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Project partners have submitted three papers in which theory and experiment are collaborating 
in the design, realization and analysis of the experiment. 
In [TWG1-10] project partners Hannover and LMU have collaborated to develop a scalable 
method for the tomography of large multiqubit quantum registers and have applied this 
method to a photonic realisation. This approach acquires information about the 
permutationally invariant part of the density operator, which is a good approximation to the 
true state in many relevant cases. The theory partner has determined an optimal method which 
gives the best measurement strategy to minimize the experimental effort as well as the 
uncertainties of the reconstructed density matrix. The measurement effort scales only 
quadratically with the number of qubits for states with permutational invariance. The 
experimental partner then applied the method to the experimental tomography of a photonic 
four-qubit symmetric Dicke state. The results of this experiment are presented in Fig. 2 where 
full state tomography is compared to the newly proposed method demonstrating that in this 
case, they give excellent agreement. 
 
In [MKN1-10] theory partner Potsdam designed a novel and very efficient way to probe the 
non-classicality of the state of light or any other physical system that realises a harmonic 
oscillator degree of freedom. Here the non-classicality is defined operationally in terms of the 
distinguishability of a given state from one with a positive Wigner function. This approach 
can infer the non-classicality from the measurement of two conjugate variables alone. The 
theoretical method has then been applied to data from experimental optical Fock state 
preparation obtained in the lab of experimental physics partner Copenhagen, demonstrating 
the viability of the approach. 
 
In more detail, data from a heralded single-photon source based on parametric down-
conversion (J. S. Neergaard-Nielsen, B. Melholt Nielsen, H. Takahashi, A. I. Vistnes, and E. 
S. Polzik, Opt. Exp. 15, 7940 (2007)) is considered. Here, one of the two down-converted 
photons is detected and heralds the presence of the other photon. The heralded single photon 
is sampled 180000 times by homodyne measurements at phase randomized quadratures (Fig 
1.a). Instead of using these data in tomography we will use the same data to directly extract 
certified lower bound to the non-classicality of the state. We will show that the most classical 
state consistent with those data has a negative Wigner function (Fig. 1.b) which is close to the 
one reconstructed with a maximum likelihood method in (J. S. Neergaard-Nielsen, B. Melholt 
Nielsen, H. Takahashi, A. I. Vistnes, and E. S. Polzik, Opt. Exp. 15, 7940 (2007)). This 
strengthens the finding of a negative Wigner function, as we hence directly certify it as a 
worst case bound including error bars. Data correspond to phase randomized measurements as 
the phase is not available in this experiment. Since our non-classicality measure is convex, 
averaging over phase space directions is an operation which can only decrease the negativity 
of the state. This means that a lower bound to the non-classicality of the phase-randomised 
state will be valid for the original state. 
 
In [WVM1-10] the theory team from UULM applies analytical results and numerical 
techniques for the determination of quantitative lower (and upper) bounds on the purity, 
entropy and entanglement content (quantified by the robustness of entanglement and the 
relative entropy of entanglement) to experimental data from a group in Rome (not partner in 
QESSENCE) that support the generation of 4-6 qubit cluster states. The number of 
observables that are required scale linearly in the number of qubits and yield very good lower 
bounds only marginally lower than the estimates obtained from full state tomography 
(requiring an experimental effort that is scaling exponentially in the number of qubits) in the 4 
qubit case.  



 
Finally, in [GSH1-10] the theory team from Potsdam has determined an optimal bound 
entangled states that is as far as possible from the next separable state and hence is 
particularly suitable for experimental verification of bound entanglement. With an optimized 
measurement set-up bound entanglement was then verified with 16 from separability and 
46 from distillability in an experiment carried out by project partner Hannover. 

With these three publication QESSENCE has demonstrate the efficient collaboration of theory 
and experiment on the subject of this work-package. In addition, consortium partners have 
published a further 6 theory papers [CEW1-10], [CPF1-10], [CPW1-10], [GBH1-10], [GLF1-
10], [OSR1-11] with Q-ESSENCE support. 

 

 
Figure 1: (a) Raw measured quadrature distribution from the experiment without any 
correction. (b) Related Wigner function based on the output of the SDP. 

 



 
Figure 2: (a) The real and (b) imaginary parts of the density matrix coming from full 
tomography. (c),(d) The same for permutationally invariant tomography with optimized and 
(e),(f) random measurement directions, respectively. 
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