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The Q Continuum Simulation: Heitmann et al., 2015 (arXiv:1411.3396)

dark matter halo

Predict abundance of halos as a
function of cosmology using
numerical simulations

Measure number of galaxy
clusters in a given survey as a
function of mass and redshift
Learn about cosmology
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CLUSTER MASS DEFINITIONS

Cluster masses usually defined as Mj, which is mass enclosed
within a sphere of radius ra, whose average density is A*p

defined with respect to Pmean Or Pecritical
A = 500c used for X-ray because only inner part is bright
A = 200c used for weak grav. lensing and velocity dispersions

In simulations, also consider friend-of-friend (FoF) masses with
linking length b ~ 0.2




CONSTRAINTS ON FLAT LCDM MODEL

DE HAAN ET AL. 2016 (SPT COLLABORATION)
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Structure formation in numerical simulations
N-BODY VS. HYDRODYNAMIC SIMULATIONS

* gravity-only » gravity & gas

» (relatively) cheap ° more expensive

* no free parameters « complicated sub-grid

physics such as star
formation, feedback from
active galactic nuclei




HALO MASS FUNCTION
SB ET AL. 2016 (ARXIV:1502.07357)

rvvl

—
o
-

-
o
&

—a
o
@

>
ot
(p)
C
()
O 10°¢
-
()
0
&
>
C

(redshift)

—\_

Mmass 0"

—
o
g

—A
o
|
—
o




IMPACT OF BARYONS ON THE HMF

MAGNETICUM HYDRODYNAMIC SIMULATIONS: UP TO (3.8 MPc)3 (K. DOLAGH)

SPT-like (high-mass > ~3e14 M) eROSITA-like (all masses > ~5e13 Msyn)

blue vs. green contours: impact of baryons on the HMF
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HMF - OUTLOOK

CALIBRATE THE COSMOLOGICAL DEPENDENCE

* Run simulations for a range of 4 Mass function
different cosmologies and mass '
definitions

* Use emulator to interpolate to

desired cosmology * 26 model emulator

1012 10‘3 10"
T - M

Model épacé covered
Test cosmologies
LCDM

dn/dln M [Mpc~3]

 FoF HMF emulator N | il
 (Heitmann et al. 2016) 55 model emulator
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http://spacetelescope.org/images/heic0916a/
http://spacetelescope.org/images/heic0916a/

THESE ARE GALAXY CLUSTERS...
.. SO WHAT ARE THEIR MASSES?

Credit: NASA, ESA, and J. Lotz, M. Mountain, A. Koekemoer, Credit: NASA, ESA, the Hubble Heritage Team (STScl/AURA), J.
and the HFF Team (STScl) Blakeslee (NRC Herzberg Astrophysics Program, Dominion Astrophysical
I .ora/im heic1401 Observatory), and H. Ford (JHU) http://www.spacetelescope.org/

images/heic1317a



http://www.spacetelescope.org/images/heic1401a/
http://www.spacetelescope.org/images/heic1317a

WHAT IS A GALAXY CLUSTER®
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SZ / NIR OBSERVATIONS

MOST MASSIVE CLUSTER KNOWN AT Z > 1, FOLEY ET AL. 2013

SPT-CL J2106-5844 at z = 1.133




The South Pole Telescope

» (Sub) millimeter Wa\/el,ength telescope
— 10 meter aperture

i FWHM beam at
- 5 arcsec~ '
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Image credit: Nicholas Huang & Robert Citron



Sunyaev-Zel’dovich Effect (SZE)

MICROWAVE BACKGROUND

. PHOTON
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Zoom in on an SPT map iy |

50 de92 from Primordial and secondary
2500 degZ survey anisotropy.in the CMB

Point Sources - High-redshift - High signal to noise
dusty star forming galaxies and SZ galaxy cluster detections as
Active Galactic Nuclei X “shadows” against the CMB!
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SZ AND X-RAY SURVEYS
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(SOME OF THE) UPCOMING SURVEYS
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CLUSTER RED SEQUENCE
USEFUL FEATURE IN COLOR-MAGNITUDE SPACE

RED-SEQUENCE MATCHED-FILTER PROBABILISTIC PERCOLATION
CLUSTER FINDER (REDMAPPER, RYKOFF ET AL.)
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RED SEQUENCE OF SPT CLUSTERS IN DES

0.07 <z< 1.12 (HENNIG ET AL. 2016)
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EXAMPLE OPTICAL SURVEYS

* Sloan Digital Sky Survey (SDSS): 14,000 deg?, 26,311 clusters with
richness A > 20, 0.08 <z < 0.6

« Dark Energy Survey (DES): 5,000 deg?; currently: 150 deg? Science
Verification Data, 786 clusters with A > 20, 0.2 <z < 0.9

* Large Synoptic Survey Telescope (LSST, ~2020): 18,000 deg?
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SCALING RELATIONS

RELATE OBSERVABLES TO MASS

* Assume there is a mean relation <Obs> = f(Mass) with scatter

 self-similar model for virialized objects (Kaiser 1986)

* Mgas = Cgas Mac

e T%2 = Cr E(z) Mac

e Ysz3/5 = Csz E(z)%> M.
* E(z) = H(z)/Ho

* In practice, allow for more freedom <Obs> = A M8 E(z)¢




SCALING RELATIONS IN SIMULATIONS

Gupta et al. 2016
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X-RAY - WL CALIBRATION

WL (WIG)

de Haan et al. 2016 |

Mantz et al. 2016
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Flat LCDM
Cosmology
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Dark Energy
Equation of
State
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PARAMETRIZED GROWTH OF STRUCTURE

dInd |
fa) = 7— =0 (a)

Bils) w 5‘(’”) o di) - s ( / dnd sz::,(a')]

Pk, 2) = P(k, zini) D2 (2)

GR predicts y = 0.55




RESULTS FROM CLUSTERS TO DATE

15 W0 B/

06 08 10 12

1.0

02 04

0
=
=)
o
2
<

-0.2

Weighing the Giants IV: Mantz et al. 2015
Also: Rapetti et al. 2009, 2010, 2013




RESULTS FROM CLUSTERS TO DATE
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