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Mitsuhiro Shibayama 

Comprehensive Research Organization for 
Science and Society (CROSS), Japan

https://neutron.cross.or.jp/mitsu/ 
https://neutrons.cross.or.jp/en/

Neutron sources and instrumentation

2nd day (Aug. 11) 
14:00 - 15:30

2nd day (Aug. 11) 
09:30 - 10:00 Fundamental properties of neutrons 
                       (Prof Bruce Gaulin) 
10:00 - 11:30 Elementary neutron scattering theory 
                       (Prof Bruce Gaulin)
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Self introduction

Mitsuhiro Shibayama. （柴山 充弘）
Dr. Engineering  
(Kyoto University 京都大学, 1983)

1983 - 1984 Research Associate, Univ. Massachusetts at Amherst 

1984 - 2000 Kyoto Institute of Technology 京都工芸繊維大学 
　　　　　　(Ass. Prof. / Assoc. Prof. / Prof.) 
  　　 (1991 Visiting Scientist, Massachusetts Institute of Technology) 

2000 - 2020 Institute for Solid State Physics (ISSP), The University of Tokyo 
          　　　(Prof.) 東京大学物性研究所 
  　　　　　(2009 - 2020 Director, Neutron Science Lab.) 

2020 -         Director, Neutron Science and Technology Center, 
                   Comprehensive Research Organization for Science and Society 
                   (CROSS) 総合科学研究機構

Prof. R. S. Stein, U. Mass

Prof. T. Tanaka, MIT

Prof. T. Hashimoto, Kyoto U.
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Kashiwa Campus, U. Tokyo

One of the three major campuses of U. Tokyo

2000 ~ 2020

2015

2002

30 km



CUHK Lecture, M. Shibayama
2025.8.10 - 16

5

Where are CROSS and J-PARC?

SPring-8
J-PARC

NARITA

Tokyo
Osaka

J-PARC & CROSS

150 km

NARITA
Tokyo

5

J-PARC

MLF

1 km

JRR-3
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Comprehensive Research Organization  
for Science and Society (CROSS) 

Tokai

Tokyo
Narita

2020 ~

150km
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History of X, neutron, and light scattering

Röntgen 
Discovery(1895) 
1901Nobel Phys.

Rayleigh 
scattering(1871) 
1904Nobel Phys.

light

1900 1950 2000

X-ray

Einstein 
fluctuations(1910) 
1921Nobel Phys.

Guinier 
SAXS(1938)

Debye 
Polymer (1940s) 
1936Nobel Phys.

Pecora 
Dynamic  

scattering(1964)

Bragg 
diffraction(1912) 
1915Nobel Phys.

           JRR-3 (Jp): 1991 
                   J-PARC (Jp): 2008 

CSNS (Cn): 2017

HFIR (Us), ILL (Fr): 1970

N
eutron

Shull 
Diffraction 

(1940s) 
1994Nobel Phys.

Brockhouse 
Spectroscopy 

(1950s) 
1994Nobel Phys.

Chadwick 
Discovery 

(1932) 
1935Nobel Phys.

Photon factory (Jp): 1982 
                   SPring-8 (Jp): 1997 
                      SSRF (Cn):  2009

Shanghai Synchrotron Radiation Facility
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Choosing suitable energy

9

High energy physics

Physical chemistry
Chemistry

Soft matter

1/1000（X-ray）

1/1000（light）

1/1000（neutron）

Typical energy in soft matter 
kT ≈ 0.6kcal /mol (~ 20 meV)

Nuclear force: 
Deuteron binding energy 
3.27MeV
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energy dispersion
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de Broglie wave

 electromagnetic wave

E = hc/!

E = h2/2mn!
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E = h2/2me!
2

1 keV

1 eV

1 meV

1 µeV

“ruler”

“Probe”

10

photon (electromagnetic wave) 

E = ℏω =
hc
λ

E =
ℏ2k2

2me
=

h2

2meλ2

E =
ℏ2k2

2mn
=

h2

2mnλ2

Electron

Neutron

h = 6.626 × 10−34 [Js]

me = 9.109 × 10−31 [kg]

mn = 1.675 × 10−27 [kg]
(mn ≈ 2000 × me)

1[Å] → E ≈ 10[keV]

1[Å] → E ≈ 80[meV]

1[Å] → E ≈ 100[eV]
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Neutron: an excellent probe for material research

3 basic properties 7 major applications

Crystallography
Dynamics

Magnetic structureRadiography

Morphology Transient 
Phenomena

Spectroscopy
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Neutron generation
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Development of neutron beam sources
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Atom, nucleus, and neutron

Diamond

Chem. Str.

The nucleus in an atom is compatible to  
Japanese pinball (~1 cm) in Tokyo Dome (100m).  
A neutron is about 1/10 of a nucleus. 
Hence, it is just about a 1mm ball in Tokyo Dome.

Nucleus Neutron

Good Material permeability
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Neutron generation (1)

Maxwell distribution characterized by 

the temperature of the moderator

１．Reactor: fission of uranium-235

E = (3.2 × 10−11[J]) × (6.02 × 1023)/235 ≈ 8.2 × 1010[J](*)

* Generation of 2~3 neutron by 1 fission
* Energy of ca. 200MeV ≈ 3.2 x 10-11 J 
   (8.2 x 1010 J/1g U)

２．accelerator: spallation

When a proton with an energy of 1 GeV hits a target nucleus,  
20 to 25 neutrons are produced.
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Neutron velocity/energy distribution

The velocity distribution of neutrons in a nuclear reactor has the same shape as that of a monatomic gas.

f(v) = 4πv2 ( mn

2πkBT )
3/2

exp(−
mnv2

2kBT
)

vmp =
2kBT
mn

v̄ ≡ ⟨v⟩ = ∫
∞

0
vf(v)dv =

8kBT
πmn

vrms ≡ ⟨v2⟩ =
3kBT
mn

<Review> Velocity distribution of monatomic gases

Most probable velocity

Maxwell–Boltzmann distribution

Average velocity

Root mean square velocity

E =
1
2

mnv2
mp = kBT

Relationship between Energy and Speed

vmp : v̄ : vrms = 2 : 8/π : 3

vmp

mn : neutron mass

⟨v2⟩ = ∫
∞

0
v2f(v)dv

Distribution fn.

velocity

(neutron)

(neutron)

E =
1
2

mnv2
mp = kBT

J-PARC (1MW)

E =
1
2

miv2
rms =

3
2

kBT

(monatomic gases)

mi : mass of monoatomic gas
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Neutron velocity (energy) and elastic/inelastic scattering

(neutron)
(Hydrogen)

(neutron)

(Heavier atom, Li, C, …)

(Heavier atom, Li, C, …)

(neutron)

(neutron)

Inelastic scattering

Inelastic scattering

Elastic scattering

M. Shibayama,  
“Introduction to Neutron Scattering”,  
Kodansha, 2025. (Jpn)

HN
Li

Li
N

N

N

N

N

N H LiN

Elastic/Inelastic scattering depends mass and temperature (velocity) difference between neutron stars and atom.
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Major neutron facilities in the world
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ILL (Institut Laue Langevin) (France) 

2’ 52”

https://www.ill.eu/about-the-ill/ill-at-a-glance
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https://www.youtube.com/watch?v=ZHSm6ZcGpkA

NIST neutron center (USA) 

2’ 32”
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22 Courtesy of Dr. K. Nakajima  
AONSA FDM, 2024/11/24
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Courtesy of Dr. M. Take  
@2019 Asia-Oceania Faculty Director Meeting, CSNS
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https://neutrons.ornl.gov/sns

https://neutrons.ornl.gov/sns

https://youtu.be/BKVBkenVWVU

SNS@ORNL (USA) 

3’ 21”https://youtu.be/BKVBkenVWVU?si=lXp8g0lP-lQXybyY

https://youtu.be/BKVBkenVWVU
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https://www.youtube.com/watch?v=Ra1l5BwPczg

J-PARC: Japan Proton Accelerator Research Complex 

3’ 08”
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J-PARC: Japan Proton Accelerator Research Complex 
and JRR-3

JRR-3



CUHK Lecture, M. Shibayama
2025.8.10 - 16

27

Materials and Life Science Experimental Facility (MLF)
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J-PARC MLF: Performance
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Various methods of neutron scattering vs materials
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Various neutron scattering methods
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Inelastic scattering Diffraction

Small angle scattering Reflectivity

Excitation

Magnetic str.

Strain distr.

Hierarchical
Surface str.

Changes in momentum transfer/energy
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Two methods of neutron data collection: 
Angle dispersion vs time-of-flight methods

t[μs] = λ[Å] ⋅ L[cm]/0.3956

Time-flight method

Monochromatic beam

white pulsed neutron Time of flight (TOF)                                          
Flight distance                                       

Detector                                       

Mass of neutron                                       

Angle dispersion method

Sample

Fixed

Calcd.

Var.

Var.
Fixed

Calcd.
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Angle dispersion vs time-of-flight methods (1)

t[μs] = λ[Å] ⋅ L[cm]/0.3956

Q: Calculate the wavelength And the velocity of neutron 
with TOF = 4000 [μsec] for L = 4 [m].

Elastic scattering (diffraction, scattering, reflection)
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Angle dispersion vs time-of-flight methods (3)

           Inelastic scattering (inelastic, quasi elastic scattering), spin-echo            

Triple-axis spectrometer 
(IN8@ILL)

MonochromatorAnalyzer

Sample
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JRR-3: Japan Research Reactor 3
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Typical angle disp. Instrument, SANS (SANS-U, JRR-3) 

Monochoromator, Collimator Sample Flight tube, detector

Sample

Sample holder

Okabe, et al., Nuclear Inst. and Methods in Physics Research, A, 2007,  572, 853.

36
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Typical TOF Instrument, SANS (BL15 TAIKAN@J-PARC)
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Diffraction

Diffraction/ 
Reflection

Quasielastic/ 
Inelastic

Imaging    

Fundamental Phys./ 
Device Develop.

Cross section/ 
Prompt gamma

CM; coupled (high intensity) 
DM; decoupled (high resolution) 
PM; Poison (very high resolution)

Proton beam

J-PARC MLF Neutron Instruments layout

TAIKAN

SHARAKU SENJU

TAKUMI

AMATERAS

RADEN

4 SEASONS

MLF：Materials and Life Science Experimental Facility

38

J-PARC (1MW)



CUHK Lecture, M. Shibayama
2025.8.10 - 16

39

Neutron Instruments at MLF 
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Crystal Structure



CUHK Lecture, M. Shibayama
2025.8.10 - 16

41

SENJU 千手 (BL18): Single crystal
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Nano Structure

SANS/WANS

NR
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BL15 TAIKAN 
Small and Wide Angle Neutron Scattering Instrument

Q-range: 5 x 10-3 – 17 Å-1 (optionally, Qmin = 8 x 10-4 Å-1)

Collimator,
Polarization Devices,
Focusing Lenses

・Wide-q observation of SAS 

・Polarized neutron scattering 

・Focusing VSANS

43
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BL15 TAIKAN: sample environment

Courtesy of Dr. Shinichi Takata, BL15

Presented at SAS2024 2024.11. 3 - 11.8 TICC, Taipei
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SHARAKU 写楽 (BL17): Reflectivity
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Spectroscopy
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DNA (BL02): Inelastic (Back scattering)

Back scattering instr. (@NIST)

Detector
Sample
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iNSE (C2-3-1): spin-echo spectrometer @JRR-3

https://www.issp.u-tokyo.ac.jp/labs/neutron/inst/NSE/en/index.html
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iNSE (C2-3-1): spin-echo spectrometer @JRR-3
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Pulsed Neutron Application 
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RADEN 螺鈿 (BL22): Neutron Imaging
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MLF instrument handbook

https://mlfinfo.jp/_src/resource/PEPngy9XwF/MLF_spec_2020j.pdf

MLF_spec_2020j.pdf
https://mlfinfo.jp/ja/aboutmlf/neutron.html
MLF実験HP

MLF Handbook

53



CUHK Lecture, M. Shibayama
2025.8.10 - 16

54

Contents

Part 0. Self introduction 

Part 1. Overview: 
         1. Neutron, X-ray, and light 
         2. History, generation, facility world map, etc. 

Part 2. Neutron Sources. (YouTube) 
         1. World leading facilities (reactor): ILL, NIST, JRR-3, OPAL, … 

      2. World leading facilities (spallation): ISIS, SNS, J-PARC MLF, … 

Part 3. Instrumentation 
         1. Structure/dynamics: order - concentration - energy overview 
         2. Methodology: TOF, angle dispersion, imaging  
         3. Classification: crystal structure, nano structure, spectroscopy, 
             Imaging 

Part 4.Summary and references 
                



CUHK Lecture, M. Shibayama
2025.8.10 - 16

55

Summary

1. There are a number of Neutron sources: 
       Reactor- or spallation-neutron sources 

2.   Various neutron scattering instruments; 
       SANS, NR, triple-axis spectrometers, QENS, INS, spin-echo,… 
       Imaging, … 

3. Two types of measuring methods;  
     Angle dispersion and time-of-flight 

4. It is very important to choosing the best equipment, 
    Considering the Q-range, E-range, sample environments, etc. 

5. It is strongly encouraged you to consult with an instrument scientist  
     before submitting your proposal. 
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