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Foreword

Laboratory of Accelerators and Radiation
Technologies (Laboratério de Aceleradores e
Tecnologias de Radiacéo, LATR) is a Laboratory of
Technological Development (LDT) of Instituto
Superior Técnico (IST) conducting services and
research activities in the area of charged particle
beams and radiation technologies.

Among the major equipment, it hosts a 2.5 MV Van
de Graaff Accelerator with an lon Microprobe end-
station, a 3 MV Tandem Accelerator with a micro-
AMS system and a 210 kV High Flux lon Implanter
as well as a semi-industrial ®°Co gammaiirradiation
Unit.

Around these devices different groups of users
develop their activities, from research to industrial
applications (as it is the case of irradiation services
performed at the ®Co irradiation chamber),
focused on areas related with Materials Science,
Environment, Health and Biomedical Sciences and
Conservation and Cultural Heritage.

These broad range of applications promote and
attract strategic collaborations with several
institutions and universities, both national and
international. Alongside these activities, strong
emphasis is continuously put on postgraduate
teaching and training, by actively enrolling
graduate students in research activities, leading to
masters and doctoral theses.

In 202Q facing COVIEL9 pandemicrestrictions
LATR operated below 50 percent of normal
capacity. Even though, it was stilbossible to
pursue some research activities and services for
the Industry and Helh Units helping on the
national effort to combat thepandemic.

All the LATR members belong to the Department of
Engineering and Nuclear Sciences (Departamento
de Engenharia e Ciéncias Nucleares, DECN) and
during 2020 gave their contribution for the outputs
on R&D and technical services highlighted in the
next pages.

LATRIN NUMBERS

Patent; 1

Submited Projects; 9

Running Projects; 14

R&D 202(

Invited Talks; 2

Oral Talks; 6

Panel/Poster; 3

Papers
(Books/Proceedings); 35

IncomeRunningProjects 2020
€ 473.356,84
Education 2020
MSc Thesgl.
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Projects Budget 2020

112 000,00 €
100 804,69 € 100 860,00 €
96 000,00 €
80 000,00 €
64 000,00 € 5775925 € 56 666,67
48 000,00 € 42712,06€
26 300,00 €
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Total Income 2020

Industry Services (IN+UTR);
169 149,86 €

R&D Funds; 473 356,84 €
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R&D| ION BEAM LABORATORY

The research and development activitiehatlon Beam hAboratory ofLATR in the last years
were focused on folargeareas.

A major activity is running under thé-uropean Fusion Programmgwhere the unique
experimental setip installed inhe laboratory allowed the measurement of full fiteenthe JET
Reactor. LATR is the unique laboratory in the world offering this possibijlibroducing
significantscientificoutputs for the fusion programme. The results have aelemowledgd by
the International Communiigndevaluated in terms dfigh quality and impact.

Other important activitywell recognized among our peers by thkevanceand novelty of the
results is theStudy and @velopment of Wide Band Gap Nanostructures and Newelogon

SystemsThis workis integrated in thdoint Research Activities of tRADIATE Projecivhere
IST (LATR) plays an important rolén 202Q it was approved new funding allavg LATR to

offer Transnational Access to lon Beam Techniques by external users.

A third activity with astrong societal impags the application ofon Beam Technologies in
Biomedicine, Cultural Heritageand Conservation and Restoratioifhe laboratory haslang-
standingcollaboration with the Department of Conservation and Restoration fromraUF@T
focused on the study of historical glazed tiles, glasses and stdassgs among otheultural
objects

Finally, members and collaborasoof LATR are involvedn theDevelopmenand Installation
of New Equipment andTechniquesto keepthe laboratory equipped witBtate of the Art
technologyon itsfield.

TEAM
Name Category Affiliation
Eduardo Alves Full Researcher (LATR) DECN/IPFN
Katharina Lorenz Senior Researcher (LATR) DECNINESCMN
Rui Silva Senior Researcher (LATR) DECN/IPFN
Carlos Cruz Auxiliary Researcher (LATR) DECN/IPFN
Luis Alves Auxiliary ResearchefLATR) DECN/C?TN
Rodrigo Mateus Auxiliary ResearchefCollaborator) DECN/IPFN
Victoria Corregidor Auxiliary ResearchefCollaborator) DECN/C?TN
Hélio Luis ResearchefCollaborator) IPFN/DL57 Contract
Marta Dias Resarcher(Collaborator) IPFN/DL57 Contract
Marco Peres ResearchefCollaborator) IPFN/DL57 Contract
Norberto Catarino ResearchefCollaborator) IPFN/Project Contrac|
Sérgio Magalhdes ResearchefCollaborator) IPFN/DL57 Contract
PrzemyslawAdamJozwik ResearchefCollaborator) IPFN/Project Contrac|
Chamseddin8ouhafs RADIATE PostdoctoraBcholarship IPFN
Daniela Pereira PhD Scholarship INESCMN
Miguel C. Sequeira PhD Scholarship IPFN
Dirkjan Verheij PhD Scholarship IPFN
Ana Maria Ferreira Ribeiro MSc Student IPFN
Ricardo Jorge Clemente Martins PhD,ResearclGrant IPEN
Jorge Rocha Graduated echnician DECN/LATR
Ana Faria Secretarylncome/Logistics Graduated Technician DECN/LATR
Teresa Pires, Web Designer/Logistic Graduated Technician DECN
Joana Filipa Tomé Flora Technician Grant LATR
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R&D | 1: RESEARC&DEVELOPMENACTIVITY

Plasma wall interactions in JET ITER Like Wall
N. Catarino, C. Cruz, R. Silv&. Alves

ITER Like Wall of JET gave the possibility to study most of the plasma wall interactions relevant
to establish the operating conditions foe International Thermonucle&xperimentalReactor
(ITER). Evaluation of material migration, erosion/deposition and fuehten processes have
been used to validate threticalmodels and provide the relevant figures to desiggife reactor.
During the last tworears,we measured a large number of components and passive diagnostics
removed from JET to get the necessaryadatmodel the interactionsloreover,we also used
some mixed coatings produced in laboratory to study fapptng and mixing mechanis@ET

had completed three operating periods, ILW1, ILW2 and ILW3, giving an opportunity to make
comparisons betweends exposed to different plasma regimes and compare tiles exposed for all
the three periods, ILW3B (20112016).

-MIIIJ amn

Dump Plate:

F;

IWGL
erosion

Divertor
erosion

Figure 1: JET vessel indicating the regiovizere the major plasma wall interactions occur.

Our results give updated fuel inventories and provide comparisons of individugdlanl
limiter tiles exposed during ILW1, ILW2, ILWABIth ones exposed throughout the full operation,
ILW1-3. For example, results for D concentration in deposits at the ends of tiptamed\WGL

tile are of the order of 0:1 x 10® D/cn? for tiles exposed in individual campaign, whereas
results from a te exposed for all campaigns show D concentrations at least a factor of three
higher.This indicates contimusaccumulation of fuel in deposits, with no release due to heating.
In the central eroded region, exposed to highest heat flux, retention \exheaa tow for all tiles
analysed.

Analysis of IBA data from ILW1, ILW2, ILW3 along the inner and outer wall limiters extending
poloidally show the complex fuel retention and erosion/deposition pattern from the top to the
bottom of the vessdfig.1). Most interaction occurs in the centragjion, whichcorrelates with

the heat flux patterns seen from infed cameras.
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Figure 2: Schema of divertor tiles of JET chamddeywn in the righ panel.

In addition, divertor tiles (fig.2) reveal a similardepositionpatterns after eacindividual
campaign Thecumulativeresults after théhreecampaignshowa major deposition of Be and

D on top of tile 1Shadowed areas of tile 4 reveal the presendéfefentimpurities(C and Q

as well as Be and DA detailed overview of all the results can be found in the contributions
presented at conferences and published in reference journals.

Liquid metal walls for plasma reactors (LMwalls)
R. Mateus, N. Catarino

This is a research activity supported by a FCT grant. Lithium(Li-Sn) alloys with low Li
contents are being developed to be used as protective coatings of tungstenfadasma
components (W PFC). In this sense, W .
PFC’s (n the project, pure W meshes) i
werewettedby the alloys in the liquid
state. Afterwards, the wetted samples
will be irradiated in ISTTOK tokamak.
The irradiation effects awell asthe
deuterium retention and the protective®i¥
behaviour of a liqud Li-Sn cove in the &
W materialwill be investigated. Since
Li materials react fast with aithe §
samples before and after irradiation in
ISTTOK are transportedeither in
vacuum or under an argon atmospherg
Some of the related work was reporte
and published in scigific journals and Figurel: Experimental mounting for IBAnalysis
proceedings.

The activity was delayed in 2020 by #G®VID-19 pandemic.

Development of mixedmaterial reference coating for fusion studies
R. MateusR. SilvaE. Alves

Several berylliurrbased (Bebased) and tungstdrased (Wbhased) coatings, most of them-co
deposited with deuterium (2H, D) wgyeoducedn W or Mo plates, respectively, by High Power
Impulse Magnetron Sputtering (HiIPIMS) at IARcharest (Romeniaynder a wide range of
temperatures, from room temperature up to 400 °C.

LATR 2020: Scientific and Technical Activity 9/38



Some coatings were gteposited under a regime temperature mimicking the environment in the
Joint European Torus tokamak discharges (UES pulses), or in W plates having distinct
average roughness.

The deposition parameters were tuned to obtain nominal D contents of 5 at.% and 10 at.% and
nominal thicknesses ofrim. lon beam analytical techniques, namely Rutherford backscattering
spectrometry (RBS), elastic backscattering speatomEBS) and nuclear reaction analysis
(NRA) were used to investigate the role of carbon (C), nitrogen (N), oxygen (O) and neon (Ne)
contents in the retention mechanisms dfiB.1).

(@) 2.15MeV H beam, Be-Ne(2.5)-D(5) coating 2.30 MeV°He™ beam, Be-Ne(2.5)-D(5) coating

9 b
8000 ‘ -
5 g 300-
d @
~ 6000 ~
° k)
o T 200
>‘4000 o data 100 OC - >
% o data - 400 °C W substrate é
20004 —f!t - not heated Z 100+
—fit -100°C
flt " 400 OC T e oo e A . e SN
400 800 1200 1600 2000 12000 13000 14000
Energy (keV) Energy (keV)

Figure 1. Example with the analysis &e+Ne(2.5)+D(5)oatings: EBS analysis with 2.15 MeV ibn beams (a) and NRA
analysis with a 2.30 Me%¥H* ion beam (b).

High entropy alloys and thermal barriers for fusion nuclear reactors
M. Dias R. Martins, S. Magalhaes

The activities during this period wert
focused on the development of therm
barriers for nuclear fusiofollowing two
approacheg(i) thermal barriers materials 5

made of refractory metals CrNbTaVV :

and (ii) production of Cu and W base Ta and Cr rich
high entropy alloys.

Majority phase

CrNbTaVW equiatomic high entropy
alloys have been devised for therm
barriers between the plasffacing -
tungsten tiles and the coppesised heat
sink in the first wall of fusion nuclear
reactors

Taand Vrich — >

3um,
These novel materials were prepared
ball milling and consolidated bypgrade
Field Assisted Sintering Technologtyl873 K under a pressure of 90 MPa.

Structural properties together with electrical, magnetic and mechanical behaviours of these
samples were evaluategifter 2 hours of milling thesample,evidence the formation of a bcc
type structure with a minor fraction of W@he X-ray analysis of theansolidated material

Figurel: SEM image of th&€rNbTaVWsample.
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suggests that the alloy can be described as two differenypestructures with different lattice
parameters.

Moreover, the microstructure observations revealed the presence of a majority phase with an
equiatomic composition of thedements together with two minor phasese alloy is endowed

with an electrical resistivity typical ad high entropy alloy along with an antiferromagnetic
behaviour.

Mechanical properties of the CrNbTaVW systéig.1) were assessed in the fields ofdreess,

elastic modulus and flexural strength. The high entropy alloy reaches an elastic modulus of 328
GPa, with a room temperature ultimate flexural strength of 293 MPatsauuksgranulafracture
mechanism. WTaTiFeCu in an equiatonpioportion was ball milled in a tungsten carbide
container using ethanol as a process control agent. However, the XRD results indicate the
formation of Tahydrideand a big contamination 8/C. The optimization is now an egoing
process.

lon solid interaction in wide bandgap semiconductors and sensor development

D.R. Pereira, D. Verheij, M. C. Sequeira, M. Peres, D. Nd. Faye, P. J&wikagalhaes, L. C.
Alves, C. Cruz, J.G. Marques, E. Alves, C. Barrra, F. Djurabekova, K. Nordlund, N. Ben
Sedrire, T. Monteiro, M. R. Correia, S. Cardoso, P.P. Freitas, C. Durand, J. Eymery, J.
Fernandes, K. Lorenz

Within the projects NASIB and RADIATE, in collaboration with the Universities of Aveiro,
ComplutenséMadrid and Helsinki, CEA Grenoble and INESMN, we are studying the effects

of ion irradiation on wide bandgap semiconductors such as GaN,:; Mo@ GaOs.
Understanding iosolid interactions in semiconductors is important to develop device
processing tdmiques based on ion implantation as well as to understand the performance of
different semiconductors in radiation environments such as space. Figure 1 shows the strain anc
static Debye Waller factor extracted fromrXy diffraction (XRD) patterns of oxym implanted

MoOz. Careful fitting of the experimental curves allows the estimation of the uncertainties in
these parameters [1]. Activities on understanding swift heavy ion irradiationrofriles have
continued. Furthermore, GaN microwires were pssee into singlevire devices by depositing
metallic contacts on their extremitiesdf 2). These devices showed efficient detection of UV
light and energetic protons [2].

[1] D. R. Pereira et al., NIMB 478 (2020) 2996.
[2] D. Verheij et al., EPINeb of Conferences 233 (2020) 05001.
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Figure 1: Strain and static Debye Waller factor extrac Figure 2: SEM image of a GaN
from XRD curves of oxygen implanted MaO microwire radiation sensor.
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Self-powered proton detectors based on Galore-shell p-n microwires
D. Verheij, M. Peres, S. Cardoso, L. C. Alves, E. Alves, C. Durand, J. Eymery, J. Fernandes,
K. Lorenz

GaN and related Hhitride semiconductors are considefedthe next generation of high power

and high frequency electronics. Furthermore, these semiconductors revealed extraordinary
thermal, chemical and radiation resistance making them ideally suited for applications in extreme
environments such as space.

The same properties are also interesting for the development of particle detectors and radiation
sensors. Moreover, the wide bandgap allows the incorporation of optically active dopants and
defects, interesting for quantum applications such as single pditters and quantum sensors.

If the radiation sensor is embedded in the semicondutdtnix (a secalled active substratd)
allows the detection of implanted ions in real time.

In the joined research activity Detectors and Electronics (WP21), tdetRaconsortium
investigates novel wide bandgap materials such as diamon@s;Gind GaN as radiation
sensors. Here, we report on the fabrication and characterisation of radiation sensors based or
GaN core/shell m junction microwires. With their smadize, high resistance to radiation and

high crystalline quality, GaN microwires constitute highly interesting building blocks for
radiationhard devices. Through microfabrication steps, siwgie devices were processed with
leakage currents as low asA jm reverse bias.

A scanning electron microscopy image of such a desisbown inify. 1. Irradiation with both

UV light and protons results in photo/ionocurrent signals several orders of magnitude above the
dark current andesponse times below 30 ni&gure 2 shows transient measurements of the
ionocurrent induced by BleV proton irradiation for different biases. Interestingly, the device
works in photovoltaic mode without any externally applied bias and it shows good resistance to
radiation.

Selfpowered particle detectors have the potential to offer exceptional flexibility and
compactness in applications where size limits and low power consumption are key requisites.
https://doi.org/10.1063/5.0045050

1000
100 V mv\m lw”
S 10 ’
fdll' Bias=0V —— \
1 ' Bias=-1V |-
; Bias =-2V
Bias =-3V
| Bias=-4v
0 5 10 15 20 253035 40
Time (s)
Figure1l: Scanning electron microscopy image of a singte | Figure2: Transient ionocurrent measurements for irradiation v
junction microwire device. 2 MeV protons for different applied biases.
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Microbeam researchbasel activities

L.C. Alves23 V. Corregidot, R.C. da Silv&®** M. Vilarigues, |. Coutinhd, M Bandier3, S.
Coentr@, J.C. Crug, M.A. Barreirog, P. Salom& T. Pinheird*°, F. Marujo*3, M. Fortunatd®,
T. Peiia3?, M. Pereg* K. LorenZ>'L D. Verheif, N. Catarind®* C. CruZ>4 E. Alves>*
S. Cardost

Research work was performeahder national
and international funded research contracts

under collaboration with internal and extern
group members.

Most relevant applications included ion be
characterization of advanced materials a7
functional devices (G&®s; GaN; perovskites?lf
and CIGS solar cells) together wit} -
archaeological/historical samples  (gla
stained glass grisailles, glazed tiles and met
artefacts fig.1), biology/biomedicine studies
using new drugs containing Cu or
nanoparticles for cancer thegamnd advanced=#=
materials for fusion reactar¥he microprobe, Figurel:Golden silver plate characterization using the
tomography automatiion system was external proton beam

improved and a motorized xexternal beam sample holder stage was implemented together with
the development of a DLL capable of stage positioning while integrated with the script file
capabilities of the DAQ3 microprobe software control for automatic data acquisition.

1C2TN, Instituto Superior Técnico, Universidade de Lisboa, E.N. 10, (km 139,7p@6%obadela LRS, Portugal
2LATR, Instituto Superior Técnico, Universidade de Lisboa, E.N. 10, (km 139,7D@6%obadela LRS, Portugal
3DECN, Instituto Superior @cnico, Universidade de Lisboa, E.N. 10, (km 139,7) Z@#HBobadela LRS, Portugal
4IPFN, Instituto Superior Técnico, Universidade de Lisboa, E.N. 10, (km 139,70B6%0badela LRS, Portugal
SVICARTE, Glass and Ceramics for the Arts, FGNIL, Monte @ Caparica, Portugal

6LIBPhys, FCTUNL, Monte da Caparica, Portugal

"LNEG/UER, Estrada do Pac¢o do Lumiar, 22, 1®88 Lisboa, Portugal

8INL, 4715330 Braga, Portugal

91BB, Instituto Superior Técnico, Av. Rovisco Pais, 1, 1089 Lisboa, Portugal

10Depatamento deFisica, Instituto Superior Técnico, Av. Rovisco Pais, 1, {M#BLisboa, Portugal
LINESGMN and IN, Rua Alves Redol 9,16029 Lisboa, Portugal

IBA techniques for paper characterization
B. Brandao, M. Ribeiro Mota Padeira Nunes andré&treria, V. Corregidor, L.C. Alves

The external iofbeam setup was used to study different type of paper support arghlrank
in collaboration with Portuguese Universities. B. Brand&o, for U. Nova de L.igbed the set
up to stablish the S content in papers treated with-nand micrecellulose to consolidate
historical documents.

The work developed was part of her Master thesis entitNafio e Micro Celulose como
Material de Consolidacéo e Reforco Bapeb . On the other hand, M
Nunes and T. Ferreria, from Evora University, used the proton beam (in vacuum mode) to study
the ink composition of fragments from a book written in the first half of tfecg#tury by the

Jesuit FatheAntonio Pessoa. Results show different ink composition, indicating the use of
different inks along the book.
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Study of the effect of a proton beam in paintings
V. Corregidor, L.C. Alves

The IBA techniques are considered as-non
destructive  techniques, if the right

experimental conditions are used. These
conditions are very dependent on the material
under study.

In thiswork, the effect of the charge deposited
by the proton beam on white pigment applied
on canvas or glass substrate has been studied
(fig.1).

For low deposited charge values (@1) no
visual defects were observed, nevertheless for
higher values (1nC) the effect is quite
dependent on the binder usedy(yolk egg).
for 10nC defects are clearly visible for all

Figure 1:White pigment with linseed oil on glass during

proton irradiation to induce visible defects (charge deposite
1mC). samples.

Isotopic depth profiling by Micro -AMS
H. Luis, E. Alves

The laboratory activities concerning AMS were affected by the lockddiken laboratory work

was resumed, focus was placed on the continuation of the development of theAMEro
capabilities, with the goal of performing deuterium depth profiles, having gained experience from
the work previously performed with Pt profilesSnsamples.

Work was also developed i ————
performing tests with the goal o HE Magnet Scan Y O T
using the capabilities of the Micro @ = m ma
AMS line for the production of

stable, low interisy heavy ion | | ’
beams, for the testing of detectors o] L

Parallel to the activities mentioneq
W targets were measured {
ascertain the capabilities of th
system to measure trace \j
isotopedfig.1).

Counts/100ms

Another work in progress is th¢ S — :
determination of the impact of low 0 182 ™ 6
intensity heavy ion beams o i

biological material. For this,
student Maria Inés Guedemder Figure 1: H Magnet Scan of tungsten isotopes in charge state 4+, {
supervision developed a sample apuretungsten target.

stage

LATR 2020: Scientific and Technical Activity 14/38



X-ray reflectivity software
S. Magalhées

The software employs the principles~
of the dynamical theory of Xay < =~ ==
diffraction/reflection  of several 5
layered structures such as bu
materials, single layers, singl
quantum wells, qguanturr
heterostructures and comple
superlattices. Allow to simulate ant
fit different types of measurements ¢
any implanted species. Simple to us
JET layers can be deleted, adde
edited and crystallintayered :
structure easy to obtairCombined e
with the new developed code ofrdy : - e B | e e it
diffraction simulations and fittings,
MROX-XRR is a powerful tool to
simulate and fit the effect oion
implantation into crystal€fig.1). Although, the MROXXRR software is still not published, the
strong interest of the scientific community and especialllaborations with the University of
Aveiro (Profs. N.A. Sobolev and M. Graca), enabled the publication of two research manuscripts
in high-quality and high impact factorsogrnals. Both MROXand MROXXRR codes are
available viavww.mrox.euwebsite.

Figurel: MROX simulation of a multilayer.

Creation and strengthening of laboratory resources
M. Peres N. Catarino

During 2020,some effort was dedicated ittstall a
new beam line coupled to the Tandem acceler:

electrical and optical characterization duri
irradiation and implantation.

This new setup compared to the one developed
installed in the mio probe coupled to the Van d/

Graaff accelerator has a greater versatility ¢ o7
potential despite of a worse lateral resolution. 7 ;
v
In the case of this setup, we are not limited to o
protons and alpha particles but can use also he

ion irradiation andt considerably higher energy

N "
Figurel: Optical observation of sample surface
before analysis
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PUBLICATIONS
(Peer review journals)

Books (Book Chapters)

[1] PJozwik, L. Nowicki, R. Ratajczak, C. Mieszczynski, A. Stonert, Atobyu K. Lorenz, E.
Alves (2021).7Advanced Monte Carlo simulations for ighannelingstudies of complex
defects in crystaés In Theory and simulation in physics for materials applicatided. E.
Levchenko, Y. Dappe, G. Ori, Springer Series in Materials Science, vol 296. Springer, Cham
2020.ISBN 9783-030-377908.

Papers

[1] A.Al-Rjoub, L. Rebouta, N.F. Cunha, F.Fernandes, N.P. Barradas, & E. Alves (2020)
AW/AISITINX/SIAITIO yNx/SIAIOx multilayered  solar  thermal selective  absorber
coating Solar Energy 207, 192198 doi:10.1016/j.solener.2020.06.094. WOS:000575
902500003.

[2] A.C. Branco, R.Silva,T.Santos, H. Jorge, A.R. Rodrigues, R.Fernandes, S.Bandarra,
I.Barahona, A.P.A.Matos, K.Lorenz, M. Polido, R.Colacgo, A.P.Serro & C.G. Figueitedo
(2020) ASuitability of 3D printed pieces of nanocrystalline zirconia for dental applications
Dental Magrials, 36(3), 442455. d:10.1016/j.dental.2020.01.0080S:000514844400014

[3] A.C. Branco, R. Silva, H. Jorge, T. Santos, K. Lorenz, M. Polido, R. Colaco, A. P. Serro, C.G.
FigueiredeP i n a , A T perfdinoahce of the @air human teeth vs 3D printed zirconia:
An in vitro c¢hewiloumgal of thenmdchanical hehavisrtoubibmetical
materials,110, 103900 (2020https://doi.org/10.1016/j.jmbbr2020.103900

[4] A.Hakola, K Heinola, K Mizohat, J Likonen, C Lungu, C Porosnicu, E. Alves, R. Mateus,
I.B. Radovic, Z. Siketic, V. Nemanic, M. Kumar, C. Pardanaud, P. Roubin and EUROfusion
WP PFC Contributorg2020) fiEffect of composition and surfaagharacteristics on fuel
retention in berylliumcontaining cedeposited layets Physica ScriptaVolume 2020 (T171),
014038. DOI: 10.1088/1462896/ab4be8

[5] A.Widdowson, S. Aleiferis, E. Alves, L. Avotina, A. Barddiechec, N. Catarino, J.P. Coad,
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COMMUNICATIONS

Invited Talks

[1] E. Alves,iRadi ati on Technol ogi TsMeating orFAdvarscassin c
Radiation Processing: Emerging Applications and New Irradiation Facilitéignna
Austria, February 8 (2020).

[2] E.Alves,ilonbeam studies of pl asma waWdrkshopmane r a ¢
Radiation Effects dflaterialsand Devices (REM2020),Harbin China, January 25"
(2020.

Oral Talks

[1] D.P. Jozwik, M. Sequeira, S. Magalhaes, D. Nd. Faye, E. Alves, C. Grygiel, C. Wetzel, K.
Lorenz,iStudy of the radiation damage in InGaN/GaN upon bombardment with Pkeand
swift heavy ions, Fisica 2020, 222 Conferéncia Nacional de Fisica, 30° Encontro Ibérico
para o Ensino da Fisica,isbon, Portugal, Septembet*s" (2020).

[2] D.R. Pereira, S. Magalhaes, C. Dfamerra, M. Peres, J. G. Correia, J. G. Marques, A. G.
Silva, E. Alves, S. Cardoso, P. P. Freitas, K. Loréffzining the electrical properties bf
MoOz lamellar crystals by déct creation during ion implantationFisica 2020, 222
Conferéncia Nacional de Fisica, 30° Encontro Ibérico para o Ensino da Fisislaon,
Portugal, Septembef®5™" (2020).

BlE. Al ves, ADeut eri um an deebhg bnadn Beam Analgses pfs o
PlasmaFacing Components from JHLW, CTN-Bobadela, March-3™"(2020).

[4] M.Dias, F. Antao, P.A. Carvalho, J.B. Correia E . Al ves, HHFM 3. 3. 2.
materials made of Y203 reinforced Cu and CuCrZr. Cu&iZoject Monitoring Meeting
(zoom meeting)May (2020.

[5] M.Dias, F. Antao, P.A. Carvalho, J.B. Correia E . Al ves, HHFM 3. 3. 2.
materials made of Y203 reinforced Cu and CuCrZr. Cu§iZioject Monitoring Meeting
(zoom meeting)October(2020.

[6] V. Corregidor (2020). CARISMA First Summer School of C2TN, CTN/IST, Bobadela.
Topic: fiNuclea Technologies in Archaeometry StudieSeptembe8-10" (2020).

PanelPosterPresentatiors

[1] A.GomezMoron, N. Schibille, L.C.Alves, A.B.Abad, P.Ortiz, M.Vilarigues & T. Palomar
(2020). Characterization of glass tesserae fromMbsque ofCordobaln: Science and
Digital Technology &r Cultural Heritge: Interdisciplinary Approachot Diagnosis,
Vulnerability, Risk Assessmentnd Graphic Information Model®ilar Ortiz Calderén,
Francisco Pinto Puerto, Philip Verhagen, Andrés J. Prieto )(Himceedings of the'™
International Congress Science and Technology for the Conservation of Cultural Heritage
(TechnoHeritage 2019March 2630" (2019, Sevilla, Spain. CRC Press, pp. 25&. ISBN
9780367363680. d0i:10.1201/97804 293454830W0OS:00525578800048.

[2] D.Verheij, M.Peres, S. Cardoso, L.C. Alves, E. Alves, C. Durand, J. Eymery, J. Fernandes,
K. Lorenz, A S e n s -@limensados lraseadasdem anicrofms de nitreto de
g 8 | Fisica 2020, 222 Conferéncia Nacional de Fisica, 30° Encontro Ibérico para o Ensino
da Fisica,Lisbon, Portugal, Septembetis" (2020).

[3] M.Nunes, V. Corregidor, L.C. Alves, M.F. Olival, O. Sequeira, H. Maria Vilar, A. Manhita,
A. Claro, T. Ferreira, Analytical investigation on the writing ink of Codex 99 from Manizola
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collection,Analitica 2020:10° Encontro dd®ivisdo de Quimica AnaliticaLisboa,Portugal,
October26-28" (2020).

Conference Proceedings

[1] D.Verheij, M. Peres, S. Cardoso, L.C. Cerqueira Alves, E. Alves, C. Durand, J. Eymery, J.
Fernandes, K. Lorenz, Al on beam i2BROWeled c
of Conferenceg33 05001 (2020). https://doi.org/10.1051/ epjconf/202023305001.

[2] M.B. Costa,R. Mateus L . Cerqueira, M. Gu e d eSnAlloys. C.
by Reactive Milling for Nuclear Rui o n A p p [Eurac RM2019 @Qosférencé020),
ISBN: 9781899072514

Other Seminars

[1] E. Alves, Master on Mining Engineeringenergy: Challenges for the 21Century IST,
February 28 (2020).

IK. Lor enz, fritradereseach: @aping, chardcterlsation and radiation resistant
electronicsKing Abdullah University of Science and Technology, Saudi Ar&eanitalk
Webinar Thuwal, Saudi Arabialuly 23¢ (2020).

FUNDEDPROJECTS

Running Projects

[1] Analysis of materials for fusion applications under bombardment of D plasma streaays, X
and neutrons IAEA/CRP F13020 Coordinated Research Contrac(20202022): IST
Budget: t 1 2. 0004000 0;,B0udd/gyeeta r 2 0 2 0 Primel @GontfactopISTO O
Coordinator: E. Alves.

[2] Development and Application of lon Beam Techniques for Materials Irradiation and
Characterization relevant to Fusion TechnolpgVAEA/CRP F11023 Coordinated
Research Contract(20202025).1 ST Budget (0 5.20Q0 M,0B0d4e42030e ar s
0 5. 0 ORvimedcOntractor: IST. Coordinator: N. Catarino.

[3] Enhancing Nuclear Analytical Techniques to Meet the Needs of Forensic Sciences
(COGLACE). IAEA/CRP_F11021 Coordinated Research Contract (20172020): IST
Budget: 0(1b3 .00D0 ,@00d/ gyeeta r 3 § 2 0 Primel ¢ontractof) |ST.0
Coordinator: L.C. Alves.

[4] INERAIA -01-20182019(H2020) Research And Development with lon Beamslvancing
Technology in EuropRADIATE).l ST Budget: Budge&:r22820D5; u1ll
Portuguese Coordinator: E. Alves.

5] ITER PHYSICS WORK PROGRAMME 2014 & WORK PLAN 200020 {Nork
Package: PEC (Plasma Facing Componenty, IST/IPFEN). Preparation of efficient PFC
operation for ITER and DEM20152020).1 ST Budget :; Budheh 90204 3 0, (
0 2 3. 9 EdordifaforR. Mateus &E. Alves.

[6] ITER PHYSICS WORK PROGRAMME 2014 & WORK PLAN 202020 {Nork
Package: MATERIALS , IST/IPFN) (20152020).1ST Budget: (134.620,00Budget 2020:
U2 6. 3. CdordifaorM. Dias

[71JET PROJECTS WORK PROGRAMME 2014 ®ORK PLAN 20142020 {Work
Package: JET2 PLASMA -EACING, IST/IPFN) (20152020).1 ST Budget : us9
Budget 20 20 :Coardnatdr: ESAtvés, 0 O
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[8] Liquid metal walls for plasma reactqrs?TDC/FIS-PLA/31629/2017 (October 2018
September 2021). To tS&ID BBlgett 281t037,00Budy& 2020 3 7 , (
57.759,25 Coordinator: RMateus.

[9] Materials and Nuclear Physics Research with Radioactive Isotopes and Techniques,
PORTUGAL AT ISOLDECERN/FIS-PAR/0005/2017(20182020). Prime Contractor
Associacao do Instituto Superior Técnico para a Investigacao e o Desenvolvimef)(IST
| ST Budi®é®a000Bw dget 20 2 0. Coordifafor: & Gosreia7(CTN);

Team Member: P. Peres and K. Lorenz.

[10] Materials Processing and Characterizati0REST). PROJECTO ESTRATEGICORPEST-
UID/FIS/50010/2019(20152020) | ST Budget: Bwd®y&.t8 ®M,200; U2
Coordinator E. Alves.

[11] Nancengineering of Wide Bandgap Semiconductors Using lon Befx#sSIB).
PTDC/CTM-CTM/28011/2017(1506-2018 to 1406-2020):. Tot al 2B62BG>t :
| ST Budget: Eudg@t 020804 812.72506 Prime Contractor: ISTD,
Coordinator: K Lorenz.

[12] Plasmonic Nanoparticles for Bidetection(NANO4BIO). PTDC/FIS-MAC/32299/2017
and POCI01-0145FEDER032299 (2012 02 1) . Total : Miunzh300:. 0 &
117.558,20) ST Budget ;Buldsg2e t5 5200, 2000Coordidator: B. Alves. 5 0 .

[13] Solar Selective Absorber for High Temperature ApplicatigkBSOLAR). PTDC/CTM -
ENE/2892/2016(P2020): Total Budgeti 1 0 0. 54 & TO Bw,dget : Budgkté . 8 0
2020 : U.4Coardinatar: E.CAlves.

[14] Surface Engineered Glass Ceramics with Improved Mechanical PropgetigsSSMECH).
PTDC/CTM/31192/20171 ST B u28fg288LATRIBudget : URuGget@d2®, 00 ;
U 6 . 6 6IST,Céordinator: L. Santodember E. Alves.

Submitted Projects

[1] 3D-imaging by means of a nuclear microprobe @IM), PTDC/FIS-OUT/7356/2020
(2021-2023).Prime Contractor: ISTD, C?TN. Coordinator Victoria Corregidor.

[2] Defect Engineered 2D Oxide Field Effect Transistors for efficient biose(SiBQFET),
PTDC/CTM-CTM/3553/2020 (2021-2024. Prime Contractor:IST-ID, INESCGMN.
Coordinator Katharina Lorenz.

[3] Market competitve chalcopyriteperovskite Tandem Solar cells (TaSoBTDC/FIS-
MAC/3803/2020 (2021-2023). Prime Contractor: ISTD, C?TN. Coordinator Luis
Cerqueira.

[4] Nanodiamonds: optical and magnetic probes for bio/medical applicat{BhsSH4nano
DIAMONDS), i L a G dR26-(544(20212023).Prime Contractor: Univ. de Aveiro.
IST CoordinatorKatharina Lorenz.

[5]O0 MROX e as elevadas concentragcfes de impurezas em semicondutores dos grupos lli
(nitretos), IFVI (6xidos) e IV (silicetosRTDC/CTM -CTM/0647/2021(01-01-2022to 31-
12-2024). Prime ContractortST, IPFN Coadinator: Sérgio Magalhaes.

[6] Radiation resistant ultrdhin CIGS solar cells for microsatellite®V4NewSpace)FCT -
PTDC/EME-REN/1147/2020 (2022:2023, Prime Contractor. Univ. de AveirolST
Coordinator Katharina Lorenz.

[7]1 Study of Actinides on Environmental samples with AMS and MBS (ActAMS),
PTDC/FIS-NUC/6920/2020(20212023). Prime ContractotST, IPFN Coordinator Hélio
Fernandes Luis.
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http://www.ctn.tecnico.ulisboa.pt/ipfn/WBGM-NASIB/NASIB_UK.pdf
https://cf-um-up.pt/index.php/research-and-facilities/ongoing-funded-research-projects/131-nano4bio-plasmonic-nanoparticles-for-bio-detection
file://///itn.pt/Storage/my/RELATORIOS_Geral/LATR_Relatório%20Actividades%20(Afins)/2020%20-%20LATR_Relatório%20(FINAL)/fct%20https:/orcid.org/0000-0003-2841-5921
https://www.fct.pt/apoios/projectos/consulta/vglobal_projecto.phtml.en?idProjecto=161531&idElemConcurso=14484

[8] Transistores de efeito de campo de Oxidos 2D parasensores eficienteSTDC/CTM -
CTM/3553/2020 (01-02-2021 to 3101-2024) Prime Contrator: IST, INESGMN.
Coordinator: Katharina Lorenz.

[9] W-based high entropy alloys as thermal barriers fouclear fusion PTDC/CTM -
CTM/2484/2020(01/01/2021 to 011/2024). Prime Contractor: IST, IPFKoordinator:
Marta Dias.

PATENTS

[1] M. PereXK. Lorenz, J. Rocha & E. AlvefNVENTION PATENT NATIONAL N° 117063
(2020) This invention is related to a proceggproducing thin GgDz members with a well
definedsub micrometrighickness. This process is based on the use of ion beams for the
production of defects in order to create a gradient of stresses that induce delamination,
resulting in thin membraneBatent reference: DP/01/2021/75535

EDUCATION

MSc Theses

[1] R.M. Coelho da Silva (IPFN, IST/ULisboa) & M.T. de la Pefa Stadler (IST/Ulisboa)
Supervisos of Manuel Couceiro Beleza Guimardes FortunatoMSc thesigiOptimizacao
e execucdo experimental da técnica STIMT na microssonda nuclear do IST/CTNMM@ms t e r
Physical and Technological Engineefindnstituto Superior Técnico, Universidade de
Lisboa, Discussion: 19 October 2020

Classes/Teaching
[1] E.Alves,DoctoralProgram APLAUSE, 2020.

[2] E. Alves,Invited Professor at Physics Departmé&perimental ClassesFigica Nucleao,
2"dsemesteMEFT 20192020.

[3] E. Alves andR.C. Silva, Invited Professor aPhysics DepartmenExperimental Module
ALFEA-Labor at - ri o de F?2 si c(MMEFExMegrado mtegnadocaem Av
Engenharia Fisica Tecnoldgica

[4] K. Lorenz, Invited Professor atPhysics DepartmentDisciplines: fiCaracterizacao
Avancada de Materiais Funcionais (DERTfiCiéncia dos Materiais para as Tecnologias
Nucleares (MEFT, MEGE), iModulo experimental LFEA (MEFT), iModulo Energia
Solar Fotovoltaica (MEGE, MEFT),fiMddulo Fisica e Tecnologia d&emicondutores
(MEFT), iModulo Nanotecnologias e NanoelectroriceMEFT), iMédulo Métodos de
Caracterizacdo em Fisica de Estado SGIAMEFT), Aulas praticagiMecéanica e Ondas,
Electromagnetismo e Optiod MEEC), 2020

[5] K. Lorenz, Invited Professor &hysics Department Di s c iMptérial is@esce fom
Nucl ear TeaxrmdbidogVv elsai ¢ in e CuaicularBPlares fogMSa
Students on AMestrado Bolonha em Engenha
2017/2018; 2018/2012019/2020

[6] K. Lorenz, Invited Professor &hysics DepartmenDi s c i pPRhotovdtaic Soldr
Ener,gyion the Curricular Plans for MSc st u
Gest «o d,&202Bner gi ao

[71 K. Lorenz, Invited Professor atPhysics DepartmentDi s c i p Advamad A
Characterisati on o inthe Guircuar Rlamsafor PiNDaStudents @nl s ¢
ADi pl oma de Estudos Avan-ados em Engenha

2018/20192019/2020
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https://www.ua.pt/pt/projetos-id/831
https://www.ua.pt/pt/projetos-id/831
https://fenix.tecnico.ulisboa.pt/disciplinas/LFEA/2017-2018/2-semestre

[8] K. Lorenz, Invited Professor &hysicsDepartment Di s ¢ Advdnced Experimeiital
Physics L @Waotreartioarly 0Sci ence f ofiPthotdwl@aic 8otar T e
Ener gif@anotechnol ogi es a m alPhyiies nande Teehootogyooh i ¢
Semi c on dinthe Qurricular Plang o r MSc Students on fAM
Engenharia F2sicao. RAUFW2mi c year s: 201

[9] M. Peres]nvited Professor at Physics Departméiiteoretical and laboratory classes (20%
of the total cont acRhysibsandiTéch ohbglyhef C&e ms e
(MEFT 2020).

[10] M. Peres)nvited Professor @hysics Departmen8upervision of two groups of students in
thecourse nit ALFEA- Laboratériod e Fi si ca Ex p e r(MBRE-Meésaddo Av a
Integrado em Engenharia Fisica TecnologiGiidents develagd a miniproject doing
experimental work in research units including a total of 4x4 hours of laboratory work at
LATR, for each groupNIEFT 2020).

[11] M. Peres,nvited Professor alPhysics DepartmenSupervision of two ®ject of MEFT
students within the Gor s e Introduction fo Research developing projects of research
based learning Duarte Esteves Adivation of the Cr3+ emission in @2z by proton
i rr adi(MEFT2020)0

[12] R. Mateus, nivited professor aPhysics DepartmenDiscipline: iMechanicsand Waves
Laboratory classas diploma in LEIGT, (first semeste2020/2021).

TRAINING COURSES

[1] H. Luzs, TéericasuNudeares.oAMS, i t r ai ning course o0
Physics o0, SummeaCap&ica)Rodubal, Sedtenmi&r 202l

[2] H. Luis, Supervisor ofMaria Inés Guedes ( iMestr ado Il ntegrado
Bi om®di cao) i n ApdSedmocear PHysich, Desknvolvimento de um
sistemadeporta mostras m- vel par a FEBUNLU, Geptembdrel r a d
October 302020.

[3] N. Catarino, Supervisor @ntonio da Rocha Neves, André Luis Martins Lop@andSara
Lanca Perdigdo Santosatfi Est 8gi o d e -VWe fabricacacde supartesade
amostras com i mpressor 43 highd schpch stadent$),e undee s
IST/CiénciaViva Collaboration August 1728, 2020

4] R. Mat eus, Detectoresude d&Radiacad firai ni nkjsicacNualears e ¢
Aplicad@®, Summer School, Mont e-Ocdaber,Qa@.ar i ca, |

[5] R. Mateus, Supervisor oMariana Meira Roxo ( i Mestrado | ntegradoa
Bi om®di caodo) i n AppldNMuckearPhySics iQuantificacdo de Lie B em
vidros de borossilicatos (VICARTECT/UNL): analises complementares por PIGE e
N R A 8eptember-Dctober 30FCT-UNL, 2020.

JURY MEMBERSHIP

[1] E.Alves,International recruitment ofRrofessor Adjuntoin the disciplinary area of Nuclear
Medicine, for the ESTeSL of the Polytechnic Institute of Lisbon, Nat@&2019(January
2020)

[2] E. Alves, International recruitment ofRPaofessor Coordenador TechnicalScientific Area
of Medical Imaging and Radiotherapy, Notice 1090/2020, ESS/P.PORTO (March 2020).

[3] E. Alves,International recruitment of mvestigador Principal, in the scientific aga of
Nuclear Technologies and Radiological Protection, Department of Nuclear Engineering and
Sciences of ISTNotice 500/2020(March/July 2020)
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[4] E. Alves,International recruitment of Rrofessor Associadpin the disciplinary area of
Physical and Biomedal EngineeringFCT/UNL, Noticen.® 1664/2019June 2020).

[5] E. Alves,International recruitment of Brofessor Catedraticq in the disciplinary area of
Physics and Physical Engineering, Physics Department ofUROT, NoticeN° 1666/2019,
31-12-2019(October 2020).

EXTERNALEVALUATER

[6] E.Alves, External evaluator 8eng Liuf or pr o rAssociate Profadssmy fiwi t h t er
atInstitute of Heavy lon Physics, School of Physid3eking University (February 2020).

[7] E. Alves, Vogal, Qualification Recognition Jury for PhD Thesi®obja Sharma(Juri de
Reconheci ment o d &ecoRhednentd EspecificeBoutochmentdi em
F 2 s i Uniaessidade de Coimbydanuary 3%(2020)

AGGREGATION / HABILITATION

[1] E.Alves, Member of the yry of Rui César do Espirito Santo Vildag Aggregation in
Materials Condensedatter Physis, FCT/Univ. Coimbrg20-21/07/2020).

[2] E.Alves, Member of theuyy of Katharina Lorenz (2020). Aggregation in Technological
Physics Engineeringnstituto Superior Técnico, Universidade de Lisb@atober1st-2nd
(2020.

CONFERENCES ORGANIZATION

[1] E. Alves, Chair of th&UROfusionJET2I BA Meet i ng on Al on-Bean
Facing Components from JHTL \WGTN-Bobadela, April 171.8" (2020).

[2] K. Lorenz,Member of the Scientific Committee of tlieF 2 s i ¢ alLisi&0, P@artagal,
September -5 (2020).

TECHNICAL COMMIEES

Eduardo Alves

[1] Member of tRbveew Boartd €Eentardor Intégrated Nanotechnolagies San d i
National Laboratoried,os Alamos, USA, since 2018.

2] EIl ect ed Matenratwonal Gohmittée of the International Conference Series on
Surface Modification of Materials by lon Beamsihce 2017.

B8] MemberNuacfl ear Physics European CoRonudueseat i
Representative, since 2016.

[4 Memberofi Sci enti fi ¢ ReVviERI@® HRea&Emualop eafn RERIe@GTr C
Consortium), since 2016.

5] Chaidnoerfiati onal Pr ogr amme, CMAR-CIRILQ Caen, C o mi
since 2015.

[6] Deputy Directorofi L a bto-rrai o0 de Acel er ador e ssinee2018.c no |

[7] Memberofthdi Executi ve Board of | nst i Group locaddre P |
of Materials Processing and Characterisation, since 2013.

[8] Memberofi Sci ent i f i ¢ si@ma0iz(2°termg.f | STo,

[9] ElectedM e mb e dntemdtion&l Committee of the International Conference Seridsron
BeamModification of Materials;' since2006
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[10] Elected Member ofil nt er nat i onal Commi ttee of t he
RadiationEf f ect s i,sincé208lul at or s O

Katharina Lorenz

[11] Member of théi Advi sory Edi tori al Board of Nucl ez
research, Section B: Beam | mrshhoeROAT t i ons wi
[12] Member ofthefi E M IS&entificCommitteé |, French National net w

irradiation and analysis of molecules and materials, since 2019.

[13] Member of thef | SOL DE and -bF€light Expariments Qoenmittéel NT,C 0
CERN, Switzerland, since 2019.

[14] Member of théi U s electio8 lBanel at the lon Beam Centre, Helmhdkntrum Dresden
R o s s e nGeomarfy,since 2014.

[15] Me mb e r Rafhel of Reeewérs &eamtimeProposal at Centro de Micrdnalisis de
Mat er i al e Spain, Mec&l20i1d 0 ,

INTERNAL REPORTS
1 CarlosCruz,Internal Emergency Plan for the LATR Accelerator, 2020.
9 Carlos CruzRadiological Protection Plan Physics Building (Accelerators), 2020

CAMPUS & COMMUNITY
Follow-up visits to the lon Beam laboratory, as indicated below:

Description Visits / Visitants2020
Secondary School 4 185
University 1 36

Sub-Total 5 221

COLLABORATIONS

In 2020, despite thEOVID-19 pandemic limitations, collaboratis with some research usit
wereactive.Among the most important, weselecedthe following

1 Two new international collaborationsere put forward with both Prof. Adrian Kozanecki
(Poland)and Prof. Vittorianna Tasc(taly), based on interchanging knowledge about the
crystalline quality of the layers grown by the respectivearesegroups.

The Polish group focuses its expertise in the growing of oxides; the Italian group focuses its
expertise in the growing of nitride layers. While collaboration with the Italian group is
formally recent (2021 FCT call of Projects), collabonatigith the Polish group has been
strengthened and has been activeafoouple ofyears (S. Magalhaes).

. Prof. Adrian Kozanecki and Dr. Marcin Stachowicz
Institute of Physics, Polishcademy of Science&/arsaw,

Poland
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T

QenNRNANGTES Prof. Vittorianna Tasco and Dr. David Tobaldi

- e CNR NANOTEC, Institute of Nanotechnologscce,
 ltaly

HAMAMATSU : A collaboration was established resulting omharing of electronic
equipment. As aexample, in arexperiment to be carried out in ESRF (from 9 to 14 June
202171 already approvegdHamamatsu agreed to collaborate borrowing a photoluminescence
system (M. Pere2020).

CFUM (Centro de Fisica da Universidade do Minho

This is a very strong and important collaboration initiated in the nineties with Professors Luis
Rebouta, Filipe Vaand Luis Cunha. The number of common projects and pepensthored

put this collaboration among tineostsuccessful of all.

CQE (Centro de Quimica Estrutural, IST & FCUL

Thecollaboration with two groupsfahe center have been active fdoag time.Theuse of
radiation technologies have been explored with the Biomedical Research Group of Professor
Ana Paula Serro with excellent resuRarticularly this year was very busyith the activities

related with the pandemic.

Furthermore, theris along and consolidated collaboration with Profesg&ui Almeida and
Luis Santoswith some FCT projectapproved irthelast years, including one in the last call.

I3N (Institute for Nanostructures, Nanomodelling and Nanofabrication

The collaboration with this Associated Laboratory is shared with CENIMW&tdrials
Research Centgiof Professor Elvira Fortunato from the new University of Lisbon and the
Pole of Aveiro with the Gnap of Professor Teresa Montewmbthe Physics Department of the
University of Aveiro. The results, during the last decades, both in terms of projects and
publicationsarenoticeable.

INESC-MN (INESC Microsystems and Nanotechnolopies

A collaboration with Professor Paulo Freitas since the earlier ninatigsh is still very
active, currently under the leadership of Professor Su€amdoso Equipment of both
laboratories is being used in common research projects and student supervision.

LIBPhys (Laboratory for Instrumentation, Biomedical @ineering and Radiation Physics of
thePhysics Department of New University of Lispon

The collaboration wittresearchers of LIBPhydates back to the origin of our Laboratory.
Professor Adelaide Jesus did D in Atomic Physicsat the former facilities of the ion
beam laboratoryand since thenshe and hecollaborator Professor Jodo Cruz use the
accelerators for the experimental work of her groupuclear physics

VICARTE -NOVA (Department of Conservation and Restoration of the NOVA School of
Science and Technology

Collaborations witiMarcia Vilarigues Head of Deparhent)and her group is relevant on the
applications of ion beam microanalysis to stdmistorical glazed téds, glasses and stained
glassesThis collaboration has a great societal interest and offer the possibility to explore the
potential of ion beam technologies in the study of cultural heritage objects.

LIP (Laboratory of Instrumentation and Experimental Particle Physics
The group b Professor Daniel Galaviz uses regularly the beam lines at LATR for research
activities in the framework of international collaboratiamsl projects.

CeFEMA (Center of Physics and Engineering of Advanced Materi8IB:
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http://nanotec.cnr.it/en
https://cf-um-up.pt/index.php/about-us/mission-and-objectives
https://cqe.tecnico.ulisboa.pt/presentation
https://i3n.org/
https://sites.google.com/site/inescmn/home
http://www.libphys.pt/
http://www.libphys.pt/
https://www.fct.unl.pt/en/faculty/departaments/department-conservation-and-restoration
https://www.fct.unl.pt/en/faculty/departaments/department-conservation-and-restoration
https://www.lip.pt/?section=about&page=presentation
http://cefema.tecnico.ulisboa.pt/

The collaborationwas very strong withProfessor Reinhard Schwaend now after his
retirementthere is stillsomework shared witlProfessor Pedro Brogueira.
Other Qollaborations

1 Alexandra Barreiros, Laboratério de Engenharia e Geologia (LNEG), o n bear
microanalysi§ per ovskite solar cellso, 2020.

1 Jodo Pedro Araujo Raula Quitério, Wiversidade do Porid dn beam aalysis of hematite
sampl es2020. 2019

1 Joaquim Leitdo, Universidade @geiro,il on beam anal yses of sev
16, 2020.
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SERVICESINDUSTRY
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TEAM
Name Category Activity/Competences
Eduardo Alves Senior Researcher Director
José Neves Auxiliary Researcher Electrical Engineer
Ana Faria Graduated Technician Income/Logistics
Teresa Pires* Graduated echnician Web Designer/Logistics*

*External collaboration(DECN)

SERVICES

Unfortunately, at the beginning of 202Quclear InstrumentatiofNI) activity was compelled to
stopall services related toMaintenance and Security Chegp of Nuclear Instrumentatioon
industrial pants, due to new legislatioithis highly profitable activity was guaranteed by a
technician workingalsoasan operatorat theirradiation facility (UTR). Due to limited human
resources and competences to lead the licensing promedhis activityto besubmitedto the
Portuguese Environment AgendAPA), it becamempossible to pursuéheseservices

SincethenNI6 s act i vi ttytechnea senviees unae
warranty support, for sold equigmt (mainly RADX100
dosimeters)as below l

 Maintenanceof six digital instrumenti RAD X 1 |
(Personal Radiation Dosimeteryhich were produced
and sold to REPSOL Polimeros.

This activity will be also discontinued in 2021 dué¢o the
retirement of the engineer responsible by the tehnical
assistanceand support

INCOME TRACK RECORR016 2020)
Amounts without VAT:

b dzOf S NJ Ly adidNHzYySy

45000,00 €
40 000,00 € 40 401,62 €
35 000,00 €
30 000,00 €
25 000,00 €
20 000,00 €
15 000,00 €
10 000,00 €
5000,00 €
0,00 €

30325,00 €
18 503,00 €
651,90 €
2016 2017 2018 2019 2020
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The Technological Unit foiRadioserilization UTR), is a semindustrial (demonstratior?fCo
plant where research and servie@scombined to demonstratie the industryhe great potential
of radiation for sterilization and decontamination of producthie unit is 1ISO 9001:2015

certified since 2017.

The collaboration with.aboratory for Technological Tests in Clean Rooms (LETAL), provides
an important set of services withgeeattechnology transfer compent in the field of ionizing

radiation applications. The study and dose validation for decontamination and sterilization of
new productsoffersto the industry the possibility of increasing the value of its products and in
some casesrossing borders.

The UWhit serves a large number of companies operating in different feids asmedical

implants,pharmaceutical productglantsas wellas flask#hags among others.

Today, COVID-19 pandemicraised major concerns worldwide about sterilization of prtslu
such usPersonal Protective EquipmegiPB for health workers and materials used on kits for
diagnostic. UTR played maimportantrole on this national effortworking without time
provi de

limitations t o

steril

zed

fa%lr agat oaso

https://www.tsf.pt/portugal/sociedadefaactenhovida-zaragatoagaios-gamae-testesa-covid-13305150.html

TEAM
Name Category Actvities/Competences

Eduardo Alves Senior Researcher Director
Paula Matos Agro-food Engineer Technical &Quality Manager
Carlos Cruz Auxiliary Researcher Radiological Protectio& Maintenance
Ana Faria Graduated Technician Income/Logistics
Teresa Pires Graduated Technician Web Designer/Logistics*
Nuno Inacio Graduated Technician Irradiator Operator Chief
Filomena Baptista Assistant Technician Irradiator Operator
Tiago Jesus Assistant Technician Irradiator Operator
Tiago Sena Assistant Technician Irradiator Operator

*External collaboration (DECN).

WORKING HOURS

From March 18th to August 1therewasonly one sHt working.

Time allocation plant 2020

Maintenance;

50

Services; 3948
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http://utr.ctn.tecnico.ulisboa.pt/index.html
https://www.tsf.pt/portugal/sociedade/eu-nao-tenho-vida-zaragatoas-raios-gama-e-testes-a-covid-13305150.html

INCOME TRACK RECORD

Previous Investments

In 2015 IST purchase a total activityof 135 kCi®®Co (4995 GBq)
3 4 Zthr@eth@dred forty eight thousan
EUR), to thelnstitute of Isotopes Co, Ltd . (IZOTOP).

By contractthe company was responsible foeinstallation of the
sources in the irradiator, whi¢bok placen January 2017

by the amount of

Total Income/Expense$20162020)
Amounts without VAT(expenseslo notinclude staff salaries)

UTR Income Expenses
2016 67 865,98 € 9455,05 €
2017 92238,88€ | 11144,50€
2018 164 620,70€ | 11 775,13 €
2019 161 126,52 € | 17699,30 €
2020 168 497,96 € | 8851,63 €
Total [cpn oplpy dHAQf
UTR: Income vs Expenses
180€ 168,50 k€
3 164,62 k€ 161,13 k€
S 160€
5
2 140€
|_
120€
100€ 92,24 k€
80€ 67,87kE
60€
40€
17,70 k€
20€ 9,46 k€ 11,14 k€ 11,78 k€ 8,85 k€
0€ | | | a |

2016

CLIENTSIN 2020

A=A _A-_A_A_A_A_A_A_A_9

ALFARROXO TRADING (Pine bark)
ARAN EUROPE S.L. (Spain)
ATRAL-CIPAN

3B6s
BORGSTENA TEXTILE, PT
EDOL

HIKMA

HYDRUSTENT, SA (Syringes)
HOVIONE

IST (COVID-19)

IST-ID (COVID-19)

IST Research Activities
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RESEARCH GROUP (

2018

2019 2020

Income M Expenses
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INEB (U. PORTO, Hydrogel)
LABESFAL

LABIALFARMA

LABINOX

LECIFARMA

PRODEC (InEye)
PROGRESSOPLASTE

PT MILLS (Face masks)

SN TEXTIL

SOL DE DIAL

SOCIEDADE ARTISTICA, LDA
VYGON

33/38



ACTIVITY HIGHLIGHTS
1. Covid-1971 Covid Kit C onsortium

A consortiumwas created, in order pyoduce “
kits to diagnose Covid9, joining Instituto
Superior TécnicpAlgarve Biomedical Center
(ABC), Hidrofer and_ogoplaste

The ceremony took place on'28pril 2020 at
IST/CTN campusand was attended by the
consortium members and bylanuel Heitor
(Minister of Science, Technology and High
Educatior), Ana Mendes Godinh@inister of |
Labour, Solidarity and Social Securitgnd |==#
Ana Abrunhosa (Minister for Territorial
Cohesion)

The president of Técnic®rofessoRogério Colaco, stressed the importance of this partnership
t h altowedl us to combine knowledge and skillprtoduce these kits in sufficient quantity to
meet c ounot r(ydfeshope o expast these kits wherever needed as soon as ossible

Swabs are essential for Covi® screening and Portugal
was importing this material in order to be able to do the
tests. Nowadays, there is a product 100%nade in
Portuga) that combines science andtional companies
to face the current public health emergency.

UTR was responsible for the sterilization of all the
fizaragatoasused in the kits produced by the consortium

http://utr.ctn.tecnico.ulisboa.pt/pg media projetos.html

2. Sterilization of Health Equipment: STEReoEPIProject

UTR was also involved in a FCT funded projectiévelopa new method for sterilizing Personal
Protective Equipment (PPE). &project entittedi Ga mma st er i | i zat igotn an
a 039,808 fun@iEldti oomoFCTiRESHARBGMasiddbyCOV |
ProfessoAna Paula Serro

Although most PPEredisposablemanycan be [
safely reused ithey are sterilised and maintai?
adequate performand@euse of PPEEan have an
enormous impact oanvironmentprotection and %=
economy of health caservices . ” S‘
r

~

Personal Protective Equipment (PPE) has becf

part of our livesand & UTR several types of
materials and PPHvere sterilizedto determine | &
their integrity after several sterilization cycle
Once developed, the sterilization model can
transferred tohealthcare unitsThe first results
were very promising.

,z

https://tecnico.ulisboa.pt/pt/noticias/cientistds-tecnicodesenvolvermovoprocessede-esterilizacaede-
equipamentosle-protecacindividual/
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3. CANNABIS Project

During 2020, cannabis farms coediseveral km of land from north to south of Portugal. The
businesss flourishing all over the country and nearly all the compamigdressetd TR to study
the possibility to use gamma radiation to process their prodivefavereceived the visit of
some companies tdiscuss the capabilities of thait to process large quantities of the dry
product and packing requirements.

However, due the psychotropic effects of tl
product it is mandatory to be licensed
INFARMED, since the decontamination i
considered a stejm the production proces$§Ve
have submitted a licensing applicatiofor the
decontamination of cannabis with gamn
radiation but it became clear aftéwo meetings
with the INFARMED group, that our request for
the cannabis decontaminatioservice wasnot
compatible with commercial processing.

Unfortunately and éspite the huge interest of the® :
industry UTR resourcesre insufficient tqpreparesuch a complex processecessary to obtain
thelicensingand in paralle| get theGMP (Good Manufacturing Practicesgcognition required
to commercialiséhe products irradiated in thentt, inside the European market.

http://utr.ctn.tecnico.ulisboa.pt/docs/2020%20Exame _Inform%C3%Altica N%C2%BA302
Ano25_Radia%C3%A7%C3%A3oLimpa.pdf

CAMPUS & COMMUNITY

Due to the mandatory confinement resulting from the Gagigandemic 2020 was an atypical
year, with no study visitallowedto the campus after March. Follewp visits to the UTR, as
indicated below:

Description Visits / Visitants 2020
Secondary School 1 69
OtherEntities* 1 1
Auditors 3 5

Sub-Total 5 5

*VF Pharmaceuticals, July 10, 2020
Internal Auditory:

1 CTN/LPSRT To assess the degree of compliance of @heality Management
System according to theP EN ISO 9002015 normative frameworkLuis
SantosandAna Amaral, 03/11/2020.

External Auditoy:

! TUOV RheinlandPortugali Quality Management System Certification: Renewal
of certification of NP EN ISO 9001:2015 normative framewotierminio
Henrique, 30/11/2020.

1 HIKMA 7 Client: to ensure quality and acceptalenpliance status to applicable
GMP regulation®f the targeted siteoncerninghe irradiation of LactoseAfa
Paula Gageiroe Anabela Supicq. UTR, 13/10/2020.
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http://utr.ctn.tecnico.ulisboa.pt/docs/2020%20Exame_Inform%C3%A1tica_N%C2%BA302-Ano25_Radia%C3%A7%C3%A3oLimpa.pdf
http://utr.ctn.tecnico.ulisboa.pt/docs/2020%20Exame_Inform%C3%A1tica_N%C2%BA302-Ano25_Radia%C3%A7%C3%A3oLimpa.pdf

GoncludingRemarks

A decision on the From the experience acquired during the last

future of irradiation years, it is clear that the Unit cannot operate

. . services at IST must according to the public rules if it is intended to

® be taken very soon work for the Industry and make some revenue.
A The activity will be To continue the operation satisfying the orders

below 100 kGi in 2021 of the current list of clients, the Unit should be
reloaded with at least the same activity of
8Co as in 2017, and this will be much more
costly since there are no more space for new
sources in the irradiator and some of the older

approaching the limit
value (approx. 60 kCi)
for supplying services to the industry requiring
doses above 10 kGy.

ones must be removed.

To support the decision, an open discussion with
current users and other stakeholders, which have
revealed intentions to use the technology (such as
cannabis industry), should be promoted.
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