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Table 1.  Energies of 1s?(1Sg) atomic state for C4* ions vary with electron densities, when the electron temperature is 50 eV.
LT o AT FrA B
Epg Epp B Esm Epp Epp B Esm
9.87(19) 0.01 -32.3007 -32.2978 -32.3008 -32.3106 -32.3079 -32.3108
3.95(20) 0.02 —32.1811 -32.1783 -32.1817 -32.2011 —32.1982 -32.2016
2.47(21) 0.05 —-31.8245 -31.8215 —-31.8282 —-31.8740 -31.8711 -31.8775
9.87(21) 0.1 -31.2363 -31.2324 -31.2511 -31.3345 -31.3306 —31.3482
1.54(22) 0.125 -30.9451 -30.9412 -30.9680 -31.0673 -31.0633 -31.0885
3.95(22) 0.2 -30.0830 -30.0790 -30.1395 -30.2758 -30.2717 -30.3284
6.17(22) 0.25 —29.5177 -29.5137 —-29.6041 —29.7565 —-29.7523 -29.8370
8.88(22) 0.3 —-28.9597 —-28.9557 -29.0814 —29.2436 —-29.2394 -29.3571
1.58(23) 0.4 —27.8653 —27.8614 -28.0730 —28.2372 —-28.2328 —-28.4309
2.47(23) 0.5 —26.7992 —-26.7963 -27.1109 —27.2557 —27.2522 —27.5467
3.55(23) 0.6 25.7604 25.7576 26.1932 26.2986 26.2948 26.7027
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Fig. 1. Energy shifts of 1s?('Sg) and 1s2p('P;) atomic
states, and the transition energy shifts of 1s?(1Sg)— 1s2p('Py)
transition for AJll+ ions vary with electron densities, when

the electron temperature is equal to 50 eV.
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Fig. 2. Energy shifts of 1s>(!Sp) and 1s2p('P;) atomic
states, and the transition energy shifts of 1s?(1Sg)— 1s2p('Py)

transition for AJll*+ ions vary with electron temperatures,

when the electron density is equal to 5.0x10%% cm~3.
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Table 2. The variation of percentages of the trans-
ition energy shifts and transition probability shifts of
152 (1Sg)-1s2p( 1Py ) transition for Al''* ions caused
by plasma screening on electron-electron interaction

as a function of plasma electron density and temper-

ature.
L FIRE 50 eV HFHEE 5.0 x 1024 cm—3
E.35 s .
E%jﬁ? %ABre  BAA RIE/eV %ABEw  %AA
1.0(22)  7.53 7.84 10 8.72 10.30
5.0(22)  7.51 7.59 20 8.68 10.20
1.0(23)  7.52 7.63 30 8.60 9.99
5.0(23)  7.60 7.80 40 8.50 9.73
1.0(24)  7.70 8.00 50 .39 9.48
3.0(24)  8.08 8.77 60 8.29 9.24
5.0(24)  8.39 9.48 70 8.19 9.04
7.0(24)  8.66 10.17 80 8.11 8.88
9.0(24) 891 10.86 90 8.04 8.74
1.0(25)  9.04 11.27 100 7.98 8.62
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Fig. 3. Energy shifts of 1s>(!Sp) and 1s2p('P;) atomic
states, and the transition energy shifts of 1s2(1Sg)—
1s2p('P;) transition for He-like ions (Z = 6, 10, 13, 18, 22,
26, 31) vary with nuclear charge Z, when the electron dens-
ity and temperature are 5.0 x 1023 cm™3 and 50 eV re-

spectively.

> - 25 BRI IR BE 43 531 2R 5.0 x 10%% em ™2 Al
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31 JIT XTI Y A5 A - R AR B 5 |
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BRAEJLR B 3 & BT o5 | 4 4k il A 20.06%,
10.35%, 7.80%, 5.58%, 4.57%, 3.85% F 3.24%.
REIR, MM Z < 100}, BRITAERS S it AR
LR T 5 EH A R T 10%. Ko ik
X F, - L AH AR FH B i i B BRI RE RS 2 1
BRIEJLAR B i o5 E 4 Ll 10% B0 Rz (4 4%
FLaf BSOFR A7 I A LT . A R Rl N Tl A

TG FAA I, A58 AR o - A AR R
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I3 R AT 10%, IH At 45 B 7R X B - L A
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RIS GE T 2B T IS A
—IMEAS. Chen %5 B F|H] FAC P45 G 1B FF 15
BT RENEEAE T (Z = 6, 10, 18) 152('Sy)—
1s2p("Py) BRITJLRAGEA A S8 B 122 {EAE
L) Bt i o B 2 B0 1B P B R 05 AR,
152('So)—1s3p("Py) BRIFJLRMAAY A SR B (1)
2= (B KGR B BE (3 R KT 0 %748 /NT 0,
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R B — E I, B A SR B Al 4 R 25 (b
I RATE Z WM, AR SO A5 R — 2L
[A] B}, Sahat 1 Fritzschel % Hf MCDHF J7 4%
B EFEGE M A RS Be B (Z = 6-8, 14,
26, 42) 2s*('So)—2s2p(' 7Py ) BRIFREAY AL TY B 45 R
FEFEA B S BEE R N B2/ TR A (), R
SR 5 AR SCRSCR [37] 4 AR R, X R Tk
Be B FAAAER G LAY, a2, 258 FiARx)
LT BT R GEN PRGSO E H B T3 T R 2.

3.4 FETAXRTFEBE(ERR R
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6 511, T A4 B 5 1A 0 g o) o 8 H, ) 1) A LA

%3 MACTRERURAE SN 40 x 10 o5 50 oV I, RFHUAA Al B0 IEARE RAS SN ELRUILAT & 7 51
Table 3.  Ground state energy shifts and their percentages of Al ions with different charge when the electron density and
temperature are 4.0 x 1023 cm~3 and 50 eV respectively.

[==0 TR T AE/atomic unit %AE A TN AEgp/atomic unit
AllLF 2 152(1Sg) 0.556 3.83 1 0.556
A0+ 3 15225(251/2) 1.590 7.47 3 0.530

AT 4 1522s%('S) 3.119 11.14 6 0.520

AIBt 5 1522522})(21)1/2) 5.152 14.82 10 0.515

ATt 6 1s22522p%(3Py) 7.662 18.48 15 0.511

Al6+ 7 1522522p3 (453/2) 10.635 22.11 21 0.506

Al 8 1522522p* (3P,) 14.036 25.71 28 0.501

Al4T 9 1522522p° (%P3 /) 17.948 29.38 36 0.499

TEL: BAEFIR A TR o T FL A A P B0 57 1 5 2 1 6 2l 5 O - L A AR FH 8 ST 5 L B e AR Sl i 4 L
TE2: AEpp R S RERERS Sl (BT TRl o 73 2.
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Abstract

In the calculation of atomic structures within the plasma environment, the plasma screening effect on
nuclei - electron interactions is generally considered, but the plasma screening effect on electron - electron
interactions is less considered. In this work, the MCDHF method combined with the screening potential is used
to study plasma screening effect on the atomic structure parameters versus the electron density, electron
temperature, nuclear charge and the number of bound electrons. For the ground states and the first excited
states of helium-like ions, the energy shifts, transition energy shifts and transition probability shifts caused by
the plasma screening effect on electron-electron interactions increase with the increase of electron densities and
decrease with increasing the electron temperatures, respectively. With the increase of nuclear charge, the energy
shifts increase gradually and tends to a stable value, while the transition energy shifts and transition probability
shifts decrease gradually and tend to 0. The energy shifts increase with the increase of the number of bound
electrons. The electron density, electron temperature, nuclear charge and number of bound electrons
corresponding to the percentages of transition energy shifts and transition probability shifts caused by plasma
screening on electron-electron interactions greater than or equal to 10%, are called as the critical electron
density, critical electron temperature, critical nuclear charge and critical number of bound electrons,
respectively. When one of the following four conditions is satisfied, the percentages of transition energy shifts
and transition probability shifts caused by plasma screening on electron-electron interactions will be greater
than or equal to 10%, and the plasma screening effect on electron - electron interactions can not be ignored. 1)
The electron density is greater than or equal to the critical electron density, when the electron temperature is a
fixed value. 2) The electron temperature is less than or equal to the critical electron temperature, when the
electron density is a fixed value. 3) The nuclear charge is less than or equal to the critical nuclear charge, when
the electron density and temperature are both fixed. 4) The number of bound electrons is greater than or equal

to the critical number of bound electrons, when the electron density and temperature are both fixed.
Keywords: plasma, MCDHF method, screening potential, structural parameters
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