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• Elétrons habitam apenas certas 
órbitas. 

• Quando um elétron pula de uma 
para a outra, ele emite ou absorve 
um fóton.

N. Bohr
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TECNOLOGIAS QUÂNTICAS 2.0

Computação quântica

•Programas exponencialmente mais rápidos, 
que são inviáveis com computadores 
tradicionais.

Comunicações quânticas:

•Comunicações encriptadas ultra-
seguras

Sensores quânticos

•Sensores ultra precisos para detectar 
campos magnéticos, campos gravitacionais, 
etc. 







63 = 3×3×7

ALGORITMO DE SHOR

195 = 3×5×13

2434500 = 2×2×3×3×5×5×5×541

NÚMERO
TEMPO 

(S)

10100+1 0,04

10101+1 0,0094

10102+1 0,75

10103+1 82,2UM COMPUTADOR QUÂNTICO SERIA CAPAZ DE REALIZAR ESSA 
TAREFA DE FORMA EXPONENCIALMENTE MAIS RÁPIDA
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Figure 1. Schematic of the experimental setup. A Heat flows from the hot to the cold spin (at thermal contact) when
both are initially uncorrelated. This corresponds to standard thermodynamic. For initially quantum correlated spins, heat is
spontaneously transferred from the cold to the hot spin. The direction of heat flow is here reversed. B View of the magnetometer
used in our NMR experiment. A superconducting magnet, producing a high intensity magnetic field (B0) in the longitudinal
direction, is immersed in a thermally shielded vessel in liquid He, surrounded by liquid N in another vacuum separated chamber.
The sample is placed at the center of the magnet within the radio frequency coil of the probe head inside a 5mm glass tube. C

Experimental pulse sequence for the partial thermalization process. The blue (black) circle represents x (y) rotations by the
indicated angle. The orange connections represents a free evolution under the scalar coupling, HHC

J = (⇡~/2)J�H

z �
C

z , between
the 1H and 13C nuclear spins during the time indicated above the symbol. We have performed 22 samplings of the interaction
time ⌧ in the interval 0 to 2.32 ms.

where C is the set of all states classically correlated24,25.
The geometric discord has a simple closed form expres-
sion for two qubits that can be directly evaluated from
the measured QST data (Supplementary Information).
We find the nonzero value Dg = 0.14 ± 0.01 for the ini-
tially correlated state prepared in the experiment.

We experimentally reconstruct the global two-qubit
density operator using quantum state tomography21 and
evaluate the changes of internal energies of each qubit,
of mutual information, and of geometric quantum dis-
cord during thermal contact (Figs. 2 A to F). We observe
the standard second law in the absence of initial correla-
tions (↵ ' 0), i.e., the hot qubit A cools down, QA < 0,
while the cold qubit B heats up, QB > 0 (circles symbols
in Figs. 2 A and B). At the same time, the mutual in-
formation and the geometric quantum discord increase,
as correlations build up following the thermal interac-
tion (circles symbols in Figs. 2 C and D). The situation
changes dramatically in the presence of initial quantum
correlations (↵ 6= 0): the energy current is here reversed

in the time interval, 0 < ⌧ < 2.1 ms, as heat flows from
the cold to the hot spin, QA = �QB > 0 (squares sym-
bols in Figs. 2 A and B). This reversal is accompanied
by a decrease of mutual information and geometric quan-
tum discord (squares symbols in Fig. 2 C and D). In this
case, quantum correlations are converted into energy and
used to switch the direction of the heat flow, in an ap-
parent violation of the second law. Correlations reach
their minimum at around ⌧ ⇡ 1.05 ms, after which they
build up again. Once they have passed their initial value
at ⌧ ⇡ 2.1 ms, energy is transferred in the expected di-
rection, from hot to cold. In all cases, we obtain good
agreement between experimental data (symbols) and the-
oretical simulations (dashed lines). Small discrepancies
seen as time increases are mainly due to inhomogeneities
in the control fields.

The experimental investigation of Eq. (5) as a function
of the thermalization time is presented in Fig. 2 E and
F. While the relative entropies steadily grow in the ab-
sence of initial correlations, they exhibit an increase up
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