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Ӄ BLAST: Beam pLasma 
Accelerator Simulation Toolkit

Ӄ IO, Standardization & Open 
Development

Ӄ HPC: The Exascale Computing 
Project and Beyond
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Simulation of Beam Sources & Dynamics Requires Different Types of PIC Codes

Imagine a future, hybrid particle accelerator, e.g., with conventional and plasma elements.

BoosterSource Injector

Storage Ring

Injector

Storage RingIP IP

Goal
Start-to-end model-
ing in an open 
software ecosystem.
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Simulation of Beam Sources & Dynamics Requires Different Types of PIC Codes

Imagine a future, hybrid particle accelerator, e.g., with conventional and plasma elements.

BoosterSource Injector

Storage Ring

Injector

Storage RingIP IP

Goal
Start-to-end model-
ing in an open 
software ecosystem.

t-based electrostatic 
or electromagnetic PIC
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Simulation of Beam Sources & Dynamics Requires Different Types of PIC Codes

Imagine a future, hybrid particle accelerator, e.g., with conventional and plasma elements.

BoosterSource Injector

(S)RF Gun LPA/LPI

IP

Goal
Start-to-end model-
ing in an open 
software ecosystem.

A laser-wakefield stage

t-based electrostatic 
or electromagnetic PIC

3D visualization of the plasma proton density during the 
acceleration process of a few-fs, 1.15nC beam
Hilz, Ostermayr, Huebl et al.; Nat. Comm. 9.432, 2018
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Simulation of Beam Sources & Dynamics Requires Different Types of PIC Codes

Imagine a future, hybrid particle accelerator, e.g., with conventional and plasma elements.

t-based electrostatic 
or electromagnetic PIC

Quasistatic PIC
separates the timescale
for plasma wakefield 
and beam evolution

BoosterSource Injector

(S)RF Gun LPA/LPI

IP IP

Goal
Start-to-end model-
ing in an open 
software ecosystem.

A laser-wakefield stage

3D visualization of the plasma proton density during the 
acceleration process of a few-fs, 1.15nC beam
Hilz, Ostermayr, Huebl et al.; Nat. Comm. 9.432, 2018
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Simulation of Beam Sources & Dynamics Requires Different Types of PIC Codes

Imagine a future, hybrid particle accelerator, e.g., with conventional and plasma elements.

s-based PIC
uses s instead of t as
independent variable
+ symplectic maps for 
accelerator elements

Quasistatic PIC
separates the timescale
for plasma wakefield 
and beam evolution

BoosterSource Injector

Storage Ring

Injector

(S)RF Gun LPA/LPI

Storage RingIP IP

Goal
Start-to-end model-
ing in an open 
software ecosystem.

t-based electrostatic 
or electromagnetic PIC
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Simulation of Beam Sources & Dynamics Requires Different Types of PIC Codes

Imagine a future, hybrid particle accelerator, e.g., with conventional and plasma elements.

s-based PIC
uses s instead of t as
independent variable
+ symplectic maps for 
accelerator elements

Quasistatic PIC
separates the timescale
for plasma wakefield 
and beam evolution

BoosterSource Injector

Injector

Plasma Stage(S)RF Gun LPA/LPI

Goal
Start-to-end model-
ing in an open 
software ecosystem.

Plasma Stage

t-based electrostatic 
or electromagnetic PIC

Left: Laser-driven wakefield accelerator (LWFA) stage with the 
drive laser propagating to the right shown in red; right: plasma 
wakefield accelerator (PWFA) driven by the electron beam from 
the LWFA stage (figure credits: Thomas Heinemann/Strathclyde 
and Alberto Martinez de la Ossa/DESY).
T. Kurz, T. Heinemann, et al. Nat. Comm. 12.2895 (2021)
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Simulation of Beam Sources & Dynamics Requires Different Types of PIC Codes

Imagine a future, hybrid particle accelerator, e.g., with conventional and plasma elements.

s-based PIC
uses s instead of t as
independent variable
+ symplectic maps for 
accelerator elements

Quasistatic PIC
separates the timescale
for plasma wakefield 
and beam evolution

Source Injector

Storage Ring

Injector

(S)RF Gun LPA/LPI

Storage RingIP IP

Goal
Start-to-end model-
ing in an open 
software ecosystem.

t-based electrostatic 
or electromagnetic PIC

Booster

Plasma Stage Plasma Stage
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Simulation of Beam Sources & Dynamics Requires Different Types of PIC Codes

Imagine a future, hybrid particle accelerator, e.g., with conventional and plasma elements.

s-based PIC
uses s instead of t as
independent variable
+ symplectic maps for 
accelerator elements

Quasistatic PIC
separates the timescale
for plasma wakefield 
and beam evolution

BoosterSource Injector

Storage Ring

buildup of electron clouds, 
secondary electron yield

Injector

Plasma Stage(S)RF Gun LPA/LPI

Storage RingIP IP

Goal
Start-to-end model-
ing in an open 
software ecosystem.

Plasma Stage

t-based electrostatic 
or electromagnetic PIC
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Simulation of Beam Sources & Dynamics Requires Different Types of PIC Codes

Imagine a future, hybrid particle accelerator, e.g., with conventional and plasma elements.

s-based PIC
uses s instead of t as
independent variable
+ symplectic maps for 
accelerator elements

Quasistatic PIC
separates the timescale
for plasma wakefield 
and beam evolution

BoosterSource Injector

Storage Ring

FEL

modeling of radiative & 
space-charge effects

buildup of electron clouds, 
secondary electron yield

Injector

Plasma Stage(S)RF Gun LPA/LPI

Storage RingIP IP

cooling

Goal
Start-to-end model-
ing in an open 
software ecosystem.

Plasma Stage

t-based electrostatic 
or electromagnetic PIC
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Simulation of Beam Sources & Dynamics Requires Different Types of PIC Codes

Imagine a future, hybrid particle accelerator, e.g., with conventional and plasma elements.

s-based PIC
uses s instead of t as
independent variable
+ symplectic maps for 
accelerator elements

Quasistatic PIC
separates the timescale
for plasma wakefield 
and beam evolution

WarpX

HiPACE++

ImpactX
BoosterSource Injector

Storage Ring

FEL

Legend

BLAST: 
Exascale

modeling of radiative & 
space-charge effects

buildup of electron clouds, 
secondary electron yield

Injector

Plasma Stage(S)RF Gun LPA/LPI

Storage RingIP IP

cooling

Goal
Start-to-end model-
ing in an open 
software ecosystem.

Plasma Stage

t-based electrostatic 
or electromagnetic PIC
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Simulation of Beam Sources & Dynamics Requires Different Types of PIC Codes

Imagine a future, hybrid particle accelerator, e.g., with conventional and plasma elements.

s-based PIC
uses s instead of t as
independent variable
+ symplectic maps for 
accelerator elements

Quasistatic PIC
separates the timescale
for plasma wakefield 
and beam evolution

WarpX

HiPACE++

ImpactX
BoosterSource Injector

Storage Ring
Beam
Beam

3D

ES or
Vlasov FEL

IMPACT-T

Legend

BLAST: 
Exascale

in BLAST

LW3D modeling of radiative & 
space-charge effects

POSINST buildup of electron clouds, 
secondary electron yield

other

Injector

Plasma Stage(S)RF Gun LPA/LPI

Storage RingIP IP

IMPACT-Z

cooling

Goal
Start-to-end model-
ing in an open 
software ecosystem.

Plasma Stage

t-based electrostatic 
or electromagnetic PIC
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