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It 1s three thousand light-years to the Vatican. Once, I believed that space could
have no power over faith, just as I believed the heavens declared the glory of God’s
handwork. Now I have seen that handiwork, and my faith 1s sorely troubled. I stare at the
crucifix that hangs on the cabin wall above the Mark VI Computer, and for the first time
in my life I wonder if it 1s no more than an empty symbol.

I have told no one yet, but the truth cannot be concealed. The facts are there for
all to read, recorded on the countless miles of magnetic tape and the thousands of
photographs we are carrying back to Earth. Other scientists can interpret them as easily as
I can, and I am not one who would condone that tampering with the truth which often
cave my order a bad name in the olden days.
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Consequences of
assuming
AGN accretion disks

“Continuum” variations
Disk winds

Using disk properties to
measure black hole
mass




The optical-X-ray
spectrum of AGN
accretion disks

— cosstis v75 (JD = 59322)
— Disk + Xray SED
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AGN structure and geometry

Dehghanian et al. 2020 w

Disk wind in NGC 5548



The combined spectrum

* Optically thick, geometrically thin accretion disks
 RPC (radiation pressure confined) BLR clouds
e Disk wind

— COS — STIS HID = 2459322
— Disk SED

— Model 3
— Feii template

— Combined spectrum
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1
“Continuum” lags and accretion disk size

(X-ray illumination of accretion disks)

High X-ray obscuration, Low obscuration, shorter lags more High obscuration again,

long UVOIR lags consistent with disk reprocessing long lags return

Tp=0.35+0.02 d To=0.66+0.05d
= TxA*3Fit
Disk Model

gk 70=0.69+0.03 d
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Disc winds spectral energy distribution and the variability time-scale of

active galactic nuclei

Hagai Netzer ~*

School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978, Israel

NGC 5548 Kynoch et al 2022



Accretion disk winds in AGN

50 200 300 600

Time-dependent mass outflows

1. Reduce the disk accretion rate and the BH growth rate
2. Change the ionizing SED in a time-dependent way

3. Characterize the observed spectral variations



Disk wind in Mrk 817

— NoWind : M = 0.1

— Wind : M;, = 0.025 Mg, = 0.1
+ Composite (Stevans 2014)

— Powerlaws (Stevans 2014)
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Mrk 817

- Swift + HST HJD = 59493
- Swift + HST HID = 59421
® Swift + HST HIJD = 59467
@ Swift + HST HIJD = 59373
=+ FUSE (min)
= FUSE (max)

e The SED is bluer when brighter
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e  Variability time scale = 100 days
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* Are these properties correlated?
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A 2500 A portrait of Mrk 817

'l Accretion disk
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Ly Lying : Lgig = 1:0.21:0.12

Consequences to microlensing observations



3
Measuring BH mass
using
Reverberation Mapping

Are we using the correct equations?



RM estimates of BH mass

Assume ionization by an accretion disk continuum

= Rap(Q) M7, M8, M9

— Raip(Q@) Legs = 0.054 5 = 0.057

— Rap(Q) Leggg = 0.05 7= 0.104 o

— Rar(WW2024) A single-term approximation:

Reir = a1 LglOO (B =~ 0.5)
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Two-term approximation of BH mass

ReLR = a1lt,00 + a2(Ls100/Map)’

a; and ap are unknown constants.

Mgy = Rgir x fFFWHM?/G

1-28
4az Ly, )

a%FWHMz

1 |
Mpn = 5ai L5 FWHM? |1+ (1 +

Mg, is known from the assumed disk model
FWHM is observed

a; and a, are obtained from fitting large AGN samples



The most massive BHs:
Single-term vs. two-term approximations

— 1:1

= Mgll sample(TN12)
Mgll sample(T17)
Mgll sample(T11)
Mgll (Largest BHs)

=
@
=,
=
o
(@]
=
=
i)
=
a0
el

9.0 9.5 10.0
log Mgn(measured) [Mgyn)




Observational consequences
of
AGN accretion disks

“Continuum” variations
Disk winds

Using disk properties to
measure black hole
NEES
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But what about LRDs?
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lonization parameter and R, -

—— Hell Lyman limit
-- gsosed M(BH) = 107

= const. . — aL(ion)O'S

L(ion)is not observed
Let us assume
L(ion) < L(5100A4)?



Variability
“break” time, dynamical time, and thermal time
of
AGN accretion disk

).55-0.65, 10.3-0.35EVS
Ihreak O(Ad{b ’ (L/ L‘Edd ) ’ 4

Ar “evalo et al. 2024

| R
lqyn = 0.005 Mg I

[ih = tdyn/a

For Mrk 817, t,,= 100 days
(similar to the location of the blue continuum)






Photoionization models
with and without wind

2.5 10% |
: ~ BLRI Lypay log(R(cm) = 16.25 — 17.50
20510 | — BLR2 Ly log(R(cm) = 16.25 — 17.30
| ® Swift + HST HJD = 59493
1.5 x 10 ® Swift + HST HJD = 59545
' ~ BLR2 + Wind
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odel) logM(7,8,9) o = 0.104
] leulated)

— RegplQ) Legs = 0.05
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Single-term approximation Two-term approximation



The most massive BHs

A single-term approximation

= Mgll sample
— Rgr(WW2024)
— RBLR(TN12)
s Mgy = 108
Mgy = 10°
® Disk model

45.0 45.5
log L3goo(disk) [erg/sec]

Figure: The TN12 sample, BH spin=0.7, a1=1.9, a2=3.8-x 108



Brighter is bluer

— cosstis v30 HJD = 59421

— cosstis v75 HJD = 59322
—— cosstis v75b — cosstis v30
— Disk + X —ray SED
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Various types of disk winds
Slone and Netzer (2012)

= = wind type 1 (self similar)

s wind tyy > function)

= = wind type 3 (linear)

PO A —const

M (out)

I\./I (in)

Wind profile depends on ejection mechanism — e.g., thermal instability



Mrk 817: More observations

L., changed by a factor of 3 during the campaign, and L by a factor of 4

ionization

torea™ tinerma=100 days, in agreement with the launch location of the wind.

The variability amplitude, the variability time scale, the location of the wind, and
the observed changing SED, all indicate a mass outflow rate of = 0.1 Msun/yr and
R1/2=50 Rg



General consequences

Time-variable mass outflows from AGN disks may be
related to the thermal timescale of these sources. The
wind may be driven by thermal fluctuations in the disk
atmosphere.

Consequences to high accretion rate AGN

— NLS1s
— The most luminous high-z AGN

Consequences to scaling relationships

— Black hole mass measurements
— L/L 4y measurements

Consequence to the duty-cycle of Supermassive BHs
Consequences to AGN feedback
Consequences to CL AGN??



