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Determination of magnon dispersion and lifetime of spin-Seebeck insulators
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In this research, we investigate the magnetic excitation characteristics

(dispersion relations and quasiparticle lifetime) of magnetic garnets by means of neutron scattering
techniques and so on. Based on the results, we aim to obtain deep understanding of the spin Seebeck
effect (SSE), in which such magnonic properties play an essential role. Through this research, we
revealed the magnetic excitations of Y3Fe5012(YIG) and Th3Fe5012(TbIG), and by combining the results
with theoretical calculations based on an LLG equation, we found that the temperature-dependent SSE
features in these materials can be understood in terms of their magnon excitation characteristics.
Furthermore, in a Bi-Ga substituted LulG system, we observed a strong enhancement of SSE at a low
field induced by magnon-phonon hybridization and explained it in terms of change of the magnon
dispersion and reduced magnon lifetime caused by the non-magnetic ions substitution into Fe sites of
LulG.



(spin
Seebeck effect: SSE)

Y3Fes012 (YIG)

[T. Kikkawa et al., Phys. Rev. Lett.
117, 207203 (2016)., Phys. Rev. B 92, 064413 (2015). etc]

YIG
YIG Y GdsFesO12
(GdIG) [S. Geprags etal.,
Nat. Commun. 7, 10452 (2016).]
(SSE)
YIG Y
Th ThsFesO12 (ThIG) ThIG GdIG SSE
Th Gd (Th: 23.4
barn, Gd: 49700 barn )
Y3FesO12 (YIG)  ThaFesO12 (ThIG) TSFZ (traveling
solvent floating zone) X
4*2*1 mm3
4 * 2 mmz2 5nm Pt
PUYIG Pt/TbIG
Pt
J-PARC
Institut Laue—Langevin
LusFesO12 Fe
Ga Lu Bi LuzBiiFesGai012
LuzBiiFesGaiO12 GdsGasO12 (GGG) (001)
(liquid phase epitaxy: LPE) 4 um
CrSiTes CrGeTes
Tc CrSiTes CrGeTes
Te ab- lcm
YIG TbIG BiGa:LulG CrSiTes CrGeTes

5nm Pt



YIG

YsFesO1z2 (YIG)

w

-

L
,b4ch
.

3.00 3.25 3.50 3.75 4,00 4.25 450 4.75 5.00
(H,H, —H) (rlu.)

30

<20

(meV

w10

(@)

’

i
o

o
Intensity (arb.)

-10?

107

107°

o
d?o/dQdE

—10-6

—10~%

W + ( )
w ( ) 30
YIG <20
SSE £
wie
@ (b) Mz (calc)
0
SSE 3.L0 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00
(H,H, —H) (r.L.u.)
la Institut Laue—Langevin 1:YIG (
YIG
293K YIG @ (b)
Q (arxiv:1911.11968
Q
la
la 25 meV
la
Landau-Lifshitz-Gilbert (LLG)
1b) W +
()
SSE
YIG
ThsFes012
ThsFes012
(TbIG) SSE @
2b
250K
TbIG
20K
GdIG TbIG
TbIG [HH4] (rL.u) [HH4] (rL.u)
J-PARC BLO1 2: PUTDIG  (a) (b)SSE
ASEASONS 5K ThIG

TbIG

(c.d)



2c,d 5K ThIG
1 [ 2cd (i)] [ 2cd (ii) (iii)]
(i) (iii)
ThIG
LLG
ThIG SSE 20 K ThIG
YIG ThIG
SSE
Lu2BiiFesGai012 -
2016 - SSE
~50 K
LuzBiiFesGaiO12 ( BiGa:LulG ) 04T
YIG 700 SSE
SSE Z::': T T irﬂ—;__:____'j T (b|) T L — T
@"0;;__;:; @41 i 028
_IS _|2 _{1 ‘j) i |2 : 03 02 :;LiH:\‘OtT) 01 02 0.
pHI(T)
0.10 T T T T T ¥ T T T
3c SSE 1;': P Vi, ] (C) B.0x 107 -_-;I::;»easuremem
_ 5 ¥ 2 _ 750 mH=018T |
Z oos| R £
= L LA 08T E
ot 0.42T 7‘057 g 5 (d) n
U‘Wo;“ o o e o 1.0 6‘5030 * oluq * g‘lua * a,‘m o6
k (10% rad m™") K (10° rad m™")
3: (a) Pt/BiGa:LulG SSE (b) YIG
3a (c,d) - (DOI: 10.1038/s41467-
PUBiGa:LulG 019-13121-5
SSE
SSE
04T
YIG 26T
YIG 700 % 3b
BiGa:LulG
BLS BLS ~0
BiGa:LulG
YIG 3d
04T
BLS BiGa:LulG
~12.6 nsec YIG ~50-75nsec
YIG
BiGa:LulG
- Nature
Communications [R. Ramos, T. Hioki, Y. Hashimoto, T. Kikkawa et al., Nat.
Commun. 10, 5162 (2019).] SSE SPE
SPE
Physical Review B [R.

Yahiro, T. Kikkawa et al., Phys. Rev. B 101, 024407 (2020).]



4 CrSiTes

CrSiTes CrGeTes

4a
Cr3+

CrSiTes: Tc ~ 31 K,

CrGeTes: Tc ~ 65 K

[T. J. Williams et al,
Phys. Rev. B 92, 144404 (2015).]

SSE
4cd
3 SSE
CrSiTes, CrGeTes
CrSiTes CrGeTes

Physical Review B

S (mV/K)

CrGeTes

@

® Cr

@ Sior Ge o gIE - .’

(b) 10

thermo-
~._  couple

T=3K
T = 30K

20 100F —— 7- 70k
= T = 110K
0 ;; 0}
. © " 10
e Te = 31.3K
L L 1
0 50 —50 0 50
H (kOe) H (kOe)
4: (a)CrSiTes, CrGeTes (b)SSE

(c.d)

DOI: 10.1103/PhysRevB.100.060402

SSE Pt

Rapid Communications
[N. Ito, T. Kikkawa et al., Phys. Rev. B 100, 060402(R) (2019).]



13 13 9 4

Ito Naohiro Kikkawa Takashi Barker Joseph Hirobe Daichi Shiomi Yuki Saitoh Eiji

100

Spin Seebeck effect in the layered ferromagnetic insulators CrSiTe3 and CrGeTe3

2019

Physical Review B

060402 060402

DOl
10.1103/PhysRevB.100.060402

Kikkawa T. Suzuki M. Ramos R. Aguirre M. H. Okabayashi J. Uchida K. Lucas I. Anadon A. 126
Kikuchi D. Algarabel P. A. Morellon L. Ibarra M. R. Saitoh E.
Interfacial ferromagnetism and atomic structures in high-temperature grown Fe304/Pt/Fe304 2019

epitaxial trilayers

Journal of Applied Physics

143903 143903

DOl
10.1063/1.5125761

Oyanagi Koichi Takahashi Saburo Cornelissen Ludo J. Shan Juan Daimon Shunsuke Kikkawa 10

Takashi Bauer Gerrit E. W. van Wees Bart J. Saitoh Eiji

Spin transport in insulators without exchange stiffness 2019

Nature Communications 4740 4740
DOl

10.1038/s41467-019-12749-7

Ramos R. Hioki T. Hashimoto Y. Kikkawa T. Frey P. Kreil A. J. E. Vasyuchka V. I. Serga 10

A. A. Hillebrands B. Saitoh E.

Room temperature and low-field resonant enhancement of spin Seebeck effect in partially 2019

compensated magnets

Nature Communications 5162 5162

DOl
10.1038/s41467-019-13121-5




Oyanagi Koichi Kikkawa Takashi Saitoh Eiji

10

Magnetic field dependence of the nonlocal spin Seebeck effect in Pt/YIG/Pt systems at low
temperatures

2020

AIP Advances

015031 015031

DOl
10.1063/1.5135944

Yahiro Reimei Kikkawa Takashi Ramos Rafael Oyanagi Koichi Hioki Tomosato Daimon Shunsuke 101
Saitoh Eiji
Magnon polarons in the spin Peltier effect 2020

Physical Review B

024407 024407

DOl
10.1103/PhysRevB.101.024407

Kobata Masaaki Yoshii Kenji Fukuda Tatsuo Kawasaki lkuto Okane Tetsuo Yamagami Hiroshi 30
Yaita Tsuyoshi Harii Kazuya leda Jun’ ichi Okayasu Satoru Hioki Tomosato Kikkawa Takashi

Saitoh Eiji

Hard X-ray Photoelectron Spectroscopy Study of Pt/Y3Fe5012 2020

JPS Conference Proceeding

011192 011192

DOl
10.7566/JPSCP.30.011192

Wang Hua Hou Dazhi Kikkawa Takashi Ramos Rafael Shen Ka Qiu Zhiyong Chen Yao Umeda 112
Maki Shiomi Yuki Jin Xiaofeng Saitoh Eiji
The bimodal distribution spin Seebeck effect enhancement in epitaxial Ni0.65Zn0.35A10.8Fel.204 2018

thin film

Applied Physics Letters

142406 142406

DOl
10.1063/1.5022195




Umeda Maki Shiomi Yuki Kikkawa Takashi Niizeki Tomohiko Lustikova Jana Takahashi Saburo 112
Saitoh Eiji
Spin-current coherence peak in superconductor/magnet junctions 2018

Applied Physics Letters

232601 232601

DOl
10.1063/1.5027456

Nozue Tatsuhiro Kikkawa Takashi Watamura Tomoki Niizeki Tomohiko Ramos Rafael Saitoh 113
Eiji Murakami Hirohiko
Fabrication of yttrium-iron-garnet/Pt multilayers for the longitudinal spin Seebeck effect 2018

Applied Physics Letters

262402 262402

DOl
10.1063/1.5046977

Yoon Yo-Seop Lee Won-Yong Park No-Won Kim Gil-Sung Ramos Rafael Takashi Kikkawa Saitoh 7

Eiji Koo Sang-Mo Park Jin-Seong Lee Sang-Kwon

Cross-plane thermoelectric Seebeck coefficients in nanoscale AlI203/Zn0 superlattice films 2019

Journal of Materials Chemistry C 1670 1680
DOl

10.1039/C8TC05114C

R. Ramos, T. Kikkawa, A. Anadon, I. Lucas, T. Niizeki, K. Uchida, P. A. Algarabel, L. Morellon, 114

M. H. Aguirre, M. R. Ibarra, and E. Saitoh,

Interface-induced anomalous Nernst effect in Fe304/Pt-based heterostructures 2019

Applied Physics Letters

113902 113902

DOl
10.1063/1.5063553




Sola Alessandro Basso Vittorio Kuepferling Michaela Pasquale Massimo ne Meier Daniel
Carsten Reiss Gunter Kuschel Timo Kikkawa Takashi Uchida Ken-ichi Saitoh Eiji Jin
Hyungyu Watzman Sarah J. Boona Steve Heremans Joseph Jungfleisch Matthias B. Zhang Wei
Pearson John E. Hoffmann Axel Schumacher Hans W.

Spincaloritronic Measurements: A Round Robin Comparison of the Longitudinal Spin Seebeck Effect

2018

IEEE Transactions on Instrumentation and Measurement

DOl
10.1109/TIM.2018.2882930

Mini Workshop on “ Cross correlation dynamics under a strain field”

2019

Y3Fe5012 -
J-PARC  JRR-3
2019

T. Kikkawa and E. Saitoh

Spin Seebeck/Peltier effects induced by magnon-phonon hybridization

New Perspective in Spin Conversion Science (NPSCS2020)

2020




T. Kikkawa

Hybridized magnon-phonon excitation in spin Seebeck effect in magnetic garnets

Spin Cavitronics with photons and phonons

2018

735th ASRC Seminar ( )

2018

T. Kikkawa

Spin Seebeck effect induced by magnon polarons

53rd REIMEI International Workshop “ New Excitations in Spintronics 2019”

2019

T. Kikkawa

Spin Seebeck effect induced by magnon-phonon coupling

The 2nd Symposium for World Leading Research Centers -Materials Science and Spintronics-

2019




(Nambu Yusuke)

(60579803) (11301)
(Barker Joseph)
(10746910) (11301)




