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Strength Functions

e Strength functions characterize transition
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Lanczos Method for Strength Functions

e Lanczos algorithm can be used to avoid
needing to calculate each individual overlap

e Proposed by Whitehead (1980) and widely
used in calculation of strength functions

e With the no-core shell model, has been used
to calculate electromagnetic strength
functions for even oxygen nuclei (C. Stumpf
et.al, 2017)
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Lanczos Method for Strength Functions

1. Diagonalize the Hamiltonian and get initial state:
H i) = E; |¢)
2. Apply transition operator to initial state to get pivot:
lv1) = O |3)
3. Decompose pivot as energy eigenstates to get overlaps:
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4. Get strength function from overlaps:

R(E) =) _|(¥f|0|%0) |*§(Ef — Eo — E)
i



Direct Method Comparison for “He E1 Strength Function

e FE1 strength functions for *He calculated explicitly in no-core shell model using Daejeon16 interaction
(Yin etal,, 2024)

e Comparison shown with Lanczos method using same interaction and truncation parameters

e Plot of integrated strength functions shown



Direct Method Comparison for “He E1 Strength Function
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Direct Method Comparison for “He E1 Strength Function
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Direct Method Comparison for “He E1 Strength Function
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Direct Method Comparison for “He E1 Strength Function
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Direct Method Comparison for “He E1 Strength Function
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*He Dipole Polarizability

e Often useful to look at
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Outlook: Electric Dipole Strength Functions in ®He

0.3

R(E) [fm? MeV~1]

| Lanczos Iterations = 512

8He, E1

NII‘IIIII I%M

10 20 30 40

50

Daejeonl6
Nmax = 10
hQ = 20.0

60 70

80

Calculations were performed using
Daejeon16 and NNLOopt interactions

Compare with coupled-cluster results
(F. Bonaiti et al., 2022)

Look at energy-weighted sum rule
(m,) and dipole polarizability.
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Extra Slides
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Convergence of Strength Function with Lanczos Iterations
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Convergence of Strength Function with Lanczos Iterations
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Convergence of Strength Function with Lanczos Iterations

0.7- Lanczos Iterations = 100
1 E1 Daejeonl6
.—0.6__ Nmax = 10
'> 0.5— hQ = 20.0
.
NZ 0.4
g
‘—'0.3—_
S
% 0.2
0.1
10 20 30 40 50 60 70 80

E [MeV]



Convergence of Strength Function with Lanczos Iterations
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