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  efficiency	
  

2	
  :	
  increasing	
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GEKKO-‐‑‒XII	
  	
  
1983	
  

Peta	
  Watt	
  1996	
  

0.5	
  kJ	
  0.5	
  ps	
  
10	
  kJ	
  10	
  ps	
  

10	
  kJ	
  1ns	
  

1:	
  increasing	
  laser	
  energy	
  
Giant	
  Lasers	
  developed	
  	
  
in	
  the	
  past	
  40	
  years	
  	
  

LFEX	
  2009	
   2014	
  
	
  	
  4	
  beams	
  	
  
	
  10	
  kJ	
  /10ps	
  
2013	
  
	
  	
  3	
  beams	
  	
  
2011	
  
	
  	
  2	
  beams	
  	
  
2009	
  
	
  	
  1	
  beam	
  

Precision	
  gratings	
  	
  
ensure	
  high	
  energy	
  
output.	
  	
  2	
  kJ	
  1ns	
  

GEKKO-‐‑‒MII	
  1979	
  
GEKKO-‐‑‒IV	
  	
  	
  1977	
  
GEKKO-‐‑‒II	
  	
  	
  	
  1973	
  

180	
  cm	


2	
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  increasing	
  heating	
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DIMINISH	
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  increasing	
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BEAM	
  DIVERGENCE	
  

EXTENSIVE	
  NUMERICAL	
  
SIMULATION	
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TWO	
  KEY	
  ADVANCES	
  FOR	
  REPETITIVE	
  LASERS	
  ALREADY	
  BEING	
  DEVELOPED	
  



GENBU 
Yb:YAG Ceramic / 1J, 100Hz	
  

HALNA 20 
20J, 10Hz	


LUCIA	
  /	
  France	
  10J	
  /	
  10Hz	
  

InsBtute	
  of	
  Laser	
  Engineering,	
  Osaka,	
  Japan	
  DIPOLE,	
  CLF,	
  UK	
  

ELI,	
  Czech	
  Rep.	
  
100	
  J,	
  100	
  Hz	
  

MERCURY,	
  LLNL/USA	
  
50	
  J	
  /10Hz	
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Progress	
  in	
  Target	
  Injec9on	
  
Technology	
  

Industrial	
  engagement	
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  Magne9zed	
  Liner	
  Iner9al	
  Fusion	
  (MagLIF)	
  concept.	
  
	
  MagLIF	
  is	
  in	
  the	
  class	
  of	
  magneto-­‐inerBal	
  fusion	
  targets.	
  In	
  MagLIF,	
  
large	
  drive	
  currents	
  produce	
  an	
  azimuthal	
  magneBc	
  field	
  that	
  
compresses	
  cylindrical	
  Al	
  or	
  Be	
  liners	
  containing	
  laser-­‐heated	
  and	
  
axially-­‐magneBzed	
  deuterium	
  or	
  deuterium-­‐triBum	
  fuel.	
  The	
  large	
  
drive	
  currents	
  are	
  created	
  by	
  the	
  Z	
  machine,	
  a	
  22	
  MJ	
  pulsed	
  power	
  
driver	
  capable	
  of	
  delivering	
  26	
  MA	
  with	
  a	
  110	
  ns	
  riseBme.	
  At	
  a	
  radius	
  
of	
  1	
  mm,	
  that	
  current	
  produces	
  a	
  magneBc	
  drive	
  pressure	
  of	
  about	
  
100	
  Mbar.	
  
Prior	
  to	
  the	
  Z	
  machine	
  firing,	
  a	
  900	
  kJ	
  capacitor	
  bank	
  is	
  used	
  to	
  drive	
  a	
  
coil	
  system	
  external	
  to	
  the	
  target	
  produce	
  a	
  nearly	
  uniform	
  axial	
  
magneBc	
  field	
  of	
  10-­‐30	
  Tesla	
  over	
  a	
  several	
  cm3	
  	
  volume	
  for	
  several	
  
milliseconds.	
  During	
  the	
  liner	
  implosion,	
  just	
  aoer	
  the	
  liner	
  begins	
  to	
  
move	
  (about	
  40	
  ns	
  before	
  it	
  stagnates	
  on	
  axis),	
  the	
  Z-­‐Beamlet	
  laser	
  
(ZBL)	
  [3]	
  delivers	
  a	
  1	
  TW,	
  2-­‐4	
  ns	
  laser	
  pulse	
  at	
  532	
  nm	
  through	
  a	
  laser	
  
entrance	
  hole	
  at	
  the	
  top	
  of	
  the	
  cylindrical	
  liner	
  target,	
  

DD	
  yields	
  of	
  up	
  to	
  2e12,	
  electron	
  and	
  ion	
  temperatures	
  up	
  to	
  3.5	
  keV,	
  and	
  a	
  
several	
  mm	
  tall	
  <150	
  micron	
  diameter	
  heated	
  plasma,	
  a	
  remarkable	
  
achievement	
  for	
  a	
  100	
  km/s	
  implosion.	
  These	
  results	
  were	
  reproduced	
  in	
  
addiBonal	
  experiments	
  in	
  2014.	
  

M.	
  Herrmann	
  
P.A.	
  Gourdain	
  

	
  InnovaBve	
  Concept	
  of	
  the	
  Compression	
  and	
  HeaBng	
  of	
  the	
  Plasma	
  
Targets	
  in	
  the	
  Scheme	
  for	
  Magneto-­‐InerBal	
  Fusion	
  
	
  S.V.	
  Ryzhkov	
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SUMMARY	
  (1)	
  
NIF	
  is	
  operaBng	
  even	
  more	
  than	
  expected	
  from	
  energy	
  and	
  feasibility	
  

NIF	
  obtain	
  nuclear	
  fusion	
  fuel	
  gain	
  >	
  2	
  with	
  a	
  promising	
  of	
  possibiliBes	
  
to	
  be	
  extended	
  

LMJ	
  is	
  already	
  working	
  and	
  progressing	
  adequately	
  

LMJ-­‐PETAL	
  is	
  almost	
  completed	
  and	
  prepared	
  for	
  open	
  in	
  2017	
  

Experiments	
  in	
  Shock	
  IgniBon	
  have	
  been	
  conducted	
  in	
  different	
  lasers	
  

FIREX-­‐I	
  is	
  increasing	
  LFEX	
  energy	
  to	
  10	
  kJ	
  

Fast	
  IgniBon	
  experiments	
  are	
  reaching	
  a	
  new	
  promising	
  stage	
  using	
  
MagneBc	
  Fields	
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SUMMARY	
  (2)	
  
Going	
  to	
  repeBBve	
  =	
  Energy	
  (reactor)	
  

New	
  repeBBve	
  lasers	
  are	
  being	
  operaBng	
  

Target	
  manufacturing	
  is	
  geung	
  a	
  crucial	
  role	
  for	
  massive	
  
producBon	
  

InjecBon	
  systems	
  have	
  started	
  to	
  appear	
  

Studies	
  of	
  Chamber	
  and	
  preliminary	
  energy	
  systems	
  have	
  been/
are	
  being	
  conducBng	
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核融合原型炉 

Laser Inertial Fusion Energy  LIFE 

Experimental	
  reactor	
  (i-­‐)LIFT	
  integrates	
  all	
  
physics	
  and	
  engineering	
  acBviBes.	
  

▲ Commercial  
   demonstration 

Demonstration Plant 
DEMO 

Eng. 
Design 

Eng. 
Design 

(i-)LIFT is Laser based Fast Track. Revised in 201４ IFE Forum 

NIF (US) 

FIREX-I (Jpn), EP 

Power plant technology, ESE issues 

Fusion chamber, Blanket 

Target fab., Injection, Tracking 

Driver development 

Reactor technology 
Elements 

Reactor Core Plasma Physics 

1kJ, 16Hz 

◆ Ignition 

500kJ+150kJ/ 1Hz 
100 sec 

◆ 
Ignition Temp 
Judge: FIREX-II &  Eng. Design 

FIREX-II ◆  Fast Ignition 

1.2 MJ/4Hz 
1 Chamber 

SGIV (China) 
LMJ (France) 

▲  Ignition 

100 sec 

Experimental Reactor LIFT 

64kJ/16Hz 
1.2 MJ/16 Hz 
4 Chambers 

Commercial 
 Plant 

Construction：2-3 B$!

Construction：3-4 B$!

2010	
 15	
 	
 40	
 25	
 	
 30	
 	
 35	
 	
 20	
 45	
 50	
 

37 

Phase I Phase II Phase III 

Material Test for Commercial Plant 

◆ Power production 

500kJ+150kJ/ 1-4Hz 
1 week 

500kJ+150kJ/ 1-4Hz 
0.5 Year, Liquid Wall 

Repeated Burn    Power Production     Tritium Breeding 

Integrated 
Engineering Test 
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