
Design and Construction of a 
Spark Chamber

• A detector designed to visualize cosmic 

muons for demonstration and educational 

purposes.

• It is used to measure muon mass and is also 

suitable for measuring the distribution of 

muon angles in the atmosphere, the muon 

magnetic moment, and more.

High Gas Purity, ~ 𝟗𝟗%

High Plate Voltage, > 𝟐. 𝟓 𝐤𝐕

Long Electrical Pulse ~ 𝛍𝐬, 𝟓 𝛍𝐬

Fast Trigger Response < 𝟓𝟎𝟎 𝐧𝐬, 𝟓𝟎𝟕 𝐧𝐬

Edge Curvature Radius > 𝟑𝐦𝐦, ≈ 𝟏𝐦𝐦

Gap Width Fluctuation < 𝟏%, ≈ 𝟑𝟔%

e

Horizontal Assembly Diagram Gas Path

Plate: 𝟒𝟎𝟎𝐦𝐦× 𝟒𝟎𝟎𝐦𝐦× 𝟓𝐦𝐦 Gap width: 10 mm

Box: 𝟓𝟏𝟓𝐦𝐦× 𝟒𝟖𝟕𝐦𝐦× 𝟔𝟖𝟓𝐦𝐦 40-layers Aluminum

Helium

1. The energy of electrons will decrease when 

passing through the aluminum over a 

distance 𝒍. −
𝒅𝑬

𝒅𝒍
= 𝑺𝒊𝒐𝒏𝒊𝒛 + 𝑺𝒃𝒓𝒆𝒎 = 𝑺𝟎 +

𝑬

𝑿𝟎

(𝑺𝟎 = 𝟓. 𝟎𝟗 MeV / cm, 𝑿𝟎 = 𝟖. 𝟗 cm for Aluminum)

2. Measure the number of electrons generated 

by muon decay that pass through the gap 

between the plates (𝒏𝒔, where 𝒍 is hard to 

determine).

3. The initial energy of the electrons generated 

by muon decay, 𝑬𝒆,  could result in a 

distribution covering all possible values of 𝒏𝒔.

4. Compare the generated distribution of 𝒏𝒔 with 

the one determined experimentally.

𝑬𝒆 ∈ [𝟎,
𝟏

𝟐
𝒎𝝁𝒄

𝟐]

𝑷 𝑬𝒆 = 𝑪 𝒎𝝁𝒄
𝟐𝑬𝒆

𝟐
(𝟑 − 𝟒𝑬𝒆/𝒎𝝁𝒄

𝟐) → 𝑷(𝒏𝒔)

66 𝐦𝐬

187 𝐦𝐬

355 𝐦𝐬

Dead Time

Vertical Assembly

Vacuum Pump to 

accelerate gas circulation

Pluggable Wire 

Connection

Plate: 𝟒𝟓𝟎𝐦𝐦× 𝟐𝟑𝟎𝐦𝐦× 𝟏𝟎𝐦𝐦

Box: 𝟓𝟐𝟓𝐦𝐦× 𝟑𝟕𝟎𝐦𝐦× 𝟏𝟑𝟎𝐦𝐦

4-layers Aluminum

Wall for gas flow and wire 

connection 

The total thickness of the aluminum plates must be sufficient to detect 

stopped and decayed muon events.
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Actual spark number: 𝟓𝟔𝟕
Recorded by camera:  𝟑𝟖𝟏

Output through algorithm: 𝟐𝟏𝟏(𝟏𝟓)
Recognition Correct Rate: 𝟗𝟑. 𝟒%

Record Success Rate: 𝟔𝟕. 𝟐%
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