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Orthogonal operators, 
short story
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Orthogonal operators, 
like it was 25 years ago:

• p-shell: 2p, 3p …… hardly
• d-shell: 3d,4d,5d…. mostly III,IV, V and VI 

spectra (plus Fe II and Co II) 
• E1, M1 and E2 transition probabilities.
• f-shell: 4f,5f…. no.
• g-factors: no.
• hyperfine structure: no.
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Orthogonal operators, 
like it is now:

• p-shell: 2p, 3p …… Yes.

• d-shell: 3d,4d,5d…. neutral to 10+ spectra. 

• E1, M1, E2 and M2 transition probabilities.

• f-shell: 4f,5f…. Yes.

• g-factors: Yes.

• hyperfine structure: Yes.
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Use eigenvectors to:       

• Calculate transition probabilities from the model space
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Use eigenvectors to:       

• Calculate transition probabilities from the model space

• Calculate hyperfine structure A and B constants
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Use eigenvectors to:       

• Calculate transition probabilities from the model space

• Calculate hyperfine structure A and B constants

• Calculate g-factors
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Model space large enough?       

Include core and valence excitations:

3𝑠 → 3𝑑 and 3𝑝2 → 3d2

or:
5𝑑 → 6𝑠



ASOS23, Paris



ASOS23, Paris



ASOS23, Paris



ASOS23, Paris



ASOS23, Paris



ASOS23, Paris

Transformation of a fully relativistic expression 
                          to SL-coupling:

Correct weighting procedure over j and j’!
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Co I: A-values even system
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Vanadium I: energy fit
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Vanadium I: energy fitVanadium I: A-values (mK)
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Vanadium I: two levels, good case
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Vanadium I: two levels, good case
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Vanadium I: two levels, bad case
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Vanadium I: two levels, bad case
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Vanadium I: lowest levels



Scope Orthogonal operators:
Lanthanides & Actinides

• Configurations: 𝑓𝑛 + 𝑓𝑛−1 𝑠 + 𝑝 + 𝑑 +  …

• Core excited: 𝑝5𝑓𝑛+1 + 𝑝5𝑓𝑛 𝑠 + 𝑝 + 𝑑  …
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Some Lanthanide parametersASOS23, Paris
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Nd IV, 4𝑓3
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Er IV, 4𝑓11+ 4𝑓106𝑝
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Yb V, 4𝑓116𝑝, DHF
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Yb V, 4𝑓12 + 4𝑓116𝑝
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