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Neutron Instruments at MLF
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4 Muon beam lines
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Focusing Science Areas in MLF
Based on characteristic features of neutron and muon

Hard Matter

— Neutron has spin=1/2
Liquid and Soft Matter
— Neutron can distinguish isotope *
Energy Material
— Neutron is sensitive to light element
Engineering Material

— Neutron has deep pene
Muon Science




Fe-based superconducting material LaFeAsO, H,
using multi-probe analysis

SR

Professor H. Hosono

Discovery of a new magnetic phase (AF2) and its contrasting properties to the orig/inal one (AF1) ITES\,ITI
4 magnetic structure o : magnetic phase diagram
Structural and magnetic phase / (muon)
(neutron) :
diagram of LaFeAsO, H
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Role of Hydrogen in Electronic Materials Inferred by Muon

Muon = Pseudo-hydrogen
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— FeS, (pyrite)
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Issue: Is H electrically active in FeS,?  H. Okabe et al., Phys. Rev. B 98, 075210 (2018).
4 8u2~3.5 meV v

Mu,

CB [Featured by APS Blog]

Mu+/S-S bond break
— Radical-A+SMu-

Mu+Fe-S bond break
— Radical B+SMu~

Answer: Yes, two different
Mu states bound to sulfur,
serving as donors.

\/B

Energy

InGaZn0 (IGZO)

Aimost no tail states (£, ~ 26 meV)™  CBM
Donor level. 0.10 - 0.13 v [€]

Traps in as-deposited a-IGZO" ~0.2 eV [90]

Traps in H-poor a1GZQ: ~0.3 eV
Passivated by H [77]

Near-VBM states (~10% em)
(i) Va with void 1031
(i) Weakly-bonded 0 [113]
Undercoordinated O 11981
(iii) ~OH 1221
(iv) H- 1101

Tail

VBM

SN

Log (DOS)

Issue: What is the role of H for the in-gap states of IGZO?
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Mu site was estimated by nuclear dipolar field A and DFT calc. complex in O vacancy.

K. M. Kojima et al., Appl. Phys. Lett. 115, 122104
(2019).[Editors pick]
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Annswer: Shallow donor at

ZnO bond center, or [H Mu]?]




Engineering Materials

constructed in 1887 — 1889 1957 -1958 2008 -2012
height 324m height 333m height 634m
7300 t (wrought iron!) 4000 t (steel) 32000t
160~220N/mm? 240N/mm? 400N/mm?
0.05~0.25Wt%C 0.3~2Wt%C 700N/mm? (gain tower)

Mn, Ni, Mo addition ~0.1%C

Steel is still developing in strength
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Development of high performance steel (TRIP, TWIP...)
Strength and Ductility - microstructure control

Control of crystal grain structure during the processing is a key to professor T Tanake
. . ESISM, Kyoto Univ.
obtain the high performance.

Rear frame
section

T Passengers’
Front frame Cabin
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Thermo-Mechanical Processing Simulator (Thermec-Master) into TAKUMI (BL19)
(The Elements Strategy Inltlatlve)
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¢ High-frequency induction heating i brmation!!

& servo motor driving

Ferrite transformation is

* Gas (N,, He) injection cooling ERN ... S W W——

+ Highest temp: 1200 C g o accelerated by hot
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° Deformatlon rate S 100 mm/s' 30 kN --------------------------------- BRIl Comprassion start Compresslon _> Dynamlc

(compression)
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Yoshihiko Nakamura et al., submitted to Special IssueTBVIﬁle Mineral, Metals & Materials Soc.



Magnetic Imaging @ RADEN

The world's 1st demonstration of visualizing magnetic field of a working motor.

Collaboration with Hitachi Ltd. HITACHI

Inspire the Next

Power Consumption in Japan
RADEN results are used to

. . ; Others.
improve simulation technology 1%
to design higher performance ) . e
motors. — e
é‘ - = .. & Lightings
- - 1% 2005

Supported by Photon and Quantum Basic Research i i
Coordinated Development Program by MEXT (2013-2018) Motors consume more than 50% of total electric power in Japan










Research & Development Initiative of New Generation

Batteries

SPICA (BL09) is a dedicated machine
to the project for battery research

Real-time observations of lithium battery
reactions during the charging and discharging
process

Scientific Reports 6, Article number: 28843 (2016)
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Development of all-solid ceramic buttery based on

new super ionic conductor

Single cryst
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New Generation Tokyo Inst. Tech, KEK, TOYOTA, Ibaraki Pref.
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Nature Materials (2011)
450citations for 4 years

I‘i9.54Si1.74'91.44511.7(:]0.3
Nature Energy (2016)

Newspaper (Tokyo Newspaper (7/25), Chunichi News Paper (7/28))
TOYOTA will load all-solid buttery into Electric Vehicle in 2022




Natture 567, 506 (2019)

Colossal barocaloric effects in plastic crystals
Candidate for new solid-state refrigerant (coolant)

heat

plastic crystal: neopentylglycol (NPG) depos.t.on

v" NPG shows colossal entropy changes by small Compress
pressures Decompress

BCE material

v’ Colossal barocaloric effect materials can change
refrlgeratlon

refrigeration

25~30% of electricity
consumption is for refrigeration

Microscopic mechanism of colossal entropy changes

Combining MDA calculations, quasielastic neutron scattering experiments under
pressures reveled that colossal entropy changes in NPG caused by change of
disordering motion in NPG molecules, which is suppressed by even relatively
small pressures.

MDA calculations “?’%@f% © R
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https://ejje.weblio.jp/content/electricity+consumption

Thank you for your kind attention
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