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Recall : 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



Recall : 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



Goal : Calculate all transition 
elements for p ⇨ d orbitals

Initial SOC 
p-states

Matrix element 
under polarity ±,0 
x-ray

Orbital quenched 
d-states

L3

L2



Example of Calculation

ห ۧ𝑑𝑛, ↑↓ = ൿห𝑑𝑛 ⨂ ۧȁ↑↓ , 𝛼 = ۧȁ↑ , 𝛽 = ۧȁ↓

ȁ ൿ𝑑𝑥2−𝑦2 , ↑ =
1

2
𝑌2,−2𝛼 + 𝑌2,2𝛼

ȁ ൿ𝑝3/2, +
3
2 = 𝑌1,1𝛼

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



Example of Calculation

ȁ ൿ𝑑𝑥2−𝑦2 , ↓ =
1

2
𝑌2,−2𝛽 + 𝑌2,2𝛽

ȁ ൿ𝑝3/2, +
3
2 = 𝑌1,1𝛼

𝑑𝑥2−𝑦2 , ↓ 𝐶+1
1
𝑝3/2, +

3
2

= 0

↳ Spin-wavefunctions not compatible under 
transition rules

Squares of matrix element, multiplied by 90



Full L2,3 Transition Intensities

𝑝3/2

𝑝1/2 −1/2
+1/2

+3/2
+1/2
−1/2
−3/2

𝑑𝑥2−𝑦2
𝑑𝑧2
𝑑𝑦𝑧
𝑑𝑥𝑧
𝑑𝑥𝑦

𝑑𝑥2−𝑦2
𝑑𝑧2
𝑑𝑦𝑧
𝑑𝑥𝑧
𝑑𝑥𝑦

18   6 18   6 6   6 6    6 2   6                   6   2 6    6 6   6 6  18 6   18

+ – –

3 3    3 3   12 4   12 3   3 3   3 12  4 12

+



If Some d-Orbitals Occupied
(↑ in dxx-yy)

𝑝3/2

𝑝1/2 −1/2
+1/2

+3/2
+1/2
−1/2
−3/2

𝑑𝑥2−𝑦2
𝑑𝑧2
𝑑𝑦𝑧
𝑑𝑥𝑧
𝑑𝑥𝑦

𝑑𝑥2−𝑦2
𝑑𝑧2
𝑑𝑦𝑧
𝑑𝑥𝑧
𝑑𝑥𝑦

18   6 18   6 6   6 6    6 2   6                   6   2 6    6 6   6 6  18 6   18

+ – –

3 3    3 3   12 4   12 3   3 3   3 12  4 12

+

Δ𝐼𝐿3 = 𝒜𝑅2 𝐶−
2 − 𝐶+

2 = 𝒜𝑅2 80 − 6 − 80 − 18 = 12𝒜𝑅2

Δ𝐼𝐿2 = 𝒜𝑅2 40 − 12 − 40 − 0 = −12𝒜𝑅2



If Some d-Orbitals Occupied
(↑ & ↓ in dxx-yy)

𝑝3/2

𝑝1/2 −1/2
+1/2

+3/2
+1/2
−1/2
−3/2

𝑑𝑥2−𝑦2
𝑑𝑧2
𝑑𝑦𝑧
𝑑𝑥𝑧
𝑑𝑥𝑦

𝑑𝑥2−𝑦2
𝑑𝑧2
𝑑𝑦𝑧
𝑑𝑥𝑧
𝑑𝑥𝑦

18   6 18   6 6   6 6    6 2   6                   6   2 6    6 6   6 6  18 6   18

+ – –

3 3    3 3   12 4   12 3   3 3   3 12  4 12

+

Δ𝐼𝐿3 = 𝒜𝑅2 𝐶−
2 − 𝐶+

2 = 𝒜𝑅2 80 − 24 − 80 − 24 = 0

Δ𝐼𝐿2 = 𝒜𝑅2 40 − 12 − 40 − 12 = 0



If Some d-Orbitals Occupied
(↑ in dxx-yy & ↑ in dzz)

𝑝3/2

𝑝1/2 −1/2
+1/2

+3/2
+1/2
−1/2
−3/2

𝑑𝑥2−𝑦2
𝑑𝑧2
𝑑𝑦𝑧
𝑑𝑥𝑧
𝑑𝑥𝑦

𝑑𝑥2−𝑦2
𝑑𝑧2
𝑑𝑦𝑧
𝑑𝑥𝑧
𝑑𝑥𝑦

18   6 18   6 6   6 6    6 2   6                   6   2 6    6 6   6 6  18 6   18

+ – –

3 3    3 3   12 4   12 3   3 3   3 12  4 12

+

Δ𝐼𝐿3 = 𝒜𝑅2 𝐶−
2 − 𝐶+

2 = 𝒜𝑅2 80 − 12 − 80 − 20 = 8𝒜𝑅2

Δ𝐼𝐿2 = 𝒜𝑅2 40 − 12 − 40 − 4 = −8𝒜𝑅2



Next : Orbital Rule

• Calculate 𝐼 (which requires transitions of 
q=0 helicity light

• Move from quenched d-orbitals to SOC d-
orbitals

• e.g. ห ൿ𝑑3/2, +3/2 =
1

5
2𝑌1,0𝛼 + 𝑌1,+1𝛽


