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Astronomical	
  Constraints	
  
need	
  to	
  detect	
  and	
  resolve	
  
objects	
  in	
  space	
  

Prac=cal	
  Constraints	
  
need	
  to	
  build	
  and	
  maintain	
  
telescope	
  on	
  a	
  budget	
  



Astronomical	
  Constraints	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

High	
  Angular	
  Resolu=on	
  

ESO	
  2.2m–telescope	
   Hubble	
  2.4	
  m	
  

in	
  space:	
  
finer	
  separa=ons	
  visible	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
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Balloons

with	
  atmosphere	
  

atmosphere	
  removed	
  

IW	
  Tau:	
  Beichman	
  &	
  Tanner	
  
L.	
  Petro	
  

uncertain!	
  

Image	
  Quality	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

High	
  Sensi=vity	
  

ESO	
  2.2m–telescope	
   Hubble	
  2.4	
  m	
  

in	
  space:	
  
more	
  stars	
  visible	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Wide	
  Spectral	
  Range	
  I	
  

stars	
  visible	
   stars	
  not	
  visible	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Wide	
  Spectral	
  Range	
  II	
  

stars	
  and	
  different	
  components	
  of	
  gas	
  visible	
  at	
  different	
  wavelengths	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Transparency	
  of	
  the	
  Atmosphere	
  

Balloon (95 kft)

Airship (65 kft)

SOFIA (41 kft)

ALMA
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Prac=cal	
  Constraints	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Astronomical	
  Instruments	
  are	
  Large	
  and	
  Complex	
  

SCUBA2	
  on	
  the	
  JCMT	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Building	
  and	
  Maintaining	
  Telescopes	
  

depends	
  on	
  loca=on	
  of	
  telescope	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Costs	
  are	
  a	
  Limi=ng	
  Factor	
  

Herschel	
  Space	
  Telescope	
  
>	
  $1,000M	
  

BLAST	
  
few	
  $1M	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Controlling	
  the	
  Telescope	
  

SOFIA	
  
direct	
  control	
  of	
  observa=ons	
  and	
  hardware	
  

Balloon	
  
no	
  control	
  a`er	
  launch	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Easy	
  Access	
  to	
  Hardware	
  

• train	
  the	
  next	
  genera=on	
  
• develop	
  new	
  instruments	
  



Current	
  Observatories	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Ground–Based	
  Observatories	
  

Mauna	
  Kea	
  

Atacama	
  Desert	
  in	
  Chile	
  

South	
  Pole	
  

Pros:	
  
• rela=vely	
  easy	
  access	
  
• large	
  structures	
  possible	
  
• rela=vely	
  cheap	
  

Cons:	
  
• limited	
  spectral	
  range	
  
• limited	
  sensi=vity	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Space–Based	
  Observatories	
  

Pros:	
  
• perfect	
  transmission	
  
• very	
  stable	
  
• very	
  efficient	
  

Cons:	
  
• very	
  expensive	
  
• not	
  accessible	
  
• very	
  inflexible	
  (w.r.t.	
  technology)	
  
• limited	
  control	
  (not	
  for	
  observers)	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Fixed	
  Wing	
  Aircra`:	
  SOFIA	
  

Stratospheric	
  Observatory	
  for	
  Infrared	
  Astronomy	
  

•  operates	
  at	
  ~40,000	
  `	
  
•  flies	
  out	
  of	
  Palmdale,	
  CA	
  
•  2.5	
  m	
  telescope	
  
•  plan	
  to	
  fly	
  3	
  or	
  4	
  nights	
  per	
  week	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

SOFIA:	
  Observing	
  Procedures	
  

observa=ons	
  at	
  right	
  angles	
  to	
  flight	
  direc=on	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

SOFIA:	
  Observing	
  Procedures	
  

limited	
  
efficiency	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

SOFIA:	
  Summary	
  

Pros:	
  
• OK	
  transmission	
  
• easy	
  access	
  
• good	
  for	
  instrument	
  
development	
  

Cons:	
  
• inefficient	
  observing	
  procedures	
  
• beier	
  transmission	
  (higher	
  al=tude)	
  
needed	
  for	
  many	
  experiments	
  
• very	
  expensive	
  ($3.75B	
  over	
  20	
  yr?)	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Stratospheric	
  Balloons	
  

database:	
  hip://stratocat.com.ar	
  

•  operates	
  at	
  ~120,000	
  `	
  
•  payload	
  ~2,000	
  kg	
  
•  recoverable	
  (in	
  ideal	
  circumstances)	
  
•  flights	
  of	
  several	
  10	
  days	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Stratospheric	
  Balloons:	
  Example	
  Flights	
  

from	
  Kiruna:	
  
4	
  d	
  (BLAST)	
  

from	
  McMurdo:	
  
54	
  d	
  (ULDB	
  experiment)	
  

Southern	
  Ocean:	
  
15	
  d	
  (Steve	
  Fosset)	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Stratospheric	
  Balloons:	
  Summary	
  

Pros:	
  
• excellent	
  transmission	
  
• very	
  cheap	
  (few	
  $1M)	
  

Cons:	
  
• no	
  control	
  of	
  experiment	
  
(for	
  long	
  dura=on	
  flights)	
  
• very	
  inefficient	
  (few	
  flights	
  per	
  year)	
  
• limited	
  li`	
  (max.	
  ~2,000	
  kg)	
  
• limited	
  (solar)	
  power	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Pla4orm	
  Summary	
  

data	
  quality	
  

limited	
  

perfect	
  

technical	
  
challenge	
  

easy	
  

difficult	
  



Airships:	
  
Known	
  Proper=es	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Fundamental	
  Concepts	
  

•  li`	
  from	
  gasses	
  lighter	
  than	
  air	
  
•  should	
  be	
  able	
  to	
  operate	
  above	
  SOFIA	
  
(>40,000	
  `)	
  

•  can	
  li`	
  ~2,000	
  kg	
  or	
  more	
  
•  flies	
  in	
  a	
  controlled	
  fashion	
  
•  costs	
  >$100M	
  

extreme	
  dura=on	
  vehicles:	
  
•  remains	
  airborne	
  for	
  months	
  or	
  years	
  
•  recovery	
  not	
  straigh4orward	
  
•  not	
  necessarily	
  reusable	
  
•  very	
  high	
  al=tude	
  (70,000	
  `?)	
  

vehicles	
  with	
  regular	
  flights:	
  
•  remains	
  airborne	
  for	
  ~10	
  days	
  
•  straigh4orward	
  takeoff	
  and	
  landing	
  
•  regular	
  flights,	
  just	
  like	
  a	
  plane	
  

different	
  designs	
  possible:	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Communica=ons	
  &	
  Control	
  

direct	
  
communica=on	
  

if	
  always	
  located	
  overhead	
  

very	
  fast	
  direct	
  communica=on	
  
easily	
  possible	
  with	
  controlled	
  airships	
  

Herschel	
  PACS	
  (raw):	
  
1,500–4,000	
  kbit/s	
  ~	
  1	
  Gb/hour	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Access	
  to	
  Payload	
  &	
  Flexibility	
  

land	
  airship	
  

maintainance	
  &	
  
exchange	
  of	
  payload	
  

fly	
  new	
  payload	
  

not	
  possible	
  with	
  airships	
  
that	
  cannot	
  be	
  recovered!	
  

instrument	
  broken?	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Observing	
  Efficiency	
  

on	
  airships:	
  
observa=ons	
  only	
  
limited	
  by	
  day=me	
  

Telescope	
   Time	
  per	
  Year	
  

Space	
   365	
  days	
  =	
  8,760	
  hours	
  

VLT	
   >340	
  nights	
  ~	
  4,000	
  hours	
  

SOFIA	
   <3.5	
  nights	
  per	
  week	
  =	
  1,820	
  hours	
  

Balloon	
   ~30	
  days	
  =	
  720	
  hours	
  

Airship	
   every	
  second	
  week	
  =	
  4,380	
  hours	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Synergy	
  with	
  Earth	
  Science	
  

high	
  vantage	
  point	
  
(radius	
  ~500	
  km	
  at	
  20	
  km	
  al=tude)	
  

long	
  dura=on	
  



Airships:	
  
Open	
  Ques=ons	
  



Jens	
  Kauffmann	
  (Caltech)	
  —	
  Why	
  Airships?	
  

Ques=ons	
  for	
  this	
  Workshop	
  

atmospheric	
  transmission	
  
=>	
  which	
  objects	
  can	
  be	
  studied?	
  

permissible	
  telescope	
  size	
  
+	
  poin=ng	
  stability	
  
=>	
  resolu=on,	
  sensi=vity	
  

costs	
  
=>	
  compared	
  to	
  other	
  pla4orms?	
  
=>	
  earth	
  science	
  partners!	
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