Spatially Resolved Chandra HETG
Spectroscopy of the NLR
lonization Cone in NGC 1068
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Galaxy Color-Magnitude Diagram
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e.g. Smolcic et al. (2006), Faber et al. (2006), Hickox et al. (2009)



Q. Can the AGN actually deliver enough kinetic
power to their environments to alter the
evolution of the host galaxy in a meaningful way?

An excellent place to search for the ionizing
effect of AGN is the kpc-scale NLR.




Searching For Outflows

Radio ejecta
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Searching For Outflows

2. Chandra HETG spectroscopy Is 2p 'P,

- Collisional ionization (jet) vs.

photoionization (AGN radiation)

- Direct diagnostics of Is 25 'S,
temperature and density
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We need spatially resolved, high resolution
gratings spectroscopy of the entire NLR.



The Prototypical Example - a 440-ks
Chandra HETG GTO Observation of NGC
1068 (Evans et al,, in prep.)
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* Nearby:z = 0.003793,D. = 16.3 Mpc, |’ = 80 pc

e Compton-thick Seyfert 2 (Nn > 102 cm?)

e Black hole mass ~ 107 Mo (e.g., Ludato et al. 2002)

* Accreting at or near Eddington limit (e.g., Kishmoto et al. 1999)
* Prominent kpc-scale radio jet




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

Chandra HETG GTO Observatlon of NGC
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Spatially Resolved Spectroscopy:
A Unique Experiment



Preliminary results:

e 500 km/s blueshifts detected along ‘ionization cone.
e All consistent with photoionization, rather than
mechanical (jet) collisional ionization.

More to do:

. Determine mass outflow rate and power.
. Detailed photoionization models along cone.




Parallelizing XSTAR (warmabs, photemis, etc.)
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Job,

Code by Mike Noble (MIT)

Jobs
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4,200 XSTAR jobs
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Job,
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http://space.mit.edu/cxc/software/slang/modules/pvm/
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Summary

Roadmap towards understanding

NGC 1068 has a 10’ 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 along the NLR ionization cone, with velocities
> 500 km/s up to several kpc from the nucleus.

Further work will include detailed photoionization modeling of the HETG
spectra between -1 and +1 kpc, in 40 pc bins.



