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Status of ab initio nuclear structure

m Accurate NN+3N Hamiltonians
from chiral EFT

m Unitary transformations for
converged results

m Many-body methods with
controlled uncertainties

m Access to binding energies,
spectra, radii, transitions. ..

Extension to hypernuclei?
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Hyperon-Nucleon Interaction
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Polinder et al., Nucl. Phys. A 779, 244 (2006)
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Hyperon-Nucleon Interaction
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Necessary Developments

Extend No-Core Shell Model to
hypernuclei

m Account for different particle
masses

m Include fully active A and ©
= Coupled-channel problem

m Adapt unitary transformation
framework

‘ H. Merkel, U Mainz
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Ab-initio many-body calculations make
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H. Merkel, U Mainz
—" prediction of observables
“«" constraints on YN interactions

“
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Hypernuclear Hamiltonian

H=AM+ T+ Vnn+ Vin+ Vyn

m NN: chiral N3LO m YN: chiral LO
Entem & Machleidt Polinder, Haidenbauer & MeiRner
Phys. Rev. C 68, 041001(R) (2003) Nucl. Phys. A 779, 244 (2006)
ANN = 500 MeV Ayn = 600 MeV, 700 MeV
m 3N: chiral N2LO OR Jllich’'04
Navratil Haidenbauer & Meiner
Few-Body Syst. 41, 117 (2007) Phys. Rev. C 72, 044005 (2005)
A3n =500 MeV meson-exchange

NN+3N yields quantitative description of p-shell nuclei
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Importance-Truncated No-Core Shell Model

m A-body Slater determinants from
HO states
|s152+--54), i = le(I3)jx),
m A-X conversion, e.q.
lonA), IppE ™), InnE ) € M(3H)

m Impose Nmax truncation

m Importance truncation:
discard irrelevant states +
a posteriori extrapolation

m Diagonalize Hamilton matrix
= Energies & wave functions
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Similarity Renormalization Group

g [fm™1] daH(a) = [n(a), H(a)]
n(@) = mZ [Tine, H(Q)]

m Up to 6 coupled channels

m Decouples high and low momenta
= Improved Nmax convergence

m BUT: Induced many-body terms
= Assess via a-dependence

m NN+3N: Induced terms negligible up
toAx~10

o =0.00fm*
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Similarity Renormalization Group

g [fm=1] daH(a) = [n(a), H()]
n(a) = m2[Tint, H(a)]

m Up to 6 coupled channels

m Decouples high and low momenta
= Improved Nmax convergence

m BUT: Induced many-body terms
= Assess via a-dependence

m NN+3N: Induced terms negligible up
toAx~10

o =0.08fm*

Use ay = 0.08 fm* for NN+3N
and ay = 0fm# for YN
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Results for Selected Hypernuclei

RW, D. Gazda, P. Navratil, A. Calci, ). Langhammer, R. Roth, PRL 113, 192502 (2014)
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’Li — Energies and Spectra
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’Li — Energies and Spectra
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’Li — Energies and Spectra
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’Li — Energies and Spectra
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’Li — Energies and Spectra
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1/3\(] — Energies and Spectra
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13C — Energies and Spectra
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SRG-Induced YNN Interactions
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Variation of oy
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Variation of ay
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Variation of ay
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Solution: SRG at the Three-Body Level
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Solution: SRG at the Three-Body Level
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Solution: SRG at the Three-Body Level
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/7\Li — Effect of Induced YNN
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/7\Li — Effect of Induced YNN
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/7\Li — Effect of Induced YNN
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1/3\(] — Effect of Induced YNN
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Summary & Outlook

First ab-initio calculations in the p shell
Prediction of observables

Dependence on YN interaction = constraints
SRG of YN induces strong YNN terms

Possible implications for soft AN interactions and the
hyperon puzzle
YNN handled via explicit inclusion

Preliminary results: reduced overbinding, interaction
largest source of uncertainty

Next: NLO chiral YN interaction & check YNN
calculations: convergence of SRG model space, other
truncations, other flow parameters
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