Two-photon Interference

— From HBT interferometer toward
Incoherent diffraction imaging

Shanghai Institute of Optics and Fine
Mechanics
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Light propagates as a straight line
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X-ray attenuate imaging
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X-ray Computed Tomography

X-ray CT scan taken through the kidneys. G. N.
Hounsfield, "Computed medical imaging”,
Nobel Lecture, 8 December, 1979.
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Light propagates as Electromagnetic Wave

Thomas Young's Double Slit Experiment
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X-ray Diffraction Pattern From a
Haemoglobin Crystal

Max F. Perutz, “X-ray analysis of haemoglobin”,
Nobel Lecture, December 11, 1962
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Diffraction patterns from yeast cells

(Results from Stony Brook group)
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Attenuate Imaging, Phase-contrast
Imaging and Fourier-transform Diffraction

near-contact

Fresne

= * Near contact: only absorption contrast
=m=p- * Fresnel: feature of size {"appears in phase contrast
* Fraunhofer: y Fourier transform of g (e.g., protein crystallography)

( One-photon absorption and interference»)
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Transverse Coherent Length for Thermal
Source and Fraunhofer Distance

Transverse coherence length:

Xeon = Wavelength*D,,/(2*pI*R

SOUI’Ce) ’

Fraunhofer distance:
Z >> Dg = pi*Xgympe“/Wavelength;

For R, =100um, wavelength=1nm,
Dobj:60m’ ><sample = ><coh:

Xeonh = 100um, Lg=30m
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Coherent X-ray Diffractive Imaging

IS It possible to get coherent diffractive pattern
with incoherent illumination?

No limits on the source size\sample size!
Unnecessary for long objective distance!

Is It possible to get Fourier-transform diffraction
pattern at Fresnel distance?

Unnecessary for long Fraunhofer distance !

Conventional Optics = NO!
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HBT Interferometer
The two photon interference

R. Hanbury Brown and R. Q. Twiss
Intensity interferometry

Two square-law detectors

Ordinary (Amplitude) interferometry measures G@\(r,t,r',t")=<EO(r,t) E®)(r,t)>

Intensity interferometry measures GO(r,t,r,t)=< EO(r,) EO(r' ,t Y ED(r',t") EO(r,t)>
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Two-photon Interference in Imaging

_ FOINT-LIKE DETECTOR,
Photon pairs created FIXED POSITION
b‘-_, T"-"]WC ” SPD(: OR BUCKET DETECTOR

Coincidence
counts as a

function of x5,

E\ ARRAY

OF
DETECTORS

In 1994, Belinsky and Klyshko found that “ghost™ imaging
(diffraction) can be performed with entangled incoherent light by
exploiting the spatial correlation between two entangled photons.
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“Ghost” Imaging or Quantum Imaging

B“Ghost Imaging” Is named because the
Imaging of an object, diffractive or geometrical,
would appear as a function of the position In
the path that actually never pass the object.

BIs the quantum entanglement necessary for
“ghost” imaging?

BMCan we perform “ghost” imaging with
thermal incoherent light?

il
-

PERFER LGEFRBEIWRFR



PERFER LGEFRBEIWRFR

il
-




PERFER LGEFRBEIWRFR

il
-




Experiment on Lensless Fourier-transform
“Ghost” Diffractive Imaging

d, X . X The pseudo-thermal

“Beam Splitter . :
Laserpulses |4 ] source is obtained by
est Arm ! . ) ]
] Object illuminating a pulsed
I3 Nd:YAG laser beam with

d the wavelength of 0.532
um into a slowly rotating

ground glass disk.

Ground Glass

Wy 90Ualajey

A non-polarizing beam

< AI(x)AI(x) > splitter splits the radiation
Into two distinct optical
paths.

Experimental setup for the lensless
Fourier-transform ghost diffractive _
il J d=d, +d,
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Experiment on Lensless Fourier-transform “Ghost”
Diffractive Imaging

= normalized joint-intensity correlation function of the speckle
Gauss Fit of data above

-0.10 -0.05 0.00 0.05 0.10
Position On CCD with mm Unit
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Second correlatioﬁ function of the pseudo-thermal light:
g@ = 1 === coherent light; g(® = 2 === thermal light;
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Lensless Fourier-transform “Ghost” Diffractive
Imaging for Amplitude-only Sample

The two
slits are
separated
by 302um
and have
a width of
105um.
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Position On CCD With um Unit

Fresnel diffraction pattern recorded in the test arm
when the Young’s double-slit was illuminated by laser,
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Lensless Fourier-transform “Ghost” Diffractive
Imaging for Amplitude-only Sample
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Instantaneous intensity distribution (top) and the cross-sections of
averaged intensity distribution (bottom)'of 1-reference army2-test
arm when the object was illuminated by pseudo-thermal light;
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Lensless Fourier-transform “Ghost” Diffractive
Imaging for Amplitude-only Sample

-BIOB | 460 ' -260 ' {IJ ' 250 ' 450 | eclm '
Position of The CCD On The Reference Arm(with um unit)

Fourier-transform diffraction pattern obtained by the correlation
of the intensity fluctuations when the object was illuminated.by
pseudo-thermal light.
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Lensless Fourier-transform “Ghost” Diffractive
Imaging for Amplitude-only Sample

Nomalized Intensity
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Standard Fourier-transform pattern got by a single-
lens 2-f system (f=75mm) illuminated by laser
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Lensless Fourier-transform “Ghost” Diffractive
Imaging for Amplitude-only Sample
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Lensless Fourier-transform “Ghost” Diffractive
Imaging for Pure-phase Sample

The pure-
phase object
was made by
etching two
grooves with
width of
225um and
separated by
— . 375um on a
F;;Os?tion On CCDD With um 1L.[I]:it quartz glass

Nomallized Intensity Distribution On CCD

Fresnel diffraction patterns recorded in the test arm when
the pure-phase double-slit was illuminated by laser
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Lensless Fourier-transform “Ghost” Diffractive
Imaging for Pure-phase Sample
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Instantaneous intensity distribution (top) and the cross-sections
of averaged intensity distribution (bottom) of 1-reference arm, 2-
test arm when the object was illuminated by pseudo-thermal light
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Lensless Fourier-transform “Ghost” Diffractive
Imaging for Pure-phase Sample

osition on CCD with um Unit

Fourier-transform diffraction pattern obtained by the
correlation of the intensity fluctuations when the pure-
phase double-slit was illuminated by pseudo-thermal light.
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Lensless Fourier-transform “Ghost” Diffractive
Imaging for Pure-phase Sample
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Standard Fourier-transform pattern got by a single-
lens 2-f system (f=75mm) illuminated by laser
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L ensless Fourier-transform “Ghost”
Diffractive Imaging for Pure-phase Sample
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