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Our Vision
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challenges and guestions in high energy density and laser science
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Our Mission

Serve

as an experimental
testbed for laser,

Advance

secondary sources of
photons and particles

Partner
with the scientific
community to

develop new HEDS
platforms

for applications target and diagnostic

capabilities
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JLF Highlights- 2025



STILETTO Commissioning in January 2025

Lawrence Livermore
National Laboratory

IM NUMBER

PHYSICAL REVIEW LETTERS 138, 175103 (2025)

Pump with Broadband Probe Experiments for Single-Shot Measurements of Plasma
Conditions and Crossed-Beam Energy Transfer

A. Loagmaes R Mar®, D E Mmcberger®, K S Gee®, C. Goyon®, G F Swalleng®, G E Kemyp
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JLF featured at the LLNL Centers and Institutes
Innovation and Achievement Awards

g A Stephen Maricle for the success of the JLF
through his technical expertise in laser beam
alignment.

A Gaia Righi and Suzanne Alifor maintaining
- and upgrading the critical VISAR diagnostic
Taz's cadfe . - tools at JLF.

A Shelby Conn for revitalizing communication
strategies for the JLF, enhancing its visibility.

A Hoang Nguyen, Sean Tardif, Brad Hickman,
James Nissen, and Candis Jackson for
delivering critical, one-of-a-kind components
for the JLF in record time.

Lawrence Livermore 8
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JLF represented at many conferences and workshops

Extreme Tenslle Strength of High Entropy Alloys: Gas-Gun Driven Fiyer *
Piates (LANL) and Pulsed Lasers On Janus (LLNL)

e V2

o/

lan Ocampo and Chris McGuire (LLNL,
Janus) APS Science of Compression in
Condensed Matter conference
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Continuing a strong summer student program at JLF
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Ming Lu Chen and JaydeNlenchaccat UC Merced at JLF
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High level visits and tours at JLF

JUPITER LASER FACILITY
OFFICES

5 == : : : : 3 A e W

Nobel Laureate Annex Kk 6 2 &ni BEradddIConsul General in San Francisco toured JLF
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Suzanne All Isabella Pagano

Excellence in Publication Award
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JLF scientists recognized with accolades and service

Brent Stuart David Alessi APS DPP
Fellow of OPTICA Senior Member of OPTICA Leadership
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JLF early career users received major awards

Elizabeth Grace
Sylvie Jacquemot Early Career Priz

Patricia Cho
HEDS Center Fellow

M Lawrence Livermore
National Laboratory IM NUMBER



User Program Updates



Revamping our communication strategy

New Website

Our Purpose  Our Science and Technology Join Our Team  Partnerwith Us  News  Community and Education  About

Science highlights ~ Userhub  Contactus @

JUPITER LASER FACILITY  About  Our lasers

Jupiter Laser Facility

Jupiter Laser Facility

Hands-on facility for high-energy-density and laser science research

The Jupiter Laser Facility (JLF) is an intermediate-scale, institutional user facility in the Physical and Life Sciences Directorate
at Lawrence Livermore National Laboratory. As one of the founding members of LaserNetUS = —a network of high
intensity laser systems across North America—JLF is dedicated to addressing unique challenges and questions in high-
energy-density, fusion energy, and laser science within the national and international ecosystem.

JLF's mission is to:
« Partner with academia, LaserNetUS, and the greater scientific
community to develop new techniques and experimental platforms.
« Advance the development of secondary sources of photons and
particles for mission-relevant applications.
« Serve as an experimental testbed for new laser, optical, target, and
diagnostic capabilities.

Provide a stimulating and rewarding environment for early-career
scientists, thereby helping to train and recruit the next generation of
researchers,

Our lasers

JLF's three operating laser platforms provide users with hands-on access, control over experimental operations, and the
explore a range of scientific research areas.

Lawrence Livermore
National Laboratory IM NUMBER

Listen

®

Follow

Podcasts and News features

O

Share

Big Ideas Lab podcast returns to shine a light on

A brighter future for the Jupiter Laser Facility

Regular Newsline Articles

16




We continue to be accessible throughLaserNetUS
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Proposals in review https://lasernetus.org/proposal
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https://lasernetus.org/proposal

We now have a streamlined user program

LaserNetUS Communication with facility
Hybrid readiness review 8 weeks

q LaserNetUs

(@ ENERGY =

Review and Experiment Experiment Experiment

Proposal scheduling planning execution feedback

Oct- Dec

Aprc Exp date Sept- Sept 1 week after exp

Review byLaserNetUPRP 4 weeks
Facility feasibility evaluation Policy briefing upon arrival
Hybrid Plan of the day

Lawrence Livermore 1
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2025 was another full year of experiments at JLF

| Rl 14 experiments
Dy A 5 Titan, 7 Janus, 2 COMET

—d National Laboratory

Jupiter Laser Facility )
Annual Report A 79 unique users from 17 institutions

Lawrence Livermore .
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The breadth and dep

Lawrence Livermore
National Laboratory

IM NUMBER

Diamond

formation

effects on
conductivity
and viscosity

X-ray and
neutron
radiography
development

Magnetized
plasmas and
plasma
diagnostics

High- and
medium-
entropy alloy
property
measurements

-
{ \ \
L |

J.UJ |

Quantum
material

synthesis and

extreme
conditions

th of science at JLF Is unparalleled

Plasma-based
laser
amplification
and particle
acceleration

20



With the help of users, we continue to bring new
capabilities to JLF

A brighter future for the Jupiter Laser Facility

When lasers cross: LLNL finds a brighter way to
measure plasma

Novel probe captures every scene of a plasma
movie all at once

camera

M Lawrence Livermore
National Laboratory IM NUMBER
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JLF continues to enable high impact publications

PHYSICAL REVIEW LETTERS 13§, 175103 (2025)

Pump with Broadband Probe Experiments for Single-Shot Measurements of Plasma
Conditions and Crossed-Beam Energy Transfer

A. Longman . R. Muir®, D.E. Mittelberger®, E.S. Grace®™, C. Goyon®, G. F. Swadling®, G. E. Kemp'

T. Chapman®, S. Maricle®, N. Vanartsdalen
F. Albert®, J.

A. Linder®, T. Dumbacher®, K. Zoromski®, B. C. Stuart®,
Heebner®, and P. Michel
Lawrence Livermore National Laboratory, 7000 East Avenwe, Livermore, California 9455

UsA

® (Received 29 May 2025; accepted 25 September 2025; published 22 October 2025)

A novel technique for plasma
has been ly &

using probe laser
1. Originally proposed in Ludwig er al. [Phys. Plssmas

26, 113108 (2019)), this method utilizes crossed-beam energy transfer between the broadband probe and
the pump, mediated by plasma jon acoustic waves. The complete energy transfer spectrum can be captured
in a single shot, enabling the inference of plasma parameters such as density. electron and ion temperatures,
and flow velocity. Compared to Thomson scattering, this technique offers signal enhancements typically
larger than 9 ordess of magnitude, significantly reducing the required probe laser intensity and facilitating

interactions that are linear and that are

provides a powerful tool for ad g studies of

of the plasma. Furthermore, it

inertial confinement fusion experiments.

DOI: 10.110396yh-56pw

Thomson scattering (TS) has long been an essential

d-bx 'y transfer under conditions relevant Lo

An al ive to Thomsun for measuring

method for ing plasma diti In high-
density (HED) or inertial confinement fusion (ICF) cxpcn-
ments, TS typically utilizes a probe laser beam that scatters
off plasma fluctuations within the collective regime [1]. At
a fixed collection angle relative to the probe’s propagation
direction, the scattered light spectrum reveals distinct peaks
associated with clectron and ion plasma modes. These
features enable the determination of key plasma parame-
ters, including density, electron and ion temperatures, flow
velocity, and even the electron distribution function [2].

One of the primary challenges of TS is its low cross
sc;uon Thc ratio of scattered power to pmbc power,

d over all , is exp d as P,/
[Sx,fl)n,l:Ld!L where . is the clectron density. r, is the
classical clectron radius, L is the length of the scattering
volume along the probe direction, and dQ is the collection
solid angle. For typical pl.s_smn conditions relevant to ICF or
HED experiments, such as n, = 10" em™, L = 50 pm,
and dQ2 = 0.1 (corresponding to f/8 collection optics), we
have P,/P;~3x 107, These extremely small signal
levels compete against noise emission from the target
and necessitate increasing the intensity of the probe laser.
However, higher probe intensity introduces additional
such as li ion effects (e.g.,

filamentation and self-focusing) and modification of local
plasma conditions by the probe itself.

“Contsct author: longman! @llal.gov
Coatsct author: michel?@ Ul gov

0031-9007/25/135(17)/175103(5) 175103-1

plasma was p in Ref. [3]. This concept
relies on using a hmadband probe interacting with a pump
laser in a plasma. For sufficiently high pump intensities and
appropriate plasma conditions, cach frequency component
of the probe can couple to the pump via the crossed-beam
energy transfer (CBET) process. During this interaction,
the probe frequencies lose or gain energy to or from the
pump when the beat wave between the pump and probe is
in the vicinity of an ion acoustic wave resonance. As a
result, the plasma ion mode spectrum becomes imprinted
onto the post-interaction spectrum of the probe. This process
is fundamentally similar to TS off ion modes, except that the
measured signal is the probe beam itself, coupled to the
pump via plasma waves, rather than scattered light coupled
to the probe as in TS. Consequently, the measured
signal level can be dramatically enhanced compared to
TS tv-pu.ally bv more than 9 orders of magmludc
hni enables single-shy

ment of the 9ull CBET spectrum at very high spectral
resolution, climinating the need for multiple shots to scan
the pump-probe frequency shift, a process that introduces
shot-to-shot uncertainty and is particularly challenging in
ICF facilities, where available shots are limited [2,4,5].

In this Letter, we present the first experimental demon-
stration of multiwavelength CBET in the lincar regime, and
the concept of a pump-broadband-probe technique for
single-shot experimental tests of CBET physics and plasma
parameter determination. A low-energy probe beam with a
fractional bandwidth of ~0.4% was used to measure plasma
conditions in the presence of an intense pump laser.

© 2025 American Physical Society

Advanced Functional Materials
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Towards the Ultimate Strength of Medium-Entropy Alloys

Through Pulsed Lasers

Sheron S Tavares' | GaiaRighi® | Carlos ] Ruestes” | Marc A Meyers'

"Univessity of California San Deego, La Jolla, California, USA | *Lawrence Livermore Natkomal Laboratary, Livermere. California, Usa | *Instsute de Fusiin

Nuclear “Duillenma Velarde”, Universidad Prlitéenica de Madrid, Madrid, Spain

Mare A, Meyers | 2du}

Received: 14 Ociober 2025 | Revised: 8 lanuary 2026 | Accepted: 7 Janmary 2026

Keywerds: canzor allays | high entropy alloys | laser shock | spaing

ABSTRACT

The tensile strength of metals al extreme strain rates is a key predictor of their pesformance in ballistic and strictural impact

An impori tal method to reach

strain rates is the use of high-amplitude, short-dusation

puleed lagers. The Jupiter Laser Facility an the Lowrence Livermaore National Laboratory enabled probing for the fisst time the
mechanical respanse of several promising High Entropy Alloys at times on the arder of nanoseconds (strain rates of ~107 and
~10° 57'). The measured strength is in the range of 6 1o 10 GPa, ten times the quasictatic value. The mechanisms of plastic
deformation and failure were identified and quantified through analysis and molecular dynamics simulation. The reflected wave
amplitudes, obtained by VISAR, were used to detesmine the tensile (spall) stress. The high tensile strength obtained is due to two
factors: the strain-rate dependence of plastic flow and the kineties of void nucleation, growth, and coalescence. The experimental

resulis o with an 1 d

buoth grain-i and grain-boundary vodd initiation. Malecular

dynamics simulations. conducted at sirain rates of 10° and 10° 57, rationalize the experimental results. They provide valuable
infs fon about the pi i Eail lution, and reveal that grain boundary separation plays a pivotal role in spalling.

1 | Introduction

A new class of alloys was discovered in 2004 [1, 2]. This fnding,
starting with the monophase face-centered cublc (foc) CrMnFe-
CoNi, known as Cantos alloy, gave rise to a broad field of research
and parallel devel in manerials, refractory
[3-8], 1 ity alloys, and mult 9). They
are commonly known as High Entropy Alloys (HEAs), although
this is by o means their univerzal characteristie. Thus, ‘multi-
principal component alloys' is a broader generic deseriptive term
[10-17]. The high strength, ductility, and frscture oughness of
some of these alloyvs triggered interest in applications invalving
extreme loading rates, such as armor [18-22). The dynamic
tensile response can be obizined through the determination
of their spall strength: the tensile stress required o nucleste

© Wy VIS Grebil

and grew voids and/or cracks I i an important progerty
and can aid in material selection for dynamic environment
applications. Easly experiments revealed a high resistance 1o
shear localization in the Cantes [23] and Al ,CoCrFeNi [24]
alloys. This dynamic behavior was subsequently studsed in
many alloys and is deseribed in three extensive reviews [15-
27]. Tensile failure by spalling is a eritical phenomenon that
oecurs during high-veloeity impacts, such as those found in
ballistics, | evente, and with

debris, Spall damage can happen when a projectile or debris
strikes & surface or when material 5 ejected after forming
an impact crater. The intersction of stress waves, particularly
the wengile waves generated by a reflecting shock at the free
surface, is the phenomenon that ultimately causes spall fracture.
The dynamic tensile, or spall strength, is often determined in

anal Materiais, 2026 127395
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Single-shot spatiotemporal plasma density
measurements with a chirped probe pulse

ELizABETH S. GRACE,"* @ ANDREW LONGMAN,' GHASSAN ZERAOULI,> @ STEPHEN MARICLE,'
DANNY ATTivAH,® © JERRY CLARK,' ETHAN WELCH,* AusTIN LINDER,' @ NuNoO LEMOS,'
DeReK A. MARISCAL,' Tammy Ma,' @ Rick TREBINO,® ScoTT C. WiLks,' ano MATTHEW P. HiLL!
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o(Ph rsics, Uit

, Irvine, California 92667, USA
Lincoln, 1400 R St, Lincoln, Nebraska 68588, USA

School of Physics, Geargia Institute of Tachnology, 837 State St, Atiants, Geergia 30332, USA

“grace!1@Wnl.gov
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I his work, we prescat the development and d

of a di ic for the

of the spatial and

temporal evoluti density in a single shot. Single-shot Advanced Plasma Probe Holographlc REconstruction
(SAPPHIRE) uclises a chirped probe pulse, a diffractive optical clement, a self-referenced interferometer, and an

interference bandpass filter to achieve high-fidelity :Igcmm dznnty suitable for underd plasmas
that exhibit r.ylmd.nu.l :ymmm-y Tlu method in ional di ics, such as reliance
on sh ing plasma ics on pi d timescales with micron-level spatial
resolution. The ayabih'nu of SAPPHIRE are de d through of laser-driven plasma channels
in helium-nitrogen gas jets. SAPPHIRE d ion and ion of plasma channels in a single
:ho: and du pagation of sup i i fmm: wlulc revn.hng shot-to- !hel vmmom in the plunﬂ profiles.
It Lidated | ical
lsand in ‘“‘S"‘ : SAPPHIRE rep

ofthis (edmiqu:. By ensbling nhn{m. high-resol
© transformats

@ 2025 Optica Publishing Group under the terms of the

Optica Open Access Publishing Agreement

nttps://dol.org/10.1364/OPTICA, 566348

1. INTRODUCTION

Plasmas are a comerstone of global research due to their wide-
ranging applications across physics, engineering, medicine,
chemistry, and manufacturing (1], In particular, underdense
plasmas—those optically transparent to the probe beam—ply
a critical role in numerous advanced technologies, indluding
pulsed power [2], compac particle acceleration (3], inertial and
magnetic confinement fusion [4,5), discharge plasmas (€], plasma
waveguides [7,8], soliton waves [9], and high-damage-threshold
plasma optics [10]. Their diverse applications continue to drive
fundamental and applied research across multiple disciplines.
These plasmas span spaial scales from microns to meters and

evolve over les from fe to Is. Their

dynamics are often dominated by rapid oscillations and turbulent

Hows, exhibiting extreme o initial conditions. Given
that many secondary sources and applications depend critically on
precise plasma prof it is imp to employ di

that can capture the full temporal and spatial evolution of each
eventwith high fidelicy.

2334 2-07 P! g Group

Our work focuses on laser-produced underdense plasmas
exhibiting near axial symmetry. In such plasmas, interferometry
with a probe pulse is commaonly used to obtain an electron density
measurement at a single time, integrated over the probe pulse
duration [11-13]. To reconstruct a temporal axis, the probe delay

is varied across multiple exposures [14,1
reproducibility of plasma conditions.
To achieve temporal resolution within a single exposure, multi-
ple strategies have been developed, including the use of spatially
[16,17], temporally [18], and/or spectrally separated probe pulses.
For instance, two-color probes [19-25] typically split a laser pulse,
frequency-double and dday one arm, and then recombine the two
colors along the same optical path, enabling measurements at two
distinct time points. Alternatively, probes may be separated by
! [26]) or by a comb of p and color,
alluwmg up to four two-dimensional (r — 2) frames tobbe captured
per shot [27]. More advanced implementations, such as the use of
three sequential, slightly detuned nonlinear conversion crystals,
have extended this concept to 12-frame wavelength-multiplexed
y [28], although the complexity of such sesups can be
| 1

hibi P
p for exp p

, assuming shot-to-shot
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Prototype laser for EUV generation funded through DOE Offig

of Science Microelectronics Science Research Center

Project Deliverables Novel Tm: YLF:

EUV laser driver

1. Install Tm:YLHaser driver >1 J pulses at >ns a
<ps duration at Jupiter Laser Facility (JLF)

2. Execute simulations to understand H LJ=0LL
laser-matter interaction physics | ,

3. Optimize EUV emission with temporallyshaped \{{i= IREEE oo
pulses \Zatll P

Ultrashort, intense §

4. Generate relativistic electrons and MeV xays 2um [aser pues

. . . . ‘m{iaped 2u' = Efficiently prouced
using high intensity pulses aser puises i EUV fgh

|2 B cvMER W@ARCNL
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J L

LF Annex renovation will host newm:YLHaser
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Current Annex

Annex Renovations will provide
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JLF develops new ideas, capabilities and future talents
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What is next for JLF

Building on our accomplishments
- Enhance infrastructure and capabillities
- Enable users to do impactful science

Brent Stuart & David Alessi (after this talk)

High Priorities in FY26
- Execute 13LaserNetUSexperiments
- Renovate JLF Annex to install Bm:YLHaser system

The future of JLF is bright

Collaborate closely with the HEDS center and LIFT
Support new directions in HED and IFE sciences
Develop next generation workforce
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2025 was our 29 year of full operations post
refurbishment

TARGET FABRICATION
1500 1508 1507
© I © | © STAGING LAB

‘l - N 7 7 :(.

a1 o o

4'-'.'7)“-"-‘ 183 Poar

- ] o © 7, g a1

CLEAN ROOM | COMET {
1
Lawrence Livermore )

National Laboratory =~ M NUMBER



