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Multipurpose modular experimental station for the DiProI beamline
of Fermi@Elettra free electron laser
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We present a compact modular apparatus with a flexible design that will be operated at the DiProI
beamline of the Fermi@Elettra free electron laser (FEL) for performing static and time-resolved
coherent diffraction imaging experiments, taking advantage of the full coherence and variable polar-
ization of the short seeded FEL pulses. The apparatus has been assembled and the potential of the
experimental setup is demonstrated by commissioning tests with coherent synchrotron radiation. This
multipurpose experimental station will be open to general users after installation at the Fermi@Elettra
free electron laser in 2011. © 2011 American Institute of Physics. [doi:10.1063/1.3582155]

I. INTRODUCTION

A. Coherent diffraction imaging (CDI) with free
electron lasers (FELs)

The advent of new generation free electron laser (FEL)
sources, providing ultrashort pulses of high transverse coher-
ence and peak brightness, has opened extraordinary oppor-
tunities for lensless coherent diffraction imaging (CDI) with
regard to achievable spatial and temporal resolution.1, 2 The
pioneering results obtained at the first operating FEL facili-
ties, FLASH in Hamburg and LCLS in Stanford, have clearly
demonstrated that CDI is going to be a key technique for sam-
pling building blocks of matter down to near-atomic resolu-
tion, by acquiring diffraction patterns, with sufficient inten-
sity for a single-shot mode, before the radiation damage of
the sample is manifested.3

The single-shot CDI pattern formed by ultra-short FEL
pulses is also an excellent probe for transient phenomena. An-
alyzing a set of patterns, collected at different time delays af-
ter an excitation pulse from a pump laser in “classic” pump-
probe experiments4 or using split-delay FEL beam schemes
and x-ray photon correlation spectroscopy,5, 6 the transient
states of the system can be monitored on time scales deter-
mined by the FEL pulse duration only. It should be noted that,
even before applying Fourier inversion methods, information
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on the induced dynamics or changes in the average size and
size distribution of the microscopic building blocks is already
coded in the intensities and dimensions of CDI patterns.7, 8

For CDI it is convenient when the data satisfies an over-
sampling constraint that requires the target to be an individual
“free-standing” portion of matter: to deliver isolated objects
intersecting the FEL beam hitting zone, the aerosol method-
ologies, that have already allowed the execution of the first
single-particle CDI experiment,9 can be applied, adapted, and
further developed. The aerosol science is going to play an im-
portant role in CDI experiments with FELs and, as demon-
strated at FLASH,10 it has already enabled some of the highest
resolution imaging of single micron-sized or smaller airborne
particulate matter, while preserving the native substrate-free
state of the aerosol.

The wavelength tunability of FEL sources also enables
resonant coherent CDI across selected atomic absorption
edges, adding information about the spatial distribution of
the chemical constituents of the specimen. The polarization
(circular or linear) of the FEL light can extend the informa-
tion to spin and orbital momentum, revealing features such
as the orientation of magnetic domains, bonds in constituent
molecules, etc.

The limitations for resonant CDI, imposed by the partial
longitudinal coherence of the operating self-amplified stim-
ulated emission (SASE) FELs, are going to be overcome
by the nearly full coherence of the emerging seeded FEL
sources, where the FEL pulses, stemming from a conventional
coherent laser pulse, achieve a well-defined temporal shape
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and intensity stability.11 In principle, radiation bandwidths
close to the Fourier transform limit can be obtained.

The seeded FEL Fermi@Elettra has produced the first
photons and is expected to begin operation for users before
the end of 2011; its seeding scheme will allow easier narrow
range wavelength tunability, compared to another promising
set up under development at SCSS in Harima, using high-
order harmonics of a laser.12 Fermi@Elettra is opening the
possibility to perform unique experiments taking advantage
of the full transverse and longitudinal coherence and vari-
able polarization of pulses with photon energies up to 300 eV
(900 eV in the third harmonics).13 This will allow exploration
of the structure and transient states of condensed, soft, and
low-density matter by means of a great variety of diffrac-
tion, scattering, and spectroscopy techniques, implemented on
three different beamlines.

In this paper we describe the multipurpose experimen-
tal station that will be operated at the coherent diffraction
and projection imaging (DiProI) beamline on Fermi@Elettra.
The instrument design, flexible and adaptable for modular
experimental setups including exchange of sample stages,
aerosol particle delivery, and detection systems, was carried
out in partnership with scientists and engineers from Elettra,
Lawrence Livermore National Laboratory (LLNL), the DESY
Centre for Free-Electron Laser Science (CFEL), and the Uni-
versity of Uppsala. Commissioning of the components and
performance tests have been conducted with synchrotron light
at the Nanospectroscopy beamline at Elettra.14

B. DiProI beamline at the Fermi@Elettra FEL

The DiProI beamline at Fermi@Elettra will exploit the
expected performance of the fully coherent seeded FEL in
terms of continuum tunability, with wavelengths between 50
and 4 nm in the first harmonics, temporal pulse structure down
to a few tens of fs at 50 Hz repetition rate, with 1013 pho-
tons per pulse and variable photon polarization. The beam-
line is designed to meet the requirements for static and dy-
namic CDI experiments with a resolution down to 10 nm,
while implementing options for complementary projection
imaging.

Since the spectral purity of the non-monochromatized
radiation beam is sufficient to perform CDI experiments,
the DiProI beamline will work without any grating-based
monochromator, sparing the additional efficiency loss: a lim-
ited number of individual higher harmonics will be selected,
using wave-front and time-preserving multilayer mirrors, op-
timized to provide the maximum reflectivity at one particular
wavelength, while quenching the first harmonics.

A split-delay correlation system will allow two-color ex-
periments, splitting the beam into two parts and introducing,
by means of grazing incidence optics, a delay between 0.2 and
35 ps with a minimum step of 1 fs; larger delays, up to more
than 1 ns, will be provided by removable and interchangeable
sets of four multilayer mirrors, working at 45◦, with a total
translation range of 185 mm. The proper set of multilayers
can also be chosen to suppress the fundamental wavelength
and highlight the higher harmonics.15

Two custom made active mirrors, mounted in a
Kirkpatrick–Baez (KB) configuration, will be used as focus-
ing optics, crucial for imaging single small objects, providing
a minimum spot size of 2.5 × 4 μm2 and a maximum fluence
reaching 1 × 1017 W/cm2 at a 20 nm wavelength. The beam
can be defocused, preserving the spot position, to provide a
variable spot shape and dimension in order to illuminate larger
specimen or reduce the fluence.

II. END STATION

A. High vacuum vessel

The DiProI end station chamber (see Fig. 1) is a paral-
lelepiped vessel of dimensions 1100 × 600 × 630 mm3 com-
posed of six 35 mm thick rectangular stainless steel boards;
the rear panel can be replaced by an expansion module with
a 320 mm depth to provide additional space for detectors and
electronics, while one of the side panels has a rectangular 480
× 530 mm2 aluminum flange to provide easy access to the
sample region. A deformation of less than 0.1 mm is expected
under the operational conditions of high vacuum between 5
× 10–8 and 5 × 10–6 mbar.

The vacuum is accomplished by two independent pump-
ing systems, each composed of a 1300 l/s turbo-molecular
pump, backed by a 35 m3/h scroll roughing pump, which can
also be used as a prevacuum pump to lower the chamber pres-
sure to 1 × 10–3 mbar through an independent vacuum line.
Four low vacuum valves, four high vacuum gates and the four
pumps are operated by a computer system which, with the
feedback of five Pirani gauges and a high vacuum pressure
gauge, provides both software automated vacuum operation
and programmable logic controller implemented safety reac-
tion in case of failure.

The chamber can be vented through a nitrogen line and a
manual valve; rapid changes in the setup configuration can be
performed in the sample region thanks to a fast handle-locked
KF160 flange. The pumping system has been dimensioned to
be capable of purging aerosol samples leaking into the cham-
ber through particle delivery systems during experiments: in
a clean chamber in fixed sample mode, vacuum is restored
to operational conditions within 10 min, and reaches its best
pressure in the 10−7–10−8 mbar range in a few hours.

FIG. 1. (Color online): A section of the DiProI chamber design.
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Several KF40, KF100, KF160 flanges accommodate
viewports, a visible light illumination source and a tele-
scope focusing on the target surface in fixed sample mode
experiments, a residual gas analyzer, electronics, and water
feedthroughs; a CF100 flange on the chamber right side has
been designed to accommodate an aerosol particle delivery
system in correspondence with the sample-beam interaction
region; five CF40 flanges host apertures converging on the
sample position: two of them are used as entrance and exit
windows for the FEL x-ray beam, two are designed as laser
windows at 45◦ of incidence for time-resolved pump–probe
experiments, one can house any device that has to face the
sample surface, such as an evaporator or a time-of-flight mass
spectrometer. The windows can be masked by black plastic
covers or black rubberized fabric to minimize external light
noise on the detection system.

B. Light shaping and sample movement mechanics

The chamber houses several in-vacuum computer-
controlled motors to actuate the mechanics for x-ray beam
shaping, cleaning and characterization, sample alignment, and
observation using the optical telescope.

Entering the chamber from the beamline gate valve, the
FEL pulses pass through a metal plate with cleaning apertures
of different sizes, mounted on xy stages actuated by stepper
motors, which allow alignment to the beam. A similar set of
xy motorized apertures, placed before the exit gate valve at
the rear side of the chamber, can host alignment and charac-
terization devices, such as a photodiode, a wavefront sensor,
etc.

All other structures (see Fig. 2) are assembled on a 950
× 450 × 15 mm3 stainless steel breadboard [A], decou-
pled from the bottom of the chamber by a kinematic sys-
tem on three contact points. The breadboard supports a set
of motorized stages [B] that position a second 500 × 270
× 12 mm3 horizontal stainless steel board [C], also decoupled
by a kinematic system on three contact points; in order to per-
form a coarse alignment with respect to the x-ray beam, the
three motors of the stages can move the board with a travel
range of 5 mm in any of the xyz directions with a precision
of 10 μm.

Before impinging on the sample, the beam is shaped, to
select its coherent central part, by a circular aperture [D],
positioned by two piezoelectric motors along the xy direc-
tions with a precision better than 0.1 μm; a set of 5, 10, 20,
or 50 μm diameter apertures was used for tests with syn-
chrotron radiation, reported in Sec. III. Further downstream,
the beam passes through another 500 μm aperture, mounted
on an identical xy motorized stage [E], which cleans the stray
radiation before it hits the specimen, held in the x-ray beam
focus.

An array of fixed targets can be mounted on a remov-
able sample holder, hosted on a sample support [F] with four
degrees of freedom: the target tip and tilt are provided by me-
chanics actuated by two independent picomotors. This struc-
ture is mounted on a stepper motor with a 25 mm travel range
along y; a second stepper motor, with a 100 mm x movement,

FIG. 2. (Color online): Experimental setup inside the DiProI vacuum cham-
ber. (a) The main breadboard [A] carries the stages [B] that position the mo-
torization board [C]. (b) Propagating from the right, the beam passes through
the apertures set [D] (carrying the 45◦ telescope mirror [D’]), the screening
plate [E], the sample [F], and the beam stopper [H]; the diffraction pattern is
detected by the CCD [G] on the left.

carries the entire support, allowing not only control of the tar-
get’s horizontal position, but also to remove the sample struc-
ture off the interaction region to safely exchange specimens.
The sample support can be removed in toto to perform exper-
iments with a particle delivery system.

The sample surface, reflected by a 45◦ mirror [D’]
mounted below the circular apertures [D], can be observed
with 5 μm resolution by the telescope, through a window on
the chamber cover plate: in order to see the target, a 5 mm U
shaped aperture, carved off the stray radiation screening plate
[E], is aligned with respect to the telescope path.

C. Charge-coupled device (CCD) detection system

The diffraction pattern from the sample is recorded by an
x-ray sensitive CCD [G]. In synchrotron CDI, the central part
of the detector is screened by a beam stop [H], since the large
amount of primary unscattered photons that contribute to the
pattern would damage the detector.

In the case of FEL CDI experiments, where the high flu-
ence would damage even the beam stop, direct acquisition of
the scattered patterns requires new detection systems,16 con-
sisting of two independent CCDs separated by a variable gap,
and readout time comparable with the FEL repetition rate.
Since off-shelf solutions are hardly available, an indirect de-
tection scheme3, 17 will be implemented during the commis-
sioning phase of the DiProI beamline.
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The commissioning and first tests of the DiProI end sta-
tion have been performed on the synchrotron radiation beam-
line Nanospectroscopy at Elettra with a Princeton Instruments
PI-MTE 2048B x-ray Camera, a CCD device consisting of
2048 × 2048 pixels with 13.5 × 13.5 μm2 size; a Peltier
cooler keeps the detector at –45◦C, providing low noise oper-
ation with approximately 10 electrons RMS; the typical read-
out time is 4 s for the 4 megapixel images, with a 16 bit depth,
governed by a 1 MHz analog to digital converter.

In the classical approach with simple central beam stop
protection, the detector is placed directly downstream the
sample: in order to optimize the wavelength-dependent size
of the acquired diffraction patterns, a z motorized stage al-
lows changing the sample-detector distance between 50 and
140 mm along the beam axis. A square silicon plate beam
stopper [H] is mounted on xy stages between sample and de-
tector, keeping its diagonal along the vertical direction. The
central part of the detector can be covered alternatively by
the top and the bottom vertex of the beam stopper, allowing
the entire diffraction pattern to be acquired in two consecutive
measurements.

For the commissioning of the DiProI beamline and end
station at Fermi@Elettra, where the FEL peak power pre-
vents the use of a central beam stop, the single chip CCD
detector [G] will be used in an indirect detection setup (see
Fig. 3), first exploited by Chapman,3, 17 to acquire the diffrac-
tion pattern reflected by a multilayer mirror [I], with a hole to
let the primary beam [J] pass through and widen due to its di-
vergence far away from the focal point before hitting a beam
stopper. The mirror is mounted with a 45◦ angle of incidence
on two picomotor driven goniometers that provide tip and tilt
adjustment.

Although such an indirect detection setup has been op-
erated successfully in the past, in addition to the slow CCD
readout time, it has severe limitations for exploiting the FEL
tunability, since the multilayer mirrors are monochromatic,
expensive, and work well only for longer wavelengths. For
the commissioning with FEL light, pilot experiments will

FIG. 3. (Color online): Design of the DiProI indirect acquisition set up using
a multilayer deflecting mirror. Propagating from the right, the beam passes
through the apertures stage [D], the sample [F], and the multilayer mirror [I],
which deflects the diffraction image to the CCD [G], letting the primary beam
[J] through a hole.

FIG. 4. (Color online): The most desired direct acquisition set-up using two
detector systems (to be implemented). Photons scattered from the sample
[F] are detected by a near [K] or a far [L] CCD system, depending on the
deflection angle.

be performed with the currently available 32, 16, 13.5, and
10 nm mirrors. However, in parallel, possible solutions are
under consideration to implement direct detection before the
user operation state, to allow a large variety of CDI experi-
ments, including resonant CDI and time-resolved studies.

The envisaged final configuration of a direct acquisition
setup (see Fig. 4), as successfully implemented in the MPI-
CAMP chamber using pn-CCDs,16 combines two fast readout
detectors [K] close to the sample with two similar modules [L]
placed further down the beam path, to monitor simultaneously
both wide and small scattering angles.

III. COMMISSIONING AND FIRST TESTS WITH
SYNCHROTRON LIGHT

A. Experimental setup commissioning

The DiProI end station’s vacuum chamber, designed,
built, and assembled between 2008 and 2010, has under-
gone commissioning tests of its experimental setup at the
nanospectroscopy beamline at Elettra that provides a syn-
chrotron radiation beam with multiple polarization, moder-
ately focused by a KB mirror system to a 150 × 100 μm2 spot
size.14 The CDI patterns are detected with the CCD-central
stop configuration described in Secs. II A and II B.

B. Two pin hole Young experiment interference test

The first tests were dedicated to characterize the trans-
verse coherence of the focused synchrotron beam: horizontal
coherence was measured performing the classic Young exper-
iment on a set of samples comprising double pin holes with
a pitch ranging from 0.5 to 11 μm; to determine the vertical
coherence, double slit targets with the same separation range
were used. Design parameters of the samples are reported in
Table I.

The structures are realized using focused ion beam (FIB)
milling of the 1 μm W film deposited by sputtering on Si3N4

windows, 30 nm thick and 100 μm wide, etched on a Si wafer.
The x-ray source, with photon energy set to 250, 500, or
700 eV, was defined by a 20 μm diameter aperture, placed
at a distance of 90 mm in front of the sample.
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TABLE I. Design parameters of the samples used to test the beam transversal coherence.

Horizontal coherence Vertical coherence

Pin hole separation Pin hole diameter Slit separation Slit width Slit height

0.5 μm 170 nm 0.5 μm 170 nm 700 nm
1.5 μm 170 nm 1.5 μm 170 nm 700 nm
3 μm 170 nm 3 μm 170 nm 700 nm
5 μm 180 nm 5 μm 170 nm 700 nm
7 μm 180 nm . . . . . . . . .
11 μm 210 nm 11 μm 200 nm 800 nm

A commonly accepted18 parameter to define the degree
of coherence of a monochromatic light source, with wave-
length λ and dimension radius R, is the visibility V = (Imax

– Imin)/(Imax + Imin), where Imax and Imin are the maximum
and minimum of the interference fringes of two pin holes with

separation ζ , placed at a distance L from the source. The the-
oretical prediction is given by V = |2J1(x)/x|2, where J1(x) is
the Bessel function of first kind and x = 2πRζ /λL.

The selected results of the coherence tests shown in Fig. 5
are obtained with 250 eV photon energy and a target to

FIG. 5. (Color online): Coherence test examples taken at a photon energy of 250 eV. (a) Double slits with 5 μm vertical separation. (b)–(d) Double pin holes
with horizontal separation 5, 3, and 0.5 μm, respectively. Top panels show the diffraction patterns (log scale), middle panels outline the interference fringes
(linear scale) and bottom panels show the intensity modulation profiles taken along the red lines in the images. (e) Fringes visibility data compared to the
theoretical predictions as a function of pin holes or slits separation, for different photon energies.
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FIG. 5. (Continued)

FIG. 6. (Color online): Data obtained with 250 eV x-rays from two 300 nm
pin holes with a 10 μm diagonal separation. (a) Central part of the diffraction
pattern. (b) Fourier transform of the double pinhole diffraction pattern: the
holes autocorrelation is in the image center; their holographic images (one is
magnified in the box) stand in symmetric positions.

detector distance of 140 mm. The images are obtained with
a 5 μm vertically separated double slit [Fig. 5(a)], and
5, 3, and 0.5 μm horizontally separated double pin holes
[Fig. 5(b)–5(d)].

The top 1400 × 1400 pixels images show the diffraction
pattern for a collecting angle of ±3.9◦, corresponding to a
maximum exchange momentum transfer of ±13.6 μm−1; the
logarithmic scale, enhancing low intensity features, allows
distinguishing several orders of the slit diffraction envelope
[Fig. 5(a)] and of the pin hole Airy pattern [Fig. 5(b)–5(d)].
The dark areas in the middle of the diffraction patterns is
due to the beam stop protecting the CCD chip from the
direct x-ray beam: the images are obtained combining two
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acquisitions with different beam stop positions. The ex-
panded central part of the images show in linear scale the
interference fringes, whose visibility is illustrated by the
intensity modulation profiles in the bottom panels.

The results of the coherence tests are summarized in
Fig. 5(e), where the experimental visibility values (markers),
obtained for several samples at different wavelengths, is com-
pared to the theoretical predictions (dash dotted lines). For
250 eV photons, the horizontal and vertical transverse coher-
ence are comparable, with a fringe visibility in the range span-
ning from 99 ± 1 % to 56 ± 3% while the objects separation
varies between 0.5 and 11 μm. For higher photon energies,
the fringe visibility decreases with the increase of the adimen-
sional parameter x, remaining however greater than 50% for
an object separation smaller than 4 μm.

In order to evaluate the effect of a partially coherent beam
(i.e., a fringe visibility of about 60%) on the imaging prop-
erties of the experimental setup, an ad hoc sample with two
300 nm pin holes with a 10 μm diagonal separation, was il-
luminated with 250 eV photons through a 50 μm diameter
cleaning aperture.

Figure 6(a) shows the interference fringes in the cen-
tral part of the diffraction pattern, while Fig. 6(b) presents
the Fourier transform of the acquired interference pattern: de-
spite the partial coherence of the beam, three sharp and in-
tense spots are clearly visible in the centrosymmetric image.
The central dot is the autocorrelation function of the two pin
holes; the two lateral spots are their holographic images, with
275 ± 10 nm FWHM and 9.91 ± 0.01 μm distance from the
center. These values are close to the nominal sample specifi-
cations, showing that the technique is quite robust to provide
high resolution images, even under partially coherent illumi-
nation.

C. Resonant CDI test across the Co L3 edge of
nanostructured specimen

One of the peculiar features of photons with respect to
electrons is longer penetration depth, making photon based
techniques more appealing to detect and image materials
buried within a solid, without destroying the sample.

The advantage of using x rays with wavelengths tuned to
the atomic absorption resonances to perform resonant CDI is
that the abrupt change of the optical absorption and refrac-
tive factors across the atomic edges adds information about
the elemental lateral distribution in complex nanostructured
specimens.19, 20 The non-negligible differences between the
speckle patterns, taken at and away of a selected atomic K,
L, or M edge resonance, not only provide elemental informa-
tion but are also sensitive to dichroic effects.

The test experiments demonstrating the applicability of
resonant CDI for elemental and magnetic imaging are per-
formed with a specimen of Co square islands, fabricated by
FIB on a Si3N4 substrate.

Figure 7 compares the diffraction patterns obtained with
photon energies of 770, 778, and 785 eV, i.e., below, at, and
above the Co L3 edge, respectively; the images are scaled to
a square root to enhance low intensity features. It is clearly
visible that the speckle pattern changes at the resonance en-
ergy: the long and narrow spots, observed in the diffraction
pattern below the cobalt adsorption edge [Fig. 7(a)], lose in-
tensity due to the onset of the isotropic resonance scattering
[Fig. 7(b)], while, moving further above the edge, the pattern
partially recovers the features observed below the resonance
energy [Fig. 7(c)].

The ferromagnetic cobalt sample also allowed a sen-
sitivity test for magnetic imaging,21, 22 using right and left

FIG. 7. (Color online): Diffraction patterns obtained from a cobalt sample at different photon energies (square root scale). (a) 770 eV, below the Co L3 edge.
(b) 778 eV, resonant with the Co L3 edge. (c) 785 eV, above the Co L3 edge. The fluctuations in the intensity of the features at and away of the resonance smaller
areas are well visible in the enlarged images of the selected section shown in the lower panels.
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FIG. 8. (Color online): Enlarged areas of diffraction patterns from a cobalt
sample using circularly polarized light (square root scale). (a) and (b) Dichro-
ism is observed changing light polarization chirality at 778 eV photon energy,
resonant with the Co L3 edge. (c) and (d) At 770 eV photon energy, below the
Co L3 edge resonance, no relevant difference is found changing polarization
chirality.

circularly polarized light: Fig. 8 shows, in square root inten-
sity scale, areas of the diffraction patterns taken at and be-
low the Co L3 resonance using right [Figs. 8(a), 8(c)] and left
[Figs. 8(b), 8(d)] circular polarization.

Comparing Figs. 8(a) and 8(b), taken at the Co L3 edge
(778 eV) using beam with opposite chirality, significant dif-
ferences, due to the dichroic effects, can be observed. On the
contrary, no evident difference can be found comparing the
patterns in Figs. 8(c) and 8(d), taken with photon energy be-
low the Co L3 edge (770 eV).

IV. CONCLUSION AND OUTLOOK

The flexible end station for the DiProI beamline at
Fermi@Elettra has been designed, assembled, and has
undergone the commissioning tests using partially coherent
synchrotron light. The results from the first test experiments
proved that all components perform according to their
specifications. This makes us confident that, after commis-
sioning with FEL beam in the first months of 2011, the
modular DiProI station, planned for a great variety of CDI
experiments, will welcome the first users.

Among the important applications of the DiProI station
at the soft x-ray Fermi facility, can be single-shot fs coher-
ent diffractive imaging of living cells. Indeed, since the Fermi
wavelengths are limited to 4 nm in the first harmonics, we
cannot reach an atomic resolution, but in fact understanding
many physiological functions of the living cells requires mor-
phological information with resolution of tens nm for mon-
itoring the unique conformation states of the constituents of

these dynamic systems. The feasibility is demonstrated by the
first pioneering experiments performed at FLASH using 13.6
and 8 nm wavelengths.23, 24

As already discussed in Ref. 25, the most adequate pulse
wavelength range for obtaining good CDI contrast of cells
with sufficient penetration depth lies between the C1s and O1s
edge (4.8 to 2.5 nm). Another advantage demonstrated by the
calculations is that, since the deposited energy is smaller com-
pared to the case using short wavelengths, the radiation dam-
age is still negligible for pulse lengths even longer than 50 fs.
For example, the recent fast growing use of nanoparticles for
biomedical applications has imposed urgent request for un-
derstanding the cellular responses. In this respect, observing
the effect of different agents on morphology modifications of
single-cell organism with resolution better than 10 nm is of
crucial importance. The agents can penetrate different cell or-
ganelles: their presence, as well as the relevant changes in the
local or entire morphology of the cells, will be reflected in
the speckle pattern. The delivery of “free-standing” cells to
the FEL interaction zone is an almost solved problem, thanks
to the fast developing aerosol methodologies that have al-
ready demonstrated their potentials, in execution of the first
single-particle CXDI experiments,9 and are planned to be im-
plemented in the DiProI station.

The DiProI station can also be used to explore the be-
havior of anisotropic nanostructures, fabricated by different
elements, under “extreme conditions.” The experiments will
monitor the “structural” evolution of the constituent elements
at different time scales, using as a pump an optical laser or
a split in time FEL pulse. Such studies will be of particu-
lar interest when the anisotropic targets are fabricated from
materials with different melting temperature and electronic
structure, so that reaching nonequilibrium conditions is se-
lective for each structure. Using intense short FEL pulses
with proper energy above the electronic edge of one of the
elements, highly ionized transparent states can be created,
evolving into uniformly heated warm dense matter, as demon-
strated at FLASH for Al samples.26 For anisotropic targets,
the set of speckles taken at different delay times after irradi-
ation with short pulses at wavelengths matching the edges of
one of the constituent elemental structure, will provide unique
information about the local variation of electron densities
and spatial elemental distribution resulting from nonthermal
melting.

The improved parameters of the pulses generated using
the seeding scheme at Fermi, in particular the full longitudi-
nal coherence, is opening new opportunities for resonant co-
herent imaging. One important application field is exploring
the multiple polarization of the Fermi pulses through resonant
CDI, used to enhance the magnetization scattering contrast by
tuning the pulse wavelengths to the M (1st harmonics) or L
(higher harmonics) edges of the relevant elements. The fea-
sibility of these experiments has already been demonstrated
at FLASH, using the 1st and 5th harmonics, where even the
effect of the different energy deposited due to the jitter in the
pulse intensity on the magnetic domain sizes was reflected in
the CDI images.27

Thanks to the high number of fully coherent photons
in the less than 50 fs single Fermi pulse, 3–6 orders of
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magnitude superior than those provided at synchrotron facili-
ties, both static and dynamic studies are possible in a single-
shot mode. In particular, as unique potential, we consider us-
ing the highly focused Fermi pulses for tracking the sub-ps
temporal response of magnetization density and domain dy-
namics in nanostructures triggered with an optical laser pump.
The feasibility of another set of experiments, implementing an
autocorrelator to split the incident beam not only in time, but
also in space, is also under consideration at Fermi. This will
allow probing the dynamics in two different specimen areas,
as has been reported very recently.28
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