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SSP-HED

The laser to x-ray conversion efficiency for long-pulse (ns)
lasers like the NIF is very low in the high energy x-ray range
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generate bright x_ray - Press El to exit full screen

Ultra-intense laser-matter interaction

X-rays
Positrons

Ultra-intense Solid target Protons/lons

laser

—

e-
(MeV) ) p+

3. Additional
secondary particles
are accelerated

1. Relativistic 2. Bremsstrahlung
electron beam photon production

A high irradiance, high energy, short-pulse laser on NIF provides unique
and significantly enhanced capabohty to perform critical experiments
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to amplify four short-pulse beamlets

= ARC is a laser within a laser:

— High contrast front-end

— NIF amplifiers NIF beam path

— Final compressor & off-axis parabolas
= 4 beams at 1w (1.053 um)
* Ry, =65 um, f/# = 40-60

Energy/ | Total Pulse Peak

beamlet | Energy | Duration | Intensity o 10m
(kJ) (kJ) (ps) (W/cm?)

0.3 x10'®
0.6 2.4 10 1x10'

- 025 1.0 1 2x10%

ARC has high energy but a large spot due to its large f/#
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laser intensity by focusing the energy in ARC spot wings
to < 50 um cone tip

ARC Spot Ray trace of focusing in CPC cone

550 pum input

50 um output
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A. G. MacPhee et al., Optica (2020)
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temperature and 16x | Press El to exit full screen

Lt 9 -

— Flat

—4x Cone

— 1x Cone
1x Cone

10 15 30
Electron Energy (MeV)

68° to ARC

S. Kerr et al., Phys. Plasmas,
in preparation

Simulations indicate that CPC boost comes from
— both geometric focusing and plasma confinement
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targets increased ARC-produced x-ray brightness >16x = Lol

Tammy
1 flat target: Nov 2018 4 cone target: April 2019 1 cone target: Jan 2019

e —

N190417 N190119
4 ARC beams 4 ARC beams 4 ARC beams

onto Au foil, into 4 CPCs, into 1 CPC,
10 ps, 2.4 kJ 10 ps, 2.4 k! 10ps, 2.4kl

S. Kerr et al., Phys. Plasmas, in preparation

Increased x-ray brightness provides increased utility
— (radiograph signal-to-noise ratio) for NNSA missions & =
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Numerous rep-rate-capable laser facilities have recently come
online, and more are on the way

High-repetition-rate Advanced Petawatt Laser System {HAFI.S}
1PW @ 10 HZ o

Operational technology installed
at ELl-Beamlines in Prague

30)
Pulsewidth: 28fs

Wavelength: 820 nm

Scalable High-power Advanced Radiographic Capability (SHARC)
1PW @ 10 HZ
Direct implementation

of HAPLS pump laser technology 1,500 wW

SHARC Capabilities
Energy: 150)

Pulsewidth: 150fs
Wavelength: 1.053 um

Big Aperture Thulium (BAT) System
0.3PW @ 10 kHZ

High TRL HAPLS-like Technology using
Commercial Diodes and gain media

BAT Capabilities
Energy: 30)
Pulsewidth: 100fs
Wavelength: 1.95 um

Pursuing new and very innovative laser technologies which will enable additional suenc,e
opportunities

‘ Lawrence Livermore National Laboratory ‘m
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High-rep-rate laser science represents a radical paradigm
shift in the way we do HED experiments

High-rep-rate means:

= More shots
= More data

= More statistics
= More precision
* More phase space

* More experiments

= More exploration

= Faster response to
VO RN N S M SO il answer urgent
1o A aabe questions

Scientific knowledge = (Drive + Probe) x Repetition rate x time
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Many HED experiments will benefit from high throughput
science enabled by high repetition rate lasers

ngh Pressure Material Propertles Opacities and Radiative Properties

W18 B2, 0K (Therry
McWililams et al.,

& a2 7] [T} 0
Science 2012 Pressure, P (TPa)

»
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D. Habs et al., Appl Phys B 103: 471 (2011)




High-rep-rate laser science means a fully integrated system that L
leverages technological capabilities in many domains ‘

Tammy
HED Code

Proposed input
parameters to laser

Laser system diagnostics

HED
plasma

Control signals for
safe laser input

laser loop Parameters

Proposed input
parameters to target

experiment loop

modeling & simulation loop

Challenges that stem from high-rep-rate experiments are starting to be addressed | . '
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These new HRR diagnostics will be deployed at CSU ALEPH (3.3
Hz) laser as a blueprint for scaling these capabilities to other
LaserNetUS facilities

APPLICATIONS /’ NEAR-TERM: LaserNetUS 4\

—measurement CURRENT. CSU ALEPH LeBar FUTURE: MEC Upgrade
innovation for = .

the HEDLP field
and the nation

L i - . g r T .
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Technology Gap Scalable Solutions
—
4';

PROTOTYPE

DIAGNOSTICS e
—for transitioning J G
to high-rep-rate R 4
experiments i~

e Knowledge G-’Pl
FUNDAMENTAL

SCIENCE

—providing new

insights into the

physics of intense

- Prolon acceleration over large
parameter space

- Understanding transport with
combinalion of multi-modal data

. ” - . ‘_ ! - Acceleration physics as function
aser-matter S Ll 3 e LT of laser wavelength (color)
interaction l ‘”“fi‘?" § - . :
o3 R - Quantify and attach rigorous
i error bars
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scalmg beyond 10 PW and mtensmes >1026

Next Generation:

Poole, et al., are developing plasma
Dispersive plasma- amplifier on NIF for unprecedented
gratings energy/power/intensity

‘ No CPP seed was amplified and
maintained small focus
“Flying” focus or
“chirped” grating
concepts

Amplified spot with
CPP for comparison

Short pulse
plasma
amplification

Plasma optics could allow smaller-scale systems, potentially break the intensity limit, and
would be highly compatible with tailoring light for high-rep-rate systems = generational leap
similar ta CPA
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LLNL is strongly engaged in the SLAC MEC
Petawatt Upgrade project

U.S. DEPARTMENT OF Omce Of

EN ERGY Science

New experimental cavern beyond current Far Experimental Hall

150 J, 150 fs, 10 Hz, 1 PW laser

1 kJ, 20 ns shaped pulse, shot/30 min 2w shock-compression laser

Coupled to 24 keV XFEL

$200M Office of Science FES project

CDO achieved Jan 2019; aiming for CD1 in spring 2021; Expected completion 2026

‘ Lawrence Livermore National Laboratory N"m 41
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LaserNetUS

U.S. DEPARTMENT OF Office of

EN ERGY Science

Program provides U.S. and international scientists access to unique high intensity laser facilities
at ten institutions.

Established in 2018

Regular call for proposals

http://lasernetus.org
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the HAPLS laser
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Joint Statement of science and
technology cooperation between the
Czech Academy of Sciences (CAS) and
the United States(Dep?rtment of Energy
DOE
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in short-pulse HED and world-class future technologles in Iasers

NIF-ARC:

= Hard x-ray and particle sources generated by ARC enable new NIF science and applications
while exploring fundamental acceleration mechanisms

* New ARC laser capabilities:

= Burst mode to increase energy extraction
* Increasing the ARC intensity
= Pulse shaping

Accelerating the rate of discovery:
= Goal: Move HED experimental physics to high repetition rate through an integration of novel
laser, diagnostic, target, and computational techniques

Enabling future capabilities:
= Advanced and exquisitely controlled laser-driven sources for applications, plasma photonics,
next-generation facilities

Developing a set purposeful set of partnerships and engagements:

= Work together with collaborators to build new facilities and supporting capabilities that push
the forefront while growing our field / =
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