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Abstract. In the framework of the ELETTRA 2.0 project, the MOST beamline will
replace the present GasPhase and CIPO beamlines. MOST aims to provide high flux
in the wide photon energy range 15-2200 eV, spectral resolution better than 5000
in the almost whole spectral range, high spectral purity, full polarization control
and transmission almost independent from the input polarization. The optical
layout and the performances are here described.

1. Introduction

In the framework of the ELETTRA 2.0 project, the completely renewed ELETTRA storage ring, the
MOST (MOlecular Science&Technology) beamline will take the place of the already existing Gas
Phase Photoemission (GasPhase) and Circular Polarization (CIPO) beamlines [1,2]. MOST will be
dedicated to investigations in atomic and molecular physics, astrophysics and astrochemistry,
plasma and materials physics and electron dynamics, by means of a wide set of experimental
techniques: photoabsorption, photoemission, mass spectrometry, dichroic spectroscopies and
time-resolved spectroscopies [3,4].

MOST aims to provide high flux in a wide photon energy range: 15-2200 eV; high spectral
resolution: better than 5000 in the almost whole spectral range; high spectral purity; full
polarization control: transmission almost independent from the input polarization. It is conceived
to receive light from two new undulators, one for the low photon energy range (LEU, 15 eV - 200
eV) and one for the intermediate/high photon energy range (HEU, 80 eV - 2200 eV). The two
undulators LEU and HEU provide two sources that are separated by 2.4 m.

The beamline will consist of two lines: 1) a branch-line for the low energy range (15+200 eV), that
will inherit the actual GasPhase optical setup and will operate with LEU; 2) anew main line aiming
to cover the 15-2200 eV range operated with both LEU and HEU.

Here, we present the design parameters of the new main line of MOST. The expected beamline
performance, in terms of flux, energy resolution, spot size, thermal load and requirements on the
optical elements are discussed.
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2. Optical design

The optical design aims to provide the highest possible performances given the light source and
to take full advantage of the improved ELETTRA 2.0 storage ring operated at 2.4 GeV. As the
undulators are mounted in series, the beamline design should give the flexibility to operate with
two sources placed at a relative distance of 2400 mm, that is the distance between the centre of
the two undulators. The BOREAS beamline operated at ALBA synchrotron has been taken as a
model, as it covers a similar photon energy range, although less extended toward the low energy
range compared to MOST and using a single undulator source [5].

A schematic of the MOST design is shown in figure 1. The first optical element is a plane
mirror (PM) at extreme grazing incidence, deflecting the beam by 1.5°. The mirror is needed to
take care of the high heat load from the source and for radioprotection issues. In front of the PM,
a 5.2 mm x 5.2 mm aperture is placed, to limit the acceptance of the beamline such to fully
illuminate the plane mirror. After the PM, a planar and insertable switching mirror (SWM) is used
to deflect the beam toward the low energy branch line of MOST. This branch line is not described
in this paper, since it is a simple translocation of the GasPhase beamline [1]. The pre-focusing
mirror is a toroid (TM-1) that is used in an astigmatic configuration, giving two distinct foci. TM-
1 is used in sagittal focusing on the spectral dispersion plane, to minimize the effect of its slope
errors on the final resolution. The sagittal focus (i.e., a horizontal line, parallel to the floor) is on
the entrance slit of the monochromator, the tangential focus (i.e., a vertical line) is placed 3000
mm after the slit itself, to minimize the peak intensity on the slit plane and therefore the risk of
damaging the slit itself. Since the beamline is conceived to operate with two distinct sources, two
entrance slits are used, respectively for LEU and HEU, separated by 290 mm.

The monochromator adopts the Hettrick-Underwood configuration: a spherical focusing
mirror (SM) and a variable-line-space plane grating (VLS-PG). The spherical mirror deflects the
beam toward the grating and provides its tangential focus on the output slit. The grating is
operated at fixed subtended angle and is rotated to provide the energy scan on the slit. The law
for groove spacing variation is realized to provide the spectral focusing. The mirror is spherical
(and not cylindrical, as ideally required), since very low tangential slope errors are needed to
achieve high energy resolution (<0.4 prad rms are requested) and spherical and plane optics are
most suitable for high surface quality. Nevertheless, since the mirror is operated at grazing
incidence, the spherical curvature has negligible influence on the sagittal focusing, i.e. the focusing
properties in the plane perpendicular to the dispersion. Four different spherical mirrors can be
inserted in the light path, to operate at different subtended angles depending on the energy range
(the movement is vertical, parallel to the gravity direction), and four gratings (the movement is
horizontal, orthogonal to the beam path) can be used to guarantee the best performances in the
full energy range, in terms of photon flux and/or energy resolution, see figure 2. Although the law
of groove space variation of each grating is optimized for a single subtended angle, the same
grating can be operated also at different angles, while keeping high focusing performance, by
combining a linear translation parallel to the grating surface and perpendicular to the grooves (Dz
in figure 1), followed by the usual rotation to scan the energy range. Similarly, one of the gratings
can be operated both with HEU and LEU, although it has been optimized for HEU, using the
translation to keep the focus on the slit plane. Therefore, the exit slit is kept fixed for both HEU
and LEU sources.

The final focusing section consists of a toroidal mirror (TM-2) giving a stigmatic image on the
output plane with a spot size lower than 150 pum FWHM in the full energy range. The output
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Figure 1. Schematic layout of the MOST beamline. a) top view, the beam path for both IDs is shown.
b) side view of the beam path of the LEU source. c) side view of the beam path of the HEU source.
SM indicates one of the four spherical mirrors, the position for each mirror and the subtended angle
depends on the specific mirror used. The reported distance is referred to the reference configuration
(171° subtended on the gratings). For simplicity, the monochromator is schematised with two optics.
d, e) 2D and 3D views of the monochromator with all the optics: four mirrors and four gratings,
showing also the transversal movement of the gratings with respect to the beam propagation
direction for grating selection.

direction is kept parallel to the floor, to simplify the installation of the different end-stations that
can be used for the experiments. The beamline parameters are listed in table 1.

3. Expected performance

The beamline performance, in terms of resolving power and flux at the target area, depends on
the combination of SMs and VLS-PGs used. In table 1, the different energy regions covered by
these different combinations are listed. The flux on the sample and the corresponding resolving
power are plotted in figure 2. The flux has been calculated taking into account the gold-coated
mirror reflectivity, the grating efficiency (also assumed to be gold-coated), the possible vignetting
due to the finite dimensions of the optics, and the attenuation by the metallic filters for higher-
order rejection (In, Sn, Mg, Al, Si, Zr, 250 nm thickness), used for energies lower than 180 eV. The
full optical performance has been verified through ray-tracing, which shows that the minimum
exit slit aperture that can be used is 20 pm in the full energy range. For some angle combinations,
the gratings have to be translated to guarantee spectral focusing below 20 um. The amount of
translation is also reported in table 1.



15th International Conference on Synchrotron Radiation Instrumentation (SRI 2024) IOP Publishing
Journal of Physics: Conference Series 3010 (2025) 012052 doi:10.1088/1742-6596/3010/1/012052

Table 1. MOST main parameters.

Optical Distance Size Subt. Note
element from HEU (mm) (mm) Ang. ()
PM 16160 400X 10 178.5 Plane mirror
TM-1 19000 360X 10 178 Toroidal mirror R1 =700 m
R2 =159.2 mm

Entr. Slit 25000
(HEU)

Entr. Slit 25290
(LEU)
SM-0 30113 50X 10 164 Spherical R = 35580 mm
SM-1 30000 100X 10 173 Spherical R = 83500 mm
SM-2 29810 110X 10 176.4 Spherical R = 161850 mm
SM-3 29500 120X 10 178 Spherical R = 288500 mm
G400 30200 110X 10 162 LEU source 16 eV - 60 eV; 400 gr/mm

(metallic filters: In, Sn, Mg, Al)

G600 30200 160X 10 162 LEU source 30 eV - 200 eV; 600 gr/mm
(metallic filters: Mg, Al, Si, Zr)
(grating translated by 50 mm)

171 LEU source 80 eV - 200 eV; 600 gr/mm
(metallic filters: Si, Zr)
(grating translated by 5-50 mm)

171 HEU source 120 eV - 400 eV; 600 gr/mm

G1200 30200 160X 10 171 HEU source 150 eV - 800 eV; 1200 gr/mm

174.4 HEU source 600 eV - 1800 eV; 1200 gr/mm
(grating translated by 20 mm to keep the
spectral focus below 20 pm)

176 HEU source 1200 eV - 2200 eV; 1200 gr/mm
(grating translated by 25 mm)

G1800 30200 160X 10 174.4 HEU source 900 eV - 1800 eV; 1800 gr/mm
(grating translated by 10 mm)

176 HEU source 1500 eV - 2200 eV; 1800 gr/mm

Exit Slit 35200
TM-2 37700 400X 15 178 Toroidal mirror R1 = 143 m
R2 =69.5 mm
Target 40200 Spot size lower than 100 um FWHM
Area in the full energy range
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The different combinations of gratings and subtended angles give the flexibility to operate
with both HEU and LEU sources by selecting in most of the energy range either the highest
achievable resolution, or the maximum flux.
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Figure 2. Resolving power (a and c) and the corresponding flux (b and d) on the target area for the
different combinations of gratings and subtended angles, with the LEU and HEU sources, and 20 pm output
slit. For the LEU source the flux is calculated assuming horizontal polarization. For the HEU source the flux
is almost polarization independent.

4. Effect on polarization

One of the requirements for the design is to assure a response that is almost independent from
the polarization. This is realized for energies above 80 eV, since the difference in transmission
between horizontally and vertically polarized light is negligible. For energies below 80 eV, when
the LEU source is used, the effect given by the beamline transmission on the polarization is not
negligible anymore, particularly for the monochromator optics since the difference in the
transmission for horizontally- and vertically-polarized light is increasing at the lower energies, up
to 50% difference at 15 eV. This could be partially compensated by acting on the polarization
produced by the source, in such a way that the light emitted from the source is elliptically
polarized to (partially) pre-compensate the effect of the beamline, similarly to what has already
been demonstrated and realized for extreme-ultraviolet high-order laser harmonics to
compensate the effects on polarization given by the monochromator [6].

For energies below 30 eV, a normal incidence channel could be adopted, having a response
that is almost independent from the polarization. In principle, this can be done by introducing in
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the optical path a cylindrical mirror at normal incidence placed immediately after the grazing-
incidence gratings, that reflects the beam back to a normal-incidence plane grating and focuses it
on the slit plane. The grating diffracts the beam toward the exit slit maintaining the same direction
as the grazing-incidence path. Unfortunately, the footprint of the LEU source on the mirror at
normal incidence is quite small: 2.5 mm x 0.7 mm FWHM with LEU tuned at 31 eV and slightly
larger at lower energies. The corresponding peak intensity is considered too high for the survival
of the mirror in the long-term regime, therefore the normal-incidence channel has not been
considered.

5. Conclusions

The optical design of the new MOST beamline at ELETTRA 2.0 storage ring is optimized for the
scientific requirements in the full energy range (15-2200 eV) within the given constraints. In
particular, the beamline design assures flexibility to operate with two different undulator sources
and to adjust the operating configuration such as to maximize either photon flux or energy
resolution.
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