Status of the NIMR OD Hot Particle Benchmark

Charlson C. Kim 1

Carl R. Sovinecl, and Scott E. Parker?
and the NIMR OD team

1.Univ ersity of Madison, Wisconsin, CPTC
2.Univ ersity of Colorado, Boulder, CIPS

CEMM Meeting

International Sherwood Fusion Theory Conference
Missoula MT
April 25, 2004



Review of Hot Particles in NIMR OD

modi ed momertum equation

@ _
@+ uru =J B r p, r p,
hot particle pressuretensoris takento be in the CGL-like form
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ched the equilibrium trajectoriesby integration of the characteristicsalong the equilibrium elds

R vs. Z Pvs. t

1‘.0 112 114 116 0.0 0.2 0.4 0.6 0.8 1.01




Outline

implemerted equilibrium anisotropic pressure p= px p-. term

growth rate and real frequencyfound to be sensitiveto r B errors

trapped hot particle precessiorobsenedto suppressesJ

hot particle (1,1) eigenmale ( sh bone) global in stucture than ideal (1,1) mode
obsened hot particle Landau damping of compressionalAlfv en wave

compressionahlfven mode and landau damping with hot particles alsovery sensitive to particle noise
andr B errors



Landau Damping of Compressional Alfv en Eigenmo de

test problem - Landau damping of compressionalAlfv en mode in a box*
compressionalAlfv en eigenmale damped by hot particles with v, ' ! =k

Va = 1:565, Vimax = 55

V_eq

r B error resultsin program termination

limited test of hot particle functionality

1E.V.Belova, et al, "Hybrid Simulations of teh E ects of Energetic Particles on Low Frequency MHD Waves" JCP, 1997



Recent Developments

implemerted equilibrium anisotropic pressure p= p

note peako axis

r

b

dip in at higher , attributed to noise

note di erence in growth rate for di ering valuesof r

low value of ! a result of noise(in

no signi cant stabilization obsened
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particle orbits look good

stabilization should occur due to consenation of third adiabatic invariant?
should manifestas a trapped particle precessionaturrert

evidenceis dubious

Figure 1. &~ = :01

2F. Porcelli, "Fast Particle Stabilisation", Plasma Physics and Controlled Fusion", 1991



Hot Particles Change Eigenmo de Structure

gures shov eigenmalesfor ideal, only r pn-, full r p,
with any hot particle e ect, J,= 0

pn necessaryor real frequencyi.e. shbonebranch



Summary

hot particle Landau damping of compressionalAlfv en wave works
complexfrequencyand eigenmale of hot particle obsened
needto reducethe noiseandr B error

{ adjust velocity loading

{ explicit grid for particles
{ try Jy coupling

{ higher order elemerns

implemert more diagnostics- Jy, < ! p >
pursue ltering

study time advanceand stability



