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Outllne

o Observmg LSS

K Measurlng clusterlng statlstlcs
®. using photometrlc redshlfts (photoz)

. Physmal mformatlon

- Color, enwronment and galaxy evolutlon

‘Rate of structure growth '

Baryon Acoustic Oscillations

(Matter denS|ty, neutrino mass, prlmordlal non- i
Gaussianity) * -

. ’
» »
.

e BOSS Photometrlc vs.,Spectr'oscoijic redshifts
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|th Redshifts

Mlllennlum Slmula
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| Clusterlng Measurements

.. N ,.

o Overden5|t 0 == =
. e
@ 2-point angqlar correlation function,w:

w(6) = (5:0;0; ;)

. Alternatively: |
" ws(6) =DDW@)/RR@®) 1
. .Real-space denoted |
52( ). |

o Fourler transform P(k), ahgular version C;
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- Clustering Measurements

Galaxies (SDSS)

Millennium Simulation




The Dark Sector

- ® Agreement between
simulation,
| observation

- ® Job elone? .
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The Dar_k Sector

. ® Agreement between
“simulation,
~ observation

X3 Job done? =

0 Need to quantlfy
;ameunts -and
,propertles>’< of dark
sector, test GR

« .. AshleyJRoss -~ LBNLRPM . . .Jan I9th, 2011



- Photometric Redshifts

o (u)grlz(y) imaging surveys aIIow Athot ~0. 03(1 + z) 3
- orabout 100 Mpc/h : .

- ® Radial clustering nearly wiped out

¥, Ashley]. Ross | LBNL.RPM | - +Jan 19th, 2011
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% Why Photometric
- Surveys?
More objects at higher redshifts (SDSS has 78

~ ~2x107 photoz galaxies; B observable toz~

Extremely preC|se measurements >

-Upcomlng, deeper wide-field surveys will
rely primarily on photometry (e. g, Dark -
- Energy Survey)

® (Lensing needs hlgh den5|ty of background
'sources)

Ashley:] Ross | LBNL RPM . Jan,l9th, 2011
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Clusterlng with
Photometrlc Redshlfts_'

® “2+|” dlmen5|ons make measurements in
- photoz bins ~ as wide as photoz error'w(0),

| .0 pro]ect over redshlft dlstrlbutlon

= /dZ1 /d’».Z’Qn ,Zl 1 22' f (-:u'a Tev(@v “1; 22))
- @ 'Accurate measurements require careful
treatment of observational systematics
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108 g

Galaxy environments
Baryon/dark matter interaction
galaxy evolution
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Clusterlng depends on
& Color '
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,. Clusterlng depends on
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Clusterlng of Red and Blue GaIaX|es

o Ross & Brunner 2009

100

® SDSS DRS'
photozs

# of Galaxies

® measurements fit
by parametric . -
halo model

o +Segregat|on of
- blue/red galaxies.
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Red/blue Model
o New modeling for red/
-blue galaxies

® Place galaxies into ,
separate halos as'much
as statistics allow

®: Means ~ no mixihg in
low mass halos, Nelpglc
mixing in hlgh mass
halos
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Red/blue Mode

® New modeling for red/
blue galaxies | | Mixing (old model)
® Place galaxies into _
separate halos as'much
as statistics allow
®- Means ~ no mixing in
low mass halos, some

mixing in hlgh mass
halos

‘ ; .
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Red/blue Mode

® New modeling for red/
blue galaxies | | Minimal mixing
‘@ Place gaIaX|es into -
separate halos as much
as statistics allow
®- Means ~ no mixing in
low mass halos, some

mixing in hlgh mass
halos

‘ ; .
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Red/blue Model

o New m‘o'cleli.ng for red/
blue galaxies' |
‘@ Place gaIaX|es into -

Separate haIOS a's mUCh ' ,,/"/ ,'// Fraction of satellites that _
as statistics allow | are blue around red

centrals

‘@ Means ~ no mixinhg in

low mass halos, 'somé | -~ minimal mixing |
mixing in hlgh mass |
halos

Wednesday, 25 January 2012



- Evolution
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~ Evolution
Ro'ss' e’tv gl. (2010) | ..

T YI'I T T
01<z<02

lv'l"-.'-ly:"'

02<z2<03

M, < -20.5 -

galaxies

01<z<02
015 <z <025

02<z<03

# of

o
-b

L PUR R S ST A | aaaal bttt sl

LLia L i A Al P Y
01 10 1012 1013

0(degrees) Halo Mass M (h-'M,)
¢ . Ashley ] Ross ~ LBNLRPM ~ . . Jan.19th, 2011

Wednesday, 25 January 2012




% EvoIUtiQh

Ross et al. (2010)
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Ross et aI (2OIO)
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.Structure Growth with Redshift
" Space Dlstortlons (RSD)

o Intrinsic velocmes of galaxies |mply redshlft
| space |s distorted from real- -space |

@ Small scales - fnger of God effect .

. ® ‘Large scales - infall onto clusters -

Ashley | Ross ~ LBNLRPM ~ . .Jan I9th, 2011




Structure Growth with Redshift
. . Space Distortions (RSD)

" TS
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.Structure Growth with Redshift
" Space Dlstortlons (RSD)

o Intrinsic velocmes of galaxies |mply redshlft
| space |s distorted from real- -space |

@ Small scales - fnger of God effect .

. ® ‘Large scales - infall onto clusters -
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Structure Growth with Redshlft
. Space Distortions (RSD)




 Real/Redshift Space Clustering

Real Space
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~_ R'eal,/Redshift Sp_a‘ce ‘Clustering -

Redshift Space
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- Rédshift SPaC.eCI UStering

® Large scale dlstortlons can be modeled il
- with Imear theory:

B = (1+fu) R G
= "cos(0); f = din(D)/din(a) ~ O,

ma,tte’f _

e..'GR predi'cts y =0.557 -

Ashley | Ross ~ LBNLRPM . .Jan [9th, 201




RSD Wlth Photozs’

1

Ross et aI 20I I

o Préjec'tion.s‘for-
- Dark Energy

R Survey

RN o Implles DES can

angular clustering H measu_rg f &
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’.RSD with Phdtozs?

Ross et al. 201

o Prc‘>jec'tion.s‘for-
- Dark Energy
Survey

Mo o Implles DES can

DES w(6@) prediction

DES Fisher matrix prediction measu re f .

W Ashley | Ross LBNLRPM = . . Jan [9th, 201
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Baryon Acc)usltoic Oscillations
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BOSS tralned DR8
Photozs

e Used over
- 100,000 BOSS
spectra

e Over 1,000,000
: PhOtOZS Ovel" : ” | (degrees)

QUMMMERIEEGERE  Ross A ). et al. 201 1 (ArXiv: [ 105:2320)
' B Ho, S. etal. 2012 (ArXiv:1201:2137)
Seo, H. et al.2012 (ArXiv: 1201:2172)
de Putter, R. etal.2012 (ArXiv: 1201:1909) |
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BOSS-tralned DR8
Photozs

| (degrees)

Ross,A.].et al. 201 | (ArXiv:1105:2320)
Ho, S. etal.2012 (ArXiv:1201:2137)
Seo, H. et al.2012 (ArXiv: 1201:2172)
de Putter, R. etal.2012 (ArXiv: 1201:1909) |
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S5 BOSS-trained DR8 ;
i Fhotors < it
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AN 2m,,
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solid: WMAP7+ H, best-fit cosmology, £m,=0"\\

s oo |y my, < 0.26 eV, 95%CL
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de Putter, R. et al. 2012 (ArXiv: 1201:1909)
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3 spss . B
SDSS DR9 BOSS Specz ‘CMASS’ Sample

* Targeted | million galaxies

8600 sq degrees of NGC
3100 sq degrees of SGC

* DR9 footprint 3345 sqg. deg
21% in Southern galactic cap

T e 270,000+ redshifts 0.43<z< 0.7

! “7070—8 09 1.0
' \ complcteness

e Redshift completeness >98%

* Public July 2012

LBNL RPM Jan 19th, 201 |



* Targeted | million galaxies

8600 sq degrees of NGC
3100 sq degrees of SGC

* DR9 footprint 3345 sqg. deg
21% in Southern galactic cap
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e 270,000+ redshifts 0.43<z< 0.7

e Redshift completeness >98%

redshift

* Public July 2012
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BAO Comparison

BOSS Galaxy Clusterlng (in prep. }
\/'\. o e "b’ “o.—'t'%ou =

|
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T T T
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@bservatlonal Systematlcs

® Object classification. i
° Star/galaxy/quasar |
o Use probabilities

o Galactlc foregrounds
® Stars, Galactic: Extlnctlon

o Observmg,condltlpns. | .
® Seeing; Sky Background Airmass

e .0 Photometric offsets varying dust law?
® See Schlafly et al. (2011a,b)

Ashley | Ross LBNLRPM * . . . Jan I9th, 2011




#ioGla T Starg

o ~3% stellar contamlnatlon il
, -nCMG should mcrease W|th Nstar

o Opp05|te iS obseryed

® “removing” stellar
_contamination = huge anti- - 2000 4000
correlatlon S n.  (deg-2)

* p,, Wweighted, —A
4 pg, Welghted
«+ No weights

& .. Ashley. Ross LBNLRPM' - . . Jan 19th, 2011 "~ ..
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#ioGla T Starg

| 1 BAAAEEE==2
0.5 ; o

o ~3% stellar contamlnatlon -

- NCMG should increase with Nser | 105 3
o Opp05|te s observed -. }
| i s A 095 111
® “removing’ stellar . 09
' g (o . RES ‘ 2 : .
~contamination => huge ant .

- correlation T AT R 2000 4000
. | ¢ =t | gl,ar (deg-a)

4 P, Welgntea
«+ No weights
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Stars Occult Area
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Stars Occult Area

L . N 3 .
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Relative density of galaxies wrt to stars (DC6B2, weighted averages)
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- General Solution

-® If you can make a map
®.'|) Assume intrinsic cross-correlations are
0, subtract measured contribution
®_2)Assume intrinsic no local relationship,
. weight appropriately . - ‘

b Ashley | Ross ~ LBNLRPM - Jan 19th, 2011
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W(e) for hotoz shells

~ﬁt for bias with .

basic ACDM
model

with corrections:

x2/d.of = 0.79,
1.8,0.99.1.0

vivithout
corrections: X%/ -

d.of = 0.99,3.9,
7.0,6.4

Wednesday, 25 January 2012
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" ‘\

3 'SDSS
Spectroscopic Sample

* Again went through all
potential systematics
*Most important: Correct
for presence of stars via
weights linear fit to ng(nstar)
relationship

Ross et al. (in prep.)}

2000 3000 4000

nstar (deg—z)

y 2012



V\

3 'SDSS
Spectroscopic Sample

* Again went through all
potential systematics
*Most important: Correct
for presence of stars via
weights linear fit to ng(nstar)
relationship

+ No systematics correction
« Systematics correction
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by BAO pc.sition u n'affec.:ted :

e .photozz positio.n.

- changes by 0.10, X*/

saidorira-= b
® specz «0.l0 (X. .

- Xu,W.Percival)




. Lessons for the future *

c e Approach DES carefully

Spectroscoplc overlap

Fix object detection ahead of time -
re-apply BOSS photoz methods -
coordinate with weak Iensmg

° Issues in BigBOSS target catalog can be .
- addressed ahead of time

= @ BOSS systematlcs found durmg photoz |
| pro]ect | |




Conclusmns

Galaxy clusterlng encodes a wealth of cosmologlcal
information! e

(faint) foreground stars present challenge for aIl

forthcomlng surveys

‘ : ’

Using photometric redshifts presents challenges
...but the |nformat|on is still there

BAO position appears robust to observatlonal
systematics

BOSS photoz sample is best eX|st|ng sample results W
came out this week'

BOSS DR9 cosmological implications coming soon!
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