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University of Rochester
Laboratory for Laser Energetics

NIF Town Hall
56th Annual Meeting of the
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Inertial Confinement Fusion from OMEGA 
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  Review	
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  the	
  efficacy	
  of	
  NIF	
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physics-­‐scaling	
  to	
  mul5-­‐

megajoule	
  yields	
  for	
  all	
  ICF	
  
approaches”	
  

5	
  yr	
  NaJonal	
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Omega	
   Z	
   NIF	
  



Lawrence Livermore National Laboratory 8 
Pxxxxxx.ppt – Edwards, FPA, 12/16/15 

§  High	
  foot	
  hit	
  a	
  ceiling	
  approaching	
  1016	
  neutrons,	
  ~50%	
  from	
  
alpha	
  heaJng	
  (GLC	
  ~	
  0.65)	
  
•  Major	
  culprits	
  appear	
  to	
  be:	
  
drive	
  asymmetry	
  from	
  LPI	
  dominated	
  hohlraum	
  +	
  capsule	
  support	
  

•  Can’t	
  yet	
  rule	
  out	
  other	
  factors	
  

§  Ongoing	
  engineering	
  effort	
  to	
  address	
  the	
  capsule	
  support	
  
•  Challenging	
  	
  

§  ASenJon	
  turned	
  to	
  the	
  hohrlaum	
  –>	
  simple,	
  low	
  LPI	
  designs	
  
•  Present	
  their	
  own	
  challenges,	
  can	
  be	
  made	
  to	
  work	
  on	
  paper	
  –	
  Jme	
  
will	
  tell	
  

•  Ideas	
  to	
  further	
  improve	
  

Summary	
  of	
  X-­‐ray	
  drive	
  igni:on	
  on	
  the	
  NIF	
  

These	
  new	
  direcJons	
  need	
  a	
  methodical,	
  scienJfic	
  approach,	
  new	
  
diagnosJcs,	
  improved	
  models	
  and	
  Jme	
  to	
  evaluate	
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Major	
  factors	
  degrading	
  NIC1	
  -­‐	
  appear	
  to	
  conspire	
  (again)	
  to	
  
limit	
  performance	
  of	
  high	
  foot	
  

Tent	
  and	
  asymmetry	
  are	
  currently	
  a	
  major	
  program	
  focus	
  
But	
  may	
  not	
  be	
  the	
  only	
  factors	
  prevenJng	
  igniJon;	
  we	
  may	
  find	
  others	
  	
  

Hydrodynamic	
  instability	
  seeded	
  by	
  
the	
  capsule	
  support,	
  “tent”	
  

~	
  50	
  µm	
  
~	
  500	
  µm	
  

~	
  5000	
  µm	
  

*Processed	
  X-­‐ray	
  	
  
“snapshot”	
  (NIC)	
  

Polar	
  X-­‐ray	
  image	
  of	
  
DT	
  “hot	
  spot”	
  

Poor	
  control	
  of	
  :me	
  dependent	
  	
  
drive	
  symmetry	
  in	
  LPI	
  dominated	
  hohlraum	
  

High	
  foot	
  miJgated	
  this,	
  but	
  predict	
  
becoming	
  important	
  again	
  

*J.E.	
  Field	
  et	
  al,	
  Rev.	
  Sci.	
  Instrum.	
  85,	
  11E503,	
  (2014)	
  
*R.	
  Tommasini	
  et	
  al,	
  Phys.	
  PLasmas.	
  22,	
  056315,	
  (2015)	
  1	
  D.	
  S.	
  Clark	
  et	
  al,	
  Phys.	
  Plasmas,	
  22,	
  022703,	
  (2014)	
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N141014 

As	
  the	
  tent	
  explodes	
  it	
  launches	
  a	
  pressure	
  wave	
  that	
  
impacts	
  the	
  capsule	
  crea:ng	
  a	
  “seed”	
  

1.5	
  ns	
  0.9	
  ns	
  

300	
  mm	
  

Pressure	
  

Tent	
  
pressure	
  
wave	
  

Weber	
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4µm	
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  nm	
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80	
  µm	
  
0	
  

Density	
  

200	
   400	
   600	
   800	
   1000	
  µm	
  

The	
  tent	
  “seed”	
  perturba:on	
  is	
  then	
  amplified	
  
during	
  the	
  implosion	
  (Rayleigh-­‐Taylor	
  instability)	
  

Tent	
  

t	
  =	
  0	
  ns	
  21	
  ns	
  22	
  ns	
  

t	
  =	
  22.5	
  ns	
  

CH	
  

t	
  =	
  0	
  ns	
  

If	
  large	
  enough,	
  tent	
  
perturbaJon	
  will	
  rupture	
  
the	
  capsule	
  as	
  with	
  this	
  
simulaJon	
  for	
  NIC	
  



Lawrence Livermore National Laboratory Pxxxxxx.ppt – Edwards, FPA, 12/16/15 
12 

4µm	
  

100	
  nm	
  
thick	
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Density	
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   800	
   1000	
  µm	
  

The	
  tent	
  “seed”	
  perturba:on	
  is	
  then	
  amplified	
  
during	
  the	
  implosion	
  (Rayleigh-­‐Taylor	
  instability)	
  

Tent	
  

t	
  =	
  0	
  ns	
  21	
  ns	
  22	
  ns	
  

CH	
  

t	
  =	
  0	
  ns	
  

Hydra	
  simulaJon	
   Expt	
  

Hammel/Weber	
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More	
  stable	
  high	
  foot	
  pulse	
  resulted	
  in	
  behavior	
  more	
  
consistent	
  with	
  theore:cal	
  scaling,	
  but..	
  

111215

120126

120131120205

120311

120321

120405

120422

130501

130710

130812

130927
131119

131219

140120

140225

140304

140311
140511

140520

140707

140819
141008

141106

150211

150401

Velocity (km/s)

N
eu

tr
on

 Y
ie

ld

 

 

300 320 340 360 380

1014

1015

1016
HF T0
HF T−1
HF T−1 672
HF T−1.5
LF

High	
  foot	
  

NIC	
  

1016	
  

1015	
  

1014	
  

N
eu

tr
on

	
  Y
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IndicaJon	
  higher	
  velocity	
  
implosions	
  deviaJng	
  from	
  
predicted	
  performance	
  	
  
–	
  	
  in	
  simulaJons	
  some	
  start	
  
to	
  ignite	
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*(Par:ally)	
  Validated	
  3D	
  simula:ons	
  “explained”	
  NIC	
  	
  
–	
  tent	
  and	
  asymmetry	
  degraded	
  hot	
  spot	
  formaJon	
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High	
  foot	
  

NIC	
  

“tent”	
  
feature	
  

*hydro	
  growth,	
  tent	
  validated	
  with	
  HGR	
  plaqorm	
  and	
  2DConA;	
  implosion	
  symmetry	
  constrained	
  by	
  keyhole,	
  2DConA,	
  hot	
  spot;	
  	
  
more	
  refined	
  models	
  of	
  symmetry	
  desirable;	
  hot	
  electrons	
  not	
  included,	
  	
  D.	
  S.	
  Clark	
  et	
  al,	
  submiSed	
  to	
  Phys.	
  Plasmas	
  

Asymmetry	
  	
  
+	
  tent	
  

Asymmetry	
  	
  
only	
  

Hot	
  
spot	
  

Cold	
  
fuel	
  GF30	
  ~	
  500	
  

Ti	
  =	
  3.1	
  keV	
  	
  

*BeSer	
  visualizaJon	
  of	
  
the	
  cold	
  fuel	
  required	
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Significant	
  amount	
  of	
  (new)	
  data	
  gone	
  into	
  model	
  valida:on,	
  but	
  
more	
  needed	
  –	
  future	
  focus	
  on	
  hohlraum	
  and	
  cold	
  fuel	
  	
  

Spectrum	
  

BackscaSer	
  

Streak	
  	
  
Trajectory	
  

Capsule	
  shape	
  	
  

In-­‐fight	
  instability	
  

Hohlraum	
  
performance	
  

Capsule	
  	
  
implosion	
  

Wall	
  moJon	
  

1D	
  

3D	
  
Shocks	
  

R 

time 

time 

10	
  ps	
  DT	
  hot	
  	
  
spot	
  shape	
  

Picket	
  drive	
  	
  
symmetry	
  

StagnaJon	
  

Time	
  dep	
  LEH/spot	
  size	
  

VIRGIL	
  
DANTE	
  

Plasma	
  condiJons	
  /	
  flow	
  

Capsule/wall	
  	
  
interacJon	
  

Cross	
  beam	
  	
  
transfer	
  

ARC	
  
(fuel	
  shape) 

OpJcal	
  	
  
Thomson 

Begin	
  in	
  
FY16 

FY18? 
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Increasing	
  velocity	
  resulted	
  in	
  mix	
  
–	
  tent	
  implicated	
  

GF30	
  ~	
  650	
  
Ti	
  =	
  1.7	
  keV	
  	
  

GF30	
  ~	
  500	
  
Ti	
  =	
  3.1	
  keV	
  	
  

D.	
  S.	
  Clark	
  et	
  al,	
  submiSed	
  to	
  Phys.	
  Plasmas 
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High	
  foot	
  

NIC	
  

More	
  stable	
  high	
  foot	
  reduced	
  impact	
  of	
  tent	
  
–	
  larger,	
  hoSer	
  hot	
  spot	
  -­‐>	
  more	
  yield	
  

Note	
  character	
  of	
  overall	
  
shape	
  from	
  drive	
  symmetry	
  
not	
  very	
  different	
  –	
  
predicted	
  to	
  dominate	
  
performance	
  
	
  
*Improved	
  stability	
  verified	
  
in	
  off-­‐line	
  experiments;	
  
impact	
  of	
  tent	
  much	
  less	
  

GF30	
  ~	
  650	
  
Ti	
  =	
  1.7	
  keV	
  	
  

GF30	
  ~	
  250	
  
Ti	
  =	
  4.5	
  keV	
  	
  

GF30	
  ~	
  500	
  
Ti	
  =	
  3.1	
  keV	
  	
  

D.	
  S.	
  Clark	
  et	
  al,	
  submiSed	
  to	
  Phys.	
  Plasmas 
*D.	
  T.	
  Casey	
  et	
  al,	
  Phys.	
  Rev.	
  E	
  90,	
  011102	
  (2014)	
  
	
  	
  R.	
  Tommasini	
  et	
  al,	
  Phys.	
  PLasmas.	
  22,	
  056315,	
  (2015)	
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High	
  foot	
  

NIC	
  

Tent	
  predicted	
  to	
  impact	
  hot	
  spot	
  again	
  as	
  (thinner)	
  
capsule	
  pushed	
  harder	
  –appears	
  to	
  burn-­‐through,	
  not	
  mix	
  

GF30	
  ~	
  650	
  
Ti	
  =	
  1.7	
  keV	
  	
  

GF30	
  ~	
  250	
  
Ti	
  =	
  4.5	
  keV	
  	
   GF30	
  ~	
  350	
  	
  

Ti	
  =	
  5.5	
  keV	
  
(165µm	
  thick	
  capsule)	
  

GF30	
  ~	
  500	
  
Ti	
  =	
  3.1	
  keV	
  	
  

But	
  the	
  asymmetry	
  and	
  
tent	
  are	
  (the	
  major?)	
  
contributors	
  –	
  reducing	
  
their	
  impact	
  is	
  a	
  high	
  
priority	
  

D.	
  S.	
  Clark	
  et	
  al,	
  submiSed	
  to	
  Phys.	
  Plasmas 

Exactly	
  how/why	
  the	
  
experiments	
  are	
  rolling	
  
over	
  has	
  yet	
  to	
  be	
  
understood	
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30 µm FT @ 65 Hz 

measurements from GA 

capsule	
  

10	
  µm	
  fill-­‐tube	
  

The	
  best	
  solu:on	
  would	
  be	
  to	
  eliminate	
  the	
  tent	
  
altogether	
  

30	
  µm	
  free-­‐standing	
  fill-­‐tube	
  	
  
vibraJon	
  test	
  

Ongoing	
  S&T	
  effort	
  to	
  improve	
  the	
  capsule	
  mounJng	
  scheme	
  
Variety	
  of	
  possibiliJes	
  being	
  evaluated,	
  but	
  challenging	
  –	
  report	
  next	
  year	
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Program has moved to low fill hohlraums  
–30-50% more efficient, very low LPI, but different challenge 

Case-­‐capsule	
  	
  
raJo	
  ~	
  2.5	
   IniJal	
  experiments	
  

suggest	
  case-­‐capsule	
  
raJo	
  >~3	
  needed	
  

High-­‐gas-­‐fill,	
  
LPI	
  dominated	
  

Low-­‐gas-­‐fill,	
  
Rad-­‐hydro	
  dominated	
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Program has moved to low fill hohlraums  
–30-50% more efficient, very low LPI, but different challenge 

	
  
§  Challenge	
  is	
  plasma	
  filling	
  	
  

(less	
  gas	
  pressure	
  to	
  hold	
  wall	
  
back)	
  

§  MoJvates	
  bigger	
  hohlraums	
  
and	
  shorter	
  pulses	
  

	
  
§  But	
  hohlraum	
  size	
  constrained	
  

by	
  available	
  power	
  and	
  energy	
  
Case-­‐capsule	
  	
  
raJo	
  ~	
  2.5	
   IniJal	
  experiments	
  

suggest	
  case-­‐capsule	
  
raJo	
  >~3	
  needed	
  

Are	
  there	
  designs	
  and	
  drive	
  strategies	
  consistent	
  with	
  igniJon?	
  
On	
  paper	
  yes,	
  but	
  experiments	
  needed	
  to	
  test	
  and	
  guide	
  

High-­‐gas-­‐fill,	
  
LPI	
  dominated	
  

Low-­‐gas-­‐fill,	
  
Rad-­‐hydro	
  dominated	
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  (relates	
  to	
  CR)	
  
BeSer	
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  required,	
  
but	
  higher	
  potenJal	
  gain	
  

M
or
e	
  
en

er
gy
/p
ow

er
	
  n
ee
de

d	
  

Experiments	
  needed	
  to	
  
explore	
  target	
  designs,	
  
drive	
  strategies,	
  and	
  	
  
performance	
  limits	
  

Hohrlaum	
  Case-­‐Capsule	
  raJo	
  vs.	
  Laser	
  Pulse	
  Length	
  

Emphasis	
  on	
  understanding,	
  then	
  
expanding	
  operable	
  parameter	
  space	
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Currently	
  in	
  process	
  of	
  systema:cally	
  
mapping	
  out	
  parameter	
  space	
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but	
  higher	
  potenJal	
  gain	
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HDC	
  capsule	
  
0.6	
  mg/cc	
  gas	
  fill	
  

Low	
  LPI	
  
Low	
  CR	
  ~	
  15-­‐20	
  

(Gas-­‐filled	
  capsules)	
  
~	
  6-­‐10	
  ns	
  pulse	
  

High	
  LPI	
  
High	
  CR	
  ~	
  30-­‐35	
  

DT	
  layers	
  
~	
  15	
  ns	
  pulse	
  

CH	
  capsule	
  
0.03	
  mg/cc	
  gas	
  fill	
  

CH	
  capsule	
  
1.6	
  mg/cc	
  gas	
  fill	
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More	
  space,	
  be^er	
  symmetry	
  with	
  foam	
  liners?	
  	
  
–	
  experiments	
  needed	
  to	
  test	
  simula:ons	
  

20	
  mg/cc	
  
Ta2O5	
  
Foam	
  liner	
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Regular	
  hohlraum	
  wall	
   Foam	
  lined	
  hohlraum	
  

These	
  are	
  simulaJons	
  of	
  
“0.8	
  scale”	
  (850	
  kJ)	
  test	
  targets	
  in	
  
which	
  first	
  tests	
  are	
  being	
  done	
  

Foams	
  can	
  be	
  
made,	
  but	
  
parts	
  not	
  yet	
  
demonstrated	
  

Test	
  plan	
  gradually	
  increases	
  
fabricaJon	
  difficulty	
  
150	
  mg/cc	
  ZnO	
  tested	
  
100	
  mg/cc	
  Ta2O5	
  next	
  etc	
  

Temperature	
  
Map	
  

0.03	
  g/cc	
  gas	
  fill	
   0.3	
  g/cc	
  gas	
  fill	
  

Pwall	
  >	
  P	
  gas	
   Pwall	
  ~	
  	
  P	
  gas	
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These	
  are	
  simulaJons	
  of	
  
“0.8	
  scale”	
  (850	
  kJ)	
  test	
  targets	
  in	
  
which	
  first	
  tests	
  are	
  being	
  done	
  

20	
  mg/cc	
  
Ta2O5	
  
Foam	
  liner	
  

Foams	
  can	
  be	
  
made,	
  but	
  
parts	
  not	
  yet	
  
demonstrated	
  

Gold	
  
“bubble”	
  

Temperature	
  
Map	
  

Regular	
  hohlraum	
  wall	
   Foam	
  lined	
  hohlraum	
  
Pwall	
  >	
  P	
  gas	
   Pwall	
  ~	
  	
  P	
  gas	
  

Hohlraum	
  begins	
  to	
  close	
   Hohlraum	
  remains	
  open	
  

0.03	
  g/cc	
  gas	
  fill	
   0.3	
  g/cc	
  gas	
  fill	
  

More	
  space,	
  be^er	
  symmetry	
  with	
  foam	
  liners?	
  	
  
–	
  experiments	
  needed	
  to	
  test	
  simula:ons	
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These	
  are	
  simulaJons	
  of	
  
“0.8	
  scale”	
  (850	
  kJ)	
  test	
  targets	
  in	
  
which	
  first	
  tests	
  are	
  being	
  done	
  

20	
  mg/cc	
  
Ta2O5	
  
Foam	
  liner	
  

Foams	
  can	
  be	
  
made,	
  but	
  
parts	
  not	
  yet	
  
demonstrated	
  Temperature	
  

Map	
  

Gold	
  
“bubble”	
  

Regular	
  hohlraum	
  wall	
   Foam	
  lined	
  hohlraum	
  
Pwall	
  >	
  P	
  gas	
   Pwall	
  ~	
  	
  P	
  gas	
  

Hohlraum	
  closed	
   Hohlraum	
  remains	
  open	
  

Gold	
  
“bubble”	
  

0.03	
  g/cc	
  gas	
  fill	
   0.3	
  g/cc	
  gas	
  fill	
  

More	
  space,	
  be^er	
  symmetry	
  with	
  foam	
  liners?	
  	
  
–	
  experiments	
  needed	
  to	
  test	
  simula:ons	
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Synthe:c	
  x-­‐ray	
  images	
  of	
  hot	
  spots	
  for	
  Convergence	
  Ra:o	
  =15	
  

Tell-­‐tale	
  “donut”	
  
shape	
  emerging	
  

Remains	
  symmetric	
  
to	
  high	
  convergence	
  

Regular	
  hohlraum	
  wall	
  
(0.03	
  g/cc	
  gas	
  fill)	
  

Foam	
  lined	
  hohlraum	
  
(0.3	
  g/cc	
  gas	
  fill)	
  

More	
  space,	
  be^er	
  symmetry	
  with	
  foam	
  liners?	
  	
  
–	
  experiments	
  needed	
  to	
  test	
  simula:ons	
  

These	
  are	
  simulaJons	
  of	
  
“0.8	
  scale”	
  (850	
  kJ)	
  test	
  targets	
  in	
  
which	
  first	
  tests	
  are	
  being	
  done	
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§  High	
  foot	
  hit	
  a	
  ceiling	
  approaching	
  1016	
  neutrons,	
  ~50%	
  from	
  
alpha	
  heaJng	
  (GLC	
  ~	
  0.65)	
  
•  Major	
  culprits	
  appear	
  to	
  be:	
  
drive	
  asymmetry	
  from	
  LPI	
  dominated	
  hohlraum	
  +	
  capsule	
  support	
  

•  Can’t	
  yet	
  rule	
  out	
  other	
  factors	
  

§  Ongoing	
  engineering	
  effort	
  to	
  address	
  the	
  capsule	
  support	
  
•  Challenging	
  	
  

§  ASenJon	
  turned	
  to	
  the	
  hohrlaum	
  –	
  low	
  LPI	
  designs	
  
•  Present	
  their	
  own	
  challenges,	
  can	
  be	
  made	
  to	
  work	
  on	
  paper	
  –	
  Jme	
  
will	
  tell	
  

•  Ideas	
  to	
  further	
  improve	
  

Summary	
  of	
  X-­‐ray	
  drive	
  igni:on	
  on	
  the	
  NIF	
  

These	
  new	
  direcJons	
  need	
  a	
  methodical,	
  scienJfic	
  approach,	
  new	
  
diagnosJcs,	
  improved	
  models	
  and	
  Jme	
  to	
  evaluate	
  






