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Early 3-D Maps of the Universe




Sloan Digital Sky Survey

« 1988 - O’ Hare airport meeting (U. Chicago, Princeton)
Goal: to conduct a survey that would make a large 3D map of
the universe (1 million galaxies).

» Apache Point, NM site selected

* 1992 - Alfred P. Sloan foundation made first commitment
to project (total of $25 million)

 Eight universities join the project
Today: 40 institutions with 200+ scientists

* Building of new telescope, camera, spectrograph
* 1998 - First light!

« 2000-2016 — Full survey operations
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Apache Point, New Mexico










' .\  SDSS imaging camera

30 2048x2048 CCDs
* 5 color filters

* 126 megapixels!




SDSS imaging camera




First light image! May 1998
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January 2011 500 million objects

SDSS—III Data Release 8

Imaging (14555 deg®)
Special programs
Legacy

SEGUE-2



P

..

lus:

,

gal

us

erse

B

.

1ai<y.'c

g




Counts

10

__Spectrum

on l{ H6 Hy
on H

OIII Mg o, 4|
HﬁOIII Ilinr‘ rl Vil J 0 Tm “'L‘““ “LH |

L‘

|

M,

\ T IJ[ ‘1I'1i']mi1

Wavelength of light

N \
Mk, "
L W@.—“WW‘Awfw"&%%'rwa@%w“%éé%1@"‘%’—114
4040 5000 5004 7000 g804ao0 9000
Blue Green  yoveientin Infrared

gh



Emission of light Absorption of light

7 %photon
o
atom
photo% atom



The Expanding Universe




A galaxy’ s spectrum can tell us how far away it is.
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January 2015 4 million spectra

Imaging (14555 deg®) -

Special programs

Legacy

SEGUE-2
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Cosmic Microwave Background

300,000 years
after Big Bang

14.6 billion years
after Big Bang



Neutrinos are ruled out as dark matter!
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What Is Dark Matter Made Of ?

MATTE R FORCE

Quarks Gauge Bosons L

- " "Higgs Boson? © : *

* ' THE STANDARD MODEL OF*
. . PARTICLES AND FORCES'

. i : A
IS THIS ALL THAT EXISTS? *

The Standard Model of Particle Physics



