Probing extreme BHs throughout cosmic
time & the co-evolution picture

Malte Schramm NAOJ
Sendail Feb 2018

Collaborators: W. Rujopakarn ( Chulalongkorn U.,Kavli IPMU),
T. Nagao (Ehime U.) M. Akiyama (Tohoku U.), Jari
Kotilainen (FINCA), Andreas Schulze (NAQJ), K. Ohta
(Kyoto U.), John Silverman (IPMU), H. Ikeda (NAOJ)

Thanks for the support of this contributed research program

Mainly based on Schulze, Schramm et al. 2017 ApJ...848..104S,
Schramm et al. 2018 to be subm to ApJL, Nitta, Schramm et al. 2018 to be subm.

‘-_— .




INTRODUCTION

* Please see the nice talk from '

"ohru Nagao

{c] Intm:cinm"'Hnrgcr"

NOL #aTh

= mpaw within one halo, plaxies noernct &
s e angular Preminnom

= SFR prarce o norease

= seellar winds demisate feedback

= rarely enche 00 [only pechl orbics)

-|'|:|:| "Crmall Gmup"

Mot lmp

» halo aocreces simibe mass
compasion]s|

= CAIV DCCHT OWET 3 wide mess Fange

- Mhaio, 511l Sireiler to befare:
dhyrarical fricmion merges
rhia dui bbeles ofeienly

{a) Isclated Disk

Ml

- halc & ditk grow, maxt st formed
- veeular groveh buikds bars & peeudobulges
- “Baylert fusing [AGM with M3

- eanteca raddan Ls th red sequants

SFR Mg v

[d} Coalescence/{LJLIRG

WG G20

TRAS O i Hous

gabmies coalesce violent relaeaton in core
« fus flores 1o ceniber
rrarburss & burded (K.raph AGN
« siarburst dominates |um sy eadback,
bur cocd seelar mass doemed |s small

(e} “Blowaout™

- BH greven rapidiy: briafly
durenites kmnesipleedbush
- remainng tasigu expeled
» et reddaned s ros Tps 1) Q50x
rrcentenguing F in o
higs Eddingren ratos
merger sgnaceres sl veible

1004

100

T

T T

i
H.
2]

-
=]

,_
T

ol b /Lo ] A

—a =1 ¥

Time (Ralativa to Margar)

1
[cyr]

{f) Quasar

L s e

-t ramarvad e a “Trodinoml” GEQ
= hans merphaolegy déficuls 1o chyerve:
ridal feamures fade rapidy

- characrarizicalty blun'poung spharoid

() Decay/K+A

MU IS5

- IS luminsanity vy rapidly
- edal faaberm wakle only with
wory derp chservatone

- remeant reddars rapidhy (FHAK )

“hot halo” from feediock

- pois up quaE-atc coaling

{h) “Diead” Elliptical

]

SLAr KRN AGGN nenmenaned
«large BHspheroid « effcient ledback
= halo grows 1o “lege froup” scles
mergars become inglicient
= proewth by “dry” mergars




INTRODUCTION

* Please see the nice talk from Tohru Nagao

{c] Intm:cinm"'Hnrgcr" [d} Coalescence/{LJLIRG (e} “Blowaout™ |:F:| Quasar

5 O i Hioats

NOL #aTh

=== Maybe not the entire picture =

= S grarns 5o bnon

= sredlar winds domisane feedback « siarburst dominates. |um sy eadback, s = 'T' it e e
« rarely encie G0 fonk spechl orbics) turtond stellar mass doemed |5 small L ﬂxﬂ;“_\;?m"::" Q8 - characmarivicalty bhn'raung spharaid
" high Eddinguen ravos
() "Srrall Greup miger sgnabares sl eibla (g} Decay/K+A

& 1000 =
5 F
4 = i W
_E_ i E z
: E £ 1
-5 0
= habo aocreces simibe mass g‘ 1 i - QIS0 huminanity fdar rapidiy
eompasionis) £ - edal faatarin vinile only =ith
= LA DCCUT O 3 wile mads range B oy *E‘F WSN";\"_&
- s, ol il e boafesra: &l - remeant reddars rapidhy [EHAK +A)
dyrarsical fricsom menges { o= c “hat halo™ from fredtack
Ui s bifesdes eScienily l% e L= - WE up A cocling
{a) Isclated Disk } 12 — (h) “Dwead™ Elliptical
3 1E
10
5 = &
3 F =
8
-] -1 o i 2
star lrmacion teremdnaned
- Bl & dink grow, maxt stars formed Time (R=lative to Margar] [Gyr] «large BHIspherod « efcaen kodback
- secular growth builds bars & preutebulpes « haln grows 1o Ege group sl
- “Syfers” hueling [AGH wath Me>-13) miepers beceme neMgent

- eanteca raddan Ls th red sequants - proswth by “dry” mergars




INTRODUCTION

* Please see the nice talk from Tohru Nagao

{c] Intcm:cinm"'Mnrgcr" (d} Coalescence NLLIRG (e} “Blowaout™ |:F:| Quasar

: *
¥ o - 3 3
W =z ;J, ‘ 1 3
# z . = 2
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My main motivation:
Who comes first BH or Host Galaxy?

* Answer always seemed to differ depending on the

parameters we look at (Lum|n05|ty veI DlsperS|on Mass)
or sample —

* Stars/Early=type BCG
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Apparent Cosmic Eolution of
Mg/ Mgur cr relation

1.5F

-
o
T
—a—
|
| -~
@
!

=
o0 i
=
0.5} o s
-
-r—i
—— | 1 ]
% 0.0 ® Peng+06 A Schramm+13 [
ﬁ : @ Jahnke+09 & Merloni+10 ]
o # MclLure+06 Nesvadba+11| |
$ Bennert+10 A Targett+12 1
- m Decarli+10 m Riechers+08 1
-0.5F # Cisternas+11 & Maiolino+07 |-
i m Schramm+08 @& Wang+10 T
0 1 2 3 4 5 6
y

Schulze&Wisotzki 2014



Apparent Cosmic Eolution of
Mg/ Mgur cr relation
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Hunting for Extreme BHs

* Estimating reliable BH masses in Type 1 AGN:

(1) Virial Method: Still on-going NIR spectroscopic campaign
using mainly OAO,NOT & TNG to observe luminous quasars
at z=2-4

(2) Direct Approach using RM on nearby AGN ranging from
objects like NGC 4395 (lag few hours) to PG1116+216 (lag
~170d) through a large monitoring campaign with various small
telescopes + spectroscopic followup: mostly handled by
students in Thailand, Finland and Korea -
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NIR Spectroscopy of QSOs at z=2-4
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BAL QSOs: Quasars with Outflows
outflow velocity ~0.03-0.2c
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Two Scenarios for LoBALs

 I. The evolutionary scenario suggests LoBALs as a stage
when a merger induced, young QSO, enclosed before by a
dust rich cocoon and observed as a ULIRG, is ignited and
blows out their dust envelope by a strong wind, accreting
at a high rate

 [I. Orientation effect, i.e. their occurrence is related to the
observed line-of-sight

Scenario I implies: LoBAL QSOs should have high
accretion rates, i.e. Eddington ratios compared to non-
BALSs




NIR Spectroscopy of LoBAL QSOs

* Targeted the brightest (K<15.3 LoBALs at z~2.2) with
OAO&NOT to probe Ha and HP} regions and measure BH masses
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BH Mass vs. Eddington Ratio
Distribution
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BH Mass vs. Eddingiori Ratio
Distribution

- | IR | 1. . |
Main Conclusion: LoBALs are not much
different from non-BALS
In terms of
BH mass & Eddington Ratio
— NO support for evolutionary scenario
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SINFONI IFU+AO Observations

* Very fresh and very preliminary data
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The NLR of high-z QSOs

* We can study the ISM of the host galaxies
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The NLR of high-z QSOs

We can study the ISM of the host galaxies
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Stellar Component

* Need high resolution in the rest-frame optical
since host galaxies are getting more compact at
high-z and the AGN is outshining its host

2kpc at z=3 — ~0.25 arcsec

typical natural seeing is more like >0.5 arcsec
and best seeing nights are rare (as we heard
from Miyazaki-san)

 Solution: Use AO supported NIR imaging




Stellar Component
K-Band | - With AO we can typically achieve 0.1-0.3
e arcsec
4
- PSF shape can be difficult to model
. . . over full FoV with only few stars
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Stellar Component

K-Band : - With AO we can typically achieve 0.1-0.3
- s arcsec
PSF star
0SO - PSF shape can be difficult to model
= over full FoV with only few stars
.

- Minimize systematics in PSF
control e.g. PSF degradation

with increasing distance from guide
star by using favourable configuration
beetween GS, QSO and PSF

THIS IS IMPORTANT for the modeling of
the host galaxy and the AGN component

GS




The Host Galaxy

* Even all is perfect we might not get anything
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The Host Galaxy

e BUT in several cases we can resolve the host

11510}

° even see substructure if we are lucky

near-infrared K-band

H-band ~ K-band /Qg\
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BH Mass — Mstell relation at z=3

Expected position with
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°
BH Mass — Mstell relation at z=3
Expected position with
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BH Mass — Mstell relation at z=3

log ﬁ"fBH [M czﬂ
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BH Mass — Mstell relation at z=3
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The Next Step: ALMA

* Three Successful Programs

* Cycle 3 ALMA program to look at 4 QSOs with NO host
detection in band 3 to detect CO at best possible resolution
<0.1 arcsec

assumption: no' stars but massive BH — large gas reservoir
only one clear detection at 90 (1 weak & 2 non-
detections)

* Cycle 4 ALMA program on quasars with different OIII
properties in band 4 1 clear detection / 3 targets

* Cycle 5 ALMA 7 quasars in band 3 to detect CO (all observed
— waiting for final deliveries)
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AILMAs View on the Gas

Sometimes only

CO(5-4) at z=3.2

137.059 GHz

Continuum

CO(4-3) at z=3.8
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Case Study of J16+28 at z=3.8
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Case Study of J16+28 at z=3.8
¢ BH mass: log MBH=10.4 fromHb |  mdyn =/
consistent with CIV, ER: 60% 10 g
 Upper limit of the stellar mass = + H ;
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Case Study of J16+28 at z=3.8
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Case Study of J16+28 at z=3.8
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Case Study of J16+28 at z=3.8
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BH Mass — Mstell relation at z=3
Current Situation
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Summary

* Observations (take time but) are going really
well NIR spectroscopy, monitoring and ALMA
follow-up (part published or to be subm.)

* We can constrain Stellar Mass either directly

from imaging or from dynamical mass using
ALMA

* We find very unique case of quasar host galaxy
showing almost no stellar component




Thanks a lot for the great symposium | -




My Approach: Probing the redshift evolution
of the BH mass — bulge mass relation
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