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Table 1. The important orbital angular momentum partial wave for the high-spin state of B atomic (ion).

2 2 . 2
L 1s2sns, 1s2snp, 2p“np, 15252pnp 1s2p“np, 1s2s2pns, 1s2s2p3snp, 1s2s2p“np,
1s2pnp 1s2pns, 1s2pnd 1s2s2pnd 1s2s2p?ns 1s2s2p?nd
[0,1,1] [0,1,1+1] [0,0,1,1] [0,0,1,0+ 1] 0,0,0,.,f]  [0,0,1,1+1,1+1]
[1,1+1,142] [1,1,1] [0,1,1,1+1] [0,1,1,1] [0,0,1,0,1+1] [0,0,1,14+ 1,1+ 3]
e 1 s 2,1 +2,14+2 2,14+2,1+3 0,2,1,1 0,2,l,1+1 0,0,2,0,1+2 0,1,1,I4+1,1+2
W 2 B [ 1 ] [ ] [ ] [ ] ]
1,1,0,1] [1,1,5,14+1] [0,1,1,1,1+2] [0,1,1,1+1,1+4]
[1,1,0,1+ 2] [1,2,0,1+1] [0,1,2,0,1+1] [1,1,1,14+ 1,1+ 1]
[1,1,1,5,0+1]  [1,1,2,14+ 1,1+ 2]

#2 BT ETIES 1s2s2p? PP AR AR T HAE R &P 3 B

[T = = =

[A=2NA8

R AE (A7 a.u.)

Table 2. The non-relativistic energy and the energy contributions of each angular momentum partial wave

for the quintuplet state 1s2s2p? °P¢ in BT ion (unit a.u.).

[07 27 l? l]7

[0,0,1,1] Tk AE [0,1,1,(1+1)] W% AE [1,1,1,1] W%k AE ML+ 2)] AE
[0,0,1,1] 291 —17.203991 [0,1,1,2] 239  —0.007900 [1,1,1,1] 130 —0.000643 [0,2,2,2] 59 —0.000022
[0,0,2,2] 115  —0.005601 [0,1,2,3] 147 —0.000953 [1,1,2,2] 100 —0.000072 [0,2,3,3] 33 —0.000001
[0,0,3,3] 84  —0.000425 [0,1,3,4] 93  —0.000127 [1,1,3,3] 42 —0.000005 [1,1,1,3] 47 —0.000002
[0,0,4,4] 42  —0.000077 [0,1,4,5] 50 —0.000027

[0,0,5,5] 22 —0.000020 [0,1,5,6] 46 —0.000008

[0,0,6,6] 14  —0.000006

[0,0,7,7] 14  —0.000003

kA 582 —17.210123 575 —0.009015 272 —0.00072 139  —0.000025

SRR R (—17.210123) + (—0.009015) + (—0.00072) + (—0.000025) = —17.219883 a.u.

SIEL 582 + 575 + 272 + 139 = 1568
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Fig. 1.

and experimental energy datal

(color online) The deviation of theoretical

16] for the core-excited

states of B atomic (ion).

%3 BET (BET) R HESE 1s2inl (1 = s, p) 4S°, 2pnp 48°; 152s2pnp °S°, 1s2p2np 3S°; 1s252p3snp 6S°, 1s2s2pnp

6S° [MRER (AL au.)

Table 3. Energies (a.u.) of high-spin states 1s2Inl (I = s, p) 4S¢, 2p2np 4S°; 1s2s2pnp 5S¢, 1s2p2np 5S°; 1s2s2p3snp

63°, 152s2p2np 9S° of B atomic (ion).

W Ey+ AEry  AEmp AE.  AEginm Brotal
AT ik

162535 45° 1538044 0.00000  —0.00514 0.00050 —15.30408  —15.39342%, —15.39458" —15.30449°
152845 4S° ~15.06893  —0.00001 —0.00501 0.00050 —15.07345 —15.07289%, —15.07380", —15.07378°
1s2p3p 4s° ~15.13602  —0.00007 —0.00443 0.00047 —15.14005 —15.13944%, —15.13754P, —15.14014°
1s2pdp 4s° 1488128 —0.00005 —0.00453 0.00047  —14.88539 ~14.88622%, —14.88637°
2p? 480 _7.11932  0.00002  —0.00114  0.00002  —7.12042 —7.11158", —7.12023¢
2p?3p 450 ~6.04495  0.00001  —0.00101  0.00002  —6.04593
2p24p 480 ~577990  0.00001  —0.00098  0.00002  —5.78085
15252p3p 5S° _16.56187  —0.00006 —0.00500  0.00050  —16.56643
15252p4p 5S° 1641955  —0.00006 —0.00499  0.00050  —16.42410
1s2p3 550 ~16.87642  —0.00012 —0.00438 0.00047 —16.88045 —16.88098, —16.88097°, —16.87076'
1s2p23p 58° _16.27476  —0.00011 —0.00437 0.00047  —16.27877 —16.279288
1s2p24p 5S° ~16.14531  —0.00011 —0.00436  0.00047  —16.14931 ~16.149888
12s2p3s3p 6S°  —16.77774  —0.00006 —0.00506  0.00050  —16.78236
12s2p3sdp 6S°  —16.67889  —0.00006 —0.00506  0.00050  —16.68351
16252p23d 6S°  —16.64745  —0.00006 —0.00499  0.00050  —16.65200
152s2p3 65° _17.68730  —0.00010 —0.00483  0.00050  —17.69173
16252p23p 6S°  —17.30685  —0.00008 —0.00492  0.00050 —17.31135
16252p24p 6S°  —17.25450  —0.00009 —0.00492  0.00050  —17.25901

a, SCHR [16] 5256; b, 3CHR [23] FCPC; ¢, ik [7] Rayleigh-Ritz 284; d, 3CHk [5] Rayleigh-Ritz 254%; e, SCilik [21]
Rayleigh-Ritz 254); f, 3k [11] MCHF; g, Ciik [22]Rayleigh-Ritz 454y
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4 BET (BET) BEES 1s2pnp 4P, 1s2snp 4P°; 1s2s2pnp °Pe, 1s2s2pnl (I = s,d) 5P°; 1s2s2p?nl (I = s,d) SP°,
1s252p2np OP° (MR (P07 a.w.) KREMEAEMEER (A7 cm—1), o, Vy—(g—1) My g1y—g N RLALAS IR A0 45 4 B5 R E
(B em 1), B2T B ES J =15, Bt BFHES J =2, BETAES J = 2.5, 5 FHHHERRLEIREE (B cm 1)
Table 4. Energies (a.u.) and fine structure splittings (cm 1) of high-spin states 1s2pnp 4P¢, 1s2snp 4P°; 1s2s2pnp °P¢,
1s2s2pnl (I = s,d) 5P°; 1s2s2p?nl (I = s,d) 6P¢, 1s2s2p%np SP° of B atomic (ion). vy_(s—1) and vy 1)_s are the

corresponding fine structure splitting values. For the quartet state, the quintuplet state, and the sextet state, J values

are equal to 1.5, 2, and 2.5, respectivley. The data in parentheses represents the experimental errors (unit cm™—1).

ks By +AEry  ABmp  ABa  ABEgn Frotar il Cn)) Ch
¥ Sk AL SCik A Lk
1s2p? 4pe —16.00032 —0.00010 —0.00436 0.00047 —16.00431 —16.00370*> 31.1 31.0(2.0)* 7.8  8.7(2.0)*
—16.00469
1s2p3p 4Pe —15.12445 —0.00007 —0.00434 0.00047 —15.12839 —15.12776> 22.5 9.0
—15.12854P
1s2p4p?* Pe —14.87551  —0.00007 —0.00432 0.00047 —14.87943 —14.87883% 21.1 9.7
—14.87955
1s2s2p 4P° —16.26759  —0.00005 —0.00499 0.00050 —16.27213 —16.27141*> —6.2 —6.3(2.0)> 34.9 34.8(2.0)2
—16.26739°¢ —16.27244P —6.31¢ 34.78¢
—16.272594
—16.27265¢
1s2s3p 4P° —15.31518  —0.00002 —0.00500 0.00049 —15.31970 —15.31907* —1.1 —1.2(2.0)*% 84  7.7(2.0)?
—15.31493¢ —15.31955P
—15.32014°¢
1s2s4p 4P° —15.04144 —0.00001 —0.00493 0.00049 —15.04588 —15.04526> —2.2 11.3
1s2p3s 4P° —15.19709 —0.00006 —0.00448 0.00047 —15.20116 —15.20051> —2.8 40.6  37.8(1.3)»
—15.20127°
—15.20144¢
1s2pds 4P° —14.90239  —0.00006 —0.00438 0.00047 —14.90636 —14.90593> —2.5 41.7
1s2p3d 4P° —15.07688 —0.00005 —0.00443 0.00047 —15.08089 —15.08031> —11.4 —10.9
—15.07819°
1s2p4d 4P° —14.85437  —0.00006 —0.00436 0.00047 —14.85832 —14.85850® —10.0 —11.9
1s2s2p? 5Pe —17.22001  —0.00009 —0.00496 0.00050 —17.22456 —17.22517¢ 22.2 22.20¢ 2.4 2.42°
—17.225148 22.408 2.308
17.21861"
1s2s2p3p °P¢  —16.55480 —0.00006 —0.00498 0.00050 —16.55934 —16.55999f 16.0 15.99f 4.7 4.71f
1s2s2pdp °P®  —16.41696 —0.00005 —0.00498 0.00050 —16.42149 —16.422267 15.3 15.36f 5.1 5.18f
1s2s2p3s OP°  —16.62800 —0.00006 —0.00507 0.00050 —16.63263 -2.3 30.0
1s2s2pds 5P°  —16.44241 —0.00006 —0.00502 0.00050 —16.44699 —2.1 30.6
1s2s2p3d °P°  —16.49713 —0.00006 —0.00499 0.00050 —16.50168 -9.3 -9.1
1s2s2p4d °P°  —16.39520 —0.00006 —0.00499 0.00050 —16.39975 -8.8 —8.8
1s2s2p23s P¢  —17.35154 —0.00008 —0.00496 0.00050 —17.35608 19.7 2.0
1s2s2p24s 6P¢  —17.27379  —0.00009 —0.00493 0.00050 —17.27831 17.1 0.6
1s2s2p23d 6P¢  —17.27692 —0.00009 —0.00492 0.00050 —17.28143 —2.2 —6.1
1s2s2p24d 6P¢  —17.25041 —0.00009 —0.00492 0.00050 —17.25492 -2.5 —6.1
1s2s2p23p 6P°  —17.31296 —0.00008 —0.00493 0.00050 —17.31747 -1.8 9.6
1s2s2p24p 6P°  —17.26392 —0.00008 —0.00491 0.00050 —17.26841 -2.5 9.9

a, SCHR [16] 5256; b, CHA [7] Rayleigh-Ritz 284); ¢, 3Cilik [34] Rayleigh-Ritz Z84%; d, ik [20] Rayleigh-Ritz 2547
e, Wk [24] FCPC; f, 3CHk [22] Rayleigh-Ritz 28743; g, (K [21] Rayleigh-Ritz 2843; h, 3C#k [11] MCHF.
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ZEARSHIE. A5 HAH0E R A
S5 HRMMEIER, R4EHH T BEF (HT)
= E e B RPN BEE TP, (S = 1.5, 2.0,
2.5) FIAS G &5 F B 4. % b 1 2 2% SOk o 32 3
K E T sz 56 191 Rayleigh-Ritz 28 43 ) Fi8 +
S 0222033 JIPCPC (B G 5 2.
St PR B, B 1s2p3s 4P° iy H HES 1 va 515 K
Y1 45 ¥4 B 441 40.6 con ! I EE HH SR 56 A AR 25 Y
(37.8 £1.3) em™ !, HARMIFHAAA WA REH
2L AT RS 4 45 A B 2RO SR (21,

22, 4] W WA S HRLE, &K IWEZ
4%. 3R A R AN SE K BE RUE, W] LUK 1s2pnd
4pe, 1s2s2pnd °P°, 1s2s2p?nd SPe (&40 &
W4 spd, sspd, ssppd) HIAE 21 5 44 B ZLE 15 S 1,
1s2pnp 4P°, 1s2s2pnp 5P°, 1s2s2p?ns P (A4,
¥ 43 3 H spp, sspp, ssspp) MR 4145 16 B% B 35N
1E. ST BN R YUK S — R A B 21 BRI R
Y25 R BY ZLMH, DRI, 38R 40 45 1 B R AR A R
UG UE AN RAEUR SR € A S5

#£5 B2 B TIIESE 1s2sns 4Se—1s2sn’p 4P°, 1s2sns 4S°—1s2pn’l 4P°, 1s2pnp 4Se—1s2sn/p 4P°, 2p2np 4S°—1s2pn/p
4pe; B+ B 7 HEA 1s2s2pnp 5S°—1s2s2pn’l °P°, 1s2p2np 5S°—1s2s2pn’p P¢; B JR T /NE A 1s2s2p3snp 65¢—1s2s2p2n/p
6Po, 152s2p3p3d 6S°—152s2p2n'p 6P, 152s2p2np 6S°—15252p?n’l 6P (n < 4; n/ < 4;1 = s,d) BRI IR TR fi k-
RIIRITMER A (s71) RUR T58E fromy i UURITMER Ap—,s (s71) FIBRIZWK A (nm); J5 455 A 8UER 10 1R E4

Table 5. The radiative transition oscillator strength f;_,, radiative transition rate A;_,, (s~1), absorb oscillator strength

fr_si, absorption transition rate A_,; (s7!), and transition wavelength A (nm) of the 1s2sns 4S¢-1s2sn’p 4P°, 1s2sns
48e_152pn/l 4P°, 1s2pnp 4S°-1s2sn’p 4P°, 2p2np?S°e-1s2pn/p 4P¢ transitions in B2T ion; the 1s2s2pnp 5S¢—1s2s2pn’l 5P°,
1s2p2np 5S°-1s2s2pn/p °PC transitions in BT ion, and the 1s2s2p3snp 6S°-1s2s2p2n/p 6P°, 1s2s2p3p3d 6S°-1s2s2p?n'p
6P° 1s2s2p?np 6S5°-1s2s2p?n’l 6P° (n < 4; n’ < 4; | = s,d) transitions in B atom. The number in square brackets

represents the power of 10.

20 2 fiak Aiﬁ»k fk~>i Akai
ez T A
: ! il Al/A, i/t A/ A,
1s2s3s 48°  1s2s2p 4P° 1.37[—1]/1.37[—1] 3.41[9]/3.41[9] 4.58[—2]/4.59[—2] 1.14[9]/1.14[9)] 51.892

1s2s3p 4P° 1s2s3s 45 1.69[—1]/1.69[—1] 3.00[7]/3.00[7] 5.08[—1]/5.08]—1] 9.01[7]/9.01[7]

1s2s4p 4P° 1s2s3s 4S°  3.83[—2]/3.85[—2] 1.49[8]/1.50[8] 1.15[—1]/1.16[—1] 4.47[8]/4.50[8]

1s2p3s 4P° 1s2s3s 48°  5.31[—2]/5.31[—2] 6.31[7]/6.32[7] 1.59[—1]/1.59]—1] 1.89[8]/1.89[8]

51.8955+0.0052, 51.895¢
51.895+0.005P, 51.904
51.87¢
612.575
612.6462, 612.645¢
611.094, 612.6840.01f
130.854
130.866%, 130.868°
236.177
236.111+0.0052
236.155¢, 235.814

1s2p3d 4P° 1s2s3s 45°  1.12[—2]/1.13[—2] 3.53[7]/3.54[7] 3.37[—2]/3.38]—2] 1.06[8]/1.06[8] 145.482
1s2sds 4S°  1s2s2p 4P° 9.30[—3]/9.17[—3] 4.29[8]/4.23[8] 3.10[—3]/3.06]—3] 1.43[8]/1.41[8] 38.011
38.014 + 0.005*
38.014 + 0.0058
38.0166°, 38.0144, 38.00°
1s2sds 4S¢  1s2s3p 4P° 1.79[—1]/1.79[—1] 3.49[8]/3.50[8] 5.97[—2]/5.99]—2] 1.16[8]/1.16[8] 185.029

185.082 + 0.005*
185.08 4 0.02P
185.084¢, 185.094

1s2sdp 4P° 1s2s4s 4S°  2.41[—1]/2.41[—1] 5.85[6]/5.83[6] 7.23[—1]/7.22[—1] 1.75[7]/1.75[7] 1652.643
1s2s4s 4S°  1s2p3s 4P° 1.90[—2]/1.85[—2] 1.00[7]/9.72[6] 6.33[—3]/6.14[—3] 3.34[6]/3.24[6] 356.772
1s2pds 4P° 1s2sds 4S¢  4.58[—2]/4.37[—2] 4.08[7]/3.89[7] 1.37[—1]/1.61[—1] 1.22[8]/1.17[8] 272.688
1s2p4d 4P° 1s2sds 4S¢  2.67[—3]/2.54[—3] 3.94[6]/3.76[6] 8.00[—3]/7.62[—3] 1.18[7]/1.13[7] 211.795
1s2p3p 4S° 1s2s2p 4P° 6.26[—2]/6.27[—2] 2.57[9]/2.58[9] 2.09[—2]/2.09[—2] 8.58[8]/8.61[8] 40.247
40.249, 40.253 4 0.0038
1s2p3p 4S¢ 1s2s3p 4P° 1.64[—1]/1.62[—1] 1.69[8]/1.67[8] 5.46[—2]/5.41[—2] 5.63[7]/5.587] 253.623

253.580 % 0.005%, 253.580°¢
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x5 (8)
e T Jisk Aisk Sre—i Ak N
fi/ fo A/ Ay fi/ fo A/ Ay
1s2p3p 4S° 1s2p3s 4P° 1.56[—1]/1.56[—-1] 1.87[7]/1.87[7] 5.20[—2]/5.19[-2] 6.23[6]/6.21[6] 745.596
1s2pds P° 1s2p3p 4S° 2.37[—-2]/2.27[-2] 4.16[7]/3.99[7] 7.11[-2]/6.81[—-2] 1.25[8]/1.20[8] 194.974
1s2p3d 4P° 1s2p3p 4S° 1.59[—1]/1.60[—1] 1.79[7]/1.79[7] ~ 4.78[—1]/4.79[-1]  5.37[7]/5.38[7] 770.172
1s2p4d *P° 1s2p3p 4S° 1.02[-1]/1.04[-1] 2.61[8]/2.65[8] 3.07[—1]/3.12[-1] 7.83[8]/7.95[8] 162.274
1s2pdp 4S° 1s2s2p 4P° 1.94[—2]/1.93[—2] 1.20[9]/1.19[9] 6.47[—3]/6.42[—3] 3.99[8]/3.97[8] 32.856
32.895+0.005%, 32.8934¢
32.874, 32.895+0.0068
32.84+0.020
1s2pdp 4S° 1s2s3p 4P° 8.94[—3]/9.44[—-3] 5.41[7]/5.71[7] 2.98[—3]/3.15[—3] 1.80[7]/1.90[7] 104.91
1s2pdp %S¢ 1s2sdp 4P° 3.64[—2]/3.17[-2] 3.00[8]/2.61[8] 1.21[—2]/1.06]—2] 1.00[7]/8.70[6] 283.902
1s2pdp 4S° 1s2p3s 4P° 3.29[—2]/3.23[-2] 1.05[8]/1.05[8] 1.10[—2]/1.08[—2] 3.51[7]/3.45[7] 144.293
1s2pdp %S¢ 1s2p3d 4P°  1.57[-1]/1.56[—1] 1.93[8]/1.92[8] 5.24[—2]/5.19[—2] 6.44[7]/6.38][7] 233.061
234.689+0.005%, 234.688°
2p3 48° 1s2p2 4Pe 3.24[—1]/3.24[—1] 8.21[11]/8.22[11] 1.08[—1]/1.08]—1] 2.74[11]/2.74[11] 5.129
3.24[—-1]} 8.21[11]t 5.124 + 0.004?
5.124¢, 5.12871
2p? 45° 1s2p3p 4P°  3.29[-3]/3.28[-3] 6.76[9]/6.76[9] 1.09[—3]/1.09[—3]  2.25[9]/2.25[9] 5.69
2p3 48° 1s2pdp 4P 8.37[—4]/8.48]—4] 1.62[9]/1.64[9] 2.79[—4]/2.83[—4] 5.40[8]/5.46[8) 5.872
2p23p 48° 1s2p? 4Pe 2.29[-3]/2.28[—3] 7.28[9]/7.22[9] 7.62[—4]/7.56[—4] 2.43[9]/2.41[9] 4.575
2p23p 48° 1s2p3p 4P° 2.55[—1]/2.55[—1] 6.76[9]/6.76[9] 8.51[—2]/8.50[—2] 2.25[11]/2.25[11] 5.017
2p23p 48° 1s2p4p *P° 9.79[—4]/9.42[—4] 2.45[9]/2.36[9] 3.26[—4]/3.14[—4] 8.18[8]/7.87[8] 5.158
2p24p 48° 1s2p? 4P° 1.68[—3]/1.67[—3] 5.63[9]/5.62[9] 5.59[—4]/5.58[—4] 1.88[9]/1.87[9) 4.457
2p24p 48° 1s2p3p 4P°  4.53[—4]/4.59[—4] 1.27[9]/1.29]9] 1.51[—4]/1.53[—4] 4.24[8]/4.29[8) 4.874
2p24p 48° 1s2pdp 4P 2.49[—1]/2.48[—1] 6.61[11]/6.60[11] 8.29[—2]/8.27[—2] 2.20[11]/2.20[11] 5.008
1s2s2p3p 2S¢ 1s2s2p3s °P°  2.36[—1]/2.31[—1] 3.35[7]/3.28[7] 7.87[-2]/7.70[-2] 1.12[7]/1.09[7] 688.268
1s2s2pds SP°  1s2s2p3p °S°  1.24[-2]/1.39[-2] 5.67(6]/6.38[6] 3.71[—2]/4.17[-2] 1.70[7]/1.91[7] 381.475
1s2s2p3d °P°  1s2s2p3p °S°®  2.30[—1]/2.24[—1] 3.10[7]/3.02[7] 6.91[—1]/6.73[—1] 9.31[7]/9.06[7] 703.681
1s2s2p4d °P°  1s2s2p3p °S°  2.92[—2]/2.71[-2] 2.61[7]/2.42[7] 8.77[-2]/8.13[-2] 7.83[7]/7.25[7] 273.358
1s2s2pdp °S°®  1s2s2p3s PP°  1.33[—2]/1.27[—2] 1.86[7]/1.78[7] 4.43[—3]/4.24[-3] 6.21[6]/5.93[6] 218.498
1s2s2pdp S 1s2s2pds 5P°  3.83[—1]/3.29[—1] 5.91[6]/5.52[6] 1.28[—1]/1.09[—2] 1.97[6]/1.84[6] 1990.536
152s2pdp 2S¢ 1s252p3d 5P° 2.26[—1]/2.34[—1] 4.38[7]/4.54[7] 7.53[—2]/7.80[—2] 1.46[7]/1.51[7] 587.308
1s2s2p4d °P°  1s2s2pdp °S°  3.28[—1]/3.26[—1] 7.13[6]/6.14[6]  1.13[0]/9.77[—1]  2.14[7]/1.84[7] 1871.185
1s2p3 33° 1s2s2p2 5P¢  4.21[—1]/4.22[-1] 1.59[9]/1.59[9] 1.40[—1]/1.41[—1] 5.30[8]/5.31[8] 132.409
1.60[9]/1.60[9) 1.41[—1]/1.41[—1]} 132.3924-0.0078, 132.386
1s2p23p 55°  1s2s2p? °P°  8.43[-3]/8.36[—3] 2.42[8]/2.48[8] 2.81[—3]/2.88[-3] 8.06[7]/8.25[7] 48.175
1s2p23p ®S°  1s2s2p3p °P°®  2.24[-1]/2.17[-1] 5.60[8]/5.42[8] 7.46[—2]/7.22[-2] 1.87[8]/1.81[8] 162.396
1s2p24p 55°  1s2s2p? °P°  4.35[—3]/4.40[—3] 1.61[8]/1.63[8] 1.45[—3]/1.47[-3] 5.38[7]/5.44[7] 42.375
1s2p24p 5S°  1s2s2pdp °P°  2.40[—1]/2.39[—1] 5.68[8]/5.67[8] 8.00[—2]/7.97[—-2] 1.90[8]/1.89[8] 167.402
152s2p3s3p 65°¢ 1s252p23p 6P° 6.36[—2]/6.43[—2] 5.86[8]/5.91[8] 2.12[—2]/2.14[-2] 1.95[8]/1.97[8] 85.148
1s2s2p3s3p 0S¢ 1s2s2p24p OP° 5.19[—3]/5.36[—3] 3.93(7]/4.05[7] 1.73[-3]/1.79[-3] 1.31[7]/1.35[7] 93.742
152s2p3sdp 6S° 1s252p23p 6P° 1.68[—2]/1.67[—2] 2.18[8]/2.15[8] 5.61[—3]/5.56[—3] 7.25[7]/7.18[7] 71.871
1s2s2p3sdp 6S° 1s2s2p24p OP° 7.12[-2]/7.21[-2] 7.81[8]/7.90[8] 2.37[—2]/2.40[—2] 2.60[8]/2.63[8] 77.899
152s2p23d 6S°  1s252p23p 6P° 9.71[-2]/9.39[—2] 1.38[9]/1.34[9] 3.24[-2]/3.13[-2] 4.61[8]/4.45[8] 68.468
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J:ﬁﬁé& —Fﬁgé& fiak Ai~>k fkai Akai A
fi/ fo A/ Ay fi/ fo A/ Ay
1s2s2p24p 6P°  1s2s2p?3d 6S°  3.80[—3]/3.43[—3] 4.63[7]/4.17[7] 1.27[-3]/1.14[-3] 1.54[7]/1.39[7] 73.917
1s2s2p23s 6P¢  1s2s2p3 65° 5.00[—2]/5.07[—2] 1.81[8]/1.84[8] 1.50[—1]/1.52[—1] 5.44[8]/5.51[8] 135.747
1s2s52p24s 6P 1s2s2p3 63° 1.09[-3]/1.08[-3] 5.99[6]/5.95(6] 3.27[—3]/3.25[—3] 1.80[7]/1.79[7] 110.211
1s2s2p23d 6P°  1s2s2p3 63° 5.45[—2]/5.48[—2] 2.95[8]/2.96[8] 1.64[—1]/1.64[—1] 8.85[8]/8.89[8] 111.049
1s2s2p24d 6P¢  1s2s2p3 63° 2.28[—2]/2.26[—2] 1.40[8]/1.39[8] 6.84[—2]/6.78[—2] 4.19[8]/4.16[8] 104.309
1s252p?3p 6S°  1s2s2p23s 6P°  4.06[—1]/5.01[—1] 2.61[7]/3.21[7] 1.35[—1]/1.67[—1] 8.69[6]/1.07[7] 1018.631
1s2s2p24s OP°  1s2s2p?3p 6S8°  1.99[—1]/1.93[-1] 7.00[6]/6.77[6] 5.98[—1]/5.79[—1] 2.10[7]/2.03[7] 1379.036
1s2s2p23d 6P¢  1s2s2p23p 6S° 2.05[—1]/2.09 [—1] 5.90[6]/6.03[6] 6.15[—1]/6.28[—1] 1.77[7]/1.81[7] 1522.840

a, SCHR [16] 23 b, SR (3] 52k

g, SCHR [9] S5 h, SCHR [6] SL5%;

; ¢, SCHR [16] BEiB; d, STk [7] Rayleigh-Ritz 28 4); e, SCHR [27] Hylleraas J7V%; £, SCHR [10] SE5;
i, iRk [5] Rayleigh-Ritz %55 j, SCHk [22] Rayleigh-Ritz %)

Koy T ME FrEHHNZREBRE
E JE & 1s2sns 4S°—1s2sn/p 4P°, 1s2sns %S¢ —
1s2pn/l 4P°, 1s2pnp S — 1s2sn'p *P°, 2p2np *S°
— 1s2pn/p *P¢; 1s2s2pnp °S¢ — 1s2s2pn/l °P°,
1s2p?np °S° — 1s2s2pn’p °P¢; 1s2s2p3snp 6S¢ —
152s2p?n’p OP°, 1s252p3p3d 65— 1s2s2pn’p °P°,
1s282p?np 9S° — 1s282p?n/l °P¢ (n < 4; n’ < 4;
[ =s,d) W RARFR ST BRI R 1 5 FE L R S BRIT M2
WS AR - 5 B« IR BR T MRS AT ERAT . K 6 %11
7R () NS R UK EE IER 1s2pnp
4pe — 1s2sn/p *P°, 1s2pnp *P® — 1s2pn/l 4P°;
1s2s2pnp °P® — 1s2s2pn’l 5P°; 1s2s2p?nl °P¢ —
152s2p2n/p °P° (n < 4; 0’ < 4; 1 = s,d) BIHEE
BRI PR IR T om FE OR BROT ME R A BRIT B K. AE
REMEOH, AL T R FE G 038 B R
Y TS B RO R T om FE FNER IR AR AR P oA Y
THE SR —BUEREE, 770 W vk 55 00 I ek B R
TRERE. N 7T LL B ARV E R 25 ) — B
P, B 285 THE T (B ) B RS AR R
BRITHR 7 5m JE A PIRIELTE £ A0 f, BOXTEETE BL. AN
2 0] LA, P HUAE B EODUE (logyo(fi/ fu))
BIALT [—0.1,0.1) Ja L. ERT9REE f, /N T 0.3 1
Yo B, IR ITE AT SRR I, KZE47 T [—0.05,
0.05] Y& [l 7E f; KT 0.3 FI3E [, 9 F ol v — ik
W& 22, AR b AR SO AR S BROT HR T R R
PO BRI VG v B A R s RO R — B, AT
EB T TSRO R AU LU RORE B . R 5 FIsR 638
FIH T SCER (5, 7, 22) THE B B 1 H e A
AR 2 S RO R 7 e B R BRI R R, AR SO T B 4
RANSCHR [5, 7, 22] W ERABTH A 45 BT & 15 1R 17
Xt B2 & F e A 2p? 48°0—1s2p? 4P
BRIE, A SO B4R 7 o B AR IT M 2R A8 2 ) oA

0.324 F18.21 x 101 =1, FSCHR [5] A EL IR AH 56 4%
—3 ROMF6 MG —FGH TAHERB
JRF (B ) v e AS F AR AR A S BRAT A A 56
S I6 4 (65— 10:16] K Ay B 4 T SRR [9)7016,22.27)
EISAH TALHHEMBIRT (BT) & H RS
St RS K AN S 6 5 651015 g A 2. A
K 3H LA H, 1s2pdp 4Se—1s2p3d *P° Hll 1s2pdd
4po—1s2p3p 1P PANERIT U K AR -5 5258 (1 AH X i
ZERK (LM 0.7% F10.3%), Fe A BRIE 9K B AH X
235/ T 0.15%. X LA ST S i K 5 L Ath 2
WAL S B 71622271 AR 238/ F 0.7%. Rk,
AR EARSCHH R B IR (B ) i H e A AR R
B G KA K S S 6 R0 A R AR 45 R A 1
. X TBETF(ET)NRZMAKLESHMNE
A, UHZ R 0 BREE RV, KK
AEES 4R S KIS SR e R D, W — DA
AL EAR THE A5 R AT Sk 1) S g A 1 2
b 8 SR I E e S 25 5.

0.5
0.4
0.3 |
0.2 |
0.1
0 ‘Q‘of':—}“ e swans Te Ve * e :
—0.1
—0.2 -
—0.3
—0.4

_05 I 1 I 1 I 1 1 1 I
0 0.1 0.2 0.3 0.4
i

2 ASCHHEM B EF (BF) HARRAT 4R R B
B EERE £ AT fo B LR

Fig. 2.
strengths in length gauge f; and velocity gauge f, in

logio(fi/ fo)

0.5
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#6 B2t BEFIUER 1s2pnp 4Pe—1s2sn/p 4P°, 1s2pnp 4Pe—1s2pn’l 4P°; Bt BT LE A 1s2s2pnp SPe—1s2s2pn’l 5P°;
B JHF/NEAE 1s252p2nl SPe—1s252p2n/p 6P° (n < 4; n’ < 4; 1 = s,d) WEBWEKITIR FHE i/ fo, IRITMR A;/A, (s71)
ARIT P X (nm); 57455 IOEAREE 10 5 5L

Table 6. The electric dipole transition oscillator strength f;/fy, transition rate A;/A, (s~1), and transition wavelength \
(nm) of the 1s2pnp *P°e-1s2sn'p 4P°, 1s2pnp 4P°-1s2pn’l 4P° transitions in B2T ion, the 1s2s2pnp 5P°-1s2s2pn’l SP°
transitions in BT ion, and the 1s2s2p2nl P°-1s2s2p2n/p 6P° transitions in B atom (n < 4;n' <4;1=s,d). The number

in square brackets represents the power of 10.

e T PRT 9 EE BRI N
fl/fu AZ/AU
1s2p2 4Ppe 1s2s2p 4P° 1.98[—1]/1.98[—1] 4.54[8]/4.548] 170.127
170.199 + 0.005%, 170.217 + 0.005P
170.199¢, 170.184
1s2s3p 4P° 1s2p? 4pe 1.08[—3]/1.06[—3] 1.63[7]/1.60[7] 66.554
66.552 + 0.005%, 66.554°, 66.544
1s2s4p 4P° 1s2p? 4P° 2.64[—2]/2.64[—2] 7.80[8]/7.79[8] 47.540
47.542 4 0.004?, 47.539°¢
1s2p3s 4P° 1s2p? 4Ppe 1.12[-1]/1.12[-1] 2.33[9]/2.33[9] 56.731
56.730 £ 0.005P, 56.714
1s2pds 4P° 1s2p? 4P° 1.69[—2]/1.67[—2] 6.53[8]/6.46[8] 41.499
41.50 +0.01P
1s2p3d 4P° 1s2p? 4Ppe 1.98[—1]/1.98[—1] 5.42[9]/5.42[9] 49.342
49.340 + 0.003, 49.342 4 0.05P
49.343¢
1s2p4d 4P° 1s2p2 4Pe 4.80[—2]/4.86[—2] 2.02[9]/2.05[9] 39.759
39.791 4 0.004?, 39.786°
1s2p3p 4P° 1s2s2p 4P° 4.36[—2]/4.36[—2] 1.83[9]/1.83[9] 39.837
39.841 4 0.003?, 39.840°
39.841 4 0.003¢
1s2p3p 4Pe 1s2s3p 4P° 6.92[—2]/6.89[—2] 8.09[7]/8.05[7] 238.165
238.086 + 0.005%, 238.086°
238.14 + 0.02f, 238.2 £ 0.18
1s2s4p 4P° 1s2p3p 4P® 7.93[—3]/7.97[—3] 1.75[6]/1.75[6] 552.216
1s2p3p 4P° 1s2p3s 4P° 2.34[—1]/2.35[—1] 3.97[7]/3.98[7] 626.128
1s2pds 4P° 1s2p3p 4Pe 1.51[—1]/1.51[—1] 2.40[8]/2.39[8] 205.213
205.3510.0062, 205.340°
1s2p3d 4P° 1s2p3p 4Pe 3.23[—2]/3.20[—2] 2.35[6]/2.33[6] 959.229
1s2p4d 4P° 1s2p3p 4P° 4.69[—2]/4.88[—2] 1.10[8]/1.14[8] 168.709
169.221 + 0.005%, 169.221°
1s2pdp 4P° 1s2s2p 4P° 1.57[—2]/1.56[—2] 9.79[8]/9.75[8] 32.716
1.545[—2]4 32.721 4 0.004?, 32.7187°¢
32.714, 32.721 + 0.004°
32.71 £ 0.028
1s2pdp 4Pe 1s2s4p 4P° 4.38[—2]/4.38[—2] 3.87[7]/3.87[7) 273.736
1s2pdp 4Pe 1s2p3s 4P° 4.15[—2]/4.17[-2] 1.38(8]/1.39(8] 141.620
141.640 4 0.009%, 141.64 4 0.02P,
141.598¢, 141.634
1s2pdp 4P® 1s2pds 4P° 3.22[—1]/3.21[-1] 7.38[6]/7.36[6] 1691.918
1s2pdp 4Pe 1s2p3d 4P° 1.81[—2]/1.84[—2] 2.36[7]/2.38[7] 226.166
1s2s2p3s 5P° 1s2s2p2 5Pe 1.17[-1]/1.17[-1] 1.31[9]/1.31[9] 76.974
1s2s2p3p 5P° 1s2s2p3s 5P° 3.12[—1]/3.16[—1] 5.42[7]/5.51[7] 621.686
1s2s2pdp °P° 1s252p3s SP° 7.98[—3]/8.82[—3] 1.15[7]/1.26[7] 215.797
1s2s2pds 5P° 1s2s2p? 5P® 1.48[—2]/1.48[—2] 2.87[8]/2.88[8] 58.597
1s2s2pds 5P° 1s2s2p3p °P° 2.10[—1]/2.10[-1] 8.53[7]/8.52[7] 405.548
1s2s2p4p 5P° 1s2s2pds 5P° 4.50[—1]/4.98[—1] 9.37[6]/1.04[7) 1786.798
1s2s2p3d °P° 1s2s2p? 5Pe 1.46[—1]/1.45[—1] 2.45[9]/2.44[9) 63.030
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*£6 (40)
g T PRT BRI N
fl/fv AZ/A'U
1s2s2p3d °P° 1s2s2p3p °P° 8.66[—2]/8.69[—2] 9.25[6]/9.29[6] 790.207
1s2s2pdp °P° 1s2s2p3d °P° 1.06[—2]/1.00[—2] 2.18[6]/2.07[6] 568.193
152s2p4d °P° 1s2s2p2 5Pe 5.10[—2]/4.95[—2] 1.11[9]/1.08[9] 55.241
1s2s2p4d 3P° 1s2s2p3p 5P° 3.19[—2]/3.08[—2] 2.61[7]/2.52[7] 285.503
1s2s2p4d °P° 1s2s2pdp °P° 1.47[-1]/1.47[-1] 2.23[6]/2.23[6] 2095.831
1s2s2p23p 6P° 1s2s2p23s 6P 3.09[—1]/2.82[—1] 1.46[7]/1.33][7] 1180.092
1s52s2p24s 6Pe 152s2p23p 6P° 3.64[—2]/3.47[—2] 1.79[6]/1.72[6] 1163.518
1s2s2p24p SP° 1s2s2p24s 6P 2.89[—1]/2.80[—1] 1.07[6]/1.03]6] 4602.359
1s2s2p23d 6Pe 1s2s2p23p SP° 3.44[—1]/3.10[—1] 1.43[7]/1.29[7] 1264.244

a, SCHR [16] SE50; b, SCHR [8] S48 c, SCHR [16] #i; d, ik [7)Rayleigh-Ritz 28 4); e, SCHik [9] 5L56; f, STk [10]

S5 g, SCHR [6] S8
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Fig. 3. (color online) Relative deviation of the calcu-

lated electric dipole transition wavelength and the ex-

(6,8—10,16]

perimental data for the core-excited high-

spin states of B ion.
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BIE. HE T XS EIE. FRERA N . QED &%
TS 1 B A G A8 RE, A3 21 TR B ) AN 18 e R
RIS SR R 2L, X BT (B 1) & B e
ZH AR AR I BRI R R A L BRI MR | BRI U
KPR BRITHR 790 B2 1 K B R0 A T B2 J
SR A BN H R — 2, AR A S
SRRV BRI LU BORS B IR, R B SR R 3 2R
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Abstract

Energy levels of the core-excited high-spin Rydberg states (4’5’6L, L =S,P) in boron atom (ion) are calculated by
the Rayleigh-Ritz variation method with using large-scale multi-configuration wave functions. The important orbital-spin
angular momentum partial waves are selected based on the rule of configuration interaction. The computational conver-
gence is discussed by the example of the contribution from each partial wave in the non-relativistic energy calculations
of the high-spin state 1s2s2p? °P° in B ion. To saturate the wave functional space and improve the non-relativistic
energy, the restricted variational method is used to calculate the restricted variational energy. Furthermore, the mass
polarization effect and relativistic energy correction are included by using a first-order perturbation theory. The quantum
electrodynamic effects and higher-order relativistic contributions to the energy levels are also calculated by the screened
hydrogenic formula. Then, the accurate relativistic energy levels of these high-spin states of B atom (ion) are obtained
by adding the non-relativistic energy and all corrections. The fine structure splitting of these high-spin states is also
calculated by the Breit-Pauli operators in the first-order perturbation theory. Compared with other theoretical results,
our calculation results are in good accordance with the experimental data.

The absorption oscillator strengths, emission oscillator strengths, absorption rates, emission rates, and transition
wavelengths of the electric-dipole transitions between these high-spin states of B atom (ions) are systematically calculated
by using the optimized wave functions. The oscillator strengths and transition rates are obtained in both the length
and velocity gauges. By comparing the two gauge results of oscillator strength, we find that there is a good consistency
between them when f; < 0.3, and a reasonable consistency is obtained when f; > 0.3. The accordance between the
length and the velocity gauge results reflects that the calculated wave functions in this work are reasonably accurate.
The calculated transition data are also compared with the corresponding experimental and other theoretical data. Good
agreement is obtained except the wavelengths for two transitions: 1s2pdp #S°-~1s2p3d *P° and 1s2p4d *P°-1s2p3p *Pe.
The relative differences between our theoretical results and experimental data are 0.7% and 0.3%, respectively. They
need to be verified by further theoretical and experimental studies. For some core-excited high-spin states, the related
energy levels and transition data are reported for the first time. Our calculation results will provide valuable data for

calculating the spectral lines in the relevant experiments.

Keywords: high-spin state, fine structure splitting, radiative transition, oscillator strength
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