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Competes with 8Li(α, n)11B and 8Li β-decay in nucleosynthesis
Primordial abundance may affect the stellar production of heavier nuclei
C. Bertulani, J. Phys. G: Nucl. Part. Phys. 25 (1999).
Dubovichenko, S. B. & Dzhazairov-Kakhramanov, ApJ 819, 78 (2016).

A large uncertainty still remains for the 8Li(n, γ)9Li cross section
Li, Z. H. et al. Physical Review C 71, 052801 (2005).

Why 8Li(n,γ)9Li ?

Primordial Abundance of 8Li Stellar production of heavier elements
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The Case for NCSMC

● Previous Methods for Cross-Section Calculation:
○ Direct Capture Model
○ Distorted Wave Born Approximation Analysis
○ Potential Cluster Method
○ … 

● Previous methods all sensitive to experimental data, which 
is not very well known for the isotopes involved

● NCSMC:
○ Doesn’t rely as much on 9Li-specific experimental data
○ Gives an idea of underlying nuclear structure



4
NCSMC - The Broad Outline

Interaction Potential → Hamiltonian

A-body Schrödinger Equation
(NCSM)

Add Cluster Dynamics
(NCSMC)

Calculate Cross-section
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Interaction Potential

▪ Our Hamiltonian

▪ Entem and Machleidt, chiral interaction
▪ NN at N3LO
▪ 3N at N2LO
▪ Regularized by combined

local and non-local regulators

Interaction Potential → Hamiltonian
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No-Core Shell Model
(NCSM)

▪ Solve A-body Schrödinger equation

▪ Expand wavefunction in harmonic oscillator basis:

▪ Start with lowest Pauli-allowed configuration, and allow any 
nucleons to be excited

▪ Nmax= max. excitations from lowest Pauli-allowed configuration
N   P

N = 1

N = 0

ΔE = NmaxħΩ

ħΩ

Interaction Potential → Hamiltonian

A-body Schrödinger Equation
(NCSM)
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NCSMC = NCSM + Continuum

● Add unbound cluster states to 
wavefunction
○ e.g., 8Li + n

● Solve generalized eigenproblem to get 
bound state and resonance energies

Interaction Potential → Hamiltonian

A-body Schrödinger Equation
(NCSM)

Add Cluster Dynamics
(NCSMC)
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NCSMC Results

?
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Level Scheme Using NCSMC Output

Red: width ~ 10MeV, 
wouldn’t fit on graph
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Level Scheme With Phenomenological Adjustment (to lowest 3 states)
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Cross-Section

Our Result:
Capture to both 9Li bound states

Enhanced value around 0.2MeV 
likely due to addition of extra 
states in the wavefunction

Black experimental data from 
Zecher et al., (1998).

Other Studies:
Figure from Dubovichenko et al., 
(2016), data from a few others.

Recall these studies used
phenomenological potential
models

Interaction Potential → Hamiltonian

A-body Schrödinger Equation
(NCSM)

Add Cluster Dynamics
(NCSMC)

Calculate Cross-section
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Follow us @TRIUMFLab
www.triumf.ca

Thank you
Merci

(And come say hi!)


