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Interferometry: Imaging and Astrometry
High-resolution imaging 
is the most well-known 
use for long-baseline 
interferometry.

Interferometry can also 
be used for precision

astrometry, measurement 
of the positions of objects 

on the sky
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Idea 1: Use two sky photons

Sensitive to difference in path length 
differences ☞ opening angle!

Basis for precision astrometry; could achieve 
~10microarcsec for bright objects

Does not require live optical link between 
stations; can use arbitrary baseline, similar 

advantage as HBT.
Does require coincidence of sky photons, 

similar drawback as HBT



Idea 1: Use two sky photons
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See “Astrometry in two-photon interferometry using Earth rotation 
fringe scan”  Zhi Chen, et.al. https://arxiv.org/abs/2205.09091

https://arxiv.org/search/astro-ph?searchtype=author&query=Chen%2C+Z
https://arxiv.org/abs/2205.09091
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TIME-CORRELATED PHOTONS 
By G. A. REBKA, JUN.,* and PROF. R. V. POUND 

Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 

SEVERAL studies of the time correlation of photons 
in coherent light beams have recently been 

reported in this journal1- 8 • We have undertaken to 
demonstrate such correlation using pulse and coin-
cidence techniques in contrast to the continuous-wave 
technique used by Brown and Twiss in their first 
study. Our experiment differs from their more rec,mt 
one• in that counts from each detector are recorded . 
These are used for reducing each observation to a 
m easurement of effective resolving time. 

Following the formulation of Purcell4 , the number 
of coincidences N e in the counting period 'I.' can be 
written 

N c =(N ,N 2 /T){2TR +npetT0f(il)} 

The quantities N, and N 2 are the counts recorded 
from each detector, TR is the resolving time of the 
coincidence circuit, while To is the correlation time of 
the light and is related to the width and shape of the 
spectral line used, in the manner discussed by Purcell. 
The factor n accounts for the presence of pulses of 
other origin than the light beam, which are assumed 
random. In our experiment a typical value of n was 
0 ·95 I. Similarly p accounts for polarization of the 
light beam. It would have a value of ½ for com-
pletely unpolarized light, and had a value of 0 ·45 in 
om· optical system. The degree of geqmetrical 
coherence resulting from the arrangement of the 
optical system is described by et, which has a maxi-
mum value of 1 for complete coherence. With the 
assumption of uniform sensitivity over the small 
photocathode areas used, a value of 0 ·55 was cal-
culated for our optical system. Finally, J(ti), where 
the time /1 is the difference in delay between the two 
channels, depends, in our limit where 2TR}>T 0 , 

ma.inly on the properties of the coincidence circuit 
and detectors. These a.re such that f(0),s,;l, and 
f(ll11 > 7R)""='O, Were it possible to achieve a system 
with 2,R~'t'o, f(/1) would represent the square of 
the cosine transform of the line shape of the light 
source. 

Fig. I shows the arrangement of the optical 
system. A modified Baird-Atomic mercury-198 
electrodeless discharge tube was driven by a IO-cm.-
wave-length, continuous-wave magnetron delivering 
about 35 watts. Vapour from boiling nitrogen pro -
vided a coolant to prevent 'clean-up' of the mercury 
and to prevent broadening of the line in excess of 
Doppler effect1°. Considerations of line width, 
intensitv, and detector sensitivity led us to use the 
4358-A: line, which was separated with a Baird-
Atomic interference filter. A phase-coherent beam 
was selected from the light passing through the hole, 
of diameter 0 ·02 cm., in B 1 by the hole of diameter 
0 ·84 cm. in B 2• The baffle B 2 was 376 cm. distant 
from B 1 • The baffle B 0 reduced reflexion from the 
walls housing the optical system. The dielectric 
mirror split the light into two beams, each of which 
was incident on the photoca.thode of an R.C.A. 6810 
photomultiplier tube. Definition of the beam p1·ior 
to the mirror in our system, in contrast to that of 

• :ciational Science Foundation Predoctoral Fellow. 
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Fig. 1. A representation of the optical system. Baffles B, and 
B 2 define the geometrical coherence 

Brown and Twiss1 • 9 , assures geometrical coherence 
at the two detectors without critical adjustment. 
Consequently we were n ot able to vary the correlation 
by changing the geometrical coherence. 

The photomultiplier tubes were cooled throughout 
the experiment with solid carbon dioxide, and electro-
static shields at cathode potential were used to 
minimize dark current. The tubes were operated 
with an anode-cathode potential of 2,450 volts, and 
with the focusing grid and first dynode both 450 volts 
above the photocathode. Single photoelect,rons 
produced an average pulse at the la.st dynode of 
1/3 m.a.mp. and 15 x 10- 9 sec. duration. Continuous 
application of the high voltage brought the dark 
current down after several days from an initially 
higher value to a steady state value equivalent to 
a.bout 7 50 photoelectrons per second. 

A block diagram of our electronic system is shown 
in Fig. 2. It represents a modification of the fast--slow 
system often used in coincidence spectrometryn in 
that the slow pulse-height-selecting channels were 
applied to the limited fast-channel pulses. Limitation 
of the counting speed set by the scalers and dis-
criminators in the slow singles-channels ma.de neces-
sary paralysis of the limiter for a period of 4 x 10-4 

sec. to eliminate coincidences between counts not 
resolvable in the slow channels. This resulted in a 
25 per cent loss in the singles-channels for a typical 
counting rate of 4 x 10• counts per second. The 
minimum resolving time, which was limited by 
transit-time effects in the photomultipliers, was 
established by replacing B 2 by a light-pulse source 
composed of liquid scintilla.tor and cobalt-60. The 
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Fig. 2. Block diagram of the electronic system 
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Fig. 2. Block diagram of the electronic system 

Superconducting Nanowire 
Single Photon Detector (SNSPD) 

at BNL
Four channels at ~795nm
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Idea 2: “Switched” config for astrometry
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Heralded Single Ground Photon In (W state)

Quantum Advantage!  Each coincidence between i and j reflects interferometric 
visibility on baseline 𝐵& −𝐵' ; achieve an N-aperture interferometer with only N beam 
combiners, rather than O(N2) that would be required classically. 
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Shopping list

• Field-deployable single photon detectors with ~nanosecond resolution
• Arrays of nanosecond SPD’s with spectrographic separation
• Telescopes able to focus stably into single mode (e.g. SM fiber)
• High-rate source of energy-entangled photon pairs

Not a dream but realistic IMO: everything either available now 
or can be soon.

We can build an on-sky experiment with demonstrated quantum 
advantage for astronomy in the next few years.
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Spectrographic fast pixels
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Impacts for cosmology and astrophysics
Qualitatively better astrometric precision can yield:
• Improved parallax-based distance measurements; H0 tension
• Mapping orbits of binaries; independent distance measurements
• Improved proper motions, relevant to galactic dark matter
Astrometry and imaging on faint objects:
• Parallax with galaxies
• Microlensing in real time
And more: 
• Gravitational wave detection through coherent stellar motion
• Exoplanet spectra through precision nulling



Summary
• Long-baseline, high-resolution optical interferometry has great

scientific -- and possibly also commercial? – value
• Long baseline inteferometers can gain quantum advantage from 

(i) single photon generation, (ii) long-distance entanglement 
preparation/teleportation, (iii) quantum memory storage
• Two–photon technique of GJC now extended to use two sky photons 

for quantum-assisted astrometry science application; bench 
demonstrations shown, on sky soon
• Very promising development path immediately ahead: switching,

energy entangled pairs, W state distribution, very large arrays

BNL effort supported by DOE HEP QuantiSED grant; see our work at 
https://www.quantastro.bnl.gov

https://www.quantastro.bnl.gov/
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