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PHYSICAL REVIEW LETTERS 122, 084801 (2019)

Petawatt Laser Guiding and Electron Beam Acceleration to 8 GeV
in a Laser-Heated Capillary Discharge Waveguide
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® (Received 7 December 2018; revised manuscript received 30 January 2019; published 25 February 2019)

Guiding of relativistically intense laser pulses with peak power of 0.85 PW over 15 diffraction lengths
was demonstrated by increasing the focusing strength of a capillary discharge waveguide using laser
inverse bremsstrahlung heating. This allowed for the production of electron beams with quasimonoe-
nergetic peaks up to 7.8 GeV, double the energy that was previously demonstrated. Charge was 5 pC at
7.8 GeV and up to 62 pC in 6 GeV peaks, and typical beam divergence was 0.2 mrad.

DOI: 10.1103/PhysRevLett.122.084801
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Y.Mizuta,et al, Phys.Rev.ST, 15, 121301 (2012)
N.Nakanii,et al, Phys.Rev.ST, 18, 021303(2015)

Typical e-beam spot

Short Focus OAP
: ) F*~ 3, I~10"9W/cm?2
Beam Size: ~ 3.3 mm FWHM

& 30cm from gasjet target

Gas-jet with
external B-fields

e-bunch

Contrast
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Laser pulse
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Pulse duration 25fs

Detector size: ®13cm (746pixel)
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1. Stable supersonic gas-jet with step-density profile.
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LETTER

doi:10.1038/naturel6525

Multistage coupling of independent laser-plasma
accelerators

S. Steinke', J. van Tilborg!, C. Benedetti', C. G. R. Geddes', C. B. Schroeder!, J. Daniels"3, K. K. Swanson"?, A. J. Gonsalves',
K. Nakamura!, N. H. Matlis!, B. H. Shaw"?, E. Esarey' & W. P. Leemans?
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Figure 2 | Spectra of electron beams produced by staged
acceleration. a, Maximum electron energy (blue) and

total electron-beam charge (red) as a function of the delay
between the two driving laser pulses. ‘Positive delays’
correspond to times before the arrival of laser 2. A single
data point represents an average of five measurements; error
bars represent the standard deviation. b, Waterfall plot of
electron spectra (five-shot average), each with the reference
from panel c subtracted, as a function of delay. ¢, 100-shot
average unperturbed reference for delays of 100-300 fs
before the arrival of the second laser pulse. c-g,
Two-dimensional charge maps (five-shot average), with
reference (¢) subtracted for the first two maxima and
minima of the energy oscillation shown in a—that is, for
delays of —107fs (d), —153fs (e), —193 fs (f) and —240fs
(g). The y-axis in c—g shows the transverse angle in
milliradians; ‘0’ corresponds to the laser axis.
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Injector beam ( E ~10MeV or 100MeV ) is delivered to wakefield at 1-2 m downstream.
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e-Beam spot in vacuum
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Laser 2 spot in vacuum
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Laser 1(for Injector): /3, /10, 0.6-1.0 J, 30 fs
Laser 2(for booster): /20, 0.3-2.0 J, 30-50 fs
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Injector beam become longer during the traveling to 2nd wakefield.

Energy spectra of e-beams modulated by booster wakefield (gas-jet 2)

7o/ ENEEEEEE icctor beam
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= — After
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5 10 15 20 > All the electrons from injector are

cnergy (MeV) modulated by booster wakefields.
SCIENTIFIC

REPORTS | Typical energy spectra after boosting (2D-PIC)
pareresearch Initial E~10MeV, 1m travel

OPEN Coupling Effects in Multistage B
Laser Wake-field Acceleration of 08 |
Electrons

5 0.6
Zhan Jin%?, Hirotaka Nakamura3, Naveen Pathak?, Yasuo Sakai'?, Alexei Zhidkov*?, )
Keiichi Sueda?, Ryosuke Kodama? & Tomonao Hosokai'?* €

>
Staging laser wake-field acceleration is considered to be a necessary technique for developing full- 8 0.4

optical jitter-free high energy electron accelerators. Splitting of the acceleration length into several
technical parts and with independent laser drivers allows not only the generation of stable, reproducible
acceleration fields but also overcoming the dephasing length while maintaining an overall high 0.2
acceleration gradient and a compact footprint. Temporal and spatial coupling of pre-accelerated
electron bunches for their injection in the acceleration phase of a successive laser pulse wake field is the
key part of the staging laser-driven acceleration. Here, characterization of the coupling is performed
with a dense, stable, narrow energy band of <3% and energy-selectable electron beams with a charge

of ~1.6 pC and energy of ~10 MeV generated from a laser plasma cathode. Cumulative focusing of 0 S 10 15 20 25 30 0 5 10 15 20 25 30
electron bunches in a low-density preplasma, exhibiting the Budker-Bennett effect, is shown to result in
the efficient injection of electrons, even with a long distance between the injector and the booster in the = (MeV) E (MeV)

laser pulse wake. The measured characteristics of electron beams modified by the booster wake field
agree well with those obtained by multidimensional particle-in-cell simulations.
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Injector beam become longer during the traveling to 2nd wakefield.
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LWFA Platform @ SPring-8
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Overview of LWFA Platform @ SPring-8
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PHYSICAL REVIEW X 10, 031039 (2020)

Decoding Sources of Energy Variability in a Laser-Plasma Accelerator

Andreas R. Maier ,1’2’* Niels M. Delbos,1 Timo Eichner,l Lars Hiibner,l’2 Soren Jalas,1 Laurids Jeppe,1
Spencer W. Jolly . Manuel Kirchen®,' Vincent Leroux®,>"” Philipp Messner, "'
Matthias Schnepp,' Maximilian Trunk,'
Paul A. Walkelr,z’1 Christian Werle,1 and Paul Winkler”!

'Center for Free-Electron Laser Science and Department of Physics Universitit Hamburg,

Luruper Chaussee 149, 22761 Hamburg, Germany
*Deutsches Elektronen Synchrotron (DESY), Notkestrafie 85, 22607 Hamburg, Germany

3 Institute of Physics of the ASCR, ELI-Beamlines Project, Na Slovance 2, 18221 Prague, Czech Republic

International Max Planck Research School for Ultrafast Imaging & Structural Dynamics,

Luruper Chaussee 149, 22761 Hamburg, Germany
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FIG. 1. The drive laser (red) is focused into a plasma-cell target, where it ionizes a nitrogen-doped hydrogen gas to form a plasma and
then traps and accelerates electrons to an energy of 368 MeV. After the target, the laser is extracted from the beam axis for diagnostics.
The electron beam (blue) is captured using a pair of electromagnetic quadrupoles and focused into a permanent magnet dipole
spectrometer. The electron beam is adjusted to the accelerator design axis using steering dipoles. Retractable scintillating screens and
cavity-type beam position monitors provide electron-beam profile, charge, and position information. For clarity, only a few of the

installed laser diagnostics are shown. The whole setup is integrated into a controls system to enable live monitoring, tuning, and
processing of the acquired data.

Run time (hours)

0:00 2:00 4:00 6:00 8:.00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00 26:00 Run time (hours)
(a) 1 1 1 1 1 1 1 1 1 1 1 1 1 12:00 13:00 14:00 15:00 16:00 17:00 18:00
1 1 1 1 1 4
3 400 § 380 —— Measured drift .
) Modelled drift |2 &
s 5 ~ J £
2 " 2 3701 = /\/ = M Lo ©
o} i Spectral density (counts/MeV) o] W 3
S 200 5 = 9]
8 360 / [ &
bl b il | B S ) i AL s il m-ul.t. Jid A4 e v..‘...luu jiigiiuiipiinQO0% | u.Pul?ﬁm_RﬂQ‘ (0078 i 1.00 u% Shots used for correlations in Figure (3) ‘
— T T T T T T T T -
(b) § 45 000 47 500 50 000 52 500 55 000 57 500 60 000 62 500

c P et T ] s 1 Consecutive shots

2 5 3 YW L, 1 .3 - i - o Drift

g AR PO i NN B, b 15 RIS il s A . - -
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FIG. 2. Panel (a) shows the energy spectra of 100 000 consecutive laser-plasma generated electron beams. Here, each line represents
one single shot. The camera images of the electron spectrometer screen are background corrected, projected onto the dispersive axis, and
calibrated to a linear energy scale. The peak energy of each spectrum (dots) is shown in panel (b), together with the energy drift (solid
line) calculated as the rolling average over a 6-min window, i.e., 360 shots. The percent-level energy drift can be attributed to a drift in

lne) calulatd as the £ ove KEK £7E fas
rive laser parameters (compare Figs. 3 and 4).
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