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 RADIATIVE FEEDBACK

3C 273

e.g. Cio tt i & Ostr ike r 200 1,  Sazo no v et  al .  200 5

 Able to quench the star formation and the cooling flow at the center of ellipticals

 It is not enough to reproduce e.g. the MBH-σ relation

e.g.,  Cio tt i et  al .  200 9

MECHANICAL FEEDBACK

e.g. Fabian et  al . 2009 , Sander s et  al .  2009

 Heat the IGM and the ICM, quench the cooling flow in rich Clusters of Galaxies

 Involve ~10% of AGN, and are highly collimated: low global impact for L/LEdd > 0.01

e.g.,  Cio tt i et  al .  200 9

coll imated, radiatively bright, relat ivist ic radio jets

wide angle, radiatively dark, (slow?) massive winds
e.g.,  S ilk & Re es 19 98

3C 273

A FEEDBACK MECHAN I SM  BET WEEN THE SM BH AND ITS ENVI RONM ENT
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e.g., We ymann et  al.  1981, 1991

UV Broad Absorption Lines: BAL QSOs

FWHM > 2,000 km s-1

~10% of optically selected QSOs
e.g.,  He we t t  & Fo lt z 200 3, Knigge  et  al .  200 8,
Gibso n et  al.  2009

~40% est imated intrinsic fraction

e.g.,  Be cker  et  al .  200 0, Shankar  et  al .  200 8

e.g.,  Al le n et  al .  201 1

~20% of radio and NIR selected QSOs
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UNDERSTAN DI NG THE AGN ST RU CT URE AND THE PHYSI CS OF ACCRET ION/E JECT ION ONT O SM BH

 log ξ ~ 0 erg cm s-1

e.g., C IV, N V, O VI

 logNH  ~ 21-23  cm-2

 υout ~ 0.01-0 .2  c

Arav  et al.  2001



e.g., Ba r low et  al. 1997

UV mini-Broad Absorption Lines: mini-BAL QSOs

500 km s-1  < FWHM  < 2,000 km s-1
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UNDERSTAN DI NG THE AGN ST RU CT URE AND THE PHYSI CS OF ACCRET ION/E JECT ION ONT O SM BH

 log ξ ~ 0 erg cm s-1

e.g., C IV, N V, O VI

 logNH  ~ 21-23  cm-2

 υout ~ 0.01-0 .2  c

~25-50% intrinsic fraction
e.g., Mi sawa et  al. 2007, Ganguly & Br other ton 2008

Systematic studies are

st i ll  ongoing!

Misawa et al.  2010



e.g., Ganguly et  al. 1999

UV Narrow Absorption Lines: NAL QSOs

FWHM < 500 km s-1
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UNDERSTAN DI NG THE AGN ST RU CT URE AND THE PHYSI CS OF ACCRET ION/E JECT ION ONT O SM BH

 log ξ ~ 0 erg cm s-1

e.g., C IV, N V, O VI

 logNH  ~ 21-23  cm-2

 υout ~ 0.001-0.2  c

~25-50% intrinsic fraction

Systematic studies are

st i ll  ongoing!

e.g., Cr ens haw et  al. 2003, Mi s awa et  al. 2007,
Ganguly & Br other ton 2008

Hamann et al.  2011



e.g., Halper n 1984, Reynolds  1997

X-ray Warm Absorbers

FWHM ~ 300-3,000 km s-1
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UNDERSTAN DI NG THE AGN ST RU CT URE AND THE PHYSI CS OF ACCRET ION/E JECT ION ONT O SM BH

 log ξ ~ 0-4 erg cm s-1

e.g., C VI, N VII, O VIII

 logNH  ~ 20-22  cm-2

 υout ~ 0.001-0.01  c

50% of local AGN
e.g., McKer nan et  al. 2007

50% of bright QSOs
e.g., Piconcel li  et  al. 2005

1 to 1 correspondence with low-υ  UV NALs
e.g., Cr ens haw et  al. 2003

Sako et al.  2001



e.g., Pounds et  al. 2003, Capp i 2006, Tombes i  et  al. 2010

X-ray high velocity (Ultra Fast) outf lows

FWHM ~ 4,000-10 ,000 km s-1
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UNDERSTAN DI NG THE AGN ST RU CT URE AND THE PHYSI CS OF ACCRET ION/E JECT ION ONT O SM BH

 log ξ ~ 3-5 erg cm s-1

e.g., Fe XXV, Fe XXVI

 logNH  ~ 23-24  cm-2

 υout ~ 0.03-0 .3  c

40% of local bright AGN
Tombes i  et  al. 2010

Reeves et al.  2009



e.g., Char tas et  al. 2002

X-ray Broad Absorption Lines

FWHM >20,000 km s-1
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UNDERSTAN DI NG THE AGN ST RU CT URE AND THE PHYSI CS OF ACCRET ION/E JECT ION ONT O SM BH

 log ξ ~ 3-5 erg cm s-1

e.g., Fe XXV, Fe XXVI

 logNH  ~ 23-24  cm-2

 υout ~ 0.1-0.4  c

A handful of BAL and mini-BAL QSOs

e.g., Char tas et  al, 2003, 2007, 2009



SMBH Gravi ty vs  Gas, Radiation, or Magnetic Driv ing
Ru de rule of thum b: the fa stest  the wind term inal veloci ty, the closest  to the SMBH the la unching point

Thermal Pressure Radiation Pressure

UV line driving: effective if the wind is
shielded against the central ionizing
continuum (e.g., Murray et al. 1995)

Magnetic Fie ld

No need for shielding
to launch the wind

(e.g., Konigl & Kartje
1994, Everett 2005,

Fukumura et al. 2010)

A “shield” of highly dense gas naturally arises in
hydrodynamical simulations of highly accreting

AGN (e.g., Proga et al. 2000, 2004)

Able to explain low velocity
outflows as X-ray warm

absorbers and low-υout UV

NALs (e.g., Krolik & Kriss 2001,
Chelouche & Netzer 2005)

UNDERSTAN DI NG THE AGN ST RU CT URE AND THE PHYSI CS OF ACCRET ION/E JECT ION ONT O SM BH
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A FEEDBACK MECHANISM BETWEEN THE SMBH AND ITS ENVIRONMENTA FEEDBACK MECHANISM BETWEEN THE SMBH AND ITS ENVIRONMENT

! 

"
W
# M

•

OUT $
OUT

2
/L

acc

How much energy  does the wind 
deposi t in the environment?

How do accretion disk winds work?

UNDERSTANDING THE AGN STRUCTURE AND THE PHYSICS OF ACCRETION/EJECTIONUNDERSTANDING THE AGN STRUCTURE AND THE PHYSICS OF ACCRETION/EJECTION
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Early X-ray observations of AGN windsEarly X-ray observations of AGN winds
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optical to X-ray spectral index

! 

"ox =
log f2keV / f2500#( )
log $ 2keV /$ 2500#( )

< %2

  Green et al. 1995 ApJ 450, 51

BAL QSOs are X-ray weak : 1/37 BAL QSO detected

RASS x LBQS Fi rs t syst em at ic survey



Early X-ray observations of AGN windsEarly X-ray observations of AGN winds
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optical to X-ray spectral index

! 

"ox =
log f2keV / f2500#( )
log $ 2keV /$ 2500#( )

< %2

BAL QSOs X-ray weakness correlates wi th EW(C IV) and is thus
consistent with being due to  absorption

  Brandt et al. 2000 ApJ 528, 637

  Green et al. 1995 ApJ 450, 51

BAL QSOs are X-ray weak : 1/37 BAL QSO detected

RASS x LBQS Fi rs t syst em at ic survey



Early X-ray observations of AGN windsEarly X-ray observations of AGN winds
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optical to X-ray spectral index

! 

"ox =
log f2keV / f2500#( )
log $ 2keV /$ 2500#( )

< %2

BAL QSOs X-ray weakness correlates wi th EW(C IV) and is thus
consistent with being due to  absorption

  Brandt et al. 2000 ApJ 528, 637

  Green et al. 2001 ApJ 558, 109 Fi rs t st acked spectrum  of 10 BAL QSOsChandra

Signif icant absorption, typical underlying intr insic continuum

  Green et al. 1995 ApJ 450, 51

BAL QSOs are X-ray weak : 1/37 BAL QSO detected

RASS x LBQS Fi rs t syst em at ic survey



Early X-ray observations of AGN windsEarly X-ray observations of AGN winds
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optical to X-ray spectral index

! 

"ox =
log f2keV / f2500#( )
log $ 2keV /$ 2500#( )

< %2

BAL QSOs X-ray weakness correlates wi th EW(C IV) and is thus
consistent with being due to  absorption

  Brandt et al. 2000 ApJ 528, 637

  Green et al. 2001 ApJ 558, 109 Fi rs t st acked spectrum  of 10 BAL QSOsChandra

Signif icant absorption, typical underlying intr insic continuum

Fi rs t spectra of BAL an d mini -BAL QSOs

Chandra  Gallagher et al. 2004 ApJ 603, 425

ASCA

Complex, variable absorption and typical underlying intrinsic continuum

  Green et al. 1995 ApJ 450, 51

BAL QSOs are X-ray weak : 1/37 BAL QSO detected

RASS x LBQS Fi rs t syst em at ic survey

  Gallagher et al. 2001 ApJ 546, 795



Early X-ray observations of AGN windsEarly X-ray observations of AGN winds
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optical to X-ray spectral index

! 

"ox =
log f2keV / f2500#( )
log $ 2keV /$ 2500#( )

< %2

BAL QSOs X-ray weakness correlates wi th EW(C IV) and is thus
consistent with being due to  absorption

  Brandt et al. 2000 ApJ 528, 637

  Green et al. 2001 ApJ 558, 109 Fi rs t st acked spectrum  of 10 BAL QSOsChandra

Signif icant absorption, typical underlying intr insic continuum

Fi rs t spectra of BAL an d mini -BAL QSOs

Chandra  Gallagher et al. 2004 ApJ 603, 425

ASCA

Complex, variable absorption and typical underlying intrinsic continuum

  Green et al. 1995 ApJ 450, 51

BAL QSOs are X-ray weak : 1/37 BAL QSO detected

RASS x LBQS Fi rs t syst em at ic survey

  Gallagher et al. 2001 ApJ 546, 795

  Gallagher et al. 2006 ApJ 644, 709 Chandra x LBQS 

Inferred absorbing column density NH~ 1022 - 5 x 1023 cm-2

22/35 BAL QSO detected, a few
counts each: Hardness Ratio analysis

X-ray weakness: confi rmed



Early X-ray observations of AGN winds: result sEarly X-ray observations of AGN winds: result s
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  BAL QSO are soft X-ray weak

  most probably because of absorption

  the absorption is probably complex

    (partially covering and/or ionized)

  hints for absorption variability

  the intrinsic continuum is typical of RQ type 1 AGN



Early X-ray observations of AGN winds: result sEarly X-ray observations of AGN winds: result s
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  BAL QSO are soft X-ray weak

  most probably because of absorption

  the absorption is probably complex

    (partially covering and/or ionized)

  hints for absorption variability

  the intrinsic continuum is typical of RQ type 1 AGN

“class ical”
BAL QSOs
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X-ray observations ofX-ray observations of   BAL BAL QSOsQSOs  are challenging:are challenging:

Research StrategyResearch Strategy

X- ray Weak: αox  < -2

   substantial samples at <z>~0.5 : detailed spectral analyses

   the best candidate at z<0.1 : time resolved spectral analyses

   large samples at <z>~2 : statistical studies 

C IV λ1549: 1.7 < z < 4.4 from ground
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Archival studiesArchival studies The SDSS/2XMM and PG/XMM sam ples

Serendipitous studiesSerendipitous studies The NAL QSO sam ple

Theoretical analys esTheoretical analys es Syn thetic line prof ile s and disk wind studie s







TheThe   new  observational campaignnew  observational campaign PG 1126-041: XMM-Ne wton AO7 & AO8



The archival SDSS/2XMM sample and the NAL QSO sampleThe archival SDSS/2XMM sample and the NAL QSO sample

  54 BAL and mini-BAL QSOs  : X-ray spectral and Hardness
ratio analyses , and UV/X-ray photometry : NH, Γ, αox , υuv , …

  SDSS2XMM : large sample of dis tant (1< z <4) source s

  Giust ini  et al . 2008 A&A 491, 425

“On the absorption of  X-ray bright BAL QS Os” 

Margherita Giustini - “Black hole astrophysics: tales of power and distruction” - Winchester, 21/07/2011

  Chartas et al . 2009 NewAR 53, 128

“High velocity outf lows in NAL QS Os” 

  16  QS Os with intrins ic high veloc ity  NALs from  Mi sawa et al. 2007

  (XMM + Suzaku )  (Keck + VLT) : 2 < z < 3



The archival SDSS/2XMM sample and the NAL QSO sampleThe archival SDSS/2XMM sample and the NAL QSO sample

Margherita Giustini - “Black hole astrophysics: tales of power and distruction” - Winchester, 21/07/2011

Gallagher 06

Giustini 08

Chartas 09

Steffen 06

Just  et al. 2007

X-ray weakn ess

  Typical  cont inuum  < Γ  > ~ 1.9

  No evolut ion of propert ies with redshi ft

  Cold  X-ray absorpt ion proport ional  to  the X-ray weaknes s



The archival PG/XMM SampleThe archival PG/XMM Sample

  XMM PG Catalog : 15 UV bright AGN at <z>~0.5, 32 exposure s

  Giust ini  et al . 2011, in preparation

“Com plex X-ray spectral variabil ity in

BAL,  min i-BAL,  and NAL PG QS Os”

  Al l detected, but PG 0043+039
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The archival PG/XMM SampleThe archival PG/XMM Sample

  XMM PG Catalog : 15 UV bright AGN at <z>~0.5, 32 exposure s

  Giust ini  et al . 2011, in preparation

“Com plex X-ray spectral variabil ity in

BAL,  min i-BAL,  and NAL PG QS Os”

   Power law analysis:

  Al l detected, but PG 0043+039

Γ(0.2-2)Γ(0.2-10)

Γ(2-5) Γ(5-10)

flat  Γ in the 0.2-10 keV an d 2-5 keV ban d;

st eep Γ in the 0.2-2 keV an d 5-10 keV ban d.

On ly 2/14 sources show  Γ(2-5)>  Γ(5-10) : strong

reflect ion is (most  likely) not the domina nt  cause
of the observed broad ban d flat ness.

Margherita Giustini - “Black hole astrophysics: tales of power and distruction” - Winchester, 21/07/2011



The archival PG/XMM SampleThe archival PG/XMM Sample

  XMM PG Catalog : 15 UV bright AGN at <z>~0.5, 32 exposure s

  Giust ini  et al . 2011, in preparation

“Com plex X-ray spectral variabil ity in

BAL,  min i-BAL,  and NAL PG QS Os”

   Power law analysis:
flat  Γ in the 0.2-10 keV an d 2-5 keV ban d;

st eep Γ in the 0.2-2 keV an d 5-10 keV ban d.

  Al l detected, but PG 0043+039

Γ(0.2-2)Γ(0.2-10)

Γ(2-5) Γ(5-10)

On ly 2/14 sources show  Γ(2-5)>  Γ(5-10) : strong

reflect ion is (most  likely) not the domina nt  cause
of the observed broad ban d flat ness.

   In trinsic continuum: dif ficult  to place
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The archival PG/XMM SampleThe archival PG/XMM Sample

   Power law analysi s:

   X-ray absorption ana lysis:

No totally covering neut ral abs orpt ion.

NH~10 22-24  cm -2 if the abs orber is  partial ly

covering or ionized, in a half of the expos ures

  XMM PG Catalog : 15 UV bright AGN at <z>~0.5, 32 exposure s

  Giust ini  et al . 2011, in preparation

“Com plex X-ray spectral variabil ity in

BAL,  min i-BAL,  and NAL PG QS Os”

  Al l detected, but PG 0043+039

flat  Γ in the 0.2-10 keV an d 2-5 keV ban d;

st eep Γ in the 0.2-2 keV an d 5-10 keV ban d.

   Intr insic continuum: di ff icul t to place
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The archival PG/XMM SampleThe archival PG/XMM Sample

   Intr insic continuum: di ff icul t to place

   Power law analysi s:

   time-resolved analysis:
strong spectral variabil i ty

on time scales of years

  XMM PG Catalog : 15 UV bright AGN at <z>~0.5, 32 exposure s

  Giust ini  et al . 2011, in preparation

“Com plex X-ray spectral variabil ity in

BAL,  min i-BAL,  and NAL PG QS Os”

  Al l detected, but PG 0043+039

flat  Γ in the 0.2-10 keV an d 2-5 keV ban d;

st eep Γ in the 0.2-2 keV an d 5-10 keV ban d.

   X- ray absorption analysi s:

No tot al ly cover ing neut ral absorpt ion.

NH~10 22- 24  cm -2 if the absorber  is pa rtiall y

cover ing or  ion i zed, in a half of the exposures

Δt=4 yrs
z~0.1
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The archival PG/XMM SampleThe archival PG/XMM Sample

   Intr insic continuum: di ff icul t to place

   Power law analysi s:

   time-resolved analysis:
strong spectral variabil i ty

on time scales of years ,  months

  XMM PG Catalog : 15 UV bright AGN at <z>~0.5, 32 exposure s

  Giust ini  et al . 2011, in preparation

“Com plex X-ray spectral variabil ity in

BAL,  min i-BAL,  and NAL PG QS Os”

  Al l detected, but PG 0043+039

flat  Γ in the 0.2-10 keV an d 2-5 keV ban d;

st eep Γ in the 0.2-2 keV an d 5-10 keV ban d.

   X- ray absorption analysi s:

No tot al ly cover ing neut ral absorpt ion.

NH~10 22- 24  cm -2 if the absorber  is pa rtiall y

cover ing or  ion i zed, in a half of the exposures

Δt=6 months
z~0.1
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The archival PG/XMM SampleThe archival PG/XMM Sample

   Intr insic continuum: di ff icul t to place

   Power law analysi s:

   time-resolved analysis:
strong spectral variabil i ty

on time scales of years , m ont hs ,  days

  XMM PG Catalog : 15 UV bright AGN at <z>~0.5, 32 exposure s

  Giust ini  et al . 2011, in preparation

“Com plex X-ray spectral variabil ity in

BAL,  min i-BAL,  and NAL PG QS Os”

  Al l detected, but PG 0043+039

flat  Γ in the 0.2-10 keV an d 2-5 keV ban d;

st eep Γ in the 0.2-2 keV an d 5-10 keV ban d.

   X- ray absorption analysi s:

No tot al ly cover ing neut ral absorpt ion.

NH~10 22- 24  cm -2 if the absorber  is pa rtiall y

cover ing or  ion i zed, in a half of the exposures

Δt=3 days
z~0.05
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The archival PG/XMM SampleThe archival PG/XMM Sample

   Intr insic continuum: di ff icul t to place

   Power law analysi s:

   time-resolved analysis:
strong spectral variabil i ty

  XMM PG Catalog : 15 UV bright AGN at <z>~0.5, 32 exposure s

  Giust ini  et al . 2011, in preparation

“Com plex X-ray spectral variabil ity in

BAL,  min i-BAL,  and NAL PG QS Os”

  Al l detected, but PG 0043+039

flat  Γ in the 0.2-10 keV an d 2-5 keV ban d;

st eep Γ in the 0.2-2 keV an d 5-10 keV ban d.

   X- ray absorption analysi s:

on time scales of years , m ont hs , days,  hours

No tot al ly cover ing neut ral absorpt ion.

NH~10 22- 24  cm -2 if the absorber  is pa rtiall y

cover ing or  ion i zed, in a half of the exposures

Δt=10 ks
z~0.1
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The archival PG/XMM SampleThe archival PG/XMM Sample

   Intr insic continuum: di ff icul t to place

   Power law analysi s:

   time-resolved analysis:
strong spectral variabil i ty

on time scales  of years, m ont hs , days, hours

on mult iple time scales

  XMM PG Catalog : 15 UV bright AGN at <z>~0.5, 32 exposure s

  Giust ini  et al . 2011, in preparation

“Com plex X-ray spectral variabil ity in

BAL,  min i-BAL,  and NAL PG QS Os”

  Al l detected, but PG 0043+039

flat  Γ in the 0.2-10 keV an d 2-5 keV ban d;

st eep Γ in the 0.2-2 keV an d 5-10 keV ban d.

   X- ray absorption analysi s:

No tot al ly cover ing neut ral absorpt ion.

NH~10 22- 24  cm -2 if the absorber  is pa rtiall y

cover ing or  ion i zed, in a half of the exposures

Δ t=2 year s

z~0 .5

Δ t=25 ks
z~0 .5

  αox  is variab le!
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

XMM Arc hive: 33 (28) ks , Dece mber 2004 (PI: N. Sc hartel )

  Giust ini  et al . 2011, A&A submitted

“Variable X-ray abso rption in the mini-BAL QSO PG 1126-041”

 The  longest X-ray look ever at a mini-BAL QSO

XMM AO-7: 31 (3) ks , June 2008 (PI: M. Giust ini )

XMM AO-7: 12 (4) ks , Dece mber 2008 (PI: M. Giust ini )

XMM AO-8: 134 (92) ks , June 2009 (PI: M. Giust ini )

  MBH~1.2 x 10 8 M

  LBOL ~ 10 12  L

  Macc ~  0.7 M/yr

  rg~1.8 x 10 13  cm

  tL ~  600 s

  L/LEdd ~  0.26

  z=0.062

  υUV ~  5,000 km/s
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

Mar ghe rit a Giust ini , MPE Po st do c Int ervie w,  16 /0 5 /2 0 11Margherita Giustini - “Black hole astrophysics: tales of power and distruction” - Winchester, 21/07/2011

 St rong variabil ity on time scales of months and hours

DEC 04 JUN  08 DEC 08 JUN  09



The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

Mar ghe rit a Giust ini , MPE Po st do c Int ervie w,  16 /0 5 /2 0 11

 St rong variabil ity on time scales of months and hours

 Two dist inct spectral components
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

  Fi t to a simple power  law

χ2/ν=88 01/159 1

Γ ~ 0.6
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

  Fi t to a simple power  law

χ2/ν=88 01/159 1 Δχ 2/Δν=65 67/8

Γ ~ 0.6 Γ ~ 2, logξ ~1.5 erg cm  s-1 ,

 logN W ~22 .5-23.1 cm -2

  Adding a war m absor ber
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

  Fi t to a simple power  law

χ2/ν=88 01/159 1 Δχ 2/Δν=65 67/8

Γ ~ 0.6 Γ ~ 2, logξ ~1.5 erg cm  s-1 ,

 logN W ~22 .5-23.1 cm -2

  Adding a moder ately ionized absor ber
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

 A high ly ionized absorber
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

 A high ly ionized outflowing absorber

Δχ 2/Δν=60 /4 

for the 20 09 Long Look
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

 A high ly ionized outflowing absorber

Δχ 2/Δν=60 /4 

for the 20 09 Long Look

Δχ 2/Δν=12 2/9

logξ ~3.5 erg cm  s-1 , logN W ~23 .8 cm -2

υout ~16 ,5 00 km s-1
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

   temporally resolved spectral analysis of the 2009 Long Look observation

0.2-1.5 keV and 1.5-1 0 keV
light  curv es binned to 2 ks

Margherita Giustini - “Black hole astrophysics: tales of power and distruction” - Winchester, 21/07/2011



The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

   temporally resolved spectral analysis of the 2009 Long Look observation

Rat io  of each tem poral  sl ice to
the best  fi t model  of the av erage

20 09 Long Look data:  χ2/ν~ 2.3

0.2-1.5 keV and 1.5-1 0 keV
light  curv es binned to 2 ks
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

   temporally resolved spectral analysis of the 2009 Long Look observation

Al low ing the cont inuum

am pl i tude to  vary:  χ2/ν~ 1.0

0.2-1.5 keV and 1.5-1 0 keV
light  curv es binned to 2 ks
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

   temporally resolved spectral analysis of the 2009 Long Look observation

0.2-1.5 keV and 1.5-1 0 keV
light  curv es binned to 2 ks

Rem oving the highly ionized
absorber from the model
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

   temporally resolved spectral analysis of the 2009 Long Look observation

Rem oving the highly ionized
absorber from the model
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The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041

   temporally resolved spectral analysis of the 2009 Long Look observation

Rem oving the highly ionized
absorber from the model









START TO PROBE THE DYNAMICS OF THE INNER

ACCRETION/EJECTION FLOW!
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ACCRETION DISK WINDS IN ACTIVE GALACTIC NUCLEI: AN X-RAY VIEW

44 And So What?And So What?

Why?Why?11

22 What?What?

A A feedbackfeedback  mechanism  between the SMBH mechanism  between the SMBH
and its environm entand its environm entss

  Understanding the AGN struc tureUnderstanding the AGN struc ture
and the and the phys icsphys ics  of  accretion/eje ction of  accretion/eje ction

Archive: nearby bright sourcesArchive: nearby bright sources
and dis tant large sam plesand dis tant large sam ples

Theoretical analyse sTheoretical analyse s

Constraints on the wind kinem atics ,  Constraints on the wind kinem atics ,  υυoutout

Ins ights on the wind dyn am ics ,  Ins ights on the wind dyn am ics ,  ΔΔυυoutout

X-ray observ at ions of AGN with powerful  winds:X-ray observ at ions of AGN with powerful  winds:
NN HH, , ξξ, , LLionion, , ΓΓ ,, α αoxox , , ……

33 How?How? A new observational cam paignA new observational cam paign

WhatWhat ’’s up so far?s up so far?

WhatWhat ’’s next?s next?
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WhatWhat ’’s up so far?s up so far?

  The “X-ray Weak only” paradigm for BAL QSOs is now obsolete.

  There are no  evidences for an in tr insic continuum di ffere nt from type 1 AGN.

  The X-ray weakness incre ases wi th increas ing the width of UV absorpt ion lines, i.e.
go ing from NAL , to mini-BAL , to BAL QSOs .

  Mass ive, VARI ABLE, ionized abso rbers have bee n detected in the highest S/N X-ray
spectra, and are likely present in most of the so urces.

  St ro ng spe ctral  VARI ABIL ITY is found over di ffere nt time sca les, fina l ly opening the
way to dynamica l  studies.

Margherita Giustini - “Black hole astrophysics: tales of power and distruction” - Winchester, 21/07/2011



   Possible and naif geometrical interpretation:

Classic al BAL QS Os

WhatWhat ’’s up so far?s up so far?
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go ing from NAL , to mini-BAL , to BAL QSOs .
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  St ro ng spe ctral  VARI ABIL ITY is found over di ffere nt time sca les, fina l ly opening the
way to dynamica l  studies.



   Possible and naif geometrical interpretation:

X-ray bright BAL QS Os

mini-BAL QSOs

NAL QSOs

Classic al BAL QS Os

WhatWhat ’’s up so far?s up so far?
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  The “X-ray Weak only” paradigm for BAL QSOs is now obsolete.

  There are no  evidences for an in tr insic continuum di ffere nt from type 1 AGN.

  The X-ray weakness incre ases wi th increas ing the width of UV absorpt ion lines, i.e.
go ing from NAL , to mini-BAL , to BAL QSOs .

  Mass ive, VARI ABLE, ionized abso rbers have bee n detected in the highest S/N X-ray
spectra, and are likely present in most of the so urces.
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   Possible and naif geometrical interpretation:

X-ray bright BAL QS Os

mini-BAL QSOs

NAL QSOs

Classic al BAL QS Os

is there highly ionized gas? 

it’s time to (get ready to) start probing the dynamics!

connection with the X-ray weak BAL QSOs? 

will we ever see a high quality X-ray spectrum?

WhatWhat ’’s up so far?s up so far?

Evolution must also be important.
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  The “X-ray Weak only” paradigm for BAL QSOs is now obsolete.

  There are no  evidences for an in tr insic continuum di ffere nt from type 1 AGN.

  The X-ray weakness incre ases wi th increas ing the width of UV absorpt ion lines, i.e.
go ing from NAL , to mini-BAL , to BAL QSOs .

  Mass ive, VARI ABLE, ionized abso rbers have bee n detected in the highest S/N X-ray
spectra, and are likely present in most of the so urces.

  St ro ng spe ctral  VARI ABIL ITY is found over di ffere nt time sca les, fina l ly opening the
way to dynamica l  studies.



WhatWhat ’’s up so far?s up so far?

   What about the feedback?
kinetic efficiency of the wind

mass outflow rate

Assuming spherical symmetry,
isotropy, constant velocity:

For the highly ionized, high velocity phases.
BUT

All the assumptions are highly uncertain!
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Assuming photoionization equilibrium,
and the absorber as a thin shell:
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Large systematic uncertainty also on ξ



WhatWhat ’’s up so far?s up so far?

   What about the feedback?
kinetic efficiency of the wind

mass outflow rate

Assuming spherical symmetry,
isotropy, constant velocity:

For the highly ionized, high velocity phases.
BUT

All the assumptions are highly uncertain!
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! 

Mout = 4"mHnr
2# outC f FV

Assuming photoionization equilibrium,
and the absorber as a thin shell:

! 

Mout = 4"mH

Lion

#
$ outC f FV unveiling the physics of

accretion onto SMBH


how much energy is
carried by the wind?

Margherita Giustini - “Black hole astrophysics: tales of power and distruction” - Winchester, 21/07/2011

Large systematic uncertainty also on ξ

Be careful with mass outflow rate
“rough estimates”



WhatWhat ’’s next?s next?

∀ black hole

 mass & spin

∀ accretion

 rate & mode

υout( r ),  ρ( r ),  ξ( r )

inner disk radius, temperature,
general relativistic effects, …

density, geometry,
magnetic field, ….

SPECTRAL
 LINE PROFILES

SPECTRAL
 VARIABILITY

Numerical simulations

Dynamical evolution

Observations

Spanning the widest possible range of QSO properties across the cosmic time

Margherita Giustini - “Black hole astrophysics: tales of power and distruction” - Winchester, 21/07/2011



XMS 5 ks  Thanks forThanks for   youryour
attention!attention!



Inner st ructure of AGN? Cosmic Feedback?

Ti me resol ved spectr al  anal ysis, possibly UV/X-r ay si multaneous

Geomet ry of the wind?

NAL/mini -BAL/BAL QS O
connect ion?

Wind globa l  inciden ce/d ut y cycle?

NOW
Get  ready wi th theor eti cal  pr edi cti ons/expectati ons

IN THE 
NEAR FUTURE

Start tasti ng hi gh spectr al  reso l uti on in a few sour ces wi th ASTRO-H

WhatWhat ’’s next?s next?

NOT TOO  
FAR AWAY The deci si ve step: a next gener ati on X-r ay obser vato r y:  ATHENA

Low z: detailed as trophys ics ! We wan t  to go to z~2!

BETTER SPECTRAL RESOLUT ION:

EXTREMELY IMPORT ANT

LARGER EFFECTIVE AREA:

MANDATORY

Wind evolut ion wi th L acc /L Edd, M BH

ov er cosmic time?
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WhatWhat ’’s next?s next?

Margh erita Giu stin i - Ph.D . Th es is  defense, Bologn a 15/04/201 1

Minimum 2-10 keV flux to constrain (N W, ξ) wi th in (20% , 10%) in a 100 ks observation

QUANTIFY AGN FEEDBACK UP TO  z~2

POPULATION STUDIES

Margherita Giustini - “Black hole astrophysics: tales of power and distruction” - Winchester, 21/07/2011



WhatWhat ’’s next?s next?

Margh erita Giu stin i - Ph.D . Th es is  defense, Bologn a 15/04/201 1

The ATHENA view of a mini-BAL QSO

UNVEIL THE DYNAMICS OF THE INNER

ACCRET ION/EJECTION FLOW

PN 5 ks  
XMS 5 ks  

INDIVIDUAL DETAILED STUDIES

Margherita Giustini - “Black hole astrophysics: tales of power and distruction” - Winchester, 21/07/2011



Theoretical AnalysesTheoretical Analyses

 2D,  axysimmetr ic, no magneti c fiel d

 M BH =10 8M sun

 λ=0.5,  Ldisk=0 .5L Edd : dr ivi ng + ionizi ng

 10-500 R0 = 60-3000 r g

 Leng =(fUV+ fX)Ldisk ,  fUV=0 .9,  fX=0 .1 : ioni zi ng

   What happens when breaking dow n the spherical symmetry
as sumption?

   Synthetic absorpt ion line profi les for continuum point so urces
and di fferent wind geometr ies. Example: Proga & Kallman 2004,
UV line dr iv en wind
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 M BH =10 8M sun

 λ=0.5,  Ldisk=0 .5L Edd : dr ivi ng + ionizi ng

 10-500 R0 = 60-3000 r g

 Leng =(fUV+ fX)Ldisk ,  fUV=0 .9,  fX=0 .1 : ioni zi ng

   What happens when breaking dow n the spherical symmetry
as sumption?

   Synthetic absorpt ion line profi les for continuum point so urces
and di fferent wind geometr ies. Example: Proga & Kallman 2004,
UV line dr iv en wind
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Theoretical AnalysesTheoretical Analyses
poloidal velocitydensity

Hot,  low density pol ar  flow

Tr ansi ti onal,  str uggli ng zone

Warm, dense equator i al outf low

hot, high ly va r iable,
sporadic high- υ ejections

very high ion ization  sta te
negl igible contr ibution  to M out

inner  reg ion:  fai led wind
outer  region: fast stream
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Theoretical AnalysesTheoretical Analyses
density poloidal velocity

Compute synthetic absor ption li ne prof iles for  dif fer ent incl inati on angles
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 Mass escapes only from  the
equatorial  region,  θ > 65°

 θ = 65°  the most  blueshi fted features:  form

around r=10 0 R0, do not escape the system .

 θ = 70°  less blueshi fted features:  form  at

large radi i,  escape the system .

θ = 60 , 65 °

θ = 70 , 75 , 80 °

Hot,  low density pol ar  flow

Tr ansi ti onal,  str uggli ng zone

Warm, dense equator i al outf low
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Theoretical AnalysesTheoretical Analyses
density poloidal velocity

Compute synthetic absor ption li ne prof iles for  dif fer ent incl inati on angles
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 Mass escapes only from  the
equatorial  region,  θ > 65°

 No one to one cor r espondence between
the obser ved blueshif t and the actual kine tic
ef f ici ency of  the wind

 θ = 65°  the most  blueshi fted features:  form

around r=10 0 R0, do not escape the system .

 θ = 70°  less blueshi fted features:  form  at

large radi i,  escape the system .
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The NAL QSO sampleThe NAL QSO sample

  Chartas et al . 2009 NewAR 53, 128

Gallagher 06

Giustini 08

Chartas 09

“High velocity outf lows in NAL QS Os” 

  16 QS Os with intrins ic high veloc ity  NALs from  Mi sawa et al. 2007

  (XMM + Suzaku )  (Keck + VLT) : 2 < z < 3

   Al l  X-ray br ight

   Al l  X-ray detected

   Very low meas ured neut ral

absorbing < NH > ~ < NH,GAL  >

   Typical  cont inuum < Γ > ~ 1.9

Mar ghe rit a Giust ini , MPE Po st do c Int ervie w,  16 /0 5 /2 0 11



  physical link between UV and X-ray outflow?

  how much mass is carried by the wind?

  which is the behavior as a population, i.e. their role in the QSO life?

Is radiat ion pressure responsible for ALL the winds?

Bigger samples, better statistics: new X-ray telescopes?

Geometry of the wind?  Duty cycle?



ΔR ~ N H/n

R



Radiation pressure probably plays a role

Ganguly & Brotherton 2008

 AGN winds: observational  evidences

Laor & Brandt 2002
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UNDERSTAN DI NG THE AGN ST RU CT URE AND THE PHYSI CS OF ACCRET ION/E JECT ION ONT O SM BH

pc- scale and
beyo nd: torus/NLR

pc-sc ale and with in: accretion disk

Thermal  dr iving Radiation/Magne tic dr iving

warm
absorbers

UV
NALs

UV
mini-BALs

UV
BALs

X-ray
UFOs

X-ray
BALs

logξ

logN H

logυout

%

0 …  4 -2 …  0 -2 …  0 -2 …  0 3 …  5 3 …  5

20 …  22 20 …  22 21 …  23 21 …  23 23 …  24 23 …  24

2 …  3 2 …  4 3 …  4 3 …  4 4 …  5 4 …  5

50 % 30? % 30? % 20 % 40 % ? %

er g cm s-1

cm -2

km s-1



X-ray observations of AGN windsX-ray observations of AGN winds

BAL BAL QSOsQSOs

High-High-υυ
UV UV NALsNALs

mini-BALmini-BAL
QSOsQSOs

WarmWarm
AbsorberAbsorber

X-rayX-ray
UFOsUFOs

X-rayX-ray
BALsBALs

80s80s

90s90s

20002000

Low-Low-υυ
UV UV NALsNALs

  discovered

 discovered
  discovered

  discovered

  discovered

  discovered   discovered

  first RL BAL QSO
 50% of type I
AGN

  first X-ray
study

 outflowing

 X-ray Weak

  complex X-ray
absorption

  X-ray absorbed

  complex X-ray
absorption

  typical
underlying SED

20082008

20112011
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Const raint s on the wind kinem at ics, insights on the wind dynam icsConst raint s on the wind kinem at ics, insights on the wind dynam ics

X-ray observations of AGN windsX-ray observations of AGN winds

BAL BAL QSOsQSOs

High-High-υυ
UV UV NALsNALs

mini-BALmini-BAL
QSOsQSOs

WarmWarm
AbsorberAbsorber

X-rayX-ray
UFOsUFOs

X-rayX-ray
BALsBALs

80s80s

90s90s

20002000

Low-Low-υυ
UV UV NALsNALs

X-ray observ at ions of AGN with powerful  winds:  X-ray observ at ions of AGN with powerful  winds:  NN HH , , ξξ , L, Lionion ,,  α αoxox   ……

  discovered

 discovered
  discovered

  discovered

  discovered

  discovered   discovered

  first RL BAL QSO
 50% of type I
AGN

  first X-ray
study

 outflowing

 X-ray Weak

  complex X-ray
absorption

  X-ray absorbed

  complex X-ray
absorption

  typical
underlying SED

20082008

? ? ?? ? ?
20112011
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And so what?And so what?
BAL BAL QSOsQSOs

High-High-υυ
UV UV NALsNALs

mini-BALmini-BAL
QSOsQSOs

WarmWarm
AbsorberAbsorber

X-rayX-ray
UFOsUFOs

X-rayX-ray
BALsBALs

80s80s

90s90s

20002000

Low-Low-υυ
UV UV NALsNALs

  discovered

 discovered
  discovered

  discovered

  discovered

  discovered   discovered

  first RL BAL QSO
 50% of type I
AGN

  first X-ray
study

 outflowing

 X-ray Weak

  complex X-ray
absorption

  X-ray absorbed

  complex X-ray
absorption

  typical
underlying SED

20082008
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And so what?And so what?
BAL BAL QSOsQSOs

High-High-υυ
UV UV NALsNALs

mini-BALmini-BAL
QSOsQSOs

WarmWarm
AbsorberAbsorber

X-rayX-ray
UFOsUFOs

X-rayX-ray
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80s80s

90s90s

20002000

Low-Low-υυ
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  discovered

  discovered

  discovered

  discovered   discovered

  first RL BAL QSO
 50% of type I
AGN

  first X-ray
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 outflowing

 X-ray Weak

  complex X-ray
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  X-ray absorbed

  complex X-ray
absorption

  typical
underlying SED

20082008

20112011
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  Statistically
established

  First X-ray
deep analysis:
flow dynamics

  X-ray bright
and variable

 X-ray bright
subpopulation

  X-ray bright

  Emerging
outflows

  Variable
fraction with z

  In RL AGN
as well   In RL AGN

as well
 Monitoring

  Statistically
established

 discovered
in a mini-BAL
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Scenario: radiatively driven accretion disk wind

Density gradient along the line of sight



The new observat ional campaign on PG 1126-041The new observat ional campaign on PG 1126-041
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