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We propose a scheme in which coincidences, measured at the outputs of a passive
multiport are used to reconstruct the quantum state of a single mode light field.
We show that the coeflicients of a finite superposition of Fock states can be ex-
tracted from a set of recorded data. Especially the measurement of the photon
statistics seems to be feasible with realistic photodetectors.

1. Introduction

Quantum state measurement has become a topic of considerable interest in the last few
years for different physical systems, such as molecular vibrations [1], trapped atoms
[2] or electromagnetic fields [3-6] . In quantum optics the state reconstruction of both
confined [3] and travelling [4-6] light fields have been studied. For propagating light
Waves the first experimental reconstruction of the Wigner function [4] was carried out
by using optical homodyne tomography [5] . The tomographical method seems to be
also appropriate for the indirect determination of the photon statistics [6] .
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The above mentioned efforts aim to reconstruct the full quantum state of a syste
from a set of measurements of appropriately chosen quantities. In case of the ygy
direct photodetection the phase information is lost, moreover, available photodetectoy,
are not sensitive enough to resolve the fine details of the photon statistics. Coincidene
detection enhances the amount of information of the measurement. For example th
parameters characterising the squeezed light can be determined from direct coinciden
measurements [7] . : o

In the photon chopping method [8] the coincidences are measured at the outputs o
a symmetric multiport. A passive multiport [9] is a generalization of the usual beam
splitter with N input and output ports built of beam splitters and phase shifters. Th
symmetric multiport applied in this paper can be effectively constructed from plate:
beam splitters [10] . We introduce two types of simple photodetectors: type I detectors
indicate only the presence of photons while those of type II distinguish the cases of zerg,
one or more photons arriving.

2. Reconstruction of the full quantum state

Let us consider a signal, being in the superposition of Fock states

()= 3 calny= 3 lenlexp(isn)in). M
n=0 n=0

We will use two setups, the first to measure the photon statistics |ca| and a second one
with a reference beam to get phase information. In the first arrangement a 2N-port is-
simply fed with the signal through one of the input ports, all the other ports remain
unused. The probability of detecting k; photons at the ith output ({ = 1,2,...,N)°
if the input was a Fock state with n photons follows the statistics of distinguishabl

particles
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The outputs are measured in coincidence with type II detectors and thus the w_.ovmvﬁw
w of getting n coincidence clicks is directly related to the photon statistics of the mmwuwﬂ,.
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Thus the photon statistics [c,|? can be determined if nyqey < N. .
In order to measure the phases ¢, the same setup may be used with an add
reference beam, which we choose to be in a coherent state 1Y) g

_Qv _ :MHWQ:_ﬁv - akﬁAI_Q_m\MVEMHW :Q_m“ﬁ\m“mﬁvva _:v = ,m Qa_z.v ,.. '

In this case the concrete realization of the multiport should also be specified. We will
consider a 2N-port defined with the following recursion
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Applying the recursion k times one arrives at a multiport with N = 2% outputs. If
the signal enters the first port and the reference beam the port N/2 + 1 then the
corresponding creation operators transform as
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The probability of getting one-photon signals in coincidence at the detectors d;, do, . . ., d,,
reads

n
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The coefficients fin(di,ds, ..., ds) are combinatorical factors, depending on how many
of the detectors with labels larger than N/2 click. For simplicity, keeping only the
events, where all the detector labels are below N/2, all the coefficients are positive and
independent of which detector cklicks. Since the probabilities wY contain the unknown
Fock coefficients only up to n, the unknown phases can be extracted systematically.
Beginning with n = 1 and using that a global phase is free to choose (so e.g. ¢o may
be set to zero), there remains only one unknown parameter ¢; to be determined. Since
the phases occur in these equation in the form of cos(¢; — ¢) the remaining ambiguity .
should be removed by performing a second measurement with a different phase. This
Process can be continued with n = 2 to determine ¢, and so forth, extracting all the

phases step by step.

3. Realistic scheme for measuring the photon statistics

The type of detectors discussed in the previous section is available in practice only
with lower quantum efficiency (e.g. photomultipliers). Moré realistc are the detectors
of type I. Such properties have avalanche photodiods with high quantum efficiency:
they indicate only the presence of photons, because they get saturated. Applying such
detectors for measuring the photon statistics, the probabilities of Eq. (2) should be
Summed up to get the probability of m coincidences for an input n-photon Fock state

(m)
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where (m) refers to the summation condition that exactly m of the indices {k;} ar
nonzero. The summation can be carried out, which yields

Pin=x () LV (Dm0, nzm, |

m,n 18 zero. The signal photon statistics and the coincidence proba;
bilities are now connected through a linear transform

while for n < m, PV

fimax

wh = 3 PN Jel?. (12)
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The transformation matrix can be inverted if Mmez < N. In practice demanding a
certain precisity also an infinite photon statistics can be measured if truncation at ’
n = N is justified. The inversion of the transformation can be computed using the ;
following recursion e

k-1
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The photon statistics is then obtained from the measured coincidence probabilities with’
the linear-combination A 3

N
leal® = > (PN);Lwl
m=n

4. Discussion

We have shown that the photon chopping method in an ideal case and in the limit ©
large number of input and output ports allows the reconstruction of the quantum st

of a single mode light field. Our simulations show that in case of realistically ow"o%u;
parameters the measurement of the photon statistics of a weak squeezed coherent signal
is possible and the nonclassical oscillations due to the photon pair correlations can be
resolved. The considerations about the photon statistics are also valid for mixed states.
The reconstruction formula Eq. (15) yields in this case the main diagonals of the density.
matrix. It is also possible the compensate loss-errors due to detector inefficiencies;s
applying a generalized inverse Bernoulli transformation [11] . 3

‘Tomography. In the homodyne technique the measured signal is mixed with a intensive;;
classical beam and a strong photocurrent is recorded, then an inherently continuous:
transformation is applied, which requires in principle to measure the quadrature phases
at all the possible phase angles. In contrast, in the chopping scheme an array of detectors
are employed and discrete coincidence events are detected. Neither of the methods can
in practice yield a perfect reconstruction, even if no losses and no statistical errors are
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assumed, due to the finiteness of the measurement: in the tomographical scheme the
continuous variables have to be discretized, while the finite number of ports introduces
a cut-off in the photon chopping scheme.
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