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Conclusions & Highlighted Progress

- Significantly improved laser energy coupling to the fuel, reduced laser
plasma interactions, reduced mix, and improved modeling capability

- Demonstrated 6-10X improvement in fusion performance on Z (2.5kJ DT
equivalent) over initial MagLIF experiments, consistent with 2D simulations

- We are developing new platforms capable of delivering more drive current,
higher initial magnetic fields, and more preheat energy simultaneously to
test performance scaling on Z

- Significant variability is observed in some of our experiments as we improve
performance, we are working to understand this

- We are evaluating ignition scale laser energy coupling (30kJ) at NIF
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While the initial MagLIF experiments were ) detos
successful, they were far from optimal er
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While the initial MagLIF experiments were ) detos
successful, they were far from optimal .
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While the initial MagLIF experiments were rh) et
successful, they were far from optimal LR

Initial B, field too low for optimal performance
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Our goal on Z is to produce a fusion yield of
~100 kJ DT-equivalent -

Preheat Energy = 6 kJ into 1.87 mg/cc DT

= 2D simulations indicate a 100.0 226M
22+ MA and 25+ T with R :
6 kJ of preheat could 2 100F
produce ~100 kJ s §
= Presently, we cannot 1-°;‘ 17.4 MA ;
produce these inputs ol S.A. Slutz et al., PoP
simultaneously. o T ” " 0 o
Bz Tesla
2014 AR=6 0.7 17-18 10 0.3-0.67 0.2-0.4
Aug. 2018**  AR=6 1.1 19-20 15 1.2** 2.4
2020 Goal TBD 1.5 20-22  20-25 2-4 10
Beyond 2020 TBD 1.5 22-23  25-30 6 ~100

11




National

Axial B-field was increased with modest change ) e,

» . % M . . UR
in coil configuration resulting in record performance TLe

=  Applied B-field was increased
from10to 15T

= Simulations predicted an
increase in primary neutron
yield between 1.5-2x

= Experimental yield nearly

doubled from 3.1e12 to
5.5el12

= Evidence of increased

» Bottom coils increased from 60 turns to 80 turns magnetization at stagnation
* Top coils lowered by 15 mm, eliminating 12
degree x-ray diagnostic access

D. C. Rovang, et al., Rev. Sci. Instrum. 85, 124701 (2014).
Experiments by D. J. Ampleford and C. A. Jennings



Laser preheating experiments at OMEGA-EP and (i) &

Laboratories

OMEGA identified several potential issues in our UR_
integrated experiments — 2 examples

OMEGA-EP experiments showed OMEGA experiments show dramatic
increased dwell time between laser differences in 2w/ 3w laser propagation
pre-pulse and main pulse was needed

B2
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Time ) 30), 1.5ns Zw, 1.5 ns
Laser power and SBS signals for 2.1x10% W/cm? ~2 X 10 W/cm?
two different pulse shapes [o— |

A.J. Harvey-Thompson et al., POP (2015), PRE (2016)
M. Wei et al., in preparation
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Laser propagation into the fuel was improved

UR
using a new pulse shape and a phase plate to e
smooth the beam

SBS backscatter
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Spectroscopic diagnostics demonstrated that the i) R

Laboratories
phase-plate configuration drove more window L
material (mix) into the fuel
Unconditioned 1.1 mm phase plate
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Longer delay times were enabled by co-injecting () &=,
the Z Petawatt laser in the same beamline ol

= 10-20J Z-Petawatt (long-pulse
mode) laser pulse to disassemble
window

= |Improved simulation modeling

= Entire 6 ns ZBL laser window
available for fuel heating
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Co-injection was also predicted to mitigate mix
which was later demonstrated

1 £4ng redsaipiate
20 J

{

o
o

Laser Power [TW]

o

2R
4 2 2 4

Time [ns]

1.0

p (g/cc)

10.00
0.8

0.2236

0.005000
0.6 I 0.0001118
2.500e-06

0.4

Distance from LEH (mm)
O ©W ® N O O BB WN = O
Distance (cm)

-

Co-injection
0.2

~

000 7200 7400 7600
Photon energy (eV)

-0.040  -0.020 0.000

5 mm

oundary

©0.020
Distance (cm)

T. (keV)
1.500
1.150

ix 0.8000

- 0.4500

0.1000

With-DPP

0040

K13.00002 Harvey-Thompson
Y06.00012 Slutz




Sandia

Significant improvements in liner stability have been ) s
[ [ [ ° [ un
demonstrated with thick dielectric coatings ol
= Thick plastic coatings applied to >6keV X-ray self-emission stagnation images
outside surface mitigate electro- AR~6 AR~6 AR~9 AR~
thermal instability growth No coating w/ coating w/ coating No coating

= Coated AR-9 targets have shown
excellent stability and shot-to-shot
reproducibility (~15%)
= Higher magnetization observed
BR ~ 400 kG cm 2.5 keV 2.4 keV
3E12 2.3 keV 3E12
= New time resolved measurements 2k
show a dynamically evolving hot 1.6 keV y 24
spot (axial variation with time) Yoo = -
without a coating and a no 7EN
variation with a coating Yoo

KI3.00001 Ampleford




Improvements to preheating and liner stability have
increased neutron yields to 1.1e13 DD, consistent
with 2D simulations
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Stagnation morphology can vary considerably from

e laboratories
shot to shot with no obvious correlation to %*Et’fe
performance

KI13.00001 Ampleford

Liner Coated AR9 Coated AR9 Coated AR9 Coated AR9 Coated AR9 AR6 AR6
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ﬁ Note: images are stretched radially for comparison h_




3D simulations suggest asymmetries have a slight
impact on performance, but that impact increases LLE
as magnetic insulation improves
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We are developing two different approaches in h) s

order to deposit >2kJ of laser energy in the fuel ol
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We are actively developing new platform Laboratores
@ [ ] [ ] un
capabilities for MagLIF on Z LLE
Modifications to the inner-MITL are being that
reduce load inductance and increased load current
== S
: — Q
. .
E = o
g g ‘g 25+ N
: 20 MA demonstrated o =17
, 22 MA plausible ) T &
1 =20 o
| 5 2 ~
0 ;%.anposm:g[mml 0 0™ %0 2080 3000 T?gzao[nsl 3040 3060 3080 Q 8
® 15} <
O —
New coil designs could allow 25T operation 3 S -
without giving up diagnostic access % 10 S
o &
s 5 S R
N
0 —
80-turn Coil + Low-L Coil B-field Laser Current

20 - 22T avg. field in
Standard Feed

GP11.00125 Gomez
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We are also exploring alternative magnetization —
schemes that may be more suitable for scaling i
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Experiments testing ignition scale preheating at NIF  [rh) o

have been encouraging

' Simulation

\

8.5ns

X-ray > 2keV

Time dependent laser propagation is in
remarkable agreement with pre-shot
simulation predictions

Primary Objective: Assess whether or not
laser preheating is a viable scaling path
for magnetized target fusion (MagLIF)

Laboratories

UR *
LLE

3.2 mg/cc cryogenic D2

experiment simulation

Demonstrated 24 kJ absorption into
warm hydrocarbon surrogate
Demonstrated 16 kJ into 4.8 mg/cc D2

CP11.00183 Glinsky




Conclusions & Highlighted Progress

- Significantly improved laser energy coupling to the fuel, reduced laser
plasma interactions, reduced mix, and improved modeling capability

- Demonstrated 6-10X improvement in fusion performance on Z (2.5kJ DT
equivalent) over initial MagLIF experiments, consistent with 2D simulations

- We are developing new platforms capable of delivering more drive current,
higher initial magnetic fields, and more preheat energy simultaneously to
test performance scaling on Z

- Significant variability is observed in some of our experiments as we improve
performance, we are working to understand this

- We are evaluating ignition scale laser energy coupling (30kJ) at NIF
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First ever tritium experiment was conducted on Zin | et

August 2016, we have subsequently been testing N 3
chamber confined tritium in small amounts

= Motivation: We need to develop
experience with tritium and it can benefit

our scientific understanding through
higher yields (50 -100x) and higher
energy spectrum neutrons (14 MeV)

= Approach: We safely conducted a tritium
experiment on Z using a trace amount of
tritium (0.1% T), applied engineering
controls (e.g. containment) and
thorough planning

=  Qutcome: Neutron diagnostics measured
a primary DT neutron signal for the first
time on Z and tritium was not detected
above background levels using surface
and airborne monitoring techniques Experimental configuration for

first ever tritium experiment on Z
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Performance optimized scaling is only achieved when |1 =

field, fuel density, preheat energy, and current are all &

scaled simultaneously

Gas Burners
100 E L res s LA T | I
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10

Optimal Parameters
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Peak Current (MA)

According to simulations, we have not yet tested
optimal conditions on Z




New time resolved measurements show a i) tetona

Laboratories

dynamically evolving hot spot Tl
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Achieving alpha heating and ignition may be possible on a
future facility. A cryogenic DT layer could enable up to ~1

Gl yield.
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Sandia is also collaborating with LLE to develop a scaled
MagLIF platform on OMEGA which strongly complements
research done at Z

Laser-driven MagLIF on OMEGA 40 beams,for compress,o‘,

* 10x smaller (test platform scaling ) 14.6 kJ in

* More data: 2 shot days on OMEGA
returns more data than a years
worth of shots on Z

* Access to diagnostics with greater ) preheat
dynamic range 180 J in 1.5 ns

* Ability to probe magnetic field with
proton radiography (impossible on Z)

Experimental Setup Proton Radiograph
Showing only beams on proton source Reveals electric and magnetic fields

14 MeV protons generated by D-3He fusion are
used to probe the electric and magnetic fields
in the compressed, magnetized target on
Omega

00102030405060708090
mm
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We are developing new tools to address identified

UR
shortcomings in simulation models =
1) Feed plasma transport requires
XMHD due to low densities

« PERSEUS - generalized Ohm’s Law(XMHD),
FORTRANO90, Discontinuous Galerkin (DG) code,
originally developed at Cornell (Martin,Seyler) and
licensed to SNL with numerous publications
demonstrating the need for XMHD physics in the
modeling of pulsed power systems

* FLEXO — new C++ XMHD code (Flux Limited
EXtended Ohm’s law) based on PERSEUS,
developed under SNL LDRD with new capabilities:
multi-material equation of state(EOS), adaptive
mesh refinement(AMR), and scalable DG radiation
transport, all compatible with advanced
architectures (GPU) to enable a predictive
simulation capability for design work on Z and future
pulsed power facilities

2) XMHD predicts helical
instability in 3D calculations
due to feed plasma driving
flux compression in MagLIF

3) Low density feed plasma (~10"18/cc) changes
morphology and stability of liner stagnation

33
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We developed a scaled-down laser driven MagLIF (T o

platform on OMEGA that enables key scaling keys
and rapid assessment of physics

Laser entrance Laser
hole with CH foil beam

Preheat beam

1000x in drive energy
Axial-field coils

not shown - Axial-field coils
Z:19 MA OMEGA: 14.5 kJ
~1 MJ in target ~1 kJ in target
r=3mm Laser- r=0.3mm
heated

40 beam for
compression

Start of liner
compression

Z Facility . | Omega Facility

[y
||i|| :



We are still working to understand the full impact of h) s

3D instabilities on performance ol
AN ESE HIEFEIDA TR E X 4 8ER £ 220

= Spectroscopic measurements ARA
suggest relatively high levels of mix .6
=  Experiments with higher

convergence generally have poorer AR4.5 23017 AR6 22839 AR9 23018

performance I
-0.4 0 0.4 -

: AR = Liner
ngh CR Radius/Liner

Thickness

= Disruption due to instabilities?

= 3D simulations have matched
experimental observables with
quasi-2D pressure profiles

= Thicker liners (less feedthrough)
have decreased performance

A DN 4 O =2 v ow A
A DN A O 24w s
A O N A O =2 ow A

>6keV, time time integrated high
resolution X-ray self-emission
stagnation image




