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Galaxy Positions: Sloan Digital Sky Survey




Dark Matter Density




SDSS Galaxy Positions
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Galaxy Bias

Bias between the distribution of matter and the
distribution of galaxies

Generally bias depends on scale

Solar Neighborhood M/L ~ few

Galaxies have extended dark matter halos. baryons
more concentrated than dark matter:
M/L ~few hundred

Satellites (Zaritsky, et al. 1997)
Weak Lensing (Fischer, et al. 2000)

What about |arger scales? 10 Mpc?



Correlation Functions

Two-point Correlation function:
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Galaxies: Xgy(r) Isusualy apower law
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The projected correlation function wyyisthe integral of
Xgg(r) dong the line of sight:
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SDSS Galaxy Positions Xgg= (1/re)*® 1,=5.77 h"Mpc
Zehavi, et al.
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Galaxy-mass Correlations

The distribution of galaxies is known with good
precision in the form of the 2-point correlation

function: Xq(r)

Bias b*(r) = Xgq(r) / Xmm(r) (L, color, env.)

Measure the cross correlation between galaxies and
Mass:. Xgm(r) / Xmm(r) = b(r) R(r)

Xgg(r) / Xgm(r) = b(r)/R(r)



Mass Estimators

Dynamical methods work well within optical
radiusr < 20 kpc. Velocity <=> mass

Can push to ~200 kpc if small satellite galaxies
Identified. System may not be in equilibrium,
Interpretation difficult.

Gravitational |lensing independent of assumptions
about dynamical state, can push to large scales.












Gravitational Lensing
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Gravitational Shear g
Induces dllipticity 1n round source

oR) = 2e u &(<R)i S(R)A
o DS(R)



Density Contrast

0(R)" Sgrit = &(<R)+ &S(R)N
o DS(R)
c’Dq
Z'crit
4 GD D,

In SDSS we know D, but must estimate D and
D, . from photometric redshifts






Weak Lensing

Weak shear istoo small to detect from single
background source due to shape noise: Galaxies are

intrinsically elliptical &°fi» 0.3

Shapes of sources uncorrelated in absence of lensing.
&n=0

L ensing shear induces shape correlations at the
sub-percent level.

Average tangential elipticity of many galaxiesis
proportional to the tangential shear The shear isdirectly
related to the projected mass density.

Sensitivity ~ 0.3/ON



Measuring Galaxy Bias with Lensing

Comparedark matter fluctuationsto galaxy fluctuations
on different scaless W~ Rand W /b

Most direct but sensitive to systematics

Can separate Rand b

No spectra/redshifts, lens population less understood
(Hoekstra, et al. 2002)

Compare SDSSwy, tothe SDSSwyy: W, " R/b

L ess sensitive to systematics
Galaxies have redshifts, luminosities, colors.
Lens population and physical scales well understood



Galaxy-galaxy Lensing

Measure mean tangential ellipticity of background
sources & i

Average tangential elipticity of many galaxiesis
proportional to shear. g = 2,12
Sensitivity ~ 0.3/ON

Density contrast: DS(R)
g = & N2 ué&é (<R)i+ &S(R)N

Average over many lenses to extract signal



What does DS(R) measure?

DS(R) = &5(<R)it &(R)in 1s not
sensitive to "mass sheets', densities that
vary slowly on scale R

Thus what the density contrast DS(R)
measures depends on scale:
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What does DS(R) measure?

Onrelatively small scales it measures the central
galaxy density (Hudson 1998, Fisher 2000, Mckay 2002)

On larger scales it measures the projected
galaxy-mass correlation function wpy,

For a power law wgym,:

DS(R) U & fwgn,
Amplitude of wy, Is degenerate with global mass
density an=W, " r_

Compare to wyy => we can measure \W,,” b



Sloan Digital Sky Survey(SDSS)

Firgt uniform, digital imaging survey of northern
galactic cap to faint magnitudes r'<23

10,000 sguare degrees in 5 bandpasses

(ul’gl’rl’i I’Zl)

First spectroscopic (r'<17.7) survey of northern
galactic cap

Redshifts of 1 million galaxies: Use as lenses

50 million faint galaxies to measure shear

Software pipeline does most of the work: Object
positions and flux






Shape M easurement

Weak Lensing measurements hinge on good shape
measurements

We measure the shape of every object from second
moments

We use Adaptive Moments (Bernstein, et al. 2002)
shown to be nearly optimal

Use radial weight function matched iteratively to
the size and shape of the object. Improves signal-
to-noise ratio by afactor of 2 over standard
methods.



Systematic Errorsin
Shape M easurements

Atmosphere and tel escope optics blur and alter
galaxy images, which can mimic lensing
distortions.

Smearing by the point spread function (PSF) and
Instrumental distortion

Instrumental distortion negligible for SDSS

PSF shape and size are measured from stars and
tracked as a function of position and time




PSF Correction

We correct for the PSF smearing using the
techniques of Bernstein, et al. 2002

Analytic correction:
e=eo ReIO g

R » (size of star/size of galaxy)®



PSF Correction




Photometric Redshifts

Photometric redshift
distribution for each
source galaxy

Estimate mean S for
each lens-source pair

Convert shear to density
contrast



Projected Density Contrast
DSy a twgy,

75,000 lens galaxies

from ~1000 deg” SDSS
data:

d L™
Best Fit Power Law:
DS R—O.8510.O9



Random Points



Projected galaxy-mass Correlation
Function: wg,

75,000 Lenses

Take W, = 0.26+ 0.02

(WMAPext+2dF+Lya Power law | -CDM)
Xgm = (I/Tgm)™
g=1.85+ 0.09

fgm =9.0+ 0.5Mpc



Xgg= (/1) r,=5.77 h *‘Mpc Xgm= (r/r ) 0% r =55+ 0.5 h"*Mpc

Zehavi, et al.

Same radid dependencel X, |4 Xqq
Bias b/R = Xg¢/Xgm IS Scale independent

b/R=11+0.2
Hoekstra, et al. 2002 b/R=1.09 +/- 0.04 (1-100®
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Split Sample by Luminosity

Zehavi, et al.
Three bins in luminosity

Look for relative biasas a
function of luminosity

Do we see the same behavior
INn Wy and Wym?



Zehavi, et al.



Zehavi, et al.



Relative Bias



The Galaxy-luminosity Correlation
Function

Do galaxies cluster with luminosity as they
cluster with mass? Does light trace mass?

Measure w, same way as Wqq but weight by
luminosity of neighboring galaxies

Define bias B, = wgy, /wg

Measure Mass-to-light ratio M/L

MBL Wgm
L | w,,

Measure W B,




X, =
o = (rf U
rgL)- 1.77+ 0.025
X
; r 1.8+0.1

F =
gL O
7+0.4 h'*Mp
C



Scale Dependence of Luminosity Bias

Wgm and wg have the

same radia

dependence measured
around L* galaxies

Bias B, of LSS around
L* galaxiesisscale
Independent



Integrated M/L around L* Galaxies

Integrate Mass and Total Luminosity,
Including central galaxy.

ook for convergence to global M/L; scale
length of convergence.



I-band M/L within radius R: Including
Central Galaxy Luminosity



Global M/L

M/L convergesaround L* galaxies
M MORl.Z (R Rs)l.z

L L, L,R? 1 (RR)Y
0.81

R, (%) 210 9kpc

i Istheasymptotic M/L up to afactor of bias

C

%BL 260 30 inio



W " Bias

Multiply by luminosity density: (Blanton et al.)
Wm, BL: 0.3110.1 BL: ng/WgI :C()nSt.



Summary

Galaxies correlate with mass in the same way
they correlate with luminosity and other galaxies:

Wgm H Wgg, WgL
Biasb/R and B, scaleindependent for L*
galaxies
b/R=11+0.2 (1.09 + 0.04 Hoekstra, et al.)

Amplitudes of wgy, and wy, scale similarly with
luminosity

M/L converges around L* galaxies with half
radius R, = 210+9 kpc (M/L = 260+30)



Future Work

Study small scales:
Size and shape of galaxy halos.
Tully-fisher at 200 kpc.
Comparison with ssimulations:
Halo model
SAM + Nbody
Much more data on the way!



