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Abstract: The observed thermal properties of the ICM shows much greater dispersion than expected if the gas was subject only to shock-heating by
mergers and during infall. This diversity can be best understood as a byproduct of AGN feedback occurring in galaxies destined to become cluster
members, both before and after cluster formation. Theoretical considerations suggest that the level of preheating ought to vary from one
proto-cluster region to another. The entropy profiles of roughly 50% of the clusters with long central cooling times require that the gas be
"preheated” to high entropy. Gas density profiles in such systems form hot central cores. Clusters with gas that isn't preheated to sufficiently high
values forms peaked density profiles. | will show how variable preheating explain the various observed X-ray/X-ray correlations and discuss some
of itsimplications for SZ studies. | will also present optical results that shed new light on the fate of the cold gas in cooling-unstable clusters, and
propose observations tests of the "AGN preheating” aspect of the picture.
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GLOBAL X-RAY/X-RAY & X-RAY/OPTICAL CORRELATIONS
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Variations In Halo Concentrations Cannot Account
For Large Range In Lx
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Implications Of Varying Entropy Core Values: X-rays

1

3
&

g
=

7

(r) (ergs s! _f:m'“’ arcmin—¥)
e

8,
P

J |
| beta profile-like (with large cores): non-cool core clusters

irsa: 09040034 Page 12/67







4_...1-..'4' * L .‘.4..'-.4-.' ¥ L .—.-.—..-..-.—. ¥ ¥

vagnolo et al.

41
-

h-.-;- i i -__-h- i i —-_.--._. i i







Fraction of clusters with
toot < 1 Gyr: ~40-50%
Fraction of classical cool-
core systems: ~15-20%

Fractions of clusters with
t > 5 Gyr: ~30-40%
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Non-cool core systems
have typical core entropy
' " of 200-300, with tail
05 10 15 20 o -
log K, [keV cm’] extending to ~700




Implications Of Varying Entropy Core Values: SZE
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At a given mass, larger S
results in:

< lower amplitude,

+» flatter proj. y-profiles,

<+ higher signal outside
the core

With increasing mass,
the fractional change is
lower.

Changes are negligible
forM>10"“M,
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Implications Of Varying Entropy Core Values: y-maps
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Implications Of Varying Entropy Core Values: SZE

L T 3 T L2 T L T LJ

— -
S$=10, 100, 200...500
- -+

log, [P (keV/em?)]

.2 - . -
\ =
N
<
10" nt M, }
A P B
]
-3 -2 -1 o

Pirsa: 09040034

log,llr/r.,,]

log,,[Compton y]

T ¥ Y T Y T ™1 1
-$=10, 100, 200...

=

3

8 [2x10" h-' M,

e

4
—t—t—p -

[ H‘h'\_ :

L 4

- o

r

P

- E

[10' b W : 1

-3 -2 =1 4]

lng“[rx’r*]

At a given mass, larger S
results in:

< lower amplitude,

+» flatter proj. y-profiles,

-+ higher signal outside
the core

With increasing mass,

the fractional change is
lower.

Changes are negligible
forM>10""M,

Page 19/67

Holder, McCarthy, Babul




Implications Of Varying Entropy Core Values: y-maps
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Distribution of Pixel Values - Unfiltered Sky Maps
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Distribution of Pixel Values - Unfiltered Sky Maps
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Distribution of Pixel Values - SZ Power Spectrum
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Mini-Recap

The effects of non-gravitational heating does
not hamper the efficacy of SZ surveys to study
cosmology as long as one is judicious in the
choice of regime/bandpass or statistic.

In addition, SZ studies also has the potential for
providing new insights into the “astrophysics” of
the intracluster medium: When did this heating
occur?
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Distribution of Pixel Values - SZ Power Spectrum
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Distribution of Pixel Values - SZ Power Spectrum
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Mini-Recap
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And now a word about
... JACO by Mahdavi et al 2007

Joint Analysis of Cluster Observations

A sophisticated new framework for constraining the
dark matter, stellar and gas distributions in clusters
using X-ray (Chandra and XMM), SZ, weak lensing and
and optical (photometry and spectroscopic) data.

SZ DATA: If gas density profileis known (e.g. from
X-ray data, the combination of weak lensing
and SZ data provide orthogonal constrains
on the total mass distribution.
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Mpc box Cluster gas density 1.1 Gyr
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Chandra Core Entropy Survey
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Impact of Galaxies On Their Local Environment
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AGN feedback is
required to prevent
massive ellipticals
from turning out blue
and over-luminous.

Processes such as
AGN feedback do
more than simply
establish observed
properties of these
systems.

They can also impact
the local environment
in a profound way.
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Impact of Galaxies On Their Local Environment
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AGN feedback is
required to prevent
massive ellipticals
from turning out blue
and over-luminous.

Processes such as
AGN feedback do
more than simply
establish observed
properties of these
systems.

They can also impact
the local environment
in a profound way.
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PREHEATING

JUTFLOWS GENERATED DURING
:POCH OF AGNS (Z~1-3) WILL HEAT
"HE GAS IN THEIR ENVIRONMENT

5% HEATING WILL VARY WITH AGN
e =2 OUTFLOW POWER.
’ AS HEATED GAS COLLECTS IN
S0kpcih .. 538’ GROUPS AND CLUSTER HALOS,
| P T WILL GIVE RISE TO CENTRAL
wredit: I. lneuns
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NE PROPOSE THAT:

SPECIFICALLY: PREHEATING SHOULD BE VIEWED AS A BY-
RODUCT OF GALAXY FORMATION

'HIS VARIATION SHOULD NOT AFFECT THE POTENTIAL TO DO
JOSMOLOGY WITH SZ SURVEYS...BUT SZ MAPS CAN ALSO
’ROVIDE NEW INFORMATION ABOUT PREHEATING - LIKE WHEN
S IT HAPPENING.




