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This is where 

balloons fly 

(Near Space)

Low Earth orbit

Ground simulations

How to Study Space Radiation



MARSBOx over New Mexico – Sept 2019

PI = David J. Smith (NASA Ames)

Earth’s Stratosphere is Within Reach



I. Near Space radiation 

environment

II. Overview of large scientific 

balloons

III.Three recent balloon 

payload examples

IV. How to get onboard

Outline of Presentation



Limitation of Ground Based Facilities
(1) Expensive (~$6K/hr for beam time)

(2) Volume limited

(3) Variable quality and dose (unable to mimic 

dynamic radiation)

• Experiments tend to be short-lasting, small in 

size (beam area ~20 x 20 cm2), and subjected to 

acute doses of radiation

• In contrast, the middle stratosphere (Near 

Space) has a natural, fuller composition of 

low dose rate ionizing radiation and 

secondary scattering

Beam 
direction 

Yeast 
cells 
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direction 

Figures courtesy of NASA BioSentinel Team

Limits of Ground-Based FacilitiesLimitations of Ground-Based Facilities



Space Radiation: 

(1) Ever-present galactic cosmic rays (GCR), 

with origins outside the solar system 

(2) Transient solar energetic particles (SEP)

Energetic particle radiation from space 

continuously bombards (and penetrates) the 

Earth’s atmosphere. 

At altitudes where balloons float!

Ionizing Radiation in StratosphereNear Space Radiation

Mertens et al. (2017) 



Overview of Balloons & StratosphereLarge Scientific Balloons

Smith and Sowa (2017) 



Large Scientific Balloons: Size

Background figure 

courtesy of NASA Balloon 

Program Office



Large Scientific Balloons: Lift Capacity

Figure courtesy of NASA 

Balloon Program Office



The NASA Balloon Program Office (BPO) is located at Goddard Space Flight Center’s Wallops Flight Facility 

(WFF) at Wallops Island, Virginia (https://sites.wff.nasa.gov/code820/).  It oversees operations for a portfolio of 10 to 

16 annual missions sponsored and approved by NASA’s Science Mission Directorate.

NASA Balloon ProgramLarge Scientific Balloons: Launch Sites

Smith and Sowa (2017) 

https://sites.wff.nasa.gov/code820/


• Launched Sept 2015 

(from Ft. Sumner, 

NM), flown to 36.6 km

• Average dose rates in 

the stratosphere were 

0.064 mGy/d 

(Mertens et al., 2016)

• MSL rover on the 

surface of Mars: 0.18 

to 0.225 mGy/d 

(Hassler et al., 2014)  

Radiation Dosimetry Experiment (RaD-X)

Mertens et al. (2017) 



Norman et al. (2017)

Radiation Dosimetry Experiment (RaD-X)



• Flown September 2019 

• 18 kg payload – bolts onto 
gondola

• Flexible on mission altitude, 
duration, launch dates, etc.

• DLR dosimeters (passive & 
active) as well as microbe 
container (T-REX)

• Self-powered (CU-J141-V1 
battery)

• Samples pre-loaded, stable & 
safe; gas mix can be added 
(pressurized enclosure)

• No balloon facility or in-field 
support requirements

Microbes in Atmosphere for Radiation, Survival, and 

Biological Outcomes Experiment (MARSBOx)

Smith et al. (unpublished)



MARSBOx Flight: September 2019
Smith et al. (unpublished)



• Most cosmic radiation 

particles are deflected 

around the Earth by its 

magnetic field

• But solar and deep space 

particles can penetrate 

through the magnetic 

north and south poles at 

latitudes above 70°

• Polar balloon flights 

therefore provide more high 

energy particle radiation

Long Duration Antarctic Balloon Flights
Figure courtesy of NASA Figures courtesy SuperTIGER Team (B. F. Rauch, WUSTL)



E-MIST @ Antarctica – Dec 2018
PI = David J. Smith (NASA Ames)

E-MIST Antarctic Balloon Flight



E-MIST Antarctic Balloon Flights

53.3 cm

Mounting Bracket

Handle
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Adapter

• 3 Antarctic missions (2018-2020)

• 50 kg payload – bolts onto gondola

• Camera, UV sensors & dosimeters 

• Thermal controls 

• Powered by gondola 

Figure courtesy SuperTIGER Team (B. F. Rauch, WUSTL)
Khodadad et al. (2017)



E-MIST Payload Overview



Comparison of Integral LET Flux Spectra

measured in Spacecraft and Aircraft
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Commercial Jetliner, Dublin/Los Angeles (10 km)

NASA ER-2, >60° N Latitude (20 km)

International Space Station (400 km)

TRACER Antarctic Balloon Mission (37 km)
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Figure courtesy of

Eric Benton 

(Oklahoma State University)

Antarctic TRACER Balloon Mission 



Dose & Dose Equivalent Rates measured in the 

Atmosphere and in Space using CR-39 PNTD & 

TLD

Exposure
Average 

Altitude (km)

Average Dose Rate

(mGy/hr) 

Average Dose 

Equivalent Rate 

(mSv/hr)

Mean Quality 

Factor 

Dublin/Los Angeles 10 2.52 ± 0.16 5.28 ± 0.40 2.10  0.17

ER-2 >60N 20 8.41  1.29 12.77  2.72 1.52  0.36

ER-2 ~34N 20 2.38  0.62 4.45  1.43 1.87  0.67

TRACER Antarctic Balloon 37 5.47  0.31 25.98  1.68 4.75  0.36

ISS maximum 400 10.36  0.54 18.81  1.11 1.82  0.13

ISS minimum 400 6.88  0.42 14.06  0.93 2.04  0.16
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Table courtesy of Eric Benton (Oklahoma State University)

Mars (Curiosity Rover) ~8.33 mGy/hr

Hassler et al. (2014) 

Antarctic TRACER Balloon Mission 



Flying with NASA Balloon Program Office

22

Flight applications due in April (annually)



NASA Flight Opportunities Program

23

Quarterly solicitations



• NASA Balloon Program Office (SMD Astrophysics Division)

• Columbia Scientific Balloon Facility (CSBF)

• NASA Planetary Protection Office

• NASA Space Biology Program

• SuperTIGER-2 Team (WUSTL)

• DLR Institute of Aerospace Medicine
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