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Foreword

Uncertainty and opportunities
Mário Pimenta
President

We are living in strange times, where the future may change
radically every day; times of uncertainty, times of
opportunities…

LIP was able to adapt itself to the difficult and stressful work
conditions of this past year; trying to help society as much as
possible in the first moments when a lack of medical and
sanitary equipment was a reality, with initiatives like the design
and construction of low-cost, technically easy to implement,
ventilator prototypes for COVID-19 emergency clinical intensive
care, as well as producing face shields for health professionals
in nearby hospitals;  trying to keep “business almost as usual”
with a massive use of tele-working and, whenever physical
presence was essential and allowed, strictly complying with the
recommendations and rules from the Universities and Health
authorities.

We all have the feeling of an almost lost year but, in fact, the
World didn´t stop. Relevant moments for our future were, for
instance: the approval of the European Strategy for Particle
Physics (ESPP) by the CERN Council; the evaluation by the FCT
of the Associated Laboratories; the start of activity of the
ProtoTera association.  

The ESPP will have a central role in the future of our domain. In
the short and medium-term, priority is given to the completion
and exploitation of the High-Luminosity LHC, but keeping
always in mind that the post-LHC era will come soon enough,
which implies, already now, launching a huge scientific,
technical, political and societal effort. The precision (Higgs
factory) and the energy (100 TeV) frontiers are the top
priorities, which may be attainable with the construction of the
Future Circular Collider (FCC) at CERN. In parallel, it was strongly
recommended to maintain the European support for neutrino
physics, astroparticle and nuclear physics, as well as, to
increasingly pay attention to societal aspects, such as training
and knowledge transfer, and to the minimisation of the
environmental footprint.

Portugal, LIP and the remaining Portuguese particle physics
community have actively followed and participated in this two-
year long process and are fully engaged in its successful
realization, maintaining  European leadership in science,
technology and engineering and contributing to a better and
peaceful world, as stated in the CERN convention, signed in the

fallout of the massively destructive second World War.

A new cycle of evaluation of the Associated Laboratories in 
Portugal took place during 2020 and should be concluded 
soon. The defined priorities were: the contribution to public 
policies; the capability to create and sustain permanent 
scientific employment; increasing the degree of 
internationalization and the capability to attract international 
talent and funding. The goal of this evaluation was not to rate 
the scientific performance of the institutions, which had been 
the object of the research units evaluation, held two years 
before, in which LIP was classified as Excellent. The positive 
aspect of the evaluation process for LIP was that the jury, 
composed exclusively of Portuguese members, recommended 
that LIP should remain as an Associated Laboratory keeping 
the same level of funding. However, we deeply disagree with 
the overall appreciation of the Jury, which was basically centred 
on the ability to obtain external funds. External funding is 
undeniably an important factor, but such ability must 
necessarily be assessed in the context of the scientific activity 
developed by each Laboratory. LIP is a Laboratory whose main 
object is fundamental science, and whose first mission is the 
development of High Energy Physics in Portugal, namely 
ensuring Portugal's successful participation in CERN and in 
other large international scientific infrastructures. It is well 
known, although ignored by the Jury, that CERN's financing 
model relies essentially on the contribution of national funding 
agencies. This model has no parallel in other institutions with 
international projection, whose financing is ensured through 
the transfer of EU funds. Nonetheless, LIP has been in a 
sustained path towards reducing its dependence on direct 
funding from FCT, by increasing the much-desired international 
funding. Both our path and the new funding already secured, 
increasing the international funding level from 10% of the total 
budget to 15% already in 2021, were sadly ignored.  

Globally, the number of recommended Associated Laboratories 
was 40, while previously  only 26 had this status, whose 
individual funding was kept basically the same. Nobody was 
really satisfied with the outcome, as the general expectations 
were much higher. Furthermore, there is still no apparent 
consensus on what should be the model that ensures a 
medium and long-term sustainable future for the Associated 
Laboratories, according to their own specificities, nor there is a 
consensus on the corresponding creation, at appropriate 
levels, of the much-needed scientific employment.  Universities 
should be part of the solution, but this is even more difficult 
and complex. Anyhow, we should all be acutely aware that we 
must continuously demonstrate the scientific, technological 
and societal impacts of our activities. Both to society at large
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 and also to the Portuguese scientific community in domains a
priori further away from ours.

ProtoTera, the Portuguese Association for Proton Therapy and
Advanced Technologies for Cancer Prevention and Treatment,
was formally created in December 2020. The association
started its activity during the Covid-19 pandemic crisis. Its first
goal is the development of infrastructures for the treatment of
cancer patients and for cancer research. It will use proton
beams with energies of 250 MeV and 70 MeV, respectively, in
Loures (in an extension of the CTN/IST campus) and in Coimbra
(in the ICNAS/UC premises). The Loures unit will have 2 or 3
general purpose treatment rooms and 1 research room, while
the Coimbra unit will be dedicated to the treatment of ocular
melanoma and to the production of new radioisotopes for
medical applications. The medical coordination and the patient
screening and selection will be coordinated by the Grupo
Hospitalar Instituto Português de Oncologia Francisco Gentil
(GHIPOFG) which is, with IST, UC and LIP, a founder of the
ProtoTera association. In parallel, ProtoTera has the mission to
develop postgraduate education and training actions for
medical and non-medical specialists, namely physicians,
physicists, engineers and medical physicists, to build-up the
required pool of skilled specialists for the treatment and
research programs.

One year after, where do we stand? The requirements and
technical specifications for the proton therapy unit in Loures
are well advanced and practically ready to be submitted to the
international advisory committee that was meanwhile
constituted. In Coimbra, the best design options are under
study, in collaboration with CERN, to provide intense beams
and lower energy for radioisotope production, or higher energy
and low intensity beams for eye treatment. The detailed
implementation plan for the Loures infrastructure is being
discussed with the Loures municipality and is in an almost final
version. The major items of the business plan were identified,
and the corresponding studies should be carried out until the
end of the current year. Funding opportunities were explored
but not yet secured. A PhD grant program in the areas of
medicine, technology and physics, that will support the
installation and operation in Portugal of cancer treatment
centres using proton beam therapy, was launched in
collaboration with FCT.  Up to 5 grants per semester may be
awarded and the program is already in its second call.

Internally, the periodic evaluation of LIP’s technical and
administrative staff by the LIP management finally started and
its first edition is almost concluded. As a result, there was a well
-deserved salary progression of many of the LIP employees. In
parallel, the evaluation of LIP researchers by the LIP scientific

council is reaching the conclusion of its second edition. The 
procedures for the recruitment of researchers for permanent 
positions at LIP, either by competitive and open international 
calls or as the result of the awarding of an ERC grant or of two 
FCT individual research grants, were established and clarified. 
As a result, five new permanent positions were awarded at LIP. 
These actions represent an important effort by LIP to provide 
better and fair working conditions to its researchers, engineers, 
technicians and administrative staff. However, a reasonable 
solution of the structural problem of scientific employment in 
the Portuguese scientific system will only be possible as a result 
of combined and coordinated efforts of the research 
institutions, FCT and the Universities. Finding such lasting 
solutions will demand, for sure, an increase in the public 
investment in science in years to come. But it will also require a 
clear effort of the scientific institutions to diversify and increase 
their funding sources within their own capabilities and 
specificities. At LIP, we set as our goal to double our external 
funding by the end of the period 2021-2025, as compared to  
our average external funding  during the previous five years.

LIP education and training actions were pursued, as much as 
possible within the external constrains. The highlight was the 
start of the PT-CERN PhD grant program in particle and 
astroparticle physics and related scientific and technological 
domains. This program is in line with an already long 
collaboration between FCT and LIP in such programs, namely in 
the framework of the IDPASC PhD program network. It should 
also be mentioned the continuation of the LIP summer 
internship programme, this time necessarily adapted to the 
pandemic conditions, which allowed to integrate for some 
months in LIP’s activities a significant number of students from 
Portuguese and international Universities.

On the coming 9th of May LIP will commemorate its 35th 
anniversary. We had already many cycles of life, under better or 
worse external circumstances, with more optimistic or 
pessimistic evolution scenarios in Portugal and in the World. 
Every day a new cycle begins, and new and greater challenges, 
opportunities and responsibilities are facing us. As in the past, 
all together, and with an increasing number of strategic 
national and international partnerships and an increasing 
connection to society, we will be able to go on fulfilling our 
missions.

March 2021

Mário Pimenta

______________________________________________________
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• LHC experiments and phenomenology 
• Structure of matter
• Cosmic rays
• Dark matter and neutrinos

Scienti�c Computing

• Detectors for particle and nuclear 
physics 

• Health and biomedical applications 
• Space applications
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Total: 486.750 €

Sources of funding
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Overview

Assessment of the past year: objectives
vs. achievements

→
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Lines of work and objectives for
next year
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Medium-term (3-5 years) prospects

SWOT Analysis
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Articles in international 
journals:
12 Direct contribution
80  ndirect contribution 
12 Reviews
Internal notes:
11 Collaboration notes 
Students notes:
6
Proposals:
1
International conferences: 
5 Oral presentations
8 Proceedings
National conferences:
1 Oral presentation
1 Poster
International meetin s: 
13 Oral presentations
2 Posters
Collaboration meetin s: 
67 Oral presentations 
Advanced Trainin  Events: 
25 Oral presentations 
Seminars:
3 Seminars
Completed theses:
2 PhDs
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CMS
Collaboration in the CMS experiment at
CERN

Principal Investigator:
Michele Gallinaro (100)

9 Researcher(s):
Alessio Boletti (52), Jonathan Hollar (100), João Seixas (35), João
Varela (100), Ksenia Shchelina (75), Nuno Leonardo (80),
Pedrame Bargassa (100), Pietro Faccioli (25), Tahereh Niknejad
(100)

2 Technician(s):
José Carlos Silva (100), Rui Pereira da Silva (50)

5 PhD Student(s):
Diogo de Bastos (100), Giles Strong (100), Mariana Araújo (50),
Matteo Pisano (47), Oleksii Toldaiev (100)

1 Master Student(s):
Maria Faria (50)

10 Trainee(s):
Allan Jales, Armando Gonçalves, Artur Semião, Hilberto Silva,
João Rocha, Manuel Leite, Rafael Pastor, Thomas Gaehtgens,
Timothée Cabos, Timothée Hessel

9 External collaborator(s):
Beatriz Ribeiro Lopes, Carlos Leong, Eliza Costa, Luis
Ferramacho, Matteo Magherini, Miguel Silveira, Pedro Ferreira
da Silva, Ricardo Bugalho, Sandro Fonseca

Total FTE:
13.7
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Executive summary
LIP is member of the Compact Muon Solenoid (CMS) Collaboration at the LHC since its creation in 1992. The research at the LHC
is central to the quest for the fundamental physics laws of Nature. LIP had a leading role in the design and construction of
important components of the CMS detector, namely the Data Acquisition System of the ECAL sub-detector used for the
measurement of electrons and photons and the CMS Trigger System that performs the online selection of the interesting
collisions. After the LHC start-up in 2010 LIP made major contributions to the CMS physics program, in particular to: the discovery
of a Higgs boson; measurements of the top quark properties; first observation of the rare B →μμ decays; measurement of χ and
ψ and Υ polarizations and cross sections; searches for a charged Higgs and a top squark. A group member served as Deputy
Spokesperson of the Collaboration in 2012-13. The group is actively involved and contributing to physics analyses in the areas of 
top quark, Higgs boson, B mesons, SUSY, quarkonia, heavy ions, and physics with the Precision Proton Spectrometer.

The group contributed to the Phase-I Upgrade of the experiment by building and installing new High-Speed Optical Links (oSLB-
oRM) that interface the ECAL electronics to the trigger system. The CMS experiment took data in Run 2 (2015-2018) at an energy
of 13 TeV, and is currently undergoing maintenance and upgrades in preparation for Run 3, expected to start in 2022. During the
long-shutdown (LS2), the group has been involved in the preparation of the Precision Proton Spectrometer (PPS) and the ECAL
detectors. The LIP group continues leading the new forward PPS that took data integrated in CMS in 2015-18. PPS demonstrated
-for the first time- the feasibility of operating a near-beam proton spectrometer at high luminosity on a regular basis. A member
of the group is presently serving as PPS Project Deputy Coordinator.

In the High-Luminosity phase of the LHC physics program starting in 2027 the accelerator will provide an additional integrated
luminosity of 3000 fb  over 10 years of operation. The group participates in the construction of a new Timing Detector and in the
upgrade of the barrel and endcap Calorimeters. The group is responsible for the design and construction of the readout system
of the Barrel Timing Layer (BTL), including a high-performance TOF ASIC for time measurements. In collaboration with industry,
LIP provides a high-performance ADC ASIC for the ECAL front-end electronics resistant to radiation. The CMS upgrade includes
also the complete replacement of the endcap calorimeters with a new high-granularity sampling calorimeter. LIP collaborates
with industry by supplying a high-current low voltage regulator (LVR) resistant to radiation for the High-Granularity Calorimeter
(HGCAL) frontend system.

It is worth noting that, in the 2019 evaluation by FCT, in which LIP was rated "Excellent", the contribution of the CMS group was
explicitly recognized. Quoting the review panel report, “The CMS group, while small in size, is really outstanding and world-class”.

The arrival of a new member, A. Boletti, has reinforced the group activities in flavour physics and in the exploration of the recent
so-called flavour anomalies. P. Bargassa and A. Boletti have been appointed to coordination positions of CMS physics analysis
working groups. J. Hollar, a senior researcher, together with T. Niknejad and K. Shchelina, two young researchers in the group,
were awarded CMS prizes. These further attest the recognition of the group within the collaboration. A EU-funded project within
the MSCA-RISE Horizon 2020 program, aMUSE, was approved and plans to strengthen and extend the collaboration between EU
and US researchers to carry out searches for New Physics while promoting the development of next generation muon
accelerators.

s

-1

PI Code Amount Dates Description

Michele
Gallinaro

aAmuse - 
101006726

115.000 € -- aAmuse - advanced Muon Campus in US and
Europe contribution

João Varela CERN/FIS-
INS/0032/2019

200.000 € 2019-08-01 / 2021-07-31 Collaboration in the Phase 2 Upgrade of the CMS
experiment at CERN

Michele
Gallinaro

CERN/FIS-
PAR/0025/2019

200.000 € 2019-08-01 / 2021-07-31 Collaboration in the operation and physics data
analysis at the CMS experiment at CERN

Sources of funding
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CMS

Overview
The goals of the group cover the following areas:

1) Proton-proton physics:

The objective is to fully exploit the discovery opportunities offered by

the LHC high energy and luminosity. The activity is organized in

different physics domains, namely Higgs physics, top quark physics, B

physics, quarkonia, SUSY, and physics in central exclusive production

(PPS). Each domain is led by a senior physicist and integrates

researchers and students.

2) Heavy-ion physics:

The ultimate objective is the study of quark-gluon plasma and strong

interactions, taking advantage of the collisions of lead beams at the

LHC. 

3) CMS upgrades:

The objective of this program is to contribute with R&D of new

detector technologies for the Upgrade of the CMS experiment in view

of its future operation at the HL-LHC.

4) Operation and maintenance of the ECAL and PPS detectors:

The LIP/CMS group has members based at CERN who are required

for the normal maintenance and operation of the ECAL and PPS sub-

detectors. The group has a dedicated electronics lab installed in the

CERN campus used for R&D and maintenance work.

Team organization

The group coordinator is Michele Gallinaro. He has 30 years research

experience both in the US (SLAC and Fermilab) and at CERN. The

deputy coordinators are Nuno Leonardo (20 years of research

experience at Fermilab and CERN) and Jonathan Hollar (20 years of

research experience at SLAC and CERN). The activities are organized

in two complementary projects:

- The project "Collaboration in the operation and physics data

analysis at the CMS experiment at CERN". The project PI is Michele

Gallinaro with Co-PI Nuno Leonardo.

- The project "Collaboration in the Phase-2 Upgrade of the CMS

experiment at CERN". The PI is João Varela (40 years of research

experience at CERN) with Co-PI Michele Gallinaro.

Senior researchers of the LIP/CMS group are: João Varela, João

Seixas, Michele Gallinaro, Nuno Leonardo, Pedrame Bargassa,

Jonathan Hollar, Pietro Faccioli.

The present coordination positions in the LIP/CMS group are:

Group coordinator  -  M. Gallinaro

Deputy group coordinators  - N. Leonardo and J. Hollar

Operation and physics data analysis – M. Gallinaro (PI) and N.

Leonardo (co-PI)

Phase-2 upgrade - J. Varela (PI) and M. Gallinaro (co-PI)

Physics Analysis Coordinators  - M. Gallinaro, N. Leonardo, P.

Bargassa, J. Hollar, J. Seixas, P. Faccioli

Detector coordinators: PPS - J. Hollar, ECAL - J. Silva, MTD - J.

Varela

Computing link person - D. Bastos

The LIP group members have presently the following coordination

positions in the CMS Collaboration structure:

- PPS Deputy Coordinator (Level-1), since 2018 (J. Hollar)

- ECAL Electronics Coordinator (Level-2), since 2011 (J. C. Silva)

- PPS DAQ Coordinator (Level-2), since 2015 (J. Hollar)

- Proton Physics Object Groups (POG) coordinator (Level-3), since

2019 (K. Shchelina)

- B-Physics Production and Properties coordinator (Level-3), since

2020 (A. Boletti)

- SUSY New analyses and trigger strategies coordinator (Level-3),

since 2020 (P. Bargassa)

- MTD/BTL electronics systems coordinator, since 2018 (J. Varela)

LIP group members participate in the following CMS structures:

CMS Collaboration Board (M. Gallinaro and J. Varela)

CMS Finance Board (J. Varela)

CMS Publication Board (N. Leonardo, P. Faccioli)

ECAL Executive Board (J.C. Silva)

ECAL, MTD and HGCAL Institution Boards (J. Varela)

PPS Institutions Board (M. Gallinaro)

MTD Steering Committee (J. Varela)

Members of the LIP group are regularly selected to participate in

Analysis Review Committees (ARC) and Detector Review Committees.

Members of the LIP/CMS group convene the following weekly

meetings of the CMS Collaboration: PPS Steering Committee, PPS

DAQ meeting, Proton POG meeting, BTL electronics meeting,

B-Physics Production and Properties meeting.
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Assessment of the past year: objectives
vs. achievements
Despite the difficult COVID-19 situation, there were no major

deviations from the goals set for 2020.

Within the CMS experimental program, the LIP/CMS group made

major scientific contributions in 2020 in the following areas:

1) Proton-proton physics

 a) Top quark physics

Members of the group (PhD student A.Toldaiev, M.Gallinaro) had a

leading role in the data analysis and preparation of the publication of

the first Run 2 results on the "Measurement of the top quark pair

production cross section in the dilepton channel including a tau

lepton". The analysis was published. This work was the subject of the

PhD thesis of A. Toldaiev who graduated with the highest marks

("distinction and honour", Oct. 2020).

Studies of lepton flavor universality in the same final state are

continuing in collaboration with colleagues at IIT Madras. In a similar

final state, a study of vector boson scattering (VBS) processes

including a tau lepton using the full Run 2 data (student M.Magherini,

M.Gallinaro) is pursued in the context of the VBSCan EU COST Action

in collaboration with colleagues at Perugia.

   b) Search for SUSY

The search for the 4-body decay of the lightest scalar top (stop) was

performed in the Run 2 data by group members (PhD student

D.Bastos, P.Bargassa) who developed a search based on an MVA

approach. The analysis was presented at the internal CMS SUSY

physics analysis meetings and it is in the final phase before the

approval process by the collaboration.

  c) Search for double Higgs production

Regression and classification studies in Higgs pair production were

pursued in 2018-2019 with simulated CMS samples. Higgs pair

production search in the "tautaubb" final state in the full Run 2 data

is performed using advanced machine learning analysis techniques.

Work is developed in the context of the Tau Id POG and Higgs HH

working group. The analysis is entering the final phase before the

approval process by the collaboration. Projections of the expected

sensitivity developed for the Yellow Report were updated for different

HL-LHC conditions. This activity was carried out in the framework of

the EU Marie-Curie network AMVA4NewPhysics (PhD student

G.Strong, M.Gallinaro). This was the subject of the PhD thesis of

G.Strong who graduated with the highest marks ("distinction and

honour", Dec. 2020).

   d) Search for Dark Matter

Members of the LIP/CMS group (undergraduate student J.Goncalves,

M.Gallinaro) pursued a search for Dark Matter (DM) produced in

association with a Higgs boson. The Higgs boson decaying to a final

state with four leptons is sought for in events with large missing

transverse energy, possibly associated with the DM particles escaping

the detector. The search, developed with the Run 2 data in

collaboration with colleagues from Bari, was published.

   e) Search for rare decays and measurement of heavy flavour

The study of rare decays with CMS data has remained a priority. The

interest is reinforced by the large accumulated datasets and in

particular by the so-called flavor anomalies (FA). The group is keeping

its focus on the  b→sll  FCNC transitions, at the core of the FA.

The group has carried out measurements of b-quark production and

fragmentation, a crucial ingredient for the measurement of rare B

decays, esp. B→μμ. These have been originally pursued in pp 13 TeV

data (Master student B.Alves, N.Leonardo), and more recently with

the 2017 dataset collected at 5TeV (Master student M.Faria,

N.Leonardo) allowing to probe the energy dependence.

Another important decay realizing the b→sll transition is B→K*μμ.

This is particularly pressing in view of reported departures from SM

predictions that centrally contribute to the FA puzzle. The group is

carrying out the analyses of the angular observables and rates

(Master student M.Faria, A.Boletti, N.Leonardo) with the full Run2

data.

   f) Quarkonia polarization

Members of the group (PhD student M.Araújo, P.Faccioli, J.Seixas),

together with C. Lourenço (CERN) and T. Madlener (HEPHY)

performed the first measurement of the polarizations of the �  and

�  states, using CMS data.

   g) Search for exclusive two-photon production using the PPS
spectrometer

Members of the group (J.Hollar, K.Shchelina) led the first analysis of

dilepton production via two-photon interactions with tagged forward

protons using the PPS spectrometer. Currently, members of the

group are pursuing related analyses of two-photon production of tau

lepton pairs (PhD student M. Pisano, M.Gallinaro, J.Hollar), W

boson pairs (K.Shchelina, J.Hollar) and top quark pairs (PhD student

M.Pisano, M.Gallinaro, J.Hollar) using PPS data.

2) Heavy-ion physics

 B mesons as novel probes of QGP

The group is bringing unique expertise of B physics into the heavy ion

realm, and has been  playing a central part in the investigation of first

B meson signals in PbPb data. The analysis of the PbPb 2015 data

(Master student J.Silva, N.Leonardo) was released. The PbPb

measurement includes contributions to leading systematic

uncertainties (undergraduate students A.Pardal, J.Gonçalves). 

Studies towards the measurement of the nuclear modification

factors are ongoing (students M.Faria, A.Semião, N.Leonardo). This

work is in collaboration with the MIT group.

c1

c2
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3) Experiment operation and maintenance

a) Physics objects development:

LIP members pursued the participation in the activities of POGs

(Physics Object Groups), namely in the validation of the tau lepton

reconstruction and identification (G.Strong, A.Toldaiev), forward

proton alignment (G.Strong) and reconstruction efficiency (M.Pisano,

K.Shchelina), and PPS high-level trigger (M.Araújo). Tag and probe

tools for muon measurements with CMS open data were also

developed (students A.Jales and T.Gaehtgens, with E.Melo, S.Fonseca,

N.Leonardo).

b) PPS commissioning and operation:

Under the leadership of a LIP member serving as PPS Project

Manager (J.Varela), PPS collected over 100 fb  of data from 2016-18

in Run 2. The group had leading roles in the PPS DAQ system

(J.Hollar) and the Timing detectors (M.Gallinaro). LIP made major

contributions to the timing detector electronics, online software, and

detector operations. Since 2018, a LIP member serves as Deputy

Project Manager (J.Hollar). Members of the group are actively

involved in physics analyses using PPS data (M.Pisano, M.Gallinaro,

J.Hollar), and had leading roles in the first PPS physics paper.

c) ECAL: A member of the group maintained the ECAL trigger and

DAQ system.

d) Computing: A member of the group served as LIP/CMS interface

with the LIP's Tier2 group.

e) General: The group provided central shifts and EPR work

according to the rules of the CMS collaboration.

4) Phase 2 Upgrades (HL-LHC)

The R&D towards the Phase-2 upgrade carried by the group is

organized in three areas:

a) R&D in the Barrel Timing Layer: Development of the frontend

readout system of the timing detector (LYSO crystals and SiPMs)

based on a fast-timing TOF ASIC provided by Portuguese industry (LIP

full responsibility);

b) R&D in the ECAL frontend readout system: Development of the

new ECAL readout system based on a new 160MS/s low power ADC

ASIC provided by Portuguese industry (CEA Saclay, INFN-Torino and

LIP responsibility);

c) R&D on the High Granularity Calorimeter: Development of

algorithms for the HGCAL L1 trigger. Support to the development of

low voltage regulator (LVR) ASIC resistant to radiation provided by the

Portuguese industry.

Some details:

   a) Timing Detector

The Barrel Timing Layer (BTL) is a thin standalone detector in the

region between the outer tracker and the ECAL, based on LYSO:Ce

crystals readout with silicon photomultipliers (SiPMs). The LIP group

is responsible for the design and construction of the BTL readout

system. One member of the group (J. Varela) is presently responsible

for coordinating the development of the BTL Readout System.

Dedicated ASIC electronics is used to readout the SiPM arrays. The

readout solution uses the new TOFHIR2 chip developed in the

framework of the agreement KN436/EP between LIP and CERN. The

microelectronics design of the TOFHIR2 circuits is sub-contracted to

the Portuguese company PETsys. A first version of the chip (TOFHIR1)

was implemented in the same technology as TOFPET2 (UMC CMOS

110 nm). The final version (TOFHIR2) is being developed in TSMC

CMOS 130 nm technology, which has increased radiation tolerance.

The first full version of the chip (TOFHIR2A) was submitted in

February. In parallel, the TOFHIR2 Test Board (T2TB) was developed

as well as an adapter for integration with the available standalone

DAQ system. Tests started in July. Radiation resistance tests were

performed in October at the x-ray irradiation facility at CERN (TID

tests) and at the heavy-ion beam in Louvain (SEE tests). The results

were published.

The ASIC design was reviewed in July by a committee of experts

nominated by CMS. A new version (TOFHIR2X), implementing an

improved version of the challenging circuitry to mitigate the effect of

the large SiPM dark count noise due to radiation, was submitted in

November. 

The frontend (FE) system has three types of boards, the FE Board

with the TOFHIR chips interfacing to LYSO/SiPM modules, the

Concentrator Card with optical links to the backend, and the Power

Conversion Card, which are organized in Readout Units. LIP has the

responsibility for the design, production and testing of the FE Boards.

The first prototype of the Readout Unit based on TOFHIR1 was

evaluated in 2020. Measurements with SiPM sensors and laser

beams with two complete Readout Units showed excellent results. In

parallel, an improved design of the Readout Unit based on TOFHIR2

was pursued in 2020. Prototypes are being fabricated for evaluation

in 2021.

 b) ECAL Readout System

The LIP/CMS group has an important role in the development and

construction of the new ECAL FE Electronics System. The LIP

contribution will build upon the long experience in the construction

and operation of the current system, including the coordination of

the ECAL Electronics.

The Portuguese industry was contracted to supply a high-

performance ADC IP block featuring 12-bit, 160 MS/s and low power

consumption. The first ADC design was already supplied and

integrated by the INFN-Torino group in a CMOS 65nm chip that

implements additional digital logic and data transmission (LiTE-DTU

chip). In 2020 the tests of the LiTE-DTU integrated in the ECAL FE

system were pursued.
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   c) High Granularity Calorimeter

The development of the powering scheme of the HGCAL is

challenging given the large number of channels, the large power

dissipation, and the large radiation dose and particle fluence in the

endcap region. The Portuguese industry concluded in 2020 the

development of a low voltage drop LVR ASICs resistant to radiation

with the performance required by HGCAL under a contract

established with CERN. The evaluation of the LVR prototype chips

was performed at CERN with excellent results.

A study was performed to identify the HGCAL shower-shape variables

which are the most discriminating between VBF processes and Pile-

Up (PU) events of the HL-HLC. Results were presented at the HGCAL

trigger group in 2020. The variables can be included at the L1 trigger

as an MVA discriminant and help reduce the high PU rate while

preserving the efficiency of VBF events which are of particular

interest for the future physics searches at the HL-LHC.

5) Outreach & advanced training

Group members regularly take part in training and outreach activities

for high school and university students (MasterClasses, CERN visits,

InsideViews, and student sessions at LIP room at IST). In 2020, the

group received 7 undergraduate and 2 high school student trainees.

One group member (N. Leonardo) coordinates the LIP Internship

Program and serves as co-coordinator of advanced training at LIP.

Group members have been actively contributing to the Teachers

School in Portuguese Language at CERN. In 2020, due to COVID-19

restrictions, some of these activities were reduced or took place in

videoconference.

Lines of work and objectives for
next year
The LIP/CMS group activities in 2021 will closely follow the research

program of last year. The group plans to participate in the following

areas of physics analysis and detectors activities:

Task 1: Physics analysis

1) Higgs physics

a) Search for Higgs pair events in resonant and non-resonant

modes in di-tau and bbar final states;

b) Search for H (and Z) rare decays to quarkonium, a potential

means for constraining and accessing the Yukawa couplings to the

light quarks, a challenge for the future LHC runs.

2) Electroweak physics

a) Measurement of the quartic gauge coupling ggWW using the PPS

spectrometer;

b) Search for exclusive processes by tagging a leading forward

proton using PPS.

3) B physics

  Exploration of rare decays and flavour anomalies. 

4) New physics in top like events

Studies of lepton flavor universality in top quark events and vector

boson scattering processes with tau leptons in final state, and search

for Dark Matter associated with the Higgs boson.

5) SUSY physics

Search for SUSY top squark in four-body decays.

6) Quarkonia

Precise measurements of the polarizations of J/psi and psi(2S).

7) Heavy-ion physics

Explore heavy flavor signals as QGP probes with the larger LHC ion

and reference pp datasets.

Task 2: R&D Phase II Upgrade

1) R&D in the Barrel Timing Layer (BTL)

Development of the BTL ASIC TOFHiR2 in radiation tolerant CMOS

130 nm technology of TSMC (TOFHIR2). Submission of the final

version (TOFHIR2B) and preparation for the wafer production and

BGA encapsulation for the detector.

2) R&D in the ECAL frontend readout system

Submission and characterization of a new version of the LiTE-DTU

chip, including tests of the ECAL front-end chain (collaboration with

INFN Torino and CEA Saclay). A revised version of the ADC IP

including new calibration functionality will be supplied by Portuguese

industry.

3) R&D on the High Granularity Calorimeter (HGCAL)

Follow-up of the development by Portuguese industry of the low

voltage regulator (LVR) resistant to radiation.

Task 3: Experiment operation and maintenance

1) ECAL

Maintenance of the ECAL trigger and data acquisition system.

2) PPS

Operation and maintenance of the new pixel and timing detectors

and DAQ system of the PPS project.

3) Physics objects development

Participation in the development and validation of the tau lepton

and proton reconstruction in the framework of the corresponding

Tau and Proton Physics Object Groups.
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4) Computing:

LIP/CMS interface with the LIP's Tier2 group.

5) General

The LIP group will provide central shifts and EPR work according to

the rules of the CMS collaboration.

Medium-term (3-5 years) prospects
In the period 2021-25 the LIP/CMS group plans to keep the

participation in the CMS experiment at the same high level of quality,

responsibility and visibility. We plan to pursue the physics analyses of

different topics profiting from the large amount of data expected

until the end of Run 3. While definitive signs of New Physics haven't

been yet revealed in the LHC data, the group will continue exploring

the data to fully exploit the discovery opportunities offered by the

LHC. The activity is organized in main physics domains, namely Higgs

boson, Top quark, B mesons, Quarkonia, SUSY, PPS, and Heavy Ions,

spanning from the search for new particles and phenomena beyond

the Standard Model to precise measurements.

The group is responsible for the upgrade of the data acquisition

system of the Precision Proton Spectrometer (PPS) in view of the Run

3 data-taking, and will contribute to the maintenance and operation

of the PPS and Electromagnetic Calorimeter (ECAL) sub-detectors. A

member of the group was the main editor of the Letter of Intent that

proposes to install a new PPS-like detector system for the HL-LHC to

extend the sensitivity to detection of rare processes and possible

discoveries through the study of anomalous couplings or direct new

particle production.

Finally, the group plans to remain strongly involved in the CMS Phase-

II Upgrade for the High-Luminosity LHC (HL-LHC), developing

microelectronics for the readout systems of the MIP Timing Detector

(MTD), Electromagnetic Calorimeter, and High Granularity

Calorimeter (HGCAL) in collaboration with Portuguese industry, and

taking the leadership in the development of the MTD readout system.

- Physics

The SM does not provide answers to many fundamental questions in

particle physics. Tiny deviations from the SM due to interactions with

other forms of matter, including Dark Matter, could answer some

very fundamental questions. The detailed study of the 125 GeV Higgs

is a scientific imperative that must be pursued to a much higher level

of statistical precision than it is available today. Until the end of Run

3, the CMS experiment expects to collect up to 300 fb . The LIP/CMS

group plans to contribute to the Higgs studies as well as to precision

studies and searches for new physics with new data, along the same

lines as discussed above.

- Detector Operation and Maintenance

a) Precision Proton Spectrometer (PPS)

With the LHC Run 2 dataset, all measurements using PPS are limited

by statistics. Therefore, the detectors will be upgraded and continue

to operate in Run 3 to exploit the high luminosity that will be

delivered by the LHC.

During Long Shutdown 2, all detector packages are being removed

from the LHC tunnel, and replaced with new or refurbished

detectors. Among the major changes, the timing detectors in Run 3

are planned to be based completely on double-diamond layers, and

a second timing Roman Pot station will be added. The new PPS pixel

tracking stations will be instrumented with piezoelectric motors, to

allow mitigation of radiation damage via vertical movements of the

sensors.

The PPS timing readout is based on HPTDC mezzanine cards, for

which LIP has led the design and production. LIP will also contribute

to the testing and characterization of the timing readout chain, as

well as the online software for both the timing and pixel tracking

detectors, and the development of new high-level triggers.

b) Electromagnetic Calorimeter

In the CMS operations in the period 2021-2025, the group plans to

continue to be responsible for the operation and maintenance of the

ECAL Data Acquisition and Trigger hardware.

- HL-LHC Phase-2 Upgrades

In the High-Luminosity phase of the LHC physics program, the

accelerator will provide CMS with an additional integrated luminosity

of 3000 fb  over 10 years of operation, starting in 2027. In order to

meet the experimental challenges of this unprecedented proton-

proton luminosity, the CMS collaboration will undertake the Phase-2

upgrade program to maintain the excellent performance of the

detector.

The LIP participation in the CMS Phase-2 Upgrades is concentrated in

the MIP Timing Detector (MTD) and in the ECAL and HGCAL

Calorimeters. The generic goals of these upgrades are the following:

1. MIP Timing Detector: addition of a timing layer in front of the

Calorimeters for precise timing measurement of all charged

particles;

2. Electromagnetic Calorimeter: full replacement of the ECAL barrel

electronics;

3. High Granularity Calorimeter: complete replacement of the Endcap

calorimeters with a new high-granularity sampling calorimeter.
-1
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Participation in the upgrade of the PPS for the HL-LHC has also

started with the LoI and will continue with the preparation of the

Technical Design Report addressing specific physics and detector

R&D studies.

The LIP/CMS group participation in the Phase-2 Upgrade reflects a

close match and synergies between the historical role and

technological expertise of the LIP group in the CMS experiment, the

new opportunities offered by the Upgrade Projects, and the

recognized world-wide leadership of Portuguese high-tech

microelectronics companies in the domains relevant for the project.

SWOT Analysis
Strengths

Group well integrated in the collaboration. Several senior physicists

with long experience in CMS and strong impact. Several coordination

positions, including the leadership of the PPS sub-detector,

convenership in physics and trigger groups, and the leading role in

several physics analyses. Leadership in different areas of the front

readout systems of the Phase-2 Upgrades.

Weaknesses

Difficulty in attracting and retaining national students, and difficulty in

attracting researchers to Portugal. Lengthy and non-optimal

evaluation process to award fellowships and/or long-term positions

to outstanding candidates in HEP.

Opportunities

Opportunity of strong participation of Portuguese industry world

leader in segments of microelectronics IP market in the CMS Phase-2

Upgrades for HL-LHC.

Threats

Unclear career prospects for several senior physicists of the group.
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12 Articles in international journals
(with direct contribution from the team)

"Deep diffused APDs for charged particle
timing applications: Performance after
neutron irradiation", M. Gallinaro et al.,
Nucl. Instrum. Methods Phys. Res. Sect.
A-Accel. Spectrom. Dect. Assoc. Equip. 949
(2020) UNSP 162930

"On the impact of selected modern deep-
learning techniques to the performance
and celerity of classification models in an
experimental high-energy physics use
case", G. Strong, 2020 Mach. Learn.: Sci.
Technol. 1, 045006

"Measurement of the top quark pair
production cross section in dilepton final
states containing one tau lepton in pp
collisions at 13 TeV", CMS Collaboration
(2307 authors), J. High Energy Phys. 2 (2020)
191

"Deep diffused Avalanche photodiodes for
charged particles timing", M. Gallinaro et
al., Nucl. Instr. Meth. 958 (2020) 162405
(arXiv:1903.07482)

"Timing performance of a Micro-Channel-
Plate photomultiplier tube", M. Gallinaro et
al., Nucl. Instr. Meth. 960, 21 April 2020,
163592 (arXiv:1909.12604)

"Constraints on the chi(c1) versus chi(c2)
polarizations in proton-proton collisions at
8 TeV", CMS Collaboration (2284 authors),
Phys. Rev. Lett. 124 (2020) 162002

"Measurement of properties of B(s)(0)s ->
mu(+)mu(-) decays and search for B-0 ->
mu(+)mu(-) with the CMS experiment",
CMS Collaboration (2286 authors), J. High
Energy Phys. 4 (2020) 188

"Measurement of B0s and B+ meson
yields in PbPb collisions at sqrt(sNN)=5.02
TeV", CMS Collaboration, CMS-PAS-
HIN-19-011

"Measurement of the CP-violating phase
Phis in the B0s-> J/psiPhi(1020) ->mu+mu-
K+K- channel in proton-proton collisions at
13 TeV", CMS Collaboration,
arXiv:2007.02434 [hep-ex]

"Higgs boson potential at colliders: Status
and perspectives", M. Gallinaro et al.,
Review in Physics 5 (2020) 100045

"Combination of the ATLAS, CMS and LHCb
results on the B0(s)->mu+mu- decays",
CMS and LHCb Collaborations, CMS-PAS-
BPH-20-003

"Timing performance of a multi-pad

PICOSEC-Micromegas detector prototype",
M. Gallinaro et al., arXiv:2012.00545

12 Articles in international journals
(with internal review by the team)

"Observation of the Lambda(0)(b) -> J/psi
Lambda phi decay in proton-proton
collisions at root s=13 TeV", CMS
Collaboration (2307 authors), Phys. Lett. B
802 (2020) 135203

"The Phase-2 Upgrade of the CMS Level-1
Trigger", CMS Collaboration, CERN-CMS-
TDR-20-002, CERN-LHCC-2020-004

"Study of J/psi meson production from jet
fragmentation in pp collisions at sqrt(s) = 8
TeV", CMS Collaboration, PLB 804 (2020)
135409

"Study of central exclusive pi(+)pi(-)
production in proton-proton collisions at
root s=5.02 and 13 TeV", A. M. Sirunyan et
al. (2294 authors), Eur. Phys. J. C 80 (2020)
718

"Measurement of the Y(1S) pair production
cross section and search for resonances
decaying to Y(1S)mu(+)mu(-) in proton-
proton collisions at root s=13 TeV", CMS
Collaboration (2278 authors), Phys. Lett. B
808 (2020) 135578

"The very forward CASTOR calorimeter of
the CMS experiment", CMS Collaboration,
arXiv:2011.01185

"Measurement of B-c(2S)(+) and B-c*(2S)(+)
cross section ratios in proton-proton
collisions at root s=13 TeV", CMS
Collaboration (2331 authors), Phys. Rev. D
102 (2020) 092007

"Measurement of single-diffractive dijet
production in proton-proton collisions at
root s=8 TeV with the CMS and TOTEM
experiments", CMS Collaboration / TOTEM
Collaboration (2398 authors), Eur. Phys. J. C
80 (2020) 1164

"Search for long-lived particles using
displaced jets in proton-proton collisions
at 13 TeV", CMS Collaboration,
arXiv:2012.01581

"Search for bottom-type, vectorlike quark
pair production in a fully hadronic final
state in proton-proton collisions at root
s=13 TeV", CMS Collaboration (2331
authors), Phys. Rev. D 102 (2020) 112004

"Search for a narrow resonance in high-
mass dilepton final states in proton-proton
collisions at 13 TeV", CMS Collaboration,
CMS-EXO-19-019

"Measurement of the Z boson differential
production cross section using its invisible
decay mode (Z nu nu) in proton-proton

collisions at 13 TeV", CMS Collaboration,
arXiv:2012.09254

"Search for Heavy Resonances Decaying
into a Photon and a Hadronically Decaying
Higgs Boson in pp Collisions at root s=13
TeV with the ATLAS Detector", ATLAS
Collaboration (2897 authors), Phys. Rev.
Lett. 125 (2020) 251802

8 International Conference
Proceedings

"Progress on the PICOSEC-Micromegas
Detector Development: Towards a precise
timing, radiation hard, large-scale particle
detector with segmented readout", M.
Gallinaro et al., Nucl. Instrum. Methods
Phys. Res. Sect. A-Accel. Spectrom. Dect.
Assoc. Equip. 958 (2020) 162877

"HiggsML Lumin Code: supporting
arXiv:2002.01427", G. Strong,
10.5281/zenodo.3754669

"Single photoelectron time resolution
studies of the PICOSEC-Micromegas
detector", M. Gallinaro et al., JINST 15(2020)
04, C04053

"Beyond the Standard Model in Vector
Boson Scattering signatures", M. Gallinaro
et al., arXiv:2005.09889

"Precise timing with the PICOSEC-
Micromegas detector", M. Gallinaro et al.,
Nuovo Cim. C 43 (2020) 1

"Muon Energy Measurement from
Radiative Losses in a Calorimeter for a
Collider Detector", G. Strong et al.,
arXiv:2008.10958 [physics.ins-det]

"Search for new physics in b -> sl+l-
transitions at CMS", A. Boletti on behalf of
the CMS Collaboration, PoS(ICHEP2020)365

"TOFHIR2: The readout ASIC of the CMS
Barrel MIP Timing Detector", J. Varela on
behalf of the TOFHIR2 design team, CMS
CR-2021/001

1 Proposal(s)

"The CMS Precision Proton Spectrometer
at the HL-LHC - Expression of Interest",
CMS Collaboration, CERN-CMS-NOTE
2020-008
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9 Internal notes

"Search for dark matter produced in
association with a Higgs boson decaying to
four leptons using the full Run II data", M.
Gallinaro et al., CMS AN-2020/013

"Measurement of CP-violating phase phi c
css in the Bs->J/psiK+K- channel using the
2017 and 2018 datasets", A. Boletti et al.,
CMS AN-2019/255

"Sensitivity study for the HH->bbtautau
process at the High-Luminosity LHC", M.
Gallinaro, M. Pisano, G. Strong, CMS
AN-2020/161

"Exclusive WW and ZZ production in the
fully hadronic channel with protons
reconstructed in PPS", K. Shchelina, J.
Hollar, et. al, CMS AN-2019/211

"Full angular analysis of decay B0 -> K*0
mu+ mu- at 13 TeV", A. Boletti et al., CMS
AN-2018/138

"Lepton Flavour Universality in top quark
events", O. Toldayev, M. Gallinaro, P. Silva, J.
Varela, CMS AN-2020/005

"Search for anomalous couplings in
exclusive WW production in the
semileptonic channel using proton-tagged
events from PPS", K. Shchelina, J. Hollar, et.
al, CMS AN-2019/240

"Search for Higgs boson pairs produced
through gluon and vector boson fusion in
the bbtautau final state with Run-II data",
M. Gallinaro, G. Strong, et al., CMS
AN-2018/121

"Search for 4-body decays of stop in
1-lepton final states with a multivariate
approach at Run II", P. Bargassa, D. Bastos,
C. da Cruz e Silva, CMS AN-2019/276

2 Collaboration notes with internal
referee

"Precision Proton Spectrometer timing
detector efficiencies and two-arm timing
resolution in 2018 data", CMS
Collaboration, CERN-CMS-DP-2020-046

"Proton reconstruction with the Precision
Proton Spectrometer (PPS) in Run 2", CMS
Collaboration, CERN-CMS-DP-2020-047

5 Oral presentations in international
conferences

G. Strong: "Improvements to ML for
searches at the LHC", 2020-07-28, ICHEP,
Prague (Online)

Alessio Boletti: "Search for new physics in b
to sl+l- transitions at CMS", 2020-07-30,
ICHEP 2020, Prague, Czech Republic

Thomas Gaehtgens: "Efficiency studies
using the Tag and Probe method",
2020-10-01, CMS Open Data Workshop for
Theorists, Fermilab (Online)

João Varela: "TOFHIR2: The readout ASIC of
the CMS Barrel MIP Timing Detector",
2020-10-31, 2020 IEEE Nuclear Science
Symposium and Medical Imaging
Conference, Boston, USA

Mariana Araújo: "Towards the
understanding of quarkonium production
through global-fit analyses of LHC data",
2020-11-13, XXXII International (ONLINE)
Workshop on High Energy Physics "Hot
problems of Strong Interactions, Online

G. Strong: "PyTorch Tutorial", 2020-02-10,
IST's 6ªs Jornadas de Engenharia Física, IST,
Lisbon

Jonathan Hollar: "CMS: The Precision
Proton Spectrometer", 2020-02-14, LIP
Jornadas, Braga

Diogo de Bastos: "CMS: Stop search",
2020-02-15, LIP Jornadas, Braga

Tahereh Niknejad: "The MIP Timing
Detector for the CMS Phase-2 Upgrade",
2020-02-15, LIP Jornadas, Braga

Nuno Leonardo: "Overview of LIP-CMS
group and rare processes", 2020-02-15, LIP
Jornadas, Braga

Nuno Leonardo: "LIP Advanced Training
and Internship Program", 2020-02-15, LIP
Jornadas, Braga

João Varela: "From the LHC to the future:
experimental perspective", 2020-09-28,
Particle Physics for the Future of Europe,
IST, Lisbon

Nuno Leonardo: "Flavour and beyond
Standard Model physics", 2020-09-28,
Particle Physics for the Future of Europe,
IST, Lisbon

Michele Gallinaro: "Physics goals at the
LHC", 2020-10-09, CMS day@IST 2020, IST,
Lisbon (online)

João Varela: "Detector upgrades and plans
for the High-Luminosity LHC", 2020-10-09,
CMS Day @ IST, IST, Lisbon

Nuno Leonardo: "The CMS experiment at
CERN's LHC: an overview", 2020-10-09,
CMS Day @ IST, IST, Lisbon

Jonathan Hollar: "Ongoing activities at
CERN: Connection from the CERN
laboratory", 2020-10-09, CMS day @IST,
online

João Varela: "BTL electronics / ASICs",
2020-11-04, P2UG in-depth review of MTD,
CERN

2 Poster presentations in national or
international meetings

Hilberto Silva: "Physics with forward
protons with the CMS experiment",
2020-09-28, Particle physics for the future of
Europe, IST, Lisbon

Diogo de Bastos: "Prospects at the High-
Luminosity LHC with the CMS experiment",
2020-09-28, Particle physics for the future of
Europe, IST, Lisbon

1 Presentation(s) in national
conference(s)

Matteo Pisano: "Study of central exclusive
production of top quark-antiquark pairs at
LHC.", 2020-09-14, 106th SIF national
congress, Online

1 Poster presentation(s) in national
conference(s)

Thomas Gaehtgens: "Study of the efficiency
of muon identification algorithm with Tag
and Probe method using CMS Open Data",
2020-09-03, Fisica 2000, Online

Presentations

13 Oral presentations in national or
international meetings
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25 Oral presentations in advanced
training events

Michele Gallinaro: "The experimental
program at the LHC", 2020-01-21,
Doctorate Course at Bari, Italy

Michele Gallinaro: "Probing the Standard
Model at the LHC", 2020-01-22, Doctorate
Course at Bari, Italy

Michele Gallinaro: "The Top quark",
2020-01-23, Doctorate Course at Bari, Italy

Michele Gallinaro: "Top quarks and
beyond", 2020-01-24, Doctorate Course at 
Bari, Italy

Michele Gallinaro: "The Standard Model
Higgs and beyond", 2020-01-29, Doctorate
Course at Bari, Italy 

Michele Gallinaro: "Exotica and Dark Matter
searches", 2020-01-30, Doctorate Course at
Bari, Italy

Michele Gallinaro: "New physics searches
at LHC: Looking forward and beyond",
2020-02-07, Fifth Lisbon mini-school on
Particle and Astroparticle Physics, Caparica,
Portugal

João Varela: "Experimental program at the
LHC", 2020-03-02, Course on Physics at the
LHC, LIP, Lisbon

João Varela: "Standard Model at the LHC",
2020-03-06, Course on Physics at the LHC,
LIP, Lisbon

Diogo de Bastos: "Search for the
Supersymmetric partner of the top quark
at the LHC with a multivariate approach",
2020-03-09, CAT (Commissao
Acompanhamento Tese) presentation , LIP,
Lisbon

Michele Gallinaro: "Top quark:
Introduction", 2020-03-23, Course on
Physics at the LHC, LIP, Lisbon

Michele Gallinaro: "Top quark: Properties
and beyond", 2020-03-24, Course on
Physics at the LHC, LIP, Lisbon

Michele Gallinaro: "Higgs boson: Beyond
the SM searches", 2020-04-15, Course on
Physics at the LHC, LIP, Lisbon

Michele Gallinaro: "Exotic processes and
Dark Matter", 2020-04-27, Course on
Physics at the LHC, LIP, Lisbon

Nuno Leonardo: "Rare decays of Standard
Model particles", 2020-04-29, Course on
Physics at the LHC, online

João Varela: "Future endeavors",
2020-05-06, Course on Physics at the LHC,
LIP seminar, LIP, Lisbon

G. Strong: "Neural Networks on a budget",
2020-06-25, 6th LIP PhD Workshop, Online

Diogo de Bastos: "High-performance timing
detector for the HL-LHC Upgrade of the
CMS experiment at CERN", 2020-06-26, 6th
IDPASC/LIP Students Workshop, Online

Mariana Araújo: "Constraints on the chi_c1
and chi_c2 polarizations", 2020-06-26, 6th
IDPASC/LIP PhD Students Workshop, Online

João Varela: "The LHC experimental
program", 2020-07-14, LIP Internship
tutorial week, online

Nuno Leonardo: "Tutorial chats: LHC and
QGP", 2020-07-14, LIP Internship tutorial
week, online

João Varela: "Preparar o futuro: a
estratégia europeia na Física de
Partículas", 2020-09-03, FÍSICA 2020, IEUL,
Lisboa

Nuno Leonardo: "LIP Internship Program,
4th edition closing", 2020-09-11, LIP
Internship Workshop, Online

Nuno Leonardo: "Data analysis / fitting
tutorial", 2020-09-11, LIP Internship tutorial
week, online

Mariana Araújo: "Quarkonium production
at LHC energies: understanding hadron
formation by the strong force",
2020-09-29, Presentation to the CAT, Online

3 Seminars

Michele Gallinaro: "Looking forward: The
Precision Proton Spectrometer",
2020-02-13, Seminar, Louvain-la-Neuve,
Belgium

G. Strong: "Improvements to ML for
searches at the LHC", 2020-05-20, DMML
Colloquia, Online

João Varela: "European Strategy for Particle
Physics", 2020-07-30, CFTP seminar, IST,
Lisbon
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5 PhD

Oleksii Toldaiev: "Top quark physics and
search for physics beyond the Standard
Model at the Large Hadron Collider",
2013-12-01 / 2020-10-29, (finished)

Giles Strong: "Deep Learning methods
applied to Higgs physics at the LHC",
2016-05-16 / 2020-12-22, (finished)

Diogo de Bastos: "Search for the
supersymmetric stop quark in the CMS
experiment", 2017-11-19 , (ongoing)

Mariana Araújo: "Quarkonium production
studies at LHC energies: towards the
understanding of bound-state formation
by the strong force", 2018-02-12 , (ongoing)

Matteo Pisano: "Search for new physics in
exclusive processes at the Large Hadron
Collider", 2020-07-10 , (ongoing)

1 Master

Maria Faria:"Measurement of B meson
production and flavour anomalies",
2020-09-14 , (ongoing)

Theses
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Total: 782.562 €

Sources of funding
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Overview

Assessment of the past year: objectives
vs. achievements

Lines of work and objectives for
next year
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Medium-term (3-5 years) prospects

SWOT Analysis
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Articles in international
journals:
2 Direct contribution
4 Indirect contribution
Students notes:
1
International conferences:
6 Oral presentations
International meetings:
1 Oral presentation
1 Poster
Collaboration meetings:
9 Oral presentations
Advanced Training Events:
3 Oral presentations

LIP Detailed Report - 2020

PARTONS AND QCD
Participation in the COMPASS and
AMBER experiments at CERN

Principal Investigator:
Catarina Quintans (100)

4 Researcher(s):
Celso Franco (22), Marcin Stolarski (80), Márcia Quaresma
(100), Pietro Faccioli (25)

1 Technician(s):
Christophe Pires (100)

3 Trainee(s):
Adriana Monteiro, Gabriel Lourenço, Maria Francisca Queiros

1  Undergraduated Student(s):
Rita Silva

2 External collaborator(s):
Catarina Corte-Real, Francisco Feliciano

Total FTE:
4.3
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Executive summary
The COMPASS Experiment at CERN enters its last data-taking campaign in 2021/2022, with Deep Inelastic Scattering (DIS)
measurements of a muon beam off a transversely polarized deuteron target. This measurement will provide unprecedented
accuracy on the d-quark tensor charge knowledge, similar to that already obtained for the u-quark. The accuracy on the d-quark
PDF (parton distribution functions), namely Sivers and transversity, is expected to improve by more than a factor two with one
year of physics data taking. The 2019/2020 Long Shutdown at CERN provided the opportunity for preparing the 2021 Run. The
LIP group implemented important upgrades of the Detector Control System (DCS), namely the integration of the new HV and LV
units. A large-scale testing of the whole experimental setup was done in November/December 2020 (COMPASS Dry Run 2020),
with the in-person participation of Christophe Pires, responsible for the DCS, and remote shifts done by two other members of
the group.

The COMPASS analysis activities of the group included the kaon and proton multiplicity ratio measurement from deuteron target
in DIS, the pion-induced Drell-Yan (DY) cross-section measurement, and the hadron beam particle identification studies using
CEDARs. The first one was completed and the respective article, which has Marcin Stolarski as corresponding author, was
published in 2020. The second is an analysis coordinated by Catarina Quintans (who is also one of the analysts), it is ongoing and
results are expected to be released during 2021. The third analysis, considered crucial for the feasibility proof of future Drell-Yan
AMBER measurements, is being done by Márcia Quaresma and Marcin Stolarski. Another analysis that was ongoing in the first
part of 2020, the application of machine learning techniques to physics process separation in the Drell-Yan sample, had
promising preliminary results but had to be postponed. These studies were developed by Celso Franco, who left LIP during the
Summer, and there is presently no human power in the group to proceed with the activity.

The AMBER Scientific Proposal for Phase-I measurements was extensively discussed with CERN SPSC referees during 2020, with
important participation by Márcia Quaresma, Pietro Faccioli and Catarina Quintans. A series of Theory/Experiment workshops
discussing the main physics topic at AMBER, the Emergence of Hadron Mass, was co-organized by Catarina Quintans. Four
editions took place since December 2019, all held by video-conference. The Phase-I proposal of AMBER was approved by the
CERN Research Board on  December 2  2020. The participation of the LIP group in AMBER was approved by the LIP Scientific
Council four days later. Márcia Quaresma was appointed as co-coordinator of the Drell-Yan Physics group of AMBER. The group is
involved in the Drell-Yan physics simulations at AMBER, and recently integrated three Master students who will contribute to this
and to COMPASS analyses as well. The group intends to take the co-responsibility for the DCS of AMBER, in cooperation with
another group.

nd

PI Code Amount Dates Description

Catarina
Quintans

CERN/FIS-
PAR/0022/2019

155.000 € 2019-09-01 / 2021-08-31 Collaboration in the COMPASS and AMBER
experiments at CERN

Total: 155.000 €

Sources of funding
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Overview

Assessment of the past year: objectives
vs. achievements

Lines of work and objectives for
next year
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Medium-term (3-5 years) prospects

SWOT Analysis
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2 Article(s) in international journal(s)
(with direct contribution from the team)

"Contribution of exclusive diffractive
processes to the measured azimuthal
asymmetries in SIDIS", J. Agarwala et al.
(COMPASS Coll.), Nucl. Phys. B 956 (2020)
115039

"Antiproton over proton and K- over K+
multiplicity ratios at high z in DIS ", G.D.
Alexeev et al. (COMPASS Coll.) , Phys.Lett. B
807 (2020) 135600

6 Oral presentations in international
conferences

Márcia Quaresma: "Measurement of pion
induced Drell-Yan at AMBER experiment",
2020-02-04, Workshop on Correlations in
Partonic and Hadronic Interactions (CHPI-
2020), CERN, Geneva, Switzerland

Márcia Quaresma: "Drell-Yan measurement
at AMBER - Studying the hadrons
structure", 2020-03-30, 4th Workshop on
Perceiving the Emergence of Hadron Mass,
CERN-online

Marcin Stolarski: "Overview of COMPASS
Delta-G results", 2020-09-30, Workshop
"Gluon content of proton and deuteron with
the Spin Physics Detector at the NICA
collider", JINR, Dubna - online

Pietro Faccioli: "Charmonium polarization
in pp collisions", 2020-10-01, Workshop
“Gluon content of proton and deuteron with
the Spin Physics Detector at the NICA
collider”, JINR, Dubna - online

Pietro Faccioli: "J/psi production and
polarization in pp collisions", 2020-11-17,
17th International Workshop on Hadron
Structure and Spectroscopy (IWHSS 2020),
Trieste, Italy - and online

Catarina Quintans: "COMPASS++/AMBER:
Preparing Phase II", 2020-11-30, 4th
Workshop on Perceiving the Emergence of
Hadron Mass (EHM IV), CERN - online

1 Oral presentation(s) in national or
international meeting(s)

Márcia Quaresma: "COMPASS and AMBER
activities", 2020-02-15, Jornadas LIP 2020,
LIP-Minho, Braga, Portugal

1 Poster presentation(s) in national
or international meeting(s)

Rita Silva: "AMBER Experiment at CERN",
2020-02-15, Jornadas LIP, LIP-Minho, Braga,
Portugal

3 Oral presentations in advanced
training events

Márcia Quaresma: "The Nucleon",
2020-07-15, Initial Lectures of the LIP
Summer Internship Program, LIP - Lisboa,
Portugal

Catarina Corte-Real: "The hidden charm in
the COMPASS experiment at CERN",
2020-09-11, Final Workshop of the LIP
Internship Program 2020, LIP-Lisboa,
Portugal

Maria Francisca Queiros: " COMPASS
acceptance obtained using Machine
Learning Techniques", 2020-09-11, Final
Workshop of the LIP Internship Program
2020, LIP - Lisboa, Portugal

Partons and QCD

Publications

Presentations
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GSI
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Overview

Assessment of the past year: objectives
vs. achievements

Lines of work and objectives for
next year

Medium-term (3-5 years) prospects
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Total: 24.640 €

Sources of funding
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Overview

Assessment of the past year: objectives
vs. achievements

Lines of work and objectives for
next year
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Medium-term (3-5 years) prospects

SWOT Analysis
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Nuclear Physics and Strong Interaction
Group
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Total: 22.382 €

Sources of funding
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Overview

Assessment of the past year: objectives
vs. achievements
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Lines of work and objectives for
next year

Medium-term (3-5 years) prospects
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SWOT Analysis
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Collaboration in AMS - Alpha Magnetic
Spectrometer
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Total: 50.000 €

Sources of funding
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Overview

1. RICH subdetector

2. AMS data variability studies

3. Particle identification and isotopic measurements

4. AMS POCC activities

Assessment of the past year: objectives
vs. achievements
T1. Monitoring and operation of the RICH detector in
the POCC control room at CERN

T2. Variability studies of proton and electron fluxes at
low energy and their interpretation under solar
modulation models 

T3. Light isotope nuclei identification

LIP Detailed Report - 2020
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Lines of work and objectives for
next year
T1. POCC

T2. Variability studies of proton and electron fluxes at
low energy and their interpretation under solar
modulation models

T3. Light isotope nuclei identification
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Medium-term (3-5 years) prospects

SWOT Analysis
Strengths

Weaknesses and Threats

Opportunities
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Collaboration in the Pierre Auger
Observatory
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Total: 210.000 €

Sources of funding
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Overview

Assessment of the past year: objectives
vs. achievements

Lines of work and objectives for
next year

LIP Detailed Report - 2020

76    LIP   www.lip.pt



SWOT Analysis

2020 - LIP Detailed Report

www.lip.pt   LIP    77



LIP Detailed Report - 2020

78    LIP   www.lip.pt



2020 - LIP Detailed Report

www.lip.pt   LIP    79



LIP Detailed Report - 2020

R&D for a Gamma Observatory in the
Southern Hemisphere
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Total: 489.470 €

Sources of funding
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SWGO/LATTES

Overview
The main goal of the SWGO (Southern Wide-field Gamma-ray

Observatory) collaboration is to build the next-generation wide field-

of-view gamma-ray observatory to be installed in South America. The

Collaboration comprises 52 research institutions from 12 countries.

The SWGO-LIP group ensures the Portuguese participation in this

ambitious project.

The SWGO top decision body is the Steering Committee, with

representatives from each of the participating countries. The work is

organised in five Working Groups (WG): Site, Science, Simulations and

Analysis, Detectors, Communication and Outreach. LIP is actively

participating in all the WGs. M. Pimenta is the Portuguese

representative in the steering committee; R. Conceição is co-

coordinator of Simulations and Analysis; L. Mendes is responsible for

the logistics evaluation sub-task for the site working group.

Assessment of the past year: objectives
vs. achievements
The work of the LIP group is organized in the following tasks:

Task 1 - Detector R&D and site

1.1 RPC prototypes optimisation. The hypobaric chamber built to test

the RPCs performance at low pressure was validated up to 500 mbar.

An RPC prototype of 0.5 x 0.5 m  similar to those of Auger is ready.

Two RPCs with 1 x 1 m  were produced and are operational to mount

an electronic testbench.

1.2 Thermal simulation. The thermal simulation developed in

collaboration with the Mechanics Department of IST led to the

conclusion that simple correlation for convection inside the tank is

not enough to fully describe the physics; the importance of the non-

symmetric solar irradiance imposes a 3-D simulation. It was

necessary to use Computation Fluid Dynamics (CFD). An

implementation in a professional software package (ANSYS Fluent)

was started. 

1.3 Trigger. A conceptual design for a low energy trigger for SWGO

was developed. The trigger strategy is based on a fast pattern

recognition of the shower front. An implementation based on an

FPGA system is sketched. No show-stopper is found, and energy

thresholds below 100 GeV may be comfortably reached at 5000 m

altitude with an array of 4 m diameter WCDs covering 80 000 m .

Two internal collaboration notes were published on this topic.

Task 2 - Simulation and analysis

2.1 WCD design. There are two main layouts presently under study in

SWGO: an array of small WCD stations; and detectors deployed in a

lake. At LIP, we are currently proposing a design of cylindrical WCD

with 4 m diameter and 1.7 m height. The Cherenkov light collection

would be done by four photo-sensors placed at the bottom of the

tank. As a baseline for the photo-sensors, we are currently using 8

inches PMTs. The rationale of this design is to minimise the amount

of water deployed and simultaneously ensure a good single muon

tagging. In collaboration with the CBPF group and Auger experts, a

rotomolded realistic mechanical design of the tank was done, and its

cost was evaluated by a Brazilian firm with considerable experience.

The budget negotiated is very encouraging. 

2.2 Simulation framework. The collaboration software framework is

being developed to perform an adequate comparison between the

considered detector concepts. The group participates actively in the

coordination of this effort and on the validation of the detector

simulation using an independent GEANT4 implementation.

2.3 Gamma/hadron discrimination. Gamma/hadron discrimination is

essential since there is a huge cosmic-ray background. Two

directions were explored using machine learning techniques: the first

in collaboration with the Cognitive and Media Systems group from

the University of Coimbra, to identify the primary particle using the

shower patterns at the ground; the second with the Computer

Architecture and Technology Department of the University of

Granada, to identify muons in each station exploiting the four PMTs

signal time structure. Both approaches are original and thus were/will

be submitted to peer-reviewed journals.

2.4 Shower maximum and energy reconstruction. Innovative

methods to reconstruct the slant depth of the maximum of the

longitudinal profile (X ) of high-energy showers initiated by gamma-

rays, as well as their energy (E ), were developed. Resolutions of

about 40 (20) g/cm  and about 30 (20)% for, respectively, X  and E

at 1(10) TeV energies were obtained, considering vertical showers.

The obtained results are auspicious and can lead to the opening of

new physics avenues for large wide field-of-view gamma-ray

observatories. The corresponding paper was published.

Task 3 - Phenomenology

3.1 Transient phenomena in SWGO. LIP has a leading role in SWGO

driving the efforts to access the so-called sub-TeV gamma-rays, which

would cover the energy gap in sensitivity between satellite-bourne

and ground-based measurements. We have estimated VHE

transients’ properties and assessed the detection capability by

present and future gamma-ray observatories. This work led to a

publication, and a new one is in preparation.

Task 4 - Outreach

4.1 Participation in outreach sessions for the general public and high

schools. This activity was undermined by the pandemic situation but

still there were a few presential activities in the beginning of 2020 or

with appropriate health security measures in place. In these outreach

sessions we prepare a table-top cloud chamber - using dry-ice - to

visualize the passage of charged particles (originated by the

interactions of cosmic rays with the atmosphere), and present and

discuss the new concepts associated with Multi-Messenger

Astronomy.
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Lines of work and objectives for
next year
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Medium-term (3-5 years) prospects

SWOT Analysis
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Participation in dark matter experiments:
LUX and LZ
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Total: 289.807 €

Sources of funding
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Overview
Assessment of the past year: objectives
vs. achievements

1 - LZ Analysis Modules (LZap)

2 - Online Data Quality Manager (DQM)

LIP Detailed Report - 2020
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3 - Physics beyond the dark matter search

4 - Backgrounds

5 - Control System (CS)

6 - Optical studies of reflecting surfaces 

Lines of work and objectives for 
next year
I. Participation in LZ

1. LZap
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2 . DQM  

3 . Xe NDBD

4. Other Xe rare events

5. Backgrounds

6. Control System

II. Participation in Migdal Project

III. R&D on optical properties of PTFE

136
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Medium-term (3-5 years) prospects

SWOT Analysis
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Neutrino Physics
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Total: 180.000 €

Sources of funding
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Overview
Assessment of the past year: objectives
vs. achievements
SNO+
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DUNE

Lines of work and objectives for
next year
SNO+
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DUNE

Medium-term (3-5 years) prospects
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SHIP
Search for Hidden Particles

Principal Investigator:
Nuno Leonardo (20)

4 Researcher(s):
Alberto Blanco (10), Celso Franco (32), Paula Bordalo (30),
Sérgio Ramos (30)

2 Technician(s):
João Saraiva (25), Luís Lopes (5)

1 Master Student(s):
Guilherme Soares (100)

2 Undergraduated Students:
Beatriz Araújo, Mariana Pinto

2 Trainee(s):
Francisco Safara, Raúl Santos

Total FTE:
2.5
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Overview

Assessment of the past year: objectives
vs. achievements
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Lines of work and objectives for
next year

Medium-term (3-5 years) prospects
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SWOT Analysis
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Total: 290.000 €

Sources of funding
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Overview

Assessment of the past year: objectives
vs. achievements

LIP Detailed Report - 2020

114    LIP   www.lip.pt



Lines of work and objectives for
next year

Medium-term (3-5 years) prospects
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SWOT Analysis
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Articles in international
journals:
2 Direct contribution
International conferences:
1 Oral presentation
International meetings:
1 Oral presentation

LIP Detailed Report - 2020

NEUTRON
DETECTORS
Neutron detectors

Principal Investigator:
Luís Margato (65)

3 Researcher(s):
Alberto Blanco (5), Andrey Morozov (40), Paulo Fonte (10)

1 External collaborator(s):
Alessio Mangiarotti

Total FTE:
1.2
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Executive summary
The importance of neutron-based methods for society is recognized by the EU, which has invested 2 billion Euros in the ongoing
construction of the next generation neutron facility, the European Spallation Source (ESS), one of the world’s largest scientific and
technological infrastructures currently under construction. Neutron-based techniques are a powerful tool for locating deuterium
and hydrogen atoms in the crystal structure of biological systems, needed to reveal structural and dynamic aspects nearly
invisible to X-rays. These techniques rely on modern neutron diffraction and reflectometry instruments, which, to fully realize
their potential, require neutron detectors with characteristics beyond the current state-of-the-art. Therefore, the development of
new neutron detection technologies is important, especially considering neutron scattering applications at the high flux neutron
sources, such as J-SNS in Japan, SNS in the USA and ESS in Europe.

Our group is developing neutron detectors for more than a decade. We have established fruitful collaborations with the detector
groups from the world-leading European neutron facilities, including ILL, ISIS and TUM-FRMII, and participated in several large EU-
funded projects, such as NMI3-FP6, NMI3-FP7 and SINE2020-H2020. Recently we have introduced a promising B-RPC neutron
detection technology, which we are currently developing aiming at applications in neutron scattering science. Based on the
studies conducted in the framework of the SINE2020 H2020 project the potential of the B-RPC technology for the development
of high-resolution position-sensitive thermal neutron detectors (PSND) is now recognized by the scientific community. Four
papers describing the detector concept, experimental feasibility tests at neutron beam facilities, a study of the neutron imaging
capabilities and the results of a simulation study dedicated to optimization of the concept were published in peer review journals
and two more papers are currently being prepared.

Our main goal is to experimentally demonstrate that the B-RPC detection technology has high counting rate capabilities,
required by the applications at the modern high flux neutron sources. We plan to construct a detector able to operate at
counting rate densities above 100 kHz/cm  without compromising the high detection efficiency and spatial resolution
demonstrated before.

10

10

10

2

PI Code Amount Dates Description

Alberto
Blanco

CERN-FIS-
INS-0009-2

019

70.000 € 2020-01-01 / 2021-12-31 RPCADVANCE : Advancement of the RPC detector
technology targeting CERN experiments and
applications for society

Total: 70.000 €

Sources of funding
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Overview
The research activities of the group are centred on the
development of innovative thermal neutron detectors for
applications in neutron scattering science, mainly within the
scope of the large-scale detector R&D programmes in
partnership with the world's leading neutron facilities such as
ILL, ISIS, FRMII and ESS.

The team is composed by four researchers having extensive
knowledge in the development of detectors for particle and
nuclear physics: Luís Margato (group coordinator), Andrey
Morozov (responsible for Monte Carlo simulations and image
reconstruction studies), Alberto Blanco (an expert in the area of
RPC detector development) and Paulo Fonte (an expert in the
physics of RPC detectors). The research line of the group has a
strong synergy with the activities conducted in the RPC R&D
Group at LIP.

Currently our studies are aimed at demonstrating that the
B-RPC technology can be used to construct PSNDs capable of

meeting the strict requirements defined for new neutron
scattering instruments planned at the large-scale facilities (LSF),
focusing, in particular, in the ESS.

The main lines of work are:

Improvement of B-RPC counting rate capability

The new neutron facilities with high flux sources put strong rate
requirements on the detectors. An improvement in the
counting rate of B-RPCs can be achieved mainly by (1) using
electrode materials with lower resistivity, (2) reducing the
electrode thickness, (3) decreasing the electrode resistivity by
increasing the operation temperature and (4) implementing the
so-called multi-layer or jalousie detector architecture.

The research activities include tests of new materials with a
bulk resistivity in the range 10 -10 Ω·cm, development of new
detector designs based on multi-layer and jalousie
architectures, Monte Carlo simulation studies targeting the
design optimization and work on the data acquisition and
analysis tools.

Reduction of the background

Neutron detectors often operate in an environment with strong
gamma background. To make an effective imaging detector for
such conditions, it is mandatory to provide good
neutron/gamma discrimination.

The research activities include both optimizations of the RPC
design (simulations and prototyping) as well as basic research
since there are still unknowns in our understanding of the

operation of RPCs, especially as neutron detectors.

Optimization of the signal readout and position
reconstruction methods

There is the potential to reach 0.1 mm (FWHM) spatial
resolution, opening new possibilities for neutron science
instrumentation. Work is ongoing on the optimization of the
signal readout and implementation of new image
reconstruction methods, such as statistical reconstruction,
targeting a significant increase in the image linearity and
uniformity.

Assessment of the past year:
objectives vs. achievements
Single-gap B-RPCs with anodes made from a low resistivity
glass and a ceramic composite have been tested in 2019 at a
neutron beam. This year we have finished the analysis of the
data. A paper reporting the findings has been written and will
soon be submitted for publication.

For the year 2020 it was planned to evaluate such materials
and other new candidates for the resistive anodes in terms of
homogeneity, aging effects, minimum thickness and
robustness, and to characterize their counting rate capability,
operation stability, dark current and scalability to large areas.
As a consequence of the COVID-19 outbreak, it was not
possible to manufacture several critical detector components,
nor to travel abroad for beam tests. Therefore these studies
were postponed.

Two objectives for 2020 were related to the reduction of the
detector background:

Perform GEANT4 simulations to study the effect of the new
materials on the RPC gamma sensitivity and neutron elastic
scattering inside the detector.

Optimize the detector configuration targeting a decrease in
the energy deposition in the gas gap due to Compton
electrons in order to reduce gamma sensitivity.

The B-RPC detector background is affected by two major
factors: elastic scattering of neutrons on the detector
components and sensitivity of the detector to gamma rays.
Neutrons which had at least one elastic scattering before
detection do not provide useful spatial information and thus
only contribute to the background. Therefore, the materials
having the strongest contribution to the scattering have to be
identified and realistic modifications of the detector design
minimizing scattering have to be considered.
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Detailed detector simulations with the GEANT4 and ANTS2
toolkits were performed, allowing to quantify the contributions
from all the detector materials to the elastic scattering of
neutrons. It was found that glass is the main contributor, thus
the thickness of the glass anodes should be reduced to the
minimum commercially available thickness of 0.28 mm. The
second contributor is the polyimide films holding the signal
pickup strips. We found that it should be possible to completely
avoid the usage of these films by depositing the signal pickup
electrodes directly on the back surface of the resistive anodes.
This solution has triggered an ongoing search for a new way to
connect the signal pickup strips to the front-end electronics.
The last significant contributor is the aluminium cathode plates.
Their thickness can be reduced from 0.5 mm to 0.3 mm. Below
this value the electrode plates were found to become too
flexible, which negatively affects the uniformity of the gas-gap
width. The simulation results show that a reduction of at least a
factor of 2 in the background events, generated by neutrons
scattered in the detector, is feasible by implementing all the
changes listed above.

Simulations of the energy deposition in the gas-gap from
gamma rays (1 MeV) have shown that the reduction in the
thickness of both glass and aluminium plates, as well as a
decrease of the gas-gap width from 0.35 mm to 0.2 mm, lead
to a decrease in the gamma sensitivity of a factor of ten.

Previously it has been shown that a detector with multiple B-
RPCs arranged in a multilayer configuration can have its
counting rate capability improved by more than one order of
magnitude, independently of the resistivity of the electrode
materials. The effect of neutron scattering inside a detector
comprising a stack of 10 double gap B-RPCs was analyzed
and modifications with respect to the design of the first
detector prototype tested at FRM II (MLZ-Heinz Maier-Leibnitz
Zentrum, Germany) were suggested to minimize this effect.
Results obtained with ANTS2 and GEANT4 are quite similar,
with the exception of a significantly weaker scattering in Al and
Cu given by the simulations performed in ANTS2 with enabled
NCrystal library. This fact can be explained by taking into
account that NCrystal computes the scattering cross-section
using information on the structure of the crystal lattice, which is
not considered in GEANT4.

Another objective for 2020 was to investigate the performance
of several position reconstruction methods in order to improve
the image linearity and uniformity.

The datasets recorded in 2019 with a double-gap B-RPC
detector with flood-field illumination, as well as using
gadolinium masks with narrow slits, were used to characterize
the performance of the position reconstruction with the Center
of Gravity (CoG) method. The experimental datasets with a

single slit mask positioned at a regular grid of positions allowed
to reconstruct the so-called PRFs (pad response function),
which are the profiles describing the dependence of the
induced signal on the distance between the event position and
the center of the readout strip. An analytical parameterization
for the PRF was developed. The PRFs, in turn, were used in the
statistical image reconstruction (SR). We have demonstrated
that the SR has an advantage over CoG considering the image
linearity and uniformity due to much better capability to filter
"bad" events (events distorted by electronic noise, dark events
or double events). SR finally allowed to explain why the
apparent resolution of the detector is different in X and Y
directions: we have demonstrated that this effect arises from
the fact that the detector has a double-gap RPC, and the Y
electrodes for the two gaps have a slight (~0.15 mm) mismatch
in their positions, resulting in a small blurring of the
reconstructed images in this direction.

The group has prepared and submitted proposals for the PT-
CERN PhD Grant Programme, edition 1 and 2, and the call for
grants for Master in Physics Engineering at the Department of
Physics of the University of Coimbra. Unfortunately, we were
unsuccessful. The group also prepared and submitted a
proposal to the PTDC-2020 call from FCT. The project was
evaluated positively and the evaluation panel commented: "This
is a fine project"; "It is good for Portugal to keep this activity".
However, it was not considered for funding due to very high
competition and a very limited call budget.

Lines of work and objectives for
next year
During the next year we plan to design, optimize and construct
a prototype of a B-RPC detector proposed in the FCT-funded
RPCADVANCE project. It is intended to demonstrate the
possibilities of B-RPC neutron detectors in terms of counting
rate capability. The detector should be able to handle high local
counting rates on the order of 100 kHz/cm . In addition, the
detector must have a high thermal neutron detection efficiency
(>50%) and submillimetric spatial resolution. This line of work is
to be developed in close collaboration with the RPC R&D
Group.

It is also planned to investigate the capabilities of applications
of B-RPCs for the characterization of the delayed neutron
emission probability in very exotic nuclei beta decay in
experiments namely in ISOLDE at CERN. This line of work is to
be developed in a close collaboration with the NUC-RIA Group.

The planned activities and objectives for the next year are the
following:
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Construction of a high-counting rate, high efficiency
B-RPC detector

The main objective is to design and build a detector with
double-gap B-RPCs arranged in a multilayer architecture in
order to achieve the target counting rate density (~100
kHz/cm ) and a detection efficiency of about 50%.

Optimization of the detector design will be performed with the
ANTS2 and GEANT4 toolkits. A strong attention will be paid to
maximize the counting rate without compromising the low
background level, which is affected by elastic neutron
scattering and sensitivity to gamma rays.

We will conduct an evaluation of the materials selected for the
resistive anodes in terms of, e.g., minimum thickness and
robustness, scalability to large areas, homogeneity, counting
rate capability, operation stability, dark current and aging
effects.

The next step will be manufacturing of the detector
components at the LIP Mechanical Workshop. The deposition
of the B C converter layers enriched in B onto the RPC
aluminium cathodes will be performed at the ESS detector
coatings workshop (already established collaboration).

The detector is to be interfaced with the data acquisition
system developed by the RPC R&D Group. The previously
developed TRB reader + ANTS2 tool chain will be adapted to
manage the data acquisition and analysis.

The detector will be tested in our lab to evaluate and fine-tune
the operation conditions, and then characterized at a neutron
beam at FRMII (Germany). Note that the possibility to perform
the beam tests next year is still undefined due to the
pandemic.

B-RPCs as a detector for delayed-neutron emission

This research line aims to investigate the possibility to apply
B-RPC technology for detection of neutrons with a broad

energy spectrum in the range from a few keV up to ~5 MeV.
Such detectors are needed for the measurements of the beta
delayed neutron emission probability from very exotic nuclei.
As main requirement, the detector should provide good (~50%)
detection efficiency with a flat response up to the neutron
energy of about 2 MeV. It should also have a low background.

The study will be performed using detailed simulations with
ANTS2 and GEANT4. We will consider different detector
configurations, in which B-RPCs detection blocks are
alternated with polyethylene (or paraffin) neutron moderators.

The potential characteristics of such B-RPC-based detectors
will be compared to the corresponding parameters of the

detectors already used for similar applications (e.g. based on
He detection technology).

Medium-term (3-5 years) prospects
The next generation of diffractometer and reflectometer
detectors at spallation sources requires spatial resolution in
the millimeter range up to about 0.1 mm (FWHM) and local
counting rate capability ranging from tens of kHz/cm  to
MHz/cm , depending on the application. For example,
detectors for macromolecular diffractometers should have a
spatial resolution below 0.2 mm (FWHM) simultaneously with
TOF capability. Detectors should also have detection efficiency
of about 50%, gamma sensitivity below 10  and exhibit
excellent response uniformity and long-term stability. Spatial
resolution and counting rate capability are the two most
difficult requirements to satisfy for this class of detectors. In the
medium term, the group aims to push forward the
development of the B-RPCs technology to realize a
demonstrator of a B-RPC based position sensitive neutron
detector and perform its characterization on a neutron
beamline in partnership with our colleagues from a neutron
facility (ILL, ISIS and/or FRM II). The main objective is to meet
the aforementioned detector requirements and particularly
push the counting rate capability of B-RPC based detectors
beyond 100 kHz/cm .

If the results of our study on the possibility of applying
B-RPCs for the measurements of the probability of the beta

delayed neutron emission from very exotic nuclei (e.g. ISOLDE
at CERN) are positive, we plan to continue this line of research.
We will conduct a detailed MC simulation/optimisation of the
detector concept and perform a series of preliminary
experimental validations jointly with the NUC-RIA and RPC R&D
groups. As next step we will apply for funding for the
development of a full-scale detector demonstrator.

Also, in the medium-to-long term, we are considering prospects
for developing a fast neutron spectrometer for real-time
measurements. This new line of research has a potential in the
field of medical applications, such as, e.g., neutron dose
monitoring in hadron therapy.

We plan to strengthen synergies with the detector groups from
the world-leading neutron facilities (ESS, ILL, ISIS and FRMII) and
maintain the capability to develop innovative detectors for
frontline research. This is strategic for future funding
opportunities within the next EU framework programme
Horizon Europe.
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SWOT Analysis
Strengths

Team with an extensive knowledge of detector physics and
experience in all the stages of detector development.

Long-standing collaboration with international partners from
world-leading large scale neutron facilities, which provides
access to neutron facilities and brings new financing
opportunities based on EU funds.

Access to the Detectors Lab and Mechanical Workshop at LIP-
Coimbra.

Weaknesses

Manpower is quite limited: the group’s combined FTE is about
1.2. It has been difficult to attract PhD students and postdocs
due to lack of funding.

Opportunities

The European Spallation Source, which is currently under
construction in Sweden, is driving the development of new
types of thermal neutron detectors.

Our B-RPC detection technology demonstrates a strong
potential for applications in large scale neutron facilities due to
the capability to deliver a combination of characteristics
impossible to achieve with the competing technologies.

Threats

The restrictions and delays in access of the neutron beamlines
at large-scale facilities as the consequence of the pandemic.

Very limited and not-sustainable funding.
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2 Articles in international journals
(with direct contribution from the team)

"Simulation-based optimization of a
multilayer B-10-RPC thermal neutron
detector", A. Morozov, L. M. S. Margato, I.
Stefanescu, J. Instrum. 15 (2020) P03019

"Multilayer 10B-RPC neutron imaging
detector", L.M.S. Margato, A. Morozov, A.
Blanco, P. Fonte, L. Lopes, K. Zeitelhack, R.
Hall-Wiltond, C. Höglund, L. Robinson, S.
Schmidt, L.M.S. Margato et al 2020 JINST 15
P06007

1 Oral presentation(s) in
international conference(s)

Luís Margato: "Towards high counting rate
RPC-based neutron detectors: current
state and perspectives", 2020-02-11, XV
Workshop on Resistive Plate Chambers and
Related Detectors RPC2020, University of
Rome "Tor Vergata", Italy

1 Oral presentation(s) in national or
international meeting(s)

Luís Margato: "10B-RPC based Neutron
Imaging Detectors", 2020-02-16, Jornadas
LIP - 2020, Universidade do Minho - Campus
de Gualtar, Braga, Portugal

Neutron Detectors

Publications

Presentations
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RESEARCH / DETECTOR DEVELOPMENT FOR PARTICLE AND
NUCLEAR PHYSICS



Total: 105.000 €

Sources of funding
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next year
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Medium-term (3-5 years) prospects SWOT Analysis
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RESEARCH / DETECTOR DEVELOPMENT FOR PARTICLE AND
NUCLEAR PHYSICS



Total: 105.000 €

Sources of funding
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RESEARCH / INSTRUMENTS AND METHODS FOR BIOMEDICAL
APPLICATIONS
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PROTON THERAPY

This list matches the competences of several research groups at LIP, with already secured funding in collaborative projects with 
companies. Close collaborations with international reference centres are being established, namely with CERN, GSI, the Heidelberg 
University Hospital (Germany), the MD Anderson Cancer Center (USA) and the Trento Proton Therapy Center (Italy).

The two LIP Research groups, OR Imaging and Dosimetry, and several LIP researchers are therefore involved in the effort of 
developing a structure at LIP that can contribute to the advancement of charged particle therapy in Portugal.
Advanced training is a fundamental aspect of LIP s strategy for charged particle therapy, allowing to train experts, to promote 
collaboration between LIP researchers and between LIP and external collaborators and experts.
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Executive summary
The work of the OR Imaging group is divided into three main branches: OrthoCT (orthogonal computed tomography) for
monitoring external, megavoltage-based radiotherapy (i.e. high-energy X-rays); O-PGI (orthogonal prompt-gamma imaging) for
monitoring proton therapy treatments; and the activities within the TPPT consortium (in-beam time-of-flight PET for proton
therapy).

For Ortho-CT in 2020 we have managed to compile the experimental results obtained previously in-beam, within the irradiation
of a phantom with high-energy X-rays from a therapeutical linac located at the Radiotherapy Department of Coimbra University
Hospital Center (CHUC, EPE). These results are going to be submitted in short time to an international scientific journal. They
regard a first-time, 3D observation of an air cavity located inside a polymethyl methacrylate (PMMA) phantom with the OrthoCT
technique, i.e. 3D imaging without rotation neither the irradiated phantom nor the X-ray source. Such technique may be useful
either on the detection of patient morphologic changes during therapy, or in the so-called on-board imaging, i.e. imaging the
region that is about to be irradiated, with the patient lying already in the treatment position.

Regarding O-PGI, during 2020 the group undertook extensive GEANT4 simulations in order to optimize an O-PGI device for
monitoring proton therapy treatments in the head region. Tens of thousands of CPU hours were utilized on the high
performance computing cluster of the University of Coimbra, the Navigator. The optimization included obtaining the thickness,
height, length, and air-slice width of the collimator slats that yielded the best precision for determining the location of the Bragg
peak. For that, a beam with 1E8 protons (typical in head irradiation) was distributed in time slots of 10 ns (bunch repetition
period) for a total time length of 3.23 ms. The time of flight (TOF) of the prompt gammas, being shorter than that of the escaping
neutrons, allowed for a large rejection of the latter, so that a Bragg peak position precision of ca 2 mm full width at half maximum
was achieved in the simulations (not possible without TOF-based neutron rejection). This Monte Carlo also comprised the
optimization of the scintillators positioned in between the tungsten slats, including the first-time propagation of the optical
photons generated in the YAP crystals, and their detection by an optical sensor. In summary, all details are met for the
construction of an O-PGI system for monitoring proton therapy treatments in the head-and-neck region. Planned activities for
2021 are already underway. They include the optimization of an O-PGI system for monitoring proton treatments in the pelvic
region (e.g. pelvic bone nearby the spinal cord and prostate irradiation). Here, the higher beam energy of 200 MeV, instead of the
130 MeV for the head irradiation, and larger penetration depths result in a much higher number of scattered photons and
neutrons being produced. Therefore the O-PGI system must again be optimized via GEANT4-based simulations.

Finally, the TPPT consortium is, since January 2020, thriving efforts in order to bring an in-beam TOF-PET system onto one of the
proton beam lines in the MD Anderson Cancer Center (MDACC) in Houston, Texas, USA. The team at LIP is responsible for the
simulations that will allow a comparison between measured beta+ activity distributions versus the expected ones. Member of the
consortium are: PETsys Electronics (leading company), LIP, University of Lisbon, University of Coimbra, University of Texas at
Austin, and MDACC.

PI Code Amount Dates Description

Paulo
Crespo

CERN/FIS-
TEC/0019/2019

90.000 € 2020-01-01 / 2021-12-31 Raditherapy with protons: real time imagiology
with gammas and microdosimetry

Paulo
Crespo

LISBOA-01-0247-
FEDER-045904

200.442 € 2020-01-01 / 2022-12-31 TPPT - Time of flight PET for Proton Therapy

Total: 290.442 €

Sources of funding
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Medium-term (3-5 years) prospects
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RESEARCH / RADIATION ENVIRONMENT STUDIES AND
APPLICATIONS FOR SPACE MISSIONS



Total: 300.000 €

Sources of funding
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Lines of work and objectives for
next year

Ongoing activities

Proposals prepared 
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Total: 91.225 €

Sources of funding
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Total: 2.318.017 €

Sources of funding
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Lines of work and objectives for
next year
IT services

WLCG and Tier-2

INCD

EGI, IBERGRID and EOSC
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Articles in international 
journals:

 Proposals: 
International conferences: 

Advanced Trainin  Events: 
Seminars:

LIP Detailed Report - 2020

SPAC
Social Physics and Complexity

Principal Investigator:
Joana Gonçalves-Sá (85)

4 Researcher(s):
Alexander Davidson (100), Cristina Mendonça (100),
Lília Perfeito (100), Simone Lackner (100)

2 Technician(s):
Paulo Almeida (100), Rita Saraiva (50)

1 PhD Student(s):
Sara Mesquita (100)

3 Master Student(s):
David Almeida (100), José Reis (100), Pedro Araújo (100)

2 External collaborator(s):
Afonso Manuel Marques, Sofia Pinto

Total FTE:
10.3

(*) Percentages are for 2021, as most of the group started in
late 2020

  (*)
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1 Direct contribution 
2
5 Oral presentations
1 Poster
3 Oral presentations 
3 Seminars
6 Outreach seminars



Executive summary
The Social Physics and Complexity (SPAC) Lab joined LIP during the second half of 2020. SPAC uses large scale computational
tools to study societal challenges, especially in disease forecasting, human behavior, and public policy, using a complex systems
approach.

Understanding complexity has always been a hallmark of physics research and, right now, the Digital Revolution is offering
radically new ways to study complex human behaviours. There is a growing perception that physics will be fundamental to study
sociology and even psychology and leading scientists are calling this new science “Social Physics” and arguing that, in some ways,
complexity science will study the physics of human interactions. Therefore, SPAC is very multidisciplinary with members having
backgrounds in Physics, Mathematics and Computer Sciences, but also in Biology, Neurosciences, Psychology, and Law. Together,
the group takes advantage of the so-called “Big-Data Revolution” and aims at understanding how individual behaviour impacts on
society.

SPAC also focuses on the risks that these upcoming technologies might entail, from privacy to biases, and works to establish
guidelines for ethical uses of data science and artificial intelligence.

In 2020, other than the logistic challenges of moving and starting a new group during a lockdown, SPAC’s efforts have been
focused on studying two parallel pandemics: one caused by a virus on real contact-networks and the other driven by
misinformation, mostly on online social media. 

SPAC’s work is mainly funded by an European Research Council (ERC) Starting Grant to the group’s PI to conduct the research
project “Fake News and Real People – Using Big Data to Understand Human Behaviour (FARE)”.

PI Code Amount Dates Description

Joana
Gonçalves-

Sá

FARE - Fake News and Real People (ERC) 1.499.844
€

2020-10-01 / 2025-09-30 Grant Agreement 853566

Total: 1.499.844 €

Sources of funding
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SPAC

Overview
Understanding complexity has always been a hallmark of physics

research and, through theory, experiments, and models, physicists

have made fundamental contributions to many different complex

fields. Specifically, complexity science tries to identify general

principles from systems consisting of a large number of interacting

heterogeneous components (parts, agents, humans etc.), resulting in

highly non-linear and unpredictable behaviour, with emergent

properties. One particularly complex subject is human behaviour and

its consequences, from disease spreading to how societies organize.

Until now, these problems have been considered quite intractable;

however, the so-called Digital Revolution is offering radically new

ways to study complex social behaviours and this is being recognized

by physics and computer science departments in many top

universities worldwide. The combination of large-scale data sources

and a growing toolbox from machine learning and big data analytics

is making it easier to extract patterns and offer some predictions. 

SPAC brings together a strongly multidisciplinary and international

team of researchers, who use large scale computational tools and

models from social physics, to study such complex systems,

especially in disease forecasting, human behavior, and public policy.

SPAC aims at the development of new mathematical methods to

improve our understanding of human actions from a theoretical and

first-principles perspective.

The group meets weekly and organizes frequent journal clubs and

paper discussions. Every group member is involved in different

projects and contributes his or hers expertise in collaborative and

collegial ways.

During 2020 the group moved to LIP and started an ERC Starting

grant. It currently has 11 members and is strongly involved in the

COVID-19 pandemic mitigation efforts.

Assessment of the past year: objectives
vs. achievements
2020 was a particular year in many aspects, requiring strong

adaptation skills. SPAC’s PI started at LIP in July 2020 and the rest of

the team from October onwards. Equipment was moved in late

December. Many of the challenges have been logistic and of

sustaining research while moving and developing infrastructure. In

particular three main goals were accomplished:

1. Building team capacity, maintaining team spirit and mental health;

2. Supporting the pandemic control efforts;

3. Sustaining ongoing research.

Research Team and Funding

With support from  the administrative staff at LIP, ERC project “Fake

News and Real People – Using Big Data to Understand Human

Behaviour (FARE)” - awarded to SPAC’s PI Joana Gonçalves de Sá,

successfully started in October 2020. 

This allowed setting up the necessary management organization and

increasing team capacity. 

SPAC has significantly expanded to 11 members, and is now

composed of: 1 PI, 4 Post-doctoral researchers (supported by FARE

or by 2 FCT-funded projects), 1 PhD student (individual FCT

fellowship), 3 Master students, 1 Data Manager and 1 Project

Manager (half-time). SPAC has also put significant effort into

preparing the ground for future research, by establishing and

developing new group resources (computational, sharing of

information, etc) aimed at facilitating collaboration and interaction

between lab members. Given the current pandemic context, the

remote work, and the fact that most SPAC members are new to the

lab, particular care was taken to ensure lab members became

familiar with each other and their very distinct skill sets.

Research outputs and Science Communication

The group finished one FCT-funded project, on reducing antibiotic

overprescription, still managed by the PI’s previous institution (Nova

SBE). This project was a pilot of current efforts to improve public

administration through data science and artificial intelligence, and will

give rise to one research paper and one policy report.

The group finished a long-term project on analysing 40 years of

Portuguese political discourse. This work has led to a large corpus of

the parliamentary debates (accepted for publication in September

2020), one searchable repository, open for free access to journalists

and the scientific community, and one in-depth report, sponsored by

the Calouste Gulbenkian Foundation, on the public salience of

"Intergenerational Justice", as a political concept (online December

2020). Two other manuscripts are in preparation, one to be

published during 2021.

Research on the current pandemic has led to two working papers,

both already on MedRxiv. One is a collaboration with colleagues from

the Physics department at IST and the other corresponds to the first

scientific output of the group’s PhD student. Both papers have

already been submitted for publication. In parallel, several group

members are actively collaborating with national health authorities

on mitigation and information capacity building. 

Several group members had their work accepted into the main

conferences in the field. Together, SPAC members orally presented 3

abstracts, 2 posters/lightning talks, and gave 1 keynote lecture since

joining LIP. 

SPAC’s PI is strongly involved in science communication and outreach

and finished in December 2020 a long-term collaboration with

Instituto Gulbenkian de Ciência, to improve critical thinking, science

education and citizen science. The group has also published opinion

articles and commentary on pandemic control.

Overall, SPAC has accomplished several important goals and is in a

very good position to begin 2021.
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Lines of work and objectives for 
next year
In 2021, SPAC expects to continue establishing itself as a leading

research group in complexity and social physics and increasing its

national and international standing. 

Current research projects include:

1. Digital Epidemiology and Disease control, by developing new

methods and approaches, at the interface between theory,

computational and experimental sciences. This research line has

been particularly active during 2020, with strong emphasis on

research and supporting the mitigation efforts of the COVID-19

pandemic and will continue in 2021. These include analysis of both

traditional and new datasets (micro-blogging and social media,

online searches) to offer improved information systems and close

to real-time nowcasting.

2. Political Discourse and Public Politics, particularly by using a

combination of tools including text mining, media analytics and

natural language processing to analyse large periods of the

Portuguese democracy and uncover patterns and dynamics. This

project will be significantly reduced in 2021, with the publication of

the current working papers and the graduation of a Master student

(in collaboration with Nova SBE) who studies corruption salience in

public and political contexts. 

3. Behaviour and Social Physics, by taking advantage of the so-called

digital revolution and the large datasets (from social media to

health apps) and analytical tools now available. The expectation is

that studying the behaviour of large numbers of individuals will

enable the emergence of large-scale quantitative social research,

from a theoretical and first-principles perspective. Most of the

group members will be focusing on this research line in 2021

(details below). 

Human Resources:

Following the strong growth of 2020, the goal is to cement the

current team and limit new hires to one post-doc. In parallel, and as

most group members are being supported by the ERC project FARE,

there is a medium-term strategy to support PhD holders in applying

to individual, competitive fellowships. The expectation is that, in the

next four years, all current postdocs will have secured their

independent funding and are ready to pursue independent scientific

lines.

Research and Outreach:

Most effort will be dedicated to:

1. Continue supporting the pandemic-control efforts. This includes

ongoing collaborations with the national health authorities in both

database creation and analysis, vaccination roll-out, etc;

2. Creating a pipeline for social media analysis, including users and

information networks (with a strong focus on the Twitter platform);

3. Creating a dataset of “fake news” and other sources of

misinformation;

4. Designing a large-scale, online-based, behavioral survey;

5. Defining strategies for computationally sound and ethical social

media analytics, including establishing collaborations in the areas

of distributed computing and encryption;

6. Strengthening scientific bridges with the LIP community;

7. Improving science communication and outreach, particularly in the

area of ethical risks of AI, including the development of a bi-lingual

website;

Overall, SPAC expects to start establishing the cornerstones of

strongly multidisciplinary quantitative research in social physics and

complexity at LIP. 

Medium-term (3-5 years) prospects
SPAC intends to internationally cement its position in social physics

research and help improve the current national research capacity,

mostly through infrastructure creation and postdoctoral training. 

Research lines will focus on understanding properties of spreading

on networks (of information, misinformation or pathogenic agents)

and human behaviour, from the individual to the societal levels. 

In a broader way, the development of the field of “Social Physics” will

rely strongly on the concept of treating humans as particles, and

interesting research will emerge from applying theoretical models

from physics (ex. fluid dynamics, statistical physics) and simulations

(ex. Monte Carlo) to the human interactions. Therefore, it is expected

that strong collaborations will arise with different LIP research

groups. These collaborations can easily expand to international

partners, including CERN and others that are strongly growing their

DS&AI resources.

The group is fully funded for the next 5 years and minimal effort will

be put on grant writing with two exceptions: supporting senior group

members to secure independent funding and participating in

international collaborative efforts, both in pandemic and/or

misinformation control.

Finally, the group accepts its strong social responsibility and, in

parallel to scientific output, consistent efforts will be developed to

improve public understanding of science and of the current risks

brought about by the digital revolution.
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1 Article(s) in international journal(s)
(with direct contribution from the team)

" PTPARL-D: An Annotated Corpus of 40
years of Portuguese Parliamentary
Debates.", Paulo Almeida, Manuel Marques-
Pita, Joana Gonçalves-Sá, Corpora

2 Proposal(s)

"A data-driven epidemiological model to
explain the Covid-19 pandemic in multiple
countries and help in choosing mitigation
strategies", M. J. Beira, A. Kumar, L. Perfeito,
J. Gonçalves-Sá, J. Sebastião, medRXiv

"Intergenerational Justice and
Sustainability – An Analysis of
Parliamentary Speeches and Media ", Lília
Perfeito, Paulo Almeida and Joana
Gonçalves-Sá , Calouste Gulbenkian
Foundation

1 Article in Outreach Journal

"Temos poucas ferramentas para travar a
pandemia", Joana Gonçalves-Sá , Visão

5 Oral presentations in international
conferences

Joana Gonçalves-Sá: "Thoughts on why
people share fake news - using data to
understand behaviour (Keynote speaker)",
2020-09-18, NetSci2020 satellite Workshop:
Political Communication Networks,
online/Rome (Italy)

Lília Perfeito: "A popularity model for
information spreading: Twitter as a case
study", 2020-12-03, Complex Networks
2020, online/Madrid (Spain)

Joana Gonçalves-Sá: "Using pandemics to
improve now-casting models", 2020-12-08,
Complex Systems Society 2020, online

Simone Lackner: "A little knowledge is a
dangerous thing: excess confidence
explains negative attitudes towards
science.", 2020-12-09, CSS20 satellite
Workshop: Citizen Social Science & Complex
Systems Science, online

Joana Gonçalves-Sá: "A little Knowledge is a
Dangerous Thing: Excess Confidence
Explains Negative Attitudes Towards
Science", 2020-12-11, Complex Systems

Society 2020, online

1 Poster presentation(s) in
international conference(s)

Sara Mesquita: "Using pandemic periods to
improve now-casting models based on
search engine data", 2020-12-02, Complex
Networks 2020 , online/Madrid (Spain)

3 Oral presentations in advanced
training events

Joana Gonçalves-Sá: "Revolução Digital e
desafios à liderança", 2020-07-17,
Leadership Executive Education - Nova SBE,
online

Cristina Mendonça: "Introdução a
experiências e estudos online:
Preocupações, planeamento e
plataformas", 2020-11-16, Escola de
Outono: Métodos de Investigação e
Migrações - Faculdade de Psicologia da
Universidade de Lisboa, online

Cristina Mendonça: "Introduction to HTML,
CSS, and JavaScript for Qualtrics",
2020-11-16, ICS - Universidade de Lisboa,
online

3 Seminars

Joana Gonçalves-Sá: "Walking the talk: a
computational approach to differences
between votes and political discourse",
2020-07-02, SPARC GI Seminars, ICS -
Universidade de Lisboa, online

Joana Gonçalves-Sá: "Focusing the
macroscope: how we can use data to
understand behaviour", 2020-09-17, LIP
Seminar, online/Lisbon (Portugal)

Joana Gonçalves-Sá: "What is Social
Physics?", 2020-11-18, Colóquios do
Departamento de Física IST, online/Lisbon
(Portugal)

6 Outreach seminars

Joana Gonçalves-Sá: "COVID19 + MedTech
(panel discussion) ", 2020-09-24, Covid-19,
MedTech e o Futuro da Saúde, Lisbon,
Portugal

Joana Gonçalves-Sá: "O potencial da
indústria dos dados, porque partilhamos
notícias falsas e o dilema entre o potencial
e o poder dos algoritmos: uma conversa
entre Diogo Queiroz de Andrade e Joana
Gonçalves de Sá", 2020-10-08, A Europa
aos 70 (podcast),

Joana Gonçalves-Sá: "Desafios

regulamentares e societais: o que nos
espera? (panel discussion)", 2020-10-10, 4º
Encontro de Cientistas Portugueses em
França, online

Joana Gonçalves-Sá: "Os Desafios da
Inteligência Artificial na Máquina do
Estado (panel discussion)", 2020-11-03,
Ciência '20, Lisbon, Portugal

Joana Gonçalves-Sá: "Digital Pandemics",
2020-11-13, XV Medical Students’
Cooperation Meeting, online

Joana Gonçalves-Sá: "Pessoas informadas,
pessoas ciberseguras (panel discussion)",
2020-11-23, C-DAYS 2020, Cascais, Portugal

1 PhD

Sara Mesquita: "Using online behaviour to
track global outbreaks and pandemics",
2020-09-01, (ongoing)

1 Master

David Almeida: "Follow the (scientific)
leader: the impact of crisis on trust in
scientific authorities", 2021-09-30,
(ongoing)

SPAC

Publications

Presentations

Theses
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RESEARCH INFRASTRUCTURES

Detectors Laboratory
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RESEARCH INFRASTRUCTURES

Mechanical Workshop
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RESEARCH INFRASTRUCTURES

Cosmic rays electronics laboratory
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Executive Summary 

LOMaC was created for the test and preparation of 

WLS fibres for the ATLAS TileCal project in the 

1990s. LOMaC's expertise is centered on the 

preparation and characterization of plastic WLS 

and scintillating optical fibres, scintillator plates, 

and related devices to be used in high energy and 

nuclear physics applications. 

Recent work focused on: the development of a 

prototype of a dosimeter with sub-millimetric 

resolution in collaboration with the Dosimetry 

group and the e-CRLab; radiation hardness studies 

ofTileCal scintillators, focusing on HL-LHC as well 

as on future detectors; and support for tests of the 

high voltage boards for the TileCal upgrade. 

Parallel work on maintenance, upgrades, and 

reinstallation of LOMaC equipment went on and is 

expected to continue next year with progress also 

on the reequipment of the laboratory. 
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RESEARCH INFRASTRUCTURES

TagusLIP laboratory
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1 Technician(s):
João Carlos Silva

1 Master Student(s):
João Parente

3 Trainee(s):
Francisco Casalinho, Joana Mota, Matilde Simões

CCMC
Competence Center in Monitoring and
Control

Coordinator:
Francisco Neves

2 Researcher(s):
Filipe Veloso, Helmut Wolters

Executive summary
The main purpose of the Competence
Centre in Monitoring and Control (CCMC) is
to gather the expertise in the design,
implementation and operation of
monitoring and control systems
accumulated by LIP groups in the context of
their scientific activities. Besides facilitating
the sharing of this body of knowledge
(including sensors, electronics and software)
among LIP members, the CCMC intends also
to establish partnerships or contracts with
third parties (e.g. other research
laboratories, industry) as a means to
transfer scientific know-how and solutions
into the community. Regarding the latter,
another key objective of the CCMC concerns
the training of human resources and the
development of outreach instruments.



CCMC

Overview
The Competence Centre in Monitoring and Control (CCMC) is a
small horizontal LIP infrastructure consisting basically of human
resources scattered among different fields of activities: from
low energy and rare event searches to high energy particle
physics and computing. This diversity is key to fulfill its main
objective of gathering different expertise from different
backgrounds and areas of scientific research.

The group activities are focused on the design, development
and coordination of user-specific solutions for monitoring and
control including all required software tools, usually delegating
the manufacturing of electronics and other hardware to the LIP
electronics and mechanical workshops. Besides the hardware
and respective firmware, the group also develops analysis tools
required to extract information from the data being collected.
The workload is usually divided among the CCMC members
according to their availability and dedication to their scientific
projects.

Assessment of the past year:
objectives vs. achievements
During 2020, the CCMC achievements include:

1. Production of a new batch of 25 heart rate and temperature
monitors for nesting birds ordered by the ECOTOP group of
the University of Coimbra. The new devices feature important
improvements in both the hardware and firmware, allowing to
extend the recording time and eliminate data acquisition dead-
times. This task was not initially planned but was a successful
follow up of the work completed also during 2020 concerning
the production, testing and deployment in field conditions of a
first batch of two units for the same group;

2. The work to develop and build a device to control and
monitor ambient parameters of nests installed in the natural
habitat of birds (aiming at studying potential effects of the
temperature increase associated with climate change) for the
ECOTOP group, was not carried out due to the lack of funding,
However, both the CCMC and the ECOTOP group are actively
searching for alternate funding (currently applying together to
FCT funding);

3. The work on the CCMC end-user software framework
continued in collaboration with the LZ LIP group. Although not
initially planned, this collaboration intends to integrate a
Graphical User Interface (GUI) developed by the LZ team with
the database tools being developed within the CCMC, therefore
benefiting both parts;

4. The environment monitoring system planned for the server
room at LIP-Coimbra was not installed due to the lack of
human resources;

5. Although not initially planned, the CCMC participated in a
month-long Summer Internship program for university-level
students with the project “Observação de Muões Cósmicos” at
the Physics Department of the University of Coimbra;

6. All other planned outreach activities were canceled due to
the COVID-19 pandemic.

Lines of work and objectives for
next year
The main CCMC objectives for 2021 are:

1. Together with the ECOTOP group of the University of
Coimbra, develop and build a device to control and monitor
ambient parameters (e.g temperature, pressure, sound,
image) of nests installed in the natural habitat of birds. This
work aims at studying potential effects of the temperature
increase associated with climate changes in the nesting
behaviour of birds. The participation of the CCMC in this
project also extends to the development of the analysis tools
to extract the relevant parameters from the acquired data.
This project is currently running for FCT funding and includes:

1. The allocation of a Master student scholarship for the
CCMC analysis tasks;

2. Participation in outreach and dissemination activities
related to the project;

2. Finish the end-user software framework currently being
developed in collaboration with the LZ LIP group. This work,
which merges a Graphical User Interface (GUI) developed by
the LZ team with the database tools developed within the
CCMC, intends to be the base of the software solution for a
general purpose monitoring tool with applications both in
research and industry;

3. Install an environmental (e.g. temperatures) and computer
(e.g. CPU load) monitoring system for the server room at LIP-
Coimbra. This work will also serve as a production test for the
software framework described above and will include a LIP
intranet webpage for visualization of the environment
conditions, management of alarms, etc.;

4. Upgrade the analysis tools for the temperature and heart
rate monitors built for the ECOTOP group. The planned work
aims at improving the precision of the heart rate calculation
taking advantage of the new firmware mentioned earlier;

5. Congregate efforts for the development of outreach
hardware with the LIP ECO group, namely: update the
existing cloud chamber firmware and implement a new real-
time track analysis software for demonstration purposes;
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Joana Mota, Matilde Simões, Francisco
Casalinho: "Observação de muões
cósmicos", LIP-STUDENTS-20-21

CCMC
update the existing atmospheric balloons with muon-counter
position monitoring system. The group plans to apply for
funding for this task.

Medium-term (3-5 years) prospects
In order to achieve the CCMC objectives, it is required during
the upcoming years to develop more effective tools to reach a
wider set of potential partners and clients. In the medium-term
period, the vehicles to achieve this objective will be the creation
of a portfolio and the realization of workshops for the
dissemination of the CCMC capabilities. The engagement with
new projects is strongly dependent on the opportunities which
may arise from that.

SWOT analysis
Strengths

1. A large body of knowledge accumulated from the
participation of LIP members in several experiments, often
with direct responsibilities in the development, construction
and maintenance of monitoring and control subsystems.

Weaknesses

1. Do not have (explicitly) allocated FTEs or resources for the
procurement and project development and integration with
the other LIP infrastructures.

2. The current inability to certificate products and services.

Opportunities

1. The ability to deploy very high quality products and services
developed within scientific projects and meeting very high
quality and reliability standards.

Threats

1. The need to meet deadlines and ensure the human power
required for the assistance to services/products contracted
with third party entities.

2. The lockdowns established to hold down the COVID-19
pandemic may result in difficulties reaching potential
new clients.

Publications
1 LIP Students Notes
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Competence Centre on Simulation and
Big Data
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Total: 239.990 €

Sources of funding
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SCIENCE AND SOCIETY

Knowledge Transfer, industry and spin-
offs

222    LIP   www.lip.pt



Articulation of the scientific infrastructures
included in the National Roadmap for Research
Infrastructures 2020 approved by FCT

Collaborative and innovation projects

Internationalization of Portuguese companies
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Digital competences and technologies

Training for employability and qualification
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RESEARCH / SCIENCE AND SOCIETY

Radiation, health and environment
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SCIENCE AND SOCIETY

Higher Education and Advanced Training
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SCIENCE AND SOCIETY

Education, Communication and Outreach
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Total: 23.500 €

Sources of funding
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Human Resources

Scientific Output
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Human Resources on research

Group FTE Persons(*) Researchers Technicians PhD Master Undergrad External

ATLAS 22.1 33 15 5 7 6 17

CMS 13.9 18 12 2 3 1 9

Pheno 14.9 25 17 1 4 3 1 18

Partons and QCD 4.3 6 5 1 1 2

HADES 0.4 4 2 2

NUC-RIA 6.1 9 5 1 3 3

NPStrong 4 7 4 3 1

AMS 3.3 5 4 1 3

Auger 12.3 23 15 4 2 2 1 2

SWGO/LATTES 4.6 20 11 4 2 1 6

Dark Matter 13.6 19 9 2 2 6

Neutrino 6.6 11 8 3

SHiP 2.5 8 5 2 1 2

RPC R&D 4 16 8 7 1

Neutron Detectors 1.2 4 4 1

Gaseous Detectors R&D 5.4 11 8 1 2

Liquid Xenon R&D 0.6 6 5 1

OR Imaging 2 3 3

Dosimetry 6.1 12 4 3 5

(*) Please note that the total of the Persons column is not the
sum of the column, as one person often participates in several
groups.
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Human Resources on research

Group FTE Persons(*) Researchers Technicians PhD Master Undergrad External

Space Rad 3.4 8 7 1 1

i-Astro 5.4 14 10 1 3 1

GRID 11 12 4 8 6

Advanced Computing 2.8 3 1 2 3

SPAC 2.4 11 5 2 1 3 2

Radiation, health and environment 4.6 8 5 3 1

TOTAL 157.5 296 111 32 33 41 7 74
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Scientific output

Group

Papers
w/

Direct
Contrib

ution

Papers
in

Refer
red

journ
als

Books,
Reports

and
Propos

als Notes

Oral
Present
ations

Int.
Conf.

Poster
Present
ations

Int.
Conf.

Other
Present
ations

Proceed
ings PhD Master Events

ATLAS  10 81 14  3 4 54  6  4

CMS  12 104 1 17  5 45 8 2  

Pheno  15 15 1  12 15 4 2

Partons and
QCD

 2 6 1 6 5 3

HADES 5 1

NUC-RIA  5 7 1

NPStrong  12 12 1 4 1 1

AMS 2 1

Auger  4 14 3 1 9 1 1

SWGO/LATTES  2 2 2 5 1

Dark Matter 5 11 1 12 1 14 1 2

Neutrino 6 11 1 4 1

SHiP  1 6 2 1 1 1

RPC R&D 3 3 3 1

Neutron
Detectors

 2 2 1 1

Gaseous
Detectors R&D

3 2

Liquid Xenon
R&D

2

OR Imaging 4

Dosimetry  1 2 3  1
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Scientific output

Group

Papers
w/

Direct
Contrib

ution

Papers
in

Refer
red

journ
als

Books,
Reports

and
Propos

als Notes

Oral
Present
ations

Int.
Conf.

Poster
Present
ations

Int.
Conf.

Other
Present
ations

Proceed
ings PhD Master Events

Space Rad 2 3 3 3 19 1

i-Astro 12 1 1 1 1

GRID  3 3 12 6 9 3 1

Advanced
Computing

SPAC  1 1 2 5 1 12

Radiation,
health and

environment

 4 5

CCMC 1

Simulation &
Big Data

 3 3 15 2 1 2

TOTAL 85 291 6 79 48  10 216 24 6 15 10
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