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ESO 428-G014

Kiloparsec extended Hard X-rays
are common in CT AGN

See Pepi Fabbiano & Franz Bauer talks

°
Fabbiano+17

Chandra < 0.3” resolution
3-6keV & Fe-K
~50 pc - ~4 kpc radially

NGC7212 SN ik | Up to 70% of observed flux
3.0-6.0 keV J | In Compton Thick AGN

2 morphologies:

Parker+ in prep

bi-cone and/or

O

.“

“torus”

5" Jones+ in prep.
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Bi-cones =
ISM Molecular clouds

FWHM(High E) < FWHM(Low E)

High N, material is interior to Low

Partial covering by high N,
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. - - Feedback in action?
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Bi-cones =
ISM Molecular clouds

Milky Way Galactic Center

Image: Suzaku 6.4 keV -Nakajima+2009
Contours: Nobeyama CS(1-0)
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FWHM(High E) < FWHM(Low E)

High N, material is interior to Low
NH

Partial covering by high N,
- Feedback in action?
Milky Way example

Fluorescent Fe-K-| coincident
with Molecular Clouds
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ESO 428-G014
0.3-3 keV

Feruglio+ in prep
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Bi-cones =
ISM Molecular clouds
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FWHM(High E) < FWHM(Low E)
High N, material is interior to Low N
Partial covering by high N,

—> Feedback in action?

Milky Way example

Fluorescent Fe-K-I coincident with
Molecular Clouds

CO maps Compton Thin N
C-Thin Ny arises in host disk.
[Lawrence & Elvis (1982!) & many others]

- 2 absorbers. (Prieto talk)
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Bi-cones =
ISM Molecular clouds
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FWHM(High E) < FWHM(Low E)
High N, material is interior to Low N
Partial covering by high N

—> Feedback in action?

Milky Way example

Fluorescent Fe-K-I coincident with
Molecular Clouds

CO maps Compton Thin N,
C-Thin Ny arises in host disk.
[Lawrence & Elvis (1982!) & many others]

- 2 absorbers. (Prieto talk)
—>Simpler torus
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Bi-cones =
ISM Molecular clouds
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FWHM(High E) < FWHM(Low E)
High N, material is interior to Low N
Partial covering by high N

—> Feedback in action?

Milky Way example

Fluorescent Fe-K-I coincident with
Molecular Clouds

CO maps Compton Thin N,
C-Thin Ny arises in host disk.
[Lawrence & Elvis (1982!) & many others]

- 2 absorbers. (Prieto talk)
—>Simpler torus
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ESO 428-G014

®
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20"'= 2.24 kpc

Cross-cone extent =
a Porous Torus?

013a3.0 keV

Clear extent perpendicular to
bi-cone
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Cross-cone extent =
a Porous Torus?

Clear extent perpendicular to
bi-cone

Follows bi-cone extent vs Energy

Holes in the Torus? ~10% transmission
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Cross-cone extent =
a Porous Torus?
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Cross-cone extent =
a Porous Torus?

Clear extent perpendicular to
bi-cone

Follows bi-cone extent vs Energy
Holes in the Torus? ~10% transmission
Inter-clump medium: N (cold)<102" cm-?

<< Ny in e.g. Stalevski et al. 2016 model

(also Baskin & Laor 20187?)

OK with eclipse events (e.g. Markowitz+14)
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Cross-cone extent =
Jet blowback?

Hot Cocoon from Jet interaction with Molecular Clouds
E.g. Mukherjee et al. (2018) simulations; Morganti talk
Co-extensive X-ray — Radio

Temperature (X-7)

Z (kpc)

0.5 0.0 0.5 -0.5 0.0 0.5 -0.5 0.0 0.5
: X (kpc)

X (kpc)
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Cross-cone extent =
Jet blowback?

Hot Cocoon from Jet interaction with Molecular Clouds
E.g. Mukherjee et al. (2018) simulations; Morganti talk

Co-extensive X-ray — Radio

ESO 428-G014: 0.3-3 keV
9.00

Fabbiano+18 Il
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Hard X-ray Extent
Perpendicular to bi-cones
=Torus?

NGC4945 90 x 180 pc

c.f. dust sublimation radius®
M1500k ~0.014 pC; rys0x ~ 8 pC

20" (360 pc)
NGC 4945

—->Not the torus (as Marinucci+ say)

Larger X-ray structure: molecular/dust
ring in host. (CND) (curran+ 2001)

Marinucci et al. 2012

Figure 2. Two-colour (red: 0.3-2 keV; green: 2-10keV) Chandra image of
the 1 x 1 arcmin? central region of NGC 4945.

* a=0.05um, Graphite
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Hard X-ray Extent

Perpendicular to bi-cones

NGC 5643

6.2-6.6 keV

Fabbiano et al. in press

0.00086 0.0061 0.027 0.11 0.44
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=Torus?
NGC4945 90 x 180 pc

c.f. dust sublimation radius*
500k ~0.014 pC; ry50x ~ 8 PC

—->Not the torus (as Marinucci+ say)

Larger X-ray structure: molecular/dust
ring in host. (CND) (curran+ 2001)

NGC5643 ~25 x 65 pc

c.f. dust sublimation radius
M1500k ~0.1 PC; ry50x ~ 90 pC

- Good torus candidate
Clumpy

& molecular ring in CO (CND)
(Alonso-Herrera +2018)
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NGC4151 G IR S
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Hard X-ray Extent

Perpendicular to bi-cones
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=Torus?
NGC4945 90 x 180 pc

c.f. dust sublimation radius*
M1500k ~0.014 pC; ry504 ~ 8 PC

—->Not the torus (as Marinucci+ say)

Larger X-ray structure: molecular/dust
ring in host. (CND) (curran+ 2001)

NGC5643 ~25 x 65 pc

c.f. dust sublimation radius
500k ~0.1 PC; 50k ~ 90 pC

- Good torus candidate
Clumpy

& molecular ring in CO (CND)
(Alonso-Herrera +2018)

Connection? (Prieto, Storchi-Bergman talks)

Need all temperatures @ hi resolution
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Extended Hard X-rays
Effect on Torus parameters?

0.3 0.4 0.5 0.6 0.7

f ext

extended fraction

Balokovic’+ in prep
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Much of Hard X-rays/Fe-K is
not from the Torus

Ilgnoring this means overestimating Torus
reflection/fluorescence. l.e. C,, x € Nw°
E.g. borus02 model (Balokovic’ et al. 2018)
Error bars increase to +/- 10%

For some model choices torus covering
factor drops to ~20%, 1/2 - 1/3 previous
value.

- Models need adapting
- Better data: >50 keV, E/AE, ang.res.
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The Way forward

-RAY OBSERVATORY

Need high spatial resolution +
high spectral resolution
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ESO 428-G014 0.5” pixels
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50X Chandra area; 0.5 arcsec
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Resolving power:

= B "EEEaEY

R =3000 =100 km s' @ 6 keV

R=500=600kms'@ 1 keV

® IIIII-IIII\IIIIII-III “IFU” with lots of photons

Bandler, https://wwwastro.msfc.nasa.gov/lynx/docs/presentations/
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Extended Hard X-rays in CT AGN

Summary of Implications
Much of the Hard X-rays/Fe-K in CT AGN is not from the Torus

ESO 428-G014 Reflection off ISM molecular clouds
—> feedback in action
= Compton Thin N, = 2 absorbers
Cross-cone emission:
- Porous Torus?

- Inter-clump medium: cold N <102" cm2
- Jet Blowback? radio-hard X-ray
Changes Torus parameters

- needs adapting models, more data

We need
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