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and grating) are used to select the desired harmonic (i.e. monochromatize) and focus the beam
onto the sample. The 52.7 eV harmonic is then used to probe a magnetic sample mounted on a
three dimensional nanopositioning stage. The diffracted light from the magnetic sample is recorded
onto a back-thinned, EUV sensitive charge coupled device (CCD) camera [46]. The apparatus
also contains the MAZEL-TOV device which allows full polarization tunability of the harmonics

(discussed in section 4.4).

Figure 4.1 (A) Design of the tabletop EUV source for magnetic imaging, consisting of a
Solstice Ace Ti:sapphire amplifier, MAZEL-TOV apparatus, a vacuum system, argon gas
cell, and two separate optical designs for selecting harmonics.(B) An image of the tabletop
source. (C) An image of the EUV normal-incidence mirror design for selecting a harmonic.
(D) The IR beam is focused into a gas cell containing argon gas around 20 Torr pressure
where the high harmonics are generated. The IR beam is blocked by two aluminum filters
placed in series. The EUV beam transfers through the aluminum filters. The desired
harmonic is selected either by normal-incidence EUV mirrors or a toroidal mirror and
grating pair. The selected harmonic is then used to probe the sample. (E) The system also
contains the insertable MAZEL-TOV apparatus. This allows full polarization tunability
between linear and circular polarization. It is important to note that the MAZEL-TOV may
not work with the tunable spectrometer since the EUV beam will be at grazing incidence
for each optic. This can alter the polarization of the beam.
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4.1 Tunable Harmonics Design

In this section, I introduce the tunable design I developed which consists the toroidal mirror and
diffraction grating optics. I designed and ordered the parts, but began using a grating long-focal-
length spherical substrate from the Peatross lab. I have not yet implemented the new optics. This
was in part due to long delays due to the COVID-19 pandemic. The diffracted harmonics will
propagate to a slit which will only allow one of them through. The harmonic selection is done by

tilting the diffraction grating. Each of these optics will be discussed.

4.1.1 Toroidal Mirror

Toroidal mirrors are ideal for reflecting high-energy photons due to their design for grazing incidence.
Single element metal mirrors do not reflect high-energy photons at normal-incidence very well.
Grazing incidence metal mirrors provide broadband reflectance [13]. Toroidal mirrors have two

radii of curvature which are orthogonal to each other as shown in Figure 4.2.

5 5651

Mormal to
tangentlal plane

Figure 4.2 Toroidal mirror graphic. It displays the radii of curvature with identified
tangential and sagittal planes. Taken from [8].



