O: INEDBEDHAREED

. QSGW(quasiparticle self-consistent GW) ;&®D

GPU{k(with M.Obata,T.Oda Kanazawa-u). ecalj’ Sy —
QSGW1000(F—4AR—RIZH B ME—1EE FH)
BEIETIILIE(MTORIEZLEIZBERIICTBETILIZT D)

AEVDLEAR (SERIOFER) . SOCHE

24

DOSNET%459 LR L71=0L) (with K.Sato osaka-u)

A RAICHEERAILT-WEERT —IRN—XTE i
CHWETDIZRAT—AZERLTE InFE /AR
E—RELTHEENDINSIET) , MatterGenldEF=FE =400
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Spin fluctuation

RERRRRARR

(a) spin configuration of ferromagnet (0 K) H= — JZ Sz . SJ
i, 3) Linear approximation —
Equation of motion of spin
energy o (q) wave vector g

A
v

spin-wave

Spin fluctuation spectrum = |m(X i )
' 3
i 51

| >

///d/,/// g toner Contl?‘u’.l:lm‘

4\ s \L S )
a5 Spin-wave
Stoner excitation 0 Wave vector g
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H.Okumura, K.Sato, T.Kotani, (2019) PhysRevB.100.054419
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S\ ERR35 B, = A ROICIIA S
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How to calculate transverse spin fluctuation?

AEL D LE DRI EIZEDETE (R+- means x+-)
685 1) = 3 / 0t Ry (t — ) B (1)

. . R/m/ Y —°° o
(S*) :spin monnt, B: external magnetic field

25—

1 311:31‘

5 3
R |- K - % R W(g=0, w=0). Onsite screened Coulomb interaction
s > is calculated in advance.
2 4 2 l: 4 2 " 6 4
E. Sasioglu, et. al., Phys. Rev. B 81, 054434 (2010).
1 31 5 3 1 5 / 3  C.Friedrich M.C Muller, S.Blugel (2018)
= * %W * % § +owe R = K+ KWK+ KWKWK + - --
274276 42 6 > 8 4 _ K

1 —-— WK

K(g,w): Stoner excitation calculated band structure
Wgq,0): RPA from band structure

RRmR/ (t - t,) — K(1—WK )_1
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Friedrich, C., Miiller, M\.C.T.D., Bliigel, S. (2018). Spin Excitations

Spin Excitations in Solid from Many-Body Perturbation Theory
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Wave vector q
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in Solid from Many-Body Perturbation Theory. In: Andreoni, W.,
Yip, S. (eds) Handbook of Materials Modeling . Springer, Cham.
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Fe (LDA, metal)

High resolution!
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How to obtain exchange coupling J?

BBONAEURLTETIL
Sk (t) = Sg/(t) x Z(JRR’SR’(t) — gorr1eBr/(1)).

Lichtenstein/ 2=k ($ 205 ) TJIZEKRHH

PREBELT=N\AEIRIVITETIVEEZD

hSRm( ) SRm / df ]RmR’m ( - t/)SR’m’(tl) o g/-LBBR'm'(t/)(S(t a t,))

I

¥ LR DIF1=, Valiulin, V.E., Chtchelkatchev, N.M., Mikheyenkov, A.V. et al.
‘Time-dependent exchange creates the time-frustrated state of matter’ SciRep12,16177 (2022).



Hot to calculate J(t-t’)?

Z / dt ]RmR’m )SR m’ ( ) - Q,“BBR’m ( )(S t _t )

R/'m/’

hSR-m ( SRm (

HERNAEUNIVTHRERAZR BRI ETELONDIREU D
FAELTRVLTHREZRAELDLE = L% RRmR’ (t—t)

EEVLWTKROHNIERLY,

Jrmrm (W) = —ppg(K™' — W)Rmrme (w)  for Rm # R'm/,
—hw
SRmz

1 -
+ Y ueg(K™ = W)rmrrm (0)Sr/ms.

S Rm:z Ry

'm’#Rm \

Bk FELZER I N iLLichtenstein X ZIRBET S Z component for ground state

JRmRm (W) = + peg(K ™ W JRmRm (W)




Advantage of the extended

hSr(t) = Sgr(t) x Z(JRR’SR’(t) — gorrpeBr/(t)).

Z / dt ]RmR’m t,)SR’m’(t,) o g'U’BBR’m,(t,)(S(t - t,))>

R/'m/’

hSRm ( SRm (

1. Retarted effects
2. Orbital dependence

For example, we can use Tc by the method .Baker and G.Bauer(PRB.100.140401)
(Classical simulation but mimicking quantum noise)

=~ Spin dynamics (extended LLG equation)
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QSGWiEDEEREFALN-IBEEDREU D LE

MnO

100 |
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meV

NiO
|

® expt.
L QSGW -
0\ 2 pa
LDA
200 - 4 -
E‘g(pt.
100 —t- -
QSGW
0 [Cscsc.] [C’c9_§]
X r M

QSGWIEMNOENIOD /N R Xy T ITRIILXT—FHIHTE,
AEVEDIRILF—ELEREIZ—EHT 5,

T. Kotani and M. van Schilfgaarde, J. Phys.: Condens. Matter 20, 295214 (2008).



QSGWiEDEEHKEEAN-BENREVWLE Fe3GeTe2
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Wannier functions:
Fe spd (6 atoms)
Ge sp (2 atoms)
Te sp (4 atoms)
total number of Wannier functions (nwf) = 78
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missing optical mode

Spin-wave (acoustic mode)

() LDA(3.33 1))
800 Liechtenstein formula
Frozen magnon method

® [meV]

H. Okumura, K. Sato, and 1" Kotani, Phys. Rev. B 100, 54419 (2019).
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Summary

1. We introduced extended Heisenberg model. J(t-t)

hSRm ( SRm (

R/m/

2. High resolution calculation of spin fluctuation

3. For Fe3GeTe2, we need to be on top of QSGW.

Future
o LLGAREKLELTAAFTIIVREREL, Tc
e SOC included.

8 38
5} 5}

Z / df ]RmR’m’ - t/)SR’-m'(tl) - g/-LBBR’m’(t/)(S(t - t/))>

©
w[eV]
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FGT (minority) FGT (minority)

2-layers
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Wannier functions:
Fe spd (6 atoms)
(Fe3GeTez)2 Ge sp (2 atoms)
a=3.99A Te sp (4 atoms)

c=16.33A total number of Wannier functions (nwf) = 78



Conventional methods

|. Galanakis and E. Sasioglu, J. Mater. Sci. 47, 7678 (2012).
(@) 5

Ground state (T7T=0K)
First-principle calculations o Expt. (42K)

| Cu,MnAl — Calc.
160 |

(Density functional theory (DFT))

Frozen-magnon

e Adiabatic approach
e Infinitesimal Gi A A .
e Not including Stoner excitation

120 r

80 r o 1% o

i | <§$ O o 08 &8

(@]
[100] o] ° S [11]

o(q) [meV]

Linear response
e Dynamical susceptibility: R"(w,q)
e Including Stoner excitation BRI RILE— hw

IR X 388 FE
Im[R*(q,w)]

>

MEIRILEX— hw



