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Sloan Digital Sky Survey

Goals:

1. Image ¥4 of sky in 5 bands
2. Obtain redshifts of 1 million galaxies and
guasars

Science:
Measure large scale structure of
a) galaxies in 0.2% of the visible universe
b) quasars in 100% of the visible universe

Astrophysics/Particle Physics Connection:

Large scale structure today arose in universe from
processes occuring above T=10%"K (E=10** Gev).
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2.5 m Telescope

640 Fiber Spectrograph “Photometric” telescope



Survey Operations

PlalelD: 798, temp: 5C, haMin: 0deg, haMax: Odeg, mjd: B2242

2. ldentify Galaxies,
Quasars

vFocal
200

—-200

3. Design Plugplates 4. Obtain Spectra



®  SoanDigital Sky Survey
'SDSS * . Current Status (Aug. 2003)

-

Basdline Percent Complete.

.. ¥
.

. IMAGING 8452 5. deg. IS

78% asof Aug 6, 2003

SPECTROSCOPY 1688tiles NN
® . 48% asof Aug 6, 2008

- MT (callbratlons) 1563 patches - NN =

93% as of Aug 6, 2003

Operations began: Apr 1, 2000
Operationsend:  Jun 30, 2005
Proposed 2 year extension




Data Quality:
GOOD BASELIMNE
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Depth
Accuracy
Bands
Area

Galaxies
QSOs
Matching
photometry?

Strength of SDSS

IMAGING

DPOSS (plates) SDSS
r=205 r=225
20% 2%
J F, N ug,ni,z
30,000 sg deg 5000 sg deg

SPECTROSCOPY
2dF SDSS
220,000 400,000
30,000 ~40,000
Plates CCD



Catalog Information

* |maging
- Magnitudes (5 bands) ==> 4 colors
— Morphology (crude)
- Size
— Shape
— Position
e Spectroscopy
— Redshift => Luminosity, distance
- Velocity Dispersion
— Line strengths (abs., emission)



 Publications

e 277 total

e (185 in refereed
journals)

e 35 additional based on
SDSS data

40 Ph. D. Theses
(most In progress)

Research Results

* TOpics

Hi Z Quasars
Gravitational Lensing

QSO & Galaxy Corr.
Function

Galaxy Clusters
Galaxy Struct./Evol.
Milky Way Halo
Brown Dwarfs
White Dwarfs
Asteroids



Data Release 1 to public

Now Available (www.sdss.org)

All data through June 30, 2001
$DSS Data Release 1

Where o Slart
Mews and Updates The Skoan Digital Sky Survey (see Wiy sdss or

for general information) wil map one- gquarter of the entire sky and perform a redshit survey of galaxies, quasars
skt and stars. The DR1 is the first major data release and provides images, imaging catalogs, spectra, and redshifts for download
utorials

Data Products
Data Access

Mews:All tempaorarily unavailable data have
heen restored. More

This release contains the "heta" processing of the DR1 data set. About DR1 explaing what we mean by "beta”

Sky Coverage Flease refer to the credits page for our sources of funding, participating institutions, how to acknowledge the use of SDSS data in your publications. Please also
‘IIS.'I‘II!“P;“i- note how to refer to SDSS sources in your publications using the proper 14U nomenclature for SDES sources
Data Flow | 1
magin
Algorithms ging
Glossary :
Help and Feedback e

2099 sq. deg

Imaging catakog S3 million unigque objects

Search

images | 2.338 TB
Data volume
catalogs 0462 TB

o r i z
Magnitude limits (35% detection repeatability for point sources) &
22022 2|(z2.2(121 3[|20.5
PSF width 1.4" median in »
r |l == | =2
Photometric calibration i
2% |3% 2% 2% 3%
Astrometry < 01" rms absalute per coordinate =4
SDSS L sy Cowvera {Atorr
Spectroscopy

ales)
Spectrascaopic area 1360 sg. deg. (Mate: we earlier erronecusly reparted 1556 sg. deg. as spectroscopic area)
Resolution 1600

Signal-to- naise >4 per pixel at g=20.2

30 kmd'sec rms (from repeat abservations

. Galaxies: Petrosian r<17.77
Target magnitude limits for main samples Guasars: PSF 5 <191

166,250 objects, classified inta
134,000 Galaxies

17,700 Quasars (redshift <2 3)
360 Guasars (redshift =2.3)
17,600 Stars

4500 M stars and later

3700 Sky spectra

1770 Unkrnown class

Redshit accuracy

Spectrascopic catalag

calibrated spectra ("2d™) 0014 TB
Data volume
spectra, redshifts, ine measurements ("1d™) 0.039 TE

This is version v1_200307 741887

WD B0 GSing NePscape 4.5 and See SUersiZed IS, piease inok at the Workaround o ihe Credits page




 Good old days
- Ho’ qo
e Modern Times
- H
0
-0 =0 +Q
N\

Total

-0, N, w, b

Matter

L. o 0
CD

+QV

Baryon M

SDSS will measure

SDSSwill try to
measure

What 1s Cosmology?

Cosmology du Jour
(ACDM)

H =72
0

O —
Total

Q0 =0.7
N\

Q0 =0.25
CDM

Q = 0.05
Baryon

o =0.9
8

n =1

W =-1

b =1



Obligatory Pie Diagram

The clustering of
galaxies that we
See today arose
from quantum
fluctuations laid
down at the end of
the inflationary
epoch in the early
universe.

Distribution of Galaxies around Sun to z=0.15
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? 3y Galaxy Properties - Why SDSS?

* Want to understand biasing between galaxies
(luminosity) and mass.

 Number of galaxiesisamultivariate function of
— Luminosity
— Morphology/color
— Environment (density)
— Redshift
— Surface brightness

* Reqguires large sample of galaxies with accurate
datal



01 & ! ! | ! ! ! H

= 1TF S -

10 ® = E

107 = E

= F :

& 4 ) Schechter function i

Galaxy T E E

o) = ¢,= 1.46 + 0.12 (x107%) 5

Luminosity - M= —20.83 + 0.03 :
Function o = —1.20 + 0.03

(Blantoneta. 107°
2001)

107 E
J ok =
= 100 g E

—22 -20 ~18 ~16
M



Same figure
but sorted by
galaxy color.
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Weak Lensing - Compare light
with mass

McKay, Sheldon, et al (2001, 2002)

Foreground Galaxy -

\ Background galaxy (sheared)

Shear (¢ = 1-b/a) measures projected mass density
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eak Lensing Calibration of M/L

vs. Morph. Type and Color

TaBLE 3
Mass anp M/L Frrs ror DIFFERENT Caraxy TyPEs

Calaxy Type (M(R<260 kpc)}* {(M/L.}" {(M/L,}  {M/L.}  {M/Ly}  (M/L,)

102 h~! Mg hMe/Loe hMo/Le hMg/Lg hMg/Lo hMg/Lg
All 26 £ 0.3 329 4 40 200 £ 35 170 + 21 124 £ 15 100 £ 12
Spirals 1.5 &+ 0.4 167 £48 192 £55 143 £41 112 +£32 97+ 28
Ellipticals 41 £0.5 647 £ 77 42551 221+£26 158 £19 123 &+ 14

“Based on fits to singular isothermal spheres
"M = M{R<260 kpc)

McKay + Blanton ==> Q(matter) > 0.16



2-Point Correlation Function

* One measure of galaxy clustering
* &(r) = <Ap(r)Ap(r +r)>
« Approximation: e = (r/r )~
- 1 ~8Mpc (correlation length)
-y~ 1.8
* Power spectrum: P(k) = Fourier Transform of «(r)




% Galaxy 2-point correlation function
VS. gal axy color
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Halo Occupation Distribution Model
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SDSS Cluster Finders:

maxBcg (Annis et al
- Search for BCG and E/SO ridge

Hybrid Matched Filter (Kim et al)

- Matched filter on luminosity function and radial profile

Cut and Enhance (Goto et al)
— Color cuts, gaussian cloud, image processing

Voronoi Tessalation (Kim et al)
— Color cuts, then tessalation

C4 (Miller et al)

— Near neighbors in color-color space

SRC: SDSS-RASS Catalog (Annis et al)

- E/SO overdensities at RASS faint source position

FOG: The finger of god catalog (Annis et al)

- Velocity space search for fingers of gods.

The Cluster Finding Renaissance

Photo-z is revolutionizing

cluster finding

Photometry

Photometry

Photometry

Photometry

Photometry

Xray cross 1D

Spectroscopy



Galaxy Clusters

Abell 1689 Galaxy Cluster



Elliptical Galaxy Spectrum

RA=48.89957, DEC=-1.10044, MJD=52258, Plate= 412, Fiber= 7
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(Anniset a, 2002, Bahcall 2003)

& . & &

vy ThemaxBcg Algorithm

_ _ z=0.200 Ngals=0 £p. .= —B.4 £ro= —B.4
« Animation of process for a 2=0.130 Ngals=19 Hooo= —1.0  dpy= 19
single galaxy A ' # \ ]
« Perform step for all galaxies L M H’ -
* Build a 3-d map h R #
* Locate maxima N P )
i' (petrosian) dotted line iz 12 L'

* Strengths _ Objects with L > 1/2 1

- Works to high z | | | |

- Very good photo-z 5

ool

* Weaknesses - o

- Strong assumptions built " .

In

2'—r' (model)



A The maxBcg Cluster Catalog

e ee

4 B &

EDSS maxBeq Sureey
hiy Mpc

 The 200 sg-degrees
currently analyzed gives a 2500
catalog of 4000 clusters

ngals == 3
o hoals == 7
ngala == 10

« Photometric redshift for 2000
each cluster good to 0.015

* Mass estimates from total 1500
galaxy light
 Plot shows all clusters from 1000

a wedge 90° wide and 3°
high, out to redshifts of 0.7

A




maxBcg Calibration from weak
lens NJ (Sheldon et al. 2002)

]_{HII' r 1

A=56.00%

o= 0.68%0
)
=
=
5

100 . — ] .

1 10 100

richness(maxBcg-v3 4 _stripel0/82.ngals)



Galaxy Cluster

Massfunction Xray, SZ clusters
(Jenkins mass function)

e
kg |
—— Mass function |
— Number function E‘m



R Cluster-Cluster correlation length
- vs cluster richness

(Bahcall et al 2003)
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Optical and X-ray Clusters

r, (Mpc/h)

d, (Mpc/h)



% Three-dimensional Power Spectrum

B F

[{p ) % (Tegmark et a 2003)
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Relative bias b/b(M*)
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Current power spectrum P(k) [(h-! Mpc)?]

SDSS vs Rest of World

Wavelength A [h~! Mpe]
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Correlating WMAP with SDSS

(Scranton et al. 2003)

Integrated Sachs-Wolfe Effect —
R = e :

(Dl_ \ﬁTl

Av = GAM /r - GAM [r
1 1 2 2



2 \What Are We Measuring?
SDSS

GALAXY
CONCENTRATION

Eravitatld ]'.ill repuision

I‘I 1'.,I'I'L Iy y

WMAP

Integrated Sachs-Wolfe
Effect: Positive correlation

bewteen AT and An of
QM < 1. 390,000 years

14 billion years Ly 7y 10 billion years




z ~0.49
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Measurement
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How to find High Redshift QSOs

036<z<40
040<z<45
045<z



7=6.28 Quasar (r', 1', Z)
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What i1s the Reionization Era?

A Schematic Outline of the Cosmic History

SlSEEEE Snd JUSS3ANE
i n o &

B Nnd of the
Dark Ages
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SDS! Conclusions

» SDSSis performing successfully

* We aretesting "cosmology du jour" with ever
Increasing precision

* 400,000 redshifts + 30 Terabytes of processed
data: Quantity has a quality all its own

* Producing leading edge science in awide range of
disciplines



