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Outline of the presentation

• Photon counting and photon statistics 

         Classification of light according to its statistics


• Photon coincidence experiments and correlation function 

         Classification of light based on g(2)(𝛕) 

• Relation between the two classifications
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We are interested in photon counting experiments 

t

Output

PMT
APD

Counter

Low intensity

 beam

Detector

Intensity of the beam Average count rate

Δτ
Integration time

Intrinsic  
photon statistics Count rate≠

The detection process has itself a statistical nature!



A one second long beam of laser light contains ~3 billions of photons
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A constant monocromatic light beam has a Poissonian statistics 

E(x, t) = E0 sin(kx − ωt + ϕ) Resonably good approximation 

for a single mode laser

Power of the beam is constant n̄(Δτ) is well defined
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Probability of finding  
n photon in c𝝙𝛕



A constant monocromatic light beam has a Poissonian statistics 

E(x, t) = E0 sin(kx − ωt + ϕ) Resonably good approximation 

for a single mode laser

Power of the beam is constant n̄(Δτ) is well defined

cΔτ
cΔτ/N

p =
n̄
N

N ≫ n̄

Probability of finding  
a photon in a subsegment 

P(n) =
n̄!
n!

e−n̄

Probability of finding  
n photon in c𝝙𝛕

in the               limitN → ∞



The variance provides a benchmark  
for classifying different types of light

The distribution is uniquely 
characterised by the mean value

It has variance

V ar(n) = h�n2i = h(n� n̄)2i = n̄
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• Poissonian statistics: 

• super-Poissonian statistics: 

• sub-Poissonian statistics: 

Δn2 = n̄

Δn2 > n̄

sub-Poissonian

Poissonian

super-Poissonian

n̄ = 100

Δn2 < n̄



Chaotic light has a super-Poissonian statistics

partially coherent light 
not perfectly monochromatic, 

slightly fluctuating intensity 


on a 𝛕c time-scale 

• Natural broadening  

• Collisional broadening 

• Doppler broadening

Discharge lamp

Existence of a coherence time 𝛕c

?
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partially coherent light 
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slightly fluctuating intensity 


on a 𝛕c time-scale 

• Natural broadening  

• Collisional broadening 

• Doppler broadening

Discharge lamp

Existence of a coherence time 𝛕c

W(Δτ) = ∫
t+Δτ

t
ηΦ(t′�)dt′�

photon count rate

(�n)2 = hW (�⌧)i+ h�W (�⌧)2i
<latexit sha1_base64="AC1zIVei4B8iNS3lzO+FCLg0cSo="></latexit><latexit sha1_base64="AC1zIVei4B8iNS3lzO+FCLg0cSo="></latexit><latexit sha1_base64="AC1zIVei4B8iNS3lzO+FCLg0cSo="></latexit><latexit sha1_base64="AC1zIVei4B8iNS3lzO+FCLg0cSo="></latexit>

n̄
=



A sigle mode of black-body radiation has a super-Poissonian statistics 

Plank’s law

⇢(!, T ) =
~!3

⇡2c3
1

exp(~!/kBT )� 1
d!

<latexit sha1_base64="USoD0AnNUkVXjG1xLLcmV98rr/0="></latexit><latexit sha1_base64="USoD0AnNUkVXjG1xLLcmV98rr/0="></latexit><latexit sha1_base64="USoD0AnNUkVXjG1xLLcmV98rr/0="></latexit><latexit sha1_base64="USoD0AnNUkVXjG1xLLcmV98rr/0="></latexit>

single mode 

occupation number probability

Pω(n) =
exp(−nℏω/kBT )

∑∞
n=0 exp(−nℏω/kBT )

n̄ =
1

exp(ℏω/kBT ) − 1

(Δn)2 = n̄ + n̄2

Mean

Variance

n̄ = 10



Sub-Poissonian light has to be more stable  
than a perfectly coherent light

P(n)

n

Photon count

N = Int
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<latexit sha1_base64="1GT0bBLAPM/RRhALJzWjSUFE8AI="></latexit><latexit sha1_base64="1GT0bBLAPM/RRhALJzWjSUFE8AI="></latexit><latexit sha1_base64="1GT0bBLAPM/RRhALJzWjSUFE8AI="></latexit><latexit sha1_base64="1GT0bBLAPM/RRhALJzWjSUFE8AI="></latexit>

(�n)2 = 0
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Variance

no classical counterpart



Use a sub-Poissonian source to generate sub-Poissonian light

The observation of sub-Poissonian light is 
 a direct evidence of the quantum nature of light

• avoid optical losses 


• high efficiency detector

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

the observed variance was only 
0.16% less than a Possonian

• inefficiency of emission (25%)

• imperfect optics transition (83%)

• imperfect photon collection (10%)

• low efficiency of the detector (15%)

M.C. Teich and B. E. A. Saleh, J. Opt. Soc. Am. B 2, 275 (1985)
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Hambury Brown-Twist experimental setup and correlation functions
50:50
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= g(2)(⌧)hIi2
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Second-order correlation function

g(2)(⌧) =
hI(t)I(t+ ⌧)i

hI(t)i2
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= g(2)(⌧)hI(t)i2
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Second order correlation function for classical fields  
is bounded to be greater or equal to 1

𝛕c is finte
⌧ ⇠ ⌧c

<latexit sha1_base64="XCYslT3QAorbCtKB5WSnfv5+gPs=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCgjKChjJI5CElUbS+bMIpd7Z1t44URWn5Clqo6BAt/0HBv2AbF5Aw1WhmVzs7QaykJc/7dFZW19Y3Nktb5e2d3b199+CwaaPECGyISEWmHYBFJUNskCSF7dgg6EBhKxjfZH5rgsbKKLynaYw9DaNQDqUASqW+63YJEt61UvOM9UXfrXhVLwdfJn5BKqxAve9+dQeRSDSGJBRY2/G9mHozMCSFwnm5m1iMQYxhhJ2UhqDR9mZ58jk/TSxQxGM0XCqei/h7Ywba2qkO0kkN9GAXvUz8z+skNLzqzWQYJ4ShyA6RVJgfssLItBLkA2mQCLLkyGXIBRggQiM5CJGKSdpROe3DX/x+mTTPq75X9e8uKrXropkSO2Yn7Iz57JLV2C2rswYTbMKe2DN7cR6dV+fNef8ZXXGKnSP2B87HN+ISl8M=</latexit><latexit sha1_base64="XCYslT3QAorbCtKB5WSnfv5+gPs=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCgjKChjJI5CElUbS+bMIpd7Z1t44URWn5Clqo6BAt/0HBv2AbF5Aw1WhmVzs7QaykJc/7dFZW19Y3Nktb5e2d3b199+CwaaPECGyISEWmHYBFJUNskCSF7dgg6EBhKxjfZH5rgsbKKLynaYw9DaNQDqUASqW+63YJEt61UvOM9UXfrXhVLwdfJn5BKqxAve9+dQeRSDSGJBRY2/G9mHozMCSFwnm5m1iMQYxhhJ2UhqDR9mZ58jk/TSxQxGM0XCqei/h7Ywba2qkO0kkN9GAXvUz8z+skNLzqzWQYJ4ShyA6RVJgfssLItBLkA2mQCLLkyGXIBRggQiM5CJGKSdpROe3DX/x+mTTPq75X9e8uKrXropkSO2Yn7Iz57JLV2C2rswYTbMKe2DN7cR6dV+fNef8ZXXGKnSP2B87HN+ISl8M=</latexit><latexit sha1_base64="XCYslT3QAorbCtKB5WSnfv5+gPs=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCgjKChjJI5CElUbS+bMIpd7Z1t44URWn5Clqo6BAt/0HBv2AbF5Aw1WhmVzs7QaykJc/7dFZW19Y3Nktb5e2d3b199+CwaaPECGyISEWmHYBFJUNskCSF7dgg6EBhKxjfZH5rgsbKKLynaYw9DaNQDqUASqW+63YJEt61UvOM9UXfrXhVLwdfJn5BKqxAve9+dQeRSDSGJBRY2/G9mHozMCSFwnm5m1iMQYxhhJ2UhqDR9mZ58jk/TSxQxGM0XCqei/h7Ywba2qkO0kkN9GAXvUz8z+skNLzqzWQYJ4ShyA6RVJgfssLItBLkA2mQCLLkyGXIBRggQiM5CJGKSdpROe3DX/x+mTTPq75X9e8uKrXropkSO2Yn7Iz57JLV2C2rswYTbMKe2DN7cR6dV+fNef8ZXXGKnSP2B87HN+ISl8M=</latexit><latexit sha1_base64="XCYslT3QAorbCtKB5WSnfv5+gPs=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCgjKChjJI5CElUbS+bMIpd7Z1t44URWn5Clqo6BAt/0HBv2AbF5Aw1WhmVzs7QaykJc/7dFZW19Y3Nktb5e2d3b199+CwaaPECGyISEWmHYBFJUNskCSF7dgg6EBhKxjfZH5rgsbKKLynaYw9DaNQDqUASqW+63YJEt61UvOM9UXfrXhVLwdfJn5BKqxAve9+dQeRSDSGJBRY2/G9mHozMCSFwnm5m1iMQYxhhJ2UhqDR9mZ58jk/TSxQxGM0XCqei/h7Ywba2qkO0kkN9GAXvUz8z+skNLzqzWQYJ4ShyA6RVJgfssLItBLkA2mQCLLkyGXIBRggQiM5CJGKSdpROe3DX/x+mTTPq75X9e8uKrXropkSO2Yn7Iz57JLV2C2rswYTbMKe2DN7cR6dV+fNef8ZXXGKnSP2B87HN+ISl8M=</latexit>

⌧ � ⌧c
<latexit sha1_base64="Qnrf7hFDqhpE0/Cahcn2hUCuT2k=">AAACA3icbVC7SgNBFJ31GeMjq5Y2g0GwCrsiaBm0sYxgHpAN4e7kJg6ZfTBzRwghpV9hq5Wd2PohFv6Lu3ELTTzV4Zx7ueeeMFXSkOd9Oiura+sbm6Wt8vbO7l7F3T9omcRqgU2RqER3QjCoZIxNkqSwk2qEKFTYDsfXud9+QG1kEt/RJMVeBKNYDqUAyqS+WwkILA9GI56Tvui7Va/mzcGXiV+QKivQ6LtfwSARNsKYhAJjur6XUm8KmqRQOCsH1mAKYgwj7GY0hghNbzoPPuMn1gAlPEXNpeJzEX9vTCEyZhKF2WQEdG8WvVz8z+taGl72pjJOLWEs8kMkFc4PGaFl1gjygdRIBHly5DLmAjQQoZYchMhEm1VUzvrwF79fJq2zmu/V/Nvzav2qaKbEjtgxO2U+u2B1dsMarMkEs+yJPbMX59F5dd6c95/RFafYOWR/4Hx8A/a9lz4=</latexit><latexit sha1_base64="Qnrf7hFDqhpE0/Cahcn2hUCuT2k=">AAACA3icbVC7SgNBFJ31GeMjq5Y2g0GwCrsiaBm0sYxgHpAN4e7kJg6ZfTBzRwghpV9hq5Wd2PohFv6Lu3ELTTzV4Zx7ueeeMFXSkOd9Oiura+sbm6Wt8vbO7l7F3T9omcRqgU2RqER3QjCoZIxNkqSwk2qEKFTYDsfXud9+QG1kEt/RJMVeBKNYDqUAyqS+WwkILA9GI56Tvui7Va/mzcGXiV+QKivQ6LtfwSARNsKYhAJjur6XUm8KmqRQOCsH1mAKYgwj7GY0hghNbzoPPuMn1gAlPEXNpeJzEX9vTCEyZhKF2WQEdG8WvVz8z+taGl72pjJOLWEs8kMkFc4PGaFl1gjygdRIBHly5DLmAjQQoZYchMhEm1VUzvrwF79fJq2zmu/V/Nvzav2qaKbEjtgxO2U+u2B1dsMarMkEs+yJPbMX59F5dd6c95/RFafYOWR/4Hx8A/a9lz4=</latexit><latexit sha1_base64="Qnrf7hFDqhpE0/Cahcn2hUCuT2k=">AAACA3icbVC7SgNBFJ31GeMjq5Y2g0GwCrsiaBm0sYxgHpAN4e7kJg6ZfTBzRwghpV9hq5Wd2PohFv6Lu3ELTTzV4Zx7ueeeMFXSkOd9Oiura+sbm6Wt8vbO7l7F3T9omcRqgU2RqER3QjCoZIxNkqSwk2qEKFTYDsfXud9+QG1kEt/RJMVeBKNYDqUAyqS+WwkILA9GI56Tvui7Va/mzcGXiV+QKivQ6LtfwSARNsKYhAJjur6XUm8KmqRQOCsH1mAKYgwj7GY0hghNbzoPPuMn1gAlPEXNpeJzEX9vTCEyZhKF2WQEdG8WvVz8z+taGl72pjJOLWEs8kMkFc4PGaFl1gjygdRIBHly5DLmAjQQoZYchMhEm1VUzvrwF79fJq2zmu/V/Nvzav2qaKbEjtgxO2U+u2B1dsMarMkEs+yJPbMX59F5dd6c95/RFafYOWR/4Hx8A/a9lz4=</latexit><latexit sha1_base64="Qnrf7hFDqhpE0/Cahcn2hUCuT2k=">AAACA3icbVC7SgNBFJ31GeMjq5Y2g0GwCrsiaBm0sYxgHpAN4e7kJg6ZfTBzRwghpV9hq5Wd2PohFv6Lu3ELTTzV4Zx7ueeeMFXSkOd9Oiura+sbm6Wt8vbO7l7F3T9omcRqgU2RqER3QjCoZIxNkqSwk2qEKFTYDsfXud9+QG1kEt/RJMVeBKNYDqUAyqS+WwkILA9GI56Tvui7Va/mzcGXiV+QKivQ6LtfwSARNsKYhAJjur6XUm8KmqRQOCsH1mAKYgwj7GY0hghNbzoPPuMn1gAlPEXNpeJzEX9vTCEyZhKF2WQEdG8WvVz8z+taGl72pjJOLWEs8kMkFc4PGaFl1gjygdRIBHly5DLmAjQQoZYchMhEm1VUzvrwF79fJq2zmu/V/Nvzav2qaKbEjtgxO2U+u2B1dsMarMkEs+yJPbMX59F5dd6c95/RFafYOWR/4Hx8A/a9lz4=</latexit>

g(2)(⌧ � ⌧c) =
hI(t)I(t+ ⌧)i

hI(t)i2 =
hI(t)i2

hI(t)i2 = 1
<latexit sha1_base64="CZEjwyEsGNQEDllHjcVwX1c3GTk="></latexit><latexit sha1_base64="CZEjwyEsGNQEDllHjcVwX1c3GTk="></latexit><latexit sha1_base64="CZEjwyEsGNQEDllHjcVwX1c3GTk="></latexit><latexit sha1_base64="CZEjwyEsGNQEDllHjcVwX1c3GTk="></latexit>

I(t) = hIi+�I(t)
<latexit sha1_base64="PLbNhNXl2YvZf3O81QWnmmhHOyo=">AAACF3icbVA9SwNBEN3z2/gVtbRZDEJECHciaCMEtdBOwZhALoS5zRgX9/aO3TkhhPwAf4K/wlYrO7G1tPC/uBdTaHSqx3tvmHkvSpW05Psf3sTk1PTM7Nx8YWFxaXmluLp2ZZPMCKyJRCWmEYFFJTXWSJLCRmoQ4khhPbo9zvX6HRorE31JvRRbMXS1vJYCyFHtYumsTNuHoQLdVcjPeGiGaIeHJ6gIeC47l1/xh8P/gmAESmw05+3iZ9hJRBajJqHA2mbgp9TqgyEpFA4KYWYxBXELXWw6qCFG2+oPwwz4VmaBEp6i4VLxIYk/N/oQW9uLI+eMgW7suJaT/2nNjK4PWn2p04xQi/wQSZc5P2SFka4l5B1pkAjyz5FLzQUYIEIjOQjhyMzVVnB9BOPp/4Kr3UrgV4KLvVL1aNTMHNtgm6zMArbPquyUnbMaE+yePbIn9uw9eC/eq/f2bZ3wRjvr7Nd4719wNZ3F</latexit><latexit sha1_base64="PLbNhNXl2YvZf3O81QWnmmhHOyo=">AAACF3icbVA9SwNBEN3z2/gVtbRZDEJECHciaCMEtdBOwZhALoS5zRgX9/aO3TkhhPwAf4K/wlYrO7G1tPC/uBdTaHSqx3tvmHkvSpW05Psf3sTk1PTM7Nx8YWFxaXmluLp2ZZPMCKyJRCWmEYFFJTXWSJLCRmoQ4khhPbo9zvX6HRorE31JvRRbMXS1vJYCyFHtYumsTNuHoQLdVcjPeGiGaIeHJ6gIeC47l1/xh8P/gmAESmw05+3iZ9hJRBajJqHA2mbgp9TqgyEpFA4KYWYxBXELXWw6qCFG2+oPwwz4VmaBEp6i4VLxIYk/N/oQW9uLI+eMgW7suJaT/2nNjK4PWn2p04xQi/wQSZc5P2SFka4l5B1pkAjyz5FLzQUYIEIjOQjhyMzVVnB9BOPp/4Kr3UrgV4KLvVL1aNTMHNtgm6zMArbPquyUnbMaE+yePbIn9uw9eC/eq/f2bZ3wRjvr7Nd4719wNZ3F</latexit><latexit sha1_base64="PLbNhNXl2YvZf3O81QWnmmhHOyo=">AAACF3icbVA9SwNBEN3z2/gVtbRZDEJECHciaCMEtdBOwZhALoS5zRgX9/aO3TkhhPwAf4K/wlYrO7G1tPC/uBdTaHSqx3tvmHkvSpW05Psf3sTk1PTM7Nx8YWFxaXmluLp2ZZPMCKyJRCWmEYFFJTXWSJLCRmoQ4khhPbo9zvX6HRorE31JvRRbMXS1vJYCyFHtYumsTNuHoQLdVcjPeGiGaIeHJ6gIeC47l1/xh8P/gmAESmw05+3iZ9hJRBajJqHA2mbgp9TqgyEpFA4KYWYxBXELXWw6qCFG2+oPwwz4VmaBEp6i4VLxIYk/N/oQW9uLI+eMgW7suJaT/2nNjK4PWn2p04xQi/wQSZc5P2SFka4l5B1pkAjyz5FLzQUYIEIjOQjhyMzVVnB9BOPp/4Kr3UrgV4KLvVL1aNTMHNtgm6zMArbPquyUnbMaE+yePbIn9uw9eC/eq/f2bZ3wRjvr7Nd4719wNZ3F</latexit><latexit sha1_base64="PLbNhNXl2YvZf3O81QWnmmhHOyo=">AAACF3icbVA9SwNBEN3z2/gVtbRZDEJECHciaCMEtdBOwZhALoS5zRgX9/aO3TkhhPwAf4K/wlYrO7G1tPC/uBdTaHSqx3tvmHkvSpW05Psf3sTk1PTM7Nx8YWFxaXmluLp2ZZPMCKyJRCWmEYFFJTXWSJLCRmoQ4khhPbo9zvX6HRorE31JvRRbMXS1vJYCyFHtYumsTNuHoQLdVcjPeGiGaIeHJ6gIeC47l1/xh8P/gmAESmw05+3iZ9hJRBajJqHA2mbgp9TqgyEpFA4KYWYxBXELXWw6qCFG2+oPwwz4VmaBEp6i4VLxIYk/N/oQW9uLI+eMgW7suJaT/2nNjK4PWn2p04xQi/wQSZc5P2SFka4l5B1pkAjyz5FLzQUYIEIjOQjhyMzVVnB9BOPp/4Kr3UrgV4KLvVL1aNTMHNtgm6zMArbPquyUnbMaE+yePbIn9uw9eC/eq/f2bZ3wRjvr7Nd4719wNZ3F</latexit>

Constant average intensity

Uncorrelated fluctuationCorrelated fluctuation

g(2)(0) =
hI(t)2i
hI(t)i2

<latexit sha1_base64="s/SVULxikAosEqeAKZpLIIyZ0Yo="></latexit><latexit sha1_base64="s/SVULxikAosEqeAKZpLIIyZ0Yo="></latexit><latexit sha1_base64="s/SVULxikAosEqeAKZpLIIyZ0Yo="></latexit><latexit sha1_base64="s/SVULxikAosEqeAKZpLIIyZ0Yo="></latexit>

𝛕c does not exist

g(2)(⌧) = 1|
<latexit sha1_base64="A2TFGiNv1Od4fj7gnq6sZi+wAHI=">AAACCnicbVDLSgNBEJyNrxhfq4IXL4NBSC5hNwh6EYJePEYwD0hi6J104pDZBzO9QljzB36FVz15E6/+hAf/xU3MQRPrVFRV093lRUoacpxPK7O0vLK6ll3PbWxube/Yu3t1E8ZaYE2EKtRNDwwqGWCNJClsRhrB9xQ2vOHlxG/cozYyDG5oFGHHh0Eg+1IApVLXPhjcJoVycVxoE8TFc5e3dRqnrp13Ss4UfJG4M5JnM1S79le7F4rYx4CEAmNarhNRJwFNUigc59qxwQjEEAbYSmkAPppOMr1/zI9jAxTyCDWXik9F/D2RgG/MyPfSpA90Z+a9ifif14qpf9ZJZBDFhIGYLCKpcLrICC3TT5H3pEYimFyOXAZcgAYi1JKDEKkYp03l0j7c+e8XSb1ccp2Se32Sr1zMmsmyQ3bECsxlp6zCrliV1ZhgD+yJPbMX69F6td6s959oxprN7LM/sD6+AQUMmWA=</latexit><latexit sha1_base64="A2TFGiNv1Od4fj7gnq6sZi+wAHI=">AAACCnicbVDLSgNBEJyNrxhfq4IXL4NBSC5hNwh6EYJePEYwD0hi6J104pDZBzO9QljzB36FVz15E6/+hAf/xU3MQRPrVFRV093lRUoacpxPK7O0vLK6ll3PbWxube/Yu3t1E8ZaYE2EKtRNDwwqGWCNJClsRhrB9xQ2vOHlxG/cozYyDG5oFGHHh0Eg+1IApVLXPhjcJoVycVxoE8TFc5e3dRqnrp13Ss4UfJG4M5JnM1S79le7F4rYx4CEAmNarhNRJwFNUigc59qxwQjEEAbYSmkAPppOMr1/zI9jAxTyCDWXik9F/D2RgG/MyPfSpA90Z+a9ifif14qpf9ZJZBDFhIGYLCKpcLrICC3TT5H3pEYimFyOXAZcgAYi1JKDEKkYp03l0j7c+e8XSb1ccp2Se32Sr1zMmsmyQ3bECsxlp6zCrliV1ZhgD+yJPbMX69F6td6s959oxprN7LM/sD6+AQUMmWA=</latexit><latexit sha1_base64="A2TFGiNv1Od4fj7gnq6sZi+wAHI=">AAACCnicbVDLSgNBEJyNrxhfq4IXL4NBSC5hNwh6EYJePEYwD0hi6J104pDZBzO9QljzB36FVz15E6/+hAf/xU3MQRPrVFRV093lRUoacpxPK7O0vLK6ll3PbWxube/Yu3t1E8ZaYE2EKtRNDwwqGWCNJClsRhrB9xQ2vOHlxG/cozYyDG5oFGHHh0Eg+1IApVLXPhjcJoVycVxoE8TFc5e3dRqnrp13Ss4UfJG4M5JnM1S79le7F4rYx4CEAmNarhNRJwFNUigc59qxwQjEEAbYSmkAPppOMr1/zI9jAxTyCDWXik9F/D2RgG/MyPfSpA90Z+a9ifif14qpf9ZJZBDFhIGYLCKpcLrICC3TT5H3pEYimFyOXAZcgAYi1JKDEKkYp03l0j7c+e8XSb1ccp2Se32Sr1zMmsmyQ3bECsxlp6zCrliV1ZhgD+yJPbMX69F6td6s959oxprN7LM/sD6+AQUMmWA=</latexit><latexit sha1_base64="A2TFGiNv1Od4fj7gnq6sZi+wAHI=">AAACCnicbVDLSgNBEJyNrxhfq4IXL4NBSC5hNwh6EYJePEYwD0hi6J104pDZBzO9QljzB36FVz15E6/+hAf/xU3MQRPrVFRV093lRUoacpxPK7O0vLK6ll3PbWxube/Yu3t1E8ZaYE2EKtRNDwwqGWCNJClsRhrB9xQ2vOHlxG/cozYyDG5oFGHHh0Eg+1IApVLXPhjcJoVycVxoE8TFc5e3dRqnrp13Ss4UfJG4M5JnM1S79le7F4rYx4CEAmNarhNRJwFNUigc59qxwQjEEAbYSmkAPppOMr1/zI9jAxTyCDWXik9F/D2RgG/MyPfSpA90Z+a9ifif14qpf9ZJZBDFhIGYLCKpcLrICC3TT5H3pEYimFyOXAZcgAYi1JKDEKkYp03l0j7c+e8XSb1ccp2Se32Sr1zMmsmyQ3bECsxlp6zCrliV1ZhgD+yJPbMX69F6td6s959oxprN7LM/sD6+AQUMmWA=</latexit>

g(2)(0) � 1
<latexit sha1_base64="kY0sHUkqgXqlDPdF2BqV3DrkNGA=">AAACBXicbVC7TsNAEDyHVwgvB0qaExFS0kR2hARlBA1lkMhDSkx0vmzCKecHd2tQZKXmK2ihokO0fAcF/4JtXEDCVKOZXe3suKEUGi3r0yisrK6tbxQ3S1vbO7t7Znm/o4NIcWjzQAaq5zINUvjQRoESeqEC5rkSuu70IvW796C0CPxrnIXgeGzii7HgDBNpaJYnN3G1UZtXrdpgAnfUpkOzYtWtDHSZ2DmpkBytofk1GAU88sBHLpnWfdsK0YmZQsElzEuDSEPI+JRNoJ9Qn3mgnTiLPqfHkWYY0BAUFZJmIvzeiJmn9cxzk0mP4a1e9FLxP68f4fjMiYUfRgg+Tw+hkJAd0lyJpBOgI6EAkaXJgQqfcqYYIihBGeeJGCUllZI+7MXvl0mnUbetun11Umme580UySE5IlVik1PSJJekRdqEkwfyRJ7Ji/FovBpvxvvPaMHIdw7IHxgf3zbflqU=</latexit><latexit sha1_base64="kY0sHUkqgXqlDPdF2BqV3DrkNGA=">AAACBXicbVC7TsNAEDyHVwgvB0qaExFS0kR2hARlBA1lkMhDSkx0vmzCKecHd2tQZKXmK2ihokO0fAcF/4JtXEDCVKOZXe3suKEUGi3r0yisrK6tbxQ3S1vbO7t7Znm/o4NIcWjzQAaq5zINUvjQRoESeqEC5rkSuu70IvW796C0CPxrnIXgeGzii7HgDBNpaJYnN3G1UZtXrdpgAnfUpkOzYtWtDHSZ2DmpkBytofk1GAU88sBHLpnWfdsK0YmZQsElzEuDSEPI+JRNoJ9Qn3mgnTiLPqfHkWYY0BAUFZJmIvzeiJmn9cxzk0mP4a1e9FLxP68f4fjMiYUfRgg+Tw+hkJAd0lyJpBOgI6EAkaXJgQqfcqYYIihBGeeJGCUllZI+7MXvl0mnUbetun11Umme580UySE5IlVik1PSJJekRdqEkwfyRJ7Ji/FovBpvxvvPaMHIdw7IHxgf3zbflqU=</latexit><latexit sha1_base64="kY0sHUkqgXqlDPdF2BqV3DrkNGA=">AAACBXicbVC7TsNAEDyHVwgvB0qaExFS0kR2hARlBA1lkMhDSkx0vmzCKecHd2tQZKXmK2ihokO0fAcF/4JtXEDCVKOZXe3suKEUGi3r0yisrK6tbxQ3S1vbO7t7Znm/o4NIcWjzQAaq5zINUvjQRoESeqEC5rkSuu70IvW796C0CPxrnIXgeGzii7HgDBNpaJYnN3G1UZtXrdpgAnfUpkOzYtWtDHSZ2DmpkBytofk1GAU88sBHLpnWfdsK0YmZQsElzEuDSEPI+JRNoJ9Qn3mgnTiLPqfHkWYY0BAUFZJmIvzeiJmn9cxzk0mP4a1e9FLxP68f4fjMiYUfRgg+Tw+hkJAd0lyJpBOgI6EAkaXJgQqfcqYYIihBGeeJGCUllZI+7MXvl0mnUbetun11Umme580UySE5IlVik1PSJJekRdqEkwfyRJ7Ji/FovBpvxvvPaMHIdw7IHxgf3zbflqU=</latexit><latexit sha1_base64="kY0sHUkqgXqlDPdF2BqV3DrkNGA=">AAACBXicbVC7TsNAEDyHVwgvB0qaExFS0kR2hARlBA1lkMhDSkx0vmzCKecHd2tQZKXmK2ihokO0fAcF/4JtXEDCVKOZXe3suKEUGi3r0yisrK6tbxQ3S1vbO7t7Znm/o4NIcWjzQAaq5zINUvjQRoESeqEC5rkSuu70IvW796C0CPxrnIXgeGzii7HgDBNpaJYnN3G1UZtXrdpgAnfUpkOzYtWtDHSZ2DmpkBytofk1GAU88sBHLpnWfdsK0YmZQsElzEuDSEPI+JRNoJ9Qn3mgnTiLPqfHkWYY0BAUFZJmIvzeiJmn9cxzk0mP4a1e9FLxP68f4fjMiYUfRgg+Tw+hkJAd0lyJpBOgI6EAkaXJgQqfcqYYIihBGeeJGCUllZI+7MXvl0mnUbetun11Umme580UySE5IlVik1PSJJekRdqEkwfyRJ7Ji/FovBpvxvvPaMHIdw7IHxgf3zbflqU=</latexit>

g(2)(0) � g(2)(⌧)
<latexit sha1_base64="Jsf2PTX4nhPniglsSt98L+Wl9Jo=">AAACEHicbVC7TgJREL3rE/G1aqnFjcQEGrJLTLQk2lhiIo8EkMxeBrzh7sN7Z03IhsZP8CtstbIztv6Bhf/igpgoeKoz58xkZo4XKWnIcT6shcWl5ZXVzFp2fWNza9ve2a2ZMNYCqyJUoW54YFDJAKskSWEj0gi+p7DuDc7Hfv0OtZFhcEXDCNs+9APZkwIolTr2Qf86yZcKo7xTaPXxlv+ULYK40LFzTtGZgM8Td0pybIpKx/5sdUMR+xiQUGBM03UiaiegSQqFo2wrNhiBGEAfmykNwEfTTiZfjPhRbIBCHqHmUvGJiL8nEvCNGfpe2ukD3ZhZbyz+5zVj6p22ExlEMWEgxotIKpwsMkLLNB7kXamRCMaXI5cBF6CBCLXkIEQqxmle2TQPd/b7eVIrFV2n6F4e58pn02QybJ8dsjxz2QkrswtWYVUm2D17ZE/s2XqwXqxX6+27dcGazuyxP7DevwAuwpr5</latexit><latexit sha1_base64="Jsf2PTX4nhPniglsSt98L+Wl9Jo=">AAACEHicbVC7TgJREL3rE/G1aqnFjcQEGrJLTLQk2lhiIo8EkMxeBrzh7sN7Z03IhsZP8CtstbIztv6Bhf/igpgoeKoz58xkZo4XKWnIcT6shcWl5ZXVzFp2fWNza9ve2a2ZMNYCqyJUoW54YFDJAKskSWEj0gi+p7DuDc7Hfv0OtZFhcEXDCNs+9APZkwIolTr2Qf86yZcKo7xTaPXxlv+ULYK40LFzTtGZgM8Td0pybIpKx/5sdUMR+xiQUGBM03UiaiegSQqFo2wrNhiBGEAfmykNwEfTTiZfjPhRbIBCHqHmUvGJiL8nEvCNGfpe2ukD3ZhZbyz+5zVj6p22ExlEMWEgxotIKpwsMkLLNB7kXamRCMaXI5cBF6CBCLXkIEQqxmle2TQPd/b7eVIrFV2n6F4e58pn02QybJ8dsjxz2QkrswtWYVUm2D17ZE/s2XqwXqxX6+27dcGazuyxP7DevwAuwpr5</latexit><latexit sha1_base64="Jsf2PTX4nhPniglsSt98L+Wl9Jo=">AAACEHicbVC7TgJREL3rE/G1aqnFjcQEGrJLTLQk2lhiIo8EkMxeBrzh7sN7Z03IhsZP8CtstbIztv6Bhf/igpgoeKoz58xkZo4XKWnIcT6shcWl5ZXVzFp2fWNza9ve2a2ZMNYCqyJUoW54YFDJAKskSWEj0gi+p7DuDc7Hfv0OtZFhcEXDCNs+9APZkwIolTr2Qf86yZcKo7xTaPXxlv+ULYK40LFzTtGZgM8Td0pybIpKx/5sdUMR+xiQUGBM03UiaiegSQqFo2wrNhiBGEAfmykNwEfTTiZfjPhRbIBCHqHmUvGJiL8nEvCNGfpe2ukD3ZhZbyz+5zVj6p22ExlEMWEgxotIKpwsMkLLNB7kXamRCMaXI5cBF6CBCLXkIEQqxmle2TQPd/b7eVIrFV2n6F4e58pn02QybJ8dsjxz2QkrswtWYVUm2D17ZE/s2XqwXqxX6+27dcGazuyxP7DevwAuwpr5</latexit><latexit sha1_base64="Jsf2PTX4nhPniglsSt98L+Wl9Jo=">AAACEHicbVC7TgJREL3rE/G1aqnFjcQEGrJLTLQk2lhiIo8EkMxeBrzh7sN7Z03IhsZP8CtstbIztv6Bhf/igpgoeKoz58xkZo4XKWnIcT6shcWl5ZXVzFp2fWNza9ve2a2ZMNYCqyJUoW54YFDJAKskSWEj0gi+p7DuDc7Hfv0OtZFhcEXDCNs+9APZkwIolTr2Qf86yZcKo7xTaPXxlv+ULYK40LFzTtGZgM8Td0pybIpKx/5sdUMR+xiQUGBM03UiaiegSQqFo2wrNhiBGEAfmykNwEfTTiZfjPhRbIBCHqHmUvGJiL8nEvCNGfpe2ukD3ZhZbyz+5zVj6p22ExlEMWEgxotIKpwsMkLLNB7kXamRCMaXI5cBF6CBCLXkIEQqxmle2TQPd/b7eVIrFV2n6F4e58pn02QybJ8dsjxz2QkrswtWYVUm2D17ZE/s2XqwXqxX6+27dcGazuyxP7DevwAuwpr5</latexit>

and

for any 
conceivable 

classical time 
dependance of


I(t) 



The form of the second-order correlation function for chaotic light  
can be calculated assuming simple model for the source 

g(2)(τ) = 1 + exp [−2
τ
τ0 ]

Lifetime broadening

g(2)(τ) = 1 + exp −π ( τ
τc )

2

Doppler broadening



Thermal and chaotic light present  
the phenomenon of photon bunching 

Source

D1

D2

Beam splitter

Correlator

Photons tends to clump 
together in bunches



Anti-bunched light is a purely quantum effect 

Laser

D1

D2

g(2)(⌧) = 1 8 ⌧
<latexit sha1_base64="lcLi83m+pTbhW055IRoB2TKY95U=">AAACLXicbVDLSgNBEJz1bXxFPXoZDEK8hN2gqAch6MWjglEhG0Pv2IlDZh/M9Aphybf4CX6FVz15ENSrv+FkDaiJdSqqqunuChIlDbnuqzMxOTU9Mzs3X1hYXFpeKa6uXZg41QLrIlaxvgrAoJIR1kmSwqtEI4SBwsugezzwL+9QGxlH59RLsBlCJ5JtKYCs1CoedK6zcnW7X/YJ0u1Dj/u3JgGBmVvZFWGf++1Yg1I/qperNtwqltyKm4OPE29ISmyI01bx3b+JRRpiREKBMQ3PTaiZgSYpFPYLfmrQLulCBxuWRhCiaWb5i32+lRqgmCeouVQ8F/H3RAahMb0wsMkQ6NaMegPxP6+RUnu/mckoSQkjMVhEUmG+yAgtbXfIb6RGIhhcjlxGXIAGItSSgxBWTG2ZBduHN/r9OLmoVjxb4tlOqXY0bGaObbBNVmYe22M1dsJOWZ0Jds8e2RN7dh6cF+fN+fiOTjjDmXX2B87nF3T5p0M=</latexit><latexit sha1_base64="lcLi83m+pTbhW055IRoB2TKY95U=">AAACLXicbVDLSgNBEJz1bXxFPXoZDEK8hN2gqAch6MWjglEhG0Pv2IlDZh/M9Aphybf4CX6FVz15ENSrv+FkDaiJdSqqqunuChIlDbnuqzMxOTU9Mzs3X1hYXFpeKa6uXZg41QLrIlaxvgrAoJIR1kmSwqtEI4SBwsugezzwL+9QGxlH59RLsBlCJ5JtKYCs1CoedK6zcnW7X/YJ0u1Dj/u3JgGBmVvZFWGf++1Yg1I/qperNtwqltyKm4OPE29ISmyI01bx3b+JRRpiREKBMQ3PTaiZgSYpFPYLfmrQLulCBxuWRhCiaWb5i32+lRqgmCeouVQ8F/H3RAahMb0wsMkQ6NaMegPxP6+RUnu/mckoSQkjMVhEUmG+yAgtbXfIb6RGIhhcjlxGXIAGItSSgxBWTG2ZBduHN/r9OLmoVjxb4tlOqXY0bGaObbBNVmYe22M1dsJOWZ0Jds8e2RN7dh6cF+fN+fiOTjjDmXX2B87nF3T5p0M=</latexit><latexit sha1_base64="lcLi83m+pTbhW055IRoB2TKY95U=">AAACLXicbVDLSgNBEJz1bXxFPXoZDEK8hN2gqAch6MWjglEhG0Pv2IlDZh/M9Aphybf4CX6FVz15ENSrv+FkDaiJdSqqqunuChIlDbnuqzMxOTU9Mzs3X1hYXFpeKa6uXZg41QLrIlaxvgrAoJIR1kmSwqtEI4SBwsugezzwL+9QGxlH59RLsBlCJ5JtKYCs1CoedK6zcnW7X/YJ0u1Dj/u3JgGBmVvZFWGf++1Yg1I/qperNtwqltyKm4OPE29ISmyI01bx3b+JRRpiREKBMQ3PTaiZgSYpFPYLfmrQLulCBxuWRhCiaWb5i32+lRqgmCeouVQ8F/H3RAahMb0wsMkQ6NaMegPxP6+RUnu/mckoSQkjMVhEUmG+yAgtbXfIb6RGIhhcjlxGXIAGItSSgxBWTG2ZBduHN/r9OLmoVjxb4tlOqXY0bGaObbBNVmYe22M1dsJOWZ0Jds8e2RN7dh6cF+fN+fiOTjjDmXX2B87nF3T5p0M=</latexit><latexit sha1_base64="lcLi83m+pTbhW055IRoB2TKY95U=">AAACLXicbVDLSgNBEJz1bXxFPXoZDEK8hN2gqAch6MWjglEhG0Pv2IlDZh/M9Aphybf4CX6FVz15ENSrv+FkDaiJdSqqqunuChIlDbnuqzMxOTU9Mzs3X1hYXFpeKa6uXZg41QLrIlaxvgrAoJIR1kmSwqtEI4SBwsugezzwL+9QGxlH59RLsBlCJ5JtKYCs1CoedK6zcnW7X/YJ0u1Dj/u3JgGBmVvZFWGf++1Yg1I/qperNtwqltyKm4OPE29ISmyI01bx3b+JRRpiREKBMQ3PTaiZgSYpFPYLfmrQLulCBxuWRhCiaWb5i32+lRqgmCeouVQ8F/H3RAahMb0wsMkQ6NaMegPxP6+RUnu/mckoSQkjMVhEUmG+yAgtbXfIb6RGIhhcjlxGXIAGItSSgxBWTG2ZBduHN/r9OLmoVjxb4tlOqXY0bGaObbBNVmYe22M1dsJOWZ0Jds8e2RN7dh6cF+fN+fiOTjjDmXX2B87nF3T5p0M=</latexit>

Photons are distributed randomly in the beam

D1

D2?

Photons are distributed evenly with long 
time intervals between each others g(2)(⌧) = ?

<latexit sha1_base64="wTxxUKvwokfYP+cSUGBxlRi2H5M=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSAkl7Argl7EoBePEcwDkhh6J20cnH0w0yvIsic/wa/wqidv4tUv8OC/OIl78FWnoqqb6i4/VtKQ6747U9Mzs3PzhYXi4tLyymppbb1lokQLbIpIRbrjg0ElQ2ySJIWdWCMEvsK2f30y9ts3qI2MwnO6jbEfwCiUl1IAWWlQ2hpdpJXdalbpESTVw96ViUFg6tY8EWRHg1LZrbkT8L/Ey0mZ5WgMSh+9YSSSAEMSCozpem5M/RQ0SaEwK/YSgzbgGkbYtTSEAE0/nbyR8Z3EAEU8Rs2l4hMRv2+kEBhzG/h2MgC6Mr+9sfif103o8qCfyjBOCEMxDiKpcBJkhJa2H+RDqZEIxpcjlyEXoIEIteQghBUTW1jR9uH9/v4vae3WPFvg2V65fpw3U2CbbJtVmMf2WZ2dsgZrMsHu2AN7ZE/OvfPsvDivX6NTTr6zwX7AefsEN16cLA==</latexit><latexit sha1_base64="wTxxUKvwokfYP+cSUGBxlRi2H5M=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSAkl7Argl7EoBePEcwDkhh6J20cnH0w0yvIsic/wa/wqidv4tUv8OC/OIl78FWnoqqb6i4/VtKQ6747U9Mzs3PzhYXi4tLyymppbb1lokQLbIpIRbrjg0ElQ2ySJIWdWCMEvsK2f30y9ts3qI2MwnO6jbEfwCiUl1IAWWlQ2hpdpJXdalbpESTVw96ViUFg6tY8EWRHg1LZrbkT8L/Ey0mZ5WgMSh+9YSSSAEMSCozpem5M/RQ0SaEwK/YSgzbgGkbYtTSEAE0/nbyR8Z3EAEU8Rs2l4hMRv2+kEBhzG/h2MgC6Mr+9sfif103o8qCfyjBOCEMxDiKpcBJkhJa2H+RDqZEIxpcjlyEXoIEIteQghBUTW1jR9uH9/v4vae3WPFvg2V65fpw3U2CbbJtVmMf2WZ2dsgZrMsHu2AN7ZE/OvfPsvDivX6NTTr6zwX7AefsEN16cLA==</latexit><latexit sha1_base64="wTxxUKvwokfYP+cSUGBxlRi2H5M=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSAkl7Argl7EoBePEcwDkhh6J20cnH0w0yvIsic/wa/wqidv4tUv8OC/OIl78FWnoqqb6i4/VtKQ6747U9Mzs3PzhYXi4tLyymppbb1lokQLbIpIRbrjg0ElQ2ySJIWdWCMEvsK2f30y9ts3qI2MwnO6jbEfwCiUl1IAWWlQ2hpdpJXdalbpESTVw96ViUFg6tY8EWRHg1LZrbkT8L/Ey0mZ5WgMSh+9YSSSAEMSCozpem5M/RQ0SaEwK/YSgzbgGkbYtTSEAE0/nbyR8Z3EAEU8Rs2l4hMRv2+kEBhzG/h2MgC6Mr+9sfif103o8qCfyjBOCEMxDiKpcBJkhJa2H+RDqZEIxpcjlyEXoIEIteQghBUTW1jR9uH9/v4vae3WPFvg2V65fpw3U2CbbJtVmMf2WZ2dsgZrMsHu2AN7ZE/OvfPsvDivX6NTTr6zwX7AefsEN16cLA==</latexit><latexit sha1_base64="wTxxUKvwokfYP+cSUGBxlRi2H5M=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSAkl7Argl7EoBePEcwDkhh6J20cnH0w0yvIsic/wa/wqidv4tUv8OC/OIl78FWnoqqb6i4/VtKQ6747U9Mzs3PzhYXi4tLyymppbb1lokQLbIpIRbrjg0ElQ2ySJIWdWCMEvsK2f30y9ts3qI2MwnO6jbEfwCiUl1IAWWlQ2hpdpJXdalbpESTVw96ViUFg6tY8EWRHg1LZrbkT8L/Ey0mZ5WgMSh+9YSSSAEMSCozpem5M/RQ0SaEwK/YSgzbgGkbYtTSEAE0/nbyR8Z3EAEU8Rs2l4hMRv2+kEBhzG/h2MgC6Mr+9sfif103o8qCfyjBOCEMxDiKpcBJkhJa2H+RDqZEIxpcjlyEXoIEIteQghBUTW1jR9uH9/v4vae3WPFvg2V65fpw3U2CbbJtVmMf2WZ2dsgZrMsHu2AN7ZE/OvfPsvDivX6NTTr6zwX7AefsEN16cLA==</latexit>



Anti-bunched light is a purely quantum effect 

D1

D2?

Photons are distributed evenly with long 
time intervals between each others g(2)(⌧) = ?

<latexit sha1_base64="wTxxUKvwokfYP+cSUGBxlRi2H5M=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSAkl7Argl7EoBePEcwDkhh6J20cnH0w0yvIsic/wa/wqidv4tUv8OC/OIl78FWnoqqb6i4/VtKQ6747U9Mzs3PzhYXi4tLyymppbb1lokQLbIpIRbrjg0ElQ2ySJIWdWCMEvsK2f30y9ts3qI2MwnO6jbEfwCiUl1IAWWlQ2hpdpJXdalbpESTVw96ViUFg6tY8EWRHg1LZrbkT8L/Ey0mZ5WgMSh+9YSSSAEMSCozpem5M/RQ0SaEwK/YSgzbgGkbYtTSEAE0/nbyR8Z3EAEU8Rs2l4hMRv2+kEBhzG/h2MgC6Mr+9sfif103o8qCfyjBOCEMxDiKpcBJkhJa2H+RDqZEIxpcjlyEXoIEIteQghBUTW1jR9uH9/v4vae3WPFvg2V65fpw3U2CbbJtVmMf2WZ2dsgZrMsHu2AN7ZE/OvfPsvDivX6NTTr6zwX7AefsEN16cLA==</latexit><latexit sha1_base64="wTxxUKvwokfYP+cSUGBxlRi2H5M=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSAkl7Argl7EoBePEcwDkhh6J20cnH0w0yvIsic/wa/wqidv4tUv8OC/OIl78FWnoqqb6i4/VtKQ6747U9Mzs3PzhYXi4tLyymppbb1lokQLbIpIRbrjg0ElQ2ySJIWdWCMEvsK2f30y9ts3qI2MwnO6jbEfwCiUl1IAWWlQ2hpdpJXdalbpESTVw96ViUFg6tY8EWRHg1LZrbkT8L/Ey0mZ5WgMSh+9YSSSAEMSCozpem5M/RQ0SaEwK/YSgzbgGkbYtTSEAE0/nbyR8Z3EAEU8Rs2l4hMRv2+kEBhzG/h2MgC6Mr+9sfif103o8qCfyjBOCEMxDiKpcBJkhJa2H+RDqZEIxpcjlyEXoIEIteQghBUTW1jR9uH9/v4vae3WPFvg2V65fpw3U2CbbJtVmMf2WZ2dsgZrMsHu2AN7ZE/OvfPsvDivX6NTTr6zwX7AefsEN16cLA==</latexit><latexit sha1_base64="wTxxUKvwokfYP+cSUGBxlRi2H5M=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSAkl7Argl7EoBePEcwDkhh6J20cnH0w0yvIsic/wa/wqidv4tUv8OC/OIl78FWnoqqb6i4/VtKQ6747U9Mzs3PzhYXi4tLyymppbb1lokQLbIpIRbrjg0ElQ2ySJIWdWCMEvsK2f30y9ts3qI2MwnO6jbEfwCiUl1IAWWlQ2hpdpJXdalbpESTVw96ViUFg6tY8EWRHg1LZrbkT8L/Ey0mZ5WgMSh+9YSSSAEMSCozpem5M/RQ0SaEwK/YSgzbgGkbYtTSEAE0/nbyR8Z3EAEU8Rs2l4hMRv2+kEBhzG/h2MgC6Mr+9sfif103o8qCfyjBOCEMxDiKpcBJkhJa2H+RDqZEIxpcjlyEXoIEIteQghBUTW1jR9uH9/v4vae3WPFvg2V65fpw3U2CbbJtVmMf2WZ2dsgZrMsHu2AN7ZE/OvfPsvDivX6NTTr6zwX7AefsEN16cLA==</latexit><latexit sha1_base64="wTxxUKvwokfYP+cSUGBxlRi2H5M=">AAACEXicbVDLSgNBEJz1GeMr6lGEwSAkl7Argl7EoBePEcwDkhh6J20cnH0w0yvIsic/wa/wqidv4tUv8OC/OIl78FWnoqqb6i4/VtKQ6747U9Mzs3PzhYXi4tLyymppbb1lokQLbIpIRbrjg0ElQ2ySJIWdWCMEvsK2f30y9ts3qI2MwnO6jbEfwCiUl1IAWWlQ2hpdpJXdalbpESTVw96ViUFg6tY8EWRHg1LZrbkT8L/Ey0mZ5WgMSh+9YSSSAEMSCozpem5M/RQ0SaEwK/YSgzbgGkbYtTSEAE0/nbyR8Z3EAEU8Rs2l4hMRv2+kEBhzG/h2MgC6Mr+9sfif103o8qCfyjBOCEMxDiKpcBJkhJa2H+RDqZEIxpcjlyEXoIEIteQghBUTW1jR9uH9/v4vae3WPFvg2V65fpw3U2CbbJtVmMf2WZ2dsgZrMsHu2AN7ZE/OvfPsvDivX6NTTr6zwX7AefsEN16cLA==</latexit>

g(2)(0) < g(2)(⌧)
<latexit sha1_base64="XbZCm/nNTL1IBMOJFsGFDfGzLQ4=">AAACDHicbVDLSgNBEJyNrxhfq14EL4NBSC5hNwh68BD04jGCeUASQ++kEwdnH8z0CmGJn+BXeNWTN/HqP3jwX9zECJpYp6Kqm+4qL1LSkON8WJmFxaXllexqbm19Y3PL3t6pmzDWAmsiVKFuemBQyQBrJElhM9IIvqew4d2ej/3GHWojw+CKhhF2fBgEsi8FUCp17b3BdVIoF0cFp3j6Q9sEcbFr552SMwGfJ+6U5NkU1a792e6FIvYxIKHAmJbrRNRJQJMUCke5dmwwAnELA2ylNAAfTSeZJBjxw9gAhTxCzaXiExF/byTgGzP0vXTSB7oxs95Y/M9rxdQ/6SQyiGLCQIwPkVQ4OWSElmk1yHtSIxGMP0cuAy5AAxFqyUGIVIzTrnJpH+5s+nlSL5dcp+ReHuUrZ9NmsmyfHbACc9kxq7ALVmU1Jtg9e2RP7Nl6sF6sV+vtezRjTXd22R9Y718liZlU</latexit><latexit sha1_base64="XbZCm/nNTL1IBMOJFsGFDfGzLQ4=">AAACDHicbVDLSgNBEJyNrxhfq14EL4NBSC5hNwh68BD04jGCeUASQ++kEwdnH8z0CmGJn+BXeNWTN/HqP3jwX9zECJpYp6Kqm+4qL1LSkON8WJmFxaXllexqbm19Y3PL3t6pmzDWAmsiVKFuemBQyQBrJElhM9IIvqew4d2ej/3GHWojw+CKhhF2fBgEsi8FUCp17b3BdVIoF0cFp3j6Q9sEcbFr552SMwGfJ+6U5NkU1a792e6FIvYxIKHAmJbrRNRJQJMUCke5dmwwAnELA2ylNAAfTSeZJBjxw9gAhTxCzaXiExF/byTgGzP0vXTSB7oxs95Y/M9rxdQ/6SQyiGLCQIwPkVQ4OWSElmk1yHtSIxGMP0cuAy5AAxFqyUGIVIzTrnJpH+5s+nlSL5dcp+ReHuUrZ9NmsmyfHbACc9kxq7ALVmU1Jtg9e2RP7Nl6sF6sV+vtezRjTXd22R9Y718liZlU</latexit><latexit sha1_base64="XbZCm/nNTL1IBMOJFsGFDfGzLQ4=">AAACDHicbVDLSgNBEJyNrxhfq14EL4NBSC5hNwh68BD04jGCeUASQ++kEwdnH8z0CmGJn+BXeNWTN/HqP3jwX9zECJpYp6Kqm+4qL1LSkON8WJmFxaXllexqbm19Y3PL3t6pmzDWAmsiVKFuemBQyQBrJElhM9IIvqew4d2ej/3GHWojw+CKhhF2fBgEsi8FUCp17b3BdVIoF0cFp3j6Q9sEcbFr552SMwGfJ+6U5NkU1a792e6FIvYxIKHAmJbrRNRJQJMUCke5dmwwAnELA2ylNAAfTSeZJBjxw9gAhTxCzaXiExF/byTgGzP0vXTSB7oxs95Y/M9rxdQ/6SQyiGLCQIwPkVQ4OWSElmk1yHtSIxGMP0cuAy5AAxFqyUGIVIzTrnJpH+5s+nlSL5dcp+ReHuUrZ9NmsmyfHbACc9kxq7ALVmU1Jtg9e2RP7Nl6sF6sV+vtezRjTXd22R9Y718liZlU</latexit><latexit sha1_base64="XbZCm/nNTL1IBMOJFsGFDfGzLQ4=">AAACDHicbVDLSgNBEJyNrxhfq14EL4NBSC5hNwh68BD04jGCeUASQ++kEwdnH8z0CmGJn+BXeNWTN/HqP3jwX9zECJpYp6Kqm+4qL1LSkON8WJmFxaXllexqbm19Y3PL3t6pmzDWAmsiVKFuemBQyQBrJElhM9IIvqew4d2ej/3GHWojw+CKhhF2fBgEsi8FUCp17b3BdVIoF0cFp3j6Q9sEcbFr552SMwGfJ+6U5NkU1a792e6FIvYxIKHAmJbrRNRJQJMUCke5dmwwAnELA2ylNAAfTSeZJBjxw9gAhTxCzaXiExF/byTgGzP0vXTSB7oxs95Y/M9rxdQ/6SQyiGLCQIwPkVQ4OWSElmk1yHtSIxGMP0cuAy5AAxFqyUGIVIzTrnJpH+5s+nlSL5dcp+ReHuUrZ9NmsmyfHbACc9kxq7ALVmU1Jtg9e2RP7Nl6sF6sV+vtezRjTXd22R9Y718liZlU</latexit>

g(2)(0) < 1
<latexit sha1_base64="Ho3fGEdP2WqaZUfZyD15r7DpejA=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgpaSI7QoKCIoKGMkjkISUmOl824ZSzfbpbI0VWJL6CFio6RMuvUPAv2MYFJEw1mtnVzo6npDBo259WYWV1bX2juFna2t7Z3SvvH3RMGGkObR7KUPc8ZkCKANooUEJPaWC+J6HrTa9Sv/sA2ogwuMWZAtdnk0CMBWeYSIPJXVxt1OZVu3bhDMsVu25noMvEyUmF5GgNy1+DUcgjHwLkkhnTd2yFbsw0Ci5hXhpEBhTjUzaBfkID5oNx4yzznJ5EhmFIFWgqJM1E+L0RM9+Yme8lkz7De7PopeJ/Xj/C8bkbi0BFCAFPD6GQkB0yXIukDKAjoQGRpcmBioByphkiaEEZ54kYJe2Ukj6cxe+XSadRd+y6c3NaaV7mzRTJETkmVeKQM9Ik16RF2oQTRZ7IM3mxHq1X6816/xktWPnOIfkD6+Mba2+UpQ==</latexit><latexit sha1_base64="Ho3fGEdP2WqaZUfZyD15r7DpejA=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgpaSI7QoKCIoKGMkjkISUmOl824ZSzfbpbI0VWJL6CFio6RMuvUPAv2MYFJEw1mtnVzo6npDBo259WYWV1bX2juFna2t7Z3SvvH3RMGGkObR7KUPc8ZkCKANooUEJPaWC+J6HrTa9Sv/sA2ogwuMWZAtdnk0CMBWeYSIPJXVxt1OZVu3bhDMsVu25noMvEyUmF5GgNy1+DUcgjHwLkkhnTd2yFbsw0Ci5hXhpEBhTjUzaBfkID5oNx4yzznJ5EhmFIFWgqJM1E+L0RM9+Yme8lkz7De7PopeJ/Xj/C8bkbi0BFCAFPD6GQkB0yXIukDKAjoQGRpcmBioByphkiaEEZ54kYJe2Ukj6cxe+XSadRd+y6c3NaaV7mzRTJETkmVeKQM9Ik16RF2oQTRZ7IM3mxHq1X6816/xktWPnOIfkD6+Mba2+UpQ==</latexit><latexit sha1_base64="Ho3fGEdP2WqaZUfZyD15r7DpejA=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgpaSI7QoKCIoKGMkjkISUmOl824ZSzfbpbI0VWJL6CFio6RMuvUPAv2MYFJEw1mtnVzo6npDBo259WYWV1bX2juFna2t7Z3SvvH3RMGGkObR7KUPc8ZkCKANooUEJPaWC+J6HrTa9Sv/sA2ogwuMWZAtdnk0CMBWeYSIPJXVxt1OZVu3bhDMsVu25noMvEyUmF5GgNy1+DUcgjHwLkkhnTd2yFbsw0Ci5hXhpEBhTjUzaBfkID5oNx4yzznJ5EhmFIFWgqJM1E+L0RM9+Yme8lkz7De7PopeJ/Xj/C8bkbi0BFCAFPD6GQkB0yXIukDKAjoQGRpcmBioByphkiaEEZ54kYJe2Ukj6cxe+XSadRd+y6c3NaaV7mzRTJETkmVeKQM9Ik16RF2oQTRZ7IM3mxHq1X6816/xktWPnOIfkD6+Mba2+UpQ==</latexit><latexit sha1_base64="Ho3fGEdP2WqaZUfZyD15r7DpejA=">AAAB/nicbVC7TsNAEDyHVwivACXNiQgpaSI7QoKCIoKGMkjkISUmOl824ZSzfbpbI0VWJL6CFio6RMuvUPAv2MYFJEw1mtnVzo6npDBo259WYWV1bX2juFna2t7Z3SvvH3RMGGkObR7KUPc8ZkCKANooUEJPaWC+J6HrTa9Sv/sA2ogwuMWZAtdnk0CMBWeYSIPJXVxt1OZVu3bhDMsVu25noMvEyUmF5GgNy1+DUcgjHwLkkhnTd2yFbsw0Ci5hXhpEBhTjUzaBfkID5oNx4yzznJ5EhmFIFWgqJM1E+L0RM9+Yme8lkz7De7PopeJ/Xj/C8bkbi0BFCAFPD6GQkB0yXIukDKAjoQGRpcmBioByphkiaEEZ54kYJe2Ukj6cxe+XSadRd+y6c3NaaV7mzRTJETkmVeKQM9Ik16RF2oQTRZ7IM3mxHq1X6816/xktWPnOIfkD6+Mba2+UpQ==</latexit>

In contrast with the classical result



The basic idea for generating anti-bunched light is to isolate an 
individual emitting species

⌧R
<latexit sha1_base64="VCwVWoNICgVvCDrhPEDrgONbkAU=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJQBkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k8vM7zygNjIMbmkaoevDOJAjKYBSqd0niAc3g2rNrts5+CJxClJjBZqD6ld/GIrYx4CEAmN6jh2Rm4AmKRTOKv3YYARiAmPspTQAH42b5Gln/Cg2QCGPUHOpeC7i740EfGOmvpdO+kB3Zt7LxP+8XkyjczeRQRQTBiI7RFJhfsgILdMakA+lRiLIkiOXAReggQi15CBEKsZpL5W0D2f++0XSPqk7dt25Pq01LopmyuyAHbJj5rAz1mBXrMlaTLB79sSe2Yv1aL1ab9b7z2jJKnb22R9YH98wHZOS</latexit><latexit sha1_base64="VCwVWoNICgVvCDrhPEDrgONbkAU=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJQBkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k8vM7zygNjIMbmkaoevDOJAjKYBSqd0niAc3g2rNrts5+CJxClJjBZqD6ld/GIrYx4CEAmN6jh2Rm4AmKRTOKv3YYARiAmPspTQAH42b5Gln/Cg2QCGPUHOpeC7i740EfGOmvpdO+kB3Zt7LxP+8XkyjczeRQRQTBiI7RFJhfsgILdMakA+lRiLIkiOXAReggQi15CBEKsZpL5W0D2f++0XSPqk7dt25Pq01LopmyuyAHbJj5rAz1mBXrMlaTLB79sSe2Yv1aL1ab9b7z2jJKnb22R9YH98wHZOS</latexit><latexit sha1_base64="VCwVWoNICgVvCDrhPEDrgONbkAU=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJQBkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k8vM7zygNjIMbmkaoevDOJAjKYBSqd0niAc3g2rNrts5+CJxClJjBZqD6ld/GIrYx4CEAmN6jh2Rm4AmKRTOKv3YYARiAmPspTQAH42b5Gln/Cg2QCGPUHOpeC7i740EfGOmvpdO+kB3Zt7LxP+8XkyjczeRQRQTBiI7RFJhfsgILdMakA+lRiLIkiOXAReggQi15CBEKsZpL5W0D2f++0XSPqk7dt25Pq01LopmyuyAHbJj5rAz1mBXrMlaTLB79sSe2Yv1aL1ab9b7z2jJKnb22R9YH98wHZOS</latexit><latexit sha1_base64="VCwVWoNICgVvCDrhPEDrgONbkAU=">AAAB+HicbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJQBkYeUWNH6sglHzg/drZGClX+ghYoO0fI3FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k8vM7zygNjIMbmkaoevDOJAjKYBSqd0niAc3g2rNrts5+CJxClJjBZqD6ld/GIrYx4CEAmN6jh2Rm4AmKRTOKv3YYARiAmPspTQAH42b5Gln/Cg2QCGPUHOpeC7i740EfGOmvpdO+kB3Zt7LxP+8XkyjczeRQRQTBiI7RFJhfsgILdMakA+lRiLIkiOXAReggQi15CBEKsZpL5W0D2f++0XSPqk7dt25Pq01LopmyuyAHbJj5rAz1mBXrMlaTLB79sSe2Yv1aL1ab9b7z2jJKnb22R9YH98wHZOS</latexit>

Radiative lifetime of the excited state

HBT

Resonant 
fluorescence of 

few atoms of 
Sodium

Individual 
semiconductor 
quantum dot

H.J. Kimble, M. Dagenais, and L. 
Mandel, Phys. Rev. Lett., 39, 691 
(1977)

P. Michler et al., Science 290,
2282 (2000)



Outline of the presentation

• Photon counting and photon statistics 

         Classification of light according to its statistics


• Photon coincidence experiments and correlation function 

         Classification of light based on g(2)(𝛕) 

• Relation between the two classification• Relation between the two classifications



The value of g(2)(𝛕) is crucial in determining  
the photon counting statistics

h(�n)2i � hni = hni2 1

T 2

Z T

�T
d⌧(T � |⌧ |)(g(2)(⌧)� 1)
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Considering the probability of detecting n photons in the time interval [t, t + T ]

super-Poissonian statistics

sub-Poissonian statistics

not the other way around …

g(2)(⌧) > 1 =)
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g(2)(⌧) < 1 =)
<latexit sha1_base64="h7RC9Expd4+x2WMPxwBx9y87G+4=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQxCbMJuELSwCNpYKhgVsmu4O97EIbMPZu4KYQl+gl9hq5Wd2PoNFv6Lk5hCE091OOdezr0nTJU05LqfTmFmdm5+obhYWlpeWV0rr29cmiTTApsiUYm+DsGgkjE2SZLC61QjRKHCq7B3MvSv7lEbmcQX1E8xiKAby44UQFZql7e6N3m1vjeo+gTZ3pHHuS8jG4ymXa64NXcEPk28MamwMc7a5S//NhFZhDEJBca0PDelIAdNUigclPzMYAqiB11sWRpDhCbIRy8M+G5mgBKeouZS8ZGIvzdyiIzpR6GdjIDuzKQ3FP/zWhl1DoNcxmlGGIthEEmFoyAjtLTdIL+VGolgeDlyGXMBGohQSw5CWDGzZZVsH97k99Pksl7zLD/frzSOx80U2TbbYVXmsQPWYKfsjDWZYA/siT2zF+fReXXenPef0YIz3tlkf+B8fAPkxJpd</latexit><latexit sha1_base64="h7RC9Expd4+x2WMPxwBx9y87G+4=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQxCbMJuELSwCNpYKhgVsmu4O97EIbMPZu4KYQl+gl9hq5Wd2PoNFv6Lk5hCE091OOdezr0nTJU05LqfTmFmdm5+obhYWlpeWV0rr29cmiTTApsiUYm+DsGgkjE2SZLC61QjRKHCq7B3MvSv7lEbmcQX1E8xiKAby44UQFZql7e6N3m1vjeo+gTZ3pHHuS8jG4ymXa64NXcEPk28MamwMc7a5S//NhFZhDEJBca0PDelIAdNUigclPzMYAqiB11sWRpDhCbIRy8M+G5mgBKeouZS8ZGIvzdyiIzpR6GdjIDuzKQ3FP/zWhl1DoNcxmlGGIthEEmFoyAjtLTdIL+VGolgeDlyGXMBGohQSw5CWDGzZZVsH97k99Pksl7zLD/frzSOx80U2TbbYVXmsQPWYKfsjDWZYA/siT2zF+fReXXenPef0YIz3tlkf+B8fAPkxJpd</latexit><latexit sha1_base64="h7RC9Expd4+x2WMPxwBx9y87G+4=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQxCbMJuELSwCNpYKhgVsmu4O97EIbMPZu4KYQl+gl9hq5Wd2PoNFv6Lk5hCE091OOdezr0nTJU05LqfTmFmdm5+obhYWlpeWV0rr29cmiTTApsiUYm+DsGgkjE2SZLC61QjRKHCq7B3MvSv7lEbmcQX1E8xiKAby44UQFZql7e6N3m1vjeo+gTZ3pHHuS8jG4ymXa64NXcEPk28MamwMc7a5S//NhFZhDEJBca0PDelIAdNUigclPzMYAqiB11sWRpDhCbIRy8M+G5mgBKeouZS8ZGIvzdyiIzpR6GdjIDuzKQ3FP/zWhl1DoNcxmlGGIthEEmFoyAjtLTdIL+VGolgeDlyGXMBGohQSw5CWDGzZZVsH97k99Pksl7zLD/frzSOx80U2TbbYVXmsQPWYKfsjDWZYA/siT2zF+fReXXenPef0YIz3tlkf+B8fAPkxJpd</latexit><latexit sha1_base64="h7RC9Expd4+x2WMPxwBx9y87G+4=">AAACDXicbVC7SgNBFJ2NrxhfUSuxGQxCbMJuELSwCNpYKhgVsmu4O97EIbMPZu4KYQl+gl9hq5Wd2PoNFv6Lk5hCE091OOdezr0nTJU05LqfTmFmdm5+obhYWlpeWV0rr29cmiTTApsiUYm+DsGgkjE2SZLC61QjRKHCq7B3MvSv7lEbmcQX1E8xiKAby44UQFZql7e6N3m1vjeo+gTZ3pHHuS8jG4ymXa64NXcEPk28MamwMc7a5S//NhFZhDEJBca0PDelIAdNUigclPzMYAqiB11sWRpDhCbIRy8M+G5mgBKeouZS8ZGIvzdyiIzpR6GdjIDuzKQ3FP/zWhl1DoNcxmlGGIthEEmFoyAjtLTdIL+VGolgeDlyGXMBGohQSw5CWDGzZZVsH97k99Pksl7zLD/frzSOx80U2TbbYVXmsQPWYKfsjDWZYA/siT2zF+fReXXenPef0YIz3tlkf+B8fAPkxJpd</latexit>



Anti-bunching and sub-Poissonian statistics are distinct phenomena

One page paper:

 a reference to an experiment ad a simple counter example to simply say “No”


