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OOverview

• A short motivation
• DMFT and the Hubbard I approximation
• Electronic structure
• Magnetism and exchange
• Magneto calorics











Hard magnets
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Nd2Fe14B crystal structure





Bloch states and bands 



Spin-polarised energy dispersion for Fe





Dynamical Mean Field Theory
and the Hubbard-I Approximation



Dynamical mean field theory

  

FICTITIOUS  
SYSTEM  

REPRODUCING  
THE DYNAMICS  

The Hubbard model is mapped into an Anderson Impurity Model 

The mapping is made with the condition of  preserving the local 

Green’s function and is exact in the limit of infinite nearest neighbors 

U-matrix expressed in terms of 
Slater integrals



Exact Diagonalization Solver 
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Valence band spetra of rare-earths
(Loch et al. PRB 2016)
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Valence band spetra of rare-earths
(Loch et al. PRB 2016)
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GGA+HIA and GGA+U for Tb
 

(a)HIA (b)LDA+U
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Experimental XPS spectrum
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Spectral properties from a mixed valent compound:
YbInCu
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Exchange parameters 

Expansion of the Hamiltonian in        and         gives 
 
 
 
Local exchange field       Inter-site Greens function   
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Lichtenstein et al JMMM 67 65 (1987), 
Katsnelson et al PRB 61 8906 (2000), 
Kvashnin et al PRB 91 125133 (2015) 
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Spin-wave excita nsMagnons



Spin wave dispersion spectrum  
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Magnetic refrigeration I
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Kallt område, temp=T1

Magnetokaloriskt material 
som kyler omgivningen

Magnetokaloriskt material som
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Warm surrounding, temp=T2

Cold surrounding, temp=T1

Magnetic material that 
heats up the surrounding

Magnetic material 
that cools down 
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Magnetocalorics  
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Relevant equations



Phonons of transition metals
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Expt: Gottschall et al. Energy Materials 9, 1901322 (2019)
Theory: Vieira et al. Mat. Res. Lett. 10:3, 156 (2022) 

Data for hcp Gd



Spin glass state of Nd



Magnetic phases of Neodymium



Magnetism of Nd



A new look : SP-STM



Fourier space representation



Applied field: Aging



• SP-STM imaging of clean thick films of dhcp Nd 

• Magnetic contrast shows mixture of spin spirals 

• Short range order 

• Lack of long range order 

• Field response do not cause single domain structures 

• No clear relaxation after field cycling: Aging

Summary SP-STM experiments



Simulations from ab initio 
exchange interactions



Ab initio exchange interactions



Comparison with experiment



Dynamics: Autocorrelation

C(tw, t) = 〈mi(t+ tw) ·mi(tw)〉



Dynamics: Autocorrelation



Analysis: Energy landscape

m(ri,q) = R(θ = ri · q, n̂)m0
i



Analysis: Energy landscape



New magnetic state: Spin-Q glass



Summary: Experiment and Theory

• Bulk/Thick film Nd has glassy dynamics at low temperatures  
(< 4K) 

• Here we use ”local” probes. Still consistent with earlier scattering 
studies on larger samples 

• Negligible disorder effects: Self-induced spin glass 

• Spin-spiral, not paramagnetic ”background”. Local short-range order 

• Energy pockets from competing interactions between sub-lattices 

• Novel magnetic state: Spin-Q glass  



Summary 



Correlated basis



Valence band spectra 




