
THE SUPERCONDUCTING QUBIT
LIVE FROM QUANTUM LABS

Superconductors conduct current 
perfectly in a sort of quantum 
electron wave.

Some electrical circuits using these 
superconductors present energy 
levels as an atom.

They can be excited from one level 
to another or even placed in two 
levels at once.

Our goal is also the famous
QUANTUM COMPUTER!

This electrical circuit is quantum!

It is composed of superconductors, 
and behaves like a kind of giant atom, 
with quantum energy levels.

It only works at very 
low temperatures.

In the 1980s, one understood 
that small electrical 
circuits based on 
superconductors...

...can behave like 
artificial atoms!

We can use these super 
circuits to encode 
quantum information 
and manipulate it.

And that’s the “cryostat” 
the device that allows to 
cool them to 0,01 degrees 
from absolute zero.

THE “QUBIT” OF THE QUANTUM COMPUTER
It can be 0, 1 or both at the same time!

1st electrical state 2nd electrical state



ENTANGLED PHOTONS
LIVE FROM QUANTUM LABS

Entangled photons make it possible 
to share a secret code and then use 

it to encrypt a message...

Our goal is also the famous 
QUANTUM COMPUTER!

The photons travel through “photonic” 
circuits that are reminiscent of electronic 
components. This makes it possible to do 

calculations of a new kind !

Thanks to the laws of 
quantum physics, if a spy tries 
to intercept the code, he is 
immediately detected !

What is this for, you ask me ?
Well, for example, we can do 
quantum cryptography!

At the beginning of the 1980s, we 
managed to create and detect particles 
of light, photons, one by one.

We could then entangle two of them. 
Send them several meters apart, and 
check that they linked by quantum 
correlations to each other.

This feat is even achieved 
from a satellite!

1000 km

THE “QUBIT” OF THE QUANTUM COMPUTER
It can be 0, 1 or both at the same time.
The 0 corresponds to a vertical polarization. 
The 1 to a horizontal polarization.

 

We can entrangle two photons. 
They then share a common destiny, 
even if they are separated by several 

thousand kilometers!

This is a photon, 
the quantum particle 

of light.
Consider two entangled photons:

Each in two states at once.
Now let’s separate them!

When we measure one, he places 
himself randomly in one of the two 
states. But when we measure 
the other, its state is always 
opposite to the first.

The two photons are 
correlated, regardless of 
the distance between them.



This model is outdated but 
it helps understand 
Rydberg atoms...

When you excite an atom with the right laser, 
one of its electrons suddenly occupies an 

orbit a thousand times larger!
This giant atom is then easier 
to manipulate, particularly 

with laser.

It can measure several 
micrometers, ten 
thousand times larger 
than a normal atom!

Each electron is characterized by quantum 
numbers, like an Id card!In 1913, Niels Bohr constructed

 a model of atoms.

A laser with the right 
shape can trap 
a Rydberg atom. 
It is an “optical tweezer”

By dividing the laser into lots of rays, 
we can trap hundreds of atoms, 
manipulate their energy levels and 
make them interact with each other.

RYDBERG’S ATOM
LIVE FROM QUANTUM LABS

Our goal is also the famous 
QUANTUM COMPUTER!

THE QUBIT OF THE 
QUANTUM COMPUTER
0, 1 or both at 
the same time! 

The 0 corresponding 
to normal atom.

...we can simulate the quantum 
behavior of matter. In particular,
 it can help understand peculiar 
and mysterious quantum magnets.

What’s the point, you ask?
By levitating a hundred Rydberg atoms 
and entangling them with lasers...

Rydberg atoms can be used to encode 
quantum information and manipulate 

it with lasers.

The 1 to a Rydberg state.



THE QUANTUM DOT
LIVE FROM QUANTUM LABS

In a quantum dot, one can trap a single 
electron. This electron carries a small 
quantum magnet, the spin.

With electromagnetics fields, one can 
then manipulate this small magnet and 
align it upwards, downwards or both 
directions at the same time!

What’s the point you ask ?
Well the color of these boxes makes
 it possible to make very high 
resolution GLED screens.

THE “QUBIT” OF THE 
QUANTUM COMPUTER
It can be 0, 1 or both 
at the same time!

spin down

spin up

Our goal is also the famous
QUANTUM COMPUTER!

Spin can be used 
in quantum dots to 

encode and maniupulate 
quantum information.

This “quantum box” 
measures around 
a hundred 
nanometers.

To properly stabilize these spins, 
the setup must be cooled to within 
a few degrees of absolute zero.

By manipulating the spins of several boxes, 
we hope to perfom calculations of a new kind!

We can choose the number 
of electrons that we trap 
with electric voltages.

Certain stacks of 
semiconductors allow 
electrons to be trapped.

In the 1980’s, researchers managed 
to create the first quantum dots 
by manufacturing nanoparticules 
in glass or in colloidal solutions.

On a small scale, quantum physics governs the 
properties of these quantum dots. For example when 
their size changes, they have different colors.

We can also make 
a quantum box with 
a sandwich of 
semiconductors!



THE TRAPPED ION
LIVE FROM QUANTUM LABS

In the 80s
one manages to capture 

a single ion

by levitating it

with electric 
traps !

What’s the point, you ask ?
Well by looking at how often the ion 
is excited we can for example make 

the most precise clocks!

We can thus measure 
time with a precision of 
0.000 000 000 001 

seconds.

If two such clocks had starded 
at the beginning of the universe, 
today they would differ by only 

one second.

For that, you need lots of ions floating 
in a vacuum, and lasers to manipulate 

their energies.

THE “QUBIT” OF THE QUANTUM COMPUTER
It can be 0, 1 or both at the same time.

0 corresponds to an ion not excited.
1 corresponds to an excited ion.

Our goal is also the famous 
QUANTUM COMPUTER!

We can thus encode 
quantum information 
to carry out new kinds 
of calculation!

An ion is an atom from which 
an electron has been removed.

It is therefore no longer 
electrically neutral...

...which allows it to 
be manipulated with 
electromagnetic fields.

The energy of an ion 
has quantum levels.

When one excites an ion,
it jumps suddenly from
one level to another.

You can even excite
an ion into two
levels at once!



THE NV CENTER IN DIAMOND
LIVE FROM QUANTUM LABS

In the 90’s, one realized that 
a particular defect in diamond, 
the NV center, had astonishing 

properties.

Our goal is also the famous 
QUANTUM COMPUTER!

By using magnetic fields, we can 
manipulate them, and thus carry 
out new kinds of calculations.

We can use the spin of the 
NV centers to encode 
quantum information.

THE “QUBIT” OF THE QUANTUM COMPUTER
It can be 0, 1 or both at the same time!
0 : no spin and 1 : spin

And they are used to do 
magnetic imaging.

One can then transform them 
into sensitive, very small and 
very solid sensors.

The NV center carries a small 
quantum magnet, the spin. 
When you illuminate it with 
a laser, the NV center shines.

According to the direction of 
its spin, it shines more or less. 
It therefore behaves like 
a sort of nano compass.

But what’s the point, you ask?
NV centers are sensitive to temperature, 

magnetic field, pressure.

laser

In this diamond, there is 
a very particular defect.

This defect is only 
present on two 
adjacent atoms.

It is fluorescent and 
has amazing magnetic 

properties.

It is fluorescent and allows 
you to probe magnetism 
on a very small scale!

It was Jörg Wrachtrup in 
Germany who discovered the 
properties of this defect.


