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Table 1. Photoionization cross sections (1072° cm?) and Auger decay rates (1013 s~1) of Ne (partial electron

configurations) under 2000 €V laser irradiation.

Ne SRS o MR Ay

(1s) (2s) (2p) (2s 2s) (2s 2p) (2p 2p)
1522s22p6 3.8755 0.1748 0.0509
1s22s22p* 3.9280 0.2025 0.0456
1s22s22p? 3.9182 0.2446 0.0302
1s22s2p 3.9222 0.1456 0.0188
152 3.8743
1s2s22pf 2.2781 0.2145 0.0860 3.0732 9.8142 24.1338
1s2s22p* 2.2880 0.2530 0.0738 4.1927 9.3377 14.8568
1s2s22p? 2.2765 0.2990 0.0472 5.8229 6.6310 3.2278
1s2s2p* 2.3037 0.1376 0.0798 6.5088 17.0982
152s2p? 2.2895 0.1608 0.0505 4.6999 3.6317
1s2s2p 2.2690 0.1745 0.0292 2.6395
1s2p* 2.3194 0.0856 19.4633
1s2p? 2.3041 0.0548 4.0329
1s2p 2.2816 0.0313
1s 2.2084
2522p0 0.2565 0.1110 7.9985 27.0849 69.8562
2s22p* 0.3040 0.0913 10.8921 25.2268 39.1467
2522p? 0.3546 0.0568 14.6684 17.3158 7.3741
252p6 0.1382 0.1198 15.5283 80.2194
2s2p* 0.1619 0.0981 14.9838 44.4967
2s2p? 0.1889 0.0609 10.5832 8.7845
2s2p 0.2043 0.0340 5.5050
2p8 0.1289 91.2527
2p° 0.1185 71.9918
2p? 0.1051 48.9894
2p3 0.0880 28.8376
2p? 0.0650 8.9410
2p 0.0361

¥ (1s), (2s) A1 (2p) 23 7t HL B R FE LM ZAS Y 1s, 2s M 2p 52 /2 HL T (2 28) FREREREAR L FE P —AN 25
HLF AN N ST RS0, A 28 AR R B LB 8 B L (25 2p) RIS — AN 2s L FIEAN A 5E 2
TR, —A 2p B NIRECR T (2p 2p) ok — 2p R FIHAN N SEE TR, 5 —A 2p TV NIRRT
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Fig. 1. (color online) All electron configurations in the diagram are the various electron configurations of the neon

atom, red arrow indicates the flux density of 2000 eV laser. The black horizontal lines that be perpendicular to the

red arrow indicate the exact flux densities, and divide the flux density into 15 ranges. The blue arrows indicate the

ionization processes. The electronic configuration on the right side of a blue arrow is the most likely product of the

electronic configuration on the left in the corresponding flux density range. The 11 electron configurations, which

are connected by the small blue arrows, are the main ionization modes in the corresponding flux density range.
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Fig. 2. (color online) (a)—(d) express the percentage of the number of electronic configurations varying with the exposure
time of neon atoms at 2000 eV laser irradiation. The flux density for (a), (c) is 2000 A=2-fs=1, for (b), (d) is 10000 A=2.fs—1,
“Hollow atom” represents the sum of the proportions of all hollow atoms, the “Non-hollow atoms” means the sum of the
proportions of all non-hollow atoms. (e) and (f) express the variation curves of atomic mean photoionization cross section

with exposure time of neon atom at 2000 eV laser.
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Fig. 3. (color online) The variation of ratio of hollow atom Ne?t (2s? 2p%) with laser flux density and exposure
time: Flux density range of (a) is from 1059 to 27230 A=2.fs=1, for (b) is from 27230 to 100000 A—2.fs—!
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Abstract

X-ray transparency occurs during the interaction of X-ray free electron laser with matter. The study of the mech-
anism of X-ray transparency is of great value for understanding the interaction between X-ray free electron laser and
matter. In this paper, the main ionization modes from neutral neon atom till bare nucleus at different flux densities
are determined based on the 2000 eV photoionization cross sections and the Auger decay rates of various neon atoms
(ions), calculated by the Flexible Atomic Code program. By establishing and solving the rate equations, the formulas of
the proportions of various electronic configurations of neon in the main ionization mode are obtained. The proportions
of electron configurations in the main ionization modes and the atomic average photoionization cross sections at flux
densities of 2000 and 10000 A=2-fs~! are calculated by using the formulas. The ratios of the number of hollow atoms to
that of complete valence electrons at any time under different flux density laser irradiations are calculated. It is found
that both the bare nuclei and the hollow atoms cause X-ray transparency, and a relatively high ratio of the number
of hollow atoms to that of complete valence electrons can be achieved by choosing appropriate flux density and pulse

duration.
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