Table 1. Vibrational and rotational quantum numbers for the PNa*’K Q=0
window levels originally observed in Refs. 26, 43, 47 and 48 and the “Na*K (Q =
2) and ®Na*'K (Q = 0) window levels observed in the present work. The window
levels are described by the designation 1(6)' Ta(vs, J) ~ 2(4)'="(v4, J). In each
case, either the mostly singlet or the mostly triplet component can be used as the
intermediate level for the PFOODR pumping scheme.

ERA)'E (s, )] E[(b) Tla(0s, J)]

Up J U4 4 1

(cm ) (cm )

“Na¥Kioy 15 15 15 13357.7611 13351.4733
17 19 18 13588.9916 13581.1934

17 20 18 13591.5445 13584.5832

17 21 18 13594.2465 13588.0666

17 22 18 13597.1458 13591.6785

17 23 18 13600.2787 13595.3385

17 24 18 13603.7105 13598.9842

17 25 18 13602.6203 13607.4623

17 26 18 13606.1947 13611.5606

15 27 15 13398.1146

17 27 18 13609.7689 13615.9743

17 28 18 13613.3714 13620.6541

17 29 18 13617.0075 13625.5911

12 38 11 13134.1810 13129.4355

18 45 20 13833.7110 13838.2101

22 87 28 14720.2382
“Na¥Kga 20 32 23 13992.5759 13992.3681
17 45 19 13762.8343 13762.6179

“Na''Koy 18 47 20 13832.7456 13832.9655
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Table 3. T,, By, Do, Ao, and by values for various vibrational levels of the NaK 3°IT state (all
values are in cmﬁl). Ty, By, and D, values are obtained from fits of the energies of the various
3°I1o- rotational levels of a given vibrational state to the function E(v, J) = Ty + By J(J+1) —
D, [J(J+1)]? (and thus represent constants for the Q=0 fine structure component). Values of
the spin—orbit interaction constant 4, are obtained from measured energy separations between
ro-vibrational level Q = 0 and Q = 2 fine structure components [see Eq. (8)]. These values,
along with the hyperfine splittings of the 3’TTn- level energies, are then used to obtain the
values of the Fermi contact constant, bg, as a function of v.

v T By Dy Ay br

6  24946.82 0.0369 3.4x10°

7 24989.55 0.0370 7.7 %10

8  25032.31 0.0369 50x 10

9  25074.96 0.0370 8.1x10*

10 25117.51 0.0370 9.7x10°% 3.997 +0.007 (6.67+0.24)x 107
11 25159.89 0.0371 1.0 x 107

12 25202.01 0.0372 1.1 x 107

13 25243.72 0.0373 1.1x 107

14 25258.72 0.0726 3.308 + 0.029 (8.83 £0.08) x 10°
15 25284.49 0.0382 4.049 + 0.006 (7.72£0.12) x 10°
16 25324.52 0.0380

17 2534131 0.0740

18 25369.37 0.0345

19 25405.36 0.0386

20 25431.36 0.0484 1.4x10°

21 25458.60 0.0491 5.0 x 107

22 25491.11 0.0463 57x10°

23 25524.88 0.0445 1.6 x 107

24 25556.36 0.0460 3.8 x 107 3.355+0.016 (8.52+0.18) x 10°
25  25589.16 0.0452 1.1 x 107 3.428 £ 0.007 (9.25+0.14) x 10°
26 25622.92 0.0443 3.5x10°% 3.443 +0.011 (9.29+£0.12) x 10°
27 25656.72 0.0440 1.2 x 107 3.262+0.013 (9.13+0.13)x 10°
28 25690.17 0.0439 1.0 x 107

29 2572391 0.0437 1.2 x 107

30 25758.44 0.0425 1.1 x 107

31 2579251 0.0425 6.8 x 10 3.151£0.014 (9.86 £0.10) x 10°
32 25826.58 0.0423 1.0 x 107

33 25862.49 0.0438

34 25894.54 0.0425

35 25927.76 0.0424 2.4 x107 2.923 +0.014 (9.68 £0.17) x 10
36 25962.23 0.0406 3.044 £ 0.005 (1.002 + 0.020) x 10
37 25996.87 0.0394

38 26031.07 0.0389

39 26063.87 0.0391 2.771+0.010 (1.032 £ 0.025) x 10
40  26096.88 0.0389 2.625+0.007 (1.014 £ 0.025) x 10
43 26191.98 0.0400 2.554 £ 0.005 (1.039 +0.021) x 10
46 26286.61 0.0372

47 26317.30 0.0350

48  26347.43 0.0388

49  26376.34 0.0351

50  26406.24 0.0327 2.174+0.175 (1.139 £ 0.081) x 10
51 26434.40 0.0322 2.027 £0.133 (1.118 +£0.070) x 10
53 26489.01 0.0314 3.1x 107




Table 4. Molecular constants (Dunham coefficients) for the outer well of the NaK 3°IT, state obtained in
this work compared to the theoretical result of Refs. 52 and 53, the experimental IPA potential (this work),
and the experimental result of Ref. 31. Note: All values are given in cm™ except for the equilibrium
internuclear separation, R., which is given in A. More digits are reported for the Dunham coefficients
than are statistically significant in order that the coefficients can reproduce experimental energies within
measurement uncertainties. In the Dunham fit, the value of Y\, was held fixed to the weighted average of
the —D, values determined for each of the outer well (v = 6 — 13) vibrational states.

Dunham Coefficients IPA
outer we this wor €0 ’ Xperiment
( 1) (thi k) Theory > Experiment’’
(this work)
R. 5.52+ 0.05 5.50 5.60*
Yoo 24662.0113 +0.7020 24660.93 24727 .4%* 24630
Y10 44.3790 £ 0.1500 447 42.5%
Yo —0.0950 + 0.0073
Yo 0.0382 + 0.0007 .0384 0.0371*
Y1 (—2.61+1.30)x 107
Yo (14+0.6)x 107
Yoo ~8.145x 107

* Refs. 52 and 53 list the energy minimum of the shallower inner well as the 3T, v = Yoo value. The
values reported here represent the energy minimum of the deeper outer well taken from a spline
interpolation of the results reported in the supplementary tables to Ref. 53 (and shifted in energy so that
the dissociation asymptotes agree with experimental values).



Table 5. IPA potential for the NaK 3°TT, State

R(A) Energy (cm ™)
3.0428 28186.9418
3.1751 27168.3152
3.3074 26446.7446
3.4397 25936.2255
3.5719 25578.6472
3.7042 25360.4032
3.8365 25251.3781
3.9688 25214.2880
4.1011 25238.2194
4.2334 25312.3006
4.3657 25349.8398
4.4980 25250.0524
4.6303 25111.6982
4.7626 24982.1589
4.8949 24879.2473
5.0272 24792.6347
5.1595 24729.6555
5.2918 24686.8834
5.4241 24664.3334
5.5564 24662.6172
5.6887 24674.6471
5.8209 24695.7958
5.9532 24727.0431
6.0855 24768.7785
6.2178 24819.9224
6.3501 24879.9824
6.8793 25196.2678
7.4085 25593.8262
7.9377 25966.6080
8.4668 26253.6153
8.9960 26461.4540
9.5252 26586.2689
10.0544 26661.5884
10.5835 26709.0500
11.6419 26758.5751
12.7003 26781.2741
13.7586 26792.6236
14.8170 26798.8143

15.8753 26801.9096






