
Laser Inertial Confinement Fusion  
 Advanced Ignition Techniques 

R. Fedosejevs 
 

 

Department of Electrical and Computer Engineering 

University of Alberta 
 

 
Presented at the  

Canadian Workshop on Fusion Energy Science and Technology  

Oshawa, August 30, 2013 

 



ÅIntroduction to Laser Fusion Energy 

ÅAdvanced Ignition Techniques  

ÅFast Ignition  

ÅShock Ignition 

ÅStatus and Issues 

ÅOur Recent Experiments on Fast 

Ignition and Shock Ignition  

ÅThe Way Forward 

ÅConclusions 

Overview 



Fusion Energy - Bringing the Sun to Earth 

 

 

 

 

 
 

 The Ultimate Energy Source  

 http://photojournal.jpl.nasa.gov/catalog/PIA03149 



Deuterium Based Fusion 

1 part in 6500 of all hydrogen is in the form of 
deuterium 

3 water bottles of DT water fuel and 400 helium 
balloons ash per day for a GW reactor 



Lawson Criterion for Net Energy Yield 

Lawson Criterion for net release of more energy than 

heating energy 
 

n t ~ 2 x 1014  s cm-3 

 

n = ion density,    t = confinement time 

 

Laser Fusion uses high density n ~1025  cm-3 but short 

interaction time t ~100 ps in the ignition hot spot 

 

Requires very elevated temperatures  

~100,000,000 K ( ~10keV energy per particle ) 
 

Requires enough burn time 

 



Inertial Confinement 

Fusion (ICF) Approach 

 Laser Fusion Energy 

(LFE) 



  
Indirect Drive 

Laser Fusion 
  

Direct Drive 
  

Ignition 
Conditions: 

 

r ~ 400 g cm-3 
 

T ~ 6 keV 
In central hot spot 

region 



Lawrence Livermore National Laboratory  

National Ignition Facility - USA 

Lawrence Livermore National Laboratory 

https://lasers.llnl.gov/ 

Goal to reach ignition and produce modest target gains of G = 10-20 

Å Indirect Drive  1.8 MJ 

Å 0.35 mm 196 beams 

Å  Operating 3 years 



NIF-0411-214554.ppt 

Laser Bay 

https://lasers.llnl.gov/ 



Å 0.35 mm Indirect Drive - Under Construction 

Å Initial phase  166 beams at 1.2 MJ  

Å First shot on target 2015 

Å Full facility 240 Beams 2 MJ  possible in future 

Laser Mega Joule - France 

http://www-lmj.cea.fr/ 



Proposed European HiPER Project 
Advanced Ignition Demonstration Experiment  

 

 

Cost ~ $1B Euro 

Planning Started under the Framework 7 Program  

http://www.stfc.ac.uk/906.aspx / 



LLNL LIFE Power Plant Design  
Addresses Engineering Requirements for a Real Reactor) 

12 

Plant Primary Criteria (partial list) 

Cost of electricity 

Rate and cost of build 

Licensing simplicity 

Reliability, Availability, Maintainability, 

Inspectability (RAMI) 

High capacity credit & capacity load 

factor 

Predictable shutdown and quick restart 

Protection of capital investment 

Meet urban environmental and safety 

standards (minimize grid impact) 

Public acceptability 

Timely delivery 

Use of commercially available 

materials and technologies 

Focus on pure fusion, 

utility-scale,  

power-producing facility 

LLNL : Initial engineering and planning already carried out 

https://lasers.llnl.gov/about/missions/energy_for_the_future/ 


