31

RT7I5ms18

MH B 2o txos—zemsnsmsesl—7
UMEDA Maki

2021 £ 4 B otELMEE L LTAE Y - AL F—
YRR 7V — 7 (A U Gr) ICHE L7
HTYT, RIIFRERICEELFTA TS LT L
T X o, ALK - £EAETFEAT TIGHE S .
[ 70V —TY) =& =% N5 HEIESRE (BHE
KEHEE) OMEREOMAXINE T L7z, #EE5HEILo
WIZH % EX %55, SBImIIZEIcHLY A 72 KFERTO
5 4EE A H 2SI 2011 T b . LI ERO
S KIoOEE N/ -RE TR OMEICHEDNT
WA HAZRLIERICE o THWET,

ROWFE St BT OWEEE)H RO E A L8 =
EETHENR L OAY Y AEHE T, AY Y Gridir
Fe e fEE R L L ERERIER L, BT ALYV E
FEE LSRR R 2 MGE L CE F Lz, drdsc
BTV x M ushReE2HL, BFAEYTRAE Y
RSy L AR AT 2 A Y - S A5G
LEd. THIED CRMERRIR S LT, Wike &
[diz X 5 & BRI > TR 53— % v k
MFEN] & WA S E S5 2 THb S5
CHFERT LT A v 2y A Y- o= AR 2] 255
ENTWET, MHEIZ, AV Y - HEsES %8 U TR
E— AV MO E DS AHRER) & 122 L 7B OE 5 R
FEAS, BRI T O IRE IS CRIE 2SR EETd B
T¥o N=3 v MIRICEL TE 2 IE, A% 5E Hz~
¥ kHz Cr#nlls S 4755 nT 4 — ¥ — O ALHERD
e i+ 2 0E DD £7 (3, HLEEDD TV
—TWHT H3N— % v MERYRUER ORE & B2 L 72
ELIE2E3S L. T REEL] 2B LALD 2TA
T EBREMTRER OB A 1R E 2R A E Lz, HEEIO
P& VT, EREMEM R CH B TRARFE DN — 4 v
FAIEOBEEICE D A T BRI, wd
THIEHEANC & > TR SIS /R T 256 112
WS N TRz, B LTIt & [lizo 5l
Exfio GEEIT 5. L) fEE L 3, k%
R ERAEIZRT ., &) B 2825 ) £ L7225,
AY Y Gr O S ADVHIEE E NI R IBES 7t
WACTEERAE 2 B AT 2 LTI e e L, BAERER
FW R 2 kHz ORI 2 R L TV E 3. R R
EHEIICIRE L 72 & ZOMEDSEF OB OM ~ 20 205
KELTNDLZEDGDoTEF L, N—4 v MIE
XA OfEMEEF /RFITH L TEHC I L 2Bz 5 L.
[/ $0F 0 Bl A aldz I R ORGP AR TR

HE#RZ/—~ Vol.28 No.1 February 2022

Research Group for Spin-energy Transformation Science

REC UL CDOELX

My new days as a postdoctoral researcher at JAEA

I am Maki Umeda and I have |
joined the Research Group for
Spin-Energy Transformation Science as a postdoctoral
researcher in April 2021. When I was an undergraduate,
I was impressed to read a book written by Prof. Saitoh,
which led me to his laboratory. Prof. Saitoh, who
worked at the Institute for Materials Research, Tohoku
University (now belongs to the University of Tokyo),
is also the current group leader of Spin Gr. The five
years I spent in the graduate school in the cold Tohoku
region, working on advanced research, were exciting
and fascinating. I am very happy to be able to continue
my research in the same field in Ibaraki after finishing
my PhD.

My research focuses on the orbital angular momentum
from the orbital motion of the electron and the
spin angular momentum of the electron itself. Our
group has focused on mechanical rotation as a new
source of angular momentum and has investigated
the gyromagnetic effect. The gyroscopic effect in
classical mechanics corresponds to the spin-rotation
coupling, where the spin angular momentum and the
mechanical rotation are coupled in the electron spin.
There are two gyromagnetic effects: the Barnett effect
[1], in which an object is magnetized along its axis
of rotation when it is rotated at high speed, and the
Einstein-de Haas effect [2], which is known to cause
rotational motion in magnetic materials when they
are magnetized by an external magnetic field. The
problem is while the direction of the magnetic moment
and the rotational motion couple macroscopically via
spin-rotational coupling, the signal is very small and
difficult to detect. In the case of the Barnett effect, it
is necessary to detect magnetic fields of the order of
nT while rotating the sample at high speeds of several
hundred Hz to several kHz [3]. When I first operated
the group’s apparatus for the Barnett measurement,
I was impressed by the experimental configurations,
which embodied the saying "easier said than done".
I've been using the instrument to measure the Barnett
effect in ferrofluids. Ferrofluids are characterized by
the fact that the magnetic nanoparticles, protected by
surfactants in the solvent, are not bound by a lattice
and are therefore free to move with translational and
rotational degrees of freedom relative to a solid. The
technical difficulty of rotating a liquid same as a solid
has been solved by encapsulating technique of the
ferrofluid in a resin epoxy capsule developed by Dr.
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Chudo. A high rotational frequency of 2 kHz has now
been achieved. In addition, we found that the converted
value of the gyromagnetic ratio varies significantly in
ferrofluids compared to ~ 2.0 of electron. Considering
that the Barnett effect acts on individual magnetic
nanoparticles, we hypothesize the rotation of the
nanoparticles may be modulated in a rotating non-
inertial viscous fluid, and we continue to investigate its
physical origin through systematic measurements.

I am also participating in a project on nanofabrication
of magnetic insulators by high energy heavy ion
irradiation using the JAEA-Tokai tandem accelerator.
Metamaterials are functional materials which, using
microfabrication techniques can be made into devises
with the size of the wavelength of the microwave,
and produce artificial phenomena such as a negative
refractive index. Considering microwaves are used
for magnetic excitation, it is expected that "magnetic"
metamaterials will be realized by processing the
magnetic material itself and freely manipulating the
magnetostatic waves propagating in the magnetic
material. This is a natural idea, and there has been a
lot of previous research using magnetic metals. Garnet
ferrites such as Y;Fe;0,, and LusFe;0,, are often used
in spintronics research because conduction electrons are
not scattered in insulators and have low magnetic losses
even in the high-frequency regime. However, these
oxides are very hard, and because a clear boundary of
magnetism is important for their functioning, milling,
chemical etching, and lasers, which involve physical
destruction and heat generation, are not applicable
methods for processing. To solve this problem, Spin
Gr promotes a project to develop a completely new
magnetic insulator processing technique by heavy ion
irradiation. This is based on the phenomenon that the
passage of high-energy heavy ions through an insulator
causes electronic excitation and amorphization of
the crystal, resulting in the formation of cylindrical
defects with a diameter of ~ 20 nm. We have already
demonstrated by magnetization and spin-thermoelectric
measurements that the magnetism disappears in these
irradiated regions [4]. Characterization of defect-based
patterning in the order of a few hundred nm to a few
um using heavy ion shielding masks is now in progress.
If a new magnetic insulator processing method
using heavy ion irradiation can be established, it is
expected to open up a new field in the fabrication of
magnetic materials and magnetic devices using nuclear
technology, such as the realization of spin-wave logic
gates.

Since last year, the pandemic of COVID-19 has broken
out worldwide, and I often wondered whether I could
continue my research after graduation. I would like to
express my gratitude to Prof. Saitoh, all the members
of Spin Gr, Director General Oka, other members of
the Advanced Science Research Center, and the Japan
Atomic Energy Agency for giving me the opportunity
to do research even in such a tough situation.
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