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Figure S1. Dependence of photoluminescence emission intensities of Y,,TmyO; at

rex = 358 nm at different Tm>" concentrations.
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Figure S2. Dependence of photoluminescence excitation intensities of Y».xTmyO;3 at

Aem = 453 nm at different Tm>" concentrations.
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Figure S3. The metastable structures (a) and (b) for Y,03:Tm"".
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Figure S4. The calculated total and partial density of states (DOS) of Y>03:Tm>".
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Figure SS. The calculated band structure and partial density of states (DOS) of

Y,053:Tm’" using the modified Becke and Johnson (BJ) method as implemented in

the reliable Wien2k program.
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Figure S6. (a) Electron localization function (ELF) of Y,03:Tm crystal. (b) The ELF

of (001) plane for Y,05:Tm’".
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Table S1. Coordinates of all atoms for the ground state Y203:Tm3+.

Atom x y z Wyckoff site symmetry
Tm 0.50000 0.53271  0.00000 lc
Y1 0.00021 0.25008  0.24996 2e
Y2 0.00011 0.74992  0.75007 2e
Y3 0.50052 0.74915  0.24916 2e
Y4 0.49929 0.25113  0.75091 2e
Y9 0.71746  -0.00002  0.24997 2e
Y11 -0.21806 0.49995  0.24946 2e
Y13 0.00000 0.96742  0.00000 la
Y14 0.00000 0.03263  0.50000 1b
Y15 0.50000 0.46753  0.50000 1d
Y16 -0.25080 0.25101  0.96759 2e
Y17 -0.25005 0.74994  0.53285 2e
Y20 -0.21773 0.00012  0.75024 2e
Y21 0.28374 0.50046  0.24879 2e
Y24 0.50000 0.03267  0.00000 2e
Y25 0.00000 0.53242  0.50000 1b
Y26 0.00000 0.46732  0.00000 la
Y27 0.50000 0.96727  0.50000 1d
Y28 -0.25076 0.74916  0.03229 2e
Y29 0.25014 0.25006  0.53229 2e
0O1 0.14107 0.15168  0.37963 2e
02 0.63790 0.65052  0.88192 2e
03 -0.14159 0.84782  0.87970 2e
04 0.35908 0.34850  0.37863 2e
09 0.13050 0.39128 0.15146 2e
010 0.62949 0.89073  0.65222 2e
011 0.62948 0.11024  0.84834 2e
012 0.13012 0.60894  0.34791 2e
017 -0.09839 0.37978  0.39089 2e
018 0.40155 0.87961  0.89106 2e
021 0.40191 0.12052  0.60933 2e
022 -0.09867 0.62018  0.10888 2e
025 0.35889 0.84796  0.62032 2e
026 -0.14078 0.34816  0.12034 2e
027 0.64119 0.15153  0.12008 2e
028 0.14134 0.65150  0.62041 2e
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Table S2. Lattice constants a, b and c, unit-cell volume, relative energies for the

ground state and metastable Y203IT1’1’13 " crystals.

Space group a(A) b (A) c(A)

V(A% AE (meV)
Y,05:Tm’ P2 10.6765  10.6749 10.6758  1216.73 0
Isomer (a) Pl 10.6748  10.6758 10.6762  1216.68 0.358
Isomer (b) P2 10.6754  10.6745 10.6752  1216.49 0.401
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Table S3. Comparision between the calculated and experimental energy levels of

Tm®" in Y>Oj5 (in units of cm™).

This work Other
L, Eexpt Eete  AE AEM AE
*He 0 -51.0 51.0 738 —73.8
°Fy 56443 5690.6 -463 5636.7 76
*Hs 8091.6 8135.6 —44.0 82313 -139.7
*Hy 12500.3  12520.7 —20.4 125354 —35.1
°F, 14349.1 143302 189 141438 205.3
°F, 148549 148373  17.6 147247 1302
'G, 213240 212969 27.1 21319.1 49
'D, 275229 275158 7.1 275557 —32.8
s 343884 33899.0 2.3
Py 349552 34958.6 3.4 35095.8  140.6
P, 35791.0 357815 9.6 358228  —31.8
P, 376383 376556 —17.3 376733  —35.0

'S 765625 @ — 77506.1 _




Table S4. Calculated wavelengths (1), ED (4gp) and MD (4,,p) radiative decay rates, branching ratios (f) and radiative lifetimes (z) for

spontaneous emission transitions between the first 9 excited states of Tm*" in Y,0;. Available theoretical and experimental results are also listed

for comparison.

/ (nm) App (s7) Aup (s 7 (is)
Transition Present Other Present Other Present Other Present Other Present Other
N 1698, 305.55, - ) 32705, 3500,
F, °Hq 1742 5 353.6 . 0 0P 0 1.00 1.00 2828 -
1632 277 3610
23478, 85.78!,
Hs °Hg 1221 1199% 2845 « 10L1 . 098  0.99" 2543 3090", 3310
237 84.1
’F, 4090 4080 7.4 3.18! 0.2 0.28! 0.02 0.015!
7888, 1197.1%
Hy He 795 w 15684 . 0 0" 0.88  0.88" 560 7345, 3101, 6391
766 , 1534
; 1470, o) 198", o)
F, 1464 " 145.1 110.4 26.0 . 0.10  0.09
1550 31.2
SHy 2280 23008 35.0 26.38! 11.6 9.2 0.02 0.03%!
3 3 [3] 1620.2 . [3] [3] [3] [6]
F; °Hg 695 690 2029.1 246716 0 0 0.76  0.77 375 47381 394
61.08!
Fs 1157 116280 523 40.0P 74.5 «l 0.05  0.05"
67.8
H; 1614 16255 509.8 389.85 0 ol! 0.19 0.185!
Hy, 5526 43 0.3 0
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Table S5. The calculated spontaneous emission rates and MD oscillator strengths for

transitions w(SLJI;) — w(S’L’J’T";) between different levels of Tm®" in Y,0s.

T (Sta)® S'LYJ(Sta.) /. (nm) Awp (57 Py *x10°
*Hs (23) *He (1) 1210 36.00 79.09
*He (2) 1215 21.98 48.70
Hq (3) 1223 18.31 41.11
*Hs (24) *He (1) 1203 16.00 34.72
He (2) 1208 36.74 80.44
*He (4) 1235 12.18 27.89
*He (5) 1236 14.00 32.09
*Hs (25) *He (1) 1200 11.26 24.29
*He (3) 1212 31.73 69.96
*Hq (4) 1231 16.59 37.71
*He (5) 1232 18.96 43.16
*He (8) 1264 3.01 721
*Hs (26) *He (3) 1193 8.28 17.66
*Hg (4) 1211 32.12 70.62
*Hy (6) 1233 6.75 15.38
*He (7) 1236 15.85 36.32
*He (8) 1243 7.14 16.54
*He (9) 1252 18.61 43.71
*Hs (27) *Hq (2) 1184 5.79 12.17
*He (3) 1192 2.36 5.03
*He (5) 1211 27.67 60.83
*He (6) 1232 5.05 11.49
*He (7) 1235 8.25 18.89
*Hy (8) 1242 28.43 65.79
*Hq (9) 1251 16.99 39.86
*Hs (28) *H (3) 1184 7.54 15.86
*He (5) 1203 5.44 11.80
*He (6) 1223 29.71 66.68
*Hq (7) 1227 33.75 76.17
*Hq (8) 1234 5.18 11.83
*Hg (9) 1242 11.30 26.15
*He (11) 1274 3.66 8.90
*Hs (29) *He (4) 1200 5.80 12.53
*Hy (6) 1221 29.60 66.16
*Hq (7) 1225 20.69 46.52
*Hy (8) 1231 16.02 36.40
*He (9) 1240 18.24 42.04
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*H; (30)

*Hs (31)

*Hs (32)

*Hs (33)

*Hy (34)

*Hy (35)

*H, (36)

*H, (37)

*H, (38)

*Hy (4)
*Hy (6)
*Hs (7)
*Hy (8)
*He (10)
*He (11)
*He (13)

*Hs (5)
*Hy (9)
*He (10)
*He (11)
He (12)

*Hy ®)
He (10)
*Hy (12)
*Hy (13)

*Hs (9)
*He (11)
*He (12)
*He (13)

°F4 (14)
°Fy (15)
°F, (18)
*Hs (23)

’F, (16)
°F, (20)
*Hs (24)

*F, (14)
’F, (16)
’F, (19)

*Fy (14)
°F, (18)
°F,4 (22)
°Hs (28)
*Hs (29)

°Fy (15)
*Fy (17)
°F4 (20)
°Hs (28)

1172
1192
1195
1202
1236
1240
1258

1172
1210
1236
1240
1257

1181
1214
1234
1235

1189
1218
1234
1235

1446
1461
1535
2340

1456
1529
2309

1418
1449
1519

1392
1474
1517
2342
2351

1396
1459
1481
2316
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5.67

2.19

3.79

19.02
20.41
39.82
10.52

6.25
19.58
42.71
22.66

7.81

3.87
20.78
44.65
35.96

4.07
22.18
36.26
44.43

8.63
10.23
3.45
3.20

13.13
6.76
341

8.99
9.90
3.96

3.04
9.68
6.02
3.86
3.64

9.50
8.58
3.05
3.23

11.68
4.66
8.13
41.17
46.75
91.82
24.95

12.88
42.97
97.82
52.24
18.50

8.10
45.94
102.00
82.24

8.62
49.31
82.76
101.54

27.07
32.72
12.18
26.30

41.75
23.68
27.23

27.08
31.14
13.68

8.83
31.56
20.76
31.71
30.18

27.77
2741
10.04
25.95



*Hy (39)

*Hy (40)

*Hy (41)

*Hy (42)

°F5 (43)

’Fy (43)

’F, (45)

3F, (46)

’Fy (15)
*Fy (17)
°F, (18)
°F,4 (22)
*Hs (31)

°Fy (14)
*F, (19)
°F4 (20)
*F, (21)
*Hs (30)

°F4 (17)
°F4 (18)
°F4 (22)
*Hs (32)
*Hs (33)

*F, (19)
°F, (20)
*Fy (21)
*Hs (32)
*Hs (33)

°Fy (14)
’Fy (15)
*Fy (17)
°F, (18)
°F4 (20)
’F,y (21)
°F,4 (22)

°Fy (14)
°Fy (15)
°F, (16)
*F, (19)
°F, (22)

*Fy (14)
°F4 (16)
*Fy (17)
°F, (18)
*F, (19)
’F,y (21)
*F,4 (22)

*F, (15)
’F, (16)
*Fy (17)

1390
1453
1457
1499
2420

1369
1464
1465
1471
2396

1416
1420
1460
2399
2401

1432
1434
1439
2393
2395

1117
1126
1167
1170
1180
1184
1196

1114
1123
1133
1176
1193

1109
1128
1158
1161
1170
1175
1187

1117
1127
1157

4.09
7.21
4.21
4.52
4.35

3.19
8.95
3.47
6.72
5.19

7.73
4.67
7.65
4.75
4.92

9.24
4.23
8.88
4.61
4.14

14.46
8.25
15.46
7.55
6.50
15.75
5.28

21.13

25.87
18.65
4.43
3.07

9.66
5.20
11.44
10.84
22.46
3.85
8.13

6.72
5.39
19.66

11.86
22.83
13.42
15.21
38.19

8.95
28.77
11.15
21.79
44.68

23.22
14.11
24.44
40.97
42.54

28.41
13.04
27.56
39.53
35.60

27.07
15.67
31.55
15.48
13.57
33.10
11.32

39.32

48.88

3591
9.19
6.54

17.82
9.93
22.99
21.90
46.13
7.96
17.17

12.58
10.27
39.45



3Fy (47)

°F; (48)

°F5 (49)

'G4 (55)

'G4 (56)

’Fy (19)
°F, (20)
*F, (21)

*Fy (14)
*F, (16)
*F, (18)
*F, (19)
°F4 (20)
*Fy (21)
°F4 (22)

’F, (15)
’F, (18)
°F4 (20)
*Fy (21)
*F4 (22)

°F, (16)
*Fy (17)
°F, (18)
*F4 (19)
°F4 (20)
’Fy (21)
°F,4 (22)

°Fy (15)
°F, (16)
*Fy (17)
*Hs (23)
*Hs (24)
*Hs (25)
*Hs (26)
*Hs (27)
*Hs (28)
*Hs (29)
*Hy (34)
*H, (36)

*Fy (14)
*F4 (19)
*Hs (23)
*Hs (25)
*Hs (26)
*Hs (27)
*Hs (28)
*Hs (29)
*Hy (34)
*H, (38)

1170
1170
1174

1107
1126
1158
1168
1169
1172
1184

1112
1154
1165
1168
1180

1119
1148
1151
1160
1161
1164
1176

657
661
671
791
794
795
804
804
808
809
1194
1215

650
670
784
789
797
798
801
802
1179
1225
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12.94
12.49
9.02

3.59
13.66
13.38
11.92
7.31
7.95
13.24

7.54
10.43
19.42
16.36
16.45

5.69
6.91
10.42
5.25
13.84
8.25
16.11

7.28
5.77
5.95
6.89
34.83
3.88
39.27
27.65
14.37
23.09
7.72
9.00

441
3.84
16.54
42.25
26.58
38.36
7.07
11.17
10.89
11.94

26.53
25.65
18.64

6.60
25.96
26.92
24.39
14.98
16.39
27.84

13.98
20.85
39.49
33.48
34.35

10.67
13.64
20.68
10.59
27.96
16.78
3343

4.71
3.78
4.02
6.46
32.89
3.68
38.07
26.83
14.07
22.67
16.51
19.91

2.79

2.59

15.24
39.39
25.33
36.58
6.80

10.77
22.69
26.86



'Gy (57)

'Gy (58)

'G4 (59)

'Gy4 (60)

*Hy (39)

°F, (18)
*Hs (23)
*Hs (24)
*Hs (25)
*Hs (26)
*Hs (29)
*H, (35)
*H, (36)
*H, (38)

°F, (20)
*Hs (23)
*Hs (24)
*Hs (26)
*Hs (27)
°Hs (28)
*Hs (29)
*Hs (32)
*H, (34)
*Hy (37)
*H, (40)

*F, (19)
*Hs (25)
*Hs (26)
*Hs (28)
*Hs (29)
*Hs (30)
*Hs (31)
*Hs (33)
*H, (34)
*H, (38)
*H, (39)
*H, (41)

’Fy (21)
*Hs (24)
*Hs (25)
*Hs (27)
°Hs (28)
*Hs (29)
*Hs (30)
*Hs (31)
*Hs (33)
*H, (35)
*H, (36)
*Hy (39)

1230

665
782
785
786
795
800
1189
1194
1219

653
760
763
772
773
776
777
798
1126
1161
1177

651
763
771
775
775
788
788
797
1122
1164
1168
1193

650
758
760
768
771
772
784
784
793
1128
1133
1160
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3.39

6.07
57.15
39.66
31.79

3.85

4.48
15.88
12.46

3.33

3.63
23.69
27.70
19.25
4.87
41.35
19.65
4.07
7.19
21.20
3.67

3.66
10.66
15.13
42.13
40.67
21.70
4.10
11.66
3.92
16.71
8.20
4.21

3.07
8.56
10.27
48.82
12.03
6.12
32.86
29.18
4.74
11.33
6.68
5.15

7.69

4.03
52.37
36.62
29.47

3.65

4.29
33.65
26.62

7.42

2.32
20.51
24.16
17.22

4.36
37.34
17.78

3.89
13.66
42.82

7.63

233
9.30
13.48
37.89
36.67
20.18
3.81
11.10
7.41
33.92
16.77
8.99

1.94
7.37
8.88
43.15
10.72
5.47
30.30
2691
4.47
21.62
12.86
10.39



'G, (61)

'G4 (62)

'G4 (63)

'D, (64)

'D, (65)

*Hy (41)
*Hy (42)

*Fy (17)
*Hs (25)
*Hs (26)
*Hs (29)
*Hs (30)
*Hs (31)
*Hs (32)
*H, (36)
*Hy (37)
*Hy (40)
*Hy (42)
°F; (45)

°F4 (22)
*Hs (23)
*Hs (25)
*Hs (30)
*Hs (32)
*Hs (33)
*H, (40)
*Hy (42)

°Fy (21)
*Hs (28)
*Hs (29)
*Hs (31)
*Hs (32)
*Hs (33)
*Hy (37)
*H, (39)
*Hy (41)

°F, (43)
°F; (44)
°F; (45)
°F; (46)
°F, (50)
°F, (51)
°F, (52)
°F, (53)

°F; (43)
°F; (44)
°F; (45)
°F; (47)
°F; (49)

1185
1187

641
754
762
767
779
779
788
1121
1138
1154
1174
1438

647
746
750
774
783
783
1144
1164

640
757
757
769
778
778
1118
1128
1151

763
764
767
767
793
801
804
811

761
763
765
766
769
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8.04
3.31

3.37
8.84
17.47
14.35
35.09
53.74
12.71
6.15
4.49
14.08
13.08
341

5.37
4.26
4.74
34.26
44.41
61.75
12.65
16.92

4.13
3.42
3.74
33.99
60.71
46.40
4.25
10.78
20.30

40.34
32.09
3.26
27.46
47.53
10.23
4.86
5.39

30.31
19.80
7.19
26.92
21.67

16.93
6.99

2.08

7.54

15.21
12.65
31.89
48.86
11.82
11.59
8.71
28.10
27.02
10.55

3.37

3.56

4.00

30.79
40.82
56.79
24.81
34.37

2.54
2.93
3.21
30.15
55.05
42.10
7.96
20.54
40.32

35.19
28.10
2.88
24.22
44.79
9.84
4.71
5.31

26.32
17.26
6.30
23.67
19.23



'D; (66)

'D, (67)

'D; (68)

'Is (69)

'Is (70)

Is (71)

Is (72)

'Is (73)

°F, (51)
°F, (52)
°F, (53)

°F; (44)
°F; (45)
°F; (46)
°F; (47)
°F, (50)
°F, (51)
°F, (52)
°F, (54)

°F; (44)
°F; (45)
°F; (47)
°F; (48)
°F; (49)
°F, (51)
°F, (52)
°F, (53)

°F; (45)
°F; (46)
°F; (48)
°F; (49)
°F, (51)
°F, (52)
°F, (53)
°F, (54)

*He (11)
*Fy (17)
*Hs (28)
*Hs (29)

’F, (14)
*H; (28)
*Hs (29)

*Hs (31)
*Hs (32)
'Gy (58)

*F, (15)
*Hs (30)
*Hs (33)

*Hs (27)

799
802
809

757
760
760
761
785
793
797
807

751
754
755
756
758
787
790
796

752
753
755
757
785
789
795
799

301
359
394
395

354
394
395

392
394
777

349
391
393

386
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25.08
17.64
8.43

13.93
45.85
35.18
24.42
39.00
5.56
15.18
8.20

17.55
15.34
22.60
35.14
2291
37.43
14.26
19.62

4.56
14.20
36.86
30.38
6.50
11.48
9.69
36.08

543
3.26
8.25
4.95

3.24
7.14
5.97

8.68
4.04
3.22

3.03
7.93
4.27

5.16

24.00
17.03
8.26

11.97
39.66
30.45
21.18
36.05
5.24
14.45
8.02

14.86
13.06
19.30
30.15
19.74
34.74
13.35
18.64

3.87
12.06
31.50
26.07

6.00
10.70

9.17
34.55

0.74
0.63
1.92
1.16

0.61
1.67
1.39

1.99
0.94
291

0.55
1.81
0.99

1.16



1.38
6.04

390

*H; (30)

1.19
5.16
. 0.77
. . vor 1.12
o . 1.70
i i o2 7.37 o
116 (74) 3H5 G1) 392 :
; . . 0.83
. . 4.49 e
w 55 1.44
: @ 0 6.58 e
116 (75) 3H5 ) i :
: & N 2.36
; . 10.96 -
o 7.50
: § N 1.66
T (76) . o - .
s 10.84
: § N 1.01
116 (77) 3H5 0 . .
i 4.87 o
: ;i i voe 1.02
T (78) . o0 s :
: § N 1.27
. . o 0.80
. 3.66
; & N 0.53
T (79) .y on - §
- 56 1.04
" o " 5.86 von
3Po (80) 3F4 (19 . 5‘45
: § N 0.64
§ . 3.05 o
i oy 0.68
: : o - 0.78
'Is (81) *H, (27) 7 - :
i > o 4.93
; § N 0.83
. . 4.00 o
s o 0.76
: ;i s o 0.93
116 (82) 3H5 %) ¥ 4‘32
: § . 0.90
. " Tae 2.04
i o 2.46
: B e 6.97 T
3P1 (83) 3F2 (51) . % e
: : = 06 32.30
" o s 13.96
g . 1242
*P, (67)
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3P, (84)

*P; (85)

*P, (86)

*P, (87)

°P, (88)

'D, (68)

*H, (42)
°F; (47)
°F, (50)
°F, (51)
°F, (52)
°F, (54)
°P, (64)
°P, (65)
*P, (67)
'D; (68)

°F; (49)
°F, (50)
°F, (51)
°F, (52)
°F, (53)
*P, (64)
*P, (65)
°P, (66)
*P, (67)

°F5 (43)
°F5 (44)
°F; (45)
°F; (47)
°F, (53)
°P, (64)
*P, (66)

°F; (43)
°F; (44)
°F; (46)
°F; (47)
°F; (48)
°F; (49)
°F, (54)
°P, (64)
°P, (65)
’P, (66)
*P, (67)
'D; (68)

°F; (43)
°F; (44)
°F; (45)
°F; (46)
°F; (47)

1246

433
465
474
477
479
482
1182
1186
1213
1217

465
473
476
477
479
1172
1176
1189
1203

435
435
436
436
450
1011
1024

432
432
433
433
434
434
448
994
997
1006
1016
1019

430
430
431
431
431
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11.57

3.27
3.06
5.02
9.77
10.83
6.19
11.20
9.77
4.34
8.99

3.27
12.79
3.09
4.54
9.29
10.61
11.01
8.50
3.07

46.35
10.01
40.70
38.68
3.88
51.55
38.93

28.70
16.49
31.93
4.92
24.43
24.70
4.35
7.08
43.92
8.62
25.32
6.64

18.65
15.57
9.69

34.16
7.00

26.95

0.92
0.99
1.69
3.34
3.72
2.16
23.44
20.60
9.59
19.98

1.06
4.29
1.05
1.55
3.20
21.84
22.82
17.99
6.67

13.14
2.84
11.60
11.04
1.18
79.05
61.19

8.01
4.61
8.97
1.39
6.89
6.98
1.31
10.49
65.44
13.07
39.21
10.34

5.16
4.32
2.70
9.51
1.95



°F; (48) 432 29.99 8.38

°F; (49) 432 14.93 4.18
°F, (54) 446 3.29 0.98
°P, (64) 984 7.32 10.62
°P, (65) 987 21.12 30.83
°P, (66) 996 25.18 37.42
°P, (67) 1006 28.66 43.47
'D; (68) 1009 521 7.95
*P, (89) °F3 (44) 425 17.79 4.82
°F; (45) 426 34.37 9.35
°F; (46) 426 23.15 6.30
°F; (47) 426 37.51 10.22
°F; (49) 427 5.79 1.59
°P, (64) 959 12.33 17.00
°P, (65) 962 8.23 11.41
°P, (67) 980 36.83 53.00
'D; (68) 982 13.37 19.35
°P, (90) °F; (44) 424 12.53 3.37
°F; (45) 424 6.57 1.77
°F; (47) 425 9.29 251
°F; (48) 425 42.38 11.49
°F; (49) 426 44.02 11.96
°P, (64) 950 6.55 8.86
°P, (66) 961 23.42 32.46
'D; (68) 973 40.82 57.98

*Only transitions between 300-2500 nm with emission rates A ;p > 3 s! are listed.
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Appendix — Method and equations for the calculations of energy levels

and transition intensities

The model Hamiltonian for Tm>" is defined as'’ !

H, =E,; +k_2254,6kak +é/4f X; li-sital(L+1)+ fG(G,) +yG(R,)

+ Y M'm,+ ¥ P'p,

j=0,2,4 k=2,4,6
(AD)
where E i represents the barycenter energy of the 4f° configuration. The next seven
terms represent the Coulomb repulsion, spin-orbit, two-body, three-body,
spin-other-orbit and electrostatically correlated spin-orbit interactions. Moreover, F*
and (i are the radial parts of the electrostatic and spin-orbit coupling constant.
Two-body parameters are represented by «, £, and y. G(G2) and G(R7) represent the
eigenvalues of the Casimir’s operators for the Lie groups G, and R7. The remaining
parameters, M and P*, are used to represent the Marvin integrals and spin-orbit
perturbations.
The crystal field interaction H¢p for Tm>" in Y03, in the form of Wybourne
normalization, can be expressed as"”’
Hey = BYCY + ReB(C2 +C;%) + BC

+ReB: (C; +C2)+ilmB; (C; - C,?)

+ReB, (C; +C,)+ilmB}(C; - C;*)+B.C,

+ ReB}(C} +C.*)+ilmB.(C; —C.%) (A2)

+ReB} (C}+C. Y +ilmB} (C! - C.*)

+ReB. (C{ +C.°)+ilmB{ (C! —C.°)

where qu are the normalized spherical-tensor operators and qu are the crystal field

parameters (CFPs). The values of these CFPs can be determined by the least-squares

fit to the observed energy levels."”’
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The ED (4zp) radiative decay rates can be written ast'* ']

4 1671'3 R O
ED(SLI—>S'LT) e hc (2J+1)ZED Z A)

<INSLJHU(’”HIN ’L’J’>

(A3)
where v is the transition frequency, # is the refractive index and ygp is the local-field
correction for ED induced transitions with the form of (n*+1)%/(9n) and n(n*+1)*/9
for absorption and emission transition, respectively. The Judd-Ofelt intensity
parameters Q) should be summed over A=2,4,6 for a product with the even-rank

reduced matrix elements of the U™ tensor operator.

The MD (4,,p) radiative decay rates can be written as!'* 1!

rhe’ Vv’ 2
AMD S 5 2 g Xup ‘<IN'//||L+g S”ZN >

3¢, c’m (A4)

where g, = 2.00232 is the gyromagnetic ratio of the electron and g is the degeneracy
of the initial level. yyp is the local-field correction for MD induced transitions with
the form of n and »’ for the absorption and emission transition, respectively. y and
w’ are the statevectors for the initial and terminating levels for the w — ’ transition,
respectively. For transitions between J-multiplets, the statevector takes the form of
w(SLJ) with g = (2J+1) while for transitions between crystal field levels, it takes the
form of y(SLJT}).

The radiative lifetime can be written as''® !

1

Z (AED(SLJ»S’L’J’) + AMD(SLJ»S’L’J’))
S’

Tsiy = (AS)
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The branching ratio can be written as!'*1'!]

IB(SLJ»S'L’J’) =Ty X [AED(SLJ»S'L’J’) + AMD(SLJAS'L’J’)]

The MD absorption oscillator strengths can be written as'' ']

p = hv n
YO em et (2J +1)

(Lo +g.s|iser)
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