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The role of simulations in plasma-based accelerators

 Inventing new schemes for acceleration, injection and control of beam

 Post-hoc analysis of experimental findings

 Parameter studies

 Quantitative Predictions of Beam Parameters

A. Pukhov, J. Meyer-Ter-Vehn, Appl. Phys B 74, 355 (2002)

3D
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Do we want & need predictive capabilities?

 Finding a range of parameters for good, stable operation is doable

 For prospective studies, you need some assurance that the code is o.k.

 For planning applications, you should know your code is o.k.

J.P. Couperous et al.,

Nat. Comm. 8(1), 487 (2017)

S. Katsouleas et al.,

Part. Accel. 22, 81 (1987)

M. Tzoufras et al.,

PRL 101,145002 (2008)
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We need and have a broad selection of tricks & tools (not just PIC!)

 Pen, paper, intuition & experience

 Hybrid + mixed fluid / kinetic schemes, electrostatic, MD/MC, etc.

 Reduced dimensions, boosted frames, ML / reduced models
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Why predictive simulations are hard

 Key experimental parameters are not well known & hard to reproduce

 Variations in input parameters (e.g. initial phase space distribution) & 

choice of models (e.g. Maxwell Solvers) influence results

 Simulations predict fundamental plasma properties (e.g. field strength & 

density) that are hard to measure directly

 Vary schemes + parameter ranges

Simulations
J.P. Couperous et al.,

Nat. Comm. 8(1), 487 (2017))

80 3D Simulations and a broken filter
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Don‘t trust ANY code (especially the one written by yourself!)

 Not all methods are implemented in every code

 Some methods cannot be implemented together

 Some methods interact spuriously with others

 Some methods have limited applicability

 Some methods are approximate

 Some methods are hard to parallelize
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Parameters are defined by applications & users!

 Accelerators must work routinely and reliably

 Accelerators must fulfill user‘s needs
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How wrong are we?
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Simulation Codes today (totally exaggerated!)

Simulation
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Start to End Simulations

Start to End simulations

Simulations on 10 different schemes
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Towards Exascale Computing (Capability + Capacity)

Start to End simulations
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Towards Exascale Computing (Capability + Capacity)

Domain Specific

Language

Performance 

Portability Layer

Central

Algorithms

Start to End simulations

Scalability

(Load Balancing)

E. Zenker et al., Lecture Notes in Computer

Science 9945,  293 (2002)
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Exascale I/O

Domain Specific
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Performance 
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Scalability
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“Overall , this is an outstanding proposal.

The HPC resource request are appropriate.

The PIs should try to reduce the data 

requirements and try to find a solution 

that is technically possible for CSCS.”

A. Huebl et al., High Performance

Computing 10524, 15 (2017)

“The TNG simulations produced 

more than 500 Terabyte […] The 

full analysis will keep the 

participating scientists busy for 

many years to come”
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Exascale I/O for everybody

 1 TB/s theoretical

throughput

 250 GB/s reached

 14 MB/s per node

 Exclusive access

 How is it accesed?

 How long may it live?

 1 Pb I/O in 1 hour
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Writing to disk won‘t work anymore
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Data reduction won‘t help, except when you throw stuff away
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Open, self-descriptive data exchange between applications
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Share data between

 PIC Codes

 Accelerator Codes

 FEL Codes

 Analysis Tools

 Visualization Tools

 …
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Open Source META DATA format for Plasma simulation codes
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An Ecosystem of Tools, soon including Exascale I/O Capabilities
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Scientific Workflows, Online Analysis & Visualization, SaaS, …
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Tbyte / s throughput

Frames per second

1011 particles

109 cells

few % overhead

Scientific Workflows, Online Analysis & Visualization, SaaS, …
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1) Simulation as a Service campaigns with in-situ exploration + analysis

2) Data + Metadata management with citation

3) Reproducibility, Accounting, User Community Access

Scientific Workflows, Online Analysis & Visualization, SaaS, …
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Simulation as a Service / Data Repositories in the Cloud (Usability)
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Common Inputs (Experimental Data?, MC?, Methods?)
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A common interface for PIC codes (MDK)
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Comparing to Experiments
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Comparing to Experiments (Ionization as a Diagnostic)

Q: „Are you considering validating your codes?“

A: „We do not see the need for it,

we have done this already in 2008“
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Synthetic Diagnostics
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Reliability, Reproducibility, Usability, Scalability, Open Science
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A community with codes is a community of community codes

 Dedicated, continuous Code Validation Programme (+ Experiment!)

 Infrastructure for this is missing and must be created!

 SaaS & Open Data Repositories for the Community (Cloud Solutions)

 Infrastructure for this is missing, but can be provided!

 Community access to Supercomputer Resources (PRACE, XSEDE)

 Political support needed


