
 

141 
 

1.3.31 Quantum computation: protocols and process implementation  
 
Part of the activity was devoted to design and possibly implement, new quantum protocols and 
platform for general purposes.  

 

In Ref. [1] a nanoscale implementation of a Mach-Zhender interferometer was 
presented with spin-resolved quantum Hall states – see Fig. 1.  
 

 
 

Spontaneous synchronization is a fundamental phenomenon, important in many 
theoretical studies and applications. Recently this effect has been analyzed and 
observed in a number of physical systems close to the quantum mechanical regime. 
In Ref. [2] we proposed the mutual information as a useful order parameter which 
can capture the emergence of synchronization in very different contexts, ranging 
from semi-classical to intrinsically quantum mechanical systems.  
 
In Ref. [3] a technique was proposed that enables one the creation of quantum 
discord between two distant nodes, each containing a cavity consist of the Bose-
Einstein condensate, by applying a non-ideal Bell-like detection on the output 
modes of optical cavities.  
 

In Ref. [4] we addressed the problem of realizing a reliable quantum memory 
based on zero-energy Majorana modes in the presence of experimental 
constraints on the operations aimed at recovering the information. In particular, 
we characterized the best recovery operation acting only on the zero-energy 
Majorana modes and the memory fidelity that can be therewith achieved.  
 
On the basis of the quantum Zeno effect we showed [5] that a strong amplitude 
damping process applied locally on a part of a quantum system can have a 
beneficial effect on the dynamics of the remaining part of the system. Quantum 
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FIG. 1. (a) Schemat ic setup of quantum interference de-

vice with separately contacted co-propagat ing SRESs (red
and green lines) at filling factor ⌫ = 2. G1, G2 and G de-
note gates and F1 and F2 denote magnet ic nanofingers. (b)

SEM shows the two arrays of magnet ic nanofingers F1 and
F2 and the metal gate G. Red and green lines schemat ically

represent spin-up and spin-down SRES at the boundary of
the mesa. (c) G1 gate bias dependence of output current

shows the working point (black arrow) of 0.1 V, where input
edge channels are separately contacted. In this measurement

the output edge channels are separately contacted by apply-
ing VG 2 = 0.1 V and the mixing of SRESs is deact ivated

by applying the following voltage biases on the nano fingers
VF 1 = VF 2 = − 2 V. Red, green and maroon lines represent

spin up, spin down channel current and total current respec-
t ively. (d) F1 fringe bias dependence of magnet ic coupling of

SRESs shows the working point (black arrow) at VF 1 = 0.09
V, while VF 2 is kept at − 2 V. (e) F2 fringe bias dependence of

magnet ic coupling of SRESs shows the working point (black
arrow) at VF 2 = 0.09 V, while VF 1 is kept at − 2 V.

remarkably, by its very good cont rollability through the
various gate voltages which, in part icular, control the
coupling between the two co-propagat ing SRES, i.e. the
t ransmission of the BSs.

The paper is organized as follows: the experimental
setup and the calibrat ion of the device are described in
Sec. I I , while Sec. I I I is devoted to the discussion of the
result of the measurements, i.e. the output current of
the interferometer. In Sec. IV a simple theoret ical model
which accounts for the data is described, while the con-
clusions are drawn in Sec. V. Moreover, a discussion re-
garding a “ cross-over” e↵ect is included in the appendix.

I I . EX P ER I M EN TA L SET U P A N D

CA L I B R A T I ON

The device is fabricated on a modulat ion-doped Al-
GaAs/ GaAs heterost ructure grown by molecular beam
epitaxy. The 2DEG resides at the AlGaAs/ GaAs het -
erointerface located 80 nm below the top surface. An un-
doped AlGaAs spacer layer of thickness 50 nm separates
the 2DEG from the Si δ-doping layer, which supply free
elect rons at the heterointerface. The 2DEG has nominal
elect ron density of 3⇥1011/ cm2 and low-temperaturemo-
bility nearly 8 ⇥ 106 cm2/ Vs. The interferometer device
is fabricated by standard photo-lithography and elect ron
beam lithography (EBL). Cobalt nanomagnet array in
the device is defined at the mesa boundary using EBL
and thermal evaporat ion of 10 nm Ti followed by 120 nm
Co and then 10 nm of Au. For elect rical t ransport mea-
surements the device is mounted on a He3 wet cryostat
equipped with 12 Tesla superconduct ing magnet . In dark
condit ion the sample does not conduct at low tempera-
tures. It starts conduct ing after light illuminat ion with
infrared GaAs LED at temperature 4 K and then it is
cooled down to 250 mK. Persistence photo conduct ivity
holds the injected carriers in the 2DEG for long.

The sketch in Fig. 1a shows how the two SRESs are
separately contacted. By tuning the voltage applied to
the top gates G1 and G2, the filling factor beneath them
can be lowered to ⌫ = 1 so that only the outer SRES
(red) passes beneath the gates and connects to a Ohmic
contact . Inner SRESs (green) are deflected around the
gates and connected to the farthest Ohmic contacts. On
the left -hand-side the (inject ion) contact for the inner
edge is kept at voltage V , while the contact for the outer
edge is grounded. Inner and outer SRESs currents are
then measured on the right-hand-side (detect ion) con-
tacts, denoted by " and #. In the SEM (Fig. 1b) the dark
blue region is the mesa defined by EBL and wet chemi-
cal etching. The two sets of magnet ic nanofingers arrays
are fabricated at the mesa boundary with an overlap of
nearly 400 nm. An array periodicity of 400 nm is cho-
sen from our previous experiments on a similar 2DEG18

to maximize SRESs mixing. The central gate G has an
overlap area of nearly 1 ⇥ 1 µm2 on the mesa. In order
to cont rol the SRESs mixing and act ivate/ deact ivate the
BSs, both arrays are elect rically contacted to Au pads
where a voltage can be applied (VF1 and VF2). Indeed,
one expects that by applying a negat ive voltage VF i the
port ion of the 2DEG beneath the nanofingers is depleted
and the SRESs move inward in the mesa, that is away
from the region where the magnet ic fringe field of the
nanofingers is significant (see below).

Preliminary measurements and calibrat ions are per-
formed as follows. Init ially the two terminal magneto
resistance is measured to determine the magnet ic field
(B = 5.56 T) required to set the filling factor of the
2DEG to ⌫= 2. Current measurements are carried out
by standard lock-in techniques using current to voltage
preamplifiers. An ac voltage of V = 25.8 µV at 17 Hz

Figure 1. Schematics of the 
Mach-Zehnder interferometer 
implemented in Ref. [1] – figure 
from the paper. 
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operations that cannot be implemented without the dissipation become 
achievable by the action of the strong dissipative process. In Refs. [7,8] the 
mathematical aspects of the problem were formalized and in Ref. [6] we generalize 
this idea by identifying decoherence-free subspaces (DFS's) as the subspaces in 
which the dynamics becomes more complex. Applying methods from quantum 
control theory we characterized the set of reachable operations within the DFS's. 
We provide three examples which become fully controllable within the DFS's 
while the control over the original Hilbert space in the absence of dissipation is 
trivial. In particular, we show that the (classical) Ising Hamiltonian is turned into 
a Heisenberg Hamiltonian by strong collective decoherence, which provides 
universal quantum computation within the DFS's.  
 
In Ref. [9] we investigated the supercurrent in a hybrid topological Josephson 
junction consisting of two planes of topological insulator (TI) in a specific 
configuration, which allows both local (LAR) and crossed (CAR) Andreev 
processes at the interfaces with two conventional s-wave superconductors. In 
particular, we demonstrated that the voltage gating allows the manipulation of the 
entaglement symmetry of non-local Cooper pairs associated to the CAR process. 
We established a connection between the Josephson current-phase relationship of 
the system and the action of the two external fields, finding that they selectively 
modify the LAR or the CAR contributions. Remarkably, we found that the critical 
current of the junction takes a very simple form which reflects the change in the 
symmetry occurred to the entangled state and allows to determine the 
microscopic parameters of the junction. 
 
As the possibility to decouple temporal and spatial variations of the 
electromagnetic field, leading to a wavelength stretching, has been recognized to 
be of paramount importance for practical applications, in Ref. [10] we generalize 
the idea of stretchability from the framework of electromagnetic waves to massive 
particles. A necessary and sufficient condition which allows one to identify 
energetically stable configuration of a 1D quantum particle characterized by 
arbitrary large spatial regions where the associated wave-function exhibit a flat, 
non-zero profile is presented, together with examples on well-known and widely 
used potential profiles and an application to 2D models. 
 
In Ref. [11] we proposed a spatial analog of the Berry's phase mechanism for the 
coherent manipulation of states of non-relativistic massive particles moving in a 
two-dimensional landscape. In our construction the temporal modulation of the 
system Hamiltonian is replaced by a modulation of the confining potential along 
the transverse direction of the particle propagation. By properly tuning the model 
parameters the resulting scattering input-output relations exhibit a Wilczek-Zee 
non-abelian phase shift contribution that is intrinsically geometrical, hence 
insensitive to the specific details of the potential landscape. 
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