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Outline

Background and motivations

High-quality e-beam generation from a
sophisticated laser wakefield accelerator (LWFA)

. Generation of x- and y-ray sources based on a
LWFA

. Summary



Motivations: LWFAs are compact accelerators

» Laser wakefield accelerators—Compact particle accelerators
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Compact light sources based on a LWFA

However, high-brightness light sources rely on the
generation of stable and high-brightness electron
beams from a LWFA

Aluminum screén 1
Magnetic foil (movable)
) quadrupole _ , o
Nature Physics 2009 lenses Undulator ~Jransmission
Gas cell J grating

Gold

Laser beam mitor

““““““““
Phosphor

spectrometer




1.

3

4.

Outline

Background and motivations

High-quality e-beam generation from a
sophisticated laser wakefield accelerator (LWFA)

. Generation of x- and y-ray source based on a
LWFA

Summary



Generation of controllable high-quality high-energy e-beam:
decoupling electron injection and acceleration, and energy control

Single-Stage LWFAs Single-stage LWFAs
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Minimization of energy spread in a cascaded LWFA
via velocity bunching (e-beam compression)

» Evolution of energy spread and energy chirp in a LWFA
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Minimization of energy spread in a cascaded LWFA
via velocity bunching (e-beam compression)
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Zhijun Zhang et al., Phys. Plasmas 23, 053106 (2016)




Minimization of energy spread in a cascaded LWFA
via velocity bunching (e-beam compression)
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. Design of a cascaded LWFA using ionization injection

Electron injector Acceleration stage

Injector (He/O,)

Advantages of using ionization-induced injection for the electron injector

® Self-injection requires a high input power P/P ¢ > 4
® |onization-induced injection works at lower laser power. ao <2

® lonization-induced injection can be operated at lower plasma density

nonlinear instability can be minimized
phase matching for the electron seeding between the two-stage plasmas can

be satisfied easily.
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Demonstration of a cascaded LWFA using self injection

By optimizing the seeding phase of electrons into the second stage, electron beams beyond 0.5 GeV
with a 3% rms energy spread were produced over 2 mm. Peak was further extended beyond 1 GeV
by lengthening the second acceleration stage to 5 mm.[ Appl. Phys. Lett.103, 243501(2013),
Phys. Plasmas 19,023105(2012)].
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High-Brightness High-Energy Electron Beams from a Laser
Wakefield Accelerator via Energy Chirp Control
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High-quality high-energy electron beams from a cascaded LWFA
Energy chirp control

Divergence angle (mrad) «—— 10 mrad

Peak energy: 0.4-0.8 GeV
Energy spread: <1%
Beam charge : up to 80 pC
Divergence: <0.3 mrad
Stability: >90%

Energy fluctuation: <5%
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High-quality high-energy electron beams from a cascaded LWFA
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High-quality high-energy electron beams from a cascaded LWFA

» Compression of energy spread via energy chirp control and beam loading
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Stable Near-GeV electron beams at a few-thousandth level

Divergence angle
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Progress in generating high-quality electron beams via developing

lonization-induced

high-quality LWFASs
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|. Betatron radiation enhancement by steering a laser-driven
wakefield with a titled shock front

lon cavity
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High-quality electron beams

? High yield radiation
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Betatron radiation enhancement by steering a laser-driven wakefield
with a titled shock front
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Betatron radiation enhancement by steering a laser-driven wakefield
with a titled shock front

a
Filter
Lead wall
Electromagnet
800nm 30fs ‘. Probe pulse ICCD
laser @ 1Hz ;

\

.

Parabolic mirror CCD

14-bit

#.4. . & flaterferogram



Betatron radiation enhancement by steering a laser-driven wakefield
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I1. Generation of y-ray sources via inverse Compton scattering
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I11. X-ray radiation based on a LWFA and an undulator has been
demonstrated
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[11. X-ray radiation based on a LWFA and an undulator has been
demonstrated

Long-distance transport of e beams from the LWFA into the undulator

y(mm)

y(mm)

x(mm)

' Beam center

KX

y(mm)

5
P, e
0 =
5 >
5
-5 0 5
5
0
10
-5»
-5 0 5

y(mm)

i
BB

x(mm)

Beam size

® o
® o >*
.‘.‘. °

4

0.5
ox(mm)

1

y(mm)

15
0 10
5
0
20
15
0 10
5
0

x(mm)

y(mm)

» Beam size can be less than 100 ugm;
» Beam center jitter ~200 urad.,



I11. X-ray radiation based on a LWFA and an undulator has been
demonstrated
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Summary

» A two-stage LWFA for generating high-quality electron beams has been
experimentally realized. By optimizing the seeding-phase and energy
chirp control, high-quality electron beams with an energy spread of few
thousandth, small divergence and high stability were produced.

» Enhanced betatron radiation was produced by steering a low-energy-
spread electron beam in a laser-driven plasma wiggler.

» Tunable MeV Gamma-ray Source from Compton Backscattering with
ultrahigh brilliance of 3X1022 photons s* mm~ mrad? 0.1% BW has
been experimentally demonstrated.

» A XFEL platform based on the LWFA electron-beams and an undulator
has been installed and tested. X-ray radiation at 27 nm has been
observed.
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