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Merger-induced evolutionary scenario of massive galaxies

(c) Interaction/*Merger” (d) Coalescence/(U)LIRG (e) “Blowout”

(f) Quasar

NGC 4676

IRAS Quasar Hosts
PG Quasar Hosts

- now within one halo, galaxies interact &
lose angular momentum

- SFR starts to increase

- stellar winds dominate feedback

- rarely excite QSOs (only special orbits)

- galaxies coalesce: violent relaxation in core -
- gas inflows t¢

2% Ultra-Luminous IR Galaxy =

- starburst dor
- get reddened (but not Type [} QSO:
but, total stellar mass formed is small g A __ i J YP )Q

- dust removed: now a “traditional” QSO
- host morphology difficult to observe:
tidal features fade rapidly
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SFR - QSO luminosity fades rapidly
- tidal features visible only with
very deep observations

- remnant reddens rapidly (E+A/K+A)

- “hot halo” from feedback

- sets up quasi-static cooling

- halo accretes similar-mass
companion(s)
- can occur over a wide mass range
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|Normal SF Galaxy

Merger-induced evolutionary scenario of massive galaxies

(c) Interaction/*Merger” (d) Coalescence/(U)LIRG (e) “Blowout”

(f) Quasar

NGC 4676
IRAS Quasar Hosts
PG Quasar Hosts

- now within one halo, galaxies interact &
lose angular momentum

- SFR starts to increase

- stellar winds dominate feedback

- rarely excite QSOs (only special orbits)

(b) “Small Group”

- galaxies coalesce: violent relaxation in core S iy e
- gas inflows t¢
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- starburst dor
- get reddened (but not Type [} QSO:
but, total stellar mass formed is small g A __ i J YP )Q

- dust removed: now a “traditional” QSO
- host morphology difficult to observe:
tidal features fade rapidly
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companion(s)

- can occur over a wide mass range

- Mtalo still similar to before:
dynamical friction merges
the subhalos efficiently
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formation terminated

- halo & disk grow, most stars forme
- secular growth builds bars & pseud
- “Seyfert” fueling (AGN with Mg>-2
- cannot redden to the red sequence *

» grows to “large group” scales:
mergers become inefficient
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SF dust luminosity (Le)
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rate at ULIRGs/AGNs at z < 1.6;
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lonized emission

C)OO pc:: 4 k
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| “Fading AGN": |
¢ Schawinski et al. 2010 ,

ichikawa et al. 2019ac |

Lagn (MIR) < Laan ([OIIN])

AGN is faint in the central region (in space)

AGN is currently fading (in time)
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Collinson+17

—— Accretion disc

——  Soft X-ray excess

—= Coronal power-law 5

~  AGN intrinsic

== Reflection

== Dusty torus

2\ B Elliptical galaxy

e / \|{| = Total SED Torus

obscuration
by torus
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especially hard X-ray (> 10 keV)
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GOING TO EXTREMES

Compared with other X-ray telescopes, NuSTAR
has a larger collecting surface at higher energies.

XMM-Newton
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Energy (kiloelectronvolts)

* NuSTAR is the best
instrument for the hard X-ray

(> 10 keV) follow-up of JO916a.

© 100 ksec observation was
awarded in NuSTAR Cycle 6
(PIl: Chen).

* The corona radiation could
be detected if the AGN is as
faint as shown by torus/MIR.
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* NuSTAR is the best
instrument for the hard X-ray
(> 10 keV) follow-up of JO916a.

© 100 ksec observation was
awarded in NuSTAR Cycle 6
(PIl: Chen).

* The corona radiation could
be detected if the AGN is as
faint as shown by torus/MIR.

Laan (X-ray) < Laen (MIR)
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BASS: (Swift-)BAT AGN
Spectroscopic Survey
(Koss+17)

log Ly _ 10 kev (€rg s71)

Compared to ULIRGs/AGNs
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J0916a:
the most extreme
X-ray deficit
(< 3.60/0).



Compared to ULIRGs/AGNs
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Compared to ULIRGs/AGNs
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Summary & Discussion

; Extreme [Olll] outflow
apk o |
AGN quen ch 2 Strong starburst
before SF? v B Faint AGN torus
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LAGN (corona) < LAGN (torus) < LaaN ([OlIl])
—> AGN in J0916a is currently fading.

—> the active epoch of the AGN is limited by the
fading timescale, i.e., < 0.01-1 Myr (light/outflow
traveling), much shorter than the duration of
starbursts, e.g., 100 Myr (e.g., Hopkins+08).
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LAGN (corona) < LAGN (torus) < LaGN ([OlII]) ; 10° 4
—>AGN in J0916a is currently fading. i
—>the active epoch of the AGN is limited by the
fading timescale, i.e., < 0.01-1 Myr (light/outflow |
traveling), much shorter than the duration of .
starbursts, e.g., 100 Myr (e.g., Hopkins+08). -
—> the powerful outflow could not last so long ;

and thus, the cumulative effect of the AGN 1075

feedback on star formation is limited.
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Vout < Vesc, gal & Vout > Vesc, halo
Vout = Vesc, gal O Vout = 1500 km s71

Even with
Vout > Vesc of halo,
SF is not quenched
(> 1000 Msun/yr)
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LAGN (corona) < LAGN (torus) < LaGN ([Olll])
—> AGN in J0916a is currently fading.

103 A

SFR (Mo yr=1)

200 500 1000 2000
Outflow velocity (|vso| + wgo / 2, km s71)



