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3 Research Infrastructure and Networking 

3.1 Existing Research Infrastructures and Upgrades 

3.1.1 Theory and Computing  

3.1.1.1 ECT*, Trento, Italy 

 

The European Centre for Theoretical Studies in Nuclear Physics and Related Areas (ECT*) started 
operating in 1993 as a ôbottom upõ initiative of the European nuclear physics community and has since 
developed into a very successful research centre for nuclear physics in a broad sense. ECT* is unique and 
the only centre of its kind in Europe. It is similar in scope and mission to the Institute for Nuclear 
Theory in Seattle (INT), USA, and collaborates with European Universities, Institutes and laboratories. It 
is an institutional member of NuPECC, the Associated Nuclear Physics Expert Committee of the 
European Science Foundation. With around 700 scientific visitors each year, from all over the world, 
spending from a week to several months at the Centre, ECT* has gained a high visibility. As stipulated in 
its Statutes, ECT* assumes a coordinating function in the European and international scientific 
community by : 

- conducting in-depth research on topical problems at the forefront of contemporary developments in 
theoretical nuclear physics 
 

- fostering interdisciplinary contacts between nuclear physics and neighbouring fields such as particle 
physics, astrophysics, condensed matter physics, statistical and computational physics and the 
quantum physics of small systems 
 

- encouraging talented young physicists by arranging for them to participate in the activities of the 
ECT*, by organizing training programs and establishing networks of active young researchers 

 

- strengthening the interaction between theoretical and experimental physicists. 
 

These goals are reached through international workshops and collaboration meetings, advanced doctoral 
training programs and schools, and research carried out by postdoctoral fellows and senior research 
associates as well as long term visitors. Cooperations exist with the Physics Department and the Center 
for Bose-Einstein Condensation (BEC) at the University of Trento and with the Interdisciplinary 
Laboratory for Computational Science (LISC) of the Bruno Kessler Foundation. There are presently 
cooperative agreements with other scientific institutions, in particular the ICTP in Trieste, the Extreme 
Matter Institute (EMMI) in Darmstadt, the Helmholtz International Center for FAIR, the JINR in 
Dubna, the research Center RIKEN, the National Astronomical Observatory of Japan, the ITP of the 
Chinese Academy of Science and the Asia Pacific Center for Theoretical Physics in Korea.  
 
ECT* is sponsored by the óFondazione Bruno Kessleró in cooperation with the "Assessorato alla 
Cultura", (Provincia Autonoma di Trento) and funding agencies of EU Member and Associated States. It 
also receives support from various instruments of the Framework Programmes of the European 
Commission. 
 
With the emergence of a common European Research Area (ERA) and growing international 
cooperation ECT* faces new opportunities and challenges. Significant European and global investments 
are made presently in accelerator centers and other experimental facilities. Their efficient utilization 
requires coordination and exchanges of ideas ð experiments stimulating theory and vice versa. 
Interdisciplinary contacts between the various subfields covered by ECT* and with related areas of 
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physics and science is beneficial to all parties. 
 

3.1.1.2 Jülich Supercomputer Centre, Jülich, Germany 
 

The Jülich Supercomputing Infrastructure is the core of the Jülich Supercomputing Centre (JSC), a 
European leadership HPC centre at Forschungszentrum Jülich. JSC is following a dual architecture 
strategy ensuring to have always a competitive leadership-class, highly scalable machine, and a general-
purpose system with a balance of approximately five to three, in terms of capability. Today, the 
leadership-class machine is an IBM Blue Gene/Q system with about 6 Pflops peak performance, called 
JUQUEEN, while the general-purpose system is realized by an Intel-Haswell based cluster called 
JURECA with more than 2.2 Pflops peak performance. Early 2016 JUQUEEN is the third fastest 
supercomputer in Europe and is ranked no. 11 worldwide. JSC is currently enhancing its strategy from 
dual-architecture towards modular supercomputing. 

Besides the provision of high-end supercomputers, JSC is concentrating on technology development 
together with hardware and software vendors, R&D work in computer and computational sciences and 
high-level user and application support. The infrastructure exists since the 1980s and has evolved since 
then with always latest supercomputer technology to one of the leading supercomputing infrastructures in 
Europe. Basic funding is provided by the Helmholtz association, which is supplemented to a large extent 
by the German Federal Ministry of Education and Research (BMBF) and the Ministry for Innovation of 
North Rhine-Westphalia. European funding is also provided for R&D projects and is being announced in 
the framework of the European HPC infrastructure PRACE (Partnership for Advanced Computing in 
Europe) and the Human Brain Project. 

The supercomputers are available for German and European researchers who have successfully passed a 
well-established scientific peer-review procedure. The infrastructure is able in particular to accomplish 
projects, which have system demands far beyond the capacities universities or regional centres can offer. 
The systems in Jülich are mainly used by researchers focussing on basic natural sciences. Today, a major 
share of about 50 % is granted to hadron and elementary particle physics ð mainly lattice quantum 
chromodynamics (QCD) and ab-initio nuclear structure calculations in the effective field theory (EFT) 
framework.  

The supercomputer JUQUEEN at Jülich has already been used successfully in 2015, e.g., by the groups 
of Ulf G. Meißner and Zoltan Fodor, performing the first ab initio calculation of alpha-alpha scattering or 
the proton-neutron mass splitting, respectively1. 

 
The IBM Blue Gene/Q system JUQUEEN with 5.9 Pflops peak performance at the Forschungszentrum 
Jülich  

                                                      
1 S. Elhatisari et al., Nature 528, 111ï114 (2015) and 
Sz. Borsanyi et al., Science 27, 1452-1455 (2015) 
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The general purpose system JURECA with more than 2.2 Pflops peak performance at the 

Forschungszentrum Jülich  

3.1.1.3 CC IN2P3, Lyon, France 
 

The Computing Centre of the National Institute of Nuclear Physics and Particle Physics (CC-IN2P3) is a 
French national data centre belonging to the National Centre for Scientific Research (CNRS). A major 
French research infrastructure, it is responsible for providing researchers involved in corpuscular physics 
experiments with computing and data storage resources. 

The main services offered by CC-IN2P3 are high throughput computing, storage of large amounts of 
data and the transfer of these data over very high-speed international networks. CC-IN2P3 also 
developed an expertise in the domain of virtualization.  

CC-IN2P3 computers, organised into computing farms, are shared. They are not dedicated to a specific 
application but are instead general-purpose and can be used on request by any user. The numerical 
simulation and processing of large amounts of data from international scientific experiments are 
performed independently on each machine. Some computers are also used for parallel computing. 

CC-IN2P3 infrastructure includes more than 30,000 virtual computing cores hosted by more than 2,000 
compute and storage nodes. These machines run a Scientific Linux Operating System and are accessed 
through the Univa Grid Engine batch system. CC-IN2P3 has also a dedicated 10Gb/s network 
connection with CERN (tested at 100Gb/s) plus 10Gb/s (through Germany) and 2x10Gb/s (through 
Paris).  

CC-IN2P3 serves and teams up with more than 70 international collaborations in physics and belongs to 
a international network of computing centres specialized in analysis and data treatment for research in 
physics. In that respect, CC-IN2P3 is one of the eleven centres worldwide engaged in the primary 
processing of LHC data and one of only four centres that provide storage and data processing capacity 
for all four experiments installed on the accelerator.  

Among several nuclear physics experiments, the ALICE experiment, one of the four located on the LHC, 
stores 2 PB of data on disks and 1.8 PB of data on tapes at CC-IN2P3. 3,000 cores are also used by this 
experiment (through the LHC Computing Grid) making it the biggest CC-IN2P3 resources user 
experiment in this field. Regarding the AGATA experiment, it stores 450 TB and uses also different 
ancillary services offered by the data centre such as websites hosting, mailing lists, SVN, etc.  

Collaborative work is eased by centralizing data, computing or software in one data centre. In that 
respect, some experiments chose to use CC-IN2P3 such the INDRA collaboration, which represents 
more than 60 user accounts from several international laboratories.  

To satisfy its 2,500 users from all over the world, CC-IN2P3 develops the appropriate infrastructure, 
expertise, and software to deliver a reliable, robust service 24 hours a day, 365 days a year. 



Draft NuPECC Long Range Plan 2016  6 January 2017 

Page 5 of 58 

 

 

Figure. CC-IN2P3õs computing room. 
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3.1.2 Lepton Beam Facilities  
 

3.1.2.1 ELSA, Bonn, Germany 
The Electron Stretcher Accelerator (ELSA)  
(http://www-elsa.physik.uni-bonn.de/) is a facility 
run by the University of Bonn / Physikalisches 
Institut and thus under the auspices of the 
German federal state Nordrhein-Westfalen. It 
consists of two electron LINACs, a booster 
synchrotron and an electron stretcher ring. 
Unpolarized or polarized electron beams are 
injected into the synchrotron by LINACs I or 
II, at energies around 20 MeV. They are then 
accelerated to typically 1.2 GeV and transferred 
into the stretcher ring. The latter can be 
operated in booster, stretcher, and storage 
mode. In the booster mode, normally used for 
hadron physics experiments, several pulses from 
the synchrotron are accumulated (internal 
current typically 20 mA). The electrons are 
further accelerated to a maximum of 3.5 GeV, 
slowly spilled via resonance extraction and 
delivered to experiments with a typical spill time 
of 4 ð 6 sec. Furthermore, a new beamline 
connected to the stretcher ring is currently being 
commissioned. It will provide electron beams to 
an area for detector tests and characterisation up 
to the full energy with currents of 1 fA ð 100 pA 
and a duty-factor of approx. 80 %.  

The research focus at ELSA is on hadron 
physics. Furthermore, ELSA is used as a test 
facility for detector physics.  

The hadron physics programme is devoted to 
baryon spectroscopy via meson photo-
production. After the conclusion of the 
Transregional Collaborative Research Center 
SFB/TR 16 (http://sfb-tr16.physik.uni-bonn.de/) in 
June 2016, ELSA will continue to provide beam 
for the existing hadron physics experiments to 
allow for the best exploitation of their physics 
potential.  

Two experimental areas exist, each equipped 
with photon tagging systems including diamond 

radiators to provide linearly polarized photon 
beams:  

Å CBELSA/TAPS  

(http://wwwnew.hiskp.uni-bonn.de/cb/)  

The CBELSA/TAPS experiment which 
combines the Crystal Barrel and the TAPS 
electromagnetic calorimeters is ideally suited to 
investigate the photoproduction of neutral 
mesons decaying into photons with a nearly 
complete solid angle coverage. Together with 
the polarised frozen spin target and a circularly 
or linearly polarised photon beam, single and 
double polarisation experiments have been 
successfully performed in the past and are 
planned for future.  

Å BGO-OD  

(http://b1.physik.uni-bonn.de/)  

BGO-OD is a newly commissioned experiment 
based on a BGO ball central calorimeter, 
previously used in the GRAAL experiment at 
Grenoble, and a large aperture forward magnetic 
spectrometer. It allows detection of complex 
final states of neutral and charged particles, 
including forward going fast hadrons. This is 
complementary to the CBELSA/TAPS setup 
and other similar experiments.  

Å Detector tests  

Detector tests are pursued in two areas. At 
LINAC I, a pulsed high current 20 MeV beam 
can be used for material irradiation. The new 
beamline will provide beam for detector 
development. Both test areas serve as a facility 
for the Centre for Detector Physics FTD 
currently under construction on the University 
of Bonn campus.  

Both the test beam facility and the hadron 

physics experiments are open to external pro-

posals for collaboration.
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3.1.2.2 MAMI, Mainz, Germany 
 

The MAMI ( Mainz Microtron) electron 
accelerator is operated by the Institute of 
Nuclear Physics of the Johannes Gutenberg 
University of Mainz, which receives a dedicated 
support by the state of Rhineland-Palatinate for 
the maintenance and the operation of the 
accelerator. The Institute is also running the 
DFG-funded Collaborative Research Centre 
CRC 1044 (The Low-Energy Frontier of the Standard 
Model) and is involved in the Cluster of 
Excellence PRISMA (Precision Physics, 
Fundamental Interactions, and Structure of Matter). 

The MAMI continuous wave (CW) accelerator 
consists of sources for unpolarized and 
polarized electrons, followed by an injection 
linac, three consecutive race-track-microtrons 
and a harmonic double-sided microtron 
(HDSM) providing a maximum beam energy of 
1.604 GeV. Hallmarks of the MAMI accelerator 
are the excellent beam intensity of up to 100 µA, 
a high degree of beam polarization of up to 
85%, and an energy resolution of 10-4. With 
these beam parameters, MAMI and its 
experiments are ideally positioned for highly 
competitive investigations in the field of hadron 
physics. 

Currently, two major experimental setups are 
operated at MAMI: the A1 high-resolution 
spectrometer setup, and the A2 experiment at 
the tagged photon beam line, which consists of 
the large acceptance Crystal Ball detector 
together with the TAPS calorimeter wall. 

The A1 collaboration operates a setup of five 
magnetic spectrometers. The core components 
are three big spectrometers of 300 tons each 
with momentum resolutions of 10-4. The focal 
planes of these spectrometers comprise drift 
chambers, scintillators as well as timing 
detectors, Cherenkov detectors, and a proton 
polarimeter. The collaboration also provides a 
short orbit spectrometer for momenta of up to 
200 MeV/c, especially suited for threshold-
electro production of pions, and a compact 
spectrometer (KAOS) for kaons with momenta 
of up to 1900 MeV/c. A highly segmented large 
solid angle neutron detector is under 
construction. High-power cryo-targets for liquid 
hydrogen and deuterium, pressurized ³He and 
4He and polarized ³He targets are available as 

well.  

The A2 collaboration runs a facility for energy 
tagging of bremsstrahlung photons designed by 
physicists from the Glasgow and Edinburgh 
Universities. An additional end point tagger was 
built to cover the high-energy part of the 

photon energy spectrum and to access the hõ 
threshold. The primary detector arrangement 
consists of the Crystal Ball and TAPS detectors.  
This setup is particularly suitable for the 
detection of photons with a solid angle of 

almost 4́ with high resolution and count rate 
capability. A polarized frozen-spin target for 
protons and deuterons with longitudinal and 
transverse polarization is operating successfully. 
Additional targets and sub-detectors are 
available.  

Form Factors of baryons are one of the most 
fundamental observables of hadron physics 
since they are related to the distribution of 
charge and magnetization of those objects. At 
MAMI, the most precise measurement of the 
electric proton radius in an electron scattering 
experiment has been achieved benefiting from 
the high resolution of the A1 magnetic 
spectrometers. Form Factors of mesons are 
measured with the A2 setup by analyzing Dalitz 
decays of pseudoscalar as well as vector mesons. 

The production rates for h, h¡, and w mesons in 
the clean background environment of MAMI 
are among the highest in the world.  

Polarizabilities of the proton, neutron and 
pion can be approached by the A1 as well as the 
A2 Collaborations. For the near future also 
Compton scattering experiments of light nuclei 
are foreseen. The polarized frozen-spin target at 
the tagged photon facility A2 allows for a 
significant progress in real Compton scattering 
experiments by using single or double 
polarization observables. 

Baryon Resonances: To obtain a deeper 
understanding of the dynamical origin of baryon 
resonances beyond the naive quark model a set 
of well-selected states in reach at MAMI-C 
beam energies are currently investigated. This 
implies on the experimental side precision 
measurements of transition form factors in 
electro production (A1 collaboration), 
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measurements of radiative decays and the full 
exploitation of polarization degrees of freedom 
using the polarized target (A2 collaboration) in 
conjunction with the polarized MAMI beam.  

More recently, searches for GeV-scale vector 
particles of a hypothetical dark sector, also 
known as Dark Photons, have been carried out 
very successfully at A1/MAMI. These searches 
are highly motivated by a number of 
astrophysical anomalies as well as precision 
observables of the Standard Model and lead to a 
world-wide hunt for Dark Photons. The Mainz 
results lead to the most stringent limits for the 
existence of Dark Photons in an important 
parameter range.   

Strangeness and Hypernuclei: Precision 
measurements of the kaon - nucleon interaction 

and of light hypernuclei are of utmost 
importance to validate the various theoretical 
approaches presently trying to bridge this gap 
between nuclear and hadron physics. At MAMI 
the forward spectrometer KAOS is of central 
importance for these investigations. 

Ab initio Lattice QCD calculations can be 
performed thanks to the availability of several 
dedicated High Performance Computing 
(HPC) clusters at Mainz. The main focus lies 
on calculations of nucleon form factors, 
hadronic contributions to the muonõs 
anomalous magnetic moment, as well as detailed 
studies of hadron resonances. These activities 
complement the theoretical investigations using 
unitary isobar models, dispersion relations, or 
effective field theoretical techniques. 
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3.1.2.3 COMPASS, CERN, Geneva, 
Switzerland  

 

COMPASS is a high-energy physics experiment 
at the Super Proton Synchrotron (SPS) at 
CERN. The Collaboration consists of nearly 240 
collaborators from 13 countries and 28 
institutes). The purpose of the experiment is the 
study of hadron structure and hadron 
spectroscopy with high intensity muon and 
hadron beams. 

The spectrometer was installed in 1999 - 2000 
and was commissioned during a technical run in 
2001. Data taking started in summer 2002 and 
continued until fall 2004. After a one-year 
shutdown in 2005, COMPASS resumed data 
taking with a muon beam in 2006 and 2007. The 
years 2008 and 2009 were dedicated to the 
COMPASS hadron spectroscopy programme 
with pion and proton beam. In 2010 and 2011 
structure function measurements with a 
polarized proton target continued. In 

2009/2012 dedicated measurements for the 
pion polarizability were performed. 

In 2010 the COMPASS-II proposal was 
approved envisaging a physics programme for 
the years 2012-2018 comprising in particular 

¶ tests of chiral perturbation theory 
(2012), 

¶ measurements of transverse-
momentum-dependent parton 
distributions in polarized Drell-Yan 
(DY) reactions (2015/18) 

¶ measurements of generalized parton 
distributions (GPD) in exclusive 
processes, in particular in deeply virtual 
Compton scattering with a liquid 
hydrogen target. Semi-inclusive DIS will 
be measured in parallel (2016/17). 

Plans for a programme beyond 2020 are being 
developed and will include GPD measurements 
with a polarized target and - in the longer term - 
DY and spectroscopy experiments with RF-
separated kaon and antiproton beams. A 
proposal is planned to be submitted in 2017. 
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3.1.2.4 INFN-LNF, Frascati, Italy 

 
The Frascati National Laboratories (LNF) 
[http://www.lnf.infn.it], founded in 1955, are 
the oldest and largest laboratory of the National 
Institute of Nuclear Physics (INFN) in Italy. 
They were built to host the Electron 
Synchrotron (1.1 GeV), a world record at that 
time. The first prototype of an electron-positron 
storage ring ADA was then built, and after that, 
the large electron-positron collider ADONE (3 
GeV in centre of mass) led to discovery of the 
color structure of the quarks.  At ADONE, the 
very active community pushed innovative 
techniques still in use worldwide: 
monochromatic beams of bremsstrahlung 
photons and the first Compton backscatter 
beam.                    

Presently the  e+e-  meson factory DAǔNE, 
1020 MeV c.m. energy, is being operated for  
more than 15 years.  A broad physics program 
ranging from the study of CP and T violation in 
kaon decays and of hadron physics to that of 
hypernuclei and kaonic atoms has been pursued. 
The DAFNE machine, with the KLOE2 
experiment operating at the interaction point 
has reached luminosities of 2.2 x 1032 cm-2 s-1 ,  
two orders of magnitude larger than those of 
previous generation colliders. One of the key-
points for the luminosity increase has been the 
use of the Crab Waist (CW) collision scheme, 
currently under test also at Super-KEKB facility.  

This long program of activity at DAǔNE, 
performed by the KLOE (KLOE2), DEAR, 
FINUDA and SIDDHARTA experiments, led 
to unprecedented results in some of the main 
fields of  CP, CPT, hadron and strangeness 
physics.  

Currently the machine is running with the 
upgraded KLOE2 detector, with the goal of 
collecting 5/fb by the end of 2017. The KLOE2 
detector has a better hermetic coverage and an 
improved vertexing capability, which should 
allow more precise measurements of quantum 
interferometry and of Kshort decays. In 2018 
the upgraded SIDDHARTA2 detector will be 
installed, to study kaonic deuterium X-ray 
transitions, as being one of the most important 
measurements in the strangeness sector of low-
energy QCD. 

At the same time LNF pursues goals in different 
fields of research: elementary and astro-particle 
physics, theoretical physics, multidisciplinary 
activities with synchrotron radiation beams, and 
detector and accelerator developments with the 
Beam Test Facility of the DAǔNE LINAC. 

A new laboratory (SPARC_LAB) has been 
setup, with a high brightness electron beam 
driving the Self Amplified Spontaneous 
Emission-Free Electron Laser (SASE-FEL) in 
the green light.  

The SPARC injector, in conjunction with the 
very powerful infrared laser FLAME (light pulse 
of 300TW and  25 fs width), will allow 
investigations into the physics of plasma wave-
based acceleration  and the production of X-ray 
via the Compton back-scattering.  

The SPARC_LAB Laboratory is fully involved 
in the EUPRAXIA design study, funded in 
H2020, to prepare a proposal for an European 
facility for plasma accelerated 5 GeV electron 
beam, to drive a FEL infrastructure.   



 

 

DAFNE& KLOE2&

 



 

 

3.1.3 Hadro n Beam Facilities   

 

3.1.3.1 LNL, Legnaro, Italy 
 

LNL is one of the four national facilities funded by 
INFN with the mission of providing infrastructures 
for nuclear physics research  for Italian and foreign 
users. The area of main interest is on nuclear structure 
and reaction dynamics, using heavy ion beams 
provided by the 15 MV Tandem  and by the ALPI 
superconductive LINAC, the latter used either 
coupled to the Tandem or to the heavy ion injector 
PIAVE. Applied and interdisciplinary physics is also 
an important activity, making use mainly of beams 
delivered by the 7 MV CN and 2 MV AN2000 
accelerators. Nuclear structure and reaction dynamics 
studies are performed at bombarding energies close to 
the Coulomb barrier and are based on dedicated 
instrumentation,  which include large gamma arrays, 
magnetic spectrometers and particle detector arrays. 
In nuclear spectroscopy investigations are being 
performed on high spin physics, nuclear structure at 
finite temperature, symmetry properties of nuclei, 
shell stabilization and quenching, both on the proton 
rich and neutron rich side of the nuclear chart. Studies 
of reaction mechanisms are mainly focused on near 
and sub-barrier fusion reactions, elastic, inelastic and 
multi-nucleon transfer, break-up and clustering 
processes, nuclear matter behavior in finite systems.   

The main installed detectors, making use of the heavy 
ion beams from the TANDEM-ALPI-PIAVE 
complex are :   

GALILEO : a conventional gamma-ray array 
composed of 40 HPGe detectors with their BGO 
anti-Compton shield and 30 cluster capsules re-
assembled at LNL in 10 new triple cryostats 
surrounded as well by re-assembled BGO scintillators 
to get high photopeak efficiency. GALILEO takes 
advantage of the recent technical developments made 
within the AGATA collaboration and the integration 
with different ancillary devices such as light charged 
particle detectors (EUCLIDES , TRACE), heavy 
fragments detectors (DANTE , RFD), neutron 
detectors (NW, NEDA ) and plunger devices.   

 

GARFIELD : a 4p-array for the detection of light 

charged particles and heavy fragments emitted in 
heavy ion collisions. It consists of  2 two large volume 
drift chambers  employing micro-strip gas devices as 

DE stage, complemented by CsI(Tl) scintillators as 
residual energy detectors. At forward angles a highly 
segmented annular three stage telescope is used. The 
whole apparatus is equipped with fully digital 
electronics read-out. Within the same framework 
there is an intense activity related to the construction 
of the new particle detector array FAZIA .  

 

PRISMA: a very large solid angle spectrometer based 
on ion trajectory reconstruction and devoted to the 
measurement of experimental observables  (charge, 
mass, Q-values and cross sections) of nuclei produced 
in multi-nucleon transfer reactions. Its performance in 
terms of efficiency and resolution has been 
demonstrated during the 10 years of operation, also in 
conjunction with the CLARA and AGATA 
Demonstrator ǡ-arrays. The spectrometer is presently 
used in kinematic coincidence with a second time-of-
flight system based on gas detectors. Transfer 
reactions are closely connected with near and sub-
barrier fusion reactions, which are studied with the 
electrostatic beam separator and time-of-flight system 
PISOLO.  

Among other available experimental set-ups, is the 
EXOTIC  apparatus,  an in-flight facility for the 
production of secondary radioactive light-ion beams 
following inverse kinematics reactions induced by 
light stable beams on gas targets. Moreover, the 
LIRAS set-up is dedicated to the study of resonances 
of astrophysical interest and cluster structure in light-
ion reactions.    

The present detectors with their ongoing upgrades 
and couplings to the òitinerantó detectors (AGATA, 
FAZIA and NEDA), will be shortly employed in a 
wide range physics program making use of the 
unstable beams delivered by the SPES facility and 
reaccelerated with the ALPI Linac.  

With the long term goal to study parity non-
conservation effects in heavy alkalis and finding 
possible deviations from standard model predictions, 
a research program is being carried out to study 
atomic transitions in Fr isotopes produced via fusion 
evaporation reactions and delivered to a magneto-



 

 

optical trap. 

Important activities are carried out in the field of 
nuclear reactions of astrophysical interest, in 
particular with the BELINA  neutron time-of-flight 
system at the CN accelerator and other dedicated set-
ups at the AN2000.  Moreover, at these small 
accelerators, ion beam analysis like characterization of 
materials via Rutherford backscattering or micro-pixe  
are presently used.  

Research is also made at LNL on radio-biological 
effects, with applications in the study of cellular and 
molecular response to radiation.    

The research in the accelerator field is mainly focused 
in the development and construction of high power 
RFQ for high intensity proton beams for the IFMIF  
and ESS projects, carried out within wide 
international collaborations, among which EURISOL-
DF. 

 
  

 

 

3.1.3.2 LNS, Catania, Italy 
 
Erforderliche Parameter fehlen oder sind falsch. 
The Laboratori Nazionali del Sud (LNS) are one 
of the four national laboratories of INFN. The 
main building is located in Catania, and two 
additional separate branches are located at the port 
of Catania and in Portopalo di Capo Passero. 

Research is mainly carried out in the field of 
Nuclear Physics, Nuclear Astrophysics and 
Particle Astrophysics, as well as in many 
interdisciplinary fields, like application of Nuclear 
Physics to Medicine and to Cultural Heritage, and 
Accelerator Physics.   

Two accelerators, a 15 MV Tandem and a K=800 
Superconducting Cyclotron (CS), are fully 
operating, providing ion beams from H to Pb, 
with energy from 0.1 to 80 MeV per nucleon. 
With the FRIBS@LNS facility, radioactive ion 
beams have been available for more than 10 years 
by applying the in-flight fragmentation method, 
the primary beam being provided by the CS. 
Tagging detectors allow to identify secondary 

fragments, used as projectiles in many nuclear 
physics experiments.  

Stable and radioactive beams can be transported 
to several experimental halls, equipped with 
detection apparata and scattering chambers. The 
most sophisticated and powerful experimental 
apparata are: 

CHIMERA, a 4p detector complex consisting of 
about 1200 telescopes, able to identify ions in a 
wide range of masses. It is mainly used for studies 
of multifragmentation, but its large solid angle 
makes it particularly suited for experiments with 
low intensity radioactive beams 

MEDEA-SOLE-MACISTE, a complex made of 
180 BaF2 scintillators, a superconducting solenoid 
and a focal plane detector, jointly operated to 

detect g rays, light and heavy fragments at forward 
angles. The system is particularly suited to study 
GDR and pre-equilibrium processes at 
intermediate energies 

MAGNEX, a large acceptance magnetic 



 

 

spectrometer, specifically designed for 
experiments with radioactive beams. It is now 
used to perform a broad physics program covering 
different research lines  

Since 2002 the LNS have been hosting the center 
for proton therapy of ocular tumors (CATANA), 
which currently numbers 350 patients treated with 
a success percentage of 95%. The LNS are also 
engaged in the study of clinical applications of 
proton beams accelerated in the plasma produced 
by the laser-matter interaction. In particular, the 
construction of a hall for preclinical treatment in 
Prague, as a part of the European infrastructure 
ELI, has been assigned to the LNS. 

The LNS contribute to the construction of the 
European Spallation Source (ESS) in Lund, 
coordinating the INFN activities related to the ion 
source, the LEBT, the Drift Tube Linac and the 
superconducting cavities. 

Several laboratories are operative at the LNS: the 
Landis laboratory for applications of Nuclear 
Physics in the field of cultural heritage, the 
laboratory of Environmental Radioactivity, the 
laboratory of Radiobiology. 

At the LNS a research infrastructure has been 
realized for the detection of high energy 
astrophysical neutrinos at large depths 
(KM3NeT). It consists of two laboratories located 
at the port of Catania and in Portopalo di 
Capopassero. This infrastructure is also used in 
other fields of science, i.e. geophysics, 
volcanology, earth science, marine biology. 

The LNS have established scientific collaborations 
with the main European and non European 
Nuclear Physics laboratories: GANIL, GSI, 
Nikhef, Saclay Orsay, IN2P3, CNRS, CEA, Vinca 
Institute, CERN, MSU, TAMU, Riken, MIT, FSU, 
Rez, Astana, FZU Prague, Zagreb, Triumf, USP, 
Edinburgh, Notre Dame. 
 

The LNS K800 Superconducting Cyclotron (CS) 
is a three sector compact machine with a wide 
operating range, being able to accelerate heavy 
ions with values of q/A ranging from 0.1 to 0.5 to 
an energy from 2 to 100 MeV per nucleon. The 
CS was designed as an accelerator to perform 
nuclear physics experiments with low intensity 
beams. Up to now the maximum beam power has 
been limited to 100 W, the main limitation being 
due to the extraction system, based on two 

electrostatic deflectors. Infact, due to the 
compactness of the accelerator, the last 
accelerated orbit is not fully separated from the 
previous one, which implies a reduced (max 60%) 
extraction efficiency. A big amount of beam is 
then dissipated in the septum of the first 
electrostatic deflector, causing serious problems of 
voltage holding and a high risk of mechanical 
damage. 

The scope of the proposed upgrade is to extract 
by stripping a class of beams of interest so as to 
achieve high power beams (a factor 100) for those 
ion species. At the same time the versatility of the 
CS must be maintained, since there is a consistent 
demand of beam types in a wide mass and energy 
range. For this reason the CS will be equipped 
with two extraction modes: extraction by stripping 
and extraction by electrostatic deflectors. The 
main technological effort of the CS upgrade is the 
replacement of the present superconducting 
magnet (cryostat and superconducting coils) with a 
new one, compatible with the new trajectories of 
the beams to be extracted by stripping. 

The demand for intense beams with mass A<40 
and power of 2-10 kW comes from several 
experimental proposals aiming to the study of rare 
processes. One of them aims to determine the 
Nuclear Matrix Elements of Neutrinoless Double 
Beta Decay through an innovative technique 
consisting in the study of double charge exchange 
reactions. Furthermore, a certain number of 
experiments with radioactive beams produced in 
the FRIBS@LNS facility will be feasible thanks to 
the CS upgrade, since the intensity and quality of 
in-flight radioactive beams will be significantly 
enhanced as compared to the present values: 
investigation of proton and neutron drip lines 
properties, study of the isospin physics, study of 
light neutron rich nuclei beyond the neutron drip 
line are only few examples of research lines 
proposed by the international scientific 
community.   

 



 

 

 

3.1.3.3 ISOLDE, CERN, Geneva, Switzerland  

 

ISOLDE is the CERN radioactive beam facility. 
The high energy, 1.4 GeV, and high average 

intensity of 2 mA of the proton beam on different 
thick targets produce high quality intense beams 
of rare isotopes. The accumulated target and ion-
source knowledge allows the extraction and 
separation of more than 1000 different isotopes of 
75 chemical elements; this is by far the highest 
number of isotopes available for users at any 
ISOL facility worldwide. A substantial fraction of 
the radioactive isotopes was accelerated up to 3 
MeV/u with the REX-ISOLDE post-accelerator 
until 2012 and it can also be re-accelerated 
presently up to 5.5 MeV/u with a combination of 
the normal conducting, REX-ISOLDE, and 
superconducting linac post-accelerator.  

In order to broaden the scientific opportunities of 
the facility, the on-going HIE-ISOLDE (High 
Intensity and Energy) project was approved by 
CERN in September 2009 to provide major 
improvements in energy range, beam intensity and 
beam quality. The first stage boosting the beam 
energy of the post-accelerator to 5.5 MeV/u is 
fully operative delivering the first radioactive post-

accelerated beams in September 2016. In the new 
energy regime the Coulomb excitation cross 
sections are strongly increased with respect to the 
previous 3 MeV/u and many transfer reaction 
channels become accessible. The second stage is 
expected to be completed for the start of 2018 
and will allow energies of the beam up to 10 
MeV/u for A/q = 4; and therefore higher 
energies for lower A/q. Therefore offering the 
largest variety of post-accelerated radioactive 
beams near and above the Coulomb barrier in the 
World. The intensity and beam quality upgrade 
addresses many aspects that are implemented on a 
wider time scale. 

Present experiments mainly deal with nuclear 
structure questions, explored via measurements of 
ground state properties (mass, radii, electro-
magnetic properties), via decay studies or 
Coulomb excitation and transfer reaction studies. 
A sizeable part of the programme is devoted to 
other fields, such as nuclear astrophysics, and 
fundamental physics. Around 20% the beam time 
is devoted to solid state physics and life sciences 
with broad societal benefits. In total 50 different 
physics experiments are performed per year. 

The facility includes two target-ion source units 
connected to a mass separator each delivering 
beams of radioactive nuclei to a dozen beamlines. 
The beamlines at the low energy part (beams of 30 



 

 

- 60 keV) host permanent devices dedicated to 
ground state studies (ISOLTRAP, CRIS, 
COLLAPS), decay studies (IDS and TAS), nuclear 
orientation (NICOLE), weak interaction studies 
(WITCH and its upgrade WISARD) and a 
versatile setup for applications  (VITO) with two 
arms an ultra-high vacuum beamline for surface 
science experiments and the other to perform 
beta-NMR in liquids for bio-physics. Two 
beamlines are free for òtravellingó systems. In 
addition two other beamlines are used for 
collections dedicated to studies of material 
science, biophysics or medicine. See Fig. 1 for a 
layout of the facility. A new building has been 
built in the northern part of the experimental hall 
hosting enlarged laser laboratories, a new 
dedicated laboratory for material science studies, 
and a new chemistry laboratory also used by 
biochemistry groups and in general open to the 
whole user community.  

The post-accelerated beams have presently two 
operative beamlines. The first one hosts the high-
resolution Miniball germanium detector array and 
the alternative ancillary detectors CD, T-REX and 
the new electron spectrometer SPEDE. A zero-
degree spectrometer is also considered to ease the 
characterization of the ejectiles. The second 
beamline is dedicated to reaction studies with 
main focus on detection of the fragments.  

With the present successful program and on-going 
projects the number of users at ISOLDE is 
continuously increasing currently being of the 
order of 500 users per year. The general increase 
of interest in the infrastructure is also reflected in 
the recent increase in the membership of the 
ISOLDE collaboration (the body that officially 
represents ISOLDE at CERN through a 
Memorandum of Understanding) to 16 member 
states and negotiations are ongoing with additional 
countries. 

 
 

Fig. 1 Lay-out of the ISOLDE Facility. The different parts of the Facility and experiments are indicated: the 
two target stations connected to the mass separators of low resolution, GPS and higher resolution, HRS. The 
location of the low energy experiments COLLAPS, CRIS, IDS, ISOLTRAP, NICOLE, TAS and WITCH are 
indicated. The post-accelerator is shown with 6 cryomodules, two of which will replace exiting accelerating 
structures. The first beams combining the existing REX accelerator and the first super-contacting cryomodule 
were used for physics for the first time on the 22nd of October 2015. Four cryomodules for the energy 
upgrade to achieve 10 MeV/u for A/q=4 will be fully implemented before 2018 experimental campaign. The 
ancillary buildings hosting the helium compressor station and the refrigerator cold box are also shown. The 
site for the new CERN-MEDICIS Facility starting in 2017 and dedicated to the production of innovative 
isotopes for Medicine is indicated. The new robots in operation since 2014 are also shown. 



 

 

 

3.1.3.4 JYFL, JYVASKYLA, FINLAND 
 

The main accelerator facility of the Accelerator 
Laboratory of the University of Jyväskylä (JYFL) 
[www.jyu.fi/accelerator] consists of a K=130 
cyclotron with three ECR ion sources and a 
multi-cusp ion source. The facility delivers a 
competitive range of stable-ion beams (from p 
to Au) suitable for modern nuclear physics 
research and applications, with total beam time 
of around 6500 hours a year. 

JYFL is an access laboratory in Horizon2020 
infrastructure projects and is an Academy of 
Finland Research Centre of Excellence. It has 
~250 foreign users annually and foreign 
equipment investments. As a university 
laboratory it provides a unique training site for 
graduate students and young researchers. 

Approximately one third of the K130 cyclotron 
beam time is dedicated to nuclear structure 
studies of proton drip line and superheavy 
nuclei. These studies have been mainly carried 
out using the RITU gas-filled recoil separator 
coupled to various arrays of silicon and 
germanium detectors at the target position and 
focal plane (JUROGAMII, SAGE, GREAT). 
These combinations represent one of the most 
versatile and efficient systems for in-beam and 
decay spectroscopy of exotic nuclei in the world. 

At the IGISOL facility, exotic beams of both 
neutron-rich and neutron-deficient nuclei 
throughout the nuclear landscape are available 
for comprehensive studies of nuclear ground 
(and isomeric) state properties as well as exotic 
decay modes. These studies are driven by 
outstanding questions in nuclear structure, 
nuclear astrophysics and contributions to 
neutrino- and beyond-the Standard Model 
physics. Cooled and bunched radioactive ion 
beams are delivered to a versatile, 
complementary system of ion traps for high 
precision nuclear mass measurements, detector 
stations for decay spectroscopy and optical 
spectroscopy for charge radii, nuclear spin and 
electromagnetic moment measurements. 

The most important facility for applications is 
the RADiation Effects Facility (RADEF), which 
has been one of the three official test sites of 
ESA since 2005. 

 

Future perspectives 

The new MCC30 (K=30) light-ion cyclotron and 
the extension of the laboratory provide 
improved research conditions and additional 
beam time for all research teams and users.  
More time can be released for beam 
development and for the use of heavy-ion beams 
from the K=130 accelerator in longer 
experiments and tests. 

The newly extended IGISOL-4 facility, served 
by both cyclotrons, offers a considerable 
improvement in discovery potential to 
unexplored exotic nuclei with readily accessible 
increase in beam time (K=30 cyclotron) for the 
most challenging of cases. An expansion of 
infrastructure sees new tools and techniques for 
mass measurements, including a Multi-
Reflection Time-of-Flight Mass Spectrometer 
and the implementation of Phase-Imaging Ion 
Cyclotron Resonance measurements. A number 
of laser systems are available for laser ionization 
and spectroscopy applications, as well as for 
high-resolution collinear laser spectroscopy. 
New atom and ion trapping systems are under 
development. Higher intensity light ion primary 
beams as well as developments for neutron-
induced fission will push the facility to the most 
exotic of fission fragments. 

The recently commissioned MARA recoil mass 
spectrometer will further extend the possibilities 
to study the structure of proton drip line nuclei 
in in-beam and decay spectroscopic studies. 

As with the RITU gas-filled recoil separator, 
MARA will be coupled with the various arrays 
of silicon and germanium detectors, such as the 
JUROGAMIII array. MARA will enable further 
investigation of topics such as isospin symmetry 
and pairing in N=Z nuclei. 

In order to fully exploit the potential of the new 
MARA mass separator, researchers from JYFL-
ACCLAB are preparing for a new Low-Energy 
facility at MARA. This will see the installation of 
a gas cell at the MARA focal plane, coupled with 
laser systems for selective ionization and 
spectroscopy. In a second phase, low-energy 
beams from MARA will be delivered to a cooler-
buncher and MR-TOF mass spectrometer. This 
new facility will initial-ly focus on nuclei of 
pertinent interest for nu-clear structure and 
astrophysics along the N=Z line 
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