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Neutron Star Challenges: Mass and Radius
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Constraint from
observation of
2M⊙ NS

GW170817

Simultaneous 
measurements 
of mass and radius
needed → NICER

But: some
information via 
GW-signal
from NS-merger



Neutron Star Challenges: Hyperon Puzzle
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Hyperons should appear
as density increases
→ EOS softens
→ Cannot reach 2M⊙ NS

What EOS are possible?
• 3-body forces between Ys
• Stiffer YN and YY interactions, repulsion
• Move onset of Y appearance, phase transition to deconfined matter

Information on YY and YN interaction needed
• Experiment: hypernuclei, correlations, scattering data
• Theory: chiral effective theory, Nijmegen ESC16 model, NPLQCD



Equation-Of-State
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Laura Tolós

FSU2R: Good agreement with heavy-ion data
Description of nuclear properties at saturation densities 
(energies, charge radii, symm. energy, 208Pb skin thickness)

FSU2H: Hyperons included, parameters (ζ and Λw) adjusted

Both EOS can satisfy M > 2M⊙ and R ≼ 13 km



Equation-Of-State
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Nucleon pairing helps further

Laura Tolós



Hyperon Puzzle: NNΛ-Force
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Isaac Vidaña



Hyperon Puzzle: NNΛ-Force
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Isaac Vidaña

Improves description of hypernuclei
(91

ΛZr and 209
ΛPb)

Repulsion due to NNΛ force
• Shifts onset of Λ to higher baryon density
• Reduction of amount of Λ at large nB

Compatible with 2M⊙

Caveat: other 
hyperons ignored 

Isaac Vidaña



YN-Interaction in Chiral Effective Field Theory 
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Johann Haidenbauer

Contributions from 
three-body forces 
missing!



YN-Interaction in Chiral Effective Field Theory 
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Results for Λ-separation-energies (dependence on cutoff-energy)

Johann Haidenbauer



NPLQCD Calculations
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Assumpta Parreño

Connection to fundamental theory (QCD)

Extrapolation to physical situation quite involved



NPLQCD Calculations
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Assumpta Parreño

Work in progress!

Extrapolation to physical
pion mass being refined
→ Results will still change



Baryon-Baryon-Correlations with ESC16*
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Thomas Rijken



Baryon-Baryon-Correlations with ESC16*
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Thomas Rijken

Laura Fabietti (Tue.)



K− p Correlations
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Yuki Kamiya



K− p Correlations
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Yuki Kamiya

→ Good agreement with ALICE data



Spectroscopy of Hypernuclei 
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JLAB

Decay-pion spectroscopy at MAMI

Sho Nagao

BΛ of 4ΛH



Search for Bound nnΛ-State
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Sho Nagao

Evidence from HypHI experiment
Theory: unbound or resonance

New experiment at CEBAF



Search for Bound nnΛ-State
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Sho Nagao

Evidence from HypHI experiment
Theory: unbound or resonance

New experiment at CEBAF

STAY TUNED!



Hypernuclei with Ion Beams: HypHI

Christoph Blume                                                          EMMI-Workshop Wrocław, Dec. 2019 18

Christophe Rappold

6Li + 12C at 2A GeV

But: latest ALICE result 
very close to free Λ lifetime



Hypernuclei with Ion Beams: Future Projects
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Christophe Rappold

3
Λn ⟶ t + π −

⟶ d + n + π −



Physics with Hyperons at PANDA
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Josef Pochodzalla



Antihyperons in Nuclei at PANDA
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Motivation: create dense, cold nuclear matter 
by implanting an anti-baryon

Curiosity
• Antiprotons in (cold) nuclei reasonably well known

BUT: Nothing is known about antihyperons in nuclei
• (Only) PANDA can do it
• Simple experiment
Antibaryon production important probe for RHIC
• Transport models important tool
• Antibaryons are usually treated superficially
Probe of short-range multi-body interaction
• Complements baryon-antibaryon FSI studies
• Baryonic environment (no pions)
• Possibly neutron rich 
ØThe high production rate at PANDA makes this 

measurement an ideal topic for  day-one of PANDA

ØExtension to other YY pairs possible Josef Pochodzalla
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Enjoy the dinner!


