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The Running Power Law (RPL)

Running power law (second-order polynomial on log-log axes)
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Three parameters: amplitude A, spectral index γ and running of the
spectral index β
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Bayesian fit of the RPL to the NG15-year data
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Parameter Prior

A log-uniform [−18,−12]
γ uniform [0, 10]
β uniform [−2, 4]

David Esmyol The Running Power Law April 25, 2025 4 / 12



How to map spectral models onto the RPL

Minimize χ2−function:

χ2(log10(A), γ, β) = 2Tobs

∫
df

[
h2Ωmodel(f ;θ)− h2ΩRPL(f ; log10(A), γ, β)

h2Ωnoise(f)

]2

Spectrum h2Ωmodel(f ;θ) described by parameters θ

Sensitivity curve h2Ωnoise(f) for the NG15-year Dataset
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Example: metastable cosmic strings
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P (θRPL(θstrings)|D;RPL)

π(θRPL(θstrings)|RPL)
∝ L(D|θstrings; strings)
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P (θRPL(θstrings)|D;RPL)

π(θRPL(θstrings)|RPL)
∝ L(D|θstrings; strings)

No need for additional noise analysis

No need to evaluate PTA likelihood
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Example: metastable cosmic strings
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Comparison to more naive approaches

Instead of RPL use constant power law (CPL), i.e. set β = 0

or

Instead of χ2–minimization use a naive (local) fit at frequency fpivot
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CPL with χ2–minimization
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RPL with naive fit
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Summary
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RPL + χ2–minimization: very good agreement with full analysis

CPL + χ2–minimization: still good but worse than with RPL

naive fit: strong dependence on fpivot

Outlook: repeat analysis for many more spectral models and create an atlas
of these models
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