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odd
J= 5/2 J= 7/2 J= 9/2 J= 11/2 J= 13/2 J= 15/2 J= 17/2 J= 19/2

even
J= 3/2 J= 5/2 J= 7/2 J= 9/2 J= 11/2 J= 15/2 J= 17/2

2Fo7/2 0.000 cm−1   stable

2Fo5/2 8771.243 cm−1   τ > 112 ms

(6, 3/2)9/2 13119.610 cm−1

(6, 3/2)15/2 15271.002 cm−1

(6, 3/2)11/2 15587.811 cm−1

(6, 5/2)17/2 16456.913 cm−1

1140.090 nm

530.859 nm  |  1.269 ea0

506.366 nm

420.491 nm  |  2.776 ea0
418.880 nm  |  4.310 ea0 410.700 nm  |  4.641 ea0

409.534 nm  |  4
.465 ea0 388.845 nm  |  2.939 ea0

388.423 nm  |  4
.289 ea0 375.288 nm  |  2.131 ea0

374.513 nm  |  4
.531 ea0

422.386 nm  |  2
.161 ea0

371.898 nm  |  6
.046 ea0

521.483 nm  |  2.680 ea0

413.950 nm  |  3
.326 ea0

341.103 nm  |  1
.386 ea0

404.562 nm  |  1
.854 ea0

476.124 nm  |  2.185 ea0

395.039 nm  |  5
.001 ea0

317.357 nm  |  1
.417 ea0

391.759 nm  |  6
.856 ea0

467.663 nm  |  2.510 ea0

308.202 nm  |  1
.422 ea0

380.880 nm  |  2
.802 ea0

453.343 nm  |  1.982 ea0
429.957 nm  |  1.879 ea0

304.776 nm  |  1
.342 ea0

379.962 nm  |  
3.650 ea0

413.956 nm  |  2.633 ea0

439.719 nm  |  1.781 ea0

297.409 nm  |  1
.501 ea0

405.695 nm  |  1.572 ea0

291.569 nm  |  
0.959 ea0

285.500 nm  |  
1.291 ea0

340.695 nm  |  
1.380 ea0

338.165 nm  |  
1.414 ea0

402.537 nm  |  3.212 ea0

364.774 nm  |  3.363 ea0

363.945 nm  |  4.555 ea0

325.272 nm  | 
 1.206 ea0

324.790 nm  |  
1.839 ea0

384.196 nm  |  4.512 ea0

357.631 nm  |  2.016 ea0

357.083 nm  |  2.526 ea0

352.043 nm  |  1.731 ea0

312.344 nm  | 
 2.346 ea0

260.187 nm  | 
 0.882 ea

0

351.500 nm  |  1.829 ea0

259.727 nm  |  
1.100 ea0

351.413 nm  |  1.404 ea0

380.316 nm  |  2.376 ea0

350.045 nm  |  1.702 ea0

348.837 nm  |  5.790 ea0

252.778 nm  | 
 0.968 ea0

347.769 nm  |  4.085 ea0

344.834 nm  |  2.424 ea0
344.665 nm  |  1.638 ea0

341.867 nm  |  1.820 ea0

339.885 nm  |  2.812 ea0

339.416 nm  |  2.764 ea0336.475 nm  |  1.371 ea0

335.095 nm  |  3.835 ea0

332.594 nm  |  1.400 ea0

358.709 nm  |  5.688 ea0

348.197 nm  |  3.932 ea0329.725 nm  |  1.900 ea0

327.272 nm  |  1.611 ea0

346.850 nm  |  3.982 ea0

355.683 nm  |  5.097 ea0

343.031 nm  |  6.002 ea0

341.357 nm  |  6.139 ea0

341.287 nm  |  1.527 ea0
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(6, 5/2)9/2 18837.385 cm−1   τ = 459 ns

(7/2, 2)9/2 19748.543 cm−1

(4, 5/2)9/2 23781.698 cm−1   τ = 41.1 ns

(23873)7/2 23873.207 cm−1   τ = 15.6 ns

(5, 3/2)9/2 24348.692 cm−1   τ = 15.7 ns

(7/2, 1)5/2 24418.018 cm−1   τ = 10.2 ns

(5, 5/2)7/2 25717.197 cm−1   τ = 26.2 ns

(25745)5/2 25745.117 cm−1   τ = 9.4 ns

(26646)9/2 26646.214 cm−1   τ = 57.4 ns

(26701)7/2 26701.325 cm−1   τ = 10.1 ns

(5, 5/2)9/2 26889.125 cm−1   τ = 6.9 ns

(4, 3/2)9/2 29316.690 cm−1   τ = 102 ns

(31510)7/2 31510.240 cm−1   τ = 55.1 ns

(32446)7/2 32446.260 cm−1   τ = 30 ns

(3, 5/2)7/2 32811.020 cm−1   τ = 51 ns

(3, 5/2)3/2 32928.760 cm−1   τ = 12.7 ns

(5/2, 2)3/2 33489.360 cm−1   τ = 38 ns

(33624)7/2 33623.780 cm−1   τ = 45.1 ns

(5/2, 1)5/2 34085.200 cm−1   τ = 6.7 ns

(5/2, 1)7/2 34297.170 cm−1   τ = 4.8 ns

(35026)5/2 35026.220 cm−1   τ = 13.8 ns

(35090)3/2 35089.670 cm−1   τ = 8.1 ns

(6, 5/2)o17/2 35633.010 cm−1   τ = 112 ns

(36274)o15/2 36273.940 cm−1   τ = 138 ns

(36378)o9/2 36377.733 cm−1   τ = 67.7 ns

(6, 3/2)o15/2 36653.924 cm−1   τ = 110 ns

(37277)o11/2 37276.778 cm−1   τ = 45.1 ns

(37646)o13/2 37646.186 cm−1   τ = 104 ns

(37769)o9/2 37768.662 cm−1   τ = 78.3 ns

(38013)o13/2 38012.795 cm−1   τ = 105 ns

(38123)7/2 38123.020 cm−1   τ = 66 ns

(38343)7/2 38342.570 cm−1   τ = 63.2 ns

(38434)5/2 38433.920 cm−1   τ = 51.3 ns

(38502)9/2 38502.000 cm−1   τ = 59.7 ns

(4, 5/2)3/2 39514.740 cm−1   τ = 46.7 ns

(39560)7/2 39560.410 cm−1   τ = 29.4 ns

(40534)o7/2 40533.825 cm−1   τ = 16.3 ns

(40596)o7/2 40596.302 cm−1   τ = 8.5 ns

(40787)5/2 40787.240 cm−1   τ = 16.3 ns

(41081)o11/2 41081.384 cm−1   τ = 46.6 ns

(41124)o9/2 41124.334 cm−1   τ = 28.7 ns

(41299)o17/2 41299.370 cm−1   τ = 16.6 ns

(41525)o7/2 41525.200 cm−1   τ = 45.2 ns

(41569)o11/2 41569.114 cm−1   τ = 59.8 ns

(41576)o9/2 41576.146 cm−1   τ = 22.5 ns

(41687)o11/2 41687.404 cm−1   τ = 50.1 ns

(41786)o9/2 41786.249 cm−1   τ = 5.9 ns

(41874)o11/2 41874.369 cm−1   τ = 11.8 ns

(41882)o9/2 41881.739 cm−1   τ = 22.5 ns

(42119)o11/2 42119.080 cm−1   τ = 26.7 ns

(42133)o7/2 42133.263 cm−1   τ = 21.1 ns

(42371)o7/2 42370.718 cm−1   τ = 37.3 ns

(42541)o11/2 42541.367 cm−1   τ = 24 ns

(42582)o11/2 42581.974 cm−1   τ = 22.1 ns

(42839)o9/2 42839.493 cm−1   τ = 30.2 ns

(42962)o11/2 42961.884 cm−1   τ = 7.4 ns

(43186)o11/2 43186.335 cm−1   τ = 90.2 ns

(43448)o11/2 43447.878 cm−1   τ = 48 ns

(43675)o9/2 43675.258 cm−1   τ = 22 ns

(7/2, 3)5/2 43958.230 cm−1   τ = 47.8 ns

(44307)o13/2 44307.188 cm−1   τ = 6 ns

(5, 9/2)o19/2 44334.660 cm−1   τ = 14.1 ns

(44419)o13/2 44418.695 cm−1   τ = 8.9 ns

(44566)o15/2 44565.850 cm−1   τ = 6.3 ns

(44572)o17/2 44571.820 cm−1   τ = 13.4 ns

(45609)o15/2 45608.780 cm−1   τ = 6.2 ns

Key transitions
Transition λ vac (nm) λ air (nm) ν (THz) |⟨J‖er‖J′⟩| (ea₀) A (s⁻¹) Γ/2π up. (MHz) branch (%) Use
2Fo7/2 – (5, 3/2)9/2 410.6997 410.5838 729.9554 4.641 6.300e+07 10.14 100 first-stage
2Fo7/2 – (4, 5/2)9/2 420.4914 420.3730 712.9574 2.776 2.100e+07 3.872 86.3 alternative blue cycling line
2Fo7/2 – (7/2, 2)9/2 506.3665 506.2253 592.0464 – – – – third-stage deep narrow-line MOT
2Fo7/2 – (6, 5/2)9/2 530.8592 530.7116 564.7306 1.269 2.180e+06 0.3467 100 second-stage narrow-line
2Fo7/2 – 2Fo5/2 1140.0896 1139.7776 262.955164 – 7.000e+00 1.421e-06 78.4 inner-shell M1 optical clock transition

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).

169Tm hyperfine structure  (I = 1/2)
Level A (MHz) B (MHz) Shift of each F level from the centre of gravity (MHz)
2Fo7/2 -374.137661(3) – F=3: +841.81   F=4: -654.74
2Fo5/2 -704.648958 – F=2: +1233.14   F=3: -880.81
(6, 5/2)9/2 -422.11(3) – F=4: +1160.81   F=5: -949.75
(4, 5/2)9/2 -317.32(16) – F=4: +872.63   F=5: -713.97
(23873)7/2 352.75(18) – F=3: -793.69   F=4: +617.31
(5, 3/2)9/2 -371.50(16) – F=4: +1021.62   F=5: -835.88
(7/2, 1)5/2 -656.5(4) – F=2: +1148.82   F=3: -820.58

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

Thulium-169
169Tm  (Tm I),  nuclear spin I = 1/2.   Strongest classified transitions below 2 µm (NIST):  72 levels, 73 lines.
Tm +  ionisation limit   49880.57 cm−1  =  6.18440 eV  (200.479 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)


