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               Introduction to Dark Matter and the CDMS Experiment
 

Current cosmological models based on the general theory of relativity require large amounts 
of unseen mass-energy in the universe in order to match the observations of flatter than expected 
galactic rotation curves and the gravitational lensing of distant galaxies. Despite the astrophysical 
evidence, dark matter it has yet to be directly observed by experiment. One of the many experimental 
efforts is the Cryogenic Dark Matter Search (CDMS).

The supersymmetric extension of the standard model predicts a weakly interacting, massive 
particle (WIMP) that is a strong candidate dark matter particle. In germanium crystal experiments like 
CDMS superconductive electrodes kept just bellow their transition temperature detect the vibrations of 
a WIMP striking a germanium nucleus as heat. Due to the extremely low cross-section of WIMPs the 
expected rate of events is less than 0.1 event Kg-1 Day-1, thus the detector crystals must be well 
shielded. This is accomplished in a variety of ways, such as locating the detector deep underground and 
constructing the detector components out of materials with very low levels of radioactive isotope 
contamination so neutrons from radioactive decays do not become a significant background. At the 
levels we are concerned with we must screen sample materials ourselves in a low background 
environment, which is the bulk of this research.

       Gopher Experimental Set Up and AXM-5Q Pure Sample Analysis
 

Gopher is the name of the high purity germanium detector used to screen samples for 
radioisotope contamination via gamma spectroscopy. It is located 713m below ground in the Soudan 
Underground Laboratory in northern Minnesota. Gopher is kept at liquid nitrogen temperatures inside a 
protective Pb and Cu shield so that it can count gammas emitted from radioactive decays in a low 
background environment. Samples are counted for 2 to 5 weeks at a time before being changed. Typical 
samples include various forms of graphite, carbon fiber, Pb, and poly used or intended for use inside the 
main CDMS detectors Pb shielding.

Presented here is the analysis of a sample of graphite known as AXM-5Q Pure. It had been 
previously counted in Gopher and was found to be unacceptable, but has since been purified in heated Cl 
gas to remove heavy metal impurities. The sample was counted for 25 days as Gopher recorded the 
number and energy of gammas striking the detector crystal. To determine the amount of radioactive 
isotope contamination in the sample we look at 14 different lines, or peaks, in the gamma spectrum that 
are characteristic of certain radioactive decays along the decay chains for U-238, Th-232, K-40, Co-60 and 
Cs-137. Each peak is fit with a combination of a Gaussian and linear distribution in order to find the 
number of counts it contains. Prior to counting the sample a 75 day long background run with nothing in 
the sample chamber was performed. This background spectra is also peak fitted and subtracted from the 
samples counts.

Knowing the number of counts in each peak is not enough as the geometry of the sample 
inside Gopher must be accounted for. This is done by creating a gamma Monte Carlo in Geant4 of 1 million 
gammas per line emitted randomly from within the bulk of the sample. Geant4 propagates the gammas 
throughout the detector set up and produces a spectrum of gammas detected in the crystal. This Monte 
Carlo spectra is also peak fitted and used to determine an efficiency for each line. Finally, all of the 
background subtracted peak fits and efficiencies are used to determine the amount of contamination per 
line in units of mBq/Kg, or 0.001 counts Kg-1  Sec-1. The lines are then combined in a weighted average to 
determine the amount of contamination per chain.

In this case, the purified AXM-5Q sample was much better than the prior AXM-5Q sample with 
contamination levels of 0.926 ± 0.253 mBq/Kg for U-238 and 4.931 ± 0.704 mBq/Kg for Th-232, compared 
to the old levels of 117.708 ± 2.391 mBq/Kg and 217.127 ± 3.785 mBq/Kg respectively. Gopher has 
counted and analyzed 13 samples so far and has 9 more currently waiting to be counted so there is plenty 
of work yet to be done.

                                    Gopher Shield Rebuild
Gophers detector and sample chamber were originally encased in a simple 

shield consisting of 3/8” thick Cu plates and 12” of “normal” Pb. The normal Pb was itself 
contaminated with radioactive isotopes, chiefly Bi-210, and there were a few cracks in the 
shield that lead into the sample chamber. Together these defects produced a background 
an order of magnitude larger than other similar detectors and limited the ability of 
Gopher to count samples will low levels of contamination.

To improve the shield a new design was created that had a larger sample 
chamber, thicker inner walls of 50mm OFHC Cu, a new intermediate layer of 50mm Ultra 
Low Activity (ULA) Pb, all encased in 10” of normal Pb. ULA Pb, also known as ancient Pb, 
comes from sources that were mined long ago and have lower levels of radioactive 
isotope contamination as a result. Each layer has less inherent contamination than the 
last and shields the contaminates in the levels above it. The way the bricks were placed 
was also designed to prevent seams between bricks from reaching all the way through 
the shield, thus preventing cracks. I helped design the outer layer of normal Pb and 
worked on the construction of the new shield for two weeks underground at Soudan.

The new shield successfully reduced Gophers background by a large margin 
especially in critical areas around the lines we use to analyze samples. The 661.7 KeV Cs-
137 line saw a significant improvement in particular. A highly detailed analysis of the new 
shields background will soon be performed, we have been focusing on the counting and 
analysis of the backlog of samples accumulated during the shields construction. This 
includes previously counted samples with low levels of contamination, below the level of 
the old background, that can now be analyzed correctly in the improved Gopher.

                                        Looking Forward
Currently the Monte Carlo used in the sample analysis assumes all of the 

contaminates are located in the bulk of the sample material, while in reality surface 
contamination could make up a large portion of the counts we observe. While attempts 
are made to prevent surface contamination, by carefully preparing and handling the 
samples, we could account for it in the analysis by creating a separate Monte Carlo for 
surface events. Then using the fact that higher energy gammas penetrate the sample 
material more easily than lower energy gammas we can do a χ2 fit between the surface 
and bulk Monte Carlos in order to construct the observed rate, thus telling us how much 
contamination is present on the surface and how much is in the bulk. Work in this area is 
ongoing.

Geant4 is capable of more than we are using it for currently. In the future we 
can model the entire detector and shield assembly as particle generating sources in order 
to produce a background Monte Carlo. This will allow us to subtract the background from 
the observed counts more accurately and will also help us investigate the properties of 
the new shield. For example, by placing simulated cracks in the shield at various places 
around the detector we could determine if the real shield has any cracks as well as their 
size and location.
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Fig. 3. AXM-5Q Pure sample and background peak fits 
for the 295 KeV line, U-238 chain.

Fig. 4. Comparison of the new and old shield 
backgrounds at the 295 KeV line. 

Fig. 10. AXM-5Q Pure sample resting on two poly bricks 
in the sample chamber ready to be counted.

Fig. 11. Summary of the contamination by line for AXM-
5Q Pure.

Fig. 9. Geant4 Monte Carlo for AXM-5Q Pure, side and top views. Detector crystal is in red, poly 
bricks in red, and sample in green. Tracks from thirty 200 KeV gamma are shown here in green. 
Gammas detected in the crystal appear as turquoise dots.

Fig. 5. Comparison of the new and old shield 
backgrounds at the Cs-137, 661.7 KeV line. Note the 
large reduction in Cs-137 background contamination.

Fig. 6. Cutaway of the new shields design. Normal Pb is 
in blue, ULA Pb in green, OFHC Cu in orange, and the 
germanium detector is in red.

Fig. 7. Full spectra from the new and old shield 
backgrounds. Note the ~10 times reduced background in 
the 100 to 700 KeV range, this is where most of the peaks 
we investigate are located.

Fig. 8. Unpurified AXM-5Q sample ready to be counted 
in the old Gopher shield setup. The second poly brick is 
left inside the sample chamber so that the background 
spectrum is consistent.

Fig. 2. Installing the Cu door. Safety equipment was worn 
at all times when handling the Pb. ULA Pb and Cu pieces 
were cleaned with isopropyl alcohol before final instillation 
to remove any dust that could trap Rn inside the shield.

Fig. 1. New shield partially constructed. The Cu box and 
door are fully assembled while the ULA Pb is halfway 
completed. The plastic on the edges of the door keeps the 
Pb from binding.


