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The NIF VISAR is a DIM based Diagnostic

Optical Table  
Assembly 
(Interferometers and 
streak cameras ) 

Laser
Racks

DIM-(90-315)

TCC

• Two VISAR Channels 
• One SOP Channel 
• 60kW (nominal), 1.2 µs pulsed YAG 

laser (660 nm)

Interferometer table in the target bay 
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Delay Element
Etalon

Interferometer

§ The interferometer transforms the Doppler wavelength shift into a fringe 
phase shift proportional to the velocity

§ The time-delay element determines the velocity sensitivity

§ VISAR tracks the velocity of a moving reflecting surface with sub % precision

VISAR
“Velocity (Doppler) Interferometer System for Any Reflector” 

VISAR is a very powerful, versatile, high  precision diagnostic for dynamic compression

€ 

Interference term:   I∝ E(t)E *(t + τ ) = E0
2 exp(−iωt)exp(iω(t + τ) ∝exp(iωτ) = exp(iφ)

Phase :                    φ =ωτ

Doppler shift :       Δω /ω = 2u /c = Δφ /φ

( 
) 
* 
⇒ Velocity per fringe (VPF) :   u

Δφ/(2π )
=
λ

2τ

Detector

“Reflector”: shock front, free surface,…

Velocity v
Monochromatic 
probe beam
Doppler shifted

reflection 
(slightly different

wavelength)

v
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The NIF VISAR is a “Line” imaging 1D VISAR recording the 
velocity-time evolution along a slice across the target

Time

Position: y
Velocity
 dz/dt

1D “slice” of the target 
image is projected onto 

the streak camerax

y

z

y

x

A fringe pattern is 
projected onto the 

target

For each position along one axis y, we record the time evolution of the velocity dz/dt

Delay Element
Etalon

Interferometer
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§ Absorptivity, reflectivity are important physics information

§ Critical for temperature measurements with pyrometry

VISAR also documents the target’s optical 
properties at the wavelength of the laser probe

Time

Po
si

tio
n:

 y

Fringe shift (Phase) encodes 
the velocity information

Fringe amplitude encodes 
additional information about the 
optical properties of the target
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§ For each position along one axis y, we record the time evolution of 
the spectral radiance (thermal emission) 

§ Enables quantitative (brightness) temperature measurements with 
appropriate calibration of the instrument transfer function

A Streaked Optical Pyrometer (SOP) shares the 
line-of-sight with the NIF VISAR

streak 
detector

Hot sample
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Example NIF Data
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High Precision Free surface velocity:
Ramp compression EOS measurements

Fratanduono, Science , 2021

Opaque Sample
Opaque Sample

Before breakout
After breakout when compressed sample 

maintains as solid free surface

UFS



LLNL-PRES-2015445
8

§ ASBO documents arrival 
time of shock at free 
surface by detecting loss 
of active probe beam

§ Robust method to 
characterize drive, 
measure EOS at 100s of 
Mbar.

Shock Break Out (SBO) and Active SBO (ASBO): 
Drive characterization, high Pressure EOS 

Marshall et al., Phys. Rev. B 99, 174101 
(2019).

Opaque Sample Opaque Sample

Before breakout
After breakout when shock 

compressed sample is molten 

Density gradient absorbs the laser probe
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Transparent 
Sample

§ Measure the leading 
shock velocity from 
~20 to 150 km/s 

§ Identify break-out 
time, shock merging 
events to within 30 ps

§ Reconstruct the shock 
trajectory along a few 
directions in the 
capsule

Reflecting shocks: 
shock timing for ICF implosions

Adapted from Moody et al., Physics of Plasmas 21, 092702 (2014)

Shock front

US
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Optical Properties:
Fluid Deuterium insulator to metal transition

Cu         D2                LiF
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I150914001999WC_A:  

D2/LiF 
Interface 
(Mirror)

Cu/D2 
Interface

1st shock
D2 is transparent 

2nd shock

D2 becomes 
opaque

D2 becomes 
reflecting 
(Metallic)

4th shock
etc…

3rd shock

Shock 
coalescence
LiF becomes 

opaque

Optical properties reveal the insulator to metal transition in dense fluid deuterium

Celliers, Science , 2018

Al Mirror

Once D2 
becomes opaque 
the VISAR tracks 
the D2/LiF 
interface

Initially D2 is 
transparent and the 
VISAR tracks the 
Cu/D2 interface
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§ Diamond and Iron high-
precision quasi-absolute EOS 
measurements 

§ Insulator-to-Metal Transition in 
fluid Deuterium 

§ High-precision compression 
path characterization for 
various projects
— Atomic structure and phase 

transitions
— Proton stopping power
— Hydrodynamic instabilities 

NIF VISAR capabilities enabled successful 
Discovery Science experiments
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§ NIF VISAR: powerful & 
versatile diagnostic

§ Highly reliable system, 
primary diagnostic on 100 
science shots per year (25% 
of total shots)

§ Most accurate tool to 
characterize how well how 
the NIF lasers compress and 
accelerate materials to 
create extreme pressure-
temperature conditions 

The NIF VISAR is a central diagnostic for NIF
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