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A cosmic ray muon detector was built with a 16 pixel tracking resolution on each of two of the six faces of 
the detector. With regard to tracking, one MPPC represents a single pixel. The detector itself consisted of 
organic scintillators, wavelength-shifting fibers, multi-pixel photon counters(MPPC), and photomultiplier 
tubes. 

Cosmic ray muons are high energy particles whose sources are events such as super novae and solar 
flares. As a result, there energies can far exceed those achievable by today's particle accelerators and they 
therefore  are a subject that draws interest  in high energy physics. The muon also provides tremendous 
amount of background in today's particle detection experiments and thus, study of the muon is still highly 
relevant to physics today. 

Because it's heavy mass, the muon is inherently  unstable. However, due to the high velocities at 
which it is known to travel at  (0.98c), the muon experiences relativistic time-dilation and 
therefore is sometimes able to reach the earth's surface without having already decayed into other 
elementary particles. In fact, by measuring the velocity  of the muon and it’s lifetime, Einstein’s 
theory of Special Relativity can be experimentally verified. 

The heavy mass of the muon also allows the muon to be an extremely  penetrating particle. That 
is, it  is able to pass through vast amounts of matter before finally be brought to a rest. The muon 
does radiate Brehmstrallung photons (which result in a loss of kinetic energy  for the muon) when 
passing through matter but it's velocity is largely unaffected by a single nucleus's electric field. 
Because of their penetrating nature, cosmic ray muons can be tested for in a laboratory 
environment, that is, the muon detector need not be directly exposed to the outside atmosphere in 
order to be able to detect a muon. 

The main body of the detector consists of 32 scintillator blocks assembled together in the 
formation found in figure 1. A wavelength shifting fiber was 
then inserted into each scintillating block (note that during 
their manufacturing, the scintillator blocks are extruded with a 
cylindrical hole extending throughout the center of their body, 
specifically designed in to house a wavelength shifting fiber. 
Notice that on each face, there are 16 scintillator black faces 
(i.e. 16 wavelength-shifting fiber tips). Each scintillator tip 
represents a single pixel in the tracking resolution of the 
detector. The principle of operation is the following. A high 
energy muon passing through the scintillator excites the 
electrons of its solvent molecules to higher energy  states. The 
excited electrons radiate photons as a means of returning to 

their ground state and these radiated photons are absorbed by  a wavelength shifting fiber. The 
absorption of scintillated photons results in the excitation of the fiber's fluor molecules however 
some of the excited molecule's energy is lost through interaction with neighboring molecules 

Figure 1 



(vibration etc.). As a result, when returning to it's ground state, the photons emitted by  molecule 
are of longer wavelengths (lower energy) than those absorbed. This property, which is 
characteristic of all fluorescent materials, is important as it reduces photon reabsorption and 
allows light to propagate within the fiber over long distances. 

If a photon emitted by a fluorescing fibers enters the acceptance cone of the fiber, it travels along 
the length of the cable before entering an MPPC. The MPPC consists of avalanche photodiodes 
operating in geiger-mode the output signal being the sum of the signals generated by it's 
individual APDs. The  MPPC, which was designed specifically to detect faint signals has single 
photon sensitivity. The MPPC does experience background which is generated by thermal 
excitation of electron hole pairs and because of thermionic excitation, triggering is an important 
factor in design of the detector. Without any  triggering system, it would be impossible to 
distinguish between a thermally excited electron hole pair and an actual muon generated signal.  

The triggering mechanism in this detector consists of two scintillator boards, each connected to a 
PMT. One of the boards is placed above the detector, and the other below.  A coincidence box 
acts as a trigger whenever a event occurs simultaneously in both PMTs. While this provides an 
accurate means of triggering data collection, it prevents the detector from recognizing muons 
entering  at an angle larger than 45 degrees. This issue could be solved by increasing the surface 
area of the scintillation triggers. 

The design of this detection sensitive muon detector which can be seen in Figure 2. offers certain 
advantages over other detector designs 
such as spark chambers as each MPPC 
output provides a significant amount of 
information about the muon itself. As a 
result, knowledge of the entry angle of 
the muon can be coupled with other 
information about the particle such as its 
energy, it's rate of energy loss, etc. A 
prominent drawback of the detector is 
i t ' s somewha t l imi ted t r ack ing 
resolution. This however, could be much 
improved by either adjusting the 
scintillator size or by simply increasing 
the number of scintillating blocks used. 
In fact, many cosmic ray  detection 
experiments use similar designs, but on 
much larger scales. 

This cosmic ray detector can serve as a 
useful tool in detecting and analyzing 
cosmic rays however more so, it serves Figure 2



as a useful prototype and springboard for more sophisticated detector designs. The salient 
features of this detector are the coupling of the wavelength shifting fiber with the scintillators 
and the use of the MPPC in detecting signals and unique means of tracking the muon trajectories. 
These features, which are being used in larger scale cosmic ray  detection projects such as  allow 
insight into how larger scale detectors operate. This detector is an example of a cost-effective 
means of detecting, tracking and analyzing a high-energy elementary particle. 


