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Undergraduate Research 

in Particle Astrophysics

Cosmic Ray Detector

Assistant Professor Armendariz's research is in astro-particle physics, cosmic rays, and
electronic detector technology. Students in the group are designing an educational array of
cosmic ray detectors consisting of fluorescent plastic scintillator, photomultiplier tubes, and data
acquisition electronics; through collaborative efforts select students conduct research at the
Brookhaven National Laboratory. Assistant Professor Armendariz manages the QCC QuarkNet
Center's educational outreach program with high school physics teachers.



CUNY Cosmic Ray Detector Array for Undergraduate Research in Engineering 

and Computational Physics

The Queensborough Community College physics department is building a cosmic ray detector array for undergraduate student research. College students 

and high school physics teachers are involved in building the array which includes detectors at different college campuses interconnected over the Internet. In 

building and operating detectors students and teachers gain valuable training in engineering science, electronics, computer programming, data analysis, and 

project management. A learning community has been established where students are engaged in high impact practices and active learning. Science goals 

include measuring the rate and directionality of 10 m to 10 km wide cosmic ray muon showers, and correlations with atmospheric variables and solar activity.

Opportunities for Students

If you plan to work with electronics, mechanical equipment, or computers in engineering or science there is nothing better than to design and build things now as hands-on hard work 

opens up many doors for your future. Students accepted into the program can register for Physics Research Projects PH900 (90 lab hours, 2 credits) and/or Scientific use of 

Computers PH303 (2 credits):

 Design and build scientific equipment

 Build beginner or advanced electronic circuits

 Write software in Python or C++ for systems control and data acquisition

 Build particle physics detectors: design framing, machine parts, water jet applications

 Measure cosmic ray particles from outer space

 Present research results at conferences

 Apply for summer research opportunities at QCC and Brookhaven National Lab

 Publish papers

Cosmic ray detectors built by students
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Cosmic rays are produced in 

other galaxies and black 

holes. Arrive often to planet 

earth.

The MUON has a high 

electrical change, being an 

abundance of energy source 

which we need search for to 

understand in order to use it.



Square wave code in Arduino IDE



Arduino  Mega 2560

 Sketch of the wiring diagram

 Wired to the breadboard  



14:00:00.065 -> 0

14:00:00.065 -> 0

14:00:00.065 -> 0

14:00:00.065 -> 0

14:00:00.065 -> 0

14:00:00.065 -> 1

14:00:00.065 -> 1

14:00:00.112 -> 1

14:00:00.112 -> 1

14:00:00.112 -> 1

14:00:00.112 -> 1

14:00:00.112 -> 1

14:00:00.112 -> 1

14:00:00.112 -> 1

14:00:00.112 -> 1

14:00:00.112 -> 1

14:00:00.112 -> 1

14:00:00.112 -> 1

14:00:00.112 -> 1

14:00:00.165 -> 1

14:00:00.165 -> 1

14:00:00.165 -> 1

14:00:00.165 -> 1

14:00:00.165 -> 1

14:00:00.165 -> 1

14:00:00.165 -> 1

14:00:00.165 -> 1

14:00:00.165 -> 1

14:00:00.165 -> 1

14:00:00.165 -> 0

14:00:00.165 -> 0

14:00:01.067 -> 0

14:00:01.067 -> 0

14:00:01.067 -> 0

14:00:01.067 -> 0

14:00:01.067 -> 0

14:00:01.067 -> 1

14:00:01.067 -> 1

14:00:01.067 -> 1

14:00:01.114 -> 1

14:00:01.114 -> 1

14:00:01.114 -> 1

14:00:01.114 -> 1

14:00:01.114 -> 1

14:00:01.114 -> 1

14:00:01.114 -> 1

signal goes high 
at 14:00:00.065 -> 1

signal goes low at  14:00:00.165 -> 0

data continued in 47ms increments

At each time stamp the code prints out several 
lines of data. 
The time stamps typically (but not always) 
increase in 47 millisecond increments, 
14:00:00.065 jumps to 14:00:00.112.

signal goes high again
at 14:00:01.067 -> 1

Description of Serial monitor data

Signal width = high -low = 00.065 - 00.165 = 100 ms

Signal period =
high2 -high1 = 01.067- 00.065 = 1.002 ms

T = [(1000 ms - 100 ms)/1000 ms] x 100% = 0%

Expected signal and measured signal:

% difference in period . Error

T = [(1000ms – 1.002ms)/1000ms] x 100% = 0.98%
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Data collected from serial plotter



Excel plot of the serial data



GPS code  in Arduino IDE 



Arduino wired to GPS receiver, with 
PPS pin connected and antenna.



serial monitor

GPS NMEA data lines



serial plotter

plot of GPS  signal



our challenges…

We work on a code to run the GPS

receiver and press/humid/temp

together the Arduino .

That will be connected to a

scintillator “counter“ to detect the

Muon particle.

We work together cooperatively

with other students researchers

and professors.







When Arduino receives square pulse in pin2 the pin A0 reads the strength 
of the voltage input.
The Arduino outputs a square pulse pin 14.

EACH PULSE OF MUON/COSMIC RAY WAS DETECT

Pulse generate 2
analogic voltage

Pulse generate 1
trigger Signal

Voltage represent strength 
of Cosmic Ray



Scintillator        

Photomultiplier 

tubes
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