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Abstract

Energy levels, transition probability and oscillator strengths have been calculated for the Ar XIII,
Ti XVII and Fe XXI. The configurations included in the calculations are 2sz 2p?,2s22p 3l (1=, p & d)
and 41 (1 = s, p, d, & f) of C-like Ar XIII, Ti XVII & Fe XXI which has 69 fine structures by using the
fully relativistic flexible atomic code (FAC) program. These data are used in the determination of
the reduced population and gain coefficients over a wide range of electron densities from (10+18 to
10+23) and at various plasmas temperatures. The results show that the transitions in Ar18+, Ti22+,
and Fe26+ ions are the most promising laser emission lines in the XUV and soft X-ray spectral re-
gions.
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1. Introduction

The last three decades enormous advances in our understanding and developing high-efficiency of X-ray laser
with gain [1] [2] by using the mechanism for demonstrating X-ray lasing in resonant photo pumping have been
seen. The pump power needed to achieve inversion was extremely high. (ECP) electron collisional pumping has
been the most familiar and suitable pumping mechanisms used in soft X-ray lasers [3]. The modeling of astro-
physical and laboratory plasmas used c-like ions and their emission lines. Those data for transition mostly lie in
the soft X-ray and EUV regions [4]. Energy levels, spontaneous decay rates and oscillator strengths have been
calculated by Aggrawal et al. [5] [6], Feldman et al. [7] & Aggrawal et al. [8] for transitions in Ar XIII, Ti XVII
& Fe XXI. But no much work has been done to predict the gain of C-like Ar XIII, Ti XVII & Fe XXI theoreti-
cally.
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In this paper, we calculate energy levels for 69 fine-structure states using a fully relativistic approach based
on Dirac equation. Weighted oscillator strengths, spontaneous radiative decay rates are calculated in the single
multipole approximation, and collision strengths by electron impact using the factorization-interpolation method
are calculated in the distorted wave approximation. Effective collision strengths are calculated by interpolating
the data from the collision strengths and integrating over Maxwellian distribution at different temperatures. Rate
coefficients are calculated from effective collision strengths using a formula that will be described later in this
paper. Then, we predict the reduced population and gain coefficient for C-like Ar XIII, Ti XVII & Fe XXI by a
steady state equation in the collisional radiative model after achieving a population inversion between the al-
lowed transition states.

2. Computation of Gain Coefficient

The possibility of laser emission from plasma of Ar XIII, Ti XVII and Fe XXI ions via electron collisional
pumping, in the XUV spectral region was investigated at different plasma temperatures and electron densities.
The reduced population densities were calculated by solving the coupled rate equations [7]-[10].

Nj[ZAji+Ne[Zc;’i+Zc;ﬂ [ZN, U+ZN,CU]+ZN A 1)

where N; and N; is the fractional population of level jandi respectively, N, is the electron density, A,
is the Emsteln coeff|C|ent for spontaneous radiative decay from j to i; and Ce and CJd represent the rate coef—
ficient for collisional excitation and de-excitation respectively. The actual populatlon density N, of the j"
level can be calculated from the equation of identity [11] [12].

cd=c¢ 9 exp AEji 2
L 9; KT,

where g; and g; are the statistical weights of the lower and upper levels, respectively.
The electron impact excitation rates usually are expressed via the effective collision strengths y; as

s 8.6287x10°°

g »Te]/2 T ©
where the values of »; and A; are obtained by [11].
The actual population densny N, ofthe j™ levelis obtained from the following identity [11],
NJ = Nj * Ni' (4)
where N, is the quantity of ions which reached to the ionization stage | [11],
N, =N /Z,,- 5)

where N, is the electron density, Z,, isthe average degree of ionization and f, is the fractional abundance
of the ionization states which can be calculated from the relation [11]. Since the populations density from Equa-
tion (1) are normalized such that,

St ©)

After the calculation of levels population density, the quantities Nj/gj and N;/g; can be calculated.
Once a population inversion has been ensured a positive gain through F > 0 [13] is obtained by

g, [N, N,
F=2L| 1T 7
N{g,— gi} "

where Nj/gj and N;/g; are the reduced populations of the upper level and lower level respectively. Equa-
tion (7) has been used to calculate the gain coefficient («) for Doppler broadening of the various transitions in

the Ar XIII, Ti XVII and Fe XXI ion.
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where M is the ion mass 4; is the transition wavelength in (nm), T; is the ion temperature in K and j, i
represent the upper and lower transition levels respectively.

3. Results and Discussions
3.1. Energy Levels

By using the fully relativistic flexible atomic code (FAC) [14] we obtained energy level values for the 1s? 2s
2pnl (n=3,1=s,p&d)and ml (m=4,1=s, p, d & f) configurations in C-like Ar*®*, Ti?** and Fe?®* ions. This
data presented in Tables 1-3. The first column of each table provides an index for the levels, the second column
presented the main components of the computed eigenvectors and the third column presented our calculations of
energy levels. Tables 4-6 presented the comparing data between our calculations and with the experimental
values compiled by NIST. We obtained the agreement between FAC, Bhatia, Seely and Feldman [15] for Ar'®",
Ti%** and Fe?®* energy levels and with the other experimental energies [16] [17] with the values available at the
National Institute of Standards and Technology (NIST) [18] and is within values less than 0.5% for a majority of

levels.

3.2. Level Population

The reduced population densities are calculated for 69 fine structure levels arising from 1s 2s? 2pnl (n =3, | =s,
p&d)and ml(m=4,1=s,p, d&f) configurations that emit radiation in the XUV and soft X-ray spectral re-
gions. The calculations were performed by solving the coupled rate Equation (1) simultaneously using MAT-
LAB version 7.10.0 (R2010a) computer program. The reduced populations density are calculated as a function
of electron densities and plotted at different plasma temperatures for Ar'®*, Ti??* and Fe”* ions.

The behavior of level populations density of the various ions (Ar XIII, Ti XVII & Fe XXI) can be explained
as follows: in general, at low electron densities the reduced population density is proportional to the electron
density, where excitation to an excited state is followed immediately by radiation decay, and collisional mixing
of excited levels can be ignored. This result is in agreement with that of Feldman et al. [9] [10] [19]. At high
population densities (10*%%), radiative decay to all levels will be negligible compared to collisional depopulations
and all level populations become independent of electron density and are approximately equal. The 10" elec-
tron density shows a peak at before the other levels then decreases to the saturation faster than the other levels,
which mean that then on radiative transitions dominant the de-excitation because of its higher energy and fast
decay time (see Figures 1-9). The population inversion is largest where electron collisional de-excitation rate
for the upper level is comparable to radiative decay for this level [9] [19].

3.3. Inversion Factor

Laser amplification will occur only if there is population inversion, or in other words, for positive inversion fac-
tor F > 0. In order to work in the XUV and X-ray spectral regions, we have selecting transitions between any
two levels producing photons with wavelengths between 5° and 100°A. The electron density at which the popu-
lation reaches corona equilibrium approximately equals to A/D, where A is the radiative decay rate and D is the
collisional de-excitation rate [13]. The population inversion is largest where the electron collisional de-excita-
tion rate for the upper level is comparable to the radiative decay rate for this level.

3.4. Gain Coefficient

As population inversion will be positive in laser medium. Equation (8) has been used to calculate gain coeffi-
cient for the Doppler broadening of various transitions in the Ar X1, Ti XVII & Fe XXI ions. For F > 0 transi-
tion having positive inversion with the maximum gain coefficient in cm ™. The maximum gain was calculated
and plotted against electron density Figures 10-18 these short wavelength laser transitions can be produced us-
ing plasmas created by optical lasers as the lasing medium.

For Ar XIII, Ti XVII & Fe XXI ions the rates for electron collisional excitation from the 1s® 2s* 2p2 ground
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Table 1. State definitions and energy levels for Ar XIII.

Index
1
2

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

State configuration
(2po)o
(2py2 2p312)s
(2p2)2
(2py2 2par)2
(2po)o
(2py2 3s112)0
(2py2 3su2)1
(2p3i2 3s12)2
(2psi2 3s12)s
(2py2 3p1r2)s
(2py2 3par):
(2py2 3par)2
(2psi2 3par)s
(2p312 3par)
(2py2 3p112)o
(2par2 3p1r2)s
(232 3par2)2
(232 3par2)2
(2psi2 3par)o
(2py2 3dar).
(2py2 3dsr2)s
(2py2 3ds12).
(2par2 3ds12)a
(2py23d312)1
(2psi2 3ds12)2
(2p3r2 3ds12)s
(2p3r2 3ds12)z
(2par2 3dar2)s
(2par2 3dar2)o
(2par2 3ds12)s
(2psi2 3dar2)s
(2py2 4s12)o
(2py2 4su2)1
(232 4s112)2

(2p3r2 4s12)1

E (Ryd)
0.0000
0.0863
0.1971
0.7964
1.7559
28.6954
28.7310
28.9021
29.0568
29.6982
29.8393
29.8407
29.9824
30.0471
30.1436
30.2300
30.2815
30.5068
30.8649
30.8916
30.9916
31.0308
31.1088
31.1865
31.2333
31.3092
31.3680
31.3878
31.4006
31.7013
31.7232
38.7071
38.7232
38.9157

38.9593

Index
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

64
65
66
67
68
69

State configuration
(2py2 4p112)1
(2py2 4p3r2)s
(2py2 4p3r2)2
(2py2 4p1r2)o
(2par2 4par2)s
(2par2 4par2)s
(2ps2 4par2)
(2ps2 4p1r2)
(2p312 4psrz)2
(2py2 4dap2),
(2py2 4dsp2)s
(2py2 4dsp2),
(2p312 4psr2)o
(2p12 4ds2):
(2psi2 4ds12)a
(2pa2 4dap2).
(2par2 4dsp2)s
(2par2 4dsp2)s
(2pu2 4f52)
(2pu2 4f212)s
(2pu2 4f512)2
(2pa2 4F712)4
(2pa2 4dsp2),
(2par2 4da3p2)s
(2par2 4ds2)o
(2p3r2 4ds12)s
(2p3r2 4dsi2):
(2pa2 4fs12)s
(2pa2 4F712)s
(2pa2 4f712)s
(2pa2 4f512)2
(2psi2 4f212)s
(2p12 4f512)4
(2par2 4fs12)1

E (Ryd)
39.1208
39.1971
39.1979
39.2726
39.3571
39.3577
39.4153
39.4239
39.5122
39.5692
39.6292
39.6359
39.6528
39.6770
39.7816
39.7958
39.8333
39.8489
39.8543
39.8564
39.8588
39.8599
39.8675
39.8728
39.9725
39.9729
40.0424
40.0480
40.0666
40.0699
40.0730
40.0863
40.0962

40.1044
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Table 2. State definitions and energy levels for (Ti XVII).

Index
1
2

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

State configuration
(2po)o
(2py2 2p312)s
(2py2 2p3r2)2
(2p2)2
(2po)o
(2py2 3s112)0
(2py2 3su2)1
(2p3i2 3s12)2
(2psi2 3s12)s
(2py2 3p1r2)s
(2py2 3par)2
(2py2 3par)s
(2py2 3p112)o
(2p32 3p1r2)s
(2p312 3par)
(2pa2 3p1r2)s
(2pa2 3pir2)2
(232 3par2)2
(2py2 3dar).
(2312 3par2)o
(2py2 3dsr2)s
(2py2 3dsp2).
(2py23d312)1
(2par2 3ds12)a
(2psi2 3dar2)2
(2p3r2 3ds12)s
(2p3r2 3ds12)z
(2par2 3dar2)s
(2par2 3dar2)o
(2par2 3dsp2)s
(2psi2 3dar2)s
(2py2 4s12)o
(2py2 4su2)1
(2py2 4s112)2

(2py2 4p12)1

E (Ryd)
0.00000
0.25739
0.49960
1.29590
252631
47.04981
47.10776
47.56540
47.74998
48.36709
48.66453
48.68153
48.98048
49.04420
49.07589
49.26976
49.34863
49.67836
49.97520
50.14425
50.17995
50.24569
50.40375
50.51640
50.61335
50.76292
50.85373
50.87489
50.89299
51.29161
51.30451
63.52156
63.54415
64.04077

64.06898

Index
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

State configuration
(2par2 4s12):
(2py2 4p3r2)s
(2py2 4p3r2)2
(2py2 4p1r2)o
(2par2 4par2)s
(2par2 4par2)s
(2p12 4ds2)e
(2psi2 4p2):
(2psi2 4p12)2
2Py 4dsp2)2
(2py2 4dsp2)s
(2py2 4dsp2)1
(2psi2 4p3i)2
(2p3i2 4pai)o
(2pu2 4f52)
(2pv2 4f712)s
(2py2 4fs12)2
(2pv2 4f712)4
(2psr2 4ds12)a
(2p3r2 4dsr2)e
(2p3r2 4dsr2)s
(2par2 4dsp2)2
(2par2 4dap2)s
(2par2 4dap2)o
(2p3r2 4ds12)s
(2par2 4dsi2):
(2pai2 4f512)a
(2pa2 4F712)s
(2pa2 4f712)s
(2f3, 4f512)2
(2psi2 4f212)s
(2p3i2 4f512)4
(2pu2 4fs2)1
(2pa2 4f712)2

E (Ryd)
64.09600
64.20341
64.21108
64.28125
64.63728
64.65238
64.68391
64.70436
64.70480
64.78619
64.78871
64.83746
64.83899
65.01402
65.07590
65.08855
65.08986
65.09372
65.21515
65.22616
65.27683
65.31674
65.32405
65.33165
65.45453
65.46425
65.57382
65.58393
65.60794
65.60980
65.61924
65.63594
65.64922

65.66365
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Table 3. State definitions and energy levels for Fe XXI.

Index

1

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

State configuration
(2po)o
(2py2 2p3):
(2py2 2p3r)2
(2p2)2
(2po)o
(2py2 3s112)0
(2py2 3su2)1
(232 3s112)2
(2p3i2 3su2)1
(2p12 3pu2)
(212 3p3i)2
(2p12 3psi)s
(2pw2 3p112)o
(2pai2 3par)s
(2p32 3par)s
(2pa2 3p12)1
(2par2 3p112)2
(2p12 3ds2)z
(2par2 3par)2
(2pw2 3ds2)s
(2pw2 3ds2)z
(2py23d312)1
(2p3r2 3psiz)o
(2p3r2 3ds12)4
(2par2 3dar2)2
(2p312 3ds12)s
(2p312 3ds12)2
(2par2 3dar2)s
(2par2 3dar2)o
(2par2 3dsr2)s
(2par2 3ds12)1
(2p12 4s12)o
(2p12 4s12)1
(2pv2 4p12)1
(2pv2 4p32)

E (Ryd)
0
0.64205
1.046974
2.22993
3.725701
69.98660
70.06545
71.07260
71.28858
71.62157
72.16925
72.18456
72.42029
73.00730
73.02872
73.18370
73.25095
73.72002
73.76855
74.07187
74.12905
74.28704
74.33629
74.86687
74.93615
75.13969
75.27364
75.28583
75.30911
75.80306
75.81687
94.53285
94.56133
95.21598

95.43674

Index
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

State configuration
(2p112 4par)2
(2p1r2 4p112)o
(2p12 4s12)2
(2par2 4s12)1
(2p12 4d32)z
2py2 4dsp2)2
(2py2 4ds2)s
(2py2 4da2):
(2P32 4p1r2)
(2p312 4p3i)s
(2312 4pu2)2
(2p3r2 4psi):
(2py2 4f52)3
(2py2 4f52)2
(2py2 4F212)3
(2py2 4f712)a
(2p312 4ps2)2
(2p312 4psiz)o
(2psi2 4ds12)a
(2p312 4d32)z
(2p312 4d32)s3
(2p312 4ds:2)z
(2p3r2 4ds2):
(2p3r2 4dsi2)o
(2p312 4ds12)s
(2p3i2 4dsp2)s
(232 4fsi2)1
(2par2 4712)a
(2parz 4fs12)2
(2f32 4F712)5
(2par2 4f712)s
(2psi2 4f52)a
(2py2 4fs2)1
(2par2 4f712)2

E (Ryd)
95.45197
95.48976
95.62434
95.69301
96.02775
96.17432
96.18603
96.22650
96.39314
96.43909
96.44857
96.47588
96.53988
96.55805
96.56406
96.56958
96.66212
96.86913
97.14962
97.15356
97.21578
97.27134
97.27360
97.28356
97.43375
97.45675
97.60659
97.62409
97.65120
97.65434
97.67014
97.68730
97.70366

97.72815

©
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Table 4. Comparison between some energy levels for Ar XIII.

Index NIST® CIvaP S.8° Our calculation®
1 0.00000 0.0000 0.00000 0.0000
2 0.89800 0.0878 0.08980 0.0863
3 0.19910 0.1967 0.19910 0.1971
4 0.77468 0.8024 0.77480 0.7964
5 1.47749 1.5421 147770 1.7559
6 . 28.6854 28.906 28.6954
T 28.7216 28.9412 28.7310
8 28.796 28.8765 29.1048 28.9021
9 28.951 29.0507 29.2566 29.0568
O 29.6469 30.0305 29.6982
7w 29.7816 29.8938 29.8393
2 29.7993 30.0331 29.8407
3 29.9319 30.1695 29.9824
7 29.986 30.2343 30.0471
s 29.995 30.332 30.1436
w6 L 30.0848 30.4146 30.2300
v 30.127 30.4676 30.2815
R 30.4584 30.6885 30.5068
9 L 30.8405 31.0955 30.8649
2 30.843 31.0453 30.8916
21 30.8965 30.9316 31.1857 30.9916
22 30.9375 30.967 31.2402 31.0308
23 L 31.0421 31.3014 31.1088
24 31.0833 31.1439 31.4116 31.1865
25 31.2291 31.1757 31.4473 31.2333
26 31.2291 31.2535 31.5267 31.3092
27 31.2793 31.3024 31.5779 31.3680
28 31.2905 31.3172 31.5917 31.3878
2 31.3272 31.5996 31.4006

Note: (a) NIST [18] data; (b) CIV3 program by K. M. Aggarwal [5] (c) SS. The data from the work done by Bhatia et al. [15] & (d) Our calculations
calculated by the fully relativistic flexible atomic code (FAC).

state to the 1s? 2s* 2p 31 (I = s, p, d) configuration are greater than the rates for excitation from the ground state
to the 1s? 2s® 2p 4l state. For electron densities and electron temperatures that are typical of laboratory high-
density plasma sources this agreement with Feldman et al. [9], such as laser-produced plasmas, it is possible to
create a quasi-stationary population inversion in this ion.

Under favorable conditions large laser gains for this transition in the XUV and soft X-ray regions of the spec-
trum can be achieved in the carbon-like Ar XIII, Ti XVII & Fe XXI ions from our calculation. The gain calcula-
tions were performed at various electron temperatures and at various electron densities. It is obvious that the

gain increases with the temperature.



W. S. Abdelaziz et al.

Table 5. Comparison between some energy levels for Ti XVII.

Index NIST? GRASP® S.s° Our calculation®
1 0.00000 0.00000 0.0000 0.00000
2 0.27030 0.26830 0.2703 0.25739
3 0.50700 0.50780 0.5078 0.49960
4 1.28170 1.30570 1.2815 1.29590
5 2.20690 2.21410 2.2068 2.52631
6 46.58260 47.3506 47.04981
7 46.87000 46.91220 47.4085 47.10776
8 47.32000 47.35860 47.8460 47.56540
9 47.00000 47.55000 48.0273 47.74998
10 48.17220 48.6539 48.36709
11 48.45840 48.9590 48.66453
12 48.47080 48.9439 48.68153
3 48.64740 49.2571 48.98048
4 48.83170 49,5318 49.04420
S 48.84590 49.3079 49.07589
w6 48.97240 49.3408 49.26976
w7 49.02320 49.6155 49.34863
8L 49.45670 49.9344 49.67836
19 49.86000 49.84550 50.2686 49.97520
20 49.95410 50.3954 50.14425
21 50.04190 50.4673 50.17995
22 50.13000 50.10920 50.5499 50.24569
23 50.29000 50.27270 50.7220 50.40375
24 50.37240 50.7902 50.51640
25 50.50000 50.47020 51.1449 50.61335
26 50.63000 50.62200 51.0610 50.76292
27 50.73000 50.70710 50.9052 50.85373
28 Ll 50.72240 51.1574 50.87489
29 L 50.73740 51.1671 50.89299

Note: (a) NIST [18] data, (b) GRASP code by K. M. Aggarwal [4] (c) SS. The data from the work done by Bhatia et al. [15] & (d) Our calculations
calculated by the fully relativistic flexible atomic code (FAC).

The results have suggested the following laser transitions in the Ar XIII, Ti XVII & Fe XXI plasma ions, wa-
velength, radiative life time of the upper and lower laser levels in the possible laser transitions and maximum
gain coefficient at various temperatures presented in Tables 7-9, as the most promising laser emission lines in
the XUV and soft X-ray spectral regions.

3.5. Radiative Life Time

The lifetimes are determined almost entirely from the allowed and the strong inter combination transitions. The
radiative lifetime z; of an excited atomic state j, is related to the atomic transition probability A; by:

T, = 9)

where the sum is extended over all the lower states which can be reached from the upper state by radiative de-

cay.
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Table 6. Comparison between some energy levels for Fe XXI.

Index

© 00 N o O B~ W N P

N NN RNNDMNRNRNDNDRRR B B B 2 R B
©® N o g WNRPO O © N Ul WN B O

29

NIST?
0
0.67298
1.06940
2.22860
3.38973

73.8253
73.7944
74177
74.6090
74.6783
75.00548

GRASP®
0
0.6739
1.0760
2.2480
3.3598
70.1287
70.2158
71.1373
71.3831
71.7442
72.2626
72.2897
72.4324
72.9948
73.0898
73.1885
73.2258
73.7326
73.8041
74.0806
74.1356
74.3122
74.3713
74.8093
73.8734
75.0917
75.2135
75.2181
75.2372

S.s°
0

0.67299
1.06949
2.22849
3.38953
70.41273
70.49231
71.45348
71.66505
72.03515
72.58137
725.7715
72.8231
73.54385
73.38858
73.37150
73.62396
74.11683
74.13650
74.67552
74.49025
74.56477
74.73364
75.24441
75.66779
75.53895
75.32598
75.66777
75.67733

Our calculation®
0
0.642056
1.046974
2.229933
3.725701
69.98660
70.06545
71.07260
71.28858
71.62157
72.16925
72.18456
72.42029
73.00730
73.02872
73.18370
73.25095
73.72002
73.76855
74.07187
74.12905
74.28704
74.33629
74.86687
74.93615
75.13969
75.27364
75.28583
75.30911

Note: (a) NIST [18] data, (b) GRASP code by K. M. Aggarwal [20] (c) SS. The data from the work done by Bhatia et al. [15]. (d) Our calculations
calculated by the fully relativistic flexible atomic code (FAC).
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Figure 1. Reduced population of Ar'® levels after electron
of the electron density at temperature 300 eV.
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Figure 2. Reduced population of Ar™® levels after electron collisional pumping as a function
of the electron density at temperature 400 eV.
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Figure 3. Reduced population of Ar'® levels after electron collisional pumping as a function
of the electron density at temperature 500 eV.
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Figure 4. Reduced population of Ti*?2 levels after electron collisional pumping as a function
of the electron density at temperature 400 eV.
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Figure 5. Reduced population of Ti*? levels after electron collisional pumping as a function of
the electron density at temperature 500 eV.
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Figure 6. Reduced population of Ti*? levels after electron collisional pumping as a function of
the electron density at temperature 600 eV.
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Figure 7. Reduced population of Fe*® levels after electron collisional pumping as a function of
the electron density at temperature 900 eV.



W. S. Abdelaziz et al.

0.0005 -
—T
0.0004 - —8
—9
C
2 —13
5 00003 - 1s
o
g —17
§ 0.0002 - —19
§ —23
< 24
0.0001 -
0 - ; : . . .
16 17 18 19 20 21 22
Log N,

Figure 8. Reduced population of Fe™® levels after electron collisional pumping as a
function of the electron density at temperature 1000 eV.
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Figure 9. Reduced population of Fe™® levels after electron collisional pumping as a
function of the electron density at temperature 1100 eV.
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Figure 10. Gain coefficient of possible laser transition against electron density at tem-
peraturev300 eV in Ar*8,
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Figure 11. Gain coefficient of possible laser transition against electron density at temperature
400 eV in Ar*,
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Figure 12. Gain coefficient of possible laser transition against electron density at temperature
500 eV in Ar*,
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Figure 13. Gain coefficient of possible laser transition against electron density at temperature

400 eV in Ti*2
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Figure 14. Gain coefficient of possible laser transition against electron density at temperature 500
eV in Ti*%
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Figure 16. Gain coefficient of possible laser transition against electron density at temperature 900

eV in Fe*?,
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Figure 17. Gain coefficient of possible laser transition against electron density at
temperature 1000 eV in Fe*?,
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Figure 18. Gain coefficient of possible laser transition against electron density at
temperature 1100 eV in Fe*?.

24<>15

Table 7. Laser transitions, wavelength, radiative life time of the upper and lower laser levels in the possible laser transitions
and maximum gain coefficient at temperatures (300, 400 and 500) eV in the possible laser transitions. (Ar XIII)

Transition

17<>7
16<>8
17<>8
18<>9
19<>9
23<>13

Configuration

(2p3i2 3P3i2)o-(2P3i2 3S12)1
(2p312 3p3i2)2-(2Pwi2 3pw2)s
(2p12 3pzi2)o-(2P12 3Pp1i2)s
(2p12 3d312)2~(2p12 3pai)y
(2p2 3ds12)3-(2p12 3pai)1
(2pw2 3ds12)2-(2p1/2 3P112)0

A (nm)

49.84
111.4
77.23
56.04
78.21
82.69

7, (sec)

4.47E-10
4.79E-10
4.47E-10
2.25E-10
2.84E-12
2.65E-13

7; (sec)

2.62E-12
1.66E—12
1.66E-12
1.83E-09
1.83E-09
9.34E-10

T =300 (eV)
0.7607
0.7654
1.9534
2.5906
0.6466
06718

Gain (a) (cm™)
T =400 (eV)
1.1951
1.2835
3.1980
3.6464
1.0078
0.9132

T =500 (eV)
1.5668
1.7742
4.4397
44320
1.3061
1.0337

Table 8. Laser transitions, wavelength, radiative life time of the upper and lower laser levels in the possible laser transitions
and maximum gain coefficient at temperatures (400, 500, and 600) eV in the possible laser transitions. (Ti XV1I)

Gain(a) (cm™)

Transition Configuration A (nm) 7, (sec) 7, (sec)
T =400 (eV) T =500 (eV) T =600 (eV)
13<>7 (2par2 3par)1-(2P3i2 3s12)1 68.0 7.42E-10 1.03E-12 0.9939 1.5261 1.9561
16<>8 (2par2 3par2)2-(2P12 3p12)1 68.7 3.53E-10 6.74E-13 0.6558 1.0852 1.4478
17<>8 (2pw2 3d32)2-(2P112 3p12)1 56.0 3.04E-10 6.74E-13 2.0915 3.2939 4.6240
17<>9 (2p1/2 3d32)2-(2P1s2 3Par)2 68.8 3.04E-10 9.48E-10 0.6584 0.9560 1.2255
18<>9 (232 3P3i2)o-(2P112 3P3r)2 60.9 1.04E-12 9.48E-10 3.1334 4.3938 5.3260
24<>14 (2p372 3ds12)3-(2P312 3pw2)t 60.4 1.58E-13 6.58E-10 1.0624 1.49699 1.8336

)
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Table 9. Laser transitions, wavelength, radiative life time of the upper and lower laser levels in the possible laser transitions
and maximum gain coefficient at temperatures (900, 1000 and 1100) eV in the possible laser transitions. (Fe XXI)

Gain(a) (cm™?)

Transition Configuration A (nm) 7, (sec) 7, (sec)
T =900 (eV) T=1000(eV) T =1100 (eV)
13<>7 (2P312 3par2)s-(2Psi2 3s12)1 51.8 451E-10  4.75E-13 4.7467 5.5314 2.4399
17<>8 (2P312 3par2)2-(2p12 3p1i2)1 42.0 1.04E-12  3.24E-13 9.3873 11.0607 5.1994
19<>8 (2pw2 3ds12)2-(2P112 3pw2)t 359  153E-13  3.24E-13 2.1807 2.5400 1.9796
19<>9 (2pw2 3ds12)2-(2P112 3P3r)2 460  153E-13  9.32E-10 13.7635 15.2395 5.5308
23<>9 (2p372 3d312)2-(2P112 3P3r)2 326  6.82E-10 9.32E-10 4.0888 4.6999 1.8392
24<>15 (2par2 3ds12)3-(2parz 3p1i2)2 47.7 8.61E-14  3.60E-10 4.3958 4.7444 0.7326

Tables 7-9 contains the present results of radiative lifetime for the upper and lower laser levels for the (Ar
XI111), (Ti XVII) and (Fe XXI).

4. Conclusion

In this work the analysis that has been presented shows that electron collisional pumping (ECP) is suitable for
attaining population inversion and offers the potential for laser emission in the spectral region between 30 and
111°A from the Ar XIII, Ti XVII & Fe XXl ions. This class of lasers can be achieved under the suitable condi-
tions of pumping power as well as electron density. If the positive gains obtained previously for some transitions
in the ions under studies (Ar XIII, Ti XVII & Fe XXI ions) together with the calculated parameters could be
achieved experimentally, then successful low-cost electron collisional pumping XUV and soft X-ray lasers can
be developed for various applications, and the most promising laser emission lines in the XUV and soft X-ray
spectral regions.
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