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Outline

ÅWhat is a cluster plasma?

ÅShort introduction

ÅImpact of clusters on (nonlinear) wakefieldproperties

ÅHow does the (self-)injection mechanism change?
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[ƛǘŜǊŀǘǳǊŜ ŘƻŜǎ ƴƻǘ ŜƴǘƛǊŜƭȅ ŀƎǊŜŜΣ ōǳǘ Χ

in general: large set of small-scale objects that have been 
ionized

Many plasma clusters form a cluster plasma! 

What is a cluster plasma?
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ÅHHG

Examples in literature
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Examples in literature

ÅIn wakefieldcontext

ÅHHG

ÅResonant laser absorption

ÅCoulomb explosion
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[J. Wood, PhD Thesis, ICL, 2017]  

[Zhang et al., Appl. Phys. Lett, 01410, 2012]  

[Chen et al., Sci. Rep. 3:1912, 2013]  

ÅIncreased charge

ÅBroad energy spectrum

ÅBetter reproducability
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Åὲ Χ ŎǊƛǘƛŎŀƭ ŘŜƴǎƛǘȅ ŦƻǊ ƭŀǎŜǊ ǇǳƭǎŜ

Åὲ Χ ŘŜƴǎƛǘȅ ƻŦ ŎƭǳǎǘŜǊ όnormalisedto ὲ )

ÅὲΧ ŀǾŜǊŀƎŜ ŜƭŜŎǘǊƻƴ ŘŜƴǎƛǘȅ ƛƴ ǎƛƳǳƭŀǘƛƻƴ ōƻȄ όnormalisedto ὲ )

ÅὨ Χ cluster diameter

Important simulation parameters 
throughout this talk
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Wakefield structure

ÅWakefield preserved?

ÅDynamics of cluster expansion

ÅEvolution of bubble size
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a0 = 5 (30 fs)

ὲ = 0.004 ὲ Uniform plasma incl. ramp

38 x 13 cells per wavelength
8 x 8 electron macroparticles
per cell
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Staggered grid of overcritical 
clusters in vacuum

Uniform plasma

189 x 165 cells per wavelength
32 x 32 electron macroparticles
per cell
(1 simulation <-> 10^5 CPUh)

a0 = 5 (30 fs)

ὲ = 0.004 ὲ

Ὠ = 12 nm    |    ὲ ρȢυ
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Overcritical clusters randomly 
arranged to satisfy same average 
density condition

Staggered grid of overcritical 
clusters in vacuum

Uniform plasma

a0 = 5 (30 fs)

ὲ = 0.004 ὲ

Ὠ = 12 nm    |    ὲ ρȢυ
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uniform

Random clusters, 
ὲ = 1.25

Random clusters, 
ὲ = 5.0
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Strong fluctuations in cluster case!

Å Position of maximum 
longitudinal electric 
field Ὁ

Å Length that exhibits 
accelerating 
longitudinal field

Timestep
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Electron beam

ÅParticle injection mechanism

ÅSpectrum
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Resting frame
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uniform

cluster

Co-propagating frame
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Electron beam

ÅParticle injection mechanism

ÅSpectrum
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[Chen et al., Sci. Rep. 3:1912, 2013]  

[Zhang et al., Appl. Phys. Lett, 01410, 2012]  

[J. Wood, PhD Thesis, ICL, 2017]  
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ÅSpectrum depends on cluster parameters

ÅLƴƧŜŎǘƛƻƴ ƳŜŎƘŀƴƛǎƳ ŘƛŦŦŜǊǎ ŦǊƻƳ ǎŜƭŦ ƛƴƧŜŎǘƛƻƴ ŀǎ ŜƭŜŎǘǊƻƴǎ ŦŜŜƭ ŎƭǳǎǘŜǊΩǎ 
Coulomb force throughout high-field region

ÅHigh resolution necessary (compare Chen et al., SciRep 3, 2014)

Summary (and other findings)
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Additional Slides
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¢Ƙƛǎ ǘŀƭƪ ƛǎ ōŀǎŜŘ ƻƴ Χ
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Å Non-uniform electron motion!
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Laser pulse

ÅDepletion

ÅCǊŜǉǳŜƴŎȅ όάǊŜŘέ-) shift
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Ionisation



11 December, 2020 marko.mayr@physics.ox.ac.uk



11 December, 2020 marko.mayr@physics.ox.ac.uk



11 December, 2020 marko.mayr@physics.ox.ac.uk


