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Quantum experiments in the B.Sc. Lab

Superconducting
quantum
interference device

Frank-Hertz
experiment

Nuclear magnetic
resonance

Zeeman effect

Optical pumping

Lasers

Photons?



The Photoelectric effect

P(1; t, t + ∆t) = ηI (t)A∆t (1)



The beamsplitter

Positive correlations between the transmitted and reflected
intensity.
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The indestructibility of the photon

The photon cannot be split! Only one photon at a detector at one
time.
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Photon statistics

In fact, one does not need a beamsplitter to ”prove” the
quantization of the light field.

Photon countsPhotons



Photon statistics (contd.)

The intrinsic statistics of the photon field is changed by the
efficiency of the photodetection.

(∆N)2 = η2(∆n)2 + η(1 − η)n. (4)



Generating Poisson photons using Poisson electrons

M.C. Teich and B.E.A. Saleh, J. Opt. Soc. Am. B 2, 275,
(1985).



Single photon emission from a quantum dot

Z. Yuan et al., Science 295, 102, (2002).



Single photon emission from a quantum dot (contd.)



Single photon avalanche photodiodes



Signature of a single photon



Schematic outline of the experiment to produce heralded
single photons

Laser, 405 nm, DPSS

40 mW polarizer HWP

Laser diode, 405 nm

80 mW

BBO

Beamstop

multimode

fiber

collimating

lens

High pass

780 nm

Detector S

Detector I

Coincidence and

Timing Electronics

Coaxial cable

PC Based

DAQ

810 nm

Light tight box



Propagation of light in an anisotropic crystal

For the
extraordinary (e)
ray, D lies in the
plane of the pump
wave vector and
the optic axis.

For the ordinary
(o) ray, D is
perpendicular to
the above
mentioned plane.



Type-I (o-o-e) spontaneous parametric downconversion

3 mm
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Phase matching in the BBO crystal

Sellmeier Equation:

n(λ) =

(

A +
B

λ2 + C
+ Dλ2

)1/2

, (5)

where Ao,e = 2.7359(2.3753),Bo,e = 0.01878(0.01224)µm2 ,
Co,e = −0.01822(−0.01667)µm2 ,
Do,e = −0.01354(−0.01516).

For the phase-matching angle, θ = 28.9◦, calculate the
refractive index of the extraordinary wave,

1

ne(θ, λp)2
=

cos2 θ

no(λp)2
+

sin2 θ

ne(θ = π/2, λp)2
(6)



Phase matching in the BBO crystal (contd)

θs
~ 405 nm

k
p ~ 810 nm

k
s

k
I

Use the phase matching condition kp = kS + kI , the
degeneracy condition kS = kI to calculate the angle of
emission θS ,

ne(θ, λp) = no cos θS . (7)

Finally, use Snell’s law to calculate the exit angle in the
laboratory frame θL, no sin θS = sin θL.

In our case, θS = 0.8◦ and θL = 1.3◦.



Displacing pump and downconverted beams
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Coincidence detection of downconverted photons

Laser, 405 nm, DPSS

40 mW polarizer HWP

Laser diode, 405 nm

80 mW

BBO

Beamstop

S

I

SCA

Set lower limit

and window

810 nm

Start

Stop

Gate

15 ns delay

Time-to-amplitude

converter

Output

 (TAC)

Output pulses from the TAC

InOut

Output pulses

from the SCA

Counter

Timer



Antibunching of single photons

Laser polarizer HWP
BBO

Beamstop

S

I

SCA

810 nm

Start StopGate

6 ns delay
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.



Experimental layout



The Hanbury-Brown-Twiss interferometer



Experiments underway

Antibunching of photons using the Hanburry-Brown-Twiss
interferometer

Biphoton interference

The quantum eraser
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