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Magnetization increases nuclear yield and hotspot temperature in
hohlraum-driven, gas-filled implosions, in line with modeling

6 lel3

What we learned from 6 NIF shots from Dec. 2020 to present:

5| 0= data
* = Lasnex sims

1. “Hohlraum energetics:” o 4]
* Electrically resistive AuTa4 alloy! for hohlraum wall: facilitate field soak-thru 2 3 yield 2.9x
* Good hohlraum material: efficient x-ray production, low backscatter a 2| g= (’; Tion + 1.1 keV B=26T

. o . 14 /
2. Magnetized hohlraums similar to unmagnetized: ® ®
« x-ray drive similar, backscatter low for both %5 30 35 20 45
* |Implosion shape tunable with laser cone fraction Tion [keV]
3. Magnetized capsules are hotter and give higher yield UO4 Mag. NIF block: 1 down, 3 to go
 Due to reduced electron thermal loss from hotspot UO4.7: John Moody: Mag. NIF overview

UO04.8: Dave Strozzi: Mag. NIF shots: this talk!
U04.9: Hong Sio: 2ndary DT’s on NIF shots
U04.10: Darwin Ho: magnetized shocks

* Reduced alpha loss matters for layered DT, not for these gas capsules

All rad-hydro modeling shown uses Lasnex with the LHT common model

UO4.11 — 13: A. Bose, S. O’Neill, C. Walsh:
more on magnetized ICF

1 A Engwall +, US patent app. 62/928968; L B Bayu Aji +, J. Phys. D 2021; A M Engwall +, Appl. Surf. Sci. 2021; J H Bae +, J. Appl. Phys. 2021
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Magnetized platform?!: BigFoot? subscale platform plus constraints

Magnetized platform?

Why BigFoot? Best combo of . . L.
laser: less energy and power vs. BigFoot: optics damage, SBS optics risk

* High performance
* Reliability / predictability
* NIF subscale database

AuTad wall:
2 C. A. Thomas +, PoP 2020; resistive, for
K. Baker +, PRL 2018 field soak-thru

pulser

@ coils

D-He4d

@ or pure D @

ll

C5H12 fill:

room temp. LEH window pressure limit
0.257 mg/cc: same n, as BigFoot

1J. D. Moody +, PoP 2020; J. D. Moody +, J. Fusion Energy [submitted]
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Laser pulse: implosion shape tunable by cone fraction even with B field
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/ N161204: BigFoot subscale baseline:

* 28% peak cone fraction: moderately sausaged hotspot

N210301: 15t magnetized pulse: sausaged

* N161204 with energy reduced to meet SBS risk

» “Caboose”: free for SBS risk due to low power

» 28% peak cone fraction = very sausaged magnetized implosion

N210607: 2" magnetized pulse: round
* Reduced 23% cone fraction for round magnetized implosion: it was!
* Total power reduced due to SBS risk:

e Quters at max., inners set by cone fraction

Only design choice for platform: lower cone fraction for 2" magnetized pulse
* It worked!
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0

time [ns]
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AuTad hohlraum wall: x-ray drive with B and no-B comparable

Total flux measured by DANTE-1 > 1.8 keV “M-band” flux fraction
28% cone fraction shots: B and no-B close
20.0
m— N201228 B=0 0.20 ~ = N201228 B=0
17.5- T e o o e N210301 B=26 T
- m AT T1.,=279eVw/ 0.15-
N 12,5 initial LEH size
E 10.01 o f' 0.104
ight blue fuzz:
::5 7.5 error bar
5.0 0.05 -
2.5- o
- 0.00
0.0- ' ' ! . |
0 2 4 6 8 10 0 10

time [ns] time [ns]

OMEGA AuTa foil experiments showed slight

Drive comparable to similar BigFoot shots with Au wall o _
decrease (<5%) of total flux with increasing Ta %

DANTE data unfold by PUKA tool: Elijah Kemp +, RSI 2020
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Backscatter: low on all magnetized platform AuTa4 shots,
no sign of B field effect

Platform Cone frac % | Backscatter / Comment
laser energy %

N161204 BigFoot, B=0 1.2 mostly cone 50 SBS late in time, common on BigFoot
N201128 Mag,B=0 28 0.2 All low: low-power caboose why no cone 50 SBS?
N210301 Mag,B=26T 28 0.1 all low, no effect of B field

N210607 Mag,B=26T 23 0.1 all low

N210717 Mag,B=0 23 0.1 all low; N210912 similar

8_
Cone 50 SBS

61204: BigFoot: pure Au

N201228: Unmag, CF = 28%
N210301: Mag, CF = 28%

power, 5*SBS [TW]
=N

time [ns]
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Lasnex modeling: cone fraction multipliers to match data
different with B vs. no B

“INPUTS”: Hotspot bangtime and P2 Laser multipliers from ANTS (Automated
0.8 910301: B = 26 T NIF Tuning Suite) tool by Chris Weber
o B\ =927 kJ, CF = 28% power multiplier: cone fraction multiplier:
1 Vi d hotspot .
o 0.6 S Very sausaged hotspo remove energy drive asymmetry
- 210607:B=26T to match bangtime to match hotspot P2
o~ 04 884 kI, CF = 23% 1.00 ,
o Cone ' 1.150
- . Round hotspot = N210301 B=26T
O 0.2 1 fraction B=26T e N210607 1.125-
S 210912: B =0, CF = 23% 0.95 = — = N210912 -
4“_:0” 0.0- tune 842 kJ [2 quads dropped] ! ' 1
c : worked Pancaked hotspot 0.90 1 L0451
*. FEEEEETmES=—T | 1.0501 CBET?
—02 _ ‘ '
0.2 0.851 B=0 ' 10251
7.4 7.6 7.8 8.0 - foot mults. from 1.000 =5 —
_ . BigFoot keyhole i 0.975 4 T NN A | N
o0 = data bangtime [ns] 075 ! 0,550
* = Lasnex sims o 2 4 6 "o 2 4 6
time [ns] time [ns]

Lasnex post-shot sims: laser power and cone fraction

CBET changes? CBET not included in this modeling.
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B field increases nuclear yield and ion temperature,
Lasnex captures trends but absolute yields too high

o = data
* =Llasnexsims  “QUTPUTS”: Yield and T, PE——
lel3
6 ¢ * T,,close for 2 nearly-round implosions
5 | B =26 T CF = 23% * Yields 2-3x above data
B e * Possible causes: fill tube, mix, hotspot velocity
o 4
QL
> 3 o v PO L t lative effect of B field pretty well
A 5= ok yield 2.9x, Tion + 1.1 keV asnex captures relative effect o ield pretty we
) | =
1- * very sausaged hotspot
o @ vieldx10 DD vyield: 2.90x 2.43x
0 | | | | B/noB
2.5 3.0 3.5 4.0 4.5
Tion [keV]: 1.08 1.13
Tion [keV] B-noB
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Summary and Future Plans: Towards Magnetized Ignition

Summary: Lessons learned in 6 NIF shots:
1. “Hohlraum energetics:”
* Electrically resistive AuTa4 is good hohlraum wall material: efficient x-ray production, low backscatter

lel3

2. Magnetized hohlraums similar to unmagnetized: o = data
e x-ray drive similar, backscatter low for both 1 * = Lasnex sims
* Implosion shape tunable with laser cone fraction, comparable to un-magnetized

ke
£ 3] B=0
3. Magnetized capsules are hotter and give higher nuclear yield a J* ¥:i|:+219§ oy B=26T
* Due to reduced electron thermal loss from hotspot '
* Reduced alpha loss matters for layered DT, not for these gas capsules e * ®
%5 3.0 3.5 4.0 4.5

The Future
 Warm subscale NIF platform:
» Vary B field, capsule gas fill > convergence
» Higher performance: higher x-ray drive from smaller hohlraum, DU wall, 1/3 cone fraction
* Bfield took hotspot from 3 to 4 keV, can B take from 4 to 5 keV?
* Modeling:
* Understand difference in laser multipliers with B and no B: cross-beam energy transfer (CBET)?
* Improve agreement on yield: mix, fill tube, hotspot velocity
* On to magnetized cryo implosions in FY24!

Tion [keV]
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BACKUP BELOW
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Magnetized platform?!: BigFoot? subscale platform plus constraints

Why BigFoot?
e Best combination of high performance and reliability as of 2018
* Extensive subscale experiments

Why Subscale?
e Laser energy ~ 1 MJ for optics damage, SBS risk
* Smaller hohlraum - larger B field ~ pulser current / hohlraum volume

Why room temperature?
e Pulser not fielded on cryogenic target positioner yet; planned for 2024
* Gas-filled capsules: no ice layer, no keyholes

1J. D. Moody +, PoP 2020; J. D. Moody +, J. Fusion Energy [submitted]

2 C. A. Thomas +, PoP 2020; Baker +, PRL 2018
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Total DANTE flux: 4 shots, 23% cone fraction

16 ]
= N210607 3

14 J|=—— N210620 Blue:B=26T, rest had noB

= = N210717 :

121 = = N210912 .
= 1 low flux may be due to low-Z liner
= on hohlraum — Tfab issue
5 6
Yo

4.
2..
0- + . v
0 2 4 6 8 10
time [ns]
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Foil experiment on OMEGA demonstrated comparable total
x-ray flux and M-band between Au and AuTa alloy

Target-laser configuration Total x-ray flux and m-band Omega DANTE instrument

operated by Dan Barnak

material ™

I
I3 } - DANTE analysis and HYDRA
sims by Elijah Kemp

' ' ' Hdhlraum [
w

* Total X-ray I
flux e

§ 0-5keV (V1)
i 1.5-5keV (v1)
{4 0-5keV(v2)
4 1.5-5keV (v2)
- = 1D HYDRA 0-5 keV
- - 1D HYDRA 1.5-5 keV

-

Fluence [J/sr]
8

s

0 0.2 0.4 0.6 0.8 1
Ta fraction

Total flux shows a slight decrease (< 5%) and M-band increase (~ 40%) with increasing Ta concentration

e
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Lasnex modeling: need to reduce laser power by 0 — 15% to
match measured DANTE flux

N201228: first mag. shot, 28% cone frac, no B field simulated / measured flux

17.51 — data B | 1.4 4 '~ | | == = sim pow*1
— ] = = sim pow*1 == = sim pow*0.85
& 1301 . gm pow0.85 7\ _ 279 eV w/ 1.9 4] Iy 1} Pt
; 1251 | A _initial LEH size :' N1 \*\‘, "'\""ﬁ
g Lof - plds s il
x 10.0- ny J - "t
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W 7.5 1 2 . — -
po 7 06] | BT .Y
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Shot summary, calendar order

Hotspot | Upshot, what we learned

Capsule Cone
il fraction
[mg/cc] [%]
N201228-1 O None: leak 28 N/A
N210301-1 26 4.07 D3-4He7 28 Only 5.0E11
1 design
N210607-2 26 3.99 D2 23 choice 5 neq3
so far
N210620-1 O 3.99 D2 23 N/A
N210717-1 O 3.89 D2 23 5.3E12
N210912-1 O 3.99 D2 23 6.7E12

Cone fraction = inner / total laser power

N/A

4.2

3.8

N/A

2.7

2.7

N/A

63

5.7

N/A

N/A

-16.6

Hohlraum commissioning:
good x-ray drive, low backscatter

First magnetized hohlraum shot:
hotspot large sausage

Reduced cone frac = round implosion!
Switch to pure D fill: more 2ndary DT’s

low x-ray drive, maybe due to low-Z
hohlraum liner from Tfab

Yield and Tion much lower than mag. shot
No shape data: blocked line of sight

B = 0 repeat with shape data:
Moderate pancake
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