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The meeting outline

15
lectures

27
participants

9
countries

7
mini-projects

Four thematic sessions, run as talks plus open discussion

⚫ AGNs, gravitational lenses & polarization

⚫ Variability of AGNs and supermassive binary black holes

⚫ Processes in AGNs — line emission, disks, machine learning

⚫ Atomic processes in AGNs and related objects

Tue 21 July

Wed 22 July

Thu 23 July, morning

Thu 23 July, afternoon

Organised by the Astronomical Observatory Belgrade with the Faculty of Sciences, University of Kragujevac. The programme closed 
with a round-table on the mini-projects.



One unresolved engine, five observational languages

AGN structure is still spatially unresolved. Progress comes from combining signals that respond to different physics.

01

Spectra

Composition, density, 
velocity and the geometry 
of the line-emitting gas

02

Time-domain

Lags, periodicity, 
propagation and the 
causal order of events

03

Polarisation

Magnetic-field order, 
scattering geometry and 
jet structure

04

Lensing

Source size, substructure 
and scales otherwise 
hidden from us

The central challenge

Can all five be explained by one physically consistent picture of the disk, the corona, the broad-line region and the jet? 
Every talk at the meeting answered part of that question; none of them answered it alone.

05

GWs

LIGO
PTA



PART ONE · SESSION HIGHLIGHTS

The accretion disk is back at the centre of discussions

Disk wind and SMBH masses
H. Netzer (Tel Aviv University)

● Disk wind -> SED ->BLRs

An inconsistent 𝜶-disk closure
M.-H. Naddaf (University of Liège)

● The classical radiation-pressure instability?

● Disk-size tension?

SMBH, accretion disk, BLRs

𝑅𝐵𝐿𝑅 = 𝛼𝐿5100
𝛽

1 + 𝑎1
𝐿5100
𝑀BH

𝑎
2



PART ONE · SESSION HIGHLIGHTS

Taking the broad-line region apart

The BLR 
complexity

● resolved the emission into 
distinct components rather 
than fitting a single region 

● the decomposition, not the 
total flux, carries the 
physics.

● Hβ · Fe II

A two-component reverberation model for the time-dependent Hβ profile

E. Bon, N. Bon, L. Č. Popović, P. Marziani, S. Panda

● A flattened Keplerian disk produces the velocity-structured wings; a dispersed cloud component fills the 
line core

● A single ionizing flare propagates through the region, launched centrally or off-centre

● Each observed profile is a retarded-time superposition, not a snapshot — reproducing profile variability

Dissecting Fe II lines in AGN spectra

J. Kovačević Dojčinović, I. Dojčinović, L. Č. Popović

● A flexible template splits the optical Fe II emission into separate line groups across a large SDSS 
Type 1 sample

● A raised Eddington ratio appears to restructure the BLR, creating conditions for additional Fe II 
components

● That enhancement then drives correlations such as the quasar main sequence

BLR: broad and intermediate regions

What is nature of two components?



PART ONE · SESSION HIGHLIGHTS

Hunting sub-parsec binary black holes

270
candidates from SDSS DR16

Broad Hβ peculiarities
A. Deandra et al.

● PCA selection followed by fitting 
with the PoSKI binary model

● 24 systems flagged for monitoring 
as possible near-future mergers

● PoSKI shown to reproduce sub-
parsec binary Hβ profiles

colour
beats magnitude

Photometric detectability
L. Novićević et al.

● Grid of synthetic light curves over 
mass, mass ratio, separation, 
eccentricity, redshift

● Red and white noise included; periods 
recovered with Lomb-Scargle

● Colour time series recover periods far 
more reliably than magnitude alone

Τ(𝝀)
a new binary signature

Continuum reverberation
Yan-Rong Li

● A cavity between mini-disks and 
circumbinary disk leaves a deficit in the 
continuum

● Lag–wavelength relation stays flat, 
then breaks to λ⁴ᐟ³ — unlike a single-
black-hole disk

● Applied to PG 1302-102: mass and 
period agree with independent 
methods

Common thread: sub-parsec binaries are expected to be ubiquitous yet remain hard to confirm — the field is converging on model-driven searches in 
survey data.



PART ONE · SESSION HIGHLIGHTS

Polarization, lensing and the multi-messenger view

01

Polarization of AGNs 
& lensed objects
L. Č. Popović

UV/optical polarisation traces 
the geometry of the disk, the 
BLR and the scattering 
material — and works on 
gravitationally lensed AGNs too

BLR kinetics and geonetry

For H0?

02

Polarimetry of blazar 
jets: radio to X-rays
O. Vince

SED fitting alone stays 
degenerate. Polarisation
degree and angle constrain 
field ordering and emission 
sites; IXPE now extends this to 
X-rays.

EC: photon sources?

03

EVPA rotations in 32 
blazars
E. V. Shishkina et al.

Long-term photopolarimetry, a 
proposed completeness 
criterion for rotations, and a 
link between rotation 
amplitude and mean 
polarisation.

04

Millimetre synchrotron 
from AGN coronae
E. Shablovinskaia et al.

ALMA shows compact mm emission 
from the magnetised X-ray corona 
— a penetrative probe of strong 
gravity, and a possible steady 
neutrino source

Fermi Collaboration: TeV emissions.





The survey era moves the bottleneck to trustworthy inference

LSST will not be short of AGN light curves. It will be short of defensible conclusions drawn from them.

01

Irregular data

Sparse cadence, seasonal 
gaps and heteroscedastic 
noise ›

02

Probabilistic 
reconstruction

ANN learns a distribution of 
parameters and LC ›

03

Real-time selection

LSST broker orchestrators 
prioritise alerts and trigger 
the follow-up that variability 
science depends on. ›

04

Physical validation

➢ TDE

➢ QPE

➢ Peculiar outburst (AMS)

➢ SMBH binaries

➢ GW counterparts

The governing principle

Uncertainty must propagate all the way through — from reconstruction, to classification, to the 
physical claim. A period, a lag or a binary candidate reported without that chain is not yet a result.

Ilic et al, De Bonis et al, Novicevic et al



Quasars：discovery over 63 years

SDSS

DESI

Million Quasars Catalog (Flesch 2023)

𝜆Edd =
𝐿Bol
𝐿Edd



AGNs: standard model

➢ really standard? 

➢ how to form?
➢ evolution（timescales)?

SDSS spectra



Nano-Hz gravitational waves: where are the SMBH binaries?





Pacucci et al. 2025 arXiv:2601.14368



Formation:
➢ Metallicity?
➢ Torus-> BLR?
➢ Compact objects?

Observ. Evidence?
➢ Reverb. mapping
➢ Outbursts?
➢ LIGO detections?



Formation of AGN structure

2017

Intermediate-line regions



Boroson & Green (1992): 1/3 of FeII-strong objects



BLR size: L-driven?

Kaspi+2000; Bentz et al. 2013

Boroson & Green (1992), Sulentic et al. (2000), 
Marziani et al. (2002), Shen &Ho (2014)



BLR size: L-driven? Others?

Kaspi+2000; Bentz et al. 2013
Du et al. (2014; 2015; 2016a; 2018), 

Wang et al. (2014), Hu et al. (2015), Li et al. (2021,2026)

SEAMBH collaboration: I-XV



R-L relation: 

over-estimate by factors of 3-8

⚫ Why shortened?

⚫ Why FeII as an indicator?

⚫ What is largest shortening?



⚫Basic assumption：point approximation of ionizing source （×）

⚫Possibility: extended ionizing sources?

⚫Expectation: zero or even negative lags?



Begelman+(1989)





Soltan argument: low-mass BHs



LRDs：X-ray weak, less variable, metal-poor, dust-poor, radio-weak

V-shaped SEDs: super-Eddington BH+sMBHs



Super-Eddington AGNs?



Hardly formed by stellar evolution



Questions: 1) how to form 80M⦿?

2) host galaxy?



LIGO detection: June 15, 2025 Origin: ？



BH mass function detected by LIGO

>100𝑀⊙



Breakthrough Opportunity

LRDs: new type

JWST

？
Primordial BHs? 

Collapse. of self-interacting DM

Embryos of SMBH？

20231963

QSOs
2008 Kavli Prize

M. Schmidt D. Lynden-Bell

2018

SMBH
2020 Nobel

R. Genzel & A. Ghez

（𝟒 × 𝟏𝟎𝟔𝑴⊙）



Close binaries of SMBHs

Armitage+(2002): 
Spiral arm?



Interferometry/VLTI

CB-SMBHs: orbits for nano-Hz GWs of PTA



Close binaries of SMBHs
Photometric and Spectroscopic Search



Close binaries of SMBHs



可以证明银心吸积盘光变：

磁重联产生的耀斑不可能半径位置固定，

因此，卫星黑洞存在解释耀斑



LISA：Sgy A*



A new star: 1000Rs→140Rs



∆𝜃

quasar

earth

∆𝑅

𝐷 =
Δ𝑅

Δ𝜃

geometric distance:

Reverberation Mapping

Spectroastrometry with interferometry

39

SARM: Spectroastrometry + Reverberation Mapping



Latest progress:  four quasars

H0 =69−10
+12 km s-1 Mpc-1

40

Precision: 15%



41

Quasar as a geometric probe for cosmology

Quasars

Hubble tension

𝟔𝟕 ± 𝟎. 𝟔km s-1 Mpc-1

73. 𝟐 ± 𝟏. 𝟑km s-1 Mpc-1



GRAVITY+: angular size

ELT: SHARP RM



Telescopes and observations: for AGN

• Optical/IR telescope
➢GRAVITY+/VLTI
➢JWST
➢Roman
➢Rubin Telescope
➢Extremely Large Telescope (ELT)

• Gravitational Waves
➢LIGO
➢PTA (E-PTA, Nano-Grav, CPTA)
➢Einstein Telescope
➢LISA

Questions:

⚫How to measure SMBH masses?
⚫Spatial structure of AGNs?  DQSO? H0?
⚫Variability? Lensed QSOs: H0?
⚫Close binaries of SMBHs? and GWs
⚫Accretion-modified stars and GWs
⚫Polarizations: BLR kinetics 
➢How to form the structure?
➢How to form SMBHs? Metallicity?
➢What is nature of the LRDs?





PART TWO · WHAT COMES NEXT

Six questions the field carries forward

01
Accretion

Which disk assumptions are physically 
necessary, and which are inherited 
convenience? Disks look larger and lag 
longer than standard theory predicts.

02

BLR
Geometry, ionisation and time delays are 
entangled. Line shape and variability are 
still fitted as separate problems instead 
of jointly.

03

Binary SMBH/GWs
No single signature is sufficient. What 
combination of observables makes a sub-
parsec binary claim robust enough to 
publish?

04
Jets and coronae

Where — and how — are particles 
accelerated? SED fitting alone still admits 
both leptonic and hadronic scenarios.

05
Gravitational lensing

How compact are the emitting regions, 
and how clumpy is the dark matter? The 
two are usually inferred separately from 
the same data.

06

Data and Astrostatistics
The bottleneck has moved from detection 
to trustworthy inference. 

Propagets uncertainty from sparse data 
to a physical claim?

Each question was raised by more than one speaker — which is why they are the ones that survive the meeting.



PART TWO · WHAT COMES NEXT

Future: connect scales, messengers and methods

01

Joint inference

Fit spectra, lags, polarisation and lensing 
constraints inside shared physical models.

02

Long baselines

Prioritise cadence and duration together; 
confirm persistence  of signals and reject 
false positives

03

Fast follow-up

Link Rubin alerts to spectroscopy, 
polarimetry, ALMA, X-ray and neutrino 
facilities.

04

Calibrated AI

Train on realistic simulations; report 
coverage, degeneracy and out-of-
distribution failure.

05

Open infrastructure

Interoperable databases, reproducible 
benchmarks and shared candidate ledgers.

06

Cross-scale laboratories

Use other accreting systems to test 
microphysics on accessible timescales.

The future is not one new instrument. It is coordinated evidence of 
multimessenger data cubes. VII AGN & GL · 2026



Reverberation mapping

Continuum

Emission Line



M•= 𝑓
𝑐𝜏×𝑉2

𝐺

𝑅BLR = 𝑐 × 𝜏 = 𝛼
𝜆𝐿𝜆

1044erg s−1

𝛽

+

• Virial BH mass estimator:

𝑀BH = 𝛼
Δ𝑉

1000 km s−1

2
𝜆𝐿𝜆

1044 erg s−1





Super-Eddington AGNs??

SDSS



BLR size: L-driven? Others?

Bentz et al. 2013

dotM?

• Lack of luminous quasars

• Dependence of BLR on dotM?



Kaspi et al. (2000)

R-L relation: BLR structure of sub-Eddington AGNs 

Bentz et al.  (2013)



Super-Eddington Massive Black Holes (SEAMBHs)



Spectroscopy：

• calibration：in-slit comparison star

Star AGN

Photometry：

• Cross-check

• Ensure comparison star is not variable

Observation and Spectrophotometric calibration



GRAVITY+ interferometry

a quasar with 𝑧 > 4





𝑧 ≈ 2

𝑧 ≈ 4

GRAVITY: BLR shrinkage & 𝑅Hβ − (𝐿5100, 𝑅Fe) relation works in high-z universe

GRAVITY/VLTI



5 times the Eddington Rate

JWST

Super-Eddington AGNs



Yang et al. (2023)

Super-Eddington AGNs





How many SEAMBHs: 1/3 in PG quasars



(Pan et al. 2025)

DESI quasar sample

(sample in Du & Wang 2019)

Hβ RM sample

Shakura-Sunyaev disk: 



R-L relation: 

over-estimate by factors of 3-8

Why shortened?

Why FeII as an indicator?





Increasing cloud density

Dense clouds shortened lags, but profiles highly asymmetric. 



Ionizing Photons under 

the Isotropic Assumption

Ionizing Photons incident 

on BLR clouds
derived from 

responsivity & 

photoionization

ΦH
iso and ΦH

ion are different in SEAMBHs?

Anisotropic radiation in SEAMBHs: observational evidence

Fang+2026, ApJ submitted



Hβ Responsivity: Higher in SEAMBHs

An example of 

measurement

RM sample



CLOUDY calculation: Ionizing Photons incident on BLR clouds

Sub-Eddington AGN SEAMBH

Color: responsivity of Hβ

parameter space corresponding 

to measured responsivity

Radiation flux density of 

isotropic assumption

single-cloud model is used for simplicity



𝜅 from accretion disk model

ΦH
iso

ΦH
ion

ΦH
iso and ΦH

ion: similar in sub-Eddington AGNs, but different in SEAMBHs



Questions：
⚫ more extreme?
⚫ why?



Conclusions

• RFeII: a robust indicator of SEAMBHs

• SEAMBHs: shrinking BLRs

• R-L relation: R-(RFeII, L) relation

• How extreme the shortening factors?

• How common SEAMBHs in the Universe?

• How long the accretion of super-Eddington status?
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  𝜶


   R  B L R = 𝛼  L 5100 𝛽  [ 1 + a 1    (    L 5100   M BH )  a 2 ]


  𝝀


   𝜆 Edd =    L Bol   L Edd


  ×


   M ⊙


  𝟒 × 𝟏  𝟎 𝟔  𝑴 ⊙


  ∆ R


  D =   Δ R  Δ 𝜃


   69  − 10  + 12


  𝟔 𝟕 ± 𝟎 . 𝟔


  . 𝟐 ± 𝟏 . 𝟑


  = f   c 𝜏 × V 2 G


   R BLR = c × 𝜏 = 𝛼    (   𝜆  L 𝜆   10 44 erg    s  − 1 ) 𝛽


   M BH = 𝛼    (   Δ V  1000   km    s  − 1 ) 2  (   𝜆  L 𝜆   10 44   erg    s  − 1 )


  z > 4


  z ≈ 2


  z ≈ 4


   R  H β − (  L 5100 ,  R Fe )
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   Φ H iso


   Φ H ion


  β


  β
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   Φ H ion


   Φ H iso


   Φ H ion

