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probabilities of Li-like Cu ion
TENG Huagquo, XU Zilizhan

(Shanghai Institute of Optics and Fine Mechanics, Academia Sinica, Shanghai 201800)

Abstract Theoretical weighted oscillator strengths and radiative transition probabilities
for 18%°nl (n = 2 ~ 6,{ = 0 ~ 5) configurations in Li-like Cu ion are computed with the aid
of the HFR program developed by R. D. Cowan. The ab initio energy paramaters are
optimised on the basis of experimental energy levels. The excellent agreement are obtained
between the calculated wavelenthgths and the measured ones.
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Table 1 Calculated wavelengths (nm) Oscillator strengths (Gf)
and transition probability (GA) for Li-like Cu ion

. Transition
A (nm) Gf GA (s D L — (D) L 77
22. 47701 0. 0321 4. 242F + 09 (2s) 28 — (2p) 2P 0.5— 0.5
15. 35080 0. 0941 2.663E + 10 (2s) 28 — (2p) 2p 0.5— 1.5
10. 37106 0. 3739 2. 3198 + 11 (6s) 28 — (5p) 2P 0.5— 1.5
10. 32218 0.1840 1. 152E + 11 (5d) 2D — (6p) 2P 1.5—10.5
10. 28589 0. 3324 2. 096E 4+ 11 (5d) 2D — (6p) 2p 2.6— 1.5
10. 24227 0. 0371 2. 358E + 10 (5d) 2D — (6p) 2P 1.5 — 1.5
10. 24036 0. 1354 8.615E + 10 (6d) 2D — (56€) ZF 1.6— 2.5
10. 23694 0. 1936 1. 2328 + 11 (6d) 20 — (5f) 2F 2.5—3.5
10. 23348 0.0755 4. 810F + 10 (5¢) 26 — (6f) 2F 45— 3.5
10. 23302 0. 0583 3.711E 4+ 10 (5¢) 26 — (6f) 2F 3.5—12.5
10. 23225 0. 1895 1. 207E 4+ 11 (6s) 28 — (5p) 2P 0.5—0.5
10. 22581 0.3043 1. 941E + 11 (5¢) 2G — (6h) 2H 4.5 — 4.5

10. 22079 6. 4393 1. 050E + 13 (5¢) 2G — (6k) ZH 4.5—5.0
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A (nm) Gf GA(s™Y) Transition
(al) 2f, ~ (al) 27 J—J
10. 22049 0. 0022 1. 380E + 09 (5¢) 26 — (6f) 2F 3.5 —3.5
10. 22015 0. 2625 1. 676E + 11 (6g) 26 — (5f) 2F 3.5— 3.5
10. 21530 0. 0097 6. 199E + 09 (6d) 20 — (5f) 2F 2.5—2.5
10. 21284 3. 4054 8.572E + 12 (5¢) 26 — (6h) 2H 3.5— 4.5
10. 21264 9. 1943 5.880E + 12 (69) 26 — (5§ 2F 4.5 — 3.5
10. 20444 0. 2386 1.528E + 11 (5d) 2D — (6f) 2F 2.5 —2.5
10. 19858 7.1025 4.555E + 12 (6¢) 26 — (5f) oF 3.5— 2.5
10. 19198 4.7773 3. 067E + 12 (54) 2D — (65) 2F 2.5—3.5
10. 16151 3. 3541 2. 167E + 12 (5d) 2D — (6f) 2F 1.5—2.5
10. 09791 0. 2319 1.517E + 11 (6d) 2D — (5p) 2P 1.5 — 1.5
10. 07354 2. 0923 1. 375E + 12 (6d) 2D — (5p) 2P 2.5— 1.5
9. 96627 1. 1749 7.890E + 11 (6d) 2D — (5p) 2P 1.5— 0.5
9. 85629 0. 3355 2. 303E + 11 (5s) 28 — (6p) 2P 0.5— 0.5
9. 78340 0. 6760 4. 711E + 11 (5s) 28 — (6p) 2P 0.5— 1.5
5.61104 0. 2682 5.681E + 11 (5s) 28 — (4p) 2P 0.5— 1.5
5. 60562 0. 1080 2. 2018 + 11 (4d) 20 — (5p) 2P 1.5 — 0.5
5. 58658 0. 1950 4. 167E + 11 (4d) 2D — (5p) 2P 2.5— 1.5
5.57416 0. 0519 1. 113E + 11 (5d) 2D — (4f) 2F 1.5 — 2.5
5. 57372 0. 0741 1.591E + 11 (5¢) 20 — (4f) 2F 2.5— 3.5
5. 56523 0. 2977 6. 410E + 11 (5¢) 26 — (4f) 2F 3.5—3.5
5. 56482 0. 0217 4.684E + 10 (4d) 2D — (5p) 2P 1.5— 1.5
5. 56139 0. 4253 2. 248E + 13 (5¢) 26 — (4f) 2F 4.5 — 3.5
5.56132 0. 0037 8. 008E + 09 (5d) 2D — (4f) 2F 2.5 —2.5
5. 55287 8. 0547 1. 742E + 13 (59) 26 — (4f) 2F 3.5 — 2.5
5. 54391 0. 2522 5.473E + 11 (4d) 2D — (5f) 2F 2.5— 2.5
5. 53924 0.1358 2.952E + 11 (5s) 28 — (4p) 2P 0.5— 0.5
5. 53756 5. 0502 1. 098E + 13 4d) 2D — (5f) 2F 2.5 — 3.5
5.52248 3. 5448 7. 7528 + 12 (4a) 2D — (5f) 2F 1.5— 2.5
5. 47048 0. 2285 5.093E + 11 (5d) 2D — (4p) 2P 1.5 — 1.5
5. 45812 2. 0614 4.615E + 12 (5d) 2D — (4p) 2P 2.5—1.5
5. 40221 1. 1571 2. 644E + 12 (5 2D — (4p) 2P 1.5 — 0.5
5. 32926 0. 3030 7.116E + 11 (4s) 28 — (5p) 2P 0.5— 0.5
5. 29237 0.6103 1. 4538 + 12 (4s) 28 — (5p) 2P 0.5— 1.5
3. 60529 0. 0132 6. 786E + 10 (6d) 2D — (4f) 2F 2.5 — 3.5
3. 60389 0. 0223 1. 146E + 11 (4d) 2D — (6p) 2P 1.5 — 0.5
3. 60320 0. 0093 4.758E + 10 (6d) 20 — (4 2F 1.5 — 2.5
3. 60320 0. 0404 2. 073E + 11 (6g) 2G — (4f) 2F 3.5—3.5
3.60316 0. 0402 2. 065E + 11 (4d) 2D — (6p) 2p 2.5— 1.5
3. 60227 1. 4127 7.261E + 12 (6¢) 26 — (4f€) 2F 4.5—3.5
3.60010 0. 0007 3. 408E + 09 (6d) 20 — (4f) 2F 2.5— 2.5
3. 59802 1. 0911 5.621F + 12 (6¢9) 26 — (4€) 2F 3.5—2.5
3.59410 0. 0045 2.311E + 10 (4d) 2D — (6p) 2P 1.5 — 1.5
3.59312 0. 0530 2.737E + 11 (4d) 2D — (6 2F 2.5— 2.5
3. 59295 0. 0599 3. 097E + 11 (6s) 28 — (4p) 2P 0.5— 1.5
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A (nm) Gf GA (s™') Transition
(nl) 2, — (al) 2L J—J

3. 59157 1. 0600 5. 481E + 12 (4d) 2D — (65) 2F 2.5— 3.5
3.58410 0. 7435 3.861E + 12 (4d) 2D — (6f) 2F 1.5 — 2.5
3. 56338 0. 0302 1. 587E + 11 (6s) 28 — (4p) 2P 0.5— 0.5
3. 55960 0. 0574 3. 0228 + 11 (6d) 2D — (4p) 2P 1.5 — 1.5
3. 55656 0.5172 2.727E + 12 (6d) 20 — (4p) 2P 2.5—1.5
3. 53056 0. 2894 1. 549E + 12 (6d) 2D — (4p) 2P 1.5 — 0.5
3. 48761 0. 0815 4. 469E + 11 (4s) 28 — (6p) 2P 0.5— 0.5
3. 47844 0. 1634 9. 008E + 11 (4s) 28 — (6p) 2P 0.5— 1.5
2. 59438 0. 1656 1.641E + 12 (4s) 28 — (3p) 2P 0.5— 1.5
2. 59208 0. 0436 4.332E + 11 (3d) 20 — (4p) 2P 1.5 — 0.5
2. 59000 0. 0786 7.817E + 11 (3d) 2D — (4p) 2P 2.5 — 1.5
2. 57666 0. 0088 8.821E + 10 (3d) 2D — (4p) 2P 1.5 — 1.5
2. 56739 0. 2892 2. 926E 4+ 12 (3d) 2D — (4f€) 2F 2.5 — 2.5
2. 56476 5. 7901 5.871E + 13 (3d) 2D — (4f) 2F 2.5 — 3.5
2. 55428 4. 0697 4.160E + 13 (3d) 20 — (4f) 2F 1.5 — 2.5
2. 55331 0. 0841 8. 606E + 11 (45) 28 — (3p) 2P 0.5 — 0.5
2. 53357 0. 2345 2. 437E + 12 (4d) 2D — (3p) 2P 1.5 — 1.5
2. 52908 2.1145 2. 205E + 13 (4d) 2D — (3p) 2P 2.5— 1.5
2. 49439 1.1910 1.277E + 13 (4d) 2D — (3p) 2P 1.5 — 0.5
2. 44266 0. 2743 3. 066E + 12 (3s) 28 — (4p) 2P 0.5— 0.5
2. 42895 0. 5516 6. 236E + 12 (3s) 28 — (4p) 2P 0.5— 1.5
1. 76056 0. 0156 3. 352E + 11 (3d) 2D — (5p) 2P 2.5— 1.5
1. 75842 0. 0087 1. 869E + 11 (3d) 2D — (5p) 2P 1.5 — 0.5
1. 75630 0. 0446 9. 634E + 11 (3d) 2D — (5§) 2F 2.5 — 2.5
1. 75566 0.8914 1.929E + 13 (3d) 20 — (56) 2F 2.5— 3.5
1. 75438 0. 0017 3. 764E + 10 (3d) 2D — (5p) 2P 1.5— 1.5
1. 75217 0. 0366 7.954E + 11 (5s) 28 — (3p) 2P 0.5— 1.5
1. 75015 0. 6260 1. 363E + 13 (3d) 2D — (56) 2F 1.5 — 2.5
1.73823 0. 0544 1. 201E + 12 (5d) 2D — (3p) 2P 1.5 — 1.5
1. 73698 0. 4898 1. 083E + 13 (5d) 2D — (3p) 2P 2.5—1.5
1. 73334 0. 0185 4. 108E + 11 (5s) 28 — (3p) 2P 0.5— 0.5
1. 71969 0. 2749 6. 199E + 12 (5d) 2D — (3p) 2P 1.5 — 0.5
1. 68836 0. 0724 1. 693E + 12 (3s) 28 — (5p) 2P 0.5 — 0.5
1. 68463 0. 1450 3. 408E + 12 (3s) 28 — (5p) 2P 0.5 — 1.5
1. 50030 0. 0059 1. 752E + 11 (3d) 2D — (6p) 2P 2.5— 1.5
1. 49855 0.0153 4. 550E + 11 (3d) 2D — (6f) 2F 2.5 — 2.5
1. 49829 0. 3065 9. 106E + 12 (3d) 2D — (6§) 2F 2.5 — 3.5
1. 49750 0. 0033 9. 788E + 10 (3d) 2D — (6p) 2P 1.5— 0.5
1. 49581 0. 0007 1. 964E + 10 (3d) 2D — (6p) 2P 1.5 — 1.5
1. 49408 0. 2151 6. 428E + 12 (3d) 2D — (6f) 2F 1.5 — 2.5
1. 49071 0. 0148 4. 431E + 11 (6s) 28 — (3p) 2P 0.5— 1.5
1. 48493 0. 0221 6.697E + 11 (6d) 2D — (3p) 2P 1.5 — 1.5
1. 48441 0. 1993 6. 034E + 12 (6d) 2D — (3p) 2P 2.5 — 1.5
1. 47706 0. 0074 2. 277E + 11 (6s) 28 — (3p) 2P 0.5— 0.5
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Transition
A (nm) Gf GA (s=1) !
(nd) 3L — () 2 J—J

1. 47139 0.1117 3.442E+ 12 (6d) 2D — (3p) 2P 1.5—0.5
1. 44639 0.0313 9.978E + 11 (3s) 28 — (6p) 2p 0.5 — 0.5
1. 44481 0. 0627 2.002E + 12 (3s) 25 — (6p) 2P 0.5 — 1.5
0.90419 0. 0720 5.876E 4 12 (3s) 28 — (2p) 2P 0.5 — 1.5
0. 88762 0. 0367 3.106E 4+ 12 (3s) 28 — (2p) 2P 0.5— 0.5
0. 88530 0. 2700 2.298F + 13 (30) 2D — (2p) 2p 1.5 — 1.5
0. 88374 2. 4347 20796 + 14 (3d) 20— (2p) 2p 2.6 — 1.5
0. 86941 1. 3749 L213E+ 14 (3 2D — (2p 2P 1.5 0.5
0. 84452 0.2514 2. 351E + 13 (25) 28 — (3p) 2P 0.5— 0.5
0. 84012 0. 5054 A.TT6E 4+ 13 (28) 28 — (3p) op 0.5 1.5
0. 66199 0. 0155 2.360F + 12 (45) 28 — (2p) 2P 0.5— 1.5
0. 65796 0. 0484 7.463E + 12 (4 2D — (2p) 2P 1.5 1.5
0. 65765 0. 4362 6.726E + 13 (4d) 2D — (2p) 2P 2.5 1.5
0. 65306 0. 0079 1.229E + 12 (4s) 28 — (2p) 2P 0.5 0.5
0. 64914 0. 2455 3.886F + 13 (4d) 2D — (2p) 2P 1.5— 0.5
0. 63272 0. 0625 LO4IE 4+ 13 (25) 28 — (4p) 2p 0.5— 0.5
0. 63179 0. 1251 2.001E+ 13 (28) 28— (4p) 2p 0.5— 1.5
0. 58967 0. 0061 1169 + 12 (5s) 28 — (2p) 2P 0.5 1.5
0. 58808 0. 0178 3.428E + 12 (50 2D — (2p) 2P 15— 1.5
0. 58793 0. 1600 3.087E 4+ 13 (540 2D — (2p) 2P 2.5 - 1.5
0. 58257 0. 0031 6.062E + 11 (55) 28 — (2p) 2p 0.5— 0.5
0. 58102 0. 0899 1.777E + 13 (5d) 2D — (2p) 2P 1.5 0.5
0. 56709 0. 0259 5.367E + 12 (2s) 28 — (5p) 2P 0.5— 0.5
0. 56667 0. 0518 1.O76E + 13 (28) 28 — (5p) 2P 0.5— 1.5
0. 55680 0. 0031 6.632E + 11  (6s) 28 — (2p) 2P 0.5~ 1.5
0. 55599 0. 0087 1.875E + 12 (64) 2D — (2p) 2P .5— 1.5
0. 55592 0. 0782 1.688E + 13 (64) 2D — (2p) 2P 2.5— 1.5
0. 55047 0. 0016 3.432E + 11 (6s) 28 — (2p) 2P 0.5— 0.5
0. 54968 0. 0440 9.702E + 12 (6) 2D — (2p) 2P 1.5— 0.5
0. 53692 0.0134 3.I110E 4+ 12 (2s) 28 — (6p) 2P 0.5—0.5
0. 53670 0. 0269 6.2288 4+ 12 (25) 28 — (6p) 2P 0.5-1.5

Table 2 A comparison of the calculated wavelengths with the observed ones of Li-like Cu ion

4 (Cale. ) (nm) 4 (Obs. )(nm) Gf GA (s71) Transition
(nl) 2L — (al) L J—J
22. 47701 22. 4795 0.0321 4.242E+ 09 (2s) 28 — (2p) 2P 0.5—0.5
15. 35080 15. 3507 0.0941  2.663FE+ 10 (2s) 28 — (2p) 2P 0.5— 1.5
2. 59000 2. 5893 0.0786 7.817E+ 11 (3d) 2D — (dp) 2P 25— 1.5
2.56476 2. 5646 5.7901  5.871E+ 13 (3) 2D — (4f) 2F 2.5 — 3.5
2. 55428 2. 5543 4.0697 4. 160E 4+ 13  (34) 2D — (4f) 2F 1.5 — 2.5
2.52908 2. 5291 2.1145  2.205E + 13 (4d) 2D — (3p) 2P 2.5~ 1.5
2. 49439 2. 4943 1.1910  1.277E+ 13 (4d) 2D — (3p) 2P 1.5 — 0.5
2. 42895 2. 4291 0.5516  6.236E + 12 (3s) 28 — (4p) 2p 0.5— 1.5
0.90419 0. 9042 0.0720 5.876FE + 12 (3s) 28 — (2p) 2P 0.5— 1.5
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A (Cale. ), (nm) A (Obs. ) (nm) Gf GA(sY) Transition
(nl) L — (n) '’ J—J

0. 88762 0. 8876 0. 0367 31068 4+ 12 (3s) 28 — (2p) 2p 0.5— 0.5
0. 88530 0. 8848 0.2700  2.298E + 13 (3d) 2D — (2p) 2P 1.5 — 1.5
0. 88374 0. 8837 2. 4347 2. 079E + 14 (3d) 2D — (2p) 2P 2.5 —-15
0. 86941 0. 8691 1. 3749 1. 213E -+ 14 (3d) 2D — (2p) 2p 1.5— 0.5
0. 84452 0. 8445 0. 2514 2. 35\F + 13 (29 28 — (3p 2P 0.5— 0.5
0. 84012 0. 8401 0. 5054 4. 776E 4+ 13 (2s) 28 — (3p) 2P 0.5— 1.5
0. 65765 0. 6575 0. 4362 6. 726F + 13 (4d) 2D — (2p) 2P 2.5— 1.5
0. 64914 0. 6490 0. 2455 3.886E + 13  (4d) 20 — (2p) 2P 1.5 — 0.5
0.63179 0. 6320 0. 1251 2.091E 4+ 13  (2s) 28 — (4p) 2P 0.5— 1.5
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