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GROUP 3

The third group, with 100% European 
technology, uses an analog encoding 
technology, different from the previous 
two (Groups 1 and 2) which is digital.
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How a quantum 
computer works

How it is installed
MareNostrum Ona   is composed of 3 quantum computers. Each of them has: 
the quantum processor, a helium cooling system and conventional computers 
to control all the processes.

The Barcelona Supercomputing Center-Centro Nacional de Supercomputación hosts three quantum 
computers which, with 100% European technology, will take Europe into a new era of computing.

Users access through 
a login node

MareNostrum Ona

MICROWAVE 
PULSES

QUBITS RACK CONTROL

CLASSICAL COMPUTER
Controls the system 
and processes the results.

Each of these waves 
travels through special 
cables made 
of superconducting 
material.

Controls the flow of the 
Helium isotopes, 3He 
and 4He, to cool the 
quantum chip to 
temperatures near 
absolute zero.

Bits are converted into 
microwave frequency 
signals that are sent to 
the quantum processor. 

After processing, these 
signals are transformed 
back into bits, allowing 
the classical computer 
to interpret the results.

GAS HANDLING  
SYSTEM

Shields from 
electromagnetic 
fields and holds the 
vacuum. Protects 
quantum processors 
from the outside.

ANTI-RADIATION 
SHIELD 

Helium

At the heart 
of Torre Girona
The new quantum 
computer is located in 
the building's former 
chapel. This component contains qubits, the basic units of quantum 

information. Microwave pulses are used to change the state of 
the qubits, enabling them to perform calculations and logical 
operations. Once the process is complete, the results are 
translated into classical bits (ones and zeros).

Transmon qubit
Inside, a superconducting 
circuit represents each 
of the qubits.

QUANTUM PROCESSOR

QUANTUM PROCESSOR

J (Josephson junction)
C (capacitor)

A chip in one of the coldest places in the universe
Enclosed and protected from outside ‘noise’, the quantum processor sits at the bottom of the cryostat. 
To use its quantum mechanical properties, the temperature reaches nearly absolute zero (–273°C).

THE DILUTION REFRIGERATOR

It works similarly to a domestic refrigerator, but uses liquefied helium to cool to 
temperatures close to absolute zero. Most of the components shown here are 
responsible for moving the liquefied gas and absorbing it into the cryostat.

Anti-radiation shield

Quantum processor Helium tubes
under the floor

HELIUM CONTROL SYSTEM

For everything to work properly, it is crucial that 
the processing of qubits is done at an extremely 
low temperature.

The GHS (Gas Handling System) controls the 
circulation of helium to cool the quantum 
computer, as well as creating a vacuum inside it.

CRYOSTAT CONSOLE

A computer controls the 
elements of the refrigerator 
and displays status 
information, such as the 
temperature of each part or 
the pressure.

CRYOSTAT

Inside, surrounded by a 
cylindrical anti-radiation shield, 
lives the quantum processor, 
which contains the qubits.

CONTROL RACK

Here are located the microwave generators 
and other hardware elements that control the 
qubits, as well as the server that connects 
the user with the quantum computer and 
through which the instructions of the 
quantum algorithm are sent.

LIQUID NITROGEN TANK

Used to periodically clean the valves through 
which the liquefied helium circulates.
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Helium tubes 
under the floor
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BINARY DATA

-273 ºC

3He-4He

HELIUM COMPRESSORS

The helium compressors are 
placed one on top of the other and 
recirculate the helium through all 
the pipes of the cryostat.
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Control cable

Helium

Helium tube
Connected to the GHS

ENCAPSULATED 
QUANTUM PROCESSOR

Contains the superconducting qubits 
(transmon). The quantum information is 
processed by receiving microwaves with 
certain frequencies and amplitudes.

Each qubit vibrates at a unique 
frequency. To control each qubit, a 
certain microwave pulse must be sent. 
Quantum logic gates consist of 
adjusting the intensity, phase and 
duration of these pulses, different 
quantum logic gates are applied.

Microwave
Microwave

K = Kelvin
C = Celsius

Room temperature 
298 K (25ºC)

10 mk
-273.14ºC
0,001 K
One of the coldest 
places in the universe

50 mK
-273.10ºC

0.8°K
-272ºC

50°K
-223ºC

4°K
-269ºC

STRIP LINES 

The external wires are 
transformed into these 
strips designed to transmit 
the signals to the chip 
inside the cryostat.

DILUTION UNIT

Circulates the mixture of 
Helium-4 and Helium-3.

HELIUM TUBES

Circulates Helium-4 
from the compressors.

3He-4He

ANTI-RADIATION SHIELD

Protects the quantum 
processor from disturbances 
such as external magnetic 
fields or temperature 
changes that could destroy 
the quantum information.
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