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The mission of the Advanced Tokamak Modeling (AToM) project is to enhance and extend 
the predictive modeling capabilities that currently exist within the US magnetic fusion program. 
AToM is not a code development project, but rather an idea that the current state-of-the-art 
integrated modeling efforts can be advanced taking a bottom-up, grassroots, and collaborative 
approach. To bootstrap this process, AToM is channeling the expertise of several institutions of 
the FES (GA, ORNL, LLNL, and UCSD) and ASCR (FASTMath and SUPER) agencies, 
towards the goal of enabling a hierarchy of new predictive capabilities for integrated simulations 
that couple core, pedestal, and scrape-off layer physics. A strong HPC component, leveraging 
DOE investments in leadership-class computing resources, targets the inclusion of 
GYRO/TGYRO for first-principles core physics, and COGENT for first-principles edge physics. 
The initial focus of the project has been to enhance the interoperability of a production workflow 
manager (OMFIT) and a sophisticated computational framework (IPS).  

An initial application for AToM has been to evaluate the importance of self-consistently 
solving the coupled core transport, pedestal structure, and equilibrium problems. Peeling-
ballooning (PB) and kinetic ballooning modes (KBM) impose constraints on the pedestal 
structure, which in turn strongly affects core temperature and pressure in H-mode plasmas. 
However, PB stability is in turn impacted by the Shafranov shift caused by the core pressure, 
leading to a feedback cycle between core and pedestal. Similarly, the strength and scaling of the 
micro-instabilities governing core transport depend on the plasma equilibrium as well as the 
local pressure and current profiles, but these profiles also define the plasma equilibrium. 

A major challenge for this type of coupling is the stiff-response of core turbulent transport 
models like TGLF to the plasma parameters, which can make the convergence of the transport 
calculations particularly problematic. In AToM, the steady state self-consistent solution is 
efficiently calculated by exploiting the time-scale separation between transport and current 
evolution. In practice this is achieved by iterating between a steady-state transport solver 
(TGYRO), a pedestal structure solver (EPED) and an equilibrium solver (EFIT). A transport 
code (ONETWO) is used to evolve the current and calculate the sources. These studies are 
carried out entirely within the AToM integrated modeling frameworks: from the experimental 
data analyses and the kinetic equilibrium reconstructions, to the self-consistent transport-
stability-equilibrium simulations. Work is under way to validate the aforementioned workflow 
against a set of DIII-D experimental discharges. 

The most recent developments of AToM and its components will also be discussed, and a 
roadmap toward a functional whole-device modeling capability that has broad community buy-in 
will be presented. 
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