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Calculation methods for thermal conductivity in non-equilibrium magnetic systems

Weidi Sun, Ben Xu"
Graduate School, China Academy of Engineering Physics, Beijing

[ Abstract] Thermal transport in magnetic insulators plays a crucial role in spintronics and spin caloritronics.
While magnon contributions to thermal conductivity are significant in both ferromagnetic and antiferromagnetic
materials, conventional phonon-based models remain insufficient. Here, we develop a spin-dependent heat current
formalism within the Heisenberg model framework. We derive, for the first time, the interfacial heat flux expression
under spin-driven nonequilibrium steady states, validated through Langevin spin dynamics with an energy-tracking
scheme. Our work extends spectral thermal analysis to spin systems, providing both a theoretical tool for
understanding spin-mediated thermal transport and a new methodology for predicting magnetic material thermal
conductivity.

[ Keywords] Magnetic materials; Spin dynamics; Nonequilibrium simulation; Interfacial heat flux

1 N4

X LG RL h A AL AR NS, T
HAEAMEH 755 B e i 1 2 AU i B H 2200 =
B RN, RFERENFERIRIE R S5HF
MR SE, R EERYEE R, — . DACEIL BT
FHRH, P (ferromagnet) 5 [ 2k (antiferromagnet)
A AR P ) BAL A B - ig AR £ 7,
2 BNART (MRS BB 2. 5k
LarJ; (BCC) #UASTH ML (FCC) BPIEEREL
(I SEIRUE S, AN 75 e 7 - BRSAR R o S8 B IR Bt

WA R R TR . DRI, B ST —FhRENS [RIIN RAE
WEPEAT R S IR BN 5 B TRBCRHIE 1 A T 250 W 7
W, A SRR 5 S B AT LR .

AR, X ARV R COR R 2 Bl S
G B A 43 g o BT, AR AT 4 A AT
o5 7~ AN [ B 2 PR R AR OR W #diania B s kLA, DA
B BRI 28 Tk i AR o 9 e oy
F3)71% (Molecular Dynamics) HHATE #4777 74 0T
F TSR DL 1 O ME— PR I A& R RT3 I
FARE S il SR TR I0VE B RE M T 51N H e

SBAEF W AN (1995-) 55, VUK, MBI, WlbAERE, AL o E TREY BRI I BEPEAT R RE

EIERE: 1R

-23-


https://pstr.oajrc.org/

N, TR DT

HETEVR R I T AR TH RO

H BB R R R, IR RS T Sl st v S
15 CAIE B RGP R

ED T 1 AIAMESE T, Tranchida 55 AN K &
T B - ARG o T30 15 07 VE 1@ A SR 9,
Hpde T LLG M 7 & BieE &S 3 1.
BT1ZJ7i%, Zhou TP Ge S JTHE T BCC
BN Co-Cu S H iR 5 dt& T2 . HILE ARSI
B HE R R AR R AT BT BT RV R S T
PEAR R %

AHIE TR AT I RAEA 2 H e B B ) H e sh
J1% (SD) A IR TR 7k, USRIV S
RN =i B RSP T = S s P (i
SV B e sh 1A i AR RS S E R, H b
I [ i@ i) B 2 7 1 B T FAvim Rk \—— X Jm 2k
PEAR RAE PR TR R OCHEP IR B AR A %A TR
PR R S A\ P ST — B 2T — S AR
X ECEAIE,  FRATTRE A A A0 e A U IE A

2 Bk

R TE, AN E FEAFAE U AR R S #eAH B
YER 4l B iefk %, HrgEiE .

l — —_
= —EZ -I{rijj 4 '-'i_j.- ()
Ly

TWAER HHJ (rij ) 5 /& Bethe-Slater Curve

J Gij) =
)2 (l—fj(

Her

f",J

F‘U
da (7 i
HhZ¥ a, b, d EBWMIIEE Re B PLES2Fr
RS — M R g e . BTl 3 gk Rp
SR BEREE, B J i) BdN Jij.
2.1 dE-FHr B a3l /) ARV K@ HOR T E A X
Q

)2) e~ (“£)O(R, —ry) @

e @ o 0
e o o @
e @ 0 0
® o o 0
® o ® @
e o 0o 0
* o o 0
* o o @
e o o 0

L | R

B 1 EFEERNNFEUREE
Horb LI R 73 AR AR & s Q0 = X 5,
TEAR Z P i it N Langevin /spin #4348 MM 7E = A X 35
OB ATPTARY SWEiaf b
WK 1 Frow, ik —4i 3R R AR AR

_24 -

SE MR, AR ERRS . NIHEXEL 5X
BT BRIXE R 5 X0 T A B, BRATE St
XL TR S BE R E

—éz.}fj;} ¥
t.7

HR¥ i, jel, #. ZJax EI R, BT
afi G etk R Jij ABER AR L, FRATTAT CAAE

d 1 ds; ds;
?;%(m”ﬂ+ﬁrﬂ)

Ej

(3

—FEy=-

dt 2

' - )
asy
= Z}” (E = .5_1;) .
.3
B e 8 s s RN
ds 1 neighbor
FZ:L:;X s = (ﬁ g L‘,‘J.‘S;r) X‘,—;
(5)
-2 (Z Judi+ 3 i + ZJ,-,-»?.-) x5,
i k r
HA i o2 i i AT, B kA

r A ERXIE L, I, R PRI T P RATS £k
FORNPIIETRE . 5K Bq4 i\ Eq.5 5.

d 1 &
EE{ = —E g}u
((Z Jafi + ) S + ZJ,-,.;-:.) x ) %)
1 ke r

2 6 A SRAEL A =I5, e eh 4 Ty 3k
FFRIAANEE . 2, 55 TS A (S x 36 - %
HEGILE A T AR ELHENY 2R E. HK, MRS T
R,  ZE M ETIENE, XERER 6 1B
— TG0 5 45 = T BN 1) S S 2 AT A AU . Rk,
T X8 LR AEee, X3 T b5 Al
I AR EET 93 6 A 5 — T3

1 B 4 =
Q= (_ﬁ Z Z .Lj Ji (851 % 5) - 85l ™
i |

BT PAZ 7 W09 B e fk 2 S i #i ik e

2.2 gk iR H N X6 EH I

NI HES AKX IEMME, JAE T IFHE
LAMMPS #F¥) SPIN #iHgEAT 1 B Esh 712215540,
PALTHE RSP H ek RV . 4 RAIE BIFRESHT,
HoaX 7 ihEAmHRR O MY Tt

(6)



N, TR DT

BEVEAR R T AR T T RO ik

Langevin/spin I8 (Qhot T Qcold)
SRIM, 5 EER & Langevin #3984 F, LAMMPS
Tovk B Y E BB TEINTK) Ohot 2 Qcold. EIR
S.Nikolov & NAEHARFE SR8l 7 iz giih Thaetl, =
AR BARA T . Ak, FRATH EE T LAMMPS
H e (spin) GLAYYEAAY, fff Langevin/spin 4t REfS
BRI T) A i N B0 T R XS e
NI UFAE G AR AT e, AT T 2x2x2
MR BCC #kam s Ml fd R wE
Langevin/spin #4i#1( H ¥R Ts =10K)5 nve/spin R L5,
WG A N2 PAT BIRES (T =0K) « JEITIBERFHR
AR RN B IS I W B8 Elangevin, ¥ H 5
PR R S HERE AR AN B, B AR TR 14
#—38, R 7, AT 2x2x30 PICH

(1) BCC %k a1 1774 B e sh /) Bk &, B
BEFE AR O AR R A AT BE R RS S 54
AT P PGB AR Qhot B8 Qcold FA%E . ShHEH
BBy 2.8645 CZSHAGEWAE Jij BEUED - A
FEARTE LA, INF SR A TR, AR by
B e RC N 2.60 BRI o BIIEFE

(@>0 RNEHERS, a<0 NRERHER WA FIEA T
WA, HEb=02171. d=1.841. LRZKMEERN
X~y J7 R ESAYEIAFE, iR ReE AL T M) (z J7 1)
K HAE R #AE shrink-wrapped i 5t . Langevin/spin #4
RS F #0001, #%88 LAMMPS Higzh /)
SRAEK, N BT R N B e e R R AOE

(NVE) #R%Zgk. X TR R, VI ZIFE Bt
RESUS z J7 MR, W RN 2.2 BURMET
SRR AA 22 D) SR FAH [R]85 R /IMELBEATLER 7] R 9146
FCE . MRFEARSIRERE G, 4022840 100 ps
PLRAE R0 545 o A DL i T K P50 0.5 fs.

6 L
Interface

< st —— Cold Zone
<
=
& 3f
£~
2
= 20

1 L

0 1 i i 1

0 5 10 15 20 25
Time (ps)

E2 BRAEARTELSXBERMERN

-25-

3 {ER5TR

BRI RATE FHF KB Langevin/spin
PInREE SRR (tally) Ref% AERR Y H &F— i [R) 20
It N R B B A It RE A . 25—, W] 2 o,
MARGUARIRRES )G, AR ZIEE A R R G
55T Langevin/spin #AFEERIIRER, TELFR
T3t B i E e R IA U IEf e . H a4k
MR VRS A X R R, BAOh RitEd AR
e — S AL B RE &

4 Hhip

K E AR R PG AIHE T, FATHES 70 130
15 NEZR TR R g AR 48 A8 4 A HLAE F i 4l 3 g ik
AR EIE N ZRIE AR S AE TR MR
BRI BLRIR, AR ] BN T TefR R AT H
WATHE . NS UERAYE RO A X IER I, FRATH
MASTIF K LAMMPS ¥/ Langevin/spin #5177 1% H
BB RER M DIRE, [FIR AT LAMMPS E#:4
G RA  38 I0 EAH [RIASRAD, o AN [F) 7 ik 5
RSP, AL 7B E IR BE .

S 3CH

[1] W. Fulkerson, J. Moore, and D. McElroy, Journal of
Applied Physics 37, 2639 (1966).

[2] N. Bicklund, Journal of Physics and Chemistry of Solids
20, 1 (1961).

[3] R. Powell, R. Tye, and M. Hickman, International Jour nal
of Heat and Mass Transfer 8, 679 (1965).

[4] J. Tranchida, S. Plimpton, P. Thibaudeau, and A. Thompson,
Journal of Computational Physics 372, 406 (2018).

[51 Y. Zhou, J. Tranchida, Y. Ge, J. Murthy, and T. S. Fisher,
Phys. Rev. B101, 224303 (2020).

[6] Y. Ge,Y. Zhou, and T. Fisher, Journal of Applied Physics
130, 235108 (2021).

[7] K.-H. Yang and J. O. Hirschfelder, Phys. Rev. A 22, 1814
(1980).

[8] S.Nikolov, J. Tranchida, K. Ramakrishna, L. Lokamani, A.
Cangi, and M. Wood, Journal of Materials Science 57, 1
(2022).

RRAE B : ©2024 {E35 5 FFRGRBUHE T 78 - 0 (OAIRC) T
Ho AU EGBMRLEBELYTTERKE.

http://creativecommons.org/licenses/by/4.0/

(€ B JOPEN ACCESS



http://creativecommons.org/licenses/by/4.0/

	1 介绍
	2 方法
	2.1 非平衡自旋动力学模拟中界面热流计算公式
	2.2 自旋热流计算公式的正确性验证

	3 结果与讨论
	4 结论

