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Measurement of the emission wavelength and the spectral content of the photon
radiation is essential information for both machine and experimental physicists
at a free-electron laser (FEL) user facility. Knowledge of the photon beam
spectral properties is needed during the machine optimization and for
performing machine studies (i.e. monitoring the change of the FEL output as
a function of the machine parameters). The experimentalists, on the other hand,
need to know the photon beam spectral distribution of the source, shot to shot,
to discriminate the acquired data. Consequently, the main requirement for the
instrument, supposed to obtain this information, is the capability of working
on-line and shot-to-shot, with minimal perturbation of the beam delivered to the
experimental stations. Starting from the grating fundamental equations, the
conceptual design of the FERMI Pulse-Resolved Energy Spectrometer:
Transparent and On-line (PRESTO) is presented, explaining the optical design
in detail. The performance of PRESTO, in terms of resolving power, efficiency
and spectral response, is also discussed. Finally, some useful features beyond the
usual measurement of the energy spectrum are reported, as they have been
routinely used by both machine and experimental physicists.

1. FERMI

FERMI is the first single-pass seeded free-electron laser
(FEL) user facility in the VUV/soft X-ray range. It makes use
of a high-gain harmonic generation (HGHG) (Allaria et al.,
2015) scheme and provides almost fully coherent and trans-
form-limited photon pulses with 10 Hz repetition rate (to be
increased to 50 Hz in the near future). It is composed of two
separated undulator chains (FEL-1 and FEL-2), for covering
a wide wavelength range: FEL-1 covers the low-energy range
from 12 eV to 62 eV (20-100 nm) (Allaria et al., 2010, 2012a)
while FEL-2 is a double-stage cascade FEL covering the
higher-energy range from 62 eV to 310 eV (4-20 nm) (Allaria
et al., 2013a). By using the FEL third harmonics the energy
range covered by FERMI is extended to 930 eV (1.3 nm). The
presence of variable-gap APPLEII undulators and the tunable
seed laser allow the photon energy to be scanned continuously
across the whole FERMI range. The polarization of the
emitted FEL radiation can also be varied from linear (hori-
zontal-vertical) to circular (left-right) as recently demon-
strated by Allaria et al. (2014) and Finetti et al. (2014). The
emitted radiation parameters are summarized in Table 1.
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Table 1
Main output parameters measured at FERMI during the commissioning
of FEL-1 and FEL-2.

Parameter FEL-1 FEL-2
Wavelength (nm) 100-20 20-4
Pulse length r.m.s. (fs) 30-100 <100
Spectral width AA/A FWHM 10°? 1073
Central wavelength fluctuation <107 <107
Energy per pulse (iJ) >100 20-100
Power fluctuation (%) <25 <50

Polarization Linear (H/V)-
circular (L/R)

10

Linear (H/V)-
circular (L/R)

Repetition rate (Hz) 10

2. Photon analysis delivery and reduction system
(PADReS)

PADReS is the FERMI section devoted to the analysis of
several parameters of the FEL output photon beam as well as
to deliver the beam to the end-stations after proper manip-
ulation. It is placed downstream of the two undulator chains
and before the experimental end-stations. A schematic layout
is shown in Fig. 1.

The system permits measurement, in a non-invasive way, of
photon beam parameters like the beam position, the diver-
gence, the angular jitter, the intensity and the photon energy
spectrum. All of these are essential information provided
during the users’ operations. The setups to measure the
transverse coherence (double slits) and longitudinal coher-
ence (AD/DC) are invasive as well as the screens for the
transverse photon distribution characterization (mainly used
for machine optimization and alignment purposes). There is
also the possibility to reduce the overall FEL intensity or to
transmit almost only the third harmonic by using the gas
absorber (Rumiz et al., 2011). The working principles of the
various diagnostics as well as the commissioning results have
already been explained in detail in previous papers
(Zangrando et al, 2009, 2014, 2015). The location of the
diagnostics is shown in Fig. 1.

3. Pulse-resolved energy spectrometer: transparent and
on-line (PRESTO)

The measurement of the FEL pulse-
resolved spectral distribution, without

by using this instrument is the energy distribution, in parti-
cular the central wavelength (peak position) and the band-
width (FWHM) of the emitted radiation. Other useful
information can also be obtained, and will be described in the
following sections.

The instrument is similar to the FLASH spectrometer
(Brenner et al., 2011) but with three longer grazing-incidence
flat variable-line-spacing (VLS) gratings that can be chosen
according to the wavelength of the incoming radiation. With
these three gratings PRESTO is able to cover the whole
energy range of FERMI from 100 nm down to 1 nm. The
reflected radiation (e.g. the zeroth-order of diffraction) is sent
to the following beamlines, while the diffracted part of the
radiation is focused to a triggered detector acquiring the
single-shot images. While other methods could be used to
characterize the spectral content (for instance a time-of-flight
spectrometer), PRESTO has been considered the easiest
option since the acquired data are immediately recorded and
do not require further analysis, and the system is simple and
reliable.

3.1. Spectrometer design

In this section the principles followed during the design
phase of the photon energy spectrometer, as well as the
constraints limiting the options, are reported and discussed.

3.1.1. VLS equations. As mentioned in the previous sections
the diffractive optical elements are three flat VLS gratings.
Despite the flat substrate, the diffracted beam is focused
because of the groove density variation. In fact, the groove
density increases along the tangential direction of the grating.
As a consequence, different diffraction angles occur on
different parts of the grating and focusing in the tangential
direction occurs. The VLS groove density can be expanded in
the power series

N(W) = Dy + D,w + D,w* +Dsw’ + ... 1)
as a function of the tangential local coordinate w (centered
at the grating pole) and is expressed in lines mm™" (often
referred as grooves mm™'). D, is the central groove density
equal to N(0), D, is the linear variation, D, is the quadratic
variation, and so on. The optical path function F for a plane
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to allow the accurate measurement of
the photon energy spectral distribution
over the whole FERMI energy range,
including the third harmonic. The most
important information directly obtained

Layout of the photon beam transport system of FERMI. From left to right, shutters, beam-defining
apertures (BDA), beam position monitors (BPM), radiation intensity monitors (10), gas absorbers
(GA), three plane mirrors inside the safety hutch, Ce:YAG screens, photodiode-YAG-diagnostics
(PYD), the on-line photon energy spectrometer (PRESTO), the auto correlator-delay creator (AC/
DC) and, when inserted, the transverse coherence measurement system. Three of the five beamlines
employ the Kirkpatrick-Baez active optic system (KAOS).
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Table 2
Spectrometer gratings parameters.

The low-energy grating is named as G1, the medium energy is G2 while the high-energy grating is G3.

called the focal curve, which can be
calculated defining the grating coeffi-
cients and knowing « and r by using the

Parameter G1 G2

a3 previous formulas. In order to allow the

Wavelength (energy) range,
m =1 [nm (eV)]
Wavelength (energy) range,

100-24.8 (12-50)

24.8-12.4 (24-100)

m =2 [nm (eV)]
Energy resolution (meV) 0.2-3.7 0.3-9.5
D, (grooves mm™") 500 1800
D, (grooves mm™?) 0.35 1.26
D, (grooves mm™>) 1.7 x 107 63 x 107
Groove profile Laminar Laminar
Groove height (nm) 12 4
Groove ratio (w/d) 0.60 0.65
Coating material / thickness (nm)  Amorphous carbon / 50  Gold / 50

27.6-6.7 (45-185)

13.9-3.4 (89-370)

placement of the detector at different
focal points, the spectrometer has a
movable exit arm capable of moving in

both radial (r') and angular (8) direc-
2'745‘5‘1 tions (Fig. 2, left). The minimum angle
268 of diffraction allowed by the mechanical

12.7-3.1 (98-400)

6.3-1.55 (196-800)

14 x 107 design of the instrument is about 9.2°,
{gammar while the maximum is 18.4°, giving

0.65 an angular span of about 9.2°. The
Nickel / 50 minimum and maximum exit arm

VLS grating can be expressed as a power series too, and the
most important terms are (Peatman, 1997): Fq, the grating
equation; Fyy, the sagittal focus; F,, the tangential focus; and
F3y0, the primary coma. The constant incidence angle o has
been chosen to be 87.5° (with respect to the normal direction
of the grating) in order to have a high efficiency at the zeroth-
order (reflected beam to the users) and to accept more than 3o
of the incoming photon beam at wavelengths below 50 nm,

F,j0 = mNA — (sina — sin §),
1 cos’a  cos’B
Fyo = B —mD A + , +—; )

r

po_1 1 @
00 = TF 5
1 1 {cos’asina  cos’Bsin B
Fyg = —=mDyh + = S PARPY
3 2 r? r’

The source distance r is assumed to be constant (57.5 m for
FEL-1 and 49.9 m for FEL-2) considering the waist position
inside the last undulator. Having fixed « and r, the position of
the focal point is a function of the photon wavelength only.
The set of all the focal points is a curve in the dispersion plane

lengths are 2550 mm and 3050 mm, for a

total excursion of 500 mm. Both these
movements are remotely controlled with micrometric preci-
sion. The spectral distribution is obtained by using the first,
second or third diffraction order of the used grating.

3.1.2. PRESTO parameters. The system takes advantage of
three VLS flat gratings. The main parameters and perfor-
mances are summarized in Table 2. The substrates are 250 mm
long, 25 mm wide and 40 mm thick (not cooled since the
deposited power is low and a thermal bump does not occur).
The grating patterns have been holographically ruled in the
central 60 mm x 20 mm. The low-energy grating (G1) covers
the wavelength range from 24.8 nm to 100 nm (12-50 eV) in
the first diffraction order (m = 1), while the second and third
orders can be used to reach 8 nm (155 eV). The medium-
energy grating (G2) is able to measure from 27.6 nm to 6.7 nm
(45-185 eV) in the first order and, using the second and third
orders, down to 2.2 nm (560 eV). The high-energy grating
(G3) covers the range from 12.7 nm to 3.1 nm (98-400 eV) in
the first order of diffraction and down to 1.03 nm (1200 eV) by
using the second and third order.

The grating profiles have been chosen in order to guarantee
low efficiency in the diffraction orders, i.e. to the detector. In
this way almost all the radiation is efficiently transported to

Figure 2

Left: photograph of the vacuum chamber hosting the diffraction gratings and the movable detector. Right: photograph of the low-energy, medium-

energy and high-energy gratings mounted on the holder.
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the experimental end-stations as explained in §3. The gratings
are mounted parallel, one above the other, in a holder limiting
the substrate distortions, preventing undesired aberrations.
The in-vacuum motorized holder allows the vertical transla-
tion, to switch the gratings, and the rotation of pitch and roll,
while the other movements have to be performed by acting
directly on the vacuum chamber. A photgraph of the holder
hosting the gratings is shown in Fig. 2 (right).

The detection system is composed of a Ce:YAG crystal
coupled with a cooled charge coupled device (CCD) camera.
The Ce:YAG crystal is placed in a vacuum, glued on a view-
port and converts the VUV/soft X-rays into visible light with
an efficiency from 35% up to 80%, depending on the radiation
wavelength. Right before the Ce:YAG, a retractable alumi-
nium filter can be inserted in order to attenuate the beam
intensity, followed by a manual valve that allows the Ce:YAG
crystal to be replaced when needed without breaking the
vacuum in the grating chamber. The CCD camera is produced
by Hamamatsu Photonics (C8800 series) and is endowed with
a 1000 x 1000 pixels-chip with quantum efficiency from 30%
up to 50% in the visible range.

The detector is placed in front of the viewport (in air) and
the radiation emitted by the Ce:YAG crystal is focused onto
the CCD chip by using a lens system. Two orthogonal trans-
lation stages permit the detector to be moved along the focal
curves.

4. Features and results

The PRESTO allows measurement on-line and shot-to-shot of
the energy distribution of the FEL radiation permitting in real
time the spectral distribution to be determined. Moreover, the
spatial intensity distribution and the angular divergence can
be monitored on-line as well, thanks to its peculiar features, as
explained in detail the following paragraphs.

4.1. Efficiency

The determination of the grating profiles (groove shape and
parameters in terms of groove height and ratio) as well as the
choice of the coatings has been performed by calculating the
efficiency at various orders of diffraction. From the diffraction
grating theory it is known that different groove profiles
influence the efficiencies at various diffraction orders. Since
the spectrometer is an on-line diagnostic (non-invasive), the
intensity of the diffracted radiation has to be as low as possible
(differently from a standard monochromator), but high
enough to obtain a detectable signal at the detector. In order
to check the consistency of the outputs, the efficiency has been
calculated using two different codes: REFLEC (Schifers,
1996) and LUMNAB (Neviere et al., 1974). The results are in
good agreement, with difference below 5%. The results
obtained by using REFLEC are shown in Fig. 3. The profile
better matching the requests, and available from the state-of-
the-art manufacturing techniques, has been found to be the
laminar one: it gives a relatively low efficiency as compared
with that of a blaze shape, which on the contrary maximizes
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Figure 3

Grating efficiency at the zeroth (m = 0, black), first (m = 1, red), second
(m = 2, green) and third (m = 3, blue) orders of diffraction for the low-
(G1, up), medium- (G2, centre) and high-energy (G3, bottom) gratings
over the whole FERMI wavelength range. The intensity used for the
measurement of the spectrum is much lower than the total radiation
delivered to the users (zeroth order, m = 0, black), which is about 96-98%
of the incoming photons. If the harmonic components have enough
intensity then it is possible to use the second/third order of diffraction to
perform single-shot spectral measurements. The purple dotted lines
correspond to the reflectivity of a single mirror with the same coating and
incidence angle as the gratings.

the efficiency at the first order of diffraction reducing the
intensity of the zeroth order. In Table 2 the groove heights and
ratios for the low- (G1), medium- (G2) and high-energy (G3)
gratings are reported together with their working energies at
different diffraction orders. The coatings have been chosen to
be 50 nm single layers of amorphous-carbon (a-C) for G1, gold
(Au) for G2 and nickel (Ni) for G3. The expected efficiencies
are well below 5%, and the photon beam transmission to the
end-stations is very close to the reflectivity in the case of plane
mirrors, as shown in Fig. 3. For this reason PRESTO can work
on-line without significantly disturbing the photon beam
transported to the end-stations.
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4.2. Resolving power (theoretical versus experimental)

The grating groove density has been chosen in order to
provide high resolution within the working spectral range. The
resolving power has been evaluated considering the combined
contribution of the gratings and the detector. The grating
contribution has been evaluated adopting the Rayleigh
criterion (the minimum resolvable energy at the focus of two
different energies) by performing ray-tracing simulations with
the SHADOW code (Cerrina et al., 1994) taking into account
the ideal and measured substrate shape and roughness,
obtained after the metrological investigation, as explained in
detail by Svetina et al. (2011).

The detector spatial resolution has been simulated by
considering the finite pixel size of the CCD imaged over the
Ce:YAG screen by the lens used [with a field of view (FoV) of
15.4 mm)]. It has resulted in the latter being the main cause of
the final resolution of the instrument which ranges between
1.5 x 10* and 3 x 10*

The resolving power can be increased by using a different
lens with a smaller FoV by losing intensity. The simulated
resolving powers by considering the grating contribution only,
and those obtained considering also the finite spatial resolu-
tion of the detector, are reported in Fig. 4. In the same figure
are reported the measured resolving powers as obtained by
data acquisitions performed during beam time at FERMI in
RUN 9. By changing the FEL wavelength, by steps of 0.1 nm,
it has been possible to measure the actual spectrometer
resolution in a fraction of the FEL-1 wavelength range (26—
52 nm, i.e. 24-48 V) at the first order of diffraction. In fact, as
explained by Allaria et al. (2012b), once the electron energy
and the undulator gaps are fixed, the FEL process is driven by
the seed laser wavelength that can be accordingly finely tuned
using the third harmonic of the Ti:sapphire amplifier. This
operation provides a variation in the seed laser wavelength of
up to 0.4%. By measuring the transverse relative variation in
the positioning of the spectral peak it has been possible to
determine the spectrometer resolution, and to derive the
actual resolving power (Fig. 5, top). The resolving power was
found to be slightly lower then expected; nevertheless, its
value is higher than 10*, high enough to resolve the FERMI
spectral distribution with the requested accuracy. These
measurements have confirmed that the theoretical resolving
power is mainly reduced by the finite size of the CCD
pixel. The measured bandwidths have been compared with
measurements performed simultaneously tuning the seed
laser, and scanning the wavelength across the 1s—4p resonance
in He atoms at 52.2 nm, detecting both the UV-visible fluor-
escence (4p—2s occurring at 400 nm) and EUV fluorescence
(4p-1s occurring at 52.2 nm), as explained in more detail by
Allaria et al. (2012b). The bandwidths have been found to
be in agreement, confirming the proper calibration of the
PADReS spectrometer (Fig. 5, bottom).

4.3. Zeroth-order delivered to the end-stations

The zeroth-order, i.e. the reflected beam, is delivered to the
experimental end-stations. For this reason, the photon beam
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Simulated gratings (top) and total (bottom) resolving power for the three
gratings of PRESTO at the different orders of diffraction. The drop in
resolution is due to the used objective with a large FoV (15.4 mm) in
order to collect the entire diffracted photon beam. The black line
represents the measurements performed scanning the wavelength of the
seed laser using an optical parametric amplifier.

shall not be perturbed in terms of intensity or wavefront. The
relative variation between the efficiency at the zeroth-order of
diffraction (coming from the ruled part of the optical surface
of the gratings) and the reflectivity (coming from the non-
ruled mirror-like sides of the same surfaces) is less than 1% as
can be seen by comparing the black (efficiency) and purple
(reflectivity) curves in Fig. 3. This slight difference is negligible
for the end users, especially at lower wavelengths where the
beam footprint on the surface is small and only the tails are
reflected by the not-ruled area.

A wavefront deformation is expected in the presence of
shape errors and micro-roughness, but it can also be a
consequence of a periodic structure; e.g. the grating grooves.
Since PRESTO gratings are flat, the wavefront is preserved,
except for the presence of shape errors and micro-roughness
in the substrate surface. Nonetheless, their effect is negligible
since their value is well below 0.4 prad r.m.s. in the long-
wavelength range, and micro-roughness o less than 1 A. An
estimation of the peak-to-valley distortion (PV) of the
wavefront caused by the grooves can be easily computed
considering the variation of the optical path for a photon
beam reflected by a laminar profile with groove height 4 and
grazing incidence angle o:

J. Synchrotron Rad. (2016). 23, 35-42
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Top: example of the spectral peak shift due to the variation of the seed
laser wavelength using an optical parametric amplifier. These data have
been used for the experimental determination of the PRESTO resolving
power with good agreement with respect to the simulations. Bottom
[reproduced from Allaria et al. (2012), New J. Phys. 14,113009; Copyright
2012, Institute of Physics]: reconstructed He absorption profile scanning
the wavelength across the 1s—4p resonance at 52.2 nm (Apgr = Asgep/S)-
Dots: photomultiplier response versus calibrated wavelength. The
comparison between the Gaussian fit of the He signal with a single-
shot acquired by PRESTO confirms both the FEL bandwidth and the
spectrometer calibration.

1 — cos(Ra)

PV = h ——
sino

®)
The distortion of the wavefront is therefore mostly negligible
since P,V is 1.05 nm for G1, 0.35 nm for G2 and 0.70 for G3,
which corresponds to a local deformation smaller than A/50 at
50 nm for G1, A/30 at 10 nm for G2, and A/10 at 7 nm for G3.
From these results it is clear that the wavefront is sensitive to
the presence of the high-energy grating due to the short
wavelengths involved. We have investigated its effect with
physical optics simulations performed using the WISE
(Raimondi & Spiga, 2015) code. The obtained results have
confirmed that the Strehl ratio after the reflection over the
high-energy grating is well above 0.48 at wavelengths longer
than 5 nm. This value drops to 0.65 at 3 nm even though an
actual degradation of the wavefront has not been observed. In

any case, from the experience of the first experimental runs at
FERMI it is clear that PRESTO is transparent for users over
most of the FERMI wavelength range.

4.4. Additional features: beam profile measurements and
divergence estimation

The PRESTO VLS gratings have a non-zero Fyyo term
(sagittal focus), thus the beam is focused in the tangential
plane only. We can take advantage of this peculiarity by
considering not only the horizontal distribution (i.e. the
spectral content) but also the vertical one, which is the
projection of the photon beam transverse profile. The
measurement of the vertical distribution allows the use of
PRESTO as a (partial) on-line screen. In fact, as the FERMI
FEL radiation has been proven to present circular transverse
emission symmetry, the vertical profile measured with the
spectrometer is actually the projection of the FEL transverse
intensity distribution. In Fig. 6 a graphical explanation of this
feature is presented for different intensity distributions
(TEMy, hollow and a mix of modes) impinging over the
spectrometer optics. The measured diffracted spots at the
detector are compared with the footprints on the gratings.
Once the vertical dimension/distribution is known, it is then
possible to extract the beam divergence, just taking into
account the distance between the detector and the last
undulator. After having taken a set of images at two different
screens and having calculated the angular divergence, a very
good agreement with the theoretical values (Table 1) was
found, meaning that PRESTO provides direct information

Figure 6
FEL intensity distribution as seen at the spectrometer detector. Top: a
perfect Gaussian beam is emitted by the FEL and its vertical projection is
seen as a Gaussian. Centre: a hollow mode caused by an off-resonant
condition of the undulators is projected as two vertical peaks. Bottom: a
set of mixed modes (Gaussian and hollows) is seen as a central Gaussian
and some vertical satellites.
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about the beam divergence without the need to insert any
screen blocking the beam.

4.5. Two-colour double-pulse measurements (spectrum and
time delay)

One of the unique properties of FERMI is the possibility
to generate multiple X-ray pulses, used for pump-probe
experiments (De Ninno ef al., 2013; Mahieu et al., 2013). This
has been accomplished by seeding the electron bunch with two
independent ultraviolet seed pulses, with a slightly shifted
central wavelength, both tunable in the 260-262 nm range. In
this way two independent FEL pulses have been generated at
the seventh harmonic of the seed lasers (around 37.1 nm and
37.3 nm) with a variable temporal separation from 300 fs up to
700 fs (the limitations with this method are due to the electron
bunch length, the upper limit being around 1 ps, and the seed
pulse duration, the lower limit being 150 fs) (Allaria et al.,
2013b). Besides the regular determination of the spectral
content of the two FEL pulses, PRESTO has been used for
two additional tasks: to measure the relative intensity of the
pulses, and to help in the determination of the temporal
separation between pump and probe. The measurement of the
former is non-trivial since the pulses are separated well below
1 ps, and, in general, an ultra-fast diagnostics system would be
required. Unfortunately, the signals generated in the gas-
based I0 monitor by the two pulses cannot be distinguished.
However, comparing the area subtended by both spectra as
measured by PRESTO we have been able to measure the
relative intensity between the pulses, with high accuracy and
on-line, on a shot-to-shot basis. The temporal separation has
been controlled by scanning the delay between the two seed
pulses and looking at the resulting FEL spectra of the double
emission. In Fig. 7 a series of spectral distributions is shown as
a function of the relative time delay between the seed lasers
and the electron bunch. In the same figure besides the inde-
pendent onset of the two FEL pulses, it can be seen that the
central wavelength separation between the two pulses was
about 0.2 nm with a relative time delay of 500 fs, a bandwidth
RMS about 0.05% of the central wavelength, and a shot-to-
shot peak position RMS jitter of about 0.005% of the central
wavelength position.

5. Conclusions

PRESTO is currently operative and routinely used as the
diagnostic dedicated to the measurement of the FERMI FEL
photon beam spectral distribution and content. It is capable of
measuring on-line and shot-to-shot, making the requested
information immediately available to the users. The commis-
sioning of the low- and medium-energy gratings has been
carried out, while that of the high-energy grating is still on-
going. The performance expected from the simulations made
in the design phase is very close to the actual one, especially
in terms of resolving power. Additional features allow the
photon beam transverse distribution and angular divergence
to be measured, on-line and shot-to-shot. An indirect
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Figure 7

Top: spectral content and intensities of the pump (right) and probe (left)
pulses measured with PRESTO in the two-color double-pulse experi-
ment. Comparing the subtended areas it has been possible to measure on-
line and shot-to-shot the relative intensities. Bottom: spectra of both
pulses while scanning the relative time delay between the electron beam
and the seed laser pulses. The pulse duration was around 50 fs while the
separation between the pump—probe has been kept fixed at 500 fs.

measurement of the FEL intensity is also possible. Both the
fundamental and the higher harmonics of the FEL emission
have been measured with the low-, medium- and high-energy
gratings. In this way it has been possible to determine the
third-harmonic parameters in terms of beam size, divergence,
intensity and bandwidth. It has been observed that the third-
harmonic components have the expected characteristics both
in bandwidth (around three times larger compared with the
fundamental) and divergence (one third of the fundamental)
while the intensity ranges from 0.1% to a few percent of the
fundamental, depending on the machine settings. A preli-
minary campaign of characterization of the high-energy
grating has been recently carried out and the results seem to
indicate that the resolving power is as expected. Evidence of
the third-harmonic component at 1.3 nm has been measured
(the fundamental was set at 4 nm, FEL2), and will be the
subject of a future paper.
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