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Table 42. 0 0000 000O0OO0O0DOO0O0O0O0OGY,O00

Designation Energy[18] g factors
[em™']  Cale.[3] Obs.[3] Eq. (4.2)
3d3(*F)4s a°F,  6556.833  -0.002 -0.002
a®F,  6598.765 1.000 0.990 0.999
a®Fy  6661.006 1.25 1.250 1.250
a®Fy,  6742.756 1.351 1.350 1.350
a®Fy  6842.962 1.401 1.410 1.400
3d3(*P)4s a®P,  13981.773 2.503 2.500 2.503
a®P, 14028.436 1.835 1.820 1.835
a®P;  14105.634 1.668 1.660 1.668
3d?4s? a’Py 8492.422 1.501 1.500 1.501
a’P,  8602.3441 1.495 1.490 1.501
3d3(*P)4s bv*P;  18061.387 1.482 1.501
P, 18145.286 1.490 1.501
3d3(*F)4s b F, 11531.761 0.666 0.670 0.665
Wy 11639.8109 1.083 1.080 1.083
W, 11776.812 1.248 1.260 1.250
3BCRG)s @Gy 15108111 0.750  0.740  0.749
a’G, 15156.802 1.050 1.060 1.050
a’Gs  15220.393 1.199 1.200
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Table 43: 0000 000OO0OOODOOODOOO
OO0O0D0O0OD0O0OD0O0OAgy

Transition Diff  Lower State[19] Upper State[19, 5] Agy
[cm™! ] [em™']  Designation Designation This Work Eq. (4.2)
14020.77644 (5) -0.00755  3dP4s  BF, 3d2(2P)4sdp(P) y*Ds  0.235 (3) 0.250
114454300 (10) -0.0019  3d%4s®> a*P, 3d2(*F)dsdp(®P) 3Dy -0.979 (7) -1.002
11513.6184 (1) -0.0025 @P #Dy -0.333 (4) -0.334
11523.7135 (1) -0.0054 aP, 2*Dy  -0.158 (1) -0.167
11707.2830 (1) 0.0010 3d*(2P)4s WPP,  3d2(*F)dsdp(*P) w’D, -0.287 (2) -0.334
11766.9893 (7) -0.0026 V2P, w3Ds  -0.145 (2) -0.167
13853.9138 (2) -0.0088 3d3(*F)ds V*F, 3d2(\D)4sdp(*P) 3P, 0374 (1) 0417
13799.0901 (1) -0.0098 3d*(*F)4s B*F,  3C‘F)dp  ¢*Dy 0182 (2) 0.083
13866.8822 (1) -0.0107 b F, v®*Ds  0.083 (1) 0.083
13786.0472 (1) -0.0121 b, Dy -0.151 (2) -0.167
13907.1416 (1) -0.0133 b, WDy 0.600 (3) 0.501
14003.8873 (2) -0.0066 b3 F; y*D3  0.250 (1)  0.250
13575.6496 (1) -0.0043 3d®(*F)ds V*F, 3d2(*F)dsdp(‘P) 4*F,  0.129 (4) 0.000
13695.4504 (1)  0.0103 b F, v Fy 0414 (7)  0.417
11695.3015 (1) -0.0067 3d°(G)4s a®Gs 3d2(\D)4sip(*P) z3F, -0.076 (1) -0.083
11736.1205 (1) -0.0055 e ZF, 0035 (1) 0.033
11805.2550 (7) -0.0099 a’Gs 23F;  0.049 (1)  0.050
10167.9383 (4)  0.0033 3d°CG)s a®Gs 3d(F)dsdp(*P) y*F,  0.044 (2) 0.050
10997.2399 (1) -0.0020 3d3(*P)4s a°Py 3d*(*F)4s4p(*P) 2°Sy  0.138 (1) 0.334
11074.4379 (1) -0.0021 WP 58, -0.029 (1) 0.167
11121.1014 (1) -0.0025 @P; S, -0.695 (6) -0.501
13634.6000(1)  -0.0030 3d*(*P)ds a°Py 3d’(*P)4sdp(*P) 5P, 0.128 (2) 0.167
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Table 4.3: continued

Transition Diff  Lower State[19] Upper State[19, 5] Agy
[cm™! ] [em™']  Designation Designation This Work Eq. (4.2)
13636.9547(1)  -0.0102 a’Py 2P, 0.654 (3) 0.668
13683.6170(2)  -0.0139 WP, SP, -0.012 (2)  0.000
13758.4628(1)  -0.0101 a’ P, 2Py -0.702 (3) -0.668
13782.1606(2)  -0.0063 a’ Py 2Py -0.051 (1)  0.000
13859.3586(1)  -0.0093 WP, SP, -0.216 (3) -0.167
11851.1837(1)  -0.0112 3d3(*F)ds a®Fy 3d2(PF)4sdp(3P) °Ds  0.145 (2) 0.150
11852.1562(2)  -0.0087 a° F SDy 0.097 (1) 0.100
11864.0482(1)  -0.0097 a’Fy 2°Dy  0.244 (3)  0.250
11884.0038(1) -0.0072 a’F, 2°Dy 0.494 (7) 0501
11925.9359(1)  -0.0051 @R 5D, 1501 (2) 1503
11932.9934(1)  -0.0091 a’F3 2°Ds 0243 (2)  0.250
11952.3671(1)  -0.0108 a’F, 2’Dy 0145 (1) 0.150
10214.1161(2)  0.0031 3dP(*F)ds o®Fy 3d2(F)4sdp(*P) 2°F, -0.244 (3) -0.250
10218.3989(1)  0.0029 W F) SF-1.002 (7) -1.002
10232.2899(4)  0.0000 a’Fy 2PFy  -0.049 (1) -0.050
10318.2857(1)  0.0007 a’ Iy 2°Fy  1.000 (3) 1.002
10362.6771(1) 0.0021 a’F, 2PF3  0.248 (2)  0.250
10472.6375(1)  0.0025 a’F} 2PF5  0.047 (3)  0.050
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Table 44: 000000000 0CODOOOO0ODOODOOODODOODOORDOAg,O

Oo0oo0Ooo0oao
Transition Diff Lower Upper Av Agy
[em™! | [em™]  Designation Designation [MHz| This Work Eq. (4.2)

13597.76823 (12)  —0.00677  3d*4s a' P, 3d4sdp 21 Py 40 0.016 0.000
10286.34866 (3) 0.00066  3d*4s* a'G, 3d*4sdp 21 F3 36 0.016 0.000
13904.60700 (4) —0.00400  3d®4s a'Hj 3d34p z' Hj 29 0.002 0.000
10276.354753 (20)  0.00475  3d34s a®Fy 3d?4sdp 2°Fy 7 0.001 0.000
10300.435848 (27)  0.00485  3d34s a’F3 3d?4sdp 2°F3 6 0.000 0.000
10332.501982 (24)  0.00298  3d34s a’F), 3d?4sdp 2°F), 7 0.000 0.000
10372.427086 (21)  0.00309  3d*4s a’F5 3d?4sdp 2°F; 6 0.000 0.000
13580.304527 (23) —0.01347 3d3(®P)4s 3P, 3d*(*P)4s4p(*P) y*P, 16 0.006 0.000
14179.09657 (39)  —0.01043 3d3(*P)4s 3P, 33 (1P)4p 23 P 29  0.011 0.000
14264.707434 (54) —0.00557 3d3(*P)4s 3P, 33 (*P)4p 23 P 27 0.010 0.000
14203.019092 (32) —0.00691 3d3(>P)4s 3P, 33 (*P)4p 3 P, 28 0.005 0.000
14272.390082 (54) —0.00492 3d3(*P)4s 3P, 33 (*P)4p 3 P 26 - 0.000
14288.630781 (193) —0.00922 3d3(*P)4s P, 33 (*P)4p 3 P, 27 0.010 0.000
14259.360184 (83) —0.00582 3d*(*P)4s P, 3d3(*P)4p 23 P, 26 - 0.000
13665.808755 (4)  —0.01124 3d3(*D)4s a®*Ds  3d*(3F)4s4p v3Ds 14 0.001 0.000
13587.407955 (364) —0.00504 3d3(*F)4s b3 F3 3d*(3F)4s4p(*P) y*Fy 19  0.002 0.000
13611.514098 (27) —0.00490 3d3(*F)4s b¥F, 3d*(3F)4sdp(*P) y*F, 16  0.001 0.000
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Table 45: 0 00 0000000000000
00g,00

Designation Energy[19] gy factors
[em™]  This Work Calc.[8] Obs.[1] Eq. (4.2) Remarks

3d2(3F)4sdp(3P) 23D, 19937.855 0.522 (7) 0.502 0498  a@*P, — 23D,
2Dy 20006.039 1.168 (4) 1.168 1.16  1.167  aP, — 23D,

23Dy 20126.062 1.343 (1) 1.334 134 1334  a®P, — 2°D;

3d2(3F)4sdp(*P) y3F, 25107.411 0.794 (4) 0.670 0.665 b3 Fy — i3 F,
y3Fy 25227222 1.079 (7) 1.081 1.06  1.083  bFy — y°F;

y*F, 25388.331 1.244 (2) 1.240 121 1250 a3Gs — y°F,

33(AF)p 3Dy 25317.814 0514 (2) 0542 050 0498  b3F, — 43D,
y3D,* 25438.908 1.265 (3) 1.283 1.17  1.167 b3 F, — y3D;y

1.265 (2) V3 Fy — 43D,

y3D3* 25643.701 1333 (1) 1.362 133 1334 b3F; — 3Dy

1.333 (1) B3 F, — 3Dy

3d2(1D)4sdp(3P) 3P, 25493.733 1457 (1) 1.652 147 1501  bF; — 3P
3d2(1D)4sdp(3P) 23F, 26803.420 0.673 (1) 0.675 0.66  0.665 a*Gs — 23F}
Z3F; 26892.936  1.085 (1) 1.092 1.06  1.083 3Gy — 23F;

23F, 27025.659 1249 (1) 1254 123  1.250 a3Gs — 2%F,

3d2(3F)dsdp(*P) w3D, 29768.675 1214 (2) 1.167 1.16  1.167  b3P — w3D,
w?Dy 29912.286  1.356 (2) 1.338 1.34  1.334 B3P, — 2°D;

3d2(3F)4sdp(3P) 2°F; 16817.160 -0.003 (7) 0.001 0.00 -0.002  d°F, — z°F
2 F, 16875.124  0.998 (3) 1.001 0999  d°F, — 2°F,

25F; 16961442 1.247 (2) 1.251 126 1250  a®Fh — °F;

SF, 17075258 1.351 (1) 1.346  1.34 1350  a®Fs — 2°F)

SF; 17215390 1.397 (3) 1.401 142 1400  a®F, — 2°F;
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Table 4.5: continued

Designation Energy[19] gy factors

[em™']  This Work Calc.[8] Obs.[1] Eq. (4.2) Remarks

3d?(3F)4s4p(3P) 25D1* 18482.774 1.499 (2) 1.497 1.65 1.501 a®Fy — 2°D,

(

1.493 (7) a®Fy — 2°D,
2°Dy 18525.059 1.494 (3) 1.496  1.50 1.501 a’Fy — 25D,
2°D3* 18593.947 1.493 (2) 1.496  1.49 1.501 a’Fy — 2° Dy

1.495 (2) a’Fy — 2°Ds
2°Dy* 18695.134  1.495 (1) 1.495 1.51 1.501 a’Fy — 2°Dy,

1.497 (1) a’F5 — 2°Dy

32(3F)dsap(PP) °Sy* 25102.875 1.808 (1) 1.852 193 2002  d°P, — 2°S,

1.806 (1) a’Py — 2°5,

1.806 (6) &Py — 255,

32(3P)4sdp(*P) PP 27665401 2491 (2) 2.460 2503 P — 2P,

2.489 (3) a’Py — 2°P
2PPy* 27740.233  1.801 (3) 1.743 1.835 a’P, — 2°P,

1.796 (2) a’Py — 2°P,
2P Py* 27887.803 1.617 (1) 1.574 1.668 a’Py — 2°Ps

1.619 (3) a’Py — 2° Py
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)’3D3
g,(y’D3)

AV P = - [g,(y°Ds3) - g,(b°F,)IM,* B

AV = - [g,(y°Ds) - g4(b°F3)IM;* B
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Table 4.6: Combination Difference 0 O O OO O O O O Agy

Targets Transitions Agj for the combination difference

energy levels Avt) Av®) Eq. (4.2) Calc[3] Obs[3] This work

VFy, ¥F3  bF3 —y’Ds VFy — y*Ds 0.167 0.165 0.180 0.165 (3
3

7

(3)
BF, BF  WF —y*Dy bFy — 13D, 0418 0417 0410 0413 (3)
a’Ps, P, a®P, — 2°Sy  a’Py — 2°S, -0.835 -0.835 -0.840 -0.833 (7)
a’Ps, a®P, a’°P, — 2°Py,  a°Py — 2°P, -0.835 -0.835  -0.840 -0.830 (5)
a’Py, a®P,  a®°P, — 2°P,  a°Py — 2P, -0.668 -0.668  -0.680 -0.666 (5)
a’Fy, a®Fy  a®Fy — 2°Dy  a®Fs — 2°Dy 0.100 0.100  0.100  0.098 (5)
a’Fy, a®F3; a®Fy — 2°Ds  a®Fy — 2°Djy 0.167 0.167 0.160  0.165 (4)

(9)

a5F2, CZ5F1 a5F1 — Z5D1 a5F2 — Z5D1 1.001 1.002 1.007 (9
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Table 5.1: TiD 0D 0 0 0 0 O0DO0ODO0ODO0O0OAO0
Isotote Mass Abundande [ pr nm]  Q [fm?]

467 45.9526294 (14) 8.25 (3 0

(14) )

i 46.9517640 (11) 7.4 (2) 5/2 -0.78846(6) +29(1)

BTi 47.9479473 (11)  73.72 (3) 0
(11)
(12)

OT]  48.9478711 (11) 5.41 (2 7/2 -1.10414(9) +24(1)

)
0T 49.9447921 (12) 5.18 (2) 0
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Table 52:. 0 0 0000000000000 O
47Ti 49Ti

Configuration Level J gy Ay [MHz] Bj; [MHZ] Ay [MHz] B, [MHz]

even states

33(*F)ds  B*F  2[11] 0.665  -120.758  -20.828 (-120.7)  (-16.6)

3[11] 1.083 -25.3916 -22.865 (-25.3) (-18.3)
4[11] 1.250 10.1520  -29.224 (10.1) (-23.3)
odd states
3d34p v*D  1]9] 0.514 -140.7 0.8 -140.6 0.7
2[9] 1.265 -80.1 10.5 -79.8 8.6
3[9] 1.333 -11.52 -8.6 -11.58 -6.8
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Table 5.3: 0 0 0 0 3d*4s —3d?4s4p0 0 00 00D DO OODOOOO

123

Transition Wavenumber ~ Obs.-Ref. Isotope shift [MHz]

Lower[3] J Upper[3] J [em™1] [em™1] 50-48 49-48 47-48 46-48
b F 4 ete: 5 15979.286 —785 (7) 858 (6)(@)
b3 F 3 2P 2 13853.9138 (2)  —0.0088 —1549 (2) =792 (9) 812 (6) 1669 (2)
a’D 1 v3D 1 13814.4747 (1)  —0.0073 —1206 (5) —635 (10) 624 (10) 1308 (3)

2 2 13766.8098 (1)  —0.0032 —1210 (4) 1308 (4)
3 3 13665.8088 (1)  —0.0113 —1208 (5) 1305 (5)
3P 1 y3P 2 13744.3504 (1)  —0.0156 —1448 (5)  —757 (10) 756 (10) 1564 (5)
0 1 13730.0949 (1)  —0.0141 —1438 (5) 1552 (5)
1 1 13664.2009 (1) —0.0111 —1430 (3) 1542 (3)
2 2 13660.4579 (1)  —0.0121 —1446 (4) 1558 (4)
1 0 13624.4348 (1)  —0.0082 —1419 (5) 1534 (3)
2 1 13580.3045 (1) —0.0135 —1430 (3) 1538 (3)
b3F 2 y3F 3 13695.4504 (1) 0.0103 —1175 (3) 1266 (3)
4 4 13611.5141 (3)  —0.0049 —1184 (4) 1277 (4)
3 3 13587.4080 (3)  —0.0049 —1170 (3) 1264 (3)
2 2 13575.6496 (1)  —0.0043 —1219 (3) 1318 (3)
aF 1 2°D 0 11905.8877 (1) —0.0063 —1416 (3)  —730 (6) 745 (6) 1530 (3)
2 1 11884.0038 (1)  —0.0072 —1412 (3) 1529 (3)
3 2 11864.0482 (1)  —0.0097 —1418 (3) 1530 (3)
4 3 11851.1837 (1)  —0.0112 —1416 (4) 1528 (4)
5 4 11852.1562 (2)  —0.0087 —1420 (3) 1530 (3)
a’G 5 e 5 12529.7304 (1)  —0.0126 —493 (3) 539 (3)
4 4 12457.8693 (1)  —0.0127 —503 (3) 548 (3)
3 3 12390.8596 (2)  —0.0094 —521 (3) 572 (3)
b3 P 1 w3D 2 11707.2830 (1) 0.0010 —544 (6) 601 (6)
0 1 11665.7515 (1)  —0.0114 —590 (3) 641 (3)
aP 1 258 2 11121.1014 (1)  —0.0025 —1330 (4) 1441 (4)
2 11074.4379 (1)  —0.0021 —1331 (3) 1440 (3)
3 10997.2399 (1)  —0.0020 —1244 (3) 1439 (3)
a®F 5 25F 5 10372.4271 (1) 0.0031 —1457 (1) 1574 (1)
2 3 10362.6771 (1) 0.0021 —1460 (2) 1575 (2)
4 4 10332.5020 (1) 0.0030 —1458 (2) 1576 (2)
1 2 10318.2858 (1) 0.0007 —1459 (2) 1575 (2)
3 3 10300.4359 (1) 0.0048 —1459 (2) 1574 (2)
2 2 10276.3548 (1) 0.0048 —1461 (2) 1577 (2)
2 1 10218.3990 (2) 0.0030 —1459 (2) 1575 (2)
3 2 10214.1162 (1) 0.0032 —1461 (3) 1575 (3)

(a) L. Gianfrani reported IS were Ap(59 48) = 858 MHz and Av(46 48) — _785 MHz. The values in the table are changed.
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Table 5.4: 0 0 0 0O 3d*4s—3d*4p0 0 000000000000

Transition Wavenumber Obs.-Ref. Isotope shift [MHz]
Lower(3] J Upper[3] J [cm™1! ] [em™1] 50-48 49-48 47-48 46-48

a®F 3 Yo F 3 22041.7801 (4) 0.0051 646 (5) —680 (5)

4 4 22045.6258 (12) 0.0008 645 (5) —682 (5)

5 5 22053.0944 (20) 0.0004 640 (6) —676 (6)
adH 6 y*H 6 17492.609 543.3 (20)  293.5 (51) —270.5 (55) —576.5 (24)[6]

5 5 17418.386 534.7 (37) 2883 (68) —269.3 (71) —565.7 (41)[6]

4 4 17416.839 514.1 (24) 284.6 (27) —252.8 (28) —542.0 (23)[0]
b G 4 y3H 4 17166.495 490.0 (48)  260.0 (39) —236.5 (39) —510.0 (27)[6]
adH 4 Z1H 5 16663.004 231.0 (24) 1325 (54) —104.6 (71) —233.3 (20)[6]
e 4 2'H 5 16412.667 195.0 (48) 111.5 (30)  —90.2 (21) —199.5 (42)I6]
AP 1 z3P 2 14288.6308 (6) —0.0092 —921 (5)  —475 (10) 482 (10) 1000 (5)

0 1 14272.3901 (2)  —0.0049 —941 (3)  —486 (10) 486 (10) 1018 (3)

1 1 14264.7074 (2)  —0.0056 —949 (5) 1022 (5)

1 0 14259.3602 (3)  —0.0058 —964 (2)  —498 (5) 506 (5) 1041 (2)

2 2 14203.0191 (1)  —0.0069 —916 (2)  —467 (10) 476 (10) 991 (2)

2 1 14179.0966 (1)  —0.0104 —963 (3) 1040 (5)
a'H 5 21H 5 13904.6070 (1)  —0.0040 102 (1) —100 (1)
b F 4 y3D 3 13866.8822 (1)  —0.0107 —699 (2)  —365 (3) 366 (3) 759 (2)

3 2 13799.0901 (1)  —0.0098 —985 (2)  —512 (4) 515 (4) 1066 (2)

2 1 13786.0472 (1)  —0.0121 —725 (2)  —383 (4) 370 (4) 780 (2)
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Table 5.5: 0 O O O 3d*4s*> = 3d34p, 3d*4p 0 D0 D0 DO O0ODOO0OO0OOO

Transition Wavenumber  Obs.-Ref. Isotope shift [MHz|
Lower(3] J Upper[3] J [em™!] [em™!] 50-48 49-48 47-48 46-48
3d?4s® — 3d%4s4p
a3F 2 z3G 3 29914.7292 812 (11) —851 (5)[4]
a3 F 2 v F 3 25227.2211 1216.8 (24)  640.4 (21) —628.2 (24)  —1303.3 (18)10I
3 4 25218.1939 1215.6 (19)  638.5 (21) —627.6 (22)  —1305.2 (18)!10I
2 2 25107.4107 1172.2 (20)  619.8 (21) —595.3 (21)  —1241.7 (20)[10I
3 3 25057.0870 1215.6 (19) 6385 (21) —627.6 (22)  —1305.2 (18)!10I
4 4 25001.4550 1183 (18) —1274 (9)113)
a3F 2 2°D 2 18525.049 729.0 (90) —771.0 (60)[3]
3 4 18524.998 735.0 (60) —1768.0 (60)[°)
2 1 18482.772 734.0 (60) —767.0 (60)°]
3 3 18423.819 729.0 (60) —768.0 (60)®]
3 2 18354.912 735.0 (90) —762.0 (120)[]
4 4 18308.260 734.4 (48) —776.1 (48)[)
4 3 18207.065 735.0 (90) —774.0 (60)[)
a*P 1 2P 0 17082.494 661.0 (35)  347.0 (55) —335.3 (45) —697.0 (35)I6]
1 2 17001.316 845.8 (54)  444.3 (57) —430.8 (54) —897.5 (75)(9)
2 2 16891.396 838.7 (102)  436.4 (96) —419.1 (84) —885.7 (98)[9]
adP 0 238 1 16484.507 637.6 (42)  341.7 (60) —315.7 (53) —661.4 (46)I6]
1 1 16428.698 627.9 (52)  348.4 (51) —310.1 (51) —662.8 (60)[0]
a’P 1 Y3 F 2 16614.993 1171.8 (24)  614.9 (57) —594.9 (51)  —1237.8 (45)6)
alG 4 2tG 4 12576.4939 (3)  —0.0061 984 (2) 522 (10) —501 (10) —1044 (2)
a’P 2 23D 3 11523.7135 (1)  —0.0054 558 (2) —586 (2)
1 2 11513.6184 (1)  —0.0025 554 (2) —584 (2)
0 1 11501.2359 (1)  —0.0021 544 (2) —572 (2)
a'G 4 ZF 3 10286.3487 (1) 0.0007 825 (2) —866 (2)
3d24s% — 3d34p
adF 2 y3D 1 25324.983 1631.4 (28)  860.4 (25) —837.2 (27)  —1745.0 (26)!10]
3 2 25275.886 1403.3 (24)  747.8 (21) —710.8 (20)  —1487.4 (20)110I
4 3 25263.945 1667.2 (24) 8783 (27) —857.1 (21)  —1780.4 (20)110I
adpP 2 y3D 3 17041.363 1670.2 (98)  883.2 (24) —850.6 (112) —1776.0 (90)
1 2 16946.492 1400.8 (96)  739.6 (90) —720.8 (60)  —1506.5 (45)Y]
0 1 16881.203 1663.5 (110)  876.6 (90) —846.3 (79)  —1769.1 (82)Y)
2 2 16836.570 1400.8 (96)  739.6 (90) —718.6 (60)  —1497.5 (45)Y]
1 1 16825.397 1678.5 (87)  890.5 (60) —855.1 (52)  —1785.7 (105)[9
2 1 16715.479 1667.8 (45)  883.1 (62) —848.2 (48)  —1774.1 (63)1]
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Table 5.6: 0 O O 0O 3d%4s —3d*4s4p 0 0 0 0 F, 0 0O O M3ZMS

Transition Wavenumber Obs.-Ref. F; MiMS
Lower[3] J Upper[3] J [em~1] [em~1] [GHz/fm?] (103 GHz amu]
b3 F 4 3G 5 15979.286 —0.08 (18)(®  —1.218 (46)Ml(@)
b3 F 3 2P 2 13853.9138 (2) —0.0088 0.16 (12) —2.050 (15)
a®D 1 v3D 1 13814.4747 (1) —0.0073 0.15 (21) —1.647 (26)
2 2 13766.8098 (1) —0.0032 0.09 (23) —1.657 (23)
3 13665.8088 (1) —0.0113 0.10 (24) —1.653 (23)
b3 P 1 y3P 2 13744.3504 (1) —0.0156 0.20 (23) —1.925 (25)
0 1 13730.0949 (1) —0.0141 0.15 (16) —1.919 (25)
1 1 13664.2009 (1) —0.0111 0.12 (16) —1.902 (15)
2 2 13660.4579 (1) —0.0121 0.19 (22) —1.919 (22)
1 0 13624.4348 (1) —0.0082 0.12 (16) —1.901 (15)
2 1 13580.3045 (1) —0.0135 0.14 (25) —1.934 (24)
B F 2 Y3 F 3 13695.4504 (1) 0.0103 0.15 (17) —1.604 (16)
4 4 13611.5141 (3) —0.0049 0.13 (21) —1.616 (20)
3 3 13587.4080 (3) —0.0049 0.09 (15) —1.606 (15)
2 2 13575.6496 (1) —0.0043 0.09 (15) —1.665 (15)
aF 1 2°D 0 11905.8877 (1) —0.0063 0.11 (13) —1.870 (15)
2 1 11884.0038 (1) —0.0072 0.06 (14) —1.876 (13)
3 2 11864.0482 (1) —0.0097 0.15 (17) —1.865 (16)
4 3 11851.1837 (1) —0.0112 0.15 (21) —1.861 (20)
5 4 11852.1562 (2) —0.0087 0.19 (18) —1.859 (18)
a3G 5 3G 5 12529.7304 (1) —0.0126 —0.05 (11) —0.806 (10)
4 4 12457.8693 (1) —0.0127 —0.03 (11) —0.812 (11)
12390.8596 (2) —0.0094 —0.10 (9) —0.846 (9)
3P 1 w3D 2 11707.2830 (1) 0.0010 —0.16 (20) —0.875 (20)
0 1 11665.7515 (1) —0.0114 —0.01 (12) —0.899 (12)
a’®P 1 258 2 11121.1014 (1) —0.0025 0.04 (18) —1.767 (17)
2 11074.4379 (1) —0.0021 0.07 (14) —1.762 (14)
3 10997.2399 (1) —0.0020 0.07 (14) —1.761 (14)
a’F 5 25F 5 10372.4271 (1) 0.0031 0.12 (8) —1.892 (7)
2 3 10362.6771 (1) 0.0021 0.16 (13) —1.889 (13)
4 4 10332.5020 (1) 0.0030 0.12 (12) —1.893 (12)
1 2 10318.2858 (1) 0.0007 0.14 (12) —1.890 (12)
3 3 10300.4359 (1) 0.0048 0.17 (13) —1.885 (13)
2 2 10276.3548 (1) 0.0048 0.14 (12) —1.892 (12)
2 1 10218.3990 (2) 0.0030 0.14 (12) —1.889 (12)
3 2 10214.1162 (1) 0.0032 0.18 (17) —1.884 (17)

(a) L. Gianfrani reported IS were Av(50 48) = 858 MHz and Av(46 48) = _785 MHz.

The values in the table are changed.
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Table 5.7: 0 O 0O 0 3d®4s - 3d®4p0 0 0 0 F, 0O O O M3MS

Transition Wavenumber Obs.-Ref. F; M ScM s
Lower[3] J Upper[3] J [em™1] [em™1 ] [GHz/fm?]  [103 GHz amu]
a®F 3 Yo F 3 22041.7801 (4) 0.0051 —0.33 (19) 0.349 (48)
4 4 22045.6258 (12) 0.0008 —0.29 (18) 0.357 (46)
5 5 22053.0944 (20) 0.0004 —0.29 (13) 0.350 (33)
a®H 6 v H 6 17492.609 —0.24 (11) 0.320 (18)(6)
5 17418.386 —0.25 (13) 0.309 (22)[6)
4 17416.839 —0.33 (7) 0.270 (12)[6)
ba 4 v H 4 17166.495 —0.27 (6)  —0.088 (10)!6]
a’H 4 2'H 5 16663.004 —0.27 (11)  —0.051 (18)16]
e 4 21H 5 16412.667 —0.22 (11)  —0.076 (18)!6
3P 1 3P 2 14288.6308 (6) —0.0092 0.08 (20) —1.321 (22)
0 1 14272.3901 (2) —0.0049 0.07 (21)  —1.347 (25)
1 1 14264.7074 (2) —0.0056 0.13 (26) —1.345 (26)
1 0 14259.3602 (3) —0.0058 0.10 (11)  —1.370 (13)
2 2 14203.0191 (1) —0.0069 0.05 (20)  —1.319 (25)
2 1 14179.0966 (1) —0.0104 0.09 (24) —1.369 (24)
a'H 5 21H 5 13904.6070 (1) —0.0040 —0.16 (10) —0.137 (16)
b3F 4 y3>D 13866.8822 (1) —0.0107 0.07 (7) —1.052 (10)
13799.0901 (1) —0.0098 0.10 (10)  —1.390 (11)
2 1 13786.0472 (1) —0.0121 0.17 (11)  —1.066 (12)

127
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Table 5.8: 0 O O 0O 3d%4s* — 3d®4p, 3d%4p 0 0O 0O 0O Fy, O MGM9

Transition Wavenumber Obs.-Ref. F; MSCMS
Lower[3] J Upper[3] J [em™!] [em™! ] [GHz/fm?]  [103 GHz amu]
3d?4s? — 3d%4sdp
a’F 2 z3G 3 29914.7292 —0.48 (30)  0.392 (72)4
a3F 2 Y3 F 3 25227.2211 —0.31 (6)  0.986 (10)[10]
3 4 25218.1939 —0.28 (6)  0.988 (10)(L0]
2 2 25107.4107 —0.43 (7)  0.909 (12)[10]
3 3 25057.0870 —0.28 (6)  0.998 (10)[10]
4 4 25001.4550 —0.27 (22)  0.965 (32)[13]
a3F 2 25D 2 18525.049 —0.47 (39)  0.488 (61)[5]
3 4 18524.998 —0.47 (39)  0.488 (61)[5]
2 1 18482.772 —0.47 (39)  0.487 (61)[5]
3 3 18423.819 —0.37 (36)  0.502 (56)[°
3 2 18354.912 —0.56 (61) 0.472 (97)[)
4 4 18308.260 —0.33 (30)  0.517 (47)[)
4 3 18207.065 —0.38 (27)  0.511 (41)[5]
a’pP 1 2P 0 17082.494 —0.25 (10)  0.461 (16)[6)
1 2 17001.316 —0.27 (11)  0.681 (23)[9)
2 2 16891.396 —0.30 (17)  0.664 (34)[)
a’pP 0 238 1 16484.507 —0.39 (12)  0.417 (20)6]
1 1 16428.698 —0.42 (12)  0.408 (20)6)
adp 1 Y3 F 2 16614.993 —0.45 (13)  1.045 (21)I6]
alG 4 2 4 12576.4939 (3) —0.0061 —0.35 (23)  0.905 (40)
a®P 2 23D 3 11523.7135 (1) —0.0054 —0.30 (17)  0.422 (27)
1 2 11513.6184 (1) —0.0025 —0.28 (16)  0.422 (26)
0 1 11501.2359 (1) —0.0021 —0.28 (16)  0.410 (26)
alG 4 2'F 3 10286.3487 (1) 0.0007 —0.46 (35)  0.733 (55)
3d24s% — 3d%4p
a3F 2 y3D 1 25324.983 —0.47 (8)  1.454 (13)[10]
3 2 25275.886 —0.57 (8)  1.160 (13)[10]
4 3 25263.945 —0.47 (7)  1.495 (12)[10]
a’P 2 y3D 3 17041.363 —0.55 (15)  1.616 (45)9
1 2 16946.492 —0.37 (9)  1.340 (11)]
0 1 16881.203 —0.55 (9)  1.609 (13)9
2 2 16836.570 —0.41 (9)  1.327 (10)
1 1 16825.397 —0.60 (4)  1.620 (6)9
2 1 16715.479 —0.60 (4)  1.612 (5)9
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5.3 Combination Difference]l O OO QO 0O O OO O O O

gobobobboogooobobboooooobboobbooooobboobao
I A A I O R B R B A B A A R B R W R W

MEMS = MEMS — MEMS, (5.3)

Fy. = F—F (5.4)
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000 O000Fsp, w0

Fospy pr, = Fosp, pr — Fer, o5
= (Fy3F2 - Fa3F2) - (Fy3F2 - Fb3F2)

= Fb3F2 - Fa3F2
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Table 5.9: Combination difference 0 0 O 0O 0 0 0 0 00 FKR000000 Fy O
O 0 M3Ms
gt

Even parity Level Mixing rate[3] Fy, MM
Configuration Term Energy[em™ | First Second [GHz/fm?]  [10®* GHz amu]
3245 A*Fy, 1701328 1.00 —0.03 (12)  —0.006 (20)
3d*4s? a*Fy 386.874 1.00 —0.04 (40) 0.020 (62)
3d?4s* a*Py  8436.618 0.92 0.07 3d4s3P 0.08 (18) —0.155 (25)
3d%4s? AP, 8492.422 0.92 0.07 3d%s3P 0.13 (12)  —0.166 (19)
3d?4s* a*Py  8602.3441 0.90 0.07 3d4s3P 0.13 (12) —0.160 (18)
3B F)ds  oPF 6556.883 1.00 —0.53 (77) 2.361 (98)
33(1F)4s  d°F,  6598.765 1.00 —0.53 (53) 2.363 (74)
33 (*F)4s  @’F;  6661.006 1.00 —0.62 (56) 2.353 (71)
33(*F)ds  a®F,  6742.756 1.00 —0.55 (69) 2.360 (96)
33(*F)4s  a°F5  6842.962 1.00 —0.53 (76) 2.404 (107)
33 (AF)4s  WF, 11531.761 1.00 —0.59 (23) 2.540 (27)
3d3(*F)4s V*F3 11639.8109 1.00 —0.40 (21) 2.595 (25)
SP(F)s  BPF, 11776.812 0.98 —0.44 (39) 2.603 (50)
3d3(?G)4s  aGs  15220.393 0.98 —0.47 (68)@  2.191 (106)(®

(a) The changed electronic factors of b3F; — y3Gj listed in Table 5.6 were used.
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OOooooorSocbooSMSOODOoOoOOoobOoooobonodg

Foo = ) GaFn, (5.7)
MMS = 3" MIMS, (5.8)
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Table 510 0 0 0 0 «FR 000000000 DODODODOO

Fo, 00O MkoS

Odd parity Levels Mixing rate[16] Contribution Fyp, MkoS
Configurations Terms Energy[cm ™1 | First Second Third 3d34p ¢ [GHz/fm?] [10® GHz amu]

3d?(3F)4s4dp 2°F; 16817.160 0.96 0.04 (4) —0.39 (65)  0.474 (86)

2P Fy 16875.124 0.95 0.05 (5) —0.41 (76)  0.470 (97)

2°F3 16961.442 0.97 0.03 (3) —0.41 (68)  0.471 (89)

2°Fy 17075.258 0.98 0.02 (2) —0.43 (81)  0.464 (108)

25 F5 17215.390 0.99 0.01 (1) —0.41 (84)  0.512 (114)

3d2(3F)4sdp 25Dg 18462.722 0.95 0.05 (5) —0.42 (90)  0.491 (113)

2°Dy 18482.774 0.95 0.05 (5) —0.47 (39)  0.487 (61)

2°Ds 18525.059 0.94 0.06 (6) —0.47 (39)  0.488 (61)

2°D3 18593.947 0.95 0.03 (3) —0.40 (48)  0.496 (76)

25Dy 18695.134 0.95 0.03 (3) —0.50 (51)  0.482 (81)

3d2(3F)4s4p 23Dy 19937.855 0.85 0.07 3d%4s4p v3D 0.08 (8) —0.20 (35)  0.255 (51)

23Dg 20006.039 0.86 0.08 3d%4s4p v3D 0.06 (6) —0.15 (31)  0.256 (46)

23D3 20126.062 0.85 0.07 3d%4s4p v3D 0.08 (8) —0.17 (32)  0.264 (45)

3d2(3P)4sdp 235, 24921.117 0.91 0.07 3d%4p xS 0.07 (2) —0.30 (29)  0.252 (44)

3d2(1D)4sdp 2z3P, 25493.733 0.52 0.36 3d?4s4p y°D 0.13 3d%4sdp w3D 0.10 (10)  —0.18 (30)  0.522 (45)

23 Py 25574.908 0.51 0.34 3d%4s4p y°D 0.12 3d%4s4p 23S 0.03 (3) —0.12 (25)  0.295 (36)

3d3(4F)4p y3D; 25317.814 0.51 0.36 3d24sdp 3D 0.51 (13)  —0.46 (23)  1.458 (28)

y3Da 25438.908 0.37 0.323d?4s4p 23D 0.21 3d%4s4p w3D 0.37 (10)  —0.36 (25)  1.176 (32)

y3 D3 25643.701 0.36 0.34 3d%4sdp 23D 0.20 3d%4s4p w3D 0.36 (10)  —0.43 (39)  1.509 (67)

3d2(3F)4sdp y3F» 25107.411 0.48 0.24 3d34p w3F 0.23 3d%4sdp 23F 0.23 (5) —0.42 (24)  0.8889 (32)

y3F3 25227.222 0.46 0.22 3d34p w3F 0.22 3d%4s4p 23F 0.22 (10)  —0.34 (25)  0.976 (31)

y3Fy 25388.331 0.42 0.25 3d%4s4p z3F 0.23 3d34pw3D 0.23 (10)  —0.31 (18)  0.987 (30)

3d?(?F)4sdp y3Gs 27750.135 0.49 0.24 3d34p wG 0.09 3d34p v3G  0.33 (18)  —0.52 (57)(®) 1.385 (96)(@)

3d3(4F)4p y°F3 28702.778 0.98 0.98 (2) —0.95 (75)  2.702 (125)

y5F, 28788.380 0.97 0.97 (3) —0.84 (87)  2.714 (142)

Yo Fs 28896.059 0.97 0.97 (3) —0.82 (89)  2.754 (140)

3d2(1G)4sdp x3G3 29914.737 0.76 0.18 3d34p y3G 0.18 (6) —0.48 (30)  0.392 (72)

(a) The changed electronic factors of b3 Fy — y3G's was used.
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