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Abstract: The coming era of large, multi-wavelength surveys motivates and, ultimately, will inform a multivariate statistical framework describing
cluster properties in relation to underlying halo mass and redshift. In this talk, 1 will present work at Michigan that focuses on a multivariate
Gaussian likelihood approach to this problem, and includes empirical studies using optical and X-ray observations of the SDSS maxbcg sample as
well as a computational program using Gadget resimulations of the Millennium Simulation with preheated gas dynamics. | will show evidence from
the models that a combination of fgas measurements from X-rays along with Ytot from thermal SZ can constrain mass at the rms level of 4%.

Pirsa: 09040050 Page 1/61



Progress on Clusters at Michigan

&FLIR

August (Gus) Evrard

o Arthur F. Thurmmau Professor

o528 Bepartments of Physics and Astronomy

- Michigan Center for Theoretical Physic
University of Michigan




ollaborators and issues

optical surveys
SDSS maxbcg
=> DES

McKay
Wechsler (Stanford)

Fisher forecasts

Huterer

—

simulations —

I —
™ = - ¥ A
" -
- I St Nl N e e .__—r
Wik 2 1 — —
™ AT L ] ™
el e
. — -
KYVKEITT oy el
i o et e e
- o~ =
SNhaldan (BN
e - S ] Wik
—
I/—'br"""""—-r‘i | =
s J--’ i L) —
% | | [ il
R aq | AS)
L —— L Lt - .
e, i~ - f -
mem [ = e o

Pearce (Nottingham)




ollaborators and issues

Fisher forecasts optical surveys

Huterer \ / SDSS maxbcg
Cunha => DES

et

McKay
Wechsler (Stanford)

simulations —

-_.(. = -
- A e - - - =
Kasia -
=t = — §
M T - i
i bt e L S
- . - p— i —
=, J'.{"“"“‘" | \ Yy el
i w S et ' |
. = — —
sMalcon —'\.‘
i e b 2 —
- e
e L B e i e
Rudd (lAS =
IS L I wd § — .
aT=Ta ="
e e e - e e

Pearce (Nottingham)

Fall 2009: Jeff McMahon (SPT) to Physics
Chris Miller (SDSS C4) to Astronomy






= amplified noise peaks

Page 6/61



alos = amplified noise peaks

halo of
mass M

redshift z

= local Minkowski
patch in expanding
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alos = amplified noise peaks

optical/lensing

halo of
mass M
redshift z

= local Minkowski
patch in expanding
FRW metric
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osmology from cluster counts: how hard is counting’

-

|. 3D halo mass is not directly observable
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assive halo phenomenology: observable signal likelihoods

optical/lensing sub-mm
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Astrophysics for Dumn

| . Dimensional analysis => mean relations

2. Central Limit Theorem => deviation



er-law mean + log-normal variance model for halo signals

For i signal, mean behavior of si = In(S:) has slope m; in InM.

For N such signals.




local approach to the signal space density

Take a (locally) power-law mass function

n(u) = Aexp(—au) : a=a(u.z

and convolve it with the signal-mass relation to find the
signal space density




signal selection effects

Select a halo sample based on some signal, s;.
Then the {mass, s>} likelihood 1s Gaussian with covariance
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and the s>—mass scaling for s;-binned samples may be biased
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SDSS maxbcg analysis




SDSS maxbcg analysis

extension to r—i pushes to higher z
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improved richness estimator
scatter in mass—richness

cosmological constraints



slope = 1.6 £ 0.1
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variance at fixed optical richness

Rykoff et al 2008a




[x-Mass scaling

| 7000 clusters, N..; = 9

My from weak lensing, Lx from RASS (stacked Ng. bins) Jonston et al 2007
Rykoff et al 2008b
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. variance at fixed optical richness

Rykoff et al 2008a




Lx-Mass scaling

1 7000 clusters, N = 9
Maoo from weak lensing, Lx from RASS (stacked N bins) Johston et al 2007
Rykoff et al 2008b
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correlation, 'm N

measurement of property covariance for clusters

scatter in In(mass) at fixed Ngal

Vikhlinin et al 2008



at does a large covariance in mass and Lx mean’

Nago is 2
pOOrer mass
proxy than Lx

<
=
—
-
®
-
=
e
O
|

ratio of rms mass variance (Lx / Ngal)




osmological constraints from maxbcg counts and lensing

COSMOLOGICAL CONSTRAINTS FROM THE SDSS MAXBCG CLUSTER CATALOG

E._-_A.—L._}L Ruu .Risa H WeEC 1__-.:r EvLr S. Ryxorr. James T. _—"-._'\i?ilr". aTTHEW I—: BECKE L' L Avccust E.

Evaard ¥ Josuava A. Friesmax®™ Saran M. Haxsex'!. Jiancane Hao', Davip E. Jouxstox'2, Bexsamy P.
KoestER . TimotHyY A. McKay . Eain S. SsELpoN™. Davip H. 1\':...\--,5';-;; g
Diraft version February 21, 2009

ABSTRACT

We use the abundance and weak lensing mass measurements of the SDSS maxBCG cluster catalog
to simuitaneously constrain cosmology and the richness—mass relation of the clusters. Assuming a flat
ACDM cosmology, we find 0<(12,,, /0.25)% % = 0.832 =0.033 after marginalization over all systematics.
In common with previous studies, our error budget i= dominated by systematic uncertainties, the
primarv two being the absoclute mass scale of the weak lensing masses of the maxBCG clusters. and
uncertainty in the scatter of :hf richness—mass relation. Our constraints are "L.__‘L consistent with th
WNMAP five-year data. and in a joint analysis we find oy = 0.807 = 0.020 and 2, ’t’:}} =+ (.016.
an improvement of nearly a .actt:" of two relative to WMAPS alone. Our :"E"-cﬂga are aiso in excellent
agreement with and CDIJ_‘.D&EI.b' > in precision to the latest cosmological constraints from X-ray cluster
abundances. The remarkable consistency among these resuits demonstrates that cluster ab‘mdancn
constraints are not only tight but also robust, and hﬂ.':;gf** the power of UDLC&.J.‘ selected cluste
samples to produce precision constraints on cosmological parameters.




osmological constraints from maxbcg counts and lensing

TABLE 3

Parameter®

(eg. ).4.1.2 unrestrictive
)

1.UD, U390 unrestrictive
(i Nopo | My Hat unrestrictive
unrestrictive

unresinctive

resiriciive

Parameter® maxBCG maxBCG-WMAPS®

s 0.804 = 0073 ROT = 120

il. 0.281 + 0.066 2689 = 0.018

In N A 247+ 0.10 248 + 0.10

In N5 \f i.21 LID .21 = i3

VY. 1 o 0.357 = 0,073 J48 <+ 71

— oa et | 16 = 0,06 13 = 0.059

and 1.3 x 1U0'*° M. respectively

% { T} - " 5 b = E . . # i DE
- [ hese values are obtained W inCiuding Lhoe WAMPS
i 8 : prior oa(2m /0.25 M2 = 0.790 £ 0.024. See Sectior
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SDSS analysis summary
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Millennium Gas Simulations (MGS)




illennium Gas Simulations

GADGEI-2 resimulations
of Millennium Sim volume

500 Mpc/h
|e9 gas+DM particles
mo(DM) ~ | 4el0 Msun
15 kpc/h softening

- same cosmology as MS
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physical treatments:
GO: gravity only
« REXCESS
0.15-)Rean - PH: preheated gas
(R E5-1 )P | 200 keV-cm2 @z=4
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GS massive halo yield

halos at z=0 with
M-soo = Sel3 Msun/h:

4474 (PH)
5612 (GO)




alo space density from large N-body simulations
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Stanek et al 0809.2805

— complex baryon physics

shifts halo total mass (Msgo)

— maximal effects are >5%
statistical error of Tinker et
al (2008)

2 pairs of simulations
o MGS-gravity only

e MGS-preheat

A ART-gravity only
ART-cool/star/feedback



alo scalings from Millennium Simulation with gas dynamics treatments

temperature

* preheated gas
o gravity only




sitivity of halo space density to baryon physics

Stanek et al 0809.2805

— complex baryon physics
shifts halo total mass (Msgo)

— maximal effects are >5%

statistical error of Tinker et

al (2008)

2 pairs of simulations
o MGS-gravity only

* MGS-preheat

A ART-gravity only
ART-cool/star/feedback

dn/dinM



alo scalings from Millennium Simulation with gas dynamics treatments

temperature

* preheated gas
o gravity only




alo scalings from Millennium Simulation with gas dynamics treatments

temperature

hot gas thermal energy
(total SZ signal)




alo scalings from Millennium Simulation with gas dynamics treatments

temperature

* preheated gas

o gravity only




Stanek et al 0809.2805

— complex baryon physics

hifts halo total mass (Msgo)

— maximal effects are >

statistical error of Tinker et

al (2008)

2 pairs of simulations
o MGS-gravity only

e MGS-preheat

A ART-gravity only
ART-cool/star/feedback



alo scalings from Millennium Simulation with gas dynamics treatments

temperature

* preheated gas
o gravity only




ensitivity of halo space density to baryon physics

Stanek et al 0809.2805

— complex baryon physics
shifts halo total mass (Msoo)

— maximal effects are >5%
statistical error of Tinker et

al (2008)

2 pairs of simulations
o MGS-gravity only

e MGS-preheat

A ART-gravity only
ART-cool/star/feedback



alo scalings from Millennium Simulation with gas dynamics treatments

temperature

hot gas thermal energy
(total SZ signal)




alo scalings from Millennium Simulation with gas dynamics treatments

temperature

* preheated gas
o gravity only




alo scalings from Millennium Simulation with gas dynamics treatments

temperature

hot gas thermal energy
(total SZ signal)




GS comparison to observations
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GS evolution of scaling relation slope and intercept
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GS evolution of scaling relation slope and intercept
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of multiple signals at fixed halo mass

ovariance

preheating
gravity only
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fective mass scatter using pairs of signals

TABLE 6
MASS SCATTER AT REDSHIFT ZERO 2

Cluster Property opays T frear ¥ L PH GO

- 0.12 0.12 0075 0.12 0.12 0.12
0.10 — 035 0.050 0.26 0.12 0.38
0.11 0.12 - 0.054 0.21 0.28 0.12
0.062 0.069 0.041 — 0.056 | 0.069 0.075
0.090 0.10 0.093 0.066 - 0.11 0.26

% The redshift zero mass scatter for each pair of signals, with the results
from the PH simulation in the lower, left-hand half. and the results from the
GO simulation in the upper, right-hand half, as in Figure 11 The mass scatter
for the individual signal is listed on the right-hand side of the table.
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Fisher forecasts




Cunha, Huterer
Frieman. 0904.1589

® BAQO4+SN+WL+Planck
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additional improvements from prior in Mobs proxy
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additional improvements from prior in Mobs proxy
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rther exploration into Mobs and Mass Function/Bias

We write the space density of halos as

PAM e M) “(Mose)! 11)

Il
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dal M dM
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and adopt the [inker parameterization of flo) |?

InM.,.,. —hhM-InM, (M. =z)
Vv 20 (M, 2)?

We model systematic error in the mass proxy by intro- Following |7 |, we allow the first three parameters of f{o

CuUcCing a TL‘tlhlll_:T'lit_’I_}(':-.l 'nt IES ANncC vVariance

InMi..(z) = Bs+ B:(1 + z). 13)

to vary with redshift, so that
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ABLE [: Fiducial constraints on cosmological parameters for perfectly known nuisance parameters

Sharp priors No priors

Survey M. h M- Noo: oo olllpe) olw) {Qpe) olw)
e 8.400 0. 0.010 0.050 0.91 2.19
16.400 0. 0.003 0.039 0.82
229200 0.2 0.0025 0.011 0.0488

3 11 IR7.200 0.5 €.0023 0.0097 022 0.35
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additional improvements from prior in Mobs proxy
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analysis of value of cluster counts and clustering

Cunha, Huterer

Frieman,  0904_| 589
= InMZ™ +a,In(l + z

az : hJ—‘rI. b :'-_U_‘i-_!;—_:._ -

® BAQDsSN+WL+Planck

® plus clusicrs

PC3

~“solid- pre-JDEM BAO+WL+SN

dashed: plus clusters
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additional improvements from prior in Mobs proxy
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rther exploration into Mobs and Mass Function/Bias

We write the space density of halos as

P Mo M) z exp |~z (Mo )| . 11)

an ’ P dinoc
=

aM VN aM

—

w here

L

nM,.,. —-hM-InM, (M :z)

Lo ks | —— N — i

= A

V20, (M, 2)

Following |7

to vary with redshift, so that

We mode!l SyYstemalic error (0 the mass proxy by intro- , we aliow the first three parameters of f(o

ducing a redshift-dependent bias and variance

InMi..lz) = Bs + B:(1 + z). 13}

ol a{2) = 05 4 }__::.:,

ABLE I Fiducial constraints on cosmological parameters for perfectly known nuisance parameters

Sharp priors No priors

Survey M. h " M- Niow: oo o{flpe) olw) o(flpe) o(w)

0.610 0.050
0.039
0.0025 0.011
Q.03 0.0097

0.0053




Degradation in (7 w)

Fauducial Survey
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the future...




Dark Energy Survey is approaching

An NSF/DOE funded study of dark energy ‘'using four techni_i:l :

I) Galaxy cluster:surveys (with SPT ' % % g
PA Cam,w ular power spectrum o -%r, e
3).Weak [ensit g cosmic shear e S :
4 g ~ et e . . "___. ‘ . i .
".”_Dr 2 gistances -~ : R SPr et N
-~ ' o
Two linked; muitiband optical surveys _ S s S .

5000 deg” g1 f.ZGin'S to ~24* mag

ﬁepeﬂtﬂd observations of 40 deg?

Development and schedule

.—L..-..-'—_- e

New 3 dﬁg- camera on Blanco 4m, Ce: rcﬂ’o}ofo

- ‘ o ™
Data management system at NCSA i ‘, 2
LS sTal 20 s .
_ Survey Operations: 201 1-2016 g
510 nights of telescope time over 5 vears
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