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The NNSA uses major experimental and computational facilities 
for Stockpile Stewardship 
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High Energy Density Physics 
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A strong coupling between Theory/Modeling, High Performance Computing, 
and Experiment is a  principal construct for NNSA programmatic research 
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Effective “Science-based prediction and design” sets the requirements for the 
scientific disciplines and tools needed to achieve the  predictive capability 

necessary for Stockpile Stewardship 
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At Los Alamos,  LANSCE and DARHT are the two principal 
accelerator-based facilities 
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LANSCE 

800 MeV proton LINAC 

DARHT 

 2 linear-induction electron beam accelerators with 
an included angle of 90o 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA 

UNCLASSIFIED 

LA-UR-14-26074 

§  Lujan – Moderated Target 
– Materials, bio-science, and 

nuclear physics 
– National security research 
– National user facility 

§ WNR – Un-moderated Targets 
– National security research 
– Nuclear physics  
– Neutron irradiation 

§  Proton Radiography 
– National security research 
– Dynamic materials science 
– Hydrodynamics 

§  Isotope Production Facility 
–  Medical and research 

radioisotopes 
 24/7, highly flexible beam delivery, simultaneous to multiple experiments  

LANSCE is an accelerator-based research complex that provides 
unique capabilities for DOE and NNSA programs in neutron science 

LA
N

SC
E 

§  Ultra Cold neutrons  
– Fundamental Nuclear 

physics  
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Nuclear Science and Technology Materials Science Isotope Production 

The breadth of LANSCE research reflects the specific demands of 
Stockpile Stewardship and the broader requirements for achieving 
scientific excellence.  

 Materials in Extremes Research 

Ø  Provide required research for Stockpile Stewardship and National Security 
Ø  Maintain and grow the excellence of the NNSA science base to ensure the 

quality of scientific and technical staff that ensures the stockpile is safe, 
secure, and effective  

Recruiting Our Future Staff Scientific excellence 
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DARHT provides high-resolution radiographic capability to 
perform hydrodynamic tests and dynamic experiments in support 
of stockpile stewardship.  
 
•  The DARHT facility houses 2 linear-induction electron beam accelerator 

machines with an included angle of 90o, which produce intense electron 
beams that are converted to x-ray pulses.   

•  The x-ray pulses are delivered to the R-312 firing site to radiograph high 
density materials during very short durations (e.g., 10 to 100 
nanoseconds).  
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For the future, Los Alamos is pursuing the accelerator-based facility 
MaRIE (Materials-Radiation In Extremes)  

MaRIE 1.0 multiplexes 42-keV x-ray photons 
(red), 12-GeV electrons (blue), and 0.8-GeV 
protons (green) during a single dynamic event 

MaRIE is the experimental facility needed to 
control the time-dependent properties of materials 

for national security missions. 

MaRIE 1.0 will provide a unique 
capability for simultaneous,  
multi-probe measurements of in situ 
transient phenomena  
in relevant dynamic extremes 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA 

UNCLASSIFIED 

LA-UR-14-26074 

MaRIE’s multiple probes will enable observation of the dynamic 
microstructure and phase evolution in actinides down to the sub-
granular level while connecting to the macroscale or continuum  

Sub-µm resolution 
100’s – 1000’s µm samples 

Sub-ns resolution,  
~30 frames in 
1 µs duration 

Shock Front

Flyer velocity

Shock Front

0 µs 0.6 µs 1.2 µs

The model: Accurate sub-grain 
models of microstructure 

evolution coupled to molecular 
dynamics  

The Goal:  
Predict shock-dynamic microstructure 
and damage evolution in Stockpile-
relevant materials 
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Lasers will play an important role in the future of particle acceleration 

REFERENCE: 
1. M Roth, TUD Darmstadt, IZEST, 2013 

Focused intensity is growing1 Proton energy scales with intensity1 

For a 10 kJ 100 PW laser one can  
expect 3x1013 protons >500MeV 
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Example: Record neutron production with Los Alamos Trident 
laser-produced deuterium beam 

U N C L A S S I F I E D Slide 11 

minimizing the generation of unwanted high-energy
bremsstrahlung photons. In our experiment neutrons are
produced via the nuclear reactions 9Beðd; nÞ, 9Beðp; nÞ,
and by the deuteron breakup reaction [16]. For the highest
neutron energies of above 150 MeV also a precompound
reaction inside the Be nucleus is the most likely origin.
While the first reactions are expected to result in a more or
less isotropic neutron emission, the deuteron breakup
should result in a forward peaked neutron flux at higher
particle energies.

Setup.—The experimental setup is depicted in Fig. 1.
The experiments were carried out at the Los Alamos
National Laboratory 200 TW TRIDENT laser facility,
where the temporal contrast (ratio of unwanted laser irra-
diation compared to the peak intensity) [17] was in excess
of 10#10. In two campaigns we used f=3 and f=1:5 para-
bolic mirrors close to normal incidence to focus typically
80 J of 1:053 !m vertically polarized laser light in a clean
600 fs pulse to reach maximum intensities in between 1020

and 1021 W=cm2. The laser pulse duration and beam pa-
rameters were carefully recorded during both campaigns.
Plastic (CH2) or deuterized plastic (CD2) targets from
200 nm to 3:2 !m thickness were used to generate proton
or deuteron beams. Copper activation techniques (nuclear
activation imaging spectroscopy, NAIS) [18] were used to
measure the proton and deuteron beam parameters for
given laser energy and target thickness combinations. A
sealed Be converter was placed 5 mm behind the laser
target and protected from the plasma blowoff by a sand-
wich of three 50 !m layers of copper and two layers of
50 !m plastic. We used a complete set of diagnostics to
fully characterize the neutron source. For the absolute yield
measurements we used an array of up to eight standard
bubble detectors (BTI [19]) 87 cm from the target, as these
are entirely insensitive to x rays and electrons. The detec-
tors were recalibrated to their known nonlinear response
function to neutron energies in excess of 20 MeV [20,21].
The neutron spectral distribution in different directions

was measured using several LANSCE neutron time-of-
flight (nTOF) detectors (10 cm diameter, 1.88 cm thick
NE102 plastic scintillators coupled to fast 12.5 cm
Hamamatsu R1250A Photomultiplier Tubes). The nTOF
detectors were shielded against the x rays by up to 25 cm of
lead. The distance to the neutron production target was
changed between 2.2 m and 5.7 m during the experiments
and the nTOF detectors covered the #5, 90, and 180
degree angles with respect to the laser beam. Each nTOF
detector signal was recorded by a fast digital oscilloscope.
The strong, prompt signal from the laser driven x rays
thereby served as a time reference for the neutron energy
analysis. The neutron imaging system was placed 2 m from
the target in the forward direction. Blocks of tungsten,
lead, plastic, and steel were used to serve as objects to be
radiographed and placed in front of the imager. The acti-
vation detectors and a tungsten knife-edge were placed
inside the target chamber. A wide angle ion spectrometer
(iWASP) [22] complemented the diagnostic setup.
Experiments.—We first tested the BOA mechanism

using CH2 and CD2 targets and the iWASP [22] spectrome-
ter to measure the yield of deuterons and protons for the
two target types (see Fig. 2). While for 300 nm targets
the ion distribution resembles the bulk concentration, the
3 !m target only showed surface protons with very little
deuterium contribution.
Using CH targets in combination with copper and ber-

yllium converters, we observed an isotropic neutron yield
of up to 5$ 108 n=sr. The beryllium neutron converter
target was encapsulated and shielded from the primary
target by three layers of copper interleaved with two layers
of plastic to absorb the mechanical shock from the expand-
ing primary target. A 5 cm large block was initially placed
in a 5 cm distance and later replaced by a 6$ 12 mm long
beryllium rod at 5 mm distance from the ion source in order
to shrink the source size of the neutrons. We then changed
from a CH2 target of 400 nm to a CD2 target of 3:2 !m
thickness to test the neutron yield in the classic TNSA

FIG. 1 (color). Experimental setup. Left: The target consists of
CH2 or CD2 foils and a Be converter. The proton or deuteron
beam is converted into a spherical (4") and a directed neutron
component. Right: BTI bubble detectors were placed on the
outside of the TRIDENT target chamber to cover different
neutron emission angles. Three nTOF detectors were used to
measure the energy spectrum.

FIG. 2 (color online). Ion spectra from a 300 nm, 90% deu-
terized plastic target. The bulk ion distribution is clearly repre-
sented in the spectrum showing the acceleration of the foil
volume rather than surface acceleration.

PRL 110, 044802 (2013) P HY S I CA L R EV I EW LE T T E R S
week ending

25 JANUARY 2013

044802-2

D spectrum 

•  Driven by D beam made with BOA1 
mechanism 

•  Neutron source ~ ns, forward-directed (~ 
0.25 – 1 Steradian) 

•  At 1.2×1021 W/cm2 : ~ 1010 neutrons with 
forward fluence of ~ 5 × 109 n/sterradian 

 

*M. Roth et al., PRL 110, 044802 (2013) 

n spectrum 
f/1.5 
23285 

100 MeV 10 MeV A 10 kJ High Energy Short Pulse laser is estimated 
to yield close to a 1014 neutron beam per shot and 

maybe 1015 in real spallation mode in < 1 ns 
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Example: Emerging and unconventional opportunities in High Energy 
Density science rely on the nexus of accelerators and lasers 

•  Evolution of existing technologies: 
Ø  Using accelerators to produce matter in extreme 
conditions 
Ø Using laser-produced intense ion beams to make 
and probe matter under extreme conditions 

•  Co location of evolving technologies -  examples 

Ø  Co-location of HED laser facility at the SLAC FEL 
Ø  HIBEF (Helmholtz International Beamline for 
Extreme Fields) Laser at the European EXFEL 
(DESY) 
Ø  Co- location of a high-energy Petawatt  laser with 
the heavy ion accelerator  at the Facility for Antiproton 
Research (FAIR) Darmstadt 

Ø  Concept  MaRIE at Los Alamos 

Relativistic Laser Plasmas 
 
 
 
 
 
 

Advanced Particle 
Accelerators 
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CONCLUSIONS 

•  Accelerators play a major role in NNSA facilities for 
Stockpile Stewardship research 

•  Evolution of accelerator science and technology will 
continue to enable attaining the  predictive capability 
necessary for Stockpile Stewardship 

 
•  Laser acceleration of particles is a rapidly evolving 

science with large implications for future fundamental and 
applied research 

THANKS  


