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The NIF Thomson Scattering diagnostic is a DIM-insertable optical spectrometer 
used to make measurements of Thomson scattered light from NIF experiments
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Fitting the spectrum of scattered light can allow us to infer measurements of the time-
varying local plasma conditions, such as 𝑛𝑒, 𝑇𝑒, 𝑇𝑖, 𝑣𝑓𝑙𝑜𝑤 , ҧ𝑍 etc.

The OTS diagnostic measures the spectrum 
of light scatted from dedicated probe beams 
to diagnose plasma conditions.
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The Thomson technique allows us to makes local measurements of under-dense 
plasmas parameters

▪ Plasma parameters are often spatially 
variable 
— we want a local value

▪ TS signal is collected only from Scattering 
volume, defined by the overlap of:
— probe beam 
— collection cone

▪ Typically ~10- 100µm scale size
— Probe / collection alignment is a 

major diagnostic challenge
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Thomson scattering allows us to make truly local measurements of plasma parameters
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At the NIF, we plan to use Thomson scattering to better understand 
plasma conditions inside ICF hohlraums
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Measurement of Plasma parameters (𝑇𝑒, 𝑛𝑒, 𝑣𝑓𝑙𝑜𝑤) can inform understanding of:

Beam propagation / absorption

Thomson scattering has the potential to enhance our understanding of hohlraum plasma 

conditions and inform many of these issues

Additional physics: X-ray conversion, 

wall losses, wall-gas mix, hot-electron 

preheat, glint, re-amplification, 

transport…

Capsule ablation
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The NIF Thomson Scattering diagnostic has also been used to make a range of 
successful 3ω probe measurements of plasma dynamics in Discovery Science 
Experiments – e.g. Collisionless shock experiments
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These discovery science experiments collide plumes of high velocity plasma 
generated from laser heated planar targets to study collisionless shocks and 
associated particle acceleration

𝑣𝑓𝑙𝑜𝑤~1000 km s−1

ℓ𝑖\i ≫ ℓ𝑖𝑛𝑡 Interpenetration 

and interaction

• Targets are laser heated (3ns, 

~450kJ per target)

• Plasma expands forming high 
velocity flows

• Coulomb collision scale length 

ℓ𝑖\i for ions in opposing 
streams is large compared to 

interaction scale length ℓ𝑖𝑛𝑡

• Flows interpenetrate and 
interact collisionlessly
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When shown on a log color scale the various phases of the 

experiment are evident in the ion feature (data from previous 

experiment)
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The TS data can be analyzed to extract measurements of the plasma parameters as 
they vary in time. In this example we see clear evidence for the formation of a 
collisionless shock
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Fiuza, F., Swadling, G.F., Grassi, A. et al. Electron acceleration in laboratory-produced turbulent collisionless shocks. Nat. Phys. 16, 916–920 (2020).
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The Optical Thomson Scattering Spectrometer DLP can be installed 
from 0-0, 90-78 & 90-351, providing flexibility in choice of scattering 
geometry for a wide range of experiments. 

Specification IAW EPW

Measurement Bandwidth 4 nm 50 nm

Accessible Wavelength band 206 - 350 nm 150 - 370 nm

Approximate Spectrometer 

resolution
0.02 nm 0.5 nm

Approximate temporal resolution 200 ps 50 ps

Light Collection Optics

F/8.3

Twin, Multiplexed 

Optical Spectrometers

Airbox Optical Streak 

Camera

Aim 

Point

(TCC)

~60cm (2’) 

stand off

Collection 

cone has 50 

μm Ø at TCC 

Currently on 3ω probes are available.

We are developing a 4ω capability



This work was performed under the auspices of the U.S. Department of Energy by Lawrence 

Livermore National Laboratory under contract DE-AC52-07NA27344. Lawrence Livermore 

National Security, LLC

Disclaimer
This  document was prepared as an account of work sponsored by an age ncy of the United State s government. Neither the 

Unite d States  government nor Lawrence Livermore National Security, LLC,  nor any of their employees  makes  any 
warranty, expressed or implied, or assumes  any le gal liability or respons ibility for the accuracy, comple te ness , or 
usefulness  of any information, apparatus , product, or process disclosed, or re prese nts that its  use would not infringe  
privately owned rights. Re ference herein to any specific commercial product, process, or service by trade name, 

trademark, manufacturer, or otherwise does not nece ssarily constitute or imply its  e ndorsement, recommendation, or 
favoring by the United States  government or Lawrence Livermore National Security, LLC. The vie ws  and opinions of 
authors expressed herein do not necessarily s tate or reflect those of the United State s government or Lawrence Livermore 
National Se curity, LLC, and shall not be used for advertising or product endorse ment purposes.


	Introduction / Preamble
	Slide 1: The NIF Thomson Scattering Diagnostic 

	Introduction
	Slide 2
	Slide 3: The Thomson technique allows us to makes local measurements of under-dense plasmas parameters
	Slide 4: At the NIF, we plan to use Thomson scattering to better understand plasma conditions inside ICF hohlraums
	Slide 5
	Slide 6: These discovery science experiments collide plumes of high velocity plasma generated from laser heated planar targets to study collisionless shocks and associated particle acceleration
	Slide 7
	Slide 8: The TS data can be analyzed to extract measurements of the plasma parameters as they vary in time. In this example we see clear evidence for the formation of a collisionless shock
	Slide 9: The Optical Thomson Scattering Spectrometer DLP can be installed from 0-0, 90-78 & 90-351, providing flexibility in choice of scattering geometry for a wide range of experiments. 
	Slide 10


