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Dense	
  Target	
  (ice)	
  
Neutrino	
  

~1° 
beam-
width

56°	
  

•  Coherent	
  Cherenkov	
  radiaDon	
  up	
  to	
  GHz	
  
scale	
  radio	
  frequencies.	
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In	
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Neutrino	
   56°	
  

Ice	
  surface	
  
antennas	
  

Balloon-­‐borne	
  
antennas	
  

37	
  km	
  

ICRC	
  2015	
  



In-­‐ice	
  vs.	
  Balloons	
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Kotera	
  '10	
  models	
  

p,	
  High	
  Emax	
  

Mixed	
  
composiDon	
  

Iron	
  

•  In-­‐ice	
  antennas:	
  	
  
•  lower	
  energy	
  

threshold.	
  	
  
•  Reduced	
  visible	
  

volume.	
  
•  Balloon-­‐borne	
  antennas:	
  

•  Higher	
  energy	
  
threshold.	
  

•  Increased	
  visible	
  
volume.	
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In-­‐ice	
  vs.	
  Balloons	
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Kotera	
  '10	
  models	
  

•  ARA37:	
  	
  
•  Large	
  number	
  of	
  

staDons	
  increase	
  the	
  
visible	
  volume.	
  

•  EVA:	
  
•  High	
  gain	
  antenna	
  

reduces	
  the	
  energy	
  
threshold	
  while	
  
increasing	
  visible	
  
volume.	
  

•  EVA	
  antenna	
  gain	
  is	
  
32	
  dBi	
  compared	
  to	
  
10	
  dBi	
  for	
  ANITA.	
  
This	
  is	
  a	
  factor	
  of	
  
160	
  improvement.	
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The	
  EVA	
  Concept	
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Use	
  the	
  surface	
  of	
  a	
  NASA	
  
super-­‐pressure	
  balloon	
  as	
  a	
  
reflector	
  antenna.	
  

NASA	
  18.7	
  Mc`	
  super-­‐
pressure	
  balloon.	
  

ICRC	
  2015	
  



SimulaDons	
  of	
  EVA	
  Antenna	
  
Gain	
  

•  Three	
  independent	
  simulaDons	
  with	
  of	
  the	
  EVA	
  
antenna	
  gain	
  have	
  been	
  performed.	
  
– Numerical	
  ElectromagneDcs	
  Code	
  (NEC)	
  using	
  
method	
  of	
  moments.	
  

– XF7	
  using	
  Finite	
  difference	
  in	
  the	
  Dme-­‐domain	
  
(FDTD).	
  

– General	
  Reflector	
  Antenna	
  So`ware	
  Package	
  
(GRASP)	
  using	
  physical	
  opDcs.	
  

•  Each	
  simulaDon	
  uses	
  a	
  different	
  computaDonal	
  
electromagneDcs	
  technique.	
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Method	
  of	
  Moments	
  	
  
SimulaDons	
  with	
  NEC	
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•  Simulates	
  the	
  reflector	
  
using	
  a	
  wire	
  mesh.	
  

•  Reflector	
  is	
  dipole	
  fed.	
  

•  OpDmizaDon	
  of	
  feed	
  
posiDon	
  provides	
  25	
  dBi	
  
of	
  gain.	
  

•  Likely	
  an	
  under-­‐esDmate	
  
due	
  to	
  sparseness	
  of	
  wire	
  
model	
  reflector	
  and	
  it	
  
does	
  not	
  account	
  for	
  the	
  
non-­‐dipole	
  feed	
  gain.	
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XFdtd	
  ReflecDon	
  SimulaDon	
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•  FDTD	
  discreDzes	
  a	
  volume	
  and	
  applies	
  Maxwell's	
  equaDons	
  on	
  each	
  cell.	
  
•  A	
  plane	
  wave	
  illuminates	
  the	
  surface	
  of	
  the	
  balloon	
  and	
  its	
  reflecDon	
  is	
  propagated	
  to	
  

find	
  the	
  focal	
  point.	
  
•  A	
  gain	
  of	
  24	
  dBi	
  is	
  achieved	
  at	
  the	
  focal	
  point.	
  

Incoming	
  
plane	
  wave	
  
(propagaDon	
  
direcDon)	
  

ReflecDve	
  
Balloon	
  
Surface	
  

Focal	
  
Point	
  



SimulaDons	
  with	
  GRASP	
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•  GRASP	
  is	
  the	
  tool	
  of	
  choice	
  for	
  reflector	
  antenna	
  designers.	
  

•  Physical	
  opDcs	
  simulator	
  fully	
  accounts	
  for	
  the	
  surface	
  shape	
  and	
  the	
  feed	
  
antenna	
  gain	
  pagern.	
  

•  Surface	
  simulaDons	
  using	
  an	
  opDmized	
  feed	
  illuminaDon	
  pagern	
  results	
  in	
  a	
  
peak	
  of	
  32	
  dBi.	
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1/20th	
  Scale	
  Model	
  Test	
  	
  
at	
  Wallops	
  Flight	
  Facility	
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1/20th	
  scale	
  model	
  balloon.	
  
This	
  balloon	
  has	
  28	
  gores	
  
compared	
  to	
  the	
  280	
  gores	
  of	
  
the	
  full	
  scale	
  balloon.	
  
	
  

Dual-­‐polarized	
  sinuous	
  
antenna	
  feeds.	
  

Balloon	
  and	
  feed	
  
system.	
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Scale	
  Model	
  Results	
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Data	
  from	
  scaled	
  model	
  test	
  shows	
  
increased	
  gain	
  is	
  achieved	
  with	
  
pulse	
  coherence	
  is	
  maintained	
  
upon	
  reflecDon.	
  
	
  
The	
  gain	
  esDmated	
  from	
  this	
  
measurements	
  is	
  ~11.4	
  dBi.	
  
	
  
GRASP	
  simulaDons	
  of	
  the	
  scaled	
  
model	
  antenna	
  predict	
  11.5	
  dBi	
  
while	
  XF7	
  predicts	
  10.0	
  dBi.	
  
	
  
Results	
  are	
  consistent	
  within	
  ~2	
  dBi	
  
lending	
  credibility	
  to	
  the	
  EVA	
  
concept.	
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Expected	
  EVA	
  Results	
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Conclusions	
  

•  The	
  EVA	
  high	
  gain	
  balloon	
  antenna	
  has	
  been	
  
esDmated	
  by	
  three	
  independent	
  
electromagneDc	
  simulaDons.	
  

•  The	
  scaled	
  model	
  test	
  provides	
  a	
  first	
  proof	
  of	
  
concept	
  for	
  the	
  balloon	
  mechanics	
  and	
  
validaDon	
  of	
  electromagneDc	
  simulaDons.	
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