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Background Information
• In past liquefied noble gas detectors, cryogenic cameras have been recently considered as a 

way to better monitor equipment failure within the detection chambers. 

• The implementation of a camera system within the detector would not only enable interior 
visualization, but it would also provide the ability to quickly locate any possible damage to 
the internal equipment

Figure 1.  Result camera images from previously run research from a TPC using Liquid Argon [1]



• For the XENON Dark Matter experiment, use for a camera system could be 
needed for the ability to find and locate any broken wires or equipment 
failure within the chamber through the use of imaging.

Figure 2. Schematic of the XENON1T TPC [2] Figure 3.(top) Schematic of the ideal location of the camera module. (bottom) Image of 
bottom PMT array with wires to be imaged by the implemented camera system [2]



Project Proposal/Goals
• Proposal

• An experimental model will be assembled in the lab and trials will be conducted to 
determine the chosen camera’s performance and logistics

• A CAD assembly can be created to track the various components needed for the 
implementation of a camera system inside a test chamber located at Columbia 
University

• Goals
1. A built experimental setup of the camera assembly will allow for trials to be done to 

further determine the chosen camera’s logistics, such as resolution and maximum 
viewing angle

2. A working CAD assembly that will document and track the various inner components 
of the experimental version of the camera assembly

3. Successful implementation of a camera assembly can lead to further implementation 
of a camera system in the larger chamber of the XENONnT experiment, located in the 
underground lab in Gran Sasso, Italy. 



Conceptual Schematic of Experimental Set-up



Heat Transfer Calculations
• Heat Transfer Calculations to determine necessary insulation thickness

• Starting with the heat equation in cylindrical coordinates:

• An equivalent thermal resistance analysis was used to determine the rate of heat transfer per unit 
length as a function of insulation radius, and was further analyzed using python to output the plots 
shown in Figure 6. 

Figure 3. Top View of model cooling chamber Figure 4. Python Plots of Thermal Resistance and Heat Transfer Rate vs. Insulation radius



Heat Transfer Calculations Continued
• Using Conservation of Energy, the following energy balance equation was solved to 

determine the surface temperature of the cooling chamber as a function of the insulation 
thickness:

• The resulting function was then plotted using python to obtain the following plot and range 
of surface temperature values:

Figure 5. Surface Temperature vs. Insulation thickness 
of the Cooling Chamber

Table 1. Surface Temperature values with varying Insulation radius



Camera Height Estimation
• Due to the nature of this experiment, the camera module height may need to 

be experimentally modified. However, the following analysis was conducted to 
determine a base range height estimate

Figure 6. Simplified schematic of camera refraction 
through the camera module

Snell’s Law

Using geometry ( Law of Similar Triangles), 
we get the formula: 

Applying the following boundary 
conditions: 

𝑎 + 𝑎 ≥ 2“
and 

𝜃 =
170°

2

We find that ℎ ≤ 2.86" ≈ 72.6 𝑚𝑚



Experimental Assembly
• Applying the constraints found by the previous calculations, an experimental model was then 

assembled as shown: Hand-Machined Parts:
Schematic and geometry of Camera Module mount

Schematic and geometry of Camera Holder

Image of LED strip

Camera Module Mounted within 
experimental chamber



CAD Design

Figure 7. Exploded CAD Assembly of Camera Module and Model experimental 
chamber

Electrical Components (Not shown in CAD Model):
- Temperature sensor
- LED Strip



Preliminary Test Results for Cooling Power
• Before the addition of the camera module assembly, trial tests were run to 

determine the true cooling power of the test chamber

Figure 8.  Cold Finger Temperature  and Heater Power vs. Time  plots for the first 
trial test

Figure 9. Cold Finger Temperature and Heater Power vs. Time plots for the second trial



Final Camera Assembly and Implementation
• Live images and videos were successfully recorded once the camera module had been 

assembled

• A final trial was run with the camera assembly despite the cooling power issues to 
determine the camera’s performance under cryogenic conditions

• Further work will be needed to refine the resolution in order to see the wires placed at the 
bottom

Figure 10. Image from the camera before attaching base chamber to 
cooling chamber Figure 11. Image from the camera after attaching base chamber and 

cooling down 



Conclusion
• Further work is needed to investigate ways to increase the cooling power of 

the model chamber such that it can be filled higher for the camera module. 
• Work must also be done to further refine the camera’s resolution under the 

cryogenic temperatures of the chamber
• Satisfactory images with adequate resolution were achieved by the camera 

prior to attachment and cooling test.
• A working CAD model was created and can be used to document the inner 

components of the camera assembly without the task of opening the 
experimental version

• Further development and successful trials of the camera system within the 
test chamber will lead to the development of a camera system within the 
larger chamber in Gran Sasso, Italy
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