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Abstract The energy intervals spontaneous transition possibilities and oscillator strengths of forbidden transitions for Be-like ions
Z =21 ~ 92 have been calculated by relativistic many configurations method with Breit correction QED correction and nuclear
effective volume correction. In addition Be-like ions as a laser media with population reversion by combination mechanism has

been discussed.

Key words Be-like ions forbidden transition combination mechanism laser media

1 6 Li W
1522p3d |
1s2p3d 1s2p4d | 1s2p3d
1076 1
7
4~6
GRASP? 8
Z =21~92 1s2pnd | n
=3 ~4 - 1s2p3d
Tokamak Pepa o
2.4 ICF  MCF
1984 X
5 X Ml
X X
2000-09-18 2000-12-05

1971.12— 98



2 Z =21 ~92 M, X 157
2 Ja Jp @
| 1]
N B
Hamiltonion )
B v £ _ g Agsa
H=23 ca- P+ B=1+ Voo ri + BT 2aw?
i=1
N ~ A 1
Z|ri—r1i|” 1
i<y 3
a f8 Dirac P
GRASP?
" L[ Pu T KXim 1/T 15225 15%2s2p 15*253s 15s%2p3s 1522s3p
rlnkmo =l - 2 2 29 2 1.2 2 292
T\iQ v X_jy /T 1s72s3d 1s2p~ 1s2p3d 1s2p4d 2s72p 10
Pnk r an r 53 CSF
Xy, 1/1 53 ASF
N CSF Configuration 3.1 Z=21~9%
2 _ 2
State Function Dirac N Slater 1s2pnd  n=3~4 - 1s2p34a
. . 2 —
ASF  Atomic State Function | I'PJM 1 Is2pnd  n =3 ~ 4 -
PJ M CSF | r,PJM 1s2p3d
1 1s2p3d |- 1s2p3d
| 'PJM = 3C, | r,PJM Z
C, P
VA VA
Briet 10" ~ 10’ zZ
QED E,
ﬁ — Z =21 Z =92
O L an) E % 15252 'S, -15%2s2p 3P 8.4214 6  9.828 9
Agry = 200 & Hi 1 g )° My, 192p3d - 192p3 4 7.4586 1  8.729 7
oy 9 -50
1 7=21~92
Table 1 Energy intervals spontaneous transition possibilities and oscillator strengths of forbidden transition for Be-like ions
1s22p3d |- 1s2p3d 1s2p4d |- 1s2p3d
Atomic Energy M, transition M ocsillator Atomic Energy M, transition M ocsillator
number  interval/cm ™! possibility/s ™! strength number  interval/cm ™! possibility/s ™! strength
21 51549 7.458 1 1.262 -7 21 1751002 2.537 1 3.720 - 11
22 54276 1.062 2 1.622 -7 22 1950723 4.265 1 5.041 -11
23 57106 1.477 2 2.038 -7 23 2161014 6.999 1 6.740 - 11
24 60074 2.014 2 2.510 -7 24 2382192 1.124 2 8.907 - 10
25 63210 2.699 2 3.038 -7 25 2614285 1.769 2 1.164 -10
26 66544 3.567 2 3.623 -7 26 2857297 2.738 2 1.508 -10
27 70104 4.662 2 4.266 -7 27 3112620 4.166 2 1.935 -10
28 73916 6.036 2 4.969 -7 28 3425535 6.244 2 2.463 -10
29 78007 7.758 2 5.734 -7 29 3652007 9.229 2 3.112 -10
30 84483 9.911 2 6.565 -7 30 3941113 1.346 3 4.860 - 10
31 87844 1.260 3 7.467 -7 31 4237751 1.940 3 4.860 - 10
32 92195 1.595 3 8.443 -7 32 4546067 2.763 3 6.014 -7
33 97645 2.014 3 9.501 -7 33 4866193 3.894 3 7.396 -7
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1s2p3d |- 1s2p3d 1s2pdd - 1s2p3 d
Atomic Energy M, transition M, ocsillator Atomic Energy M, transition M; ocsillator
number  interval/cm ™! possibility/s ™! strength number  interval/cm ™! possibility/s ™! strength
34 103498 2.535 3 1.064 -6 34 5197438 5.431 3 9.043 -8
35 109780 3.184 3 1.188 -6 35 5539825 7.502 3 1.09 -8
36 148530 3.991 3 1.322 -6 36 5893390 1.026 3 1.329 -8
37 123741 4.994 3 1.466 -6 37 6258161 1.393 4 1.599 -8
38 131478 6.238 3 1.623 -6 38 6639171 1.874 4 1.915 -8
39 139759 7.155 2 1.791 -6 39 7021455 1.424 4 2.281 -8
40 148616 9.691 3 1.973 -6 40 7420046 3.313 4 2.706 -8
41 158080 1.205 4 2.169 -6 41 7829981 4.357 4 3.196 -8
42 168187 1.497 4 2.380 -6 42 8251299 5.691 4 3.759 -8
44 161613 2.299 4 2.850 -6 44 9128237 9.520 4 5.138 -8
45 203212 2.842 4 3.111 -6 45 9584437 1.220 5 5.974 -8
46 2198634 3.509 4 3.391 -6 46 10005783 1.554 5 6.921 -6
47 4229609 4.326 4 3.690 -6 47 10530276 1.970 5 7.990 -8
48 244207 5.323 4 4.010 -6 48 11020486 2.483 5 9.195 -8
49 259981 6.540 4 4.352 -6 49 11522635 3.114 5 1.054 -8
50 276575 8.022 4 4.717 -6 50 12036510 3.886 5 1.206 -8
51 294170 9.823 4 5.105 -6 51 12562166 4.875 5 1.375 -8
52 312804 1.200 5 5.518 -6 52 13099648 5.970 5 1.564 -8
53 322520 1.464 5 5.958 -6 53 13649010 7.3515 1.775 -8
54 367596 2.235 5 7.437 -6 54 14224488 9.014 5 2.007 -8
55 390384 2.691 5 7.944 -6 55 14798523 1.101 6 2.266 -8
56 414466 3.236 5 8.474 -6 56 15384644 1.339 6 2.551 -8
57 439875 3.886 5 9.033 -6 57 15982902 1.624 6 2.865 -8
58 466668 4.659 5 9.622 -6 58 16594072 1.962 6 3.211 -8
59 494898 5.770 5 1.024 -5 59 17216083 2.362 6 3.591 -8
60 524622 6.605 5 1.089 -5 60 17851131 2.834 6 4.008 -8
62 588782 9.474 5 1.229 -5 62 19158452 4.043 6 1.965 -8
63 623336 1.126 6 1.34 -5 63 19830857 4.807 6 5.509 -8
64 659622 1.338 6 1.383 -5 64 20515856 5.699 6 6.104 -8
65 696307 1.379 6 1.380 -5 65 31006400 6.738 6 6.751 -8
66 737640 1.878 6 1.552 -5 66 21943896 7.946 6 7.454 -8
67 779502 2.220 6 1.643 -5 67 22647073 9.347 6 8.216 -8
68 823357 2.620 6 1.738 -5 68 23383136 1.096 7 9.043 -8
69 869270 3.087 6 1.837 -5 69 24132147 1.284 7 9.939 -8
70 9173134 3.631 6 1.941 -5 70 24894194 1.499 7 1.091 -7
71 967558 3.834 6 1.975 -5 71 25669343 1.747 7 1.195 -7
72 1020073 4.519 6 2.093 -5 72 26457568 2.031 7 1.308 -7
73 1074943 5.317 6 2.217 -5 73 27259304 1.764 7 1.430 -7
74 1132340 6.245 6 2.346 -5 74 28074273 2.728 7 1.561 -7
75 1192021 7.323 6 2.481 -5 75 28902684 3.153 7 1.702 -7
76 1254399 8.574 6 2.621 -5 76 29744648 3.636 7 1.853 -7
77 1319439 1.002 7 2.768 -5 77 30600200 4.186 7 2.016 -7
78 1387215 1.169 7 2.921 -5 78 31469474 4.810 7 2.191 -7
79 1457820 1.363 7 3.081 -5 79 32352557 5.517 7 2.377 -7
80 1513134 1.585 7 3.246 -5 80 33249543 6.318 7 2.578 -7
81 1607877 1.841 7 3.419 -5 81 34160584 7.223 7 2.792 -7
82 1687492 2.136 7 3.590 -5 82 35085591 8.244 7 3.021 -7
83 1770294 2.623 7 3.765 -5 83 36024867 9.395 7 3.266 -7
89 2268370 5.803 7 5.072 -5 89 41893595 1.995 7 5.112 -7
90 2373096 6.657 7 5.315 -5 90 42932494 2.251 8 5.492 -7
91 2482350 7.628 7 5.567 -5 91 39864019 2.536 8 5.8 -7
92 2595296 8.729 7 5.829 -5 92 45055429 2.854 8 6.325 -7
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Table 2 Energies of 15*2p3d , related to the ground state 1s*2s* 1S, in cm™!
Nuclear charge GRASP MBPT* MZ* Experimental results®
21 6222975 975 6225206 3206 6221083 1083 6222000
22 6875889 9889 6878184 12184 6872955 6955 6866000
23 7563319 - 8581 7565702 - 6198 7561377 -10523 7571900
24 828575 10750 8288218 13218 8283784 8784 8275000
25 9043635 16635 9046194 19194 9041643 14643 9027000
26 9837477 9477 9840135 12135 9835450 7450 9828000
27 10667774 6774 10670550 9550 10665700 4700 10661000
28 11535100 100 11537990 4990 11532950 - 2050 11535000
29 12439982 - 1018 12442996 1996 12437740 - 3260 12441000
30 13383021 13386183 13380660
n - a 10 b 11 ¢ 10

3 1525 1S, /s KTy =2.55 keV
Table 3 Total dielectronic recombination rate coefficient from 1s*2s 'S, to indicated states at KT =2.55 keV
. Recombination . . Recombination . Recombination
Configuration coefficient Configuration coefficient Configuration coefficient
1522p3d | 1.924 - 13 1s2p3 & 2.162 - 24 1s2p4d 1.87 -14
4 Be W M,
Table 4 Spectrocopy dataum of M, transition for Be-like W
Configuration Wavelength/nm Ref./nm Transition possibility/s ™! Ocsillator strength
1s2p3d ;- 1s2p3 @ 913.9 876.515 6.245 6 2.345 -5
1s2pdd - 1s2p3 @ 35.668 35.581 2.728 8 1.561 -7
n 10"

3.2 X 0.1< T, <10 keV



160 29
<10"® em ™3
6 8 w Li C
15225 1 A. Corney. Atomic & Laser Spectrocopy M . Beijing
1822p3 d 1822p3 a Science Press 1984
! 0 2 Yi You-geng. Studies on single photon electric quadrupole

ATt 15225 + e C>A g-1 + 13231111, xx

1s2Inl’ “"+hvn=341=1=012

1s2p4d 11 10 3
3 X
4
4 Be W M,
1s2p3d | S
1s2p3d 1s2pdd | 1s2p3d
X
6
7
Dirac-Fock
MCDF-EAL Z 8
=21 ~ 92 1522pnd1n:3~4-
1s2p3d 9
q =51
E, 10
M, X
11

transition of Magnesium 3s*'Sy-3s3d'D, ] . Chinese
Journal of Atomic and Molecular Physics

1997 14 4 557~560 in Chines
K. Fukuda K. Ueda. Oscillator strength and rare-gas-
induced broadening of the electric-quadrupole transition
45?1 Sy-453d' D, in Calcium J . J. Phys. Chem. 1982
86 5 676~ 681
S. Suckewer J. Cecchi S. Cohen et al.. Tracer element
injection into POX Tokamak for spectral line identification and
localized Doppler temperature measurement J . Phys. Leit.
A 1980 80 4 259~262
D. L. Matthews P. L. Hagelstein M. D. Rosen et al..

Demonstration of soft X-ray amplifier J . Bull. Amer.
Phys. Soc. 1984 29 1231

A. Dasgupta. Dielectronic recombination rate to the n = 3
singly excited states the neon sequence J . J. Quant.
Spectrosc. Radiat. Transfer. 1995 54 4 737 ~743

Ye An-pei. Sichuan University Doctoral Dissertation 1994 in
Chinese

K. G. Dyall I. P. Grant C. T. Johnson et al.. GRASP A
general puprose relativistiv atomic structure program ] .
Comput. Phys. Commun. 1989 55 425~ 456

Yi You-geng. Sichuan University Doctoral Dissertation 2000
in Chinese

M. S. Safronova W. R. Johson U. I. Safronova et al..
Relativistic many-body calculations of energies of n = 3 states
of Be-like ions J . J. Phys. B Ait. Mol. Opt. Phys.
1997 30 2375 ~ 2393

K. Audo. Energy levels 1522Inl’ n = 2 3 4 of NaVll-SX
[l ions comparison of two calculation nethods MCDF and MZ
J . Physica Scripta 1992 46 107 ~ 114



