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Planar experiments study LPI in ICF ignition regime
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Planar experiments study LPI in ICF ignition regime
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Low density plasma
Low wavelength emission
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N19 NIF experiment investigates LPI at 
shock-ignition conditions 
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Xray spectrometer
CH

*hydrosimulations



Data analysis

30°

Light diagnostics: FABS, NBI and diodes
Hot electron diagnostics: Xray spectrometer



Raman reflectivity not correlated with high hot electron production

50°

Time-integrated Raman reflectivity below 1%
HE conversion efficiency 12% - HE temperature 52 keV

Reflectivity (%)
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FABS suggests dependence of Raman emission on observation angle 
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FABS suggests dependence of Raman emission on observation angle 

30° 50°

- Same amplitude as saturated
- Different upper wavelength cut-off -> 30deg signal broader

Is this difference a feature of Raman emission or another mechanism?
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1. FABS lineoutsRaman refraction must be considered when comparing FABS signals

0.25nc
0.15nc

0.05nc

𝜃0

5

Laser ray



1. FABS lineoutsRaman refraction must be considered when comparing FABS signals

𝜃0

𝜃𝑜𝑢𝑡

0.25nc
0.15nc

0.05nc

5

Laser ray



1. FABS lineoutsRaman refraction must be considered when comparing FABS signals

𝜃0

𝜃𝑜𝑢𝑡
𝜃𝑜𝑢𝑡

0.25nc
0.15nc

0.05nc

5

Laser ray



1. FABS lineoutsRaman refraction must be considered when comparing FABS signals

𝜃0

𝜃𝑜𝑢𝑡

0.25nc
0.15nc

0.05nc

Snell’s law
*

5

𝜃𝑜𝑢𝑡

Laser ray



1. FABS lineoutsRaman refraction must be considered when comparing FABS signals

Snell’s law

∆𝜃 = 𝜃out− 𝜃0

𝜃0

Exit angle of Raman ray relative to incident light ray

0.25nc
0.15nc

0.05nc

*Michel, PRE 99, 033203 (2019)

*

∆𝜽

∆𝜽

5

Laser ray



1. FABS lineoutsRaman refraction must be considered when comparing FABS signals

Snell’s law 𝜃0 = 30°
𝜃0 = 50°

∆𝜃 = 𝜃out− 𝜃0

𝜃0

Exit angle of Raman ray relative to incident light ray

0.25nc
0.15nc

0.05nc

Wavelength of birth Raman (nm)*Michel, PRE 99, 033203 (2019)

*

∆𝜽

∆𝜽

5

Laser ray

∆𝜽
(°
)



1. FABS lineoutsRaman refraction must be considered when comparing FABS signals

Snell’s law 𝜃0 = 30°
𝜃0 = 50°

∆𝜃 = 𝜃out− 𝜃0

𝜃0

Exit angle of Raman ray relative to incident light ray

0.25nc
0.15nc

0.05nc

Wavelength of birth Raman (nm)*Michel, PRE 99, 033203 (2019)

*

∆𝜽

∆𝜽

5

Laser ray

∆𝜽
(°
)



1. FABS lineoutsRaman refraction must be considered when comparing FABS signals

Snell’s law 𝜃0 = 30°
𝜃0 = 50°

∆𝜃 = 𝜃out− 𝜃0

𝜃0

Exit angle of Raman ray relative to incident light ray

0.25nc
0.15nc

0.05nc

Wavelength of birth Raman (nm)*Michel, PRE 99, 033203 (2019)

*

∆𝜽

∆𝜽

5

Laser ray

∆𝜽
(°
)
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NBI plate image indicates Raman light only partially enters FABS

Time-integrated Raman light (400-700 nm)
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NBI plate image indicates Raman light only partially enters FABS

Approximately 60%-70% of Raman light is not detected; 2.5% corrected reflectivity

Time-integrated Raman light (400-700 nm)
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Numerical modelling (preliminary)
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Profiles from hydrosimulation
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1. FABS lineouts – all runs comparison – flow and collisions impact 
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1. FABS lineouts – all runs comparison – flow and collisions impact 
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Simulations also indicate wavelength shift is due to Raman refraction

FABS data: clear shift

Raman reflectivity is around 3% in PIC simulations, closer to 2.5% corrected reflectivity
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Light transmission and nc/4 activityOther coupling processes deplete the pump and accelerate electrons
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Light transmission and nc/4 activityOther coupling processes deplete the pump and accelerate electrons
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Light transmission and nc/4 activityOther coupling processes deplete the pump and accelerate electrons
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1. FABS lineouts – all runs comparison – flow and collisions impact Summary

Laser-plasma instabilities explored at shock-ignition conditions via NIF experiment and simulations

NIF data analysis results:
- Discrepancy between Raman reflectivity and hot electron production
- Diagnostics gives limited information in planar experiments:

- Raman refraction could be large
- Side-scattering could be important

- Data showed relevant part of Raman light not detected

Numerical results (preliminary):
- Raman refraction not captured in PIC simulations
- nc/4 activity and rescattering processess deplete pump energy



1. FABS lineouts – all runs comparison – flow and collisions impact Summary

Laser-plasma instabilities explored at shock-ignition conditions via NIF experiment and simulations

NIF data analysis results:
- Discrepancy between Raman reflectivity and hot electron production
- Diagnostics gives limited information in planar experiments:

- Raman refraction could be large
- Side-scattering could be important

- Data showed relevant part of Raman light not detected

Numerical results (preliminary):
- Raman refraction not captured in PIC simulations
- nc/4 activity and rescattering processess deplete pump energy

Next:
- Hot electrons, evaluation of LPI kinetic aspects
- Parameter scan (laser intensity, laser polarization)
- We need better diagnostics to measure LPI 
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Simulations join the effort to tackle LPI at ignition conditions

Ln = 600 um – I0 = 2x1015 W/cm2 – 𝜆0 = 0.35 um - Te = 4 keV

Seaton, PoP 27, 082704 (2020) 

Ln = 1800 um – I0 = 1.2x1016 W/ cm2 – 𝜆0 = 1.05 um - Te = 1 keV

Ji, MRE 6, 015901 (2021)



Planar targets have been used for LPI experiments at shock-ignition 
conditions on OMEGA
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Scott, PRL 127 (6), 065001 (2021)
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Side-scattering Raman signal informs us on plasma temperature
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Estimated electron temperature from hydro sims at 7.5 ns: 3 keV

∆𝜆 = 590 − 610 𝑛𝑚

Good agreement between FABS  and hydro result

∆𝜃

∆𝜃 = 𝜃out− 𝜃0

*Michel, PRE 99, 033203 (2019)

*



2. Oblique light scattering?Polarization scan will provide more information on LPI importance
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