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Given the dominant role of accretion of galactic gas, 
I will primarily focus on this topic. 

This process primarily produces broad-band UV 
radiation, so UV observations are highly informative 
about SMBH growth – though puzzling. 

I’ll cover insights from both static and time-domain 
UV observations. 



SMBHs Are Sloppy Eaters
Arav et al. (2001)

Wheatley et al. (2024) Collinge et al. (2001)

Filiz Ak et al. (2014)
Kaastra et al. (2014)



Static UV Constraints
on

 SMBH Growth



Typical AGN Spectral Energy Distribution

e.g., Netzer (2013)

(No absorption)

Standard thin accretion-disk model for a SMBH roughly predicts UV/optical continuum. 

Hot corona added to explain the X-ray emission via Compton up-scattering.

But challenges (and disputes!) emerge when detailed UV observational constraints are 
considered – much further work needed with hopefully big discoveries waiting.

“Epic magical thinking” – Senior AGN Researcher, 2023, arXiv:2308.04621

Nominal thin-disk
model SED



UV Temperature Problem

e.g., Laor et al. (1997); 
         Shang et al. (2005);
         Davis & Laor (2011);
         Lawrence (2012)

Model spectra generally exceed
data above ~ 1000 Å.

Observed Tmax ~ 50,000 K, while
accretion disks can have Tmax up
to ~ 250,000 K.

Cause of Tmax discrepancy unclear:

• Outflows truncating disk?
• Advection?
• Reprocessing close to inner disk?
• Dust reddening?

Known MBH from
reverberation mapping

Many more examples
in Davis & Laor (2011)



UV-EUV-X-ray Correlations

He II traces 57-228 Å
EUV continuum
(54.4-217.6 eV)

Timlin et al. (2021)

Observed correlations indicate the UV, EUV, and
X-ray emissions are closely tied, and that the overall 
UV-EUV-X-ray spectral shape is largely set by luminosity.

Strong ties of three regions - UV disk, the EUV source 
(EUV warm corona?), and the X-ray hot corona. 

Physical cause of these remarkable ties and luminosity 
dependence remains unclear.

He II 206 quasars 



Quasar UV Composites

Significant differences in FUV-EUV composite spectra due to differing IGM 
absorption corrections, sample-selection effects, and perhaps luminosity effects.

Lusso et al. (2015)



Luminosity-Independent Average SED?

Attempt to correct for claimed EUV 
detection incompleteness.

Argue there is a luminosity-independent
average SED down to ~ 500 Å – that is
red in the EUV.

Data lie well below standard thin-disk 
predictions. 

Red shape in the EUV might be 
explained by a disk “truncated” by 
strong mass outflow in a wind
(e.g., Laor & Davis 2014).

Cai & Wang (2023)



Generally Don’t See
Lyman or Other Edges

912 Å

e.g., Stevans et al. (2014);  
        Tilton et al. (2016)

Lyman and other edges (in absorption or emission) tend to be prominent in disk spectral models.

Their absence is not necessarily a problem but is an important constraint upon disk atmospheric structure.

Also He I 504 Å edge and Balmer edge. 



UV Variability Constraints
on

 SMBH Growth



Reverberation Measured Sizes

The wavelength dependence of UV/optical interband lags is consistent with expectations for 
an accretion disk, though the disk size initially appears 2-3 times larger than expected.

Discrepancy mitigated if disk-ionization and relativity effects considered (Kammoun et al.)
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Microlensing Measured Sizes

Morgan et al. (2018)

Thin-disk models



Quasar “Viscosity Crisis”

“Crisis” is probably overblown – but something important is going on.



“Changing-Look” AGNs
CL AGNs show large UV/optical continuum and 
line variations over months-to-years.

Many appear to reflect intrinsic variations.

Observed timescales are much shorter than the 
nominal viscous/inflow timescale. Thermal
instabilities acting on shorter timescales?

As expected, the “standard” viscous accretion 
disk model is too simple. 

But what exactly is the replacement?

SDSS-V
e.g., Zeltyn et al. (2024)



Strong, Rapid EUV Variability
Mrk 478 - EUVE - Marshall et al. (1996)

Day-timescale EUV variability is highly 
constraining for emission models – not a disk.

Suggests much of the EUV emission is sometimes 
from a “warm corona” that mildly Compton-
upscatters UV/optical photons - and rapidly varies.

Mrk 478 
50-150 Å
82-247 eV 



Exceptional 
Variability

Phenomena



Tidal Disruption Events
TDEs provide critical insights into SMBH accretion 
physics and demographics at low MBH.

They likely only make a secondary contribution to 
cosmic SMBH growth overall.

TDE emission generally peaks in the UV to X-ray, 
so TDEs are usually UV bright.

Rapid growth of TDE samples with, e.g., LSST and 
UVEX will help to understand their wide diversity:

• Early-time UV photometry
• UV tails of thermal emission from X-ray TDEs
• Apparent missing energy of optical TDEs
• UV spectroscopy of TDE outflows
• TDE unified model?

See Kulkarni et al. (2021) for further discussion. 

e.g., Holoien et al. (2019)

e.g., Hung et al. (2021)



SMBHB – Strong UV Doppler Boost

D’Orazio & Charisi (2023)

Acts in addition to any direct modulation of accretion rate.

Hopefully, large-scale analyses can help clarify the frequency of SMBHBs.



Assorted Extreme AGN Variability in UV

UV/optical rejuvenations

Large-amplitude microlensing

Extinction events

Blazar flares

Stellar endpoints in disk/torus



The End

Thanks to Ari Laor (Technion) for constructive feedback.


