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1) Rephasing the electrons

2) A plasma lens .

3) Laser wavefront and electron acceleration



Rephasing the electron bunch

Laser wakefield electron acceleration
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Rephasing the electron bunch

Acceleration ends when electrons slippage into the deceler

accelerating ;| decelerating acceleratingg decelerating

e bunch e bunéh

O laser

longitudinal E field

Dephasing limits the maximum attainable energy of
a laser-plasma accelerator

High Brightness Beams, March 29" 2016 E’ h v COLE  uE
La Habana, Cuba ENSTA 7\ sviasnt susisantun:
| i 1




Rephasing the electron bunch

Electrons retrieve an accelerating field by raising the density

accelerating decelerating accelerating decelerating accelerating decelerating
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The electron bunch is rephase
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Rephasing the electron bunch

Laser: 1J, 28 fs
waist 14 um
1=1.8 10" W cm??

cm®)

Electron density (1 0"

E. Guillaume et al, PRL 11
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Rephasing the electron bunch

Up to 150 MeV of
energy gain!

dN/dE (/MeV)

Electron energy (MeV)

* A high energy peak appears in the spectrum
« A gap between 100 MeV and 200 MeV appears

E. Guillaume et al, PRL115 1550
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Rephasing the electron bunch

3D Particle-in-Cell simulations u_s_ing CalderCirc

(a) Without shock
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Rephasing the electron bunch

Using shock injection (quas—mo |
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Rephasing the electron bunch
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E. Guillaume et al, PRL 1 15
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Rephasing the electron bunch: Remarks

e A very simple machining of the gas jet produces
a drastic effect over the spectrum

e It is possible to accelerate a fraction of the bunch
already in the decelerating region : rephasing

e An energy gain up to 150 MeV achieved
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Plasma lens

e LPA electron beams: very small (r~1 um), divergent (>1 mrac
not very monochromatic (AE>1%)

e Focusing these beams requires very strong fields

e To limit chromatic emittance grows, first magnet must be as close
as possible to the accelerator (minimum for state-of-the-art quads

Trace space for real lens .10* Phase space for real lens

Constant in drift Growth in drift

Growth - Constant
in lens . in lens

S I f < T
Constant in drift ey Growth in drift

|'
We propose a way to reduce the divergence of the beams ~1 mm away

from the accelerator: the plasma lens
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Plasma lens

Acceleration
and betatron

Initial
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divergence
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between x and 6x (Xo~0.1 um, Bx~3 mrad)

High Brightness Beams, March 29" 2016
La Habana, Cuba

ENSTA

J EcoLE
I POLYTECHNIQUE



Plasma lens

e 3D PIC simulations

Small laser amplitude
quasi-linear regime

Divergence is divided by 3

Divergence (mrad)

R. Lehe et al, PRSTAB 17 121301
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Plasma lens

Second jet

Laser pulse
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Plasma lens

Lens parameters: L =1.8 mm n,=3.9 10'® cm=

5
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Electron energy (MeV)

Before the lens
—— After the lens

Electron energy (MeV)

Divergence reduced by a factor 2.6 C. Thaury et al, Nat, Commucit

High Brightness Beams, March 29" 2016 E’ h COLE  uE
La Habana, Cuba ENSTA 7\ sviasnt susisantsan




Plasma lens

Optimum Plasma Lens
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Laser wavefront & electron acceleration

Experiments shows than a nice laser spot = -
But sometimes the laser spot is nice but they are not
What are the hidden parameters?

The role of the wavefront was unlighted in an recent wor
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Laser wavefront & electron acceleration

High repetition rate laser focused in a tiny gas jet

to transverse
interferometry diagnostic

100 ym Nitrogen
gas jet --.._

to laser mode
measurements
—_

waist 2 um FW _

3md,20fs
kHz laser pulses
f# 1.5 focusing

/_\ to electron
~ diagnostics
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20 fs probe laser pulse

. Beaurepaire et al, PRX 5 03
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Laser wavefront & electron acceleration

i Laser pulse
.

PIC simulation results
B. Beaurepaire et al, PRX5 031012
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Laser wavefront & electron acceleration

50 mrad 50 mrad

« Complex patterns stable over hours (millions of shots)

B. Beaurepaire et al,
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Laser wavefront & electron acceleration

e Similar complex patterns had been found at CUQS (An

Taken from Z.-H. He et al, NJP 15 05301
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Laser wavefront & electron acceleration

50 mrad

(o) .
-

Taken from Z.-H. He et al, NJP 15 0530
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Where these structures come from?
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Laser wavefront & electron acceleration

¢ We performed 3D Particle-in-Cell simulations using Calde

For a Gaussian radial profile laser pulse
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Nice and collimated electron beam — ')\ &?

B. Beaurepaire et al, PR
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Laser wavefront & electron acceleration
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Laser wavefront & electron acceleration

15

Calculated with flat wavefront Experimental Calculated with flat wavefront

focal spot

Experimental Experimental

focal spot
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Gerberch-Saxton algorithm to retrieve the wavefront from the intensity at three

B. Beaurepaire et al, PRX5 0
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Laser wavefront & electron acceleration

I3 Calculated with GS wavefront Calculated with GS wavefront

Experimental

focal spot
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B. Beaurepaire et al, PRX5 0
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Laser wavefront & electron acceleration

06 <04 02 0 02 04 06
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Complex and divergent electron beam =

B. Beaurepaire et al, P
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Laser wavefront & electron acceleration

N e = o) i of focus features are critica
ayelg p

focal plan

Rayleigh
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Laser wavefront & electron acceleration:
SENES

e Simulations performed with 100 TW laser shows
of laser wavefront

e Laser wavefront aberrations affect the laser propagat
and acceleration

e Optimization of the focal spot can results in a “degradat
wavefront (the laser intensity close to the focus)

— degradation of the electron beam

The laser wavefront matters!
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Thank you!
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Laser wavefront & electron acceleration
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Changing the position of the shock

150 MeV of
energy increase!

Out

Electron energy (MeV)

0.4 0.6
Shock position (mm)

* It is possible to change the peak energy by changing the position of the shock

« 150 MeV of energy increase in optimum case

High Brightness Beams, March 29" 2016 m rscn -
La Habana, Cuba ENSTA l‘f NIQu|




Spectra comparison
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