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inclusion of induced YNN forces

Wirth 2018

induced YNN
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(IT-)NCSM

matrix eigenvalue problem∑
j

〈Φi|H|Φj〉 〈Φj|Ψn〉 = En 〈Φi|Ψn〉 ∀i

include strangeness S in
single-particle basis

|n(ls)jmj,S tmt〉

constituents: n, p,Λ,Σ−,Σ0,Σ+
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Many-Body Uncertainty – Neural Networks
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machine learning tool provides prediction
of converged energy with uncertainty

convergence behavior of BΛ

is not constrained

predict ground-state energies for
hypernucleus and mothernucleus
separately and subtract pointwise
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many-body
uncertainty

full pipeline for precise structure calculations of light hypernuclei

significant improvement of the description of hyperon separation energies BΛ



See you at my poster

thanks to my group and collaborators

Mar. 2, 2023 | TU Darmstadt | Institute of Nuclear Physics | Marco Knöll 11

P. Falk
L. Mertes
J. Müller
K. Katzenmeier

R. Roth
L. Wagner
C. Wenz
T. Wolfgruber

Towards Precision
Calculations of Hypernuclei
Marco Knöll and Robert Roth

Motivation

Ab initio structure calculations for hypernuclei have re-
cently become accessible through extensions of nuclear
many-body methods [1] in combination with hyperon-
nucleon interactions from chiral effective field theory
[2, 3]. First surveys of these interactions in the regime
of p-shell hypernuclei yield promising results, but some
deficits, such as the systematic overbinding of the hy-
peron, have become apparent [1].
We address these issues by using experimental data for
p-shell hypernuclei to inform the poorly constrained low-
energy constants, thus, generating a hyperon-nucleon
interaction at leading order that is optimized for hyper-
nuclear structure calculations. We further discuss the
uncertainty quantification for hypernuclear observables
based on artificial neural networks.

Hypernuclear No-Core Shell Model

• expand Hamiltonian in finite Slater Determinant basis
∑

j

〈φi|H|φ j〉 〈φ j|Ψn〉= En 〈φi|Ψn〉

• include strangeness S in single-particle basis
�

�n(ls) jm j,S tmt

�

• considered particle species

n, p,Λ,Σ−,Σ0,Σ+

• solve matrix eigenvalue problem for given Hamiltonian

• access larger model spaces through perturbative
importance measure (IT-NCSM)

• hypernuclear Hamiltonian

H =∆M + T + VNN + VNNN + VYN + VYNN

• include SRG induced hyperon-nucleon-nucleon forces [4]

Optimization Procedure for Low-Energy Constants

• optimize LECs in YN interaction at LO based on hypernuclear structure observables

• scattering data insufficient for LO

• YN interaction features 5 LECs

CΛΛ1S0
, CΛΛ3S1

, CΣΣ1S0
, CΣΣ3S1

, CΛΣ3S1

• most sensitive to CΛΛ1S0
and CΛΛ3S1

• optimization limited to ΛΛ-LECs

• optimize based on observables predominantly controlled by YN interaction
→ hyperon separation energy BΛ and doublet splitting ∆E∗

• selected set of experimentally well-known hypernuclei 3
ΛH, 5

ΛHe, 7
ΛLi and 9

ΛBe

•ΛN interaction slightly weakened → systematic improvement of the description of BΛ

• hypernuclear splitting is much less sensitive to the LEC adjustments

• scattering data is still reasonably well described

Uncertainty Quantification

Many-Body Uncertainties [5]

• artificial neural networks
trained on data from
nucleonic few-body systems

• predict ground-state energies
from short Nmax sequences
for multiple HO frequencies

• predict ground-state energies
of hypernucleus and
mothernucleus separately

• point-wise subtraction of
resulting distributions

• prediction of converged value
with statistical uncertainty

• robust predictions accessible, but sufficiently large model spaces are required as the
convergence pattern of BΛ is not constrained

Interaction Uncertainties [6]

• correlated EFT truncation errors from Bayesian statistics with many-body uncertainties

• LO in YN interaction prevents systematic
extraction of uncertainty estimation
→ use dependence on nucleonic interaction

• error band excludes experimental value
→ require higher orders for higher accuracy
and better uncertainty estimates

The ΛHe Isotopic Chain

• systematic decrease of BΛ
→ improved agreement with experiment

• even isotopes tend to be underbound

• 8
ΛHe badly described but so is
the mothernucleus 7He
→ deficit of nucleonic interaction

Conclusions & Outlook

• significant improvement of the description of hyperon separation energies BΛ

• p-shell hypernuclei provide a useful source for experimental data in addition to the
very little scattering data available

• systematic quantification of many-body uncertainties and first estimates for interaction
uncertainties are accessible

• accurate description requires the inclusion of higher orders (available up to N2LO)
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