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Advantage of Plasma Accelerators

* Material breakdown (~100MV/m)
* Increasing size and cost
or

* Increasing acceleration gradients
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[.aser-Driven Plasma Accelerators

VOLUME 43, NUMBER 4

PHYSICAL REVIEW LETTERS 23 Jury 1979

Department of Physics, University of California, Los Angeles, California 90024

An intense electromagnetic pulse can create a weak of plasma oscillations through the
action of the nonlinear ponderomotive force. Electrons trapped in the wake can be ac-
celerated to high energy. Existing glass lasers of power density 10'®W/cm? shone on plas-
mas of densities 10!® cm™2 can yield gigaelectronvolts of electron energy per centimeter
of acceleration distance. This acceleration mechanism is demonstrated through computer

simulation

Laser Electron Accelerator

T. Tajima and J. M. Dawson

(Received 9 March 1979)

. Applications to accelerators and pulsers are examined.
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asers of power density 1018 W/cm?...

plasmas of densities 10!% cm™3...




Chirped Pulse Amplification

Volume 56, number 3 OPTICS COMMUNICATIONS

COMPRESSION OF AMPLIFIED CHIRPED OPTICAL PULSES *

Donna STRICKLAND and Gerard MOUROU

Laboratory for Laser Energetics, University of Rochester, 250 East River Road, Rochester, NY 14623-1299, USA

1 December 1985
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Chirped Pulse Amplification
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[Laser Waketield Acceleration
(LWEFA)
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Current Challenges

* Laser defocusing

[7.8GeV, Phys. Rev. Lett. 122,084801 (2019)]

— Guiding

1 C) P 200
* Dephasing f L L g;w
. o 0 2 4 & 8 10
— Density tailoring Momentum (GeV/c)

* Beam loading

— Electron beam shaping
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Physics of LWFA




Physics of LWFA

* Wake velocity Toroup = €Y1 = (e/c)

n, is the electron density in plasma (1018~19¢m™=3)

n. is the critical density of the laser (1021cm™3)

* Energy gain €e = 2a§mec®(9)

e Acc. length L, o (1:”3%) Ly & (7;_52>’ 7 = Twé
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TeV/cm acc. gradient

* Energy gain and acc. length dependence on
target density

* Increasing energy gain via critical density

Optical laser (800nm) | X-ray laser (1nm)
x10°
/V

n
€, = [1MeV] (n—c)/;qm .
e

n. ~ 10?1 cm

L x (E L) 18 3 21 3
N Tis n, ~ 10°° cm n, =~ 10" cm

n./n, = 103 n./n, = 10°
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Next Generation X-ray Lasers
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Thin Film Compression
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Relativistic Compression
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Advantages of Nanotubes

Annealed Carbon Layer
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Avoid slow-down of electrons due to collisions

Intact in time of 1onization
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Epoch Simulations

 QED 2D Particle-in-cell simulations

— Developed by Chris Brady, Keith Bennett, Christopher
Ridgers, Roland Duclous

— Available for free and 1s open source
* Examined 1 and 1000 nm wavelengths

* Simulations performed on the UCI HPC cluster - N
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Simulation Parameters

* Moving box simulation with 3000 x 500 cells
— 60 x 100 nm (pum) box size
* 10 particles per cell

Normalized vector potential aj = 4

— Corresponding to intensity of 2.2 x 102 Wem™ (5
x 1018 Wem2)

* Focal size of 5A;

* Plasma wall density of 5 x 10%* cm3 (5 x 1018 cm™)
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Guided vs. Unguided
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Guided vs. Unguided
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LWFA comparison

1 nm and 1000 nm laser
confined in tubes of

diameter 5)\; and intensity
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Wakefield Ex (TV/cm)

Scalings
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Scalings
| | | | As Intensity increases,

—~ 3t (c) o 1 effective density increases
e —m—simulations
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Dispersion Relation

* Dispersion relation 1s modified by the

transverse optical frequency

2 2 K;
w2, ) i
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Transverse Optical Frequency
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[ attice Force simulation and
Parameters

e EPOCH PIC code

 Introduction of 10nic structure

 Addition of the 10nic lattice force

—_— -,
dvn k\ =~ N /, Kl :\\\
dt

e Parameters

e A; = 10nm; 125eV

* n,=10**cm3;n, = 1023cm™3
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Results
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Conclusions

* X-ray photons: hw > ¢,
— Metallic plasma at solid density

* Time-scales
— Passage of X-ray Pulse: attosecond

— Jonization: femtosecond

e Atom stabilization

e Raster
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Conclusions

* Recent proposal of TFC (2014) + RC (2004)
— Allows high intensity ultrafast X-ray laser

* Crystal + Nanotubes

— Waketield acceleration

« £ ~ TeV
L cm TeV acc. on a chip

e ¢ ~1eV over 2cm
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Thank you
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