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Ultra Fast Outflows from AGN accretion discs

Outline
i. UFOs from accretion disc: where we stand now
ii. The (limited) role of radiative pressure
iii. Evidence for Magnetic driving?

iv. The UFO-accretion disc interplay



Ultra Fast Outflows in AGNs: where we stand now
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Relativistic winds at accretion disk scales.

Observed through spectroscopy, as blueshifted absorption/emission imprinted on
the continuum spectrum of the AGN, mainly at E > 5 keV



Ultra Fast Outflows in AGNs: where we stand now
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How are they accelerated?

Radiation pressure?

The outflow can be accelerated by AGN radiation pressure
(scattering, atomic lines, ...):
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Pros:

» Naturally expected given the high Eddington ratios
(Agqqg = 0.1 — 2.0)

» Match the observed optical depths 7~1

» Outflows in the UV show significant absorption

Cons:

» The outflow easily gets over-ionized:
= |nsufficient radiation drag
= Faint absorption lines
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Three dimensional wind model

Initial conditions:

v

* Thin accretion disc with Keplerian profile

* Wind launched from the disc plane with vertical v, and
conserving angular momentum

Wind acceleration:

e Gravitational attraction
* Radiation pressure on the wind:

 Thompson scattering
* Force multipliers for the line opacity

» Special relativistic effects on the wind opacity Credit: ESA



Special relativistic effects on the wind opacity

Emission from a relativistic particle is enhanced frontward (6 = 0 deg)
and reduced backward (6 = 180 deg):

ﬂotropic emission in ths Beamed emission for an observer at rest \
atom reference frame K’ (reference frame K).
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\ 8 = 0 deg : enhanced emission
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Em|55|on in the Em|55|on in the
0 > 90 deg : reduced emission rest frame B = vout partlcle frame




Special relativistic effects on the wind opacity

In the wind reference frame, the wind is at rest and the ionizing continuum is moving away from it:
continuum emission is beamed when seen by the outflowing wind

e
Same formula with 8 = 0 deg :
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Special relativistic effects on the wind opacity

continuum emission is beamed when seen from the outflowing wind

Radiation absorbed ] ‘ dpP 1
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Three dimensional wind model
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Three dimensional wind model

* AGN luminosity: Agzq =

L
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Three dimensional wind model

Impact of relativistic effects:
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Classic treatment:
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Three dimensional wind model

Two velocity regimes: Ae0.1 Ae1.0
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Limits for v,,, via radiative driving
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Limits for v,,, via radiative driving
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Limits for v,,, : evidence for magnetic driving?

These high velocities cannot be explained
via radiative pressure!
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Magnetic driving can:
Terminal velocities are 2 — 3 X V44 :

Ry

CD ~y
~ vrot R
0

— -1/3
v° = vpoep

u is the wind mass loading factor

R, is the Alfwen radius

1/2
R, 3
~Z=1-(1 -2/3
R, [2( + u )]

(u — 0 : light and fast winds, driven by A

magnetocentrifugal force (B, , poloidal component)

1 — oo : heavily loaded winds, driven by magnetic
pressure (B , toroidal component)
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Magnetic driving for UFOs

Light and fast wind along the poloidal component B,

Pros:

* Good match with observed UFO
properties (v, Ny, €)

e Unification with jets and warm
absorbers

density (n)

o G L ST UT e

Cons:

 Unknown geometry of B field
(self-similarity and time steady
assumed)

 Unknown magnetic field
strength

Accretion Disk

Fukumura+14,+18 — see also Blandford+77,+82
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The UFO-accretion disc interplay

Mass outflow rate M,,,; vs mass accretion rate M. :
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Luminari+20, see also Belloni+97



The UFO-accretion disc interplay:
the case of PG1448+273

A new, powerful UFO from an high-accreting quasar: Ly,; = 0.75 Lgg4
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Laurenti+20, see also Kosec+20

M,, = 2.0 My, = 1.5 Mgy,



The UFO-accretion disc interplay: the case of PG1448+273
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Evidence for a change of the X-ray spectral state (lower coronal activity)

Laurenti+20, sample from Chiaraluce+18. See also Vignali+03, Parker+17, Nardini+19, Zappacosta+20
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The UFO-accretion disc interplay: the case of PG1448+273
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Laurenti+20, sample from Chiaraluce+18. See also Vignali+03, Parker+17, Nardini+19, Zappacosta+20



The UFO-accretion disc interplay: the case of PG1448+273
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The UFO appears during an increase of Lyy : extra removal of angular
momentum boosting the accretion?

Laurenti+20, sample from Chiaraluce+18. See also Vignali+03, Parker+17, Nardini+19, Zappacosta+20
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Ultra Fast Outflows from accretion discs

The (limited) role of radiation pressure and the
evidence for magnetic driving
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