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The Soudan Underground 

Laboratory is a general 

purpose science facility 

operated by the 

University of Minnesota 

along with the Fermi 

National Accelerator 

Laboratory, the 

Minnesota Department of 

Natural Resources, and 

the CDMS II and MINOS 

Collaborations.Image:  http://www.soudan.umn.edu



The lab consists of 

two underground 

caverns 2341 feet 

below the ground.  

The location 

blocks out cosmic 

radiation that 

could interfere 

with the sensitive 

equipment used 

for the two 

projects located 

here.

Image:  http://itss.raytheon.com/cafe/qadir/q2953.html



The lab currently hosts two large projects:

•MINOS (Main 

Injector Neutrino 

Oscillation Search), 

which investigates 

elusive and poorly 

understood particles 

called neutrinos.

Image:  http://www.cerncourier.com/main/article/42/3/4



CDMS II at Soudan

• CDMS II, a “dark-matter” experiment that may help 

explain how galaxies are formed.  CDMS I is a sister 

project that operated out of Stanford.

Image:  http://cdms.cwru.edu/public_uploads/



What is CDMS II?

• The Cryogenic Dark Matter Search is 

designed to look for the missing mass of the 

Universe, also known as dark matter.

• Dark matter refers to any and all of the “stuff”

in the Universe whose presence can be 

inferred through the effects of its gravity, but 

that can’t be seen directly because it does not 

emit or absorb light (or other forms of 

radiation).



• Scientists using different methods to 

determine the mass of galaxies have found a 

discrepancy that suggests 80 percent of the 

matter in the Universe may be in the form of 

dark matter.

Dark Matter Light (Luminous) 

Matter



Images:  

http://www.gothard.hu/astronomy/astronomers/astronomers

.html

How do we know dark matter actually 

exists?

• In the early 1930’s two 

astronomers, Fritz Zwicky and Jan 

Oort, independently suggested 

that much of the matter which 

comprises our Universe remains 

to be detected…



Evidence for Dark Matter

• Their finding were based on observations of 

the motions of visible stars in the disk of our 

Galaxy and of the motions of galaxies within 

gravitationally-bound clusters of galaxies.

• In both cases the stars or galaxies appeared 

to be moving much too fast to remain bound to 

the system they were observed to be in.  They 

suggested there had to be an additional source 

of gravity; scientists now call this gravity dark 

matter.



http://astron.berkeley.edu/~mwhite/dar

kmatter/rotcurve.html

Rotation Curves of Galaxies

• Scientists studying other galaxies 

invariable find that the stellar 

rotational velocity remains constant, 

or “flat”, with increasing distance 

away from the galactic center.

• Based on Newton’s Law of 

Gravity, the rotational velocity 

should steadily decrease for stars 

further away from the galactic 

center if only luminous mass were 

present.

• These rotation curves suggest that 

each galaxy is embedded in 

significant amounts of dark matter.

Rotation Curve for Galaxy 

NGC 3198



• Another method used to study mass/distance 

relationships among the far reaches of our 

Universe is called lensing.

• Lensing occurs when an object’s gravity 

distorts light behind it.

Image:  http://www.physics.hku.hk/~nature/CD/regular_e/lectures/chap19.html



• In 1997, a Hubble Space Telescope image 

revealed light from a distant galaxy cluster 

being bent by another cluster in the 

foreground.

Gravitational Lens Created by Galaxy Cluster Reveals 

Presence of Dark Matter

Image:  http://sdss4.physics.lsa.umich.edu:8080/~esheldon/



• Based on the way the light was bent, scientists 

estimated the mass of the foreground cluster to 

be 250 times greater than the visible matter in 

the cluster.

• Scientists believe that dark matter in the 

cluster accounts for the unexplained mass.



What is Dark Matter Itself Made of?

• The most likely 

candidate are the so-

called Weakly 

Interacting Massive 

Particles (WIMPS) 

believed to have been 

generated during the 

big bang, the 

cataclysmic explosion 

that formed our Universe 

15 billion years ago.

Likely Candidates for Dark Matter

Image:  

http://www.shef.ac.uk/~phys/research/pa/Dark-

Matter-Introduction.html



• The ghostly WIMPs are predicted by theory 

but have so far eluded detection. 

• With odd names like photino and masses of 

perhaps 10 to 100 times that of the proton, 

WIMPs could account for lots of dark matter if, 

as some theories predict, they are common in 

the Universe. 

• The WIMPs are thought to have escaped 

detection thus far because they don’t interact 

with, but pass right through, most matter.



How Does the CDMS II Work?

• The CDMS II 

experiment looks for 

heavy, slow moving 

WIMPs using unique ZIP 

detectors.  The detectors 

are hockey puck-sized 

disks of silicon and 

germanium, kept cold by 

a special cryogenic 

apparatus at about .04 

degrees K.

Image:  http://cdms.berkeley.edu/public_pics/One_ZIP.html



• Each 250g germanium or 100g silicon crystal 

provides two sets of information about 

interactions with incident particles. 

• When the incident particle, perhaps a WIMP, 

hits the nucleus of an atom in the detector it 

generates vibrations called phonons.  The 

phonons are detected by thin films of tungsten 

metal.  These phonons travel to the opposite 

side of the detector.



• As the phonon travels to 

the opposite side it 

excites the electrons in 

thin aluminum films.

• This energy is 

transferred to the 

tungsten which is 

“biased” with some 

electrical energy already;  

the energy pushes it right 

near the brink of going 

through a transition from 

being a superconductor 

to a closer to normal 

conductor .

Image:  

http://cdms.berkeley.edu/public_pics/Wafer2_small1.jpg



What is a Superconductor?

• A superconductor is an element, inter-metallic alloy, 
or compound that will conduct electricity without 

resistance below a certain temperature.

• The change in resistance from being a near-

superconductor to a near-normal conductor can be 

easily detected.



What Does This Mean?

• In effect, their electrical resistance changes 

dramatically with the addition of a very small amount 

of energy (funneled to it from the aluminum).  The 

tungsten strips are thus called “transition edge 

sensors” since we exploit their transition from 

superconducting to normal as a way to sense a small 

input of energy.

• The change in electrical resistance is first amplified 

in the cryostat itself and then by a sophisticated set of 

amplifiers at room temp.  This change in resistance is 

the “pulse” we observe.



• The Zip detectors 

are placed in a 

container called a 

cryostat.

• The cryostat is 

constructed of 

radiopure copper, 

ensuring a low-

radioactivity 

environment for 

the extremely 

sensitive CDMS 

detectors.

Image:  

http://cdms.berkeley.edu/public_pics/cryostat_without_detectors.html



• A close-up of the cryostat with a detector assembly 

installed.  The six cables fanning out from the 

assembly are unique “striplines” that carry the 

detector signals out to room temperature.

Image:  http://cdms.berkeley.edu/public_pics/r20_tower_in_IB.html



• The cryostat is surrounded by layers 

containing liquid helium and nitrogen.

• This provides the cold temperatures required 

to nearly stop all intermolecular motion.

Image:  http://www.sudan.umn.edu/Albums/CDMS_Pictures/



Image:  

http://cdms.physics.ucsb.edu/bunker/shield/Construction/construction.html

• The cryostat is 

covered with lead 

recovered from the 

ballast of an 18th 

century ship; the 

age of this lead 

ensures that the 

radioisotopes most 

worrying to CDMS 

have decayed 

away. 

• The lead will provide the necessary protection from 

any naturally occurring radiation.



• The detectors are 

then placed inside a 

layer of 

polyethylene.

• This layer will 

protect the detectors 

from stray neutrons, 

helping create the 

“quiet” environment 

necessary for the 

detectors to work 

effectively.

Image:  

http://cdms.physics.ucsb.edu/bunker/shield/Construction/const

ruction.html



• The whole apparatus is 

placed in a special room 

called a Faraday cage.

• This room keeps the 

sensitive detectors away 

form the external 

electromagnetic 

radiation.
Image:  

http://cdms.physics.ucsb.edu/bunker/s

hield/Construction/construction.html



Why Study Dark Matter?

• Determining the amount of dark matter present in 

the Universe will allow us to more accurately predict 

the average density of the Universe.

• The average density of the Universe uniquely 

determines the geometry of the Universe.

• The boundary density between the case where the 

Universe has enough mass/volume to close the 

Universe and too little mass/volume to stop the 

expansion is called the critical density.



The density of dark matter will help explain 

what type of Universe we have.

ClosedDu>Cd

FlatDu=Cd

OpenDu<Cd

Type Of UniverseDensity of Universe 

Relationship to Critical 

Density Value

The current critical density is approximately 1.06 x 10-29 g/cm3.  

This amounts to six hydrogen atoms per cubic meter on average 

overall.



Ultimately, the amount of dark matter present 

will determine the fate of the Universe.

The amount of dark matter in the Universe will 

determine if the Universe is closed (expands to a point 

and then collapses), open (continues to expand), or 

flat (expands and then stops when it reaches 

equilibrium).

Image:  http://rst.gsfc.nasa.gov/Sect20/A1a.html



• Supersymmetry Theory 

predicts that there will be 

entire families of exotic and 

very massive particles, 

corresponding to a more 

energetic and massive 

generation in the particle 

families.

• The detection of dark 

matter may lead to the 

detection of these exciting 

supersymmetrical particles.

Several theories exist relating to the structure 

of our Universe

Image:  http://www.itp.ac.cn/~jmyang/school.html



In the end, the Cryogenic Dark Matter Search 

will try to unlock the secrets of the Universe

As with most scientific research, the project will 

also raise new questions to be answered in the 

future.
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