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Je: Charge current density S: spin polarization
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Fig. 1. Schematic of the Edelstein effect in a spin-orbit
coupling system. A charge current density j. induces a

uniform nonequilibrium spin polarization S.

Hod By KR 2t Edelstein 00, Bape X B
3!5952 M Edelstein 200 . #RHEE ﬂ]ﬁ%f%ﬂﬂﬁﬂ TH

WHFICER, Bap M Bape T 735015 Sy 119
b= S50, Y oo (9)
1=0
1=2 )
Babc = Z B((llb)m ((zb)c X T (10)

o 70 TGO R N L DTER, S A FRTEOG, ik ok
v LA g F g . 1E Fe T R i R A T )
XF AT TTRR, ST H AR Sl 2% R X e
B IE. I, kit 5AELR M Edelstein R0 T #E
— XA N B SNBSS, 2R ok, R %€

U E S AR LM [ R Tl iy A T4
— iR,

3.1 Z14% Edelstein 35z

I o o7 RS B0 AE B R T, A Btk
Edelstein &0 AR N %@(T%@,Tjg [19]

i&=~2/nnw (11)

T /k ST I BB £ B
T5EAL, 2o 5 (7) S LSRR I, (11) 5t
LI B Edelstein 205 2 th FE8 01 5L ¢
ek,

BRI Y 2, = g8, 1, Hrr o3, 2
7~ FEAAT i 60 AE5E n NRETT AR RE RS IT,
(11) K& R AL SCERFPHT Edelstein
M Bk 19

ab =5 /abfn Onn= Z/ afn fLUgrw

Ho, vg MBEAF n BRLTRIREEREE, e, HHLTHY

AAEREH. AR B E 0fn/0e, , RYIHPELL AN
Edelstein 288 SA7 PR 5 ¥, R 78 T4

B R,
A BBTERAE LR, P B Edelstein A0
TE IR R T ] 5 Ay 9]
ba
ab - /fn?::7 (13)

HP, epm =€n — € @%ﬁ'ﬁﬂ, I 2

R QELL’Im PesE . AR T AN Edelstein R0,

(13) 2 BRI pREL f,, BRI AR B BRI 1

}ﬁ , R N EL 4 M Edelstein RN AMUAFFE T4K
E5 JEEF', W ATAEAE T A G IR Z rp (13161,

3.2  ZPBriEZ 4 Edelstein M

fn (10) AR, ZBrdEZetE: Edelstein 200 Y
Wi J57 PR Bape 55 70, 71 1 72 ZITTHR, 2350
NN EL ZRELFT Drude ML R0, 56, Drude(72)
TUFR i by 28 ] s Sy B9

a ,.c a n
abc 4 Z/ 'Zm Up, af (14)

Horp, zbe v JE 285 DRI (Zeeman Berry
curvature dipole, Zeeman BCD), 5 Sodemann
FFultl 75 2015 454 H Y D1 B ity 200 4 6 0T 17
(14) XM, Drude Bk li 7€ = D1 HL il R A b
FEgE, HBA PR
I, SREL (1) B E ERE A 1 i 2R %L
ARy 1Y)
ba
=y [ gl 09

€nm

Hrr Qbe ve JRIESHTRIEIE (Zeeman quan-
tum metric_dipole, Zeeman QMD). A] L1 F& F|,
(15) =ARrIFREL (1) ZR A erg k) ph 282 i
FRERENR Y E , IR EAG PR M. SCHR [18)
W ey AL S 1 E 2 5 TR Zm 2Q0%, / €nm T
FCH HTEAE 3 (anomalous spin polarizability).

e, B ETETC N E (70) ZFirtg il
TS

abce ca b
ab(' Z/ ( f" 262 8671 ’ (16)

/E\:EP T:llgf = 806’"1”271771/2 + (g?nm_agn)ean?Lc?n/Q .
(16) IS —IW 5 £, , RENIOKIBIER, 26—

190707-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 19 (2026) 190707

IO Sy B oK TR (5% 0f,/0e, ). AR, INEL
(70) ZBir B e g Ak 32 2E = DU HL il SR R
Zea ob PUE . BEAL, POKIEE ST 2 — Ik 55 1%
g1 ML Gbe, BT

WA 2 o, 281 )L sk o fil ik B A
GRSl M S AR L N EL S AL A e SO
PR T G — R AE L. IZAEAGA AT — 2 &
FL ) MG S iR TR SR 5l T AR 5 A R U5 1 A T
JO7 L2713y 5 H A [a] o o7 22 [) R R 5 DX, 1
X AN T A L B BERE TR N AT T RS
B8, G0 T AR AR St BRI )RR EE | AR A 2E
it JUAAT R YR S A 25 (8] S P I Ja) S s 7
B 2 BR G S PT T B X RPE 2y 3 1200, ] LU %],
LRPENBL A BERGAL 81 I ZE SR TR LT E, Tk
PAMEL Edelstein M ,35},) W) Hy ZE 2 D1 B S

Zeeman QGT
Zeeman QM Zeeman BC
| |
PIBL(70) 2kt B () Lt
Edelstein® Edelstein®{
Zeeman QMD Zeeman BCD
| | |
HREL(T1) NEL(70) Drude(7?)
KA lierite —Fr B lierite K Aliernitt

Bl 2 F ORIy 2E 2 7 LT BB HE 4L
Fig. 2. Zeeman quantum geometric framework for spin mag-

netization.
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SPECIAL TOPIC — Quantum magnetism « VIEWS AND PERSPECTIVES

Spin magnetization from the perspective of Zeeman
quantum geometry”
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Abstract

Spin magnetization is an important research topic in spintronics. In inversion-symmetry-broken materials,
an applied electric field can not only induce a nonequilibrium spin polarization, namely the extrinsic Edelstein
effect, but also generate an equilibrium magnetoelectric coupling through the renormalization of the electronic
structure, namely the intrinsic Edelstein magnetoelectric effect. In centrosymmetric systems, recent studies have
further proposed the emergence of second-order nonlinear Edelstein effects. By incorporating the spin degree of
freedom into the quantum distance and introducing a novel Zeeman quantum geometric tensor, a unified
theoretical description of spin-magnetization effects driven by dc electric fields is introduced in this perspective.
In the linear-response regime, the extrinsic spin magnetization is governed by the Zeeman Berry curvature,
whereas the intrinsic spin magnetization is determined by the Zeeman quantum metric. In the second-order

nonlinear regime, the nonlinear Drude term and the

second-order intrinsic contribution are closely related Hcomem Qe
to Zeeman Berry-curvature dipole, while the second- i | 1
order extrinsic magnetization is determined by the
A A . Zeeman QM Zeeman BC

Zeeman quantum-metric dipole. Finally, we present 1 1
symmetry-selection rules and candidate materials for Intrinsic(r9)lincar Exctrinsic(r!)lincar
various magnetization responses, discuss the Zeeman- edelstein effect edelstein effect
quantum-geometric interpretation of dynamical spin

. . . . Zeeman QMD Zeeman BCD
magnetization induced by an ac electric field, and T | T
highlight the potential applications of electric-field- Exctrinsic(st) Triigg ™ °) D)

2nd-order spin 2nd-order spin f§ 2nd-order spin
magnetization magnetization | magnetization

induced spin magnetization in Néel torque generation
and electrical control of magnetic order.

Keywords: spin magnetization, Edelstein effect, Zeeman quantum metric, Zeeman Berry curvature
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