| \ electron trapping, and high-quality
oduction in laser-plasma accelerators.

h \ )
WY '\\ ‘-
' N

i l"‘.,

""' LA Center, LBNL



LPA enabled by fs, TW lasers:

Chirped pulse amplification
1985 Concept

Initial short pulse A pair of gratings disperses

the spectrum and str

_/\_ / . > the pulse by a factor
/ of a thousand

Short-pulse oscillator

The pulse is now long l
and low-power, safe

LPA a key scientific application

/ High-energy pulse after amplification
. - B> -
— b
Power amplifiers
01

Resulting high-energy, v,
ultrashort pulse Y

A second pair of gratings
reverses the dispersion of the
first pair and recompresses the pulse.

Figure 7. Schematic illustration of laser-plasma acceleration. An intense laser pulse drives a
plasma wave (wake) in a plasma channel, which also guides the laser pulse and prevents
diffraction. Plasma background electrons injected with the proper phase can be accelerated and
focused by the wake. (Reproduced from W.P. Leemans (2010), White Paper of the ICFA-ICUIL
Joint Task Force - High Power Laser Technology for Accelerators, http://icfa-
bd kek jp/WhitePaper_finalpdf.)
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At Lawrence Berkeley National Laboratory in California, a petawatt-class laser at the Berkeley
Lab Laser Accelerator (BELLA) facility is used to accelerate electrons to 4.2 GeV over a distance
of 9 cm [78]. This is an acceleration gradient of at least two orders of magnitude higher than what
can be obtained with RF technology.

2018 Nobel Prlze Strlckland and Mourou



First results approached GeV/cm but:
broad energy spread

c. 2000 (LBNL and others)

10 L] L] L] L] L] L] L] Ty o 3 1 1 1 1 ! 1 J 2 1 1 . £ 2 21 1 1 4
l I m  (Avg-bkg)/ MeV normalised
a  detection threshold (2px)
1 B
=)
O
VR TN WU A A AR A
:
o
£ 001 }R-.°
>
&)
=
T 0.001 e o POTTIOR e
© ;
0.0001

10-57....

Interaction length & injection not controlled






Extending length - channel guiding:
low energy spread
Phosphor 45

(v

Thedawn of@ompact partigle accelerators

A\ C.G.R. Geddes et al., Nature 431 p538 (2004)

- ' s S. Mangles et al., Nature 431 p535 (2004)
e hsome J. Faure et al., Nature 431 p541 (2004)
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High quality beams:
Trajectory crossing at dephasing

Energy -
N

Propagation -

Trajectories indicate high quality accelerator structure
C.G.R. Geddes et al.,SciDAC Review 2009



Low emittance beams:
Trapping control, orbit selection & structure
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Low emittance, consistent with matching & preservation

Plateau et al., Phys Rev. Lett 2012
Geddes et al., Phys Rev. Lett 2009



Channel guiding:

Predictable scaling to 8 GeV... and counting
CONTINUOUS PROGRESS _ y L

o \J

Since its beginnings in the mid 1990s, BELLA has been in the
forefront of LPA performance, and recently continued its string
of energy records by producing 8-GeV electron beams.

In a separate achievement, BELLA has demonstrated *staging,"
the use of one LPA as the input to another, which will become
key to achieving the highest energies.
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Shown below: The present 1 PW peak power In ultrashort (30-40 fs) pulses.



Energy scaling supported by new guides

BELLA driver laser
Driver final
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Important firsts demonstrated:
Far from optimum, much exciting work to do

Currently Developing

E: Stable few % <1% ©Eneray <

AE: Stable at 10% <1% Advanced Accelerator
Development Strategy

Diverg: ~ mrad < 0.1mrad Report

Point: ~ mrad <0.1 mrad

Emittance: 0.1 um 0.01 um

Charge: ~10 pC ~100pC
Efficiency: few % ~30% =i
Rate: Hz > kHz

e- Only e-' e+ Image credits: owsr Joft LENLR. Kaltschmict, upper right SLACUCLAM. An



Path forward for Laser Plasma Accelerators

Continuing Invention & Discovery Phas
Modeling and simulations with hi-fidelity, high speed codes

5 GeV+5 GeV staging

Phase space shaping, efficiency,
diagnostics, tolerances

Final focus, cooling, ...

Prototype Phase

50-100 GeV linac(s) — O(1-

irst applications (Thomson MeV photons, FEL)

gn of concepts for colliders Collider conceptual
design report (CDR)
Collider tech

3 kW class design report | Collider

TDR
30 kW class ( )

Lasers

300 kW class



New facilities open multi-GeV staging, high field physics
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Challenge: generate/manipulate ultra-bright beams-

Precision laser and plasma control/shaping
Injection: bnghter 6D, shaped bunches  Acceleration: preserve emittance, stage efficiently

» 1.0 plasma lens
§ . ? j\ plasma mirror tape
s 05p Kﬁ i a
0 i a"‘ 2
: 0.0 = A C laser 1
§ -osf N\ 4
» stage
z -1.0 E. AEsarey et al. - dtscha?gg c2ap|llary
-3 -2 -1 0 1 i laser 2
/2n S. Steinke et al.

Optimization: scaling with A, a, etc.
032 - “

A#z1lum

L0

Courtesy:

WM Downer A=10um
0.32 064

. Milchberg et al. 2{mm)

x [mm)




Near future- kHz active feedback:
Precision control to realize LPA potential

Correction Staging: < um
at kHz >10 fold L aser
PW target chamber vibration in vacuum
f’*ﬁ — e “‘m Plasma
\ Electron Sta&
95% below 200Hz N beam
—correctable at kHz i M. Thevenet et al

K. Nakamura et al.
ngular Adgedge device, invented by APPLON-Milano collab

0.4 0.8 12  Frequency [kHz]

O Power Spectral Density 1

o

Centre National
de la Recherche
Scientifique

E_(GV/m)

BELLA mJ kHz: 10x reduced pointing fluctuation
Other groups: CEP, spectral phase...

kKHz correction demonstrated at mJ energy:
pointing.... pulse-shape, focal spot, wave front



Precision kHz control:
Precision & stability to realize LPA potential

REPORT OF WORKSHOP ON
Laser Technology for
k-BELLA and Beyond

Diode pumps now possible — opens frontier
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kHz-Joule class enables precision LPA at GeV-class
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Advanced Accelerator Concepts Workshop
« 37 presentations and 21 posters

Summary of Working Group 1: Laser-Plasma
Wakefield Acceleration

Cameron G.R. Geddes
BELLA Center
Lawrence Berkeley National Laboratory
Berkeley CA, USA
CGRGeddes@lbl.gov

Abstract—Advances in and the physics of the acceleration of
electrons and positrons using underdense plasma structures
driven by lasers were the topics of presentati and discussi
in Working Group 1. Such accelerators have demonstrated
gradients several orders beyond conventional machines, with
quasi-monoenergetic beams at MeV-GeV energies, making them
attractive candidates for next generation accelerators and photon
sources. The status, future direction, and research outlook are
summarized and references given to group presentations.

Keywords—laser-plasma accelerators,  laser wakefield
acceleration, positron acceleration, staging, injection, laser guiding

I. INTRODUCTION

Working Group 1 (WGI1) focused on the acceleration of

clectrons and positrons using laser-plasma  wakefield
accelerators (LPAs). Workshop discussions included advances
in control over injection and laser guiding to further improve
beam quality and stability; techniques for accelerator
efficiency, beam quality preservation and staging; detailed
diagnostics; radiation generation as a photon source and
diagnostic; and beam manipulation. Paths from current results
towards achieving parameters required for applications,
particularly high energy physics (HEP) colliders at the TeV
scale and compact photon sources (such as MeV Thomson
sources and free electron lasers) were discussed.

The working group hosted eight oral sessions with 37
presentations and 21 posters. The roles of both plasma
wakefield acceleration driven by lasers and of direct laser
acceleration were discussed. The working group, including
three joint sessions, was organized around six themes:

e Controlled particle injection into the wake for beams
that are stable and of higher quality and charge.

e Diagnostic techniques including radiation sources as
well as accelerator controls to improve operability

e Acceleration with preservation of beam quality
(special focus on hosing) and efficient transfer of
laser energy to realize performance goals

e Staging multiple plasma elements, including beam
manipulation, for high beam energies in colliders and
beam disposal (deceleration) in photon sources.

Jessica L. Shaw
Laboratory for Laser Energetics
University of Rochester

Rochester NY, L
JShawOS@lle.rochester.edu

e Guiding of the drive laser pulses to extend the laser-

plasma interaction/acceleration length.

e Novel regimes in driver duration, driver wavelength,

or plasma density that open new capabilities.

This summary paper presents highlights from cach of the
themes on progress in laser-plasma acceleration physics and
towards meeting the needs of applications. Detailed results
and references may be found in the respective papers in these
proceedings. Presented results build on past work in these and
related techniques, as reviewed in [1-3].

1L CONTROLLED PARTICLE INJECTION

Injection control is the first key element to obtaining high
quality beams. Injection of the appropriate charge and
longitudinal bunch shape is required such that acceleration
(including beam loading and dephasing) will produce narrow
energy spread and high flux. Transverse emittance should also
be minimized for focusability of the beam and photon source
performance. Progress was presented on ionization, multi-
pulse, and external injection techniques. Posters and
presentations in Working Group 7 (Radiation Generation and
Advanced Concepts) and Working Group 4 (Beam-Driven
Acceleration) additionally addressed plasma density transition
or ‘downramp’ injection and ‘self” injection. While self-
trapping, which occurs when the wake reaches an amplitude
sufficient to trap electrons from the plasma through which it
propagates, is simple, it offers very limited control. Separate
control over electron injection into a wake driven to an
amplitude below the self-trapping threshold is hence important
so that injection and wake can be tuned independently.
Progress was made on several such techniques.

lonization can be used to control injection into the wa
a gas or gas mixture is used which has ionization states near

the peak intensity of the wake drive laser. The leading edge of

the driver at low intensity ionizes the bulk states producing a

plasma in which the wake is driven. The last state(s) are

ionized near the peak of the laser pulse, injecting electrons at

near-zero velocity, which are therefore trapped by the wake

where the bulk plasma is not. For high-quality beams,

injection must be localized and residual ionization momentum
A

e if

2017 Laser Plasma Accelerator Workshop

COLORADO

{{L;g

2 4th European Advanced Accelera
s Workshop

15-21 September 2019
Hotel Hermitage, La Biodola Bay, Isola d'Elba, Italy
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