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DOE-sponsored reports have made recommendations 
for research in HED science 

The reports all call for teaching HED science, broadening HED research, strengthening 
academic ties to DOE laboratories, and giving the broader community access to HED 
experimental facilities

Access to facilities?



What facilities? 

Large lasers Not-quite-so-large lasers Large pulsed power devices

National Ignition Facility
LLNL

Texas Petawatt
UT - Austin

Z Machine
Sandia Nat Lab

It is generally very hard to get to use places like these
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Jupiter is a multi-platform intermediate-scale 
facility for high energy-density (HED) science 

Mission 
•  Expand the frontiers of high energy-density laboratory science 
•  Support high energy-density science at LLNL in multiple programs 
•  Support, collaborate with, and expand the broader HED physics community 
•  Help train and recruit future scientific workforce 

Approach 
•  Office-of-Science-style user facility at which laser time is provided free-of 

charge and apportioned through an open, competitive peer-review process 
•  On a scale that provides significantly more laboratory access and greater  

flexibility than large-scale laser facilities 
•  With a variety of platforms capable of front-rank HED science for different 

classes of experiments 
•  And the infrastructure to safely support multiple users with a range of 

experience levels 



Jupiter users come from academic institutions and 
laboratories in the US and Canada,
 



as well as in Europe and Asia



Number of active JLF users continues to increase

In 2008 JLF had 184 users

Other

University
LLNL
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By 2012 JLF had 400 users



Number of active JLF users continues to increase

Now JLF has 459 users
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Number of student users also continues to increase

Other

University

LLNL
14% 

41% 

45% 

Now JLF has 459 users

• 27 PhD’s awarded since 2009 
  involving research at JLF
    - 11 became postdocs at LLNL

• 5 more finishing
    - 2 interviewing at LLNL 
    - 1 offer at LLNL

• FY12 (last UG meeting), 95 of 400 
  users were students

• Today the number is 117



Jupiter is a development and proving ground for 
experiments and diagnostics that stage to larger facilities

Hoarty (AWE) – High-Temperature
Opacity/EOS (Titan)

Chen (LLNL) – Positron Jets (Titan)
Wark (Oxford) – Dynamic Deformation (Janus)
Koenig (LULI) – WDM EOS (Titan)
Multiple Users – Fast Ignition Studies, High-Pressure EOS,
Thomson Scattering, X-ray Source Development,
Detector Development

EOS

Laboratory for Laser Energetics 

Chen (LLNL) – Pair Plasmas (Titan)
Gregori (Oxford) – Collisionless Shocks (Titan)
Falcone (UCB) – Thomson Scattering (Titan, Janus)
Collins Group (LLNL) – Planetary Science, EOS (Janus)
Lowry/Baker (LLNL) – Ultrafast Detectors (Callisto)
NIF/NSTec/GA – X-ray Detector Qualification (COMET)

nus)

NIF 

ORION (AWE) 



Jupiter has had 112 peer-reviewed publications since 
2008; 24 in 2012 



Recent highlights from Jupiter/Janus 



Recent highlights from Jupiter/Janus 



  New results affecting planetary structure 

• New liquid-vapor phase boundary
• New shock vaporization criteria
• Previous studies underestimated amount 
  of vapor produced in planetary impacts



  New results affecting planetary structure 

• Established solid-solid phase transition for 
  the first time
• Metallization above 6 Mbar – dynamo 
  effect possible in deep mantles
• Unexpectedly large latent heats

Expts at JLF and Omega



  New results affecting planetary structure 

• Liquid-liquid phase transition discovered
  above 3 Mbar
• Distinguishes glass and single-crystal
• Extends MgSiO3 EOS to 9.5 Mbar   



New results utilizing JAVELIN  

Fracture; 
Material 
Jetting
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Recent highlights from Jupiter/Titan  



  

• Kα emission follows hot electrons in wire
• Find 2-temperature distribution required
• Laser-to-hot-electron efficiency measured   

New results on fast ignition 



  

• Different target materials affect hot e- transport
• Self-generated magnetic fields can control
  hot electron divergence  

New results on fast ignition 



  New results on relativistic laser-plasma interactions 

• Developed FROG (Frequency-Resolved
  Optical Gating) for 2ω 
• Reveals critical surface motion with
  100 fs resolution
• Evidence of decelerating plasma hole boring   



Recent highlights from Jupiter/COMET  



Highlights from COMET. COMET is used by NIF to 
calibrate and test diagnostics

DANTE 

FFLEX SPBT 

DIXI GXD 

nTOF 



Recent highlights from Jupiter/Callisto 



LWFA measurements on Callisto show electron guiding 
and energy selection – talk by B Pollock

Self-guiding of wakefield-accelerated 
electrons results in small beam

Spectral measurements show the energy 
spread can be controlled to  < 5%

PIC simulations of this experiment predict 
electrons accelerated to GeV energies

Simulations show a bubble blown out by the 
beam. Injected electrons injected are accelerated



Jupiter is a multi-platform facility for 
high energy-density (HED) science 

Goal Metric

Broad participation by LLNL 
researchers

Growth in LLNL user base Users up 200% in 4 years

Expanded HED community Growth in non-LLNL user base 
and expanding diversity of user 
institutions

- Users up 275% in 4 years
- 56 universities
- 20 institutes

Front-rank HED science Publications - ~24 journal publications/year
- ~4 PRL/Science pubs/year

Staging of expts to larger 
facilities

Evidence of those expts at NIF, 
Ω, etc.

XRTS, e+ beams, ramp and 
Hugoniot EOS, FI, NLTE

Development of novel HED 
diagnostics

Implementation of diagnostics 
at NIF, Ω, etc.

2D VISAR, p+ radiography, fast 
detectors, x-ray sources

Training of young researchers Growth in number of students, 
number of PhDs using JLF, and 
awards associated with JLF

- 117 student users
- 2 young researcher awards
- 8 PhDs per year

Pipeline into LLNL Number of students hired by 
LLNL

Since 2009, 14 of 32 PhDs 
hired at LLNL



Number of active JLF users continues to increase

• The number of JLF users is comparable to OMEGA

• However the budget has been flat, or less, for 5 years

• This has led to:
 - a reduction in number of shot weeks: 44 in 2008; 36 now
 - reduction in number of experiments: 38 in 2008; 29 now
 - and some frustration



Number of active JLF users continues to increase

Demonstrates a need for intermediate-scale HED facilities,
a need that is growing and continuing to grow

• The number of JLF users is comparable to OMEGA

• However the budget has been flat, or less, for 5 years

• This has led to:
 - a reduction in number of shot weeks: 44 in 2008; 36 now
 - reduction in number of experiments: 38 in 2008; 29 now
 - and some frustration



  

• Callisto was a very clever way of getting to 100 TW (10 J, 100 fs) in the last century
• A Janus long-pulse beam pumps an amplifier at the end of a very complex, custom (regen/bowtie on 3 
  optical tables) 200-mJ front end
• The pump is not monitored well and the pump energy varies by factor of 2
• The front end is variable in energy, astigmatic, and has a typically sub-par pre-pulse (10-4 contrast) 
• Focus is usually good but pulse energies are hit-or-miss 
• Cycle time limited by Janus pump laser (2/hr)

• Now used almost exclusively for LWFA; used by ~1/10 number of users of other platforms

• Callisto could be made reliable at 400 TW with good contrast
  - cost would be about $800K

• Good: maintains an ultra-short-pulse capability at LLNL; cheaper than diode-based system

• Bad: still limited by Janus rep rate; many high-rep-rate near-PW systems being built

• Funding request was disapproved. Callisto to be decommissioned this year.

Status of Callisto



  

• JLF is funded almost entirely at the behest of LLNL S&T

• No indication that NNSA will help

• SC/FES is discussing a Bay Area HED Cooperative

• We have costed out several major improvements

JLF discussion



  Possible JLF upgrades



  

• Stabilize JLF
  - bring beams back to nominal energy
  - upgrade infrastructure
  - improved spare part inventory
  - system monitoring 
  - more staff
 ->  decreased downtime, better reproducibility, better reliability

• Improve JLF
  - tailored pulseshapes (repeated requests)
  - increased beam energy (repeated requests)
  - available target area diagnostics (focal spot, energy, pulseshape)
  - prepulse monitoring
  - improved pulse contrast in Titan
  - 2nd short-pulse beam in Titan

• Include OSL (Optical Science Laser)
  - single beam, 1.5 kJ at 1ωω, 3ω
  - different building, different organization
 

JLF discussion



  

•  OPCPA contrast improvements (hybrid SPOPA approach) 
–  Effort   

•  Laser Scientist (0.75)          $167k 
•  Machining & fabrication (0.5) technician        $120k 
•  Diffraction grating processing (0.5)        $  70k 

–  Procurements: optics, electronics  & hardware 
•  Custom laser amplifiers         $  90k 
•  Grating substrates & processing        $  24k 
•  OPA crystals          $  20k 
•  Misc hardware, optics, electronics        $  69k 

–  20% contingency          $112k 

–  Total            $672k 

•  Green short-pulse capability for Titan 
–  Effort 

•  Machining fabrication for mounts (3 man-weeks)       $ 13k 
•  Design, assembly, alignment performed by JLF staff      $   0 

–  Procurements – mainly optics 
•  New full aperture (25cm CA) type I doubling crystal      $ 60k 
•  New crystal mount hardware components       $ 10k 
•  2ω mirrors (5 each for 25cm beam)        $210k 
•  High reflective/high damage threshold parabola coating      $  65k 
•  Materials for fabrication         $   5k 

–  20% contingency          $ 73k 

–  Total            $436k 

Possible JLF upgrades – Titan pulse contrast



  

•  2nd Titan short pulse beam upgrade 
–  Effort 

•  Majority of effort supplied by JLF staff        $    0k 
•  Fabrication by on-site services         $100k 

–  Procurements 
•  Optics            $532k 
•  Off-site machine procured services of existing designs      $230k 
•  Control & monitoring hardware & systems        $157k 

–  20% contingency           $204k 
–  Total             $1223k 

Possible JLF upgrades – second short-pulse Titan 
beam



  Fini



Comparison of LULI and JLF - capabilities

LULI2000/Janus 

ELFIE/Callisto 

Apollon/Titan 

Lucia/COMET 



Laser Operations/ 
Experiments 

Experiment Support 

Facility Support 

Comparison of LULI and JLF - staffing



Fini encore

OtherLLNL

Engineering
NIF
PLS
WCI

Colorado St
Columbia
Florida A&M
Harvard
MIT
Merchant Marine Acad
Ohio State
Princeton
Rice
Stanford
Texas A&M
U Arizona
U Arkansas
UC-Berkeley
UC-Davis
UCLA
UC-Santa Barbara
UC-San Diego
U Colorado
U Maryland
U Michigan
U Nevada Las Vegas
U Nevada Reno
U Rochester
U Texas
Vanderbilt
Washington State
West Point

Alme/DTRA
ARFL
Carnegie Inst
GA
LANL
LBNL
LLE
NRL
NSTec
NTF
SLAC

AWE
CEA
CNR/Pisa
DESY
GSI
JAEA Japan
KAERI Korea
Kentech
RAL

Chinese Acad Science
Ecole Polytechnique
Gwangju IST
Heinrich-Heine U
Imperial College
INRS - Montreal
IST Lisbon
Nat Inst Nucl Phys Italy
Osaka U
Queen’s U Belfast
Shanghai Jiao Tong U
Tech U Darmstadt
Tech U Dresden
U Alberta
U Bordeaux/CELIA
U British Columbia
U Edinburgh
U Jena
U Milano
U Oxford
U Paris
U Pisa
U Quebec
U Rome
U Strathclyde
U Toronto
U York
Vienna U Tech


