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1 Forbidden Transitions

R. van Rooij, J. S. Borbely, J. Simonet, M. D. Hoogerland, K. S. E. Eikema,  

R. A. Rozendaal, W. Vassen Science  333, 6039 (2011) 
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SELECTION RULES:

• Electric dipole (E1), In LS coupling:

– ∆L = 0 or ± 1, but L = 0 →/ L = 0

– ∆S = 0

– ∆J = 0 or ± 1, but J = 0 →/ J = 0

– Parity P is odd

• Magnetic dipole (M1):

– ∆L = 0 or ± 1,

– ∆S = 0 or ± 1

– ∆J = 0 or ± 1, but J = 0 →/ J = 0

– Parity P is even

ORDERS OF MAGNITUDE

For the Einstein A-coefficient (per unit time)

• E1: A ∼ (ω/c)3⟨r⟩2 ∼ α3Z6Z−2 = α3Z4 if ∆n ̸= 0 (∼109 s−1)
= α3Z if ∆n = 0

• M1: A ∼ (E1)×α2Z = α5Z2 if ∆n = 0

• Relativistic M1: A ∼ (E1)×(α2Z2)(α2Z2)2 = α9Z10 (∼10−4 s−1 for He)

• M2: A ∼ (E1)×(α2Z2)2 = α7Z8 (Exceeds E1 at Z ∼ 18 if ∆n = 0)

• spin-forbidden E1: A ∼ (E1)×
α2Z4

Z

2

= α7Z10

Note that for the transition energy, h̄ω ∝
{
Z2, ∆n ̸= 0,
Z, ∆n = 0
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R. Marrus (ed.), Physics of Highly-Ionized Atoms
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1.1 Selection Rules
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Radiation damping model in place of perturbation theory when level widths are 

Large compared with energy spacings 

Lifetimes of silver isotopes (ns) 
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