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Theoretical Investigation of Free-Electron Driven X-Ray Lasers
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Abstract X-ray lasers are an important area in the fields of laser and plasma physics. At present, the studies of X-

ray lasers focus mostly on Z-pinch carbon discharge and the short and multiple laser pulse from high power lasers,

and most of which confine in Soft X-ray laser. Inspired by the device of free-electron lasers, a newly designed device

of X-ray laser is put forward. This device is converting free electron laser tool into free electron pumped laser tool

through replacing wiggler by capillary hollow tungsten electrode which is full of specially metal steam such as copper

steam. Its working principle and feasibility are analysed and proved by many theory such as electron impact

ionization, equilibria system of high-energy particle beams and recombination properties of plasma produced.
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Fig.1 Schematic diagram of free electron

pumped laser
1: hollow tungsten electrode; 2: conical lens; 3: vacuum; 4;
higher temperature porcelain; 5: magnetic filed; 6: bulb; 7:
electron beam; 8: block; 9: secondary electric board; 10: metal

steam; 11: X-ray laser
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Table 1 Characteristic wavelength of Cu atom

Elements K, Ka Kpa L,
Cu 0.1545 nm 0. 1541 nm 0. 1392 nm 1. 3336 nm
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Fig. 2 Energy level of Cu atom for X-ray
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Fig. 3 Relation between K-ionization cross section

of Cu and energy of electron impact
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Table 2 Experiment results of K-ionization cross

sections of Cu by electron impact

E, /keV Qx /(X107% cm®)||E, /keV Qx /(X107% cm?)
9.0 14.0%1.8 17.5 479.24+34.5
9.5 28.2+£2.7 20.0 526.5£37.9

10.5 70.7£6.5 22.5 558. 8140. 2
12.0 212.8£15.5 25.0 580.1+41.8
15.0 411.0£29.6 28.0 574.14£39.4
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Fig. 4 Shematic diagram of pulsed operation device
1: secondary electric board; 2: hollow tungsten electrode
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Fig. 5 Pulse voltage of secondary electric board (a) and

hollow tungsten electrode (b)
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Fig. 6 Structure of switchyard

1,4 electrode; 2: metal board; 3: bulb;

5: base; 6: semiconductor laser; 7: optical lens
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Fig. 7 Cu ion energy level diagram for X laser produced

by three-body recombination processes
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