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ABSTRACT The inversion and gain of the electron-collisional excitation pumping X -ray
laser depend on four parameters (electron density N e, electron temperature Te, w idth of gain
region AR and velocity gradient of lasing medium dv/dz) describing the internal state of plas-
mas A s an exanple, the dependence of the inversion and gain of laser linesat 19 6mnm, 23 2rnm
and 23 6mqm in neon-like gemanium ion on N e and Te is studied in thispaper. In the gain re-
gion w ith a typical atialw idth (AR= 100um) and velocity gradient of lasingmedium (dv/dz
= 1 3x 10’s %), the effect of renance lines-trapping on the gain is discussed and the objec-
tive regionsof gain are given for these laser lines In addition, the effect of dielectronic recom-
bination processon charge-state distribution is discussed
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Fig 1 The fractional population contoursof neon-like germanium ion inN e Teplane
(a)w ith dielectronic recombination (b) w ithout dielectronic recombination
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Fig 2 The charge state distributions of Fig 3 Theobjective region of gain for at 19 6nm.
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Fig 4 Theobjective region of gain for at 23 2nm (a) and 23 6rm (b).
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ON THE GAINOF EL ECTRONIC COLL ISION EXCITATION
X-RAY LASERS IN NEON-L IKE GERMANIUM ION

Zhang Y uquan, Zhang T anxin,W ang Guangyu, and YuM in
B eijing Institute of Applied Physics and Canputational M athematics, P. O. B ox 8009,B eijing 100088

The inversion and gain of the electron-collisional excitation pumping X-ray laser are detemined by the
internal stateof plasnas A san exanple, the dependence of the inversion and gain of laser transitions in neon-
like gemanium ion on parameters describing internal state of the plasna are studied in thispaper.

In the mportant electron density N eand tampereture Te ranges for X-ray lasers, the relaxation time dur-
ingw hich neon-like ion establishes steady state populations is less than 200ps W hen the characteristic tim e of
lasing medium is longer than this relaxation time, gain can be detem ined by the steady olutionsof rate equa-
tions, i e , by four parameters N ¢, T, w idth of gain region AR and velocity gradient of lasing medium dv/dz

D ielectronic recombination process has mportant effectson ionic charge-state distribution Due to the di-
electronic recombination process, the over-ionization of neon-like gemanium ion does not occur. This is very
mportant for the electron-collisional excitation pumping X-ray lasers

The trgpping of the resonance lines has mportant effectson inversion and gain W ithout the trgpping, the
lasing medium has very extensive objective region of gain and much larger gain than expermental results
How ever, the population of low er level is greatly increased by the trapping, therefore the inversion factor and
gain are decreased ranarkably. In the gain regionw ith a typical gpatialw idth (AR= 100pm) and velocity gra-
dient of lasingmedium (dv/dz = 1 3x 10°s ), the efffect of the trapping of resonance lineson gains for laser
lines at 19 6nm, 23 2mm and 23 6nm is discussed and the objective regionsof gain are given in Fig 3, Fig 4
T he calculated gainsof laser linesat 23 2nm and 23 6nm are in agreement w ith experimental results, but at
19 6mm the calculated gain in much larger than experimental one Thiswork can’ t explain the anomalous be-

haviour j= O- 1 transition in experiments

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



