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23 Neutron Beam Ports
Operation: 21 (April, 2018)
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Neutron Instruments in MLF

Operation
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TAIKAN

(JAEA)

VIN-ROSE (NSE): opened to 
users @2017B

Operation

POLANO
(Polarization 
Analysis Spect.)

Opened to users @2019A 
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3 GeV Proton beam
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Curved Transport
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Superconducting
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Superconducting
Transport 
Solenoid
Magnet MUSE Facility 

@MLF

H-Line under construction.
Surface µ+ For Mu-HF, g-2/EDM
e- up to 120 MeV/c For DeeMe
µ- up to 120 MeV/c For µCF
Muon Microscopy 
Electromagnetic coils in H-Line tunnel 
were installed.

S-Line under commissioning.
Surface µ+(30 MeV/c)  S1 area is ready to 
extract µ+ beam. (Open to users)

U-Line
Ultra Slow µ+ (0.05-60keV)
First Ultra Slow muon beam is under 
commissioning.

D-Line in operation
Surface µ+(30 MeV/c) 
Decay µ+/µ-(5-120 MeV/c) 
Trouble in power supply of septum 
coil was happened.  (Open to Users)

Status of MUSE (muon facility)
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General Proposals to MLF at 2020B+2021A

• #	of	proposal	~650	/y
• #	of	users		 ~1100/	y
• Competion rate	~1.6	
• Operation	days	~170	days

Applicants‘ Affiliations

Universities 
in Japan

40%

Companies in 
Japan…

Research 
Institutes in 
Japan 4%

Foreign 
Countries ※

29%

JAEA…

KEK
5%

CROSS
5%

Neutron + Muon



Number of publications of MLF



Research areas of publications 
(2006-2020 total)



MLF 
outcomes

• Covering a wide 
range of fields 
from basic science 
to industrial 
applications

Ba3CoSb2O9

Highly frustrated S=1/2 quantum spin system (Tanaka, TIT）

Design of high-performance tire （Sumitomo Rubber Inds.）

Development of all-solid ceramic buttery（Kanno, TIT）

Li10GeP2S12 Li9.54Si1.74P1.44S11.7Cl0.3



Development of All Solid State Ceramic Battery

`

Li2MCl4

Li7La3Zr2O12

LI3.3PO3.9N0.17

β-alumina 
(NaAl11O17)

Single crystal β-alumina
(NaAl11O17)

LGPS-family

Li9.6P3S12

Li9.54Si1.74P1.44S11.7Cl0.3

2020

Discovered in 2016
Discovered in 2011

Li10GeP2S12
Nature Materials (2011)
1679 citation (2020 Jul)

Li9.54Si1.74P1.44S11.7Cl0.3
Nature Energy (2016) 

776 citation (2020 Jul) 

TIT、IMSS KEK、TOYOTA、Ibaraki Univ., Ibaraki Pref.

1D diffusion path 3D  diffusion path

Analysis of diffusion path of Li atom with 
neutron diffraction stimulated the 
developments of  novel material which 
Paves the way for the practical 
application of all-solid-state batteries

Prof. Kanno, TIT



Fe-based SC (Magnetism) & Semiconductor (Hydrogen)

Dilute H in IGZO 
is an electron 
donor.Valence band

ZnO

IGZO band structure

Mu0/H0

Mu-H-/2H-

E

Subgap

Conduction band
Mu0/H0

Electronic structure of H in IGZO
Appl. Phys. Lett. 115, 122104 (2019)
K.M. Kojima, M. Hiraishi, R. Kadono, et. al.

Collaborative use of quantum beam

AF1
AF2

SC1 SC2

1.2
Magnetic
structure

(Neutron)

Polar
structure
(S. R.)

Discovery of magnetically ordered phase 
(AF2) in over doped region. 
→ We proposed the origin of the high-Tc.

Nat. Phys. 10, 300 (2014)
M. Hiraishi, J. Yamaura, H. Hiraka, et. al.

Magnetic 
phase

(Muon)

Muons are 
hydrogen 
simulator!

Newly 
developed 
e+ detector 
KALLIOPE

KEK & Tokyo-TECH collaboration (MEXT Element Strategy) 

M. Hiraishi
K.M. Kojima



Ibaraki
Pref.

䐡 Trend of approved proposals
(FY2008-2019䠅

○ Industrial Use 506
○ Prefectural Pj. Use (R&D) 422
○ J-PARC MLF General Use 184

合 ィ 1,112 proposals
0

Industrial 
Use
21%

Academic Use
79%

䐟 Percentage of approved industrial  
proposals in J-PARC MLF

Applications from Industries are 21䠂

World Top-class 
Rate

䠄Others 5-10䠂䠅

Trend of Approved Proposals in Ibaraki BLs

䐠 PercenWage of Ibaraki BL¶V
proposals to total approved
Industrial proposals of J-PARC MLF 

䛆 FY2008-19䠖 835 proposals 䛇
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Neutron diffraction monitoring of ductile cast iron 
under cyclic tension–compression

• Ductile cast irons are important structural 
materials

• The relationship between internal 
stresses and work hardening  and the role 
of graphite remains questionable

586 S. Harjo, S. Kubota and W. Gong et al. / Acta Materialia 196 (2020) 584–594 

Fig. 1. (a) Image quality map and (b) inverse pole figure map of B20 steel before deformation. 
Table 1. 
Morphological details of B20 steel. 

Graphite 
nodularity (%) Graphite nodule 

count (mm −2 ) Graphite 
size ( µm) Ferrite grain 

size ( µm) Graphite volume 
fraction (%) Ferrite volume 

fraction (%) Pearlite volume 
fraction (%) 

79.9 77 38.9 43.5 10.1 70.3 19.6 
smaller. The true stress at maximum strain of 0.01 ( σ M 

max ) and that 
at minimum strain of −0.01 ( σ M 

min ) are shown in Fig. 3 (b). The 
absolute values of σ M 

max and σ M 
min increased with increasing cycle 

number. The plastic strain after tension ( P ten ) and that after com- 
pression ( P comp ) are also shown in Fig. 3 (b). The absolute values of 
P ten and P comp decreased with increasing cycle number. These re- 
sults show that work hardening occurred during the cyclic defor- 
mation in this study. These trends are more clearly observed when 
the cycle number is plotted versus amplitudes of stress ( σ M 

amp ) and 
plastic strain ( P amp ), which were respectively evaluated as σ M 

amp = 
σ M 

max − σ M 
min and P amp = P ten − P comp ( Fig. 3 (c)). 

Fig. 3 (a) also shows that low yield stresses characterized all 
curves from compressive loading after tension at a strain of 0.01, 
as well as all curves from tensile loading after compression at a 
strain of −0.01, clearly indicating the Bauschinger effect. To exam- 
ine the characteristic features of the Bauschinger effect quantita- 
tively, Bauschinger stress ( σ B ) and Bauschinger strain ( β0.5 ) were 
estimated according to the illustration in Fig. 4 (a) [ 18 , 19 ]. σ B was 
evaluated as σB = σP + σR , where σ P is the pre-stress, which is 
equal to the σ M 

max or σ M 
min value in this study, and σ R is a 0.001 

proof stress of loading in the reverse direction. Fig. 4 (b) shows the 
evaluated σ B and β0.5 values as functions of cycle number. The ab- 
solute values of σ B and β0.5 increased with increasing cycle num- 
ber, in the same trend as work hardening. It has been reported 
that heterogeneous deformation behavior of the constituent phases 
in the α–γ dual-phase alloys affected the Bauschinger effect, with 

stronger stress partitioning among constituent phases causing a 
stronger Bauschinger effect [19] . Such a mechanism would predict 
that the stress partitioning among constituent phases at maximum 
strain or minimum strain in the cyclic loading of B20 steel might 
increase with increasing cycle number, while also possibly affect- 
ing work hardening. 
3.3. Average phase strain 

In a single-phase material, macroscopic stresses ( σ M 
ii s) can be 

calculated from lattice strains ( ɛ ii s), which are estimated from 
the changes of lattice spacings or lattice parameters from the 
stress-free state. In a multiphase material, stress partitioning oc- 
curs due to inhomogeneities in deformation among the constituent 
phases. Crystallographically, B20 steel consists of graphite, cemen- 
tite, and ferrite. Therefore, stress values obtained from lattice 
strains for specific phases (phase strains: ε ph 

ii s) represent phase 
stresses ( σ ph 

ii s), which have relations with the σ M 
ii values as fol- 

lows: 
σ M 

ii = σ F 
ii V F + σ G 

ii V G + σC 
ii V C (1) 

Here, σ F 
ii , σ G 

ii , and σC 
ii are the phase stresses of ferrite, graphite, and 

cementite, respectively. V F , V G , and V C are the volume fractions of 
ferrite, graphite, and cementite, respectively. 

The ε ph 
ii values are often estimated from lattice parameters re- 

fined from the Rietveld or Pawley method [ 34 , 35 ]. The ε ph 
ii value in 

S. Harjo, et al., Acta Materialia 196 (2020) 584–594

S. Harjo, S. Kubota and W. Gong et al. / Acta Materialia 196 (2020) 584–594 587 

Fig. 2. (a) Diffraction pattern of B20 steel before deformation for scattering vector parallel to the loading direction (LD). (b) Enlarged pattern of diffraction pattern near the 
background part. 
a cubic structure can be easily evaluated from the change in lattice 
parameter a , while in an orthorhombic or hexagonal structure the 
evaluation of ε ph 

ii also requires evaluation of lattice parameters b 
and c , or just c [36] : 
ε F ii = a F ii, meas − a F 0 

a F 0 (2-a) 
ε G ii = (2 a G ii , meas − a G 0 

a G 0 + c G ii , meas − c G 0 
c G 0 

)
/ 3 (2-b) 

ε C ii = (a C ii, meas − a C 0 
a C 0 + b C ii, meas − b C 0 

b C 0 + c C ii, meas − c C 0 
c C 0 

)
/ 3 (2-c) 

Here, a ii , meas , b ii , meas , and c ii , meas are the measured lattice param- 
eters of the a, b , and c axes, respectively, and a 0 , b 0 , and c 0 are the 
stress-free state lattice parameters of the a, b , and c axes, respec- 
tively. F, G, and C denote ferrite, graphite, and cementite, respec- 
tively. The a 0 , b 0 , and c 0 values in this study were obtained from 
the diffraction pattern before loading. 

Fig. 5 (a) and (b) shows ε ph 
ii values of ferrite, cementite, and 

graphite during cyclic loading of B20 steel for LD and TD, respec- 
tively. Here, 11 refers to LD, and 22 to TD. In the first cycle, the ε F 11 
value increased almost linearly with increasing tension up to an 
applied strain of about 0.003, then increased gently up to the max- 
imum applied strain. Ferrite began to yield above the applied strain 
of 0.003. During unloading, the ε F 11 value decreased, after which 

it increased in negative magnitude during compression down to 
the minimum applied strain. During unloading after compression, 
it again changed to the positive direction. The increase in magni- 
tude of ε F 11 by compression became gentle when the applied strain 
was below 0.003, indicating yielding of ferrite during compression. 
Due to Poisson’s ratio, the ε F 22 value began to increase in nega- 
tive magnitude by tension and then followed a similar ε F 11 trend 
but with the opposite sign and smaller values. The values of ε C 11 
and ε C 22 were scattered and showed large analytical errors because 
of the low intensities of cementite peaks. The ε C 11 and ε C 22 values 
showed trends similar to those of ε F 11 and ε F 22 , respectively, but 
with larger absolute values at maximum and minimum applied 
strains. Fig. 6 (a) shows ε ph 

11 values with respect to the tensile ap- 
plied stress for the first cycle up to the maximum applied strain. 
When the applied stress exceeded 280 MPa (an applied strain of 
about 0.003), the increase in ε F 11 with applied stress became gen- 
tle, while the increase in ε C 11 became drastically large. At applied 
stresses above 280 MPa, ferrite preferentially yielded while cemen- 
tite maintained elastic deformation up to the maximum applied 
strain, resulting a monotonous increase in ε C 11 . 

In the second to fourth cycles in Fig. 5 (a) and (b), the ε F 11 val- 
ues increased in positive value almost linearly under tension at the 
beginning up to the applied strain of about −0.003, and then in- 
creased gently up to the maximum applied strain. The remaining 
trends after the maximum applied strain were similar to those in 
the first cycle. The ε F 22 values showed trends similar to those of 

• Cyclic loading testing was conducted 
continuously, and the neutron diffraction 
data were collected continuously using an 
event data recording mode (sliced at 300s) 

Harjo (MLF)Operando measurement
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Fig. 5. Phase strains of ferrite, cementite and graphite during cyclic loading of B20 steel for (a) LD and (b) transverse direction (TD). 

Fig. 6. (a) Phase strains of ferrite, cementite and graphite for LD with respect to the tensile applied stress for 1st cycle up to the maximum applied strain. (b) Lattice strains 
of graphite for LD estimated from a axis and c axis independently for 1st cycle. 
largest among ε ph 

11 s and ε ph 
22 s at maximum and minimum applied 

strains, showing that cementite behaved as the hardest phase in 
B20 steel. 

Results for ε G 11 and ε G 22 are less easy to understand. Spheroidal 
graphite in FCDs has been considered to have no contribution to 
strength, behaving like a void [7] . However, the values of ε G 11 and 
ε G 22 in Fig. 5 (a) and (b) are not zero and change as the applied 
strain changes. In the first cycle, the ε G 11 value increased with in- 
creasing tensile applied strain at the beginning and then remained 
almost constant for the rest of the tension up to the maximum ap- 
plied strain. The ε G 11 value, however, remained unchanged during 
unloading and at the beginning stage of subsequent compression, 
then gradually increased in negative magnitude by further com- 
pression down to the minimum applied strain. During unloading 
after compression, the ε G 11 value followed the trend of ε F 11 again. 
In the second to fourth cycles, ε G 11 values increased under tension 
up to the applied strain of about −0.003, then remained almost 
constant for the rest of the tension up to the maximum applied 
strain. During unloading and compression after the maximum ap- 
plied strain, trends in ε G 11 were quite similar to those observed 
in the first cycle, but with large fluctuations in value. Trends in 
ε G 22 s were more puzzling because they showed positive values in 

all conditions of cyclic loading, regardless of loading mode. (Fig. 
S2 provides a plot of ε G 11 versus applied stress.) The mechanical 
properties of spheroidal graphite in FCDs are not well known. The 
Young’s modulus and tensile strength of graphite have been re- 
ported to be 7.5–10 GPa and 13–27 MPa, respectively [39–42] . As- 
suming the tensile strength to be about 15 MPa, the spheroidal 
graphite might yield at 1500 microstrain ( × 10 −6 ), which is close 
to the ε G 11 values observed during tension in Fig. 5 (a). However, 
when ε G 11 s were estimated from a axis ( ε G,a 

11 = ( a G 11 , meas − a G 0 ) /a G 0 ) 
and c axis ( ε G,c 

11 = ( c G 11 , meas − c G 0 ) /c G 0 ) independently and are plot- 
ted with respect to the applied strains ( Fig. 6 (b)), the ε G,a 

11 val- 
ues were almost zero during cyclic loading, while the ε G,c 

11 values 
showed trends similar to those of ε G 11 . If graphite bears stress 
during loading, then the value of ε G,a 

11 must be not zero, even if 
it is small. It can be considered therefore that the trends in ε G 

ii 
shown in Fig. 5 might indicate changes in the orientations of layer 
structures of graphite [43] rather than lattice strain responses to 
the applied strain or stress. The details regarding reorientation of 
graphite layer structures under loading remain unclear, however. 
The report by Naito et al. [25] indicating no lattice strain accom- 
modation by graphite during loading, as measured using neutron 

592 S. Harjo, S. Kubota and W. Gong et al. / Acta Materialia 196 (2020) 584–594 

Fig. 9. (a) Phase stresses for LD of ferrite, cementite and graphite for maximum and minimum applied strains. (b) Stress contributions to the flow stress of ferrite, cementite 
and graphite for maximum and minimum applied strains. 

Fig. 10. (a) Kernel average misorientation maps of B20 steel (a) before deformation 
and (b) after cyclic tensile–compressive loading test for 5 cycles. Graphite particles 
were black colored. 
cation arrangement change during deformation [52] , leaving some 
ambiguities in the FWHM values. 

A CMWP fit, which analyzes the whole profiles of multiple 
peaks based on theoretical functions for size and strain broadening 
[31] , was performed to evaluate the evolutions of dislocation den- 
sity in ferrite during the cyclic tensile–compressive loading test. In 

Fig. 11. FWHM / d values of 110, 200 and 211 of ferrite measured for maximum and 
minimum applied strains for LD. 
the CMWP fit, graphite and cementite were also analyzed to ex- 
clude their influence on the ferrite results, but the fitting parame- 

• The increase in ferrite strength played 
an important role in the work 
hardening of the ductile cast iron.
– Contributions of Cementite and graphite 

are small. 

Neutron diffraction monitoring of ductile cast iron 
under cyclic tension–compression

Harjo (MLF)Operando measurement



Nondestructive detection of Li deposition by muonic X-rays 

I. Umegaki et al., Anal. Chem. (2020) 92,12,8194-8200. 

Distribution of muons with different 
momentum in a laminated graphite anode.

The relationship between the intensity of muonic Li X-rays and charge 
capacity, which corresponds to amount of Li, in the Li intercalation 
and the deposition regions. 

We succeeded to detect nondestructively Li metal deposition on 
the graphite anode by measuring muonic X-rays through a 
laminated package. We also demonstrated that, taking advantage 
of depth resolution of muons, a location of the deposition can be 
detected.Pictures of (up) Li metal deposition on the 

graphite, and (down) sample in a 
measurement chamber.

Umegaki (TCR)
Operando measurement
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A new elementary excitation?  
- finding orbiton by polarized 
neutron

J. Nasu and S. Ishihara, PRB 88 (13) 205110

model calculation on YVO3

Cross Correlations in Material Science

: A

: B

: C

Contrast Variation can be typically realized by H
(1.76barn)/D (5.59barn) replacement in Soft
Materials.

Resolve correlations in multi-
component softmatter systems 

“Multi Components” is a key to realize new 
phenomena & functions of softmatter.

In ternary system, 6 contributions (3 self terms + 3 
cross terms) must be considered.

Polarized Neutron can directory observe spin dynamics
(orbital-lattice coupling)



H-line infrastructure ¥0.6B

Proton beam

S-line

Construction of H-line and S-line

S-line cost ¥1.4B

H-line

S3:Pulse exci-
tation µSR

S1:GP-
µSR+ultralow 
temperature

S2:High time 
resolution µSR

S4:µPMS



Accident at 
Hadron Facility

〜10 months interruption 
due to the earthquake

〜1 month interruption 
due to the fire in MLF

Beam Power History at MLF

Interruption due to 
troubles of Hg-target

500 kW

as of June 27, 2020

Earthquake

300 kW

1 MW eq. 
pulse

1 MW eq.
beam

600 kW



Muon	:target：10	x	capture	solenoid	5~10
à 50	〜 100	times	in	intensity

neutron:		target:	10		x	devices	2
à 20	times	in	brightness

New Neutron and Muon Target (TS2)

moderator／reflector
neutron focusing device 
Neutron detector

Proton beam
Rotating tungsten target

Long wavelength 
Power １MW à 1.5 MW (TS1:1MW, TS2: 0.5MW)
Repetition 25 Hz à 25 HZ (TS1:17Hz, TS2: 8Hz)

Accelerator Upgrade 

Muon capture 
solenoid coil

1 MW 1.5 MW
Peak current [mA] 50 62.5

Pulse width [ms] 500 600

Repetition [Hz] 25 25

Average current [mA] 333.3 500

Max energy in lineac [MeV] 400 400
Max energy in RCS [GeV] 3 3

A unified target for neutron and muon 
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Neutron

Calculation of Intensity

CD
R:

http
://j

-

parc.jp/re
searcher/M

atLife/ja

/publica
tion/fil

es/T
S2CDR.pdf

http://j-parc.jp/researcher/MatLife/ja/publication/files/TS2CDR.pdf
http://j-parc.jp/researcher/MatLife/ja/publication/files/TS2CDR.pdf


Peak Science (1)

Extreme Condition
(High pressure, High external field) Bio Science

Neutron high brightness, muon high intensityà micro beam

Photosynthesis protein Proton transfer proteinEarth and Planet Sci.

Super conductivity in 
Sulfur hydride under 
high pressure

DAC

Metallization of 
hydrogen under high 

pressure 

IDP

High brightness à Small sample

(complementary use）

High Brilliance：small sample

long wavelength à slow dynamics of protein

Human derived protein for drug discovery 
Fluctuations of structure
→ Cancer suppression mechanism

New approach for drug development

Spin echo



Real Space（nonuniform system） à Industrial applications

Active site

Top Science （２）

Bright field

Dark field

前⽅検出器

画像検出器
2d sinq=l

画像検出器
Dark field

Neutron microscope

Resolution: several 
mm

Muon microscope

Diffraction microscope 

Imaging 

Active site below fraction of 1%

PCU

Li
batter

y
motor

http://www.tyota.co.jp
Visualization of system and module 
(structure, stress, magnetic field)

Industrial Applications

Fundamental Physics 
Meitron EDM
Muon EDM

中性子源

サンプル

解析用
光学系

画
像
検
出
器

Neutron holography

3D imaging by negative 
muon

Strip lines

St
rip

 li
ne

s

C
ou

nt
s

H. Wu, Y. Yang, D.S. Hussey et al. Nuclear Inst. and Methods in Physics Research, A 940 (2019) 380–386

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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