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AGN : A multi-Parameters
problem
"ECOLOGY" - What host-galaxy
environments are conducive to AGN activity?

"EVOLUTION" - What drives AGN
downsizing?

Large-scale galaxy
environment (most
of the gas)

Downsizing
scale ~1-10 kpc!

“IMPACT”: What impact do AGNs
have on the host-galaxy environment?
Ultra-Fast outflows

radio jets
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"ORIGIN" - Where (as a function of L, z, d)
do mergers vs. secular processes dominate the
AGN population?

Luminosity function vs redshift
(Shen & Kelly 2012)

AGN : A multi-Parameters
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"EVOLUTION" - What drives AGN
downsizing?

"ECOLOGY" - What host-galaxy
environments are conducive to AGN activity?

ng

Large-scale galaxy
environment (most
of the gas)

e?
c
r
Fo

i
riv

D

en
u
nfl

Co

nn

e?

c

ec

tion
?

Downsizing

scale ~1-10 kpc!

I

“IMPACT”: What impact do AGNs
have on the host-galaxy environment?
Ultra-Fast outflows
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"ORIGIN" - Where (as a function of L, z, d)
do mergers vs. secular processes dominate the
AGN population?
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Luminosity function vs redshift
(Shen & Kelly 2012)

And of Course.. Selection
Effects
Much smaller volume probed,
only the less luminous, more
abundant populations are found
at lower redshifts

A drawback of all previous surveys is that
they are fundamentally limited by the
degeneracy
between
redshift
and
luminosity in flux-density limited samples

only the most powerful sources
are observed at high redshifts
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Decouple Luminosity And
Evolution
The effects of cosmological evolution and
k-correction uncertainties are minimized
Definitive study of AGN at a cosmologically
significant epoch to provide a benchmark
sample from which all current and future
large area surveys will benefit
Close to the peak of the AGN luminosity
density in the Universe (e.g. Barger et al.
2005; Hasinger et al. 2005).
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Close to the peak of the AGN luminosity
density in the Universe (e.g. Barger et al.
2005; Hasinger et al. 2005).

AGN density

Star-formation rate density
Hasinger et al. 2005,
Aird et al. 2010
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Hopkins & Beacom 2006

The SHAGS
75 RLQs, 71 RQQs and 27 RGs at the single
cosmic epoch of 0.9 < z < 1.1, spanning 5
magnitudes in optical.

•

SDSS QSO catalogue: homogeneous sample of
quasars, large luminosity range at a single epoch.

•

RLQs precisely matched to a companion sample of
radio quiet quasars.

•

RGs and RLQs are chosen to have S325MHZ > 18mJy
-> steep radio spectra and allows us to compare the
RLQs to the RGs without a severe orientation bias.

In hand observations in >25 bands
from radio to X-ray
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AGN-Powered Radio
Emission in RQQs
Far-infrared emission as a proxy of Star-formation rate

AGN-powered radio emission at z ⇠ 1

Determine the relative levels of accretion
and star - formation activity to
understand the role of radio-quiet
quasars (RQQs) in galaxy formation and
evolution.

17

Emission from star formation alone
cannot explain the total radio emission for
the majority of RQQs, suggesting that
accretion still makes an important
contribution.

Radio - quiet quasars (RQQs)
White, Jarvis, Kalfountzou et al. submitted.

Radio emission as a proxy of Star-formation rate
Figure 10. The monochromatic luminosity at rest-frame 125 µm, L125 µm , versus the radio luminosity, L1.4 GHz . Blue triangles correspond
to objects detected with a radio SNR of over 3 (S1.4 GHz > 3 ), and red circles are those below this detection threshold. Black arrows
represent 1- upper limits in L1.4 GHz for quasars having a negative flux-density measured from the JVLA images. Note that objects
with log10 [L125 µm ] . 25.6 have FIR fluxes that are detected below 3 (unfilled symbols). The dashed lines are the lower and upper
bounds on q125 , 2.4 and 2.9, respectively. The solid line corresponds to the midpoint value, q125 = 2.65 (Equation 5).

FIR - Herschel; Radio - JVLA
observations

Table 4. The accretion-related contribution to the radio luminosity, across the sample of RQQs. An object with L1.4 GHz, acc /L1.4 GHz >
0.6 is described as being ‘AGN-dominated’. ‘Summed radio luminosity’ refers to the summation of the total radio luminosity for each
object (⌃ L1.4 GHz ), and the ‘fraction that is accretion-related’ is given by ⌃ L1.4 GHz, acc /⌃ L1.4 GHz .
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AGN-Powered Radio
Emission in RQQs
Far-infrared emission as a proxy of Star-formation rate

AGN-powered radio emission at z ⇠ 1

Determine the relative levels of accretion
and star - formation activity to
understand the role of radio-quiet
quasars (RQQs) in galaxy formation and
evolution.

17

Emission from star formation alone
cannot explain the total radio emission for
the majority of RQQs, suggesting that
accretion still makes an important
contribution.
The new generation of radio telescopes > direct detections of radio-quiet AGN.

Radio - quiet quasars (RQQs)
White, Jarvis, Kalfountzou et al. submitted.

Investigate
accretion-related
radio
emission and star formation-related
radio emission further, including their
trend with redshift.

How these processes influence the way
galaxies
evolve,
and
how
the
Radio emission as a proxy of Star-formation rate
Figure 10. The monochromatic luminosity at rest-frame 125 µm, L
, versus the radio luminosity, L
. Blue triangles correspond
mechanisms behind the production of
to objects detected with a radio SNR of over 3 (S
> 3 ), and red circles are those below this detection threshold. Black arrows
represent 1- upper limits in L
for quasars having a negative flux-density measured from the JVLA images. Note that objects
radio emission in RQQs may differ from
with log [L
] . 25.6
have FIR fluxes that
are detected
below 3 (unfilled symbols). The dashed lines are the lower and upper
FIR
- Herschel;
Radio
- JVLA
bounds on q , 2.4 and 2.9, respectively. The solid line corresponds to the midpoint value, q
= 2.65 (Equation 5).
those present in their radio-loud
observations
counterparts.
Table 4. The accretion-related contribution to the radio luminosity, across the sample of RQQs. An object with L
/L
>
125 µm

1.4 GHz

1.4 GHz

1.4 GHz

10

125 µm

125

125

1.4 GHz, acc

1.4 GHz

0.6 is described as being ‘AGN-dominated’. ‘Summed radio luminosity’ refers to the summation of the total radio luminosity for each
object (⌃ L1.4 GHz ), and the ‘fraction that is accretion-related’ is given by ⌃ L1.4 GHz, acc /⌃ L1.4 GHz .
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Observational Evidence for
positive and negative AGN feedback

(Kalfountzou et al. accepted 2016, MNRAS)
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1)

the SFR shows a weak correlation
with the bolometric luminosity for all
AGN sub-samples,

2)

the RLQs show a SFR excess of
about a factor of 1.4 compared to the
RQQ sample, suggesting that either
positive radio-jet feedback or radio
AGN triggering are linked to starformation triggering.

3)

RGs have lower SFRs by a factor
of 2.5 than the RLQ sub-sample
with the same BH mass and
bolometric luminosity.

Optical - SDSS; FIR - Herschel;
Radio - VLA observations

The AGN Feedback is not Black and White

The Toy Model

Radio Jet turn on

The Toy model…

‘Enhancement’

Star
Formation

‘Suppress phase’

FIR

Powerful radio jets

emission

‘Death’
(Galaxy mass
dependent)

Radio emission

associated with
star-formation

Radio emission associated
with radio jets
Radio power / Galaxy mass
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SRE Science Workshop 2015
• We suggest
that there is some jet power threshold at which radio-jet feedback
switches
from enhancing star formation (by compressing gas) to suppressing it (by ejecting gas).

• This threshold depends on both galaxy mass and jet power. (e.g. see peak of the model and
the break points)

The Environments of AGN
using 250 microns
RLQs 75 fields

3. The environments
of AGN at zof∼AGN
1 using
3. The environments
at 250
z ∼ µm
1 using 250 µm

RQQs 70 fields

3. The environments of AGN at z ∼ 1 using 250 µm

Overdensity of ~ 0.4 sources per AGN, implying a degree of
activity already significantly lower than at higher redshifts.
3. The environments of AGN at z ∼ 1 using 250 µm

RLQs 75 fields

3. The environments of AGN at z ∼ 1 using 250 µm

RLQs 75 fields

RQQs 70 fields

All AGN

All AGN

RGs 26 fields
RQQs

RQQs

RQQs 70 fields

RGs 26 fields

RLQs

Figure 3.18: Histograms showing the stacked source overdensity for the AGN
subsamples. From
RLQsleft to right, the plots show RLQs, RQQs, and RGs. The
error bars are the result of stacking in quadrature the errors on each fields over–
density, which in turn are the result of adding the Poisson error on the source
density measured in the AGN field to the Poisson error of the stacked source
density measured in the comparison field, both scaled by the mean completeness
correction in each case. The dashed line marks the zero level.
RGs 26 fields
RGs

RGs

RL AGN inhabit significantly more active
Figure 3.5: The PSF–filtered map for SDSS115120.46+543733.1, with only those
sources within
‘reliable’ regionof
highlighted.
These are sources with flux–
environments, with
the the
majority
star formation
density values greater than 10 mJy, approximately 3 times the instrumental noise
in those pixels. This is the image searched for peaks by SussExtractor when
present in greater
numbers
LIRGs
at 100–200
M⊙/
determining
flux–densityof
values.
SussExtractor
has also visibly tried
to fill yr
in
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Figure 3.21: The SFR overdensity distribution around AGN, overall and

missing pixels, though this will introduce a large number of spurious sources in
regions where there is little data (such as near the edges or between individual
scans of turnaround data.

Optical - SDSS; FIR - Herschel;
Radio - VLA
observations
111

Kalfountzou et al. to be submitted

The Environments of AGN
using 250 microns

Correlation between radio luminosity and star
3. The environments of AGN at z ∼ 1 using 250 µm
formation overdensity (see Falder et al. 2010 at 3.6
!m) and correlation between stellar mass and star
3. The environments
of AGN at z ∼ 1QSOs.
using 250 µm
formation overdensity
for radio-loud

All AGN

RLQs

All AGN

RLQs

RQQs

RGs

RQQs

RGs

Figure 3.20: The top panel shows the individual overdensities per field. The
small number of sources per field introduces large errors on the overdensity in
RL
AGN
inhabit
more
activeHowever, it appears star
each
field, which
may significantly
obscure any possible
correlation.
formation activity iswith
not dependent
upon radio
luminosity
at a first glance. The
environments,
the majority
of star
formation
bottom panel shows the stacked overdensity (RLQs+RQQs+RGs) as a function
present
in greater
numbers
100–200
Mhigher
of radio luminosity.
It appears
thereof
is LIRGs
a general at
increase
towards
⊙/yrradio
luminosities, with the most powerful radio sources having significantly higher
overdensities to less powerful sources.
Optical152- SDSS; FIR - Herschel;

Radio - VLA observations
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FigureKalfountzou
3.21: The SFR overdensity
distribution around AGN,

overall and split

Need for Accurate
determination of QSOs SED

Crucial to our understanding of
quasars physics
Knowing the overall SED is
necessary for determining
bolometric luminosities

Elvis+1994

Bolometric luminosities are
necessary for determining the
Eddington ratio -> a measure of
the accretion rate

Fundamental resource for future investigations of the accretion history of massive black holes
Reconcile the conflicting results on AGN obscuration at different wavelengths
Answer key questions about the radio-loud/radio-quiet dichotomy.
Eleni Kalfountzou

el.kalfountzou@gmail.com

Time for an update
The problems:
•

Large mean dispersion, ~1 decade
for both infrared and UV
components

•

Lack of FIR data; host galaxy

•

Not entirely representative
samples; biased toward X-ray
bright QSOs (e.g. Elvis+1994)

•

Large redshift range; evolution
effects?

•

In some cases lack of full SED
data (e.g. X-ray) for the total
population or lack of special
populations (e.g. radio-loud
QSOs; Richards+06)

Elvis+1994

Commonly used: e. g. Elvis+1994; Polleta+2000;
Kuzaszkiewixz+03; Richards+06

Can we make it Better?
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A New QSO SED library from
X-ray to Radio
JVLA
GMRT FIRST/NVSS

1012
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Elvis+1994; Grey SEDs

Fig. 10.—Quasar SED diagnostic plot. Shown in gray are the Elvis et al. (1994) radio-quiet (solid) and radio-loud (dashed) mean SEDs. The colored lines indicate
Comparison
with
works
ypical spectral indices in the radio, optical,
and X-ray using the
sameprevious
sign convention.
Also shown is the typical radio-to-optical spectral index for radio-loud quasars
nd the range of optical–to–X-ray spectral indices. Studies in different bands tend to use different sign conventions for spectral indices and jargon to describe them (e.g.,
Estimate
bolometric
correction
factors
the bottom
panel shows "f
teep/red /soft). The top panel shows f" , while
" . The x-axis is labeled as log (") (bottom), and wavelength, energy, and temperature (top).
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Conclusions
•

Powerful QSOs at a single redshift epoch
Weak correlation between BH and galaxy growth
Evidence for recent merger events
Radio-loud AGN are found in denser environments

•

Radio-jets can enhance star-formation
RLQs show a SFR excess of a factor of 1.4 compared to RQQs, matched in
black hole mass and AGN luminosity

•

vSv (Jy Hz)
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•

106

•

104

BUT, radio-galaxies have lower SFRs by a factor of 2.5 than RLQs.
Total sample
RLQs
RQQs
RGs

We suggest that there is a jet power threshold at which radio-jet feedback
switched from enhancing star formation to suppressing it. We expect that
this threshold depends on both galaxy mass and jet power.

Black hole accretion makes a significant contribution to the total radio
emission in radio-quiet quasars
Construct a single epoch AGN SED library to understand quasars’ physics.
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