BERKELEY
LAB

Development of a Virtual Detector for the Advanced @ :neRcy

TATEso? 7

Workforce Particle Accelerator Modeling Code WarpX Office of Sdience

Development
& Education  Tjberius Rheaume,"* Lorenzo Giacomel®, Jean-Luc Vay,” and Axel Huebl?
!California State University, Long Beach “Lawrence Berkeley National Laboratory °*CERN

rrerrr

Ex at 9.57e-14 s (iteration 6500) 1e9
4
ABSTRACT PIC Method Design Chart
g o 3
A current promising field of research, laser-driven ion acceleration has _ ) _ 2
the potential to reduce the size, cost, and energy consumption of force weighting particle push 6e-6 -
particle accelerators by orders of magnitude. User Count C E
s iy — !
Epare = E(X)-S(X) :> Pp=F_ Builds w/ particles =
To better refine the instrumentation, we have developed a virtual _ + F, ., Detector O [ wem -0
diagnostic to measure electromagnetic radiation such as radiation part = ZB(X)'S(X) +F ' Input File + M ™
produced from scattered and transmitted laser beams which has been coll. Gath L
implemented into WarpX, an advanced Particle-in-Cell code that ﬁ At Q I 3 chih i 2e-6 -
simulates laser-driven particle acceleration. This “FieldProbe” N E and B U =
diagnostic provides field measurements and is parallelized using the current S +
Message Passing Interface (MPI) and can thus run on High ﬁeld Solver deposition P Line Segment? T C === = = -
Performance Computing systems such as the NERSC Cori cluster. _ Elanicr Interpolate R
Exyz = VXB -j <: X = " t/ m U l;)ielc:!sI to -4
] B _ ¥ ] T * articles
BACKGROUND INFO e s e v D o
User : : : :
_ o ‘ Definas I FIG 7. Scattering of a linearly polarized, plane, electromagnetic wave on
FIG 3. Electromagnetlc Partlclef-m—Cell me.thod used in WarpX Detector gg;‘;z:‘wt; an embedded boundary double slit (not shown). Visualization of the x
to model laser-ion acceleration. The first two Maxwell’s Inputs Vector A component of the electric field created with openPMD-viewer.
Conventional RF Accelerators are COStly and equations are ensured by charge-conserving solvers and G
. o i ) L self-consistent initial & boundary conditions. Ref. [1] +
massive, requiring big financial investment. S
1 A C Frnas o
Fields and
O Parse Poynting 20?2 e Z =distance between detector and antenna (double slit)
q h H“ N Input in Output Far Field: Z > 5 e D = diameter of antenna (slit width + slit distance)
* S Values Array e A =wavelength
FIG 8. (left)
2 Fermilab . L) - coec — o o o
= FIG 4. 5 gz—e‘iact)i 1000 | mm envelope (theory) [ | N\ step gragh of
o ) = D 1 de- / measure
A promising research field for compact 1480 omposition C RS SR . i 1% = integrated
. o o o o — u t p u t ~ i E | ;' . 1
particle acceleration is laser-driven ion - for GPU for T File & o < Y A Iv’ggtf:rmg
: : : - High Perfor- ) |
acceleration, using a ultrahigh-power (PW), = g e g Coliect [Nl £ 600 Yy 4 k& 4 ' magnitude
short (~30 fs) laser pulses to create a plasma 1L Computing + Pl T z // (Y ] [\, vs. theory.
- : : ! solaies o 11/ 50 < clusters. 10 g 400- U O
that facilitates ion acceleration. i 50 51 5 970 5 s o | 20 ¢ - MoerS S A £ 7 | | | \ O
oy -5 2 Sl o GRS oo {@ - WarpXusesa 1 | Create P Y/ (17 \ © ¢
surface Sl "'532 aﬁh@" / E%EE - Cartesian, Detector * 200 - W, f . 1 W
e target laver : . P B P — N - , “*« f - 1 | | o 3
jons - block- Location U \ / | | J u pyte I
——— \ / = structured I Vectors No . 5+
pulse accelerated i3 mesh. T 1 XN Print Diags? T : : : : :
electrons » E Ref. [3] ~1.0 -0.5 0.0 0.5 1.0
partial _ ; - + Position (m) le-5
reflection debye e e =%m.%mwi - D + Yes
S ACKNOWLEDGMENTS
Ne, 5 Zini _f\o A Detector Print
£l BRES —— . e . . . . . . . : Output
T / E ] Simulation space is divided into regions, T Particles ‘@— Array to , , _ _
7 ] . . o . A Data Eile Special thanks goes out to Dr. Axel Huebl for his hands-on mentoring during
FIG 1. Basics of laser-ion acceleration. Laser energy is which are a581gned to individual Computmg ile dleveiopr&en; cl)f this project. I xavo.ltﬂd like .toJc z;cknow%)edgef Belj;lflel.ey I(:la‘t? S
: : . ccelerator Modeling program and its associated members for their advice
?::ﬁﬁ?ﬁd ]lE)l}\f/[egieeclg?gcsﬂvi\”c?elsd;csceeﬁgiieogo;{z flo[lﬁ' The ranks. GeneraHY’ GPUs are ass 1gned to ranks FIG 6. FieldProbe implementation logic. The left half and direction towards developmental resources as well as all WarpX
5 ' ' whereas CPUs manage assigning ranks and executes once while the right halt executes during every Contribuftocrsl. fI Wouéd also like to thank Dr. I}’licfkett,h Dr. ]aikumadr, an(;i Dr.
. : - - - - - K I I I ity, L B ' I '
® accelerator length: meters -> microns communication. Areas with high processing B cpport . Ths work was prepared i partal fulfllment of he requirements o
e {o control this ultra-small acceleration, requirements are assigned more GPUs. the Berkeley Lab Undergraduate Research (BLUR) Program, managed by
: : : : iy , = = Workforce Development & Education at Berkeley Lab.
testing and modeling is required AMReX facilitates WarpX’s F Implementation Detalls
. . This project was supported by the Exascale Computing Project (17-SC-20-SC),
parall.el COmmUIl?C.athn and Rex a collaborative effort of two U.S. Department of Energy organizations (Office
domam dQCOHlpOSlthIl. ;ﬁ ) . of Science and the National Nuclear Security Administration) responsible for
e Particle Container class created to store SoA the planning and preparation of a capable exascale ecosystem, including
and AoS probe data software, applications, hardware, advanced system engineering, and early
, P . , testbed platforms, in support of the nation's exascale computing imperative.
A V - rt I D t t r T - n e For instantaneous values, run diagnostic only This work was performed in part under the auspices of the U.S. Department of
Spectralon I Ua etecio Wi during print-to-file steps Energy by Lawrence Berkeley National Laboratory under Contract

DE-AC02-05CH11231.

e For integrated values, run diagnostic every step,
print on print-to-file steps
¢ On each compute rank:
o loop over mesh-refinement levels (atm. 1)
o iterate over spatial boxes of particle tiles
o interpolate field data to particle positions

A2 %>, U.S. DEPARTMENT OF

) ENERGY

E \(( '] ‘_J Office of Science
NS

National Nuclear Security Administration

<\Reflected Laser Light

EXASCAHLE COMPUTING PROJECT

. N
Desired Detector Panel:

Recording instantaneous

Transmitted

an;l :\lflwtegrat_ec:c. Ellgctric laser light CPU d GPU [1] A. Huebl. PIConGPU: Predictive simulations of laser-particle accelerators with manycore
and Magnetic field components B Can run on S an S hardware. Zenodo, 2019. DOI:10.5281/zenod0.3266820
O MPI communication [2JFIé L. Poole, L. Obst, G. E. Cochran, J. Metzkes, H:-P. Schlenymg’.c, L. Prenc1pe, T..Kluge,
/ ] . . ) . Cowan, U. Schramm, D. W. Schumacher, and K. Zeil. Laser-driven ion acceleration via target
F/ 3 OAP Driving Laser Target: Tonizes and becomes e (Can record pOintS (smgle partlcle) p 1D llne normal sheath acceleration in the relativistic transparency regime. New Journal of Physics,
Pulse length: ~30 fs__~ a plasma by absorbing energy . . . 20(1):013019, Jan 2018. DOI:10.1088/1367-2630/aa9d47
e (Strlp of partICIQS) p and 2d plane (thln mesh of [3] M. E. Rowan, A. Huebl, K. N. Gott, ]. Deslippe, M. Thévenet, R. Lehe, and J.-L. Vay. In-situ
_ . 1 d assessment of device-side compute work for dynamic load balancing in a gpu-accelerated PIC code.
particles) detectors PASC21, 2021. DOI:10.1145/3468267.3470614

[4] ].-L. Vay, A. Huebl, A. Almgren, L. D. Amorim, J. Bell, L. Fedeli, L. Ge, K. Gott, D. P. Grote, M.
Hogan, R. Jambunathan, R. Lehe, A. Myers, C. Ng, M. Rowan, O. Shapoval, M. Thévenet, H.
Vincenti, E. Yang, N. Zaim, W. Zhang, Y. Zhao, and E. Zoni. Modeling of a chain of three plasma
accelerator stages with the WarpX electromagnetic PIC code on GPUs. Physics of Plasmas, 28(2) 023105,

ECP-WarpX/WarpX 2021. DOI:10.1063/5.0028512

[6] W. Zhang. AMReX: a framework for block-structured adaptive mesh refinement. Journal of Open
Source Software, 4(37), 2019. DOI:10.21105/j0ss.01370

. . . e Developed as open source for ease of access!
FIG 2. Experimental setup of laser-ion acceleration. The

laser pulse interacts with the plasma at LSTI, causing ions

to be accelerated. Energy detectors (TPS) are placed to FIG 5. Virtual detector setup. The position, shape, and size of the
measure accelerated ions. Ref. [2] detector is completely adjustable to cover points, lines, and planes.
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