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CURRENT STATUS
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3 GeV @ 25 Hz
protons

Muon Beam-line

Muon
Target

21 neutron and 4 muon beam lines (8 areas) 
are in operation, carrying out studies of 
− high-temperature superconductors
− protein, soft matter
− fuel cell, catalyst, new materials
− innovative products and drugs
                                                    etc.

Muon Beam-line

Neutron Instruments

Neutron SourceØ Neutron and muon beams
• materials science, life science, 

industrial applications
Ø most powerful neutron and muon sources

Proton beam

Materials and Life Science Experimental Facility (MLF)
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Hg Target
Neutrons

Moderators



Beam Power History at MLF
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Earthquake

～10 months interruption 
due to the earthquake

1 MW eq. pulse

Interruptions and low power 
operations due to troubles of Hg-
target

1 MW eq.

Apr/23/2025

Accident at 
Hadon Facility

1 MW eq.
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Hydrogen Strengthens Stainless Steel

n These findings provide new insights into 
designing steels that resist hydrogen 
embrittlement while maintaining excellent 
mechanical performance.

Neutrons Reveal How Stainless Steel Becomes Stronger 
and More Ductile — Toward a Safer Hydrogen Future

Conventional metals usually become brittle in hydrogen, 
but certain stainless steels show the opposite—
becoming stronger and more ductile. Neutron analysis 
revealed that hydrogen slightly distorts the atomic 
structure, leading to solid-solution strengthening and 
the formation of deformation twins that enhance both 
strength and elongation.

Acta Materialia

Recent Outcomes from Neutron BLs @MLF

Press released on Apr 1, 2025
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True strain

H-charged

Non-charged
Stronger, more ductile

solid solution twinning
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Verification of a New Magnetic Concept

n Open the way to next-generation magnetic 
memory devices that are faster and more 
efficient than conventional ferromagnets.

First Observation of Magnon Spectrum Splitting
 in an Altermagnet

Chiral magnon splitting was observed in MnTe for the 
first time, demonstrating that this material is an 
altermagnet, a new magnetic concept. The presence of 
chiral magnons that carry spin currents in altermagnets 
was also revealed.

Phys. Rev. Let., Editor’s Choice

Observed magnon splitting indicating altermagnetism

10.1103/PhysRevLett.133.156702

Press released on 
Dec 9, 2024

Experiment Theory

Altermagnet



Muon Facility Muse @ MLF 
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The innovation is in the use of muons as a microscopic simulator of dilute 
hydrogen to investigate the dynamics of trace hydrogen in nanoscale regions 
such as thin films, which is very difficult to do using conventional methods. 

Unique method for observing the dynamics of hydrogen in nanoscale regions

H. Okabe, M. Hiraishi, A. Koda, Y. Matsushita, T. Ohsawa, N. Ohashi, R. Kadono, 
Physical Review Materials 8, 024602 (2024) Editors’ suggestion.

Vanadium dioxide (VO₂) thin film fabricated by a pulsed 
laser deposition method.

Image of nanoscale hydrogen diffusion in vanadium dioxide (VO2), a 
promising next-generation electronic device for artificial neural networks. 

Quantum fluctuation induced novel ordered state
 –Observation of quantum magnetism coupled with superconductivity

By substituting a part of elements in 
superconductor, we obtained evidence 
that magnetic order and 
superconductivity are strongly coupled.
This achievement significantly 
contributes to elucidating the 
mechanism behind the emergence of 
superconductivity and holds promise for 
future development.

CeCo(In1-xZnx)5

W. Higemoto, M. Yokoyama, T. U. Ito, T. Suzuki, S. Raymond , 
and Y. Yanase,  PNAS 2022 Vol. 119 No. 49 e2209549119



WHAT’S NEXT
MLF has largely met its intended performance goals.
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MLF roadmap
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Review current 
performance 
"MLF2030"

Upgrade 
planning of TS1 
“MLF double”

Construction of 
TS2 and 

operation 

Double the 
effectiveness of TS1:
realize max use of TS1

Highest flux/pulse 
achieved on TS1

TS2  > TS1* 20-100

Development of 
Common 

Fundamental 
Technology

Robust 
infrastructure

R＆D for TS2
High intensity and 

High resolution

BL upgrade & 
construction

MLF-double
program

Science

~2030 ~2040?



Development of 
Common 

Fundamental 
Technology

Robust 
infrastructure

R＆D for TS2
High intensity and 

High resolution

BL upgrade & 
construction

MLF-double
program

Science

Aiming to double the effectiveness of TS1: realize max use of TS110



Development of 
Common 

Fundamental 
Technology

Robust 
infrastructure

R＆D for TS2

BL upgrade & 
construction

MLF-double
program

Science

High intensity and 
High resolution
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Proton power, Neutron guide, Detector and etc



Increase of Neutron Production: Proton Power

1. Stable 2-year operation at 1 MW
• We plan to start 2-year operation from Nov. 2025 at 700~800 kW because 

of the target trouble.

2. 1.16 MW/pulse is acceptable 2028~
• To keep 1 MW operation under 1.16 extraction to MR
• Neutron/pulse X1.1: feasible

3. 1.74 MW/pulse will be acceptable by vessel structure modification
• 1 MW heat load assuming 0.5 MW will be delivered to TS2
• Neutron/pulse X1.74: challenging

12



BL02
Neutron flux is doubled by replacing the 
low-reflectivity focusing mirror!

Ø Estimation of neutron flux at the sample position by Gold foil 
irradiation (absolute val) + imaging plate (2D) 

Ø Upgrade of BL14 is under-way: Guides will be replaced in 
FY2026

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Evaluation 
of neutron 
flux

Redesign and replacement of neutron guides

Roadmap of neutron guides upgrade

High Intensity: Neutron guide upgrade

Obs.

X2

13

2022June 2023Jan
Area n/cm2/s@1MW n/cm2/s@1MW

R<5mm 1.38E+09 2.80E+09
R<10mm 1.30E+09 2.63E+09
R<20mm 1.02E+09 2.07E+09
R<30mm 7.12E+08 1.44E+09
30x30mm 6.03E+08 1.22E+09

Gold-foil 
attached on 
imaging plate

Back scattering



Outcome in FY2021  -- Neutron supermirror  --

Neutron focusing test at BL17

Focusing supermirror (unpolarized)

Neutron intensity gain ~20 has been achieved in FY2022. 

Develop an elliptic focusing supermirror for Grazing-Incidence SANS measurements

GI-SANS measurement is a powerful tool for studying the structure of surfaces and buried interfaces. However, 
a high-intensity, well-collimated, low-divergence neutron beam is needed. A multi-channel, one-dimensional 
elliptical focusing supermirror is being developed to realize GI-SANS at BL17 of MLF.

Neutron

Focusing 
supermirror Neutrons more than 

2.2A are focused.

2.2Å 8.8Å

Focused

Collimated

1 mmV x 2 mmW spot

Gain >20

Neutron focusing test at BL17 (FY2022)

Gain(ratio)Focused vs Collimated

Focusing supermirror on a quartz substrate 
fabricated by elastic emission machining method.

7



High Intensity: detector improvements

(BD-01)37 mm

160 mm

• Based on MLF's unique scintillator/wavelength-shifting fiber method

208 x 208 mm
720 x 1232 mm

X 1.8
Effective detection area x  1.4 
Detection efficiency x 1.3 

Original

256 
x 256 mm

Detective 
area

768 x 512 
mm

New

Folding-fan like arrangementBL18 Single Xʼtal diff.



Robust 
infrastructure

R＆D for TS2

BL upgrade & 
construction

MLF-double
program

Science

High intensity and 
High resolution

Development of 
Common 

Fundamental 
Technology

16

Sample Env., Polarized 
neutron, Analysis and 
etc. 



Developments with Universities : examples

A compact on-beam SEOP

400mm320mm

54
0m

m

Denoising with Artificial 
Neural Network 

• Increase BL for polarization
• Large solid angle analyser
• High energy neutron polarization

• Reflectometry (BL16, 17)
• MD with ML Interatomic 

Potential
• Collaboration with Hitotsubashi 

Univ. on data science started

working on

working on

40 T
Tohoku Univ.

Sample environments

Long pulse
15 T (-> 20 T)
ISSP U. Tokyo

• Extreme condition
• Operando measurements

working on
17

X10?

1/20

normal

measurement 
time

1/20 & denoised

Ibaraki Univ., Nagoya Univ., Tohoku Univ. 

Reflectivity



Robust 
infrastructure

R＆D for TS2

MLF-double
program

Science

High intensity and 
High resolution

Development of 
Common 

Fundamental 
Technology

BL upgrade & 
construction

18

Imaging, Muon Trans. 
microscope and etc.



New BL: “Imaging BL” @ BL13

19

BL13

BL22

• Currently requesting a budget
• R&D for neutron microscope (µm) -> TS2
• User program from 2029 (plan) incl. Industrial use

10 times higher flux than BL22 with coupled moderator



Accumulation

H line bldg. （plan）

g-2/EDM exp.

ＭＬＦ bldg.
H line

H2
H1

Transmission Muon Microscope
Observation of 
whole living cell 
owing to high 
transmittance 
capability of muon

New BL of Muon

Ｈ line bldg.

Ｈ1

Ｈ line

Acceleration

Cooling

The construction scenario 
of the annex building is a 
keen issue.

Phys. Rev. Lett. 134, 245001 (2025)

-> TS2

The muon anomalous magnetic 
moment (g−2) and the electric 
dipole moment (EDM)
Search for “Beyond Standard 
Model

• Currently requesting a budget



Robust 
infrastructure

MLF-double
program

Science

High intensity and 
High resolution

Development of 
Common 

Fundamental 
Technology

BL upgrade & 
construction

R＆D for TS2

21



Upgrades of acc. driven N&M sources
u ISIS

• Endeavour Programme (5 upgrades + 4 new instruments) in 2023-2033
• Endeavour+
• ISIS-II construction in 2032-2040

u SNS
• Ramp up to 2.8 MW and User Program on STS will start in 2034

u CSNS
• Phase II (Ramp up to 0.5 MW + construct +9 BLs + muon facility) will be completed in 2029

u ESS
• Beam on target in 2026, User program will be started in 2028

u PSI
• SINQ++
• HIPA upgrade will be completed in 2027 (1010 surface muon/sec)

22



Muon:：
10 (target) x 5~10 (Muon capture solenoid) à 50 ~100 
times gain of flux

Neutron:  
10 (target) x 2 (device)  à 20 times gain of brightness

Moderator 
& reflector

Neutron Focusing 
Devices
Neutron Detectors

Proton beam

Rotating tungsten target
Muon Capture 
Solenoid

Integrated neutron and muon target

Target Station - 2

TS1

3GeV RCS

J-PARC TS2
TS2

Science using the high-brilliance neutron/high-intensity muon at TS2
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設が求められる。 

  

 

TS2で実現する微⼩集光ビーム・⾼平⾏度ビーム・⾼偏極度ビームと、⾼い位置分解能を
持つ検出器を組み合わせて、物質中の結晶ドメインやそれらの境界をスキャンする顕微回
折を⾏い、Sub-mm領域の逆空間イメージングができる装置にする。最近の研究例 [PRB 97, 

202406(R) (2018) ] では、図 3.2に⽰す Neutron Diffractive Imaging法により、磁気スキルミ
オン格⼦の物質中の空間分布の測定などが実現している。更に、現存の SENJU を⽤いて、

図 3.3に⽰すような 3次元中性⼦イメージングにより、数百µmの空間分解能で物質中の結
晶グレイン分布のイメージングに成功している [Sci. Rep. 7, 9561 (2017)]。TS2 ではさらに

1-2桁⾼い空間分解能の実現を⽬指す。 

 上記の多重外場環境・時分割測定・顕微回折を組み合わせることにより、ドメインや境界、

ヘテロジニアス系における遅いダイナミクス（~msecの時間発展・緩和）の解明も可能にな

www.nature.com/scientificreports/

6SCIENTIFIC REPORTS�ȁ�ͽǣ 9561 �ȁ����ǣͷͶǤͷͶ͹;Ȁ�ͺͷͻͿ;ǦͶͷͽǦͶͿͽͷͽǦ�

with = +R x yCM CM
2 2 . ω and α are, respectively, the sample rotation angle at which a given projection has been 

collected and the angle, in the sample reference system, describing the position of the centre of mass of the grain 
in the xsys-plane using polar coordinates. To group the centre of mass points, we selected a region around the 
calculated ω α= ⋅ +y R cos( )d  curves. !e parameters R and α are returned by the Hough transform, which 
represents points in the ωyd-space as curves in the Rα-space.

͹����������������Ǥ� Once the extinction spots related to a given grain are grouped, the 3D shape of the grain 
can be reconstructed by back-projection. Di"erent grain shapes are reconstructed separately and then assembled 
in a unique volume. If the extinction spots are divided in a number of size intervals and separately processed, sev-
eral partial reconstructions are obtained. !ese are combined in a #nal reconstruction using a Russian-doll-like 
approach: if a grain is contained within a larger grain, it is considered part of it. If two grains from di"erent recon-
structions partially overlap, they are considered as a single entity if the centre of mass of one is positioned inside 
the volume of the other.

!e top of the Fe sample contains a large powder-like region made of crystallites with random orientations, 
probably due to oxidation e"ects of the oxygen trapped when sealing the quartz capsules. While the grains 
give transmission contrast only for certain (ω, λ) combinations, the powder-like region has a #ngerprint that 
is recorded at all ω and λ: being formed by randomly oriented crystallites, for each (ω, λ) combination there 
is a number of crystallites which satisfy the Bragg condition. As a consequence, the powder-like region gives a 
contrast that cannot be given by the grains, and its reconstruction complements the reconstruction of the grains.

!e powder-like volume is reconstructed by adding, for each projection, all normalized images, rescaling 
the sum and applying an inverse Radon transform36, 37. !e resulting images are then combined in a 3D volume 
by backprojection. !e powder-like region is included in the #nal reconstruction in a way which preserves the 
shape of the grains. !e uncertainty in the reconstruction of the powder-like volume is due to the limited number 
of considered projections (48). !e partial and #nal reconstructions of the iron sample are shown in Fig. 3. !e 
#nal 3D reconstruction is also available in the Supplementary Video. !e reconstructed powder-like region well 

Figure 3. Partial and #nal reconstructions of the Fe sample investigated at SENJU. (a–d) To reconstruct both 
small and big grains, extinction spots were divided in four size intervals and processed separately. Four 3D 
reconstructions are obtained by backprojection: (a) for spots with an area between 100 and 500 pixels, (b) for 
spots with an area between 100 and 1000 pixels, (c) for spots with an area between 100 and 2000 pixels, and (d) 
for spots with an area greater than 1000 pixels. In each reconstruction, di"erent grains are shown in di"erent 
colors. (e) !e #nal reconstruction, obtained by combining the partial reconstructions, consists of 108 grains, 
each represented in a di"erent color. !e upper part of the sample includes a large powder-like region, probably 
due to oxidation e"ects occurred during the sample heating treatment. !e powder-like region is reconstructed 
using an inverse Radon transform.

www.nature.com/scientificreports/

3SCIENTIFIC REPORTS�ȁ�ͽǣ 9561 �ȁ����ǣͷͶǤͷͶ͹;Ȁ�ͺͷͻͿ;ǦͶͷͽǦͶͿͽͷͽǦ�

λ π π
τ

θ= = .
k

2 4 sin (6)

Contrary to the powder case, where the Bragg edge pattern in the wavelength-dependent cross section is inde-
pendent of the sample orientation, in the single crystal case the cross section displays discrete Bragg peaks at dis-
tinct wavelengths, which depend on the orientation of the crystal with respect to the beam. For textured materials 
with powder-type di!raction patterns, an angle-dependent additional factor, derived from the corresponding 
orientation distribution function (ODF) of all crystallites in the sample, has to be added11.

A sample consisting of an ensemble of crystallites with random orientation can be classi"ed as powder-like 
if it is not possible to resolve the properties of the individual grains, due to insu#cient spatial resolution of the 
available detector system. Vice versa, a sample can be classi"ed as a polycrystal if at least part of the grains it con-
tains have size above the spatial resolution. In this case, the shape and orientation of the grains can, in principle, 
be reconstructed directly and in 3D from a tomographic scan. In general, the $ux available at existing neutron 
sources is lower than for x-rays at synchrotron sources, and the best spatial resolutions with neutrons is worse 
than these achieved with x-rays12, 13. As a consequence, a sample region can show a polycrystalline structure 
when studied with X-rays, and a powder-like structure when studied with neutrons. In the ToF 3DND case here 
reported, the grain size that can be resolved is limited to about 200 micrometers by the detector system used.

For a polycrystalline sample, the transmission signal can be expressed using a sum of discrete single crystal 
cross sections, and the number of observed Bragg peaks increases correspondingly to the number n of grains 
intersected by the beam14

∑ ∑σ λ π
τ

δ τ τ θ= | | − .N
V k

F k( ) (2 )
2

( 2 sin )
(7)coh ela

n hkl
hkl n hkl,

3

0

2 2
,

If the sample consists of both polycrystal regions and powder-like regions, the measured cross section will be 
a sum of the cross sections given by Eqs (2) and (7).

When a grain in a polycrystalline sample satis"es the Bragg condition, the contribution to the attenuation 
signal is strong enough that missing intensity regions (extinction spots) become visible in transmission mode with 
su#cient wavelength resolution7 (see Fig. 1). In the approach presented in this article, the 3D shape and the ori-
entation of the grains within a given sample are calculated from the distribution of the corresponding extinction 
and di!raction spots among the frames collected by the transmission detector at di!erent rotation angles of the 
sample and wavelengths.

&e extinction and di!raction spots are located by considering their signature in the transmission measure-
ments, i.e. the “Bragg peaks” in the wavelength and angle dependent scattering cross section. Reconstruction of 
the individual grains in 3D is possible by using a broad wavelength range, and rotating the specimen to perform 
a tomographic sampling. Furthermore, orientation mapping and indexing of the individual grains can be deter-
mined by correlation of the extinction spots from the near "eld detector data. Good wavelength resolution over 
the broad wavelength band provides a large number of peaks, each contributing to the spatially resolved cross 
section.

Figure 1. Experimental ToF 3DND setup. &e sample is illuminated by a time-of-$ight neutron beam and an 
imaging detector is installed in transmission geometry. When, at a sample rotation angle ω, a grain satis"es the 
Bragg condition, a region of missing intensity (extinction spot) is visible in transmission. &e di!racted beam 
forms a bright di!raction spot. In the plot, the laboratory, sample and detector reference systems are denoted 
by (Xl, Yl, Zl), (Xs, Ys, Zs) and (Yd, Zd) respectively. While the 3D shape of the grains can be reconstructed using 
extinction spots only, uniquely determining their orientation requires considering also the location of the 
di!raction spots. In real space, this position is determined by the direction of the di!raction vector LLab, which 
connects the centre of mass (CM) of the grain, located by xl, with the centre of mass of the related di!raction 
spot. &e relationship between xl and the position, in the laboratory reference system, of the centre of mass xd of 
the di!raction spot on the detector plane is xd = xl + LLab · s.

T. REIMANN et al. PHYSICAL REVIEW B 97, 020406(R) (2018)
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FIG. 1. (a) Illustration of the nDI setup (not to scale). The direct
beam is blocked by an MCP; only neutrons Bragg scattered from the
SkL reach the detector. ϕ designates the rocking angle. (b) Photograph
of the MnSi disk (sample 1). (c) Neutron absorption image (without
MCP) of sample 1 in its holder measured at T > TC . (d) Sum of 20
neutron images as measured in the SkL-phase for 20 rocking angles
−2.5◦ ! ϕ ! 1.3◦. For these measurements, the MCP was removed.
Because of the normalization with the scattering in the paramagnetic
phase, the signal is purely magnetic. The Bragg spot enclosed in the
white square was investigated by nDI.

and decay requires an extremely careful consideration of
geometric effects for bulk samples.

The nucleation of the SkL was studied in MnSi using
a disk sample [sample 1: thickness t = 2.1 mm, diameter
d = 9.3 mm, Fig. 1(b)] with a crystallographic [100] direction
normal to the disk. A small cuboid (sample 2: 1 × 1 × 1 mm3)
and a small flat cube (sample 3: 5 × 2 × 1 mm3, [100] parallel
to the shortest edge) of the same crystal was used to determine
the magnetic phase diagram by means of magnetization mea-
surements using a physical properties measurement system
(PPMS, Quantum Design). The samples were wire cut from
single crystals that had been grown by the floating zone method
[27] with a typical residual resistivity ratio (RRR) of 80
[35]. The flat faces have been polished to remove damages
introduced by the cutting process.

The nDI setup was implemented at the ANTARES beamline
at the Heinz Maier-Leibnitz Zentrum (MLZ) [36]. The sample
was located at a distance L = 8.3 m from the pinhole, and
the distance between the sample and 6LiF scintillator screen
was LS = 54 cm. The scintillator light from the absorption
of the neutrons was recorded using a charge-coupled device
(CCD) camera. The pinhole diameter D = 18 mm yields an
L/D ratio of 460. The neutron wavelength λ = 4.0 Å was
selected by means of a neutron velocity selector (bandwidth
#λ/λ = 0.1). The sample was mounted at the cold finger of a
closed-cycle cryostat attached to a normal conducting magnet
with B parallel to the surface normal [100] of the sample and
parallel to the wave vector ki of the incident beam. The entire
setup could be rotated by ϕ [Fig. 1(a)].

To entirely discriminate neutrons that are Bragg scattered
at the SkL from the direct beam, the MCP (placed in front of
the detector) is rotated with respect to ki by the scattering
angle of a selected Bragg peak of the SkL, i.e., ϑMCP =
2ϑBragg ≈ 1.2◦. The MCP consists of glass fibers enriched with

B
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(a) (b)

φ
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A-phase
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FIG. 2. (a) Magnetic phase diagram of MnSi in the vicinity of
the SkL-phase (sample 2, B ‖ [100]). (b) Schematic visualization of
the bending of the SkL inside the sample, caused by geometry and
demagnetization. Near the edge, the SkL fulfills the Bragg condition
over a broader angular range of ϕ.

a mixture of Gd2O3 and B2O3 that are hexagonally packed with
a lattice constant ahex = 10 µm. Within the fibers, pores of
8 µm diameter had been etched, forming the microchannels.
Because of the composition of the glass, the MCP reveals a
high absorption for cold neutrons outside the pores. It thus
acts as a thin, well-defined neutron collimator with an angular
divergence of 0.23◦ [37].

Before investigating the SkL using nDI, we have character-
ized the (B,T )-phase diagram of samples 2 and 3 for B ‖ [100]
[Fig. 2(a)]. The phase boundaries were obtained from the
derivative of the magnetization dM

dB
following Ref. [27]. The

SkL phase (dark red) is characterized by a plateau of dM
dB

while the transition into the SkL phase is characterized by
a broad peak in dM

dB
. The onsets of the peak and the peak

positions are represented by the red triangles and as gray
circles, respectively, and form the transition region shaded in
light red. In order to account for their different sample shapes,
magnetic fields applied to samples 2 and 3 were rescaled by
their demagnetizing factors D2 and D3 to the external field
scale of the disk sample (sample 1, demagnetizing factor D1)
following Eq. (1.6) of Ref. [9] with the magnetic susceptibility
χcon within the CP.

A neutron radiography of sample 1 in its holder is shown
in Fig. 1(c). Above TC, the contrast is solely generated by
the variation in neutron absorption. When the sample enters
the SkL phase, small additional contrast arises due to Bragg
scattering of neutrons by the SkL. By rotating the sample-field
assembly with respect to the vertical axis (rocking scan), the
Bragg condition will be fulfilled for ϕ = ϑBragg. Figure 1(d)
shows the sum of 20 transmission images (TI) of the MnSi
disk measured at equiangular positions for −2.5◦ ! ϕ ! 1.3◦

at T = 28 K and B = 200 mT. The MCP was removed for this
image, and hence all six Bragg spots are visible, corresponding
to the hexagonally aligned Bragg peaks observed in SANS [6].

In contrast to SANS where L & 20 m, the small sample-to-
detector distance (LS = 54 cm) allows us to directly correlate
each pixel of the diffraction spots to a specific position of the
sample perpendicular to the beam axis. The inserted MCP
collimator, which is carefully adjusted parallel to the wave
vector kf of the diffracted neutrons [Fig. 1(a)] for one of the six
Bragg peaks of the SkL removes the direct beam and improves
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図 3.2: Neutron Diffractive Imaging 

図 3.3：3次元中性⼦イメージングの測定概念図と実測データ [Sci. Rep. 7, 9561 (2017)] 
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or the beamstop from projecting a shadow on their outer ones, which
gives:
Rr1 + R1
L1 +w

g Rf2 + R1
L1

(2)

Rr2 + R1
L1 +w

g Rbs + R1
L1

(3)

where Rf i and Rri (i = 1, 2) satisfy the equation of an ellipse. In
addition, the beam reflected by the outer shell should avoid intersecting
with the inner shell:
Rf1 +MR1
L * L1

g Rr2 +MR1
L * L1 *w

(4)

With Eqs. (2)–(4), the parameters of the nested shells can be ob-
tained from the design parameters. Next, we elaborate the optimization
strategy by expressing the instrument performance as a function of the
design parameters.

Eq. (1) connects Qmin and the design parameters. R2 is simply equal
to MR1, while the maximum SDD is limited by more parameters. To
prevent the unreflected neutrons illuminating the sample, the sample
should be placed beyond the red shaded area in Fig. 2. Therefore the
maximum SDD is achieved by putting the sample on the intersection
point of the red and green solid lines. It is written as:

L2 =
L
L1

Rbs * (L*L1
L1

+ L*L1*w
L1+w

)R1

1
L1

Rbs +
1

L*L1*w
Rr1 * ( 1

L1
+ 1

L1+w
)R1

(5)

For w ~ L, it can be simplified to:

L2 =
Rbs * 2 M

M+1R1

Rbs +
Rf1
M * 2R1

L (6)

Hence,

Qmin =
kMR1
L2

=
kR1
L

Rbs +
Rf1
M * 2R1

Rbs
M * 2R1

M+1

(7)

In the case of an isotropic source , the neutron current on sample
is proportional to the source area and the geometric collecting area of
the nested mirrors.

I = I0 � ⇡R2
1 �

⇡(R2
f1 * R2

bs)
L2
1

(8)

where I0 incorporates the source brightness and the reflectivity of the
mirrors.

The supermirror index, m, adds a constraint to the maximum size of
the mirrors. To reflect all neutrons with wavelength larger than �c, the
maximum grazing-incidence angle ✓m should be lower than the critical
angle ✓c that is a function of �c and m. This constraint is written as:

✓m = 1
2 (⇡ * arctan

L1
Rf1 + R1

* arctan
L * L1

Rf1 +MR1
) f ✓c(�c,m) (9)

With the above relations, Lagrange multiplier method can be em-
ployed to maximize I_Qmin with different given conditions. It is noted
that this optimization process is based on some approximations and
simplifications. The exact optimal parameters should be further ob-
tained by ray-tracing simulations. Notwithstanding this, the proposed
strategy can bring a better understanding on the instrument design and
greatly narrow the ranges of the optimal parameters.

2.2. Design of the prototype nested supermirror system

We apply the optimization strategy to design a prototype system
which will be installed on the SANS beamline of the Compact Pulsed
Hadron Source (CPHS) [24] and will offer an optional configuration
compatible with the previous pinhole design [25]. With considerations
of the engineering aspects, these two configurations will share collima-
tion and detector system. Consequently, the optimization of the mirrors

Fig. 3. The optimal Rf1 (the dotted line) and the corresponding I_Qmin (the solid line)
vs SOD. For each SOD, the optimal Rf1 leading to largest possible I_Qmin is calculated.
The optimization was implemented with the following constraints: R1=14 mm, m=2,
�c=4 Å, L=8 m, w=0.2 m, and the number of nested shells is two.

Fig. 4. The nested neutron-focusing supermirror system. (a) Photography of the
prototype system. (b) Schematic view of the azimuthal structure. The device contains
two shell mirrors, each of which is azimuthally divided into six segments. Graphite
spacers are employed to support mirror segments. (c) Exploded view of the prototype
system. It contains four axial conical segments. The masks are used to prevent neutrons
hitting the graphite spacers or directly reaching detector.

is implemented with R1 = 14 mm and L = 8.0 m as in the pinhole
configuration. In addition, as a proof of technology, the nested shell
number of the prototype system was set to two and the coatings were
chosen to be m=2 Ni/Ti supermirrors to ease the fabrication. Extra
restrictions were added by the fabrication technique and the assembly
process: the length of each glass segment is 5 cm, meanwhile the total
length of each shell is less than about 20 cm. Thereupon, four 5 cm
segments are employed to approximate the ellipsoidal geometry.

With the above constraints, the aforementioned optimization strat-
egy was carried out to find L1 and the size of the mirrors. Fig. 3
shows the optimal Rf1 and the corresponding I_Qmin as a function
of L1. After peaking at L1=3.3 m, I_Qmin drops steadily. Due to the
shielding and collimation arrangement of CPHS, the accessible L1 has
to be larger than 4.8925 m to accommodate the nested supermirror
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Latest plan for TS2
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trino Facility 3)  is 
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by NU-team.
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about additional 
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Transportation
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図 4.22：中性⼦強度評価⽤計算モデル 
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Summary
u MLF roadmap has been preparing

• The scientific landscape should be drawn with communities
•  “scientific impacts”

• Budget, human resources and priority are under-discussion
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