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Motivation 
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H. Tamura. Prog. Theor. Exp. Phys. 2012 (2012) 02B012

The known hypernuclei:

Ø S=-1: About 40 single L hypernuclei (about 20 of them with mass number A ≥ 12 )

Ø S=-2: A few  X hypernuclei and double  L hypernuclei

Ø S=+1: Antihypertriton

(Bare or effective) YN and YY interation:

Ø Lattice QCD

Ø Chiral effective field theory

Ø Nijmegen soft-core model

Ø Juelich hyperon-nucleon model

Ø Skyrme Hartree Fock model

Ø Relativistic mean-field model
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4 classes of effective interactions for RMF model :

Model NN LN

NL-ME TM1,TM2,NL1,NL2,NL3,NLSH,P
K1,NL-Z,...

NLSH-A, PK1-Y1, et 
al.

DD-ME TW99, DD-ME1, DD-ME2, PKDD, 
DD2, DDME-X, DD-LZ1,...

DD-ME2-a, DD-
ME2D-a

NL-PC PC-PK1, PC-F1, PC-X... PCY-Si (i=1,2,3,4)

DD-PC DD-PC1 ×

N / L

N / L

N / L

N / L

N 

N 

N 

N 

NL: nonlinear coupling                ME: meson exchange
DD: density dependent                 PC: point coupling 
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DD hadron field theory:
• C.M. Keil, F. Hofmann and H. Lenske. Phys. Rev. C 61 (2000) 064309  (L density)
• F. Hofmann, C.M. Keil, H. Lenske. Phys. Rev. C 64 (2001) 025804 (L density / total density)

RMF model:
• P. Finelli, N. Kaiser, D. Vretenar and W. Weise. Nucl. Phys. A 831 (2009) 163 (RMF+chiral perturbation theory; total density, BL)
• G. Colucci and A. Sedrakian. Phys. Rev. C 87 (2013) 055806 (total denity, DD-ME2+potential)
• S. Banik, M. Hempel and D. Bandyopadhyay. Astrophys. J. Suppl. Ser. 214 (2014) 22 (total density; DD2+potential at saturation 

density)
• E.N.E. van Dalen, G. Colucci and A. Sedrakian. Phys. Lett. B 734 (2014) 383 (total density; DD-ME2+mass formula)
• M. Fortin, S.S. Avancini, C. Providencia and I. Vidana. Phys. Rev. C 95 (2017) 065803 (total density / a constant, DD-ME2+BL, Rw is 

fixed)
• C. Providencia, M. Fortin, H. Pais and A. Rabhi, Frontiers Astron. Space Sci. 6 (2019) 13 (total density)
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Effective density dependent interaction in MF approach to study hypernuclei and hypernuclear matter  

Ø gsL, gwL depend on: L density / total density / a constant
Ø Fitting procedure: (hyper)nuclei are assume to be spherical+ BL from 

experiment or other prediction / L potential  

Motivation 
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A. Gal, E.V. Hungerford and D.J. Millener, 
Rev. Mod. Phys. 88 (2016) 035004.

Open shell nuclear core
deformation
(Multidimensionally constrained RMF model)

Small spin-orbit splitting
tensor coupling between L and ω

In-medium effect
total density dependent coupling constant

Unpaired baryon
equal filling approximation
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Relation between NN and LN
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DDRMF model

Effective Lagrangian:

Formation for density-dependent coupling constants:

7S. Typel and H.H. Wolter. Nucl. Phys. A 656 (1999) 331



Relation between NN and LN

Minimization of the least-square 
deviation
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DDRMF model

Effective Lagrangian:

Formation for density-dependent coupling constants:

8S. Typel and H.H. Wolter. Nucl. Phys. A 656 (1999) 331
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Root mean square (rms) deviation:

Root of relative square (rrs) deviation:

Nuclear Physics Group of ITP

Results: Selections for fitting 

NN interaction: 
DD-ME2 (G. A. Lalazissis, T. Niksic, D. Vretenar et al. Phys. Rev. C 71 (2005) 024312 )
PKDD (W. H. Long, J. Meng, N. Van Giai et al. Phys. Rev. C 69 (2004) 034319)

Experimental data for fitting:

A. Gal, E.V. Hungerford and 
D.J. Millener. Rev. Mod. 
Phys. 88 (2016) 035004.
P.H. Pile, S. Bart, et al. Phys. 
Rev. Lett. 66 (1991) 2585.
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16
LN:  BL=13.76(16) MeV, CSB

12
LB: BL=11.52(2) MeV, CSB

13,14
LC: only emulsion data  
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Results: Properties of normal core nuclei 
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Ø Nuclear cores: 11C, 12C, 15O, 27Si, 31S, 39Ca, 50V, 51V,  88Y, 138La and 207Pb
Ø Binding energies calculated with DD-ME2 and PKDD are close to AME2016 (relative deviations 

are within 5%)
Ø Axially deformed shape are obtained except 15O and 207Pb
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Results: L separation energies & deformation  
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NN interaction: DD-ME2
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Results: L separation energies & deformation  
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NN interaction: DD-ME2
Reference hypernuclei: 208

LPb, 139
LLa, 89

LY, 51,52
LV, 40

LCa (Group 3)
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Results: L separation energies & deformation  
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NN interaction: DD-ME2
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Results: L separation energies & deformation  
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NN interaction: DD-ME2
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NN interaction: PKDD

Results: L separation energies & deformation  
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NN interaction: PKDD
Reference hypernuclei: 208

LPb, 139
LLa, 89

LY, 51,52
LV, 40

LCa (Group 3)

Results: L separation energies & deformation  
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NN interaction: PKDD
Reference hypernuclei: 208

LPb, 139
LLa, 89

LY, 51,52
LV, 40

LCa, 32
LS, 28

LSi,16
LO (Group 2)

Results: L separation energies & deformation  



Nuclear Physics Group of ITP

18

NN interaction: PKDD
Reference hypernuclei: 208

LPb, 139
LLa, 89

LY, 51,52
LV, 40

LCa, 32
LS, 28

LSi,16
LO, 13

LC, 12
LC (Group 1)

Results: L separation energies & deformation  
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Results: Parameter correlation 
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Rs and Rw are correlated —> L potential
BL of light hypernuclei —> small Rs —> mass dependent? Structure effect?
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Results: Theoretical uncertainty & parameter correlation 
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J. Dobaczewski, W. Nazarewicz and P-G. Reinhard. 
J. Phys. G: Nucl. Part. Phys. 41 (2014) 074001.
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Results: Theoretical uncertainty & parameter correlation 

21



Nuclear Physics Group of ITP

Results: Hypernuclear density 
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Impact on density —> change the L density in light hyernuclei
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Results: Hyperon star 
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Baryons:

leptons: 

mesons:

 Coupling constants:

Equation of state:

TOV equation:
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Results: Hyperon star 
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Impact on hyperon star —>The lighter Rs, the softer EoS and smaller 
maximum mass of neutron star.
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Results: Excited states and single particle levels 
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Ø Excited energies in pL, dL and fL states are close to experimental values 
Ø Energy splitting for spin partners are close to the experimental value with tensor coupling

S. Ajimura, H. Hayakawa, T. Kishimoto, 
et al. Phys. Rev. Lett. 86 (2001) 4255.
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Summary 

l The effective LN interactions for hypernuclei are investigated by a deformed DDRMF model and 

new parameter sets are proposed.

l Shape change effect is obvious in the A  40 mass region

l Data from light hypernuclei make the LN coupling constants smaller

l Rσ and Rω are strongly correlated and uncertainties for Rσ are given

l Density for L in light mass region and EoS of hypernuclear matter are sensitive to the parameters

l Single particle excited energies are close to the experimental values

l Spin-orbit splitting in p state can be well described by including tensor coupling
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