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a 3F2 0.000 cm−1   stable

a 3F3 570.410 cm−1

a 3F4 1240.840 cm−1

a 3P2 4186.110 cm−1

a 3P0 4196.850 cm−1

a 3P1 4376.280 cm−1

a 5F1 4870.530 cm−1

a 5F2 5023.410 cm−1

a 1D2 5101.680 cm−1

a 5F3 5249.070 cm−1

a 5F4 5540.540 cm−1

a 5F5 5888.930 cm−1

a 1G4 8057.300 cm−1

b 3F2 11640.720 cm−1

b 3F3 11956.330 cm−1

b 3F4 12342.370 cm−1

a 3G3 12503.440 cm−1

a 3G4 12760.660 cm−1

a 3G5 12772.780 cm−1

a 3D2 14348.780 cm−1

a 3D3 14697.030 cm−1

a 3H4 14791.280 cm−1

a 3H5 14988.510 cm−1

a 3H6 15119.660 cm−1

b 3P1 15932.100 cm−1

c 3P1 17059.820 cm−1

c 3P2 17142.720 cm−1

a 5D3 22145.310 cm−1
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2.504 ea0
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644.753 nm  | 
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782.153 nm  |  
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612.917 nm  |  
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481.638 nm  |  
2.148 ea0

481.697 nm  |  
3.877 ea0

480.723 nm  | 
 2.454 ea0

477.366 nm  |  
4.153 ea0

478.625 nm  |  
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474.081 nm  |  
5.134 ea0

473.366 nm  |  
2.265 ea0
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z 3Fo2 16296.510 cm−1   τ = 500 ns

z 3Fo3 16843.930 cm−1   τ = 410 ns

z 5Go
6 16978.290 cm−1

z 3Fo4 17556.260 cm−1   τ = 520 ns

z 5Do
2 19323.840 cm−1   τ = 163 ns

z 5Do
3 19625.580 cm−1   τ = 148 ns

y 1Do
2 22750.530 cm−1   τ = 73 ns

y 3Fo3 23567.120 cm−1   τ = 205 ns

y 5Go
2 25630.480 cm−1   τ = 12.3 ns

y 3Go
3 25729.960 cm−1   τ = 16.2 ns

y 5Go
3 25971.710 cm−1   τ = 13.3 ns

y 3Go
4 26011.550 cm−1   τ = 21.5 ns

x 1Fo3 26226.970 cm−1   τ = 20.7 ns

y 5Go
4 26342.530 cm−1   τ = 13.1 ns

y 3Go
5 26433.720 cm−1   τ = 27.6 ns

x 3Do
2 26557.210 cm−1   τ = 12.8 ns

y 5Go
5 26765.660 cm−1   τ = 13.3 ns

z 5Go
4 26931.350 cm−1   τ = 22.5 ns

x 3Do
3 27111.160 cm−1   τ = 13 ns

y 5Go
6 27214.890 cm−1   τ = 12 ns

w 3Do
3 27482.260 cm−1   τ = 41.5 ns

w 3Fo4 28528.360 cm−1   τ = 8.1 ns

z 3Ho
6 28608.620 cm−1   τ = 36.5 ns

y 5Fo3 28818.020 cm−1   τ = 7.1 ns

x 3Po
2 28909.570 cm−1   τ = 10.2 ns

z 1Po
1 28999.460 cm−1   τ = 7.6 ns

x 3Go
5 29001.650 cm−1   τ = 6.6 ns

v 3Do
2 29057.840 cm−1   τ = 8.6 ns

y 5Fo4 29122.710 cm−1   τ = 7 ns

x 5Do
1 29677.140 cm−1   τ = 5.8 ns

x 5Do
3 30087.330 cm−1   τ = 5.8 ns

w 3Go
3 31326.810 cm−1   τ = 8.2 ns

w 3Go
4 31694.520 cm−1   τ = 7.8 ns

w 3Go
5 32152.160 cm−1   τ = 7.8 ns

u 3Fo2 33163.980 cm−1   τ = 10.1 ns

u 3Fo3 33420.470 cm−1   τ = 10.2 ns

u 3Fo4 33559.340 cm−1   τ = 11.4 ns

t 3Do
1 36125.160 cm−1   τ = 4 ns

t 3Do
3 36220.450 cm−1   τ = 4.2 ns

t 3Do
2 36294.870 cm−1   τ = 4 ns

q 3Do
2 42433.650 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 – y 5Go

6 468.9121 468.7809 639.3362 7.423 8.330e+07 13.26 100 proposed laser-cooling
a 5F5 – z 5Go

6 901.7653 901.5178 332.4506 ≈1.665 5.889e+05 – – proposed narrow closed cooling line from metastable a5F5
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).

Zirconium
Zr  (Zr I).   Strongest classified transitions below 2 µm (NIST):  69 levels, 90 lines.
Zr +  ionisation limit   53507.83 cm−1  =  6.63413 eV  (186.889 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)


