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Abstract — The goal of this project was to develop a platform 
capable of supporting multiple families of dark matter 
detectors, that was capable of greatly improving the amount of 
photon pollution within the enclosure as well as reaching 
cryogenic temperatures of 4 millikelvin. To accomplish this, 
copper was formed in such a way to thermodynamically assist 
in the cooling of the structure, while sealing in such a way that 
most of the noise would be attenuated by the enclosure. 

I. INTRODUCTION  

 The hunt for dark matter is a new research field.  In 1993 
Fritz Zwicky was the first to realize the universe’s 
fundamental matter problem, although he referred to it as 
“missing matter”, not dark matter [1]. The discovery of the 
possibility of the “missing matter” was based upon 
astronomical readings of distant galaxies, where the amount 
of energy and matter within the system would not be enough 
to prevent galactic acceleration towards collision. 

Most current experiments are searching for dark matter as 
a WIMP (Weakly Interacting Massive Particle), since 
observation of such WIMP particles, while requiring an 
extremely sensitive measurement system, is easier in the 
current universe than the measurement of axions. The 
measurement of WIMPs proves easier, due to the fact that 
they are massive particles, the odds of them passing through 
a detector is far larger than the odds of an axion passing 
through a detector. Combining the size benefit with the fact 
that weakly interacting particles intrinsically do interact 
with other particles on a certain level and scale, creates a 
unique opportunity to measure the event with a sensitive 
enough detector. 

In order to accommodate such a sensitive detector, it is 
necessary to develop an enclosure capable of operating at 
cryogenic temperatures, that can absorb interfering 
radiation, and will not emit its own radiation. Such devices 
are not available on the current market as they must be 
designed for extremely particular use cases based on the 
available equipment of the operating laboratory. 

II. MATERIALS AND METHODS 

A. Design Requirements 

First, the design must be able to operate at temperatures 
as low as 4milliKelvin. Additionally, whatever metal chosen 

that can handle the cryogenic cooling process to reach 4mK 
must also be minimally radiative in order to prevent the 
enclosure from creating its own noise pollution. 
Additionally, the enclosure must be made of a material with 
strong enough attenuation to limit the photon pollution down 
to one photon per hour. As the material prevents noise 
pollution from external sources, the internal parasitic 

resistance must also be dealt with by minimizing resistive 
sources and using materials that at cryogenic temperatures 
will become superconductors. Overall, the design must 
feature no more than 5 mΩs of resistance in total. The final 
requirement is that the enclosure must be sized 
proportionally such that 10-20 detectors can fit inside the 
cryostat unit, which can be seen in Figure 1, where the 
experimentation is conducted.  

B. Manufacturing Methodology 

In order to accomplish close packing, the hexagon-based 
design that was chosen required many sharp edges that are 
near impossible in standard manufacturing shops. One ideal 
method for cutting sharp corners is wire EDM. The vast 
majority of the enclosure design would benefit form using 
wire EDM, as wire EDM also allows tighter tolerances than 
milling, and features no constraints on the depth needed to be 
cut in the enclosure. 

A secondary process that is planned to be used for the 
construction of the enclosure is CNC milling. CNC milling 
can be used to bulk remove the rough details of the 
enclosure, and with a proper CNC mill set up as seen in true 
industrial shops the majority of the design could be 
accomplished on a single mill. One large drawback of 

 
Figure 1: Cryostat Unit Used by Fermilab 

for Cryogenic Testing 
 



milling the enclosure is the difficulty with modern mills to 
reach tiny features in deep cavities, as seen in the enclosure. 

An overall constraint on the manufacturing process is the 
inability to make use of a cutting fluid, as the enclosure 
operates in a vacuum environment, should  cutting fluid be 
used on the  design a degassing event could take place and 
destroy the cryostat unit that is used to cool the enclosure. 

III. RESULTS 

Upon evaluating all material candidates that fit the design 
requirements it was chosen to use a high purity copper. As 
viewable in Figure 2[1]. It can be seen that the higher the 
purity the copper, the better the thermal conductivity at 
cryogenic temperatures, which are defined as temperatures 
below 123 Kelvin. The better the thermal conductivity, the 
better the system is able to transfer the heat out of the system 
at such a rate as to allow the enclosure to cool down evenly 
and avoid stress concentrations that could form cracks. 

The second reason a high purity copper met the design 
criteria is that copper has one of the highest attenuation rates 
of all metals. In an ideal world lead would be used for the 

enclosure due to its ability to attenuate signals, however lead 
has both its own radiations, as well as a terrible thermal 
conductivity coefficient at nearly all temperatures. Copper, 
however, maintains an excellent attenuation rate, while 
allowing the thermal conductivity needed to cool the 
enclosure. The higher attenuation of copper achieves the goal 
of limiting incoming light pollution to one photon per hour. 

 
The third and final reason for the choice in copper is its 

ease in machinability. Copper cuts very nicely and as a result 
as long as it is sufficiently cool it can be cut at almost any 
model shop. The ability to manufacture these enclosures at 
non-industrial model shops allows laboratories with minimal 
manufacturing abilities to manufacture their own enclosures. 

IV. DISCUSSION 

It is expected that when the enclosure is able to undergo 
proper testing at Fermilab it should be able to show a 100x 
improvement in preventing light leakage and reaching the 
desired one photon per hour noise level. Additionally, the 
enclosure should be able to handle temperature drops down 
to 4mK while maintaining electrical isolation, which in turn 
allows the greater than 100 Volt bias across the 4-millimeter 
detector, and disperse any heat generated by the internal 
electronics. Finally, testing is expected to conclude that 10-
20 detectors can be installed onto the same plate within the 
cryostat unit. 

V. CONCLUSION 

In summary, in order to design an enclosure that can 
operate in the extreme conditions that must be used for the 
discovery of dark matter it is necessary to choose materials 
that allow for maximum performance. Figure 3 can be seen 

as the final design of the enclosure, show casing not only 
the overall enclosure design, additionally the feedthrough 
methodology as well as the design feature known as the 
cassette.  
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Figure 2: Thermal Conductivity of Copper During 

the Transition to Cryogenic Temperatures 
 

 

 
Figure 3: Designed enclosure and cassette 

 


