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We microscopically studied current-induced spin torques and spin motive
forces in the presence of Rashba spin-orbit coupling (ROC) in ferromagnetic metals. By calculating
torques up to the first order in spatial gradient of the magnetization, we found that the beta-term
is enhanced by the Rashba SOC. Thermally induced spin-orbit torques are also examined. We also
studied several phenomena that do not involve SOC, such as magnonic torques in ferromagnets, spin
motive forces in antiferromagnetic metals, and topological Hall effect, all of which will be studied
by including SOC in the future. Works that were unexpected at the beginning were also done, which

include anomalous Hall effect driven by dipolar spin waves, and the effect of Rashba SOC on optical
properties.



B X C—19. F—19—1, Z—19.

1. WHEBHAR S MO 5

AV UEIEMBEERIL, A UR—ABR
XN a AR, AT T en A v
AL WO T2 HAFF R A EEBA RO &7
S>TW5h, —FH T, BERBEIEPIIESL, &
TEWCBRE SN 4 A I 7 A, A
BhHEWSTz, R EX—RZ LTz AE
fr=7AZBITHBLRIE, EFNAE L
WA e b OV ) BRI (& AQHFE AAE
) IcHskL, AV CHLEMAERIL (B
FHUIZIX) EHETRY, LL, MRy
YhE=Z AZBWTH, A UHLEFAME
FHIEHT LW SR 2 A A, SRR BLBR O 22702 &
FUSH B EEN 7R D ATREME S UTAE R S
NT&7=, =& 21X, Rashba B A #LE
WMEEANFET DR TR, ERciT s
HEFIZAEVomNAEL., Bz by s %
BIEFTZENTES, ZNIEFHZD 10 b
DS CE 72 TEBIRIC X ARMEERIE) @
JFE (A UBITIRRE) LIXR D ET
RNFRT, ) ELFIHT D LN bR
VE~OICANMFECTE 5, Fio. BbX A F
R ALY AV UAFHRINDESR (R
EURE) b WERORY —AAIC RS <
BN R X 0 b K& 2% 2% Rashba Y
AV CEEMBEERICE D AT S Z LR
Wan<Tky, wibiEs (EFH) Lx A+
J A&ERMNHRET 5 FEEE L TEDE
FRE L TE -,

2. WHEOHM

BIRICEL DAL ML ICRT DAL
BLEFE BAEH O BRERAENT IX, SUNIBLE R A
FThotz, LL, AV HLEMHAEERAS
AR RN O BRER B B DS I 7 58
FAET D120, K0 AREA 2B T 23 2
FNb, RO BINT, ERAE Y b e
=7 ABLGIZx T 5 A Y UuEMHAERS
A UARFNDOBFANZ DN T, BRI 72 i AT %
ERIXEDZ2LTHD, ZOL D REINTE
7o WEICHN LB, I E BiE L=
BT A L OBSENLLEET, 7282138
—JHHHE~NLBELTS ETCHLAEATH
A9,

3. WDk

7 — 2 BB L B B 7 G0
BAHOFERICESHNT, e OBRS 2R
BINCRENT 95, B RALFX—71FTR< .,
N—T o 7 AHIER Y, BRGHmTIEALLC
TWHRLEE LT, FERICHET S, Mk

REEOHNTB LTI, M/ MRIEO 7% (H.

Kohno, J. Shibata and G. Tatara, J. Phys.
Soc. Jpn., 75, 113706 1-4 (2006)) & T[4
— D F (H. Kohno and J. Shibata, J.
Phys. Soc. Jpn.,76, 063710 1-4 (2007))
PEE L TCEX-0T, ZhbohikzmEai

CK—19 (Jtm)
b\éc
4. WFFEALE

F L LT, mEESREICKIT 2 EMRHE A
By ML RAE URETICKT D Rashba
HIZ Y HIER AR OB R E2 Tz, &<
2. LD — RGBT TR, BibozE
M2 (MO D 1R) 28T brr bEf
BT, T, BEARTHEESNLDAE Y
#E R L7 IZOWT BT L7, — T, ¥4
VT ELTWIZAD—IF RO
—FHEHRELR SO XV HEENRFFEIIOW
TIHFTH 2L IXTER T,

Fm, BB TIIA Y UEUEFAER &
HEEAMRIZN, A%, AV UHLEMRAIER O
REFHRD LHAVWEEDbDNSBSR (w7
Lk BAE Y MY RSB
HAEET, MR AR — R
WZDOWT BRNT L7=,

BT L7z ool & LT, R R
FTHAEER URWERO A o iLE M A 1E
) KB SN DR A R, EBFD
R —VahReglslR 32 RHL
2o F72. HNEICKIT 5 Rashba A B )L
TEFAAER OB F 2 ~7=,

UFIZZEnNETnoME 2789,

(1) Rashba B A B #EFH E/ERZ H 2 2 Ik
TTE T RDBBEMERALICRIET A b L
7 (BIWHE MV, Gilbert WETEH. 72
E) BLUOARVURENEHHE L, BN
FEARRIC 2 RTINS TRIEL 22 7 1A & [ D T
5L LT, BIEBZEMMNC R G B DR 7
59, 2RI L CWAEE, Thbb, i
LD 2Ry %2 Gie R 7o THEHE
FATHZ ENTEZ, ZHIZEY, WbhWwb
(A VEE VY | 7217 TR, TRV
BAITh L7 ) R TR—ZIH] 2150 THRE
HIWCEm T Do N TEE, TORE,
Rashba M2 &AM A/ERIZ LD X—%
TEMNFEFICHRT D, ZIUTERE) X 7= gaE
DOFE AL U BT RICED L0+
BICH R0 ED, e EORBREGET-, FHEIT.
P/ INETE O F B FE DS W T RIS A B T
BFOBHCTZRALX—Z R IEET, N—
T w7 AMEZITL TIELP O TR A
iz, GasCHEfiEH)

(2) Rashba FREZMERICISIT B feedback 205,
K¢l feedback h/L7 & Gilbert damping @
BAfR A ~7-, ZiuiE. Rashba &LV & HGH
HIBAR NI 5y 72 2 YR T Dirac ROFER G
X 2). 9725 Dirac 2D Gilbert damping
1% feedback ZhHE T 100% fiAHCX 5 Z &,
WCERER-LDOTH o7, ARIOFET,
Rashba & Tl 100% TiX72W\ 23, E T OHLEL
HFEIZ B9 B EIZ DWW T, feedback 25
T TE 5, EWOREREET-,



(3) Rashba R A ¥° U #WIEM AEHIC L DAY
VHE L7 IZoWT, [A] LRI IO
&L AL ZERIC—RR RS A T, flix ox
Z A—% (BboFm, ﬂ:%TT//ﬂMI/)
SOERAFHEZ T AT, R o€
T L, NEELD A—T v 7 AIEE 5
ﬁ#ék7:w 2N 2 Kb D84 121E SOT

BT AUTOENPERT D EWH EATIE

K%%T%é:k%ﬁmbkok)#ﬁﬁ
A HE hLr o (b) BRI A B fuE
MV DACERT 3 v WERIEME, (c) ik

%Zt/%ﬁ%w7®&kﬁﬁﬁﬁﬁomﬁ\

— DN RSBOBEAITITFDO LS 72
LliTnwz L&, 9@ﬂ€ﬁ$%7/v@u+ﬁf“%b
7o GasCHE(RH)

4) BEARTHEEIND (BEEFICX
D) AVUVBATMZ2BLOBHEE, ALV
LB BAER DS WG A TR U CREAE LTz,
& <IZ, Luttinger D {EZE M5 BRI E
& 72 D IR AR A~DHIEIZ DUV TEEMNIC G
L7 GRX8), F7-. Rashba B &' Hll
ﬁmﬁﬁﬁﬁ%éﬁA_\mVﬁﬁfﬁté

5 (BEEFIZE D) A HUE MLy R,
%®Lﬁ&f%51t/tﬁﬁ DNTH
[FIER DFH R 3 L Ok 21T - 72 Gl SCHESi
)

(5) FERETER K UBRBSAYE Rashba R DN
w&ﬁmﬁé B, A UREY, WA

[ e AR5 aaT A B UREAL, AL
DIGE T XNTHET L Z LITL 0 HED
AT, TREEMEDGEITIX., MR~ LT
ZxuaA v 7 WE CTikmI L TWIEAZE
TNHERUETACTRIBTEDL Z &2 A
L7z, w3 7)

(6) & JEFRBLIMERICIBNT, BHRFAH AAEH
THIREN DL A L NEF DR
AN RESIERIFTIEERMLE, 2
T, AT & > TR FFEEAEH 2N —
FEOAE CHLEMAER & L TEH Z LI
ERTHRELERDZENTED, GRX6)

(1) BEARTHEEINDI AL VKIZED
AV MV DR Z | AE KRNI
WHEFE T B ASTHEMNET LVEREL
TiTolz, Zhid, AV UEMIZLVALS
NREBEBR I 72 VAT T 4 v 7T
HZLHZHELELOTHD, ER. HEH
BET MCESEROHERBENE T %
ZFAHZEERHLE GEX9), 5%,
AV CEEMREAER OB 5 5EICEE %
OLTETH D,

®) BEASADXITHIMIZT 4T vV
FRACTEDREINDEIEBTFROALE VHR—/b
RAZDWNT, SRR LN TV I=NE %
HAZMZ TR S G (R ik E 3 5%
5) AT GascsEfd) .

(9) KoREEMEERICBV T, BbZ A7
ATHESNDIEBENB I CAL VEET]
L WMIRRE T VIS X EHR Lz, At
iR S U B R RV (C X DRERIC, FrLw
HAMSTMOL Z &2 R L, A uE
AR O H 25 A0 TS % ORE
TH D,

(10) A A7V T 4 —THEIND AR
— AR, LR A T — I A K TICE
5 RRa P H VR — VB E | WAL & OfE
BRI NEGE (95F5A ) (Txf L CHE R
THEL, TR AT T 4 — Tk
FHZELEAM U, G 3 ; imsCHEfH)
A CEERBEEROH 5 HBEICHOWTIT
SBOMETH D,

5. TE/sedamXE (WHefEE. wrgesi
H M ONEHEATE % (=)

(MRS ) GGt 9 1)

1. K.-J. Kim, R. Hiramatsu, T. Koyama, K.
Ueda, Y. Yoshimura, D. Chiba, K. Kobayashi,
Y. Nakatani, S. Fukami, M. Yamanouchi, H.
Ohno, H. Kohno, G. Tatara and T. Ono,
“Two—barrier stability that allows low
power operation in current—induced domain
wall motion” , Nature Communications 4
(2013) 2011 1-6 (doi: 10.1038/ncomms3011).
HiA.

2. A. Sakai and H. Kohno, “Spin torques and
charge transport on the surface of
topological insulator” , Phys. Rev. B 89
(2014) 165307 1-21. &HHA.

3. K. Nakazawa and H. Kohno, “Effects of
Vertex Corrections on the Chirality-
Driven Anomalous Hall Effect” , J. Phys.
Soc. Jpn. 83 (2014) 073707 1-4. #HiAH.

4. “Current—driven dynamics of coupled
domain walls in a synthetic antiferro—
magnet” , H. Saarikoski, H. Kohno, C. H.
Marrows and G. Tatara, Phys. Rev. B 90
(2014) 094411 1-8. A,

5. J. Fujimoto and H. Kohno, “Transport
properties of Dirac ferromagnet” , Phys.
Rev. B 90 (2014) 214418 1-15. #Hif.

6. K. Yamamoto, K. Sato, E. Saitoh and H.
Kohno, “Anomalous Hall effect driven by
dipolar spin waves in uniform
ferromagnets” , Phys. Rev. B 92 (2015)
140408 (R) 1-4. ##i



7. J. Shibata, A. Takeuchi, H. Kohno and
G. Tatara, “Theory of Anomalous Optical
Properties of Bulk Rashba Conductor” , J.
Phys. Soc. Jpn. 85 (2016) 033701 1-5. %%
HH.

8. H. Kohno, Y. Hiraoka, M. Hatami, and G.
E. W. Bauer, “Microscopic calculation of
thermally induced spin—transfer torques” ,
Phys. Rev. B 94 (2016) 104417 1-12. £t
A.

9. T. Yamaguchi and H. Kohno, “Microscopic
theory of spin—wave spin torques induced
by temperature gradient” , J. Phys. Soc.

Jpn. (2017) (EIRIH) &FHA.

(Fag®R) GH774)

1. H. Kohno, Feedback effects in Dirac and
Rashba ferromagnets, Workshop on Recent
Developments of Current—-driven Magneti-—
zation Dynamics, Osaka University, 2013. 4.
8-9.

2. A. Sakai and H. Kohno, “Spin torques
and charge transport on the surface of
topological insulator” , The 8th Inter—
national Symposium on Metallic Multi-
layers, Kyoto, 2013.5.19-24.

3. J. Fujimoto and H. Kohno,” Transport
Properties of Dirac Ferromagnet” , The 8th
International Symposium on Metallic
Multilayers, Kyoto, 2013.5.19-24.

4. (Y ¥, EEME, BEAHKIS, ) E,
LEM W, Feedback effects in Dirac and
Rashba ferromagnets, JEAFHFZES THE{AH
BT 47 v 7 EFRYBEOHER]
FUERREE, 2013. 6. 19-21.

5. MJFEME, WE G, TR
OB AEEHZES R TORE Y MLV,
G

6. JEAMIG, ¥ &, T4 T v 7Rk
ROk, AL

7. e B, JEFFEMRE, BEAMIIR, SLH
H, OB #, Dirac 33 L OF Rashba AlmsHE:
RIZBIT D Gilbert HIE & 7 4 — RNy 7 %)
B OHAMBEIES 2013 EMERD, HEK
EO20134E9 A.

8. LeHifth, ([ ¥ &R E
F % Gilbert B & 7 4 — RNy 7 2h R, [F
k.

9. BEANE, B UL, T4 T v U iR
RIZBIT DX N A— M= LY, [F k.

10. JEHE=ME, W B AP b7 ED
AEURENOM/NMERIZ L 2 FIEICL D
AR RN - T > 2 AHLZ ¥ EEFE BAE
HarE -1, [F. L.

11. J. Fujimoto, H. Kohno, Transport
properties of Dirac Ferromagnet”, KITP
Conference: Concepts in Spintronics, KITP,
UCSB, September 30 — October 4, 2013.

12. H. Kohno, A. Sakai, J. Fujimoto, S.
Kawabata, J. Shibata, Feedback effects in
Dirac and Rashba Ferromagnets, KITP
program on Spintronics: Progress in Theory,
Materials, and Devices, Santa Barbara, USA,
2013.11. 8.

13, ARG, W 3, 74 T v 7 et
RomEtRE, H3m MEEhOT 7 7
BT WHER, FRE 2013 4F 12 A.

14. H. Kohno, A. Sakai, J. Fujimoto, S.
Kawabata, J. Shibata, Feedback effects in
Dirac and Rashba Ferromagnets, Workshop on
Current-Driven Magnetisation Dynamics,

Leeds, UK, 2014.1.9 (FHEfF:#mE)

16, fpisE—¥E, ¥ ¥, AV AT VT
AT &% B Hal | (RS2 %S5 vertex fif
EDORE, AARMEYES 2014 FHEFKRE,
HHERT, 2014423 H.

16. AN, M8 &, 7« 7 v 7 sk
ROBERINIKI T D N—=TF 7 AHIED %)
&, L.

17. WHERE, OWE 3, T3 = gikgk
RIZBITFAAE Y MLV Y OMBEHE, A
ARPses (KF) , RS, 2014 429 H.

18. [k, A i,

AV OB, [F L.

BHEEEE DY D

19. fhis—¥g, Wi i, A A7 07
o 1T K D PEHEI T O KA ED, [FE.

20. K. Nakazawa, H. Kohno, Anomalous Hall
effect and persistent current due to spin
chirality in a diffusive regime, IGER
International Symposium 2015, Nagoya
University, 2015. 3. 1.

21.T. Yamaguchi, H. Kohno, Linear response
theory of spin torques due to spin waves,
IGER International Symposium 2015, Nagoya
University, 2015. 3. 1.

22. N. Norizuki, A. Kobayashi, and H. Kohno,



Spin polarization induced by diamagnetic
current in Rashba system, [A] .

23. J. Fujimoto, H. Kohno, Microscopic
calculation of Rashba spin-orbit torques,
APS March Meeting, 2015. 3. 3.

24. K. Nakazawa, H. Kohno, Anomalous Hall
effect and persistent current due to spin
chirality, APS March Meeting, 2015. 3.5.

25. @@ B, I, MRA T —I A4
BrlioBITARER—IVHIROER, BA
WEEs (B2, BREMKT:, 201543 A.

26. FEAALIG, (¥ {%, Rashba A B #H
NV ORBIRIES, (R L.

27. hoEEsl, B 3 AT DR
v NVT OBIEISE B, R k.

28. IEAEAN, /IREN, FE 3, B
BRI L0 B S D OB RIS 6§ %
AECHUEM AR OE, L.

29. H. Kohno, K. Nakazawa, T. Yamaguchi,
Spin Chirality Mechanics, ICC-IMR / 20th
REIMEI International Workshop on ”Spin
Mechanics 2”7, IMR, Tohoku University,

2015. 6. 24 (FAf%7H)

30.T. Yamaguchi, H. Kohno, Linear Response
Theory of Spin Torques due to Spin Waves,
New Perspectives in Spintronics and Meso—
scopic Physics, ISSP, Univ. Tokyo, 2015. 6.

31. K. Nakazawa, H. Kohno, Anomalous Hall
effect and persistent current due to spin
chirality, [F]. k.

32.T. Yamaguchi, H. Kohno, Linear Response
Theory of Spin Torques due to Spin Waves,
Spintech 8, Basel, Switzerland, 2015.8.

33. K. Nakazawa, H. Kohno, Anomalous Hall
effect and persistent current due to spin
chirality, [F]. k.

34. @@ B, W R, BRAT—IF v
KT 30F 555 Hall 205 11, HAWEY:
22015 FRRFE RS, BAFE KRS, 201549 H.

35. [HEEsr, i ik R AE S b
IV T ORI E B k&~v7“ﬁ A _E.

36. JEASHEIA, JEF i, Rashba A B L HIE
bw&ﬁﬂféDnmm@m% A .

3. YEHEN, /RSN, I 1%, FE—FR
W LV FHE S 5 PHER I XTT%)?

a2 CEIEM BAER O, F k.

38. LEHfH, %W#A ﬂ%> %x A
W, V7T a5 j’\)j’éeﬁ"\ﬁgz

KOLFAR, [F k.

39. Zx BIR, WM, YrNEEA, {3
{&, Rashba A &’ /$JL TEAH AR 2 O SEE R,
[ _E.

40. K. Nakazawa, H. Kohno, Anomalous Hall
effect in magnetic skyrmion lattice,
Toyota RIKEN international workshop 2015,
Nagoya University, 2015.11.

41.T. Yamaguchi, H. Kohno, Linear Response
Theory of Spin—wave Spin Torques induced
by Temperature Gradient, Inter— national
Conference on Thermoelectric Materials
Science 2015 (TMS2015), Nagoya University,
2015. 11.

42. J. Fujimoto, H. Kohno, E. van der Bijl,
R. A. Duine, Microscopic Theory of Thermal
Spin-orbit Torques, [a] k.

43. H. Kohno, K. Yamamoto, K. Sato, E.
Saitoh, Anomalous Hall Effect Induced by
Dipolar Magnons, Spin Energy Materials,

Sendai, 2015.12 (FBFF#H)

44, fhisE—E, ﬂ%’i b EIC L2 H
R D3 8 5 R BT DA « A B U HED
GG, FBMFEHRRIHEENSE (A4 —E b
=7 A | YRk 27 EERES, /ME, 2016
H#2H.

45, [WARES, B B RAE VAR b
V7 OREREE, B E.

46, FRMER, {HF {E, ORGSR ICER
ﬁéXt/tﬁﬁ@ﬁm, A E.

47. VJEAEAN, /AR AN, {FE %, Rashba
B2 ¥ ELE R BEAEH &2 R R T@M%K
é@fﬁﬂﬂﬂ) I_JJ:.

48. s, ﬂ%’i WALEE I X DA
RGN 8 DRI DA « A B U HED
Pim, HAWPESRE 71 BFRKE, #J ik
FREREF, 2016 48 3 H.

49, (homksh, A 3 BEARIZ LD A
gAY MLV ORAIEE, B k.

50. FHHEER, HE 3 KoRBEEESRICE
A RE O, FE.

BEASIE, TE 35, E. van der Bijl,
RADmm,mfﬁm iéxeymﬁhw



7 OWARIEE, T L.

52. WEATELA, ARRA, T8 3 745
o 7 A ROURIEEN AT 5 7 ¥ 2 /3
A BRI EAOME, L.

53. WA EH, fmpEus e, mRkEIR, Wi
#, AU OEBE— NIRRT 2 2R

54. K. Sato, K. Yamamoto, E. Saitoh, H.
Kohno, Anomalous Hall effect driven by
dipolar spin waves in uniform ferro—
magnets, APS March Meeting 2016, Baltimore
USA, 2016. 3.

% fh{—KE, W8 3%, AU AT VT

—IZ LB Hall Wi . ®iES & BkE
@oﬁﬁ@,ﬁﬁ%ﬁ?éZM6$ﬂ*k
AR, 2016 49 H.

56. ERAMIG, WEEWEH], R EE, dmos
RIZXIT D skew BELORNE, |_U:.

57. [ amss, i ik, EEARIZ LB R
B A MLy OERREERE 11, 5 L.

58. T. Yamaguchi and H. Kohno, Microscopic
theory of spin—wave spin torque, Quantum
Spintronics: Spin transport through
quantum magnetic materials, Mainz,
Germany, 2016.9.21-23.

59. J. Fujimoto, and H. Kohno, Effects of
skew scattering on non—dissipative
transport properties, International
workshop on nano—-spin conversion science
& quantum spin dynamics, Univ. Tokyo, 2016

F10 A.

60. B ¥k BAGHE A B2 b LY OERN
B, BB T4 Ty IELFRINT T =
0 A7 AREE, 4AHERT, 2016 411 A
17 B (Rl

61. J. Nakane, H. Kohno, Dynamics of
angular momentum in a spin—phonon system,
International School on Spintronics and
Spin—Orbitronics, Fukuoka, 2016.12.16.

62. T. Funato, H. Kohno, Microscopic
derivation of spin—vorticity coupling in
a Dirac fluid, [A] F.

63. T. Yamaguchi, H. Kohno, Microscopic
theory of spin—wave spin torque induced by
temperature gradient, [A] F.

64. fPiE—8E, W 3 AI—IFLRT
DOEE Hall 2h 5 ZHFE AAEH 055V GA,

BT R B BHEERFSE T2 A —E ha=2
A | R 28 MRS, /ME, 2017 A2 H
19-21 H.

65. FHHKER, E 3, KiEptEaSREICE
B A RE ) OMANEE, [FE

66. A&, EARE, W i Yy n
TUAF—  SERMAAER O A UG~
e, [A k.

67. HIR L AKBER, {MEF ¥, Dynamics of
angular momentum in a spin—phonon system,

I _E.

68. fMFE =, WE I T4 T v 7 ET
RIZBIT DA - MERE, [FL.

L OREASHEYG, TTEP 3, FEERGRAIEREBIS
295 skew BGELOZhE, [F E.

70. {TEF ¥, BAGEEA B L7 OB
ﬁﬂﬂﬂ) HJ:-

71. K. Nakazawa, H. Kohno, Chirality—
induced anomalous Hall effect: Bridging a
gap between weak and strong coupling
regimes, APS March Meeting 2017, New
Orleans, USA, 2017.3.15.

72, boEEsr, RE O REARICE DA
B A Y MVY OBEREGG 111, AAR
MBSy B T2 [IEIROR S, KBRS, 2017
H3H.

73 fE IR, W, T4 T v 7B
RoAE Y - WMERE, [F L.

4. SIS, EAHIE, W, Yy o
TUAF—  SERMAAER O A Y G~
OFIE, [ E.

75. HARSOKER, {EF 3%, Ay - 74/
VROMIEIESY A F I 7 A, [FE.

76. FEASHNG, EF L, JAEE Green BA%%
AW IR E B, [F k.

77. H. Kohno, Microscopic approach to
thermal spintronics theory, Spintronics
and Core—to—Core Workshop 2017, Osaka,
2017. 3. 21.

6. AFFERERR

(D) WFgEfFRE

T8 ¥ (KOHNO, Hiroshi)

L BKT: - KFEPGEHEFMER - Bz
e &5: 102347009



