
0

1 000

2 000

4 000

6 000

7 000

8 000

9 000
10 000
11 000

12 000

13 000

14 000

15 000

16 000
17 000

19 000

21 000

23 000

23 500

24 000

25 000

25 500
26 000

27 000

27 500

28 500

29 000

30 000

31 000

32 000

33 000

34 000

35 000

36 000

En
er

gy
 a

bo
ve

 th
e 

gr
ou

nd
 st

at
e 

 (c
m

−1
)  

 —
   

no
n-

un
ifo

rm
 sc

al
e

odd
J= 2 J= 3 J= 4 J= 5 J= 6 J= 7 J= 8

even
J= 1 J= 2 J= 3 J= 4 J= 5 J= 6 J= 7

9Do
2 0.000 cm−1   stable

9Do
3 215.124 cm−1

9Do
4 532.977 cm−1

9Do
5 999.121 cm−1

9Do
6 1719.087 cm−1

11Fo2 6378.146 cm−1

7Do
4 7234.910 cm−1

7Do
3 7426.710 cm−1

11Fo8 8498.434 cm−1

9Fo4 10883.505 cm−1

9Fo7 12486.547 cm−1

743.223 nm

726.463 nm

575.347 nm  |  0.568 ea0

452.092 nm  |  2
.944 ea0

443.187 nm  |  3.004 ea0
442.365 nm  |  3.281 ea0

448.816 nm

441.598 nm

437.507 nm
434.784 nm

432.832 nm  |  2
.499 ea0

440.309 nm  |  4
.562 ea0

434.768 nm
432.691 nm

431.506 nm  |  3
.455 ea0

430.755 nm

427.537 nm

426.821 nm

426.779 nm

426.132 nm

432.242 nm

419.280 nm
428.733 nm 419.196 nm  |  3

.766 ea0

411.243 nm

422.704 nm  |  7
.054 ea0

415.895 nm

405.937 nm  |  4
.115 ea0

422.622 nm

407.986 nm  |  4
.664 ea0

417.672 nm  |  4
.431 ea0

405.478 nm  |  5
.150 ea0390.382 nm

383.999 nm

379.746 nm

454.402 nm

493.771 nm

372.776 nm

378.413 nm  | 
 4.757 ea0

369.798 nm

373.338 nm

371.463 nm  |  
4.036 ea0

371.854 nm  |  
3.941 ea0

368.606 nm
364.753 nm

411.240 nm

370.199 nm

368.518 nm  |  
3.967 ea0

418.396 nm

409.312 nm

364.952 nm

422.644 nm

377.790 nm

374.243 nm

364.827 nm

309.128 nm  | 
 1.037 ea

0

311.209 nm  | 
 1.792 ea

0

308.184 nm  | 
 0.732 ea0

306.080 nm  | 
 1.173 ea0

304.736 nm  | 
 1.341 ea0

11F3 14298.311 cm−1

11F5 15174.000 cm−1

9F2 17380.827 cm−1   τ = 700 ns

(22335)2 22334.508 cm−1   τ = 10.8 ns

9D3 22563.824 cm−1   τ = 13.7 ns

9D4 22820.895 cm−1   τ = 20.8 ns

(23104)1 23103.660 cm−1   τ = 9.9 ns

(23215)2 23215.028 cm−1   τ = 10 ns

(23390)3 23389.782 cm−1   τ = 10 ns

(23644)4 23644.156 cm−1   τ = 9.9 ns

(24000)5 23999.912 cm−1   τ = 10.2 ns

(24430)6 24430.425 cm−1   τ = 17.4 ns

(24850)4 24849.514 cm−1   τ = 10.5 ns

9G6 24854.297 cm−1   τ = 19.2 ns

(25044)5 25043.649 cm−1   τ = 11 ns

(25376)7 25376.313 cm−1   τ = 9.4 ns

9G5 25380.885 cm−1   τ = 21.2 ns

(25661)6 25661.340 cm−1   τ = 8 ns

7F5 26615.044 cm−1   τ = 58.8 ns

7F4 26866.385 cm−1   τ = 55.1 ns

9F4 27040.865 cm−1

9F3 27041.751 cm−1   τ = 54.7 ns

9F1 27129.239 cm−1

9P3 27135.695 cm−1   τ = 3.5 ns

(27425)4 27425.245 cm−1   τ = 4 ns

7F5 28414.925 cm−1   τ = 31.5 ns

9F7 28504.435 cm−1   τ = 63.5 ns

9F6 28731.590 cm−1

9F5 29119.955 cm−1   τ = 43 ns

9G7 30505.374 cm−1   τ = 15.1 ns

9F2 30694.874 cm−1   τ = 7.3 ns

(30809)3 30809.375 cm−1   τ = 18.1 ns

9F4 31135.795 cm−1   τ = 6.6 ns

7D3 31327.520 cm−1   τ = 56 ns

(32448)3 32448.112 cm−1   τ = 11.7 ns

(32886)4 32886.276 cm−1   τ = 9.4 ns

(33348)5 33348.226 cm−1   τ = 7.2 ns

(33705)3 33704.627 cm−1   τ = 8.2 ns

(33852)6 33851.828 cm−1   τ = 7.6 ns

(34147)2 34147.343 cm−1   τ = 6.4 ns

9G4 34836.980 cm−1

(36147)6 36147.130 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
9Do

2 – 9P3 368.5183 368.4134 813.5077 3.967 9.100e+07 45.47 31.9 proposed laser-cooling line
9Do

3 – 9P3 371.4631 371.3575 807.0584 4.036 9.200e+07 45.47 32.2 371 nm repumper for the proposed 368 nm cooling scheme
9Do

6 – (25376)7 422.7038 422.5848 709.2258 7.054 8.900e+07 16.93 83.7 proposed laser-cooling line
9Do

2 – 9D3 443.1873 443.0629 676.4464 3.004 3.000e+07 11.62 41.1 443.06 nm
9Do

3 – (22335)2 452.0922 451.9654 663.1224 2.944 3.800e+07 14.74 41 451.96 nm
9Do

2 – 9F2 575.3466 575.1871 521.0641 0.568 6.855e+05 0.2274 48 first step
9Do

4 – 11F3 726.4626 726.2624 412.6743 – – – – 726.266 nm spin-forbidden line 9D°4 - 11F3 studied as a c…
9Do

6 – 11F5 743.2229 743.0183 403.3681 – – – – 743.014 nm spin-forbidden line 9D°6 - 11F5 studied as a c…
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).

157Gd hyperfine structure  (I = 3/2)
Level A (MHz) B (MHz) Shift of each F level from the centre of gravity (MHz)
9Do

2 47.959(8) 191.16(7) F=1/2: -48.55   F=3/2: -143.88   F=5/2: -143.46   F=7/2: +191.67
9Do

3 6.4456(22) -433.234(13) F=3/2: -298.61   F=5/2: +42.42   F=7/2: +216.62   F=9/2: -79.30
9Do

4 -8.997(5) -375.88(4) F=5/2: -117.11   F=7/2: +109.82   F=9/2: +159.95   F=11/2: -147.95
9Do

5 -15.095(4) 44.74(4) F=7/2: +155.25   F=9/2: +58.23   F=11/2: -32.99   F=13/2: -102.03
9Do

6 -16.057(6) 623.27(6) F=9/2: +416.50   F=11/2: -61.37   F=13/2: -257.81   F=15/2: +11.30
11Fo2 -227.1080(20) – F=1/2: +1021.99   F=3/2: +681.32   F=5/2: +113.55   F=7/2: -681.32
11Fo8 -106.1240(20) – F=13/2: +1432.67   F=15/2: +636.74   F=17/2: -265.31   F=19/2: -1273.49
11F3 -77(5) 590(4) F=3/2: +813.30   F=5/2: +179.68   F=7/2: -294.75   F=9/2: -197.32
11F5 84(4) 967(4) F=7/2: -335.94   F=9/2: -587.13   F=11/2: -303.02   F=13/2: +871.08
9F2 95.100 347.000 F=1/2: -124.33   F=3/2: -285.30   F=5/2: -264.43   F=7/2: +372.05

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

Isotope shifts
Transition λ vac (nm) Isotopes Shift (MHz)
9Do

5 – 7F5 364.753 160-156 -2398(90)
7Do

3 – 9G4 364.827 160-156 -2998(90)
9Do

6 – 9F5 364.952 160-156 -3328(90)
9Do

2 – 9F1 368.606 160-156 -3628(90)
9Do

2 – 9F3 369.798 160-156 -3598(90)
9Do

6 – 9F6 370.199 160-156 -4077(90)
9Do

3 – 9F4 372.776 160-156 -3298(90)
9Do

6 – 9F7 373.338 160-156 -2998(90)
7Do

3 – (34147)2 374.243 160-156 -2998(90)
7Do

4 – (33705)3 377.790 160-156 -3328(90)
9Do

4 – 7F4 379.746 160-156 -3418(90)
9Do

5 – 9F4 383.999 160-156 -3687(90)
9Do

5 – 7F5 390.382 160-156 -3927(90)
9Do

3 – (24850)4 405.937 160-156 -3298(90)
9Do

4 – (25044)5 407.986 160-156 -3658(90)
11Fo2 – (30809)3 409.312 160-156 -2638(90)
11Fo2 – 9F2 411.240 160-156 -1199(150)
9Do

4 – (24850)4 411.243 160-156 -3328(90)
9Do

5 – (25044)5 415.895 160-156 -3747(90)
7Do

3 – 7D3 418.396 160-156 -3897(90)
9Do

5 – 9G6 419.196 160-156 -4227(90)
9Do

5 – (24850)4 419.280 160-156 -2998(90)
Shift = ν(first isotope) − ν(second isotope).

Gadolinium
Gd  (Gd I).   Strongest classified transitions below 2 µm (NIST):  53 levels, 60 lines.
Gd +  ionisation limit   49601.45 cm−1  =  6.14980 eV  (201.607 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)


