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NIF Laser performance modeling is a team effort, led 

by Brian MacGowan 
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The National Ignition Facility 
August 13th, 2013, 1.7MJ shot, we achieved the highest DT neutron yield,  

estimated at nearly 3 × 1015 (three quadrillion!) 



Modeling enables us to predict the beam profiles in areas where we 

cannot make physical measurements. 
Simple diagram for one of NIF’s 192 beam lines 
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To deliver an accurate energy and pulse shape, we 

require a physics based simulation engine  
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To achieve the desired pulse shape at the target chamber center      ,  we use a 

laser performance operations model (LPOM) to derive the input pulse shape      

END: Target Chamber 

BEGIN: Master Oscillator Room  

NIF laser pulses 

are amplified 

from 1 nJ up to 

20 kJ (1ω) 

 

4 way 
split 

3 other  
beam lines…. 

192 main lasers 

48 Injection laser systems 
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LPOM provides the Virtual Beam Line (VBL) code with 

quantitative measurements from laser components 
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The Virtual Beam Line code simulates laser physics including:  Frantz-Nodvik gain 

amplification, diffraction, nonlinear effects such as self focusing, and frequency conversion 
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Delivering the pulse shape requires a detailed laser 

energetics model which is provided by LPOM 
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NIF operations require precisely specified energy waveforms from 192 beams for 

a variety of pulse lengths and temporal shapes 

Zoom in of picket 

We need to be operate at very high energy and power, but with low risk of optical 

damage 



The Laser Performance Operations Model is used for 

planning, executing and interpreting each experiment 
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Development Control Room 

Shot Planning 

Post Shot Analysis 

Databases 

LPOM cluster 
LPOM server 



McCandless, Kathleen 

LPOM 

(VBL) 

Shot Goals 

Shot Settings 
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Results of shot performance are fed back into the 

LPOM/VBL model to improve subsequent shots 

ZAP! 



Shot performance is tracked with a dashboard web 

interface and the ability to drill into beamlines and quads. 
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July 28th, 2013 

July 18th, 2013 

July 19th 2013:   

BL211 3ω model adjusted  

Metric:  measured – requested energy           

 OSP:  Output Sensor Package  

 TCC:  Target Chamber Center 

Quality of shot trending over time by beamline is critical to adjusting 

dynamic laser performance to accurately deliver all 192 pulses 
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Actual 8/13/13 target 

Simulated target with 192 

beam illumination 

INNERs OUTERs 

Our live physics model of the laser (LPOM/VBL) is 
key to our ability to deliver continued success! 

August 13th, 2013:  Highest DT neutron yield obtained 
to date nearly 3 × 1015 (three quadrillion!) 

Total Energy (MJ) 

Request 1.705 

 Measured 1.699 




