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Fig. 1. Comparison of opacity obtained by present work and

ATOMIC code for Al plasma at a density of 0.1 g/cm® and
a temperature of 100 eV.
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Fig. 2. Comparison of opacity obtained by present work and
ATOMIC code for Al plasma at a density of 0.1 g/cm® and

a temperature of 10 eV.
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Fig. 3. Comparison of opacity obtained by present work and
ATOMIC code for Al plasma at a density of 0.001 g/cm?®

and a temperature of 100 eV.
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Fig. 4. Comparison of opacity obtained by present work and
ATOMIC code for Al plasma at a density of 0.001 g/cm?

and a temperature of 10 eV.
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3 N 2 WAL X 8 A R A T 22 1] ) WA X 3k
HFREE/NT 500 eV HUTELR ISR H T £ & F

3.2

# 1 AEEFREAREEMANRIRE T %44 T Rosseland Al Planck P4 AREWIEE (cm?/g)
Table 1.  Rosseland and Planck mean opacities (cm?/g) of Al plasmas at different densities and different temperatures.
0.001 g/cm? 0.005 g/cm? 0.01 g/cm? 0.05 g/cm? 0.1 g/cm?
Tjev Rosse. Planck Rosse. Planck Rosse. Planck Rosse. Planck Rosse. Planck
2 74333 500110 87959 474839 110647 474197 177509 402629 180822 359046
5 7551 44620 8766 68329 11913 80658 25790 113542 30749 118019
10 1042 12392 2314 14992 3704.4 17395 9399.6 28422 13504 36801
20 1246 28704 3385 40416 5206.4 45251 14575 56812 22679 62396
50 405.4 5686.7 1711 10153 2826.8 12598 73214 18380 9899.5 20553
100 13.35 102.87 70.71 430.02 141.81 748.41 575.15 2409.4 875.08 3486.0
150 1.856 66.030 7.442 102.91 17.045 142.69 75.255 399.56 136.60 626.05
200 1.011 113.10 2.888 208.52 7.2548 254.77 32.294 366.71 68.368 447.57
250 0.632 49.966 1.903 161.38 4.4554 239.37 22.087 461.37 51.632 571.70
300 0.446 15.575 1.180 68.428 2.7127 123.48 15.009 353.16 38.217 499.53
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Fig. 5. Comparison of opacity obtained by present work and
ATOMIC code for Fe plasma at a density of 0.1 g/cm® and
a temperature of 100 eV.
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Fig. 6. Comparison of opacity in photon energy range of
0-1500 eV obtained by present work and ATOMIC code for
Fe plasma at a density of 0.1 g/cm® and a temperature of
100 eV. The Rosseland and Planck mean opacities are
largely contributed by this photon energy range.
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Fig. 7. Comparison of opacity obtained by present work and
ATOMIC code for Fe plasma at a density of 0.1 g/cm® and

a temperature of 10 eV.
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Fig. 8. Comparison of opacity obtained by present work and
ATOMIC code for Fe plasma at a density of 0.001 g/cm?

and a temperature of 100 eV.
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Fig. 9. Comparison of opacity obtained by present work and
ATOMIC code for Fe plasma at a density of 0.001 g/cm?

and a temperature of 10 eV.
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Fig. 10. Comparison of opacity in a photon energy range of
0-1200 eV obtained by present work and ATOMIC code for
Fe plasma at a density of 0.001 g/cm? and a temperature of
10 eV.
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%2

B FIREA R BERIASRREE T 4514 T A9 Rosseland Al Planck AN EHEE (cm?/g)

Table 2. Rosseland and Planck mean opacities (cm?/g) of Fe plasmas at different densities and different temperatures.
0.001 g/cm? 0.005 g/cm? 0.01 g/cm? 0.05 g/cm? 0.1 g/cm?

Tjev Rosse. Planck Rosse. Planck Rosse. Planck Rosse. Planck Rosse. Planck
2 69215 122715 93585 143915 101029 143805 100652 120432 85765 113541
5 9788 13619 23498 27432 31742 35133 48273 52965 52803 61748
10 5315 29879 12131 32782 16194 34114 26873 38585 31552 42038
20 7161 36974 12584 43595 15700 46071 25757 50931 31150 54002
50 1445 5884.9 4158 12006 5332.3 14315 7820.3 16013 8793 16451
100 28.18 1047.9 103.6 1480.7 191.43 1796.2 698.52 2675.0 1064 3285.1
150 26.39 1153.8 76.25 1883.5 114.02 2283.2 257.79 3101.6 358.9 3324.9
200 9.206 507.14 49.10 1130.5 87.143 1487.9 245.45 2462.3 349.5 2887.7
250 2.560 118.79 15.45 424.09 36.795 661.47 173.29 1455.3 280.1 1878.9
300 1.009 28.096 5.710 127.37 13.817 229.07 79.424 685.91 158.0 1000.9
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Fig. 11. Opacity of Au plasma at a density of 0.01 g/cm?
and temperatures of 10, 20, 40, 100, 200 eV.
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Fig. 12. Opacity of Au plasma at a density of 0.01 g/cm?
and a temperature of 100 eV contributed dominantly by

line absorption.

4 A
AEWIEERIPTTE C LT TARKIERE, T
HAEA AR R AR S U A F 2N, AV e B 10
RS WA Y BRI AE AW A AT R B
B IEAHORAS R K, XA B Y B S
BARE R oR St — e, X4 S A ELE AT T
$RH T HE AP

#*3  SHFEFRAEANFEEMANRRE T 54 1 Rosseland A1 Planck ‘4 AEHEE (cm?/g)
Table 3.  Rosseland and Planck mean opacities (cm?/g) of Au plasmas at different densities and different temperatures.
0.001 g/cm?® 0.005 g/cm?® 0.01 g/cm? 0.05 g/cm? 0.1 g/cm?
T/ev Rosse. Planck Rosse. Planck Rosse. Planck Rosse. Planck Rosse. Planck
2 25768 51205 43857 54878 49268 53670 44582 43170 35752 35122
5 15954 38279 30437 44722 37862 46872 46119 47813 43420 45362
10 14646 43051 21935 48723 26683 51154 36889 55148 39932 55264
20 3779 30135 5571 34903 6315 36553 8716 39240 10146 39855
50 1565 7258 1922 8683 2099 9326 2711 10886 3113 11492
100 594.7 5570 882.9 6501 1041 6926 1648 7894 2108 8307
150 346.7 2781 683.5 3523 922.5 3890 1460 5088 1707 5579
200 181.2 1239 383.6 1830 495.8 2099 874.0 2838 1093 3156
250 57.16 529.3 212.2 932.5 298.4 1127 561.7 1679 699.8 1945
300 11.19 342.6 69.32 573.9 138.7 717.1 349.9 1093 456.5 1284
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Abstract

Radiative opacity plays an important role in investigating radiative transfer, radiation hydrodynamics and
other relative disciplines. In practical applications, these data are mainly obtained by theoretical calculations.
The accuracy of the theories is checked by limited experiments. Within the theoretical framework of detailed
level accounting model, systematic theoretical investigations of the radiative opacity of plasmas such as
aluminum, iron, and gold plasmas are conducted. A database of spectrally resolved radiative opacities and
Rosseland and Planck mean opacities is established for densities ranging from 0.001 to 0.1 g/cm? and
temperatures from 1 to 300 eV. A data base is built based on these theoretical opacities. A huge number of
quantum states are involved in the calculation of opacity, especially for high-Z gold plasmas. This poses a great
challenge for obtaining accurate opacity of gold plasma. For such high-Z plasmas, it is necessary to develop
other codes such as unresolved transition arrays or even average atom models to quickly obtain the opacity.
Accurate opacity data are very lacking for such high-Z plasmas and the data presented in this library provides
important references for other less detailed opacity codes.

For aluminum and iron plasmas, their opacities are compared with those from the code ATOMIC. It is
found that they are in good agreement for most cases of plasma conditions. Yet, discrepancies are still found in
a few cases of plasma densities and temperatures, as indicated in the figures shown in the text. At photon
energy of approximately 850 eV, however, some strong lines of aluminum plasma are notably absent in Al
plasma generated by other codes, which will affect the radiative transfer in the X-ray region. In our code, we
avoid such problems by including all possible line absorption and photoionization channels. The present dataset
should be helpful in studying inertial confinement fusion, plasma physics and astrophysics. All the data

presented in this paper are openly available at https://doi.org/10.57760/sciencedb.22232.
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