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Elettra-Sincrotrone Trieste S.C.p.A.

A nonprofit shareholder company “of national interest”: 

AREA Science Park             53.7%
FVG Regional Government 37.6%
CNR     4.9%
Invitalia Partecipazioni S.p.A. 3.8%

• Established in 1987 to construct and manage synchrotron light sources – 
international facility

• Promote cultural and socioeconomic growth at  the regional, national and 
international level

• State-of-the art research facilities, technical leadership, skill development 
and transfer 

PAYROLL: 395 STAFF + 102 POSTDOCS/TRAINEES
TURNOVER: 56 M€/Yr
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 Elettra 2.0-2.4 GeV 3rd generation Synchrotron Radiation Facility   
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 Elettra 2.0-2.4 GeV 3rd generation Synchrotron Radiation Facility   

  FERMI 1.5 GeV seeded Free Electron Laser Facility 
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 Elettra 2.0-2.4 GeV 3rd generation Synchrotron Radiation Facility   
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Elettra: national and 
international partnerships
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>1200 proposals in 2017	
from > 50 countries	
438 ISI publications

Novel materials, novel characterization 
and processing techniques, nano- and 
life sciences

6
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Publications from the Elettra SR and labs 
in 2022 (2021)

552 (540) Articles on peer reviewed journals
17 (15) Conference proceedings
1 (5) Books/chapters
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Photoelectron spectroscopy
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SuperESCA

Probing the Atomic Arrangement of Subsurface Dopants in a Silicon
Quantum Device Platform
Hak̊on I. Røst, Ezequiel Tosi, Frode S. Strand, Anna Cecilie Åsland, Paolo Lacovig, Silvano Lizzit,
and Justin W. Wells*

Cite This: ACS Appl. Mater. Interfaces 2023, 15, 22637−22643 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: High-density structures of subsurface phosphorus dopants in silicon
continue to garner interest as a silicon-based quantum computer platform;
however, a much-needed confirmation of their dopant arrangement has been
lacking. In this work, we take advantage of the chemical specificity of X-ray
photoelectron diffraction to obtain the precise structural configuration of P
dopants in subsurface Si:P δ-layers. The growth of δ-layer systems with different
levels of doping is carefully studied and verified using X-ray photoelectron
spectroscopy and low-energy electron diffraction. Subsequent diffraction measure-
ments reveal that in all cases, the subsurface dopants primarily substitute with Si
atoms from the host material. Furthermore, no signs of carrier-inhibiting P−P
dimerization can be observed. Our observations not only settle a nearly decade-long debate about the dopant arrangement but also
demonstrate how X-ray photoelectron diffraction is surprisingly well suited for studying subsurface dopant structure. This work thus
provides valuable input for an updated understanding of the behavior of Si:P δ-layers and the modeling of their derived quantum
devices.
KEYWORDS: delta-layers, quantum electronic devices, quantum computing, photoemission, photoelectron diffraction

■ INTRODUCTION
Over the past decade, the effort to realize a silicon-based,
complementary metal oxide semiconductor (CMOS)-compat-
ible quantum computer has been intensifying,1−3 and several
significant breakthroughs have been achieved.4−6 One
common factor in this development is the so-called Si:P δ-
layer platform,7,8 i.e., an ultrasharp and narrow layer of
phosphorus dopants placed beneath the silicon surface, which
can be patterned with atomic precision.9,10 The δ-layer
platform can be used for quantum dots and tunnel barriers,11
metallic interconnects,12 and other key components required
for quantum device engineering.1 This, in turn, has required it
to be thoroughly studied and understood.13−26 Despite these
intense efforts and the great progress which has been made,
one key question has remained unanswered: What is the
arrangement of the dopants within the δ-layer? The answer is of
central importance for the performance of δ-layer-derived
devices because the dopant arrangement is understood to
directly impact key electronic properties: for example, the
energy separation (i.e., “valley-splitting”) of the supported
quantum well states.27−29

There may be multiple reasons why the atomic arrangement
is not known, but we conjecture that it is primarily because,
until now, a suitable probing method had not been identified.
Traditional X-ray diffraction methods are unsuitable because of
the atomically thin nature of the δ-layer.30 High-angle annular
dark-field imaging with an electron microscope is also

exceptionally challenging because of the similarity in atomic
weight of Si and P.31 Recent studies have shown that the
quantum confinement of the δ-layer can be ascertained by
means of ellipsometry,32 but the in-plane coordination of the
dopant atoms has remained elusive.
In this work, we demonstrate that the neighborhood around

the dopants can be directly probed using X-ray photoelectron
diffraction (XPD), in which a chemically specific diffractive
image is formed by utilizing subtle core-level energy shifts that
are concomitant with the coordination of a dopant.33,34
Although XPD is primarily used as a probe of surface
structure,35−37 we demonstrate here that it also has great
potential for determining the local arrangement of subsurface
atoms and, therefore, is perfectly suited for solving the long-
standing mystery of the Si:P δ-layer structure.

■ RESULTS AND DISCUSSION
The growth of δ-layers has been studied and refined over the
recent years, not least of all to maximize the density of P atoms
within the dopant plane.23,38,39 The basic preparation approach

Received: December 23, 2022
Accepted: April 13, 2023
Published: April 28, 2023

Research Articlewww.acsami.org

© 2023 The Authors. Published by
American Chemical Society

22637
https://doi.org/10.1021/acsami.2c23011

ACS Appl. Mater. Interfaces 2023, 15, 22637−22643
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SuperESCA (ACS Appl. Mater. Interfaces 2023, 15, 22637−22643) 

Angle-dependent photoelectron spectroscopy from a “double-dosed”, Si-encapsulated δ-layer. (a) XPS of the P 2p peak, measured 
with hν = 350 eV at normal (θ = 0°) and grazing (θ = 70°) emission and an integrated half-angle acceptance of ≤5°. P1 comes from 
P in the δ-layer, and P2 and P3 from P near the Si surface. Both spectra have been scaled to the intensity of P2. (b–d) The 
measured (orange) and calculated (gray) XPD patterns for the peaks P1–P3 from the double-dosed δ-layer system shown in (a). (e) 
The measured and calculated XPD from the corresponding Si 2p core level. (f) The measured XPD from P1 at hν = 250 eV, 
compared with XPD simulations of P–Si bonding (i.e., substitutional doping) within the δ-layer. (g) The measured XPD of P1 at hν = 
350 eV from (b), compared with XPD simulations of P–P bonding (i.e., dimerization) within the δ-layer.
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Photoelectron microscopy
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ESCAmicroscopy
Applied Surface Science 610 (2023) 155497

Available online 29 October 2022
0169-4332/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-
nc/4.0/).

Full Length Article 

Understanding carbide evolution and surface chemistry during deep 
cryogenic treatment in high-alloyed ferrous alloy 

Patricia Jovičević-Klug a,b,*, Levi Tegg c,d, Matic Jovičević-Klug b, Rahul Parmar e, 
Matteo Amati e, Luca Gregoratti e, László Almásy f, Julie M. Cairney c,d, Bojan Podgornik a 

a Institute of Metals and Technology, Lepi pot 11, 1000 Ljubljana, Slovenia 
b Max-Planck Institute for Iron Research, Max-Planck-Str. 1, 40237 Düsseldorf, Germany 
c School of Aerospace, Mechanical and Mechatronic Engineering, The University of Sydney, Camperdown, NSW 2006, Australia 
d Australian Centre for Microscopy and Microanalysis, The University of Sydney, Camperdown, NSW 2006, Australia 
e Elettra - Sincrotone Trieste, S.C.p.A., SS14 – km 163.5 in Area Science Park, 34149 Trieste, Italy 
f Institute for Energy Security and Environmental Safety, Centre for Energy Research, Konkoly-Thege Miklos út. 29-33, 1121 Budapest, Hungary   

A R T I C L E  I N F O   

Keywords: 
Cryogenic temperature 
Surface chemistry 
Microstructure 
Atom probe tomography (APT) 
Scanning photoelectron microscopy (SPEM) 
Small angle neutron scattering (SANS) 

A B S T R A C T   

The study investigates the effect of deep cryogenic treatment (DCT) on a high-alloyed ferrous alloy (HAFA) and 
its effectiveness on carbide evolution and chemical shifts of alloying elements. With ex-situ and in-situ obser-
vations ranging from the microscopic to the nanoscopic level, we uncover the atomistic mechanism by which 
DCT affects carbide precipitation, resulting in a 50% increase in carbide volume fraction. Synchrotron-based 
scanning photoelectron microscopy provides insight into the agglomeration of carbon during exposure to 
DCT. We find that Mo plays a crucial role in DCT through its modification of chemical bonding states, which is 
postulated to originate from the loosely-formed primordial Mo2C carbides formed during exposure to cryogenic 
temperatures. These in turn provide energetically favorable nucleation zones that accelerate the formation of 
M7C3 carbides, which serve as intermediate states for the formation of M23C6 carbides, which most strongly 
impact the mechanical properties. These results are supported by atom probe tomography, showing the pref-
erential formation of Mo-rich M7C3 carbides in DCT samples, resulting from greater solute mobility. This work 
clarifies the fundamental mechanisms on how DCT affects HAFA, solving a long-elusive problem.   

1. Introduction 

Deep cryogenic treatment (DCT) is a type of heat treatment [1,2] or 
heat treatment technology [3] that has recently become popular due to 
its cost-effectiveness [4], simple application [5] and positive effect on 
surface and bulk materials properties. It can be applied to both ferrous 
and non-ferrous alloys, and can affect properties such as hardness, 
toughness, corrosion and wear resistance, prolonged material life, and 
magnetic properties, amongst others [1,2,6–10]. DCT procedures are 
thus important for many technologies and industries, such as medicine 
[11,12], robotics [13], materials science [14,15], the fuel and energy 
sectors [7], electronics [16], the aerospace, tool and steel industries 
[3,17,18], musical instruments [19] and automotive industry [7]. The 
changes in the material properties result from the chemical and physical 
changes in the microstructure during DCT and subsequent tempering 
(heating of material to induce carbide precipitation). The 

microstructural changes following DCT are (1) increased formation and 
precipitation of finer carbides [6], sometimes described as ε-carbides 
and η-carbides [6,20,21], (2) a more homogenous microstructure 
[20,22–25], (3) transformation of retained austenite into martensite 
[23,26,27], (4) formation of finer martensitic laths [28,29], (5) orien-
tation of newly formed martensitic laths in the [101] and [001] di-
rections [28], and (6) different oxidation dynamics on the surface 
[28,30]. However, despite intensive experimental and some theoretical 
research in the last decade, the underlying mechanisms for the strong 
effect of DCT remains unclear. 

Several theories have been proposed to describe how DCT affects the 
microstructure and material properties. Jaswin and Mohan Lal (2015) 
[23] and Kumar et al. (2016) [31] postulated that DCT increases the 
driving force for the carbide nucleation through lattice energy reduc-
tion, and finer martensite formation from transforming retained 
austenite, which together result in increased precipitation and finer 

* Corresponding author at: Max-Planck Institute for Iron Research, Max-Planck-Str. 1, 40237 Düsseldorf, Germany. 
E-mail addresses: p.jovicevic-klug@mpie.de, patricia.jovicevicklug@imt.si (P. Jovičević-Klug).  

Contents lists available at ScienceDirect 

Applied Surface Science 

journal homepage: www.elsevier.com/locate/apsusc 

https://doi.org/10.1016/j.apsusc.2022.155497 
Received 5 August 2022; Received in revised form 15 October 2022; Accepted 25 October 2022   
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potentially obscured from detection through XPS before tempering, 
which is consistent with the lower contrast in the color-coded maps of 
DCT sample before tempering, presented in Fig. 5b. 

In both samples, Cr content of this HAFA results in M23C6 formation 
during tempering. A comparison between sample types confirms the 
higher content of Cr and V in CHT carbides compared with the DCT ones 
when normalized to the Fe3p peak, supporting the APT results presented 
in S5e-f. The W4f also changes after tempering, showing a + 0.3 eV shift 
for the DCT M23C6 carbides compared to the CHT ones. This is again 
considered to be related to the influence of the slight V alloying of the 
M23C6 carbides with CHT, since the chemical shift of the W in the M23C6 

carbides is similar to that of the M6C carbides (compare Fig. 5e to S5d). 
Furthermore, the separation distance between the two W peaks also 
changes by about 0.1 eV and the width of the peaks is broader for the 
DCT carbides. This may indicate another chemical state of W, which was 
not characterized yet in the manuscript. 

3.4. In-situ surface chemistry during deep cryogenic treatment 

The underlying mechanism of the C redistribution and chemical state 
changes of the different alloying elements is revealed using in-situ 
SPEM. Fig. 6a shows smaller carbides formed in the DCT sample 

Fig. 5. SPEM color-coded elemental maps of selected areas of (a) the CHT and (b) the DCT sample before (top) and after (bottom) tempering. The white circles 
indicate the exemplar positions probed for point-analysis with XPS. (c)-(e) XPS chemical spectra of the larger MC (top) and M6C (bottom) carbides before (dark color) 
and after (red color) tempering, for (c) C1s (d) V2p and (e) Fe3p, Cr3p, V3p and W4f. The data represents the chemical state of both carbide types for both CHT and 
DCT samples. 

P. Jovičević-Klug et al.                                                                                                                                                                                                                         

SPEM color-coded elemental maps of 
selected areas of (a) the CHT and (b) 
the DCT sample before (top) and after 
(bottom) tempering. The white circles 
indicate the exemplar positions probed 
for point-analysis with XPS. (c)-(e) XPS 
chemical spectra of the larger MC (top) 
and M6C (bottom) carbides before 
(dark color) and after (red color) 
tempering, for (c) C1s (d) V2p and (e) 
Fe3p, Cr3p, V3p and W4f. The data 
represents the chemical state of both 
carbide types for both CHT and DCT 
samples. 
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Cultural heritage
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SISSI-Bio

A Nanofocused Light on Stradivari Violins: Infrared s‑SNOM Reveals
New Clues Behind Craftsmanship Mastery
Chiaramaria Stani, Claudia Invernizzi, Giovanni Birarda, Patrizia Davit, Lisa Vaccari,* Marco Malagodi,*
Monica Gulmini, and Giacomo Fiocco

Cite This: Anal. Chem. 2022, 94, 14815−14819 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: It is well-known that all the phases of the
manufacturing influence the extraordinary aesthetic and acoustic
features of Stradivari’s instruments. However, these masterpieces still
keep some of their secrets hidden by the lack of documentary
evidence. In particular, there is not a general consensus on the use of a
protein-based ground coating directly spread on the wood surface by
the Cremonese Master. The present work demonstrates that infrared
scattering-type scanning near-fields optical microscopy (s-SNOM)
may provide unprecedented information on very complex cross-
sectioned microsamples collected from two of Stradivari’s violins,
nanoresolved chemical sensitivity being the turning point for
detecting minute traces of a specific compound, namely proteins,
hidden by the matrix when macro or micro sampling approaches are
exploited. This nanoresolved chemical-sensitive technique contributed new and robust evidence to the long-debated question about
the use of proteinaceous materials by Stradivari.

The constructive peculiarities of the Cremonese violin
makers at the turn of 17th and 18th centuries,

represented in an exemplary manner by the excellence of
Antonio Stradivari, bequeathed the opportunity to admire real
masterpieces and listen to their extraordinary sound over the
ages. It is well-known that both aesthetic and acoustic features
are related to all the phases of the manufacturing processes,
with the finishing treatments playing a crucial role.1 In
particular, sizing treatments and ground coats2,3 as well as
the varnish layers4,5 affect the vibro-mechanical and acoustic
behavior of the violins.5 For this reason, past and present
scientific research on historical instruments have been
addressed toward the characterization of the materials used
in the finishing processes and their distribution within the
coating system. The greatest efforts have been directed to
study the varnishes,3,5,6 which are responsible for the aesthetic
enhancement of the instrument as well as for its protection
from moisture, damage, or biological growth.7 Conversely,
significantly less attention has been devoted to the treatments
applied before varnishing (i.e., size agents or ground layers),
the function of which is to fill the outer pores of the wood.8
The nature of the organic materials involved in the preparation
of the wood is increasingly debated among the experts of
Stradivari’s instruments. In some studies, only a layer of drying
oil was detected at the interface between the varnish and the
wood,5,6 while other investigations3 revealed the presence of a
proteinaceous material on the wood surface by combining
chemical staining and gas chromatography−mass spectrometry

(GC−MS). Specifically, animal glue, identified as collagen, was
recognized in two violoncellos dated to the beginning of 18th
century, while casein was detected in a violin dated 1730.
Moreover, unidentified proteins were detected in three other
violins dated 1677, 1706, and 1720 by staining tests. In the
past decade, Invernizzi et al.9−11 provided evidence suggesting
the application of proteinaceous materials in the Master’s
production, by using an approach based on noninvasive
Fourier transform infrared (FTIR) spectroscopy. Recently,
synchrotron radiation (SR) FTIR microscopy (micro-FTIR) in
reflection mode was applied by Fiocco at al.12 for the analysis
of a set of cross-sectioned microsamples, collected from well-
preserved bowed string instruments made by Antonio
Stradivari and Lorenzo Storioni, but these microinvasive
analyses turned out to be informative for the varnish layers
constituting the coating system but not conclusive for the
presence of a proteinaceous ground coat, especially in the
Stradivari violin. Often, micro-FTIR in reflection geometry is
the only sampling solution for saving sample surface integrity,
but it is clearly suboptimal in the case of absorbing samples,

Received: July 9, 2022
Accepted: October 11, 2022
Published: October 17, 2022

Letterpubs.acs.org/ac

© 2022 American Chemical Society
14815

https://doi.org/10.1021/acs.analchem.2c02965
Anal. Chem. 2022, 94, 14815−14819
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Materials science
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MCX

ARTICLE

Development of vanadium-based polyanion
positive electrode active materials for high-voltage
sodium-based batteries
Semyon D. Shraer1,2, Nikita D. Luchinin1, Ivan A. Trussov1, Dmitry A. Aksyonov 1, Anatoly V. Morozov 1,
Sergey V. Ryazantsev 1,2, Anna R. Iarchuk1, Polina A. Morozova 1, Victoria A. Nikitina 1,2,
Keith J. Stevenson 1, Evgeny V. Antipov 1,2, Artem M. Abakumov 1 & Stanislav S. Fedotov 1✉

Polyanion compounds offer a playground for designing prospective electrode active materials

for sodium-ion storage due to their structural diversity and chemical variety. Here, by

combining a NaVPO4F composition and KTiOPO4-type framework via a low-temperature

(e.g., 190 °C) ion-exchange synthesis approach, we develop a high-capacity and high-voltage

positive electrode active material. When tested in a coin cell configuration in combination

with a Na metal negative electrode and a NaPF6-based non-aqueous electrolyte solution, this

cathode active material enables a discharge capacity of 136 mAh g−1 at 14.3 mA g−1 with an

average cell discharge voltage of about 4.0 V. Furthermore, a specific discharge capacity of

123 mAh g−1 at 5.7 A g−1 is also reported for the same cell configuration. Through ex situ and

operando structural characterizations, we also demonstrate that the reversible Na-ion storage

at the positive electrode occurs mostly via a solid-solution de/insertion mechanism.

https://doi.org/10.1038/s41467-022-31768-5 OPEN

1 Skoltech Center for Energy Science and Technology, Skolkovo Institute of Science and Technology, 121205 Moscow, Russian Federation. 2 Department of
Chemistry, Lomonosov Moscow State University, 119991 Moscow, Russian Federation. ✉email: s.fedotov@skoltech.ru

NATURE COMMUNICATIONS | ��������(2022)�13:4097� | https://doi.org/10.1038/s41467-022-31768-5 | www.nature.com/naturecommunications 1
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MCX

Structural evolution and charge compensation mechanism of NaVPO4F during cycling.  
a Operando SXRD diffraction patterns in the 6.0–16.5° 2Θ range (λ = 0.7239 Å). The SXPD pattern highlighted in bold shows the charged 
phase. The asterisk sign (*) designates the reflections belonging to coin-cell components.  
b Magnified regions of the operando SXRD intensity map. Horizontal full white and dashed black lines show the charged phase.  
c Cell volume evolution on charge/discharge as refined from the operando SXRD data. Error bars are within the circles. Major ticks mark every 
20th pattern.  
d Corresponding charge-discharge profile in the Na||NaVPO4F cell, 1 M NaPF6 in EC:PC:FEC (47.5:47.5:5 by vol.) electrolyte, the second cycle, 
measurements were conducted at 22 ± 2 °C.  
e [001] ED patterns for the pristine material and recovered electrodes at 3.6, 4.5, and 2.0 V showing (dis) appearance of hk0: h + k = 2n + 1 
reflections corresponding to the Pna21↔Pnan phase transition.  
f Ex situ EELS spectra for the harvested electrodes at OCV, charged to 4.5 V, and discharged to 2.0 V manifesting the reversible change of 
vanadium oxidation state. The V2O3 and VO2 spectra are given for reference.  
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Life science
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Pre-clinical  and clinical phase contrast imaging (2D and 3D) 
✓Cell tracking techniques  
✓ Study of novel contrasts agents 
✓Morphological and functional imaging 
✓ Dynamic CT imaging (4D) 
✓In-vivo imaging on small animal models 
✓ Breast imaging

Mammography 
• 2D protocols 
• Low dose breast CT studies under 

evaluation

CT Slice 

SRM Hospital

High-Res X-ray 
absorption and 
phase-contrast 

imaging 
(microtomography)

Clinical images with SR have: 
• higher specificity,  
• better agreement with the 

golden standard (biopsy),  
• improved image quality,  
• strong reduction of X-ray doses.

Projection imaging (2D) 

20
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Morpho-mechanical characterisation of 
lung tissues of COVID patients

A) Picture of a Lamella 
B) Global scan @ 100 µm 

resolution 

C- E) Scan Zooms @ 5 µm: 

C) Expansion of alveolar ducts, 
thickening of interalveolar 
secta 

D) relatively preserved structure 
E) initial interstitial fibrosis

SYRMEP@Elettra 
G. Tromba

*

Different	types	of	tissue	damages	are	found	in	the	same	sample



Giorgio Paolucci - 2024Elettra: Science Highlights and Machine Developments 22

Strategic international cooperation 
activities
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• Training activities within the LAAAMP (Light sources for Africa, Americas, Asia, 
the Middle East and Pacific) initiative.

• Partnership with the International Atomic Energy Agency (IAEA) to run a BL for 
fluorescence with a focus on training of scientists from developing countries.

• Partnership with the International Center for Theoretical Physics (ICTP) to 
support users and training of scientists from developing countries.

• Partnership with the International Center for Genetic Engineering and 
Biotechnology (ICGEB) to support training of scientists from developing 
countries in the field of life sciences, with a focus on structural biology.

• MoU for technical training and support with SESAME.

• Pilot Action for training of young scientists from the Western Balkans.
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Elettra is the Italian representing entity and Partner Facility within 
CERIC-ERIC, the Center European Research Infrastructure 
Consortium, which includes laboratories from:

• Austria
• Croatia
• Czech Republic  
• Hungary
• Poland
• Slovenia
• Romania



The future: Elettra 2.0



Exploiting multi-bend technology to approach the theoretical 
brightness limit - the third European upgrade project

Going from the Elettra double bend achromat lattice (left) to the  
Elettra 2.0 symmetric six-bend enhanced achromat lattice (right)



  Elettra 2.0 half achromat with 
magnets, girders and light exits

Special longitudinal and  
transverse gradient  dipole  

       Strong 50 T/m quadrupole



• maintaining the Elettra synchrotron light laboratory at the forefront of 
synchrotron user facilities in a broad photon energy window ranging from IR 
and THz to the hard X-rays; 

• increasing the capacity of the laboratory to attract new user communities.
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➢ Scope of the project

• Designing of a suite of new beamlines exploiting the improvement 
opportunities of the new source (increased coherence in soft/hard-X and 
brilliance, increased time-resolution (possibly ps), in-vacuum undulators);  

• merging of some beamlines; 
• upgrading some beamlines maintained on Elettra 2.0 for having better 

performance; 
• relocation of existing beamlines where required; 
• removal of some beamlines; 
• upgrade of the instrumentation for new science and users.

Elettra 2.0: scope and strategy

➢ Strategy



XRD1 µXRD



Science Drivers of Elettra 2.0

Reduction in the source emittance and beam size and the brightness 
increase will lead to:

➢significant gains in the emitted or transmitted signals from the objects 
under investigation;
➢reduced acquisition time for all types of spectroscopies and X-ray 
scattering techniques;
➢implementation of photon-hungry techniques such as: high pressure 
experiments with anvil cells and dilute samples and spin-resolved ARPES;
➢improvement of the lateral resolution with focusing optics down to a few 
nm scale range (e.g. nano-PES, nano-ARPES)

The high coherence will open unique opportunities for coherence-hungry 
methods:

➢Coherent Diffraction Imaging (CDI) with chemical specificity
➢Ptychography
➢X-ray photon correlation spectroscopy (XPCS)
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Science Drivers of Elettra 2.0 
(Snapshots from the TDR)

X-ray photon correlation spectroscopy (XPCS)

Coherent diffraction imaging

Absorption and 
ptychographic scans of 
a Mn–Co/PPy film 
@TwinMic

XPEEM-XPCS set-up at 
Nanospectroscopy, tested in 2020

The new HB-SAXS 
for XPCS in the hard 
X-rays 

Antiferromagnetic arrangements 
imaging @CSX-NSLS-II

The new CDI beamline for soft and tender X-
ray coherent scattering and imaging 

❑ Correlated systems and magnetism
Condensed matter

Spin-ARPES spectroscopy 
and spectromicroscopy

Band parameters and hybridization in 2D 
semiconductor heterostructures @ 
Spectromicroscopy

Life sciences

❑ Functional materials for catalysis, 
energy conversion and storage

❑ From Protein Science to Cellular Biology

3D structure of SARS-CoV-2 
Mpro in complex with myricetin

Ptychographic phase 
reconstruction of mesothelial 
cells @ TwinMic

A brand new class of microscopes for MX, XRF, XAS, SAXS, 
Ptychography

❑ Medical imaging
Lung CT@Syrmep

Syrmep-LS: a dedicated beamline and 
patient room

Spatially resolved NAP-XPS of SOFC 
electrode-electrolyte interface @ 
ESCA Microscopy



The SYRMEP – Life Science beamline
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Higher energies for multiscale and multi resolution 
tomography and imaging applications (Giuliana Tromba & 

Diego Dreossi)

breast CT

lung CT
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The SYRMEP – Life Science beamline

A superconducting bending magnet  
with peak magnet field of 6 T is planned 
(critical energy at 2.4 GeV = 23 keV)

Source

Beamline

SBM tech specifications ready

Contract signed end 2022

Patients room Preliminary studies ongoing 
(Elettra Infrastructure Service)

Status of the project (installation on Elettra 1.0 - 2024)



34

Master time plan for the preparation and 
installation of the beamlines

PHASE 1 (all beamlines in operation)

Dark Period 
start

Dark Period 
end

Users 
mode

PHASE 2

PHASE 3

➢ Upgrade of the Beamline Control System 
➢ Upgrade of the Personal Safety System 
➢ Replace wherever needed of the first optics 

cooling system 
➢ Upgrade wherever needed of the safety hutches 
➢ Installation of SYRMEP-LS and HF-SAXS 

(space already available) 
➢ Removal of SR-FEL and LILIT 
➢ Adjustment of the tunnel wall where possible

➢ Anticipate possible upgrades before the dark period 
➢ Use the long machine shutdowns 
➢ Follow priorities 
➢ Avoid shutdowns of beamlines activities 

➢ Installation of most of the new 
beamlines 

➢ Upgrade of the liquid nitrogen 
distribution plant 

➢ Completion of the tunnel wall 
adjustment

Main activities:

➢ Installation of the 
remaining 
beamlines
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 Elettra 2.0-2.4 GeV 3rd generation Synchrotron Radiation Facility   
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 Elettra 2.0-2.4 GeV 3rd generation Synchrotron Radiation Facility   

  FERMI 1.5 GeV seeded Free Electron Laser Facility 
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 Elettra 2.0-2.4 GeV 3rd generation Synchrotron Radiation Facility   

  FERMI 1.5 GeV seeded Free Electron Laser Facility 



FEL microbunching

Growth of the radiation power and the electron beam microbunching as a function of the 
undulator distance for a high-gain FEL. 
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Overall length of underground part (5 m below ground):  ~ 400 m 
Three main parts: Linac & Klystron Hall; Undulator Hall; Experimental Hall

Experimental Hall

Linac Building

Undulator Hall

~400 m, 5 m underground
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FEL-1

FEL-2
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A liquid carbon (l-C) sample is generated 
through constant volume heating 
exposing an amorphous carbon foil to 
an intense ultrashort laser pulse. Time-
resolved x-ray absorption spectroscopy 
at the C K edge is used to monitor the 
dynamics of the melting process 
r e v e a l i n g a s u b p i c o s e c o n d 
rearrangement of the electronic structure 
associated with a sudden change of the 
C bonding hybridization. The obtained l-
C sample, resulting from a nonthermal 
melting mechanism, reaches a transient 
equilibrium condition with a temperature 
of about 14 200 K and pressure in the 
order of 0.5 Mbar in about 0.3 ps, prior 
to hydrodynamic expansion. A detailed 
analysis of the atomic and electronic 
structure in solid-density l-C based on 
t ime- reso l ved x - r ay abso rp t i on 
s p e c t r o s c o p y a n d t h e o r e t i c a l 
simulations is presented. The method 
can be fruitfully used for extending the 
experimental investigation of the C 
phase diagram in a vast unexplored 
reg ion cover ing the 103–104 K 
temperature range with pressures up to 
1 Mbar. 
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Conclusions

• Elettra and FERMI are producing high level multidisciplinary 
research

• Openness to the international research community is a key 
factor for the success of a large scale research infrastructure   

• A healthy balance between user research, collaborations, 
internal research is needed

• Multi method and multi facility studies are becoming more and 
more common and this must be considered
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Conclusions

• Elettra and FERMI are producing high level multidisciplinary 
research

• Openness to the international research community is a key 
factor for the success of a large scale research infrastructure   

• A healthy balance between user research, collaborations, 
internal research is needed

• Multi method and multi facility studies are becoming more and 
more common and this must be considered

Scientific success is a key factor for the credibility with 
sponsoring institutions, as witnessed by the ~200 M€ Elettra 2 
upgrade program




