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X-ray Emission Properties of Micro-capillary Plasma Irradiated with
Femtosecond Intense Laser
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Abstract A novel experiment has been carried out for studying the interaction between ultra-short intense laser pulses and glass
micro-capillary. The X-ray emissions from variety capillary lengths and in different laser energy have been measured and analyzed.
Experimental results show that owing to the light guide of capillary the intensity of X-xay emission is increased intensively when
the capillary length is longered. The plasma temperature is estimated by the recombination edge method and found that the
temperature is increased with the increasing of the laser pulse energy.
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Fig.1 Schematic diagram of experimental setup
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Fig.2 X-ray spectrum from glass capillary measured

with 5000 lines/mm grating
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Fig.3 X-ray spectrum from glass capillary measured
with 1000 lines/mm grating
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Table 1 Laser intensity threshold and the residual energy of electrons after optical-field ionization for O and Si ions

I,=4.0x 10°E*/ 7*

T,=7.6x10"°E;”%/Z® E; is ionization energy Z is effective charge "'

Ionization state [onization energy/eV Laser intensity 1, /W/ e Electron temperature T, /eV
ol 13.614 1.37 x 104 0.96
oll 35.06 1.51% 10 8.5
olll 54.936 4.0% 107 18.9
O\ 77.414 9.0x 105 37.52
ov 113.9 2.69 x 10' 109.209
oVl 138.121 4.04%10' 150.4972
Sil 8.149 1.76 x 10" 9.56x 102
Sill 16.345 7.13 x 108 0.27
Silll 33.492 5.59 x 10" 2.04
SilV 45.141 1.03x 10° 3.312
SiV 166.77 1.23 % 107 607
siVl 205.05 7.06 x 10'® 890.694
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Fig.4 X-ray spectrum from glass capillaries with
different length
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Fig.6 X-ray spectrum of glass capillary in various
laser pulses energy
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Fig.7 Average electron temperature of capillary plasma

in different pulse energy
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