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A Milky Way twin swept by an 
ultra-fast X-ray wind 

X-ray winds at high velocity   
“Milky Way twin” 
“swept by a wind”  

Ultra Fast Outflows (UFO) 
Spiral Galaxy IRAS17020+4544 
AGN Feedback



Outline

๏Brief introduction on X-ray winds in Active Galactic Nuclei and their  
relevance to AGN feedback 	



!
๏Results from X-ray spectroscopy of Ultra Fast Outflows 	


    	


๏Discovery of a sub-relativistic accretion disc wind and its feedback 

properties  in the Narrow Line Seyfert 1 IRAS17020+4544                        
(Longinotti et al.  2015- ApJL)



AGN: X-raying the central region   

From Urry & Padovani



Absorption in Type 1 AGN: ionized gas 

-50% of Seyfert 1	


-Outflows velocity 102-3 km/s	


-Wide range of Ionization states 	


-Column density 1020-22 cm-2	



-Associated to UV outflow 	


-Location: disk, torus or NLR?
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 XMM 0.3-10 keV data of NGC3783

X-ray power law fitted in 2-10 keV

Warm Absorber seen in CCD spectrum 



Absorption in Type 1 AGN: ionized gas 

-50% of Seyfert 1	


-Outflows velocity 102-3 km/s	


-Wide range of Ionization states 	


-Column density 1020-22 cm-2	



-Associated to UV outflow 	


-Location: disk, torus or NLR?

NGC 3783 Chandra HETG 900 ks	


Kaspi et al. 2002,  Krongold+03
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X-ray power law fitted in 2-10 keV

Warm Absorber seen in CCD spectrum 



Observations of X-ray slow winds

XMM-Newton RGS spectraChandra HEG spectrum
Sanfrutos et al. 2016

ESO323-G77

v~1000-2000 km/s



Relevance of X-ray winds
The observed velocity shift (almost always to the blue) provides evidence that 
material is traveling outward from the central region of AGN. 	



If this material eventually leaves the AGN, then outflows might carry 
significant mass out of the AGN and, as a consequence, give a substantial 
contribution to the chemical enrichment of the intergalactic medium (IGM) 

Credit: ESA/ATG Medialab, The Why Files



AGN Feedback 

The outflow can also impact the development of the host galaxy itself. 	


If it is as strong as 0.5–5% of the AGN luminosity, then  AGN feedback can regulate the 
growth of the galaxy and the growth of the central black hole as well	


Di Matteo et al. 2005; Hopkins et al. 2010

SMBH and host galaxy relation

Di Matteo et al. 2005



Can winds produce feedback?



Models of accretion disk winds
Disk winds simulations of radiatively driven 
disk winds produce blue-shifted Fe K 
absorption (Proga & Kallman 2004)
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Ultra Fast Outflows (UFOs): 
what are they?

Properties from systematic studies (Tombesi et al. 2010, 11,13; Gofford et al. 2013) 	


!
-Present in 30-40% of X-ray samples 	


-Outflow velocity ~ 0.1-0.3c	


-Mass outflow rate ~0.01-1 M◉ yr-1  	



- Observed in the Fe K band as blue shifted absorption lines by highly ionized Iron 	


- Debate on their reality in the X-ray community 



Debate on the existence of X-ray 
Ultra Fast Outflows (UFOs)

• The absorption signature of Fe XXV and Fe XXVI is blue-
shifted to a spectral region where the effective area of ALL 
current X-ray satellites decreases fast	


!

• The instrumental background starts rising up above 7-8 keV 	


!
• Calibration uncertainties and limited bandpass play their part 

(both XMM and Suzaku reach 10 keV)	


!

• No possibility to resolve the absorption features at CCD 
resolution since Chandra High Energy Grating spectrometer 
not sensitive enough 



Spectral Signatures of UFOs 
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PG1211+143, first UFO detected in 2003!
Fe XXV-XXVI absorption blue-shifted !
to vout~0.1 c

Photoionization model 

Energy (keV)

XMM EPIC pn spectrum

XMM DATA 

Several doubts on the reality of these 
features as a well established 

phenomenon still persist 



Can BH activity affect galaxies at such 
large scale?

Credit: ESA

1000 Rg

Kpc 



Disk winds as feedback triggers

LBol ~ 1047 erg s-1        MBH ~ 109 M◉  
Prototype of fast wind at Fe K: QSO PDS 456
Systematic detection of 	


broad absorption trough	


above 7 keV, ionized disk	


 wind with velocity ~0.3c	


(Reeves et al. )

5 XMM/NuSTAR Obs:  	


P-Cygni-like profile 	


Wide-angle wind 	


Mout ~ 0.2 LBol

Enough energy deposition to produce feedback on the host galaxy 
(Hopkins & Elvis 2010) 



Connection of X-ray winds to 
molecular outflows (I)

Tombesi et al. 2015

Credit: NASA's Goddard 
Space Flight Center/SDSS/!
S. Veilleux

Tombesi et al. 2015



Tombesi et al. 2015

Connection of X-ray winds to 
molecular outflows (II)

OH outflows	


CO outflows

X-ray UFOs

IRASF111191+3257

(dP/dt)

LAGN/c



Similar result found in another ULIRG Mrk 231 by Feruglio et. al 2015	


CO outflow (IRAM) + Fe K UFO (Chandra) 

Multi-phase winds in Mrk 231
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Mout~ 500-1000 M yr-1
.

MUFO = [0.3 − 2.1] M⊙yr−1.

Molecular Outflow extended on ~1 kpc scale

Vout ~20000 km/s

LBol ~5 × 1045 erg/s



Momentum vs distance of 
the outflow from the QSO

Compilation of galaxy-scale outflows in 
QSOs with L=1045 - 1047 ergs/s  
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Molecular gas!
Ionized UV gas !
Highly ionized X-ray gas !
Ionized gas in optical emission lines 

Outflows momentum 
vs outflow velocity



Need for an “early boost” of momentum 
in  QSOs outflows 

“Most of the observed momentum fluxes are within the gray 
region, indicating that the current hot gas pressure is insufficient to 
explain the large (albeit uncertain) momentum fluxes inferred of 
present galaxy-scale outflows. !
!
This suggests that the observed galaxy-scale outflows and/or the 
quasar luminosity evolved systematically since the outflows were 
launched from the nucleus, as would be the case if the outflows 
obtained their large momentum fluxes in an earlier phase  in which 
the quasars were buried and obscured in the optical”  !
!
Stern et al. 2016



ApJ Letters 813 L39



First view of an UFO at X-ray 
high-resolution: IRAS17020+4544

Energy (Kev)

χ2
 XMM-Newton EPIC pn data CCD camera !

E/ΔE=30-40



First view of an UFO at X-ray 
high-resolution: IRAS17020+4544

Energy (Kev)

χ2
 XMM-Newton EPIC pn data CCD camera !

E/ΔE=30-40

RGS spectrometer!
E/ΔE~800 



The multi-component ultra fast 
outflow
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 XMM-Newton RGS data



PHASE absorption lines	


(self-consistent model)  

Individual Gaussian 	


absorption lines  





Multi-component ultra fast disk wind 
in IRAS17020+4544

Properties from the X-ray spectrum 

Five distinct outflow Components with a wide range of 
ionization levels and column density, yet outflowing 

approximately at the same speed: 	


never observed before!



What about variability of the ultra fast outflow? 	



RGS spectrum 	


10 years earlier 	


~40 ks 	


!
UFO Component A 	


still detected  	


!
Wind seems stable 	


on a 10 yr time scale, 	


while UFOs were 	


thought to be transient 



San Pedro Martir Observatory, 	


courtesy of T. Bitsakis:	


!
Spectrum confirms z=0.0604	


Hβ FWHM~2500 km/s, confirms	


Narrow Line Seyfert 1



San Pedro Martir Observatory, 	


courtesy of T. Bitsakis:	


!
Spectrum confirms z=0.0604	


Hβ FWHM~2500 km/s, confirms	


Narrow Line Seyfert 1
Evidence for blue wings very 	


suggestive of an outflow with 	


v~1000 km/s



Accretion disc winds models

(King et al. 2010)

Shock Outflow  

Models of disk winds predict only highly ionized features (FeXXV, XXVI > 7 keV) 	



Our XMM CCD data show marginal evidence for two absorption lines consistent 
with ionized Fe K blue-shifted  at vout~0.34c	



v(UFO RGS)~24,000-33,000 km s-1       v(UFO CCD)~102,000 km s-1

v=vout/4



Accretion disc winds models

(King et al. 2010)

Shock Outflow  

Models of disk winds predict only highly ionized features (FeXXV, XXVI > 7 keV) 	



Our XMM CCD data show marginal evidence for two absorption lines consistent 
with ionized Fe K blue-shifted  at vout~0.34c	



v(UFO RGS)~24,000-33,000 km s-1       v(UFO CCD)~102,000 km s-1

v=vout/4



!
Fe XXV	


E=8.75± 0.13 keV	


EW=49±43 eV	


!
Fe XXVI 	


E=9.39± 0.10 keV	


EW= 64±50 eV 	


!
vout~ 0.34c

A fast outflow in the Fe K band too? 



What about the Warm absorbers-Ultra Fast Outflow 
unification postulated by Tombesi et al. 2013  ? 	



Gupta et al. 2015 
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UFO Component A and C 

Presence of multiple wind 
components clearly 

highlights other parameters 
space in the relation



IRAS17020+4544: 	


a non-variable Narrow Line Seyfert 1



Radio Properties of IRAS17020+4544
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VLBA Observations in 2000 and 2014	


Compact bright core plus a secondary fainter component at 1.2'	



Steep spectral index indicates  synchrotron spectrum (magnetic fields) 	


Elongated jetted structure /outflow at ~10 pc scale moving at v~ 0.1c	



   Possible connection with X-ray outflow? 

VLBA image @8 GHz
Large scale image @1.4 GHz: 	



FIRST (colours) and NVSS (contours)

81 kpc

P1.4 GHz=1024 W Hz-1         Tb=108 K 



Feedback in IRAS17020+4544  
Mass and Energy outflow rates can be determined from the 
observable quantities in the data and assuming the outflow velocity 
of the wind is equal to the escape velocity:

UFO component C	


NH~1024 cm-2    	



vout~27,000 km s-1

 Ṁout(C) ~ 0.26 Cf M◉ yr -1

E(C)~  6 ×1043 Cf  erg s-1˙

E(C)
Lbol

= 11% Cf
˙ 

Energy rate sufficient to power feedback (Hopkins & Elvis 2010) 



Implications for galaxy evolution

surface brightness distribution

Ohta et al. 2007

- IRAS17020+4544 host galaxy is a barred Spiral	


- Lbol ~ 5×1044 erg s-1, significantly lower than other cases of feedback    	


  from X-ray winds (QSO, ULIRG)	


- No evidence of merger/disturbed morphology/dust obscuration	


- Small black hole ~ 6 ×106 M◉  	


- High Accretion Rate



A Milky Way twin? 

“Energy-conserving outflows predict the 
existence of shocked wind bubbles. We 
argue here that such bubbles are consistent 
with current observations”	



[…]	



“Shocked wind bubbles expanding normal 
to galactic discs may also explain the large-
scale bipolar structures observed in some 
systems, including around the Galactic 
Centre, and can produce significant radio, 
X-ray and γ -ray emission.”	



[…]	



“Thus, the Fermi bubbles may be the relics 
of an energy-conserving AGN outflow.”

Faucher-Giguère & Quataert 2012
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[…]	



“Shocked wind bubbles expanding normal 
to galactic discs may also explain the large-
scale bipolar structures observed in some 
systems, including around the Galactic 
Centre, and can produce significant radio, 
X-ray and γ -ray emission.”	



[…]	



“Thus, the Fermi bubbles may be the relics 
of an energy-conserving AGN outflow.”

Faucher-Giguère & Quataert 2012
The X-ray wind in the “Milky 
Way twin” IRAS17020+4544 	



!
the very first detected in a spiral 
galaxy at moderate luminosity	



!
 may well be revealing the 

existence of the shocked wind 
mechanism that in our Galaxy 

was capable to inflate the 
Fermi Bubbles 6x106 years ago 



Take away messages
• Discovery of a fast outflowing wind with a very 

rich ionization structure (OIII to OVIII ), multiple 
velocity components and lack of variability                  	



• Possible higher velocity/ionization counterpart 
would confirm the shock outflow model 	



• Feedback in an undisturbed Seyfert Galaxy with 
moderate luminosity  seems to defy current 
galaxies evolution  models	



• XMM-Newton still provides new discoveries after 
15 years !	





Future Winds in IRAS17020+4544

• Chandra time granted for deep (250 ks) high-res spectroscopy 
of the low ionization UFO (LETG down to ~ 40 Angstrom)	



!
• Additional Radio VLBI observations to investigate the 

extended structure (granted)	


!

• Applied for HST/COS for first time UV spectroscopy of 
absorption troughs associated to X-ray ultra fast outflow	



!
• Existing observations with Large Millimeter Telescope (LMT) 

reveal strong evidence for molecular outflows in IRAS17



GMT
Pico de Orizaba  5610 m

HAWC: High Altitude Water 
Cherenkov Observatory, 4100 m 

GMT

GTM: Gran Telescopio Milimetrico	


RSR Spectrograph 73-111 GHz 	


AzTEC Continuum Camera 273 GHz

Sierra Negra (4600 m)



Thank you! 


