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Multipole description for Altermagnetism

Satoru Hayami

Faculty of Science, Department of Physics, Hokkaido University Associate Professor

&i‘
Altermangetism is described more precisely by multipole moments. Figure 1 completes all the
correspondence between “altermagnetic” point group and the multipole moments. Each magnetic point group

is classified also by the presence/absence of its spatial inversion P and time-reversal symmetry T; A: (P, T,

PT)=(yes, no, no) or B: (P, T, PT)=(no, no, no). In literatures, altermagnetism is characterized by

/ N
v/ Finite anomalous Hall effect (AHE) in collinear antiferromagnets (AFMs).

<— Anisotropic magnetic dipole (M dipole) ~ T vector in XMCD, different from conventional M dipoles,
spin-orbit-coupling (SOC) is required [1,2].

v/ Finite spin splitting without SOC under spontaneously-broken symmetry.

<~ Even-rank magnetic toroidal (MT) (MT quadrupole, hexadecapole, etc.) or M octupole moments [3].
\_

Importantly, the concept of multipoles covers more intriguing situations, such as emergent asymmetric SOC

in noncollinear AFMs and nonreciprocal transport in noncoplanar AFMs [4].

mmm,4/mmm,§m,6/mmm,
222,422,32,622,mm2,4mm,
3m,6mm,4_12m,5m2

6'/m’,6'/m'mm’,m3,m3m’,
6',6',6'm'2,6'm2',6'22/,
4'32'.4'3m’,23,6'mm’

M octupo)é

4/mm'm’,3/m’,6/mm'm’,
4m'm’,3m’,6m'm’,42'm’,
42'2',32',62'2',6m'2' 1,2/m,4/m,3,
6/m,2'/m’,;m'm'm
1,2,3,4,6,m,4,6,
m’,2',2'22,m'm2,
m'm2’

4'Im,4' /mmm’,

4' 4' 4'2'm,
M 4'2m’ 4'22', (3)
4'mm’ MT m3m, 432, 43m
® / hexadecapole

Figure 1: Multipole moments and 69 “altermagnetic” point group. The color of Hermann-Mauguin notation [5] indicates the P/T
properties: A or B. 31(=11+20) groups exhibit AHE and 38(=13+14+8+3) possess spin splittings without AHE.

[11S. Hayami and H. Kusunose, Phys. Rev. B 103, L180407 (2021), Y. Yamasaki et al., J. Phys. Soc. Jpn. 89, 083703 (2020).

[2] This includes the non-collinear orders in MnsSn (m’ m” m), since the “cluster” anisotropic M dipole includes them.

[3]1 M. Naka et al., Nat. Commun. 10, 4305 (2019), S. Hayami, Y. Yanagi, and H. Kusunose, J. Phys. Soc. Jpn. 88, 123702 (2019).

[4] S. Hayami et al., Phys. Rev. B 101, 220403(R) (2020); 102, 144441 (2020), S. Hayami and M. Yatsushiro, Phys. Rev. B 106, 014420 (2022).
[5] For magnetic space (point) group, see for example, “Symmetry and Magnetism” Robert R. Birss, (North-Holland Publishing Co., 1964).
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{EEFEFIWENREITNDDOHS,
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DIERIBEE MBI 23 TH BT E A REFEXIRE]
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WSRUTe A4 Z)IUFn (8 1213) TH 526,271,
ESITHKAIEEMARPEFET (HERMES (JRR-3
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LETRDBIE 2T EEREOR R L AFH
& BREREZORRBICHBV(EEAREIFRT:
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EREN S NOTIFEFHDERE FHD DI IEY
SR—AZEED HEERREZFDILA&EEIC
BT %, HEEZSRIIHSIURFE— A Ml
felEWed, EROUBFRES/\BFEVNOTZER
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), BREZIBFICE DS EEEIREDH IO ESD
5NTW%,
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EIIThbNTER RITHREICEU. WDHD
PrioXoof b &IOS RIBEEIRRED JEREME [ —F I8
THHTELBESHERY, BREZSBTFIRRORE
ETNTWB, FIZIE. PrTiAbold Tro=2 KWL T T8
BFHhEFZRL BIZTCIEOBFEEEERE
T VMROBEICK), MEEBHORERFICE
LI 2HBHE—RBGBERT2, 3, Ff.
PrVoALy ClE€ BREZDLEBVAIE ICH LT 0.6 KR
THBFHF LB BFHRFICBEET & BbNh
B2EREBHNBEAITNTLS4], T5IT. INH5DPr
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VT ISR SR FIRFHEDREIIREBADEET
Holeo ZTTAMETIE, BHAEDRLEBAIEIC
KVRE WS WSAERNZREBICHEEL.
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