
CORRECTION
In the News & Views article ‘Molecular 
biology: How to duplicate a DNA package’ 
by Alysia Vandenberg & Geneviève 
Almouzni (Nature 483, 412–413; 2012), 
reference 5 should have been cited in the 
first paragraph, rather than reference 1. And 
in the sixth paragraph, reference 5 should 
not have been cited; instead, reference 1 
should have been cited after “chromatin 
remodeller enzymes”.

Figure 2 | Discrete quantum walk on a photonic chip. Sansoni et al.1 fabricated a network of ten 
waveguide beam splitters in a borosilicate-glass chip using a focused pulsed laser (not shown) and 
launched two entangled photons (spheres) into the network. The photons underwent a quantum walk 
and were detected at the chip’s output. The output depends on the symmetry of the entanglement between 
the photons. A symmetric entangled input leads to boson-like behaviour (the photons can occupy the 
same waveguide and so can exit the waveguides together), whereas an antisymmetrically entangled input 
yields fermion-like behaviour (the photons cannot occupy the same waveguide and therefore exit through 
separate waveguides). The size of the spheres at the output illustrates the probability of the photons 
leaving each of the waveguides, with a bigger size corresponding to a larger probability.
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the coin lands on heads, and right if it lands 
on tails — on average, the walker remains 
close to where it started. By contrast, if the 
walker is endowed with quantum proper-
ties (for example, in the case of a photon), it 
moves in a superposition of both left and right 
at each coin flip, with these multiple possibili-
ties undergoing interference and giving rise to 
completely different behaviour from that of a 
classical random walk (Fig. 1).

Such quantum walks were initially conceived  
as an abstract computer-science model for 
developing ideas in quantum computation. 
But now researchers are interested in using 
quantum walks to mimic real systems that 
exhibit local coupling. Examples of such sys-
tems are materials in which particles with spin 
are coupled or excitons travelling around large 
molecules (an exciton is a particle-like entity 
formed by an electron and the ‘hole’ left by a 
missing electron).

So far, all demonstrations of quantum walks 
(including those based on cold atoms, nuclear 
magnetic resonance and photonics) have side-
stepped the requirement of a quantum com-
puter by constructing purpose-built systems 
that exhibit quantum-walk dynamics. These 
demonstrations have allowed tests of quantum 
phenomena to be performed ahead of building 
a full-scale quantum computer. The first walks 
to be realized were of single quantum walkers, 
which display classical wave-like behaviour4. 
Multiple quantum walkers lead to behaviour 
that cannot be explained with wave phenom-
ena alone, and have been reported5 using two 
indistinguishable photons launched into inte-
grated optical circuits. Sansoni and colleagues’ 

demonstration1 goes further by entangling the 
walkers in a discrete-time quantum-walk net-
work6 achieved using an integrated network of 
waveguide beam splitters.

The particles of choice for Sansoni et al. are 
photons, which show great promise for quan-
tum technologies7. They are readily manipu-
lated at the single-photon level and experience 
negligible noise — in effect, they ‘leak’ very  
little quantum information to the envir on-
ment. Working with photons also allows the 
deployment of integrated quantum photonics8 
to make reconfigurable, complex miniature 
circuits that are inherently stable within frac-
tions of an optical wavelength (about 10 nano-
metres)9. The authors fabricated their circuits 
using a laser ‘direct-write’ technique that 
allows three-dimensional optical circuits to be 
written into a solid block of borosilicate glass 
using a tightly focused beam of laser pulses10.

Sansoni and colleagues’ optical network1 
consisted of ten waveguide beam splitters at dis-
crete points in a centimetre-scale glass circuit. 
Each beam splitter provided the ‘quantum coin’ 
mechanism that repeatedly placed the photons 
in quantum superposition as they progressed 
through the network (Fig. 2). More over, thanks 
to the type of entanglement they  used and the 
fact that their device preserves photon polariza-
tion, the authors were able to simulate quantum 
walks not just for photons (and therefore the 
boson class of particles) but also fundamentally 
different classes of particles (the fermion and 
intermediate-type families). This approach can 
be generalized for any quantum network (not 
just quantum walks) and can be scaled-up to 
simulate any number of particles2.

The scalability of integrated-optics circuits 
allows for incredible flexibility: waveguide  
networks, consisting of hundreds of wave-
guides and beam splitters, could be imple-
mented in future experiments to simulate more 
complex dynamics than those demonstrated 
by the authors. So far, only two non-interacting 
quantum particles have been simulated under-
going relatively simple quantum walks. Large 
numbers of photons will be required for any 
practical quantum-photonic technology, and 
future developments could include the simu-
lation of interacting quantum particles (such 
as charged particles) through implementa-
tion of photon–photon nonlinearities7 using  
auxiliary photon measurement or light–matter  
interaction, for example.

However, a recent, and perhaps surprising, 
theoretical result3 is that a large number of 
identical photons themselves pose computa-
tionally difficult problems due to their bosonic 
nature, even in the absence of interaction. 
Using just tens of photons guided in a circuit 
with hundreds of waveguides could lead to the 
first quantum computation competitive with 
the equivalent calculation performed with the 
best classical computers currently available. 
Sansoni and colleagues’ study is a development 
in this direction, and paves the way for using 
integrated quantum circuits to build a practical 
quantum simulator. ■
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