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Cluster cosmology: mass-observable relation

The scatter in the mass-observable relation is THE most
important source of systematic uncertainty in cluster cosmology.
(observables: richness, Lx, Tx, SZ, etc)
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CXO= HST = VLA

Galaxy Cluster MS 0735.6+7421

AGN Feedback in Action

»
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NASA, ESA, CXC/NRAO/STScl, B. McNamara (University of Waterloo and Ohio University) STScl-PRC06-51



CXO= HST = VLA

Galaxy Cluster MS 0735.6+7421

Gas is a direct probe
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You can use X-ray gas to constrain AGN feedback

The L-T Relation
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You can use Radio to constrain AGN feedback

P, (102 ergs)

Jet Heating Power vs. Cooling luminosity
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You can also use Sunyaev Zeldovich effect

Analytical model for non-thermal pressure
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AGN feedback favors WMAP7 over Planck?

TSZ angular power spectra
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Optical as an indirect probe? _
_ »
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Brightest Cluster Galaxy (BCG)
and its satellites



Optical Clusters in the Stage-lV Era

Optical+NIR from LSST can select
clusters (z~0.5-1.5) down to mass
thresholds significantly lower than
X-ray or Sunyaev-Zeldovich
detection.
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~300,000 clusters can be
identified at z<1.5 from
LSST imaging

SDSS redMaPPer:
~10,000 clusters at z<0.35




The Three Hundred

GADGET-MUSIC _— T~ CADGETX - —
e -no AGN P

Zoom-in hydro-simulation of massive clusters selected from MPDL

Same initial density field, with different galaxy formation recipes

13 The 300 Simulation (Cui+ 2018)



Richness

Richness

The 300 predicts negative correlation btw satellite
richness and BCG stellar mass at fixed halo mass
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Observed BCG mass - satellite richness correlation

BCG Stellar Mass
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With negative correlation at fixed halo mass
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redMaPPer cluster catalog

Sky coverage
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Weak Lensing (WL) cluster masses
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Model

* Halo mass function (fixed for now, marginalize over cosmology in the future)

* 2D Gaussian distribution for (log A, log M*) at fixed halo mass

power law
(lg/\) — lg[Ao(ﬂI/ﬁIo)a’\]
TlgA for M é ﬂrfg

halo mass-richness relation
lgeA) =
olg)) { o1+ Brlg(M | My) for M > My
varying scatter

(lgm*) =lg[m{(M | My)™*]

for M é M 0

stellar-to-halo mass relation lgm*) =4 Tlsm
o(lgm?) = Olgms + Bulg (M | M) for M > M,

o(lgm®)
a(lgA)

(lgm*)iga=(1gm") + peorr lg A — (lgA)]

Pcorr : correlation btw A and M*

o(lgm*)|igr=0c(lgm”*) x \/1 — pﬁmr
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M dn/dM [ Mpc?]

Mock sample for method validation

* Generate Mh from halo mass function, assign A, M*
according to p(A | Mh), p(M* | Mn, A)

* Apply same sample selection

Halo Mass Function
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data vs. best-fit model prediction at fixed p .
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WL halo mass at fixed BCG stellar mass can pin down pcorr
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Well, WL tells us pcorr Is close to +0.2
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Possible boring explanations

We probably need to marginalize over cosmology
AGN feedback inhibits BCG growth, no doubt

AGN feedback quenches star formation in satellites, making satellites
(a) redder and (b) lighter

Vit (@) -> BCG mass and richness are negatively correlated.
Vit (b) -> BCG mass and richness are positively correlated.

We probably need to run cluster finding algorithm on simulations.



More exciting explanation

* At fixed halo mass, halos in dense environments have more
substructure, i.e., higher (subhalo) richness (halo assembly bias)

* BCG in-situ growth is suppressed by AGN feedback, but ex-situ
growth is due to accretion from the intra-cluster medium and
hierarchical mergers.

* Next step: looking into the intra-cluster light!

Stay tuned!
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