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Optical spectra and energy levels of the sextet, quartet, and doublet stated'of4R) incorporated into
single crystals of YAlsO;, (SN :YAG), where YAG denotes yttrium aluminum garnet, are reported and
analyzed at wavelengths between 560 and 280 nm. The analysis of €¢Beagy levels is based on a model
Hamiltonian consisting of Coulombic, spin-orbit, and interconfigurational terms for thatmic configura-
tion of Snt* and crystal-field terms i, symmetry(the site symmetry of the Sthions in the garnet lattide
The Hamiltonian also includes contributions arising from the spin-correlated crystal field. Because of the
strength of the crystal field, the entire energy matrix is diagonalized within the comgie®L4 M, basis set
representing 73S states, 1985"'L; multiplets, and 1001 doubly degenerate crystal-quantum staté; In
symmetry, all Stark levels are characterized by the same irreducible represent&itipn @ptimization be-
tween 314 calculated-to-observed Stark levels was carried out with a final rms deviation of 10Eigen-
vectors obtained from the crystal-field splitting analysis are used to calculate transition line strengths originat-
ing from the ground-state Stark level to Stark levels in excited manifolds. The calculated line strengths are
compared with experimental line strengths obtained from the absorption spectrum at 3.8 K. The line-strength
analysis is useful in identifying individual excited Stark levels associated with sextet, quartet, and doublet
states strongly mixed by the crystal fie[§0163-18229)09347-9

I. INTRODUCTION dependenthot band spectra obtained at 80 and 300 K es-
tablish the excited Stark levels diHs, at 145 and 247
The crystal-field splitting of multiplet manifold8H, and  cm L. The site symmetry of S# in YAG is D, based on
6F, of SN?" (4f%) as a dopant in yttrium aluminum garnet, site-selective polarized spectroscopy of oriented crystals.
Y,AI:0;, (YAG), has been analyzed by several grotips. The symmetry is consistent with the assumption made in the
These multiplets are the lowest in energy of 198 1L;  past that the rare-earth ioR{") substitutes for the ¥ ions
multiplets associated with thef2 electronic configuration of in D, symmetry sites in the lattice®
Snt*. The most recent study assessed the potential for Spectra representing transitions to many of the excited
stimulated emission from*G(4)s, to individual energy Stark levels are sufficiently resolved to make a quantitative
(Stark levels within the ®H; multiplet manifolds? Stimu-  determination of individual transition line strengths. The ex-
lated emission involving S has been reported at 618 nm perimental levels and line strengths chosen for analysis are
(Snm?*: glass.? In spite of its relatively weak transition line denoted by a footnote in Table I. Criteria for measuring line
strengths, S may be of interest as a visible laser ion, atstrengths are based on spectral separation between peaks
least in the fiber geometry. having small or unchanging baselines, and a linewidth that
The visible and ultraviolet spectra of 8m(4f°) consist can be measured reliably for a peak with an absorbance of
of transitions to numerous excited multiplet manifolds asso0.03 or higher. Eigenvectors obtained from the energy-level
ciated with the doublet, quartet, and sextet statesféf We  analysis were used to calculate the transition line strengths,
report an analysis of individual Stark levels and linewhich were then compared with experimental values ob-
strengths representing transitions from the ground-state Statkined from the absorption spectrum at 3.8 K. Such an analy-
level in ®Hg, to excited-state Stark levels observed in thesis helps to differentiate between transitions to excited dou-
absorption spectrum obtained at 3.8 K between 560 and 280let, quartet, and sextet states in the absorption spectrum.
nm. The spectrum consists of 314 transitions to 336 pre- The energy-level calculations are based on a model
dicted Stark levels spanning 42 excited doublet, quartet, andamiltonian that consists of Coulombic, spin-orbit, and in-
sextet state multiplet manifolds betweé®(4)s, (17600 terconfigurational terms for thef atomic configuration of
cmY) and 2P(4)y, (35550 cm?l). The temperature- Snt" and crystal-field terms irD, symmetry, including
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FIG. 1. Absorption spectrum of the lowest-energy Stark level of  FIG. 2. Absorption spectrum of théF(3)3, manifold obtained
the *G(4)s,, manifold obtained at 3.8 K showing satellite structure. at 3.8 K.

spin-correlated crystal-fieldCCPH contributions’® Because ~wave function describing the state.
of the size of the crystal-field splitting, the total Hamiltonian ~ Emission spectra from th&G(4)s, to the ®H; and °F,
was diagonalized within the completé 4SLJIM, basis set multiplet manifolds reported earlief support the observa-
representing 73S states, 19825*1L ; multiplets, and 1001 tion that a few Sri" ions are found in so-called “minority”
doubly degenerate crystal-quantum states. A single matrix isites. These sites are due to local site-symmetry modifica-
required to diagonalize all Stark levels simultaneously, sincdions arising from impurities or defects that usually develop
all Stark levels belong to the same irreducible representatiorgluring crystal growth*3In Fig. 1 we show the absorption
From the spectroscopic analysis of energy levels and linspectrum of the'G(4)s, observed at 3.8 K. Surrounding the
strengths we obtain a detailed description of the complestrong central absorption peak, very weak structure is ob-
mixing of doublet, quartet, and sextet states by the crystaserved and is attributed to Stions in minority sites? We
field. have chosen for line-strength analysis only the central peak
that represents more than 90% of the total absorbance of the
Il. SPECTROSCOPIC MEASUREMENTS group. Less than 5% of all absorption peaks investigated
show evidence of satellite structure.

Absorption spectra were obtained between 560 and 280 The absorption spectrum appearing in Table | is not dis-
nm with a Cary Model 2390 spectrophotometer by Grubercernable as falling into groups that can be analyzed easily as
and Hills on a crystal of S#i:YAG obtained from Kokt&'®  the 3+ Stark components of an isolated multiplet. Excep-
Spectra at wavelengths shorter than 280 nm were not sufftions can be found, however, such %5(4)s/, observed at
ciently resolved to merit an analysis of the detailed crystal560 nm(Fig. 1) and *F(3), observed at 532 nrtFig. 2).
field splitting. A spectral bandwidth of about 0.05 nm wasTwo other examples include Fig. 3, the 3.8 K absorption
used where sharp peaks were observed having less tha“séectrum of*G(4),),, and Fig. 4, the 3.8 K absorption spec-
0.1-nm bandwidth at half-maximum. Calibration tests on theyym of 4P(2)s,. The crystal field mixes the quartet, dou-
instrument indicated that the wavelength accuracy was bettgjlet, and®P states so thoroughly that a manifold centroid no
than 0.1 nm. longer has meaning in describing a single multiplet. Rajnak

The absorption spectrum obtained at 3.8 K is given ingt 114 also found strong mixing for similar states of S&1
Table I. The 1wavelength$rjm), the absorbances, and the j, | aCl,. An analysis of the calculated-to-experimental en-
energies(cm ) are given in the first three columns. The grgy |evels for SH" in YAG requires the diagonalization of
experimental line strengths are given in column 6. Thé'Sm the complete energy matrix representing all sextet, quartet,

ion concentration and the sample path length are reported igng doublet states of thef 2 electronic configuration.
footnotes to Table |. The units of line strength are given in

Debye units squared, where one Debye unit equals®su

or 3.36x 10 3°C m. The observed line strengths in column 6
are weaker than the line strengths reported for the absorption The complete energy-level structure is analyzed in terms
spectra of thé’H ; and °F ; multiplet manifolds'? This is not  of a model Hamiltonian that assumes the®Srions occupy
surprising given the fact that the visible and ultraviolet specsites ofD, symmetry in the latticé> The Hamiltonian also

tra primarily represent transitions to the quartet and doubleincludes interconfigurational mixing with other higher-
states of trivalent samarium. The most intense spectra agnergy configurations of like parity in the form of adjustable
pearing in Table | are found at wavelengths 419, 417, 405parameters, which for the most part remain reasonably fixed
378, 365, and 348 nm. They are identified through an analywhen Sni* energy levels are analyzed in different host ma-
sis of calculated-to-experimental energy levels and lingerials.

strengths as havinfP,,M; as the largest component in the ~ The total Hamiltonian is expressed as follows:

Ill. THE MODEL HAMILTONIAN



PRB 60 SPECTRA, ENERGY LEVELS, AND TRANSITION LI . .. 15645

TABLE . Visible and ultraviolet spectra, energy levels, and line strengths i SIAG.

A (nm)a Ib E (Cm_l)obsC E (Cm_l)calcd AE (Cm_l)e Sobsf Scalcg 25+l|—.]h M Ji % LEVEi
568.12 0.38 17597 17599 2 700 682  2G(4)s,  *1/2 51% 55
559.31 0.06 17874 17876 2 410 611  *G(4)y,  *3I2 71% 56
553.10 0.03 18076 18071 -5 190 142 “G(4)s, =502 57% 57
532.08 0.11 18789 18809 20 620 815  *F(3)y,  *3I2 73% 58
531.16 0.05 18841 18829 8 350 340  *F(3)y,  *12 75% 59
504.32 0.33 19823 19798 -25 1560 2629  *G(4);,  *3/2 52% 60
501.40 0.03 19934 19931 -3 50 54 Mg,  *11/2  25% 61
501.20 0.51 19947 19968 21 3120 3310  *G(4);,  *52 53% 62
500.50 0.16 19967 19987 20 710 544  *G(4),,  *1/2 40% 63
499.5 0.17 20012 20026 14 1220 1859  ‘G(4),,  *1/2 17% 64
498.0 0.04 20075 20081 6 320 310  *G(4),,  x7I2 20% 65
495.65 0.04 20170 20174 4 15b 155 N(3)gp  x12 28% 66
494.62 0.54 20212 20230 18 2640 2776 My,  *15/2  21% 67
492.61 0.04 20295 20292 -3 320 343 N(3)gp 712 40% 68
491.86 0.09 20325 20330 5 670 688 “(3)gp,  *5I2 33% 69
489.78 0.11 20412 20436 24 720 682 Mg, 712 55% 70
487.5 0.03 20508 20516 8 150 159 *Myg, 502 21% 71
486.5 0.06 20549 20551 2 32b 310 “(B)yp  FI2 15% 72
485.2 0.14 20604 20595 -9 960 1049  4(3)yy,  *5/2 22% 73
483.8 0.07 20664 20664 0 700 651 My, 1312 16% 74
483.2 0.21 20690 20693 3 1785 1726 Mg, =92 16% 75
481.8 0.05 20750 20749 -1 250 280 N(3)gp  x12 17% 76
481.0 0.10 20784 20784 0 520 640 My,  *11/2  19% 77
479.4 0.36 20854 20878 24 1020 1174  Y1(3)yp  *3I2 33% 78
478.1 0.05 20910 20910 0 850 1425  4(3)y,  *9/2 26% 79
476.23 0.06 20992 20974 -18 228 387  “1(3), 112 38% 80
470.67 0.04 21240 21239 -1 410 565  “1(3)1ap 312 22% 81
469.90 0.46 21275 21278 3 1100 1125  4(3)1z,  *7/2 23% 82
469.6 0.03 21289 21297 8 420 551  41(3)gp X302 34% 83
467.76 0.05 21372 21362 -10 350 329  Y(3)zp  *13/2  42% 84
466.90 0.14 21411 21384 -27 950 1201 “41(3)3,  =5/2 38% 85
465.75 0.24 21465 21446 -19 1020 1050  41(3)1zp  *1/2 35% 86
464.8 0.25 21510 21499 -11 1106 1100  4(3)1zp  *7/2 23% 87
464.35 0.34 21530 21535 5 970 1091  4(3)1zp  F112  14% 88
462.98 0.10 21593 21579 -14 520 470 “1(3)1zp 912 24% 89
4558 0.10 21933 21930 -3 530 640 ‘F(3)s, =52 34% 90
454.8 0.12 21980 21969 -13 590 470 F(3)g, 312 50% 91
453.7 0.08 22035 22053 18 160 81 My, 1312 33% 92
452.8 0.08 22082 22078 -2 260 971 My,  *15/2 18% 93
451.9 0.04 22123 22122 -1 200 240 My, =152 21% 94
451.63 0.03 22136 22133 -3 120 242 My, 712 37% 95
451.35 0.05 221580 22152 2 200 231 Mz 2912 21% 96
449.9 0.24 2224 22204 -17 2520 2460 My, 502 31% 97
448.08 0.05 22311 22322 11 825 972 Mz,  *312 21% 98
444.47 0.15 22492 22482 -10 430 227 My,  *13/2  18% 99
4435 0.10 22544 22544 0 410 498  ‘G(4)g,  *T7I2 23% 100
4421 0.04 22613 22630 17 125 130 4(3)5,  *15/2  10% 101
4417 0.03 22632 22642 10 140 180 41(3)y5,  *15/2  25% 102
440.75 0.05 22682 22693 11 130 112 4(3)igp 912 24% 103
440.2 0.03 22711 22717 6 60 50 41(3)i5, 912 13% 104
439.42 0.04 22751 22764 13 8b 72 YG(4)gp 312 26% 105
438.8 0.12 22783 22776 -7 128% 1379  A(3)igp  *T7I2 23% 106
438.0 0.03 22823 22834 11 400 320 “1(3)gp  *TI2 30% 107
437.65 0.03 22843 22843 0 400 159  *G(4)gp  *3I2 25% 108

43735  0.03 22860 22854 -6 125 680  4G(4)gp  *512 35% 109
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TABLE I. (Continued.
A (nm)2 b Eccm Y EcmbHeud  AE(em b S Seard 2s+1) M, % Level
436.2 0.04 22918 22930 12 714 700 1G(4)g +9/2 35% 110
435.3 0.04 22963 22965 2 720 711 4G(4)gp +9/2 14% 111
4347 0.02 22996 22983 -13 160 41(3) 1572 +1/2 35% 112
434.0 0.02 23036 23034 -2 111 N(3)1sp 1312 25% 113
433.75 0.03 23048 23043 -5 185 162 N(3)gp 1112 33% 114
425.06 0.04 23520 23512 -8 228 165 Mg +15/2  38% 115
423.87 0.04 23586 23583 -3 150 150 Mo +13/2 29% 116
422.06 0.02 23687 23681 -6 15 Mg +1/2 21% 117
421.3 0.16 23730 23728 -2 590 414 *M g +£19/2  30% 118
420.96 0.18 23749 23752 3 620 62 Mg +9/2 34% 119
420.19 0.39 23793 23803 10 956 922 *M g +5/2 23% 120
419.50 1.03 23831 23823 -8 4200 4260 6Py, +1/2 40% 121
418.96 0.65 23862 23863 1 2400 2333 6p,, +3/2 68% 122
418.62 0.63 23882 23881 -1 2480 2183 Mo +3/2 38% 123
418.25 0.50 23902 23917 15 2220 5173 Mg +1/2 38% 124
417.37 1.20 23953 23943 ~10 7820 7767 6p,, £5/2  45% 125
417.15 0.70 23965 23973 8 2820 2776 ®Pyp, +5/2 20% 126
416.56 0.29 24000 23983 -17 1000 1040 Mo *11/2  19% 127
412.70 0.08 24234 24244 20 72b 644 *Lian +3/2 28% 128
412.17 0.08 24285 24256 1 72b 732 s +9/2 37% 129
411.42 0.08 24300 24287 -13 720 287 L yap +11/2  29% 130
411.16 0.05 24315 24307 -8 514 354 Lisp +13/2  51% 131
409.5 0.15 24413 24436 23 1620 1852 L1z +3/2 26% 132
408.2 0.03 24493 24488 -5 200 255 Lisp +11/2  30% 133
407.03 0.32 24562 24549 -13 620 657 Ly +5/2 29% 134
405.52 1.67 24654 24643 -11 33350 30020 Mo +21/2  49% 135
405.0 1.50 24686 24690 4 22000 23363 5P, +3/2 49% 136
404.6 2.00 24709 24714 5 40000 40370 ®P3, +1/2 40% 137
404.1 1.78 24740 24739 -1 28700 28751 6p,, 12 46% 138
403.69 1.01 24765 24759 -6 22050 21893  “F(3)s; +5/2 25% 139
403.42 1.00 24781 24793 12 21580 21645  *F(3).p +3/2 30% 140
402.71 0.13 24835 24820 -5 1675 1334 My +11/2  30% 141
402.37 0.05 24846 24835 -11 290 275 Mo +13/2 17% 142
401.8 0.03 24880 24877 -3 120 363  “K(1)yy,  *+5/2 28% 143
401.46 0.03 24900 24896 -4 100 49 K1)y, — *302 52% 144
400.7 0.03 24946 24943 -3 100 103 *K(1)yy,  *5/2 24% 145
400.65 0.06 24982 24957 5 250 230 Mo +9/2 16% 146
400.34 0.03 24972 24969 -3 85 12 My +11/2  25% 147
399.73 0.04 25010 25012 2 185 43 Mo +9/2 20% 148
399.3 0.06 25036 25029 -7 120 36 My +5/2 20% 149
398.8 0.06 25070 25082 12 250 196 K (1) 1172 +1/2 14% 150
398.6 0.04 25085 25096 11 210 52 4K(L)yp 702 23% 151
397.98 0.03 25120 25130 10 320 411 K1)y, — *972 32% 152
397.04 0.03 25179 25164 ~15 250 210 s *7/2 15% 153
395.32 0.08 25289 25289 0 82b 835 Lisp +5/2 31% 154
395.3 0.06 25293 25291 -2 1000 971 s +3/2 34% 155
395.0 0.02 25310 25308 -2 120 Lisp <712 23% 156
394.67 0.04 25330 25333 3 250 258 s +9/2 28% 157
393.87 0.03 25382 25381 -1 200 238 Lisp +15/2  38% 158
393.82 0.17 25385 25383 -2 520 382 Mo +3/2 31% 159
392.90 0.20 25445 25433 -12 625 482 Moy +1/2 33% 160
392.43 0.30 25475 25501 26 825 502 ‘G(4)y,  *1/2 14% 161
391.90 0.06 25510 25530 20 250 68 My £17/2  27% 162
391.13 0.06 25560 25550 -10 225 95 Mo +19/2  29% 163
390.68 0.14 25589 25582 -7 1428 1333 “G(4)11 +1/2 39% 164
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TABLE I. (Continued.

A (nm)2 b Eccm Y EcmbHeud  AE(em b S Seard 2s+1) M, % Level
390.4 0.08 25610 25603 -7 300 333 G4y, — xT2 17% 165
390.1 0.16 25630 25622 -8 1600 1586  “G(4)112 +9/2 54% 166
389.85 0.16 25645 25649 4 750 793 Liss +13/2  29% 167
389.69 0.16 25654 25652 -2 760 738 s +1/2 20% 168
388.85 0.10 25710 25715 5 725 663 G4y, — xT2 26% 169
388.24 0.06 25780 25748 -2 540 252 ‘G(4)y,  F112 39% 170
387.7 0.03 25786 25785 -1 320 240  *G(4)y, =52 48% 171
380.05 0.20 26305 26306 1 181b 2000 “D(3) 1, 12 44% 172
379.69 0.03 26330 26320 -10 425 342 Lo +5/2 30% 173
379.45 0.04 26347 26339 -8 520 417 Lo +9/2 30% 174
378.90 0.62 26385 26366 -19 2643 2164 4D(3) 1, *1/2 24% 175
378.68 0.05 26400 26395 15 252 570 Lo 702 17% 176
378.52 0.05 26412 26410 -2 550 693 Ly +9/2 23% 177
377.98 0.87 26449 26465 16 3700 3710 6p., 702 32% 178
377.8 0.24 26456 26469 13 1280 1295 Ly +17/2  38% 179
377.19 1.00 26504 26497 -7 13100 13056 6p., 52 40% 180
377.05 0.20 26514 26513 -1 6428 6690 6p., +3/2 34% 181
376.74 1.10 26536 26536 0 27000 27160 6p., +1/2 53% 182
376.2 0.57 26578 26585 7 11946 11768 P, +3/2 25% 183
375.58 0.39 26618 26634 16 1025 466 K(1)yzp  *5/2 30% 184
375.24 0.11 26642 26656 14 360 186 *K(1)1372 =712 25% 185
374.82 0.05 26672 26672 0 225 200 K(L)gp  *3/2  40% 186
374.56 0.02 26690 26687 -3 40 WKL),  xT12 16% 187
373.90 0.06 26738 26739 1 725 126 K(L)zp  *9/2 30% 188
373.44 0.02 26770 26756 -14 100 191 *K(l)yzp =112 15% 189
372.77 0.16 26819 26822 3 1025 995 4K (1) 1372 +1/2 20% 190
3715 0.02 26914 26921 7 150  *K(1)yzp  *11/2  46% 191
370.54 0.03 26980 26970 -10 180 160  “K(1)1zp  *13/2  17% 192
368.22 0.02 27150 27152 2 140 4E(3)gp +5/2 33% 193
367.55 0.11 27200 27205 5 1185 1205 ‘F(3)gp +3/2 44% 194
367.18 0.17 27237 27235 8 3300 3240 4D(2)3 +3/2 31% 195
365.94 0.25 27317 27302 -15 5130 4740 ‘F(3)gp +1/2 37% 196
365.40 0.20 27363 27373 10 2420 3456 op,, +1/2 56% 197
364.37 0.14 27437 27432 -5 1400 720 ®Py) +5/2 24% 198
363.7 0.44 27490 27485 -5 5620 5733 op,, +3/2 38% 199
362.8 0.40 27555 27559 4 2440 2331 “D(2)ap +1/2 33% 200
362.7 0.45 27559 27565 6 14400 14340 op,, +£5/2  43% 201
362.5 0.14 27578 27574 -4 1490 1574 ‘F(3)gp +5/2 18% 202
358.3 0.04 27902 27896 -6 200 201 H(1)7, +3/2 63% 203
356.86 0.05 28014 27990 —24 250 74 H(1)7 +5/2 38% 204
355.78 0.06 28100 28089 -11 300 306 H(1)7p +7/2 51% 205
355.5 0.06 28120 28108 -18 450 965 H(1)7 *1/2 52% 206
352.2 0.03 283d6 28387 1 130 133 *K (1) 1572 +1/2 50% 207
352.1 0.02 28390 28398 8 36 K(L)gp  *312  44% 208
351.9 0.10 28410 28416 6 520 270 *K(1)1572 +7/2 54% 209
351.63 0.06 28431 28426 -5 210 207 K(1)gp  *5/2 26% 210
351.4 0.25 28450 28448 -2 1260 350 K(1)gp  *5/2 26% 211
351.13 0.07 28470 28469 -1 450 184 K(1)gp  +15/2 64% 212
350.58 0.10 28516 28511 -5 500 270 K1),  *112 26% 213
350.11 0.07 28554 28551 -3 300 350 K(1)gp  +1312  52% 214
349.39 0.16 28613 28604 -9 1150 1133 P, +3/2 17% 215
348.98 0.05 28647 28638 -9 500 140 H(1)gp €302 44% 216
348.8 0.26 28664 28662 -2 560 558 H(1)gp +5/2 25% 217
348.69 0.10 28672 28672 0 340 625  “H(1)gp +9/2 10% 218

348.47 0.40 28689 28694 -5 3200 3380 5p., +5/2 18% 219
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TABLE I. (Continued.
A (nm)? 1 Eccm Y EcmYHd  AE(CEmH® S Seald 28+1) h My % Level
348.28 0.38 28704 28705 1 3000 3047 P +1/2 18% 220
347.98 0.21 28729 28739 10 4820 4840 P +1/2 14% 221
347.75 0.10 28748 28746 -2 1900 1902 P =7/2 29% 222
347.43 0.32 28775 28766 -9 4528 4538 K(1)y7,  *15/2  16% 223
347.27 0.17 28788 28794 6 112b 1125 K(1)172 +1/2 21% 224
347.0 0.20 28810 28811 1 1240 1240 ()17,  *15/2  20% 225
346.91 0.98 28818 28831 13 10000 9776 5P,y +3/2 15% 226
346.64 0.14 28840 28838 -2 740 850 K(1)17 +1/2 19% 227
346.48 1.00 28853 28866 13 4840 4107 K(1)17p  *17/2 18% 228
346.23 0.55 28866 28877 11 1000 923 K(1)i7p,  *17/2 15% 229
345.93 0.70 28900 28895 -5 1320 460 K(1)y7,  *13/2  14% 230
345.68 0.27 28920 28919 -1 140 320 H(1)11/ +5/2 23% 231
345.37 0.14 28946 28932 -14 520 360 (L)1, *112  22% 232
345.2 0.47 28960 28973 13 1625 1860 5P, +1/2 19% 233
344.93 0.11 28983 28982 -1 620 346 H(1)11 =712 15% 234
344.6 0.05 2901 29022 11 310 220 Lo £13/2  14% 235
344.43 0.10 29075 29024 -1 740 106 H(1)11/ +9/2 15% 236
344.22 0.05 29043 29048 5 300 216 Lo £19/2  17% 237
344.0 0.03 29060 29057 -3 260 340 Lo/ £19/2  13% 238
343.9 0.03 29069 29066 -3 240 120 H(1)11/ +1/2 24% 239
3435 0.02 29104 29116 12 130 “Ligp +3/2 12% 240
343.2 0.05 29129 29127 -2 420 676 K (1)1 +5/2 12% 241
342.9 0.03 29185 29163 8 320 183 “K(1)172 +9/2 16% 242
342.4 0.02 29197 29191 -6 68 Lo £17/2  28% 243
341.78 0.02 29250 29247 -3 183 Lo £17/2  13% 244
341.6 0.01 29266 29251 -15 47 AH(1) 13 +3/2 24% 245
341.21 0.01 29299 29282 -17 42 *H(1) 13 +5/2 35% 246
340.2 0.03 29386 29388 2 85 67  *H(1)ap =702 24% 247
340.1 0.03 29395 29392 -3 85 63 H(1)pp, 1312 44% 248
339.7 0.03 29429 29430 1 85 122 “H(1)13 +3/2 36% 249
339.4 0.01 29455 29454 -1 50 15 4H(1)13 +9/2 26% 250
339.02 0.04 29448 29488 0 325 198 *H(1)13 +1/2 30% 251
338.9 0.03 29500 29492 -8 310 274 Lo +1/2 16% 252
338.4 0.03 29549 29540 -2 150 126 “H(l)p,  *112 21% 253
338.29 0.02 295582 29551 -1 134 *H(1)zp  *1112  26% 254
337.83 0.03 29592 29584 -8 100 100 Lo +15/2  31% 255
337.14 0.04 29653 29653 0 325 337 4G(2)7 =7/2 25% 256
335.47 0.03 29800 29793 -7 200 307 4G(2)7 +=7/2 28% 257
335.08 0.02 29835 29839 4 200 228 *G(2)7 +3/2 55% 258
334.8 0.05 29860 29864 4 42b 161 4G(2)gp =712 29% 259
334.58 0.16 29880 29886 6 195 386  “G(2)s, +5/2 22% 260
334.15 0.08 29918 29898 -20 420 151 ‘G(2)s), +5/2 20% 261
333.68 0.02 29960 29962 2 18 4G(2)7z +1/2 25% 262
333.24 0.01 30000 30014 14 133 “G(2)gp +1/2 26% 263
333.04 0.01 30018 30030 12 6  “G(2)gp +5/2 30% 264
331.98 0.06 30114 30089 -25 228 236 4G(2)s), +1/2 43% 265
330.2 0.04 30276 30272 -4 150 55 G(2)s) +5/2 31% 266
329.4 0.25 30350 30347 -3 460 193 G(2)s +1/2 37% 267
324.22 0.05 30834 30838 4 200 111 2L(3)15,  *15/2  43% 268
323.74 0.03 30880 30884 4 50 100 L(3)152 +1/2 29% 269
323.34 0.01 30918 30921 3 5 L(3)152 +9/2 61% 270
322.12 0.02 31035 31029 -6 45 (3)152 +7/2 51% 271
321.8 0.03 31066 31089 23 150 161 P(2)1 +1/2 77% 272
321.23 0.04 311% 31122 1 260 284 G(2)117 +9/2 28% 273
320.94 0.04 31149 31150 1 290 329 (2)112 +9/2 40% 274
3205 0.15 31192 31191 -1 850 724 L(3)15/2 +5/2 20% 275
320.35 0.02 31207 31207 0 72 G(2)11) =7/2 31% 276
319.98 0.02 31243 31242 -1 65 G(2)1y,  *11/2  45% 277
319.83 0.35 31258 31263 5 200 155 (3)152  *13/2  20% 278
319.45 0.04 31295 31309 14 1600 1536 G(2)11) +1/2 44% 279
319.12 0.04 31337 31334 7 175 155  *G(2)11 +3/2 28% 280
317.74 0.07 314?4 31464 0 425 156 L(3)152 +1/2 20% 281
317.54 0.04 31483 31475 -8 250 50 (3)1s51  *11/2  23% 282
316.8 0.19 31557 31545 ~12 1000 935 G(2)11) =72 37% 283
313.05 0.24 31631 31624 -7 1685 1745 P(2)35 +1/2 48% 284
307.07 0.07 32575 32521 -14 175 185 (2)s/2 +1/2 45% 285
306.02 0.61 32594 32586 -8 1673 1825  *P(2)s), +3/2 56% 286
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TABLE I. (Continued.

NmE 1P Eem g Elem ed  AE(EM)® Spd Swd L M, % Level
305.82 0.31 32647 32630 ~17 928 972 4P(2)s) +1/2 44% 287
301.92 0.04 33112 33102 -10 225 60 2F(5)5, +1/2 40% 288
301.2 0.04 33191 33217 26 240 82  2K(5)13p +1/2 22% 289
300.75 0.02 33241 33261 20 34 2K(5),  *132  29% 290
300.5 0.03 33268 33268 0 100 64  2K(5)3p +9/2 24% 291
298.67 0.03 33472 33471 -1 100 45 ‘F(2)5 +9/2 61% 292
298.42 0.10 33500 33509 9 28b 265 2K (5) 13/ +3/2 22% 293
298.33 0.03 33510 33524 14 90 24 2K(5)3p +3/2 22% 294
297.95 0.03 33553 33566 13 90 66 ‘F(2)s5 =7/2 42% 295
297.45 0.02 33609 33604 -5 5 ‘F(2)s5 +1/2 53% 296
297.15 0.02 33643 33639 -4 11 ‘F(2)s5 =7/2 29% 297
296.95 0.01 33666 33656 -10 52 ‘F(2)s5, +5/2 37% 298
296.8 0.01 33683 33670 -13 34 2K(5)13p ~ *11/2  25% 299
296.25 0.01 33745 33726 ~19 9 2K(5)1ap ~ *11/2  35% 300
295.88 0.03 33748 33779 -9 100 54 2F(5)5, +3/2 21% 301
295.25 0.03 33861 33851 -10 70 37 2L(3)17 +9/2 24% 302
295.16 0.01 33870 33855 -15 63 81 2L(3)y7p  F1712  22% 303
294.56 0.03 33939 33929 -10 15 22 2L (3) 17 =72 22% 304
294.58 0.01 33936 33932 -4 15 1(2) g +9/2 31% 305
294.2 0.01 33980 33974 -6 1 2L (3)17 +9/2 20% 306
294.18 0.02 33943 33979 -4 37 2L(3)y7p  *11/2  34% 307
293.9 0.01 34015 34016 -1 5 2L(3) 17 +9/2 22% 308
293.7 0.01 34038 34039 1 5  2L(3)17 +9/2 22% 309
293.3 0.03 34085 34085 0 60 89 AL(2)gp +3/2 29% 310
292.83 0.02 34140 34144 4 17 2L(3)y7p  *1312  27% 311
292.7 0.01 31455 34149 -6 3 2L(3) 17 +3/2 40% 312
292.57 0.01 34170 34170 0 2 2L(3)y7,  *15/2  58% 313
292.4 0.01 34190 34198 8 2 2L(3)1p +1/2 32% 314
291.71 0.04 34211 34287 7 100 120 41(2)gp +5/2 39% 315
2915 0.04 34295 34297 2 100 79 4(2)g +3/2 39% 316
285.63 0.01 35000 35003 3 4 2Nyo0 +17/2  86% 317
285.55 0.01 35010 35008 -2 3 2Nio +£19/2  64% 318
284.65 0.01 35120 35111 -9 10 2Nio +15/2  60% 319
284.5 0.01 35139 35151 12 4 2Nio £13/2  41% 320
284.27 0.01 35167 35165 -2 31 2Nio £11/2  32% 321
284.1 0.01 35188 35182 -6 10 2Nio +9/2 42% 322
284.01 0.01 35200 35196 -4 13 2Nio *7/2 31% 323
283.87 0.06 35217 35214 -3 165 103 F(2)7 +3/2 34% 324
283.81 0.01 35255 35221 -4 10 2N,o0 +1/2 21% 325
283.52 0.01 35260 35251 -9 4 2Nio +3/2 25% 326
283.48 0.06 35264 35257 -7 170 187 ‘F(2)7p +3/2 28% 327
283.36 0.03 35280 35274 -6 23 35 ‘F(2)7 +7/2 18% 328
282.96 0.03 35330 35333 3 23 59 N2y, 112 44% 329
282.52 0.03 35385 35391 6 49 85 1(2) 112 +9/2 47% 330
282.08 0.01 35440 35432 -8 20 ‘F(2)7 +5/2 64% 331
281.93 0.01 35459 35454 -5 18 ‘F(2)7 +1/2 55% 332
281.8 0.02 35475 35473 -2 59 1(2) 112 +1/2 34% 333
281.21 0.05 35550 35558 8 17b 201 2P(4)1 +1/2 94% 334
281.1 0.10 35564 35570 6 825 1294  Y1(2)11p +7/2 31% 335
280.66 0.03 35620 35622 2 123 76 1(2) 112 +5/2 48% 336

AVavelength in nanometers; spectrum obtained at sample temperature 3.8 K.
PAbsorbance units; sample thickness, 0.35 cm3Sponcentration, 3.4 10'8ions/cn?.
“Experimental energy in vacuum wave numbers.

dCalculated energy in vacuum wave numbers using parameters reported in Table 11l col. 2.
®Difference in energyE .y Eopsin cm 2.

fObserved transition line strengt8, ., from level one to excited levels, in units of 108 debye squared?, Ref. 25; refractive index
correction at wavelength of transition is also given in Ref. 25.

9Calculated absorption line strength in units of #D2 using parameters reported in Table IV, col. 3.

"Multiplet label for which the largest perceh; contribution is given in footnote i.

ILargest percenM ; contribution to the wave function for the designated Stark level.

Istark level beginning with the ground-state Stark leveflity,, as the first(1) level.

KLevels used in fitting calculated-to-observed energy levels.

ILevels selected for line strength analysis.



15 650 JOHN B. GRUBER, BAHRAM ZANDI, AND MICHAEL F. REID PRB 60

— T T T parameter§2°?1 When Eq. (4) is included in the total
Hamiltonian given in Eq(1), some of the interaction terms
disappear as they are already represented in eithef2Eqr
Eg. (3). The Hamiltonian given in Eq) was diagonalized
within the completeSLJM; basis set of the # electronic
configuration that includes 73S states, 198" L ; multip-

. | lets, and 1001 Stark levels. Since Bnis a Kramers ion,
G(4)7/2 each Stark level is twofold degenerate in site®gfsymme-

try.

& o
g (=3 o
T T T

PERCENT TRANSMITTANCE

N
(=]
T

IV. ANALYSIS OF ENERGY LEVELS

4985 500.5 502.5 504.5 . . o
WAVELENGTH(nm) To check the results obtained from the diagonalization of

the complete energy matrix, we first calculated the splitting
of the ®H; and ®F ; multiplet manifolds using the final set of
B'é parameters obtained from Ref. 2. The results were com-
A N pared with the experimental Stark levels reported by Gruber
H=H+Het+Heer, (1)  etall listed as levels 1 through 54 in Table II. Level 55
- . _ ) _ _ represents the lowest-energy Stark level'@(4)s, (17 597
whereH, represents the isotropic terms in the atomic Hamil-c =3y '\yhich is the first entry in Table I. Without performing
tonian, including the spherically symmetric parts of the,ny |east-squares fitting between the calculated and experi-
4f-electron crystal-field interactionsl; represents the non- mental levels, we obtain a rms deviation within the value
spherically symmetric terms of the one-electron crystal-fieltquoted in Ref. 2.
interactions, andH ¢ incorporates two-electron correlation-  The samdB'a parameters were then used as a starting set
crystal-field (ccf) interactions into the Hamiltoniaf The  to calculate the splitting of the multiplet manifolds appearing
terms inH, include, in Table I. The experimental levels given in Table Il were
also included in this fitting. We chose reasonably isolated
multiplet manifolds between 17 600 and 25 000 ¢rauch as
‘G(4)s2r F(3zz,  ‘G(4)7,  N1(B)1zzs Muzp,
1(3) 1512, “G(4)ar2s °Psip, *L(4)1312, and ®Py, for a least-
squares fitting between calculated-to-experimental Stark lev-
els. This analysis was then extended to include reasonably
isolated multiplet manifolds having energies up to 35000
wherek=2,4,6;1=2,3,4,6,7,8;j=0,2,4; and the operators ¢m 1.
(0) and their associated parameters are expressed in conven-Since the entire energy matrix is diagonalized with adjust-
tional notation with respect to the interactions theyaple atomic and crystal-field parameters, we avoid arbitrary
represent®*® adjustment of multiplet manifold centers of gravitgen-
The one-electron crystal-field Hamiltonian is expressed agroids). Thus, we avoid the truncation errors present in earlier
crystal-field-splitting calculations for St in  host
Ag=> BKEY, 3) crys'galszz.'14 We are able to extend the analysis to numerous
k. multiplets where the crystal-field mixing is so large that the

FIG. 3. Absorption spectrum of th&G(4),,, manifold obtained
at 3.8 K.

Ha=<E>+§k‘, F¥ o+ al(L+1)+BG(G,) + yG(R,)

+2 T+ LeoBsot X PP+ 2 Mim, (2
i K ]

wherek=2,4,6 (with |g|<k), C{? is an intraconfigurational
spherical-tensor operator of ratkkand orderq, and theBg
represent one-electron crystal-field-splitting parameters with
B‘iq= (— 1)‘1B'§1 . In D, symmetry there are nine independent M
BE parameters which we adjust to give the best overall agree-
ment between the calculated and observed crystal-field
splitting 18

The third term in Eq(1) includes contributions attribut-

a0 .

PERCENT TRANSMITTANCE

able to differences in the crystal field as seen hyekectrons s apg), B
with different spins relative to the direction of the total spin 2
of the electrons in the configuratidf.?? Called the correla-
tion crystal field(ccf), its Hamiltonian is expressed as 20} -
Hee= 2 Gl @ | | |
KT.a 10305 306 307

wherek=0,2,4,6,8,10,12. The sum ovedistinguishes dif- WAVELENGTH(nm)

ferent operators and parameters with identicaind q=0, FIG. 4. Absorption spectrum of th&(2)s/, manifold obtained
+2,£4,+6, |g/<k. The Gikq terms are adjustable at3.8 K.
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TABLE Il. Energy levels of the sextet state¥; and °F; in Snt*:YAG.

LeveP E(cm Yod E(em Hg,s 25Ty My, %° LeveP E(cm Yod E(em Hgs 257, My, %°
1 0 -23 SHe,  *1/2  74% 28 6343 6348 SHip 1172 38%
2 145 159 ®Hep,  *312 67% 29 6561 6572 SF,,  *1/2  84%
3 247 232 ®Hgp,  *£512  T2% 30 6699 6705 SHysp,  *=3/2  40%
4 1017 998 ®H,, *312 73% 31 6722 6732 SFs,  *1/2  57%
5 1239 1228 bHy,  *7/2 30% 32 6751 6782 5F,, *3/2 53%
6 1368 1366 ®H,,  *7/2  52% 33 6840 6842 bHysp,  *13/2  15%
7 1412 1412 ®H,, *5/2  63% 34 6904 6898 SHygp, 712 43%
8 2248 2223 ®Hgp  *5/2 57% 35 6940 6946 SHigp, 92 44%
9 2395 2390 ®Hgp  *3/2  38% 36 6973 6986 bHis,  *15/2  44%
10 2461 2449 ®Hgp  *9/12 47% 37 7268 7260 SFgp, *1/2  45%
11 2565 2559 ®Hgp *1/2  33% 38 7378 7361 SF, x312  61%
12 2611 2619 SHep X712  47T% 39 7416 7413 SFg,  *1/2  41%
13 3550 3548 ®Hyy, =512 43% 40 8104 8111 5F,,  *1/2 36%
14 3641 3626 ®Hy,  *7/2  58% 41 8115 8132 5F,,  *5/2  44%
15 3756 3754 ®Hyy,  *1/2 39% 42 8148 8139 SF,,  *1/2  45%
16 3820 3821 ®Hyyp, *1/2 31% 43 8262 8283 5F,, X312 49%
17 3870 3866 ®Hyyp  *11/2  31% 44 9264 9265 SFg,  £5/2  62%
18 3944 3953 ®Hiy,  *9/2  56% 45 9294 9289 SFgp  *312 43%
19 4864 4868 ®Hysp  *1/2  27% 46 9317 9314 SFg, 912 82%
20 4981 4985 ®His,  *9/2  36% 47 9361 9356 SFgp  X7/2 68%
21 5060 5057 ®Hysp  =7/2  30% 48 9385 9389 SFgp  *1/2 50%
22 5175 5179 ®Hiyp, =312 60% 49 10602 10595 SF,,  *11/2  46%
23 5224 5236 ®Hiyp  *1/2  46% 50 10623 10614 SF, 92 57%
24 5335 5328 ®Hysp  *11/2  73% 51 10648 10650 SFl, 12 53%
25 5367 5379 ®Hizp  *1312 57% 52 10744 10757 SFp 312 45%
26 6140 6137 *Hisp, *1/2  47% 53 10768 10781 5Fi, 52 54%
27 6278 6277 ®Hisp  *13/2  42% 54 10796 10795 SFl, 72 43%

aStark level; inD, symmetry all Stark levels have the same symmetry latiel,
PExperimental levels taken from Ref. 1.

Calculated levels using parameters from Tableg(dbl. 2) without ccf.
dMultiplet of the sextet state in SLJ coupling nomenclature.

€Largest percenM ; contribution to the calculated Stark level.

crystal-quantum state is represented only by the combinatioAs a reference, the starting setﬁ obtained from Ref. 2 is
of M states. Examination of column 9 in Table | shows thatlisted following the variance associated with the final set of
many of these states are highly mixed with the largest perB'a parameters obtained in the present st(sge column 2,
centM; contribution being rather small. Table Ill). The rms between the final set of 314 calculated-
Optimization between a final set of 314 calculated-to-to-observed Stark levels is 10 ¢ and is based on five
observed Stark levels was carried out for a total of 336 preadjustable atomic parameters and nine adjustable one-
dicted Stark levels between 0 and 35620 ¢nSpectra ob-  electron crystal-field parameters. Overall agreement is within
served at higher energyshorter wavelength are not the precision of the data and the theoretical expectations for
sufficiently resolved to merit an analysis. The experimentathe analysis. ) S )
levels used in the final fitting are designated by a footnote in  Inclusion of the correlation crystal field in our analysis
Table I. By diagonalizing the total energy matrix, we alsoProvides o_nly modest improvement between the calculated
obtain improved agreement between the experimental an@nd.experlm(_antal levels, and for that reason the results are
calculated splitting offF,,, reported in Ref. 2. This comes Not included in Tables | and Il. We may point out,ehowever,
about by including all contributions from excited states thatthat the4 overall szphttlng of the ZmultlpIeF§H5,2, H7i2,
were eliminated by the truncation schemes used edrlier.  Hiwz: “P(2)s2, “K(5)132, and °F(5)s, is improved by
The final set of atomic and crystal-field parameters isoughly 10%. However, the rms deviation for all 314 levels
given in Table Ill. Since paramete 7, T", My, and Py is reduc_ed by only 2%, Whl_ch is not sufficient to merit any
vary little for St in different host crystaléf"” these pa- cqnclusmns bas_ed_ on ccf mtera_ctlon_s. The parameters ob-
rameters were held fixed. Atomic parametgs F*, F8, a, tained when ccf is included are given in column 3, Table IlI.
and ¢ varied less than 1.5% from the initial set chosen from
the literaturet’” The final set ofBg parametersgwithout ccf
does not change much from the starting set when the analysis The crystal-field parameters reported in Tablg(¢blumn
is expanded to include the splitting of all 314 Stark levels.2) are used together with a lattice-sum model to determine a

V. ANALYSIS OF TRANSITION LINE STRENGTHS
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TABLE lIl. Hamiltonian parameters for Sth:YAG. TABLE V. Electric-dipole intensity parameters,
ST YAG. Parameters with statistically insignificant values are

Values excluding corr.  Values including corr.  indicated by parentheses. The starting set was taken from Ref. 25,
Parametér crystal fiel® (cm™) crystal fiel# (cm™) Table IV, set 1. Sincédg, changed less than 1%, we held these
values fixed in the final variation analysis.

(E) 46 9773) 46 9773)
F? 7761919 7761819 Parameter Starting set Final set
F 56 29722) 56 20422) (A)) (1073 cm (10" cm
Fé 3985415 3986015 .
a 17.530.04) 17.510.04) Az (22 83
P 567 567 A% 222 121
y 1500 1500 Az, (-106 —86
T2 300 300 A% —216 —120
T3 36 36 Al 334 154
T 56 56 Al (=37 1y
TS ~347 ~347 Al 20 68
T7 373 373 As, —424 —127
T8 348 348 A, (—12) (36)
leo 11670.5 11670.5 A, 683 652
M 2.60 2.60 A, ~265 (—0.4)
P, 357 357 Ag (—11) (—12)
B2 438(13) [434] 43913) A% ~110 ~110
B2 107(11) [90] 10911) A%, (—23) (—23)
B4 ~130(32) [—-154] ~11831) Ags 143 143
B3 —192513) [—1858 -191918) A%, (=13 (-13
B4 —490(23) [—658] —48723) A% (5) (5)
BS —158929) [—1529 —157530) A% (=73 (=73
BS —68721) [—712] —69520)
6
E‘g‘ _Zgé;g %2059;9] —935(92)2) The transition line strength is expressed as
ool e S =KW Pl )P+ KW KW P, 5)
G10(4)a 38.970) whereP is the “forced” electric-dipole operatom is the
G10(4)p 151(56) magnetic-dipole operator, an, andW; represent state vec-

tors for the initial and final states in the transition. Since
electric-dipole transitions must involve states of opposite
parity, such transitions within thefa configuration are pos-
sible as a result of the crystal-field mixing of opposite-parity
states represented by the dklderms in the crystal-field
Hamiltonian?324

dParametersE) throughP are described as atomic parameters in
the text; parameterB3 throughBS are identified with the crystal
field, and parameteiG2(4) throughG10(4)b are associated with
the correlation crystal field.

®Final set of values used to calculate the Stark-level energies i

Table I(col. 4); values forg throughT® andMy and Py were not The line strengths are calculated following methods de-

varied; the parameter variance Is given In pare.mhegé param- — geriped by Burdicket al?® and involve the line-strength pa-
eters from Ref. 2, representing the starting set in the present stud ) : ; ;

S . - ametersA;,, as adjustable parameters. The relationship be-
are given in square brackets; the rms deviation for 314 calculated- P

to-experimental levels is 10 cr ween these parameters and the parameters obtained from
P . . methods developed by Leavitt and Morrison, both in terms

Final set of values obtained when the correlation crystal field is o . . .
. : . K of normalization and unit factors, are discussed by Burdick
included in the calculation; only thBg and the ccf parameters ot al

25 . . _ .
were varied with the variance given in parentheses; the rms devi I in the line-strength analysis of the spectra of

N3t + ; ; Eﬂ$
tion involving the same levels used in the analysis that did no d*":YAG. For Sn? _|n D, sites, there are apossml '
- —on 11 A and 17A8 adjustable parameters. With the relation-
include ccf terms was reduced by only 2% from the rms given in tp: tp a0l p :

footnote b. ship that @})* =(—1)""P**AY,, the number of indepen-
dent parameters is reduced from 33 to 18 with\ 3@),
complete set of even and odd crystal-field components th&i(A=4), and 94=6).
serve as a starting set of parameters for calculating the tran- Since Sm" and Nd&* both occupy similar sites in YAG,
sition line strengths. From the model developed by Morrisorreasonable sets of startirmg\p parameters are available, ei-
and Leavitt” we obtain the oddk crystal-field components ther from the results of Burdickt al?® or from the lattice-
A= —11593, A,= —i2403, As,=i1298, A,,=i33.6, A;;,  sum method of Morrison and Leavitt.Beginning with ei-
=i257, andA,=—i208 all in (cm Y/AX). The everk ther set, we are able to obtain a final set of parameters listed
crystal-field components are given #By,=pAyq, Where in Table IV that involves 147 measured-to-calculated line
the radial factorsp,, for Sn?* are given by Morrison and strengths. In the fitting process we found that some of the
Leavitt!’ initial parameters change very little and others become sta-
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tistically insignificant. Because thagp parameters change blet states that are strongly mixed by the crystal field. An
less than 2%, we held these seven parameters fixed. Paraanalysis of the calculated-to-experimental energy levels re-
eters A4, Az, and A, meet the criteria set by Burdick quires diagonalization of the total energy matrix that in-
et aln %° as being statistically insignificant. These parametersludes all states of the f3 electronic configuration. The
along with theAgp parameters that are also statistically in- analysis opens the way for further studies into excited-state
significant were removed, and the remaining parameterabsorption and fluorescence lifetimes. Such investigations
were refit to experiment to generate final line-strength valuesnay encourage further consideration of 3oYAG as a vis-
reported in Table I(column 6. Fitting the line strengths ible laser, at least in the fiber geometry, despite its relatively
presents problems not encountered in the fitting of the energyeak transition line strengths in comparison to those found
levels?® but the final set ofA}, parameters appearing in by Burdick et al? for No®*:YAG.
Table IV represent the best overall agreement between the
measured line strengths chosen and footnoted in Table I.
Moreover, the calculated line strengths for transitions not
used in the fitting are in general agreement with the mea-
sured values to within the limits set by Burdiek al?>2° One of us(J.B.G) wishes to express deep appreciation to
In summary, the present study makes use of both a®r. M. E. Hills, retired from the Naval Air Warfare Center
energy-level analysis and a transition line-strength analysi§Veapons Division, China Lake, CA, who from 1986 to 1992
to interpret the visible and ultraviolet spectra of SnYAG. as mentor and colleague participated in the earlier work on
The spectra consist of absorption by sextet, quartet, and do®n?":YAG.?
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