AGN in dense environments:
Cluster AGN Topography Survey (CATS)
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Environmental effects
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AGN In dense environments

Adapted from Krishnan+2017

* Ram pressure g 10% ] . . . ] ,
stripping, evaporation, % ® Martini 2013
starvation, tidal effects z | T Rrsinen S k .
 Rates of mergers and 2 . Dighy-North 2010 | 4
interactions %’ 0 Lehmer 2009 |
Ly I S S | Triggering
Depend on. £ éQuenching * .
- Position within § | ;
host cluster 51071} :
» Mass of host s | | | | | | -
cluster 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Redshift

Einstein Symposium



Challenges

Cluster AGN rare -
background dominated

' Need large survey but can
|

Incomplete redshifts = everage cluster self similarity

differential measurements
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Challenges

Cluster AGN rare -
background dominated

' Need large survey but can
|

Incomplete redshifts = everage cluster self similarity

differential measurements

Fortunately people enjoy looking at clusters with Chandra!
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Challenges
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Incomplete redshifts = everage cluster self similarity

differential measurements

Abundant X-ray data!

Blessing: Can use X-ray data to characterize environment
and AGN.
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Challenges

Cluster AGN rare -
background dominated

' Need large survey but can
|

Incomplete redshifts = everage cluster self similarity

differential measurements

Abundant X-ray data!

Blessing: Can use X-ray data to characterize environment
and AGN.

Curse: Diffuse X-ray emission increases background.
Affects both completeness and purity of AGN sample.
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CATS - Cluster AGN Topography Survey

2—10 keV flux limit (erg cm=2 s71)
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CATS Selection

0.5

X-ray CATS
Radio CATS
VIMOS
GMOS
HST GRISM

1.0
Redshift

1.5

2.0

X-ray: 550 clusters
~40,000 point sources
(27 Ms Chandra Data)

Radio: 183 clusters
(FIRST survey)

IR and UV: WISE 550
clusters; Spitzer 320
clusters; Galex 550

Spectroscopy: 7
z=0.4, 12 z=0.8, 1 z=2
clusters
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AGN number densities
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AGN fractions
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AGN fractions
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Model

Is iIncreased number density related to the mass or redshift of the

host cluster?
Nobs(> f7 r, Z) :@)AT5OO(I) > L Z 4." Nﬁeld

Projected number density

of observed X-ray AGN in Projected number density of X-ray Projected number density
a cluster field at a — AGN expected in cluster above + of all field AGN above
given cluster z, r and above flux limit flux limit
flux limit f ‘

Co-moving field AGN Some radial
number density atz X ggpendence
and above luminosity

related to flux limit

‘Scale factor’ which allows X Scaled by X
number density to exceed radius
co-moving field AGN

4
A%AO(l_I_Z)n(lOlSM@) 18_)180+182(1+Z)+18m(
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Model

Is increased number density related to the mass or redshift of the
host cluster?

Nops (> A2 @ 4 @ Niola

weanpmmeam Null hypothesis - same as field

of observed X-ray /
a cluster field at a — AGN expected In Cluster above ot all Tield AGN above

number density

given cluster z, r and above flux limit flux limit
flux limit f ‘

‘Scale factor’
number dens
co-moving field AGN
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Model

No evolution beyond the field X-ray AGN population with redshift.
No radial variation. But...
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Ehlert et al. 2015 (135 clusters)
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Ehlert et al. 2015
SPT clusters

® X-ray CATS

(¢]
o

15 2.0

1.0

Redshift

—-A — Ag(l +z)’7(

| | |
9°0 v0 20
Ausuap Anjigeqoud

@
o

00

S ————————————— — — —

Wk P
e e
TR
=]
2 - L & B N B N A B A & K B N N N
i
Il ,
g
m

d i

oy

Einstein Symposium

18



Future...X-ray side - high-z not really possible without
Lynx...

Point Sources

2 keV,

Lynx HDXI

10 arcsec

z = 3 cluster

+ AGN (5 x 10717 erg/cm?/s)

Athena WFI1

“

100 ks exposures
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Summary

X-ray AGN selection can easily vary with cluster
parameters.

Mass and redshift degeneracies (and others) complicate
our conclusions about environmental quenching.

Initial results consistent with no
evolution beyond that of the field population but
evidence for a variation in number density with cluster
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Future...

: B M300 @
How well will Lynx do? A= 400+ Y G550) Curent constraints
Assuming: 0.0
« Same exposure as current model results

|
o
wn

(6.3 Ms)
« 10 ks exposure per cluster (630 clusters)
 Flux limit of 5 x 107! erg/cm?/s
(conservative)
e Cluster My > 10*Mg and z < 2

Mass index ¢

-4 -3 3 4

Redshift index
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Future...

How well will Lynx do?

Assuming:

« Same exposure as current model results
(6.3 Ms)

* 10 ks exposure per cluster (630 clusters)

 Flux limit of 5 x 107! erg/cm?/s
(conservative)

 Cluster Msyp > 10"*Mg and z < 2

Factor of ~10 better constraints!

Real strength is pushing to high z, low
mass clusters

B M500 @
A= A1+ Z@ 105M,/ Current constraints

Lynx constraints
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Detecting Black Holes

90% Conf. Limit on Fraction of Quasars

0.01

0.1

Gibson et al. 2008; Brandt & Alexander 2015
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1

10

Factor of X—ray Weakness

X-rays can penetrate to
columns of NH ~ 1024 cm-2
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Spectroscopy
VIMOS follow-up program:
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Model

Is iIncreased number density related to the mass or redshift of the
host cluster?

_ A2 Y
Nops(> f,1r,2) = AD%1500P(> L, 2)( )" + Ngela
T'500
Projected number density
of observed X-ray AGN in Projected number density of X-ray Projected number density
a cluster field at a — AGN expected in cluster above + of all field AGN above
given cluster z, r and above flux limit flux limit
flux limit f ‘
Co-moving field AGN Some radial

‘Scale factor’ which allows X Scaled by X
number density to exceed radius
co-moving field AGN

and above luminosity
related to flux limit
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Multi-Spectral Analysis

Towards a more complete census of cluster AGN and host galaxy
properties

1. Differences in accretion modes: Radio/IR and Optically selected AGN
number densities as a function of host cluster properties. Radio AGN
work led by A. King, IR studies in collaboration with SPT.

2. Spectroscopic redshift classification - greatly lowers AGN “background’
and enables measurement of AGN fractions as a function of host
galaxy stellar mass. VIMOS survey of 10 clusters led by E. Noordeh.

.......................

%Wl 3. Can also use spec-z to train photo-z for large sample. In
Wm 1 collaboration with G. Yang and N. Brandt.
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Multi-Spectral Analysis

vF, ( Normalized at 1.0 um )

Towards a more complete census of cluster AGN and host galaxy
properties

1. Are the obscuration properties of AGN
in cluster fields different from field
galaxies?

2. How do the number densities of
obscured and unobscured AGN in
Unobscured ] ) .
A,=0.0 clusters vary with the mass, radial
position and redshift of clusters?

3. Are AGN in clusters more or less likely
to reside in star-forming hosts.

- 4. How does the number density of star-
Pure SF Obscured - forming AGN vary with the cluster
A=2.0 radius and redshift?

L i i
10¢ 10¢ 10° 10°

Rest wavelength (A)
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CATS Selection

0.5

X-ray CATS
Radio CATS
VIMOS
GMOS
HST GRISM
]
1.0 1.5 2.0
Redshift

X-ray: 550 clusters
(27 Ms Chandra Data)

Radio: 183 clusters
(FIRST survey)

IR and UV: WISE 550
clusters; Spitzer 320
clusters; Galex 550

Spectroscopy: 7
z=0.4, 12 z=0.8, 1 z=2
clusters
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IR selected AGN and host gal SF

Chandra GALEX WISE Spitzer Total
AIS | MIS | DIS | WI-W4 | IRAC | MIPS 24um | MIPS 70um
Cluster fields 435 312 | 70 13 435 275 179 90 435

olved with filter functions

2L* galaxy redshifted and conv

20 _ Wl, W2 flux hmlt | , 26 DIS flux limit |

19§ Unobscured AGN' , Unobscured AGN -
= Obscured AGN| 5 2% [MIS flux limje” _ _ _ _ _ _ _ Qbscyred AGN.
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- ;;5 | WISE FLUX LIMITS e i GALEX FLUX LIMITS

0.2 04 0.6 0.8 1 0.2 0.4 0.6 0.8 1

1. Are the obscuration pro]gerties of AGN in cluster fields different from field galaxies?

2. How do the number densities of obscured and unobscured AGN in clusters vary with the mass,
radial position and redshift of clusters?

3. Are AGN in clusters more or less likely to reside in star-forming hosts, and how does the
number density of star-forming AGN vary with the cluster radius and redshift?
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X-ray detection - blessing and curse

Completeness and purity of the AGN sample
Need to both efficiently and cleanly find point sources in cluster fields.
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X-ray detection - blessing and curse

Completeness and purity of the AGN sample
Need to both efficiently and cleanly find point sources in cluster fields.
Must understand any dependence on cluster properties.

AGN + CLUSTER
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X-ray detection - blessing and curse

Completeness and purity of the AGN sample
Need to both efficiently and cleanly find point sources in cluster fields.
Must understand any dependence on cluster properties.
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