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Active Galactic Nuclei Affect Galaxies and Beyond

27 / o - ™ .
. ' - - e - a
l' -
: a5 12 - ¢ _ - ‘
' .. » .. .
. L
SR rf NP SR .. ”
. -
.o v - 1 . N ‘ g
.. K ’ .
: 2 S » .
‘o ”
. .
: e . A . 3
-. .
- = o .
. -
. n - =~ pe
ale . .
AT e . e -
-] o . ..
.. w4 =
. . ' - +o .
, Rty e o ¢ (v
. R
3 T 8 .
. \fi N -
* - - . e
- .I. .' '
o BB ¢ % . .
do . ah i) Y8 .
. . » ~ -,"_ .
e . . o 2 -
n % . . >
S s GEN t
- .
: .. ; -
oo g N4 -
e o -
S et .0 -
L TRShe A
e Q0 - .
- 2 U -~ o -
i 5 . - -
-.. S
.
2 >y .
- . b
oﬁ. g . -' . o ’ - .
7 . P A -
.. A 5 .
o” X - .
ek . .
- - . -
e ‘ 3 -
. 5 z .
.-
3 - . ret
o 9 -
ot .-
T S
M2 WY . -
* \.‘ - »
s LD TR 2
L ! 5 ae - ”
« o S
. . >
~ v . . - -
BN v A
. * L : R LR .
- . 3 s Y 0. -

g .
5
. ’ * . . - - . . ' £ .

ESO/WEFI (Optical); MPIfR/ESO/APEX/A.Weiss et al. (Submillimetre); X-ray: NASA/CXC/Univ. of Waterloo/A.Vantyghem et al;
NASA/CXC/CfA/R.Kraft et al. (X-ray) Optical: NASA/STScl; Radio: NRAO/VLA



Broad Line Region in Context
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Measuring Sizes with Time Delays
Telescope AGN

To observer
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Reverberation Mapping with Real Data: NGC4151

Time delay between the
light curves: 6 days

— typical H[3
reverberating region
had R= 6 light-days

Combined with broad line
velocity width
— mass!
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Radius - Luminosity Relationship

Typical size of emission region increases for higher L
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Complication: does R have an

1 corrected for L or Ledd dependence?
host-galaxy starlight




lonization Stratification

Gas at different distances/ 12
jonization parameter 10
will “echo” with different lags )
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Comparing BLR Size Measurements

Microlensing and interferometry show good agreement with BLR sizes from RM
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Mapping the BLR: Inverse Approach
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Deconvolution:

Obstacles to overcome:
* Finite data length

* [rregular sampling

* Noisy data
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Forward Approach: Direct Modeling of RM Data

fits geometric & kinematic models directly to the lightcurves and spectra

Pancoast et al. 2014

3C 120

Grier et al. 2017

Also: Williams et al. 2018, 2020
Villafana et al. 2022
Bentz et al. 2021, 2022

model dependent
(big caveat: no photoionization
physics included yet)
but results are
straightforward to interpret

~25 AGN modeled so far have:

- inclined, flattened geometry
- significant scale height
- mostly rotation and/or infall



Where Can Arcus Help?

1. Reverberation mapping of UV broad emission lines

NGC 5548: only high-fidelity RM results in UV (so far)

UV BLR appears to be disk-like and have similar
properties as optical BLR
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Where Can Arcus Help?

2. Explore continuum time delays between UV and optical

By necessity, most RM experiments use the optical continuum

Mrk 817, log L~43.7 NGC 5548: log L~43.0
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V lags 1180A by ~2.5 days V lags 1367A by ~2 days



Summary

UV spectroscopy is an important
component for understanding

AGN broad line regions

UV spectroscopic monitoring with
Arcus has the potential to affect:
- black hole mass measurements
(local universe & high-z)
- details of feeding and feedback
- black hole and galaxy (co-)evolution




