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Why Hypernuclear Physics?

Hyperons as Probes for Nuclear Structure

Nuclear matter - Baryonic Matter

Limits of Stability: Isospin = Strangeness {}

Flavor Structure of Nuclear Interactions } L

Neutron Star Physics



...Completing Nuclear Physics:
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Agenda

SU(3) approach to nucleon and hyperon interactions
Hypermatter and hypernuclei

Hyperons in neutron stars

Hypernuclear production at the FRS and Super-FRS

Summary and Outlook

...see H. Lenske et al., Prog.Part.Nucl.Phys 98 (2018) 119-206;
H. Lenske, M. Dhar, Lect.Notes 948 (2018) 161-253



Interactions in the SU(3) Baryon Octet
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SU(3) Representation of Interactions

Baryon Matrix:

/%Jrjg S+ )

¢,= pseudoscalar (r,n,K), vector (w,p,K*), scalar (c,5,x) Mesons

— 6 independent coupling constants:

3 of g, and 3 of o, type

Example: BBt couplings — g,=8ps
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Bethe-Salpeter Equation and Brueckner G-Matrix
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,Standard Form“ of BB’ Interactions: Non-relativistic Reduction

~U,fuf 1Ry.a,...)

eo
cc
- 3

-10

...the message from data:

| /
U (0) =30, U=(0=C10)?, UE(0)2(20? [MeV]
attraction attraction repulsion
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Hypermatter and Hypernuclei
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DBHF Results for npA Matter
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New Minimum at 10% A-content:

Sg~-18 MeV at p ~0.21 fm3

Prog.Part.Nucl.Phys. 98 (2018) 119
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Application to (t*,K*) KEK-Data: Giessen Resonance Model plus DFT
(KEK Data: Hotchi et al.)

A-States in 8%Y:

B r
Al

lsym | -22.04 + 0.64 MeV
Ipasa | -17.02 £ 0.07 MeV
lpipa | -16.68 £ 0.07 MeV
ldss | -10.26 + 0.07 MeV
ldagm | -0.71 £ 0.07 MeV
1fepa | -3.04 £ 0.11 MeV

1fsj | -2.26 + 0.11 MeV

G,. . [ub/sr 0.25 MeV]

A-States in ®1V:

Z
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? 1-‘:-1..-2 198 £ 1.4 MeV

_% 1}.'3..-'3 118 + 1.3 MeV

_nI 1}.'];-'3 2114 4+ 1.3 MeV

b“,'. 1:’f5__-'g ST £ 1.2 MeV
1{(3__-'2 19+ 1.2 MeV

E, MeV

S. Bender, R. Shyam, HL, Nucl. Phys. A 839:51 (2010)
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Giessen DBHF ESCO8+MPP
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No-Core Shell Model Results for Chiral Interactions
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R. Wirth, R. Roth, Phys. Rev. Lett. 117 (2016) 182501
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...recent reviews on hypernuclear physics:

e Strangeness in nuclear physics, A. Gal, E. V. Hungerford, and
D. J. Millener, Rev. Mod. Phys. 88 (2016) 035004

* Recent Progress in Strangeness and Charm Hadronic and
Nuclear Physics, Special issue Nucl. Phys. A 954, eds. A. Gal
and J. Pochodzalla

 HYP2018: 13th International Conference on Hypernuclear
and Strange Particle Physics (Norfolk VA./USA, July 2018)

e Topical issue on exotic matter in neutron stars, Eur. Phys. J.
A 52 (2016), eds. D. Blaschke, J. Schaffner-Bielich, and H.-J.
Schulze



Hyperons in Neutron Stars

H. Lenske, NUSTAR 2018
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J. Lattimer
Annu. Rev. Nucl.
Part. Sci. 62, 485

(2012)

Observed Neutron Star Mass Distribution
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Neutron Star Mass-Radius Relation
Nijmegen ESCO08
TBA and TBR YNN & YNNN from MultiPomeron (MP) Exchange
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Y. Yamamoto, T. Furumoto, N. Yasutake, Th.A. Rijken, Phys.Rev. C90 (2014) 04580,
arxiv:1406.4332
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Hypernuclear Production
at
FRS and SUPER-FRS



Fragmentation Scenario
(T >1AGeV)

projectile nucleus spectator projectile

—~ A
Hot dense region

- -\

target nucleus

- Transport Theory plus Statistical Multi-Fragmentation Model <
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Production of Light Hypernuclei in 12C+12C@2AGeV
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Th. Gaitanos, HL, Phys. Lett. B 675, 297 (2009), NPA (2012), NPA (2016)...



Decay Spectroscopy
...see Prog.Part.Nucl.Phys. 98:119 (2018)

b it

Central Detector Forward Detector

WASA@COSY = WASA@FAIR
—> Contribution by T. Saito

H. Lenske, NUSTAR 2018
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Summary and Outlook

Nucleon and hyperon interactions

A single particle states in medium and heavy mass hypernuclei
Hyperons in neutron stars

Hypernuclei by fragmentation reactions

Decay spectroscopy: WASA@SUPER-FRS

N* resonances in nuclear matter

The NNA problem

...further reading:
H. Lenske, M. Dhar, Th. Gaitanos, Xu Cao, Prog.Part.Nucl.Phys. 98:119 (2018)
H. Lenske, M. Dhar, Lect.Notes .Phys. 948:161 (2018)
...and special credits to
A. Larionov, R. Shyam, and I. Vidana

(supported by DFG, BMBF, GSI, and HIC for FAIR)
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