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HQI and TGCC at TGCC

Pasqal technology
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The story in short…

RUBY
cofunding hosting
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CEA operates supercomputing centres
HPC services for Research, Industry, Defense

4 computing centres 

CEA DIF
Bruyères-le-Châtel
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TGCC: national centre for QC (and EU exascale)

Alice Recoque in 2027
Procurement on-going
Infrastructure ready

Co-funded by 20 partners

2025: Pasqal’s RUBY cold-atom and Quandela’s LUCY photonic
quantum computers at TGCC
w/ Qaptiva/QLM emulator and front-end to supercomputers

ON-GOING EVOLUTIONS
QUANTUM COMPUTING

EXASCALE
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December
2024CEA Computing Complex Site Update 6

EXASCALE @ TGCC
We are ready to welcome Alice!



Quantum Computing: HQI is QC part of French National Quantum Strategy

A scalable and open platform

Séminaire de la mission numérique | November 2024

Platform 
Hosted at

PERCEVAL

PULSER

Emulation QPU#3

Shared software stack

HPC

HPCQS-France

Joliot-Curie 
supercomputer

then
EuroHPC and 
Jules Verne 
Consortium

to 
acquire/operate

Alive Recoque
supercomputer

7

Training

HLST

Houses of 
Quantum

HQI cofunds RUBY
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Foundations of a hybrid Quantum-HPC
European Infrastructure 

2x100+ qubits

EuroHPC HPCQS project – 2021-2025
https://www.hpcqs.eu/

QLM emulation envt
2022-

HPCQS system#1

HPCQS system#2

HPCQS EuroHPC project cofunds RUBY (as well as twin QPU JADE in Juelich)
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HQI and TGCC at TGCC

Pasqal technology

Integration 
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Pasqal is a French company whose product is an analogic quantum computer*
■ The QC is using Rydberg Blockade to perform computation

■ They use cold atoms emitted in a void chamber to implement qubits
■ Lasers are used for 

■ Fine positioning of the atoms (optical tweezers)
■ Exciting the atoms and trigger the Rydberg Blockade
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The Pasqal Device

www.pasqal.com

* Very recent breakthrough: first logical qubits successfully prepared on a Pasqal platform
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Pasqal implements qubits with Rubidium atoms (Rb)
■ Rubidium is monovalent
■ The Rubidium atom is rather big

■ The electron can be « far » from the kernel

For a Rb atom
■ Excited  state (noted |1> ) where the electron is far from the kernel
■ Unexcited state (noted |0> ) where the electron is close to the kernel

Rydberg Blockade
■ When atoms are close enough (Rydberg raius), they can’t be booth excited at the same 

time, due to Coulomb interaction
■ Only states |01> and |10> are possible and any superpositions of them
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Rubidium Atom



Disposition : Titre et contenu

Atoms build a Unitary Disk Graph whose radius is the Rydberg radius
■ Atoms are vertices
■ Entanglements are edges
■ Since no two connected / entangled atoms can’t be excited at the same time, the final state of 

the set of atoms, after Rydberg Blockade, is a superposition of solutions of MIS

MIS is NP-Complete, any NP problem can be reduced to MIS, and the transformation is P

And also: Hamiltonian simulation…
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Possible use: Rydberg Blockade and MIS problem
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https://www.pasqal.com/
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Want to learn more?
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From the lab
to the

computing centre
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Ruby@TGCC

Joliot-Curie machine room

Quantum Room
Modest requirements :
a few kW, some air conditioning

© Atos

© CEA

Qaptiva (QLM)
• Emulator
• Front end

Different than HPC rooms
(small, «quiet » room)

Easier works than
infrastructure adaptation 

for Alice Recoque…
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The Ruby system is accessed via the Qaptiva which operates as a proxy
■ Qaptiva deals with Authentication, Accounting and Scheduling
■ It provides an unified programming frontend to end-users 
■ The QC are protected / isolated in a specific and dedicated network private zone
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Pasqal / Qaptiva integration



Disposition : Titre et contenu

19

Pulser/QLM code sample
import numpy as np

from pulser import Pulse, Register, Sequence

from pulser.devices import AnalogDevice

from pulser.waveforms import CustomWaveform

from pulser_simulation import QutipEmulator

from pulser_myqlm import IsingAQPU

# Pulser Sequence (find more at https://pulser.readthedocs.io/)

device = AnalogDevice

register = Register.square(2, 5, None)

seq = Sequence(register, device)

seq.declare_channel("ryd_glob", "rydberg_global")

duration = 100

seq.add(

Pulse(

CustomWaveform([ti / duration for ti in range(duration)]),

CustomWaveform([1 - ti / duration for ti in range(duration)]),

0,

),

"ryd_glob",

)

seq.add(Pulse.ConstantPulse(20, 1, 0, 0), "ryd_glob")

seq.add(Pulse.ConstantPulse(20, 1, 0, np.pi / 2), "ryd_glob")

# Draw the Sequence

seq.draw(draw_phase_curve=True)

# Simulate the Sequence using Pulser

sim = QutipEmulator.from_sequence(seq, with_modulation=True)

res = sim.run().sample_final_state(2000)

print("Pulser Result obtained with pulser_simulation for 2000 samples:")

print(res, "\n")

print("Converted into MyQLM Result:")

print(IsingAQPU.convert_samples_to_result(res), "\n")

print(

"Expressed as a dictionary of (state: probability): ",

{

sample.state: sample.probability

for sample in IsingAQPU.convert_samples_to_result(res)

},

"\n",

)

# Convert the Sequence to a Job

job = IsingAQPU.convert_sequence_to_job(seq, nbshots=0, modulation=True)

# Simulate the Job using pulser_simulation

aqpu = IsingAQPU.from_sequence(seq, qpu=None)

result = aqpu.submit(job)

print(

"MyQLM Result obtained using IsingAQPU with pulser-simulation with "

"default number of samples (2000):"

)

print(result, "\n")

print(

"Expressed as a dictionary of (state: probability): ",

{sample.state: sample.probability for sample in result},

"\n",

)

print("Converted into a Pulser Result:")

print(IsingAQPU.convert_result_to_samples(result), "\n")

# Simulate the Job using AnalogQPU

try:

from qlmaas.qpus import AnalogQPU

analog_qpu = AnalogQPU()

aqpu = IsingAQPU.from_sequence(seq, qpu=analog_qpu)

results = aqpu.submit(job)

# Display the results once they have run on AnalogQPU

print("Results obtained with AnalogQPU: ", results.join())

print(

"Expressed as a dictionary of (state: probability): ",

{sample.state: sample.probability for sample in results},

"\n",

)

except ImportError:

print("Can't import AnalogQPU, check connection to Qaptiva Access.")
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■ Ruby is connected to TGCC network since July 17th 2025
■ Accessible via Qaptiva Access
■ Acceptance tests are almost complete

The first user computation was a benchmark from French project BACQ
■ Developped by CEA/IPHT
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Ruby : the Pasqal system at TGCC
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Ready to welcome scienfitic and industrial uses cases, like some explored by Pasqal and 
partners already
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Next… use cases & end users https://www.pasqal.com/
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The Lucy system will be delivered in October 2025
■ It’s based on Linear Optics with 12 photons shot in 24 fibers
■ The technology is very different from Pasqal
■ The system is made of 2 racks… 
■ The system is built at Quandela facility in Massy near Paris
■ To be shipped/installed October 2025
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Coming next: the Lucy system from Quandela




