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Laser guiding, electron trapping, and high-quality 
beam production in laser-plasma accelerators.

Cameron Geddes, BELLA Center, LBNL
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LPA enabled by fs, TW lasers: 
Chirped pulse amplification

LPA a key scientific application

2018 Nobel Prize: Strickland and Mourou

1985 Concept 

2000’s Ti:Sa – 30 fs, TW then PW…
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First results  approached GeV/cm but:
broad energy spread
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Control is required for reliable acceleration

*T. Tajima and J.M. Dawson, PRL 1979Simulations with the VORPAL code – Nieter et al JCP 04.
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Extending length – channel guiding:  
low energy spread

C.G.R. Geddes et al., Nature 431 p538 (2004)
S. Mangles et al., Nature 431 p535 (2004)
J. Faure et al., Nature 431 p541 (2004)
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High quality beams:
Trajectory crossing at dephasing

Trajectories indicate high quality accelerator structure
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Propagation 

C.G.R. Geddes et al.,SciDAC Review 2009
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Low emittance beams:
Trapping control, orbit selection & structure

Low emittance, consistent with matching & preservation
Plateau et al., Phys Rev. Lett 2012
Geddes et al., Phys Rev. Lett 2009
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Channel guiding:
Predictable scaling to 8 GeV… and counting

2004: 10TW

2006: 40TW

2014: 300TW

2019: 1000TW & laser heater
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Energy scaling supported by new guides 

Gonsalves et al., Phys Rev. Lett 2019
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Important firsts demonstrated:
Far from optimum, much exciting work to do
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Path forward for Laser Plasma Accelerators 

Continuing Invention & Discovery Phase

30 kW class

2015 2020 2025 2030 2035 2040

Prototype Phase

First applications (radiation sources)

Collider conceptual 
design report (CDR)

Collider tech. 
design report 

(TDR)
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50-100 GeV linac(s) – O(1-
10kHz)

GeV linac – kHz rep rate

Collider

300 kW class

3 kW class

Design of concepts for colliders

10 GeV module

5 GeV+5 GeV staging

Final focus, cooling, …

Positrons

Phase space shaping, efficiency, 
diagnostics, tolerances

Modeling and simulations with hi-fidelity, high speed codes 

(Thomson MeV photons, FEL)
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New facilities open multi-GeV staging, high field physics

IP2 - Sc. FES
ion acceleration
basic plasma  
LaserNetUS

Esirkepov, et al., 
PRL 92, 175003 (2004)

Moore, Sc. BES

NNSA DNN R&D

2nd Beamline 
Sc. HEP
Staging

Positrons
Injection

Sc. HEP
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Challenge: generate/manipulate ultra-bright beams–
Precision laser and plasma control/shaping

H. Milchberg et al.

E. Esarey et al.

S. Steinke et al.

Pukhov et al.
Courtesy:
M. Downer
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Near future– kHz active feedback:
Precision control to realize LPA potential

Low-ε injectors:< µm

Correction
at kHz >10 fold

Staging: < µm

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

L.-L. Yu et al, PRL 2014

M. Thevenet et al

K. Nakamura et al.
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Precision kHz control:
Precision & stability to realize LPA potential

kHz-Joule class enables precision LPA at GeV-class 

Diode pumps now possible – opens frontier

Efficient fibers & media – efficient path

Courtesy: P. Mouton

Courtesy: R. Wilcox, A. Galvanauskas
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With thanks to colleagues at LBNL

Eric Esarey
BELLA Center DirectorCarl Schroeder

Deputy Center 
Director, Theory

Thomas Schenkel
Interim Division Director, ATAP

Cameron Geddes
Deputy Center 

Director, Experiments

Tony Gonsalves Jeroen van TilborgKei NakamuraCsaba Toth

Also: Accelerator Modeling (AMP) and Controls & Instrumentation (BACI) programs

Carlo Benedetti Stepan BulanovSven Steinke

Staff

Postdocs Doctoral Students
Sam Barber Hai-En Tsai
Jianhui Bin Tong Zhou
Tobias Ostermayr

Blagoje Djordjevic, Liona Fan-Chiang 
Fumika Isono Chris Pieronek
Kelly Swanson 
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With thanks to the plasma accelerator community

Advanced Accelerator Concepts Workshop
• 37 presentations and 21 posters
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Thank you
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