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Calculation of spectroscopic parameters of Ho®*" in HoP;O,, noncrystals
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Abstract Intensity parameters &; of Ho®* in noncrystalline HoPs;0,, were calculated
with absorption spectrum measurement. Based on these £2; values, the oscillator strength,
spontaneous radiative rate, branching ratio and integrated emission cross section were
estimated. A discussion on the potentiality of application in the infrared laser material is
given.
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Fig. 1 Absorption spectrum of HoPs.Ou
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Table 1 Oscillator strength f, and intensity parameter ¢, for Ho%* ion in noncrystalline HoP;0,,
Absorption line Line barycenter 5, (cm™!)  Spectral range  f%* X 10° F# X 108
— 5[, 5066 .84 ~2.1um 0.858  0.883
— 5], 8540 1.11 ~ 1. 21 pm 0. 451 0. 646
e 11111 875 ~ 925 nm 0.078 0.119
- 5F; 15456 625 ~ 668 nm 1. 620 1.772
{—-» 58, 18553 525 ~~ 556 nm 2.709 2. 338 {D. 422
— SR, 1. 916
— 5p, 20534 478 ~ 496 nm 0. 992 0.708
{_.. 57, 21186 464 ~ 478 nm 1. 004 0 910{0. 406
- 3K, 0. 504
— 5@ 22075 438 ~ 464 nm 8. 392 8. 479
- (37, *G)s 23866 408 ~ 438 nm 1. 917 1. 737
{—» 5G4 25907 378 ~ 394 nm 0. 408 0. 333 {0. 204
— 3K, 0. 129
- (5%, H); 27624 354 ~ 371 nm 2.976 2 204J0 741
— 3H; 1. 452
— ( 5F, F, 56, lo. 011
0. 038
{_,. 5G3 28902 340 ~ 354 nm  0.713  0.581 {
0. 553
—= 3L
— ( %F, %H, %), 29940 327 ~ 340 nm 0. 461 0.553 (0. 528
— 3K, [ 0. 022
- 5G, L0. 003
—= 3Dy 34483 284 ~ 303 nm 1. 767 2.265(0.010
— My, ) 0. 608
— 3L, 0. 049
L= ( %@, *D, %), 1. 598
— ( °F, ¥), 35971 269 ~ 284 nm 1. 224 1. 390 (0. 013
—- ( *H, 5D, 16D, 1. 307
£ 3F2 J 0. 013
—_— IL; U. 03‘!
L= ( 3, @) L0. 023
—= 3L 38314 257 ~ 268 nm 0. 397 0.212¢0. 027
— 3, {0. 133
- 3F, 0.052
—- 3 40000 247 ~ 257 nm 0. 521 0. 231 (0. 008
— 3M9 0. 046
— ¢ 0. 061
l — 5Dy L:). 116
{—- (3F, D), 41666 237 ~ 247 nm 1.717 1. 577{1. 524
: 0. 053

Q, = 2.630 X 10%®cm?, @, = 2.134 X 10®cem?, 9 = 1. 561 X 10-¥®cm?,4,,, = 3. 02 X 107



70 o & W * 20 %

2 By
. _[;(ﬁ"zﬂ R } )
I—3

I =18, i AR L. _

2 Ho'* EHRHENEKIEE.FXS)HLFRFRHREHITN

HEEHES /LS L]0 ) BETRESR |FLSL]) (a8 o ER N BE AR BT 2
SR |

St = D L s L] | u® || fLa’s 'L ]I | M
2
Sy = [éi_c) [P TaSLI | L+ 28] fTas L2 (8)
J =7 B
(FGSLJ || L+ 28| f%SLJI) =6(aa)o(SSIS(LL)
% [—z‘rf.wir[g(g S L@+ D43 +1D] (9a)
0+ D |
J =J — 18
(FP%GS LT | L+ 28| f%SLT)Y = é(da")6(S )LL)
xﬁw+ﬂ+nh4ﬁﬂﬂwr—ﬁﬂ” (9)
47 -
J =J 4+ 18

(f%ASLJ |L+ 28| f%SLIT)=6(da)o(S8)(LL)

x {[(s + L+ D= 0+ DY D= (= s‘)*’]}}‘1

40+ D |

HI3CHR[4,5] BEBAERET @ ) S2BAE, B 1)) (D. (8. (9 XM LUFEH
WES | MldsL ) WrERERTRE £ HE RBEHKEILEH

(9¢)

Arys = (Sﬁzezﬁfmt‘)xff.r' (10)
= a4+ 2)%/9 (11a)
LX"‘ = n’ (118)
F N4 X AR 4 R ST A E
Bry = Ay (12)
S
2
szJ. = *g"i?;ﬂ;';" (13)
HRNE 2.
3 LRSIt

Sxmlel it B R, RE5ERS HoPOu XS H T+ HE, RAENASE
EARLAFE AN, £ 3 HIM T Ho** ZEJLFRF B R PSR 10X R0 K N8
meT, ARl YAIO, B ROV BCR, A ML B A M E X, HA K LaF, B, RS HI K
SHARE KT 10" em, FO64 R, iN_E AL BEER SR R LA LB M 3K B Ho* w938 4%, Bl T Xf
LR AMRAE R RREE TR R A — R F R TR (EINE 8 SR 1 F 6T R A K iR



134 HoPsO,, 3 dk 1 Ho'* B F Xl SRt | 71

A7 BHKF , W E HoP:0, LSO A FHH LRRRFMFHLBEJLEAVER),
XX FREREEBRHRBELE RN, XELBAE Y BRI E MR,

Table 2 Calculated values of oscillator strength, transition rate of spantaneous emission,
branching ratio of fluorescence and integrated emission cross section between the
excited state |f'°[a'S'L']J' ) and the lower state |f°[a’S"L']J") for Ho®* ion in
noncrystalline HoP50,,

Line Oscillator Spontaneous emission | Total emission | Fluorescence | Integrated
Transition 5 (em™) strength f X 10% | transition rate A (s'!) probability branching | emission
. ﬂ:‘p Aﬁ .r' A:J. rate > Ay, ratio #  [cross-section
5[, — 51, 5066 1.001 | 0.329 | 58.64 21. 50 80. 14 1 1. 697
5[g — 51, 8540 0. 844 0 140. 57 0 167. 08 0.841 | 1.048
- 5], 3474 0.529 | 0.389 | 14.57 11.94 0.159 1.194
55— 51y 11111 [ 0.183 | 0 51. 65 0 134.19 0. 385 0. 227
- 5, 6045 0. 861 0 71. 87 0 0.536 1. 069
— 5], 2571 0.349 | 0.322 5. 26 5. 41 0. 080 0.877
5], — 51, 13139 | 0.019 0 7. 50 0 80. 7 0. 093 0. 024
- 5 8103 0. 246 0 36. 95 0 0. 458 0. 306
— 5], 4605 0. 613 0 29, 71 0 0. 368 0. 761
— 5], 2054 0.438 | 0.216 4.22 2.32 0. 081 0. 842
SFs—» 51, 15456 | 2.748 0 1499, 28 0 1961, 57 0. 764 3. 411
— 5[, | 10390 | I.465 0 | s61.12 0 ‘ 0. 184 1.818
— 6916 0.728 | 0.009 | 79.51 1. 09 0. 041 0.916
S 4339 0.476 | 0.0006 | 20. 48 0. 03 0. 011 0. 592
- 57, 2237 0.004 | 0.0008 0. 05 .0.01 ~0 0. 007
58, —» 514 18382 | 1.413 | 0 1090. 64 0 2042. 55 0. 534 1. 754
— 5, 13317 | 1.851 0 749. 55 0 0. 367 2. 297
— 5[ 9824 0. 609 0 134. 77 0 0. 066 0. 756
— 5[ 7271 0. 276 0 33. 37 0. 0. 016 0. 343
— 5], 5163 0. 556 0 33. 86 0 0.017 0. 690
— SF; 2926 0.018 0 0. 36 0 ~0 0. 023
SF, — 514 18587 | 3.629 0 2863. 08 0 3559. 73 0. 804
- 51, 13521 | 0.775 0 323. 55 0. 0. 091
— 5], 10047 | 0.993 0 228.89 | 0 0. 064
- 5[, 7476 0.913 | 0.001 | 116.52 0.13 0. 033
- 5], 5368 0.294 | 0.0004 | 19.35 0.03 0. 006
—5F, | 3131 |o0.272 | 0.083 | 6.10 2. 08 0. 002
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Table 3  Comparison of integrated emission cross sections of several realizable lasing
' transitions of Ho®* ion in different host crystals

Integrated emission cross-section (>, X 10% cm)
Transition |Wavelength
(um) YAIOS Lﬂ.Fg. H0F50“
host crystall!] host crystalll] Crystall" Noncrystalline

I, — 5I 2.0 2.19 1. 194 1. 66 1. 697
g — Iy 1. 17 1. 38 0. 604 0. 996 1. 084
§lg— 51, 2. 86 1. 52 0. 926 1. 19 1. 194
5[y — 51, 1.65 1. 40 0.615 1.028 1. 069
5P5 — 51, 0. 65  4.83 2.121 3. 411
5Fs — 51, 0. 96 2.53 1.15 1. 479 1.818
58y —— 51y 0.55 ’ 2. 32 1. 019 1. 693 1. 754
58, — 51, 0.76 2.99 ' 1.319 2. 206 2. 297
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