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XAS of d-orbitals in 
Ni, Co
• Partially filled d-orbitals; look for L2,3

transitions
• 2p1/2 ⇨︎ 3d : L2

• 2p3/2 ⇨ 3d : L3

• Band model: net moment due to difference 
between majority/minority electrons

• Energy difference due to spin-orbit splitting in 
p-orbitals
• “Orbital quenching” in d-orbitals suppresses 

orbital moment



QM Description 
of Absorption
• Photon polarization Ԧ𝜖 interact with 

charge to low order in dipole 
approximation

• Ԧ𝑝 ⋅ Ԧ𝜖 𝑒𝑖𝑘⋅ Ԧ𝑟 ~ Ԧ𝑝 ⋅ Ԧ𝜖 1 + 𝑖𝑘 ⋅ Ԧ𝑟 ~ Ԧ𝑝 ⋅ Ԧ𝜖

• 𝑘 ⋅ Ԧ𝑟 constant over atomic distances



QM Description 
of Absorption
• Polarized photon (linear, RCP, LCP) 

sets interaction Hamiltonian between 
initial, final states 

• Determination of non-zero matrix 
elements sets spin, radian, angular 
selection rules for absorption
• Most complex part is angular 

component



Short QM II Refresher

• Spherical Harmonics : 𝑌ℓ,𝑚 𝜃, 𝜙 = 𝜃, 𝜙 ℓ,𝑚

• Orthonormality rules : 𝑌ℓ′,𝑚′
∗ 𝑌ℓ,𝑚 𝑑Ω = 𝛿ℓℓ′𝛿𝑚𝑚′

• ቚℓ, 𝑠, 𝑗, 𝑚𝑗 = σ𝐶 | ۧℓ, 𝑠,𝑚ℓ, 𝑚𝑠 (Clebsch-Gordon 

Coefficients)

• Gaunt coefficients : 𝑐𝑘 𝑙′𝑚′; 𝑙𝑚 = 4𝜋

2𝑘+1
′𝑌ℓ′,𝑚

∗ 𝑌ℓ,𝑚𝑌𝑘,𝑚′−𝑚𝑑Ω



Example of Transition 
Matrix Elements

| ൿ𝑑𝑥2−𝑦2 =
1

2
𝑌2,−2 + 𝑌2,2

| ൿ𝑝3/2, +
3
2 = 𝑌1,1

𝑑𝑥2−𝑦2 𝐶+1
1
𝑝3/2, +

3
2

= 1

√2
2,−2 𝐶+1

1
1,1 + 2,2 𝐶+1

1
1,1

= 1

√2

4⋅3
2⋅3⋅5 =

1

√5
Squares of matrix element, multiplied by 90



Rule 1 : Total Intensity

• Orientation averaged / polarization 
averaged intensity gives number of 
states at Fermi Energy (Nholes)



Rules 2 & 3 : 
Spin/Orbital Sum Rules
• In principle come from 

previous transition rules

• Additional derivation of spin 
(P. Carra, et al, PRL 1993) 
and orbital (Thole et al, PRL 
1992) rules detailed 
elsewhere



Summary

• XAS, XMCD spectra detail states at 
Fermi level

• Integrated XMCD peaks determine 
magnetic moments from spin, OAM


