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We can
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Black Hole
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Correlation Between Black Hole Mass
and Bulge Mass

One
billion
solar
masses

One
million
solar
masses

Black hole mass

Increasing
Mass of central bulge

e.g. Magorrian et al. (1998); Ferrarese & Merritt (2000);
Gebhardt et al. (2000); Tremaine et al. 2002; Marconi &
Hunt (2003); Gultekin et al. (2009)

=

Black-hole-galaxy: ~1
scale (grape-Earth) — how can one know
about or influence the other?! | i

< - ~ ~

09 difference in size

Black Hole
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THE AGN IMPACT ON
THE HOST GALAXY

Large-so'agle galaxy

: . environment (most
Superwind expels cold gas reservoir ot the ga8).

-

>R ¢ ]

-
-

Of ordet ~1-10 ‘

Credit: NASA's Goddard Space Flight Center

.
“Cross-Talk” = Feedback

Large number of different

Black Hole :
mechanisms

Accretion disk: <0.01 pc

Regulate the growth of host galaxy
+/- SMBH
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Radio Jet-(i)

Host Galaxy

Black Hole
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THE IMPORTANCE OF RADIO AGN

Centaurus A

Radio jet interact directly
with the host galaxy

3 Credits:_ :
* X-ray! NASA/CXC/CTAR Kraft et Al -
Submillimeter: MPIfR/ESOJAPEX/A Weiss et al.; ° '
' Optical: ESOMWFI ~ -

Radio galaxies make up over 30% of the massive galaxy population

[t is likely that all massive galaxies go through a radio-loud phase, as the
activity is expected to be cyclical (e.g., Best et al. 2005).
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THE IMPORTANCE OF RADIO AGN

Centaurus A

But grapes with lightsabers
(just like radio AGN) are
rare...

They make up to the 10% of
the total AGN populatio

", Credits: .
* X-ray! NASA/CXC/CTAR Kraft et Al -
Submillimeter: MPIfR/ESOJAPEX/A Weiss et al.; *
' Optical: ESO/WFI ' '

Need for wide area surveys

| _e.g. Sloan Digital Sky Survey (SDSS) |
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\ EXCESS [OIlI] EMISSION IN RLQs

Step A: Go Wide

Black hole mass SDSS QSO catalogue
_ | r ' 100,000 QSOs in 9380 sq. deg
8.20 846 8.72 8..98 - 9.'1-24 9.50
400 T T T T T ] Optical spectrum :
gy PO ; | . | ~1,700RLQs | | AGN = i-band luminosity or [OIII]
% ot Y , ~17,000 RQQs 5 SF = [OII] emission line
L i e 1 | Radio coverage (FIRST + NVSS)
g [385F T — : ——————
: E == : [OII] emission - AGN contamination ?
E:‘» 3800 :»-4 e o Y RLQs - emission - contamination ¢
B i " i
&g sk = = T ] Match samples in:
-l RQOs — * N
L 7 £ | | BRI S BRI ST S T J > (< 14)
0.4 0.6 0.8 1.0, 1.2 1.4

v Optical luminosity

logEW([O II]) = Star-formation o
v |OI1I] emission

Kalfountzou et al. 2012, MNRAS
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\ EXCESS [OIlI] EMISSION IN RLQs
WHEN? WHY?

Black hole mass

_ I ' Same [OII] emission at high
8

8.20 8.46 8.72 8.9 9.24 9.50 AGN luminosity
oo T T T4 4 > Negative Feedback ?
2 305 == ; - > Too powerful jets ?
E\ 39.05 .
é . | ——  AGN luminosity limit
g : AGN, Mgy or z effect ??
> [380
% 375
Gob Excess [OII] emission at low
0.4 0.6 0.8 1.0, 1.2 14 AGN luminosity
logEW([O II]) = Star-formation > Jets induce star-formation ?
> Alignment effect ?

Kalfountzou et al. 2012, MNRAS
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' Herschel

TATLAS it

Step B Go far-IR

Why? Minimal AGN contamination
AGN & SF galaxies have similar SPIRE colors

(e.g. Hatziminaoglou et al. 2010)

Three GAMA fields: Designed to
overlap with the GAMA survey.

Total ~ 100 sq.deg

H-ATLAS: SPIRE (250, 350, 500um)

~3.5 arcsec resolution
(Griffin et al. 2010)

PACS ()Q 160pm)

~1.5 arcsec resolution
(Poglisch et al. 2010)

SDSS / H-ATLAS overlap :
1,618 QSOs ( z.....<5.0)

spec
3degs @B L o e 141 RLQs and 1,477 RQQs

12 degs Matched in z and optical luminosity
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\ ' LFIR EXCESS IN RLQs

* RLQs The infrared data is stacked for all sources to
take account of detected and undetected AGNs
@ RQOs L
AGN luminosity bins
S S A T P I T T T L TR
=20 i log (s, \y/)’< 38.5 P
18 [ 38.5 < logqo(L,, /W) <39.0 '* P
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Kalfountzou et al. 2014a, MNRAS
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\ LFIR EXCESs IN RLQsS

Ye RLQs

@® ROQOs

30

28

Dust Temperature
Tq (K)

AGN luminosity bins

| A

: logIG(Lopl
[ 38.5 < logg(Ly, /W) <39.0
[ 39.0 <log,o(l4,, / W)
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PN
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- Low AGN luminosity-~
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FIR luminosity = SFR

Kalfountzou et al. 2014a, MNRAS
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>

>

The infrared data is stacked for all sources to
take account of detected and undetected AGNs

Perfect agreement with [OII]
emission excess

Strong evidence for radio-jet
positive feedback signature to the
host galaxy [ Yes, we have taken

into consideration the
synchrotron contamination |

High AGN luminosity QSOs (in
our sample) are associated with

higher redshift

The 12th Hellenic Astronomical Conference
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STAR-FORMATION OF Z~1 AGN

DECOMPOSE THE REDSHIFT EFFECT

T T

- SDSS quasar survey P - 3~

Absolute Magnitude (SDSS i band)

L R R
00 0.5 1.0 1.5 2.0
Redshift

Eleni Kalfountzou el.kalfountzou@gmail.com

Step C: Go single epoch

et

75 RLQOs, 71 ROQs (selected from
SDSS) and 27 RGs (selected from
radio surveys) at the single cosmic
epoch of 0.9 < z < 1.1, spanning 5|
magnitudes in optical luminosity. |

T —————

R

Herschel-SPIRE & PACS, XMM-Newton,
SWIFT, Spitzer, UKIRT, GMRT, SMA
(PIs: Stevens, Jarvis, Hardcastle,
Kalfountzou, Page)

Next paper: RLQs and RQQs templates,
update Elvis+1994 QSO templates

Kalfountzou et al. 2015 submitted
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STAR-FORMATION OF Z~1 AGN

DECOMPOSE THE REDSHIFT EFFECT

_28§ o ° o -

§-27i° .D.DD o .C:E\DD D .DDﬂE |

2 R N

2 6 Ct e Tl : - -

'qg) 10 ° EPEl ¢ & N D . - - - o

I L RPN o+ =A% | Perfect QSO comparison sample to
/ § F ® b o oo ° * * - " '.' o - ° °
fE e e future works at different redshifts

a0 * o Tage —_—
M oo Uop e -
C 0 RLOs
¢ »°  RQOQs The minimum redshift at which we have a
C 0.90 095 1.00 1.05

large enough sample of high luminosity

E quasars with which to compare to the

go B bright quasars found at higher redshifts.
5 Sesl | Close to the peak of the AGN luminosit
g o4 W | ose to the peak of the uminosity
2 - " | density in the Universe (e.g. Barger et al.

2005; Hasinger et al. 2005).

L R R
00 0.5 1.0 1.5 2.0
Redshift

Eleni Kalfountzou el.kalfountzou@gmail.com The 12th Hellenic Astronomical Conference


mailto:el.kalfountzou@gmail.com

STAR-FORMATION OF Z~1 AGN

DECOMPOSE THE REDSHIFT EFFECT
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% 2 O RQOs loudness (see RLQs vs. RQQs)
C 0.;0 lo.\95' '1.60‘1 s L . . !
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= (see RLQs vs. RGs) |
o1}
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STAR-FORMATION DEPENDANCE ON

RADIO-LOUDNESS
46.5
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Kalfountzou et al. 2015 submitted
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STAR-FORMATION DEPENDANCE ON

RADIO-LOUDNESS
700 =

A e e o - :
46.5 -0 RLQs ® o 3 600  FIR-detected QSOs I
-0 RQQs B |
7] B ]
& 500 - /
2 ;
—~ 400 ]
n 46.0 - / ]
o Z 300 /% |
3 o U0 z
z £ 200 E

= M
b% 45 5 5“3 100 7 Total QSO salpe 1
o - A R T R T R

45.5 46.0 46.5 47.0 47.5
log,o(Lg, / erg s™)
450 - Radio-jets enhance star-formation
‘ in their host galaxies

45.0 455 460 465 470 475 o
log,o(Lg, / erg s™) No dependance on AGN activity ->

evolution effect (see our previous results)
Kalfountzou et al. 2015 submitted
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OUR (PREFERRED) EXPLANATION

Radio - jet turns on ring- or disc-shaped population of young stars
< SFR > =200 M/yr <SFR > =500 M /yr

SIMULATIONS
for gas-rich AGN

t =10.0 Myr t=14.0 Myr t =22.0 Myr Gaibler et al. 2012

=
-
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\

o)
o
-

FIR-detected QS0s Simulations of the interaction of a
powerful AGN jet with the massive

/%’ gaseous disc of a high-redshift galaxy
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OUR (PREFERRED) EXPLANATION

Radio - jet turns on ring- or disc-shaped population of young stars
<SFR >=200M/yr

< SFR > =500 M/yr

S
Wik

-

o
e
%_'_ ’- g
&

SIMULATIONS
for gas-rich AGN

o
Vo

L

o 3

t=22.0 Myr Gaibler et al. 2012

Simulations of the interaction of a
powerful AGN jet with the massive

gaseous disc of a high-redshift galaxy

How? jet shocks gas reservoirs and

Disrupted jet

&/  thereby induces shocks and turbulence —

Cloud

accelerated clumping of gas —
Positive feedback

Eleni Kalfountzou el.kalfountzou@gmail.com The 12th Hellenic Astronomical Conference
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STAR-FORMATION DEPENDANCE ON

| ORIENTATION
46.5
If RLQs and RGs are the same
objects, why RGs have much lower
. SFR for the same BH mass?
» 46.0
iy
O
=, Only 2/27 RGs are detected!
S)
= 455
S Unified model doesn’t predict these
differences
45 O - O ,
: )& 1S | Similar results even if we match the
ol L Y® A . ]
450 455 460 465 470 475 samples into radio-power
log,o(Lgy / erg s™)

Eleni Kalfountzou el.kalfountzou@gmail.com The 12th Hellenic Astronomical Conference


mailto:el.kalfountzou@gmail.com

\ UNIFIED MODEL VS. SELECTION

2 BC 14354635 PKS 1138262

. . Stevens et al. 2003, Nature
Radio galaxies

Deep submm mapping
with SCUBA

RGs are selected from radio

surveys -> the most radio luminous

AGNs

rich clusters which peak at higher redshifts

Jets aligned with the densest regions of gas, thereby producing very effective
working surfaces and the brightest hot spots. Such a selection effect has been suggested
~ before to explain apparent large-scale optical-radio alignment effects at lower redshift
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RADIO JETS EFFICIENCY EVOLUTION

Most radio power AGN have

46. : -
0> formed their stars at earlier
Universe

% 460
= Positive radio feedback seems to
x become efficient at later epochs
\j-% 45 5 Association with gas
ge availability?

450 L I Need for comparison with

_ L VVR* | g I T S R R R \

450 455 460 465 470 475 high-z samples

log,o(Lg, / erg s™)

Kalfountzou et al. 2015 submitted
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ISs THERE EVIDENCE OF CORRELATED BH
AND GALAXY GROWTH?

What the radio-quiet quasars say? Much flatter correlation than
46.50R'LQS""""0' expected
-0 RQQs f from AGN-dominated systems
< RGs (e.g. Netzer et al.2009)
% 460
en
>
= | But NO evidence for star-
f% 45 5 | formation suppress in our
S data [~40% detection rate]
2 (see Page et al. 2012; AGN negative
L | feedback)
45.0 — o Vo ! :
o ot
. V&W.’b IR R |

450 455 460 465 470 475

1
log,o(Lg, / ergs’)
Kalfountzou et al. 2015 submitted
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NO CORRELATION OF HIDDEN CORRELATION?

Lifetime of star formation: ~108 years and due to
the large size of star-forming regions, star
formation will be comparatively stable on

timescales of >100 years

Lifetime of AGNs: ~100 years but AGNs can
vary in luminosity on timescales of days and
large-scale accretion disc timescales will be on
timescales of centuries

“normal” galaxy

10"
S
g 10 What does this mean?
-
o -4 - . 1
5 10 _ AGN variability can mask the true
2 10° AGN variability from simulation - underlying correlation
- 08 (Novak et al. 2011) k
0 20 40 60 T —
time (Myr)
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NO CORRELATION OF HIDDEN CORRELATION?

Empirical toy-model assumes that
I SFR is correlated to the LAGN when

46.5 ‘averaged over timescales of the order
| of 100Myr. (Hickox et al. 2013)
Efficiently predicts the flat correlation
460 found for low luminosity X-ray AGN
o0 (e.g. Rosario et al. 2012)
O
o
& What about powerful QSOs?
2455
2 AGN variability model doesn’t describe
— our observations!
45.0 e * Either alternative models might be
Y %9 ?1?5. I I IR required (e.g. Aird et al. 2013)

450 455 460 465 470 475

s or for these systems the AGN and SF
log Ly / erg s7)

activity are weakly correlated

Kalfountzou et al. 2015 submitted
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| QSOSs VS. STAR-FORMING GALAXIES

SR S
46.5 © RLQs ® e
-0 RQQs
- oK RGS o ® //
(] N ° - -//
~~ N o = ,. 1 |
" 460* T@;_ N
o1 ) ®e 7 \L N
5 - ¢ - " o
o -
> % -
_j* l i (" " %6 |
= T s @ t
S 455~ owm oy 0t b
oV}
2
] “Main sequence”
A for same z and stellar mass
450 - :
A Schreiber et al. (2015) -
T < T T O A B
450 455 460 465 470 475

log,o(Lg, / erg s™)

Kalfountzou et al. 2015 submitted
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What about powerful QSOs?

AGN variability model doesn’t describe
our observations!

Either alternative models might be
required (e.g. Aird et al. 2013)

or for these systems the AGN and SF
activity are weakly correlated

Although different interpretations
are possible, our finding can be
explained through periods of
enhanced AGN activity and star-
forming bursts, possibly through
major mergers (e.g. Elbaz et al. 2011)
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\ SUMMARY

Powerful QSOs at a single redshift epoch
No apparent correlation between BH and galaxy growth

Evidence for recent merger events

Radio-jets are associated with positive feedback

But gas richness seems to be a requirement

Powerful radio AGN have formed their stars and higher
redshifts

Possible explanations: association with rich clusters
which peak at higher redshifts

Compare the results to different evolution epochs
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