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LLNL Center for High Energy Density Science formed and
Gilbert (Rip) Collins named as Center Director

We are pleased to announce the formation of the LLNL Center for High Energy Density Science (HEDS). The
Center will serve as a focal point for growing and promoting the field of high energy density science. The Center
will work with Laboratory leadership, scientists, and academic partners to help pioneer fundamental HEDS
research, ensure strong HEDS stewardship. attract and mentor a new generation of scientists leading cutting edge
research, and help enable a fundamental HEDS framework for several of LLNL's core missions and research
areas such as astrophysics and planetary science.

\WRENCE LIVERMORE NATIONAL LABORATORY

High energy density science explores the nature of matter and radiation under extreme conditions of temperature
and density. It encompasses current and growing areas of scienfific interest including stellar evolution,
exoplanets, warm dense matter, ultra-dense solids, and fusion ignition and burn. This science is of fundamental
importance to the Laboratory’s nuclear security mission; as such the Lab maintains the world's foremost
capabilities to study HEDS both experimentally and computationally.

HEDS is an intrinsically mulfidisciplinary field that tightly couples fundamental discovery with a spectrum of
applications. It has been a challenge to establish HEDS as a discipline in the academic community. and to find
stable sponsorship within the relevant research agencies. This new Center will work to create national and
international collaborations across academia, national labs, and industry. Via these collaborations, the Center will
work to establish a fundamental HEDS research strategy and rigorous framework for the field, consistent with
sponsors and stakeholders.

In the near term, the Center will develop strategic links, research directions, and goals with the University of
California (San Diego, Davis, Berkeley. etc ) and other Universities. Already within the last few months, the
Laboratory has established Memorandums of Understanding covering HEDS with UC San Diego and UC Davis.
Other MOUs are currently being developed. The Center will coordinate work under these MOUs and help the UC
Office of the President firmly establish HEDS as a vibrant field of study within the UC-wide campus system. The
Center will help develop the Lab’s long-term strategy for fundamental HEDS research, expand graduate student
HEDS research at LLNL, grow postdocteral research appointments including HED Postdoc Fellows, and support
of expanding academic partners and other Universities. and users of HED facilities on and off site. The Center
will work in concert with the ICF and HEDS Program within Weapons and Complex Integration (WCT) and the
HEDS organizations within National Ignition Facility & Photon Science (NIF&PS) and Physical and Life
Sciences (PLS).

We are also pleased to announce that Gilbert (Rip) Collins will serve as the inaugural Center director. Rip joined
the Laboratory in 1989 and is a Fellow of the American Physical Sociefy. a recipient of numerous awards for his
contributions to HEDS, including recently being designated as LLNL Distinguished Member of Technical Staff,
and has authored/co authored over 200 publications. The Center will be organizationally located within PLS
directorate with the Center director reporting directly fo the PLS Associate Director. The Center will absorb the
Lab’s Institute for Laser Science Applications (ILSA) within PLS.

Charles P. Verdon Peter JK Wisoff Glenn A Fox
Principal Associate Director Principal Associate Director Associate Director
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The HEDS Center Is building a worldwide communlty in HE

Education Bridge to the Programs
Educ;atlng the next Focus on HED areas of interest to the
generation of researchers programst driving a workforce pipeline

Bridge to the HED Community Enabling Research

S W 5| Seminars, Workshops and Outreach In Relevant Areas
"k § Strengthening communication ties Providing the links to
within the HED community HED research collaborations

https:// hedscenter.linl.goy Nationai Laboratory



In'Ey23 we said goodbye to Felicie Albert as Deputy Director
andsaid hello to Paul Grabowski as Deputy Director in FY24

HOP Publishing
Plasma Phys. Control. Fusion 58 (2016) 103001 (35pp)

Topical Review

Applications of laser wakefield
accelerator-based light sources

Félicie Albert' and Alec G R Thomas®*
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PRL 111, 215002 (2013) PHYSICAL REVIEW LETTERS 2 NOVENTR 2013

Molecular Dynamics Simulations of Classical Stopping Power

Paul E. Grabowski,' Michael P. Surh,” David F. Richards,” Frank R. Graziani,” and Michael S. Murillo"*
e Computational Physics and Methods Group, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA

*Lawrence Li 1 lational Laboratory, Livermore, lifornia 94550, USA
(Received 20 August 2013; pub]lshed 19 November 2013)
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Who were we In FY247?

Director  Deputy, PD, students CfHEDS, Seminar Outreach IFE Workforce Administrator

Frank Graziani Paul Grabowski Federica Coppari Ronnie Shepherd Veronika Kruse Jessica Karlton
Center Partners

Education Technology Facility Discovery Science
ﬁdministrator Budget  UCLCC

J . .
Hui Chen Eric Eolsom Bruce Remlngton Qait"n Menniti Rachel VelazquezCamille Bibeau Felicie Alby

Lawrence Livermore
National Laboratory



In FY25 we are saying goodbye to . Kruse

“and hello to M. Hohenberger and P. Poole

Director Deputy, PD, students CfHEDS, Seminar Outreach IFE Workforce  Administrator

Frank Graziani Paul Grabowski Federica Coppari Ronnie Shepherd Patrick Poole Jessica Karlton

Technology International Center Partners
Education Facility NIF DS Collaborations ﬁdministrator Budget  UCLCC

- _ Matthias Caitlin Menniti Rachel VelazquezCamille Bibeau Felicie Albert
Eric Folsom Bruce Remington

|||IM Lawrence Livernvore
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Educatlng the next generation of HED scientists is Imp

~“to maintaining a healthy and V|brant field

ASince 2017, the Center has worked with universities to
offer courses in HEDS

o Short (68 lectures) and long courses (~10 weeks)
o Introduction to HEDS;rdy matter interactions, diagnostics
0 Strong collaboration with UCSD (Beg) and UR (Collins)

0 Long courses in HEDS diagnostics aiag Xpectroscopy
offered in 20262024

AWe continue to explore new avenues in education
o0 Warm dense matter course in FY2%26 with book
o HED diagnostics course in 2025 (Hands on?)
o HED diagnostics book being discussed
0 We invested in lightboard technology



In 2023 and
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High Energy Density Diagnostics {iCCSH
All lectures delivered by LLNL and GA personnel

UCSan Diego

Tuesday and Thursdays 12:30-1:50 PM PDT April 2" — June gth

Fusion neutrons: 1. Kilkenny, A. Moore, D. Fittinghoff,
D. Shaughnessy
L1-April 2: Ignition and burn, facilities, n .
L2-April 4: Three ignition diagnostics )
Kilkenny L3-April 9: Neutron time-of-flight
L4-April 11: Neutron imaging
L5-April 16: Radiochemistry

X-rays: J. Kilkenny, M. Rubery, B. Kozioziemski, H. Chen

Optical diagnostics: P. Celliers, G. Swadling, N. Lemos

L13-May 14: Velocity Interferometer for any Reflector - VISAR
L14-May 16: Thomson Scattering
L15-May 21: Laser Backscatter and Side-scatter

General: N. lzumi, C. Trosseille, H. Chen, ). Kilkenny

L6-April 18: X-ray diagnostic genera
L7-April 23: X-ray streak cameras

L8-April 25:

L9-April 30:

L10-May 2: X-ray imagers

L11-May 7: X-ray lines via solar opacity exp
L12-May 9: X-ray diag. for ICF implosion

Fittinghoff

Shaughnessy Rubery Kozioziemski

‘3’ GENERAL ATOMICS

L16-May 23: Imaging analysis technique :
L17-May 28: X-ray detectors for HED diagnostics Celliers

L19-June 4: Diag. for rep-rated & IFE exp.
L20-June 6: Summary of the course

Swadling

Trosseille

JArAs SOCIETY FOR THE PROMOTION OF SCIENCE

8 QAR IR A

X-ray Spectroscopy

In High Energy Density Plasmas
April 4-June 8, 2023
A postgraduate course offered by University of California

San Diego and Lawrence Livermore National Laboratory,
Tuesdays and Thursdays at 2:00 PM PT via WebEz. Lectures will be recorded

= Offered fo alf UC siudents for credit

« Offered to LINL, SNL, and LANL staff for professional developrmeant

« Offered to all non-UC acadenvc staff and students

+« Exams and homework will be reguired of alf students wanting credit

« UC students, please comtact Frofessor Farhat Beg af fbeg@ucsd.edy for
detafis, Everyone efse, please comtact Jessica Karfon af kartona@linl. gov

Course Description Topics
High Energy Density (HED) physics iz the
study of matter at extreme conditiocns. It is
a growing field with several major laser
and pulsed power facilities arcund the
world as well as many smaller university
labs. Excellent ground-breaking science
from these facilities is enabled by plasma

Owerview of atomic physica
and spectroscopy
Measurement technigues
Radiation interaction with
matter and transport of
radiation

Beyond hydrogenic structure
Collisional-radiative models
Mon-thermal effects
Zeeman and Stark effects
Survey of experimental
methods

Spectroscopic data analysis
and diagnostic applications

x—-ray spectroscopy technigues. The course
will cover basic theoretical descriptions and
important experimental aspects of plasma
spectroscopy, and iz aimed at providing
information to students, postdocs, and staff
in engineering and physics.

Prereguisites: Calculus, introductory physics

Lecturers

H. Chen LINL

T. Gomez University of Texas-Austin
5. Honsen SNL

R. Heeter LLNL

I Kilkenny LLNL

A. Mancini Univ. of Nevoda-Reno
H. Scott LINL

A. Shepherd LLNL

SA49EEE, 1I00-1050 s
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e Livermore Lab Foundation has onee again

heled our HEDS Center students in FY24

A Livermore Lab Foundation has provided |

additional to support to our students
0 Students submitted applications for funding s
support and HEDS staff determined need a
amount on a casby-case basis
o Funds were used for rent, computers, desks
FT22R3I X
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Dave Rakestraw is a leader and
pioneer in using the sensor in
phones for physics education

ACreating Awareness

AEngaging Educators

AEngaging High School Students \:MM
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Universities
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https://st.linl.gov/scted/Physicsvith-Phones 3 https://phyphox.org/



Physu:s with Phones Summary of Engagement

T By the Numbers

A Direct engagement witk600 studentsn their classrooms at high schools and colleges
many more impacted by educators using the materials. Far more are using the materi
their own.

A Direct engagement with500 physics educators high schools and colleges through a w
range of workshops/seminars.

A Direct engagement witk200community leaders enhancing the reputation of LLNL as a
scientific resource for STEM in our region.

A LLNL websﬂe becommg more and more recognlzed throughoutthe physics education

““BTeacher
A

Lawrence Livermore
National Laboratory
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excellent speakers to LLNL

. ~ A ~ - < - a - A A o A Jopigs in FY23 and 24 «
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community .
A\nnual nomination process
20 —
Adybrid mode enablesff-site participants to engage remotely )
Adybrid mode is a technical challenge and requires the suppog
of talented technical staff 10
, -
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\ . Thank you to those who nominated peers to give
. Oleynik seminar 7/30/24 /Y Yo HEDS seminars

— 11l 8§ _ -
Videos available on YouTube Thank you to the speakers for excellent talks

https://www.youtube.com/watch?v=eLvN6215M9U&Iist=PLy9rIbGDXrG3nogQ4wkG6DoMACY oKiulr&index=19



https://www.youtube.com/watch?v=eLvN6215M9U&list=PLy9rIbGDXrG3noqQ4wkG6DoMACYoKiulr&index=19

The Center Is the focal pointfor facilitating and fostering research

\opportunities in HEDS for Minority Serving Institations

YN = | @MOREHOUSE 1irrCrD LIETmisy

COLLEGE

A MSIPPNNSA Consortium for High Energy Density Science
A Dense plasma effects on ionization, workforce development
A Supported 10 students interning at LLNL this summer

A Annual meeting held at UCLCC allowed for discussions and
interactions with students
A PIs presented educational and research efforts
A Students presented their summer research projects

A LLNL scientists presented on HEDS, career path argb

mentorship -
A Students and faculty enjoyed tours of the NIF and .

%@

Korey Brown (Morehouse College




Th‘eCe.ntemosted a number of CfHEDS students in FY24

[ZXN0 (= | @ MOREHOUSE 1ricrD CIFrey

COLLEGE

Hamad Afzal (UCMY Experimental equations of state for exoplanets interiors structure

Jeremiah Reynoso (MHC)) Looking on the inside of materials using lasedriven neutron beams ¢

Trent Mosley (MHCY x-ray spectroscopy

=
| Xavier Foster (MHC) Target Alignment Using White Light Interferometry %

Derrick Pickrel (UCM)r X-ray spectral emissions from blackhole accretion disks

Peter Vozdolsky (UCMj cryo detectors Andrew Bovill

KangHong Li (UCMj Astrometry to determine accurate pointing of telescopes on the space statio

Andrew Bovill (UCM)

Sameen Yunus

Vincent Martinetto (UCM)

Derriék Pickrel

\ &
A

Xavier Foster Jeremiah Reynoso Hamad Afzal

@‘ "



Students from CfHEDS benefited from the_

RENEWprogram throughLaserNetUS

Reaching a new science energy sciences workforce Grant from DOE Office of Science
We are leveraging ou€fHED$onnections to create this program that will help attract and train

undergraduate students from underrepresented populations dlaserNetU%acllities.

PN
b Expose and train MSI students and faculty
to LaserNetUScience o k

q' LaserNetUS
Host cohorts of MSI undergrads and CAXY |
faculties atLaserNetUS p s ssc o
E % oY Aleph, CS1 '3‘{‘

JLF LLNL &

Support ongoing engagement with
students to bring them into the field

Develop capabilities and expes#i at MSlIs -y
to create new programs §

Providing a welcoming and supportive environment to MSI students at our facilities to incr
retention of underrepnresented students in our field
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A Secured $100k to fund an IFE Workforce
Development Coordinator

A IFE summer student program isplace
A 5 students in FY24 (3 undergrad, 2 PhD)
A Funded by LLF, MARA, UCSD
A Aligned with core competencies

A Community outreach

A Hosted Las Positas physics students for
HEDS center and NIF tour during Fusion
Week (May €10)

A Building community through scientific

leadership
A Lead organizer of APS DPP IFE mini
conference in October 2024
A Engaging with STARFIRE partners to
advise on IFE curriculum

A National workforce development
A Contributed whitepaper to NSF
sponsored Fusion Workforce accelerator
conference




:HEDS Center suppc)rted two work
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Gordon Research Conference

qL Research at High Pressure

Exploring Matter Beyond Equilibrium
July 14- 19,2024

Chair Vice Chair
Chris J. Pickard Timothy Strobel

Contact Chairs

Holderness School

33 Chapel Lane

F

\ Current challenges in the physncs of
white dwarf stars :

Holderness, New Hampshire,
United States

santaFe, USA e 6
March 24-29,2024 - |




Enabling Collaborations :
Connecting LLNL scientist:
and external researchers



In FY24, we introduced a new website design and content
provides information to internal and external communities

&' G Gy DERS Contact Us Collaboration Research Education Join Us o

SCIENCE CENTER

High Energy Density Science Center

Shaping the future of high energy density science

The High Energy Density Science (HEDS) Center at Lawrence Livermore National Laboratory (LLNL) fosters
collaborations aimed at enhancing research on matter and energy under extreme conditions.

The center facilitates opportunities for scientists and engineers to access world-class experimental resources
and engage in collaborative explorations in this rapidly evolving field. Together with our partners, we:

« Increase awareness of research opportunities in HEDS.

Federica
Coppari

« Accelerate efforts to establish new research collaborations and share knowledge.

« Provide opportunities for students and early-career scientists to gain hands-on research experience
using sophisticated tools.

« Develop novel, multi-institutional educational programs in HEDS.

Carol Le

Browse active HEDS research Explore internship and Learn about our Spring 2024 Watch some of our past
areas at LLNL postdoc fellow opportunities plasma diagnostics course seminars from HEDS experts ROSE Hansen

Shel by Conn m; Lawrence LIVermore

National Laboratory




The HEDS Center has benefited from the generosﬂy of th

DO and the minisabbatical program—

AMini-a 6001 GAOIf &aLl2yaz2zNBR oé
o Farhat Beg and Nuno Loureiro were our first two sabbatical participant:

AWe have two minsabbaticals in FY24 and FY25
o lvan Oleynik (USF) delivered lectures on WDM physics

¢ Developed a veek course on warm dense matter physics with F.
Coppari. S. Hamel, F. Graziani

o Martin Richardson (January/February 2025)
Partnership with NIF (Zhi Liao)

History of laser fusion

Fusion industry, politics, and supply chain
Ultrafast lasers

Optical fiber fabrication

S 6 6 6 6

Richardson
Lawrence Livermore
National Laboratory



Multi-campus Research Programs and

sy ) Initiatives (MRPI)

ACalifornia Initiative for Solid-Plasma
Dynamics for Fusion Energy ($1.4 M)

- Understand the solid to plasma transition
under highpower lasers

- Combined multiscale simulation and time
resolved experiments

AMulti-institutional with both research and
education as a focus

- Handson research training for students and
postdocs

=1L .- — A
- Undergraduate research /\I
- Undergraduate and graduate education BERKELEY LAB

+ Los Alamos

AAAAAAAAAAAAAAAAAA



The Center s the focal point for facilitating. and fosterln

ANNSA HED Center for Matter at Extreme Conditions

o Energy transport, material properties, in magnetized systems
Host students at LLNL

o HEDS curriculum development for spectroscopy
0 Support for experiments at Jupiter Laser Facility
o Introducing students to HEDS

AHigh pressure research at Berkeley
o0 HEDS Center continues to supgaiPwork
o M. Vasquez member of Jeanloz group
o T. Kovacevic member of Militzer group

Vas quez ug Lawrence Livermore
National Laboratory



The HEDS Center works with LANL, SNL, and Israel.to advance c

‘understanding of HEDS in areas of mutual mterest

AHEDSing school held in Israel
o LANL, LLNL, SNL, and Israeli participation
o Experimental and computational overview
o Physics deep divediPmaterials hydrodynamics, radiation, diagnostics)
o Group problem sets for students

Israel-US Spring School

In High Energy Density Plasmas
May 7-11, 2023, Jerusalem and Soreq Israel
Offered by Soreq Nuclear Research Center
Lawrence Livermore National Laboratory
Los Alamos National Laboratory
Sandia National Laboratory

- Offered to all siudenis, postdocs and staff
« Email Dr. Graziani at grazianil@lini.gov to register and for information
otels

A December 2023 a virtual workshop was held to discuss test
problems and proposals for experiments

AJune 235, a joint workshop was held at Sandia National
Laboratory:

o The workshop was about current research status and future direc

o Five white papers were discussed, expanded, and updated

Lawrence Livermore
National Laboratory



We have continued the Japard HEDS seminar senes and

expanded our activities in new directions

Japan Speaker: > =)
Proft Yasuhiko Sentoku .
A Monthly HED seminar series & <y
o https://hedscenter.linl.gov/education/seminars TS | it heanvave ignition or high gain aser fusion for 1" _| \ERORIGE AN
Lawrence Livermc;re National Laboratory (LLNL)
A Atl ant a A P $ P P 2 O 2 4 “Ultra-high power beam generation via plasma optics at NIF”
O 3rd U SJ apan WO rkS h O p O n I F E ;I::fg?ij;;:gan Workshop on Inertial Fusion Ener

o N. Iwata, F. Albert, and F. Beg

A Burn working group
o Kinetics of burning plasmas
o Sherlock, Sentoku, Natsumi, Graziani

A Drew Higginson did a misabbatical in Osaka o
o Took advantage of the PRT (Professional Research or Teaching) o
program at LLNL

o Guest associate professor for 2.5 months at Osaka University in Osaka,*
Japan

o Developed and taught a foyrart highenergy density physics (HEDP)

curriculum & 4
o 5NBg oAttt &aLISF] hOG20SNI vHu | 02 dzi Hidgifseh KA & FI YA &
Lawrence Livermore

https://td.lInl.gov/programs/professional -research-or-teaching-leave/ “ National Laboratory



https://heds-center.llnl.gov/education/seminars
https://td.llnl.gov/programs/professional-research-or-teaching-leave/

[Foz Sy e ) ‘ e | B T

We are working with UC UCOP, aﬂdffiCLCC to

——

.~ establish an HEDS anchor at UCLCC

A UC, UCOP, and LLNL staff are brainstorming ideas
about integrating the UCLNL HEDS community

A Venue for teaching courses in HEDS by LLNL staff an
UC faculty

A HEDS workshops and summer schools

A With lab space, potential for teaching hanols
Coppari { plasma diagnostics course




Bridge to the
programs
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.The HEDS Postdoctoral Fellowshlp

Funding gratefully acknowledged from WPD and ICF

Purpose: Current Fellows:
A To attract and hire Past FeIIOWS' Liz Grace- SingleShot Spatiotemporal Electron Density

highly talented HED | Andrew Longman [ Characterization
scientists to LLNL | Staff member in NI Graeme Sutcliffe- Diagnosing and studying magnetic field
A To foster awareness at generation mechanisms in lasériven plasmas relevant to

LLNL of talented - ,‘ Karry Wong inertial confinement and astrophysical plasmas
prospective postdocs ) | Meta = . .
A To support the career &4 Patty Cho- Probing Solar Convection Zone and Black Hol

of the fellows Accretion Physics with NIF

FY24 Fellowship Committee:
Chair: Paul Grabowski
John Moody Madison Martin

Please help find talented
applicants and help them apply

Peter Cellier Ronnie Shepherd Deadline for applications was Oct.15, 2024. R
Amy Jenel FedericaCoppari Reference letters are due by Oct. 22, 2024. about our postdoctoral
Veror"ka KI’USG KeV|n D”Ver fellowship program

heds -center.linl.gov /fellowship




The»HEDS Center helps support the B161 technology facilitynulti use

fauhty%managed by PLS, to deS|gn build, deliver targets-and diagnostic

Installed 3 new 3D printers for better quality hardware.
Supported target fabrication and diagnostic development for multiple JLF experiments
Developed and fielded new widearea xray detectors at LCLS/MEC

First focused light of Von Wide area xay detectors 3D printed parts Targets at Titan
Hamos Spectrometer installed at SLACCLS installed at Titan alignment station




