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In the past decade a new generation of AMS systems 
has been developed at ETH Zurich, which use multi-
ple ion collisions to destroy molecular interference (as 
opposed to stripping to high charge states). This can be 
done at much lower energies (200 kV) resulting in a much 
simpler setup, reduced the overall size of the system 
and signifi cantly less cost.  These developments have 
allowed extending the number of laboratories that carry 
out 14C dating, and have increased strongly the impact 
of AMS in archaeology and other fi elds.

Recommendations
A recent FP7 project called CHARISMA is devoted to the 
study and conservation of cultural heritage. Transnational 
Access is offered to complementary multi-technique 
advanced facilities available in large scale European 
installations and medium/small laboratories. Nuclear 
Techniques fi gure prominently in the project, through 
the participation of the C2RMF-AGLAE ion beam facility 
at the Palais du Louvre, the nuclear microprobe facil-
ity at ATOMKI-HAS, Debrecen, Hungary and the BNC, 
Budapest Neutron Centre, that will grant access to a 
dozen of instrumental neutron end stations. CHARISMA 
is a good example of the creation of a broad commu-
nity in order to maximize the impact of the know-how 
available from the Nuclear Physics on the needs of the 
Cultural Heritage.

A European network of AMS facilities would be useful 
to transfer technology and training personnel.  This is 
particularly important as more and more of the smaller 
AMS systems are being installed laboratories without 
experience in operating an accelerator-based system. 
Also, it could help to distribute the requests of 14C dating, 
optimizing the work load of different facilities.

Programmes to fund short time stays of young sci-
entists and technicians in other laboratories, should be 
encouraged, especially in small accelerator centers. This 
will promote collaborations and exchange of skills.

Outreach material (leafl ets, publications) should be 
produced, to provide information to archaeologists, cura-
tors, and other scientists and professionals dedicated to 
heritage, what they can expect from the use of nuclear 
techniques. 

 

Figure 7. The new 
generation Accelerator 
Mass Spectrometry (AMS) 
system MICADAS developed 
at ETH Zurich is based on 
a 200 kV accelerator and 
allows routine measurements 
of 14C at a very compact 
facility. This concept of a 
compact and easy-to-tune 
AMS system is attractive 
to many areas where 14C 
measurements play a role 
ranging from routing 14C 
dating to biomedical and 
environmental applications. 
The excellent stability of the 
system allows also highest-
precision 14C measurements 

as it is demonstrated by the dating the parchment and the seal 
cord of the “Goldene Handfeste” of Berne, Switzerland. This 
document established the town privileges making it an Imperial 
Free City and, effectively, an independent state. Highest-precision 
14C measurements can help to solve the ongoing controversy 
among scholars that the document might be a Bernese forgery 
from the middle of the 13th century.
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4.6.8 New Frontiers  
in Nuclear Physics Tools

Key Question

•	 What is needed for major advances in particle accel-
erator and radiation detectors technology?

Key Issues

•	 High-intensity accelerators for Accelerator Driven 
Subcritical Reactors (ADSRs), ISOL based facilities, 
and the European Spallation Sources (ESS)

•	 Laser acceleration techniques 
•	 Radiation hard, fast detectors with low material 

budget

Accelerators
Compact Sources of monochromatic/coherent beams 
of X/γ rays are under study in many laboratories and 
the next accelerators will play a leading role in the appli-
cations to different fields, including nuclear industry, 
medical imaging, biology, etc.

High intensity accelerators

Various developments are under way in the field of accel-
erators of electrons, but the major developments in the 
field of Nuclear Physics will be related to the availability 
of production tools and accelerators for intense hadron 
beams, either for light and heavy ions. Additionally there 
is a wide variety of exciting developments in nuclear 
physics tools that may result effective in the application 
to other domains. As for the accelerators, major efforts 
are under way at ESS (European Spallation Source), 
GSI, GANIL and other laboratories in order to produce 
high power beams, for different uses. The production of 
high intensity beams at ESS will be devoted to material 
science and life science, but undoubtedly the availability 
of such beams will open new frontiers in the research, 
being a typical case for cross-fertilization of different 
fields. Moreover, the production of high intensity beams 
for Accelerator Driven Subcritical Reactors and for ISOL 
facilities, along with outstanding developments aimed 
to research in nuclear fusion (IFMIF), will permit to have 
instruments to provide a number of by-products, con-
sidering that the same facility may produce beams for 
Nuclear Physics in some beam lines, beam for hadron-
therapy and biology on others, and maybe even isotopes 
and neutrons for applications. 

The ability to produce intense beams with high quality 
will be one of the major assets for all the new accelerator 

facility; the presence of beam halos will be detrimen-
tal and generate different critical problems of machine 
operations including severe radiation damages and acti-
vation. Reliability and reproducibility of each component, 
especially for the low energy part of the accelerator, will 
become more and more important, because of the com-
plexity of the machines and the limitations to redundancy. 
In order to conjugate frontiers performances with the 
reliability typical of industrial installations, an outstanding 
work is needed in terms of materials choice and treat-
ment, in particular for the MW beam power facilities.

The optimization of the beam available from the front-
end is one of the most time-consuming R&D, in spite of 
the relatively small cost of these component with respect 
to the high energy ones. The European Spallation Source 
will be able to produce more than 5 MW of beam power, 
entering in an unknown domain of technological require-
ments. In the meantime at the EVEDA demonstrator the 
high intensity issues for the low energy part of the accel-
erator will be settled.

The investment on Accelerator Driven Subcritical 
Reactors studies will be a rewarding example of the 
above cited cross-fertilization: accelerators for > 600 
MeV proton beams with multi-mA intensities may provide 
in principle high rates of Radioactive Beams (e.g. at the 
MYRRHA facility an Isotope Separator On-Line may be 
installed for Nuclear Physics research) and they may be 
complementary to the two Radioactive Beams facilities 
under construction at GSI (FAIR) and GANIL (SPIRAL2), 
which will represent the state-of-the art in this domain for 
the next future. Also, EURISOL with its 4 MW accelerator 
dedicated to the Nuclear Physics research may be the 
big challenge for the future; its feasibility has already 
been demonstrated by the Design Study. Accelerator 
technology improvements and studies for the target-ion 
source units shall be continued, in order to be ready for 
the construction, when funding will become available.

Different components for Nuclear Physics accelerators 
need further research efforts to comply with the request 
of the forthcoming machines, including fast cycling mag-
nets, beam cooling devices, highly charged ion sources, 
high power targets, superconducting cavities. The use of 
new materials may help in this sense and a continuous 
feedback with industries is recommended. As example, 
Nb3Sn wires permit magnet operation at larger values 
than with NbTi, and high temperature superconductors 
(HTS) may carry large current density even in the pres-
ence of extremely high magnetic fields.

Conceptual design of high field solenoids (above 40T) 
have been proposed by using YBCO conductor and the 
improvements in this domain seem far from saturation.

The R&D of magnets for accelerators will be useful for 
different industrial and medical application, in particu-
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lar for NMR applications, as resolution increases with 
magnetic field strength. Technological developments 
on superconducting cavities are now focused on new 
resonant cavity fabrication techniques and cost reduc-
tion. For lowering costs and simplifying the technology, 
it becomes mandatory to search for superconducting 
materials with a critical temperature (Tc) higher than that 
of niobium. Among them in particular two materials are of 
interest: V3Si that has an unusual high Residual Resistivity 
Ratio and Nb3Sn already used for resonant accelerating 
structure prototypes. An appealing research direction 
consists of the investigation of the nanostructured mul-
tilayer deposition of niobium and tin or vanadium and 
silicon.

Plasma-based accelerators

In spite of the increasing ability to produce high field 
superconducting magnets, high gradient RF cavities, and 
high current ion sources, there is some evidence that 
the future developments of accelerators will be slower 
than in the past, because of the increasing costs of the 
components, unless new tools become available. 

The production of large electric fields in relativistic 
plasma waves is expected to change the outlook either 
for applications (possibly profiting from tabletop parti-
cle accelerators, especially for industry and medicine) 
and for Nuclear and High-Energy physics. In the case 
of Nuclear Physics, the huge costs of construction and 
installation of the facilities may be reduced by the avail-
ability of plasma-based accelerators able to accelerate 
intense bunches of self-trapped particles with gradients  
as high as 10-100 GeV/m. The possibility to obtain within 
few mm the same results that are now obtained in long 
accelerating sections will be a remarkable progress for 
Nuclear Physics. 

Certainly many doubts remain about the ability to 
produce significant currents with adequate beam quality, 
because of the challenging characteristics of the plas-
mas, produced typically by high power density lasers. 
Nowadays they are poorly reproducible and subject 
to strong inhomogeneities, but the roadmap for new 
accelerators developments will be probably based on 
the research in this field. The possibility to change the 
accelerating field by changing the plasma characteristics 
seems to be an interesting tool to obtain a modulation 
of the acceleration throughout the different sections: it 
is in fact , then a variable gradient 
may be obtained by means of different focalization of 
the laser pulse and different plasma densities in the 
accelerator sections.

Detectors
Recent progress in nuclear physics detectors is providing 
new opportunities in various domains of applications. 
Examples concerning the development of advanced 
gamma ray spectrometers, including gamma tracking, 
have been given in section 5 for security applications 
but are also promising in other domains, in particular 
medical imaging. As regards charged particle detec-
tion, striking progress was achieved in position sensitive 
detector technologies, based on a new generation of 
Micro-Pattern Gas Detectors (MPGD) and silicon pixel 
devices. A few particularly illustrative examples are given 
below, where the interplay between research teams and 
industry is stronger than ever.

MPGD

Micromegas and GEM detectors, which established 
the concept of MPGD, have improved their perform-
ance level and generated several variants of gaseous 
detectors. Unprecedented spatial resolution, high rate 
capability, large sensitive area, good operational stabil-
ity and radiation hardness were achieved. More coarse 
Macro-patterned detectors, e.g. Thick-GEMs (THGEM) 
or patterned resistive-plate devices, can also be derived, 
adapted to very large-area coverage with moderate 
spatial resolution. The design of the new micro-pat-
tern devices appears suitable for industrial production. 
Moreover, the availability of highly integrated amplifica-
tion and readout electronics allows for the design of 
gas-detector systems with channel densities comparable 
to that of modern silicon detectors. In addition, modern 
wafer post-processing allows for the integration of gas-
amplification structures directly on top of a pixelized 
readout chip.

Silicon detectors

•	 3D silicon strip detectors
These structures consist of arrays of p- and n-type elec-
trode columns that penetrate into the detector bulk, 
instead of being implanted on the wafer surface like in 
standard planar semiconductor detectors. As a con-
sequence of this geometry, the depletion region grows 
laterally between the electrodes, and the electrons and 
holes created by ionizing radiation move parallel to the 
wafer surface when they are being collected. 3D detec-
tors feature therefore very short collection times, which 
should counteract the charge trapping caused by high 
levels of radiation damage. They are now becoming com-
mercially available and offer attractive perspectives for 
applications requiring fast and radiation hard position 
detectors such as X-Ray imaging or the high luminosity 
upgrade of the LHC.
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•	 Monolithic active pixel sensors
Pushed by the digital revolution in light imaging, by the 
consumer electronics requirements and assisted by the 
ever increasing level of microelectronics integration, a 
new class of pixel detectors for single ionizing particle 
detection appeared late in the nineties, driven by the 
team in IReS-LEPSI in Strasbourg. Monolithic active 
pixel sensors in CMOS technology are non-standard 
solid state particle detectors for several key aspects, 
notably signals at the level of 1000 electron-hole pairs. 
Nevertheless, they offer significant advantages in terms 
of cost-efficiency of the production process, granular-
ity, spatial resolution at the micron level and ultra-low 
material budget. The flexibility offered by the range of 
available design and architectures make monolithic 
active pixel sensors an appealing platform for track-
ing systems in experimental apparatus, for bio-medical 
applications and table-top applications and for beam 
monitoring.

The future of these devices is very promising, based on 
3D integration technologies presently used by industry 
for commercial RAMs and cameras. They allow intercon-
necting stacked and thinned micro-circuits with through 
silicon vias (TSV) over their whole surface, with inter-TSV 
distances below 10 microns. This technology allows 
combining in a single device several interconnected inte-
grated circuits (tiers), manufactured in different CMOS 
processes. Each circuit may be fabricated in a process 
optimal for a dedicated functionality (charge sensing, 
analog read-out, digital processing, etc.). Moreover, each 
individual pixel may be connected to a complex read-out 
chain distributed over several tiers. This high potential 
detector technique has emerged only recently but it is 
definitely the most promising approach to cutting edge 
applications of this decade.

•	 Silicon Photomultipliers
Silicon Photo-Multipliers (SiPMs hereafter) consist of an 
array of p-n junctions operated beyond the breakdown 
voltage, in a Geiger-Mueller regime, with typical gain 
of the order of 106 and on-cell integrated quenching 
mechanisms. The technology development is by now 
focused on the spectral response, the control of the 
dark count rate, the optical cross-talk and after-pulse, 
together with the improvement of the photon detection 
efficiency; however devices are by now commercially 
available and naturally bound to replace photo-multiplier 
tubes for most of the high-end applications. 

SiPMs complement the family of existing sensors: with a 
cell density of about 103/mm2, areas up to 3 × 3 mm2 and 
a single output node, they offer the possibility of meas-
uring the intensity of the light field simply by counting 
the number of fired cells and feature a genuine photon 
number resolving capability even at room temperature. 
Moreover, with expected time resolution at the 100 ps 

level, they open up new perspectives in TOF applica-
tions in NP, HEP and medical imaging. Key features of 
the SiPM are affected by temperature, notably the dark 
count rate, the gain and the photon detection efficiency. 
Nevertheless, they do represent the state of the art on 
low light detection. Several applications are being devel-
oped in calorimetry, in dosimetry, environmental science 
and medical imaging, notably for novel PET systems.

Electronics
Electronic circuitry is currently under-going quite funda-
mental changes, which concern micro-circuits as well 
as FPGAs. Particularly remarkable progress on ASICs 
comes from Silicon-on-Insulator (SoI) and Si-Ge technol-
ogies, complemented with very promising perspectives 
with architectures using vertical interconnection tech-
niques. FPGAs, on their side, open new standards for 
tomorrow’s data acquisition systems exploiting their 
high speed serial channels.

Silicon-Germanium (Si-Ge) VLSI technologies are 
used in high-end and consumer electronics for their 
very wide bandwidth, also in the design of mixed-signal 
high-speed devices. Typical applications include cellular 
phones RF circuits and input preamplifiers of digital real-
time oscilloscopes. However, Si-Ge processes also offer 
higher dynamic ranges compared with CMOS devices, 
they have good performance in cryogenics applications 
and are radiation-hard. These features make the Si-Ge 
technology very attractive for designing high-perform-
ance detector read-out.

Different from Si-Ge, the Silicon-on-Insulator CMOS 
processes are in their early stage even in the marketplace 
and few foundries offer limited access only to a restricted 
portfolio of processes. The SOI technologies allow the 
designers to fabricate CMOS circuits on a thin Si layer, 
insulated from the bulk of the wafer. The isolation of the 
electronics makes the SOI processes appealing for the 
design of monolithic active pixel sensors (MAPS) detec-
tors. The processes offer the clear advantage to shield 
the pixels from the embedded electronics, opening the 
path to fully integrated, low power MAPS arrays. Other 
applications of interest are low noise and very low power 
analog read-out electronics.

The real disruption in the design of ASICs will come 
from vertical integration technologies (see section 4.6.2). 
They allow fabricating chips composed of two layers, or 
more, of active electronic components, integrated both 
vertically and horizontally. This achievement results from 
advanced and ultra high precision wafer thinning, high 
aspect ratio (depth/diameter) through silicon vias (TSV) 
fabrication and oxide or metal compression bonding. 
The 3D technology allows for a substantial increase of 
the complexity of the circuitry that can be fitted on a 
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single die by allowing bigger density of transistors per 
unit area, resulting for example in a decrease of access 
time to a cache memory in a computer system. The 3D 
approach also opens up new frontiers for detectors’ and 
imagers’ architectures (see section 4.6.2). 

While still being in its birth stage, there is intense 
activity in this domain, which is perceived as the most 
promising among all possibilities towards future front-
end electronics high performance standards for most 
applications.

Field Programmable Gate Arrays (FPGAs) have been 
introduced on the market in early 80s and since then 
they have changed the design of digital circuitry. Last 
generation FPGAs also offer high speed serial channels 
capable to transfer data streams at rates up to 10 Gbit/s. 
The abundance of logic resources makes it also possible 
to implement in the fabric soft processors, which emulate 
commercial products or offer brilliant, specific computing 
resources for ad hoc applications. Serial I/O and embed-
ded computing will override the architectures based on 
parallel busses and centralized processors, by allowing 
the designers to perform sophisticated analysis in every 
node of the system, even on detector, connected each 
other by means of high speed links on copper or fiber.

Recommendations
Europe has been able to stay on the forefront of research 
in accelerators and detectors and it seems highly prob-
able that this ability may be maintained in the future. 
Anyway it is evident that top level facilities may be built 
only as collaborative efforts between the different States. 
Indeed the presence of different competences in the 
different national institutions permits a wider approach 
to scientific and technological problems.

•	 The proposed idea to create a common R&D platform 
for accelerators, born in the environment of Particle 
Physics, should be endorsed by the Nuclear Physics 
community, extending it also to R&D of detectors.

•	 Research on new materials for superconductors is 
to be continued, especially for high Tc superconduc-
tors for which the properties vary drastically with the 
number of defects.

•	 Reliability of the components is a major concern both 
for next generation accelerators and for detectors.

•	 Versatile ion sources adapted to the production of 
intense beams of highly charged ions are required.

•	 Beam dynamics studies may take advantage of the 
improved computational facilities.

•	 The availability and reliability of low noise and low 
power electronics should be more accessible.

4.6.9 Summary and 
Recommendations

In this report, we have outlined the role of Nuclear Physics 
in a large number of interdisciplinary fields and applica-
tions and shown that this role will still be very important 
in the future. Examples can be found in the domains of 
energy with the revival and likely expansion of nuclear 
energy in the future, the issue of nuclear waste manage-
ment and the perspective of fusion on the longer term; 
nanotechnology, health sciences including the develop-
ment of particle therapy and the necessity of finding 
new ways of producing radiopharmaceutical isotopes, 
space applications for future interplanetary missions, 
and security related applications. Nuclear techniques 
and tools are bringing new opportunities for instance 
in emerging imaging techniques in medical diagnos-
tics and therapy. IBA techniques, including the use of 
higher-energy beams, provide new possibilities in mate-
rial science. Recent sensitivity improvement of the AMS 
technique has, e.g., allowed new progress in nearly all the 
domains of applications especially for cultural heritage 
studies, radiopharmaceutical research, environmental 
and security applications. Underground laboratories 
may be used for measurements requiring very low back-
ground conditions. The field of high-intensity accelerators 
largely benefits from the synergies between studies for 
radioactive beam production, ADS (MYRRHA project), 
IFMIF, radiopharmaceutical isotope production, and ESS. 
Research on plasma-based accelerators could lead to 
the development of much more compact and cheaper 
machines allowing a larger spreading of nuclear analy-
sis techniques and, for instance, of hadrontherapy. As 
regards detector development, progress in gamma ray 
detection, including gamma tracking, in position sensitive 
detector technology and in silicon photomultiplier offers 
new opportunities for various domains of applications.

At present, numerous applications need more accurate 
nuclear data (production cross-sections, characteristic 
of produced particles, nuclear structure data, fission or 
fragmentation of light-ions, etc…) and reaction models 
in order to complement European data libraries and/
or transport or other computer codes. This concerns 
nuclear energy (fission and fusion), particle therapy, 
radioprotection, security and space applications. It 
is therefore necessary to measure the nuclear data 
requested by the end-users, perform more fundamen-
tal studies allowing a deep understanding of reaction 
mechanisms (for instance fission or fragmentation of 
light-ions), and develop reliable nuclear reaction models 
for implementation into transport codes. A substantial 
effort should be put on the evaluation process so that 
measurements can end up rapidly into European data 
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libraries. The relations between fundamental physicists 
and end-users (reactor physicists, medical physicists, 
engineers…) should be reinforced and clarified, for 
instance by establishing networks or organising regu-
lar meetings.

Measurement of nuclear data and research in mate-
rials science often requires targets or samples of high 
isotopic purity, which may be radioactive. Questions 
regarding target sample availability, characterization, 
and, in the case of radioactive isotopes, manipulation 
and transportation, should be given sufficient attention 
and addressed at the European level. Coordination/
networking of target production facilities should be 
strongly encouraged and standardized procedures for 
transportation and handling foreseen.

In view of radioactive isotope targets, concern is 
expressed about the situation of radiochemistry. Due 
to decreasing manpower and funding, the outstand-
ing European expertise and knowledge in this field is 
in danger to be lost. Immediate action may consist in 
establishing a network of centres in which radiochem-
ists are still active to serve needs of the nuclear physics 
community. Long term planning should include new 
Radiochemical Centres of Excellence providing educa-
tion, training, and promotion of radiochemistry.

Many of the small scale facilities as well as installa-
tions at large scale facilities are unique within Europe 
due to the special equipment or application they provide. 
In order to stay at the forefront, the support for these 
application oriented activities should be enforced. 

For public presentations or when arguing with fund-
ing agencies, Nuclear Physics facilities tend to present 
and emphasize the activities related to applications or to 
other domains. However, in many cases, groups working 
in these fields, in particular energy, health or material 
science have difficulties to obtain beam time. Therefore, 
beam time quota should be considered and/or dedicated 
Programme Advisory Committees should be installed.

For future developments and to keep the European 
cutting-edge position it is strongly recommended to 
closer interlink the existing complementary equip-
ment and areas of specialization provided by the many 
facilities. Networking between fundamental physicists 
and end-users (reactor physicists, medical physicists, 
engineers…) should be reinforced. European networks 
of infrastructures (for instance of IBA, and AMS or 
high-energy irradiation facilities) would also be useful 
to facilitate the transfer of technology and training per-
sonnel. Communication with medical doctors, climate 
scientists, environmental scientists, archaeologists, 
curators, and other potential beneficiaries of the nuclear 
techniques should be improved, through non-technical 
publications, outreach activities, and joint meetings.

Most probably, one of the major contributions of 
Nuclear Physics to society is the human capital trained 
in basic Nuclear Physics techniques that is transferred 
to industry (in particular nuclear industry), medical cen-
tres, applied research organizations or governmental 
bodies linked to the different aspects of nuclear appli-
cations (as radioprotection and safety authorities), and 
that guarantees these organizations have the necessary 
expertise.

4.6 Nuclear Physics Tools and Applications
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5.3 Acronyms and Abbreviations

ADS	 accelerator driven system
AGATA	 Advanced GAmma Tracking Array
AGB	 asymptotic giant branch
ALICE	 A Large Ion Collider Experiment
AMS	 accelerator mass spectroscopy
ANC	 asymptotic normalization coefficient
APNC	 atomic parity non-conservation
ASIC	 application specific integrated circuit
ATLAS	 A Toroidal LHC Apparatus
BABAR	 B and B-bar experiment
BBN	 big-bang nucleosynthesis
BNCT	 boron neutron capture therapy
BNL	 Brookhaven National Laboratory
CBM	 Compressed Baryonic Matter
CD	 Coulomb dissociation
CEA	 Commissariat d’Energie Atomique
CEBAF	 Continuous Electron Beam Accelerator  
	 Facility
CERN	 Conseil Européen pour la Recherche  
	 Nucléaire
ChPT	 chiral perturbation theory
CKM	 Cabbibo-Kobayashi-Maskawa
CLAS	 CEBAF large acceptance spectrometer
CMB	 cosmic microwave background
CMS	 Compact Muon Solenoid
CNRS	 Conseil National de la Recherche  
	 Scientifique
COMPASS	 Common Muon Proton Apparatus  
	 for Structure and Spectroscopy
COSY	 COoler SYnchrotron
CT	 computed tomography
CVC	 conserved vector current
CZT	 cadmium zinc telluride
DESY	 Deutsches Elektronensynchrotron
DIS	 deep-inelastic scattering
DVCS	 deeply virtual Compton scattering
DWBA	 distorted wave Born approximation
ECOS	 European Consortium on Stable beams
ECT*	 European Centre for Theoretical studies  
	 in nuclear physics and related areas
EDF	 energy density functional
EDM	 electric dipole moment
EFT	 effective field theory
EIC	 Electron Ion Collider
ELENA	 Extra Low Energy Antiproton Ring
ELI	 Extreme Light Infrastructure
ENC	 Electron Nucleon Collider
ENSAR	 European Nuclear Science  
	 and Applications Research

EoS	 equation of state
ESFRI	 European Strategic Forum for Research  
	 Infrastructures
EURISOL	 European ISOL facility
EWIRA	 East West Integrated Research Activities
EXL	 Exotic nuclei studied with  
	 Electromagnetic and Light hadronic  
	 probes
FAIR	 Facility for Antiproton and Ion Research
FAZIA	 4π A and Z Identification Array
FF	 form factor
FLAIR	 Facility for Low-energy Antiproton  
	 and Ion Research
FMD	 fermionic molecular dynamics
FMT	 fluorescence-mediated tomography
FP6	 EU Framework Programme 6
FP7	 EU Framework Programme 7
FPGA	 field programmable gate arrays
FRM-II	 Forschungsreaktor München II
FRS	 fragment separator
GANIL	 Grand Accélérateur National d’Ions  
	 Lourds
GCR	 galactic cosmic rays
GPD	 generalised parton distributions
GSI	 Gesellschaft für Schwerionenforschung
GT	 Gamow-Teller
GUT	 grand unification theory
HADES	 High Acceptance Di-Electron  
	 Spectrometer
HERA	 Hadron-Elektron-Ring-Anlage
HERMES	 HERA experiment for spin physics
HESR	 high energy storage ring
HIE-ISOLDE	high intensity and energy upgrade  
	 of ISOLDE
HIT	 Heidelberger Ionenstrahl Therapie
HQEFT	 heavy quark effective field theory
IBA	 ion beam analysis
ILL	 Institut von Laue – Langevin
IN2P3	 Institut National de Physique Nucléaire  
	 et de Physique des Particules
INFN	 Istituto Nazionale di Fisica Nucleare
IPN	 Institut de Physique Nucléaire
ISOL	 isotope separation on-line
ISOLDE	 ion separator on-line at CERN
ISS	 International Space Station
IUPAP	 International Union of Pure  
	 and Applied Physics
JINR	 Joint Institute for Nuclear Research
JLab	 Thomas Jefferson National Accelerator  
	 Facility
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JRA	 joint research activity
JYFL	 Univertiy of Jyväskylä
KVI	 Kernfysisch Versneller Instituut
LCB	 laser Compton backscattering
LEAR	 Low Energy Antiproton Ring
LEO	 low earth orbit
LET	 linear energy transfer
LHC	 Large Hadron Collider
LHeC	 Large Hadron electron Collider
LNGS	 Laboratory Nazionali di Gran Sasso
LNL	 Laboratori Nazionali di Legnaro
LNS	 Laboratori Nazionali del Sud
LNT	 linear-no-threshold
LQCD	 lattice QCD
LUNA	 Laboratory Underground for Nuclear  
	 Astrophysics
MAMI	 Mainz Mikrotron
MAPS	 monolithic active pixel sensors
MC	 Monte Carlo
MPGD	 micro-pattern gas detectors
MRI	 magnetic resonance imaging
NA49	 North Area, CERN, Experiment 49
NCSM	 no-core shell model
NIF	 National Ignition Facility
NIST	 National Institute of Standards  
	 and Technology
NuSTAR	 Nuclear Structure, Astrophysics  
	 and Reactions
PANDA	 antiProton ANnihilation at DArmstadt
PARIS	 Photon Array for studies with 	  
	 Radioactive Ion and Stable beams
PAX	 Polarized Antiproton eXperiments
PET	 positron emission tomography
PHELIX	 Petawatt High Energy Laser for heavy  
	 Ion eXperiments
PSI	 Paul-Scherrer-Institut
PVeS	 parity-violating electron scattering
QCD	 quantum chromodynamics
QED	 quantum electrodynamics
R3B	 Reactions with Relativistic Radioactive  
	 Beams
RBE	 relative biological effectiveness
RHIC	 Relativistic Heavy Ion Collider
RPA	 random phase approximation
SEE	 single event effect
SEU	 single event upset
SHE	 superheavy elements
SLAC	 Stanford Linear Accelerator
SM	 standard model or shell model

SMMC	 shell-model Monte Carlo
SN	 supernova
SNM	 special nuclear material
SPE	 solar particle events
SPECT	 single-photon emission computerized  
	 tomography
SPES	 Selective Production of Exotic Species
SPIRAL	 Système de Production d’Ions  
	 Radioactifs Accélérés en Ligne
SUSY	 supersymmetry
TASCA	 TransActinide Separator and Chemistry  
	 Apparatus
THM	 Trojan horse method
TMD	 transverse momentum dependent  
	 distribution function
TNA	 transnational access
TOF	 time of flight
WD	 white dwarf
WEP	 weak-equivalence principle
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