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Abstract A dual-channel, co-axial, focusing X-ray crystal spectrograph is developed for spectroscopy of the Z-pinch
plasmas. The spectrograph uses a uniform-dispersed crystal (the linear dispersion is a constant) and a spherical
crystal as the dispersion element and a double-film box as the detector to achieve the simultaneous measurement of
the time-integrated spectra of the plasmas in almost the same spectral range. The experiment is carried out on the
“Yang” accelerator at Chinese Academy of Engineering Physics (CAPE) and the H-like and He-like emission lines of
Al Z-pinch plasmas are obtained. The results show that the linear dispersion obtained by the uniform-dispersed
channel, is agree with the designed value very well due to satisfying the uniform dispersion condition, and the
maximum relative error is only 3.48 % . Compared with the spherical crystal channel, it has the advantage of easiness
and veracity for spectra identification and processing and it may be useful for the complicated spectra identification
and analysis.
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Fig. 1 Geometry for the dual-channel, co-axial, focusing
X-ray crystal spectrograph in meridian plane
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Table 1 Design parameters for the dual-channel, co-axial, focusing X-ray crystal spectrograph

Channel Uniform-dispersed (CH1) Spherical FSSR2D (CH2)
Crystal Mica 002 Mica 002
2d /nm 1.984 1.984
o/ [4.9] [3.5.8]
0/ [44.48,72.76] [39.36,70.17]
n 2 3 2 3
A /nm [0.6951,0.9474] [0.4634,0.6316] [0.6291,0.9332] [0.4194,0.6221]

For CHI1,the constant linear dispersion, K are —120 mm/nm for the 2nd order and —180 mm/nm for the 3rd

order, the constant dispersion coordinate b is 641 mm and the initial polar length r(g,) is 580 mm. For CH2,

the spherical radius of the crystal is 90 mm and the distance of source to spherical center is 500 mm
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Fig. 2 X-ray spectral image of Al Z-pinch plasmas obtained by CH1 (a) and CH2 (b) of the dual-channel,

co-axial, focusing X-ray spectrograph
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Fig. 3 Spectrum identification program for the uniform-dispersed crystal spectrograph
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Fig. 4 Spectra of Al Z-pinch plasmas from CHI (a) and CH2 (b)
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Table 2 X-ray wavelength, pixel position and transitions for identified spectral lines
No. Pixel (CH1) Pixel (CH2) Wavelength /nm Ton Transitions
1 129 80 6.1753 Al XII 1s5p 'P, —1s2'S,
2 167 122 6.1026 Al XII 1s6p 'P, —1s*'S,
3 195 148 6.0524 Al XIII 3p 2Py —1s %S,
4 387 256 5.7387 Al XII1 4p Py —1s %Sy,
5 464 283 5.6048 Al XIII 5p Py, —1s Sy,
6 508 327 5.5344 Al XIII 6p 2Py —1s %S,
7 533 358 5.4929 Al XII1 7p Py —1s %S,
8 678 467 7.8720 Al XII 1s2s %S, —1s*'S,
9 703 490 7.8038 Al XII 1s2p *P, —1s*'S,
10 720 506 7.7571 Al XII 1s2p 'P, —1s*'S,
11 948 718 7.1709 Al XIII 2p Py —1s %S,
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