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Mission
e Development of global gyrokinetic particle simulation capabilities

Codes: GTC, GTC-neo, GEM

Code validation: GT3D(Japan), LORB5(Switzerland), PG3EQ(LLNL), GYRO(GA), and
GS2(Maryland).

e Simulations of burning plasmas: Turbulent and neoclassical transport simulations in the core
e Collaborations

Fusion theory and experiements
Applied mathematics: ef cient parallel Poisson solvers

Computer sciences: data management, visualization, code optimization and team coding

e Foundation for future capabilities

Core-edge integrated simulation by extending GTC to the edge %JPPPI.

Turbulence-MHD integrated transport time scale simulation



Management Plan

e Budget: ScCiDAC: 800K /yr for 3 yrs + 40K /yr for 2 yrs; SAPP: 160K /yr for 2 yrs

e Personnel: 7 institutions with 16 researchers, and with additional postdocs and students
e Executive committee: Lee, Parker, Lin and Keyes

e Collaborative activities

Tele/video conferences when necessary

Evening discussion sessions at Sherwood and APS/DPP
Bi-annual on-site meeting in Princeton, Boulder or Irvine
Short term individaul visits

Long term individual visits

Outreach activities
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Global Gyrokinetic Toroidal Particle Simulation Code: GTC

[Z. Lin, T. S. Hahm, W. W. Lee, W. M. Tang and R. B. White, Science (1998)]

e Magnetic coordinates (¢, 0, () [Boozer, 1981]

e Guiding center Hamiltonian [Boozer, 1982; White and Chance, 1984]

e Non-spectral Poisson solver [Lin and Lee, 1995]

e Global eld-line coordinates: (¢, «, (), =6 — (/q

Microinstability wavelength: A o p;, A\ o< ¢

With eld-line coordiantes: Grid # N o a*, a: minor radius, A o< R | 5 |

Without eld-line coordinates: grid # N o a®, AC o p

——————————————————————

_______________________

Larger time step: no high £ modes

e Collisions: e-i and i-i
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Recent PMP Code Comparisons
(W. M. Nevins, 04)

GTC® aia=500

4

GYRO®ar=500, NT=64

PG3EQ 256x256

200

t (alcg)

Code Comparisons:

GTC - Particle Code
GYRO - Continuum Code
PG3EQ - Particle Code



Size Scaling of ITG Turbulent Transport
(Lin et al., PRL2002, IAEA2002)

e A critical issue for reactor design
e GyroBohm regime: turbulence eddy size remains the same as devise sizes increase

e Mixing length transport modeling based on /2 is no longer valid
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Turbulence Spreading and Transport Scaling

Radial pro le of heat conductivity () matches with the pro le of uctuation density |

Turbulence spreading from unstable to stable regions [aastlias a mechanism for Bohm to

gyroBohm transition [Lin and Hahm, PoP2004]

GTC simulations motivate analytic models for turbulenceeagding [Hahm et al. 2004, Chen et

al. 2004]



