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Improvement of Mini-Focusing Small-Angle Neutron Scattering Instrument By Using A
High-Performance Neutron Focusing Mirror And Nano-Structure Characterization in Metals
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Abstract

Focusing SANS instruments have been developed mainly for measuring a very low-Q region, therefore very precise
focusing devices have been developed and they are all aiming at realizing very small focusing spot. However, to
measure conventional small-angle scattering Q-region, usually only modest beam size, typically 4-10 mm in diameter, is
required. For medium-angle scattering, even larger beam size, for example 20mm in diameter, may be enough. In such a
case, because the beam cross section accepted by a focusing device is rather small compared with the incident beam, the
direct beam can goes directly to the detector without reflected by the focusing device. Three dimensional analysis
program has been developed to see the beam profiles, and it is found that if a second shielding plate is placed at an
appropriate position, the stray beam can be eliminated without sacrificing the direct beam intensity. The proof of
principle experiment is carried out at Hokkaido University neutron source, HUNS, and also small-angle neutron
scattering experiment has been performed using a standard sample to demonstrate the effectiveness of such a big pinhole
for focusing SANS instrument that utilizes an ellipsoidal focusing mirror.
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Figure 1. Focusing SANS calculation-geometry in
3-dimensional space. Several parts are shown in the
figure; a 20 mm diameter aperture on the left; a
focusing mirror in orange and virtual ellipsoidal
surface is shown in pink; a circular first-shielding
plate is shown in brown; an additional second
shielding plate is shown also in brown; a detector on
the right hand side with a focusing beam circle in
green is shown; green and blue lines are several
trajectory of neutrons reflected by the mirror.

Z D2 FHOWERARN D DHE ERVGEEDE—
LD ERLIZONRK 2 ThbH, TNERHED
1D EICKARARE =L Z /AT 27201
B FE DD AR OFE 1 R & & HICHFBIC
B0 DT 2 R E AN D MERH D, Zih
F T 2 R E 2 7 —DEZICHIVTNTE,
FDXIREETIIE—2DIFEAEZERHRLTL
FOZ LI, FLE—LMENREL LR L
7o TS, 2 MR A 10em 2 EE T il R iE
THILTIDES ArAEe ALICE—akE
WTHZ LN TEDLZ ENHALT,

SRR 29 4 B I - F R it R R 2R RIS
EHEERATIE RO

x [mm]

-1000  -500 0 500 1000 -1000  -500 0 50 1000
z(mm) 2 [mm)

Figure 2. Beam trajectories are shown in red color,
one without the second shielding plate and one with.
When second shielding plate is missing, some part of
the beam goes directly to the detector without
reflected by the focusing mirror. With the addition of
the second shielding plate, such beam is completely
eliminated and all the necessary beam goes to the
detector without any loss.
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Figure 3. Results of beam focusing experiment with
very large incident aperture, 16 mm¢. When the
second shielding plate is placed above the nominal
position, the direct beam is detected as shown in
the left hand side figure, but when it is at the
nominal position, all the direct beam is eliminated
as shown in the right hand side figure.
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Figure 4. Small-angle neutron scattering in standard
glassy carbon sample. Because of the very low
intensity available by the measurement carried out by
4 mm¢ beam aperture, it had very low statistics
compared with the other two measurements made
by a 16 mm¢ beam aperture.
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Figure 5. Small-angle scattering in nickel alloy
measured by the mini-focusing small-angle neutron
scattering  instrument mfSANS at Hokkaido
University neutron source (HUNS) and by the
iIMATERIA at J-PARC.
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