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Sensitivity analysis for effective interactions

Effective interactions treat single-particle energies and two-body
matrix elements as parameters (λ).

Ĥ =
∑
rs

Trs â†
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where {Trs ,Vrs,tu} ≡ λ.

Our goals:
I Understand sensitivity with respect to data → parameter

covariance
I Propagate uncertainty → distributions of observables

We study the USDB interaction [1], but these methods are general.



Details of Sensitivity analysis method

See poster.



Principle component analysis

Our sensitivity analysis approximates the parameter covariance
matrix Cλ where

Cλ
ii = σ2(λi ) , and Cλ

ij = 〈(λi − 〈λi〉)(λj − 〈λj〉)〉

Rather than interpret Cλ, we perform a PCA transformation to get
“PCA-parameters” µ where

WCλW T = Cµ is diagonal. (µ = W λ)

So, we obtain linear-combinations of matrix elements with no
cross-correlations.



Principle component analysis
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Figure: Ordered 1σ uncertainties of PCA-parameters. The most sensitive
PCA-parameter is restricted to within 290 eV, while the majority are
much less sensitive.



Uncertainty propagation

Since Cµ is diagonal, we can sample the PCA-parameter
distribution:

µ′ ∼ N (µ,Cµ)

and evaluate an observable using the parameterization λ′ = W T µ′.
We perform O(1000) perturbations to generate good statistics.

Observables of interest: reduced transition strengths B(E2) ,
B(M1), B(GT).

B(O) = |〈Ψ : Jf |O|Ψ : Ji〉|2/(2Ji + 1) where |Ψ〉 = |Ψ(λ′)〉



Results: Electric quadrupole transitions
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Figure: E2 transition strengths for 26Mg. Black dashed line shows
experimental value [2]. The the median values and uncertainty interval
are highlighted in white.



Results: Magnetic dipole transitions
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Figure: M1 transition strengths for 26Al. Black dashed line shows
experimental value [2]. The uncertainty interval is highlighted in white.



Results: Gamow-Teller transitions
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Figure: Gamow-Teller transition strengths for β−-decay of 26Ne to 26Na.
Black dashed line shows experimental value [3]. The uncertainty interval
is highlighted in white.
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Sensitivity analysis procedure

Assuming errors are normally distributed, the parameter
distribution is

P(λ|D) ≈ |H|
1/2

(2π)k/2 exp
[
−1
2(λ− λMAP)T H(λ− λMAP)

]
,

where H is the Hessian matrix,

Hij = 1
2

∂2

∂λi∂λj
χ2

where χ2 is the sum of squared residuals,

χ2(λ) =
N∑
α=1

(
ESM
α (λ)− E exp

α

∆Eα

)2

.

Thus, finding parameter sensitivity is tantamount to computing H.


