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Summary of beamline specifications 
 
Photon energy: 130 to 2000 eV 
Energy resolution: E/DE ~ 3000 
Spatial resolution: up to 15 nm 
High stability of the beam 
Variable linear and circular polarization 
2 Monochromators with different gratings (200 lines/mm for 130-800 eV range and 800 
lines/mm for 800-2000 eV range) 
 
2 microscopy end-stations: 
TXM allowing tomography under cryo-conditions 
STXM for NEXAFS spectromicroscopy 
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I - INTRODUCTION 
 
 There is a growing need to explore the detailed structural, morphological, 
magnetic and chemical properties of heterogeneous matter below 100 nm length scales in 
almost all the fields of science, including physics, chemistry, material science, medicine, 
biology and earth and environmental science. Soft X-ray microscopy is among the few 
techniques that can uniquely respond to that demand. The field of soft X-ray microscopy 
is relatively new, but expanding rapidly. It is highly complementary to other microscope 
techniques, such as optical microscopy, transmission electron-microscopy, or other local 
probe microscopies (e.g. AFM, STM). Soft X-ray microscopy offers several essential 
advantages: 1) An intermediary spatial resolution, typically around 20-100 nm; 2) it 
provides chemical imaging via X-ray absorption spectroscopy (NEXAFS); 3) it can be 
applied to unstained biological samples that are thicker (possibly up to 10 mm) than those 
normally examined by electron microscopy, with limited beam damage; 4) it can be 
applied in situ, or in ‘environmental mode’ , which means that samples can be studied in a 
more natural state than is compatible with a high vacuum environment. Finally, soft X-
ray microscopy is highly complementary to higher energy X-ray microscopy, available 
on several beamlines in France (ID21, ID22 at ESRF and Lucia at Soleil). It indeed 
provides access, at the 15 nm scale, to elements like carbon, nitrogen or oxygen (water 
window) which are of prime importance in biology, environmental science and polymer 
science, as well as all the transition elements, with a broad range of applications to 
important scientific problems (see section II). 
 The chemical sensitivity of NEXAFS spectroscopy is central to the unique 
capabilities of transmission x-ray microscopy for microanalysis (see Fig. 1 as an 
illustration). In NEXAFS spectroscopy, the photoabsorption cross-section for the 
excitation of tightly bound core electrons into unoccupied molecular orbitals or the 
vacuum continuum is measured as a function of photon energy. Each element has a 
characteristic core binding energy (e.g. carbon 1s: ~290 eV, nitrogen 1s: ~400 eV, 
oxygen 1s: ~530 eV), making NEXAFS spectroscopy explicitly element sensitive. The 
detailed spectral features observed in NEXAFS spectra correspond to transitions from the 
ground state to a core excited state, where the initial and final states can be manifolds of 
states for a given element. The complexity of these manifolds depends on the variation in 
the chemical and hence electronic environments that a particular element can be found in. 
The complex covalent bonding of carbon atoms in organic materials makes carbon 1s 
NEXAFS a particularly rich and detailed core absorption edge. 
 Although soft X-ray microscopes have been developed for several years (e.g. 
TXM by the Göttingen group at Bessy, STXM by Horowitz and Howell at the Cambridge 
Electron Accelerator in 1972 then by Kirz, Jacobsen, Ade and coworkers at the NSLS), 
and are now implemented or under construction on almost all third generation storage 
rings similar to Soleil (see section IV), there is still no such facility currently available 
within France in that energy range (the SXM on ID21 at ESRF working in the 2-10 keV 
range). We believe that Soleil, with its high source brightness at 2.75 GeV injection 
would be the ideal place to implement soft X-ray microscopy. Such a facility is under 
high demand from the French scientific community and would herald a breakthrough in 
microscopy, especially if it is conducted in tight collaboration with the existing 
transmission electron microscopy community. Soft X-ray microscopy is, moreover, 
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complementary to several other spectroscopy (e.g. IR, XMCD) and microscopy (e.g. 
optical microscopy, PEEM) techniques, some soon available at Soleil or using 
synchrotron radiation, as developed in section V.  
 
   
 
 
 
 
 
 
 
 
 
 
Fig. 1: STXM study of calcified 
bacteria (all scale bars, 1mm). (a) 
Image at 280 eV of filamentous 
bacteria containing inclusions. (b) 
Ca map of the same area showing 
the presence of Ca in the 
inclusions. (c) C map. (d) 
NEXAFS spectrum of inclusions at 
the Ca L2,3-edge. Hydroxyapatite 
(Ca10(PO4)6(OH)2) spectrum is 
shown for comparison. (e) 
NEXAFS spectrum at the C Kedge 
of the bacteria cells. 
 
 There are two types of x-ray microscopes, both using Fresnel zones plates as 
focusing optics (Fig. 2). One is the Transmission x-ray microscope (TXM) or Full-field 
microscope using a condenser and an objective zone plate. The sample is illuminated 
with a wide angular range of X-rays focused by the condenser lens and the transmitted 
and refracted X-rays are magnified by the objective lens to a 2D detector. The main 
advantage of this microscope is larger working distances and short exposure times 
allowing dynamic and tomographic studies.  
 The second type of microscope is the scanning transmission x-ray microscope 
(STXM) in which, a monochromated beam is focused on the sample to 15 nm by a 
Fresnel zone plate, and images are made by raster scanning the sample through the focal 
point while recording the intensity of transmitted X-rays. As it provides a high spectral 
resolution, this microscope is dedicated to spectromicroscopy in which inner shell 
electronic excitations are used as a chemically sensitive image contrast mechanism to 
distinguish, at the 15 nm scale, very similar species displaying small but distinct 
differences in their NEXAFS spectra. 
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Figure 2 — Schematic drafts of the two x-ray microscopy designs: TXM (left) and STXM (right, including 
fluorescence detection), as implemented at the ESRF ID 21 beamline. From Susini J., X-ray Microscopy 
2002 workshop, Grenoble. http://staff.chess.cornell.edu/ ~shen/JournalClub_XRM_2002.pdf. 
  

Hence, the two types of microscopes are highly complementary instruments and 
there is a strong need to implement both of them on the same synchrotron. STXM 
requires coherent illumination, while TXM can make use of spatially incoherent 
illumination, explaining why the former is usually located, with some exceptions, on 
undulator beamlines, and the latter, with some exceptions too, on bending magnet. 
However, some fields, like magnetism science, require polarized X-rays with high 
brilliance for both STXM and TXM techniques. Hence, we propose the building of a 
single beamline on an undulator with two branches for TXM and STXM, similarly to 
what has been done on U41 at Bessy (Guttman et al., 2003). TXM will provide full field 
imaging and cryo-3D tomography, while STXM will be used for high quality NEXAFS 
spectroscopy for quantitative studies. Both of them will be operated in the 130-2000 eV 
range and at a spatial resolution of 15 nm. Grouping both techniques on the same 
beamline will allow users to easily conduct analyses on the same samples by both STXM 
and TXM, which is recommended, considering requirements expressed by the different 
scientific communities (see section II). The properties of the beam expected at Soleil 
make this project for a STXM/TXM beamline very promising.  
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I I . SCIENTIFIC CASE 
 
 Soft X-ray microscopy is largely new to the majority of the French community as 
illustrated during the workshop organized at Soleil, last April. This workshop has, 
however, highlighted and fostered an important interest from the various communities in 
the capabilities provided by soft X-ray microscopy. In this chapter, we gather the 
contributions from different French laboratories in diverse institutions interested in this 
project for soft X-ray microscopy at Soleil. We note the high interdisciplinary nature of 
potential applications, and that most of them require the use of both TXM and STXM on 
the same samples. This list is far from exhaustive and we believe that a soft X-ray 
microscopy facility at Soleil would likely encourage new thematic developments in the 
near future.  

See Annex-1 for a detailed list of people who have contributed to this section. 
 

A. Physical sciences 
 
Magnetism 
 There is considerable interest in the development of new magnetic devices, either 
for direct application as memory (MRAM) (Prinz et al., 1998) or for the development of 
spin electronics (Fert et al., 2001). This interest follows a long period of fundamental 
research in the field of magnetic multilayers, leading to the discovery of new concepts 
like giant magneto-resistance and/or tunnel magneto-resistance (Baibich et al, 1988; Fert 
et al., 2004). In order to be useful in industry, these new magnetic devices should have 
cell sizes not exceeding 100 nm and should operate at high frequency (above 1 GHz). 
Therefore, scientists must continue to develop the experimental techniques which are 
necessary to characterize the magnetic properties of such materials, in space and in time. 
Furthermore, the tuning and optimization of the nanodevices will require a basic 
understanding of the underlying mechanism involved, such as anisotropy or damping. 
TXM and STXM are, among the available experimental techniques, really promising in 
order to reach our scientific goals presented in this project. Indeed, as both TXM and 
STXM are photon-in/photon out experiments, based on the contrast given by the 
absorption coefficient, it means that UHV experimental setups are no longer needed. 
Others trivial advantages are that external magnetic fields of several Teslas can be 
applied to the samples, even in the imaging mode, and last but not least that, because 
sample thicknesses will be in the mm range, no particular design of the samples is needed. 

There are basically three magnetic properties in which we are interested: 
  (a) Local Magnetization: Magnetization, inside each material (ferromagnetic (F) and/or 
antiferromagnetic (AF)) is organized in magnetic domains, which result from the 
competition between exchange and anisotropy energies. The size of magnetic domains is 
typically in the 50-100 nm range and the wall thicknesses are one order of magnitude 
lower. It is essential to use an experimental technique which allows direct imaging of 
these magnetic domains. Obviously, it would also be very interesting to follow the 
magnetization of each individual constituent in a multi-material specimen. Imaging the 
magnetic domains is possible by using both TXM and STXM. The magnetic contrast is 
simply given by the dichroic effect either linear (XMLD) or circular (XMCD). The use of 
these dichroic effects to study both AF and/or F systems is now well documented and the 
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reader should obtain all information in the APS document of the DEIMOS beam line 
dedicated to dichroism studies at SOLEIL. As an illustration, figure 3 shows the images 
of magnetic domains recorded at beamline XM-1 at ALS on an array of circular dots (350 
nm in diameter) of Fe/Gd multilayers. (T. Einmüller’s Thesis) both at Fe L3 and Gd M5 
edges. 
 

 
Fig. 3: (From Einmüller’s thesis) The magnetic domains show two and three domain states with a 
preferential orientation along the diagonal axis. 
 
(b) Magnetization in time: Magnetization dynamics refers to how a magnetic domain can 
be reversed in time, either by a magnetic field pulse or by spin-polarized current-induced 
magnetization switching (CIMS)(Fert et al., 2004). This reversal time is the crucial 
parameter for practical use and it should be less than 1ns if frequencies greater than 1 
GHz are needed. Recently, it has been shown experimentally that in a nano-pillar spin-
valve system (85x150nm2), the magnetization can be reversed using 100ps pulses 
(Devolder et al., 2005) by CIMS. It is thus absolutely necessary to have access to the 
magnetization dynamics on this time scale. Micromagnetic simulations have been limited 
to nano-sized objects because for micron sized elements the computing time for dynamic 
simulations increase tremendously, thus enhancing the need for such experiments.  On a 
synchrotron source, the magnetization dynamics can be followed by performing magnetic 
X-ray microscopy experiments with a stroboscopic pump and probe technique (see Fig. 4 
as an illustration). The pump consists of a short pulse (typically some hundreds of ps) of 
spin-polarized current in the case of CIMS, or of magnetic field generated in a micro-coil 
in the standard situation, and the probe is the X-ray pulse delivered by SOLEIL (which is 
typically 30 ps long). The X-ray pulse is delayed with respect to the pump in steps of 
20ps, in order to follow the temporal evolution of the magnetization. 
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Figure 4 (from Stoll et al., 2004) shows the z component of the dynamic magnetization (images on right 
hand side) at selected time delays (varying from 400 ps before the pump up to 2400 ps after the pump) 
obtained by MTXM at ALS on a ferromagnetic  squared 4x4 mm2 [3 nm Al/50 nm Ni80Fe20/2 nmCu/50 
nmCo] element. The results obtained from micromagnetic simulations are shown (lin (a), right hand side). 
The patterned element and the microcoil are shown on the left part of the figure. The spatial resolution in 
the TXM experiment is 32 nm.  
 
(c) Spectroscopy: The magnetization vector is a sum of individual magnetic moments 
associated with electrons in a solid and is made of two components: the orbital and spin 
parts. The orbital part, via the spin-orbit interaction, plays a key role in the origin of 
magnetic anisotropy and thus in the magnetization dynamics. The determination of the 
orbital component, which implies the development of techniques to separate the two 
contributions, is thus a masterpiece in our research program, especially if we can perform 
this separation on a very small length scale. The essential output from such experiments 
will be the knowledge, at the nanoscale, of some key parameters that XMCD and/or 
XMLD are able to deliver relatively simply. The interesting point is that such 
spectromicroscopy results can be combined with magnetic imaging and/or dynamic 
studies which increases significantly their interest. 

 
 The main topics that the community of “magnetism” science wants to investigate 
by TXM and STXM experiments can be summarized as follows: 
 
1. Magnetic Imaging of nanoparticles -CSNSM Orsay, DRFMC-CEA, IPCMS Strasbourg 
 These groups work in collaboration on high magnetic anisotropy, sub 10 nm in 
diameter range, nanoparticles, which are the required building blocks of future self-
assembled magnetic media. A major scientific and technological challenge preventing 
further progress along the well known paths in a near future (beyond 1 Tbit.in-2) is the 
superparamagnetic limit (thermal fluctuations of the magnetization in nanoparticles when 
K V~kB T). Improvement will require both the use of high anisotropy materials and the 
introduction of discrete media, in which information is stored in a single particle. The 
need for high anisotropy material focuses interest on the chemically ordered FePt alloy, 
which exhibits – among commonly available materials - the highest magnetocrystalline 
anisotropy in its L10 phase, so large that the superparamagnetic diameter is as low as 3 
nm. FePt or CoPt nanoparticles, 5-15 nm diameter, (synthesized by wet chemistry, or 
from a UHV nanocluster source, or directly by a top-down process starting from a thin 
film ) are promising candidates since their internal crystallographic structure, magnetic 
anisotropy (MA) amplitude and orientation can be controlled via a light ion irradiation 
process. One essential goal is to obtain alignment of the MA axis in the direction 
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perpendicular to the film plane. It implies that information on the basic processes that 
determine the MA orientationmust be obtained. Furthermore, the study of the 
magnetisation reversal process in both isolated and interacting nanoparticles is necessary 
to such a project.  
 From magnetic measurements in assemblies of nanoparticles, it is generally not 
possible to access to the magnetic properties of individual (superparamagnetic) 
nanoparticles because of several interfering factors: i) the particle size (coercive field) 
distribution, the (more or less disordered) geometrical arrangement, the spread in easy 
axes orientations, and ii) the interparticle interaction strength iii) the huge magnetic field 
required. By global Kerr magnetometry, studies of the superparamagnetic high coercivity 
nanoparticle ensemble’s quasi-static (hysteresis loops, field cooled and zero field cooled 
magnetization curves) are achievable as well as dynamic properties in the 1 Hz - kHz 
range. Transmission x-ray microscopy will have a number of crucial advantages for these 
studies. It will be an invaluable tool for direct imaging of the magnetic nanoparticles, 
since the various processes involved in synthesizing the nanoparticles exclude in-situ 
systems. Nanoparticle surface passivation makes photon in-photon out techniques 
essential to studies of such systems. Studies of assemblies of nearly identical non-
interacting nanoparticles via X-ray microscopy will characterize the angular dispersion of 
the easy magnetization axis, and allow optimization of the process. Imaging at variable 
temperatures under a magnetic field will allow studies of collective magnetic interactions 
within such nanoparticle assemblies. For interacting nanoparticles, the time dependent 
relaxation of the magnetization will be strongly affected, and time-dependent studies will 
be carried out. An essential asset of X-ray microscopy will be to allow magnetization 
reversal studies at ultrahigh frequencies in isolated nanoparticles as well as in densely 
packed, self-organized nanoparticle assemblies. 
 
2. Domain imaging of bur ied magnetic layers - Unité mixte CNRS/Thalès Corbeville 

Spin filter devices are composed of a very thin insulating oxide layer sandwiched 
between two much thicker layers. Despite an extensive work on such structures, the 
behaviour of the magnetization apart and away form the insulator is still controversial. 
Neither conventional techniques nor PEEM are able to image such buried magnetic 
layers, thus TXM or STXM are one of the few techniques which will enable the imaging 
of the magnetic domains. 
 The discovery of ferromagnetism in diluted semiconductors has driven 
researchers to think about spintronics devices, based only on semiconductors. There is 
therefore a strong debate about the intrinsic origin and mechanism of ferromagnetism in 
most of the ferromagnetic semiconductors such as transition metal doped ZnO and GaN. 
One might think that an imaging technique combining a high sensitivity with a high 
spatial resolution and chemical selectivity would contribute significantly to solving this 
issue. Last but not least, the investigation of multiferroic oxides (ferroelectric and 
ferromagnetic) is becoming a hot topic as thin films are now being elaborated in several 
labs throughout the world. Not much is known about magnetic domains in these 
multiferroic films and how the magnetic state is affected by the electrical polarization. 
Therefore, in-situ magnetic domain imaging experiments on real devices submitted to 
electric fields is of high interest.  
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3. High Resolution Imaging of Magnetic Inter faces in Magnetic Tunnel Junction - 
Laboratoire de Physique des Solides (Groupe STEM) Orsay  
 The electronic structures at the interfaces between a metallic ferromagnet and an 
insulating barrier have been extensively studied by the group these last few years. Those 
investigations were performed by HR-TEM and EELS spectroscopy. With the future use 
of the super-STEM which will be operational at the beginning of 2007, in Orsay, we will 
be able to perform our experimental investigations down to a lateral resolution less than 
0.1 nm. It would be very interesting to get the imaging of the magnetic domains, 
especially near the interfaces, on the same objects, taking advantage of the high chemical 
selectivity of the absorption process. Therefore, we are extremely interested by the 
development of a TXM/STXM beam line at SOLEIL where X-ray magnetic microscopy 
could be achieved down to a spatial resolution of 20 nm. The final goal would be to 
follow in the super-STEM how the interfaces “ react”  to the injection of a current or to a 
pulse of heat and to correlate those observations with observations obtained by magnetic 
X-ray microscopy (STXM). 
   
4. Current-induced magnetization switching (CIMS) in sub-micronic systems. 
Unité mixte CNRS/Thalès Corbeville  
 Laboratoire de Physique des Matériaux de Nancy. 
Laboratoire de Physique des Solides (Groupe Optique du Solide) Orsay 

Current induced magnetization switching (CIMS) in sub-micronic nanopillars and 
stripes appears as a promising approach to tailor the magnetization state without applying 
strong external magnetic fields. The issue is here to investigate the magnetic domains 
configuration after sending current pulses through the device in connection with pump-
probe experiments to follow the magnetization dynamics. This field of research is now 
well developed by UMR CNRS/Thalès. A bulk sensitive imaging technique would allow 
this kind of investigation to be carried out in real devices i.e. sandwiched between the 
metallic contacts necessary to inject the current. As realistic devices are based on spin-
valves with at least two different magnetic layers, the chemical selectivity of the 
absorption process allows to image individually each magnetic layer.  
 In the same way, one of the scientific objectives of LPM in Nancy is to study the 
dynamic of domain wall motion in magnetic wires and constriction at the nanometer 
scale. The motion will be driven either by applying a field or using a polarised current. 
Indeed recent study showed the effects of a polarized current on magnetization reversal. 
Effects of current driven domain wall (DW) motion in submicron magnetic wires will 
then be study. Magnetisation inside the magnetic wire may be in plane but narrow DWs 
(~10 nm) may be created in films exhibiting perpendicular magnetic anisotropy (PMA) 
and strong localized pinning sites. Magnetic X-ray microscopy imaging will allow us to 
resolve current-induced DW motion between pinned sites separated by a few tenth of 
nanometer. The effect of the polarized current on the DW shape will then be investigated 
in the depinning and streaming regimes. This study will allow a better understanding of 
the processes involved in current induced DW motion, which is potentially important for 
future magnetic device applications. 
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5. Study of the magnetization dynamics of nanostructures - TEMPO Beamline, 
Synchrotron SOLEIL. 
 Picoseconds time scale and nanometer lateral resolution are the relevant scales for 
the understanding of the magnetisation reversal process in low dimensional systems as 
well as for the study of magnetic domains and domain wall propagation. The main 
interest is the description of the fundamental phenomena due to their importance in the 
technological development of magnetic components with increased recording speed.  
 In this context, a wealth of studies has been obtained by means of time resolved 
Kerr effect and spin-polarized scanning electron microscopy (SEMPA). These techniques 
have the limitation of a limited lateral resolution and the lack of chemical specificity. An 
alternative emerging approach is the use of the soft X-rays of synchrotron sources, which 
allow at the same time a lateral resolution of around 15 nm and chemical specificity, 
which are important to investigate the processes of magnetization dynamics in multi-
component materials. Using techniques like X-PEEM and STXM imaging techniques, 
snapshots of rapidly moving magnetic vortices showing peculiar magnetic structures 
appearing in micrometer-size magnetic patterns have been evidenced. 
 Contribution of constituent materials in alloy and/or interface system can be 
evaluated in a very effective way using element specific XMCD experiments. 
Furthermore, the investigation of interactions among nano-objects as a function of the 
assembly parameters like geometry or distance is a new field to be developed. This will 
be of crucial importance in the development of technological applications. 
 The research activity developed in this domain on the experimental stations of the 
TEMPO beamline with photoelectron detection, will find complementary applications 
and higher spatial resolution with the dedicated TXM and STXM photon-in/photon-out 
techniques available on the microscopy beamline. 
 
6. Magnetic configuration in exchange coupled bilayer  systems. 
Laboratoire de Physique des Matériaux de Nancy.  
Laboratoire de Physique des Solides (Groupe Optique du Solide) Orsay. 
 Laboratoire Louis Néel Grenoble. 

Up to now, space and time resolved microscopy studies have been limited to slow 
time scales. Although spatially/depth resolved information is required in order to fully 
understand high speed reversal and dynamics in interacting magnetic structures, their 
magnetization reversal (MR) dynamics have been only recently investigated by methods 
that average over the entire sample. Even in the simple bilayer constituted of two 
magnetic layers coupled through a non magnetic layer, insulator or not, as mentioned in 
former paragraphs, measurements must be carried out to detect simultaneously, in real 
time, the respective role of coherent rotation, and nucleation and domain wall 
propagation in both layers. Specially, the ultrafast precessional dynamics, including local 
damping for exchange coupled layers, is a new area with potential for extensive 
development in the future. Eventually, dynamics in isolated or coupled nanostructures 
assembled in arrays could also be examined (see above) 
 "Conventional" antiferromagnetic/ ferromagnetic bilayers used for spin electronic 
are being studied as well as more exotic system for which the nature of the layers 
(ferromagnetic, ferrimagnetic, antiferromagnetic, hard, soft) and their structure 
(crystalline, amorphous, polycrystalline) have been changed. The main concern in the 
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understanding of the phenomena in exchange coupled system is the knowledge of the 
structure, the magnetism and its dynamic at the interface between the layers. The X-ray 
microscopy is a unique tool for such studies since it is an element specific technique, with 
a spatial resolution for which temperature and field may be varied. This will allow the 
study of the dynamic of interfacial magnetic configuration as well as lateral domain 
formation. Such studies will be really complementary to those performed (for instance in 
Orsay) by using high spatial resolution and time resolved magneto-optical Kerr MOKE 
microscopy. 
 
7. STXM study of biogenic and geological magnetites – IMPMC, IPGP 
 In bio geosciences, intracellular chains of magnetite can form an assembly of 
magnets that allows magnetotactic bacteria to orient in Earth’s global magnetic field and 
search for microaerophillic environments more efficiently. In paleomagnetism (i.e. the 
study of the remanent magnetization of rocks), biogenic magnetites also contribute 
significantly to the natural remanent magnetization of sediments (Stolz et al., 1986). 
These biogenic magnetites can either be intracellular (i.e. synthesized inside the bacteria) 
or extracellular as a byproduct of their biological activity. Furthermore, extraterrestrial 
magnetite in the Martian meteorite ALH84001, which resembles biogenic magnetite 
formed on Earth, has been used as evidence suggesting past biological activity on Mars 
(McKay et al., 1996). Magnetic properties of both biotic or abiotic magnetite 
nanocrystals are very dependent on their shape, size and stoichiometry. Most of the 
intracellular nanomagnetites are supposed to be designed in order to increase the 
magnetic anisotropy of each individual nanocrystal so that the magnetic moment of the 
magnetite chain would be maximal: individual magnetite crystals are generally elongated 
in the easy magnetization direction so that shape anisotropy pushes the single domain 
size above 100 nm. Since the magnetic anisotropy of magnetite is partially governed by 
the magnetocrystalline anisotropy of ferrous iron in octahedral sites, one can expect that 
the Fe2+ concentration is also maximized in intracellular biotic crystals. 
 The basic idea of this STXM project would be to perform spectroscopic 
measurements at the scale of one individual magnetosome. Following previous 
macroscopic XMCD works by IMPMC group on synthetic nanospinels (Ammar et al. 
2004; Hochepied et al., 2001; Faivre et al., 2004; Brice-Profeta et al. 2005), one expects 
to measure the occupation of the various iron sites (tetrahedral versus octahedral sites) for 
the two iron valence states (Fe3+ and Fe2+) in order to find a new criterion of biogenicity. 
The XMCD measurement of individual nano-magnetites would directly lead to the 
determination of the various magnetic anisotropies for each individual single crystal by 
coupling the various dichroism: linear natural dichroism, linear magnetic dichroism and 
circular magnetic dichroisme since one then would be dealing with magnetic single 
crystals. 
 Beyond the paleomagnetism, granular systems are of high interest for their 
technological application since they are a direct extension of the studies performed on 
multilayers. However up to now, the superparamagnetism character is a technological 
obstacle for future applications in high density magnetic storage at room temperature, it is 
interesting to study pure or alloyed nanoparticles prepared by different ways (chemical, 
thin films lithography, clusters deposition) in view to repel this limit (vii Sellmer et al., 
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1999) but also, from a fundamental point of view (Dormann et al., 1997), to describe the 
magnetic behavior of single molecules (Jamet, et al., 2000). 
  
Nanomaterials  

We stress the complementarity of X-Ray and Electron spectromicroscopies, 
which enables the study of new inorganic fullerenes-like materials at different scales 
(from a single defect using an Angström-sized electron probe to a supramolecular 
assemblage using X-ray resolution of tens of nanometers) and in different environments 
(e.g. UHV, wet, after matrix integration). This multi-dimensional and multi-
environmental approach is key to understanding and optimizing nanomaterials properties. 
In the present context of the rapidly developing field of nanosciences, such a STXM 
facility at Soleil will benefit the whole French nanoscience community. 

Nanomaterials such as nanotubes, nanorods, nanospheres have motivated an ever 
growing interest due to their intriguing properties and their promising applications. Two 
major reasons are involved in these particular properties. The first one is due to 
topological or size confinement effects (e.g. optical properties of semiconductor 
nanoparticles can be tuned, conducting or insulating behaviour of carbon nanotube can be 
obtained). The second one arises from the extreme surface to volume ratio associated 
with nanometrical structured materials resulting in efficient catalytic or photocatalytic 
properties like the well known nano-anatase based technology, which gives a striking 
example. 

Chemists have begun growing inorganic nanorods, nanotubes, nanowires and 
fullerene-like materials with potentially unique property sets - including ZnO nanowires, 
Fe2O3 nanorods, WS2 and MoS2-xIx nanotubes and TiO2 nano "scrolls" (see Fig. 5).  
These structures are fundamentally different from their carbon counterparts.  Although 
they are often tubular too, they can be formed through precipitation or delamination of 
planes from crystalline nanoparticles along low energy crystal facets, the resulting 
surfaces being stabilised through hydrolysis, chemical functionalisation or 
reconstruction.  

The conventional structural and electronic properties of inorganic materials may 
be substantially altered at the nanoscale: for example, recent theoretical work by Seifert 
et al suggests that the electronic band gap of various inorganic sulphides should decrease 
when they are distorted into tubular forms (G. Seifert et al, 2000; Ivanovskaya & Seifert, 
2004). Since these materials are conventionally wide band gap semiconductors, this form 
of band gap engineering is of great potential interest to the electronics industry. One of 
the primary applications of oxide nanostructures is in photocatalysis, since this is an 
oxide surface effect and thus there is demand to develop high surface area oxides. Others 
promising applications for inorganic fullerene like materials such as tungsten or 
molybdenum sulphide nanoparticles is the improvement of tribological performance of 
coating materials. 
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Figure 5: (From A. Gloter) Titanium oxide nano-scrolls and the corresponding O 1s EELS excitation 
measured at the scale of an individual object. Titanium oxides have strong photo-catalytic properties which 
may be enhanced at the nanoscale.  
 

Study of such nanomaterials in a soft X-ray microscopy might first appears as 
counterintuitive since most of the important issues of the nanomaterials and 
nanotechnology are taking place at nanometer scale still located below the actual 
resolution of the X-ray microscopy. But they are, in fact, extremely timely and 
promising, thanks to the possible combination of spectroscopic techniques (TEM, EELS, 
EDXS, STXM, TXM) where the X-ray microscopy will play a crucial role.  
 
(i) Integration of nanoparticles into supporting matrix technology. 
 

The Electron Microscopy group of the Laboratoire de Physique des Solides 
d’Orsay (CNRS UMR 8502) has a long experience of the scanning transmission electron 
microscopy and the electron energy loss spectroscopy. A new instrument, the SUPER-
STEM microscope will be operational by late 2006 with resolution focus of 0.1 nm, 0.1 
eV in an UHV/in-situ (e.g. cryo, piezzo, STM coupling) environment. This equipment 
will be used to study new BCN and inorganic fullerene like materials, mostly as 
supported object onto a TEM carbon grid. 

For nanoparticles to serve in realistic application environments, supporting matrix 
technology has to be employed. Such matrix may be carbon nanohorns, BCN nanotubes, 
supporting polymers sphere, meso-porous crystal…, all of them being 10 to few 100 nm 
in size, furthermore integrated in larger scale equipment. In this scope, STXM approach 
is a perfect tool to analyse individual or sparse collection of nanomaterials in its 
functionalisation site with the complex matrix.  

Tribology improvement also requires a local analyse of composite materials made 
up of nanoparticles and coating materials, such as painting or lubricants: STXM can be 
use to analyse the defects and to monitor the chemical bonding distribution or its 
evolution in the indented region where the composite may be altered.  
 
 (ii) High sensitivity of the TXM-STXM technique 

Compared to its electron counterpart (i.e. STEM-EELS), the TXM-STXM 
techniques offer advantageous spectroscopic aspects in terms of energy resolution, degree 
of polarisation and sensitivity to diluted elements. After nanomaterials integration, high 
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sensitivity is required due to the complex surrounding supporting matrix. Higher energy 
resolution, down to several tens of meV, is also of particular interest to study the 
electronic structure of the transition metal based nano-particles where natural broadening 
of the excitations are low. This could also be an opportunity to evaluate the 
functionnalization of nanomaterials with grafted molecules. One example can be the 
grafting of drug molecules into or onto single carbon sheet flowers (i.e. carbon nanohorn) 
or single wall nanotubes, where the nature of the encapsulated molecules may be altered. 
High energy and high polarisation resolution may also reveal the grafting geometry of the 
molecule with respect to its matrix.  
 
(iii) Environment controlled experiments 
 Unlike carbon nanotubes, which require high temperature growth conditions, 
most of the inorganic fullerene like materials may be produced at low temperatures. As a 
result, some of them are sensitive to high energy particles or to high vacuum. 
Furthermore, they may be integrated in organic matrix. The controlled environment of the 
TXM/STXM experiments is then essential to analyse the electronic and structural 
properties of inorganic nanomaterials.  

 
B. Soft condensed Matter  and related mater ials 
 
 This text presents the different fields connected to soft condensed matter that 
could be strongly influenced by the development of a Soft X-ray microscopy beamline at 
Soleil. The major issue in the field of soft condensed matter is the dynamics of objects 
that are usually very small and hence very mobile. Current successful studies address 
systems where weakly mobile micrometer-sized objects have characteristic distances in 
the nanometer size (see section 1). In addition to frozen samples, scientists also expect to 
run measurements on non-frozen samples that evolve either kinetically or under the 
action of an external parameter like in situ replacement of the solvent in the sample. An 
important aspect will be the possibility to follow the temporal evolution of structures and 
thus to reduce the time acquisition of an image by full field imaging for example (<1s). 
There is finally a strong demand for tomography on quite large objects (see below) that 
can possibly be immobilized by freezing. 
 In every case, the control of the sample environment is a key parameter. It may be 
possible to follow the technical scheme which has been adopted by the community of the 
Surface Force Apparatus since 30 years and upgraded in the Institut Charles Sadron 
(CNRS, Strasbourg), where a set-up has been built to couple the direct measure of two 
very close macroscopic surfaces with the structure of the sample inside the gap 
(SAXS/WAXS). In this new set-up, the distance between two crossed cylinders 
presenting both a drilled hole in the interaction region on which very thin windows (2-3 
microns at the moment) are glued, can be controlled by piezos in the range 0-a few 
microns with a nanometer resolution. An X-ray beam of 1 keV can be easily focused on 
the area in between the crossed cylinders to acquire the structure parallel to the force. A 
modified version of this set-up with X-ray transparent windows of a few hundreds of nm 
in thickness, will allow the focalisation of soft X-ray on a variable sample volume in 
which the liquid environment would be controlled easily by injection through external 
tubing.  
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1. Catanionic aggregates, polymer capsules, and water  soluble polymers - CEA 
Saclay 

Anionic and cationic surfactants are known to self-assemble in solution to yield a 
new kind of objects named « catanionics ». Some of them present an exceptional 
morphology: for example, the association of a fatty acid (myristic acid) and a quaternary 
ammonium (hydroxide of cetyltrimethylammonium) with a long fatty chain yields 
faceted vesicles with an icosahedral shape and a micrometric size. The walls of the 
vesicles are made of a bilayer with a thickness of 45 Å presenting a homogeneous mixing 
of the two surfactants. Smart techniques of microscopy (cryofracture + TEM and 
confocal) have demonstrated that the corners of the icosahedra are bearing pores of 40 
nm in diameter. These pores are constituted of the excess of myristic acid which is 
excluded from the bilayer through a 2 dimensional segregation process.  

First experiments at the ALS in Berkeley (M. Dubois et al., 2004) have shown 
that the soft X-ray microscopy in a 5 mm thick capillary is a perfectly suited tool to 
observe these objects. The size range of the icosahedra and of many other colloids is 
adapted to the resolution (20 nm) of the instrument. The in situ measure offered by soft 
X-ray microscopy is a strong advantage as compared to other microscopic techniques, 
which require preparation potentially corrupting the structure of these very sensible 
systems. Finally, due to a strong natural contrast, a large variety of details can be 
observed such as: facets, pores, nucleation of inorganic parts. Recently, using the same 
technique, Dejugnat et al. (submitted) have performed the first quantitative measure of 
the water content in complex mixtures of anionic and cationic polymers with a spatial 
resolution of 20 nm. 

We also study the distribution of ions in large structures like stars loaded with 
polyelectrolytes that we can store or adsorb on surfaces. X-ray microscopy at the edges of 
elements composing the counter ions should provide essential information on the spatial 
distribution of these ions. 
 

2. Biomineralisation &  environmental and health impact of nanoparticles - CEA 
Saclay, CEREGE (Aix en Pce). 

Several of our projects indeed require to work in an aqueous environment on quite 
large samples (between 50 nm and few micrometers) that we want to characterize 
structurally. This requirement concerns, for example, mineralized structures at an 
interface, like calcium carbonates precipitated on an organic monolayer-which thickness 
can be controlled by varying the nature and quantity of organic molecules that are 
involved. X-ray microscopy would allow to locate organic zones by working at the C K-
edge and determining the local environment of those molecules by XANES. Ca L2,3 
edges should bring an essential distinction between the diverse polymorphs that 
precipitate. Moreover, it would be very interesting to follow the dynamics of mineral 
precipitation, which would necessitate sample conditioning allowing a quick transfer of 
the reactants in situ. 
Another field of interest involving similar methodological issues concerns the study of 
the impact of nanoparticles (NPs) on health and the environment. The fast development 
of nanotechnologies leads to concerns on their potential impact on health and 
environment. The spatial distribution of NPs after their incubation with bacteria or human 
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cells in controlled conditions could be an essential tool for understanding the mechanisms 
of their mutual interactions. The samples can be frozen after different durations of 
incubation. Spectroscopic studies by STXM would be precious, as they would bring 
information on the nature of the biological organic functional groups involved in the 
interaction with NPs. Moreover, the endocytosis should be well evaluated through these 
techniques. Among possible toxic NPs, fullerenes are of prime interest. STXM at the C K 
edge on the association of those NPs with cells could lead to better understand the 
evolution of the hydrophobic surface in contact with biological media. 

 
3. Soft Inter face imaging at micrometer  and submicrometer  length scales - Physico-
chimie des surfaces fonctionnelles, Institut des NanoSciences de Paris, (INSP, Paris). 
 Soft Interfaces are systems were the involved interactions are of the order of kT 
leading to fluctuating systems, where any small change in the thermodynamical 
parameters leads to drastic changes in the properties. These properties lead to numerous 
systems where e.g. morphological, rheological, mechanical, chemical properties can be 
easily tuned. These systems are of different kind: e.g. Langmuir monolayers 
(monomolecular organic layer at the air/water interface), self-assembled systems, 
(Langmuir Blodgett, chemisorbed organic films…), micelles, liquid – solid interfaces, 
polymer films, liquid crystal. They have many applications ranging from nano-science 
like small, self-assembled objects or templates, to biological models to explore 
interactions between biological molecules and membranes. In this framework, we are 
developing an original method to produce metallic nano-objects such as nano-shells, 
nano-tubes, nano-films etc … We combine the self-assembling properties of amphiphilic 
molecules in aqueous solutions to the radiolysis synthesis which allows to create metallic 
clusters by irradiation (x, g, e-) of ions aqueous solution. The self-assembled organic 
structure acts as a “mold”  (or template), adsorbing metallic ions onto its surface which 
initiate the clusters formations. One then obtains a metallic layer covering the organic 
structure, whose thickness is controlled by the ions concentration and the irradiation dose. 
Considering the various morphologies of self-assembled structures, associated to 
numerous inorganic elements that can be used, such a method presents a strong potential 
for producing controlled nano-objects of different shape and size. We demonstrate the 
validity of this concept by forming metallic nanofilms (4.5 nm in thickness) anchored 
below a Langmuir monolayer (Muller et al., 2004) using the synchrotron beam as an 
irradiation source, and silver nano-shells by using micelles as templates and using g and 
x-rays for the irradiation (Remita et al., 2005). However, there is presently no experiment 
allowing to observe directly the formation of such nano-objects. 

 Indeed, the fluctuating nature and the weakness of the interaction involved make 
these systems hard to observe by classical microscopy. Atomic Force Microscopy (AFM) 
needs a solid support and the use of the tapping mode, which leads to difficulties in the 
interpretation of images. Transmission Electron Microscopy (TEM) needs a transfer 
under vacuum, which may damage the sample. TEM is also a destructive technique for 
most organic samples. Moreover, the need of “dry”  sample could induce a modification 
of the self-assembled structure (determined at least by the solution concentration) and 
also the coalescence of the nano-objects. Only optical microscopes can be used but give 
low-resolution images (>1µm). 
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 Besides the spectroscopic and x-ray or neutron scattering methods, this research 
field will greatly benefit of the use of an in-situ and non-destructive microscopy 
technique, with submicrometer resolution and operating in a “soft”  environment as liquid, 
ambient temperature and/or atmospheric pressure. X-ray microscopy is an excellent 
candidate to provide such a performing tool to the soft interface community. Moreover 
this technique may be chemically sensitive by using absorption edges. As an example, we 
succeed in building ultrathin metallic alloy layers below Langmuir monolayers. Although 
we know that both species are present in the layer by using x-ray fluorescence, the 
mixing status of the two species is still unknown (ideal, partial mixture, segregation…). 
A chemically-sensitive microscopy technique could be a complementary tool to explore 
such systems. In this perspective, since most soft systems involve water and carbon, the 
access to soft energy (“water window”, and carbon absorption edge) is an important issue 
that should be taken into consideration. 
 
4. Other  mater ials - CEA Saclay 

There is also a non exhaustive list of nanostructured complex materials that are 
subjected to the same physical laws as soft condensed matter and that will likely benefit 
from observations at the 25 nanometer-scale with a sharp contrast between C and O.  We 
can cite among them:  
-Polymeric fuel cell membranes for which the local structure and the relative distribution 
of water and the polymer are not well known. 
-mesoporous inorganic materials which are templated by organics moities such as 
surfactants or latex during their elaboration stage. The exact role of the organic moities is 
not well understood and in this case again, a tracking of the spatial repartition of the 
carboneous phase and of the inorganics one (either SiO2 or TiO2) during the precipitation 
would benefit a lot to the field.   
-finally, the evolution of the water repartition in the hydraulic cements remains a major 
fundamental problem determining the performances of these materials, which are 
abundantly used.  
 
5. Aggregation processes - Lem, Nancy, Polytechnique Palaiseau, LPS Orsay, CEREGE 
(Aix en Pce). 

Aggregation phenomena are of prime importance for many environmentally-
related issues. First of all, aggregation-desaggregation processes of natural colloids 
control to a large extent the fate and transport of pollutants. Second, aggregation 
processes are widely used in water treatments, where they represent a crucial step of the 
complete treatment. In both cases, understanding the way in which colloid aggregates are 
formed and the mutual relationships between the various components in the flocs can 
give access to significant information about interparticle forces, related aggregation 
mechanisms, and is useful to investigate the hydrodynamics within the porosity. In that 
case, soft X-ray microscopy represents a perfect complement to scattering techniques 
(Pranzas et al., 2003) as it can provide direct visualization of the aggregates (either 
organic or inorganic) in the solvent. For such studies, the possibility of carrying out 
tomographic reconstructions (Knochel et al., 2003) also clearly represents a major 
advantage of soft X-ray techniques. These techniques should also be very useful in the 
studies of biofilm formation, which process is not very different from aggregate 
formation in water. 
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6. Polymer blends compatibilization – contribution O. Dhez 
 A big challenge is to generate films of polymers mixtures with the suitable aspect 
and surface properties, because of the tendency for polymer to phase separate. Finding a 
way to “compatibilize”  polymer blends is a very important problem in many industrial 
applications. Several methods for compatibilizing polymers mixtures such as addition of 
copolymers, cross linking agents, or the introduction of specific interaction (i.e. hydrogen 
bonding) have been studied (Dadmum, 1996; Sperling, 1997; Di Lorenzo and Frigione, 
1997). Copolymers additions are widely used in several industries such as tires, 
construction materials and airplanes. The amount of copolymer used is typically in the 
range of 5 to 30% (by volume). We have investigated the possibility of using some 
functionalized clay as compatibilizer for binary or ternary polymer blends (Zhang et al., 
in prep; Yurekli et al., 2003). Figure 6 and 7 shows some results with polystyrene - poly 
methyl methacrylate (PS-PMMA) and polystyrene - poly methyl methacrylate - poly 
ethylene propylene (PS-PMMA-PEP) systems. 
 The use of functionalized WS2 nanotubes as compatibilizers has been also studied 
(Zhang et al., 2003) in collaboration with the group of M. Rafailovich from the Stony 
Book University. Organic-inorganic nano-composites are a very promising class of 
materials under active investigation. In these materials one can, through nanoscale 
engineering, combine the flexibility of polymers with beneficial properties of the 
inorganic component and thus produce a new class of lightweight materials. The physical 
mechanism still remains to be understood for the clay compatibilizer and tests with other 
polymer systems should be investigated. The X-ray microscope has ability to image 
directly the different components using the natural NEXAFS contrast. The IR microscope 
due to his high chemical sensitivity will give access to spatial localization of the additive 
and determine the additive polymer interaction. 

 
Figure 6 (From Zhang et al., 2003): PMMA K edge absorption images. Evolution with annealing time of 
PS-PMMA system with and without clay. 
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Figure 7 (From Zhang et al., 2003): PS, PMMA and PEP K edge absorption images. Evolution with 
annealing time of PS-PMMA system with and without clay. 
 
7. Confined polymer films- contribution O. Dhez 
 A more fundamental problem is to study the effect of the confinement on polymer 
films. The confinement of polymer molecules on length scales comparable to the size of 
the molecules can affect their physical properties such as chain conformation and 
mobility. Most of the studies have been performed on films supported on substrates 
(Lambooy et al., 1996). The presence of the substrate introduces an additional 
complication because of the physical and chemical interactions between polymer and 
substrate that can modify the films properties. To eliminate this influence of physical and 
chemical interaction the underlying substrate can be removed to create unsupported or 
free standing films. The free standing film geometry is appealing for studies of the 
influence of confinement on the dynamics of polymer molecules because it provides a 
simplified sample geometry corresponding to one-dimensional confinement which is 
symmetric about the mid-plane of the film. Some preliminary results on freely standing 
trilayer films of PMMA-PI-PMMA (PI: polytisoprene) system were obtained.  
Figure 8 shows component thickness map calculated using the singular value 
decomposition method (SVD) from X-ray microscopy absorption images and allow a 
clear and quantitative identification of the phase distribution in the thin film. They give 
directly the film thickness variations as shows on figure 8(c). 
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Figure 8 (Courtesy of O. Dhez): Component thickness map. (a) PMMA map. (b) PI map. (c) Profile along 
the black line on figure (b). 
 
The use of an X-ray microscope is the only technique that gives access to information 
from each layer of the sample. Also other microscopy technique, like atomic force 
microscope (AFM), are not usable because the film is not supported, so new method like 
DIC (see below) will give access to the film topology. The IR microscopy could be a 
technique to observe the inter-penetrability of the layers (Nishioka et al., 1992). 
 
C. Ear th and environmental science 
 
 Earth and environmental scientists deal with a large diversity of samples. Many of 
those samples, however, share at least one common feature: a high structural, redox or 
functional heterogeneity at the submicrometer scale. Some of them are moreover 
sensitive to dehydration, particularly those formed under low temperature conditions 
(clays, mineral surfaces, biominerals, soils, etc). Hence both TXM and STXM brings a 
dramatic advance by providing high spatial resolution imaging combined with high 
spectral resolution NEXAFS and enabling speciation-sensitive mapping of the major 
elements involved in earth science processes like C, N, O, Ca, As, Al and all the 
transition elements in “environmental conditions” . Finally, it offers unique 3D-imaging 
capabilities on hydrated samples that will be of great importance in environmental 
science. Although several studies have already shown the great perspectives opened by 
soft X-ray microscopy (e.g. Flynn et al., 2003, Brandes et al., 2004; Cody et al., 1996; 
Boyce et al., 2002; Yoon et al., 2004), this technique is still in its infancy for Earth 
Science. We detail in the following paragraphs few of the many research topics of 
interest to the French geoscience community that would greatly benefit from the unique 
capabilities of soft X-ray microscopy. 
 
1. Geobiology: Search for  traces of life in ancient and extrater restr ial rocks - ENS 
Lyon, CNRS Orleans, ENSCP, IPGP.  
 There is a fundamental and increasing interest in studying the history of life on 
the early Earth, and the search for life on other planets, such as Mars. Ancient (3.3 to 3.8 
Ga) sediments are already available, and suitably selected samples might be one day 
returned from Mars. These studies however face a major challenge, which is the 
unambiguous identification of very ancient traces of life. New questions are being raised: 
(i) What characteristics of life (structural and biogeochemical) also are produced by 
abiogenic processes and, consequently, how can we distinguish between signatures of 
past life and signatures of nonlife? (ii) What is the nature of the earliest preserved 
microorganisms, and (iii) what environments did they inhabit? Currently available 
techniques are not sophisticated enough to provide unambiguous evidences. Thus, 
developing instrumentation capable of in situ analyses on a submicrometer scale of the 
concentration and distribution of carbonaceous and noncarbonaceous chemical 



 23 

biomarkers will be crucial for resolving questions about biogenicity and the nature of 
early life. Soft X-ray microscopy seems like an ideal tool to meet these requirements. 
First tests on characterizing carbon in ancient sediments by STXM are very promising 
(De Gregorio et al., 2005) and push to a more extensive use of this technique for the 
characterization of old and extraterrestrial rocks. 
 
2. Biogeochemistry: Interactions between microbes and minerals –  
IMPMC-Université Paris VI, Université Lyon 1, ENS Lyon, IPGP, Université Rennes 1, 
ENSG Nancy, Faculté des Sciences et Techniques Nancy, Ecole Polytechnique Palaiseau, 
ESPCI, CEREGE Aix-en-Provence, LMTG Toulouse. 
 Interactions between microbes and minerals consist in precipitation 
(biomineralization) or bioweathering reactions. Many systems illustrate those reactions 
like magnetite-forming bacteria, microbial basalt weathering, etc... Both 
biomineralization and bioweathering have a huge importance for environmental 
processes by trapping (during biomineralization) or releasing (by weathering) pollutant 
heavy metals. In many ecosystems, microbiological activity is related to a large extent to 
the presence on various surfaces of biofilms and/or bacterial aggregates. The thus formed 
structures are very stable and play a significant role in the transport and ecodynamics of 
various pollutants. They also impact global scale geochemical cycles at Earth surface 
(e.g. C cycle, Fe redox cycle). Those reactions occur at the submicrometer scale and 
microorganisms are believed to create microenvironments leading to reaction products 
not predictable from equilibrium thermodynamics and to unique biominerals. 
Unambiguous evidence for such environments is, however, rare, partly because 
characterization of both the organic and mineral components is usually difficult at the 
appropriate spatial resolution. STXM will allow unique characterization of biomolecules 
involved in biogeochemical reactions by combining imaging at the 30 nm scale and high 
spectral resolution near-edge x-ray absorption fine structure (NEXAFS) spectroscopy at 
the C, N and O K-edges. Correlation of this information with speciation-informative 
maps (e.g. coordination and/or redox) of the various elements contained by the minerals 
(e.g. Ca, Fe, Al, Mn) will likely bring a major advance in the understanding of mineral-
biota interaction at the submicrometer scale (e.g. Benzerara et al., 2005, see Fig. 9). In 
addition, by combining X-ray tomography with confocal microscopy and Resonance 
Magnetic Imaging a multi-scale 3D imaging of complex biofilms structures can be 
obtained, thus providing a first crucial step in modeling transport phenomena. 
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Figure 9 (a) TEM image of the cross-section showing a microorganism (arrow) besides  a calcite crystal 
cluster (Cc), and lying on pyroxene (Opx). (b) Equivalent STXM image at 707.8 eV. (c) Iron L3-edge 
NEXAFS spectra from the pyroxene (area 1), the calcite cluster (area 2), the microorganism (area 3), and 
reference hematite, representing the Fe3+ endmember. Dashed lines represent the positions of Fe L3 maxima 
for Fe2+ and Fe3+ at 707.8 and 709.5 eV, respectively. STXM evidences variable iron valence in and around 
the microorganism that possibly result from its metabolic activity. 
 
3. Cosmochemistry: Nanoscale character ization of minerals and organics in 
meteor ites, pre-solar  and cosmic dust, mar tian samples. Observatoire des Sciences de 
l Univers de Grenoble, CRPG Nancy, LISA, Paris 7 & 12, IN2P3-Université Orsay, 
Muséum Histoire Naturelle, ENS Lyon. 

Recent developments in exobiology involve the input of extraterrestrial 
carbonaceous matter for the apparition of life on Earth (and Mars). Micrometeorites 
(MMs) are cosmic dust particles with diameters around 200 µm that represent the 
dominant flux of extraterrestrial matter accreted on Earth today (Love and Brownlee 
1993). They are related to the C2 carbonaceous chondrites and are fairly well transmitted 
during atmospheric entry, a good proportion of them reaching the ground without being 
melted. MMs contain carbonaceous components which are still a matter of debate in 
terms of their nature and abundance (e.g. Maurette, 2000; Matrajt, 2003). In this context, 
the contribution of MMs to the origin of life may have been of major importance, 
particularly for the delivery to the early Earth of biogenic elements such as carbon and 
nitrogen, and their organic counterparts. 

Micrometeorites are complex assemblages of minerals and carbonaceous matter at 
the submicrometer scale. Such a structure is crucial for prebiotic chemistry, as minerals 
can act as catalysts for chemical reactions forming organic compounds which could lead 
to the first living forms. The use of the STXM in combination with TEM studies would 
be of great importance for exobiology for a better understanding of the complex structure 
of micrometeorites for light elements like C and N.  

Macromolecular organic matter in pristine chondrites and cometary grains has 
probably an interstellar origin. Especially in cometary grains, the structure and chemical 
composition of this material is poorly known. In particular, the chemical compounds 
bearing the strongest D and 15N enrichment are not yet identified. STXM will provide 
high quality chemical images, and by comparison with other chemical and isotopic maps 
obtained for a same sample by other techniques, it will help to connect D and 15N 
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enrichments with identified organic compounds. The STXM technique will be 
particularly precious for studying cometary grains from the STARDUST mission. 

The dense atmosphere of Titan, mostly composed of N2 with a few percent of 
methane, is the place of an intense chemistry where different kind of aerosols forms from 
radiolysis and/or photochemical reactions with solar photons and energetic particules 
incoming from Saturne’s magnetosphere. These aerosols are expected to sediment onto 
the surface and to form a more or less thick covering, possibly transported through 
hydrocarbon-rich fluids, as revealed by the HUYGENS probe in january 2005. The 
analysis of astronomical observations of the surface and atmosphere (e.g. spectral data 
from the DISR and VIMS spectro-imagers) calls for analogue materials formed in 
laboratory, called Titan©s Tholins (e.g. Coll et al. 1999). Tholins are hydrogenated carbon 
nitrides with complex composition and structure, which are not fully elucidated (Imanaka 
et al. 2004).  Among the techniques currently used, STXM provides the local C and N 
speciation and complementary data on the sp2 structure, which mostly controls optical 
properties in the UV-visible. Note that other groups of N-rich solids as the so-called 
"HCN polymer", suspected to be present on comets, can be characterized with same 
analytical procedure. 

Finally, another important application of STXM concerns the study of carbon and 
mineral phases formed during shock metamorphism, connecting this paragraph to the 
following one. Both natural and experimental samples are available. The possibility to 
characterize Fe redox and C speciation at the sub-50 nm scale would highly benefit to 
this field by bringing additional constraints on phase transformations at a given 
temperature and pressure, allowing to understand the metamorphic history of meteorites. 
 
4. Deep-Earth Geophysics: Redox state and chemical mapping in high pressure 
minerals – IMPMC-Université Paris 6, ENS Lyon. 

Many physical and chemical properties, mainly transport properties, of the 
mineral assemblages in the lower mantle are strongly influenced by their iron content. 
These properties give rise to important dynamical effects, such as convection and 
layering, in the mantle. (Mg,Fe)SiO3 perovskite and (Mg,Fe)O ferropericlase, the two 
major phases of the lower mantle, can undergo large variations in properties, due to 
changes in the state of iron (concentration, redox state, spin state). More specifically, the 
influence of iron on these properties depends both on the Fe2+/Fe3+ ratio and on the 
distribution of the various cations, especially ferric iron, over the different 
crystallographic sites. To date, there has been no experimental investigation of the 
distribution of Fe3+ in high pressure mineralogical assemblages, certainly because of 
technical issues. Considering the required spatial and spectral resolutions, STXM is likely 
the appropriate technique for providing a significant progress in the understanding of 
Fe2+/ Fe3+ partitioning in lower mantle phases. This can be achieved by obtaining the 
Fe2+/ Fe3+ ratio, its spatial heterogeneity and the crystallographic distribution of Fe3+ at 
the submicrometer scale in the mineral assemblages synthesized in the laser-heated 
diamond-anvil cell in the pressure and temperature conditions of the lower mantle. In 
particular, we believe that the combination of STXM with TEM will likely offer a unique 
insight on the lower mantle chemistry of iron. 
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5. Paleoclimatology - Muséum Histoire Naturelle, Université Orsay. 
Shallow water corals are prime objects for paleoclimatology studies. Their 

calcium carbonate skeletons record information about past environmental variations 
because geochemical variables like the trace element and oxygen isotopic composition 
are observed to change in response to seasonal changes in their local environment. The 
assumption is often made that these variables are controlled exclusively by a 
thermodynamic equilibrium between the coral calcium carbonate skeletons and the 
seawater in which the corals live. On this basis, long records, sometimes more than 300 
years, of sea surface temperature variations have been constructed from equatorial and 
subtropical shallow-water corals, and helps to better understand the evolution of global 
climatic phenomena such as the El Nino Southern Oscillation and possible anthropogenic 
changes in the average temperature of the tropical and sub-tropical oceans. Hence, corals 
play a role in efforts to decipher past changes in the climate with a view towards enabling 
better prediction of the future. However, at the same time, it has become clear that 
biological processes strongly affect the geochemistry of biomineralized marine 
carbonates. Unless we radically improve our understanding of these biological processes, 
the paleoclimatic records derived from biomineralized marine carbonates will continue to 
be surrounded by controversy and doubt. To this purpose, we need to understand 
biomineralized structures at the cellular scale, before we can reliably use these structures 
to draw conclusions about environmental changes on the global scale. Only nanoscale 
analytical techniques, such as STXM, will allow us to reach this important goal. A 
STXM facility at Soleil in combination with existing nanoscale analytical facilities, such 
as TEM and the NanoSIMS, would give the French Earth sciences community a unique 
analytical fire power and push France to the absolute forefront of Environmental 
research. 
 
6. Global geochemistry: carbon, nitrogen and metal cycles in soils and r ivers - IPGP, 
IRD, IMPMC-Université Paris 6, ENSCP, INRA Versailles, CEREGE Aix 
 Assessment of major and trace elements dispersion and exposure in nature is 
exceedingly difficult: while processes can be studied in a laboratory, their impact in 
varying environmental conditions (climatic or land use) is very uncertain. The re-
distribution of the elements between the organic matter in soils and sediments and the 
dissolved organic matter (DOM) is controlled by the prevailing water chemistry and the 
resulting surface properties. Despite numerous studies on SOM and DOM trace elements 
interactions, the occurrence and the relative importance of the different mechanisms (i.e. 
physical, chemical, and biochemical) of interactions under natural conditions are not fully 
understood. Modelling of the interactions of metals and protons with isolated natural 
organic matter (humic substances) has advanced considerably in recent years, and 
excellent simulations of laboratory data have been achieved (see e.g. Tipping, 1998; 
Kinniburgh et al., 1999). But still, more information about the fundamentals of the 
interactions continues to be required. STXM will allow unique characterization of 
biomolecules involved in biogeochemical reactions by combining imaging at the 30 nm 
scale and high spectral resolution near-edge x-ray absorption fine structure (NEXAFS) 
spectroscopy at the C, N and O K-edges (e.g. Myneni et al., 1999). Correlation of this 
information with speciation-informative maps (e.g. coordination and/or redox using L2,3 
edges for transition metals) of the various elements contained in the organic colloids will 
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likely bring a major advance in the understanding of organic matter metal interaction at 
the submicrometer scale. A similar interest concerns the study of the interactions between 
clays (in particular phases like imogolite and allophone, e.g. Basi l e-Doel sch et al., 
2005) and organics in soils, which likely control many geochemical processes and could 
be investigated in ideal conditions using STXM using both the AL K edge and C K edge. 
 
7. High-resolution metamorphic petrology - ENS Paris, CRMCN Marseille 
 Quantification of the chemical composition and crystallographic structure of 
minerals is critical to decipher the burial and exhumation history of crustal rocks. So far, 
these properties are quantified at the µm scale by combining electron microprobe and 
scanning electron microscopy. Soft X-ray microscopy (STXM) and TEM provide the 
possibility to investigate metamorphic minerals and assemblages at the nm scale. For 
instance, STXM would allow to study the chemistry of micrometric solid-precipitation 
(ex-solutions) and other inclusions in minerals suspected to have encountered ultra high-
pressure (UHP) conditions. Characterization of this type of feature at the sub-micrometer 
scale provides a new tool to track and quantify UHP conditions in orogenic belts. The 
recognition of UHP terranes sets major constraints on mountain building processes and, 
especially, on crust-mantle dynamics in collision zones. Similarly, the high spatial 
resolution of STXM would offer the opportunity to map, and potentially quantify in 2 
dimensions, the multicomponent diffusion of elements inside or between metamorphic 
minerals such as garnets and pyroxenes, in experimental samples. Such data are 
necessary to determine the diffusion coefficients of various elements in characteristic 
minerals. These coefficients could be used to improve the determination of the duration 
of geological processes such as the duration of metamorphic cycles or the exhumation of 
crustal rocks. A further application is the study of carbonaceous material (CM) from 
metamorphic rocks. The chemical and structural evolution of such CM with increasing P-
T is well described yet, but the associated chemical changes remain poorly known. 
STXM would allow the identification of various hybridization for carbon (sp2/sp3) but 
also to quantify heteroatoms (O, N, S), potentially enabling the determination of their 
influence on the physico-chemical properties of CM. Such data should provide new 
information on the biogenicity of these carbons as well as a good knowledge of their 
chemistry which is critical to understand their interactions with deep metamorphic fluids. 
 
8. Atmosphere chemistry: character ization of aerosols -  
 Aerosol particles enter Earth©s atmosphere by direct emission of particles and by 
condensation of vapor-phase species. Heterogeneous and multiphase reactions in the 
atmosphere change chemical and physical properties of aerosol particles with significant 
implications for atmosphere chemistry, but these processes are not understood well 
enough to predict accurately the evolution of the gas and particle-phase composition of 
the troposphere.  
Because gas-to-particle conversion and heterogeneous chemistry control the composition 
of carbonaceous particles in ways that are poorly understood, the organic composition of 
atmospheric particles is also not well known. The reaction mechanisms and the phase 
origin of the reactants can be distinguished by using size-resolved aerosol chemical 
composition measurements of organic functional groups. STXM studies of organic 
aerosols can detect organic functional groups within individual particles and provide a 
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detailed view of chemical reactions occurring in or at the surface of these aerosols 
providing important constraints for models of atmosphere chemistry (Maria et al., 2004).  
 
8. Urbanistic environment: interactions between life and the durability of Ear th 
mater ials - Univ. Marne la Vallée 
 Earth-based materials (glasses, ceramics) are important in the urban environment 
and are therefore exposed to severe durability issues related to the growing of urban 
environments and the productions of a variety of toxins (microbes, heavy metals and 
pesticides), which interfere highly with public health. A growing set of evidence suggests 
that either historic monuments or private housings are increasingly exposed to the 
production of these toxins, either bacteria or fungi or heavy metals such as copper or 
selenium that are increasingly abundant in filtered muds from water plants and suspected 
to have a significant effect on public health. Although a wide number of electrochemical 
methods (among others) are now operational to remove these toxins from the water cycle, 
little is known on the actual microscopic processes at the basis of this remediation 
strategy. STXM, especially by its capability to monitor redox couples (e.g. C, Cu, Se) at 
the nanometer scale in conjunction with microorganisms and finely divided surfaces 
(both inorganic and organic) will provide clues on how “mineralization”  can help to meet 
the requirements of the increasingly severe legislations on toxins in the human cycle.  
 
9. Character ization of polluted mater ials – ENSG Nancy, Université Poincaré Nancy, 
CRPG Nancy, IMPMC-Université Paris 6, CEREGE (Aix) 

Polluted soils, sediments and river suspended matter and organo-inorganic solid 
wastes are very heterogeneous materials that require a multi-scale characterization if one 
wants to understand and predict pollution transfer in the environment. In that context soft 
X-ray microscopy presents numerous advantages that could be employed for studying 
such complex materials. First of all, it allows to investigate samples in situ without 
complex preparation techniques. This is particularly important for suspended colloidal 
materials where artifacts related to sample drying are always suspected in classical 
microscopic analyses. Furthermore, NEXAFS spectroscopy at the carbon and nitrogen 
edges coupled with data on oxygen, potassium and calcium can provide vital information 
on the nature and localization of organic materials and therefore on the bio-organo-
mineral interactions. This was recently illustrated in the case of clay-organic interactions 
in the callovo-oxfordian formation of Eastern France (Schafer et al., 2003). Another 
example of a potential application of STXM concerns contaminated soil (naturally or 
anthropogenically), in which the role of hyperaccumulator plants and the mechanisms of 
metal sequestration at the cellular scale could be investigated by acquiring detailed 
images of the cellular tissues, by localizing metals (Ni, Cd…) and by determining the 
speciation of the metals. Finally, soils and sediments can be considered as disordered 
porous media whose 3D structure can be investigated by X-ray tomography in the soft-X 
ray range (Thieme et al, 2003), providing key-information in the sub-micron range that 
cannot be accessed directly by any other in-situ experimental technique.  

 

 



 29 

10. Interaction of toxic metals with biota in soil - Environmental Geochemistry Group, 
LGIT, Univ. J. Fourier and CNRS, Grenoble. 

Understanding how metal contaminants are uptaken and immobilized or 
translocated in soil microorganisms and plant cells is essential for understanding their 
fate through food webs and ultimately to higher trophic levels (i.e., humans). Progress in 
this area requires use of probes that can image metal-binding organic macromolecules, 
such as humic substances and extracellular polymers (biofilms), cells and specific 
subcellular compartments of particular tissues, and give local chemical information and, 
ideally, structural information as well. The relevant length scale to investigate metal 
interactions with biota is a few tens of nanometers. Although electron microscopies have 
the desired resolution, and can provide imaging (HAADF-STEM), chemical (EELS) and 
structural (SAED) information, sample dehydration and inclusion may modify the 
original form of the target element and generally destroy the spatial configuration of 
organic molecules. Using TXM, it would be possible to examine the hydrated spatial 
distribution between microorganisms, biofilm, and metals with nanometer spatial 
resolution. Imaging bio-inorganic systems at different time scales during cell activity and 
upon varying the medium chemistry can provide invaluable information about the 
dynamics of nutrient transport and the metabolic disturbance of toxic metals. A unique 
capability of TXM for this research area is its potential to produce from absorption 
tomography data the three-dimensional mapping of the linear attenuation coefficient in 
the bulk sample. Then, stereo images can be seen in 3D with the aid of viewers. Since 
STXM combines chemical mapping, and hence elemental association and distribution, 
with spectroscopic information, its usefulness to this research topic is obviously broader 
than TXM, though both techniques should be viewed as complementary. For example, 
STXM could be used to investigate how metal contaminants are detoxified, 
compartmentalized and sequestrated in plant tissues from roots, leaves, and stem of 
hyperaccumulating species. Detoxification is thought to occur in cells by complexation of 
metal ions by organic ligands, such as carboxylic groups from organic acids and thiol 
groups from amino acids and metal-binding peptides, but none of these hypotheses have 
been confirmed experimentally due to the lack of analytical technique with appropriate 
lateral and chemical sensitivity. It is clear that STXM, in combination with other 
synchrotron and laboratory techniques, could offer a unique access to many problems in 
the soil-plant realm. 

 
11. Archaeology – Université Marne La Vallée, ENS Lyon 

In archeology, the understanding of past cultures is no more important than the 
conservation of this inherited patrimony. Understanding of past cultures will result in a 
better understanding of what we are, which is at the basis of a better and sustainable 
development in the future. For instance, understanding that migrations were common in 
Europe during the early Middle Ages makes many national claims somewhat relative. On 
the other hand, conservation of objects and monuments is an increasingly important topic 
as times runs. Cultural heritage being a major component in the tourist industry (the 
leading industry in France), improving it has much more consequences on the future of 
our societies in terms of education and development than any other traditional industry. 
Such understanding requires increasingly sophisticated methods that help tracing down 
the tiny detail that will provide definitive information on manufacture, process, trading, 
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past knowledge and beliefs (and much more). The use of focused x-rays has been a key in 
the understanding/recovering of old manuscripts (Archimede’s manuscripts), monitoring 
deteriorations due to ink (Bach’s manuscripts), excavations (see the Vasa ship for 
instance) or previous conservation methodologies (medieval stain glasses), tracing gems 
and trace-elements (routes of garnets and emeralds during the Roman times), recovering 
lost colors, textures or recipes (Egyptian cosmetics) among the very large range of topics. 
Many of these studies have a large impact in the society due to their intrinsic interest. 
Soft x-ray microscopy, because of its much weaker beam/matter interactions and the 
possibility to study objects under environmental conditions will provide unique clues on 
the mesoscopic processes at the onset of weathering precious objects as well as to track 
down apparently lost details that will inform us on our past but also contribute to a better 
sustainable developments of the nation. 
 
 
D. Biology and Medical Science 
 
 Soft X-ray microscopy constitutes a very promising new analytical tool in 
biological and pharmacological science (see Kirz et al., 1995 for an excellent review of 
the technique). The high brightness and low emittance offered by SOLEIL synchrotron 
source in the soft X region, the so-called water window, will allow high spatial resolution 
imaging of hydrated biological specimens, at atmospheric pressure, with sufficient 
radiation penetration to examine sample thicknesses of up to 10 microns (see Fig. 10). 
Technical development of Fresnel zone plates presently guarantee to obtain a spatial 
resolution of 20 nm, which is an approximate 10 fold improvement over optical 
microscopy. Know-how in cryo-cooling is now well mastered to provide protection from 
radiation damage during cell exploration. 
 The energy range from 130 to 2000 eV allows to access information on main 
chemical elements involved in biochemical mechanisms of cell biology: C, N, O, S, P 
atoms can be detected for protein, lipid and DNA analysis; in addition Na, Mg, Ca, K, Fe 
atoms and their different associated ions, implicated in cellular machinery, can be 
detected with information on their speciation. Qualitative and quantitative analysis of 
drugs or of biological molecules can be performed either directly by intrinsic markers 
(elements) giving a specific X-ray signature or by labelling. 
 A versatile facility performing X-ray microscopy comprising both Scanning 
Transmission X-ray Microscope (STXM) and Transmission X-ray Microscope (TXM) 
would provide high quality spectroscopic information at specific locations within a 
sample (with STXM) and 3D tomographic information by full field imaging for structural 
studies (with TXM). Combining both techniques will enable various approaches on the 
same sample such as determination of structural organisation of chromosomes, protein 
and DNA distribution in cells, analysis of ultrastructures in micro-organisms in presence 
of water and nutrient solutions, tomography of frozen cells and mapping of sub-cellular 
structures, imaging of bacterial spores, study of cell-cell or host-parasite interactions…. 
 High brilliance X-ray source, supplied by synchrotron ring associated with high 
sensibility detection, may also permit in the future to detect very low concentrated 
constituents such as molecular markers for cancer early diagnosis in biological fluids 
(serum, mucus) or such as pharmaceutical molecules in sub-cellular components by 
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distinguishing free and bound forms. Finally it will reduce considerably the analysis time 
allowing implementation of kinetic studies. 

 
Figure 10- (from Larabell and Legros, 2002). (a) TXM image of a frozen yeast cell in a capillary tube. (b) 
Same yeast after 3D reconstruction showing the cell surface. (c) Transparent surface view showing 
organelles and vesicles. (d) Volume-rendered section of cell structures of yeast. Bar = 1 micron.  
 
1. Analysis of nuclear  architecture and its pharmacological modulation - UMR CNRS 
6142, UFR de Pharmacie, IFR 53, URCA, Reims 
 Nuclear architecture – in addition to the DNA sequence and the histone code – is 
an integrated part of the epigenetic mechanisms which control gene expression patterns 
(Cremer et al., 2004). It is therefore necessary to elucidate the 3D and 4D (space and 
time) higher order chromatin structure and distribution both in normal or pathological cell 
states (such as cancer) or during various cellular pathways (e.g. differentiation, apoptosis, 
response to xenobiotics). This implies the identification of chromosome territories, 
interchromatin compartments, localisation of regulatory proteins or structures (e.g. PML 
bodies, splicing factors). Despite highly significant recent advances, the two major 
techniques used, i.e. light microscopy through CSLM or electron microscopy have both 
limitations or drawbacks (e.g., limited resolution or analyses on fixed dead cells, 
respectively), and the two approaches have to be combined in order to get maximum 
information. Soft X-rays microscopy would provide a unique method for examining the 
fine details of such nuclear structure, by combining high resolution (in the 25 nm range) 
together with the possibility of analysing thick (up to 10 µm) samples of living hydrated 
cells (Jacobsen et al., 1999). In addition, soft X-rays microscopy followed by tomography 
will generate 3D information about an entire cell or organelle (Larabell et al., 2004). 
Moreover, as compared to TEM, for which sample preparation is very time-consuming, 
STXM or TXM will provide quickly available information (within minutes to image an 
entire cell) thus enabling to conduct high throughput analyses to determine the 
phenotypic consequences of drug effects or to obtain information about the distribution 
and dynamics of molecules (e.g. by colloidal heavy metal (gold) labelling) within the cell 
or the nucleus (Meyer-Ilse et al., 2001). 
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2. Leukaemia and translocation mechanisms 
 (Integrative Imaging Lab., Institut Curie – INSERM, Orsay, France).  

Chromosomal translocations (interchange of parts between nonhomologous 
chromosomes) can induce cancer when they involve certain genes. Although the 
mechanism of translocation is not yet understood, recent works suggest a direct 
relationship between spatial proximity of genes in interphase nuclei and frequency of 
related translocations. Others authors proposed another model based on dynamics of the 
chromatin during the repair process. This implies that distal chromatin segments in 
interphase nuclei could be brought together in clusters during repair process and could 
then be exchanged inducing a translocation. The 3D FISH technique, using fluorescence 
microscopy, enables the localization of genes in cell nuclei; this observation can be 
coupled, on the same sample, with TEM observations.  However, the main drawback of 
TEM is that the field-of-view is restricted to few nanometers. In contrast, TXM, allows 
the observation of 3D structures up to 5-10 µm in diameter at a resolution of about 25 
nm. Hence, it should allow a direct 3D observation of a whole cellular nucleus and give 
access to structural information on chromatin organization around genes involved in 
leukaemia. Furthermore, the combination of electron tomography (for restricted ultra-
structural organisation of chromatin), TXM (for global structural information) and 
fluorescence microscopy (for proteins and genes localisation) will likely be decisive to 
elucidate the translocation mechanisms.  
 
3. Integrative imaging: from molecules to cells 
Integrative Imaging Lab and 3D EM  Network of Excellence Paris Core 

Cells are complex 3D structures that comprise multi-scales components such as 
molecules, proteins, cyto-skeleton, or organelles. Therefore, various techniques are 
required in order to study them, such as electron microscopy, SIMS (Secondary Ion Mass 
Spectroscopy) microscopy and optical microscopy. Cells can also be studied with 
different purposes: (1) at a structural level to determine the organization of their 
components or (2) at an analytical level, in order to study their relationship with bio-
chemicals elements. In the 3D EM network Paris Core and the Integrative Imaging Lab, 
we have access and expertise in all electron, ionic and optical microscopies, each one 
being complementary to the others and giving unique information on cell structure. 
However, there is a quite large gap between 3D electron microscopy (tomography) that 
allows to study macro-molecules or sub-cellular components on fixed samples and 3D 
optical microscopy (LSCM and deconvolution) that allows to visualize localisation and 
dynamics of molecules in living cells. SIMS, with a resolution of about 50-100 nm, is 
intermediate and allows to study 2D structural and analytical information of fixed 
samples. TXM with a resolution of about 25 nm is comparable to SIMS and intermediate 
between electron and optical microscopy. Furthermore, on the contrary to SIMS, TXM 
allows to study thick 3D structure, up to 10 mm, which capability is comparable to optical 
microscopy. TXM is then a perfect intermediate between all the microscopies mentioned 
above and could help to bridge the gap between electron, ionic and optical microscopies, 
bringing continuous and complementary information on a same sample. This technique 
could be essential to fully understand the complete (and complex) organisation of life. In 
the context of the 3D-EM Network, tools are currently being developed in order to easily 
combine, visualize, and analyse heterogeneous data at various resolution. TXM could be 
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easily applied to our biological models of interest: e.g. supra-molecular complexes 
(MARS), centriolar structures, melanosomes, intra-cellular granules in extremophiles 
bacteria, and nuclear organization of cells.  
 
4. Soft X-ray microscopy of cell and tissue recognition in cancer  research and 
intracellular  drug probing.  UMR CNRS 6142, UFR de Pharmacie, IFR 53, URCA, 
Reims 
 Identification of markers of tumor progression, in particular in early stages, is an 
essential goal for the basic understanding of the disease and for the management of the 
treatment. Presently, extensive histophatologic description and diagnosis involve 
essentially stain- or immunoassay-based approaches that are time-consuming, subjective 
and use dyes or molecular probes. Consequently, soft X-ray microscopy which i/ does not 
require any special procedure for sample preparation and offers a spatial resolution below 
100 nm length scales and ii/ has been developed to analyse structure of biological 
specimens appears as a promising tool for diagnostic challenges in biochemical 
recognition of cell types and characterisation of alterations in cell physiology. This 
technique will permit to identify potentially relevant markers of human cells or tissue 
sections, which in turn reveal information on state of health of cells and tissues. 
Therefore, this approach performed by 3D tomography and spectromicroscopy would be 
applied to the study of the following biological situations in cancer pathology: 

-Discrimination between normal and cancerous cells and tissue. Such study will 
include, at first, analysis of X- ray signals of normal cells and tissues. In fact, 
knowledge of the normality is a pre-requisite to determine all pathologic alterations. 
-Evaluation of signals corresponding to different stages of tumor progression. This 
will allow analysis from dysplasia to carcinoma and to define specific markers 
predictive of cell invasion. 

In both cases, the information obtained by biochemical mapping of unlabelled structures 
will be reinforced by immunogold of specific tumor markers.  
 In addition, exploration and quantification of intracellular distribution and 
trafficking of antitumor drugs is of paramount in the rational development of new drugs. 
Soft X ray analysis will facilitate the analysis of these pathways in great details. Indeed, 
the use of drugs conjugated with gold particles will permit, at the single cell level, to i/ 
determine different forms of drugs (free or DNA bound) and their nuclear concentrations 
in isolated cells, ii/ investigate the distribution of various forms of these agents in whole 
cells by 3D mapping. 
 To conclude, soft X-ray microscopy represents a new promising tool for early 
cancer diagnosis and cellular response to antitumor drugs. 
 
5. Three-dimensional distr ibutions of elements in biological samples - ERM INSERM 
0203, UFR Odontologie, IFR 53, URCA, Reims 
 The determination of calcium local environment  in hydroxyapatites substituted 
by ions present in natural bone such as zinc, strontium or magnesium will be easier by 
STXM-associated NEXAFS spectroscopy compared with electron energy loss 
spectroscopy (EELS) because the sample preparation is less critical. As EELS is limited 
to very small sample thicknesses, STXM might offer the possibility to study slightly 
thicker samples. Finally, STXM presently provide a better energy resolution compared to 
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EELS. So variations in the calcium NEXAFS will be easier to evidence. Studies in 
function of implantation time will be of great importance to understand the bioactivity 
process of the substituted hydroxyapatites. 

At the biological level, the knowledge of the substituted ions (zinc, strontium, and 
magnesium) location inside cells is essential to understand their role in the toxicity, 
inflammation or mineralization process in-vivo or in-vitro. On the same way, the location 
of ions from metallic prosthesis (like titanium, used as hip prosthesis) is of great 
importance to increase their biocompatibility because those ions are often found in the 
surrounding tissues after the retrieval of the prosthesis. On single cells, it will also be 
possible to do elemental tomography similarly to what has already been done by EELS 
(Leapman et al., 2004) using softwares as that developed for EFTET (Boudier et al., 
2005). This technique is based on recording one spectrum per pixel instead of having a 
grey level or photon/electron count per pixel. So it is possible to have images at a single 
energy (i.e. images of “one element” ).  
 
6. Ultrastructural character ization of microorganisms by soft x-ray microscopy  
 UMR CNRS 6142, UFR de Pharmacie, IFR 53, URCA, Reims 

The energy range proposed in the proposal (130-2000 eV) spans the "water 
window" spectral range, where water absorption is weak compared to biological 
materials, thus allowing to work in aqueous conditions since water layers of 10 mm can 
be penetrated. Entire cells can be examined and information about the localization of 
specific components determined without extensive processing. For example, location of 
macromolecules like protein, lipids, and DNA can be determined at a resolution better 
than 50 nm in whole cells.  
 Investigation of microbial cells like yeasts by soft X-ray microscopy will enable 
to acquire information complementary to that obtained by optical and electron 
microscopies. Access to X-ray cryotomography will facilitate 3-D reconstructions of cells 
— a technique comparable to CT scans of the brain and other parts of the body — and 
precise localization of components in the cells due to its high spatial resolution. Whole-
cell X-ray tomographic imaging should enable ultrastructural characterization of different 
components in single-cell studies and should open new ways to high-throughput analyses 
of cell functions. Moreover, absorption spectroscopy at the K-absorption edges of C, N, 
and O could be performed, since they are particularly amenable for studies by soft X-rays 
and X-ray absorption maps and spectra can be quantified using elemental absorption 
coefficients. Thus, the characteristics of the synchrotron source give a new dimension to 
the study of structural properties of matter which completes and goes beyond the classical 
methods. 
Proposed fields of investigations: 

-Morphogenesis of Candida albicans, a fungus responsible for the most common 
infections in humans (e.g. Candidiasis): Study of ultrastructural modifications 
between blastospores and hyphae and the localisation of cell major components 
(proteins, lipids, DNA). Monitoring of morphological changes in blastospores and 
hyphae when in contact with antifungal agents. 
-Pathogenicity of Candida albicans: Study of mutants expressing different degrees 
of virulence. Morphological study of the cell walls of blastospores and hyphae and 
localisation of compounds like phospholipomannans. 
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-Host cell – parasite interaction: Study of the interaction of a bacterium/yeast with a 
host human cell. Characterize the contact zone, the organelles, and other major 
components of the host and parasite. 
-Biofilms: Structural study of cell organisation in complex biological systems like 
bacterial/fungal biofilms. Morphological changes of these complex systems under the 
action of anti-bacterial/-fungal agents. 
-Clinical biology: Study of the release of small peptides after elastin degradation in 
biofluids (serum, plasma) and tissues. A spectromicroscopy approach with soft X-
rays could be helpful to detect these degradation products, which are markers of 
cardiovascular diseases. 
 

7. Penetration of molecules and microorganisms in plant tissues 
UMR INRA FARE, URCA, Reims 

Unravelling the mechanisms involved in penetration of molecules and 
microorganisms in plant tissues and related cell walls, at different scales, is an important 
limiting step for the transformation of lignocellulosic resources. Physico-chemical 
transformations in agromaterial processes, enzymatic hydrolysis in industrial 
bioprocesses, and complex transformation of plants in soils are partly controlled by the 
accessibility of the relevant targets towards reagent (biotic or abiotic) into tissues and cell 
wall layers. The identification of the mechanisms at the sub-cellular scale implies the use 
of analytical tools that allow observation of hydrated specimen at submicrometer scales. 
This could be brought by soft X-ray 3D imaging. Different types of model probes (low 
molecular weight compounds to macromolecules, ionic / non ionic species) will be tested 
in different conditions of water activity to identify general mechanisms for the barrier 
effects of lignified structures.  
 
8. Bone mineralization - Ecole Centrale Paris, Université Paris 7-Faculté de médecine 
Lariboisière-Saint-Louis  

The capability of different calcium and carbon compounds at the submicrometer 
scale offered by Soft X ray spectromicroscopy is of great interest for the study of 
mineralized tissues in medical science. There is a need to have a technique that would 
complement TEM in providing quantitative maps of calcium and in characterizing ill-
crystallized calcium phosphate phases. This would have implications for the 
understanding of the action of synthetic calcium phosphate prostheses, the identification 
of the phase of the mineral in pathogenic calcifications, the understanding of the first 
stages in bone mineralization using cultures of osteoblats. Several studies have shown 
how the Ca L edge resonance can be used to characterize at the submicrometer scale 
bones, cartilages, tendons and mineralizing cells (Buckley et al., 1995, Buckley et al., 
1992, Benzerara et al., 2005). We note some particularly interesting attributes of Soft X 
ray spectromicroscopy that are essential for the study of samples of interest in our field: 
elemental imaging with sensitivity to speciation is very rapid, with little damage on the 
organics and minerals and at a spatial resolution consistent with the size of the objects of 
interest and does not require specific staining.  
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9. Biomater ials and Biopolymers –Université Paris 7, Université Paris 13. 
Implant-associated infection is a medical problem which induces complications and may 
result in amputation, osteomyelitis, or death. This is the major cause of implantation 
failure when antimicrobial treatment is not effective. For instance, Staphylococcus 
aureus, one of the most feared pathogens, cannot be cleared without removal of the 
implant. Bacterial adhesion is the first step leading to colonization and infection of 
orthopaedic implants. It was found that bacteria adherence to implanted material was 
strongly influenced by protein deposition onto the surfaces. Recently, several 
modifications of polymer surfaces were demonstrated to decrease protein adsorption and 
indirectly prevent bacterial adherence. Another approach consisted of modifications of 
the hydrophilic surface properties of polymers. Randomly distributed ionic groups such 
as sulfonate and carboxylate were demonstrated to specifically interact with adhesive 
proteins. Hence, there is a crucial need to characterize in more details the diverse 
functional groups of carbon at the submicrometer scale in order to better understand the 
adhesion of microorganisms on biomedical surfaces and to design prevention strategies. 
STXM appears as an attractive technique for these studies, offering the required spatial 
resolution, the spectroscopic discrimination between functional groups at stake and a 
sample environment compatible with medical science.  
 
10. Metals in cells: toxicity and physiological functions - Université Bordeaux 1, 
IMPMC, ENS Lyon 
 The molecular level description of metal ions interactions with the cellular 
bioligand environment is a key to the understanding of many metal-involving 
biochemical processes in the cell. Metalloproteomics, metallogenomics and metallomics 
are among the emerging disciplines which are critically dependent on spatially resolved 
concentration maps of trace elements in the cell, and on information on chemical 
speciation and metal-binding coordination sites (Ortega, 2005). 
 Imaging the distribution of trace elements in cells and tissue sections with 
submicrometer spatial resolution is becoming possible owing to advances in synchrotron 
radiation X-ray techniques (Ortega et al., 2004). Moreover, the increasing sensitivity of 
XANES owing to the use of more intense synchrotron beams and efficient focusing 
optics provide information about oxidation state, fingerprint speciation of metal sites and 
metal-site structures at subcellular level (Ortega et al., 2005). 
 The application of synchrotron-based spectro-imaging techniques are of critical 
importance for the elucidation of metal-dependent biological processes such as 
physiology of essential element, toxicology of heavy metals, and cell pharmacology of 
metal probes. For example, in a recent study, the cellular distribution of Cr oxidation 
state in human cells has been described, demonstrating that atmospheric particles of 
insoluble chromates are more carcinogen than soluble chromates due to the persistence of 
Cr(III) in the vicinity of genomic DNA, and the presence of Cr(VI), a strong oxidant, in 
the cytoplasm (Ortega et al., 2005). 
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Figure 11- STXM observation of Euglena gracilis cells cultured at high 
As and Fe concentrations. Observations at C K-edge provide information 
on resulting modifications of cell ultrastructure (see photograph). 
Combination with observations at Fe- and As-L2,3 edges provides 
information on their cellular distribution in regard to the cell 
ultrastructure. Scale bar, 5 microns. Picture by J. Miot (IMPMC) & TH 
Yoon (Hanyang University, South Korea) taken at ALS 11.0.2.  
 
 
 
 

11. Environmental Microbiology - Institut Pasteur, IPGP, Université Orsay 
The importance of microbe-microbe interactions and microbe-substrate 

interactions under natural conditions is becoming crucial to understand, for instance, 
biofilm development in natural environments or in infectious diseases (Hall-Stoodley, 
Costerton et al. 2004; Branda, Vik et al. 2005) and how microorganisms interact with 
mineral substrates. Similarly to Earth scientists, environmental microbiologists also deal 
with samples displaying a high structural, redox or functional heterogeneity at the 
submicrometer scale. Environmental microbiology has rapidly expanded in recent years 
thanks to the development of molecular methods to identify and visualize via labeled 
probes (FISH) microorganisms in their natural environment rather than in laboratory 
conditions. Due to its undisruptive nature and spectral and size resolution, and the 
possibility to study samples in wet conditions, soft X-ray spectromicroscopy is a 
promising tool to study of the spatial organization and nature of organic matter in 
microbial communities, from geomicrobiological structures to clinical biofilms 
(Lawrence, J.R. et al. 2003). Its resolution will also permit starting pioneering studies of 
virus distribution in natural matrices with obvious implications in medical and 
evolutionary issues. There will be high complementarities between soft X-ray 
microscopy and fluorescent- and electron-microscopy, and the combination of all these 
techniques on the same samples will eventually provide all the information needed to 
understand which microbial species is involved and what it is doing. 
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I I I . BEAMLINE TECHNICAL DESCRIPTION 
 

Transmission X-ray and scanning Transmission X-ray microscopes have been 
developed for 20 years worldwide. Several designs provide very good capabilities. 
Because of the present lack of experience on those microscopes in France, the acquisition 
of commercially available microscopes, which could be upgraded in the future, should be 
considered.   A STXM/TXM beamline in Soleil may however become a unique facility 
because of the high quality of the source. In that sense, much effort should be devoted to 
providing a high flux beam with high spatial and temporal stability to the beamline. 

Effectiveness of the beamline will require an easy switching between the TXM 
and STXM branches. For practical reasons, both branches cannot be built at the same 
time and it has been decided to develop STXM first.  
 
Specified energy range 
 The 130-2000 eV energy range results from scientific requirements expressed by 
the diverse communities during the April workshop. It will provide access to the K edges 
of all the elements between bore and silicon, L edges of all the elements between 
phosphorus and selenium and M edges for environmental important elements like 
Cadmium and Rare Earth Elements for magnetism studies. 
 
Undulator   
 Two main characteristics are expected from the source: a high brilliance which, 
due to the low efficiency of zone plates, is mandatory for the STXM mode and the study 
of diluted species, and a fully tunable polarization of the light specially needed for the 
characterization of magnetic systems.  
 The choice will be an APPLE II type undulator similar to those already defined at 
SOLEIL for the previous soft X-ray beamlines (Fig. 12). A period of 60 mm will allow to 
fully cover the given energy range, but the period and the collection aperture can be 
finely optimized, especially regarding thermal effects, in the forthcoming detailed study 
of this beamline. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12-  Maximum spectral flux emitted by the HU60 undulator in the different polarizations 
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Optical design  

 The general design of the monochromator is similar to that proposed for the 
DEIMOS beamline that was presented at the 10th SAC meeting. It is based on the use of 
two different types of gratings, standard ion-etched lamellar gratings for the lower energy 
range and multilayer gratings for the higher energy range. The main difference with 
DEIMOS is a very low dispersion giving a high flux adapted to the acceptance of the 
microscopes. Two different post-focusing optics are proposed on two different branches 
to fulfill the needs of the two different microscopes, the STXM and the TXM.    

1) Monochromator  
 
The main specifications of the monochromator are the following: 
·  To cover the 130/2000 eV spectral range and still get a good efficiency at high energy, 
we have chosen a monochromator equipped with one standard plane grating working in 
the Petersen condition of constant cosine ratio, and one multilayer grating (a similar 
design was proposed for the DEIMOS beamline). 
·  The actual resolving power will be limited around 2000 at low energy, about 3000 at 
high energy. In order to preserve the maximum brightness, this resolving power must 
correspond to a narrow exit slit of about 20 microns (to be refocused later by the zone 
plate) This implies a low dispersion of the grating which will be namely achieved by 
using low line density gratings and a Petersen coefficient close to 1. 
·  A plane mirror M2 (one Pt coated to fit with the standard grating, one multilayer 
mirror to match the multilayer grating) will compensate the variable deviation. 
·  Due to the small acceptance angle no entrance slit will be used. 
·  A toroidal mirror M3, with a fixed horizontal deviation will focus the beam in the exit 
slit plane, both vertically and horizontally. 
·  The premirrors M1A/M1B or M1A/M1C mirrors deflect light in the horizontal 
direction. They are used to focus horizontally the light and absorb the largest part of the 
heat load. The choice between two angles of incidence (3° for the A/B couple and 1.5° 
for the A/C one) according to the spectral range, allows to minimize the heat load on the 
grating and to cut-off higher orders. M1C and M1B are spherical, and their horizontal 
focal point is set close to the grating so that we can use a variable groove depth grating to 
optimize the efficiency and the harmonics rejection. M1 mirrors are platinum coated. The 
optical scheme of the beamline until the exit slit is given in Fig. 13.  
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Figure 13- Schematics of the monochromator part of the beamline 

 
GRATINGS 
 
One standard grating, 200 lines/mm, Petersen mode with c ~ 0.7  
 
According to the spectral range, the monochromator design allows to either use a 
standard ion etched lamellar grating, or a multilayer grating:  
 
Lamellar grating, 200 lines/mm, Petersen mode with c ~ 0.7  
 
The Petersen condition means that we are working with constant c ratio. Expressed as a 
function of grazing angles rather than incidence angles, it can be written as c=sinb/sina , 
where a is the angle of grazing incidence of the incoming beam on the grating and b the 
grazing incidence angle of the outgoing beam. 
 
 
 
 
 
 
 

Figure 14- Incidence and exit angles on the grating 
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In order to optimize the resolving power, the grating has "varied line spacings". To 
optimize efficiency and harmonics rejection, it is also a "variable groove depth" grating. 
 
Multilayer grating, 800 lines/mm:MoB4C (layer: 2x5nm) 
 
The corresponding plane mirror M2 is coated of a similar multilayer. 
The grating has "varied line spacings". 
 
resolving power 
 
The monochromator has been optimized with the ray tracing and reflectivity codes of the 
optics group. The ultimate resolving power is given in 15 (multiply by 0.7 to have the 
useful resolving power, including the exit slit contribution) 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

Figure 15- Ultimate resolving power of the monochromator. A 0.7 factor should be 
applied to account for the minimum slit width. 
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SIZE AND DIVERGENCE AT THE EXIT SLIT 
 
Magnification and dispersion factor vary along the spectral range. The exit slit size which 
should be selected to achieve the targeted 3000 resolving power has been calculated and 
is given in the table below. Table 1 also gives the beam divergences after the exit slit 
 
 Exit Slit for 

E/� E(ES) = 
3000 

Exit Slit for 
E/� E(FS) = 
3000 

 vertical 
divergence 
FWHM  

vertical 
divergence 
FWHM 

horizontal 
divergence 
FWHM 

 200 l/mm 
c=0.7 

800 l/mm 
multilayers 

200 l/mm 
c=0.7 

800 l/mm 
multilayers 

 

150 eV 38 µm  0.43 mrad  0.5 mrad 
275 eV 28 µm  0.32 mrad  0.45 mrad 
500 eV 21 µm  0.24 mrad  0.38 mrad 
870 eV 16 µm 18 µm 0.19 mrad 0.23 mrad 0.3 mrad 
1500 eV 12 µm 20 µm 0.17 mrad 0.16 mrad 0.3 mrad 
 
Table 1- Horizontal size FWHM at exit slit: 100 to 120 µm  
 
 
2) POST-FOCUSING AND BRANCHES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16- Refocusing scheme of the beamline 

 

Toroidal Mirror M4, 1.5° 
 

Exit Slit 

6 m 

Z. P. 
STXM 

ZP Condenser 
T X M 

Flipping Plane 
Mirror M6,  1.5° 

0.8 m 

4 m 

Toroidal Mirror M5, 1.5° 
 

5.2 m 

focus 1 

focus 2 

 ~ 1 m 

 ~ 1 m 



 43 

Behind the exit slit, we have chosen to split the beam into two branches, one for a STXM 
line, and one for a TXM line. This splitting is performed by one toroidal mirror on each 
branch.  
On each branch, we have to match the characteristics of the beam to the typical 
acceptance of each microscope. More information about the actual diameter and 
numerical aperture of the Zone-Plates are required to finalize the design. The following 
geometries are given as an illustration. 

STXM branch 
 A beam size in the 15-30 µm range and a divergence between 0.2 and 0.4 mrad at 
the exit slit of the monochromator are more or less acceptable as a light source for 
STXM. The toroidal mirror M4 could then work with a magnification about 1, or 
possibly a little less. This point will need to be reconsidered after the available sources of 
zone-plates have been investigated. 
 With a magnification of one, we can properly illuminate from a 200 µm diameter 
zone plate set 1 m behind the focus, to a 500 µm zone plate set 2.5 m behind the focus1 
 

TXM branch 
 The first component of a TXM is the condenser zone plate. Its diameter is at least 
0.4 mm, and there is a central stop. Besides, in order to have a large enough field at the 
image plane of the condenser (several µm), 100 µm is a minimum size for the object 
focus. This leads to a toroidal mirror M5 with a magnification of about 5, with a 
maximum exit divergence of 0.1 mrad. 
 Because our beam is too coherent, the way to incoherently field the condenser 
pupil is to flip a plane mirror set close to the object focus. This flipping is performed both 
tangentially and sagittally, so that only the useful ring of the zone plate is illuminated, 
and not the central stop. 
 Distance can be chosen to match practical cases. If we put the condenser 1 m 
behind focus 2, flipping angles of 5 mrad sagitally and 0.12 mrad tangentially gets an 
amplitude of 250 µm on the condenser.  

Flux 
The transmission of the beamline (mirrors + grating efficiency) up to microscopes can be 
rather accurately estimated and is given below. 
 
@ 200 eV:    0.021  (STXM branch)       0.016  (TXM branch) 
@ 500 eV:    0.033  (STXM branch)       0.024  (TXM branch) 
@1500 eV:   0.023  (STXM branch)       0.016  (TXM branch) 
 
 The flux available at the sample level will depend on choices to be made on the source 
and on the microscope geometry.  

                                                 
1 The size of the zone plate is given by the ultimate expected resolution, the minimum focal distance that 
can be accepted , and the longuer wavelength of use, eg. for a 15 nm resolution at 3 nm wavelength and 
with a minimum focal distance of 2.5 mm , the ZP diameter is 500µm 
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Microscopes 
 
 There are currently several microscope designs commercially available that have 
been developed for years. Before participating to the development of new microscope 
designs, acquisition of an existing model should be considered as a first step. The 
necessity for improvement of the performances and experimental innovations expected 
for a state of the art microscope during its life time will require in a second step the 
acquisition of in-house expertise for design.  
 
Zone plates 
 In microscopy, spatial resolution is limited by the light wavelength and the 
objective numerical aperture. In X-ray microscopy, objectives are still far away from the 
maximum numerical aperture so the objective aperture determines the resolution. High 
resolution soft X-ray microscopes use zone plates as focusing elements consisting of 
alternating opaque and transparent zones. The resolution is given by the outer zone width. 
The nanofabrication of zones plates with outer zone widths as small as possible is still 
highly challenging and involves e-beam lithography procedures. Manufacturing of those 
elements tends to develop considerably and zone plates can potentially be acquired from 
several groups or companies (e.g. CXRO-LBNL, Xradia (Concord, California), 
zoneplate.com (London), and Institute for X-ray physics (Bessy), Tasc (Trieste), NTT 
(Japan)). Facilities now exist which can provide spatial resolutions of 25 nm at the C K 
edge, and the fabrication of a zone plate providing a 15 nm spatial resolution was recently 
reported by Chao et al. (2005). The ‘gradual’  improvement of those performances is 
likely to be pursued in the next years. Hence, a reflection on the possibility to participate 
to a technological platform that could fabricate zone plates and improve their 
performance should be conducted in the near future. 
 
STXM positioning elements 
 Acquisition of high spatial resolution images during energy scans requires high 
accuracy positioning. The object stage needs to comprise three different translation stages 
for the zone plate, the OSA and the sample movement. Most existing microscopes 
incorporate stepper and piezo stages controlled by interferometers to compensate for 
lateral drift (x and y) as the zone plates moves to maintain focal position during energy 
scans (see Kilcoyne et al., 2003 for further details). 
   
Sample environment 
The multidisciplinary nature of this proposal requires a multimode instrument with 
flexibility regarding the sample environment.  
The STXM microscope has to be able to perform measurements with dry or solvated 
samples (e.g. in solution sandwiched by two Si3N4 windows), in air, in He or in a vacuum 
environment. Operating in vacuum would allow electron and ion yield detection studies, 
optimum spectromicroscopy at the N K edge and mounting of a cryogenic cooling stage 
which is of importance for some biological and environmental studies. 
A cryo-chamber and a rotating stage would be necessary for the TXM in order to 
minimize beam damage on biological samples during the tomographic acquisitions. 
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Magnetic studies require experiments to be feasible over a wide range of temperature 
(4K-400K) and magnetic field (0-7T)  
 
  
X-ray detectors 
A detector platform allowing easy changes from one mode to another will be considered. 
Indeed, due to the wide range of X-ray energies and experimental needs, the availability 
of several different types of detectors (CCD, Si photodiode) is necessary. A combination 
of detectors linear at high and low count rates will be considered. Fast detection is 
another parameter which could be necessary for a certain class of kinetics experiments. 
Finally, future developments allowing phase contrast, dark field imaging, and 
fluorescence detection can be envisioned. Differential phase contrast imaging is now 
underway at NSLS and in Bessy and offer interesting capabilities for specific 
experiments. 
 
Conclusions  
 As soft X-ray microscopy is lying on the cutting edge of technology and evolves 
every year, there should be investment in future developments, particularly in optics and 
detection performances so that this facility stays as a ‘state of the art’  design. A deep 
involvement of the local laboratories which have some nanotechnology facilities is 
absolutely crucial (CTU Minerve, LPN, Minatech, Thalès, etc…..), indeed most of the 
proposed studies will imply a heavy use of such technologies (e.g. FIB, Lithography). 
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IV. NATIONAL AND INTERNATIONAL CONTEXT 
 
National context 

 There is no existing facility for soft X-ray microscopy in France. This 
proposal aims at providing an instrument that may be essential for the diverse scientific 
communities mentioned here above.  
 
International context 
 Soft X-ray microscopy requires the high brilliance of third generation synchrotron 
light sources. The increasing need for characterization of complex materials at very high 
spatial resolution explains the exponential development of soft X-ray microscopy 
beamlines around the world contrasting with the current situation in France. There are 
still only few soft X-ray microcopy beamlines available especially those offering the 
wide energy range (130-2000 eV) required by many scientific applications, making 
beamtime a rare commodity. Here, we briefly review some of the existing or future soft 
x-ray microscopy beamlines which can provide valuable information for the building of a 
new soft X-ray microscopy facility. 
   
ALS Berkeley. There are presently two STXM at the ALS: one on a bending magnet 
(beamline 5.3.2), working in the 250-700 eV range, and dedicated to polymer science 
(e.g. C, N, O K-edge), and one on an elliptical undulator (beamline 11.0.2.2), working in 
the 70-2000 eV range and dedicated to environmental science and magnetism 
applications. There is one TXM (beamline 6.1.2, XM-1) operating on a bending magnet, 
developed by the CXRO and dedicated to diverse applications in nanomagnetism, 
environmental science, biology and material science. Another TXM beamline exclusively 
dedicated to biology is being built on a bending magnet and expected to be running in 
2006. 
NSLS, Brookhaven. NSLS has done much for pioneering development of STXM since 
1980. There are presently two STXM beamlines (X1A1 and X1A2) at NSLS which are 
used in tight connection, one on a bending magnet and the other on an insertion device, 
providing access to a 250-1000 eV energy range. A cryo-STXM offering tomography 
capabilities has also been build on X1-A.  
Bessy-I I , Ber lin. There are presently one TXM and one STXM running as two branches 
on an undulator beamline (U41). In the TXM, the condenser monochromator has been 
adapted to the highly collimated X-ray beam of the undulator by using a rotating 
condenser. The TXM can accommodate cryo-samples. A magnetic TXM is in 
construction on a helical undulator (U46). 
PLS, Pohang, Korea. STXM beamline (8A1) is presently operating at an energy range 
of 100-1600 eV. A project for a full field soft X-ray microscope is currently uner 
examination on an undulator beamline equipped with refocusing mirror with variable 
radii of curvatures, and on a bending magnet beamline. 
Elettra, Tr ieste I taly. Both a TXM and a STXM microscopes are presently running on 
the 8.2 Bach beamline (35-1600 eV), using the prototype TwinMic original design 
developed by an EU-funded collaboration.  
NSRL, Hefei, China. A STXM (U12A) is currently running and a TXM is in 
construction.  
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CLS, Saskatoon, Canada. A STXM beamline is being built on an elliptically polarized 
undulator and is planned to run in the 205-2000 eV range. A PEEM-branch will be 
associated on the same beamline. 
SLS, Villigen, Switzer land. A STXM beamline is in construction on Pollux. 
ALBA, Barcelona, Spain. A TXM dedicated to Biology and magnetic science studies is 
under construction on a bending magnet. 
We note the existence of TXM beamlines at the Ritsumeikan SR Center, Kusatsu, in 
Japan, and at Astrid, Aarhus in Denmark. Many projects for TXM and/or STXM are 
flourishing; among those, a STXM and TXM project at Saga-LS (Japan), a STXM and 
TXM project at Diamond recommended by the Science Advisory Committee. 
 
V. COMPLEMENTARITY WITH OTHER TECHNIQUES 
  
 A soft X-ray microscopy beamline at Soleil would complement the capabilities 
offered by other beamlines that will be available at Soleil. It would complement 
DEIMOS, presented at the 10th SAC meeting, which is devoted to dichroic 
spectroscopies in the soft X-ray energy range (350-2000 eV), by offering the possibility 
to conduct XMCD at the sub-50 nm scale. This microscopy capability will indeed not be 
available on DEIMOS.  
 A STXM/TXM beamline would also complement Microfocus and the PEEM 
experiment, which provides information restricted to the surface of the samples and 
involves a high vacuum environment unsuited to some samples. Moreover, one essential 
advantage of STXM for magnetic studies is the possibility to conduct experiments in the 
presence of a magnetic field, which is not possible for PEEM. The complementarity of 
STXM and PEEM is first illustrated by some beamlines (CLS; ALS 11.0.2), where both 
techniques are available as different branches. Another illustration of how AFM, X-
PEEM and STXM can be successfully combined to study samples is provided by Morin 
et al. (2001). 
 A STXM/TXM beamline would finally be complementary to the IR 
spectromicroscopy beamline (SMIS) regarding the potential users and applications and 
by providing similar and additional information at a slightly lower scale.  
 Considering other synchrotron facilities in France, this beamline would be highly 
complementary with the SXM and TXM running on ID21 in ESRF in the 2-10 keV 
range. 
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 There is a crucial need of a tight connection with light (confocal) and electron 
microscopists. Several well-structured electron microscopist communities have 
significantly contributed to this proposal: the material science and the earth science TEM 
community who can bring to soft X-ray microscopy their expertise in looking at complex 
samples at the nanometer scale, in preparing samples and in using spectromicroscopy. 
For example, a super-stem equipment will be operational in 2007 in Orsay with a spatial 
resolution in the 0.1 nm range allowing to obtain at this length scale, spectroscopic data 
by Energy Electron Loss Spectroscopy (EELS) which could be compared to those 
obtained by STXM.  
 The biology TEM community is also very important and can also bring much on 
cryogenic procedures for sample preparation and data acquisition as well as on data 
analysis for tomographic reconstructions. Finally, the combination of those different 
microscopies at different scales, in different sample environment and offering 
complementary information has to be the ultimate goal for most of the applications 
mentioned in this proposal. 
 
 
VI . CONCLUSIONS 
 
This APS evidences the very large and diverse scientific community that is interested in 
the development of Soft X-ray microscopy at Soleil, from Medical science to 
Archaeology through physics, chemistry, biology and Earth and environmental sciences. 
Although experience in soft X-ray microscopy is presently scarce in France, beamlines 
dedicated to this technique are flourishing in synchrotrons of 3rd generation worldwide 
and urges a significant effort for its development in France. We believe that a tight 
connection with the biology and physics TEM networks in Paris area will provide 
valuable input in the development of this project.  
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Annex 2– Estimated costs 

Contribution to the undulators      
Total for contribution to the undulators    200 k�  

Hutches / Infrastructures 
Total for the hutches / infrastuctures     290 k�  

Optics 

 Entrance optics (M1)       300 

 Monochromator       480 

 Post-focusing optics (2x 150 k� )          300 

 Infrastructure & Diagnostics      350 

 
Total for  the optics       1 430 k�  

 

Control command & Electronic 

Total for the control command & Electronic     150 k�  

Total for the beamline (excluding end-stations)    2 070 k�  
 
Microscopes 

 STXM         250 

 TXM (including CCD detector)     200 

 Zone Plates        100 

Total for  the microscopes      550 k�  
 

Sample environments 

 They will be partly developed in partnership  

with users laboratories 

SOLEIL contr ibution to the sample environments  250 k�  
 

 
 Total for  the exper imental set-ups     800 k�  
 
        ------------------------ 
 TOTAL for  Soft X-ray Microscopy beamline   2870 k�  

 


