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The FLASH code
 FLASH is a publicly available, high performance computing (HPC), adaptive mesh 

refinement (AMR), finite-volume, hydro and MHD code with extended physics 
capabilities. Supported primarily by the U.S. DOE NNSA.  

 FLASH is professionally managed software in continuous development for 20 years: 
coding standards; version control; daily automated regression testing; extensive 
documentation; user support; integration of extensive code contributions from 
external users.

> 3,500 users world wide (>500 in HEDP!) >1,200 papers published with FLASH



Attracting & training undergraduates

 The Center aims to attract and train students in all phases of academic 
development: 

maximizes retention and recruitment pool-size, and 
 establishes a continuous pipeline of scientific talent

 Strong partnership with the National Laboratories and the SULI internship program 
and through internships with our collaborators in the complex

 JT spent the summer at LANL working 
with Dr. Hui Li (T-2) and attended the 2019 
XCP Summer School.

 Elizabeth and Alemayehu were both 
undergraduate  summer interns at LLNL, 
working on hydro and PIC simulations. 



Attracting & training graduates and postdocs

 The Center trains graduate students and postdocs in 
(i) plasma physics relevant to the Center’s research, 

(ii) in the development of numerical methods for 
computational fluid dynamics and their 
implementation for HEDP simulations, 

(iii) in the application of the simulation to analyze, 
execute, and interpreting HEDP experiments

 Graduates students and postdocs participate in 
ongoing projects with the NNSA Laboratories, and 
leverage Laboratory resources such as LLNL’s HED 
Science Center and Data Science Center, that provide 
valuable training. 

 Marissa, Ben, Adam, and Yousef visited 
LANL in September 2019 for four days, 
hosted by XCP-2.

 The students presented their work during 
the XCP seminar and interacted with a 
number of LANL scientists from T, P, and 
XCP Divisions.



An apprenticeship model for numerical HED 

2016: Alexandra Rigby (Oxford), Brett Tully (First Light Fusion),  James 
Cook (First Light Fusion), Rohan Ramasamy (First Light Fusion), Scott 
Feister (OSU),  Laura Chen (Oxford) 

2017: Yingchao Lu (Rice University), Marissa Adams (URochester), Thibault 
Michel (LULI, Paris), Gabriel Rigon (LULI, Paris) 

2018: Andy Liao (LANL),  Shengtai Li (LANL), Nomita Vazirani (Vtech),
Marissa Adams (URochester), Adam Reyes (UCSC), Thomas 
Campbell (Oxford), Tom Byvank (LANL), Joseph Levesque (UMich), Joshua 
Wall (Drexel) 

2019: Luke Ceurvorst (University of Bordeaux/CELIA), Robert Masti (Vtech), 
Camille Samulski, Marissa Adams (URochester), Victorien Bouffetier
(University of Bordeaux), Thibault Goudal (University of Bordeaux), 
Kyle Carpenter (University of Nevada Reno)

 Since 2015 the Flash Center hosted more 
than twenty graduate students and postdocs 
from academic institutions and the National 
Laboratories

 This year we have hosted two graduate 
students and a postdoc from Bordeaux, one 
graduate student from Rochester, two 
graduate students from Virginia Tech, and 
one graduate student from U Nevada Reno

 The students are trained in the use and 
development of FLASH, applied to their 
research and scientific goals

 Creation of distributed hubs of FLASH users 
and developers around the US and abroad: 
extended talent pool that grows organically



Summer courses and tutorials

 Since 2012, the Flash Center holds frequent 
tutorials in various academic institutions in the 
US, the UK, and France

 Since 2017, I have been responsible for the 
radiation hydrodynamics workshop at the 
biennial High Energy Density Science Summer 
School (HEDSSS), held here at UCSD

 The workshop (i) introduces students to the 
fundamental physics and mathematics behind 
hydrodynamic codes and (ii) enables them to 
use codes such as FLASH and HELIOS to 
simulate laboratory experiments relevant to 
ICF, laboratory astrophysics, and HEDP

 The workshop combines lectures and 
hands-on experience, and the students present 
their work to their peers

FLASH tutorial @ RAL 
2012

FLASH tutorial @ OLUG 2014

Rad-hydro workshop &
tutorial @ HEDSSS 
2019

Rad-hydro workshop &
tutorial @ HEDSSS 2017



Chicago-Oxford TDYNO Collaboration

 Magnetized turbulence and fluctuation dynamo
 Cosmic ray transport and acceleration



Magnetized turbulence & dynamo

Solar convection zone 
Rm ~ 108

Re ~ 1015

NASA-SOHO

Jupiter’s core
Rm ~ 106

Re ~ 1012

NASA/Lunar and Planetary Institute

ESA/Hubble illustration

Cyg X-1 accretion disk
Rm ~ 1010

Re ~ 1011

Omega Nebula , Sgr (HII ISM)
Rm ~ 106

Re ~ 107

ESO

*Rm and Re estimates from Zel’dovich+ (1983)

Galactic gaseous disk
Rm ~ 106

Re ~ 109

ESO/S. Brunier



Magnetized turbulence & dynamo

Vainshtein & Zeldovich 1972 “Rope” Dynamo

George K. Batchelor
Artist: Rupert Shepherd

Meneguzzi+ 1981 

S. Colgate

C. Forest



TDYNO: Experimental demonstration 
of fluctuation dynamo at OMEGA

Tzeferacos+ Nature Communications 2018

Tzeferacos+ PoP 2017

~ k -5/3



Supersonic turbulence and dynamo

Omega Nebula , Sgr (HII ISM)

ESO McCaughrean

 Existing theory and simulation literature focuses on turbulent dynamo in the incompressible
regime (see Brandenburg+ 2012 for review). 

 However, most astrophysical systems are highly compressible (M > 1, e.g., ISM and IGM). This 
can significantly alter the threshold and behavior of the mechanism (Federrath+ 2018).

 Supersonic dynamo can impact star formation rates and the initial mass function of stars: 
B-fields suppress gas fragmentation and power YSO jets and outflows. 



Supersonic turbulence at Vulcan & LMJ

 We have conducted experiments that target supersonic magnetized turbulence at the Vulcan 
laser and the French Megajoule Laser Facility (LMJ).

 The Vulcan experiments (White+ Nature Communications 2019) utilized a modified version of 
the TDYNO platform to investigate the statistical behavior of highly compressible 
hydrodynamic turbulence at high fluid Reynolds numbers (Re ~ 104). 

 Using Schlieren imaging, gated optical interferometry, and spectroscopy, we measured the 
turbulent plasma state and showed how density and velocity power spectra evolve from an 
initially Kolmogorov-like slope towards that of steady-state Burgers (1948) turbulence.



Supersonic turbulence at Vulcan & LMJ

 We have conducted experiments that target supersonic magnetized turbulence at the Vulcan 
laser and the French Megajoule Laser Facility (LMJ).

 Using FLASH simulations we ported the TDYNO platform to LMJ and leveraged the radiative 
properties of the aluminum plasma to decrease the sound speed and create compressible, 
magnetized turbulence. FLASH simulations (Khiar+ in preparation) that the turbulent flow 
could reach Mmax ~ 11 and amplify the magnetic field. 

 We demonstrated the creation and modest amplification of turbulent magnetic fields (Bott+ 
in preparation), diagnosed using TNSA proton radiography (supersonic equivalent of 
Meinecke+ PNAS 2015). Thus, supersonic turbulent dynamo has not yet been demonstrated in 
a controlled laboratory environment.



Supersonic turbulent dynamo at OMEGA

 Using FLASH simulations and informed by the LMJ results, we modified our OMEGA TDYNO 
platform to achieve supersonic turbulence. 

 The goal was to achieve large enough values of Rm for turbulent dynamo to operate and 
amplify the magnetic fields. According to FLASH simulations performed by C. Federrath, the 
critical Rm for supersonic turbulent dynamo is expected to be in the Rm ~ 100 - 170 range 
(Federrath 2016).

 The platform for prototyped and successfully fielded during the last shot day of our previous 
NLUF campaign (DE-NA0003605).



 Our first shot day was successfully executed last month and the results are under scrutiny. 
Preliminary analysis indicates that we were in fact able to generate compressible magnetized 
turbulence and characterize the plasma state and the magnetic field amplification. 

 By varying the grid apertures, the laser drive, and by including a heater beam, we were able 
to control M and Rm to experimentally populate the supersonic-equivalent of figure (e). 

 The results promise to bracket the critical Rm value (Federrath 2016) and provide an 
important experimental check on the newly developed theories on supersonic turbulent 
dynamo (Federrath+ 2011; 2014; Schober+ 2012; 2015; Bovino+ 2013; Federrath 2016).

Supersonic turbulent dynamo at OMEGA

tangling

dynamo



Summary
 The Flash Center-Oxford TDYNO collaboration is engaged in a 

concerted, multi-year effort to study in the laboratory magnetized 
turbulence, turbulent dynamo, charged particle transport, and 
charged particle acceleration

 The NLUF program enabled experiments at the OMEGA laser facility 
at LLE that demonstrated fluctuation dynamo in the laboratory for 
the first time, and have opened new paths to laboratory 
investigations of other astrophysical processes

 The TDYNO platform is now being employed to demonstrate, for the 
first time, supersonic turbulent dynamo. This process is key in 
determining star formation rates (Krumholtz & McKee 2005), star 
formation efficiencies (Federrath & Klessen 2013), and the stellar 
mass distribution (Padoan & Nordlund 2002)

 The experiments will provide an important experimental check on 
newly developed theories on supersonic turbulent dynamo
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