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1 Summary

In 2024 the scientific activity at the DAΦNE-Light laboratory, was performed using conventional
sources and the DAΦNE synchrotron radiation beam up to July for some tests of detectors and
measurements. About 30 experimental teams got access to the DAΦNE-Light laboratory mainly
coming from Italian Universities and Research Institutions, third parties and PNRR and other
projects.
The laboratory was opened to visitors in the Open Day in May 2024, to high school students in
April and June and to high school teachers in November during the week dedicated to the ”Incontri
di Fisica”. In 2024 all the activities on going at the DAΦNE-Light laboratory were presented the
27th of May at the INFN-LNF 67th Scientific Committee Meeting.
The website of DAΦNE-Light at the following link: https://dafne-light.lnf.infn.it/ was con-
tinuously updated with highlights and a complete list of publications.
Concerning the X-ray beamline, the alignment was completed in January and afterwards it was
opened to users. Some upgrades were realised on the experimental setup of some beamlines and
also new instrumentation was installed.

2 Activity

2.1 SINBAD IR beamline - Resp. Mariangela Cestelli Guidi

The SINBAD IR beamline offers advanced Fourier Transform Infrared (FT-IR) micro-imaging and
spectroscopy capabilities, driven by a powerful synchrotron source. This enables researchers to
conduct detailed investigations in a wide array of fields, including:

1. Material Science: Characterising the composition and structure of advanced
materials.

2. Biology & Radiobiology: Studying cellular processes and the effects of radiation.

3. Live Cell Imaging: Monitoring dynamic changes in living cells in real-time.

4. Cultural Heritage: Analysing the composition of artifacts and artworks.

5. Geophysics: Examining the mineralogical and chemical makeup of geological
samples.

The beamline’s high-resolution imaging capabilities, coupled with the brilliance of the synchrotron
source, provide exceptional sensitivity and spatial resolution. Access to SINBAD is granted to
researchers from Italian and international institutions, including EU and non-EU teams, following
a rigorous proposal review by the User Selection Panel.



Projects on external funds.

Throughout 2024, the SINBAD-IR beamline actively supported a range of cutting-edge projects,
including:

1. PNRR PE5 - CHANGES: Cultural Heritage Active innovation for Next GEn
Sustainable Society

Funded by the European Union (EU) and the Italian Ministry of University and Research
(MUR), the CHANGES project (Cultural Heritage Active Innovation for Next Gen Sustain-
able Society) started in December 2022. INFN, through its membership in ”Associazione Cen-
tro di Eccellenza Beni e Attività Culturali della Regione Lazio ”(DTC Lazio), is actively con-
tributing with four distinct projects. (Reference: https://www.mur.gov.it/it/news/mercoledi-
03082022/pnrr-mur-selezionati-i-14-partenariati-attivita-di-ricerca)
The SINBAD-IR beamline is a vital component of CHANGES, specifically within SPOKE 7,
focusing on ”Protection of cultural heritage from anthropogenic and natural risks and evalu-
ation of the effectiveness of recovery techniques using non-invasive monitoring technologies.”

(a) Deliverable Achievement: The project successfully delivered D2.3 in December 2024,
a ”Technical report on multi-temporal visualisation of climate change effects on heritage
contexts.”

(b) Measurement Campaign: A crucial measurement campaign was conducted at the
Domus di Vigna Guidi (Terme di Caracalla, Rome) to analyze degradation processes
and inform recovery strategies for the pictorial apparatus (Fig.1).

(c) Digital Accessibility: Efforts are underway to transform diagnostic data into acces-
sible digital content, including DIGITAL TWINS, for public engagement and museum
professionals.

(d) Dissemination: Project results were presented at national and international confer-
ences and scientific events, ensuring broad knowledge sharing.

Figure 1: In situ investigation at “Domus di Vigna Guidi” (Terme di Caracalla) in Rome.



2. SUNSTONE: ”SESAME’s Upgrading Network for Scientific user Training and
Outreach into the Next Era”.

Funded by the European Union’s Horizon Europe program (HORIZON-INFRA-2024-SESAME-
IBA, G.A. 101177314), SUNSTONE (”SESAME’s Upgrading Network for Scientific user
Training and Outreach into the Next Era”) is a strategic initiative designed to significantly
strengthen the SESAME (Synchrotron Light for Experimental Science and Applications in
the Middle East) facility.

Project Timeline: June 30, 2024 - December 31, 2027 (42 months).

Project Goals: This collaborative project unites eight leading research infrastructures and
organizations from Europe and the Middle East, with the Paul Scherrer Institut as a key
associate participant. SUNSTONE’s core objective is to ensure the long-term sustainability
and enhancement of SESAME, a vital research hub serving its eight member nations: Cyprus,
Egypt, Iran, Israel, Jordan, Pakistan, Palestine, and Turkey. Furthermore, the project aims
to expand SESAME’s reach and impact into Africa.

As part of the project, INFN will provide in the first year the training for SESAME’s BEATS
XCT beamline users in the cultural heritage field.

More information about the SUNSTONE project can be found at the following link:
https://sunstone.sesame.org.jo/

3. INFN OPEN: ”Open INnovation from Fundamental Nuclear Research”.

Funded by the PON Governance and Institutional Capacity 2014-2020 program, Axis 2 –
Specific Objective 2.1 – Action 2.1.1 (CUP: I55F21002820007), the INFN OPEN (”Open
INnovation from Fundamental Nuclear Research”) project is a strategic initiative designed
to accelerate the transfer of scientific and technological knowledge developed by the Istituto
Nazionale di Fisica Nucleare (INFN).

Project Timeline: November 23, 2021 - August 31, 2025.

Project Goals:

(a) Strengthen INFN’s Capabilities: Enhance the technical and organizational skills
necessary to translate fundamental research into tangible innovations.

(b) Promote Knowledge Transfer: Effectively facilitate the dissemination and applica-
tion of INFN’s scientific and technological advancements.

(c) Drive National Innovation: Contribute to the technological and industrial innova-
tion of the Italian economy.

INFN OPEN aims to bridge the gap between cutting-edge fundamental research and real-
world applications, fostering a culture of open innovation.
The project included a market study of compact particle accelerators for cultural heritage,
specifically examining the MACHINA (https://link.springer.com/article/10.1007/s12210-022-
01120-6 ) case.
More information about this INFN technology transfer initiative can be found at the following
link: https://web.infn.it/TechTransfer/?page id=907

Users and Beamtime

In 2024, the SINBAD-IR beamline provided access and support to numerous experimental teams,
facilitating cutting-edge research across diverse scientific disciplines. Here’s a brief view into some
of the notable studies conducted:



1. Planetary Science & Mineralogy

(a) ASAMI & ASAMI II: Unveiling the Secrets of Asteroid Ryugu Mapping Led
by S. Rubino from the Institute of Astrophysics and Space Planetology (INAF-IAPS),
Italy, these projects utilized FT-IR spectroscopy to analyze fragments (Fig.2) of the
Ryugu asteroid. ASAMI II further integrated Raman and SEM-EDX analyses, pro-
viding a comprehensive understanding of the asteroid’s weathering state. The analysis
of these cosmic materials, fragments of the asteroid Ryugu, brought back to Earth by
the Hayabusa-2 mission of the Japanese Space Agency JAXA, has garnered significant
public attention, featured in online news outlets and on TG3 Leonardo:

i. https://www.ansa.it/canale scienza/notizie/spazio astronomia/2024/01/10/iniziate-
in-italia-le-analisi-dei-grani-dellasteroide-ryugu-video 3e48b9d3-17df-4a0d-9e7d-
5e06dac386be.html

ii. https://www.youtube.com/watch?v=PUG1w4v3v48

iii. https://www.media.inaf.it/2024/12/06/campioni-extraterrestri-il-rischio-
contaminazione/

Figure 2: Image of Ryugu asteroid fragments under the IR microscope at the DAΦNE-L laboratory

(b) PEITHO: Unraveling Meteorite Mineralogy. C. Carli (INAF-IAPS, Italy) con-
ducted FT-IR spectroscopic analyses to characterize peculiar meteorites, aiming to un-
derstand their origins and parental bodies.

(c) DELIM: Detecting Trace Water in Minerals. A. Stephant (INAF-IAPS, Italy)
utilized FT-IR spectroscopy to determine the detection limits of water content in various
minerals.

2. Materials Science & Physics

(a) CuTMED - Magnetophononics in a Cu(II) Dimer System. L. Spitz (Paul Scherrer
Institute, Switzerland) performed low-temperature (4K) FT-IR spectroscopy to inves-
tigate the magnetophononic properties of a Cu(II) dimer system.

(b) IRMat - Ternary and Quaternary selenodiphosphates and eutectic self-assembled meta-
materials for infrared applications. M. C. Larciprete (Sapienza Università di Roma)
used micro FT-IR spectroscopic analyses with a micro-cryostat to characterise eutectic
materials based on metallic oxides at room temperature and at 68◦C.



(c) LNF Collaboration: EuPRAXIA Accelerator Capillary Characterization. A.
Biagioni and L. Crincoli (INFN-LNF) collaborated on the characterization of capillaries
for the EuPRAXIA accelerator.

3. Cultural Heritage

(a) CHNet Collaboration: Analysing ”Lo Spasimo di Palermo”: In collaboration
with INFN-RM3 and the Accademia delle Belle Arti of Rome, a multi-analytical diag-
nostic campaign was conducted on an unknown version of the painting ”Lo Spasimo di
Palermo”.

(b) Workshop Presentation: Preliminary results from the ”Lo Spasimo di Palermo”
analysis were presented at a dedicated workshop on October 30th at INFN-National
Laboratories of Frascati (Fig.3). The workshop was organised by M. Romani and L.
Pronti, in collaboration with LASR3 laboratories (University of Roma 3) and Accademia
delle Belle Arti di Roma.

Figure 3: Workshop on the preliminary results achieved on an unknown version of the painting
”Lo Spasimo di Palermo”.

Beyond the core research projects, the SINBAD-IR beamline actively was also engaged in
collaborative and third-party activities.

Instrument Upgrades and Laboratory Enhancements

In 2024, the SINBAD-IR laboratory underwent significant upgrades to enhance its analytical ca-
pabilities and expand its research potential. Key improvements included:

1. Controlled Atmosphere Capabilities - A custom-designed atmosphere-controlled cham-
ber was integrated around the LUMOS II experimental area. This chamber features a glove-
box for sample manipulation and dry nitrogen (N2) flow capabilities, enabling the analysis
of air-sensitive materials under controlled environmental conditions.

2. Multimodal Analytical Enhancements



(a) The macro (MA) - multi techniques scanner, ARTEMISIA, was upgraded with inte-
grated LED-UV, XRF, and Reflectance (VIS-NIR) systems, expanding its diagnostic
versatility.

(b) HERA-IPERSPETTRALE VIS-NIR, a hyperspectral camera with a CMOS sensor (1280x1024
pixels, 400-1000 nm), was equipped with a EUROMEX fluorescence microscope, en-
abling advanced hyperspectral imaging.

3. Data Processing and Analysis Tools - PLS Toolbox and MIA software were acquired
for advanced spectral image processing within the MATLAB environment.

4. Additional Instrumentation

(a) An IR thermal camera was added for thermal imaging applications.

(b) A 3D laser scanner was acquired for precise three-dimensional object digitisation.

5. Relocation to Building 24 - The LNF-CHNet laboratory was relocated to Building 24,
providing a dedicated room for Cultural Heritage analyses, including a chemical hood for
the realisation of cross sections. Moreover, the MA-multi techniques (FT-IR, UV, XRF, and
VIS) scanner, developed in the field of the ARTEMISIA project, was also relocated in a
dedicated room of the same building.

Educational Outreach and Scientific Dissemination

The SINBAD beamline actively contributes to education by providing research opportunities for
students pursuing Master’s and PhD degrees. In 2024, the beamline hosted the following students:

1. D. Cappella, Bachelor’s Degree in Chemistry (University of Rome Tor Vergata). Thesis: ”
Applicazione dello scanner multi-sensore ARTEMISIA per l’analisi non invasiva del dipinto
“Ritratto di Dama Veneziana” di Giacomo Favretto.” INFN Tutor: L. Pronti.

2. V. di Paolo, Bachelor’s Degree in Chemistry (University of Rome Tor Vergata). Thesis:
”Characterisation of micro-samples from a 19th-century oil painting using FT-IR micro-
spectroscopy and scanning electron microscopy (SEM-EDX): a study of blue pigments.”
INFN Tutor: M. Romani.

Furthermore, research conducted at the SINBAD beamline was widely disseminated through pre-
sentations at many national and international scientific conferences, including invited talks given
by M. Romani and L. Pronti

2.2 DXR1 Soft X-ray Beamline - Resp. Antonella Balerna

The DAΦNE soft X-ray beamline, DXR-1, is mainly dedicated to soft X-ray absorption spec-
troscopy (XAS). The X-ray source of this beamline is one of the 6-poles equivalent planar wiggler
devices installed on the DAΦNE electron ring (0.51 GeV) for the vertical beam compaction. The
6 wiggler poles and the high storage ring current (higher then 1 Ampere) give a useful X-ray flux
for measurements well beyond ten times the critical energy. The useful soft X-ray energy range
is 900 eV - 3000eV where the lower limit is given by the Beryl crystals used in the double-crystal
monochromator and the higher limit is given by the wiggler working conditions.
In January 2024 the alignment of the soft X-ray beamline was completed and the beamline was
opened to users up to July 2024.



The DIATOMIX proposal (Prof. G. Verona Rinati - Univ. Rome Tor Vergata) received beam-
time divided, as required, in different months in order to perform improvements while going on
with the measurements. This proposal aimed at assessing the capabilities of single crystal diamond
arrays, to be employed in soft X-ray tomography systems for plasma diagnostics in thermonuclear
fusion reactors. Full tomography systems, based on these diamond diodes have been proposed
for future fusion reactors. To this end, it was important to experimentally verify the spectral
responsivity and the reproducibility in the response of nominally identical detectors, in view of
the production of detection systems involving a much larger number of diodes. The DAΦNE-Light
DXR1 beamline (see Fig. 4) provided X-rays in a range which is extremely relevant for plasma
diagnostics, and that was not investigated in previous experiments.

Figure 4: Internal view of the DXR1 experimental chamber with a mounted array of detectors.

Other measurements performed were on different samples including lapis lazuli having different
origins. These measurements were performed at the Si K edge. To conclude the series of measure-
ments performed in 2024 before closing two standards were measured at the sulphur (see Fig. 5)
and silicon K edge (see Fig. 6).
Included in the ARTEMISIA project (see SINBAD-IR scientific activity) there was the study of
the feasibility of integrating the FTIR spectrometer scanning system with an X-ray fluorescence
(XRF) spectrometer like the one realised by the INFN LABEC laboratory in Sesto Fiorentino (Fi).
This spectrometer is a portable XRF system and is used for activities related to the INFN cultural
heritage network (CHNet). The integration of a XRF system with the portable FTIR system de-
veloped within the ARTEMISIA project is important because X-ray fluorescence is able to provide
information on the atomic elements present in the paintings to be studied and is complementary
to FTIR.
During 2024 the ARTEMISIA portable XRF system realised using a conventional Rh X-ray source
and an Amptek OEM (original equipment manufacturer) SDD detector assembled at LABEC. The
XRF system was used to map (22 cm x 15 cm) the presence of different atomic elements in a small
painting of G. Favretto (Venezia 1849-1887) in the DAΦNE-Light DXR2 hutch. At the end of 2024
the ARTEMISIA scanner was moved to the building 24 and all security issues were performed hav-
ing now the possibility to use the XRF system also for in-situ mapping measurements.
Using only the XRF system tests were performed on some systems related to the SIDDHARTA2
and VOXES experiments looking for the presence of contaminants.
The approval of the EuPRAXIA Advanced Photon Sources (EuAPS) project, led by INFN in



Figure 5: XANES spectrum of a Na2SO4 standard at the S K edge.

Figure 6: XANES spectrum of a SiO2 standard at the Si K edge.

collaboration with CNR and University of Roma Tor Vergata, foresees the construction of a laser-
driven “betatron” X-ray user facility at the LNF SPARC LAB laboratory. Looking for X-ray
applications above 1 keV, the idea of measuring time resolved XAS data at the Al K edge for ex-
periments related to the field of warm dense matter (WDM) was proposed, taking also into account
the possibility to check, at least the solid state data, with the ones collected at the DAΦNE-Light
DXR1 beamline. In 2024 the in collaboration with other scientists working on EuAPS the construc-
tion of the 3 m long experimental chamber started and the mountings of the sample and the CCD
camera needed for the first X-ray phase contrast imaging experiments in 2025 were purchased.

2.3 DXR2 UV branch Line - Resp. Marco Angelucci

The DXR2 beamline at DAΦNE- Light operates with UV radiation on an extended spectral range
from 120 nm to 650 nm. The UV radiation can be used in a wide range of experiments such as
reflectance/transmittance, ageing and response of optical systems and detectors.



The UV light has been used at the DXR2 branch-line in many and different research fields from
biological to high energy physics experiments, to study solar-blind UV diamond-based detectors
or FOAM for space missions. Furthermore, coupling the UV radiation and IR spectroscopy it is
possible to study in real time the evolution of analysed samples, measuring the variation of IR
spectra during UV exposure.
The facility operates with UV radiation obtained as synchrotron radiation (SR) or standard sources
(Deuterium lamp for the Deep UV 120-250 nm, HgXe lamp in the 200-650 nm range, broad UV/VIS
source in the 200-800 nm range, and different LED sources between 255 and 465 nm).
To meet the various technical requirements, the beamline has been fitted with new sensors. In
previous years, the beamline was upgraded with discrete LED and continuous light sources of
varying wavelengths. During 2024, new systems for light characterisation have been developed.
For this purpose, the laboratory has been equipped with new UV-Vis sensors with a measurement
range in the µW, as well as dedicated setups as shown in Fig. 7, to face some requests for
absorption/transmittance/reflectivity measurements.

Figure 7: Setup for characterization of light power with specific sensors in the UV-Vis spectral
range.

The laboratory was also involved in the structural and elemental characterization of NEG-coated
samples using SEM-EDX (see Fig. 8). This activity is conducted in collaboration with the XUV
laboratory as part of the partnership with BNL.

ARTEMISIA scanner- in collaboration with SINBAD-IR beamline.
In collaboration with SINBAD-IR beamline, during this last year, some activities were focused on
improving the integration of the UV setup in the general structure of the ARTEMISIA scanner
and in some cultural heritage measurements already described in the SINBAD-IR activities.



Figure 8: SEM Images (top) and EDX spectrum (bottom) of a NEG-coated sample.

2.4 XUV beamlines and laboratory - Resp. Roberto Cimino

This laboratory hosts three bending Magnet beam lines and their “state of the art” UHV spec-
troscopy systems. Two beamlines will offer monochromatic light with a photon energy range from
30 eV to 1000 eV the third one will provide un-monochromatized SR light. The Low Energy
Beam line, (LEB) will cover from 30 to 200 eV and the High Energy Beam line (HEB) will offer
monochromatic photons from 60 to 1000 eV. The third beamline, WINDY, (White lIght liNe for
Desorption Yields) offer collimated SR for photodesorption studies on pipe samples up to 3-meter
length. The three beamlines still need some extensive use of SR delivered by DAΦNE to be finally
commissioned. During 2024 DAΦNE did not produce any usable light.
Also if SR was not used, all the three beamlines and their experimental stations hosting and pro-
moting some mainstream projects were consolidated.
During this year, the laboratory the laboratory continued to work on the ET-ITALIA@LNF project,
funded by National Scientific Committee 2 (CSN2), focusing on the studies of the vacuum prop-
erties of different components of the cryogenic vacuum system of the future Einstein Telescope
(ET). This activity was carried out in collaboration with the LATINO Vacuum Laboratory at LNF.
The ET-ITALIA@LNF project also focuses focuses on the study of a new a strategy to reduce the
mirror’ contamination due to the residual gases in the ET mirrors’ tower and on the implemen-
tation of a possible passive mitigation method for electrostatic charging affecting Gravitational
Wave (GW) optics. This latter activity, in its basic aspect, started in 2023 in collaboration with
EGO-Virgo and the Institut de F́ısica d’Altes Energies (IFAE) in Spain.
Following the collaboration already established in the past years with Brookhaven National Lab-
oratory (BNL) (USA), and in particular with the working group studying and designing the new



Electron Ion Colllider (EIC), in 2023 the laboratory has operatively strengthened such an in-
teraction by a Statement of Work (SoW, Doc No. EIC-VSG-SOW-011). The SoW is for surface
studies needed for qualifying the hadron storage ring vacuum chamber of EIC, including the mea-
surements and analyses of thin films produced by BNL. During 2024, the laboratory continued to
study different carbon coated samples (30 samples) and started the study of NEG coated sample.
Moreover, the laboratory continued to collaborate with the BNL Vacuum Group to develop a SEY
measurement system which will be employed by BNL for the quality control of the coated screens
which will be installed in the EIC hadron storage ring vacuum chamber.
Furthermore, the laboratory has continued the collaboration activities with national and interna-
tional groups (CNR, Uniroma1, ET- International collaboration, Virgo, etc) on different topics
requiring the expertise and experimental equipment available in the laboratory.
Hereafter all those activities which have been performed in the spirit of opening some resources to
external users are described.

1. ET-ITALIA@LNF

The ET-ITALIA@LNF project is organized in three WPs:

(a) WP1: Frost Mitigation and Electrostatic Charging

(b) WP2: Material Properties

(c) WP3: Passive mitigation method for electrostatic charging.

Gases composing the residual vacuum in the low frequency detector chambers of ET will
tend to build a contaminant ice layer (“frost”) on the cryogenic mirrors’ surfaces (T∼10
K). Depending on the thickness of such ice layer, various detrimental effects may affect the
detector performances.
Studying the mirror vacuum system and reducing contaminants on the optical surfaces at
cryogenic temperatures is a necessary passive strategy for maintaining detector efficiency.
This is the focus of WP2 activities (in collaboration with the LATINO Vacuum Laboratory
in Frascati), which aim to characterise the outgassing properties of materials.
The WP1 activities are carried out entirely in the XUV laboratory and aim to explore
the use of low-energy electrons as an active method to remove ice from cryogenic optics
through Electron Stimulated Desorption (ESD). This defrosting method will inevitably result
in electrostatic charging, which has already been shown to affect gravitational wave detection
in operating interferometers. In principle, electrons can not only induce ice desorption but can
also help mitigate charging issues by tuning their kinetic energy appropriately. In this way,
electrons can serve as a mitigation method for both ice desorption and charge neutralisation.
The electron-based discharging method relies on understanding the SEY characteristics of
each material. WP3 activities began in 2024.
During this year, first results have been obtained experimentally demonstrating the possibility
to use electrons to neutralise charges of both polarity at room and cryogenic temperature
(RT and LT), as well. Fig. 9 shows the case of a Si sample, considered as representative for
the ET mirrors’ material. In panel (a) the comparison between the Si SEY characteristics
at RT and LT is reported. The observed slight differences between the SEY curves are likely
due to adsorption on the sample surface, unavoidable at cryogenic temperature (10 K), of
molecular contamination typically present in UHV (p∼1 x 10−10 mbar). Starting from the
neutral surface, both at RT and LT, it is possible to induce at will positive (panel b) or
negative (panel c) charge on the sample surface by properly choose an irradiation energy for
which SEY >1 or <1, respectively. In the same way, given a positive (panel d) or a negative
(panel e) charged surface, it is possible to neutralise it irradiating the surface with electrons
having energy around E (SEY=1), both at RT and LT.



Figure 9: Ta) SEY curves of Si sample acquired at RT and LT (10 K). The inset is a magnification
of the low energy region. Arrows point to the SEY values at the charging/neutralisation irradiation
energies. Charging measurements to positive (b) and negative (c) voltage. Neutralisation starting
from positive (d) and negative (e) voltage.

These results have been published and presented in national and international meetings. A
further article has been accepted in December 2024 and will appear online in 2025.
The work is ongoing to validate the charging/neutralization method on other materials repre-
sentative for the mirror optics at cryogenic temperature and after dosing specific gas species
(as H2O).
Moreover, a new experimental set-up has been equipped with a Kelvin probe to apply the
method and to study the charge spatial distribution on big dielectric samples (1 inch) of
realistic composition and quality. Fig. 10 shows a picture of the part of the chamber. The
1-inch sample holder (center), the electron gun (left) and the Kelvin probe (right) can be
observed.

Figure 10: Inner view of the new measurement chamber where to carry out SEY, charging and
neutralisation studies on 1-inch samples. In the centre the sample holder is clearly visible; from
the lateral flanges, the electron gun (left) and the Kelvin probe heads (right) can be recognised,
pointing to the sample holder.



The test of the whole system is ongoing, together with the implementation of the LabView
data acquisition code.
Electrostatic charging coming from the beampipe is one the few known contributions to optics
charging phenomenon. This is already experienced in Virgo, where it has been observed that
electrostatic charges, generated by low energy electrons coming from ion pumps, propagate
along the beampipes finally impinging on the test masses.
In this framework, in collaboration with the vacuum groups of LNF and EGO-Virgo and IFAE
(Spain), the aim of WP3 of ET-ITALIA@LNF is to carry out a R&D activity to develop a
passive mitigation strategy for the electrostatic charging coming from the beampipe. The
idea is to install an electrostatic ring in selected baffles of the vacuum pipe. Opportunely
polarised at a given voltage, such rings can catch electrons coming from the ion pumps and
propagating along the vacuum tube. The general activity proposes to test the possibility
of integrating such an electrostatic ring on baffles to mitigate the charges’ flow from the
beampipes to the mirrors’ chamber.
During this year, an experimental system has been designed and set up to perform the first
tests to measure the current emitted by an ion pump. As shown on the left of Fig. 11,
the system consists of a vacuum tube with several flanges. The vacuum tube is equipped
by a turbomolecular pump (TMP) to evacuate the system before to switch on an ion pump
(300 l/min). The TMP can be isolated from the vacuum tube by a valve. The ion pump is
connected at the bottom of the vacuum tube. An ion gauge is also mounted to check the
vacuum of the system (base pressure with ion pump: p∼10−8 mbar). In front and at 90◦

with respect to the ion pump port, two metallic screens have been placed. One of these is
shown in the right picture of Fig. 11. Each screen is insulated from the vacuum tube and
electrically connected to a pico-ammeter to measure the electron current generated by the
ion pump once it is switched on. Moreover, each screen can be put at a given potential
(between -500 V and 500 V) to study, for each geometry, the effect of voltage in capturing
charges coming from the ion pump.

Figure 11: (a) Overview of the experimental setup to measure the charges emitted by an ion pump.
(b) Detailed view of one of the metallic screens mounted in the upper flange, facing the ion pump
port, and at 90◦ with respect to the ion pump to collect charges emitted once the ion pump is
switched on. Both screens are connected to two different pico-ammeter for current measurements
and can be held at a given voltage between -500 V and 500 V.



First measurements campaign has started and is still ongoing. The concept of the study has
been already presented at national and international meetings. An upgrade of the system,
for studies of electron propagation in long pipe, will be developed and mounted during 2025
in building 24.

2. Collaboration with the “Einstein Telescope -ET- International collaboration”

The activities carried out within ET-ITALIA@LNF project are of general interest in the
international framework of R&D scheme for ET. Indeed, with the activities on frost and
charging mitigation of cryogenic mirrors, the laboratory is involved in the ET-ISB Division
II (Optics) collaboration. Moreover, the laboratory is also active in the ET-ISB Division IV
(Vacuum and Cryogenics) collaboration.

3. Collaboration with EIC (Eelectron Ion Colllider) at Brookhaven National Labo-
ratory (BNL - USA)

The mitigation of electron cloud buildup in high-luminosity circular accelerators like the
hadron storage ring of the EIC relies heavily on the development and experimental surface
characterization of technical materials with low SEY. Our laboratory has the experience and
the “state of the art” equipment to perform such investigations. Detailed material and surface
studies are indeed needed for qualifying the hadron storage ring vacuum chamber, where new
beam screens with a low SEY coating need to be inserted into the present Relativistic Heavy
Ion Collider (RHIC) beam tubes to suppress electron cloud buildup and guarantee operation
with the high luminosity beams of the EIC.
Electron cloud, dynamic vacuum, material coatings and their surface and bulk properties at
low operating temperatures as well as under electron, and ion bombardment are critical to
guarantee the accelerator does not suffer any limitation induced by the detrimental collective
effects driven by instabilities. The interaction with the working group in BNL that is studying
and designing the future EIC is carried out through two different paths.

(a) Statement of Work (SoW, Doc No. EIC-VSG-SOW-011) between BNL and INFN.

The SoW is for surface studies needed for qualifying the thin films of carbon produced
by BNL and sent in our laboratory. SEY and XPS measurements at Room Temperature
of different samples have been performed during this year, also as a function of electron
irradiation (scrubbing or conditioning).
Some representative results achieved in 2024 are reported in Fig. 12 and Fig. 13.

Figure 12: SEY (left) and XPS (center) measurements on a selected coated carbon film sample
(right) produced by BNL.



Figure 13: From the left: SEY curves on a selected sample as a function of electron irradiation
(scrubbing) at 300 eV; trend of the maximum value of SEY as a function of the electron dose
deposited on the sample; XPS spectra acquired at the initial and final state of scrubbing process.

(b) Collaboration to develop a SEY measurement system

The qualification of materials after their production is a necessary step to verify that the
produced coatings meet the required specifications prior to installation into the hadron
storage ring. Having an in-house measurement system for this purpose is vital to avoid
costly and time-consuming validation by external laboratories. For this reason, this
year, the laboratory began a collaboration with the BNL Vacuum Group to develop
a SEY measurement system. This system will be delivered to and used by BNL for
quality control of the coated screens to be installed in the EIC hadron storage ring
vacuum chamber. This system is part of the INFN contribution to the EIC and is
highly regarded and appreciated.
The work started in 2024, and the design of the measurement chamber has been realised
(Fig. 14).
The system will be composed of:

i. UHV µ-metal main chamber with pumping system and a 4-axis manipulator;

ii. Sample insertion chamber with pumping system and samples carousel;

iii. Stable support for the chambers;

iv. Sources and electronics for SEY measurements and electron irradiation experi-
ments;

v. Acquisition software developed in the XUV laboratory.

At the end of the 2024, most of the components have been ordered. During 2025 each
part of the system will be made available, assembled and tested at the LNF in building
24.

4. Collaboration with ”Università degli Studi di Roma La Sapienza (Uniroma1)”

The formation of complex molecules on cryogenic surfaces subjected to external stimuli (pho-
tons, electrons, etc.) is ubiquitous and has been observed in the most diverse fields of physics.
In accelerators, for example, it is the basis of the formation of graphitic films starting from
carbon-containing molecules present in the atmosphere and on cryogenic surfaces, and this
phenomenon is the basis of the decrease in the SEY (Secondary Electron Yield) of the surface
and allows the mitigation of the electron cloud.
The objective of the collaboration was to study the formation of complex organic molecules



Figure 14: From left side, preliminary design of the system for SEY measurements and µ-metal
chamber final design.

such as formamide (NH2CHO) at cryogenic temperatures from its fundamental components’
ammonia and carbon monoxide (NH3 & CO) on an atomically clean silicon surface. This
molecule is of extreme interest in astro-chemistry and astrobiology as it is estimated to be
a precursor to more complex molecules such as nucleobases (for example, adenine, uracil,
thymine, cytosine, and guanine), which are found in the structures of RNA and/or DNA.
In the last months of 2024, the work focused on preparing the substrate, studying the adsorp-
tion of CO and NH2CHO molecules on surfaces (copper and silicon), and conducting inves-
tigations using thermal desorption and other spectroscopic techniques (XPS, SEY) available
in the laboratory.
Within a scientific collaboration (n. 2422), these activities have been carried out together
with a PhD student (Nicolas Antonio Martinez Sepulveda) from Chile hosted in the XUV
laboratory. Some representative results are reported in Fig. 15 and Fig. 16.

Figure 15: SEY (Left) and XPS (Right) measurements of Cu sample in different conditions (as
Received, atomically sputtered, at cryogenic temperature, and with 10 L of CO adsorbed on the
surface).



Figure 16: Thermal Programmed Desorption (TPD) measurements performed on a Cu sample
with 1 L of formamide adsorbed on the surface and after an irradiation with low energy electrons.

5. Students

The laboratory is also routinely hosting students. In 2024, a post-graduated summer student
has been involved, for two months, in the activity done in collaboration with BNL. In close
collaboration with Brookhaven National Laboratory (BNL), the project aims to test and
validate material surfaces proposed to be used in the EIC hadron ring vacuum chamber
using all the surface science spectroscopies available in the laboratory (SEY, XPS). Some
representative results are reported in Fig. 17.

Figure 17: SEY (top left), XPS (top right) and XPS C1s analysis (bottom) of a carbon coated
sample (H31) coming from the atmosphere (old) and after scrubbing process (scrub).
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