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Isomer (c)

Figure S1. Coordination structures the optimized metastable (a), (b) and (c) for Nd:YAB.
The yellow, red, gray, blue and green spheres represent B, O, Al, Y and Nd atoms,

respectively.
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Figure S2. Phonon dispersion spectrum of the lowest energy structure for Nd-doped

YAB.
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Figure S3. Calculated band structures of (a) YAB, (b) Nd:YAB, (c¢) y-NAB and (d) g

-NAB. The Fermi level is indicated by the dotted line.
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Table S1. Structural parameters a, b and ¢, unit-cell volume, relative energies for the

optimized NAB and metastable Nd:YAB.

Space group  a (A) b (A) c(A) V(A  AE(eV)

P -NAB C2/c 7.3370 9.4396 11.2586  757.978 0

7-NAB R32 9.4177 9.4177 7.3934  567.890 0.174
Nd:YAB 2 9.3977 9.3977 7.3679  563.694 0.328
Isomer (a) 2 9.3809 9.3809 7.3344  558.844 0.688
Isomer (b) P1 7.3345 9.3765 9.3815  558.885 0.694
Isomer (c) P1 7.3353 9.3773 9.3822  559.002 0.696
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Table S2. Calculated g-factors for the excited states of Nd** in YAB. Available

theoretical results are listed for comparison.

Other” Fit 1 Fit 2 Fit 3
'L, (Sta) r gy gL gy gL gy gL gy g2
o 4 1332 3.552 —1414 3.400 —-1377 3304 —1400 3.309
5,6 5.428 0 2.934 0 3.561 0 -0.586 0
4 -0.200 2.832 2769 -3.233 2.753  -3.028 2.768 -3.037
5,6 3.191 0 3.974 0 4.354 0 4.373 0
4 1.047 3.247 0.895 4.972 0.875 4.827 0.880 4.837
4111/2 4 -4.139 3.189 4.140 -5.360 2.702 -5.683 2.735 -5.676
5,6 6.232 0 7.650 0 7.605 0 7.655 0
4 —1.753 0.665 —3.558 4927 -2.557 5.245 -2.622 5.212
4 -3.260 3.311 -9.161 0.428 —-8.655 0.508 -8.638 0.524
5,6 5.338 0 3.036 0 2.806 0 2.000 0
4 1.432 5.248 0.860 —-8.107 0.842 —-8.100 0.854 -8.105
4113/2 4 2.145 6.246 4769 7.337 4.593 7.104 4.727 7.058
5,6 6.843 0 9.110 0 8.918 0 8.952 0
4 0.852 4739 -6.512 -5290 -5.537 -6.017 -5.651 —5.962
4 6.064 3.048 —1.400 3.506 -0.638 5.638 1.130 5.751
4 —-4.405 3.837 7.421 -5.439 4448 —-6.691 3.957 -6.807
5,6 6.425 0 3.568 0 3.321 0 3.670 0
4 0.885 7.018 1.142  10.756 1.214 10.736 1.200 10.747
B 4 0397 0795 0244 —1312 0.156 -1345 0177 —-1337
5,6 1.192 0 1.379 0 0.643 0 0.393 0
“Ref. [1].



Table S3. The calculated Stark levels (all in cm™') of Nd®" in YAB. Available

experimental and theoretical results are listed for comparison.

Present work Other

UL, LevelNo.  Eup'  Eepl Eeate AE Eead
Top 1 0 0 ~11 11 7
2 48 49 52 -3 56

3 109 147 153 -6 154

4 165 271 284 13 298

5 289 323 339 16 348

Tin 6 1945 1934 1933 1 1928
71968 1948 1948 0 1940

8 1982 1964 1967 3 1962

9 2082 2083 2084 -1 2086

10 2127 2104 2101 3 2103

11 2165 2142 2142 0 2143

Tisn 12 3900 3898 3887 10 3891
13 3912 3908 3899 9 3881

14 3952 3924 3919 5 3910

15 3931 4044 4038 6 4037

16 4068 4075 4063 12 4064

17 4097 4097 4091 6 4091

18 4114 4147 4139 8 4139

Tisn 19 5827 5851 5840 11 5847
20 5886 5857 5848 9 5840

21 5973 5924 5944 -20 5940

22 6024 6073 6089 _16 6092

23 6130 6099 6097 2 6105

24 6170 — 6165 _ 6173

25 6234 6220 6218 2 6224

26 6309 6281 6283 ) 6286

Fip 27 11391 11364 11355 9 11353
28 11440 11436 11420 16 11418

Fsp 29 12336 12363 12346 17 12341
30 12391 12432 12428 4 12426

31 12449 12455 12469 _14 12467

2H(2)9/2 32 12473 12530 12520 10 12546
33 12500 12576 12566 10 12572

34 12556 12627 12624 3 12626

35 12648 12694 12690 4 12690

36 12703 — 12711 — 12717

“Fup 37 13313 13337 13357 220 13351
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“Ref. [2].

PRef. [3].
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Table S4. Calculated wavelengths (1), ED (4gp) and MD (A4,p) radiative decay rates, branching ratios (f) and radiative lifetimes (7)

for spontaneous emission transitions between J-multiplets in Nd:Y AB. Available theoretical and experimental results are also listed

for comparison.

A (nm) Ap (s7) Aup (s B 7 (us)
Transition Present  Other Present Other Present Present Other Present Other
T o 5391 7.8 1.4 1 106835
13 Lo 2611 21.1 0 0.66 31256
N 5063 9.0 2.0 0.34
1ispn o 1700 6.3 0 0.17 26837
N 2482 19.6 0 0.53
i 4870 10.0 1.5 0.30
*Fs Lo 891 895° 1664.4 1637° 0 0.49  0.493¢ 298 302¢
L 1067  1064° 1441.3 1430° 0 0.43  0.431°
i 1352 1325° 235.1 235¢ 0 0.07  0.071°
s 1872 1835° 11.5 12¢ 0 0.003  0.005“
‘Fs) *Top 816 802° 2627.1 0 0.63 241
N 961 642.5 0 0.16
i3 1187 763.0 0 0.18
*Lis 1570 109.1 0 0.03
Hoon  ‘Ton 802 802" 296.7 6.1 0.50 1653
N 942 40.1 3.7 0.07
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“Ref. [2]
"Ref. [4]

‘Ref. [5]
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Appendix — Method and equations for the calculations of transition

intensities

The ED (4zp) radiative decay rates can be written as®”’

6z’ v
AED(SLJ—)S’L’J’) 3o e (2J+1)ZED Z Q(/i)
0

<ZNSLJHU(’”HZNS'L ’J'>

(AT)

where v is the transition frequency, n 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®”’

mhe* Vv’
Ay _W P X mp ‘<ZNWHL+g SHIN >

(A2)

where g, = 2.00232 is the gyromagnetic ratio of the electron and g is the degeneracy of
the initial level. yap is the local-field correction for MD induced transitions with the form
of n and n’ for the absorption and emission transition, respectively. y and y’ are the
statevectors for the initial and terminating levels for the w — 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 w(SLJT?).
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The radiative lifetime can be written as®”’

1
Tsiy = (A3)
Z (AED(SLJ—>S'L’J’) + AMD(SLJ—>S'L’J’))
SL
The branching ratio can be written as®”’
ﬂ(SLJ»S’L’J') =Tas ® [AED(SLJAS’L’J’) + AMD(SLJ%S’L’J’)] (A4)
The MD absorption oscillator strengths can be written as®”’
Puy = 1L |L+ g, S| SL ) (A3)
M 6m c? (2J +1) ¢
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Coordinates of all atoms for the optimized Nd:YAB

Atom X y zZ
Nd 0.33352 0.33366 0.33355
Y 0.99963 0.00037  -0.00000

01 0.14654 0.55431 0.52959
03 0.47572 0.89045 0.85727
05 0.82035 0.21216 0.18730
07 0.29936 0.14631 0.52942
09 0.63397 0.47611 0.85709
011 0.96766 0.82062 0.18718
013 0.55401 0.29937 0.52920
015 0.89046 0.63362 0.85675
017 0.21179 0.96752 0.18707
019 -0.00001 0.14871 0.50004
021 0.00034 0.40989 0.49986
023 0.33180 0.48271 0.83595
025 0.33579 0.74080 0.83229
027 0.66846 0.81435 0.16408
029 0.66460 0.07636 0.16757
031 0.48287 0.18544 0.83594
033 0.74089 0.92321 0.83210
035 0.14864 0.85136 0.50000
0 36 0.40994 0.59006 0.50000
All 0.00001 0.44555 0.99985
Al3 0.33196 0.77766 0.33094
AlS5 0.66789 0.10988 0.66882
Al7 0.77789 0.89019 0.33098
Al9 0.44574 0.55426 0.00000
B1 0.33347 0.33324 0.83504
B3 0.00007 0.55881 0.50016
B5S 0.32992 0.89219 0.83516
B7 0.66983 0.22227 0.16509
B9 0.89230 0.77771 0.83491
B 11 0.00001 0.99999 0.50000
B 12 0.55868 0.44132 0.50000
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