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Neutron Beam Fundamentals Development

Kazuhisa Kakurai
Quantum Beam Science Directorate (QuBS)
lapan Atomic Energy Agency (JAEA)

Kensal District

 rokai R4 5 conter |

Outline

* Neutron Beam Fundamentals Development

* Development concerning the utilization of
polarized neutrons

* Development of focusing devices

» Development of detecting devices
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MEXT Quantum Beam Technique Develop

MEXT Quantum Beam Technique Development Program
“Development of Neutren Beam Fundamentals Techniques”

B Subject: Development and Application of Advanced Neutron Optics and Detectors Including

Polarizing, Focusing, and Imaging Systems
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(1) Polarizing device {2) Focusing device (3) Imaging technique

§ yoars (2008-2012)
Members : JAEA, KEK, Hokkaldo Univ., Tohaku Univ., Takyo Uniy.

Kyole Univ., LJ. Chang (NTHU)

* Development concerning the utilization of
polarized neutrons




MEXT Quantum Beam Technique Development Program
“Development of Neutron Beam Fundamentals Techniques”

® Subject: Development and Application of Advanced Meutron Optics and Detectors Including
Polarizing, Focusing, and Imaging Systems
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Magnetic Lens

(2) Focusing device

{3) m;g'ing technigue

(1) Polarizing device

Polarized neutron

Neutron spin 1/2

2 eigenfunctions for 5,=+1/2 and -1,/2
1 1 1
17.+M Ew I:.—J_r Ev
"spin up’ state
If a bearn of neutrons has a fraction Fof newutron in the state o
P=2f-1

Polarization P {in the guantization direction) with magnitude

Unpolarized beam Ps0;
completely polarized beam with all the spins up P=1, with all the spins down P=-1

Polariration dependent cross section
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Assuming collinear structure and inversion symmetry
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Utilization of polarized neutron
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Polarized Neutron Powder Diffraction
Experiments on Fe,(N, Nano-Particles

¥ Ishii'!, M. Takeda®, T. Kikuchi'®, T. Shinohara®, T. Ok, J. Suzuki®,
¥, Sasaki®, M, Kishimoto, M., Yokoyama®, ¥, Nishihara* and K. Kakurai'!

Uhanition Beam Science Directorate, Japan Atowiie Energy Agency (JAEA)
4 Marerials and Life Science Division, J-PARC Cenrer

Y Hitachi Maxell, Lid.,

“Physice Department, Ibaraki University




Magnetic Analysis of Fe-N nano-Particle FeyNy
TW{S) 2006, Hitachi Maxell Co, Ltd., tbaraki Pret
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mory
: densi
: ty e=6.31h
Magnetic anisotropy
a=5T2A
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Memory density & storing speed of o™ Feyh,
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yoar 2001 2008 201 bet (bady-centred tetragonal) -
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Fe N, nano-particles

e

diameter: 17nm

Experiment on TAS-1

From the macroscopic the magneti for Fe, N,
cannat be d. (difficult to esti the e ant-
layer, which is a propristary material) Polarizing monochromator @ magnetized Heusler (111)
Incident peutron encrgy * 14.7 meVi 4= 2356 A)
Core material is mainly Fe, N, but may contain Fe,0,, a-Fe and Fe,N Polarization of the incident beam : 00%
Information about the structure of the nano-particles:
PoISANS exp. by Oku et al.

TAS-1 in half-polarizing operation mode

i

Electramagnet

Use of polanized newirons
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sample M2: 4=0,98A polarized neutron diffraction pattern and the difference spectrum
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sample M8: 4=0.98A polarized neutron diffraction pattern and the difference spectrum
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Farticle structure determination using core-shell model
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4 10 e 2
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Fig. 2 The radial sverages of neutron miemdty
senttered m the darection pespendicular 1o the
applied magetic feld Thickness of non-magnetic layer: 3.4 nm

Average diameter of magnetic core: 12.2 nm

Contrast variation
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Scattoring length density

magnetic core

htagnetized single crystal monochromator

. Cog gFey o (200} reflection, Heusler alloy
CuAlMnilll) reflection

Heusher monochromator of TAS-1

Vertical bentioptimized for 30 SmeV
Horkzontal bent: variable

Heusler erystals supplied by P Courtols, ILL




Neutron Spin Filter
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KEK

He filter (¢

Japan Science and Technology Agency
under auspices of MEXT

Funding for the development of
neutron beam fundamentals
techniques from the MEXT
Project Leader; K. Kakurai (JAEA)

in colabomuon with Holdakdo Universicy, Toholu
University, KEK, Univ of Tolpo and Kyoso
Unbvorshy

Development of polarizing o e e i
devices,
e.g He filer

T e # Kira T Sskaguchi, LY Chang T.oem 08
o] ment of focusing
Secial g 08
&g magnetic lens g oo

Tou J Suvki, W Shimize £
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Development of detecting devices,

€. high dme- and spacal-
resolution detector
Tumimsr|, Kiyanag, Watssbwymss|, Yasul, Sais|

{399 QOZL Mwnagy) Ay uey]

Dis. H. Kira, Y. Sakaguehi, L). Chang, T. Oku, T. Ino et al.

MNew Laser Optics with VHG'! optics
D WHG: Volume Halographic Grasing

AFP-NMR : *He polarity controlled
T. ino et al, ). Phys.Conf, (2012)

| GE180 Cell

§ with a 10 cm-diameter
[ fabricated by Tohoku Univ.

90 degres bank

Small angle dei
o

High angle detectons

Ibaraki prefecture high intensity powder diffractometer
IMATERIA

He polarizing filier

Drawing by courtesy of Prof. Inagaki et al., Ibaraki Prefecture
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Pulsed Neutron Imaging (BL22): Construction have started 2012,

* Development of focusing devices

MEXT Quantum Beam Techniqua Developmant Program
“Development of Neutron Beam Fundamentals Techniques”

® Subject: Development and Application of Advanced Neutron Optics and Detectors Including - u
Polarizing, Focusing, and Imaging Systems

IHe Filter --t. -_-_ = e
Pulsisd Neutron

o

Development of the compact hybrid cell for low T experiments
T. Osakabe et al. IMMM 310 (2007) 2725; AP 47(2008) 6544
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{1) Polarizing device |  (2) Focusing device (3) Imaging technique

Development of a thermal neutron focusing device By:cortesy of Dx. . Osataba (OuBS; IAKA)
et

. e Ground state of the rare earth filled skutterudite Prfe,P,,

Prrep, . ]

Posirion |mm) at focal length

Dipolar order (AF)
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Synchrotron radiation x-ray and neutron diffraction studies of phase separation
on rare-earth metal dihydrides under high pressure

Hydrogen in Materials Dr. A. Machida et al.

Various H-M bonding state

Hydrogen related properties

*Metal-Insulator Transition
*metallic bond s kol
. Hy
ionic bond LW halerti or st Hatuns [1996)
*covalent bond *Structural transition
Various valence state *Hydrogen Storage

ahsorption___

—
<=

desorption,

| H HOHY K

High-speed diffusion

Experimental =SR XRD -

To investigate the variations of metal lattice
Diffractometer for Diamond Anvil Cell

BL22ZXU Exp. Hutchl

Datectar

Imaging Plate (R-AXIS V, Rigaku Co.)

Sire ; 400:400mm?
100=1004m? pincel

Sample-IP distance: 200mm-T30mm

Sample

LaH, (40pm* 20um* 10pmt)
LaD, [35pum*25pm* 10pmt)

By courtesy of Drs. Acki, Katayama et al, [QuBS, JAEA)

Phase separation from LaH, into LaH,,, and LaH,
A, Machida et al., Phys. Rev. B 83,054103 (2011}

Additional Bragg spots appeared just outside of the original ones.

Formation of small-fec lattice

l Volume reduction ™ -17%

The small fec phase correspond to the
H-poor phase.

)

Observed change is reversible,
= (1-n)LaH,; + nlaHx
a 2 % & 4
I‘fft ? ij‘\‘q i Interstitial H atoms transfer
Jaeg AUE from the Tsites to O-sites.
}.':J vy

LaH,
37
d
P o
P

Experimental -NPD-
To investigate the hydrogen positions
~1 High Intensity Total Diffractometer (NOVA)
BL-21, MLF, J-PARC

Paris-Edinburgh Press
NPD éxperiments above 10GPa became available.
Max. pressure reached 17 Gpa

gt
mmi“*"""
sl

-

4 l 90 degrees scattering geometry
By courtesy of Drs. Katayama, Hattori, Sano, Utsumi et al,

* The H position determined using neutron diffraction

e |

i 13
A A ) W

In NPD patterns, odd number reflection
peaks are not observed.

TYRE MO

Neutron scattering length

b,=8.24 fm
by=6.671 fm

|H| ||| Form factor of NaCl-type
‘\@ L] Odd : 4{b, = by}
[ ]

Evens 4iby, + by)
|

s 35 _.2:; 75 The simulated patterns strongly indicate
d-spacing (A)

the concentration is close to 1.0

First abservation of the formation of LaD using neutron diffraction.

Different concentration with common metal lattice

Structure

Oko
fcc metal } ¢
lattice Q ») )
Nearest HO-La HT-La H™-La
neighbor HO-HT

Different bonds should be made in the different state.

Important information to clarify the H-M interactions




PLANET

Fressure Leading Apparatus for MEwTron diffraction
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By courtesy of Drs. Hattori, Sano, Utsumi et al,

6-axis multi-anvil press ATSUHIME FE 38 (Pressure Queen)
[dvanced TOF 5Uited High-pressure Mult-anvil Equipment)

X, axi
*relatively large access windows i
~variety of pressuriting 2
hydroscople o
uniaxial Ek 1¢|
deforming

[EJE (weight: 29ton]

Centrol part

By courtesy of Ors_ Hattori, Sano, Utsumi et al,

T-P range aimed on PLANET

condition

1 (DPE-cell

Temperature/ K
g

2
Palm
M T T AINPD.cell | S0GPafschedied)
4.NPDI—r:eH ‘afscheduled)
4K o E T i . } i " ;
Bow ox wm s W @ M om
Pressuref GPa
{ i mi et al

* Development of detecting devices

MEXT Quantum Beam Technique Development Program
“Development of Neutron Beam Fundamentals Techniques”

B Subject: Development and Application of Advanced Neutron Optics and Detectors Including
Polarizing, Focusing, and Imaging Systems
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ﬁ'; Polarizing device

(2) Focusing device (3) Imaging technigus

Experimental set-up for viewing small engine

Neutron color |1

Reference By courtesy of Dr, Nittoh, Toshiba Corp.

“Visualization of oll behavior in a small 4-cyccle engine with electrical motoring by neutron
radiography” by M..Nakamura, K.Sugimoto, H. 1, H. Murakawa, N.Takenaka, K.Mochiki,

Nuchear Instruments and Methods in Physics Research AG05{2009)204-207.




Minil- engine [24.5 mi)

(a)-{b)=
Neutron color |.L: 9 inch
. NTSC 3CCD: 30 frame/sec
..3 Shutter speed:1,/100s
L Lens Aperture: F3
Relsrence By courtesy of D, Nittoh, Toshiba Corp.

“New feature of the neutron color image intensifier,” K.Nittoh,C.Konagai, T.Noji, K. Miyabe,
Nuclear Instruments and Methads in s Research 009}107-110.

|.|PIC neutron imaging detector (prototype)
Kyoto University, Cosmic Ray Group

« Time-projection-chamber

« Gas mitune: ArCHy"He(30%) at 2 stm
. Dmmnwmw-mw:nmmlmums

esoiution =1 pa o sach

= FPGA program “X-ray mode 8",
« FPGA endoder medsunes wicth of pulses.
» Profon, triton identfied from shape of snengy

Ampiifier shaper
dacTiminator

o B

a0er " - -.‘L Tirne-a bove-ihreshold
4 npoce (02 energy dep.)

By courtisy of Dr. ). Parker and Prof, T, Tanimadi {Cosmic Ray Group; Kyoto Ui,

HPIC neutron imaging detector (prototype)
Kyoto Uiniversity, Cosmic Ray Group

Test expariments at NOBORO (ISNS BL10).

Fesolution with
P

Joq wfects of

e REne |
.

v Indium comparned
.. With ENDF/B-VILOD

Fraliminary

Resolution =1 mm.
Navember 2009
February 2011

WPIC NID: giood positi

w Cost

By courtesy of Dr. J, Parker and Prod, T, Tanimari (Cosmic Ray Group; Kyoto Univ.)

Redined Irack-length

F
n“a Combining both EPE and P =

‘,

mMrm: produces best resull
olg= 1163 2 0.5 um

B«cwmguf Dr.J. Parker and Prof. T, Tanimori {Cosmic Ita: Emug, Kyoto U !

Neutron-gamma separation

Escape luuy contzined  Event plle-up,
rent neifrons  scatiersd profons

[ -

ey ——

By courtesy of Dr. J. Parker and Praf. T, Tanimeri (Cosmic Ray Group; Kyoto Univ.)

Dr. Shinchara et al.
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Dr. Shinghara et al.
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Summary

The continuous development efforts on
neutron beam fundamentals , such as
polarized neutrons, focusing devices, etc. for
both the continuous and pulsed source are
essential for advanced neutron scattering
investigations to realize state-of-the-art
experiments such as magnetic structure
determination, experiments under novel and
extreme sample conditions .
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