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Concept
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• An infinite plane metal plate is in the 𝑥𝑦-plane. A point charge +𝑄 is 
placed on the 𝑧-axis at a height ℎ above the plate. Consequently, 
electrons will be attracted to the part of the plate immediately below 
the charge, so that the plate will carry a negative charge density σ
which is greatest at the origin and which falls off with distance 𝜌 from 
the origin.

7https://phys.libretexts.org/Courses/University_of_California_Davis/UCD%3A_Physics_9C__Electricity_and_Magnetism/1%3A_Electrostatic_Fields/1.8%3A_Method_of_Images



Image Charge
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10https://curve.carleton.ca/system/files/etd/814bd173-bafd-4040-a118-f1f5878b5ccd/etd_pdf/7411adb2a23f372a5ba42298c211cfba/pizzi-simulationofgasdetectorsusingramostheorem.pdf
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Concept to Reality
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sTGC
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Detailed cryosections of sTGC
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sTGC
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Track reconstruction – 1D positioning
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Track reconstruction – 2D positioning 
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Choice of gas?
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Gas
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Gas Choices
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• Quenching gas is essential for stable operation: sTGCs operate at high gas 
amplification, meaning a small initial ionization from a particle interaction 
is greatly amplified to produce a detectable signal. Without a quenching 
gas, this amplification process could lead to uncontrolled discharges 
(streamers or sparks) and damage the detector.
• The gas mixture acts as a quenching agent: The operational gas is typically 

a mixture of 55% CO2 and 45% n-pentane. The n-pentane acts as a 
quenching gas, absorbing photons and ions produced during the electron 
avalanche and preventing them from initiating further avalanches.
• Benefits of using this specific mixture: This gas mixture allows sTGCs to 

operate at high gas amplification while maintaining stability and minimizing 
the risk of discharges. Tests have shown that sTGCs operating with this 
mixture exhibit greater stability and lower sensitivity to electric field non-
uniformity compared to using only CO2.
• Significance in High-Luminosity Environments: The ability of this gas 

mixture to ensure stable operation at high gas amplification is crucial for 
detectors like sTGCs designed to function in the high-radiation 
environment of the High-Luminosity LHC.



Getting the right mixture
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Getting the right mixture
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Bronkhorst components assembled in the gas cabinet



sTGC Operations Reequipments

• Anode (HV): 50 μm gold-plated tungsten wires held at a potential of 
~2900 V
• Working gas: n-Pentane+CO2= 45:55% by volume
• Supply pressure 2 mbar above atm
• Flow about 50 cc/min
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Why sTGC?
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sTGC Detector Assembly
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sTGC Detector Assembly
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Building the Gas System
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Protecting the chambers form over pressure
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P = h𝛒g



Gas System
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n-Pentane
• n-pentane isomer formula 

C5H12
• Is a highly flammable liquid and 

vapor 
• Boiling point of pentane is 970F 

(360C)
• Density of pentane is 0.626 g/ml
• The pentane vapor is heavier 

than air
• It sinks if released to 

atmosphere
• Explosive limits of pentane by 

volume in air: 1.4-7.8%



sTGC Gas System
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Building the Safety System
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Safety System
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State Table



Safety Sensors
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Gas Flow 
Controller
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Heating Tap
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NO – Normally open
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PLC

36



PLC – Ladder Diagram
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PLC - Controls
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PLC - Controls
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STAR Forward Upgrade
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Homework

• Sketch a diagram for 10 mbar overpressure protector?
• A point charge q located near infinite grounded conducting plate, 

what are the
• E(r)
• V(r)
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