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Executive Summary 

We recommend to the 2020 Decadal Review Committee a cost-effective (~$20M/year) state-of-
the-art stratospheric balloon-borne facility observatory offering accommodation interfaces for a 
wide range of instruments for far-infrared (FIR) astronomy that will enable a large set of high-
value Galactic and extra-galactic investigations.  The observatory will consist of four identical 
platforms featuring a 2.5-m class telescope with 2–5 pointing capability and provisioned with a 
4 K mechanical cryocooler.  Operationally, we envision launching two payloads annually, 
providing up to 4,000 hrs of observing time per year. Typical balloon flights, which carry the 
payloads to altitudes of up to 40 km, last from 20 to over 100 days with existing NASA ballooning 
infrastructure. After landing, the payloads are recovered and prepared for future launches. Having 
four, or possibly more, identical platforms will allow for at least two flights per year, while those 
on the ground are refurbished or upgraded and prepared for flight. The proposed platforms will 
offer a hosted instrument program as well as an incubation program that will provide ready access 
to the FIR sky for science teams and instrument developers without the capability to run a complete 
balloon or space mission.  This program will allow NASA and the scientific community to take 
full advantage of the current NASA scientific balloon capabilities at very modest operational cost, 
while at the same time providing a testbed for instruments to pave the way for future space 
missions. With this balloon-borne facility platform available, we will reduce the typical lead time 
for new FIR instruments from 5-8 years, from concept to flight, down to only 2-3 years.   
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Key Science Goals and Objectives:   

The Far-infrared (FIR) portion of the electromagnetic spectrum is the prime region for 
understanding the evolution of galaxies over cosmic time, spanning studies from the very energetic 
accretion disks around supermassive black holes (SMBHs) to the formation of planets in 
protoplanetary disks. Nearly all the energy generated by SMBH accretion, star formation regions, 
and stars themselves, in the form of radiation and mechanical energy, are absorbed by gas and dust 
and re-emitted in the submm and FIR.  This process is so efficient that half the radiation energy 
and over 90% of the photons in the universe are in this wavelength regime, and observations of 
the FIR are thus crucial to understanding the evolution of the Universe. That so much energy is 
present in the FIR/submm is an advantage as these photons dominate in the Universe and they are 
little absorbed by dust and gas and so probe galaxies, gas clouds, and planet forming disks hidden 
from view at visual to UV wavelengths.  

The energy injected by stars and accreting black holes is also responsible for maintaining 
the ionization state of atoms and ions that result in spectral line emission in the FIR. These FIR 
spectral lines are fundamental probes for studying galaxy evolution. For example, they can be used 
to trace star formation activity, to diagnose the physical conditions of the star forming clouds (see 
science white papers by Anderson et al. 2019, Bolatto et al, 2019 , Goicoechea et al, 2019, Heyer 
et al. 2019, Pineda et al. 2019, Simon et al. 2019), and to determine the chemical enrichment of 
metals in galaxies over cosmic times (see white paper by Smith et al. 2019). In addition, spectral 
lines can be used to study planet forming disks (see white paper by Bergin et. al. 2019).  FIR 
wavelengths are obscured by atmospheric absorption and thus this regime can be only studied from 
space-based and stratospheric platforms. Space (COBE, ISO, Spitzer, Herschel), airborne (KAO, 
SOFIA), and balloon-based (STO, BLAST), missions have shown the utility of the FIR for 
understanding galaxy evolution and have been major sources of data for a vibrant community 
studying a wide range of astrophysical phenomena. However, the need for orbital and suborbital 
platforms limits the opportunities for missions because the cost of such missions is high (e.g. 
operations, cryogenics, launch capability, etc.). Cost limitations have hindered the rapid advance 
of FIR technologies compared with other wavelengths in which earth-based observations are 
possible (e.g., radio, mm, near-IR, and optical). As a result, the FIR remains a relatively unexplored 
wavelength range in which a large number of scientific opportunities are still available.   

A second opportunity for FIR science has been observations from balloons.  These 
platforms have made progress possible, and delivered astronomical results, but have been restricted 
to a very small group of scientists with the capability to design, implement, and operate what 
effectively is a complete observatory.  Examples include BOOMERANG, BLAST, and STO2.  
The NASA balloon program routinely flies long-duration balloons with up to 21 days of observing 
(500 hours per flight) and has been developing ultra-long duration balloons (baselined for the 
NASA GUSTO balloon scheduled to fly in 2021) with durations of up to 100 days (2400 hours) 
of observing time per flight. We recently proposed ASTHROS, a balloon-based observatory 
offering a 2.5m class telescope with a 4K cryocooler that does not use liquid cryogens, at a cost 
that fits into the (<$10M) APRA balloon program mission cap. Given these advances in the 
potential of balloons for observations of far-infrared astronomy, we propose a new concept for a 
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facility that will use four identical copies of 
the ASTHROS observatory concept to 
provide year-to-year access to FIR 
observations with between 2000 and 4000 
hours of observing time per year by flying 
two balloons a year. After each flight, these 
platforms will be recovered and prepared for 
future flights. The proposed observatory will 
offer (several “first-light” instruments) and 
both a hosted program and an instrument 
incubation/upgrade program providing 
convenient access to the sky for science 
teams and instrument developers without the 
capabilities to operate a suborbital or space-
based mission.   

Suborbital balloon platforms offer 
significant potential for several emerging 
science themes in the ASTRO2020 decadal 
survey. These include the role of AGN and 
stellar feedback on the evolution of galaxies 
(see white papers by Aalto et al. 2019, 
Bolatto et al. 2019, Cicone et al 2019), 
including the properties of the 
circumgalactic medium (CGM), the 
evolution of dust over cosmic times (see 
white papers by S. Clark et al. 2019, Savadoy 

et al. 2019), the rise of metals over cosmic time (see white paper by Smith et al. 2019), the role of 
magnetic fields in the star formation process (see white papers by C. Clark et al. 2019, Hensley et 
al. 2019, Fissel et al. 2019), the trail of water (see white papers by Pontoppidan et al. 2019, Lis et 
al. 2019), and tracing the mass distribution and snow line location in protostellar disks (see white 
papers by  Bergin et al. 2019, Cleeves et al. 2019). For the latter themes, we show in Figure 1 that 
the atmosphere at balloon altitudes will allow water observations for sources with moderate local 
standard of rest (LSR) velocities, thus allowing the proposed balloon facility to address the trail of 
water science theme.  

Until the realization of cryocooled FIR space-based missions (2030 and beyond), a balloon facility 
will complement SOFIA in providing the astronomical community continuous access to the FIR 
sky, in particular from the southern hemisphere, and for developing new technologies.  Such a 
facility will thus enable a large number of investigations, large scale surveys, and provide flight 
heritage to advance the next generation of instrumentation and FIR missions (SPICA, OST). It 
would be complementary to SOFIA which offers the flexibility of year-round flying, in particular 
from the northern hemisphere, and access to short wavelength (mid infrared) observations.  The 
proposed balloon facility will be synergistic with existing and upcoming large observatories, such 

Figure 1: At balloon altitudes, atmospheric absorption lines 
are narrow enough to observe water lines for sources with 
moderate LSR velocity. Thus, a balloon facility can address 
key aspects of the Water Trail science case. Relatively nearby 
protoplanetary disks can be observed if the motion of the 
Earth with around the Sun shifts lines from the source away 
from atmospheric absorption.  The figure shows that for shifts 
> 30 km s-1, the transmission for the 212-101 line is > 0.6 and 
high spectral resolution observations can be used to 
determine the location of disk snowlines via tomography 
(Podio et. al. 2013). 
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as SKA, ALMA, JWST and will enable the astronomical community to make significant progress 
on understanding the inner workings of our Universe.  

This mission approach, over 10 years of operations, will provide the astronomical community with 
anywhere from 10,000 h to 48,000 h of observing time. This recommended program is 50% to 
200% of the observing time offered by a 3-year space mission operating year round (26,200 h). 
Given that the initial investment on the platform and operating cost are a small fraction of the cost 
of a space mission, our proposed facility will provide NASA and the astronomical community with 
an outstanding science return per dollar.   

The broad range of science themes that the proposed balloon facility can address are directly 
aligned with NASA's Astrophysics goal to "Discover how the Universe works, explore how it 
began and evolved, and search for life on planets around other stars". It will also address key 
NASA questions such as “How did we get here?” by exploring the origin and evolution of the 
galaxies, stars, and planets that make up our universe.  

Technology Drivers:   

NASA has been flying long-duration balloons from Antarctica, New Zealand, and Sweden for 
several years, and therefore the proposed facility can be implemented in the short term.  Ultra-long 
duration balloons are currently being developed and tested by NASA, with the expectation that 
such capabilities will be available in the coming years.  The bottle neck right now that limits the 
hours of observation using balloon-borne platforms is the lack of a standardized high-performance 
platform that opens up the stratosphere for instrument developers and science teams with no access 
or capabilities to build a specific gondola. Currently, around 75% of the budget of a typical $10M 
suborbital balloon-borne mission funded by the NASA/APRA program goes towards the gondola 
development, telescope procurement, and campaign. Large aperture far infrared telescopes, precise 
pointing systems and advanced cryogenic systems are almost impossible to afford for most of the 
teams. However, such systems, which are now available, would tremendously increase the science 
capabilities and science return of future astrophysics instrumentation. A standardized balloon-
borne facility platform featuring state-of-the-art capabilities, similar to the SOFIA airborne 
approach, would significantly reduce the cost of balloon-borne observatories. With a suborbital 
balloon-borne platform already available (telescope, gondola, electronics, power units, pointing 
control systems) NASA can increase the number of flight opportunities for new instruments while 
the instrument teams can dedicate their efforts to build more powerful instruments without the 
overhead of having to design and build also the bus.  

A number of instruments developed for space or previous suborbital missions would be readily 
available with minor modifications for a suborbital platform. For example, heterodyne instruments 
for high-spectral resolution observations (STO2, GUSTO, GREAT/SOFIA, HIFI/Herschel), and 
far-infrared polarimeters (BLAST), are highly mature and can be easily accommodated. Other 
instrument types such as low-resolution spectrometers are currently being developed by NASA for 
future flights (STARFIRE) and can be made compatible with this new platform. Such 
instrumentation in the proposed balloon facility would enable large-scale, high dynamic range 
spectral maps of FIR spectral lines ([CII], [NII], [OIII], etc.) and polarimetric maps in Galactic star 
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forming regions and nearby galaxies, as well as sensitive FIR continuum and spectral line surveys 
of distant galaxies.  The next generation of FIR instruments, currently under development through 
the APRA and SAT programs could be infused into suborbital flight relatively soon, increasing 
their technology readiness level (TRL) and flight heritage as an important stepping stone for future 
NASA space missions. 

Extensive progress in developing suborbital gondola and pointing systems has been made in recent 
years.  These systems now allow for the use of relatively large telescopes (up to 2.5 m) with a 
<8𝜇m surface rms and a pointing accuracies on the order of 2-5”, which are sufficient for galactic 
and extragalactic observations in the FIR.  

Technical Overview:  

Pathfinder Platform:   

The proposed facility will 
consist of four identical 
balloon platforms. A multi-
platform balloon-borne 
observatory is a low-risk 
facility in the sense that 
failure of any one platform 
or balloon flight does not 
affect the other three 
platforms, and thus will not 
delay or stop the program.   
In the following we provide 
a brief description of a 
balloon facility based on the 
proposed ASTHROS 
platform as an example of 
the capabilities it offers.    

We summarize the key 
features of the proposed 
ASTHROS platform in 
Figs. 2 and 3.  ASTHROS is 
a proposed 2.5 m balloon 
platform equipped with 4-
pixel dual-band cryogenic 
superconducting heterodyne 
array camera for high-spectral 
resolution imaging at 1.4-2.7 THz. It will feature a 4 K class low-power cryocooler for instruments 
requiring cryogenic cooling and thus will not require liquid helium, extending the operational time. 
It will use CMOS spectrometers that exhibit an order-of-magnitude reduction in power 

Figure 2: Capabilities of the ASTHROS balloon-based pathfinder concept for 
the proposed ASTHRO/FIR balloon facility. 
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consumption relative to those flown on HIFI/Herschel or STO-2. The gondola design is based on 
the proven gondola flown in STO-2, but that can accommodate a 2.5 m telescope.  The 2.5 m 
telescope unit consists of a segmented primary reflector with a honeycomb carbon fiber backing 
structure and fine-alignment mechanisms, similar to the approach used for the ALMA antennas. The 
telescope will be designed to withstand typical landing loads and thus can be re-flown. The power 
and mass resources provided by the ASTHROS’s gondola is ~900 W and ~450 kg. Those resources 
are sufficient for a wide suite of instrumentation other than heterodyne arrays. 
 
The NASA Columbia Stratospheric Balloon Facility provides telecommunications systems as part 
of the Support Instrument Package (SIP) for the remote link between gondola and ground. It uses 
the TDRSS and Iridium satellites whose signals that are received at NASA-CSBF's Operations 
Control Center (OCC) in Palestine (TX) and sent to the science data center and the instrument 
teams.  
 

Organization, Partnerships, and Current Status:   
 
The proposed project 
will be managed by a 
program office at a 
NASA center, similar to 
other NASA missions, 
with the addition of a 
science center. The 
NASA balloon program 
can manage the balloon 
operations and testing in 
Antarctica, Sweden, and 
the U.S.   
While we currently do 
not envision any 
international partnership, 
the proposed program 
can support international collaborations by external instrument contributions in exchange for 
guaranteed time. International partners would work with the science center to provide the data 
reduction and analysis tools.  The proposed balloon facility model provides a low-risk opportunity 
for incorporating foreign collaborations, as any delay on the contributed instrumentation can be 
addressed by flying a different balloon/facility instrument that replaces the one that was delayed.   

Schedule:   

In Figure 4, we show the planned operation model for the proposed balloon facility. We assume a 
starting point in 2023 and a total operation of 10 years. Note that the facility can continue operation 
beyond this period if there is sufficient community and NASA support.  Following a 
recommendation from the ASTRO2020 decadal survey, the proposed facility can start in 2023 

Figure 3: ASTHRO/FIR payload overview, including instrument accommodation and 
CBE mass and power budget. 
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with the gondola and instrument design, and the integration and testing phase (I&T) will last four 
years, with a first flight in December 2026. A second balloon can start development a year after 
the first balloon, and be ready for flight in 2027. By 2028, all four balloons will be available and 
ready for flying. Afterwards, we will fly two balloons a year, with the other two undergoing 
refurbishment, repairs, and updates for future flight.   Starting in 2026, there will be a yearly 
observing call for observing proposals from the community. Every other year there would be an 
instrument call, to allow either upgrades to existing facility instruments, or new instruments.  

Additionally, a technology development program could be implemented for improvements on 
gondola design for accommodating larger telescopes. 

 

Figure 4: Planned operations model for the proposed balloon facility. 

 Cost Estimates:   

In Table 1 we summarize a preliminary cost estimates for the proposed balloon facility. The costs 
are based on previous experience in a variety of NASA programs. We estimate the cost of the 
balloon facility to be around $19.2M/year, over 10 years of operations.   

The cost of the telescope, gondola, control electronics, and cyrocooler, which will be provided as 
a facility platform, is based on the typical cost of an APRA mission, with the addition of one time 
extra funds to account for the cost of a 4K cryocooler (~$5M) for each facility. APRA balloons 
are considered no risk classified missions and are therefore have lower cost than other NASA class 
missions (e.g. D class). The instrumentation is also based on typical costs of instruments proposed 
for a ROSES/APRA balloon flight. The science center will manage observing and instrument calls 
for the facility. Additionally, it will develop data processing pipelines, and tools for the community 
to analyze the data produced by the facility. We estimate the cost of such a science center to be 
about $2M/yr. The balloon facility program will also provide funding for the community for 
analyzing the observations. The cost of this program ($5M/yr) is based on typical community 
support budget for the SOFIA program.  The pre-flight preparations, flight operations, and payload 
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recovery will be provided by the NASA balloon program office. Given that the NASA balloon 
program already supports one FIR balloon flight per year, the proposed balloon facility will only 
require one additional balloon flight per year to be supported by the NASA balloon program, and 
thus require a modest augmentation on this program’s budget ($4M/year). The proposed balloon 
facility program will also support an instrument development program, with new instrument calls 
every 2 years. We estimate the cost for this program to be $3M/year. Such new instrumentation 
budget will enable more capable instrumentation compared with the initial facility instruments that 
are costed based on the budget constraints of APRA balloon missions. Further cost savings can be 
accomplished by leveraging existing NASA investments on the ROSES/APRA balloon program. 

 

 

Table 1: Cost estimate of the proposed balloon facility, based on the cost various NASA programs  

 

The cost information contained in this document is of a budgetary and planning nature and is 
intended for informational purposes only. It does not constitute a commitment on the part of JPL 
and/or Caltech. This research was carried out at the Jet Propulsion Laboratory, California 
Institute of Technology, under a contract with the National Aeronautics and Space Administration. 
© 2019 California Institute of Technology. Government sponsorship acknowledged. 

  

 

 

 

 

 

Subsystem Cost   Basis of Estimate  
Telescope/Gondola/Control 
Electronics/Cryocooler (4 units) 

4 x $10M; one time ROSES/APRA program and vendor 
quotes for telescope and cryocooler.  

Initial Instrumentation (4 units) 4 x $3M; one time ROSES/SAT program  

Science operations (science center) $2M/year  Herschel/SOFIA science centers  

Community science support $5M/year  SOFIA  

Balloon facility  support 
(operations) 

$4M/year  Balloon Program Office  

Instrument Upgrade Program $3M/year  SAT Program 

TOTAL COST OVER 10 YEAR OPERATION $19.2M/year    
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