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What is dark matter?



What is dark matter?

(What isn’t dark matter?)



What is dark matter?

(What isn’t dark matter?)

How can you learn about something you
can’t see?
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and dlscovered that’/a 1arge amount of 1nv151b1e matter must
” . be present to prevent the clusten from flylng apart
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~ .7 More evidence: motions of.stars’

-~ - S W - . B «
o - . - . » » . » -
. . . : ° - 1 . o . ve > . ‘o »
. g - - » é = - O o ' ' 52

in galaxies & .

.- . "
o, A S
. ® . . wig . TN ey AR, .3 s --",.1
. . . - - - - . . R
xS 7 . . - . ™ e e DS PR R ) N GRS "A
» 4 -

T : : .~ = 7 " _ . Image Credit: Robert Gendler



Mor'e ev1dence motlons of star's 1n galax;es’ i

In the late. 1950’5 and early 1976’5, Vera Rub;n pbsgrved-the 5@55
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More eV1dence motions of stars in galax;e gt W

In the late 1960°s and early 1970’5, Vera Rubin. obsqrved .the
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What does ‘“dark’ mean?



Dark matter has since been detected in many other ways
via the gravitational force it exerts on other things

and from these observations we have been able to learn
about some of the properties of dark matter and its
role in the universe.

Image Credit: NASA / WMAP Science Team



Dark matter is fundamentally different than
the “ordinary” matter that we are made of.
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It interacts with other matter (almost?)
exclusively through gravity.
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Most of the universe can't even be bothered to interact with you.

Image Credit: S. Carroll
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To date, dark matter has only been robustly detected
via its gravitational pull on other objects in the
universe.






How do you learn about something in the universe
that you cannot see?



How do you learn about something in the universe
that you cannot see?

1. Simulate its distribution in the Universe and
effects on other matter
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Simulated galaxies: Busha & Wechsler, Visualization: Kaehler & Marshall
Bolshoi simulation: Klypin, Trujillo-Gomez & Primack (2011)
SDSS DR7 NYU-VAGC Blanton et al (2005), Abazajian et al (2009)

Galaxies in Observed
and Simulated Universes



How do you learn about something in the universe
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How do you learn about something in the universe
that you cannot see?

1. Simulate its distribution in the Universe and
effects on other matter

2. Make it in the 1lab
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How do you learn about something in the universe
that you cannot see?

1. Simulate its distribution in the Universe and
effects on other matter

2. Make it in the 1lab



How do you learn about something in the universe
that you cannot see?

1. Simulate its distribution in the Universe and
effects on other matter

2. Make it in the 1lab

3. Make it come to you (and your detectors)



Direct detection
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How do you learn about something in the universe
that you cannot see?

1. Simulate its distribution in the Universe and
effects on other matter

2. Make it in the 1lab
3. Make it come to you (and your detectors)

4. Find indirect evidence of its existence



Indirect detection

Credit: Sky & Telescope / Gregg Dinderman
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Indirect detection
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Dark matter: still a mystery after almost 80 years.



