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Paper brings up fascinating questions

Conceptual

Amplitude interferometry vs. Intensity interferometry

Coherent sources vs incoherent sources

Classical fields vs. Quantum fields

Practical applications?

Black Hole imaging

Astrometric Microlensing

Distance Ladder

Peculiar motions, Galactic potential mapping
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EHT image of black hole in M87

Angular resolution of EHT:

∆θ ≈ λ

B
≈ 10−10r ≈ 20µarcsec

where λ ≈ 1 mm and Baseline, B ≈ 10000 km

3 order of magnitude improvement if this could be done at optical
wavelengths, but current optical interferometers have B < 300 m.

Gaia (not an interferometer): σ ≈ 10µas for mag = 15
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Amplitude interferometry
Amplitudes of the signals from two
receivers are combined coherently.
Interference pattern is correlation
vs receiver separation, B

In spite of what is shown and said,
the interference pattern here is for
an TWO extended sources.

The source separation determines
the separation of the maxima and
the sizes of the two sources
determines the cutoff in the
envelope.

For optical light, requirement of
creating a well-definted
optical-path limits B < 300m.
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Two-source interferometry

2010.09100 proposal:
Beam spliter and two detectors at
each station

Traditional setup:
One detector at each station

Compare amplitudes or intensities
from 2 stations
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Classical fields are usually enough

Amplitude and Intensity interferometry can be pretty well understood
using classical electromagnetic fields. Quantum mechanics is needed
only for calculating the ejection of a photoelectron by an oscillating
classical field.

(Because Einstein first used photons to explain the threshold for
photoelectron production, physicists are often surprised by this.)

Much of the following comes from consulting my undergraduate
textbook [Waves ,Crawford, Berkeley Series, vol 3] which has a
brilliant Berkeleyesque discription of the Hanbury-Brown-Twiss effect.
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Interference pattern of 2 sources separated by θ

In astronomy, the two sources are general “incoherent”:

tcoh ≈ 1/∆ν
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Interference pattern of 2 sources separated by θ

Sinusoidal interference pattern on detector plane:

E (x) ∝ sinωt sin

(
x − x0

L

)
L = 2πλ/θ

x0 depends on relative phases of the two sources: it varies in time
chaotically unless the two sources are phase-locked.
Correlation between two receivers separated by d ::

E (x)E (x + d) ∝ sin2 ωt sin

(
x − x0

L

)
sin

(
x − x0 + d

L

)
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Interference pattern of 2 sources separated by θ

Correlation between two receivers separated by d ::

E (x)E (x + d) ∝ sin2 ωt

[
1

2
cos

(
d

L

)
− 1

2
cos

(
2x − 2x0 + d

L

)]
For optical wavelengths, we necessarily average over t and x0:

〈E (x)E (x + d)〉 ∝ 1

4
cos

(
d

L

)
L = 2πλ/θ

Plotting correlation vs d/λ ⇒ angular separation, θ.
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Intensity interferometry of 2 sources separated by θ

E 2(x)E 2(x + d) ∝ sin4 ωt sin2

(
x − x0

L

)
sin2

(
x − x0 + d

L

)
After averaging over t and x0, this becomes

〈E 2(x)E 2(x + d)〉 ∝ 1

4

[
1 +

1

2
cos

(
2d

L

)]
L = 2πλ/θ

Correlation can be done offline if two stations sychronised to a
precision of tcoh.
Mean correlation must be subtracted.
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multi-source Amplitude interferometry

In spite of what is shown and said,
the interference pattern here is for
an TWO extended sources.

The source separation determines
the separation of the maxima and
the sizes of the two sources
determines the cutoff in the
envelope.

For one extended source (sum of many point sources), the fine
scructure disappears, leaving only the envelope, with cutoff at
d/λ ≈ 1/∆θ where ∆θ = angular size of source.

(Correlation as a function of B is Fourier transform of source)
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Stellar Radii from intensity interferometry

Hanbury Brown & Twiss
Nature (1956)

⇒ RSirius ≈ 6.3mas
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Stellar Radii from amplitude interferometry

θ Cygni:

R = 0.753± 0.009mas
Bmax = 300m

arXiv:1305.1934

Jim Rich (IRFU) Two-photon amplitude interferometry for precision astrometry: Stankus, Nomerotsky, Slosar & Vintskevich arXiv:2010.09100November, 2020 14 / 21



Quantum calculation gives same answer

U. Fano [AmJPh, 1961]

Two interfering amplitudes

Sum amplitudes, square,
then average over random
phase between two sources.

⇒ same result as classical
calculation.
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Quantum or classical: which is better?

People who thought in terms of photons were confused at first.
Brannen and Fergusson [Nature, September, 1956]

(They had forgotten that photons are bosons)

Purcell [Nature, December, 1956]

The classical EM description automatically includes bosonic effects
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The arXiv:2010.09100 interferometer

4 counters (c,d,g,h) instead of 2 (L,R)
⇒ 4 correlations:
Symmetric: cg and dh
Asymmetic: ch and dg

For S1 = S2 we have V2ps = 1/2
(in agreement with elemenatary
formula for intensity
interferometry.)
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The arXiv:2010.09100 interferometer

Symmetric-Antisymmetric
coincidence difference
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arXiv:2010.09100: Quantum 6= Classical ?

Two extra terms in (33) give V = 1/3 for I1 = I2 and ξ1 = ξ2 = 1!
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Precision for ∆θ = separation of two stars

Strategy: Count fringes as the two stars move across the sky.

Example:
2 stars of magnitude 2

stellar angular diameter=0.5mas
λ = 1µm

Tobs = 104sec
200 meter baseline
1m2 effective collecting area
photon coincidence window 0.15ns
filter bandwidth ∆ν = 1Ghz
4× 104 bands

⇒ σ∆θ = 10µas
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Summary

Interesting generalization of HBT intensity interferometry
⇒ Simpler mean correlation subtraction

Extension of visible photon interferometry to 1000km baselines?

Is this quantum or classical?
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