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J= 0 J= 1 J= 2 J= 3

odd
J= 0 J= 1 J= 2

1S0 0.000 cm−1   stable

2[3/2]o2 93143.760 cm−1   τ = 38 s

2[3/2]o1 93750.598 cm−1

2[1/2]o0 94553.665 cm−1   τ = 44.9 s*

2[1/2]o1 95399.828 cm−1

2[1/2]1 104102.099 cm−1   τ = 40.5 ns

2[5/2]3 105462.760 cm−1   τ = 30.7 ns

2[1/2]o1 111818.028 cm−1

1047.292 nm  |  1.291 ea0

978.718 nm  |  1.844 ea0

966.043 nm  |  2.685 ea0

935.678 nm  |  1.134 ea0

912.547 nm  |  4.611 ea0

922.703 nm  |  3.113 ea0867.032 nm  |  1.531 ea0

842.696 nm  |  5.635 ea0

811.754 nm  |  7.809 ea0

810.592 nm  |  4.440 ea0
801.699 nm  |  3.439 ea0

852.378 nm  |  3.570 ea0

800.836 nm  |  2.492 ea0

772.589 nm  |  1.884 ea0

1930.018 nm  |  0.473 ea0

841.052 nm  |  5.722 ea0795.036 nm  |  3.720 ea0

763.721 nm  |  5.190 ea0

751.672 nm  |  2.896 ea0

826.679 nm  |  3.577 ea0

1321.761 nm  |  3.038 ea0
1296.020 nm  |  4.884 ea0

772.633 nm  |  2.827 ea0

750.593 nm  |  3.065 ea0

738.601 nm  |  2.907 ea0

714.901 nm  |  0.584 ea0

1244.273 nm  |  4.826 ea0

727.494 nm  |  1.021 ea0 706.917 nm  |  1.820 ea0

1067.649 nm  |  3.836 ea0

696.735 nm  |  1.790 ea0

667.913 nm  |  ≈0.197 ea0

1048.091 nm  |  2.039 ea0
929.408 nm  |  1

.137 ea0

919.716 nm  |  1.424 ea0

107.361 nm106.666 nm  |  0.487 ea0

104.822 nm  |  0.953 ea0

462.974 nm  |  0.0985 ea0

430.131 nm  |  0.273 ea0

420.186 nm  |  0.499 ea0

427.337 nm  |  0.304 ea0

419.189 nm  |  0.226 ea0
426.749 nm  |  0.244 ea0

693.958 nm  |  
0.713 ea0

419.950 nm  |  0.306 ea0

687.318 nm  |  
1.156 ea0

419.221 nm  |  0.243 ea0

415.976 nm  |  0.499 ea0

433.478 nm  |  0.339 ea0

418.306 nm  |  0.246 ea0

675.470 nm  |  1
.212 ea0

404.556 nm  |  0.232 ea0

641.808 nm  |  0
.870 ea0

395.010 nm  |  0.205 ea0

426.056 nm  |  0.390 ea0

606.105 nm  |  0
.480 ea0

591.372 nm  |  
0.567 ea0

565.227 nm  | 
 0.534 ea

0

560.829 nm  |  
0.758 ea0

556.024 nm  |  
0.776 ea0

545.317 nm  |  
0.434 ea0

518.919 nm  |  
0.690 ea0

516.372 nm  | 
 0.622 ea0

87.995 nm  |  
0.279 ea0
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87.606 nm  |  
0.518 ea0

505.022 nm  |  
0.382 ea0

48
9.6

06
 nm

  | 
 0.
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a 0

86.975 nm  |  
0.185 ea0

488.931 nm  | 
 0.474 ea

0

86.680 nm  |  
0.549 ea0

487.762 nm  |  
0.462 ea0

477.001 nm  |  
0.445 ea0

2[5/2]2 105617.270 cm−1   τ = 30.6 ns

2[3/2]1 106087.260 cm−1   τ = 30.2 ns

2[3/2]2 106237.552 cm−1   τ = 29.4 ns

2[1/2]0 107054.272 cm−1   τ = 24.4 ns

2[3/2]1 107131.709 cm−1   τ = 29.3 ns

2[3/2]2 107289.700 cm−1   τ = 29 ns

2[1/2]1 107496.417 cm−1   τ = 28.3 ns

2[1/2]0 108722.619 cm−1   τ = 21.7 ns

2[1/2]o0 111667.766 cm−1

2[3/2]o2 112138.924 cm−1

2[3/2]o2 113468.473 cm−1

2[3/2]o1 113643.260 cm−1   τ = 10.1 ns

2[3/2]o1 114147.732 cm−1   τ = 3.48 ns

2[1/2]o0 114861.635 cm−1

2[1/2]o1 114975.019 cm−1   τ = 17.5 ns

2[3/2]o1 115366.866 cm−1   τ = 3 ns

2[5/2]3 116942.754 cm−1   τ = 141 ns

2[5/2]2 116999.326 cm−1   τ = 153 ns

2[3/2]1 117151.326 cm−1   τ = 149 ns

2[3/2]2 117183.590 cm−1   τ = 124 ns

2[1/2]0 117562.955 cm−1   τ = 95 ns

2[3/2]1 118407.430 cm−1

2[1/2]1 118459.598 cm−1

2[3/2]2 118469.051 cm−1

2[1/2]o0 118512.197 cm−1

2[1/2]o1 118651.395 cm−1

2[1/2]0 118870.917 cm−1   τ = 71 ns

2[3/2]o2 118906.611 cm−1

2[3/2]o2 119683.082 cm−1

2[3/2]o2 120600.890 cm−1

2[3/2]o1 121011.920 cm−1

2[1/2]o0 121794.099 cm−1

2[1/2]o1 121932.848 cm−1

2[3/2]o2 122086.916 cm−1

2[3/2]o2 122440.067 cm−1

2[3/2]o2 123372.925 cm−1

2[1/2]o1 123467.973 cm−1

2[1/2]o0 123508.927 cm−1

2[3/2]o2 123903.220 cm−1

2[1/2]o0 124526.695 cm−1

2[1/2]o1 124554.874 cm−1

2[3/2]o2 124603.890 cm−1

2[3/2]o2 125066.432 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
1S0 – 2[1/2]o1 104.8220 – 2860.01500(10) 0.953 5.320e+08 – – 104.8 nm resonance line
1S0 – 2[3/2]o2 107.3609 – 2792.3797 – 2.630e-02 4.188e-09 99.9 107.4 nm M2 decay of the metastable 3P2 state
2[3/2]o2 – 2[3/2]2 763.7207 763.5105 392.5420 5.190 2.450e+07 5.413 72 763.5 nm
2[3/2]o1 – 2[3/2]2 800.8358 800.6156 374.3495 2.492 4.900e+06 5.413 14.4 800.8 nm optical pumping 1s4 -> 2p6 -> metastable 1s5
2[3/2]o2 – 2[5/2]3 811.7542 811.5311 369.3143 7.809 3.300e+07 5.184 100 811.5 nm
2[1/2]o1 – 2[3/2]2 922.7029 922.4498 324.9068 3.113 5.000e+06 5.413 14.7 922.7 nm optical pumping 1s2 -> 2p6 -> metastable 1s5

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).

39Ar hyperfine structure  (I = 7/2)
Level A (MHz) B (MHz) Shift of each F level from the centre of gravity (MHz)
2[3/2]o2 -285.36(13) 117.8(12) F=3/2: +2631.35   F=5/2: +1865.36   F=7/2: +822.42   F=9/2: -468.01   F=11/2: -1968.07
2[3/2]o1 -334.0(20) -24(3) F=5/2: +1490.14   F=7/2: +351.14   F=9/2: -1175.00
2[1/2]o1 -712.0(10) 84(6) F=5/2: +3249.00   F=7/2: +652.00   F=9/2: -2471.00
2[5/2]3 -134.36(8) 113.1(14) F=1/2: +1874.45   F=3/2: +1652.71   F=5/2: +1288.54   F=7/2: +790.00   F=9/2: +168.42   F=11/2: -561.68   F=13/2: -1382.51
2[3/2]2 -163(31) -63(11) F=3/2: +1433.25   F=5/2: +1053.88   F=7/2: +507.00   F=9/2: -223.12   F=11/2: -1156.75

Measured A, B constants; sources in the data file.

Isotope shifts
Transition λ vac (nm) Isotopes Shift (MHz)
1S0 – 2[1/2]o1 104.822 40-38 550(10)
1S0 – 2[1/2]o1 104.822 40-36 1036(7)
2[3/2]o2 – 2[3/2]2 763.721 32-38 -882(4)
2[3/2]o2 – 2[3/2]2 763.721 33-38 -703.2(21)
2[3/2]o2 – 2[3/2]2 763.721 34-38 -552.6(7)
2[3/2]o2 – 2[3/2]2 763.721 35-38 -394.4(27)
2[3/2]o2 – 2[3/2]2 763.721 36-38 -265.4(4)
2[3/2]o2 – 2[3/2]2 763.721 37-38 -124.2(11)
2[3/2]o2 – 2[3/2]2 763.721 39-38 122(7)
2[3/2]o2 – 2[3/2]2 763.721 40-38 229.5(4)
2[3/2]o2 – 2[3/2]2 763.721 46-38 835.2(23)
2[3/2]o1 – 2[3/2]2 800.836 36-40 -640(10)
2[3/2]o1 – 2[3/2]2 800.836 38-40 -290(10)
2[3/2]o1 – 2[3/2]2 800.836 39-40 -128(16)
2[3/2]o2 – 2[5/2]3 811.754 36-38 -242.23(25)
2[3/2]o2 – 2[5/2]3 811.754 40-38 207.9(9)
2[3/2]o2 – 2[5/2]3 811.754 39-38 113.9(4)
2[3/2]o2 – 2[5/2]3 811.754 37-38 -113.0(27)
2[3/2]o2 – 2[5/2]3 811.754 36-40 -450.1(9)
2[3/2]o2 – 2[5/2]3 811.754 39-40 -94.0(10)
2[1/2]o1 – 2[3/2]2 922.703 36-40 -960(10)
2[1/2]o1 – 2[3/2]2 922.703 38-40 -445(10)

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

Argon
Ar  (Ar I).   Strongest classified transitions below 2 µm (NIST):  51 levels, 75 lines.
Ar +  ionisation limit   127109.84 cm−1  =  15.75961 eV  (78.672 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)


