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Abstract: A high resolution (AE < 100 meV) single shot spectrometer for the soft X-ray
at SwissFEL is reported. Use of this high fidelity single shot data to develop new modes of
operations of operation is described. © 2022 The Author(s)

1. Introduction

X-rays produced by Free electron lasers (FELs) such as SwissFEL [2] originate from a process called self-
amplification of spontaneous emission (SASE) resulting in a pulse to pulse fluctuation in central energy, band-
width, spike distribution and spectral intensity profile. Furthermore, electron beam trajectory and compression
can lead to a spatial chirp and loss of transverse coherence across the X-ray pulse. In order to both optimise and
develop new state of the art modes of operation, high fidelity pulse to pulse measurements of soft X-ray spectra
are required. To achieve this a high resolution spectrometer has been built on the soft X-ray branch of SwissFEL
called Athos [1]. The X-ray pulses are dispersed using the beamline monochromator, while 2 imaging systems
simultaneously measure the dispersed photons.

2. Imaging systems

A scintillation screen at the disperse plane of the beamline monochromator is imaged with both a 2D CMOS
detector and 1D line scan CMOS. The 2D system samples the dispersed spectrum over the horizontal coordinate,
allowing spatial chirp across the beam to be measured. The 1D system samples only a section across the horizontal
coordinate but with a higher spatial resolution (< 20um ).

3. Spectral measurement

An example single shot X-ray spectrum is shown in figure 1 using the 2D imaging system with the FEL centred
at 532 eV. The 2D plot shows the dispersed FEL spectrum and the spectral distribution over the horizontal FEL
profile. A spatial chirp as well as a change in the mode structure can be seen and is plotted in the line plots.

600 10 —— Lower cut
—— Upper cut
500 0.8
400 06
300
0.4
200
0.2
100
0.0
0
530 532 534 536 530 532 534 536
Energy [eV] Energy [eV]

Fig. 1. Left: spatial resolved dispersed FEL spectrum across the horizontal coordinated. Vertical axis
in pixels. The none uniform spike structure and a spatial chirp can be seen. Right: Integrated signal
from 2D image. Red between 0:200 pixels and Blue between 400:600 pixels.

For online monitoring of the FEL bandwidth during monochromatic operation, a split screen can be inserted
in the dispersed plane of the monochromator. The screen has a horizontal gap in line with the exit slit opening
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allowing the set energy of the monochromator to pass, while measuring the wings of the FEL spectrum. This
allows online optimisation of the X-ray SASE bandwidth to maximise the pulse spectral intensity passed by the
exit slit opening.

4. New modes of operation

High-resolution single-shot spectral measurements are fundamental to setup and optimize the standard SASE
mode for minimum bandwidth. This device will be particularly relevant to implement new operation modes with
extremely low bandwidths such as the High-Brightness SASE and seeding schemes. Moreover, the number of
spikes and the spike width provided by the spectrometer are a very important information to estimate the pulse
duration, which will be specially important for the development of short-pulse modes.
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