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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 ~ 3x108 km, 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
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Intensity Interferometry

• Use two or more telescopes separated by B 

• B = B⊥ + (B • n) n     B⊥/λ ≡ (u,v) 

• Record the arrival times of photons (intensity I(t)=|E(t)|2 ) at 
each telescope 

• At some later time, correlate the signals 

Hanbury Brown & Twiss

1. One frequency   E=a eiωt

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

• Use two or more telescopes separated by B 

• B = B⊥ + (B • n) n     B⊥/λ ≡ (u,v) 

• Record the arrival times of photons (intensity I(t)=|E(t)|2 ) at 
each telescope 

• At some later time, correlate the signals 

Hanbury Brown & Twiss

1. One frequency   E=a eiωt  

2. Two frequencies E = a1 eiω1t + a2 eiω2t 

https://ui.adsabs.harvard.edu/abs/1956Natur.177...27B/abstract
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Intensity Interferometry
Hanbury Brown & Twiss

1. One frequency   E=a eiωt  

2. Two frequencies E = a1 eiω1t + a2 eiω2t 

3.  Sum of many frequencies 
        E = Σj aj eiωjt

• Use two or more telescopes separated by B 

• B = B⊥ + (B • n) n     B⊥/λ ≡ (u,v) 

• Record the arrival times of photons (intensity I(t)=|E(t)|2 ) at 
each telescope 

• At some later time, correlate the signals 

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

• The count rate of photons can vary by 
order unity 

• Nearby AGN will have count rates of 106 

photons per second

Hanbury Brown & Twiss

1. This is not shot noise! 

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


Intensity Interferometry
Hanbury Brown & Twiss (1956)

Base-line d = |B⊥/λ| = |(u,v)|

Hanbury Brown and Twiss measured the 

correlation at different separations d,  

ranging from 2.5 to 9.2 meters, to find  

the angular size of Sirius, 0.0063” 

Note that the correlation of an extended 

source falls off more rapidly than 

that of a point source 

https://ui.adsabs.harvard.edu/abs/1956Natur.178.1046H/abstract


Photon correlations

No photon noise, no timing errors photon noise, no timing errors photon noise, timing errors

To maximize SNR, we want lots of photons and precise timing. 

Slide credit: Neal Dalal



SPADs
Single Photon Avalance Diodes



SPADs
Single Photon Avalance Diodes

Ceccarelli+ (2021)

https://arxiv.org/pdf/2010.05613


SNSPDs
Superconducting Nanowire Single Photon 

Detector

Eisaman+ 2024

https://pubs.aip.org/aip/rsi/article/82/7/071101/354525/Invited-Review-Article-Single-photon-sources-and


SNSPDs
Superconducting Nanowire Single Photon Detector Array

Oripov+ 2023

https://arxiv.org/pdf/2306.09473


SNSPDs
Superconducting Nanowire Single Photon Detector Array

Oripov+ 2023

https://arxiv.org/pdf/2306.09473


Possible Astrophysical Targets
• AGN 

• Resolved Asteroseismology 

• Photon rings 

• Tidal Disruption Events 

• Supernovae



Possible Astrophysical Targets
• AGN 

• Disk angular size 
• Measure H0 

• Disk scale height 
• Thin versus thick 

• Map Broad Line Region 
• Determine where outflows emerge 

• Resolved Asteroseismology 
• 2D power spectra (velocity versus l) 

• Run of Temperature 

• Rotational splitting ⇒ Internal differential rotation



Geometric measurement of H0



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



Measuring H0

• Time lags between line variability & continuum variability tell us physical size 
of line-emitting region.


• Interferometry tells us the angular size of the same line-emitting region (same 
photons)


• Comparing the two tells us the angular diameter distance to the AGN


• Since these are line emitters, we also have redshift


• Distance + redshift = H0

Credit: Neal Dalal
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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?



AGN: Thin Disks?



BAL Outflows & Galaxy Evolution
Ferrarese & Merritt 2000

Ogle+ 1999



BAL Outflows



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



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


