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Soft X-ray emission and scattering spectra are of great interest for various fields of physics. Possible
applications range from the investigation of liquid and solid matter electronic structure over lithog-
raphy and astrophysics to plasma diagnostics [1, 2]. In particular, plasma emission spectroscopy
has profited from the abundance of emission lines in the range from 2 to 35 nm motivating the con-
struction of advanced spectrographs (e.g. [3]). The advent of soft X-ray free electron lasers (FELs)
with the first of its kind in Hamburg (FLASH, DESY) opens this spectral range for applications
requiring higher intensity radiation. We focus on the realization of soft X-ray Thomson scatter-
ing investigating dense plasmas [2, 4–6]. With this technique, temperature, density and degree of
ionization of the plasma can be obtained via the spectral measurement of inelastic and elastic scat-
tering components of the probe radiation [7]. It demands sufficient resolution to discriminate the
different spectral contributions which is λ/∆λ ≥ 100 for experiments at FLASH [5]. More chal-
lenging, a high collection angle and efficiency of the spectrograph are required to overcome the
small total cross section for Thomson scattering (6.65 × 10−25 cm2). The greatest challenge is to
integrate all these requirements into a most compact spectrograph so that it can be attached to var-
ious experimental chambers. Compactness and versatility are also what commercial products fail
to offer. Therefore, a new spectrograph was designed which fulfills these requirements. This High
Throughput, High Resolution Spectrograph for Soft X-Ray Light (HiTRaX, fig. 1) has been tested
and calibrated using an open x-ray tube, the DORIS BW3 beamline and FLASH radiation [8].
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Figure 1: Three dimensional raytrace of the computer aided spectrograph design indicating various compo-
nents of the instrument in (right) and outside (left) of the manipulator.

The compact and light weight soft X-ray spectrograph covers 5−35 nm spectral range and employs
a toroidal mirror and a variable line space reflection grating. Considering the size of the instrument



(43×46×47 cm3), a particularly large collection solid angle (1.9×10−3 sr) was achieved. Due to the
high efficiency of the components, the instrument can be used for the Thomson scattering diagnos-
tic. The instrument achieves a signal-to-noise ratio of 5 with a 13.5 nm source which isotropically
emits 2.5× 105 photons (fig. 2). A resolution λ/∆λ = 330 was measured at 21 nm using FLASH
radiation. The dispersion was calibrated at DORIS. The instrument is housed inside a DN 100 CF
ultra high vacuum manipulator which allows positioning relative to the source within ±5 mm and
±50 mm in X,Y and Z direction, respectively. It can be used with or without entrance pinhole
and is equipped with a motorized grating, a filter wheel with five filters, and a shutter. Altogether,
these features make the spectrograph a versatile instrument which can be employed in a variety of
physics applications such as line and bremsstrahlung spectroscopy or Thomson scattering. It has
already been applied in various experiments at FLASH [2, 6, 9] and will also be used in campaigns
at GSI and LCLS.
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Figure 2: Efficiency or reflectivity of the spectrograph components according to the vendor specifications
and the total efficiency of the optical elements (left), and the ratio of counts to isotropically emitted source
photons (right) for different analog to digital converter (ADC) settings.
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