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Abstract

Moving Mesh, Rezoning and Restart (1)

MC Predicts Earlier Ignition than Diffusion

Random Sampling of Particles in a Cell

|ICF target ignition and burn sensitively depend upon
the details of alpha particle deposition and boot-strap
heating. A time dependent Monte Carlo algorithm for
charge particle transport has been developed and
implemented in DRACO, a 2-D Lagrangian radiation

| | _ | | a7 p = For the time independent tracking method, the particle
hydrodynamics code. Details of the algorithm, including: ri=rl o+ E@L —Ti transport separates from the hydrodynamics, which means
particle tracking on distorted meshes and detecting zone

boundaries, “lost particle” fix-ups, dE/dx calculations and The x and y coordinates of the particle position ZherrZi?fIZrlzs’;ierzeItthne?g l:y :;O:(ig)ar;uinsgntgct:s::d in the
energy deposition, data structures for saving time are sampled from a random polar angle as U y p. 1Nhus, y

Rejection sampling method is used = Rezoning is included in DRACO to keep the Black lines: Monte Carlo
. . - | .
for the random particle generation. computational mesh from severe distortion, and material L Red lines: Diffusion The resulting burn
interfaces are tracked in the mixed material cells. *

waves from energy
deposition show that
the ignition predicted
by the Monte Carlo
method is earlier
than predicted by the

The random selection of radius r in
the rectangle is given by

I-line averaged ion temperature (KeV)

Radius (cm)

- - 00 x =rcos(H) y =rsin(Y) : Dash-dotted: 9.5 ns diffusion method.
dependenc.:g information, check ppmt and restart methods, | | o = For the time dependent tracking method, the Monte Carlo : ‘;f Dashed : 9.6 ns
decomposition for parallel execution, parallel performance The z coordinate of the particle position is given by transport is coupled with hydrodynamics in terms that the -\ Solid . 9.67 ns
and dependence of statistic fluctuations on number of . . . ol
z=z . +&(z  —z .) | hydro time serves as a clock for the particle traveling. 0 0025 0.05 0075 0.

histories will be presented.
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Readjust Particle Cell Index if it is on the Edge Moving Mesh, Rezoning and Restart (2)

.- Monte Carlo particle tracking algorithm 1) Determine the inward normal direction vector of the edge. . At.the beginnihg of next “”79 step o after mesh Fewer particles (10%) are
1. Random sampling of particles in a cell A reference point inside of the quadrilateral is needed. rezoning, the cel |.ndex of particle location needs to be 0 used to study the statistical
2. Readjustment particle cell index readjusted according to the changed mesh. o effect. It can be seen that the
3. Intersection with a quadrilateral 2) Choose the inward normal direction vector if the cosine of | - | - ob Cglculation with few particles
4. Particle travel history the angle between the normal line vector and the vector " The n.umerlc ?tab'“ty requires that the _CFL condition s O p@ﬂa—a _g'v_e_s 7 ps delay for the. _
5. Moving mesh, rezoning and restart from the particle position to the reference point is less than holds which restrlc.ts .a cell to move for a dlstanc.;e Iess.than o y |gn|t|on.but generates similar
Zero. one cell length. This is also true for mesh rezoning which : | / total gain. |t.a|S$) shows the
Il. Simulation example for a NIF target relocates the cell vertices to reconstruct a smoother mesh 8 i . burn .C!ynamlcs is very
1. The Monte Carlo method predicts earlier ignition and 3) The assigned index needs to be adjusted according to the while it restr.icts jthe reloca.tion be.yond one Ce!l to min.imize . | B i ZenSItl'\t/'e to _’:_r;]e Tnterlgy |
higher gain than predicted by the diffusion method. location of the edge if the cosine of the angle between the the r.e-flux dlffu3|on. asslo.cnated with .the rezoning. Th|s. . ! frzi)no;l] ;ogi.foSieono rse?:(;r; -
2. Aimost linear speed up inward normal direction vector and the particle direction is restriction greatly S|mpllf!ed the cel! index search algorithm . / 20 ‘| h .
less than zero. and reduces the computing time, since only the four N S L percent flower than Using
neighbor cells need to be searched . 9' | e " the Monte Carlo method.

1. Future work

Two Approaches for Restart (3) Speed up Factor Measurement

Monte Carlo Particle Tracking

: : = One approach is to force all live particles to deposit
In the Monte Carlo particle tracking method, a | | | | .pp | P G P The greatest advantage
bunch of particles is followed from random generation to s The distance to intersection, their remained energy by propagating until either they are of the Monte Carlo
termination. Particle trajectories are approximated by rl, z1) . which is the work horse for the out of the region or their energies drop below the cut-off Hicle 1 is that
straight lines. Energy loss to the plasma is calculated s Monte Carlo particle tracking, is energy right before the operation to write data at the check PArtcie fransportis tha
from the travel distance to each cell edge, and the calculated from the following ooint is taken. h Ehe program IS ”
amount of lost energy is governed by the stopping power. g A -~ - ! > equation. Special cases need § embar.rassmgly.
For the RZ.t\{vo-dimensionaI J to be handled. = Another approach is to build an energy distribution = parellllle.lljllzable. With
geometry, itis actually a 3D function and a direction distribution function statistically 7 negigibie " t
problem. The pos@on of S2(1 ot kzwz) £ SQ2xu+2yv—2kw(r, +k(z, —2)) from the data structures of live particles, and write these ;:r:)mmumca on COst,
‘o generat.e(tj partlcl§ IS replresented 0 Yo ! 0~ distribution functions to disk storage instead. When the f eh,proglr,am can ;
/ ya point (x,y,z) in a volume +1; —(n+k(zy—2))° =0 program resumes from the previous run, the Monte Carlo oy ACNIEVEINEAT SPEEED.
enclosed by four hyperbolas . . o Number of processors
. . particles are dynamically sampled from these distribution
3— defined by the quadrilateral edges .
functions.
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Particle Travel History

Tracking Algorithm

Summary and Future Work

See “ Simulation of Burn Wave Propagation on Two Dimensional Distorted

The Monte Carlo particle transport algorithm has to fulfill Once a particle is launched in a cell its trajectory is Meshes”, G. A. Moses, J. Yuan for details = A Monte Carlo particle tracking algorithm for
the basic tasks: constructed by 9 straig.ht line YVhiCh e.ncounters the cells’ _._ Total deposition at the current time In the hydro-time charged particle transport has been implemented in
(1) to generate particles randomly in the source cells, edges. The particle trajectory is terminated under one of Red: TD } dependent method, the the multi-dimensional hydrodynamic code DRACO.
: : : : : the following three circumstances, c I/~ ’ . . . .

(2) to determine the intersection with a quadrilateral and . J _ , g Black: Tl hydro time step acts as = The particle trajectory is followed cell-by-cell in

get the particle information updated * the particle travels out of the region of interest, g _ three di onal real
(3) Other tasks, such as the treatment (;f boundary « the particle energy falls below the preset cut-off energy, - a clock for.pa.rtlcles to ree |men§|ona real space.

conditions e,md tallv. are also required » the particle travel time is larger than the hydro time step %10 march, while in the . Qomparl.sor? shc.)ws that t.he I\/Iont.e “arlo method

. | y,. CI. : | if the time dependent tracking is applied. : — Independent method the predicts earlier ignition and higher gain than

(4) Slnc.e the algorithm is Coupl.ed with Lagrangian hydro, §1° - ,é//’ particles deposit all their predicted by the diffusion method.

mowng mesh must be .conS|dered. The alternative tracking approach is time independent or ém o . W } energies in the current = |n the future, we will apply this tracking
(5) Rezoning and remapping. adiabatic, in which the particle continues to propagate A I 77 - | time interval. The results framework to the Implicit Monte Carlo (IMC) transport
(6) Restart. until the above first two conditions are met. = ' o [?ef)ols'f'of florlo?elt"r]el Sfef’ ~ are similar. for radiation.
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