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Fundamental Forces 

ÅStrong nuclear force: 
ÅHolds nuclei, protons and neutrons, of atoms together. 
ÅStrongest force but works on small distances.

ÅElectromagnetic force:
ÅBinds electrons to protons
ÅTwo charges, +/-, most things are electrically neutral, has infinite range
Å1000 times weaker than strong force

ÅWeak force:
ÅChanges protons to neutrons
ÅRange 10-18 meters.
Å10-16 weaker than strong force

ÅGravity
ÅAttractive force between objects with mass
ÅInfinite range
Å10-41 weaker than strong force



The Standard Model of Particle Physics
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Gravity - General Relativity



Primary Evidence for Dark Matter



Dark matter predicted not to interact with ordinary matter, or itself,

except through gravity.  Gas clouds, by contrast, can run into each other.

A collision of two clusters provides dramatic evidence for dark matter:
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red shows hot gas from 

two clusters, seen with 

Chandra X-ray 

observatory.

The gas clouds have run 

into each other, slowing 

each one down

blue shows inferred distribution 

of cluster mass from gravitational

lensing of background galaxies.  

The dark matter has gone straight 

through with no interaction, like

the galaxies have.

The Bullet Cluster



Dark Matter

ÅDark matter is matter that has been observed to only interact via the 
gravitational force.

ÅWe have definitive proof that dark matter exists when we look at 
ƭŀǊƎŜ ǎŎŀƭŜ ƻōƧŜŎǘǎ όƎŀƭŀȄƛŜǎΣ ƎƭƻōǳƭŀǊ ŎƭǳǎǘŜǊǎΣ ŜǘŎΧύΦ

ÅDark matter exists as bent space time ( seen from gravitational 
lensing and rotation curves).

ÅGlobal scientific effort to find dark matter as a particle.



Lambda Cold Dark Matter 

ÅɽCDM is the Standard Model for the Big Bang. It predicts:
Åthe existence and structure of thecosmic microwave background
Åthe large-scale structurein the distribution of galaxies
Åthe abundancesof hydrogen and helium
Åthe acceleratingexpansion of the universe

ÅCold Dark Matter is postulated in order to explain:
ÅLarge-scale structure of galaxies
ÅFlat rotation curves 
ÅGravitational lensing by galaxy clusters

ÅCDM is slow and collision-less:
ÅAxions
ÅWeakly Interacting Massive Particles (WIMPs)





Axion

ÅNamedafter Axion, a brand of laundry detergent, for the notion that 
the new particle could "clean up" a problem in physics.

Å1-100 billion times lighter than a proton, copiously produced in the 
early universe.

ÅJust like an electron/positron pair, axion/anti-axionpair could be 
produced from photon.

Å²Ƙȅ ŘƻƴΩǘ ǿŜ ǎŜŜ ǘƘƛǎ ƛƴ ǘƘŜ ƭŀōΚ
ÅIncredibly rare process



ADMX- AxionDark Matter Experiment

ÅADMX is an axionantenna, convert dark 
matter axionsto detectable to microwave 
photons.
Å¦ǎŜǎ ŀ ǎǘǊƻƴƎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ǘƻ άŎŀǇǘǳǊŜέ 

axionsand turn there mass into a radio signal.
ÅtǊƛƻǊ ŜȄǇŜǊƛƳŜƴǘǎ ǳǎŜŘ ǘƘŜ ά{ƘƛƴŜ [ƛƎƘǘ ŀǘ ŀ 
²ŀƭƭέ ƳŜǘƘƻŘΦ
ÅMeasuring the cooling rate of white dwarf 

stars also sets a limit on the axion.



WIMPs
ÅWeakly interacting massive particles (WIMPs) best candidate for dark matter 
ÅInteract with normal matter through gravity and the weak force.
ÅFor every theorist, there are two theories of WIMPs

ÅIncredibly massive:
ÅClumps around normal matter
Å1-1000 times more massive than the proton

ÅLow cross section:
ÅDoes not collide with itself or normal matter.

ÅOnly will collide with anything in extreme scenarios (black hole accretion disk, 
supernova)
ÅDetection methods include:
ÅWIMP annihilation
ÅDirect detection
ÅDirect production 



WIMP Annihilation

ÅWhat happens when two dark 
matter particles collide?
ÅDo they produce high energy 

particles we know of? If so, we 
can look for this.

ÅIf two dark matter particles 
annihilate, they will produce 
an emission line at a specific 
energy.

ÅMechanisms that could create 
ΨŦŀƭǎŜΩ ŘŀǊƪ ƳŀǘǘŜǊ ŀƴƴƛƘƛƭŀǘƛƻƴ 
signals are not well know.



Direct Detection

ÅIf WIMPs are weakly interacting, eventually they will collide 
with normal matter.

ÅIf they collide with normal matter, what does that signal look 
like? 

ÅBest experiments use scintillating noble liquids (Xenon, 
!ǊƎƻƴΧύ

ÅEvery experiment is deep underground away from cosmic 
photons.
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