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Novel magnon transport phenomena under spin textures with nontrivial topology
and symmetry

Seki, Shinichiro
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Recently, spin wave (magnon) is attracting attention as a new carrier of
information and energy in insulators. In this project, we focused on magnetic skyrmions (i.e.
vortex-like swirling spin texture) characterized by nontrivial topology and symmetry, and explored
their exotic magnon transport properties experimentally. As a results, we discovered (1)
nonreciprocal magnon transport, (2) nonreciprocal phonon (quantized lattice vibration) transport,
(3) a new material hosting extremely small skyrmion spin texture, and (4) magnon hall effect.



o)
)

@

+K)

2(b)

Kerr
Kerr

CUzOSEOs

1000

(1]



a Counter-clockwise [CCW] Breathing [B] Clockwise [CW]

e,

00l

00
000l

HA il 8.8
{-.i@j&ft A (“,&

v ‘11 v ..\1"

H‘r;:t* H' &P 4“,‘/‘

BRALE

oo
Q00QY

-

e

-

Cu,08e0,4
b cCcw Breathing
s5F kS\IN ™1 * T * Jv © 7 = 1T °
( ) Ay 1 Vop 1 ] =
B > e T ' 5 1T ] =
PN 4N AR WA AN s 425 miT

Im[AL,] (PH)
o
N

4
2

U0 = [l

|
iy

Il <= [~

[ : E
L (+k" I 5 I
-5 ( 1 ) ] [ | R SR ; i " i 1
_ 5[ T T L L R B T T
N I /\ 1
= I I : =
= o Faf K N yo5mT |
‘S‘ bk E .
E i I =
-5 | | | | T TR . AP B i |1:
16 18 2 22 32 34 36 38 46 48 5.2
Frequency (GHz)
@ (b)
CUzOSQOa
+k -k
(1]
(2
CUzOSGOa GHz
100%

(2]



— H - -H b

@‘ @‘ @ TA phonon

: +k—\WW— +k —W—
Lorystal (0=-1) | -k ~Wh— | -k ~—Wh—
: ——T| -H ¢ Magnon
@‘ @‘ -k 0 +k
Posk —— Lk —MW—
Dcrystal (c=1) | -k <——\W\— : -k —W—
Cc Collinear Conical Helical Conical Collinear d
ol : ) ! : 1 OO
I I d I L crystal
o 1 1 1 1 A A -
$ 200 : : : : Doyetal &
‘o : L clrystal, 710 IVIIHz | 50 ® +k O -k @f' 3
— -400 I TA mode ! K, | o [ Theory i
- : : ' 3 #
: : T : : - T - : : I : : : 1 I I &?
0 ! 1 \6 9,@'
© | l : l : DE) O Q“‘z' ............................
s -200 ' ! ! ! %y,
2 | | | | “S %.
o I D crystal, 736 MHz | — Q%
~ -400r | “TAmode e 50L
L I . X . I ) L X | X N X I | o
g oof f f 1 [ (f) #
< ; D crystal, 629 MHz p -
“o '20__ | LA mode 1 +k -k -100 1
-0.1 0.0 0.1 0 Fr ?100 MH 1000
Magnetic field, z,H (T) equency (MHz)
1) 2)
(© Cu,0Se0;3
+k -k
(d)
(3]
©)
DM
RKKY
1

[Hayami et al., Phys. Rev. B 95, 224424(2017)]

GdRUzSiz
19

(34]

4




CUzOSEOs Y

[ ]

[1] “Propagation dynamics of spin excitations along skyrmion strings”
S. Seki, M. Garst, J. Waizner, R. Takagi, N. D. Khanh, Y. Okamura, K. Kondou, F. Kagawa, Y. Otani,
Y. Tokura
Nature Communications 11, 256 (2020).

[2] “Phonon Magnetochiral Effect”
T. Nomura, X.-X. Zhang, S. Zherlitsyn, J. Wosnitza, Y. Tokura, N. Nagaosa, S. Seki
Phys. Rev. Lett. 122, 145901 (2019). [Editor’s Suggestion]

[3] “Nanometric square skyrmion lattice in a centrosymmetric tetragonal magnet”
N. D. Khanh, T. Nakajima, X. Z. Yu, S. Gao, K. Shibata, M. Hirschberger, Y. Yamasaki, H. Sagayama,
H. Nakao, L. C. Peng, K. Nakajima, R. Takagi, T. Arima, Y. Tokura, S. Seki
Nature Nanotechnology 15, 444 (2020).

[4] “Imaging the coupling between itinerant electrons and localised moments in the centrosymmetric
skyrmion magnet GdRu;Si2”
Y. Yasui, C. Butler, N. D. Khanh, S. Hayami, T. Nomoto, T. Hanaguri, Y. Motome, R. Arita, T. Arima,
Y. Tokura, S. Seki
Nature Communications 11, 5925 (2020).



16 15 9 4

Ogawa N. K?hler L. Garst M. Toyoda S. Seki S. Tokura Y. 118

Nonreciprocity of spin waves in the conical helix state 2021

Proceedings of the National Academy of Sciences 2022927118
DOl

10.1073/pnas.2022927118

Yasui Yuuki Butler Christopher J. Khanh Nguyen Duy Hayami Satoru Nomoto Takuya Hanaguri 11

Tetsuo Motome Yukitoshi Arita Ryotaro Arima Taka-hisa Tokura Yoshinori Seki Shinichiro

Imaging the coupling between itinerant electrons and localised moments in the centrosymmetric 2020

skyrmion magnet GdRu2Si2

Nature Communications 5925
DOl

10.1038/s41467-020-19751-4

Takagi R. Yamasaki Y. Yokouchi T. Ukleev V. Yokoyama Y. Nakao H. Arima T. Tokura Y. 11

Seki S.

Particle-size dependent structural transformation of skyrmion lattice 2020

Nature Communications 5685
DOl

10.1038/s41467-020-19480-8

Nishibori E. Karatsu S. Terakura C. Takeshita N. Kinoshita M. Ishiwata S. Tokura Y. Seki 102

S.

Structural analysis of high-pressure phase for skyrmion-hosting multiferroic Cu20Se03 2020

Physical Review B 201106

DOl
10.1103/PhysRevB.102.201106




Yasin Fehmi S. Peng Licong Takagi Rina Kanazawa Naoya Seki Shinichiro Tokura Yoshinori Yu 32

Xiuzhen

Bloch Lines Constituting Antiskyrmions Captured via Differential Phase Contrast 2020

Advanced Materials 2004206
DOl

10.1002/adma. 202004206

Khanh Nguyen Duy Nakajima Taro Yu Xiuzhen Gao Shang Shibata Kiyou Hirschberger Max 15

Yamasaki Yuichi Sagayama Hajime Nakao Hironori Peng Licong Nakajima Kiyomi Takagi Rina

Arima Taka-hisa Tokura Yoshinori Seki Shinichiro

Nanometric square skyrmion lattice in a centrosymmetric tetragonal magnet 2020

Nature Nanotechnology 444 449
DOl

10.1038/s41565-020-0684-7

Ishiwata S. Nakajima T. Kim J.-H. [Inosov D. S. Kanazawa N. White J. S. Gavilano J. L. 101

Georgii R. Seemann K. M. Brandl G. Manuel P. Khalyavin D. D. Seki S. Tokunaga Y.

Kinoshita M. Long Y. W. Kaneko Y. Taguchi Y. Arima T. Keimer B. Tokura Y.

Emergent topological spin structures in the centrosymmetric cubic perovskite SrFe03 2020

Physical Review B 134406
DOl

10.1103/PhysRevB.101.134406

Nomura T. Zhang X.-X. Zherlitsyn S. Wosnitza J. Tokura Y. Nagaosa N. Seki S. 122

Phonon Magnetochiral Effect 2019

Physical Review Letters 145901

DOl
10.1103/PhysRevLett.122.145901




Birch M. T. Takagi R. Seki S. Wilson M. N. Kagawa F. ?tefan?i? A. Balakrishnan G. Fan 100

R. Steadman P. Ottley C. J. Crisanti M. Cubitt R. Lancaster T. Tokura Y. Hatton P. D.

Increased lifetime of metastable skyrmions by controlled doping 2019

Physical Review B 14425
DOl

10.1103/PhysRevB.100.014425

Seki S. Garst M. Waizner J. Takagi R. Khanh N. D. Okamura Y. Kondou K. Kagawa F. Otani 11

Y. Tokura Y.

Propagation dynamics of spin excitations along skyrmion strings 2020

Nature Communications 256
DOl

10.1038/s41467-019-14095-0

Peng Licong Takagi Rina Koshibae Wataru Shibata Kiyou Nakajima Kiyomi Arima Taka-hisa 15

Nagaosa Naoto Seki Shinichiro Yu Xiuzhen Tokura Yoshinori

Controlled transformation of skyrmions and antiskyrmions in a non-centrosymmetric magnet 2020

Nature Nanotechnology 181 186
DOl

10.1038/s41565-019-0616-6

Yokouchi Tomoyuki Sugimoto Satoshi Rana Bivas Seki Shinichiro Ogawa Naoki Kasai Shinya 15

Otani Yoshichika

Creation of magnetic skyrmions by surface acoustic waves 2020

Nature Nanotechnology 361 366

DOl
10.1038/s41565-020-0661-1




R. Takagi, J. S. White, S. Hayami, R. Arita, D. Honecker, H. M. Ronnow, Y. Tokura, S. Seki 4

Multiple-g non-collinear magnetism in an itinerant hexagonal magnet 2018

Science Advances 3402
DOl

10.1126/sciadv.aau3402

Y. Okamura, S. Seki, S. Bordacs, A. Butykai, V. Tsurkan, I. Kezsmarki, and Y. Tokura 122

Microwave Directional Dichroism Resonant with Spin Excitations in the Polar Ferromagnet GaVv4S8 2019

Phys. Rev. Lett. 57202
DOl

10.1103/PhysRevLett.122.057202

L. V. Abdurakhimov, S. Khan, N. A. Panjwani, J. D. Breeze, M. Mochizuki, S. Seki, Y. Tokura, J. 99

J. L. Morton, and H. Kurebayashi

Magnon-photon coupling in a noncollinear magnetic insulator Cu20Se03 2019

Phys. Rev. B 140401
DOl

10.1103/PhysRevB.99.140401

T. Nakajima, V. Ukleev, K. Ohishi, H. Oike, F. Kagawa, S. Seki, K. Kakurai, Y. Tokura, T. Arima 87

Uniaxial-stress Effects on Helimagnetic Orders and Skyrmion Lattice in Cu20Se03 2018

J. Phys. Soc. Jpn. 94709

DOl
10.7566/JPSJ.87.094709




15 15 9

S. Seki

Skyrmions in Centrosymmetric Magnets

Materials Research Society (MRS) Fall Meeting

2020

ISSP

2020

S. Seki

Coherent signal transfer along skyrmion strings

British-German WE-Heraeus-Seminar “ Skyrmions in Magnetic Materials”

2019

S. Seki

Propagating spin excitations along skyrmion strings

Annual Conference on Magnetism and Magnetic Materials (MMM)

2019




S. Seki

Coherent signal transfer along skyrmion strings

The Future of Topological Materials, Princeton

2019

S. Seki

Coherent propagation of spin excitations along skyrmion strings

Magnonics

2019

S. Seki

Coherent signal transfer along skyrmion strings

43

2019

2019




S. Seki

Coherent signal transfer along skyrmion strings

Kavli ITS-APW-Tsinghua-RIKEN Workshop

2018

S. Seki

Skyrmions in Chiral Multiferroic Insulators

International Conference on Magnetism (ICM)

2018

S. Seki

Coherent signal transfer through skyrmion strings

Sol-Skymag

2018

2019




S. Seki

Coherent signal transfer through skyrmion strings

International School on Spintronics and Korea-Japan Spintronics Workshop

2019

Magnetic skyrmions: Particles and Strings

2018

2018

2019

2019

http://sekilab.net
http://www.riken.jp/pr/press/2018/20181117_1/

- -https://ww.t.u-
tokyo.ac.jp/soe/press/setnws_202001151043359119734981 . html
https://ww.t.u-tokyo.ac.jp/soe/press/setnws_202005190901563548026362 . html

https://ww.t.u-tokyo.ac.jp/soe/press/setnws_202011111556129198531571. html

https://ww.t.u-tokyo.ac.jp/foe/press/setnws_202011241121263381510926. html







