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Outline

Å Overview of the Omega Laser Facility and our users 

Å Three open-access user programs support academic, industry and laboratory research in basic 

science and training students 
Å National Laser Usersô Facility (NLUF)

Å Laboratory Basic Science (LBS)

Å LaserNetUS

Å Basic science user research highlights

Å HEDP community building
Å How to get access and proposal timeline

Å Omega Laser Facility User Group 

Å LLE and Omega user programs have trained over 500 PhDs
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The Omega Laser Facility is NNSAôs workhorse user facility 
for high-energy-density physics (HEDP), inertial confinement 
fusion and basic science

____________
NIF: National Ignition Facility

Å >100 diagnostics operated and supported by LLE

Å Combined long- and short-pulse operation

Å Versatile experimental capabilities

Å Magnetic fields (~50 Tesla in mm3)

OMEGA Laser System

Å Operating since 1995

Å 60 beams, 30 kJ UV on target

Å Spherical and cylindrical compression

Å 1% to 2% irradiation nonuniformity

Å Flexible pulse shaping

OMEGA EP Laser System
Å Operating since 2008

Å 4 NIF-like beamlines, 5-kJ/beam in UV 

Å Two IR beams can be kJ-class petawatt 

Å IR beam(s) or one tunable UV beam can 

be coupled to OMEGA for joint shots
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More than 50% of the Omega experiments (a total of 2061 
shots in FY23) are conducted by external users 

Å Primarily to support the NNSA HED (ICF) program

Å About 30% shots for basic science user programs 
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More than 800 users from 70 institutions, including 50 
universities
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Over 20 international user institutions have 
participated in the  Omega experiments

ÅMost of the international users are collaborators with U.S. institutions 
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NNSA Laboratories are the primary external user institutions 

LLNL LANL SNL

Number of Omega shot days in FY24
HED LBS HED LBS HED LBS

38 6 18 - 6.5 -

Å Majority of the current NNSA Laboratories experimental principal investigators (PIs) 

are postdoctoral researchers or early career scientists

Å Many students (undergrad, post-baccalaureate, and graduate) are involved in the 

national lab led research 
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The LLNL panel for announcing ñIgnitionò on 12/13/2022 is 
comprised of scientists with a long history of research at LLE

Alex Zylstra

Lead Experimentalist
MIT PhD 2015 (OMEGA)
    615 OMEGA

    248 OMEGA EP
    863 shots

Art Pak

Team Lead, Stagnation 
Science
     69 OMEGA

    151 OMEGA EP
    220 shots

Tammy Ma

Lead Inertial Fusion 
Energy Institutional 
Initiative 

    106 OMEGA
      68 OMEGA EP

    174 shots

Annie Kritcher

Principal Designer
      85 OMEGA shots

Panel participants were PI or co-PI on 1,342 shots at LLE Slide courtesy of S. Morse
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LLE has operated the National Laser Users Facility 
for basic research since 1979

ñA high power laser facility, now being constructed at the 

Laboratory for Laser Energetics é, will be available as a 

users facility for the scientific community. é A six beam, 

1.2 kilojoule initial configuration of OMEGA will be 

available for experimentation in December 1978.ò 

55+ participants

6 working groups: General Physics, 

EOS, Materials Experiments, Chemistry, 

Biology, Neutron Applications.

ñThe University of Rochester operates the NLUF 

under contract with the US Department of Energy. é 

Scientific oversight, as well as user proposal review, 

is provided by the NLUF Steering Committee, éò
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Three programs now offer general user access to the Omega Facility 
for basic research through open-call and peer-review proposals

Å The NLUF Program is the longest running high power laser user 

facility program

currently for academic and industry researchers from the US

biennial call

23 NLUF projects in FY24ï25

Å The LBS Program has provided access for the DOE national 

laboratories and LLE since 2008

annual call

18 LBS projects in FY25 

Office of 

Experimental 
Sciences (OES)

Omega user programs currently support education 

and training of 80 graduate students and 30 postdocs.  
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Office of Fusion 

Energy Sciences 
(FES)

Å LaserNetUS has provided additional beamtime on the OMEGA EP 

laser since 2019

annual call

3 Cycle-6 projects in FY25



NLUF: 45 years of user research advancing HEDP and fusion science, 
and developing the next-generation workforce

6000 273 300+

Graduate students 
and postdocs

Unique NLUF 
projects

NLUF shots
 since 1995

3750 286 

LBS projects
LBS shots
 since 2008

1000

Publications

60 NLUF PhDs in the last 

10 years, a majority 

(>50%) joined DOE 

national laboratories 

post-graduation.
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LaserNetUS supports FES mission and provides broad access 
to the network facilities including OMEGA EP for inertial fusion 
energy research

Advance and promote intense 

ultrafast laser science applications by

ÅAdvancing the front ier o f laser-

science research

Å Providing students and scient ists wi th 

broad access to unique facilities and 

enabling technologies

Å Fostering collaborat ion among 

researchers and networks from 

around the world
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User programs support a broad range of basic HEDP research

Å High-energy-density (HED) hydrodynamics

Å High-pressure material properties and planetary science

Å Magnetized HED plasmas

Å Nonlinear optics of plasmas and laserīplasma interactions

Å Relativistic HED plasmas and intense beam physics

Å Warm dense matter

Å High-Z, multiply ionized HED atomic physics

Å Plasma nuclear science

Å New diagnostics and platforms development

Å Inertial fusion energy science

2023 NAS Report: Fundamental Research 

in High Energy Density Science
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Omega user programs have compiled a strong record of 
research excellence

APS Dawson Award for Excellence in Plasma Physics Research

20192017 2020
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Exotic states of matter under extreme conditions relevant to 
planetary science ï superionic water (ice XVIII) 

M. Millot, F. Coppari, et al., Nature, 569, 251 (2019) 

M. Millot et al., Nat. Physics, 14, 297 (2018)

X-ray diffraction measurements directly confirm superionic ice created in laser-shocked water

Credit: Quanta Magazine

The discovery was featured in Quanta Magazine 

and in NOVA: The Planets: Ice Worlds.
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Exotic states of matter under extreme conditions relevant to 
planetary science ï phase transition at exoplanet pressures

B1-B2 transition in shock-compressed MgO

J. Wicks et al., Sci. Adv. 10, eadk0306 (2024)F. Coppari et al., Nat. Geo. 6, 926 (2013)
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Unlock mystery of magnetic field generation and amplification in the 
Universe

P. Tzeferacos et al., Nat. Commun. 9, 591 (2018)

Laboratory evidence of dynamo 

amplification of magnetic fields in 

a turbulent plasma

A.F.A Bott, P. Tzeferacos, et al., PNAS, 

118 (11) e2015729118 (2021)

Time-resolved turbulent dynamo 

accessing the viscosity-dominated regime 

TDYNO on NIF: Strong suppression of heat conduction in a laboratory replica of 

galaxy-cluster turbulent plasmas, J. Meinecke et al., Science Adv. (2022) 
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The magneto-inertial fusion electrical discharge system (MIFEDS) 
enables many magnetized HED experiments

Effect of strongly magnetized electrons on heat 

flow and symmetry of inertial fusion implosions

Study of quasi-parallel collisionless shocks 

at high Alfven numbers relevant to young 
Supernova remnants

A. Bose et al., Phys. Rev. Lett. 128, 195002 (2022).

MIFEDS: up to 50 T fields 

in mm3 volume 

S. Bolaños et al., Phys. Rev. E 110, L033201 (2024)

B: off

B: 17 T
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Magnetic reconnection and particle energization

Experimental evidence of plasmoids in 

high-♫ magnetic reconnection

Ion and electron acoustic bursts during 

anti -parallel low-♫ magnetic reconnection 

J. Pearcy et al., Phys. Rev. Lett. 

132, 035101 (2024)
S. Zhang et al., Nat. Phys. 

19, 909 (2023)
A. Chien et al., Nat. Phys.

19, 254 (2023)

Two coils: reconnection bumps

No coil

Non-thermal electron acceleration from 

magnetically driven reconnection
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Relativistic laser plasma interaction and intense beams

Relativistic charge-neutral electronīpositron beams from kJ high-power lasers

J.L. Peebles et al., Phys. Plasmas 

28, 074501 (2021); H. Chen et al., 
Phys. Plasmas 21, 040703 (2014)

H. Chen and F. Fiuza, Phys. 

Plasmas 30, 020601 (2023)

Perspectives on relativistic pair plasma 

experiments of astrophysical relevance 
using high-power lasers

Focusing protons for intense beam heating

C. McGuffey et al., Sci. Reports, 10:9415 (2020)
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Exploring nuclear science and astrophysics using HED plasmas
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Proton probing techniques developed by Omega users are powerful 
tools for the study of frontier HED science

C.K. Li et al, Science, 327, 1231 (2010) D.B. Schaeffer et al., Rev. Mod Physics 95, 045007 (2023) 

23



Outline

Å Overview of the Omega Laser Facility and our users 

Å Three open-access user programs support academic, industry and laboratory research in basic 

science and training students 
Å National Laser Usersô Facility (NLUF)

Å Laboratory Basic Science (LBS)

Å LaserNetUS

Å Basic science user research highlights

Å Building and growing a vibrant HEDP community
Å How to get access and proposal timeline

Å Omega Laser Facility User Group (OLUG)

Å LLE and Omega user programs have trained over 500 PhDs

24



How to get access ï Merit-based LBS proposal process and timeline

Call for Proposals

Submission Deadline

Awards Announced
LBS experiments conducted in the next fiscal years (FY25)
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Feasibility and resource 
needs review by LLE

Proposal Merit Review 
Panel Meeting

Similar schedule for NLUF except it is on a two-year cycle
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NLUF and LBS proposal review criteria

1) The overall scientific/technical merit of the project and its relevance and prospective contribution to its field of research

2) The scientific/technical soundness and quality of the proposed method/approach, and the feasibility/likelihood of 

accomplishment of the stated objectives

3) The competence, experience, and past performance of the proposer, principal investigator, and/or key personnel

4) The broad impact on education & workforce development, and expanding scientific ecosystem

5) The demands of the project in terms of resource requirements (equipment, beam time, target support, etc.) and/or other 

requirements (hardware modifications, component development, etc.) vis-à-vis competing demands (Note: 

experimental feasibility and executability evaluated by the LLE facility and experimental support team). 
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Growing a vibrant and inclusive HEDP community through the 
Omega Laser Facility Users Group (OLUG)

Å OLUG was established in 2008 

Å 800+ members from universities, research institutions, national laboratories and industry

Å Annual workshop provides an informal setting for users to showcase cutting-edge 

research including poster sessions 

170+ attendees at the 2024 OLUG 

Å Enhance the capabilities of Omega and usersô experience through findings & 

recommendations (F&Rôs) ï 28 OLUG F&Rs in 2024

Å Networking for young researchers and prospective users including student-postdoc panel 

and career panel discussions
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2024 OLUG workshop attracted 170+ attendees 

Students and postdocs

Young researchersô session

Tutorial session

Students and postdocs best poster awards
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Sample OLUG F&Rs: ASBO/SOP to TIM-14 on OMEGA EP has 
been implemented enabling simultaneous VISAR/SOP and x-ray 
radiography measurements

SIPD

(TIM 12)

ASBO/SOP

(TIM 14)

PP 

(TPS)

BL

(TIM 13)

B1 (SL) B2, B3, B4

Face-on x-ray radiography image 

obtained with SIPD

Interferometric velocimetry data 

obtained with ASBO (leg B) 

Å LLNL Campaign: TinPairRT-EP-24B (PI: Yong-Jae Kim; shot day Aug 2024) 

SIPD

ASBO

PP/BL

Driven area

VISAR 
FOV

Courtesy of Yong-Jae Kim (LLNL)

ASBO on OMEGA EP can now be run either in TIM-12 or in TIM-14.
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In total LLE and Omega user programs have trained over 500 PhD students, 
many who now lead major programs at NNSA, DOE and beyond 

Maggie Huff

Ph.D., Physics (2023)
University of Rochester
Thesis Advisor:
Prof. G. Collins and 
Prof. R. Rygg

Current Position:
Los Alamos 
National Laboratory

Current Position: 
Head of Target Design 
Xcimer

Alison Christopherson

Ph.D., Physics (2020)
University of Rochester
Thesis Advisor:
Prof. R. Betti

Linda Hanson

Ph.D., Physics (2021)
University of Rochester
Thesis Advisor:
Prof. G. Collins and 
Prof. R. Rygg

Current Position:
Sandia National 
Laboratory

Current Position: 
Deputy NIF Director 
for Capabilit ies, LLNL

Current Position:
Experiments Lead, 
Pacific Fusion

Arijit Bose

Ph.D., Physics 
(2017)
University of 
Rochester
Thesis Advisor:
Prof. R. Betti

Current Position: 
Assistant Professor, 
U. of Delaware

Current Position: 
OMEGA Experiment 
Group leader, LLE

Current Position: 
Professor
U. of Michigan

Current Position: 
Technical Advisor for 
NNSA; MELE Associates

Gregory Jenkins

Ph.D., Optics (2022)
University of 
Rochester
Thesis Advisor:
Prof. J. Bromage

Current Position:
Princeton Plasma 
Physics Laboratory

Reetam Paul

Ph.D., ME (2022)
University of Rochester
Thesis Advisor:
Prof. S.X. Hu

Current Position:
Lawrence Livermore 
National Laboratory

Amina Hussein

Ph.D., Applied 
Physics (2019)
University of Michigan
Thesis Advisor:
Prof. K. Krushelnick 
and Prof, L. Willingale

Cameron Allen

Ph.D., Physics (2023)
University of Nevada 
(Reno)
Thesis Advisor:
Prof. T. White

Current Position:
Los Alamos 
National Laboratory

Patrick Adrian

Ph.D., Nuclear Science 
and Engineering(2023)
MIT
Thesis Advisor:
Dr. J. Frenje

Current Position:
Los Alamos National 
Laboratory

Current Position: 
Assis. Professor, 
University of Alberta

Current Position: 
General Atomics

Graeme Sutcliffe

Ph.D., Physics (2023)
MIT
Thesis Advisor:
Dr. C. K. Li

Current Position:
Lawrence Livermore 
National Laboratory

Krish Bhutwala

Ph.D., Mechanical & 
Aerospace Engineering 
(2023)
UC San Diego
Thesis Advisor:
Prof. F. N. Beg

Current Position:
Princeton Plasma 
Physics Laboratory

Connor Williams

Ph.D., Physics (2023)
University of Rochester
Thesis Advisor:
Prof. R. Betti

Current Position:
Sandia National 
Laboratory

Michelle Marshall

Ph.D., Physics (2017)
University of Rochester
Thesis Advisor:
Dr. T. Boehly 
& Prof. D. Meyerhofer

Current Position:
ASML

Current Position:
HEDx Group leader
LLE

University of Rochester PhDs Omega user programs PhDs

In 2023 alone 21 PhD degrees (13 UR) and 11 joined DOE Labs. 30



Summary/Conclusion

LLE plans to issue call for proposals for FY26ï27 NLUF and FY26 LBS program this year.

LLE continue to participate in the LaserNetUS calls (Cycle 7 applications due by Dec-16, 2024).  

Å The Omega Laser Facility is a premier HED user facility supporting national security and 

basic science 

Å Three open-access user programs (NLUF, LBS, LaserNetUS) support academic, industry 

and laboratory research in basic science and training students 
Å Omega user programs have compiled a strong record of research excellence in frontier HED science

Å Building and growing a vibrant HEDP community
Å How to get access and proposal timeline

Å OLUG promotes usersô interest and providing recommendations to improve the facility capability and 

enhance user experience

Å LLE and Omega user programs have trained over 500 PhD students, many who now lead major 

programs at NNSA, DOE and beyond
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This material is based upon work supported by the Department of Energy [National Nuclear Security 

Administration] University of Rochester ñNational Inertial Confinement Programò under Award Number(s) 

DE-NA0004144 and by the Office of Science under Award Number DE-SC0024415 (LaserNetUS). 
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Join us at the

16th OMEGA Laser Facility Users Group (OLUG) 

Workshop

May 20ï22, 2025

Rochester, NY
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NSF OPALïan NSF RI-1* project for a next-generation laser 
user facility dedicated to the study of ultra-high-intensity 
laser-matter interactions

ÅTwo 25 PW ñAlphaò beams 

ÅñBetaò beam provides 
1.0 ï 2.0 PW pulses

ÅShot rates Ò 5 minutes 

per shot

ÅNanosecond, multi-kJ, 

UV beams from OMEGA EP 
for dynamic compression

ÅRange of solid, liquid, 

and gas targets

(EA1) (EA2)

PAALS1 LDNP1

LAPP1

+

HFP/QED2

or

N

* NSF Midscale Research Infrastructure Program

NSF OPAL Website

https://nsf-opal.rochester.edu/


OMEGA EP Laser Facility
(4 UV/ns beamlines bundled into 

a quad for transport to NSF OPAL)

Experimental Area 2 (EA2)
(w/ up to three dedicated target chambers)

Experimental Area 1 (EA1) 
(w/ multi-purpose target chamber)

NOMEGA

Extended TeV-class 

ñFlying-Focusò LWFA Line
(construct once flying focus demonstrated)

NSF OPAL Laser Bay
(Upper and lower levels)

NSF OPAL Capacitor Bay

NSF OPAL Support Bldg.
(NSF OPAL support spaces, offices, labs)

New 2024 LLE 

Office-Lab Extension 

(OLE) Building

NSF OPAL Website

NSF OPAL will include two shielded Experimental Areas (EAs) 

to provide flexible configurations and enable parallel activities

* NSF Midscale Research Infrastructure Program


