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Magnetic Ordering
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Ferromagnetism (FM): No symmetries connect up and down

Antiferromagnetism (AFM):
𝐸↑,௞ ൌ ሾ𝐶ଶ| 𝑡 𝐸↑,௞ ൌ 𝐸↓,௞

𝐸↑,௞ ൌ ሾ𝐶ଶ| 𝐸ത 𝐸↑,௞ ൌ 𝐸↓,ି௞ ൌ 𝐸↑,ି௞

Altermagnetism (AM): 𝐸↑,௞ ൌ ሾ𝐶ଶ| 𝐶 𝐸↑,௞ ൌ 𝐸↓,௞ᇱ ് 𝐸↑,௞ᇱ

Šmejkal, L. et al. PRX 12, 040501 (2022).



Multipolar Berry curvature

3Šmejkal, L. et al. Nat. Rev. Mater. 7, 482 (2022)

Small Perturbation

Anisotropic strain!

FM

AM



MnTe
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Real space Momentum space

S.Smolenski, … , N. H. Jo, arXiv:2509.21481



Anomalous Hall Effect in MnTe
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Anomalous Hall Effect in MnTe
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The same symmetry also 
allows weak ferromagnetism

S.Smolenski, … , N. H. Jo, arXiv:2509.21481
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Single Crystal Thin Film

Anomalous Hall Effect in MnTe

K. P. Kluczyk et al. PRB 110, 155201 (2024).
R. D. Gonzalez Betancourt et al. PRL 130, 036702 (2023).
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Single Crystal Thin Film

Anomalous Hall Effect in MnTe

K. P. Kluczyk et al. PRB 110, 155201 (2024).
R. D. Gonzalez Betancourt et al. PRL 130, 036702 (2023).

Strain?
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Single crystal growth

ASM Alloys

Self - flux

• Crystallographic orientation: 
single crystal XRD &  diffraction 
contrast tomograph

• All the measurements were 
performed > 100 K
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Strain cell
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Ti Body

S.Smolenski, … , N. H. Jo, arXiv:2509.21481
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Strain cell

S.Smolenski, … , N. H. Jo, arXiv:2509.21481
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Microdiffraction

Applied strain
Strain gauge

S.Smolenski, … , N. H. Jo, arXiv:2509.21481
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Applied strain

R. Baral et al. Adv. Func. Mater. 33, 23o5247 (2023).

S.Smolenski, … , N. H. Jo, arXiv:2509.21481
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Applied strain

S.Smolenski, … , N. H. Jo, arXiv:2509.21481
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Applied strain

S.Smolenski, … , N. H. Jo, arXiv:2509.21481



17

Applied strain

S.Smolenski, … , N. H. Jo, arXiv:2509.21481



Why sign changes?
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𝜌ୱୟ୲ ൏ 0 𝜌ୱୟ୲ ൐ 0

Piezomagnetism Strain-Dependent Berry Curvature
𝜎ఈఉ ൌ 𝜎ఈఉ 𝜀 ൌ 0 ൅ 𝜐ఈఉఊఋ𝜀ఊఋ𝑀ఓ ൌ 𝑀ఓ 𝜀 ൌ 0 ൅ Λఓఊఋ𝜀ఊఋ

S.Smolenski, … , N. H. Jo, arXiv:2509.21481

Takahashi, K., et al. Phys. Rev. B 111, 184408 (2025).
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DFT calculations

Yang Zhang
Ning Mao



Summary
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• Strain-tunable AHE described via modifications to altermagnetic
Berry curvature



Strain vs doping
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Doping introduces disorder



Strain vs doping
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Cr doped FeSb2

A KM A. Shawon, … , N. H. Jo, arXiv:2605.01088
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Cr doped FeSb2

A KM A. Shawon, … , N. H. Jo, arXiv:2605.01088



Strain vs doping

24A KM A. Shawon, … , N. H. Jo, arXiv:2605.01088

Cr doped FeSb2



Strain vs doping

25A KM A. Shawon, … , N. H. Jo, arXiv:2605.01088

Cr doped FeSb2

No additional magnetic Bragg Peak

1) Altermagnet
2) Ferromagnet



Strain vs doping

26A KM A. Shawon, … , N. H. Jo, arXiv:2605.01088

Cr doped FeSb2

No additional magnetic Bragg Peak

1) Altermagnet
2) Ferromagnet
3) Non-magnetic!!!
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