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Note: details in the RL presentations; when considering dates, please remember the joke about the Austrian train timetables.



NuPECC LRP 2017:
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● FAIR 
development is a 
top priority, start ~ 
2025.

● Strong emphasis 
in applications.

● Support 
GANIL-SPIRAL2 
and CERN HIE-
ISOLDE 
(~2021).

● Support to HL-LHC for ions.



APECC LRP 2017:
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● High-energy gamma rays: HESS and MAGIC, 
Fermi, CTA ~ 2023.
● High-energy neutrinos: KM2NeT (~2020), 
IceCube-Gen2.
● High-energy cosmic rays: AugerPrime (~2019).
● Gravitational waves: Einstein Telescope, 
LISA.

● Dark matter: large volume 
detectors DARWIN
 and ARGO.
● Neutrino mass and nature: direct 
and neutrinoless double-beta (NEXT), 
roadmap to be defined for 2020.
● Neutrino mixing and mass hierarchy: DUNE, 
HyperKamiokande, JUNO, ~2025.
● CMB: both satellite (Core) and ground-based developments.
● Dark energy: satellites like Euclid, ground-based 
installations in US.



Particle Physics:
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● Last European LRP in 2012 (next under discussion, 
to come in 2020): hadron-hadron → HL-LHC, lepton-lepton → 
ILC waiting for Japan, neutrinos → DUNE.

● Since then:
➜ HL-LHC approved (2017), to start ~ 2025;
➜ DUNE approved;
➜ Chinese proposal for CepC/SppC;
➜ US EIC in the 2015 DOE LRP, EU proposals for ep/eA (LHeC);
➜ FCC/HE-LHC proposal launched in 2014, 30-100 TeV pp 
collisions.
➜ Non conclusive BSM evidence from the LHC which, 
together with the economic/political situation, put 
things in standby.
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Xe-Xe

HL-LHC for ions

HL-LHC for p
…
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Note: research lines are not isolated, everything mixed,…
RL1: BSM with LHCb
RL2: Hot and dense QCD
RL3: String theory

RL4. Extremely energetic cosmic rays and neutrinos
RL5. Dark Matter and the nature of neutrinos
SA3 – NUCLEAR PHYSICS FROM THE LAB TO IMPROVE PEOPLE’S HEALTH

  To start the discussion:
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 …

RL1
LHCb: upgrade 1

LHCb: upgrade 2

RL2
RHIC-II, HL-LHC for ions

ep/eA colliders

RL3 Applications to hot and dense QCD, thermalisation, condensed matter, cosmology

RL4 Auger to AugerPrime

RL5
NEXT, RD51

NEXT-nT?; RD51 for directional DM?; DUNE?

SA3

GSI, GANIL, 
ISOLDE

FAIR (R3B, something else?), SPIRAL2, HIE-ISOLDE

LaserPet as an isotope factor proof-of-concept, plasma acceleration, laser facility

TH Our missing items: BSM, cosmology, new perturbative techniques, NP,…

EXP Another LHC experiment?; ILC?; GW experiments?; CTA?; Multimessenger?; Neutrino?; SKA?; …?
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25/10/2017 Abraham Gallas CPAN2017 2

The LS2 Upgrade and beyond: Timeline

Fully Approved
Funding Secured 
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Future plans: Astroparticle Physics IGFAE group

1

Auger has significantly advanced our understanding of Ultra-High Energy Cosmic Rays:
ü Dipole anisotropy observed by the first time
ü Muon excess observed not explained by hadronic models
ü Insights about composition at the highest energies
ü Very accurate spectrum measured including the flux suppression at the highest

energies
ü Proton-air cross section measured at the highest energies ever
ü Best neutrino limits …

With strong scientific contribution of IGFAE-Astro group

But key questions stay to be answered:  origin of flux suppression at highest energies, pin-

down sources, UHE proton astronomy, hadronic physics, UHE n´s
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q Continue participation in the Pierre Auger Observatory
q Exploit AugerPrime data to further address these open questions

§ construction ends in 2019, data taking 2018 - 2025

Future in the short – mid term
• clcont

Answers to these questions will determine the prospects of the future UHECR & UHEn
detectors: Cannot foresee how the field of UHECR & UHEn physics will evolve in the
forthcoming years

Future in the short – mid term
• clcont

q Exploit expertise of IGFAE-Astro group on radio detection of UHE particles: data to
further address these open questions:

§ Many experimental initiatives in the planning stage
§ First scientific contributions from IGFAE-Astro to some of them: SKA, GRAND

q New opportunities are emerging in the field of Astroparticle Physics:
§ Multi-messenger Astronomy (gamma rays, neutrinos…)
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Conclusions and perspectives 

José Benlliure

ü R3B@FAIR offers unique opportunities to investigate neutron star matter and binary neutron star 
mergers nucleosynthesis.

üGENP/IGFAE has a large impact in the experiment: spokesperson (D. Cortina), simulation and data 
analysis WG convener (H. Alvarez), leading physics runs (J. Benlliure) 

Physics interests: structure of nuclei far from stability, fission, Eos of asymmetric nuclear matter….
Hardware contribution: CALIFA (25%), future TPC under consideration

IGFAE retreat, December 2017

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
CALIFA

R3B TPC
(p,2p) fission experiment

D in-medium experiment
Short-range correlations experiment

ü Green fields non or poorly covered by NP@IGFAE:
Hypernuclei and Eos of asymmetric dense nuclear matter.
R3B, Panda, CBM @ FAIR, ALICE@CERN
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Laser Laboratory for Accelerator and 
Aplicactions (L2A2)

Today L2A2 is an important research infrastructre, fully opperational
@ USC (Designed and built in a record time and with very limited
resources)

The laser-plama acceleration system is a young and interesting
research field that requires input from well established disciplines as 
it is Nuclear Physics

The firts milestone on the beam production is achieved
àelectron acceleration à laser-driven x-ray source (see
Lucia´s talk)  

We are ready to initiate the production of first proton and light 
ion beams à step 0 for the completion of the LaserPET
experiment

We have established national /international networking and 
defined a medium/long term research program

L2A2 allows to keep in-house the knowledge on many technologies and 
expertise required in larger research infrastructures à educational
purpose

2012
CDR

2013-14
TDR

2015
Construction

2016-2017
Experiments
design and 

implementation

2018 …
Commisionning


