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An open quantum system featuring a spin interacting with spin bath represents one of the most physically ubiquitous
models in which a non-Gaussian noise processes emerge. This model offers a physically transparent tool to understand
and control decoherence and dissipation in color centers in semiconductors, quantum dot ensembles, and qubit cross
talk in quantum information processors. Despite the wealth of analytical and numerical methods developed to predict
the dynamics of a system subject to such a bath [1–5], evaluating dynamics of general observables under common
measurement and control protocols remains challenging, especially in the presence of complex intra-bath interactions.
We propose a novel perturbative framework for predicting the dynamics of a spin system subject to an interacting
spin bath. Motivated by the weak intra-bath interactions in relevant platforms, such as nitrogen vacancies centers in
diamond, we treat these interactions as the perturbation. We evaluate the dynamics of the coherence measurement
across parameter regimes for which the perturbative treatment remains valid, and within these regimes, identify the
effects of including intra-bath interactions in the dynamics of observables. Our results provide insight into the validity
of approaches neglecting intra-bath interactions in evaluating dynamics employed in many analyses of experimental
results.
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