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Fig. 1. Schematic diagram of Ne-like Ar energy level

transition.
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Fig. 2. Gain coefficients per ion density of 46.9 nm
and 69.8 nm laser as a function of electron density for

given electron temperature T, = 200 eV.
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Fig. 3. Gain coefficients per ion density of 69.8 nm
laser as a function of electron density for different elec-

tron temperatures.
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Fig. 6. Time-integrated axial emission spectra ob-

tained under different initial Ar pressures.

FEREACH OB K 65 nm MIE LT, WE T 34
WIEE ST 69.8 nm WOL B, HoOt ik an &l 6 B
. WE 6T LLE H, 4T KAE 16 Palbf, 69.8 nm
BWoOtH &R, N T I RAIE SRR 69.8 nm O

B R MR, SUB IR SR & T 69.8 nm BOLIE
2R S AR L, FLAE R 7 TR, BT AT L
F H69.8 nm WO K B AEVI 4G SR ALE 16 Pa fff i,
51214 Palbf 38 a5 2 %0 K B v 5 45 A
. MRAN RS TH AR BITE 10— 14 Pa Y [ 4 3 25
FEP A A B S S I 3G, 7E 16—20 Pa il
P 38 B 2R AR A B SR S T . R s
B 7 o A S 0 3 I D' i S 3 0 S e 1
i —. 1m0 HARYE 228 SOk [14]) 1530060 3 75 &
HoAT 7 IE, R TR AR 7 R B
W S A K, 4N 21, 25, 29 133 cm, 3%
WOt AR 3 K, £ FIH Linford 2 30 &
mhek, SRR RN 0.4 cm !, B HRATFE LT
SRR 2 R AR KA 0.32 em ! AR

104

Intensity/arb. units
-
Pl

A
\
\
A
103 | i AN
! ~

1 1 1 1 1
11 12 13 14 15 16 17 18 19 20 21

Pressure/Pa

K7 BOLREZREYIIRSIERR AR

Fig. 7. Laser intensity as a function of initial pressure.

5 %

RIS T AR 69.8 nm O A 25 R EUH
AR TR o SR R 2 5 A, R MHD 2
PR THE TSR A S S H AR W AT, S
T BN A 69.8 nm GG 55 R B [\ 4
A FR VR BN, IR F B R &5 R M e T
o RBBEE VGRS A, RS b, D
& 1 35 em KEBMEEAFVILESE T 69.8 nm
WOGHREE, #iE T I8 E N 16 Pallf, 69.8 nm
SR EEIROK, MBS BIFE S 25 A1 NI 25 RECH
0.4 e~ 1. SZIGEE R S5 HEG L IR, RESRIEE
FIFHZ 2 Pa iy, M3 REBAHZ/NT0.1 cm™!. 2
Wi EIRTG W R 53 6 R B E S
SUES FOE R BE R AE SUE AR R — 2L 1R

155201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 15 (2017) 155201

BEEEA 1, A Je K R A AZ AR o b F A DY 3R T
69.8 nm WOL IR HOE A [IRFE 2 [R]IRRE A2
BRI SCYS FE T BAE AR T kR T 4
FoAth ZH00] 69.8 nm WOBIE a6 (520, DLIRAS B 58
FIEOEH . BT BO T 2R 69.8 nm B0 B
WHIE TR AR, PR AR SO S7 A AR 70 B A
U] DA 2 i S0 95 B AN 50 0 = IR R 1 4 7
T (R F FE SRS .

RPN

[1] Matthews D L, Hagelstein P L, Rosen M D, Eckart M
J, Ceglio N M, Hazi A U, Medecki H, Macgowan B J,
Trebes J E, Whitten B L 1985 Phys. Rev. Lett. 54 110

[2] Rocca J J, Shlyaptsev V, Tomasel F G, Cortazar O D,
Hartshorn D, Chilla J L 1994 Phys. Rev. Lett. 73 2192

[3] Tomasel F G, Rocca J J, Shlyaptsev V N, Macchietto C
D 1997 Phys. Rev. A 55 1437

[4] Frati M, Seminario M, Rocca J J 2000 Opt. Lett. 25
1022

[5] ZhaoY P, Jiang S, Xie Y, Yang D W, Teng S P, Chen
DY, Wang Q 2011 Opt. Lett. 36 3458

(6]

[10]

[11]

[12]

155201-6

Moreno C H, Marconi M C, Shlyaptsev V N, Benware B
R, Macchietto C D, Chilla J L A, Rocca J J 1998 Phys.
Rev. A 58 1509

Kim D E, Kim D S, Osterheld A L 1998 J. Appl. Phys.
84 5862

Kukhlevsky S V, Ritucci A, Kozma I Z, Kaiser J,
Shlyaptseva A, Tomassetti G, Samek O 2002 Contrib.
Plasm. Phys. 42 109

Lan K, Zhang Y Q, Zheng W D 1999 Phys. Plasma 6
4343

Zheng W D, Peng H M 2002 High Pow. Laser Par.
Beams 14 1 (in Chinese) [¥TEH, ¥ H R 2002 5®¥EOL
SRCTH 14 1]

Zhao Y P, Liu T, Jiang S, Cui H'Y, Ding Y J, LiL B
2016 Appl. Phys. B 122 107

Elton R C (translated by Fan P Z) 1996 X-Ray Lasers
(Beijing: Science Press) pp21-25 (in Chinese) [#2/R#i 3%
(& & ) 1996 XU ZRWOL (db at: B W ARCRL) 2R
21—25 7]

Jiang S, Zhao Y P, Cui HY, Li L B, Ding Y J, Zhang
W H, Li W 2015 Contrib. Plasma Phys. 55 570

Zhao Y P, Liu T, Zhang W H, Li W, Cui H Y 2016
Opt. Lett. 41 3779


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevLett.54.110
http://dx.doi.org/10.1103/PhysRevLett.73.2192
http://dx.doi.org/10.1103/PhysRevA.55.1437
http://dx.doi.org/10.1364/OL.25.001022
http://dx.doi.org/10.1364/OL.25.001022
http://dx.doi.org/10.1364/OL.36.003458
http://dx.doi.org/10.1103/PhysRevA.58.1509
http://dx.doi.org/10.1103/PhysRevA.58.1509
http://dx.doi.org/10.1063/1.368900
http://dx.doi.org/10.1063/1.368900
http://onlinelibrary.wiley.com/doi/10.1002/1521-3986(200201)42:1<109::AID-CTPP109>3.0.CO;2-B/full
http://onlinelibrary.wiley.com/doi/10.1002/1521-3986(200201)42:1<109::AID-CTPP109>3.0.CO;2-B/full
http://dx.doi.org/10.1063/1.873698
http://dx.doi.org/10.1063/1.873698
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2002&filename=QJGY200201000&v=MzEyODV4WVM3RGgxVDNxVHJXTTFGckNVUkwyZllPZHVGQ3ZuVjdyQU5DZk1kN0c0SHRQTXJvOUZaSVI4ZVgxTHU=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2002&filename=QJGY200201000&v=MzEyODV4WVM3RGgxVDNxVHJXTTFGckNVUkwyZllPZHVGQ3ZuVjdyQU5DZk1kN0c0SHRQTXJvOUZaSVI4ZVgxTHU=
http://dx.doi.org/10.1007/s00340-016-6408-x
http://dx.doi.org/10.1002/ctpp.201500016
http://dx.doi.org/10.1364/OL.41.003779
http://dx.doi.org/10.1364/OL.41.003779

) I8 % 48 Acta Phys. Sin. Vol. 66, No. 15 (2017) 155201

Characteristics of gain in Ne-like Ar 69.8 nm laser
pumped by capillary discharge”

Liu TaoY? Zhao Yong-Peng"' Ding Yu-Jie! Li Xiao-Qiang"
Cui Huai-Yu? Jiang Shan

1) (National Key Laboratory of Science and Technology on Tunable Laser, Harbin Institute of Technology, Harbin 150080, China)
2) (College of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300 China)

( Received 13 February 2017; revised manuscript received 23 May 2017 )

Abstract

In this paper, the theoretical calculation model of the gain coefficient of Ne-like Ar 69.8 nm laser is established.
With the collisional-radiative model, the rate equations for the 46.9 nm and 69.8 nm lasers are built by considering the
4 levels of the 2s2p® 'Sy, 2p®3p 'So, 2p°3p 3Ps, and 2p°3s 'P;. The gain coefficients per ion density of 46.9 nm and
69.8 nm lasers are calculated on the basis of the rate equations. The results show that the 46.9 nm laser has potential
of higher gain than the 69.8 nm laser at an electron temperature of 200 eV. The gain coefficients per ion density at
different electron temperatures are also calculated. Under the same electron density, the higher electron temperature is
favorable for increasing the gain coefficients per ion density of the 69.8 nm laser. Meanwhile there is also an optimal
electron density corresponding to the maximum gain coefficient per ion density of the 69.8 nm laser at a given electron
temperature. Then a one-dimensional cylindrical symmetry Lagrangian magneto-hydrodynamics (MHD) code is utilized
to simulate the Z-pinch process. The radial distributions of the electron temperatures, the electron densities and the Ne-
like Ar ion densities are calculated with the MHD code at the different initial pressures. According to the rate equations
for the 69.8 nm laser and the simulation results of the MHD code, the gain coefficient distribution of 69.8 nm laser in
the radial direction of the plasma can be determined when the plasma is compressed to a minimum radius. According

! when the

to the experimental parameters, the maximum gain coefficient of 69.8 nm laser is calculated to be 0.32 cm™
main pulse current is 12 kA. The relationship between the radial distribution of gain coefficient of 69.8 nm laser and the
initial pressure is also simulated. The theoretical results show that the optimal initial pressure is in a range of 12-14 Pa,
in which the amplitude of gain coefficient is maximum. The experiments about 69.8 nm laser are conducted with AloO3
capillary which has an inner diameter of 3.2 mm and a length of 35 cm. A main current of 12 kA with a rise time of 32 ns
is produced by the main pulse generator, which consists of a Marx generator and a Blumlein line filled with de-ionized
water. The Blumlein line is pulse-charged by a ten-stage Marx generator and discharges through the capillary by a
self-breakdown main switch pressurized with No gas. To reduce the amplitude of main current, we reduce the charging
voltage of the Marx generator and increase the conducting inductance of the main switch. Prior to the operation of the
main current pulse, the capillary filled with Ar is predischarged by a current of ~20 A. The 69.8 nm laser intensity as
a function of initial pressure is measured by a 1-m grazing incidence Rowland spectrograph. The experimental results
show that the optimum pressure is 16 Pa which is similar to the theoretical result. In addition, the gain coefficient

(0.4 cm™') measured in experiment is slightly higher than that (0.32 cm™") of the theoretical calculation.

Keywords: capillary discharge, 69.8 nm laser, rate equation, gain coefficient
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