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Introduction

AGN Unified Model (radio-loud & -quiet AGN, Seyfert I & II Galaxies)

Blazar

low power high power

BL Lac FSRO

N AGN Unified Model
#ji"x"— 2 *"i“ .

* Radio-Quiet AGN

u
Fanaroff-Riley Seyfert I
class li

Fanaroff-Riley
class |

jet

"  Seyfert I1

\ NLRG, * Radio-Loud AGN

MLRG J'Jl : ’ . Type II
é’ - —5 Qs0 " FRI
| Ve, - : o |
II| reflected d\b/ _ || " FRII
; | absorbed i .: = Blazar
Seyfert 2/\1 «"f .
i dusty atsorber
\ accreton disc o
2 & electron plasma Unified Models for AFNs
\ Hack hole
broad line region Antonucci, ARA&A, 1993, 31, 473

narrow line region

Unified Schemes for AGNs

seyfert 1
! ”& Beckmann & Shrader 2012, Megan Urry & Padovani, 1995, PASP, 107, 803

Active Galactic Nuclei

March 11th, 2018 Galaxy Group Meeting



March 11th, 2018

radio-loud (RL) AGN

radio-guiet (RQ) AGN

jet

Introduction

X-ray Ionized Absorbers in Seyfert Il AGN

Risaliti & Elvis 2004
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X-ray lonized Absorbers

15

* Warm Absorbers (WAs):

I O VIIL O VIL
w /—f’% triplet
soft X-ray -shifted absorption lines '! v
e & o - - T
H'Ilke & He'llke O, Ne, Mg, SI, S |0nS ';j: 1wl M‘ N VI-VII _
Velocity < 10,000 kmis (0.03c) S ([
Observed in 50% of Seyfert | galaxies §
=
(Reynold & Fabian 1995, Reynold 1997, George + 1998) ? 5
m@
* Ultra-fast Outflows (UFOs):
hard X-ray -shifted absorption lines O s e s e T s
H-like & He-like Fe lons Wavelength (A)
Velocity > 10,000 km/s (0.03c)
high velocity ~ 0.1- 0.4c g g B
(Pounds + 2003, Cappi 2006, Braito + 2007) / f/ /f {7

Recently observed in 30% of
radio-quite and -loud AGN

(Tombest + 2010,2011,2012,2014)

A A 4
P
e

BH Accreﬁon disc
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X-ray lonized Absorbers

Blue-shifted Fe lines

Name Type z Frest v/c log Nu log &
(keV) (cm™?) (erg cm s7h
NGC1365 Sey1.8 0.0055 6.7-7.2 (Ka) 0.016 23-23.7 3.7
7.8-8.3 (K©)
MCG-6-30-15 Seyl.2 0.0077 6.74 and 7 0.007 23.2 3.6
MCG-5-23-16 Sey1.9 0.0085 7.7 0.1 22.9 3.6
NGC3783 Seyl 0.0097 6.7 0.003 22.7 3
1C4329a Seyl 0.0160 7.7 0.1 22.1 3.7
IRAS13197-1627  Seyl.8 0.0165 7.5 0.11 23.7 Z3
Mrk509 Seyl 0.034 8.2 0.1-0.2 23.1 3.5
PG0844+349 Seyl 0.064 8.7 0.2 23.6 3.7
PG1211+143 NLSeyl 0.081 7.6 0.13 22.3 2.9
Red-shifted Fe lines
Mrk335 Seyl 0.026 5.9 0.15 22.4 3.6
Mrk509 Seyl 0.034 5.4-5.5 0.21 22.8 3.5
PG1211+143 NLSeyl 0.081 4.56and 5.33 04and0.26 23.6 3.9

March 11th, 2018
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Photoionization Modeling of Ionized Absorbers

XSTAR (Kallman + 1996, 2004) or CLOUDY (Ferland + 1998)

* Photo-emission, lonized absorption

[

* (bbody + powerlaw + ¥ photemis) x [[ warmabs

XSTARDB & XSTAR2XSPEC
Set parameters
Number density (log n ~12)
lonizing SED (Radio+IR+Opt+UV+X-ray)
* Physical Conditions (free parameters):

Column density (N,)

lonization parameter (¢)

March 11th, 2018 Galaxy Group Meeting



Photoionization Modeling of Ionized Absorbers
Photoionization Code XSTAR (Kallman + 1996, 2004)

Luminosity (13.6 eV-13.6 keV) N\
Photoionization Code XSTAR (Kallman + 1996, 2004)
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King & Pounds 2015; XMM-Newton & Suzaku (42 radio-quiet, Tombesi et al 2011; 51 AGN, Gofford et al. 2013)



Photoionization Modeling of Ionized Absorbers

XSTAR (Kallman + 1996, 2004)

* MPI_XSTAR Parallelization: github.com/xstarkit/mpi_xstar (Danehkar + 2018)

* produce table model files:

absorption spectrum imprinted onto continuum (xout_mtable.fits)
reflected emission spectrum in all directions (xout_ain.fits)

emission spectrum in transmitted direction of the absorpter (xout_aout.fits)

March 11th, 2018 Galaxy Group Meeting



Seyfert I Galaxy PG 1211+143

* A Narrow-line Quasi-Stellar Object (QSO)

* In a Seyfert | nearby galaxy (z = 0.0809)

* Strong soft excess

* Reported to have mildly relativistic outflows — 0.07c (XMM-Newton)

* Might be variable outflows (appeared and disappeared!)

No Ultra-fast outflow in NuSTAR observation!

* Also shows redshifted aborbers at 0.2-0.4c: infall to the black hole

March 11th, 2018 Galaxy Group Meeting 10



Seyfert I Galaxy PG 1211+143

Blue-shifted Fe lines

Name Type z Flrest v/e log N log &
(keV) (cm_z) (erg cm s_l)
NGC1365 Seyl.8 0.0055 6.7-7.2 (Kw) 0.016 23-23.7 3.7
7.8-8.3 (K3)
MCG-6-30-15 Seyl.2 0.0077 6.74 and 7 0.007 23.2 3.6
MCG-5-23-16 Seyl.9 0.0085 7.7 0.1 22.9 3.6
NGC3783 Seyl 0.0097 6.7 0.003 22.7 3
1C4329a Seyl 0.0160 7.7 0.1 22.1 3.7
IRAS13197-1627 Sey1.8 0.0165 7.5 0.11 23.7 =3
Mrk509 Seyl 0.034 8.2 0.1-0.2 23.1 3.5
PGO0844+349 Seyl 0.064 8.7 0.2 23.6 37
PGI1211+143 NLSev1 0.081 7.6 0.13 22.3 2.9
Red-shifted Fe lines
Mrk335 Seyl 0.026 5.9 0.15 22.4 3.6
Mrk509 Sev1 0.034 5.4-5.5 0.21 22.8 3.5
IPG121 1+143 NLSevy]1 0.081 4.56 and 5.33| 0.4and 0.26| 23.6 3.9 |
Cappi 2006

March 11th, 2018
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UFOs in the Seyfert I Galaxy PG 1211+143

0.02

XMM-Newton Observations

0.01

« UFOsv_ ~-0.07c (Pounds + 2003)

t

5x1073

* H-and He-like C, N, O, Ne, Mg, S and Fe ions

counts/sec/Angstrom

2x1073

0.02
1073

12 13 14 15
observed wavelength (Angstrom)
£ 5| )
g oL | Figure 9. RGS spectrum from 10-15 A showing absorption lines at 13.40
28 L A (Neix 1s-2p)and 12.17 A (Ne x Lya). Several Fe L lines are also indicated
! ! ! é and we note that both Ne lines are probably blended with lines of Fe Xxvii-xxi,
9 . limiting their present value in characterizing the outflow from PG1211+4143.
- <o
Cr E g *
o ] + 5 0
T IR e dh
+= T LT 4 \+
«a 13 g
o)
: ik
> }L ] " |
8.? o L. I [ B RS BRI
3 of 1 X15 17 18 19 20
S observed wavelength (Angstrom)
<] 7 T
a
Figure8. RGS spectrum from 15-20 A showing resonance absorption lines
at 18.90 A (O vi Lya), 18.60 A (O vir 1s-3p) and 15.98 A (O vin LyB).
TO L L L L Il L L L L Il L L L L 1 L L L L
—31 32 33 34 35

observed wavelength (Angstrom)

Figure 6. RGS spectrum from 31-35 A fitted with the photoionized model
described in Section 3.5. The Cvi Lya absorption line is observed at
33.62A.
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UFQOs in the Seyfert I Galaxy PG 1211+143

XMM-Newton Observations

- FOs v, ~-0.13c (Pounds + 2006,2007,2009)

t

. H- and He-like Ne. Ma. Si. S. Ar and Fe ions

- Ne Mg * Si S Ar Fe Hea

! .!,au,ﬂ_ﬁ it A |.“| H.ll,.llﬂ.nl. ”ilhh
MR R |

1.5

ratio

— ‘II

0.5

1 2 5

observed energy (keV)
Figure 2. EPIC MOS camera data from the observation of PG1211+143
in 2001 compared with a simple power-law fit over the energy band 1-

10 keV. Narrow spectral features and their proposed identification with K-
shell absorption lines of Ne, Mg, Si, S, (Ar?) and Fe are indicated.

March 11th, 2018

- UFOsv_  ~-0.06c and -0.13c

t

(Pounds + 2016)

pn 2014
——

<
-

ratio

0.8
T
L

observed energy (keV)

Figure 6. Gaussian line fitting to spectral structure in
the stacked pn data from the XMM-Newton observation of
PG12114143 in 2014. In this plot data binning has been relaxed
with the removal of the limit of 3 data points per resolution ele-
ment to provide smoother Gaussian profiles. Nine possible absorp-
tion lines are detected, numbered from left to right as absl — abs
9 in Table 2, where the measured energy, proposed identification
and outflow velocity are listed

Galaxy Group Meeting 13



(3-30 keV) Count Rate (s')

0.8

0.6

0.4

0.2

UFOs in the Seyfert I Galaxy PG 1211+143

NuSTAR Observations

Exposure time: 300 ks (2014 Feb-July)

Covering 3-30 keV

No UFO (Zoghbi + 2015)
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Galaxy Group Meeting
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UFQOs in the Seyfert I Galaxy PG 1211+143

Chandra Observations ——

VF  (ergs cm™s™")
1012 2x10-2 5x10-'2 10"

High Energy Transmission Grating
(HETG; PI: J.C. Lee, 2015 April)

6 observations over 9 days ~ 433 ks 0 T : | : T .

H- and He-like Ne, Mg, S ions: -0.06c = © F~—""T1*] o110 L A S L A _

w F g
I C 1 1 1 1 1 | I 1 1 1 1 1 1 ]

0.5 1 2 5
Energy (keV)

PG 1211+143 Chandra Observations (Pl J.C. Lee)

March 11th, 2018 Galaxy Group Meeting 15



UFOs in the Seyfert I Galaxy PG 1211+143

Hubble UV Observations

Cosmic Origins Spectrograph (COS)

March 11th, 2018
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PG 1211+143 Chandra Observations (Pl J.C. Lee)
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UFOs in the Seyfert I Galaxy PG 1211+143

Time-Variability

Disk Wind

UV Driven

Shielding
Gas
(Failed Wind)

X-ray
Corona

-
-
-

Accretion Disk ]
UV Radiation
SMBH
Luo et al, 2013, ApJ 772, 153
March 11th, 2018 Galaxy Group Meeting
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UFOs in the Seyfert I Galaxy PG 1211+143

zdust x ztbabs x highecut x (diskbb + powerlaw-+

M N
+ E emis;) X Habsi.

VE, (ergscm=s™)
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handra Observations (Pl J.C. Lee)

2
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5

Plausible detection at -0.06¢
but further analysis needed
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UFOs in the Seyfert I Galaxy PG 1211+143

lonized
zdust x ztbabs x highecut x (diskbb + powerlaw + Z emis; )| X H abs; Absorber
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UFQOs in the Seyfert I Galaxy PG 1211+143

Luminosity (13.6 eV-13.6 keV) N\
Photoionization Code XSTAR (Kallman + 1996, 2004)

L L \ L

= — R < —

/ nR N¢&
lonization parameter . \ R > 2GM 2
. BH/U
Gas density Radius / / out
J .

N = nAR BH mass Outflow velocity

/

Column density  gpajl thickness

March 11th, 2018

Parameter Value

Lion (1038 ergs= 1) . ... ... ......... 1.587 x 107
Tinite (10* K)o 100
logm (em™3) .. .o 8---14
log Ng (em™3) ... ... 18---25
logé& (ergems™ 1) ... L. —2...5
Viarb (kms™h) oo 100 - - - 1000
AFe e 1.0
Cp= QAT . 0.5




UFOs in the Seyfert I Galaxy PG 1211+143

isis_emcee (Nowak + 2016)

* isis_emcee: S-Lang Markov Chain Monte Carloe (MCMC) Hammer

* Based on MCMC algorithm (Goodman & Weare 2010)

* Python implemented (Foreman-Maxkey + 2013)

* slmpi_emcee: Parallelization: github.com/mcfit/simpi_emcee (Danehkar + 2017)
* S-Lang MPI Interface (Dauser & Schwarm)

* isis_emcee and Ismpi_emcee used with warmabs for confidence maps

March 11th, 2018 Galaxy Group Meeting 22
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UFOs in the Seyfe

rt I Galaxy PG 1211+143

Luminosity (0.0136-13.6 keV)
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Danehkar + 2018
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: ~
PG 1211+143: Photoionization Modeling - ]
- a 7

* Thermal Stability Curve and Ion Fraction Plots 5 - ’
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PG 1211+143: Photoionization Modeling

Thermal Stability Curves of Ionized Absorbers:
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UFQOs in the Seyfert I Galaxy PG 1211+143

HST Cosmic Origins Spectrograph (COS)

UV Lya wide absorption line,
possible counterpart to X-ray absorber

The same outflow velocity (-0.06c¢)
log N, >14.5 (log N, ~ 21)

logé~2.9

0.3

o
N

©

F,(107'% erg cm-2 s=' &-")

Lya in PG1211+143
| |

m”A Absorptiod| |
‘r"Q -0.06¢

f | | |

NV NV |
| [
IGM IGMIGM  IGM |
SISl
230 1240 250

Wavelength (&)
Kriss + 2018
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PG 1211+143: Observation Summary

XMM-Newton Observations

UFOs v, ~ -0.07c (Pounds + 2003, Pounds & Page
2006; Pounds + 2016)

H- and He-like C, N, O, Ne, Mg, S and Fe
ions (Pounds + 2003)

A second component outflow

-0.14c (Pounds 2014; Pounds et al. 2016)

NuSTAR Observations

No UFO (Zoghbi + 2015)

Chandra Grating Observations

* High Energy Transmission Grating
(HETG; PI: J.C. Lee)

* 6 observations over 9 days ~ 433 ks

* H- and He-like Ne, Mg, S ions: -0.06¢




Flux (10-'* erg cm~2 s-' &-1)

UFOs in Seyfert I AGN

Search for UV Counterpart of X-ray UFOs

* Checking UV archives of 16 AGN with X-ray UFO

— Only Mrk 79 show broad Lya absorption

Velocity (km s-1) Velocity (km s=')
-30000 —28000 -26000 —-24000 -30000 -28000 -26000 —24000
of f |
| sl
25| | % n |\
UL LGN o
- ity poallLRN 11 T 11 TR I
[ |\ | ""lm .
1.5 - N & l d 'U
| 5 | .
1 = : :
: | x 09T )
0.5 F - - | |
: Mrk| 79 - Mrk 79
i F’10H701 5 L 91011703 : 5
O0h20 —hi2s 1130 113 1140 1145 1150 020 —Tizs 1130 1135 1140 1145 1150
Observed Wavelength (&) Observed Wovelength (&)
Mrk 79, FUSE observation P1011701 Mrk 79, FUSE observation P1011703

Kriss + 2018
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VE, (ergscm?s™)

UFOs in the Seyfert I Galaxy PDS 456

Chandra, NuSTAR, and XMM-Newton

* Two-component UFO:

-  -0.24 cto -0.29 c
- -0.48c

10—11

4L R 1

Al il 1"'

[

=1
———
e v
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VE, (ergscm?s7')
5x10-18 10712 2x10712 5x10-12 10~

o ""'{""'N

10-72

L | 1 1 ! L 1 1 ! 1 | 1 L 1 1 ! ! L L
0.6 0.8 1 © 1.2 1.3 1.4 1.5 1.6
Energy (keV) Energy (keV)

Boissay-Malaquin + 2019
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UFOs in the Seyfert I Galaxy PDS 456

Chandra, NuSTAR, and XMM-Newton

-0.24 c to -0.29 c

‘Two-component UFO:

- -048c
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- I I _] O - T T : L T T ]
|
g S =
- 7 e —
L /__ ..f/ |
<
i
wr o 4 & ,r';-:_:-:‘:lf;—-l,
: <> N
. i
N c|> - 1
D a—
I el 1 1 1 I 1 { l 1 I 1 1 1 1 I 1 1 { 1 1 1 1 l
] 0 1 2 -0.15 ~0.1 ~0.05 0
log(N,/10%%) v, (c)
Boissay-Malaquin + 2019
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-1

Velocity (kms™)

Future Prospects: A Unified AGN Outflow Model

(vs80kms™)

Ambient interstellar gas

Contact
discontinuity

v~500-150 kms™'

Width ~10'° cm Compton cooling
shocked wind gas
R~3x10" cm
v ~9,000 kms™

Shocked
interstellar
gas

Cooling
clumps

Adiabatic Two-body cooling
(reverse) shocked wind gas

shock  width ~10" ¢m

Forward shock
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Future Prospects: A Unified AGN Outflow Model

Absorption Measure Distribution (AMD): similar to Emission Measure Distribution (EMD)

AMD = |dNy/d(logé&)| d Ny d Ny _esl a=07
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n(r)ocr* » . .
n(r) ~ r +* density profile
231 | | ]
5 ® NGC 3783 -
sy s EIRAS 1334942438 — o 7
- * MCG-6-15-30 i
_ - 4 NGC 5548 .
I C A NGC 7469 ]
g - .
%D 215 -
S L0 -
NS C ’
- 205 -
E Behar 2009 E
20 — .
B | ‘ | | | | | | | ‘ | | ‘ | | | | ]

-1 0 1 2 3 4
log & [erg cm s'l]

March 11th, 2018 Galaxy Group Meeting 32



Future Prospects: A Unified AGN Outflow Model

Unification of UFOs and WAs

(a)

1 MNRAS 430, 1102-1117 (2013) doi:10.1093/mnras/sts692

logu,,, (kms™)
w

logé (erg s~' cm)

March 11th, 2018

Monthly Notices

| Unification of X-ray winds in Seyfert galaxies: from ultra-fast outflows
| to warm absorbers

| F. Tombesi,""** M. Cappi,’ J. N. Reeves,* R. S. Nemmen,' V. Braito,> M. Gaspari® and
| C.S.Reynolds’
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Future Prospects: A Unified AGN Outflow Model

Non-Unification of UFOs and WAs

' _— Monthly Notices
i 2 s MNRAS 441, 2613-2643 (2014) doi:10.1093/mnras/stu669
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Future Prospects: A Unified AGN Outflow Model

Unification of UFOs and Spins? .

Garofalo + 2010
BH spin-related + Accretion disk + Disk wind a

jets ! outflows ! A
| |
w7 | ! 5]
Seyfert W !
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| Blazar Kiaki : :
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- 1 ’ 1
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§> <i \ \ A
FR-I o FR-TI FRII () | | |‘  +a=-0.9
| |
HLHE FIGURE 3. A schematic view of the dependence of accretion disk out-
P flows and black hole spin-related jets on spin (Garofalo et al. 2010).
- i Radio-loud FR II AGNs have retrograde spins, whereas radio-loud FR
\ I and radio-quiet Seyfert AGNs have prograde spins. Fast outflows

| and jets (near the BH) could be due to spin-energy extraction from
the black hole via the Blandford—Znajek mechanism, while slow wind
outflows could be mass-loss from the accretion disk via the Blandford—

dusty absorber Payne mechanism.
accreton disc
electron plasma
black hole
broad line region
narrowline region

L
ARG L/& Beckmann & Shrader 2012,
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Future Prospects: A Unified AGN Outflow Model

Unification of UFOs and Spins?

A possible correlation between UFO
and angular momentum?

Spin from relativistic Fe Ka line

UFOs from blue-shifted H-like and
He-like Fe absorption lines

BH Mass from reverberation-mapping

Angular Momentum vs. UFO Velocity
T T T T T

1.000 F T 7
r Ark 120 h
L SW2127+5654  m .
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= 0.100 | - j
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o r- 7
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8 0.010 %J 3783 i
D r ]
r ADAP proposal, Danehkar + -
0.001 1 | | 1 I I
53 54 55 56 57 58 59 60

Angular Momentum log(J)=log(aM®G/c) [kg m? s']

FIGURE 4. The black hole angular momentum (J = aM?G/c kg m?
s71]) versus the ultra fast outflow velocity (vou[c]) for 7 radio-quiet
AGNs. The black hole spins (a) are adopted from Brenneman (2013)
and Brenneman et al. (2014), black hole masses (M) are chosen from
Bentz & Katz (2015), and ultra-fast outflow (UFO) velocities (vout)
are from Tombesi et al. (2010, 2011, 2012). A linear fit to the 5 points
in the figure (the dashed line) yields log(vou[c]) = —(11.36 £ 0.62) +
(0.1840.01) log(J[kg m? s71]) suggesting that the kinematics of highly-
ionized outflow may be a function of the black hole angular momentum.
Further studies of a larger sample of radio-quiet AGNs are required to
decide whether there is a strong correlation between the black hole
angular momentum and the UFO proprieties (velocity, density, and
density profile).
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Future Prospects: A Unified AGN Outflow Model

Toward an AGN Outflow Unification

FIGURE 1. A schematic representation of stratified layers of the unified
AGN outflow model (Kazanas et al. 2012; Tombesi et al. 2013). UFOs
and WAs are associated with different locations of a single large-scale
stratified outflow in the AGN.

Angular Momentum vs. UFO Velocity

1.000 . . . . . . -
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Angular Momentum log(J)=log(aM?G/c) [kg m? s7']

FIGURE 4. The black hole angular momentum (J = aM?*G/c [kg m?
s71]) versus the ultra fast outflow velocity (vow[c]) for 7 radio-quiet
AGNs. The black hole spins (a) are adopted from Brenneman (2013)
and Brenneman et al. (2014), black hole masses (M) are chosen from
Bentz & Katz (2015), and ultra-fast outflow (UFO) velocities (vout)
are from Tombesi et al. (2010, 2011, 2012). A linear fit to the 5 points
in the figure (the dashed line) yields log(vey[c]) = —(11.36 & 0.62) +
(0.1840.01) log(J[kg m? s71]) suggesting that the kinematics of highly-
ionized outflow may be a function of the black hole angular momentum.
Further studies of a larger sample of radio-quiet AGNs are required to
decide whether there is a strong correlation between the black hole
angular momentum and the UFO proprieties (velocity, density, and
density profile).
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Summary

X-ray ionized Absorbers

WAs: typically H-like & He-like O, Ne, Mg, Si & S ions, low velocity < 10,000 km/s

UFOs: typically H-like & He-like Fe, high velocity > 10,000 km/s, usually ~ 0.1- 0.4c
Photoionization Code XSTAR (XSTAR Grids, xstardb)

Physical Conditions: ionization parameters, column density, & gas density

Seyfert | Galaxy PG 1211+143

XMM-Newton observations: UFOs vout ~ and
Chandra observations over 9 days ~ 433 ks

Hubble UV observations, radio observations with VLA

Photoionization Modeling of PG1211+143

(log¢~238,log N, ~21.5,V_  ~-0.06c)

outflow velocity ,
counterpart to X-ray absorber

UV counterpart to X-ray UFO in AGN?

Only in Mrk 79 among 16 AGN

Other AGN with two-component UFO:

PDS 456: and

Future Prospects: A Unified AGN Outflow Model

N,-&,V ,-¢andN, -V

out

. correlations (Tombesi + 2013)

A possible correlation between UFO and angular momentum?
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