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Summary:

We propose to develop and refine tools for the modeling and interpretation of local helioseismic measurements, in particular for
time-distance, holography, and ring-diagram analysis. We will focus on tools for: (1) obtaining approximate solutions of forward
problems, and (2) solving inverse problems. We will use numerical simulations of wave propagation and comparisons between
different methods using MDI/SOHO and HMI/SDO data to validate these tools. The forward problem is to determine the
helioseismic measurements that would be expected to result from known models of physical conditions in the solar interior (e.g.,
flows or local changes in sound speed). We propose to develop and deliver a code for efficient computation of forward problems
in plane-parallel and spherical geometries, following Gizon & Birch (2002) and Birch and Gizon (2007). The inverse problem is
to use helioseismic measurements to infer conditions in the solar interior. We will develop and deliver tools for: (1) optimally
localized averaging (OLA) inversions of two-point travel times for studying small spatial scales, (2) joint inversions of multiple
data types, and (3) inversions in spherical geometry. After validation, these codes will be delivered to the community by making
them available in the HMI/SDO pipeline. In order to maximize the benefits of HMI/SDO to the LWS program it is crucial to
advance our ability to interpret local helioseismic measurements. Some of the key problems of relevance to LWS which could be
addressed using the tools proposed here are: (1) the detection of flows in the deep convection zone, this is centrally important
to Focused Science Topic A: “"Measure the properties of the solar dynamo that affect solar irradiance and active region
generation" and (2) the detection of subsurface flows or sound-speed variations which may be precursors to active region
emergence or evolution.
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