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2 | Abstract

Development of a cryogenic and magnetized gas pipe platform is underway at NIF.
Experiments have been done into unmagnetized, room temperature, hydrocarbon and
cryogenic D2 gases of densities that span 1.6 mg/cc to 4.8 mg/cc (5% to 16% critical electron
density). 30 kJ of energy from one quad have been delivered into a oval spot of 1580 micron
mean diameter over a time of about 11 ns with a power 2 TW and an intensity of 2x10"14
W/cm2. A large fraction of the laser energy has been absorbed by Inverse Bremsstrahlung
absorption over the 1 cm length of the gas pipe. Temperatures of up to about 1300 eV have
been reached in the core. Raman and Brillouin backscatter were measured to be “low” on
all shots. Experiments in FY19 are planned that will apply a magnetic field of up to 30 Tesla
along the axis of the laser deposition for warm hydrocarbons. Applying a magnetic field to
the cryogenic D2 gas is possible in future years. These experiments are focused on doing “to
ignition scale” Magnetized Liner Inertial Fusion (MagLIF) laser preheat experiments for the
next generation pulse power machine.
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4 | Gas-pipe experiments are well diagnosed
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6 I Example of laser deposition into 3.2
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8

The laser propagation at 2.9 gm/cc (12% ne/ner) in C5H12 is in good agreement with pre-shot
HYDRA simulations

4 ns 9 ns
0 5 10 mm 0 5 10 mm

Model

Experimeht

25 um aluminized kapton
filter channel on GXD

11.5 ns
10 mm 0 5 10 mm
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The warm target platform has been extended to 3.9 gm/cc (16% ne/ner), where the data leads

the simulations
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10 I Cryogenic D2 shots

2 atm, 10% ne/ncr,

3.2 mg/cc + 2% Ne
time = 4.402 ns
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More details on the
underlying simulations
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12 1 Three D2 shots to date, synthetic x-ray self emission image
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13 I Energy accounting of shots to date, more energy into gas as density increases
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LPI threshold: SBS backscatter from Refractive Self Intensification is expected to become

14 § significant at 4.8 mg/cc
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3D effect on cyro D2: accretes propagation speed (as observed) and filaments the beam C
preventing refractive self intensification and resulting SBS (as observed)

|l

DB: hydrg11665.ro

" DB: hydrg16659.roefm
Cycle: 11665 T|me0007 yar r

Cycle: 16659 Time:0.

D2 D2
2 atm 3 atm
burn thru burn thru

~8ns +/-0.5ns
vs 9.2 +- 0.2 ns (2D)

~6ns +/-0.5ns
vs 7.4 +- 0.2 ns (2D)

note: large scale filementation, probably more speckle scale, faster propagation



16 I 3D effects on warm C5H12: none

DB: hydrg18280.ro g

Cycle: 18280 Tim
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:O.
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~13.5ns +/- 0.5 ns
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Proton radiography, plenty of structure to see
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Potential value of proton radiography: shows density structure and B*L of applied and self

18 ¥ generated fields
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19 I Interpretation of side on proton radiography L = size of gas cell
[ = path length over which B field is increased
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20 1 Summary

experiment simulation

|

 Demonstrated 24 kJ absorption into
warm hydrocarbon surrogate

 Demonstrated 16 kJ into 4.8 mg/cc D2

* Next steps: warm hydrocarbon with
30 Tesla, 22 kJ into D2, verify transport
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2 | Cryogenic D2 shots, 1 atm
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23 § Simulation shows that thermal flux limit has significant effect on laser energy deposition

4.8 mg/cc D2 + 2% Ne
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24 | Self emission of the flux limit scan
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25 I Simulation shows that B-Field transport inhibition has significant effect on laser deposition
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26‘ B-field scan, 1 atm C5H12 + 1 % Ar, self-emission movies
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XRI
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log10 xri (counts/pixel)

log10 xri (counts/pixel)

B-field scan, 2.9 mg/cc C5H12 + 1 % Ar, line out movies
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28 I Importance of transport to MagLIF performance
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Proton radiography, plenty of structure to see
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0 I Interpretation of side on proton radiography L = size of gas cell
[ = path length over which B field is increased
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31 | Proton radiography of C5H12
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32 | Proton radiography, the effect of Nernst
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33 1 Summary

» Cryogenic, magnetized gas pipe platform developed at NIF
o warm hydrocarbon, cryogenic D2, 1.6 gm/cc to 4.8 gm/cc (5% to 16% critical density)
> initial axial magnetic fields up to 30 T
> 30 kJ into 2 mm by 10 mm volume by inverse Bremsstrahlung, 11 ns, 2 TW, 2x10'* W /cm?
» Diagnostics
o x-ray self emission
o optical Thompson scattering
o proton radiography
° X-ray Spectroscopy
o optical backscatter
o VISAR
» Transport effects
o thermal flux limitation
o B-field flux inhibition
- self generated fields (up to 3 T, wr = 2)
- flux compressed (up to 200 T, w7t = 10)
o Nernst B-field transport
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35 | B-fields for the C5H12
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36 ‘ Structure of B-field on D2 absorption (more self generated fields)
Bz=0T Bz=30T
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37 I Structure of B-field on D2 absorption (more self generated fields)
Bz=0T Bz=30T

-0.40-0.30-0.20-0.100.00 0.10 0.20 0.30 0.40 -0.40-0.30-0.20-0.100.00 0.10 0.20 0.30 0.40
X (cm) X (cm)

4.8 mg/cc D2 + 2% Ne



38 I Proton radiography of D2

mm

100 500.00
75
400.00
50
25 300.00
0
200.00
-25
-50
- 100.00
-75
L— . — 00.00
-25 0 25
mm

note: B-field too small
to image with 14.7 MeV

mm

Bz=30T

100 -

50 -

—50 -

@ 14.7 MeV

—-100

=50 0 50
mm

4.8 mg/cc D2 + 2% Ne

100 150

@ 7.8 ns




energy (in kJ)

39 I Energy accounting of shots to date

30 A

25 4

20 A

15 A

10 A

5 4

0 4

1.6 mg/cc D2

nif run_004

—— laser energy deposited
—— total energy

—— total energy in gas
—— total energy in wall
—— total energy in window

0.0000 0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 0.0200
time (in us)

11.2 kJ in gas (53%)

1.2 kJ in window (6%)
7.5 kJ out the back (36%)
750 eV gas temperature

30 A
25 A
20 A
15 A
10
5 4

0

21.1 kJ in 10 ns delivered laser energy

3.2 mg/cc D2 + 2% Ne

nif run_013

—— laser energy deposited
—— total energy

—— total energy in gas
—— total energy in wall
—— total energy in window

T T T T T T
0.0000 0.0025 0.0050 0.0075 0.0100 0.0125 0.0150
time (in us)

15.7 kJ in gas (74%)

1.7 kJ in window (8%)
2.3 kJ out the back (11%)
1500 eV gas temperature

30 A

25 A

20 A

15 A

10 A

5 4

0 4

4.8 mg/cc D2 + 2% Ne

nif run_018

—— laser energy deposited
—— total energy

—— total energy in gas
—— total energy in wall
—— total energy in window

0.0000 0.0025 0.0050 0.0075 0.0100 0.0125 0.0150 0.0175 0.0200
time (in us)

22 kJ / 30 kJ (73%) @ 13 ns

16.3 kJ in gas (77%)

2.0 kJ in window (9%)
1.2 kJ out the back (6%)
1250 eV gas temperature



LPI threshold: SBS backscatter from Refractive Self Intensification is expected to become
40 § significant at 6.4 mg/cc

w0 max SBS gain vs. time (nif_run_004) 20 . max SBS gain vs. time (nif_run_010) %0 . max SBS gain vs. time (nif_run_011)
—— In max gain I — In max gain ) —— In max gain '
35 —— log10 pulse (arb. units) 35 4 — log10 pulse (arb. units) 35 | — 10g10 pulse (arb. units)
SBS gain
30 1 30 30 4
. significant ’ .
: : 5
o o o
s 201 é 20 é 20 [
c < <
15 A 15 4 15 A
[ 10 A 10 A
10 'neg ]g] e /—AC#&\MM [\
5 / \\\ 5 // \ | r,« /\///f
0 [ﬂ‘/ ; : : N 0 frH ; . 0 . .
4 6

(I) 2 t'! 6 8 10 12 0 2 8 10 12 0 2 4 6 8 10 12
time (ns) time (ns) time (ns)

1 atm, 5% ne/ncr, 1.6 mg/cc 2 atm, 10% ne/ncr, 3.2 mg/cc 4 atm, 20% ne/ncr, 6.4 mg/cc

SBS gain rate [1/cm] SBS gain rate [1/cm] SBS gain rate [1/cm]
3.41 ns; Diambda = 5.99 [Ang] 6.81 ‘ns; Dlambda = 5.99 [Ang] 9.20 ns; Dlambda = 5.99 [‘Ang]
| PR R . L L ! P R o

I A o 0_207‘\,\&\\ [ A |

0.20—

0.15—] = 0.15—] 0.15-]
. < . laser
50.10 - 50.10— — 50.10—]

0.00—

L i B e e ey e
-06 -04 -02 0.0 0.2 0.4 0.6

N 7‘\‘T'T|‘\‘w ™ o
-06 -04 -02 00 02 04 06

o . :
-06 -04 -02 00 02 04 06

2 [em] z [cm] ) o _ z [cm]



41 I Uncertainty of VISAR energy deposition measurement

r = 4.9 mm, thickness = 25 um

12

10 |

Vmax [km/s]

5 10 15 20 25 30 35
Energy deposited [kJ/cm]

dE 25 kJ/cm
dVmax 8 km/s

/ 2 2
0y +0Ros

o, = error in VISAR velocity = 0.05 v

dE

dVmax

OF =

OEOS = €rror in vy from EOS = 0.10 v

op =3 kJ/cm

Tsignal [ns]

60

55

50 ¢t

45

40

35 |

30 |

25

r =4.9 mm, thickness = 25 um

5 10 15 20 25 30 35

Energy deposited [kJ/cm]

dE 25 kJ/cm
dt  -25ns

dFE
Op = |%' \/%25 + 07+ 0F0s

oy, = error in VISAR time = 0.030 ns
0¢, = error in deposition time = 1 ns

oros = error in time from EOS =1 ns

op = 1.5 kJ/cm



42

No MHD
DB: hydr18594.root

Cycle: 1
1.
Pseudocolor
Var: den
3.509

0.1442
0.005924
— 0.0002434

— 1.000e-05
Max: 3.509
Min: 1.000e-05

Pseudocolor
Var: tmat

0
R
—1.125
N
0.7500
0.3750

1.000e-06
Max: 1.014
Min: 1.000e-06

Boundary
Var: Materials g |

1
2
3

.5

8594  Time:3.0512

5_

o_

-0.4@.3®.2®.10.00.1®.2@.3®.40
X (cm)

Pseudocolor
Var: eldep
899.2

164.2

2999

5476

—1.000
Max: 899.2
Min: 0.000

MHD, Bz=0T
DB: hydr16854.root

Cycle: 168

1.5

Pseudocolor
Var: den

4331

0.1688
0.006581

— 0.0002525

— 1.000e-05
Max: 4.331
Min: 1.000e-05

Pseudocolor

0.3750

6.463e-06
Max: 1574
Min: 6.463e-06

Boundary 1
Var: Materials g . g

1
2
3

354 Time:3.0512

-0.30.2@.10.00.1®.20.30

X (cm)

Pseudocolor
Var: eldep
1843.

2813

4293

6.552

—1.000
Max: 1843.
Min: 0.000

Magnetization in 4.0 mg/cc D2 NIF-like conditions @ 20 kJ

MHD, Bz=30T

DB: hydr15319.root

Cycle: 153

1.5+
Pseudocolor
Var: den
4576
0.1760
0.006765
—0.0002601
1.0+
— 1.000e-05
Max: 4.576
Min: 1.000e-05
Pseudocolor
Var: tmat
15
L
e
—1.125
[¥]
0.5
0.7500
0.3750
6.463e-06
Max: 1.604
Min: 6.463e-06

Boundary
Var: Materials

1
2
3

0.0

319 Time:3.0512

-0.30.20.10.00.1®.20.30

X (cm)

Pseudocolor

Var: eldep
1.378e+04
1272.
1174
10.83

—1.000
Max: 1.378e+04
Min: 0.000



43 1 Overall temperature is higher with applied field

o There are localized hotspots when
including self-generated fields but

overall temperature is very similar to
no MHD case

» Temperature difference 1s largest
while laser 1s on

» Note no dopants included for these
simulations that would extend
emission

lkeV]

o

Average T

0.7

0.6

0.5

0.4

0.3

0.2

0.1

—Bz=30T

3.04

3.045

3.05
Time [us]

3.055

3.06



4+ I Magnetization is highly localized with self-generated fields

» Strong magnetization etfects
occurs with an applied 30 T

o Much faster burn through

» Self-generated fields also alter
on axis structure

o Overall magnetization is
much lower except for
hotspots

» On-axis structure persists in

3D
e 30 T should also be sufficient

for neopentane magnetization
by comparing electron density

DB: hydr16854.root
Cycle: 16854 Time:3.0512

1.5+

Pseudocolor
Var: den
4331

0.1688

0.006581

—0.0002565
1.

— 1.000e-05
Max: 4.331
Min: 1.000e-05

Pseudocolor
Var: hall

10.08~
. E
0

~

—7.500

Ny

0.5
5.000

2,500

6.154e-21
Max: 4369.
Min: 6.154e-21

Boundary 4
Var:Materials o, o -

-0.30.2®.10.00.1®@.20.30
X (cm)

Pseudocolor
Var: eldep
1843.

2813

4293

—6.552

—1.000
Max: 1843.
Min: 0.000

DB: hydr15319.root

Cycle: 15319 Time:3.0512

1.5
Pseudocolor

Var: den
4576

0.1760
0.006765

—0.0002601
1.

— 1.000e-05
Max: 4.576
Min: 1.000e-05

Pseudocolor
Var: hall

0.5
5,000 ]
2,500 1
8221e-11 |

Max: 515.0
Min: 8221e-11

Boundary -
Var: Materials g . o

1
2
3

-0.30.20.10.00.1®@.20.
X (cm)

30

Pseudocolor
Var: eldep
1.378e+04
1272.
117.4
—10.83
—1.000
Max: 1.378e+04
Min: 0.000




45 1 Burn through rate is affected by 3D propagation

st (cm) ‘P Ry (cm)
DB: hyarg09542.root DB: hydrg16513.[00'r » . "
Cycle: 9542  Time:0.00; Cycle: 10613  Time:0.00 480809
Pseudocolor Pseudocolor
Var: tmat Var: tmat
'—]‘025 ul‘OOO
- H— 0.7688 ”— 0.7500
| —05125 | — 0.5000
—0.2563 —0.2500
[ 1.000e-05 1.000e-05
Max: 1.025 Max: 1.478
Min: 1.000e-05 Min: 1.000e-05
Z (cm) m)

3.2 mg/cc D2
Bz=0T

z

.,

3.2 mg/cc D2
Bz=10T

z

.

user: mrweiss
Thu Feb 8 15:47:29 2018

user: mrweiss
ThuFeb 8 16:07:06 2018



Initial 3D calculations show increased temperature even with 10 T fields in 3.2 mg/cc D2 I

o Peak temperatures are higher
» 3D propagation affects the burn through

rate

° 30 T may show larger effect

o Thermal filaments are more prolific in 3D,

particularly with Bz

Bz=0T
DB: hydrg12497.root
Cycle: 1

Pseudocolor
Var: tmat

- 1.000

— 0.7500

\ —0.5000

— 0.2500

1.000e-05
Max: 1.099
Min: 1.000e-05

1.0
Pseudocolor
Var: den
4,128

=
0
N~
0.1629
N

— 0.006425

— 0.0002535
0.5

— 1.000e-05
Max: 4.128
Min: 1.000e-05

Boundary
Var: Materials

-0.3@.20.10.00.1®.2@. 30

X (cm)

O

Bz=10T
DB: hydrg 18624.root

Cycle: 1

000

Pseudocolor
Var: tmat

-— 1.000

1
— 0.7500

© 05000

— 0.2500

1.000e-05
Max: 1.692
Min: 1.000e-05
1.0

Pseudocolor
Var: den
4.58A

g

0

~—
0.1763
N

— 0.006773
— 0.0002602
0.5

— 1.000e-05
Max: 4.587
Min: 1.000e-05

Boundary
Var: Materials

-0.3®.20.10.00.1®.2®@.30

X (cm)



Neopentane only very slightly strays off axis

DB: g %0, 0ot WEE
280 Time:0. W20

Cycle: 1

Pseudocolor
Var: tmat

-— 1.277

—0.9576
) “— 0.6384

~03192

2.514e-05
Max: 1.277
Min: 2.514e-05

2.9 mg/cc C5H12
Bz=0T

-,

user: mrweiss
ThuFeb 815:53:14 2018

et

DB: hydrgO%AZ [0 )’r
Cycle: 9542  Time:0.00;

Pseudocolor
Var: tmq]f

—0.7688
05125
—0.2563

1.000e-05
Max: 1.025
Min: 1.000e-05

3.2 mg/cc D2
Bz=0T

z

.

user: mrweiss
ThuFeb 8 15:47:29 2018



