastic spectra sliced at E = 0 + 0.1 meV. (d) The calculated diffraction

spectra of Al and Al,O3 in powder forms.

ing the Utsusemi suite [9]. The horizontal axis of Fig. 2
is the PSD number of 4SEASONS, which corresponds
to the horizontal-scattering-angle range from +16.53°
to +23.24°. As clearly shown in Fig. 2(a), intensity
gaps appear every seven PSDs. These angular inter-
vals of ~ 2.6° correspond to the angular separation @ of
4SEASONS-ORC. On the other hand, Fig. 2(b) demon-
strates that the intensity gaps are gradually shifted over
time, and the homogeneity of the detected signals is
improved. Figure 2(a) suggests that an unevenness of
about 5% with respect to the baseline intensity can
be induced when the shift-mode is not used. Conse-
quently, shift-mode operation is surely effective in the
case where data with an intensity unevenness of 5% are
still insufficient to present conclusive evidence.
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3. Transmission performance of the 4SEASONS-
ORC

Next, we shall discuss the neutron transmission prop-
erty of the 4SEASONS-ORC. To evaluate its perfor-
mance, we have investigated the Bragg peak intensi-
ties from polycrystalline Al,O3; rods with and without
4SEASONS-ORC. We prepared six Al;O3 rods with di-
ameters of 5, 10, 15, 20, 30, and 40 mm. Each sam-
ple was set into the top-loading cryostat conventionally
used at 4SEASONS where the diameter of inner vac-
uum chamber (IVC) is 99 mm. The scattering signals
from the cryostat should be included in the case of mea-
surements without the 4SEASONS-ORC, and the shift-
mode operation was used in the measurements with the
4SEASONS-ORC. The incident neutron energies were
set to 13.5, 20.9, 36.7, and 80.7 meV using the so-
called Multi-E; method [10]. Figures 3(a) and (b) show
the dynamical structure factor S(Q, E) of a polycrys-
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Figure 4: Other comparative examples of elastic spectra : (a) E; ~ 13 meV and ¢ = 15 mm; (b) E; ~ 37 meV and ¢ = 10 mm; (c) E; ~ 81 meV and

¢ =40 mm.

talline Al,O3 rod with [Fig. 3(a)] and without [Fig. 3(b)]
4SEASONS-ORC. The diameter of rod ¢ is 5 mm and
Ej is 20.9 meV for both cases. Each elastic spectrum
sliced at E = 0 = 0.1 meV is compared in Fig. 3(c).
The calculated diffraction spectra for both Al and Al O3
in powder form are plotted in Fig. 3(d). It is obvious
that unwanted scatterings from the cryostat are almost
completely eliminated by use of the 4SEASONS-ORC.
Other comparative examples are displayed in Fig. 4. We
would like to emphasize that the scattering angles of
Bragg peaks vary depending on Ej. In fact, the an-
gular dependence of the transmission property of the
4SEASONS-ORC can be surveyed by investigating the
E; dependence of a specific Bragg peak intensity.

The ratio of the Bragg peak intensity with the
4SEASONS-ORC to that without is represented as a
function of diameter in Fig. 5. The intensity ratios of
the Bragg peaks at Q = 1.8 A~' and Q = 3.9 A~! are
shown in Figs. 5(a) and (b), respectively. As shown in
Fig. 3, there is no contamination from the scattering of
Alataround Q = 1.8 A=' and 3.9 A~!. Each Bragg peak
was fitted by a Gaussian function and a linear baseline
and the intensity was taken as the peak value of a fitted
Gaussian. The intensity ratio, Ly /Lyithour, in Fig. 5 can
be theoretically represented as

Lo for rV(r)dr
- for rdr

) 6]

I without

where r is the radius of a sample and V(r) the Copley’s
visibility function [3]. The V(r) formula is written as
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where
¥ =sin~'(6/r), s<r, (3)
=n/2, 5>, “)
and
¥, = sin~!(bo/r), by <r, Q)
= 7'[/2, b() >r. (6)

Here, 26 is the thickness of a blade (= 0.15 mm for
4SEASONS-ORC). Using the design parameters of the
4SEASONS-ORC, the maximum transmission of a col-
limator (#p) and the maximum impact parameter (o) [3]
are set to be 1 and 19.3 mm, respectively. Accordingly,
the visibility function of Eq. (2) for the 4SEASONS-
ORC can be simply given by

27r_r
|2 bo,

2(r
I-={—],
ﬂ(bO)

where we assume that ¢ is negligible in the calculation.
Thus, the intensity ratio can be analytically solved as

Loin | 4 (r
Iwithout B 3n (bO) ’
As shown in Fig. 5, the calculated intensity ratio is
found to well-reproduce the experimental results.

The signal-to-noise ratios (SNRs) of the Bragg peaks
at @ = 1.8 A™' and Q = 3.9 A~ are estimated in
Figs. 6(a) and (b), respectively. The Bragg peak was
also fitted by a Gaussian function and a linear base-
line. Each SNR was taken as the ratio between the peak
value of a fitted Gaussian and the height of a fitted base-
line. For a sample with a diameter under 10 mm, the

V(r) @)

®)

®
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4SEASONS-ORC can improve the SNR because the
parasitic scatterings, which give rise to constant back-
ground, are effectively reduced compared with the peak
signal.
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Figure 5: The ratio of the Bragg peak intensity with the 4SEASONS-
ORC to that without as a function of diameter. The experimental re-
sults for Bragg peaks at (a) Q = 1.8 A1 and (b) 0 =39 A1 are
plotted. The calculated intensity ratio is also plotted.

4. Conclusion

We have introduced a new operation pattern (shift-
mode) of a radial collimator into the Fermi chopper
spectrometer 4SEASONS. The shift-mode can bring
about more homogeneous signals, preventing shadows
due to the shielding blade itself. Both the transmission
property and the signal-to-noise ratio were evaluated by
investigating the Bragg peak intensities from polycrys-
talline Al,O3 rods of various diameters. An excellent
performance was shown irrespective of scattering angle
or Q position.
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