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Dalal et al. (2024)

https://ui.adsabs.harvard.edu/abs/2024PhRvD.109l3029D/abstract


Intensity Interferometry

• Similar to interferometry in the radio or millimeter band (amplitude interferometry) 

• Use large base lines B and short wavelengths λ to get high angular resolution 
• θ ~ λ/B
• λ ~ 5000 angstroms or 5×10-5 cm, B ~ 104 km, θ ~ 0.01μ arcseconds
• AGN disks Rs ~ 3x1013 cm, D ~ 100Mpc, θ ~ 20μ arcseconds
• Stellar disks R⨀ ~ 7x1010 cm, D ~ 10 pc, θ ~ 0.5 milliarcseconds

• Can get many resolution elements across the stellar disk

Hanbury Brown & Twiss

https://ui.adsabs.harvard.edu/abs/1956Natur.177...27B/abstract


Possible Astrophysical Targets
• AGN 

• Green Peas/LRDs 

• Resolved Asteroseismology 

• Later talks 

• H0  (Marios—-next talk) 

• Supernovae 

• Not covered: 

• Photon rings 

• Tidal Disruption Events



Possible Astrophysical Targets
• AGN 

• Disk angular size 

• Disk scale height 

• Thin versus thick 

• Map Broad Line Region 

• Determine where outflows emerge 

• Binary supermassive black holes (OJ 287) 

• Green Peas/Little Red Dots (LRDs) 

• Resolved Asteroseismology 

• 2D power spectra (velocity versus l) 

• Run of Temperature 

• Rotational splitting ⇒ Internal differential rotation



AGN Broad Line Region
Credit: Neal Dalal



AGN variability

• AGN luminosity varies over time, for 
both continuum and lines.


• But line variability lags the continuum 
variability.


• Time lags can be days - months

Bentz et al. (2021)

Credit: Neal Dalal

NGC 3783 V~14
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24hours, CTA-sized array

For AGN science, 
all these numbers 
are interesting!

Distance is 
interesting for 
cosmology

Credit: Neal Dalal



AGN: Thin Disks?
FORGE’d in FIRE Hopkins et al

https://arxiv.org/abs/2310.04506
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AGN: Thin Disks?



Feedback in galaxy formation
Stellar mass to halo mass estimates

Moster et al 2013



BAL Outflows & Galaxy Evolution
Ferrarese & Merritt 2000

Ogle+ 1999



Feedback from BAL Outflows?



Feedback from BAL Outflows?

• Wind luminosity = 1/2 dM/dt v2  = 1/2 ΩR2 ρ v2  

• Momentum loss rate = dM/dt v = ΩR2 ρ v 

• Measure v directly 

• Estimate ρ 

• Need R 

• R~1017cm, D~200Mpc, 10 microarcseconds 

• V~13.8



• In future years, we expect 
to detect some binary 
SMBH’s as individual 
sources with PTAs.


• Already some candidate 
binaries exist:

PG 1302-102

Graham et al. (2015)

Binary SMBHs



Credit: Luciano Combi



Binary SMBHs
Two supermassive Black Holes: OJ 287



Binary AGN
Two supermassive Black Holes: OJ 287

Ressler et al. (2025)

https://arxiv.org/abs/2509.18241


Binary AGN
Two supermassive Black Holes: OJ 287 Ressler et al. (2025)

https://arxiv.org/abs/2509.18241


Binary AGN
NGC 5548

V=13.7



Green Peas
Lin et al. (2025) ApJ 980 L34 V=20

https://arxiv.org/pdf/2409.20350


Little Red Dots (LRDs)
Liu et al. 2025 V>25

https://arxiv.org/pdf/2507.07190


Asteroseismology
Internal differential rotation

• Solar dynamo is driven by 
differential rotation 

• Stellar magnetic fields produce x-
rays and the bulk of the UV flux 

• X-rays and UV evaporate 
protostellar disks 

• X-rays and UV can strip planetary 
atmospheres

Larson & Schou (2018)

https://link.springer.com/article/10.1007/s11207-017-1201-5


Helioseismology
Internal differential rotation

• Resolved stellar oscillation velocity 
power spectra



Helioseismology
Internal differential rotation



Helioseismology
Internal differential rotation

Libbrecht 1989

https://ui.adsabs.harvard.edu/abs/1989ApJ...336.1092L/abstract


Helioseismology
Internal differential rotation



Helioseismology
Sound speed v. R


