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

respectively.
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Figure S2. The simulated complete XRD patterns of Nd:YAG compared with

experimental data.
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Figure S3. The calculated partial density of states for Nd:YAG.
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Table S1. Lattice constants a, b and ¢, unit-cell volume, relative energies for the

ground state and metastable Nd: YAG crystals.

Space group a(A) b (A) c(A) V(A% AE (x10 % meV)
Nd:YAG Cor 12.1145 12.1145 12.1145 1777.94 0
Isomer (a) Py 12.1146 12.1146  12.1220 1779.07 0.42
Isomer (b) Crr 12.1145 12.1145 12.1222 1779.07 0.47
Isomer (c) Crr 12.1146 12.1146  12.1223 1779.11 1.25
Isomer (d) P, 12.1145 12.1145 12.1222 1779.06 18.76
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Table S2. The experimental and calculated Stark energy levels (all in cm ™) of Nd*" in YAG.

Present work Other™ Present work Other™
B, State Egps Eeate AE Eeate AE S, State Egpi Eecate AE Eeate AE
o 1 0 12 12 4 4 ]7 — 21505 — 21491 _
2 130 130 0 142 12 88 21522 21524 2 21514 -8
3 199 197 -2 205 6 89 21593 21612 19 21608 15
4 308 311 3 328 20 90 21661 21674 13 21664 3
5 857 850 -7 870 13 91 21697 21700 3 21709 12
T 6 2002 2004 2 1990 -12 92 21767 21766 -1 21754 -13
7 2029 2028 -1 2017 -12 93 21791 21781 -10 21782 -9
8 2110 2109 -1 2102 -8 94 — 21844 — 21851 _
9 2147 2148 1 2140 -7 95 21872 21863 —9 21866 -6
10 2468 2465 -3 2465 -3 96 21906 21914 8 21906 0
11 2521 2523 2 2524 3 97 22036 22063 27 22043 7
i3 12 3922 3928 6 3908 ~14 Pip 98 23155 23122 -33 23135 -20
13 3930 3932 2 3916 14 *D(D)sp 99 23674 23654 00 23685 11
14 4032 4036 4 4026 -6 100 23764 23757 -7 23764 0
15 4047 4054 7 4041 -6 101 23849 23848 -1 23838 11
16 4435 4430 -5 4421 ~14 Py, 102 25994 26003 9 26026 32
17 4442 4441 -1 4441 -1 103 — 26078 — 26085 —
18 4498 4506 8 4504 6 Dip 104 27571 27562 —9 27550 -21
L 19 5758 5757 -1 5756 -2 and 105 27670 27677 7 27683 13
20 5814 5815 1 5804 -10 ‘D, 106 27809 27819 10 27818 9
21 5936 5942 6 5939 3 107 28183 28192 9 28182 -1
22 5970 5966 -4 5971 1 108 28263 28268 5 28272 9
23 6570 6555 -15 6557 -13 Din 109 28359 28355 —4 28374 15
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Table S3. 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 11 excited states in Nd:YAG. Available theoretical and experimental results are also listed for

comparison.
A (nm) Asotal (Sil) Jii T (us)
Transition Present Other  Agp(s') Aup(s') Present Other  Present Other Present Other
Tun o 5359 13.4 1.6 15.0 1 66541
13 oy 2609 37.6 0 37.6 0.69 18429
i 5085 14.4 22 16.6 0.31
13 o 1707 11.5 0 11.5 0.18 15795
Tin 2504 34.2 0 34.2 0.54
N P9 4933 16.0 1.6 17.6 0.28
4 4 885[4], (71 171 (71 [9]
Fs Tosy 897 900" 1254.2 0 12542 1420 0.34 0.32 274 2594257 250425
Tip 1077 1073[[6]] 1962.0 0 1962.0 1940 0.54 0.54!"
7
Lisn 1367 113;%[4]’ 415.8 0 415.8 47317 0.11 0.14""
[5]
Lis 1891 1188%%[7]’ 20.9 0 20.9 157 0.01 0.003""
[4]
“Fs) Top 822 88(())98[81’ 3192.3 0 3192.3 0.66 207
in 970 476.7 0 476.7 0.10
N P9 1200 976.2 0 976.2 0.20
i3 1584 195.3 0 195.3 0.04
*H(2)9 Top 811 488.8 6.9 495.7 0.58 1177
T 955 67.9 42 72.1 0.09
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Table S4. The calculated statevectors of the ground state and the first 11 excited

states for Nd*" in YAG.

State™"'L,  Statevector [*"'L>

o 0.984 ['Iyp> — 0.168 ["H(2)9> + 0.057 [PH(1)g>

Tin —0.995 'I;15> + 0.096 ["H(2)11,,> — 0.036 [PH(1)115>

Tisn —0.998 T3> — 0.064 'K 35> + 0.024 [T ;3>

s —0.993 |'I;5> — 0.115 [*K ;5> + 0.009 'Ly 5>

*Fs1 —0.970 |'F35> — 0.224 'D(1)3,> + 0.062 'D(2)3>

*Fsp, —0.988 |'Fs> — 0.147 'D(1)s,> + 0.033 'F(2)s.>
*H(2)o)> —0.731 PH(2)o2> + 0.385 ['Fo)> — 0.340 'G(1)g>

*Fa —0.965 ['F7> + 0.199 [’G(1)7,> — 0.158 FG(2)7,>

S —0.971 ['S3> — 0.222 [*P3,> — 0.073 [*F3 >

*Fon 0.862 [*Forp> + 0.454 PH(2)o> — 0.156 PH(1)g>
HQR)1ip  0.894 PH(2)11> — 0.354 PH(1)11> — 0.251 ['Gyy>

*Gsp —0.993 'Gsp> — 0.083 [*F(1)s,> — 0.082 ['F(2)s,>
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Appendix — Method and equations for the calculations of transition

intensities

The model Hamiltonian for Nd** is defined as!' !

H, =FE,; +k—§4,6kak +é/4f XZI_: li-sital(L+1)+ fG(G,) +yG(R,)

+ Y Tt+ Y M/m+ Y Pp,

i=2,3,4,6,7,8 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 and Judd’s three-body parameters are represented by a, £, yand T'. G(G2)
and G(R7) represent the eigenvalues of the Casimir’s operators for the Lie groups G,
and R;. The remaining parameters, M and P*, are used to represent the Marvin

integrals and spin-orbit perturbations.

The crystal field interaction H¢p for Nd&** in YAG, in the form of Wybourne

normalization, can be expressed as!'>

H. =B)C) +B)(C, +C;*)+B/C, + B;(C; +C,;*)+ B, (C, +C;")
+B{Cq + B (Cg +C7) + B (Cy +C) + B (G + ()
(A2)
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 as!'>1'¥

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, 7 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 ast'>'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 — y’ 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'' >4

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!'*'

+A

ﬂ(SLJ—)S'L’J’) =Ty X [AED(SLJ—>S’L’J’) MD(SLI—)S’L'J’)]

The MD absorption oscillator strengths can be written as!'> '

P = hv n
o 6m.c’ (2J +1)

(r*sL|L+g.s|iser)

2

(A6)

(A7)



Coordinates of all atoms for the ground state Nd:YAG

Atom X y z
Nd 0.50000 0.50000 0.50000
Yl 0.12479 0.24980  -0.12460
Y2 0.37452 0.24891  -0.62590
Y9 0.00000 0.00000 0.00000
Y10 0.00000  -0.50000  -0.24970
Y12 0.87504 0.25006  -0.62507
Y13 0.37494  -0.24993  -0.12472
Y20 0.00000  -0.50000 -0.75044

Y22 -0.00000  -0.00000  -0.50000
Y23 0.50000  -0.50000  -0.00000
All -0.00008 0.24983 0.12499
Al2 0.50048  -0.24854  -0.37389
AlS 0.00013  -0.24976  -0.37489
Al6 0.49981 0.24969 0.12438
All7 0.37480 0.24966  -0.12514
All8 0.12480 0.24963  -0.62515
Al21 0.24996  -0.12498 0.12486
Al23 0.24890  -0.37497  -0.37449
Al25 0.00000  -0.00000  -0.24993
Al26 0.00000  -0.50000 0.00014
Al27 0.50000  -0.00000  -0.49984
Al28 0.50000  -0.50000  -0.75245
01 0.96966 0.19943  -0.02409
02 0.47044  -0.29614  -0.52395
05 0.03024  -0.30032  -0.22569
06 0.53015 0.19951  -0.72657
09 0.14896  -0.72004 0.07461
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0o10
Ol1
012
o17
018
o19
020
049
050
0353
054
057
058
059
060
065
066
067
068

0.64961
0.64957
0.14872
0.05031
0.55170
0.94980
0.44963
0.03008
0.53005
0.96986
0.46963
0.85068
0.35080
0.35077
0.85114
0.94982
0.44932
0.05040
0.55039

-0.21972
-0.27943

0.21957

0.10071
-0.39698
-0.39918

0.10066
-0.70014
-0.19820
-0.19956
-0.69995

0.21985
-0.28069
-0.21964
-0.72018
-0.60105
-0.10020
-0.10069
-0.60136

-0.42473
-0.82532
-0.32453
-0.84490
-0.33916
-0.40513

0.09463
-0.72598
-0.22522
-0.52415
-0.02458
-0.82461
-0.32493

0.07426
-0.42514

0.09467
-0.40455
-0.34477
-0.84615
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