Quantum theory of
photodetection



Coherent states 11




Photons, energy and field in coherent states
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Poisson distribution
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Poisson distribution - examples
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Sub-Poissonian light
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(a) Coherent or Poissonian input (b) Sub Poissonian input
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Photon statistics and losses 1

(a) Coherent or Poissonian input
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Photon statistics and losses 11

(b) Sub Poissonian input
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Losses as a beam splitter




Quantum beam splitter
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Losses as a quantum beam splitter
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Quantum theory of photodetection
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Circuit noise: thermal noise

Thermal noise (or Johnson noise) arises from random motion of mobile
carriers in resistive electrical materials at finite temperatures

Random electric current i(t) in the absence of an external power source
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Power spectral density of thermal noise
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Observation of
sub-Poissonian
statistics
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Observation of sub-Poissonian statistics 11
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Observation of
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Coherence and
Correlation



Michelson interferometer
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Hanbury-Brown Twiss interferometer
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gl and coherence
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HBT experiment deconstructed
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g2 and correlation
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HBT experiment with photons




Photon bunching and antibunching
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Quantum theory of HBT
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Quantum theory of HBT II
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Experiments on antibunching

Photon Antibunching in Resonance Fluorescence
H. J. Kimble,® M, Dagenais, and L, Mandel

Department of Physics and Astvonomy, University of Rochester, Rochestey, New Yovk 14627
(Received 22 July 1977)
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Experiments on single photons

A Quantum Dot Single-Photon

Turnstile Device

P. Michler,’* A. Kiraz,? C. Becher,’ W. V. Schoenfeld,?
P. M. Petroff,"? Lidong Zhang," E. Hu,'? A. Imamoglu'-347
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Experiments on single photons II

Electrically Driven
Single-Photon Source

Zhiliang Yuan,' Beata E. Kardynal,' R. Mark Stevenson,’
Andrew |. Shields,’ Charlene ). Lobo,? Ken Cooper,?
Neil S. Beattie,"? David A. Ritchie,? Michael Pepper'-?

4 JANUARY 2002 VOL 295 SCIENCE

A i emission
:;ht::: aperture contact metal
p-ohmic n+ GaAs \ /
contact i GaAs

substrate/buffer

] | \

insulator

InAs quantum
dot layer

1.0

0.0 0.5 1.0
X (um)

Fig. 3. Experimental
proof of photon anti-
bunching and single-
photon emission in the
electroluminescence of
the device. (A) Second-
order correlation func-
tion g ( 1) of the elec-
troluminescence of the
single exciton line
measured for different
injection currents of
(i) 2.0, (ii) 2.5, and (iii)
4.0 pA, as well as the
biexciton line for 6 PA
(iv). For comparison,
the correlation trace
of the wetting layer
(WL) electrolumines-
cence (v) is also
shown. The curves are
offset vertically for
clarity. The solid lines
are identical to the
broadened calculated
curves in (B). (B) Cal-
culated second-order
correlation  function
(thin black lines) for
electron-hole pair in-
jection rates of (i)
0.45, (i) 0.55, (iii)
131, and (iv) 2.00
pairs per nanosecond
and after convolution
with a Gaussian func-
tion to mimic the fi-
nite temporal resolu-
tion of the measure-
ment system (thick
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red lines). (v) Second-order correlation function of an emitter with Poissonian statistics. (C)
Correlation measured for pulsed electrical injection for (i) quantum dot exciton and (ii) wetting
layer emission. (D) Schematic of the experimental arrangement for correlation measurements.



