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Challenge
What is the nature of neutron stars and dense
nucleonic matter ? What is the nuclear pressure at 
twice saturation density ?

Precision frontier
Improving the posterior on low-order Nuclear Matter 
Parameters with experimental constraints around 
saturation density will allow for safer extrapolation

 → Better sensitivity using Radioactive Ion Beams
 → Potential FRIB-GANIL joint program (~5 years)

Density frontier
Experimental constraints at densities around 2ρ0 
would be game changer for neutron star predictions

 → Higher energy RIBs to explore higher densities
 → Opportunities at FRIB400 and RAON (>5 years)
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INDRA-FAZIA experiment @ GANIL
Isospin transport ratio computed from quasi-projectile N/Z 
using 4 reactions (58,64Ni + 58,64Ni @ 32 MeV/nuc.) 

 → Excellent isotopic resolution at forward angles (FAZIA)
 → Impact parameter infered from P(b|M) deduced from P(M) 
 → All 4 reactions measured in the same conditions

Using RIBs
Improve the sensitivity by increasing the isospin difference 
between projectile and target : radioactive beams

 → Measuring 70Ni + 58Ni (or 52Ni + 64Ni) doubles the sensitivity ! 
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INDRA-FAZIA@GANIL
FAZIA-FROG@FRIB

FRIB
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GANIL-FRIB joint program
Clear opportunity to improve the posterior on low-
order Nuclear Matter Parameters with experimental 
constraints around saturation density taking 
advantage of the complementarity of GANIL and 
FRIB !

GANIL
Exclusive measurements of reference systems using 
the INDRA-FAZIA detector

FRIB
Quantification of the equilibration ratio with 
radioactive beam on stable target with a simplified 
setup : 4 FAZIA blocks + FROG



  

FAZIA LoI
 → Isospin transport with RIBs (FRIB-GANIL)
 → Matter radius of exotic and mirror nuclei (FRIB)
 → Dynamic Dipole Resonances (PARIS-VAMOS@GANIL ?)
 → Multi-particle invariant mass spectroscopy (GANIL-FRIB)

mailto:PARIS-VAMOS@GANIL
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Density frontier

 → Opportunities at FRIB, FRIB400 and RAON (>5 years)



  

Future opportunities
Constraints at densities around 2ρ0 would be 
game changer for neutron star predictions
Requires high energy RIBs (200-400 MeV/nuc.), 
new observables and new detection systems

Observables
n/p spectrum ratios and flows (e23058)
Charged pions spectrum ratios and flows
Clusters...

Detection in FRIB and FRIB400
Solenoidal TPC (SOLARIS-like) ?
SPiRIT-like TPC in HRS magnet ?

 → Clear opportunity to contribute !

Detection in RAON
LAMPS TPC already built but no beam soon

 → Discussions to send LAMPS to FRIB
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Pressure
P(ρ) M, R, Λ...

eiv(ρ)

eis(ρ)

Composition
δ(ρ) dUrca...

ab-initio

NSD / HIC
N = Z

NSD / HIC
N ≠ Z


