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tflowe from Active Galactic Nuclei

very of the ultra fagt AGN winds.
eaulte:

[UDY [: Recent results on the prototypes of the ultra fast windg
O.

STUDY 2: MCG-03-58-007, extraordinary variability of the digk

E STUDY 2: PRI44E+273 a new variable digk wind.



hy do

we care?
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r of local galaxieg
lack hole magg and bulge vel. digpergion - the M-o relation, where Mocg4-5
O, Gebhardt et al. 2000).

w about the central SMBH? SMBH gphere of influence ~ few x pe!
ial source of feedback? (e.q. Silk & Reeg 1998, Fabian 2003, King 2003, Di



Digeovery of the ultra fagt winde

PRI2IIH43 (z20.08) vau~ Ole

T
[o )
—
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m T J A | Firgt detectione of blueshifted Fe K absorption profiles in
il L ,+,LL¢_+L * %ﬁ& DG (21+143 and PDS 456,
| ’. | i {» : * . o) q
|+ *No known atomic trangition that could explain the
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keV (keV/cm® s keV)

Doundg et al 2003ap i |- observed abgorption structures.

- — "’* * (f interpreted ag Fe XXV (6.7 keV) or Fe XXVl le-2p
009756 (z-c? 184) Vo~ 025¢ | 6,96 kel]
\ { f | ' = high veloeity (v~0.1-0.2¢) and highly ionized winds.

= ik windg are launched from <100Rg.

_ : JH» —} *Detection of absorption in the Fe K band requires a large
- Reoes of 4, 2003 i | +++ | column dengity: N ~[0%2 - (024 em 2.
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Thege windg are maggive (few Mauwn/yr), highly ionized and ultra fagt (O.1-O.2¢)!




he ultra fagt outflowse (UFOg)

ay band for windg with high Ni, logE = 3 — 6 ergem ¢! & varup t0 0.3 ¢ in ~
iet AGN (Gofford et al. 2013, Tombegi et al. 2010)!

e expected at high accretion rateg (King 2003)

jong naturally produce blue-ghifted Fe K abgorption (Sim et al. 2010, Proga & Kallman
ra et al. 2015).

POS456
v=0.3¢; Liin~ 20%Ll

| RAS FIllI9+3257 MCG-03-58-007
v=0250; L~ 15%Lso 1t v=0r026 L 20%Lu

iy

|

WWWWT%{ - ““ m Nmr lij WW%M

| T ' —<~—|T— 1 3 [ (Braito et al. 2018)
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' Rest Energy (keV)
UFO (high & & Ny zoneg): velocities up to teng of thougands km/g

May carry a significant Kinetic power - equivalent to the bolometric output
PRIME CANDIDATES FOR THE FEEDBACK!
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OUTFLOWS ENERGETICS

a fagt winds the physical explanation of the MBH-o relation?
much magg ig carried out by these outtlows?
‘e their kinetic output?
* Magg rate is: Moy=4 7w bmpv n R2=4 7w bmgy Lion/&
* covering factore (b), N, R
w much of thie mechanical enerqy will reach the bulge gage 2
*velocity structure/ionigation, how do they evolve?

Proga et al. 2000

Major uncertainties:
launch radiug & golid angle

TRy

we need to map them:
velocity, ionigation, location,
ty eycle & driving mechanigme!

------

.......



ide-angle UFO in POS 456

firat time we had all the informatione to derive Moyt

Mout~ €2 My Nt Vour Rin

VN & Vg - modelling of abgorption by
photoioniged gag
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endnt ot oL 2015 ® Restiame enony (V) v'Uariability - eongtraing location Ri-30-100 R,
paign: 5 eimultaneous XMM + NuSTAR Mout ~ 10 MSUN/ yr

Exay ~ 2 x 10%6erg/ e~ 20% LgoL

QOver 4 lifetime of [O7 yr the enerqy releaged through the accretion digk wind likely exceeds the
binding energy of the bulge E~1O¢! erg
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Digk Wind variability

remely variable on timescales ag short ag a few weeks or even dayg
their ionization, Ny & velocity

form ug on their nature (i.e. clumpinese) and ultimately the driving mechaniem. What cauges
re we infercepting different clumps or gtreamlinee? Are the windg regponding to the ionizing

POS 456

56 the outflow velocity correlates with X-ray
y (Matzeu et al. 2017). Radiation driven wind

m=0.8+0.04

Similar corr. geen for RASIZ22.4 (Darker et al. 2017; Linto et
al 2018; Chartag & Canag 2018) & APM 08279+5255
(Qaez & Chartag 20I1) and more ...



y [ - One Year in the Life of POS 456!

XMM/NuSTAR 2013 Obs A
(Aua 2013 '

XMM/NuSTAR 2014 Obs E (Feb 2014)
Mogt luminoug radio-

quiet AGN in the local
Univerge:
Lot ~ [O#7erg/ e

Mgy ~ 10 Mauy

(Feb-March 2013)
Suzaku 2013a - Exp 190 ks z ~ 0184

Suzaku 2013b - Exp 164 ks

Suzaku 2013c¢ - Exp 108 ks

2 S 10 2030

Doeg the wind regpond to the variability of the primary emiggion?




Digk Wind Modelling

*Radiative trangfer code of Stuart Sim
(Sim et al. 2008, 2010) uged for

digk wind modelling. Special relativigtic

7 Rotation Axis

P

effecte are included aq ig the

Disk plane (acattered) emiggion from the wind

*Computes eynthetic X-ray spectra for
homogeneoug wind gtreamlineg -
(Matzeu et al. in prep)

metry:- an opening angle of 45 degrees (or d=1)
- R,/ R, =15 -ratio of outer to inner launching radi

R;=32R and R =48 R (for PUS 456)
metere:- mage outflow rate M = Mout/ M Edd

out

ay luminogity Ly = L, / Lgy — et according to the X-ray luminosity per observation.
locity parameter, f,, calculated in terme of the launch radiug ag veo = fv1/2GM/R
for POS 456, or max terminal velocities of 0.225¢ - 0.35¢)

angle u=c086 = cost - where 1 < 0.7 intercepte the wind.

ndex — get equal to that of the primary continuum per obgervation.



of the Ultra Fagt Outflow in PDS 456

Suzaku Observaﬂons (2007 2013)

THW T

XMM- Newfon Observaﬂons (200! 20I19)
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ervationg of POS 456 (2001-2019) for dick wind modelling:-
pendent XIMM-Newton epochg from 2001-2019 (2013¢ and 2013d combined into 2013¢d)
ege are gimultaneoug with NuSTAR (included in fitting)
aku obgervationg (2007, 201, 20134, b, ¢)

3 [7 epoch for digkwind fitting covering a wide range of fluxes!



Digk Wind Modelling

ieg between [0-50% of My
ranges between 0.25-0.35¢.
typically O.2-1% of Leqa (which gete wind ionization level).

abgorption accounted for by low ionization partial coverer.

i
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Reeves et al. in prep.
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2-10 keV Luminosity (10%* erg/s)

9 10.0

loeity increageg with X-ray luminogity

+Wind terminal velocity increages
with X-ray luminogity.

*+Follows power-law relation with
glope of a=0.18+0.04

+Congigtent with relation found by

Matzeu et al. (2017, MNRAS.
427, L15) for POS 456 ag
possible evidence of effect of

radiation presgure on wind
gee e.g. Chartag & Canag 2018 for

IRAS 15224



Kinetic Power (Lxn/Ledd)

E xcludes Suzaku

20134 outlier

-== best fit curve
90% interval

3 4

2-10 keV Luminosity (10%* erg/s)

5 6 7

9 10.0

ind Kinetic power vg Luminogity

*+Wind kinetic power increageg with X-ray
luminogity.

*+DOower-law relation with slope of
a=084+0.26.

= [ hus the wind ig more powertful ag the
QSO becomes more luminous.

*+Correlation partly ag a regult of trend
between wind velocity and luminogity -
wind kinetic power ig proportion to v2.

+Scatter due to variation in mage outflow
rate, e.g. Suzaku 20133 obgervation.

*+ Similar correlation between p-dot vg Lx.



2:The extraordinary MCG-03-58-007

US456: May ~ 108 Mauy & Laor ~ 51045 erg/e
~ [ 4XIO2 erg em = ¢
¢ LIRG (Lar=1.7x [O"Lgyn) with a SFR ~ 20 Maun/yr

Suzaku revealed 2

1.5

Ratio

2 85 kel/ :' “JM MM
EW 7 5kell ~ 36 ' ‘_WM | | l ‘

Rest Energy (keV)

Digk Wind propertieg: 2 zoneg
log & ~ 5 erg em g

both with Ny ~ 5-6 x1023 em?
Vout ~ 0.07¢ & O.2¢

Liw ~ 2-5x1044erg/q

Flux (keV cm-2 s-)
o

Energy (keV)



keV? (Photons cm-2 s-' keV-")
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- SUZAKU 2010
" XMM-NuSTAR Slice A 2015

“NUSTAR Slice B 2015
" CHANDRA 2016
| SWIFT 2018

e —

able digk wind

Chandra and 2018 with Switt
ith vout =0.07¢ , log £ ~ 5 erg em ¢

1 Thig “dlow/O.07¢” zone ig pergistent but
1 variable in opacity.

Quift & Chandra: Ny~3.6x 1023 em2
{ Suzaku 2010: Ny~7x 1022 em2
5 XMM 2015: Ny~2.6-5x 1023 em™2

Swift 2018: 3 gecond abe. feature ig

pregent at ~83 kel

Swift 2018: The O.2¢ zone ie back & imilar to one detected with Suzaku!




The 2019 monitoring

obgervations gpaced by 4-l0-16 days.
erforming!
defected in all the 4 obgervationg and it ig highly variable

. - - ' ' OBS [ 2 ghallow abs. structures @& kel and
| @O keV

1 10 days later
2-10 keV flux dropped by a factor of 2 & the
abg. featureg are gtronger

4 dayg later
The 2-10 keV flux increages & the wind
appears to be ag strong ag in OBS 2

keV2 (Photons cm=2 s keV-')

1 2 weeke later

MCBO? ig almogt at the eame level of OBS!
& the wind varied again...

Rest Energy (keV)




Ol9 monitoring: change in the opacity

XSTAR FIT:
1 The digk wind opacity increaged in 1O day

Increage of the Nyt from ~2x1023 em 2 to
| ] <7xI0%5 em? & log & ~ 5 erg em ¢

keV? (Photons cm=2 s~ keV-")

or a decreage in the ionization from

4 log & ~ 5.5 erg em ¢'to

. . .- 1
- - log & ~ 5 erg em ¢

Rest Energy (keV) and NH ~QX[OZ5 om 2

ation varies in proportion with the changes of the 2-10 keV/ luminosity
he flow could be in photo-ionization equilibrium

Note: The low energy feature is now at ~8 keV not 7.4 keV!




The drop in velocity!
the outtlowing velocity from ~O.2¢ to ~O.07¢ in just (6 days!

 are pregent in all the OBS2: the main abg. feature ig (@ 8 kel

6 dayg later
ty in depth and enerqy OBS4: the main abs. feature ie @ 7.4 kel
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keV? (Photons cm— s-1 keV-")

2x10-3

fegture

5¢ & v2~034¢
7c & v2~027¢

OBS2 VS OBS4

zoneg both with high

nd zone driven by the high

ttt
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OBS4 |

OBS2

The XSTAR fit ve dickwind

¢ wind spectra gpecifically suited for MCGOS wind:
e escape radiug for a wind with a terminal velocity of ve =-O.l77¢c

DISK WIND requires only one zone.

Orovides a better description of the continuum

~0-30 kel
Second drop is now congigtent with Fe xxvi Lyp

OBS [-3: v~0.2¢
OBS 4:v~0.07¢

OBS2 VS OBS4

SRR,

2x10-3

0-3

1

keV? (Photons cm=2 s-' keV-")

L

OBS4 |

OBS2

The drop in velocity does not depend on the model: in OBS4 the wind is slower!




Diskwind propertieg
ind hag Moyt ~0.5Medd & Eoui~9-1%Lenp or Ly ~10%5erg/¢ (30% Lgol)
Nisie ~10%4em in all 4 observationg, in agreement with the XSTAR fit.

e opacity ie not due to variation of the magg load of the wind but to the wind

S @

© |
o
. . §§
2 Megg & Eout ~ O.5%Lepp >
, o <
o a T O
r Mowa ie explained by the lower : OBS3
7440 Ole. § - OBS4
2
of 3 lower than ve2=021+00le! = S
0.651 — 10f1. — .O.{ISI — IOTZl -
v/c Braito et al. 2022

t digk windg are variable, but the magnitude of the variation in velocity in MCGO3 ig a
!

fer than what geen in other digk windg. [n POS456 vy ranges from 0.25¢ to 0.35¢



ocation of the digk wind

~0.2¢ zone ig pregent for at leagt (4 days.

v

AR~7x 10Bem & ne ~ 109 em3 @ R ~l06em
R,)
R ~[implies a rather homogenoug flow

Vout~0.07¢e zone emergeg 16 dayge after OBS3

v

hug AR<3x [OBem & ne > 3x108 em= (@ R< 6xI0Bem

In OBS4 we intercept a glower stream of the digk wind that could be located cloger in
then the tagter gtream...




What cauges the drop in v?
STANDARD SCENARIOS

intercept a glower clump located further out

R/R~[ suggests a rather homogeneous flow
e infercept a new slower stream launched further out

thig would imply that the launching radius changes from ~50 Rg to 350 Rg in just
aye

i regponding to the variation of the intringic emiggion
UT it ie fagter when fainter...
d effect: the wind in OBS4. ig reacting to the low intringic luminogity of OBS2

BUT according to the gcaling relations reported for other winde (PDS456 &
IRASIZ224) 4 factor of 3 drop requires a change in the X-ray luminogity of ~9!



eceleration due to UV line driving?

TT— XMizumoto et al. 2021: UV line driving could produce multiphage
1|23 4,;5—: digk windg where the fagter phage may be located further out than
| the clower component.

— | KIn OBS [-3 our log intercepte the flow after it ie fully accelerated!
|/ ¥In OBS 4 we cee a new gtreamline, which hae yet to be
1 accelerated!

M ﬁL _,1 X[n OBS 4 the fagter phage may have gimply rotated out of our los.

O PR | N L M N Jd o oL
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logn [cm‘q]

log €

vy, /c
© ©

o

—
- N W OO © N w ()] (o]
T ) g

4
Viurb,ps (KM $7]
o)
o
o
1S)

XNote that the two phages were glmulfaneouglg in our [og durmg

the Suzaku and Swift obg.!  oBss
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3: PCI44E+2773 another variable wind

LSl at z=20.0645 with Mgy ~ 107 Mayy & Lot ~ 2-3x1045 erg/ <
ge to the Eddington limit
d steep SED/X-ray spectrum may be key properties for ultra fast windg

IIIIIIIIIIIIIIIIIII

am-Newonsen. 2017|907 XMM obe. revealed the pregence of a fagt wind in
| | - PG I448+273 with vout ~O1 -Ol15¢ depending on the
I HH i~ aseumed model (Laurenti et al. 2020; Kogec et al 2020).

lllllllllllllllllll

Rest Energy (keV)

PCI44E+273 ie aleo extremely
variable ag often geen in NLS!

05 1 2 5 10
Laurenti et al. 2020  Rest-frame Energy (keV)
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deep look with XMM & NuSTAR

+273 wag obgerved with NuSTAR (120 ke) & XMM (75 k)

NuSTAR light curves reveal a

possible oceultation event at around
90 ke.

Flux drop @ 190 ke with a clear
hardening.

Unfortunately thig part of the OBS
hag no XMM coverage



Another fagt variable wind

XSTARFIT:

TE, % | QUCE A | The diek wind opacity increage in the lagt 60 ke
o B Ynr. SUCEE | e explained with:
E o FAFC
§ ) | *increage of the Ny from <.7xI0%3 em2
y E t0~0£4x1023 em2 with
T o v/e=023+003 & log & ~ 5 erg cm ¢
] z‘ i *or a decrease in the ionization from

i 1 log &> 5.5 erg om ¢1(SLICE A to

| 5 10 20 logg~4.6£0.3 ergem g
Reeves et al. in prep Rest Energy (keV)
with Neg~5x10%3 em2

g factor of 3 change in either Ny or log & between SLICE A & B

In 2017 the wind had a much lower velocity
XSTAR FIT: Np=6.611.8x1023 & v/e=01+0.0l for log & ~ 5 erg em ¢
or log&g~49 £ 0I5 ergem ¢! & v/e=0.1+0.0! for Ny=5xI0%3 em2




pochg with the digkwind model

SLICEA
SLICEB
XMM 2017

QLICE A: v/e(<023)
Mout <0.59 Megq

10-3

1 SLCICE B: v/e=0.29+0.02
1 Mou=0.47+012 Meg4

keV? (Photons cm=2 s~ keV-')

5x10-4

1 XMM 2017: v/e=0125+0.010
1 Mu=013+0.03 Megg

! ! | !
5 10 20
Reeveg et al. in prep Energy (keV)

age where - from 2017 to 2022~ the velocity changeg by at leagt a factor of 2,
ee corregponding increage in the Mo

r similar to other windg, fagter when brighter



The Fuar gpectrum

at regpond to the X-ray continuum flux will emerge in the excegs variance (Fuar)
f enhanced variability (Parker et al. 2017, 2018; 2020, lgo et al 2020).

IRAS 13224-3809 POS456 PeI445+273
0.6 | T .
1 Xifdof =54/54 (d) 3 UFOs, v = 10%km/s I
1.2 - 05, X /dof = 87/82
5 1.0 1 "
W )
ty Z 0.4+
0.8 - 04 o§:
0.6 1 * LII_
0.3
E 0 T +++.L+ PREC S U SRTRIC L 0E L. JUE SL % 31
g AT T T++++ +++T v LA LA L I L %
§l . . . a
= 0.5 1.0 2.0 5.0 10.0 § —3° : L . L . L .
3 10.0 8 10 12 14

" Energy (keV) 0.5 1.0 2.0 4 6
Parker et ol 2020 ™™ Harer ot al. 2020 Energy tkev] Reeveg et al. in prep Energy (kev)

13224-38009 & POS456 aleo PCI44E+273 shows a gpike
r gpectrum (@ the energy of abg feature !

WORK IN PROGRESS



Summary

e highly variable in both opacity (N and/or & ) and remarkably in

onitoring programe of the best examples are the key to unlock their
driving mechaniem (gee POS456) and unveil the unexpected (gee

motived modele like our digkwind model are crucial to golve the digk wind
jonization structure and ultimately the magg outflow rate, terminal velocity
h radiug from the black hole.

Extend the parameter space of the diskwind model, tegt it on more windg

ementary modelling of the RMS gpectra is promiging and mogt likely wil
e new ingighte into the variability of AGN and digk winds.




