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outline

® analytical model for multi-property counts of massive halos
Swiss army knife for interpreting sample behavior

® Bahamas+MACSIS simulations
log-normal form of mass-observable (MOR) PDFs
running of slope and scatter with mass

open (groups) to ~closed (clusters) “baryon box” behavior

® LoCuSS sample observations
evidence of closed baryon box nature for massive clusters

® X-ray analysis of DES+SDSS redMaPPer samples (preliminary)
~log-normal PDFs with sample size approaching 103
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a model for
multi-property cluster counts

Evrard, Arnault, Huterer, Farahi 2014
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simple idea: shape of the mass function is ~polynomial in log-space
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simple idea: shape of the mass function is ~polynomial in log-space
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simple idea: shape of the mass function is ~polynomial in log-space
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X-ray luminosity functions from polynomial (log) mass function

MOR convolution takes analytic form
MF data from HMFcalc
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notation... Evrard et al 2014

scaling relation inputs:

(s|p) =7+ ap  log-means (vector)

Cab = ((Sa—(Sa|))(s6—(Sb|t))) covariance of log-observables deltas

joint, multi-observable space density
u=InM

(uls)? si = In(observablej)
m(s) = Ao |-} (- m)7Cs—m) - 421 )]

(o
Kls,1

A= Aoy, (emN-tc) ™

(uls)1 [aTC_l(s _m) — ﬂl] 02,, mean selected mass

Uils,l = (aTC_la)_l. variance in selected mass
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scaling behavior of property-selected samples Evrard et al 2014

log-normal pdf, Pr(sp | sa), of property-selected samples

(sv|sa)1 = w4+ as[(1]Sa)1 + B1TabOua,1 0up,1] Mean sp for s, selection
2 2 2 2 .
Obla,1 — G [Gpla,l + Oulb,1 — 2T ab Oula,10u|b,1 ] variance ?
u=InM

si=In(property;)

These are what we actually measure in survey samples.
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Bahamas+MACSIS simulations:
scaling relations &
hot-cold baryon covariance
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should cold and hot mass fractions anti-correlate in halos?

fgas + star = C(= g2b /Qin)
= 5ﬁgas = _5-f;tar

stars

hot gas

“closed box”

fgas + star = -ﬁetainc
= 5](2'%% + 5f;tar = 5f;etain

stars

hot gas

“open box”
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Rhapsody-G simulations: cold and hot phase mass anti-correlate

Wu et al 2015
I I I
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recent comparison of different “full physics” numerical methods (single halo)
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Figure 1. Values of fgas and fiar as calculated at A, = 500 for the dif-
ferent codes. The green area corresponds to the phase space supported by
observations. Codes including AGN feedback are represented as diamonds,
codes not including AGN feedback as triangles. The diagonal line shows
the relation fgas+fstar = 0.174, the value of the cosmic ratio according to

WMAPT.
: Michigan




Bahamas + MACSIS simulations w/ AGN feedback McCarthy et al 2016

Barnes et al 2016
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Bahamas + MACSIS simulations w/ AGN feedback v
arnes et al 2016
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14.5

14.0
— Z =0 (BAHAMAS+MACSIS)

Z =0.25 (BAHAMAS+MACSIS)
— Z=0.5 (BAHAMAS+MACSIS)
13.0 13.5 14.0 14.5 15.0 15.5
M Mg ]

13 December 2016 - Physics of Groups, IAP, Paris - Cluster/Group Population Model - Gus Evrard, U Michigan



Bahamas + MACSIS simulations w/ AGN feedback McCarthy et al 2016

Barnes et al 2016
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Bahamas + MACSIS simulations w/ AGN feedback McCarthy et al 2016

Barnes et al 2016

localized, linear regression (0.1 dex gaussian in halo mass)
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Bahamas + MACSIS simulations w/ AGN feedback v
arnes et al 2016

log-normal PDFs of properties around their means
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~60,000 halos !
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Bahamas + MACSIS simulations w/ AGN feedback v
arnes et al 2016

covariance of hot gas + stellar mass at fixed halo mass
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Bahamas + MACSIS simulations w/ AGN feedback v
arnes et al 2016

covariance of hot gas + stellar mass at fixed halo mass
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McCarthy et al 2016

Bahamas + MACSIS simulations: summary Barnes et Mool

Statistics of ~60k group/cluster halos at low redshift show:
* ~ linear (in logM) running of slope and scatter in gas + stellar mass fractions
* log-normal PDF of scatter

e covariance of hot + cold baryon phases trends with mass
groups are ~open (r ~ 0)
intermediate mass clusters approx. closed (r ~ -0.5)

high mass clusters have r ~ 0 due to very small scatter in each component
(tension with Rhapsody-G results™)

* Need observational constraints on intrinsic scatter of baryonic mass in high mass halos.
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LoCusSS:
scaling relations &

property covariance
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LoCuSS: 42 (RASS-selected) clusters w/ multi-wavelength follow-up

Mulroy, Smith, Farahi et al, in prep.

Hot gas — weak lensing mass relations
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LoCuSS: 42 (RASS-selected) clusters w/ multi-wavelength follow-up

Mulroy, Farahi et al, in prep.

Hot gas — weak lensing mass relations
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LoCuSS: 42 (RASS-selected) clusters w/ multi-wavelength follow-up

) . Mulroy, Farahi et al, in prep.
Galaxy — weak lensing mass relations
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see Mulroy et al (2014)
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off-diagonal correlation coefficients

Mulroy, Farahi et al, in prep.

hot gas covariance

L:E'Mgas : I —|
L KT mostly positive
Ly correlations
o (see Mantz et al 2016)
Lm'Y;?l :
M-k T :
Mgas'Yw
Mgas'}/pl :
KT-Y,
KTY), : : l
Y,-Y,, : ]
-1.0 -0.5 0.0 0.5 1.0
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off-diagonal correlation coefficients

Mulroy, Farahi et al, in prep.

hot gas — galaxy covariance

L] I || | preliminary

L= [T : evidence for
MgasL | anti-correlation
Mgas-) : of hot and cold
KTL | - : phase baryons! :)

VoL o] | ! baryonic nature of high
Y- - - mass halos predicted
by simulations

o ——
supports ~closed box

Correlatlon
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Dark Energy Survey
X-ray — optical scaling
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Dark Energy Survey : year 4 operations underway ’

Study dark energy/cosmic acceleration with four techniques o

SURVEY

+ Galaxy cluster counts and clustering
+ Galaxy power spectrum
+ Weak lensing / cosmic shear

+ SN la

Two linked, multi-band optical surveys
5000 deg? g ri zY bands to mag~23.5
Repeated observations of 30 deg? (10 SN fields)

Galaxy cluster science pUbs Blanco telescope: Roger Smith, NOAO/AURA/NSF
DES-SV redMaPPer catalog (Rykoff et al 2016)

Stacked weak lensing masses (Melchior et al 2016)
Six DES-SV strong lensing systems (Nord et al 2016)
Mass-richness for joint DES-SV+SPT sample (Saro et al 2015)

Associated multi-wavelength surveys
X-ray (Chandra + XMM)

South Pole Telescope
OzDES : 100 night spectroscopic follow-up (SN+)
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rogue’s gallery of DES-SV clusters - many more where these came from!

25088~ 1 T . o, .z—O°4O i Qa7 A
Bullet Cluster - SPTCLJ2351 5452 “EI Gordo”  *

Images: Eli Rykoff (SLAC)

72053 “* ¢« 2=076 - 183

SCSO J2336 5352 DES JO449 5909 DES J0250+0008

: ':.?.q.;. .o v

oA : - New! ' . Neéw .




DES redMaPPer SVAI cluster sample

Rykoff, Rozo + DES, 2016 redMaPPer — a
SVA1 (SPT-E) matched-filter
: .-' s likelihood method
small training set of
-45.0° spectroscopic redshifts
0.4 sets the red sequence
location
: 102
-50.0° | 3 DES-SV samples
)
1.0
§ —10.0 o
1 = |

Table 1

redMaPPer Cluster Samples
-55.0°

SVA1 expanded 208 deg? 0.2 <z <09

-60.0°

90.0° 80.0° 70.0°
RA
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Sample Area Redshift Range No. of Cluster
DRS 10134 deg? 0.08 < zy < 0.6 26308
SVA1 116 deg? 0.2<2z)y<09 804

1414



redMaPPer: DES-SVAI| + SDSS-DRS8 cluster number densities

Rykoff, Rozo + DES, 2016

0-25 T T T T
--- n(M>1x10")
. 0.20} . Wmm DRS8
g . SVA1L
=
“s 0.15
~—
w0
—
[«b)
p -~
0
= 0.10t
(&) L
=t
o
=
S 0.0t T
0.0 ' : ' - :
8.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
2

clusters with A>20

~follow the space density
of 10'* Msun halos in
LCDM cosmology (not a
design feature)

local variations from
cosmic variance (DES)
and Malmquist bias
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DES redMaPPer + Chandra archive search

Hollowood + DES, in prep.

1 1 1 1 1 1 1 1 I 1 1
10"k | Tx-detected systems
o
E 1044? E
N :
S 10435_ .
P - ]
N r ]
= I | 1 Lx= A
1042L f ]
: E slope 1.27 £ 0.11
— e ' — scatter 0.95 + 0.05
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DES redMaPPer + Chandra archive search

Hollowood + DES, in prep.

B I I I I I 1 I I I I I i
10" L 1 Tx-detected systems
T: ] Lx detected (5sigma)
5 10%¢ 2t 3
N f
3 10 : E
> = .
~ i ° o + eoe T, detect |- Lx— A\
42 }
107% ! eee >50Lx 3 slope 1.74%0.10
— — '162 ' — scatter 1.0l £ 0.05
A
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DES redMaPPer + Chandra archive search

’
d
\_

e0¢ ' detect
e%e >hHolx
vvYy <holx

Hollowood + DES, in prep.

Tx-detected systems
Lx detected (5sigma)
Lx upper limit (<5sigma)

Lx— A
slope 2.07+£0.13
scatter .26 + 0.05
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DES redMaPPer + Chandra archive search: residuals
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2
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“ 15

Hollowood + DES, in prep.
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SDSS
X-ray — optical scaling
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SDSS redMaPPer + XMM archive (XCS)

Bermeo, Romer, et al. (in prep.)
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SDSS redMaPPer + XMM archive (XCS)

—— (0.76£0.17)(A\/Ay) % 1003 (6 =1.20 £ 0. 09)
102 — (0.75%0. 13)(A/Apin) H2B£0-10 (6 =1.10 £ 0. 06)
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—
e
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o
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KT [keV]

Bermeo, Romer, et al. (in prep.)

—— (2.8340.21)(A/A,) %8401 (5 =0.40 £ 0. 03)
—— (2.8240.14)(A\/A,) "%+ 05(5=0.31£0.02)

4 SDss
A . . 10' 10°
i Preliminary A
Lx= A Tx— A
groups, A<30 : slope 2.10 = 0.3 groups, A<30 : slope 0.58 + 0.1 |
scatter 1.20 £ 0.09 scatter 0.40 * 0.03
clusters, A=30 : slope 1.93 f 0.16 clusters, A>30 : slope 0.56 + 0.05
scatter .10 +0.06 scatter 0.31 + 0.02
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summary

A multi-wavelength statistical model
of the group / cluster population?
Cool!

Looking forward to seeing how the
measured slopes and scatter of
observable properties can be
combined to reveal underlying
behaviors with respect to halo mass

(3b|3a>1 = 7rb+ab[(u|8a)1 +,Bl7'ab0',u,|a,1 o'plb,l]

2 271 2 2
Obla,1 — Oy [O-p.|a,1 + o1 — 27ab Uula,lo'p,lb,l]

N -
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The End

13 December 2016 - Physics of Groups, IAP, Paris - Cluster/Group Population Model - Gus Evrard, U Michigan



