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EuroNNAc Special Topics Workshop, 18–24 Sep 2022

Hotel Hermitage, La Biodola Bay, Isola d'Elba, Italy

Improved in-situ live-visualization

Laser-plasma wakefield accelerator, Helmholtz Imaging Best Scientific Image Contest 2022 (2nd place)

PIConGPU runs on latest AMD GPUs

Summit, ORNL (2018)

200 PetaFLOPS

4,608 nodes

27,648 NVIDIA Volta V100s

IBM POWER9 CPU

PIConGPU team is one of 8 teams in early-access project

CAAR for Frontier (Center for Application Readiness) at ORNL

Juwels Booster (Nov 2020),

JSC at FZ Juelich

73 PetaFLOPS (7th Top 500, 3rd Green 500)

936 nodes, 3744 NVIDIA Volta A100s

AMD EPYC Rome CPU

Road to exascale – PIConGPU scales to the largest machines

Frontier, ORNL (2022)

> 1.5 ExaFLOPS

AMD GPU hardware

Cray architecture / compilers

Traveling-Wave Electron acceleration (TWEAC)

eliminates the dephasing and depletion limit of Laser-wakefield acceleration

cylindrical focus

along slit-nozzle

gas jet

field cycling

length

▪ Overlap of two obliquely incident

laser pulses in cylindrical focus

drives plasma cavity for

electron acceleration.

→ Circumvents LWFA dephasing limit

▪ Pulse-front tilted laser enforces

vacuum speed of light propagation

of laser overlap in plasma.

→ Averts LWFA depletion limit

▪ Oblique laser beam geometry

continuously feeds a „fresh“

portion of the laser beams

into an unperturbed plasma.

α = Φ/2   → vg ≡ c

L(accelerator)  >  L(depletion length)

is fine, as long

L(field cycling length)  <  L(depletion length) 

TWEAC maintains quasi-stationary plasma conditions

▪ TWEAC accelerator length can be made

longer without dephasing or depletion.

▪ No need for staging.

▪ Quasi-stationary plasma conditions

without (parasitic) self-injection.

▪ No laser self-phase modulation along

direction of electron acceleration.

▪ Does not require guiding of laser pulses.

picongpu.hzdr.de

Performance on GPUs and CPUs

Simulated with

12.5 mm total plasma length

TWEAC scalability with electron density
enables access to novel regimes

without the need for staging

ELI type

lasers

LWFA scaling based on

C. B. Schroeder et al.

PRSTAB 13, 101301 (2010).

low-power

high-rep. rate

lasers

powered by

github.com/alpaka-group/alpaka
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Summit’19 4600 nodes baseline Summit’22 projected

Frontier’22 8704 nodes Frontier’22 9400 nodes projected

4.37 x
4.08 x

1.26 x
1.00 x

14.7 

TUP/s

18.6 

TUP/s

60.0 

TUP/s

64.2 

TUP/s

Latest

test run

65.3 

TUP/s Weak scaling setup features 96-98%

GPU utilization on full Summit system.

scales to full Summit !

Debus, A. et al. (2019), PRX, 9(3),

p. 031044. doi: 10.1103/PhysRevX.9.031044.


