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2017 August 17  12:41:04 UTC

 GW170817 detected by
LIGO and Virgo

 First multi-messenger
observations of a binary
neutron star merger

 Constraints in radius, …

 With improved sensitivity
to post-merger spectrum
 EOS

A. Kentaro Takami, Luciano Rezzolla, and Luca Baiotti
Phys. Rev. Lett. 113, 091104
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But: 

the appearance of hyperons 

 relieve of  Fermi pressure

 softer equation of state 

 reduction of maximal mass
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Hyperon Puzzle

P. B. Demorest et al., Nature 467 (2010)
update: E. Fonseca et al., ApJ 832, 167 (2016)
J. Antoniadis et al., Science 340 (2013)
E.D. Barr et al., MNRAS 465, 1711–1719 (2017)

M(PSR J1614-2230) =1.928 ± 0.017 M⊙

M(PSR J0348+0432)=2.01 ± 0.04 M⊙

M(PSR J1946+3417)=1.828 ± 0.022 M⊙



Possible Solutions to the Puzzle

YN and YY Interaction

 YY vector meson
repulsion: f meson
coupled only to
hyperons; yielding
strong repulson at high 

 Chiral forces: YN from
cEFT predicts L s.p. 
potential more repulsive 
than from meson
exchange

cEFT

meson
exchange

J. Haidenbauer, U.-G. Meißner, 
N. Kaiser, W. Weise  DOI: 
10.1140/epja/i2017-12316-4

Hyperonic Three-
body force

 Natural solution based
on the known
importance of 3NN 
forces in nuclear
physics

Quark Matter

 Phase transition to
deconfined QM at 
densities lower than
hyperon appearence

 That requires QM which

 (i)  is significantly
repulsive

 (ii)  attractive enough
to avoid reconfinementY. Yamamoto, T. Furumoto, N. 

Yasutake, Th. A Rijken,
Phys. Rev. C 90, 045805 (2014)

• no hyperon mixing
• no 3 baryon repulsion

• hyperon mixing
• 3 Baryon repulsion in NNN and NNY

• hyperon mixing
• 3 baryon repulsion in NNN 

• no hyperon mixing
• 3 Baryon repulsion

inspired by 
I. Vidana
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Topic 1: The Hypertriton Puzzle

p

n

L3
LH

Do we understand the simplest Hypernucleus?

BL=130keV



The 3ΛH Puzzle: Part 1 - L Binding Energy

K.Riisager,D.V.FedorovandA.S.Jensen, 
Europhys. Lett 49, 547 (2000)


3

LH is most fascinating halo nucleus

 Binding energy 130keV    Characteristic length of two-body s-wave 
halo system small

3
ΛH2 2 / (4 ) 10fmr B  



The 3ΛH Puzzle: Part 2 - Lifetime

ALICE, preliminary  
237+33

-36(stat.)17(syst.)ps

small binding energy    ? small lifetime    

STAR arXiv:1710.00436v1  [nucl-ex]  1st Oct 2017 



Approaching the 3
ΛH Puzzle

small binding energy    ? small lifetime    

 New precision mass 
measurement at MAMI in 
2019
 Make use of excellent beam 

quality at MAMI

 Precision absolute energy
calibration interference of
undulator radiation

 new lifetime measurements
 2019: ELPH (g,K+)

 2019: WASA @ GSI/FAIR

 2018: ALICE - end Run2: 2x 
statistics

 2023: ALICE – end run 3: 200x 
stat.

 202x: J-PARC (-,K0)

ALICE
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Topic 2: The nnL Puzzle
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Does this “Femto Neutron Star” really exist?



The nnL Puzzle

 Such a state has been suggested
by the HypHI collaboration

 weak decay nnL-3H                 
 bound state

 Statistical Decay Model 6LHe* at 
Ex=40MeV
• L  30.7%   nnL 17.3%

• 3
LH 13.9% 4

LH   29.2%

• 4
LHe   3.9%   5LHe  4.8%

 but: all modern state of the art
ab initio theories do not allow a 
bound nnL state

 Do we really understand the L

neutron interaction?

 N-N scattering: 4000 data

 Y-p scattering:   100 data

 Y-n scattering:       0 data

C. Rappold et al., Phys. Rev. C 88 , 041001(R) (2013)

Iraj R. Afnan and Benjamin F. Gibson
Phys. Rev. C 92, 054608

>25% 
bound

5% real
resonance

5% sub-
threshold
resonance



Approaching the nnL

 2019: FRS+WASA for S447


6Li+12C

 for d+ 2 better mass resolution 

 8 times better S/BG ratio

 lifetime

 2018: J-Lab E12-17-003     


3H(e,e‘K+)(nnL)

 missing mass experiment

 will measure mass and width

The existence of this „femto-neutron star“ would require to re-think
our understanding of three-body interactions



Topic 4: Double Hypernuclei
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H. Takahashi et al., PRL 87, 212502-1 (2001)
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DIE WELT 4. September 2001



The E906: 9Be(K-,K+--)
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E906

 9·1011 K- on Be target

 1.1·105 trigger 114 MeV/c 133 MeV/c

114 MeV/c

consistent with
single L

hypernuclei

momentum of the pion
with lower momentum
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 

LL
   9 10 * Stopping & Fusion:  Be Li
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Can nnLL solve the puzzle?

A. Gal, HYP2003



Are nLL and nnLL bound ?

 LLn possibly bound 

 nnLL may be bound (particularly if nnL is bound)

 S=0, I=1, L=0

 No Pauli blocking

 Groundstate: JP=0+

 calculation still rather schematic

 If nLL and nnLL are bound, they might help to understand the
E906 puzzle 

J.-M. Richard, Q. Wang, and Q. Zhao, Phys. Rev. C 91, 014003 (2015) 



Strangeness Nuclear Physics

strangeness in nuclei
• YnNm interaction are important
• precision studies are needed
• after 60 still many puzzles

many things could not be mentioned
• charge symmetry breaking
• hyperon mixing 
• hyper atoms
• …
• mini p p collider at FAIR++ ?

WASA@GSI/FAIR will address two 
important topics
• existence of nnL

• lifetime of hypertriton



Networking Activity @ HORIZON 2020

THEIA
The role of strange Hadrons for the 

Equation-of-state 
In compact Astronomical bodies

Josef Pochodzalla

JGU Mainz & Helmholtz-Institut Mainz



Thank you
for your attention


