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R(t ) = f (t)g(t -t )dtò
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Correlation Function

Optical Implementation
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Intensity autocorrelator 
Interferometric (2nd order) 

autocorrelator 
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Correlation Function

Optical nonlinear crystal
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R(t ) = f (t)g(t -t )dtò

PNL = c (2) f (t)g(t -t )

Real-time product originates from:

2nd harmonic crystal: c (2)

But to implement: 

We step the delay (t) and calculate at each step.

NOT “real-time”.
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4th order Interferometer

(Using coincidence detection)
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Two photon interference for short pulse

(1987)
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“Unlike second- order interference, this method does not 

require that path differences be kept constant to within a 

fraction of a wavelength. The method is applicable to 

other situations in which pairs of single photons are 

produced, but be- comes less e%cient for more intense 

pulses of light, be- cause the "visibility" of the 

interference is then reduced and cannot exceed 50% at 

high intensities. In principle, the resolution could be 

better than 1 pm in length or 1 fs in time.” 
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Conventional (2nd order) inteferometer
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Heterodyne correlator
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f (t)+g(t -t )[ ]
2

=> f (t)g(t -t )

Real-time product originates from:  square law detector

But to implement: 

We step the delay (t) and calculate at each step.

NOT “real-time”.
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IDEA!

Use Statistics “DEFINITION”
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Var(X) = E[(X -E[X])2 ]= E[X2 ]- E[X]( )
2

Calculated product originates from:   Variance DEFINITION

Var(I1(t)- I2(t)) = E[ I1(t)- I2(t)( )
2
]- E[I1(t)- I2(t)]( )

2
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MathCad “intensity” simulation
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Pulse train – I(t) - with Poisson intensity distribution

-0.5 Var(I1(t)- I2(t))-E(I1(t))-E(I2(t))[ ]
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Sensl Silicon APD Array

Detector:  Sensl MicroFM-SMA-10020

Lot # 131218

Active Area: 1mm x 1mm

# of Cells: 1144

Fill Factor: 48%

Biased at -32V unless noted otherwise

NOTE: New “Red” version available 

with higher near-IR QE.  NOT used in 

these tests.
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Detected photon number discrimination

16

l = 0.8 l = 1.7 l = 3.2 
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Proof-of-concept experiment

April 17, 2016 SPIE DCS 2016 17



Goddard Space 
Flight Center

Intensity Interferometer Correlator

(Macroscopic Hong-Ou-Mandel)
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Iskhakov, T. Sh; Spasibko, K. Yu; Chekhova, M. V.; et al. 

"Macroscopic Hong-Ou-Mandel interference," 

New Journal of Physics Vol. 15, 093036 (2013) 

N+ = N1 +N2
1

Dt 2
=

1

t c
2
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T 2

T = pulse width

tc=coherence time
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Experimental

RESULTS
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SUMMARY

I. Reviewed methods for forming correlator product

1) Nonlinear crystal

2) Heterodyne – 2nd order interferometer

3) Photon number statistics (variance of intensity difference) - 4th order interferometer

II. Experimental demonstration of intensity inteferometer correlator for laser ranging 

1) Optical delay interferometer

2) Moving mirror => to “wash out” second order interference effects

3) Commercial (Sensl Inc.) Geiger-mode silicon APD array  (photon number) detector).

4) Demonstrated tens of micron level accuracy of Photon Counting Ranging 

III. Future

Femtosecond-pulse Carbon-nanotube mode-locked frequency-doubled fiber laser source


