Microcoulomb-Class Self-Modulated Laser Wakefield Accelerator on OMEGA EP
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Self-modulated laser wakefield acceleration at OMEGA EP has demonstrated
electron beams with charge exceeding 270 nC
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o A platform for self-modulated laser wakefield acceleration (SMLWFA) has been established on the
OMEGA EP laser at the Laboratory for Laser Energetics

o Platform development at OMEGA EP required new target, laser, and diagnostic capabilities

o Initial experiments have demonstrated electron beams with maximum energies greater than
200 MeV and charge exceeding 270 nC, which is > 3X times higher than the next best result

e Current scalings suggest that higher-energy and higher-charge electron beams are possible

B RociEsiin B,



Collaborators

UR

LLE

M. A. Romo-Gonzalez, M. M. McKie, J. P. Palastro, and D. H. Froula

University of Rochester, Laboratory for Laser Energetics

P. M. King, N. Lemos, G. J. Williams, Hui Chen, and F. Albert

Lawrence Livermore National Laboratory

11

OCHESTE




Physical Picture

In SMLWFA, a laser pulse with cT > 4, enters a plasma and becomes modulated at

A, via the Raman forward scattering® and/or self-modulation*™ instabilities
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Physical Picture

Modulations lead to a train of laser micropulses coherently driving plasma waves whose

longitudinal electric fields trap and accelerate electrons to relativistic energies .
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Physical Picture

Because the laser overlaps the trapped electrons, electrons can gain energy from direct
laser acceleration (DLA) in addition to SMLWFA
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Physical Picture

Because the laser overlaps the trapped electrons, electrons can gain energy from direct
laser acceleration (DLA) in addition to SMLWFA

uUR
LLE

""" 99000000

E T

Simulations* show that for a, values ~1.5, both SMLWFA and DLA play an equally important
role in electron acceleration, but by a, of ~3, DLA is the dominant energy-gain mechanism.

* N. Lemos et al., Plasma Phys. Control. Fusion 58, 034018 (2016).




Physical Picture
Dominant mechanism of energy gain of the electrons depends on their location

in the wake structure
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SMLWEFA driven by kJ-class lasers can provide compact sources of high-energy
electrons for conversion to photons and positrons .
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10 nC>1.5x10"2 10 nC->10'° photons/shot @
photons/keV/Sr @ 6.5 keV* 10-250 keVT
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jet

Calculations for proof-of-principle experiments
N, orons. o Ne using electron beam from OMEGA EP predict
TR S up to 10° e*/MeV/sr

10 nC->10° photons/keV/Sr @ 0.8-2
MeV** Resolution of discrepancy in existing data”

*F. Albert et al., Phys. Rev. Lett. 118, 134801 (2017)

** N. Lemos et al., Plasma Phys. Contr. Fusion 60, 054008 (2018).
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Platform Development

SMLWFA experiments required the development of an ultrafast
gas-jet system® for OMEGA EP
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The gas-jet system was specifically
designed to limit gas release in case of
failure to protect sensitive electronics in
the OMEGA EP compressor

— Maximum gas release in the event of
total failure: 30 cm3

The gas-jet valve is fast opening; the gas
jet opens and closes in ~100 us
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* A. M. Hansen et al., Rev. Sci. Instrum. 89, 10C103 (2018)



Platform Development

The gas jet was activated on OMEGA and OMEGA EP
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Platform Development

SMLWFA experiments required modification to the focusing capabilities
of OMEGA EP
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The experimental setup for SMLWFA shots utilized new laser and target
capabilities of OMEGA EP as well as a new diagnostic capability
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EPPS: electron—positron—proton spectrometer
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Pointing of electron beams jitters up to 36 mrad with respect to the EPPS axis
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For typical SMLWFA parameters, there is no clear trend between maximum
electron energy and n, or a,
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For higher a, values, the maximum electron energy rises rapidly with density
and a, until exceeding the diagnostic threshold
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Because the 1/y scaling does not hold when DLA is the dominant acceleration mechanism,
maximum electron energy measurements in higher a, cases are less sensitive to alignment
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The total electron charge scales with a,
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For typical SMLWFA parameters, 6-mm-diam nozzle produces the highest charge
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For a 4-mm diam nozzle with an /8 apodizer, the total electron charge increases
with density until ~5 x 101 cm-3, then approximately plateaus
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A 6-mm-diam nozzle with an /8 apodizer shows a similar trend
to the 4-mm-diam nozzle
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Converting to an f/6 apodizer allowed higher a,s, which produced a strong
charge scaling with density
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Upcoming Experiments

Future experiments will investigate how the electron charge scales with a, and n,
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Upcoming Experiments
Future experiments will test positron production using 270 nC electron beam
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Summary/Conclusions

Self-modulated laser wakefield acceleration at OMEGA EP has demonstrated
electron beams with charge exceeding 270 nC
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o A platform for self-modulated laser wakefield acceleration (SMLWFA) has been established on the
OMEGA EP laser at the Laboratory for Laser Energetics

o Platform development at OMEGA EP required new target, laser, and diagnostic capabilities

o Initial experiments have demonstrated electron beams with maximum energies greater than
200 MeV and charge exceeding 270 nC

e Current scalings suggest that higher-energy and higher-charge electron beams are possible
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