
Cosmic rays, that reach and interact in the Earth's atmosphere, create high energy charged 
particles which often produce Cherenkov radiation. Cherenkov radiation is the light analog 
of a sonic boom. When charged particles travel at speeds greater than the speed of light in 
a certain medium, they produce radiation which can be detected in the sky. Over the past 
few years, the High Energy Astrophysics lab have worked on making a Cherenkov detector 
which would measure this radiation in the night sky as a method of detecting cosmic ray air 
showers. The primary focus of my research involves the renovation of some of the 
detector's aging components, and the testing of the detector's functionality. Work is currently 
underway to reconstruct key components in the detector as well as to find the proper 
detection triggering. Ultimately such a detector would be deployed as a detector array to 
record better sky coverage. One of the prime candidates for large scale deployment of such 
a detector is the Pierre Auger Observatory.

Background
Cosmic Ray Air Showers:  Energetic extraterrestrial particles constantly reach the 
Earth's atmosphere from various sources such as the Sun, distant stars, and 
supernovae. When these particles reach the Earth's atmosphere, they cause a 
chain of interactions which produces a cascade of particles. The charged particles 
in this cascade causes fluorescence light from their ionization of nitrogen in the 
Earth's atmosphere. The muons survive the descent to ground detectors because 
they weakly interact. The higher energy electrons produced have such high speeds 
that they produce Cherenkov radiation.

Cherenkov Radiation:  As the charged particles traverse through the Earth's 
atmosphere, the atmosphere acts as a dielectric. So the speed of light in this 
medium is less than c, the speed of light in vacuum. So the energetic charged 
particles produced in cosmic ray air showers (such as the electrons) can have 
speeds exceeding that of the electromagnetic radiation. And, analogous to an 
aircraft traveling faster than the speed, the electromagnetic radiation exhibits a 
concentrated constructive interference and forms a wave front of high intensity.  
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Figure 2: An Illustration of 
Cherenkov Radiation
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Results

Conclusion & Analysis
Newly assembled particle detectors behave as expected and have better light 
yield as compared to the original detectors using the old scintillator material. We 
have yet to find any “holes” in this new scintillator material, and we do not expect 
that we will until the scintillator material begins to deteriorate similar to its 
predecessor. 
      After completing the first trial of the localized muon detection experiment, the 
wide scatter of light yield was found, but this result was expected and attributed 
to the close vertical proximity of the trigger detectors leading to a wide angular 
variation of the incident detected particle which would cause more ionizations 
yielding more light. By separating, the triggering detectors, we limit the angular 
acceptance of the incident particle, so we expect a slightly tighter distribution of 
light yields. To a certain extent, this is the case, as seen in the scatter of events 6 
cm away from the center. The majority of points are more tightly packed. 
However the large yields are still existent. One would expect that those would be 
eliminated by restricting the angular acceptance. The most likely explanation for 
those high yields is that there were multiple particles which reached the detector 
within nanoseconds of each other. Just as cosmic ray air showers coincidently 
reach ground detectors, multiple particles can reach the detector in coincidence 
leading to this higher light yield.                                                                              

With the new detectors, we have effectively reduced the noise in the 
triggering system. Using these new detectors, the noise in the triggering of 
individual particle detectors was reduced by approximately one order of 
magnitude. This improvement is directly a result of using higher light yield 
scintillation material, and the smaller detector size. The detectors are now 
powered using -2000V instead of the -3000V previously thought necessitated by 
the old larger detectors.                                 
 

     

 

         With these results, we are fairly confident that we have resolved the problem 
of malfunctioning particle detectors. Continued development work is ongoing to 
test all 4 particle detectors and to determine how well they work as a array in 
order to detect particles reaching the ground coincidentally which is a likely sign 
of a cosmic ray air shower. From this coincidence detection, a central PMT will 
collect data of light in the night sky which would be the Cherenkov radiation 
caused by the air shower. Currently, work is underway to find an optimal 
configuration for the array as a triggering mechanism.

•New Scintillator Material
•Old material was not performing as expected
•Holes  in old material (instances where scintillation 
was expected but not observed)
•Light yield for the smallest scintillation signals in 
the old material was small

•Smaller detectors: the previously used detectors had 
4 times the area, but this also meant that we needed to 
detect very faint signals near the edge of the detector 
which proved to be problematic

•This scintillator material is used to build a ground 
particle detector which is used as a trigger for data 
collection in the Cherenkov radiation detector.

•Hoping to improve light yield, the particle detectors will 
use optical cement to optically couple a photomultiplier 
tube (PMT) to the scintillation material

•Wrapping the scintillator in a light tight cell and 
optically coupling a PMT to the scintillator, we built 4 
new particle detectors which will be used as a 
triggering mechanism for the Cherenkov radiation 
detection system.

Figure 3a:  (Top) Old scintillator

Figure 3b: (Bottom) Newly acquired scintillator

Figure 3c:  (Left) A fully assembled particle detector

Localized Particle Detection
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Figure 4a: (Above) Overhead diagram 

Figure 4b: (Left)  Side-view of 
experimental apparatus

Figure 5a  
Minimal separation of trigger PMTs  (first trial) 

                            

Figure 6:  Trigger counts in a single 
particle detector, the increased inverse 
power dependence at low trigger voltages 
is a clear sign of the noise growing 
stronger than the signal.
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 Figure 5b
 25cm separation
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