Mean-field analysis of a square skyrmion lattice in multi-orbital f~-electron systems
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Research Background
+ Skyrmion Iattlce (SkL)
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Merits
1
v Ahighly ordered structure with

Hayami, Satoru, Ph

higher stability and orderliness
as a thermodynamic phase.
v Potential candidates for next-

generation recording media.
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- Experimental Observation of the S-SKL - Interactions provide Spiral
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Aim
+ Explore whether the S-SkLs are possible in other 4/

electron compounds with the orbital angular momentum.

S-SkL
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+ S-SkL's Configuration
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Physical quantities for classifying the S-SkL
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" to stabilize the S-SkL in a centrosymmetric system.

Model

 Frustrated classical Heisenberg ~ * Orbital splitting in a Ce** ion
model on a square lattice
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Hery = BYOS + BJOY + B1O}

J2,

JE — 300272 + 2507 —
T+ ).

Hrs=AL-S

672 +3J°,
e ordered basis from 3,3} @ |, L1) down to 13,3 & 14, 14}

o /s BRI T
o i o 0 0 o - | Stevens operator
o 0 1. 0 0 o 0 . - .
2oV K. Stevens, Proceedings of the Physical
0 0 0 0 -2 VA 0 0 N Society. Section
U B A S A ) A 65, 209 (1952).
“lo 0o 0 0 0 0 0 0 V& %N
O 1003+ 672) 0 0 0 12v381 0
00 0 0 0 0 0 0 0 0 2B+ 90B9) 0 0 0 12058
o 0 0 o 0 o0 o o o = 0 0 —8(B) — 158)) 0 o o
. (Hery) = 0 0 0 —8(BY — 15B) 0 0
12V5B] 0 0 0 (B + 908 0
* Full angular momentum operator in N o o oy 0
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Phase Classification
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+ Nonzero components of Jg, and
Jq; (n=1,2) in each phase.

Phase  Jay, Jay (@, 1 [100) Jay, Ja; (@ | (110)
SSKL Jgt = I3t oy = Ty, TG, = I Ios = Ja,
1Q conical - Sg.

2Q1 T = Ta Tay = Ty, Tah T Jous o,
QU = J” Ty =Ty, TS TG Toy o,
Qm U= J Ty T T oy T,
201V JQ, I Iay Ja = Jas
20V I, TS = JE, o, = Ja,
2Q VI T, = T, T Tb, = TG,

- Except for the S-SKL state, we also classify one 1Q
201 conical state and six types of 20 states.

Summary
+ We have investigated the emergence of the S-SkL on a centrosymmetric square lattice by employing mean-field
calculations with an emphasis on the multi-orbital degree of freedom.
+ We derived the total angular momentum in a 4x4 Hilbert space using Kramers' doublets from crystal field effects.
- We systematically introduced several physical quantities for classifying the S-SkL and other multi-Q states.
+ Our study reveals the possibility of stabilizing S-SkLs in 4/-electron systems with a finite orbital angular momentum.




