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Spectroscopy experiments measure space dependent MagLIF laser T Sandia

preheat, demonstrating a tool to validate MagLIF preheat physiTcs t Laboratores
arge

= MaglLIF preheat experiments are performed at OMEGA-EP

=  XRFC and MSPEC data constrain laser propagation and
heating

= Laser preheat dependence on gas density, pulse shape, and ‘
magnetic field are investigated
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* Comparison with simulation and scrutinizing data analysis will refine our understanding
of preheat physics

More focused experiments will refine our understanding of MagLIF preconditioning phase




MagLIF is a magnetically driven ICF approach that
potentially relaxes challenging ignition requirements
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1. Magnetization 2. Fuel preheat 3. Compression

Magnetization and laser-preheat are key concept to relax ignition requirements.




Initial integrated MagLIF experiments demonstrated 200x
yield increase with B and lasers, but ...
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Focused experiments needed to find the source of discrepancies




MagLIF is a magnetically driven ICF approach that
potentially relaxes challenging ignition requirements
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( 1. Magnetization 2. Fuel preheat \ 3. Compression

\ Preconditioning )
Slutzetal,Phys.Plasmas(20100) @ Sefkow et al, Phys. Plasmas (2014)




How does magnetization affect the laser-preheat? i) o
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1. Magnetization: 10-30T
e Reduction in heat loss
* Trapping charged particles

without B, with B,

ww Q0T-9

random helical




Does laser successfully preheat the gas without introducing 7
wall/window mix?
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1. Magnetization: 10-30T
e Reduction in heat loss
* Trapping charged particles

1. Laser preheat: 100-300 eV

¢ Relax convergence requirement
* CR=RinitiaI/RfinaI= 120 - 20-30

il k.

We need focused experiments to scrutinize
the preconditioning phase




MagLIF preconditioning is being investigated at OMEGA-EP ) iz
facility with various diagnostics Laboratories

1-3 ym thick LEH
(laser entrance hole /

OMEGA-EP beam

6.5-10 mm
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MagLIF preconditioning is being investigated at OMEGA-EP

facility with various diagnostics

2D image with XRFC
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* Laser propagation
* 2D intensity structure
* Beam split

1-3 uym thick LEH
(laser entrance hole
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OMEGA-EP beam

6.5-10 mm

1D spectra with MSPEC |~
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* Laser propagation
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1 : - Sandia
T (z) can be inferred from line ratios A tatona
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MSPEC data * MSPEC data show many lines from Li-, He-, H-
| oo z = e
£ like Ar

* Line ratio of adjacent charge state is sensitive
to electron temperature

* We focus on the strongest lines ... Hea, IC,
Hef, and their satellites
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Recent experiments investigate the effect of n_, laser pulse-
shape, and effect of Bz
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Shot# Density Main pulse Bz([T]

Elnl delay [ns]

]_ Effect of extra 2.5-ns main-

Density effect 4 | 22638 18 5.0 0 pulse delay

Bz =5T effect
_| 22643 10 2.5 5

Reproducibility check =




Investigationl: Effect of 2.5-ns vs 5.0-ns separation 7
between pre-pulse and main pulse
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Experimental parameters: Framel Frame2

50% 90%
e 18 atm D, gas (0.25 % Ar) 2 5ns
* No magnetic field ‘l’ 1/
* Llaser 05 FF st
« 3w ] ESP?SV_-OUI :
e 750-um DPP 0- o bl i i e G -
* 1-nsprepulse : 5.0ns ~1' ~1¢
. 4-ns main pulse 05 v s G ——l
* Difference: pulse separation i ESPQQV{;;}O]'
* 25ns 0
* 50ns Time [ns]

How does the prepulse to main pulse separation affect the laser absorption?




Investigationl: Extra main-pulse delay results in deeper )
propagation and lower mean T,
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Investigationl: Extra main-pulse delay results in deeper )
propagation and lower mean T,
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Investigationl: Extra main-pulse delay results in deeper
propagation and lower mean T,

XRFC
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Investigationl: Extra main-pulse delay results in deeper
propagation and lower mean T,
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Investigationl: Extra main-pulse delay results in deeper
propagation and lower mean T,
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T.(z) from He-like/Li-like lines
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Investigation2: Laser heating into different gas density ) i

Experimental parameters: Framel Frame2

50% 90%
* No magnetic field 2 5ns
* Laser ‘l' l
e 3w 053 F}oeormmen i
«  750-um DPP ] ESP 75\.!-001 ;
* 2.5-ns main-pulse delay 0- : :
* Difference: initial gas density Time [ns]
e 18 atm
* 10atm

How does the gas density affect the laser absorption?




Investigation2: At lower density, laser propagated farther
while mean T, is lower
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Investigation2: At lower density, laser propagated farther
while mean T, is lower
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Investigation2: At lower density, laser propagated farther
while mean T, is lower
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Investigation2: At lower density, laser propagated farther
while mean T, is lower
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Investigation3: Effect of 5-T B-field on laser propagation ) i

Experimental parameters: Framel Frame2

50% 90%
* 10atmD, 2 5ns
* Laser ‘l' l
* 3w 053 F}oeormmen i
«  750-um DPP ] ESP 75\.!-001 ;
* 2.5-ns main-pulse delay 0- : -
* Difference: Bz Time [ns]
e OT
e 5T

How does the gas density affect the laser absorption?




Investigation3: We observed no clear indication of B-field
effects
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Investigation3: We observed no clear indication of B-field
effects

Sandia
Il'l National
Laboratories

LEH fiducial
S s0f ! | Lya Bz=0T 3
. goE || Hea
S | > 40E l Li-like sat 3
e | 220E | ' MSPEC =
é I XRFC E 0 :III]llIIIIIII.IIIIIIIII1IIIIIIIIIIIIIIIIIIIIIIIIIIIII'IIIIIIII-;
“ 1 - (saturated) 0 R 3 4 5 6
Distance from LEH [mm]
0 1 2 3 4 5 6
Distance from LEH [mm] = 60 T T T ' '
5 50 I I Lya Bz=5T
| : I I
E | § gg : : Fleo
E = ' ' Li-like sat
@ [ z20F | : :
g I % 10 : MSPEC
0 1 2 3 4 5 6
0 1 2 3 4 5 6 Distance from LEH [mm]

Distance from LEH [mm]
——————————————— e



Investigation3: We observed no clear indication of B-field
effects
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Investigation3: We observed no clear indication of B-field
effects
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. Main-pulse delay drops <T_> ~N ~—L__Lower gas pressure drops <T_> ~N
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Waiting for simulations to be done for comparisons




MSPEC diagnostics for MagLIF preconditioning experiment

is challenging
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Alignment -

~

Ar dopant

Optical depth vs S/N
Signal changes significantly:
e Across the axis
e At different times
Diagnosable temperature is too high
* Ne dopant is more ideal to
diagnose colder region
* Need to redesign crystal and
filtering for Ne spectroscopy

Hard to see where detector ends from
the raw data
MSPEC sees 6 mm out of 10 mm tube
Spatial misalignment

* One of the frames is truncated
Spectral misalignment

e Misses LEH blow-in signal

Gradient effects

Radial gradient
Temporal gradient




In June, we will follow up on laser pulse-shape scan

= 0ns, 2.5ns, 5.0 ns main-pulse delays

= |nvestigate their impacts on:
= Beam propagation
= <T,>andT,z)
= LEH window blow-in
=  We need to make sure:
= Repeat experiments
= No saturation on XRFC images
= Good S/N from Ar spectra

= No spectral or spatial clipping
= Spectral: LEH blow-in
= Spatial: 2-nd frame
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Spectroscopy experiments measure space dependent MagLIF laser T Sandia

preheat, demonstrating a tool to validate MagLIF preheat physiTcs t Laboratores
arge

= MaglLIF preheat experiments are performed at OMEGA-EP

=  XRFC and MSPEC data constrain laser propagation and
heating

= Laser preheat dependence on gas density, pulse shape, and ‘
magnetic field are investigated
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* Comparison with simulation and scrutinizing data analysis will refine our understanding
of preheat physics

More focused experiments will refine our understanding of MagLIF preconditioning phase




