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INTRODUCTION

At any given moment, there are muons raining down
on us at a rate of approximately 1 muon per square cen-
timeter per minute [1–4]. Traditionally, spark chambers
or wire chambers allow the tracking of muon trajecto-
ries. However, building a high voltage chamber is a tech-
nical challenge, especially for high school students and
for their mentors worrying about safety. We wanted to
create a simple, safe and easily reproducible way of ob-
serving muons, which is what led us to develop our three-
dimensional scintillator-based detector, a.k.a. The Scin-
tillating Chamber.

DESIGN

The general working principle of our detector is simple:
polyvinyl toluene (PVT) scintillator rods are arranged in
the detector, and when a muon passes through a rod,
photons emitted are then detected by a Silicon Photo-
multiplier (SiPM). The collected data is then transferred
to a computer where the data is processed and rendered
to display the possible paths of the muon. Our design
strays from conventional detectors when it comes to the
arrangement of the scintillator rods. While typical de-
tectors use a grid design, we opted for a design inspired
by binary encoding (see figure 1).

FIG. 1. Comparison of three scintillator placement methods:
n being the number of scintillators on the side of one of the ex-
treme layers. Left: One layer grid design. Number of sensors
scale as 2n2. Middle: Two layer grid design, scales as 4n.
Right: Binary encoding arrangement, number of required
sensors scales as 8log2(n). In each layer, identically coloured
scintillators are optically linked to the same SiPM by WLS
fiber.

This has two main benefits. First, it reduces the num-
ber of sensors needed, as only two sensors are necessary
per layer. As such, the number of sensors needed for the
detector increases logarithmically. Our design also allows
for easy encoding of the detector’s state. With each layer
only having two sensors, its state can be represented with
a single bit, and because each layer is more specific than
the previous, it narrows down the possible paths of the
particle through the detector. Each set of signals there-
fore encodes for a specific pattern. This is analogous to
the system used in the Apollo Guidance Computer’s rope
core memory, with each bit representing an inhibit wire
pair[5].

FIG. 2. Isometric view of physical detector. WLS fiber is
encased within dark tubing toward the SiPM boards. Four
threaded rods elevate the top platform: nuts allow for relative
parallelism adjustment. Top and bottom scintillator packs
permit the encoding of XY positioning; both combined, 3D
trajectory tracking. A total of 12 layers × 2 SiPMs/layer =
24 SiPMs.
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