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Magnetism of CuAl2O4:

• Geometrically frustrated magnet

• Spin glass phase develops [1]

Electronic states of Cu2+ in CuO4 tetrahedron:

Competition between the spin-orbit coupling (SOC) and Jahn-Teller (JT) interaction.

This work

Revealing the nature of the ground state of the Cu spinel magnet by 

reproducing the RIXS spectra based on the SOC + dynamic JT model.  

෡𝐻 = ෡𝐻𝐿𝐹 + ෡𝐻𝑆𝑂𝐶 + ෡𝐻0 + ෡𝐻𝐽𝑇
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Comparison with Experimental RIXS spectra

By concomitantly treating the SOC and dynamic JT effect, we reproduced the 

RIXS spectra of CuAl2O4. The compound is a jeff = ½ spin-orbit coupled magnet. 

Δ = −0.72 𝑒𝑉
𝜆 = 0.1 𝑒𝑉

As g increases,  

new peaks emerge.
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DFT+DMFT: jeff = ½ SO 

coupled magnet [2]. The SOC 

suppresses the JT deformation.

Cu RIXS + LDA+U: SOC + 

nonnegligible JT deformation are 

necessary [3]. The latter disagrees 

with the x-ray diffraction data. 

× 𝑘

× 𝑘2

Cu L2 and L3 edge RIXS intensity [5]

Energy eigenstates of our model H

෡𝐻 𝜓𝜇 = 𝐸𝜇 𝜓𝜇 ,

Energy eigenstates of the model 

𝜓𝜇 = σ𝑘 |𝜙𝑘⟩ ⊗ 𝜒𝑘𝜇 , 𝜒𝑘𝜇 = σ𝒏 𝒏 𝐶𝑛;𝑘𝜇 .

Numerical diagonalization of our model H

Quantum entanglement of the spin-orbit and vibrational states
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