
S. V. Bulanov, G. M. Grittani, P. Valenta

Scaling of LWFA 
for Multi-PW Laser-Plasma 

Interaction

19.03.2025Date:

LAMU-2025
ELI-ERIC, ELI-

Beamlines
March 19, 2025



Date: Page:

Tajima, T., and Dawson, J. M., (1979), Laser electron accelerator, Phys. Rev. Lett. 43, 267

Mourou, G., Tajima, T., and Bulanov, S.V., (2006), Optics in the relativistic regime, Rev. Mod. Phys. 78, 309

Lu, W., Tzoufras, M., Joshi, C., Tsung, F. S., Mori, W. B., Vieira, J., Fonseca, R. A., and Silva, L. O., (2007), Generating multi-gev

electron bunches using single stage laser wakefield acceleration in a 3d nonlinear regime. Phys. Rev. ST Accel. Beams 10, 061301

Tzoufras, M., Lu, W., Tsung, F. S., et al., (2008), Beam loading in the nonlinear regime of plasma-based acceleration. Phys. Rev. Lett.

101, 145002.

Bulanov, S. V., T. Zh. Esirkepov, Y. Hayashi, H. Kiriyama, J. K. Koga, H. Kotaki, M. Mori, and M. Kando, (2016), On some theoretical

problems of laser wake-field accelerators, J. Plasma Phys. 82, 905820308

Valenta, P., Esirkepov, T. Z., Ludwig, J. D., Wilks, S. C., Bulanov, S. V., (2025), Bayesian optimization of electron energy from laser

wakefield accelerator, arXiv preprint arXiv:2501.06069



6/ 2.196 2.2 10
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DARPA’s Muons for Science & Security program aims to create a compact source of deeply penetrating subatomic particles known as muons to enable a variety
of scientific, commercial, and defense applications – from medical diagnostics, to scans of cargo containers for dangerous materials. MuS2 project aims to
employ laser plasma acceleration to develop scalable and practical processes to produce conditions that can create muons exceeding 100 GeV. This unique
muon source will also be available for multidisciplinary experiments including the astrobiology.

High energy muon beam generation (ICMuS2 project)

MUON TOMOOGRAPHY: 10 PW electron acceleration as a driver for muon production

L4-Aton laser at ELI-Beamlines has optimized parameters for LWFA: 1.5 kJ, 150 fs, 100s shots/day. 
10 PW electron acceleration set-up being designed to enable experiments in the near future

Archeology Volcanology Fukushima tomography



Laser Wake Field Acceleration

I.
a) Wake field generated by short laser pulse 
b) Relativistic Langmuir wave
c) Optimal length of the driver pulse 
d) The LWFA energy scaling
e) Relativistic self-focusing
f)  Basic mechanisms of the electron injection

II.
a)  High-energy muon beam production
e)  Medical applications
f)   Compact XFEL
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Wakefield Generated by Short Laser Pulse (Tajima&Dawson 1979)
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Limit            ; Optimal Length of the Driver Pulse 

Optimal laser length vs pulse amplitude
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On the LWFA energy scaling 

Scaling of LWFA accelerated electrons   , 

where   and  

Energy scaling    ; the acceleration length  
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At the self - focusing threshold  we have 

It gives the accelerated electron energy 
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SVB et al., J. Plasma Phys. 82, 905820308 (2016)
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c)

Transverse Wake Wave Breaking

Swallow-tail 

singularity in local 

coordinates:

4 2
1 2 3 0y x y x y x

BULANOV, S. V., PEGORARO, F., PUKHOV, A. M., SAKHAROV, A.,Transverse-wake wave breaking. Phys. Rev. Lett. 78, 42054208 (1997)



Down-ramp (as well as up-ramp) density injection
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Cluster-plasma (nano-particle) injection
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Optical Injection
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Beam Loading
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we reduce this problem to
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This is similar to Kapchinskij - Vladimirskij 
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Optimization of the LWFA Parameters for ICMuS2 

▪ LWFA relies on efficient and continual energy transfer from driver to wakefield

▪ Conditions for “matched” laser and plasma parameters:

𝑎0 = 2 Τ𝑃0 𝑃𝑐
Τ1 3, 𝑤0 = Τ2𝑐 𝜔𝑝 𝑎0, 𝑙0 = 𝑙𝑜𝑝𝑡 ≈ Τ𝜆𝑤 2

where 𝑃𝑐 ≈ 17.4 GW× Τ𝑛𝑐 𝑛𝑒 is the critical power for relativistic self-focusing

▪ if Τ𝑃0 𝑃𝑐 ≫ 1 … laser is likely to develop filamentation instability

▪ if Τ𝑙0 𝑙𝑜𝑝𝑡 ≫ 1 … laser is likely to develop self-modulation instability

preferably Τ𝑃0 𝑃𝑐 ≈ 1 and Τ𝑙0 𝑙𝑜𝑝𝑡 ≈ 1



Simulation setup: 100 J case

filamentationself-modulation



Simulation setup: 500 J case
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Thank you for your attention!
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