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Summary: 
We propose to simulate and predict the propagation of CME-driven shocks in the solar corona, and calculate the acceleration of
solar energetic particles at the shocks. We will perform these simulations in a realistic heliosphere using a global
magnetohydrodynamic (MHD) model that allows us to perform event studies. The main focus of this study will be the structure
and evolution of shocks as they propagate from the low corona to beyond 1 AU and how particles are accelerated at these
shock fronts. We will validate our simulations by quantitative comparisons with both remote (coroagraph) observations and in
situ observations throughout the heliosphere. The University of Michigan's BATSRUS code and SWMF framework will used to
perform the proposed MHD simulations, while the FLAMPA code (Sokolov et al. 2004) will be used for particle calculations. This
work builds upon our more recent simulation which demonstrated an unprecedented ability to model real CME events and
quantitatively match coronagraph images, including identification of the CME driven shocks (Manchester et al. 2008). This
proposal research proceeds as follows: (1) incorporate a realistic MHD model of the inner heliosphere based on the Wang-
Sheeley-Argee empirical model, (2) validate coronal density with tomographic reconstructions of coronagaph images (3)
investigate pre-eruption active regions and choosse CME initiation by flux rope, shear flows, or breakout mechanism, (4)
validate the CME model by quantitative comparisons between synthetic white-light images and stereoscopic SECCHI
observations and comparisons with in situ data from IMPACT, PASTIC, ACE, and Messenger (5) identify shock fronts and
determine and (6) predict the spectra of particles accelerated at shock fronts. Understanding how CME structures evolve
through the heliosphere will enhance the scientific return from numerous NASA instruments (particularly SECCHI and IMPACT)
by predicting the white-light appearance of CMEs and predicting SEPs throughout the heliosphere. We will address many
scientific issues such as (1) how shocks interact wit the solar wind at different heliocentric distances, (2) show distortions to the
shock front affect particle acceleration, (3) what causes some CME to accelerate energetic particles towards Earth while others
do not.
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