Do AGN Outflows Cease Star Formation? A
New Technlque Based on Ultradeep Chandra

H%TG Obseryations of.NGC 1068
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Galaxy Color-Magnitude Diagram
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Q. Can the AGN actually deliver enough kinetic
power to their environments to alter the
evolution of the host galaxy in a meaningful way?

Q. How far does the outflow extend?

An excellent place to search for outflows is to

study the ionizing effect of AGN on the kpc-
scale NLR.



Searching For Outflows: Multi-A Imaging

. . . Mrk 573 (Kraemar et al. 2009;
Spatial relationships between [ERry-Xeaespr NENEIINGES

nucleus, jet,
and hot X-ray gas in kpc NLR

@ Some estimates of energy in
3” = | kpc

Radio ejecta

the multiphase gas

ol ares / NLR in a Type 2 AGN




Searching For Outflows:
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ESO 323 - Evans et al. (in prep.)

N3516 - Mehdipour et al. (2010)

/\ /\
e lonic Photo- Metallic Location VEIBE Energy
R column ionization column and offsets outflow
EEECE densities modeling densities geometry rate

High-ionization X-ray gas has large columns and filling factors
— may be dominant NLR component




All previous X-ray studies have been restricted to
bright, Type | AGN.

Ve need spatially resolved, high resolution

gratings spectroscopy of the entire NLR in Type 2
AGN.



The Chandra SOARS Project

Survey of Outflows in AGN with Resolved Spectroscopy

o First spatially resolved X-ray study of kpc-scale NLR
environments in type-2 AGN

e |.5 Ms granted over multiple AOs; more on way
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Chandra HETG and HST STIS spectroscopy

- Collisional ionization (jet) vs.
photoionization (AGN radiation)

- Direct diagnostics of temperature
and density

Is 2p 'P,

|s 2s 'So




The Prototypical Example - a 440-ks
Chandra HETG GTO Observation of NGC
1068 (Evans et al., in prep.)

N DAN) +.Tri-color HETG zero-order

0.75-1.5 keV HST [Olll]
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30” = 2.3 kpc
e P T

e Nearby:z = 0.003793,D. = 16.3 Mpc, |’ = 80 pc

* Compton-thick Seyfert 2

* Late type host galaxy

e Black hole mass ~ (84£0.3)x10°® Mo (e.g., Lodato et al. 2003)

* Accreting at or near Eddington limit (e.g., Kishimoto et al. 999)
* Prominent kpc-scale radio jet



The Prototypical Example - a 440-ks
Chandra HETG GTO Observation of NGC

SDSS +.Tri-co|or HETG zero-order et al- 2009)

HST [OIII]

F

30” = 2.3 kpc
e P T




The Prototypical Example - a 440-ks
Chandra HETG GTO Observation of NGC

HST [OIll]

N

30” = 2.3 kpc
e P T




The Prototypical Example - a 440-ks

Chandra HETG GTO Observation of NGC
1068 (Evans et 4

N DAN) +.Tri-color HETG zero-order

30" = 2.3 kpc
e T T
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Fe K Bandpass and Suzaku Spectrum
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Self-consistent Torus/Reflection Modeling -
MY lorus (Murphy & Yaqoob 2009)
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NGC 1068 HETG Speclro vs Cross—Dispersion Localion (Lines = Fluor., He—Ltriplet, H—like, H—RRC)
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Preliminary results:

. ~500 km/s outflows detected in nuclear region
* All consistent with photoionization, rather than mechanical
(jet) collisional ionization.

Das, Crenshaw & Kraemar (2006);
Crenshaw et al. (2010)

Initial estimate of mass outflow rate ~ | Mo



Spectral-Line Imaging




Next Up: Mrk

The Prototypical Early-Type Seyfert 2

H S structure map
(H. Schmitt)
+

Bicone geometry

(Crenshaw et al. 2010)
+
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Synergies with Optical Surveys

- Late-type galaxies ... 1 Early-typegalaxies -
. 25
S
O
S 207 T
— i All AGN T
=) : 1%AGN A
1.5 3% AGN T
- L 52/0 AGN m ]
1oL T GGl Schawinski et al. (2010)

9.0 95 10.0 10.5 11.0 11.5 12.0 9.5 10.0 10.5 11.0 11.5 12.0
Stellar Mass log M, (M)

Early-type AGN are genuinely migrating at fixed mass from the blue cloud to the low
mass end of the red sequence

Late-type AGN have massive, highly stable stellar disks. Green host galaxy colors are unlikely to be
due to outflows




NGC 4151 (400 ks) - Kraemer et al. (in prep.)

HST [OIlll] Chandra 0.5-2 keV

20” = |.4 kpc




NGC 4151 (400 ks) - Kraemer et al. (in prep.)
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Circinus Galaxy (660 ks - close to SN|19%6cr!)
Pl: Franz Bauer
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Summary

Roadmap towards understanding

NGC 1068 has a 107 Mo black hole, which is accreting at or near its

Eddington limit: it is an to examine the role of AGN
outflows and feedback on black-hole growth.

Multiwavelength imaging shows that the radio jet, [Olll] and X-ray emission
are spatially related.

Spatially resolved, high-resolution Chandra HETG spectra show that the
with no indication of collisional ionization
from the jet:i.e., the AGN radiation field dominates the energetics.

are detected in the nucleus, with velocities > 500 km/s.

Key to extend these observations to other nearby sources, not least, Mrk 3



