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Introduc6on	  /	  Ra6onale	  
•  The	  Planetary	  Science	  Division	  has	  been	  assessing	  
stratospheric	  balloon	  pla@orms	  and	  is	  moving	  
toward	  a	  goal	  of:	  Developing	  a	  reusable	  pla0orm	  
to	  achieve	  high-‐value	  planetary	  science	  which	  
takes	  advantage	  of	  the	  stratospheric	  vantage	  
point,	  advanced	  capabili<es,	  and	  the	  low	  cost	  of	  
balloon-‐borne	  missions	  	  
	  
– Opens	  up	  ways	  to	  make	  observa6ons	  of	  planetary	  
targets	  at	  rela6vely	  low	  cost	  

–  Enables	  observa6ons	  not	  possible	  from	  the	  ground	  and	  
complements	  /	  augments	  space-‐based	  assets	  

–  Engages	  planetary	  science	  community	  in	  frequent	  new	  
missions	  and	  science	  -‐	  especially	  valuable	  at	  early	  
career	  stages	  
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Balloon	  Rapid	  Response	  for	  ISON	  
(BRRISON)	  Mission	  Overview	  
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BRRISON	  Objec6ves	  

ISON	  imaged	  by	  Gemini	  Mul3-‐Object	  Spectrograph,	  Gemini	  North	  

Feb.	  4,	  2013	   Mar.	  4,	  2013	   Apr.	  3,	  2013	   May	  3,	  2013	  

•  Develop	  and	  demonstrate	  gondola	  and	  payload	  systems	  for	  a	  
balloon-‐borne	  pla@orm	  designed	  to	  achieve	  planetary	  	  
•  Payload	  systems:	  IR	  imaging	  of	  ISON;	  NUV/Vis	  imaging	  and	  opera6on	  of	  Fine	  Steering	  

Mirror	  (FSM)	  for	  obtaining	  sub-‐arcsec	  poin6ng	  stability	  

•  Provide	  high-‐value	  science	  
–  Measure	  CO2	  and	  H2O	  and	  determine	  their	  ra6o	  for	  ISON	  
–  Observe	  other	  high-‐value	  targets	  as	  available	  
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BRRISON	  Gondola	  
Ready	  for	  Launch	  
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•  Azimuth	  and	  A^tude	  stabilized	  
gondola	  with	  80-‐cm	  telescope	  

•  Two	  instruments	  on	  separate	  
op6cal	  benches	  
•  APL	  developed	  IR	  camera	  	  (BIRC)	  for	  
imaging	  2.5	  µ	  to	  5µ	  

•  SWRI	  developed	  UV-‐Vis	  camera	  
(UVVis)	  with	  fast	  steering	  mirror	  and	  
fine	  guidance	  system	  	  

•  Light	  is	  sent	  to	  either	  UVVis	  or	  BIRC	  
(not	  both)	  	  

•  Payload	  in	  stowed	  posi6on	  is	  
enclosed	  within	  gondola	  frame	  
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Rapid	  Response	  Development	  
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BRRISON	  Flight	  
•  Arrived	  at	  Ft.	  Sumner,	  NM	  on	  9/9	  
•  Performed	  telescope	  alignment	  &	  reassembly	  of	  the	  

gondola.	  Finalized	  tes6ng	  
•  Hang	  tests	  on	  9/26	  

•  All	  systems	  performed	  well	  
•  Flight	  Readiness	  Review	  on	  9/27	  

•  Launched	  9/28,	  a	  rare	  ahernoon	  launch	  due	  to	  weather	  
•  Experienced	  a	  telescope	  posi6on	  anomaly	  early	  in	  flight	  

which	  prevented	  ISON	  and	  other	  science	  observa6ons	  
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BRRISON	  IR	  Camera	  (BIRC)	  

Stars	  and	  Moon	  imaged	  during	  hang	  tests	  
340	  km	  (BIRC	  FOV	  =	  3’)	  

Moon	  2.47	  &	  4.0	  µ	  

Star	  imaged	  in	  flight	  by	  IR	  
camera	  (star	  is	  saturated	  )	  

Faint	  companion	  

•  “Hang”	  tests	  at	  launch	  site	  demonstrated	  arc	  
second	  poin6ng	  pla@orm	  
–  The	  IR	  camera	  imaged	  the	  bright	  star	  ζ	  Pers	  and	  its	  companion	  BD
+31	  666C.	  Companion	  is	  8.5	  mag	  fainter	  and	  ~15	  arc	  sec	  away.	  

•  IR	  camera	  imaged	  Polaris	  (α	  UMi)	  in	  flight	  
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BRRISON UV/VIS Camera 

Faint	  companion	  

§  The UVVis Guide Camera and Fine Steering 
Mirror corrected two types of errors: 
q  Image blur due to atmospheric turbulence. 

From focus sweeps, we find a minimum image 
FWHM of 3” at best focus. 

q  Pointing errors due to telescope motion (RMS 
motion was about ±15” during the hang test).  

§  Results:  
q  Pointing errors for the full field (60”) were 

determined at 50 Hz (100 Hz for a 40” FOV) 
and sent to the FSM. This is much faster than 
the goal of 20 Hz. 

q  The FSM corrected all detectable telescope 
image motion and, further, reduced the blur due 
to seeing to 1.5”. This 50% reduction of the 
FWHM is the theoretical improvement that can 
be attained by a tip-tilt system! 

 

Image	  without	  FSM	  	  

Image	  with	  FSM	  	  
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Anomaly and Proximate Causes 

Faint	  companion	  

§  The Optical Telescope Assembly 
(OTA) became trapped in its 
stowed position  

§  Anomaly was due to 
combination of three causes 

q  Communication between gyros and 
heritage computers was interrupted 
(connection integrity).  

q  The loss of data resulted in software 
incorrectly driving the telescope assembly 
into its stowed position at full torque 

q  The latch mechanism, while a heritage 
design, had insufficient structural strength 
to handle this anomaly condition, 
deflecting  and trapping the stow bar 
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Stow	  bar	  

Stow	  latch	  

Pre-‐flight	  

Stow	  latch	  

Normal	  Stow	  
Posi6on	  

Stow	  bar	  



§  Hardware recovered in excellent condition 

§  Two flight opportunities are possible in 2014: 
Both allow observations of bright Oort Cloud 
comets 
q  Comet C/2012 K1 (PanSTARRS) from Kiruna, 

Sweden in the summer 
q  Comet C/2012 K1 and for C/2013 A1 (Siding 

Spring at Mars) from Ft. Sumner, NM in the fall 
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What May be Next 
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§  Concept being considered: Re-fly the BRRISON 
hardware correcting the anomaly causes 
q  Re-use OTA, gondola system, instrument packages 

and experienced team 
q  Ship in May or August 

§  Kiruna schedule is doable but aggressive. Ft. 
Sumner schedule is “comfortable” and launch 
costs would be less 

§  Cost for re-work / re-place needed hardware, 
integrate, test, and re-fly has been estimated and 
provided to PSD 
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Re-Flight Programmatics 
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§  Observable from Kiruna in summer: Oort Cloud comet C/2012 K1; Ceres, Vesta, 
Uranus, Neptune; Moon (depending on launch date) 

q  Comet C/2012 K1 (PanSTARRS) is observable continuously 24/7; allows first-ever 
measurement of rotational light curves in water and CO2 emissions from an Oort 
Cloud comet 

§  Observable from Fort Sumner in fall: Oort Cloud comets C/2013 A1 & C/2012 K1; 
Ceres, Vesta, Uranus, Neptune; Moon (depending on launch date) 

q  Comet C/2013 A1 (Siding Spring) is observable within a few weeks of the Mars 
close encounter which will be observed by Mars spacecraft; and Comet C/2012 K1 
(PanSTARRS) is observable, but neither can be observed continuously 

§  Both Kiruna and Fort Sumner flights offer excellent science 
q  Kiruna flight offers discovery potential from a first-ever observation 
q  Fort Sumner flight offers two comets and night time (dark sky) observations for 

UVVis extended exposures 
q  Both Oort Cloud comets are much brighter than ISON for both flight opportunities 
q  Both flights can observe Ceres and Vesta in support of the Dawn mission shortly 

before the Ceres encounter 

2014 Potential Science Return 
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§  Comet is up and observable 
continuously from Kiruna, 24hr/
day 

q  magnitude 8; SNR ~80 in 10 min, 
4.3 µ CO2 line vs. continuum 

§  Measurement has never been 
made in an Oort Cloud Comet 

q  Only previous measurement from 
space with Deep Impact, in 
periodic Comet Hartley 2 

q  Hartley 2 light curves in H2O 
and CO2  differ from each other; 
there are also shifts in image 
position 

q  Indicates primordial 
heterogeneity of nucleus 

§  Measurement is not possible 
from the ground or from any 
currently operating spacecraft 

Balloon Flight in Kiruna: An Opportunity to 
Measure Near-IR Light Curves in H2O and CO2 

from Oort Cloud Comet C/2012 K1 

A’Hearn	  et	  al.	  2012,	  Science,	  332:1396-‐1400	  

visible	  

H2O	  

CO2	  

Hartley	  2,	  Deep	  Impact	  
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§  Decadal class planetary science can be achieved 
from stratospheric balloons 
q  Unique contributions, low cost, opportunity for frequent 

and regular community engagement and science 
progress 

§  For 2014, unique and compelling science can be 
realized for a very low cost by leveraging the gondola 
and instrument systems developed for Comet ISON. 
q  Hardware and team can be ready for a successful flight in 

FY14 

§  Comments to 2014 science options?   Or Questions? 
15 

Conclusions 



Backup	  
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Addressing	  Decadal	  Survey	  Science	  

•  The number of questions does not account for importance or priority.  
Answering a single question may justify an entire mission. 

• Each question does not require a separate mission.  In all likelihood, a 
single mission will address multiple questions.   

A balloon platform offers a multi-target / crosscutting capability to 
address a wide range of decadal science objectives 
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Science	  Achievable	  vs	  Pla@orm	  Capability	  

Significant science is achievable with modest system 

A system with 
the indicated 
features could 
addresses 15% 

of Decadal 
Survey 

“Important 
Questions” 


