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Portals to the Dark Side of the 
Universe

Ann Nelson
University of Washington

 

(Portal: Gateway or entrance)
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Pie Chart of Universe
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“Normal” Particles
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Dark Matter: proposed in 1930's
Reproposed in 1970's
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Zwicky's evidence for dark matter
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Rubin's Evidence for dark matter
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Most of the Galaxy is Dark 
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We can use gravitational lensing to 
detect dark matter
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Detecting dark matter with lensing

Image credit: Wikimedia Commons user TallJimbo
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Ordinary Dark Matter, Modified 
Gravity or new kind of particle?

● Most ordinary matter doesn't shine (hydrogen 
gas clouds)

● We could imagine changing laws of gravity at 
large distances instead of a new form of matter

● Dark matter is different from ordinary matter: 
Collisionless?

● How can we test collisional properties of dark 
matter?
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“Bullet Cluster”: colliding galaxy 
clusters
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Trainwreck Cluster



Madrid Colloquium 13

Musket Ball Cluster
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MACSJ0717 
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On a smaller scale
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We have discovered Dark Matter

● There is an unseen source of gravitating matter 
which is collisionless (at least, small collision 
cross section compared to gas)

● Not made of atoms!
● Beyond the standard model of particle physics
● Gravity is only known portal
● Can we find others?
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A new particle (or particles?)

Dark Matter=Some stuff that 
gravitates, is 
pressureless=cold (not 
moving very fast) collection 
of weakly interacting 
particles
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Why does empty space expand?

● New form of energy with negative pressure 
(tension)? Not usual particles.

● Modify Gravity on large scales?
● Property of space itself?                       

(Einstein's Cosmological Constant)
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We don't know much more
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Dark Matter Direct detection 
searches
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2 Km underground in Sudbury
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Weakly Interacting Massive Particle
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The hunt intensifies
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 Axions
very light, couple to photons
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From recent Particle Physics Project 
Prioritization Panel (P5) Report

 “There are many well-motivated ideas for 
what dark matter could be. These include 
weakly interacting massive particles 
(WIMPs), gravitinos, axions, sterile 
neutrinos, asymmetric dark matter, and 
hidden sector dark matter. The masses and 
interaction strengths of these candidates 
span many orders of magnitude, and, of 
course, the dark matter could be composed 
of more than one type of particle.”
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Other possibilities for dark matter

● Sterile n 
● Hidden Sector 

● Self-interacting...
● Asymmetric 
● Q-balls 
● WIMPZILLAS
● Black holes
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Dark Matter Experimental landscape
(from Snowmass)
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Dark Matter Theory landscape (From Tim Tait)
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Is the Higgs a Portal?

In the Standard Model
The Higgs is the 
“mass giver”, and
 couples to Everything 
with mass
Does it interact with
Dark Matter? 
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How to find Dark things at the LHC
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Dimensional Analysis
New physics at low scale?
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Could the neutrino be a portal?

● The neutrino mass, converted to energy,  is 
similar to the scale of dark energy

● Neutrino interactions with dark matter and dark 
energy are poorly constrained
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New n  interactions
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Why study the dark universe?

The most beautiful thing we can experience is 
the mysterious. It is the source of all true art 
and science.

Albert Einstein
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SNOWMASS 2013

● http://www.slac.stanford.edu/econf/C1307292/docs/CosmicFrontier.html


