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What are we doing? 

• Determine if there is high-value planetary science 
that can be achieved from a stratospheric balloon 
based platform 
– Is there community support to explore this potential 

 

• What might that science be 
– Disciplines, Targets, Quantity 

 

• What would it take to achieve that science 
– Mission and platform concepts 

– Costs and risks 

 

1/11/2013 



Why? 
• Increasing cost pressures will require 

novel approaches for getting more 
planetary science with less resources 
 

• Recent technical advances 
– E.g. pointing  

 

• Engage a broader community in 
missions, train new scientists 
engineers and project leaders, 
other… 
 

• Opportunity to leverage progress 
made by other SMD divisions 

1/11/2013 STO  hardware 



Workshop Results 

1/11/2013 

• The primary goals of the workshop were to determine the level of 
support from the planetary community and to get an idea of the 
science 
 

• Very positive response from attendees and others in the planetary 
community 

• Good array of ideas and discussion of science - (40) science concepts captured 
with an emphasis on why this platform would be preferred/necessary 
• Main discriminators of platform tended to be 

• View location: Above most atmospheric effects 
• Opportunity for long flights and observations (weeks and moving to 

months) 
• Payload capability (large and heavy payloads)  as compared to spacecraft 

 
• Cost not directly factored in yet but that is expected to be a significant benefit as 

well 
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Applicability to Decadal Survey 

Category Total # of DS 

“Important 

Questions” 

# Answered or 

significantly 

addressed 

% 

Addressed 

Small Bodies 23 10 43% 

Inner Planets 39 11 28% 

Major Planets 39 6 15% 

Icy Satellites 75 12 16% 

Mars 48 3 6% 

Total 194 42 21% 

• 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. 



Potential Science Examples  
• Small Bodies: 2.5 – 5-um spectroscopy, 10nm resolution, 1-m aperture, 

responds to five “Priority Questions” under the Objective “Determine 
the composition, origin, and primordial distribution of volatiles and 
organic materials in the Solar System”. 
 

• Icy Satellites: 1 – 5-um spectroscopy, 10nm resolution, 1-m aperture, 
responds to one “Priority Question” under the Objective “Composition 
and distribution of volatiles ” – for the satellites of Uranus and 
Neptune. 
 

• Inner Planets: high spatial resolution NUV – NIR imaging, 1-m 
aperture, responds to two “Priority Questions” under the Objective 
“Determine how solar energy drives atmospheric circulation, cloud 
formation, chemical cycles on Venus”. 
 

• Giant Planets:  high spatial resolution Vis imaging, 2-m aperture 
responds to one “Priority Question” Why and how does the 
atmospheric temperature and cloud composition vary with depth and 
location on the planet?” 

7 
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Science Achievable vs Platform Capability 

Significant science is achievable with modest system. 

~20% of Planetary Balloon 

missions possible with 

baseline system 

 

Addresses 15% of Decadal 

Survey “Important 

Questions” 
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Requirements vs. Alternative Options 

Balloons offer a cost-effective addition to HST imaging and enables capabilities beyond 

alternative assets 

 

SOFIA HST Ground Balloon 

Time Allocation         
Above telluric absorption and 

background         

Spatial Resolution / Pointing         

Observing Efficiency 

Cost per Mission         

Aperture 

More than 35% of the Cycle 19 HST proposals could have been performed from a balloon-borne 2-m 
telescope with a stabilized visible camera.  

• Balloons have no measurable wavefront errors at 120,000 ft (ref: Barthol/SUNRISE) and could perform 
diffraction-limited visible imaging at the 0.05” level with a 2-m aperture. 

• HST allocates 2800 orbits per cycle.  A single 100-day balloon mission can provide about 1000 hours of dark 
time, more than TEN TIMES the annual SS allotment. 

Balloon Platforms can conduct observations not possible by ground-based telescopes, SOFIA, or HST.  

• Only Balloons and SOFIA can conduct observations in the ‘water-bands’  

• Only balloons can conduct daytime mid-IR observations  or measure CO2 and have 10x lower downwelling 
radiance than SOFIA and near 100% transmission at other mid-IR wavelengths 

Balloons enable mid-IR capabilities beyond alternative assets 
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Recommended Baseline Capability 

Simultaneous VIS and IR channels with  

platescales matching their respective diffraction limits 

Baseline demo mission could address 30 of 

the Decadal’s 194 ‘important questions” 
 

De-scope Options: NUV-VNIR alone addresses 17, IR addresses 13. 

Baseline Aperture: At least 1-m 

Provides 0.12” diffraction limit at 0.5 µm. A 

50-cm aperture only provides 0.25” resolution, 

about 2x better than the best ground-based 

sites. 
 

Baseline Pointing (VIS and IR) 

Long exposures require 0.05” RMS pointing. 

For IR imaging (J-H-K), 0.25” RMS is 

sufficient. For IR spectroscopy, 1.0” stability 

is good enough to keep light in the slit; 

depends on instrument design. 
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Recommended Mission Concept to Evaluate 

• Recommending the simplest / lowest risk mission demonstration that achieves significant 

science 

•     - Based on 1m, 1” minimum pointing capability 

•  - Utilize Day and Night observations 

•  - LOS communications 

•  - Could start with a 24 hr mission out of Ft. Sumner 

 

 

 

Demonstrating the concept will highlight practicality of balloon based planetary 

science, yield significant science return, and open the door for more aggressive 

science campaigns. 



12 

Path for Growth and Evolution 

• The platform allows for graceful growth in capability and 

science return 

  Low risk improvements, many of which are or will be 

 demonstrated before we’d need them 

• New science can be achieved as features are added 

–  Larger apertures 

–  Increased stability  

–  Longer flights 

–  Different launch sites 

–  Better communication capability    

• Additional enhancements to add life cycle value and lower cost 

would include: survivability, modularity, etc. 

Evolutionary path leverages existing BPO efforts and other mission successes. 

Will open up new planetary science with little risk and low cost 
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Potential Near Term Application 

• Currently evaluating the possibility of a balloon-borne 

payload to observe comet Ison 

• Ison observable during days in fall of 2103, perihelion in late 

November 2013 and comes closet to Earth late December, if 

it survives. 

• Balloon platform could offer unique ability to measure 

abundances of OH and CO2 as well CO2/H2O ratios, at the 

same time 



Ison Track 

 

1/11/2013 
DRAFT: Contact Tibor Kremic with 

Questions/Comments 
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Potential Near Term Application 
• Have identified existing flight proven hardware with the basic 

characterizations needed; i.e. adequate telescope aperture and 

coarse pointing system to make the desired measurements 

• Schedule would be tight but could outfit existing hardware 

with the appropriate optics bench and instrumentation 

• BPO is submitting it to manifest 

• Any new hardware would then be transferable to a future 

planetary platform being defined considered in the study 

• Approach would demonstrate science potential of this platform 

as well it’s ability for a “quick” response 

 

Evaluating the possibility of a near-term application to 

achieve unique science and demonstrate key platform systems 
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Next Steps for Study 

• Complete analysis and define system level 
requirements  

– Also describe  the expected science that the defined 
platform will address 

 

• Develop cost / risk information 

 

• Continue to share results 



Backup 
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Significance of Stabilization 

Why is image stabilization on a balloon significant?  

  

 Allows HST caliber resolution in visible wavelengths. 

What is the significance of diffraction-limited imaging 

from a balloon? 

SUNRISE (2009): sharpest pics of Sun to date 

It allows visible imaging at 0.05” resolution (with a 2-m 

telescope), not possible from ground-based AO systems. 

Signal-to-Noise Ratio 

M=23 

M=24 

M=25 

From 

120,000 ft 

It allows deeper imaging of 

faint objects. Example: 

objects would have 60% 

higher SNR from a 1-m 

telescope at 120,000 ft than 

from the same telescope on 

the ground; SNR of 5 in 180 s 

for a 25th-mag object 



Not your Grandfather’s Balloons 

• Balloons today can operate at over 
120,000 ft (above 99.5% of 
atmosphere)* 

• Carry payloads in excess of 6,000lbs* 
• Operate at altitude for over 50 days* 
• Are relatively inexpensive to 

develop, launch, operate and can be 
done so quickly 

• Recently demonstrated sub-arc 
second pointing for ten’s of minutes 

1/11/2013 

* Currently all these are not doable on the same mission. Near term goal is to 
fly 2000lbs at 120K ft for 100 days.  



Potential Advantages of a Balloon-
Based Facility 

• Low-cost planetary science 
• Broadens flight opportunities for planetary PI’s 
• Hubble-like performance at greatly reduced cost 
• Clear access to wavelengths obscured by Earth’s atmosphere 
• Very stable photometry 
• Ability to observe targets close to sun 
• Long observation periods (enables some atmospheric science) 
• Low-cost enables the facility to be dedicated for planetary science – 

eases operations and increases observation times 
• Large payload capacity – offers piggyback science, student projects, 

technology demonstrations 
• Fast development cycles and science return 
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Example of Pointing Stability Demonstrated - STO 

• Does not imply that this is best that could be done today 
1/11/2013 

0.42 arcsec RMS 

0.75 arcsec RMS 



Science Idea Summary 
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 List of ideas generated – community review and comments will 
establish merits. Further study will address technical risk 

Target Idea Title 

Major Planets 

Red Absorber and Hydro-carbon ices on Satellites 
Ammonia Strom Cloud Evolution on Jupiter and 
Saturn  
Methane clouds on Uranus/Neptune 
Aurorae Observations 
Exogenic Water in Atmospheres of Major Planets  
N2, NH3, and CH4 Maps of Major Planets and Titan 
Mapping Waves and Dynamics on Giant Planets  
Saturn Rings Observation (??) 

Icy Satellites 

Methane Storm Cloud Evolution on Titan  
Spectroscopy of surface ices on Triton, Pluto and 
Large TNOs 
Secular Vulcanism on IO 
Discovery and characterization of CO2 on airless 
bodies 
Light Curves of Materials for Titan, Triton, and 
others 
Near Surface Methane on Titan 

 



Science Idea Summary 
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 List of ideas generated – community review and comments will 
establish merits. Further study will address technical risk 

Target Idea Title 

Small Bodies 

Survey and characterization of organics and 
volatiles on asteroids 
Physical properties of asteroids  
CO2 on asteroids  
Monitoring Comet & Transition Object Behavior 
Population Compositional Characterization of 
Primitive Asteroids 

Understand UV variability in C-type asteroids 
Space Weathering on S-Type Asteroids 
Characterize Volatile Ice on TNOs (Trans Neptunian 
Objects) 
Small Body Targets-of-Opportunity 
Searching for OH emission around Ceres and other 
asteroids 
Observations of faint moving objects 
Interplanetary Dust Particles (IDP) 

 



Science Idea Summary 
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 List of ideas generated – community review and comments will 
establish merits. Further study will address technical risk 

Target Idea Title 

Venus 

Venus Surface Thermal Emissivity 
Lightning detection on Venus  
Venus Day side cloud circulation 
Venus clouds circulation (night) 

Mars 

Water cycle of Mars 
Dust cycle of Mars 
Mars – trace gas observations 

Moon 

Moon and Mercury non-mafic silicate composition 
Temporal and Spacial Variance of chemical species 
in the exospheres Mercury and secondarily the 
Moon 
Water Cycle on the Moon 
Moon Dust 

Other 

Secondary Support for Primary Missions 
Balloons and Instrument validation 
Exoplanet transit and transit spectroscopy 
Planetary Surprises requiring quick response 
Observations of faint moving objects: KBOs, 
asteroids, NEOs 
Multi Instrument Campaigns 

 


