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Suborbital Programs
Low-Cost Rapid Access to Space
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In addition to yielding science results, suborbital investigations are also critical in maturing new 
technologies for future space missions and developing NASA future workforce.
PI led effort,

• PI is in full control of the mission from proposal, instrument development, launch, data analysis, to 
publication.

• NASA is in control of the platform and launch operations

Suborbital payloads are Microcosm of large-scale Missions
• Students fully engaged in entire mission lifecycle within grad school tenure

Define Science Questions
Science Requirements Flowdown to Technical Requirements
Design and Fabrication
Testing, Integration, and Calibration Experiment/Payload
Staging, Launch, Recovery, Data Analysis and Presentation 

Acceptance of Appropriate Risk and Risk Mitigation
• Value lies in building the instrument and the carrying out the mission

Suborbital program is operated under NPR 7120.8
New Science is defined. Technology Readiness is raised to Flight Level (TRL-7).
Risk of failure is accepted in low cost environment. Lessons are learned. 
Systems are exercised prior to deployment on more advanced missions 
Proof of Science and Technical Concepts



Sounding Rocket Program Office
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Heliophysics Division manages the Sounding Rocket Program for all NASA.

The Sounding Rocket Program Office at WFF (Code 810)  provides implementation:
Led by Giovanni Rosanova
Day-to-day operation of the Sounding Rocket Program
Management/Oversee of the Contractor (NSROC III)
Safety and Mission Assurance (Range, Termination, recovery)

SRPO manages technologies/capabilities development
• Higher Data Rate Telemetry
• Water Recovery
• Higher Performance Vehicles 650-700 seconds above 150 km
• Sub-Payload Technology
• Component and sub-system miniaturization and modernization

SRPO provides reimbursable rocket launch services outside of their core missions, which is 
SMD science, education, and SRP technology development. 

• ~10 flights/year SMD Science (Heliospheric, Solar, Astro, Planetary)
• ~3-4 flight/year SRPO Education + Technology Development
• ~1-4 flight/year Reimbursable flights outside of the Core Mission above 

I’m the Sounding Rocket Program Point of Contact within Astrophysics; Valerie Connaughton and 
Michael R Garcia are the Technical Officers for the High Energy and UV/Visible Portfolios, respectively. 



Sounding Rocket Launch Locations
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Kwajalein 
Atoll

Equatorial Launch 
Australia (ELA)

Wallops 
Island

White Sands 
Missile Range`

Poker Flat
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Astrophysics Sounding Rocket Manifest
MISSION 02-04 EXPERIMENTER PROJECT RANGE DATE (ET) DISCIPLINE

36.323 UG FRANCE CHESS WSMR 2017-06-27 00:10:00 S S S S UV/OPTICAL

36.311 UG GREEN DEUCE WSMR 2017-10-30 05:00:00 S F – F UV/OPTICAL

36.329 UH GALEAZZI DXL PFRR 2018-01-19 07:17:00 S S S F HIGH ENERGY

36.330 UH MCENTAFFER WRX-R KWAJ 2018-04-04 06:40:00 S S S S HIGH ENERGY

36.333 UG FRANCE CHESS KWAJ 2018-04-16 5:16:47 S S S S UV/OPTICAL

36.245 UH FIGUEROA MICRO-X WSMR 2018-07-23 02:00:00 S F S F HIGH ENERGY

36.331 UG GREEN DEUCE WSMR 2018-12-18 02:46:00 S S S S UV/OPTICAL

36.346 UG FRANCE SISTINE WSMR 2019-08-11 02:07:00 S S S S UV/OPTICAL

36.343 GG NUTH DUST-1 WSMR 2019-10-07 11:00:00 S S S S LAB ASTRO

36.352 UG MCCANDLISS FORTIS WSMR 2019-10-28 00:30:00 S S S S UV/OPTICAL

36.365 GG NUTH DUST-2 WSMR 2020-09-08 14:00:00 S S S S LAB ASTRO

36.368 UH GREEN DEUCE WSMR 2020-11-02 UV/OPTICAL

36.281 UG ZEMCOV CIBER-2 WSMR 2021-02-15 UV/OPTICAL

36.347 UH MCCAMMON XQC AUS 2021-06-28 HIGH ENERGY

36.367 UH MCENTAFFER tREXS WSMR 2021-07-01 HIGH ENERGY

36.339 UG FRANCE SISTINE AUS 2021-07-04 UV/OPTICAL

36.350 UG GREEN DEUCE AUS 2021-07-14 UV/OPTICAL

36.355 UH FIGUEROA MICRO-X WSMR 2021-11-01 HIGH ENERGY

36.363 UH GALEAZZI DXL-3 WFF 2021-12-06 HIGH ENERGY

36.298 UH MCENTAFFER OGRE PFRR 2022-10-24 HIGH ENERGY



DUST Mission
Determining Unknown yet Significant Traits is a Laboratory Astrophysics investigation 
studying dust grain formation. The Sounding Rocket flight provides the microgravity study 
environment for this sample return mission.

Led by PI Joseph Nuth, GSFC in collaboration with Hokkaido University.

The gas-solid phase change is unstable at first due to the surface energy of the clusters 
which must grow large enough to be dominated by internal energy before they grow into dust 
grains.

Theory assumes that every SiO colliding with an unstable cluster sticks and that every SiO
that strikes a stable cluster also sticks and contributes to the growing dust grain. 

In practice these processes are much less efficient by several orders of magnitude.

6First build stable clusters by addition & 
loss of SiO.



Objectives of the DUST Payloads

• Use the Interferometer experiments (see next slide) to measure the temperature and pressure 
at which SiO, Fe-SiO and Mg-SiO nucleate.

• Use the IR Spectrometer experiments to measure the spectrum of freshly condensed 
amorphous silica, iron silicate and magnesium silicate dust.

• Based on Interferometer data and using Classical Nucleation Theory, calculate the efficiency 
of cluster growth for unstable clusters.

• Based on the partial pressure of condensates, gas temperature, time and measured particle 
size distribution, calculate the dust growth efficiency. 

• Based on the number density of nucleated dust grains, available time and size of dust 
aggregates, calculate the aggregation efficiency.

• Determine the effect of background gas [Ar, Ar+O2, Ar+H2] on nucleation, growth, aggregation 
and particle morphology.
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The DUST Payload
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Total: 138 kg
Height: 1400 mm 
Diameter: 405 mm
without skin and 
cables

Interface circuit system
15 kg
⌀405 mm
215 mm in height

Interferometer x4
17 kg
⌀405 mm
125 mm in height

payload stack
~28 kg, ⌀405 mm, 335 mm in heightIR spectrometer x2



IFC2 FeSiO Nucleation
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(1) Visual image 
of the hot 
filament and 
dust nucleation.

Expanded time series of 
visual images along the 
white line in (1) showing 
dust nucleation.

Time series of 
visual images 
along the white 
line (1).



TEM Images of IFC2 FeSiO

10TEM – Transition Electron Microscope

30 – 100 nm: Separation of Fe-
silicate from amorphous silica

Fe Si O

100 nm

Fe Si O
100 nm

100 nm

~10 nm: Amorphous Fe-
silicate

TEM Images

Chemical 
Compositions

Electron 
Diffraction 
Patterns



DUST Analysis
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The DUST-1 payload arrived in Hokkaido in late December 
2019.

TEM analysis of particles began January 2020.

A Science Team meeting in February 2020 resulted in this 
poster for the LPSC.

COVID shut down Hokkaido University.

Upon being allowed back in the laboratory the JAXA team 
worked to refurbish the payload in order to support launch of 
DUST-2.

DUST-2 successfully launched on 7 September 2020, was 
recovered and was shipped back to JAXA on September 15, 
2020.

Once in Japan, full data analysis will begin.



Equatorial Launch Australia (ELA)
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Timing of the APD Australia Campaign
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1/1/21 3/1/21 5/1/21 7/1/21 8/31/21 10/31/21 12/31/21

Sounding Rocket Program Office (SRPO) is 
working with the commercial Equatorial Launch 
Australia (ELA) site. The plan is to have three (3) 
payloads launched in the June/July of 2021, which 
is the maximum number of science teams that can 
see their targets in a narrow 3-week window.

MW Center: McCammon
NGC796: McCandliss
A Cen B: France, Green
Vela SNR: McEntaffler
(PI in high lighted above can see prime science target in the June/July time frame)

SRPO anticipates to have an Australia Sounding 
Rocket campaign every 3 years.

Recently a second commercial launch site further 
south is presently being explored of potential 
future use APD Sounding Rocket.



Backup Slides
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Suborbital Platforms Overview
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Sounding Rockets
• Exoatmospheric > 100 km
• Flight duration of up to 20 min at altitude
• Payload Masses typically 500 kg
• Mature payload sub-systems provided by the SRP

(Skins, Doors, TM, Pointing, Guidance, Recovery)
• Fine pointed standard capability < 1”
• Science Disciplines: X-ray, EUV, UV, IR
• Recoverable/re-flyable

Balloons Payloads
• Float altitude 34 km (super pressure) to 39 km (conventional)
• Float time of avg 21 days (conventional) and 60-100 days (super pressure)
• Payload Masses up to 1000 kg (super pressure) to 3600 kg (conventional)
• Experimenter provides gondola
• Fine pointing ~1” is available (WASP)
• Science Disciplines: Particle Astrophysics, γ-ray, hard X-ray, 2100 ± 100 Å window far-IR, sub-mm
• Recoverable/re-flyable



Balloon Program
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Balloon Program COVID Impact Timeline
Wanaka, NZ 
~ 02/21/20 COSI science team deploys

03/14/20 BPO decision to cancel the Wanaka 2020 Campaign and redeploy teams.

Palestine, TX
04/08/20 BPO decision to move the payload (PIPER) from Palestine to the Ft. Sumner 
Campaign.

Fort Sumner, NM
For all but one payload (PIPER), the PI have withdrawn from Ft Sumner campaign.

07/09/20 BPO decision to cancel the Ft. Sumner campaign (Nevada the recovery side for 
Ft. Sumner balloon launches was at the peak of their COVID outbreak).

McMurdo, Antarctica
06/21/20 NSF informed NASA the due to COVID-19 they can not support a 20/21 LBD 
campaign.
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FY20 Balloon Program Manifest
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FY21 Balloon Program Manifest
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Qualification of the Super-Pressure Balloon
Pre-COVID-19 plan was to conduct two qualification flights of the super-pressure balloon 
(SPB) design before GUSTO launches on an SPB from Antarctica in December 2021

• Spring 2020 and Spring 2021 from Wanaka NZ 

The Spring 2020 balloon campaign was cancelled in March 2020 due to COVID-19 
restrictions

Current plan is to conduct one qualification flight of the SPB
• Spring 2021 from Wanaka NZ, if possible within COVID-19 restrictions
• Summer 2021 from Sweden, if New Zealand campaign cannot be conducted; the 

thermal environment of a Sweden launch, where the Sun is not setting on the balloon, 
is similar to the initial GUSTO SPB Antarctica launch environment

The use of a zero-pressure balloon (ZPB) for GUSTO is being studied as a backup
• Preliminary meteorological studies indicate that there is a high probability that GUSTO 

would attain its threshold requirements if launched on a ZPB
• ZPBs have less restrictive weather conditions for launch, so there are more launch 

opportunities in Antarctica for a ZPB than a SPB
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Sounding Rocket Program
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DUST, PI Nuth
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DEUCE/INFUSE, PI Green
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CIBER-2, PI Zemcov
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XQC, PI McCammon
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WRXR, tREXS, OGRE, PI McEntaffer
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CHESS, SISTINE, PI France
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FORTIS, PI McCandliss
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Micro-X, PI Figueroa
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DXL & DXG, PI Galeazzi
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