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High-resolution X-ray focusing concave (elliptical) curved
crystal spectrograph for laser-produced plasma
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The X-ray spectrum emitted from laser-produced plasma contains plentiful information. X-ray spectrome-
ter is a powerful tool for plasma diagnosis and studying the information and evolution of the plasma. X-ray
concave (elliptical) curved crystals analyzer was designed and manufactured to investigate the properties
of laser-produced plasma. The experiment was carried out on Mianyang Xingguang-II Facility and aimed
at investigating the characteristics of a high density iron plasma. Experimental results using KAP, LIF,
PET, and MICA curved crystal analyzers are described, and the spectra of Au, Ti laser-produced plasma
are shown. The focusing crystal analyzer clearly gave an increase in sensitivity over a flat crystal.

OCIS codes: 300.6560, 350.5400, 340.0340.

The use of lasers for creation of plasmas has been sug-
gested as a means of achieving controlled thermonu-
clear fusion. Since then the ensuing concept of iner-
tial confinement fusion (ICF), and other applications of
laser-produced plasma, has been extensively studied!*+?!
as well as properties of plasmas in general.

The crystal spectrograph, with both natural and ar-
tificial crystals, has become one of the most important
routine tools for plasma diagnosis due to its simple struc-
ture, convenient operation, and low cost!¥). Compared
with grating spectrographs, crystal spectrographs have
higher collecting efficiency and better resolution.

Abundant spectra of highly charged ions from laser-
produced plasmas have been obtained by using various
crystal spectrographs. K, L, and M spectra of many
elements have been used for determining electron tem-
perature and electron density. The crystals used in these
works include PET 2d = 0.874 nm, MICA 2d = 1.984
nm, KAP 2d = 2.663 nm, and LIF 2d = 0.403 nm.

The focusing of X-rays by concave (elliptical) bent
crystals takes place either in the dispersion plane or per-
pendicular to it. X-ray spectrographs of concave type
are suitable for high-resolution diagnosis if the crystal
bending is sufficiently accurate. The mechanical design
of concave curved crystal spectrograph is shown in Fig. 1.
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This arrangement provides complete isolation between
the detector and the target chamber. The gate valve
is held in the flange of the chamber port. The experi-
mental chamber is allowed vented to atmosphere while
maintaining high vacuum in the CCD detector.

The spectrograph has 1.35-m focal length and for these
measurements, PET, LIF, KAP, and MICA crystals
are bent onto an elliptical substrate with eccentricity
€ = 0.9586. The analyzer is mounted onto ball bearing
slide and its displacement is assured by a refaced screw
with a 0.5-mm pitch. To block out visible and ultraviolet
(UV) portions of the spectrum, we placed one Be foil (0.2
mm) at the entrance to the spectrograph. This foil was
subject to occasional damage from target debris; there-
fore, we checked and replaced it at appropriate intervals.

Some advantages of the concave (elliptical) curved
crystal spectrograph may be summarized as follows: the
ray emitted from a focus (front) of elliptical will flock to-
gether on the other focus (back) by the reflection on the
elliptical surface. Through the aperture set on the back
focus, the X-ray will shoot on the detector of electronic
position-sensitivel¥ or photogrthic and go on record. It
has self-focusing characteristics®).

To determine X-ray yields, we needed accurate mea-
surements of the X-ray spectrum produced by each
source. The spectra varied not only with target ma-
terial, but also with the laser parameters (wavelength,
pulse energy, and focus). A curved (KAP, PET, LIF,
and MICA) crystal spectrograph recorded X-ray spectra
with 90° relative to the laser axis and 45° to the target
normal direction. The Princeton Instrument Versa Ray
1300F (1340x1300 imaging array, 20x20 pm? pixels)
was used as a high-resolution detection system. The
detector was a front-illuminated charge-coupled device
(CCD) chip. The system was sensitive enough that all
spectra recorded in these experiments were produced by
a single laser pulse. A photograph of the concave crystal
spectrograph is shown in Fig. 2.

Concerning the spectral resolution AX achievable in
this kind of spectrograph, it is limited by three factorsl6].

http://www.col.org.cn



496 CHINESE OPTICS LETTERS / Vol. 2, No. 8 / August 10, 2004
@
()
©
- . @
Fig. 2. The concave crystal spectrograph on Xingguang-II Fig. 3. The spectral photographs of KAP (a), LIF (b), MICA
Facility. (c), and PET (d).
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Fig. 4. Intensity versus pixel curves for KAP (Ti target, (a)), LIF (Ti, (b)), MICA (Au, (c)), and PET (Au, (d)).

The first one is the intrinsic resolution connected to the
crystal rocking angle Af,

A/AMX = tan[arcsin(A/2d)]/ A9, (1)

where usually Af = 10~ rad as the order of magnitude.
The second one is due to spectral dispersion D and the
finite pixel size Az. The final one is source size ¢ (the
laser focal spot diameter) which yields

AN = ¢/[D cos(8 + 6r)]. (2)

We have used a PET crystal with a sufficiently small
rocking angle and high reflectivity. Under these condi-
tions it is easy to verify that the spectral resolution is
A/AX=1000. Compared with the case of a flat crystal,
the photon flux is increased by about one order of mag-
nitude. For other crystals, the results are similar. The
obtained spectral photographs are shown in Fig. 3 and
cross-section graphs of intensity versus pixel along z-axis
are shown Fig. 4.
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