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Magnetization of the MI layer modulates the resistivity of the NM layer

Spin Hall effect 
+ inverse spin Hall effect 
+ spin current channelsHeavy metal (HM)

Magnetic insulator (MI)

Spin Hall Magnetoresistance
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Transversal 𝐦 ⊥ 𝝈 i. Spin transfer torque

Magnetization of the MI layer modulates the resistivity of the NM layer

Phys. Rev. B. 104, 024415 (2021)

Heavy metal (HM)

Magnetic insulator (MI)

Spin Hall Magnetoresistance

Spin Hall effect 
+ inverse spin Hall effect 
+ spin current channels
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Transversal 𝐦 ⊥ 𝝈

Longitudinal 𝐦 ∥ 𝝈

i. Spin transfer torque

ii. Incoherent thermal magnon creation/annihilation
iii. Magnon capacitance/propagation

Magnetization of the MI layer modulates the resistivity of the NM layer

Phys. Rev. B. 104, 024415 (2021)

Heavy metal (HM)

Magnetic insulator (MI)

Spin Hall Magnetoresistance

Spin Hall effect 
+ inverse spin Hall effect 
+ spin current channels
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Transversal 𝐦 ⊥ 𝝈

Longitudinal 𝐦 ∥ 𝝈

i. Spin transfer torque

ii. Incoherent thermal magnon creation/annihilation
iii. Magnon capacitance/propagation

Phys. Rev. B. 104, 024415 (2021)

Spin Hall Magnetoresistance

arXiv 2507.02498v2
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and more …
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Spin Hall Magnetoresistance – example of α-Fe2O3

𝐦𝒊 ⊥ 𝝈𝐦𝒊 ‖ 𝝈

More spin 
current 

reflected

More spin 
current 

absorbed

ip

3 T, 300 K

Phys. Rev. Applied 13, 014019 (2020)

ip
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Spin Hall Magnetoresistance – example of α-Fe2O3

ip

ip oopj ooptoopj

oopt

3 T, 300 K

Phys. Rev. Applied 13, 014019 (2020)

Out-of-plane scans reflect changes in 
domain population
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Spin Hall Magnetoresistance in collinear magnets
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Altermagnet
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Ferromagnet

Altermagnet
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Ferromagnet

Antiferromagnet

Altermagnet

Does the magnetic ordering of MI 
influence the SMR? 

Suppression/enhancement of spin 
channels?

Spin Hall Magnetoresistance in collinear magnets
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High-quality single crystals, (001) orientation

Multiferroic: 
Ferroelectric 

+ Altermagnetic 

M. Leiviskä et al, Phys. Rev. Materials 9, 084403 (2025)

Bulk Ba2CoGe2O7 as an altermagnetic candidate material
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High-quality single crystals, (001) orientation

TN ∼ 6.7 K, small net moment in-plane due to canting

Multiferroic: 
Ferroelectric 

+ Altermagnetic 

Bulk Ba2CoGe2O7 as an altermagnetic candidate material

M. Leiviskä et al, Phys. Rev. Materials 9, 084403 (2025)
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High-quality single crystals, (001) orientation

TN ∼ 6.7 K, small net moment in-plane due to canting

Multiferroic: 
Ferroelectric 

+ Altermagnetic 

Finite polarization due 
to p-d hybridization 

between O2- and Co2+ 

ions 
PRL 105, 137202 (2010)

Bulk Ba2CoGe2O7 as an altermagnetic candidate material

M. Leiviskä et al, Phys. Rev. Materials 9, 084403 (2025)
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SMR in Ba2CoGe2O7

1.9 T, 2 K

Recall α-Fe2O3!

Qualitatively similar behavior
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SMR in Ba2CoGe2O7

1.9 T, 2 K

Surprisingly large amplitude!
Non-optimal interface

Non-optimal Pt thickness (∼15 nm)
Low temperature
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SMR in Ba2CoGe2O7

1.9 T, 2 K

Surprisingly large amplitude!
Non-optimal interface

Non-optimal Pt thickness (∼15 nm)
Low temperature

Update: 
Better surface quality + thinner Pt 
→ SMR amplitude doubled 0 15 nm8

2 μm
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1.9 T, 2 K

x10-4

SMR in Ba2CoGe2O7 - anisotropy with current direction

M. Leiviskä et al, Phys. Rev. Materials 9, 084403 (2025)
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1.9 T, 2 K

x10-4

SMR in Ba2CoGe2O7 - anisotropy with current direction

M. Leiviskä et al, Phys. Rev. Materials 9, 084403 (2025)
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The SMR ratio is anisotropic with the current direction

Does not correlate 
with device 
resistivity

Correlates with the 
altermagnetic phase

8

1.9 T, 2 K

Not related to Pt proximity effect

BCGO/Cu/Pt

x10-4

SMR in Ba2CoGe2O7 - anisotropy with current direction

M. Leiviskä et al, Phys. Rev. Materials 9, 084403 (2025)
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The SMR ratio is anisotropic with 
the current direction

Does not correlate with 
magnetocrystalline

anisotropy

Likely monodomain
state

SMR in Ba2CoGe2O7 - anisotropy with current direction

9

M. Leiviskä et al, Phys. Rev. Materials 9, 084403 (2025)
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Intrinsic anisotropy of the spin current 
channels?

SMR in Ba2CoGe2O7 - anisotropy with current direction

The SMR ratio is anisotropic with 
the current direction

Young Research Leaders Group workshop | leiviska@fzu.cz

Anisotropic magnon dispersion?

Relativistic vs. non-relativistic effects

Example of α-Fe2O3 - PRB 112, 064425 (2025)

Anisotropic spin mixing 
conductance?
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Intrinsic anisotropy of the spin 
current channels?

Spin mixing conductance?
Magnon dispersion?

SMR in Ba2CoGe2O7 - anisotropy with current direction

RelativisticNon-Relativistic

Symmetry 
matching?

Looking for more clues:
i. Theory

Kyohoon Ahn
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Intrinsic anisotropy of the spin 
current channels?

Spin mixing conductance?
Magnon dispersion?

SMR in Ba2CoGe2O7 - anisotropy with current direction

Looking for more clues:
i. Theory

ii. Frequency-dependence

arXiv 2507.02498v2

Resolving the spin current channels with frequency-dependence?

Lukas Nadvornik
Peter Kubaščik
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Intrinsic anisotropy of the spin 
current channels?

Spin mixing conductance?
Magnon dispersion?

SMR in Ba2CoGe2O7 - anisotropy with current direction

Looking for more clues:
i. Theory

ii. Frequency-dependence
iii. Universality?

Si

Sr

Large, anisotropic SMR present also in the sister compound Sr2CoSi2O7
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Intrinsic anisotropy of the spin 
current channels?

Spin mixing conductance?
Magnon dispersion?

SMR in Ba2CoGe2O7 - anisotropy with current direction

Looking for more clues:
i. Theory

ii. Frequency-dependence
iii. Universality?
iv. Polarization?

Phys. Rev. Lett 105, 137202 (2010)

What is the 
effect of finite 
polarization?

Olena 
Gomonay

Joseph Barker

Gerrit Bauer
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We observe sizable spin Hall magnetoresistance in 
multiferroic altermagnet/Pt heterostructures
→ Another example of large SMR in an altermagnet

The SMR amplitude is anisotropic with the crystal direction of the current
→ Attributed to intrinsic anisotropy of the spin current channels across the interface

Conclusions

Work in progress!
→ More theory, more materials, frequency dependence … 
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Bonus: Higher order harmonics in SMR?

Increasing magnetic field strength + increasing current density

5 T, 2 K

Non-linear effects? Origin?
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Si

Sr
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0
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0
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4
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Better crystal quality, 
better surface quality

Even larger SMR amplitude with same anisotropy as BCGO
Deviation from cos2𝜑? → Ongoing Master thesis

2 T, 2 K

Bonus: Sister compound Sr2CoSi2O7

ICMAB Seminar | leiviska@fzu.cz



44

Band structure calculations on BCGO

Non-relativistic
Relativistic

Altermagnetic spin splitting is very small
Spin point group 142𝑚2𝑚

m𝑖 ∥ 110 → magnetic space group is Cm’m2’ 
m𝑖 ∥ {100} → magnetic space group is P2121’2’
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