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• Increase repetition rate of LWFAs to kHz range
• Resonant excitation by N pulses
• Could enable commercial laser systems as drivers
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n = 2 n = 7



Wakefield decay 
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• Decay mechanisms: 
○ Landau damping
○ Collisional damping
○ Interaction with ions - including ion motion

• Ion motion timescale: τ = ωi
-1 ~ 60 periods (H)

~ 85 periods (D)
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Study Method a0 Density Decay time 
(plasma periods)

Marques, J. et al, 
Phys. Plasmas 
(1998)

Frequency domain interferometry 0.16 5 x 1015 - 
1 x 1017 cm-3 

(He)

2 - 50

Kotaki, H. et al, 
Phys. Plasmas 
(2002)

Frequency domain interferometry
(Gas jet)

0.6 7.4*1017 cm-3 

(He)
8 

Ting A. et al, Phys. 
Rev. Lett. (1996)

Coherent Thomson scattering
(SM - LWFA)

0.78 1 * 1019 cm-3

(He & H)
~140



Frequency domain interferometry (FDI)
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Frequency domain interferometry (FDI)

Jakob Jonnerby
EAAC 2019

6
Marques, J. et al, Phys. Plasmas (1998)

Wake decay versus density



Frequency domain holography (FDH)
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Wakefield

Probe Reference

Drive

τ ~ 45 fs
a0 ~ 0.5

τ ~ 1.26 ps

Matlis, N.H. et al, Nat. Phys 2 (2006)
Matlis, N.H. et al, Opt. Lett. 41 (2016)
Arran, C. et al, Phys. Rev. Accel. Beams 21 (2018)

SpectrometerDensity ~ 9.8 x 1017 cm-3

Focal spot ~ 40 um



Temporally encoded spectral shifting (TESS) 
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Matlis, N.H. et al, Nat. Phys 2 (2006)
Matlis, N.H. et al, Opt. Lett. 41 (2016)
Arran, C. et al, Phys. Rev. Accel. Beams 21 (2018)
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Matlis, N.H. et al, Nat. Phys 2 (2006)
Matlis, N.H. et al, Opt. Lett. 41 (2016)
Arran, C. et al, Phys. Rev. Accel. Beams 21 (2018)

log scale



Temporally encoded spectral shifting (TESS) 
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Matlis, N.H. et al, Nat. Phys 2 (2006)
Matlis, N.H. et al, Opt. Lett. 41 (2016)
Arran, C. et al, Phys. Rev. Accel. Beams 21 (2018)



Pressure scan
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Pressure scan
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Pressure scan
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Pressure scan
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Fit to linear LWFA theory

PRELIMINARY!



Temporal evolution
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Hydrogen (20 mbar) Deuterium

e-t/τ: τH ~ 44±7 periods e-t/τ : τD ~ 140±60 periods

PRELIMINARY!



Temporal evolution
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Simulation: 2D PIC (SMILEI), same design parameters as 
experiment (no free parameters!). 4 particles per cell
Credits: Alexander v. Boetticher

2D PIC

2D PIC

Hydrogen (20 mbar) Deuterium

e-t/τ: τH ~ 44±7 periods e-t/τ : τD ~ 140±60 periods

PRELIMINARY!



Relative decay rate

Jakob Jonnerby
EAAC 2019

17

Simulation τH/τD ~ 0.6
Expt. τH/τD ~ 0.3 ± 0.2

2D PIC (H)

2D PIC (D)

Deuterium data
+ Exp. fit (black line)

Hydrogen data
+ Exp. fit (dashed line)

PRELIMINARY!
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• MP-LWFA could be used to reach kHz repetition rate LWFAs
• Wake lifetime measured for the first time using FDH/TESS
• Results suggests that MP-LWFA can sustain ~ 40 (H) - 100 

(D) pulses
• τH ~ 44±7 plasma periods,  τD ~ 140±60 plasma periods
• Suggests wakefield decay not a showstopper for MP-LWFA!



Thank you!
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