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Abstract: We report an experiment on reconstructing the quantum state of bright (macroscopic) polarization-squeezed light generated in a
birefringent (polarization-maintaining) fibre due to the Kerr nonlinearity. The nonlinearity acts on both H and V polarization components, producing
guadrature squeezing; by controlling the phase shift between the H and V components one can make the state squeezed in any Stokes observable.
The tomography is performed by measuring histograms for a series of Stokes observables, and the resulting histograms (tomograms) are processed
in away similar to the classical 3D Radon transformation. At the output, we obtain the polarization Q-function, which in the case of large photon
numbers coincides with the polarization W-function. An interesting extension of the performed experiment will be going down to lower photon
numbers (mesoscopic quantum states), and we expect a different behaviour of polarization W and Q functions in this case. An experiment on
producing such states is discussed.
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Polarization of light: quantum and classical
description

Polarization tomography

Experiment made: polarization tomography
of Kerr-squeezed light with bright
polarized component

Experiment planned: polarization tomography
of bright squeezed vacuum
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Quantum Reconstruction of an Intense Polarization Squeezed Optical State
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Classical Stokes parameters (1852)
s F 7 N F 5

S,=d, 1, S;=1,-1, >
Quantum description: Stokes operators

]

S, =aza, +aa,, S =a.a,-aa,

T L +
=a,a , — aa W — L —

S,
§ { .S'} n= {cos$,sin Jcos @, sin $sin @}
S(.ﬂ,gv):s-ii
‘Stokes space’, not a sphere

[S,.5,]= 2iS, = A’SA’S, >|(S, )|

i j, k=123

oS, <| k>| <A’S, polarization squeezing
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[S,.5,]= 2iS, = A’SA'S, >|(S, )
i, j, k=123

oo, <| k>| <A’S, polarization squeezing

Page 6/45 3



M= PLANCR-FORSCHL NGCSGHL PP

- woow 2 POLARIZATION OF LIGHT
Classical Stokes parameters (1852) e
SUEIH_'_IV: S1£IH_IV': e

S,=d,-1,, S;=1-1, :

NN

Quantum description: Stokes operators

%n =a.a, +aa,, élﬂs a.a.—aa,. '
S, =a.a,—a.a,, S, =a.a,—a.a,, |
§=($.5,,5.}, i={cos$, sin Scosg,sin Isin g} S

S(3.9)=5-7

‘Stokes space’, not a sphere
[S,.5,]= 2iS, = A’SA’S, > (S, )
EpE—123

h -

oS < Ksk >| {.AES_F polariza'rion squeezing < D Page 745 3



CAN WE MEASURE MORE THAN THE
STOKES PARAMETERS AND THEIR
VARIANCES?
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QUANTUM TOMOGRAPHY
pix,)

‘Tomogmm'

‘Traditional’ quantum measurable)

tomography, or Wigner-
function tfomography, or
homodyne tfomography

O. T Smithey, M.Beck,
M.Raymer, and A.Faridani,
PRL 70, 1244 (1993)

— - — —

Direct Radon transform: p(x,)= fﬂ'{x Px-n, —x, yd*x

Inverse Radon transform: p(x,)—> W (x)
@
- - - - LO ﬁl‘ga
Can we do this for polarization variables?
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the Stokes space)
1= {cos%. 81 Fcos @. s Fsm @)

P{S‘gw = IH*(S‘- }(,Y(S_- Pl — 319';9 }{falg;

tomogram of a Stokes measurement

P.A Bushev, V.P Karassiov,
A V. Masalov, and A.A Putilin,
Optics and Spectroscopy 91,

526 (2001)

Reconstruction: P(Sg,) —> W S)
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tomogram of a Stokes measurement
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Reconstruction: P(Sg5) > WA S)
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W -function ﬂ'(g)EI d” 03/(())6—:(25" /(()) < :f£>

= (27)
| . 7 qdz (2...) -
Reconstruction (S)« _.‘dsﬂmj.dz” s ‘:"’ HSgp—S-1)
(for S>>1) ‘© = ds gg

K.B.Wolf, Opt. Commun. 132, 343 (1996)
V.P.Karassiov and A V. Masalov, J. Opt B 4, 366 (2002)
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W-function H'(S;)Ej d ()3/(())6_”251. /(()) < :f£>
= (27)
o 2
Reconstruction W (S)«= j dswj.dzﬁ - pu?p} (S g0 ~S-n)

(for S;>>1) e ds g,

K.B.Wolf, Opt. Commun. 132, 343 (1996):
V.P.Karassiov and A V.Masalov, J Opt B 4, 366 (2002)
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| Lt i 110(535) :
Reconstruction [(S)« j dswjhdz;}%‘w—'lﬁ{sm —S-n)
(for S;>>1) b s g

K.B.Wolf, Opt. Commun. 132, 343 (1996)
V.P.Karassiov and A V. Masalov, J. Opt B 4, 366 (2002)
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W -function H'(E) = I(d (;3 /(())(3_1 fiﬁ‘ /(()) < ide'>

- 2

| - 110(s.) :
Reconstruction I(S)« j dswj.dzﬁ%"f—’lﬁ{sw —S-)
(for S>>1) =

K.B.Wolf, Opt. Commun. 132, 343 (1996)
V.P.Karassiov and A V. Masalov, J. Opt B 4, 366 (2002)

Q-function QO(S,,n)= < | So> ﬁ)

Reconstruction 5 2}?( )
for 50»1 Q(Smﬁ)a:(zs +1)_|-d93¢_|-d 1 ds 3
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W-function JJ (b);j 3/(())6 zczﬁ" /(0) < mﬂ>
= (27)
: +« Tomogram
| - r 11p(5 35) ;
Reconstruction (S)« ‘.‘dijdz;}wﬁ(_gw —S-n)

(for S;>>1) b ds g

K B.Wolf, Opt Commun. 132, 343 (1996)
V.P.Karassiov and A V. Masalov, J. Opt B 4, 366 (2002)

Q-function QO(S,,n)= < | So> ﬁ)

2
Reconstruction )

for Sg>>1: O(S,,n) « (2§, +1)Jlds J.dg_'

S5

0>

S, =N ~ 107 —> W-reconstruction ~ Q-reconstruction ~
classical 3D inverse Radon transformatiqn
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6.2 dB squeezing almost along S,
Much larger anti-squeezing, due to phase noise
Slightly above shot noise along S,
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FROM MACROSCOPIC TO
MESOSCOPIC SCALE
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Further questions:
1. What happens if S,reduces, so that Var(S,) gets closer to 5,2

2. What happens if the classical polarized component reduces,
Var(S,) gets closer to 552

3. Can we prepare arbitrary shapes of Q(S) and how can we use
them?

!

Polarized twin beams via
travelling-wave OPA
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Further questions:
1. What happens if S;reduces, so that Var(S,) gets closer to 5,2

2. What happens if the classical polarized component reduces,
Var(S,) gets closer to 552

3. Can we prepare arbitrary shapes of Q(S) and how can we use
them?

o [ <

Polarized twin beams via
travelling-wave OPA
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Further questions:
1. What happens if S;reduces, so that Var(S,) gets closer to 5,2

2. What happens if the classical polarized component reduces,
Var(S,) gets closer to 552

3. Can we prepare arbitrary shapes of Q(S) and how can we use
them?
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Polarized twin beams via
travelling-wave OPA
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Further questions:
1. What happens if S,reduces, so that Var(S,) gets closer to 5,2

2. What happens if the classical polarized component reduces,
Var(S,) gets closer to 552

3. Can we prepare arbitrary shapes of Q(S) and how can we use
them?
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Polarized twin beams via
travelling-wave OPA
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from Zdenek Hradil and

Jaroslav Rehacek (Palacky
University, Olomouc,
Czekh Republic)

Problem: negative ripples’ created by
the inverse Radon transformation in
the Q-function (also in W-function)

Solution: Maximum-likelihood approach
eliminates the Q-function negativities
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Further questions:
1. What happens if S, reduces, so that Var(S,) gets closer to 5,2

2. What happens if the classical polarized component reduces,
Var(S,) gets closer to 552

3. Can we prepare arbitrary shapes of Q(S) and how can we use
them?
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travelling-wave OPA
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Problem: negative 'ripples’ created by
the inverse Radon transformation in
the Q-function (also in W-function)

Solution: Maximum-likelihood approach
eliminates the Q-function negativities
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& CONCLUSIONS

1. Performed: full polarization tomography of an

intense squeezed state generated via third-
order nonlinearity in an optical fibre. In the
'macroscopic’ limit, reconstruction of W- and
Q-quasiprobability functions is similar and
coincides with the classical 3D inverse Radon
transform. We now have a tool for polarization
state reconstruction.

. Planned: generation and full polarization

tomography of ‘'mesoscopic’ states of
polarization-squeezed vacum with and without
polarized coherent component.
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