X"rg)’;vatlons of UFOS and their
~Wimplications for AGN feedback

Francesco Tombesi

University of Rome, Tor Vergata
NASA - Goddard Space Flight Center

(credit JAXA's
University of Maryland, College Park press release)



S Absorbers (WAs)

(Photo) ionized -
K

- 'Mrk 509 v~300-800 km/s

(Detmers, Kaat t al. 2011)

Mg IX-XI 1s-2p

Ne VI-1X 1s-2p

Fe MUTA

Ml

J,A HM* |

EF, Flux (keV cm=s-)

MR 2251-178

v~500 km/s

1
Rest Energy (keV)

_ ' (Reeves et al. 2013)
~F. Tombesi - AGN Driven Wlnds 22-26 May 2017, Technlon Israel




UItraFast 0utf|ows (“UFOs”)

Ratio spectrum/model
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-Some open questions on AGN winds:

1. What |s the .'relation between U'FOs-eihd warm'absorbers? ,
2, Wheit'is'the relation betWeeh'UFOs'and uv eUthows?'v -
3. What IS the relatlon between UFOs and AGN jet’? B
4. Are UFOs energetlc enough to drlve AGN feedback’?

5. Are there ewdences for AGN wmd feedback Y actlon'?

'F. Tombesi - AGN Driven Winds, 22-26 May 2017, Technion, Israel



1 - What is the relation between UFOs

' and warm absorbers?
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Comparison of UFOs and WAs in
sample of 35 Seyfert 1 galaxies

. WAs‘.,found ih >60% soi.n,rces

. UFOs in >40%, >70% also WAs

* Profiles: n~1/rt4, v ,,~1/r%3

(Tombesi et al. 2013)




(Tombesi et al. 2013)



,C.'Orrelkation between UFO ah.d AGN momentum rates
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~ (Tombesi et al. 2013; XMM-Newton) . Radiation force
' - ) ‘ " . ‘(Gofford et al. 2015; Suzaku)
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2 What is the relatlon between UFOs
. and uv wmds” |
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UItrafast outflows in (hlgh-z) BAL quasars
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~ What is the relatlon between UFOs and BALs”

Equator [log(r/r, sinB)]

Gravitationaliy. lensed BAL quasar
APM 08279+5255 (z = 3.9)
C IVv~0.1c, Fe XXV v~0.5¢

MHD disk wind can explain. both lines

for o y~-2 (Fukumura et al. 2010)
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3 What is the relatlon between UFOs
‘and AGN jets'7 |
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'Ultra-fast 'OUtfl.OWS in rad'io-lo‘ud‘ AG Ns

. Outflow velocity : | lonization | Column density
0 Vo>~ 0.13c 1 «  <logg>~45 1 «  <logN,>~23cm?
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. Combmmg results W|th I|terature UFOs in 7/26 (~30%) sources
« But only ~56% spectra have enough S/ N frequency of UFOs is f—(50+20)%
~« Similar to RQ AGNs RQ/RL dlchotomy does not apply to dlsk wmds"

(Tombesi et aI 2014)
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DISk wmd and jet cycles in3C 111 _
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. Correlatlon X-ray dips & VLBA radio jet ejections
(Marscher et al. 2002; Chatterjee et al. 2009, 2011)

» Disk winds with v~0.1c stronger during disk-jet ejection et R
cycles (Tombe5| etal. 2012) | ? bk
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4 Are UFOs energetlc enough to drlve

AGN feedback”

'F. Tombesi - AGN Driven Winds, 22-26 May 2017, Technion, Israel



‘How powerful are ultrafast outflows?
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Tombesi et al. (2013)

LKILboI 0.5- 5% (e g., Dl Matteo+ 2005; Hopkms & Elvis 2010; Gaspar|+ 201 1)
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5 Are there ewdences for AGN wmd
| feedback in actlon? S |

_ F. Tombesi - AGN Driven Windé, 22-26 May 2017;_ Technion, Israel



AGN feedback from accretion disk winds?

. Galaxy feédback (kpc _scales)'
Accretion disk wind A - -

- (<< 1pc scales)
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‘ (Ohsuga et al. 2009)

(Wagner et al. 2013) :
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'Large-scale molecular outflow with Herschel
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Velocity (km/s) S . (Image credit ESA)

IRAS F11119+3257 ULIRG z=0.189, QSO Iljminosity 1046erg/s
Herschel spectrum OH 119um P-Cygni line proflle (Veilleux et al. 2013)
Molecular outflow 1000 kmy/s, 800 Mg, yr‘1 at >300 pc

'FoIIow-up with ALMA (Pl Veilleux). ApJ paper under review
F. Tombesi - AGN Driven Wlnds 22-26 May 2017, Technlon Israel



Acc,ret:ion. disk wind deteg{ed,' with SuZaku' -

Ratio spectrum/model

10

Rest-frame energy (keV)

~* (Image credit ESA)

Long 250ks ‘Suzaku observation in May 2013

Detection (6.5sigma) broad absorption line at rest-frame E=9.82keV
XSTAR fit: v=0.255c, Io‘gxi=4.11, Nh=6x 1924_., covering fraction:>0.85

Follow-up with 'NuSTA.R (P'I Tombesi). Paper to be submitted to ApJ éoon

' F. Tombesi - AGN Driven Winds, 22-26 May 2017, Technion, Israel



Energy conserving winds, from X-ray to IR/mm

Energy-conserving

Wind force/Radiation force

Outflow velocity (km s?1)

.. Energy—coﬁserving flow: Pput=f(vi,/vout)(LAG,;,/c) .

'+ Efficiency energy conservation f=C.,/C.,=0.2
~ F. Tombesi - AGN Driven Winds, 22-26 May 2017, Technion, ISraeI



B Local ULIRGs
A FeloBALs

(Faucher-Giguere & Quataert 2012)
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" AGN wind scaling relations
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(Fiore et al. 2017)
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‘Galaxy-scélefee.dbaCk frbm\AGN,wi‘_‘nds} S

(credit NASA/GSFC press release) -
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100ks, PDS 456, UFO v~0.2-0.3c
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Spectral-imaging with X-IFU: Seyfert 2 NGC 5252

FOV:2.5'x2.5’ & . , o Narrow FeK line
¢ Molecular Torus

; : ' Broad FeK line
/ BLR

I

Shocked gas
from NLR
(photoionized +
thermal)

_*(Cappli et al. 2013, adapted from Dadina et al. 2010)

: Multlwavelength campaigns with ALMA VLT, -E-ELT: hot/cold gas mixing, AGN wind .
power, wind bubbles, shocks, photoionization cones, outflow morphology, AGN/ -
“star formatlon comparison, ... see also AXIS and Lynx mission proposals to NASA!
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Thank'{bu for your atten’tion!




