Quasi-static modelling of
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In the context of plasma accelerators

Beam-driven plasma wakefield acceleration (PWFA)

4  Plasma electron lon cavity
sheath (positively charged)

I (negatively charged)

Trailing
electron bunch

aser sources
partlc e sources

E ENERGY

Figure 3.10: Layout of the EUPRAXIA @ SPARC_LAB infrastructure.

Taken from EUPRAXIA CDR Courtesy of S. Corde

For an efficient PWFA

1) Beam Lorentz factor y;, > 1

2) Beam-to-plasma density ratio @ = "/, > 1

3) Beam sizes o,,0, < k;*
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In the context of plasma accelerators

Beam-driven plasma wakefield acceleration (PWFA)

1) Beam Lorentz factc
2) Beam-to-plasma del

- —1
3) Beam sizes oy, 0, < kp Filamented beam density due

to exponential growth of EM

Taken from EuPRAXIA CDR

For an efficient PWFA For beam-plasma instabilities

1) Beam Lorentz factor y;, > 1 1) Beam Lorentz factor y, > 1

2) Beam-to-plasma density ratio a = "2/, > 1 2) Beam-to-plasma density ratio a = /5, <1*

3) Beamsizes g,,0, < k;* 3) Beam sizes o;,0, > k;'

* Unless neutral beam, e.g. e~ fireball beam [Arrowsmith, C.D., Nat Commun 15, 5029
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A. Benedetti, et. al. Nat. Phot. (2018),
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Beam-plasma instabilities W TECNICO

Unbounded systems

EM fields + three species: Momentum

e Plasma electrons

 Beam particles (e™)

“Three instabilities”

Two-Stream Instability Current Filament. Instability (CFl) Obligue Instability (OTSI)
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Beam-plasma instabilities W TECNICO

Bounded systems

Unbounded system Finite beam

ct = 0.02 mm ct = —0.20 mm
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Spatiotemporal growth with finite-size beams 0

Co-moving variables

Current Filament. Instability (CFl)

Purely electromagnetic model* § =zZ—vpt
T=t
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cone oo (02 + Q - 950, — Ty) Sny” = 0 (Q oc;)
|k | 11 000 000 P
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Purely electrostatic model**
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*V B Pathak et al 2015 New J. Phys. 17 043043 S2n Miguel Claveria, et al., Phys. Rev. Research 4, 5 Author’s name | Event, Place | Month xx, 2016
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Model benchmark

Quasi-static PIC codes:

Conclusions

Q. Labro et al. Simulating ultrarelativistic beam-plasma

instabilities with a quasistatic particle-in-cell code,

_https://arxiv.org/abs/2506.18567
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Quasi-static model of beam-plasma instabilities W LISBOA

Plasma parameters
Uniform density
+ n, =10 cm™

e L=1m=50cl1

Beam parameters

Gaussian e~ beam
 E = 500MeV

Q = 200pC

0, = 10 um

0, = 300 um, 600 um

&, = 5 mm - mrad

k

a ~ 0.001

kpo, = 1

p
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QuaSSis simulations
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Reaching saturation of CFl modes at the core of the

beafnique opportunity to study non-linear
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