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Background
• Summer 2010, 9 DePaul undergraduates from 

various science departments were tasked with 
designing, constructing, and testing a Cosmic 
Ray sensor to be placed on a high-altitude 
balloon.  



About Cosmic Rays
Cosmic rays are energetic particles originating from 
outer space that impinge on Earth’s atmosphere.

89% Protons
10% Helium nuclei (α particles)
<1% Heavier elements
<1% Electrons



Initial Planning

• Directionality vs. Energy Discrimination
• Group decided on an array of 10 sensors, eight in 

an octagonal pattern, with 2 coincidence 
detectors on top.

• Essentially a simple cosmic ray telescope





System Overview



Amplification Electronics

• Signal from photodiodes is very small (nanoamp 
currents) and therefore needs to amplified 
significantly.

• This is accomplished by an operational amplifier 
circuit.

• The analog signal is then digitized using a 
comparator circuit.







Orientation Electronics
• The 9 Degrees of Freedom Razor (9DoF) Inertial 
Measurement Unit was used to orient our 
instrument which allowed us to determine the 
direction of the cosmic ray.



Microcontroller
We coded a 
NEXYS 2 FPGA 
board to receive 
and store data 
from the 
scintillator array 
and amplifier 
circuit, the 9 DoF, 
and a real-time 
clock.



Mechanical Design

• We designed a box from polystyrene foam 
insulation material.

• The design had to allow easy access to all 
components, while remaining structurally 
durable and isolated from light.







Launches
• Conducted 3 launches from Kankakee, Illinois
• Tracked balloons using GPS and radio-based 

packet reporting system.





Results



Results







Challenges
• Steep learning curves for a six week project
• Combining engineering and science in a single 

project: to keep costs down we used photodiodes 
instead of avalanche photodiodes or 
photomultiplier tubes.



High altitude ballooning
• Superb way to involve undergraduate students  in 

research
• Students can design and build their own 

experiments
• As they progress they naturally start asking deeper 

questions
• Builds teamwork
• Reality of a launch creates compelling deadlines to 

gets tasks done
• Feelings of heartbreak at times but usually in the 

end feelings of great accomplishment


