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J= 0 J= 1 J= 2 J= 3 J= 4 J= 5

odd
J= 0 J= 1 J= 2 J= 3 J= 4 J= 5 J= 6

a 5D4 0.000 cm−1   stable

a 5D3 415.933 cm−1

a 5D2 704.007 cm−1

a 5D1 888.132 cm−1

a 5D0 978.074 cm−1

a 5F5 6928.268 cm−1

501.347 nm  |  ≈0.539 ea0

382.151 nm  |  4.066 ea0

373.819 nm  |  1.809 ea0

373.593 nm  |  5.050 ea0

372.099 nm  |  2.129 ea0344.159 nm  |  1
.552 ea0

305.998 nm  |  1.440 ea0

304.849 nm  |  1.667 ea0
303.827 nm  |  1

.419 ea0
302.672 nm  |  1

.195 ea0

302.195 nm  |  2
.083 ea0

302.152 nm  |  3
.050 ea0

302.137 nm  |  1
.149 ea0

298.444 nm  |  1
.601 ea0

358.221 nm  |  5
.662 ea0

300.182 nm  |  
1.604 ea0

299.530 nm  |  
1.706 ea0

296.776 nm  |  1
.965 ea0

300.901 nm  |  
1.199 ea0

297.410 nm  |  1
.462 ea0

293.776 nm  |  1
.256 ea0

295.480 nm  |  
1.097 ea0

294.874 nm  |  
1.273 ea0

305.833 nm  |  
1.994 ea0

275.095 nm  |  
1.404 ea0

274.322 nm  |  
1.547 ea0

273.812 nm  |  
1.484 ea0

300.039 nm  |  
1.579 ea0

272.438 nm  | 
 1.305 ea0

272.171 nm  | 
 2.275 ea0

271.983 nm  | 
 3.142 ea0

255.038 nm  |  
1.305 ea0

254.674 nm  |  
2.019 ea0

254.173 nm  |  
1.971 ea0

253.637 nm  |  
1.520 ea0

252.819 nm  |  
3.202 ea0

252.989 nm  |  
1.990 ea0

252.361 nm  |  
3.900 ea0

253.060 nm  |  
0.869 ea0

251.159 nm  | 
 2.246 ea

0

250.189 nm  | 
 1.932 ea

0

252.505 nm  | 
 1.602 ea

0

251.886 nm  | 
 2.090 ea

0

278.893 nm  |  
2.870 ea0

248.402 nm  |  
6.320 ea0

277.904 nm  | 
 1.029 ea0

249.191 nm  |  
3.333 ea0

249.140 nm  |  
4.287 ea0

249.050 nm  |  
2.299 ea0

248.889 nm  |  
5.363 ea0

273.439 nm  | 
 2.539 ea

0
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0
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0

247.364 nm  | 
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0
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0
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0
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z 5Fo5 26874.550 cm−1   τ = 60.5 ns

z 5Fo4 27166.820 cm−1   τ = 63.4 ns

z 5Po
3 29056.324 cm−1   τ = 43.7 ns

y 5Do
4 33095.941 cm−1   τ = 5.9 ns

y 5Do
3 33507.123 cm−1   τ = 5.7 ns

y 5Fo5 33695.397 cm−1   τ = 7.9 ns

y 5Do
2 33801.572 cm−1   τ = 6.5 ns

y 5Do
1 34017.103 cm−1   τ = 5.8 ns

y 5Fo4 34039.516 cm−1   τ = 7.7 ns

y 5Do
0 34121.603 cm−1   τ = 5.8 ns

y 5Fo3 34328.752 cm−1   τ = 7.7 ns

y 5Fo2 34547.211 cm−1   τ = 7.7 ns

z 5Go
6 34843.957 cm−1   τ = 9.2 ns

y 5Po
3 36766.966 cm−1   τ = 5.7 ns

y 5Po
2 37157.566 cm−1   τ = 6 ns

y 5Po
1 37409.555 cm−1   τ = 6.2 ns

x 5Do
4 39625.804 cm−1   τ = 2.6 ns

x 5Do
3 39969.853 cm−1   τ = 2.7 ns

x 5Do
2 40231.336 cm−1   τ = 2.6 ns

x 5Fo5 40257.314 cm−1   τ = 2 ns

x 5Do
1 40404.518 cm−1   τ = 2.8 ns

x 5Do
0 40491.284 cm−1   τ = 2.6 ns

x 5Fo4 40594.432 cm−1   τ = 2 ns

x 5Fo3 40842.154 cm−1   τ = 2 ns

x 5Fo2 41018.051 cm−1   τ = 2 ns

x 5Fo1 41130.599 cm−1   τ = 2 ns

y 5Go
6 42784.352 cm−1   τ = 16.9 ns

y 5Go
5 42911.917 cm−1   τ = 23.1 ns

w 5Do
4 43499.505 cm−1   τ = 7.4 ns

w 5Do
3 43922.668 cm−1   τ = 8.5 ns

w 5Fo5 44243.685 cm−1   τ = 39 ns

x 5Go
6 45608.361 cm−1   τ = 31.4 ns

x 5Go
5 45726.130 cm−1   τ = 28.1 ns

w 5Po
3 46137.097 cm−1   τ = 3.2 ns

w 5Po
2 46313.537 cm−1   τ = 3.2 ns

w 5Po
1 46410.381 cm−1   τ = 3.5 ns

w 5Go
5 47420.228 cm−1   τ = 20.2 ns

v 5Fo5 47606.114 cm−1   τ = 27.8 ns

u 5Fo3 51619.076 cm−1

u 5Po
3 51692.010 cm−1

u 5Po
2 51944.784 cm−1

Key transitions
Transition λ vac (nm) λ air (nm) ν (THz) |⟨J‖er‖J′⟩| (ea₀) A (s⁻¹) Γ/2π up. (MHz) branch (%) Use
a 5F5 – z 5Go

6 358.2215 358.1193 836.8913 5.662 1.087e+08 17.3 100 358 nm laser-cooling line of iron
a 5D4 – z 5Fo5 372.0993 371.9934 805.6787 2.129 1.620e+07 2.631 99.6 372 nm resonance line: laser collimation / cooling of an…
a 5F5 – z 5Fo5 501.3466 501.2068 597.9745 ≈0.539 4.251e+05 2.631 2.57 decay channel that completes optical pumping from the gro…

λ, ν from NIST level energies unless a measured frequency for this isotope is available.  A: measured value or NIST.
Γ/2π: natural linewidth of the upper level, 1/(2πτ).

57Fe hyperfine structure  (I = 1/2)
Level A (MHz) B (MHz) Shift of each F level from the centre of gravity (MHz)
a 5D4 38.0795(10) – F=7/2: -95.20   F=9/2: +76.16
a 5F5 87.246(3) – F=9/2: -261.74   F=11/2: +218.12
z 5Fo5 81.7(9) – F=9/2: -245.07   F=11/2: +204.22
z 5Go

6 31.24(5) – F=11/2: -109.34   F=13/2: +93.72
Measured A, B constants; sources in the data file.

Isotope shifts
Transition λ vac (nm) Isotopes Shift (MHz)
a 5F5 – z 5Go

6 358.221 56-54 592.3(6)
a 5F5 – z 5Go

6 358.221 57-56 299.7(6)
a 5F5 – z 5Go

6 358.221 58-56 566.0(5)
a 5D4 – z 5Fo5 372.099 56-54 726(8)
a 5D4 – z 5Fo5 372.099 57-56 365(6)
a 5D4 – z 5Fo5 372.099 58-56 690(7)

Shift = ν(first isotope) − ν(second isotope).

Iron
Fe  (Fe I).   Strongest classified transitions below 2 µm (NIST):  47 levels, 71 lines.
Fe +  ionisation limit   63737.70 cm−1  =  7.90247 eV  (156.893 nm)

Arrow label:  vacuum wavelength  |  reduced dipole matrix element  |⟨J ‖er ‖ J 0⟩|  in ea0
Matrix elements are measured or NIST values;   *  = high-accuracy theory,   ≈  = model or semi-empirical calculation.
Arrow width grows with the Einstein coefficient A.   Dotted: forbidden (clock, M1, E2).   Dashed: Rydberg excitation, n = 70.
Level caption:  energy (NIST, or a measurement of the last 20 years where one exists) and measured lifetime (where one exists). 300 400 500 600 700 800 1000 1200 1500 2000

Arrow colour  =  vacuum wavelength (nm)


