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DARK MATTER

* We can only see up to 5% of what'’s out
there! (kinda creepy...)

- Dark matter is the dominant form O .
matter in the: Um"‘ﬁ;‘rs.e {85%!) %" e
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WHAT WE (THINK WE) KNOW ABOUT

DARK MATTER

Massive

Cold

Collisionless

Invisible

Non-interacting or weakly-interacting



Q: HOW DO WE SEE THE INVISIBLE
”?

e A: Erm...sometimes we'd rather not
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INVISIBILITY CLOAKS

make sure the switch is in the ‘on’ position

VERY DEMOTIVATIONAL .com




Q: HOW DO WE SEE THE INVISIBLE
117

* A: Gravity!




EVIDENCE FOR DARK
MATTER |
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SOLAR SYSTEM vs GALAXY




Why is the
galaxy’s rotation
50 weird?




EVIDENCE FOR DARK
MATTER I



COSMIC MICROWAVE BACKGROUND

Iverse!

t snapshot of the Uni
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DARK MATTER SIMULATIONS




EVIDENCE FOR DARK
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OTHER EVIDENCES



CANDIDATES FOR DARK -
 JAUMEEIER .

S ItrophysicaICor'r-\'p

PWEITS, Unassociated planets...Nig
B unlikely!
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THE STANDARD MODEL |

 Describes the known particles and interactions
(except gravity) within the QFT framework

5 open problems: hierarchy problem, dark matter
and dark energy candidates, neutrino masses,
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THE STANDARD MODEL Il
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The Four Fundamental
Forces of Nature

Electro- Weak Strong Cravitation
magnetism Interaction Interaction
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PARITY VIOLATION Il
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* Physics is different if we view it reflected in a
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MIRROR MATTER |




MIRROR MATTER Il
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DARK MATTER HALOS




HEATING MECHANISM
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sector dark matter Mol s
--'j,"-"'Very S|mple model that can m|m|c explarn dark =
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WHAT | DO (TECHNICAL)

 "A simple way of explaining dark matter without modifying known
Standard Model physics is to require the existence of a hidden sector,
which interacts with the ordinary sector predominantly via gravity. We
consider a hidden sector containing two stable Dirac fermions charged
under an unbroken U(1)' gauge symmetry. The gauge field associated
with this U(1)' symmetry can interact via kinetic mixing with the
ordinary photon, with coupling $\epsilon$. Such a process is particularly
relevant for early Universe cosmology. This model has been studied in
the context of direct detection experiments, however little has been
done for cosmology. We calculate the additional relativistic energy
density at recombination and the effect on Big Bang Nucleosynthesis.
Following this we examine the process of dark recombination, when
neutral dark states are formed, and the manner in which affects large-
scale structure formation. Finally, we combine our results with those
from direct detection experiments and show that the combined analysis
sets strict bounds on the parameters in our model. These bounds can
serve as a guideline for future experimental searches."
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