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Overview & Outline

CDFT -              Study hypernuclei based on phenomenological functionals
                          cluster structure and shape of ordinary and hypernuclei
                          properties of hypernuclei
                          very complex systems
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Strangeness in hadronic and nuclear systems

Jacobi-NCSM - p-shell hypernuclei based on chiral YY,YN and NN interactions
                         SRG evolution required 
                         test & improve YY, YN interactions (replace YY,YN data by hypernuclear data)
                         solution of Schrödinger equation based on interactions consistent QCD symmetries  
Faddeev & Yakubovsky approach to s-shell hypernuclei 
                         also based on chiral YY, YN, NN and KN interactions 
                         SRG evolution not required but possible
                         direct solution of Schrödinger equation based on interactions consistent
                         QCD symmetries  

Kd scattering - model independent extraction of KN scattering length    
                         direct relation to explicit chiral symmetry breaking of QCD

investigate 
overlapping 
mass region

benchmarks &
SRG evolution

test approach 
to resummations



• New developments of MDC-CDFTs

‣ A multidimensionally-constrained relativistic Hartree-Bogoliubov (MDC-RHB) model

‣ Angular momentum projection (AMP) & parity projection (PP)

• Recent applications of MDC-CDFTs

‣ Localization effects in 12C & 16O

‣ Tetrahedral shapes in Zr isotopes

‣ Constraint clustering structure in 16O

‣ 1- & 2-dim PES of 270Hs

‣ Giant monopole resonance & incompressibility

‣ Bubble & toroidal structure in superheavy nuclei
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next slides

Kun Wang’s talk

Progress with Multi-Dimensionally-Constrained CDFT
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Results I: Tetrahedral shapes in Zr isotopes from MDC-RHB model
Jie Zhao, Bing-Nan Lu, En-Guang Zhao, Shan-Gui Zhou , PRC 95, 014320 (2017)



Results II: Constraint cluster structure in16O
Jie Zhao et al., in preparation



Progress Jacobi-NCSM for Hypernuclei

• Transition coefficients for single and double Λ hypernuclei for two-body operators are complete
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hyperon (Y=Λ,Σ)

A-1 nucleons

hyperon Ξ

• Λ separation energies and excitation energies of single Λ hypernuclei: 

YY system

YN interaction

NN interaction

YY interaction

NN interaction

NN interaction

YN interaction
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Results III: Single Λ Hypernuclei
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H. Le, U.-G. Meißner, AN, in prep.

• SRG interactions (NN: Idaho, YN:LO,NLO)
• good convergence of binding and Λ separation 

energies
• independence of NN SRG parameter
• strong dependence on YN SRG parameter
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H. Le, U.-G. Meißner, AN, in prep.
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• SRG interactions (NN: Idaho, YN:LO,NLO)
• good convergence of binding and Λ separation 

energies
• independence of NN SRG parameter
• strong dependence on YN SRG parameter

• dependence on YN SRG related to Σ probability
• high momentum tail for Σ important 
• surprisingly large Σ component in A=5!

Results III: Single Λ Hypernuclei



Results III: Single Λ Hypernuclei
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H. Le, U.-G. Meißner, AN, in prep.

• SRG interactions (NN: Idaho, YN:LO)
• good convergence of binding for λ up to 2 fm-1

• strong dependence on YN SRG parameter
• dependence on NN SRG parameter currently 

investigated
• extension of model space to N=12 

λNN= 1.88 fm-1

7
⇤Li(

1
2

+
)

−
E
b
[M
eV
]



Milestones

2016/2 
• Calculation of the recoil corrections to the ¯Kd scattering length → to be finalized soon
• Implementation of a bound state Faddeev code for S = −2 three-baryon systems → in progress
• Detailed study of possibilities for the existence of         state → in progress
• Generation of S = −2 NCSM states and implementation of transitions to ΞN-(A-2) states. → done ✔
• The dependence of shape and clustering effects in light hypernuclei on the effective interactions → not done

2017 

• Formulation of the EFT framework for the ¯Kd scattering in terms of a dimer field corresponding to the Λ(1405)  → formalism is 
used within B4, will be implemented here as well


• Extension of the Faddeev code to scattering → requires bound state code, will be started soon

• Detailed study of           and             → requires bound state code, will be started soon

• Implementation of transitions to YN-(Y-A-3) NCSM states (S = −1 YN pairs) → done ✔

• Further study of the dependence of shape and clustering effects in light hypernuclei on the effective interactions.→ Not done. 

• Evaluation of the finite-size corrections in the dimer formulation.

• Study of ¯Kd scattering solving Faddeev equations and comparison to previous results → requires scattering  code

• Implementation of a bound states Yakubovsky code for S = −2 four-baryon systems → requires bound state code, will be 

started soon

• Addition of non-perturbative 3BFs to the 3-body Faddeev code → in progress for single Λ code

• First S = −2 calculations for            within the NCSM → currently doing

• Study of the Hoyle-like state and the tetrahetron-like state in normal and hypernuclei. → done for normal nuclei 

• Extension of the MDC-RMF model to including multi-Λ → in progress 
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Summary & outlook

Unified view on several aspects of strangeness in hadrons and nuclei

CDFT for ordinary and hypernuclei nuclei

• clustering structure O and shape of Zr has been investigated 

• multi Λ systems will be added soon

• dependence of shape and clustering effects in light hypernuclei on the effective interactions 

• compare to NCSM results for very light systems, e.g.         and   

• investigate densities for range of light hypernuclei comparing to NCSM                  

Jacobi-NCSM for hypernuclei

• good progress for NCSM: results for single  Λ hypernuclei, implementation for S=-2 system 

• hypernuclei binding and excitation energy show some sensitivity to YN interaction

• but strong dependence on SRG cutoff indicates YNN force contribution

• implementation of YNN effective interactions

• investigatation correlations of separation energies 

Faddeev- and Yakubovsky calculations

• Faddeev bound state codes exist for ΛNN bound state, 3N system and three non-identical particles

• General code for arbitrary particles is currently implemented and will allow S=-1, -2 three-baryon systems and KNN

Kd studies 

• recoil corrections are in progress

• synergy with B4 is important for the Kd studies

• comparison of non-perturbative approach based on FY to perturbative treatment with partial resummations 
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comparison of densities
better guidance for new functionals
extended range of nuclei

benchmarks,
range of SRG parameters

comparison of 
perturbative and non-
perturbative approach


