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H-­‐1NF:	
  the	
  Australian	
  Plasma	
  	
  
Fusion	
  Research	
  Facility	
  
Originally	
  a	
  Major	
  NaNonal	
  Research	
  Facility	
  established	
  	
  	
  

by	
  the	
  Commonwealth	
  of	
  Australia	
  and	
  the	
  Australian	
  NaNonal	
  University	
  

Mission:	
  
•  Detailed	
  understanding	
  of	
  the	
  basic	
  physics	
  of	
  magnePcally	
  

confined	
  hot	
  plasma	
  in	
  the	
  HELIAC	
  configuraNon	
  
•  Development	
  of	
  advanced	
  plasma	
  measurement	
  systems	
  
•  Fundamental	
  studies	
  including	
  turbulence	
  and	
  transport	
  in	
  plasma	
  
•  Contribute	
  to	
  global	
  research	
  effort,	
  maintain	
  Australian	
  presence	
  

in	
  the	
  field	
  of	
  plasma	
  fusion	
  power	
  

	
  

MoU’s	
  for	
  collaboraNon	
  with:	
  
Members	
  of	
  	
  the	
  IEA	
  implemenNng	
  agreement	
  on	
  development	
  of	
  stellarator	
  concept.	
  
NaNonal	
  InsNtute	
  of	
  Fusion	
  Science	
  of	
  Japan,	
  Princeton	
  Plasma	
  Physics	
  Lab	
  
Australian	
  Nuclear	
  Science	
  and	
  Technology	
  OrganisaNon	
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H-­‐1	
  CAD	
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Major radius  1m 
Minor radius  0.1-0.2m 
Magnetic Field  ≤1 Tesla (0.2 DC) 
    q  0.5 -1  (transform 1~2) 

 ne  1-3x1018  
 Te  20eV (helicon) <200eV (ECH) 
 β  0.01 - 0.1% 
  



The	
  Facility	
  Infrastructure	
  Upgrade	
  2010-­‐2013	
  	
  

o  20 Channel hi-res imaging interferometer 
o  Synchronous and coherence imaging cameras 
o  Additional 48 channel helical Mirnov array 
o  LIF diagnostic (MDF) 
o  Imaging impurity camera 

o  Consolidate the facility infrastructure required to implement 
the ITER forum strategy plan 

o  Expand coverage to the full spectrum of ITER forum 
activities 
e.g. MDF above 

o  User friendly access to data 

New/Upgraded Diagnostics 

3rd configuration control parameter  



The	
  Facility	
  Infrastructure	
  Upgrade	
  	
  (ctd)	
  	
  
Upgraded RF Systems 

RF (4-20MHz) will be the “workhorse” 
 New system doubles power:   2x180kW systems. 
 New movable shielded antenna to complement “bare” antenna                             
(water and gas cooled). 

Advantages: 
New system allows magnetic field scan while keeping the resonant layer 

position constant.   e.g.scaling of MHD – e.g. Alfvénic? GAM?  

Impurities limit plasma temperature (at present: C, O, Fe, Cu) 
High temperature  (>~100eV) desirable to excite spectral lines relevant to 

edge plasma and divertors in larger devices. 
 
Strategy - Combine:  
o  Glow discharge cleaning for bulk of tank 
o  Pulsed RF discharge cleaning for plasma facing components. 
o  Low temperature (90C) baking , Gettering 

Improved Impurity Control  



Thomson	
  2	
  x	
  200kW	
  4-­‐20MHz	
  RF	
  System	
  



New	
  cooled	
  RF	
  Antenna	
  –	
  helicon/ICRF	
  

	
  
	
  
Antenna	
  contoured	
  
to	
  plasma	
  shape	
  

	
  
Insulators/	
  
Vacuum	
  feed	
  
through	
  
	
  
Tuning	
  box	
  	
  
	
  



DiagnosPc	
  and	
  Control	
  Upgrades	
  

Coherence	
  
Imaging	
  Camera	
  

Synchronous	
  
Imaging	
  

MulNchannel	
  
Interferometer	
  

MDF	
  Imaging	
  



Screenshot	
  of	
  web	
  browser	
  at	
  
h?p://h1ds.anu.edu.au/mdsplus/H1DATA/58063/TOP/OPERATIONS/MIRNOV/A14_14/
INPUT_2/	
  

Screenshot	
  of	
  web	
  browser	
  at	
  
h\p://h1ds.anu.edu.au/mdsplus/H1DATA/58063/TOP/OPERATIONS/MIRNOV/A14_14/INPUT_2	
  

Powerful	
  web-­‐based	
  data	
  browser	
   • Low	
  bandwidth	
  required,	
  open	
  source	
  
• Full	
  data	
  resoluNon	
  accessible	
  
• Same	
  access	
  for	
  binary	
  xml	
  csv	
  forms	
  

firewall	
  issues	
  	
  	
  	
  	
  	
  viewer	
  socware	
  	
  



Overview	
  of	
  H-­‐1	
  results	
  



H-­‐1	
  configuraPon	
  is	
  very	
  flexible 
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•  “flexible	
  heliac”	
  :	
  	
  
helical	
  winding,	
  with	
  	
  
helicity	
  matching	
  the	
  plasma,	
  	
  
⇒	
  2:1	
  range	
  of	
  twist/turn	
  

• H-­‐1NF	
  can	
  control	
  2	
  out	
  of	
  3	
  of	
  
	
  transform	
  (ι)	
  
	
  magnePc	
  well	
  and	
  
	
  shear	
  Δι	
  (spaPal	
  rate	
  of	
  change)	
  	
  

• Reversed	
  Shear	
  
à	
  like	
  Advanced	
  Tokamak	
  mode	
  
of	
  operaPon	
  

	
  Edge	
  	
  Centre	
  

low	
  shear	
  

medium	
  shear	
  

ι = 4/3 

ι = 5/4 
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MHD/Mirnov	
  fluctuaPons	
  in	
  H-­‐1	
  

Blackwell,	
  ISHW	
  Princeton	
  2009	
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Three	
  Mirnov	
  Arrays	
  (Toroidal)	
  

New	
  Toroidal	
  Array	
  
Coils	
  inside	
  a	
  SS	
  thin-­‐wall	
  bellows	
  
(LP,	
  E-­‐staNc	
  shield)	
  
	
  
Access	
  to	
  otherwise	
  
inaccessible	
  region	
  with	
  
•  largest	
  signals	
  and	
  	
  
•  with	
  significant	
  variaNon	
  

in	
  toroidal	
  curvature.	
  

Shaun	
  Haskey	
  
David	
  Pre?y	
  

Mirnov	
  Array	
  1	
  
Mirnov	
  Array	
  2	
  
20	
  pickup	
  coils	
  

Interferometer	
  

RF	
  Antenna	
  	
  

0.2m	
  



Flucstruc	
  analysis	
  via	
  SVD	
  →	
  phase	
  vs	
  φ	
  

Chronos	
  

Singular	
  
Values	
  

Topos	
  PSD	
  of	
  chronos	
  

Time	
  (ms)	
  

Singular	
  vectors	
  are	
  grouped	
  	
  by	
  similarity	
  to	
  separate	
  simultaneous	
  
modes	
  

Follows	
  plasma	
  shape,	
  amplitude	
  variaNon	
  is	
  much	
  less	
  
Helical	
  Array	
  resolves	
  n	
  and	
  m,	
  but	
  not	
  independently	
  	
  e.g.	
  9/7,8/7,7/6	
  sim.	
  



Shaun	
  Haskey	
  
David	
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Modes cluster  in V-shapes when plotted 
against k|| ~ (n - im) 
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co nf igur atio n par ameter k h  

Shear	
  Alfvén	
  modes:	
  	
  	
  	
  	
  	
  ω	
  	
  =	
  k||VA	
  	
  	
  	
  	
  	
  	
  	
  =	
  VA(n	
  -­‐	
  im)/R0	
  . 

VA	
  =	
  B/√(µoρ)	
  



CAS3D	
  Studies	
  
•  Bumpiness	
  (mirror)	
  term	
  in	
  H-­‐1	
  field	
  requires	
  hundreds	
  of	
  Fourier	
  

components	
  to	
  represent	
  parallel	
  displacement.	
  
•  This	
  gives	
  rise	
  to	
  a	
  dense	
  sound	
  mode	
  populaNon	
  in	
  the	
  range	
  of	
  

interest	
  (0-­‐100kHz)	
  –	
  which	
  interact	
  with	
  the	
  shear	
  modes.	
  
•  There	
  are	
  global	
  modes	
  here	
  due	
  to	
  the	
  finite	
  beta	
  gap	
  (BAE)	
  
•  Such	
  modes	
  can	
  exhibit	
  a	
  similar	
  but	
  weaker	
  frequency	
  

dependence	
  as	
  our	
  “whale	
  tails”	
  if	
  the	
  temperature	
  profile	
  is	
  very	
  
hollow.	
  

Can	
  be	
  resolved	
  by:	
  	
  
B	
  scan	
  or	
  
polarizaNon	
  study	
  

Jason	
  Bertram	
  
Ma?hew	
  Hole	
  

Carolin	
  
Nuhrenberg	
  



OpPcal	
  Imaging	
  of	
  Internal	
  Mode	
  Structure	
  

• Intensity	
  ∼	
  proxy	
  for	
  ne	
  
• CCD	
  camera	
  captures	
  
verNcal	
  view	
  of	
  plasma	
  light,	
  
synchronised	
  with	
  the	
  
Mirnov	
  signals,	
  averaged	
  
over	
  many	
  cycles.	
  

	
  

Phase	
  locked	
  loop	
  waveforms	
  	
  

	
  CalibraPng	
  View	
  Geometry	
  with	
  eBeams	
  
Field	
  lines	
  from	
  accurate	
  magneNc	
  model	
  (red)	
  are	
  

matched	
  with	
  ebeam	
  images	
  (black)	
  

John	
  Howard	
  
Nandika	
  Thapar	
  

Jesse	
  Read	
  



J. Howard: Synchronous Imaging of 
MHD Modes in H-1  

J.	
  Howard,	
  J.	
  Read,	
  	
  
J.	
  Bertram	
  ,	
  B.	
  Blackwell	
  Howard,	
  APFRF	
  Facility	
  and	
  MDF	
  –	
  ANSTO	
  2010	
  

VerNcal	
  view	
  of	
  plasma	
  
light	
  synchronised	
  with	
  the	
  
Mirnov	
  signals	
  and	
  
averaged	
  over	
  many	
  cycles.	
  

	
  

Lec:	
  Intensity	
  profile	
  at	
  the	
  
cross-­‐secNon	
  of	
  the	
  dashed	
  
line	
  

Right:	
  CAS-­‐3D	
  MHD	
  code	
  
predicNon	
  of	
  electron	
  
density.	
  



Synchronous	
  
imaging:	
  	
  

configuraPon	
  
scan	
  

VerNcal	
  view	
  of	
  plasma	
  
light	
  synchronised	
  	
  (gated	
  
intensified	
  camera)	
  with	
  
the	
  Mirnov	
  signals	
  and	
  
averaged	
  over	
  many	
  cycles.	
  

	
  



Doppler	
  Coherence	
  Imaging	
  on	
  H-­‐1	
  
Raw	
  spaNal	
  heterodyne	
  image	
  (0.1T	
  Argon)	
  
	
  
Interference	
  fringes	
  encode:	
  

• velocity 	
  ß	
  	
  phase	
  (shic)	
  	
  
•  temperature	
  ß	
  	
  contrast 	
  	
  

Results:	
  
•  Ion	
  temperature	
  is	
  hollow	
  (10-­‐25eV)	
  
• Rigid	
  rotaNon	
  of	
  +/-­‐	
  3km/sec	
  at	
  outer	
  radii	
  	
  
• ReflecNons	
  from	
  TF	
  coils	
  à	
  some	
  degradaNon	
  



Future	
  
H-­‐1	
  	
  
•  Use	
  all	
  3	
  axes	
  of	
  the	
  Toroidal	
  Mirnov	
  Array	
  à	
  polarisaNon	
  
•  Bayesian	
  MHD	
  Mode	
  Analysis	
  
•  Toroidal	
  visible	
  light	
  imaging	
  (Neon,	
  He)	
  
•  CorrelaNon	
  of	
  mulNple	
  visible	
  light,	
  Mirnov	
  and	
  n~	
  	
  	
  	
  	
  	
  	
  e	
  	
  	
  	
  	
  	
  	
  	
  data	
  
•  SpaNal	
  and	
  Hybrid	
  SpaNal/Temporal	
  Coherence	
  Imaging	
  
•  3rd	
  control	
  paramà	
  Island,	
  chaoNc	
  and	
  open	
  field	
  line	
  physics	
  

Materials	
  DiagnosPc	
  Facility	
  (MAGPIE	
  prototype)	
  
•  Need	
  to	
  understand	
  the	
  plasma	
  first	
  
•  Plasma	
  Surface	
  InteracNon	
  physics	
  
•  Sample	
  holder	
  is	
  currently	
  in	
  development	
  
•  IniNal	
  material	
  tesNng	
  is	
  beginning	
  soon…..	
  
•  Access	
  to	
  80	
  kW	
  RF,	
  magnets	
  and	
  cooling	
  from	
  H-­‐1	
  Heliac	
  

stellarator	
  


