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2M⊙ Neutron Stars: Hyperon Puzzle 

P. B. Demorestet al., Nature 467 (2010) 
John Antoniadis et al., Science 340 (2013) 

M(PSR J1614-2230)  =1.97 ± 0.04 M⊙  
M(PSR J0348+0432)=2.01 ± 0.04 M⊙  

 
Stone, Guichon and Thomas: 
 
”Rather than being a surprise to find hyperons it would 
stretch our understanding of fundamental strong and weak 
interaction processes to breaking point if they were not to 
appear. It is certainly inconceivable that a nucleon-only EoS 
could be realistic at such large densities.”  

⇒ Need a precise understand N-N, Y-N, Y-Y, Y-N-N, Y-Y-N…  
 interactions at large densities!  

Vorführender
Präsentationsnotizen
PSR J1614−2230, which
show a strong Shapiro delay signature. The implied pulsar mass
of 1.97±0.04M⊙

Companion: white dwaft



Nuclei with (Anti)hyperons 
G-parity relates NN with NN 
interaction (Dürr & Teller 1956) 
 

Coupling of baryons or antibaryons 
in nuclei could be related 
 

But: G-parity is broken for nucleons 
(V~-150MeV) 
 

To what extent is G-parity broken 
with strange quarks ? 
 

Antibaryons in nuclei are a novel 
probe for short range interactions 
of strange baryons in nuclei 
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Vorführender
Präsentationsnotizen
fully self-consistent dynamical treatment of antihyperons in nuclei




THE PANDA EXPERIMENT                     
in a NUTSHELL 



HESR with PANDA and Electron Cooler 
 

High resolution mode 
e- cooling 1.5 ≤ p ≤ 8.9 GeV/c 
1010 antiprotons stored 
Luminosity up to 2·1031 cm-2s-1  
Δp/p ≤ 4·10-5 

 

Circumference 575 m 
Momentum 1.5 – 15 GeV/c 

Electron Cooling up to 9 GeV/c 
Stochastic Cool. Full range 
Thick Target 4·1015 cm-2 

Beam life time >30 min 

High luminosity mode 
Stochastic cooling p ≥ 3.8 GeV/c 
1011 antiprotons stored 
Luminosity up to 2·1032 cm-2s-1  
Δp/p ≤ 2·10-4 

 
 
 
 
 
 
 
 
 
 
 
 
 



The PANDA detector 

Official timeline  
2013-2017: (partial) pre-assembling at COSY, Jülich 
≥2018: first beam expected at FAIR 

Antiproton 
beam 
 

Interaction 
point 
 

Clusterjet or pellet 
target point 
 

Micro vertex 
detector 
 

Straw Tube 
tracker 
 

GEM 
detectors 
 

Forward 
tracking 
 

Luminosity 
monitor 
 

PID detectors  
TOF 
DIRC 
Muon 
Forward RICH 

PWO Caolorimter 
Forward    
Shaslyk EMC 



PANDA – a Factory for strange and charmed YY-Pairs 

 

Ξ+ Ξ− 
_ 

 (Kaidalov & Volkovitsky)  

quark-gluon string model 



Many Roads to Double Hypernuclei 
Ground state masses 

Hybrid-emulsion technique  
J-PARC  
 
 
 
 

 
Excited particle stable state spectroscopy 

γ-spectroscopy 
PANDA@FAIR 
 
 
 
 

Excited unstable resonances,                                                          
exotic hypernuclei, lifetime 

Invariant mass; hypernuclei-Λ correlations 
CBM and Super-FRS @ FAIR 
STAR, ALICE 
 

Ξ- capture:  
Ξ- p → ΛΛ + 28 MeV 
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γ 
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Succesive 
pionic decay  



reaching for the unthinkable 
 

ANTIHYPRONS IN NUCLEI  
AT PANDA 

Vorführender
Präsentationsnotizen
Goal: trigger a fully selfconsistent dynamical treatment of antihyperons in nuclei



 Potential (in Neutron Matter)   
exclusive p+p(A)  Y+Y close to threshold within a nucleus 
Λ and  that leave  the nucleus will have different asymptotic 
momenta depending on the respective potential 
 
 
 
 
 
 
 
 
 

 
⇒ transverse momentum                                                                   
close to threshold of                                                                                
coincident YY  pairs 

J.P., PLB 669 (2008) 306 
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GiBUU Simulations 
GiBUU 

G-parity used to estimate anti-baryon potentials except for N 
Approximately 15k exclusive Λ pairs in each set  

    corresponds to < 10 min PANDA incl. efficiency 
 
 
 
 
 
 
 
 
 
 
 
Aim of the present work 

Explore sensitivity of αT to a scaling of the real Y potential 
Proof the feasibility of a measurement at PANDA   
Trigger a fully self-consistent dynamical treatment of antihyperons in nuclei 

 
 

20p+ Ne +X→ ΛΛ

Energy  
(MeV) 

Momentum 
(MeV/c)  

Excess  
energy 
(MeV) 
 

850 1522 30.6 

1000 1696 92.0 

Vorführender
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GIBUUPhys. Rev. C 85, 024614 (2012)

HIMSTER

2600 cores
100GB RAM

The Helmholtz Institute Mainz (HIM) is running a big cluster dedicated for experiment simulation - the HIMster. The HIMster consists of 130 compute nodes each having 2 AMD 8-core processors (Magny Cours series) running at a clock frequency of 2.3 GHz. All nodes are equipped with 3 1-Gbit Nics and a QDR Infiniband-HCA (Mellanox Connect-X). Currently we are running the system in diskless mode, where:

    the first 14 Nodes have 64 GByte RAM ⇒ 4 GByte / core
    and the remaining nodes have 32 GByte RAM ⇒ 2 GByte / core

The central storage amounts to roughly 130 TByte net capacity, with FhGFS as the underlying parallel file system. The peak read/write performance is roughly 1.4 GByte/s. The storage is built up of 2 file servers, where each server is connected to

    2 Promise VTrak Subsystems via Fibre-Channel ⇒ total of 40 2 TByte disks
    4 Promise JBODs via SAS ⇒ total of 80 2 TByte disks

Currently the volumes are grouped in 4 RAID6 arrays.




Rescattering effects 
Typical 15000 Λ pairs produced 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Coplanarity distorted ⇒ strong refractive and/or rescattering effects 

1000MeV p+20Ne      Λ−  



Scan of  Potential 
U()= -449MeV, -225MeV, -112MeV, 0MeV 
All other potentials unchanged  

E(p)=1000MeV 
Λ−  
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Scan of  Potential 
U()= -449MeV, -225MeV, -112MeV, 0MeV 
All other potentials unchanged  

E(p)=850MeV 
Λ−  
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Other |s|=1 channels @ 1000MeV 
p+p→+Λ         p+p→+Λ      
p+n→+Σ-      p+n→+Λ  
all antihyperon potentials scaled by same factor 
 

E(p)=1000MeV 
Σ-−  

Vorführender
Präsentationsnotizen
Central heavy ion collisions are the usual tool to probe high densities
But…
Central collisions  hot hadronic finite matter with mesons and baryons
Neutron stars  Cold neutral baryonic infinite matter  





ANTIHYPERON-HYPERON 
PRODUCTION IN  

THE PANDA EXPERIMENT 



Antihyperon-Hyperon Pairs in PANDA 
2018 first beam in PANDA expected   →   commissioning phase 
We are right now exploring different scenarios 

Different detector availability 
Different solenoid fields (1T, 0.5T,…) 

    and other important aspects like  
Luminosity 
Length of typical running period 
 

Typical (preliminary) Λ pair efficiency ≈ 3-5%  (better at higher 
momenta) 
+Λ 

natNe target, H for calibration 
only charged particle detection      easy 
Assume average interactions rate 105s-1   i.e.  ~1% of default luminosity 
Moderate data taking period   ~ 30 days 

 ⇒ 2.6·1011 detected interactions 
pair reconstruction efficiency 4%    

 ⇒ 0.5M events detected +Λ pairs    
40 × present GiBUU simulations 

 
 



Further Options 
+Σ- 

Ideal probe for interactions in the neutron skin 
20Ne; 22Ne, H for calibration; later: 86Kr (36 Protons, 50 Neutrons) 
Σ- tracking, Σ-→nπ- 
similar production rate (at least in light nuclei) 
 

Further options: 
Any other pair: Σ-, Ξ-, Λcc 

long lived resonances in nuclei 
 Λ(1520) (Γ= 15.6 MeV)  
 Ξ(1530) (Γ=9.9 MeV) 
 Λc(2880) (Γ=5.8MeV) 
 

 
 
 
 

Unique change to study charmed baryons in nuclear systems 
 
 
 
 
 
 
 

123GeV/c p+ C  → ΞΞ



Beyond PANDA: YN, YN scattering 

p+p→ Y+Y provides momentum tagged low momentum, polarized  
hyperon or antihyperon beams 

scattering experiment with low momentum (anti)hyperons possible 

Optimal: Low momentum asymmetric  p-p collider HESR + 
 

 

  

Ξ + Ξ

2.7 

3.1GeV/c 

2.9 

2.8 

3.0 

Vorführender
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Presented to FAIR Scientific Council
And the TAG Theory Advisory Group

Not by missing mass stopped antihyperons

Antiproton – proton collider



Stored antiproton beams at FAIR offer 
several unique opportunities to study the 
interactions of hyperons and antihyperons 
in nuclear systems 
 
PANDA is a unique factory for strange and 
charmed  YY pairs 
 
The -Λ production is an ideal experiment 
for the commissioning phase of PANDA 

Vorführender
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HIM  JSPS
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