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Quantum states

Mixed states: represented by density operator p
p = wilo1){o1) + wa|oz){o2| + ...
Attention
Superposition state is Not mixture of state
Consider the equal superposition state, |¢) = %ﬂa) + 1))
The density operator is: p, = |¢)(¢| = %]a)(a| + 3|a)(b] + 5[b){a| + 5[b)(D]
In contrast, the mixture of the states: p,, = %|a){a| + 3|b)(b]-

Thermal state: represented as a mixture of number states,
pen = G ([0)(0] + “ZH1){1] + (SGH%2) (2] +..-)

_ 1
where G = T Fe/RET



Quantum
uncertainty
principle in the
field quadrature:

AX1AX, > 1

Coherent state

The shaded circle represents the
equal uncertainty in the two
quadratures. The field phase
can lie anywhere withing this

uncertainty circle.

Vacuum state

The shaded region of the pha-
sor diagram indicates the ran-
dom fluctuating field of the vac-
uum. The uncertainties in the

two quadratures are identical

and each equal to minimj
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Coherent state Squeezed state

In the squeezed case, the noise fluctuation reduces below the minimum limit in one quadrature

only.
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(a) coherent state (b) minimum uncertainty squeezed state which is narrower than the coher-
ent state in one direction, (c)Squeezed state with excess noise (d)An symmetric noisy but not

squeezed state. It is described by an ellipse, but no projection is narrower than the coherent

state.
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Direct detection |Homodyne detection
Measure the 2nd order Reconstruct the
correlation function Wigner function
directly
Calculate the 2nd order

correlation function from the
Wianer distribution
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Basis for the Wigner distribution

U(x) = exp(—izp), = UUT =1,
—ip2), = VVT =1,
z) = |z + 1‘/>,

<
=

I

@

"
=,

>

®)lp) = Ip+ 1), |
The commutation relation in the Weyleform 1

V(p)U(2) = &0 (2)V (p),

A general Dlsplacement operator in terms of Weyle form:

D(z,p) = U(p)V(x)e’™/? = expli(ps — zp)]-

( Stratonov1ch-Weyle quantlzer w(x p)
\U)(l'p 271- fRZ I *.’L'p)D( 7p)dl‘dp
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a(z, p) = Tr[Aw(z, p)],
A= ﬁ fRZ a(x, p)w(z, p)dzdp.

Wigner function:
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Second order Correlation function in Wigner representation

with [a,
aw = 3(ata+ aal

S g>
|| Q>
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Frame Title
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- Squeezed state
10 = Thermal state
= Coherent state
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Vacuum
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a1 (afa) = n(ata)

Similarly

Field passing through BS
with the linear loss.
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Attenuating the Squeezed field does not change the g%(0)
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Spontaneous parametric down Conversion (SPSD)

Spontaneous parametric down
conversion (SPDC)

Nonlinear
Crystal Signal
Pump
3(, \ Idler
Ep = Ei+Es
Kp = Ks+Ki
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Hanna Le Jeannic, et al , PRL 120(073603)(2018).
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Wigner function gained from Homodyne detection

Bpwp =12 0.3

laser power.




9| m Homodyne measurement
80| m Direct detection
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Values of g(2) (0) as a function of the angle of the wave plate. The results obtained from both

direct photon counting and via the Wigner function reconstructed from Homodyne detection.
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Thank you for your attention

Quantum Theory of

e quantum
theory of light

Rodney Loudon

It is our pleasure to dedicate this work to Rodney Loudon,
who will be remembered as a pioneer of quantum optics.

Submitted to the Philosophical Transactions of the Royal Society A.
Also check out K. Laiho, T. Dirmeier, et al , PLA, 435, 12805, (2022)
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