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Why are we (as an HPC cenire) interested in quantum
computing?

Quantum computers will not replace supercomputers
* Instead, the two will merge
« Important to stimulate co-creation between the HPC and QC communities

Our end-users will need early-access to HPC+QC in order to make their workflows
quanium-ready

« The transition from classical CPUs/GPUs to quantum QPUs requires
fundamental rethinking of problems and algorithms

« Requires time, resources, and support

HPC centres serve as natural starting points

« All the necessary basic services already in place:
User authentication and administration
Resource allocation and control
Storage, high-speed network, classicalresources, ...

e End-users!
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Connecting supercomputers with quantum computers LUMI
High-Performance Computing + Quantum Computing (HPC+QC)

Quantum acceleration

« Quantum computers are performing computations in a
completely different manner

* For some types of calculations, QC can potentially speed
up calculations significantly

* For most types of calculations, QC provides no advantage
over classical computing

) Hybrid HPC+QC is the future!

«  Quantum computers will merge with supercomputers, both need each other

LUMI and Helmi
« Finland is at the global forefront in developing HPC+QC

* LUMI connected to the Finnish guantum computers
5 qubit Helmi, 53 qubit VTT Q50 . .
Academic use through CSC Tiny quantum computer plugs into top Euro

Commercial use through VT supercomputer - because why not?

It's not how many qubits you've got, it's how you use them

A Tobias Mann Wed 2 Nov 2022  06:20 UTC




What is needed for quantum advantage

 Deep understanding of the problem at hand: classical modelling algorithms have been
developed for a hundred years!

 Need to know what the actual bottlenecks for present and future classical methods are and will bel
 Deep understanding of the possible quantum solution at hand

* Understanding how to exploit “classical support software”
* Pre- and postprocessing

« Compiling and transpiling quantum algorithms
« Machine learning for creating quantum algorithms?
«  Error mitigation of the results, enhancing “signal to noise ratio” \&

« Access to HPC+QC infrastructure

Quantum computers are different

« From classical supercomputers Users need access to several 4
« From each other different quantum computers4

*

CSC




The Finnish Quantum-Computing Infrastructure Fi@@ﬂ

Founded by VTI, Aalto University, and CSC in 2020

« “The mission of FIQCI is to provide state-of-the-art guantum-computing services such as
computing time and training”
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« Access to Helmithrough LUMI opened November 2022
« Access to VTT Q50 through LUMI opened July 2025
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Access FIQCI HPC+QC from your browser: www.lumi.csc.fi
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@ bell_states_giskit.py

® bemstein vazirani.... last yr.

@ first_quantum_job....

ghz.py
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README.md
two_qubit_bell_sta...
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Tabs

Settings Help

= bernstein_vazirani.py X | = state-tomography.py X | +
64

65 job = execute(qc, self.backend, shots=shots)
66

67 return job.result().get_counts()

68

69 def _prepare_circuit(self, qc, qreg):

70 # Prepare the additional qubit

71 qc.h(qgreg(4])

72 qc.z(qreg(4])

73 for i in range(4):

74 qc.h(i)

75

76 s = self. to bin digits(self. num)[::-1]

747

78 for q in range(4):

TAS) if s[q] != @:

80 qc.cx(q, qregl4])

81

82 for i in range(4):

83 qc.h(i)

84

85 qc.measure(range(4), range(4))

86 if self.verbose:

87 print("Created circuit: ")

88 print(qc.draw())

89 transpiled_circuit = transpile(qc, self.backend)
90 print("Transpiled circuit: ")

Ln 1, Col 1

Spaces: 4 bernstein_vaziranipy 0 Q
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In Focus

28.5.2025
LUMI Al Factory

Latest news and articles

25.7.2025
Podcasts for summer

22.7.2025

ELLIOT project launches to
build more responsible Al in
Europe

22.7.2025
Current open calls for LUMI
resources

18.7.2025
LUMI supercomputer powers
IQM’s quantum processors
optimisation

LUMI enables simulations of large-scale algorithms for
quantum advantage

14.4.2025

Quantum computing holds the promise of revolutionising computational modelling. Recent progress in constructing quantum
computers has been rapid — already now, science that previously was impossible can be performed on real quantum devices. What
we still need, is a larger selection of quantum algorithms and software to drive quantum-accelerated supercomputing further. For
this, tools for simulating the behaviour and performance of quantum algorithms on classical computers are crucial. Now, full

simulation of quantum algorithms utilising up to 44 qubits can routinely be explored on the LUMI supercomputer, pushing the

frontiers for the next generation of science and discovery.




Home About FiQCI Get Access

Home > Blogs and instructions > Dark Matter Detectio...

Meeri Makitalo

Junior
Application
Specialist at
CSC, Quantum
Technologies

(QSO) (Dark maner) (Quantum sensing)

Blog | Aug 21, 2025

Dark Matter Detection with Qubits

“What is dark matter?” is a question that as been asked by scientists for many years. Recently an

interest has spiked on using qubits as sensors for finding dark matter. Superconducting qubits
are used for searching for a specific type of dark matter particle, an axion. Axions are light
particles that do not interact with “ordinary” matter easily. However, they can cause additional
electrical currents while coupling to photons which could be sensed by a qubit. These signals are
very weak and it has been proposed that the sensitivity of the qubit sensor system could be
increased with a quantum circuit. In this blog post, an introduction to the basics of using qubits
as sensors and an introduction to axion dark matter is given. The use of superconducting qubits
for axion dark matter detection is also motivated and the circuit for the sensitivity enhancement
is presented. The code for this circuit is also available so that anyone can run it on the VTT Q50
quantum computer.

Qubits as sensors

Blogs and Instructions

Status Events

VIT
L

Read next:

Quantum Circuit-
Knitting on FiQCI

Blog | 27.8.2024

Why Qubit Layout
Should Be
Considered when
Designing
Quantum Circuits

Blog | 29.8.2024

Open Call 1/2025
for Academic
Projects for the
VTT Q50 Quantum
Computer

News | 4.3.2025
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Non-computing applications

Quantum computers are already providing quantum advantage
« Enabling new type of quantum experiments

« Instead of using the computer to solve an algorithm, use the fine control for manipulating quantum
states on the gquantum processing unit (QPU)

o
o

Scientists use quantum device to slow down
E PhYSWSWO”d n simulated chemical reaction 100 billion times

Physicists Create a Holographic
Wormhole Using a Quantum Computer

QUANTUM COMPUTING | RESEARCH UPDATE

Quantum computer shows that time crystals are phaseg
matter

01 Dec 2021 Jacob Marks

Crystalline solids such as diamon(
hallmark property: their structure
space. For much of the past deca

have wondered whether a similarl
repeating structure might also exi

analogy with spatial crystals, this
known as a time crystal, and whe

diamonds may be forever, time ¢

both forever and forever changing




Dark Matter
Detection with
Qubits

Blog | 21.8.2025

Why Qubit Layout
Should Be
Considered when
Designing Quantum
Circuits

Blog | 29.8.2024

Open Call 2/2025
for Academic
Projects for the
VTT Q50 Quantum
Computer

News | 2.7.2025

Quantum Circuit-
Knitting on FiQCI
Blog | 27.8.2024

Breaking New

Ground: Simulating

Quantum

Algorithms Up to
44 Qubits on LUMI

Blog | 1.4.2025
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GROVER’S SEARCH
ON UNSORTED DATABASE

Quadratic Speedup

Anmnr anAAWA

Search Algorithm

with [[4, 2, 2]]
Quantum Error

Detecting Code

Blog | 26.8.2024

Open Call 1/2025
for Academic
Projects for the
VTT Q50 Quantum
Computer

News | 4.3.2025
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Getting started with
Helmi through LUMI
web interface

Instructions |
23.8.2024



] LUMI-Q consortium S
LUMI consortium

LUMI-Q ﬁ]; LUMI-Q quantum computer L

quantum computer

supercomputer ’
Inclusive . 5
W sigmaz
« Builds on the 11-country pan- Europecm ® S:‘LTEF -
LUMI consortium A cs
Diverse A I == oo
. . . Im
« Getting several QCs to the fingertips of > g dia
researchers and developers is crucial for & . @
catalysing software development. 7 %
« Different problems will fit different y - $ (
architectures and software stack Delc ’
infrastructure better :
g &
Accessible {oROCIRL
« By being available through severadl . €
platforms distributed throughout Europe, @ — p—i—
LUMI-Q provides a familiar interface to a ‘:; . BRI || svrvcrsir | wriow: srexcoeuron

uniguely large user base
E DLR *




VSB TECHNICAL IT4INNOVATIONS | cz
NIVERSITY | NATIONAL SUPE MPUTIN
|| || gFIOSTRSAVA CEN?ER e ABOUT INFRASTRUCTURE RESEARCH INDUSTRY COOPERATION FOR USERS EDUCATION EVENTS Q

# — INFRASTRUCTURE —+ LUMI-Q CONSORTIUM: QUANTUM COMPUTER

LUMI-Q CONSORTIUM:
QUANTUM COMPUTER

VLQ, the quantum computer of the LUMI-Q consortium,
will provide a European-wide quantum computing
environment integrated with the EuroHPC
infrastructure. VLQ will allow the integration of the
targeted EuroHPC quantum computer into EuroHPC
supercomputer KAROLINA in Czechia, LUMI in Finland,
and EHPCPL in Poland.




The full EuroHPC QC
family will be
available to European
users soon!

Piast-Q (PL)

Digital quantum computer

Trapped-ions

_ Ruby (FR)_

Analogue quantum simulator
Neutral atoms

Digital quantum computer \

Photonics

Euro-Q-Exa (DE) ==

e ®
Digital quantum computer 91

3 Analogue quantum simulator
Superconducting

o

>

Neutral atoms
Crystal

EuroQCS-italy (IT)

Hybrid analogue/
digital guantum simulator

Neutral atoms

Q
Digital quantum computer @/~

Superconducting _ '@
.
Star-shaped ?9

EuroSSQ-HPC (NL)

Digital quantum computer

EuroQCS Spain (ES) /

Analogue quantum computer
Superconducting

Semiconductor

MeluXina-Q (LU) Spin Qubits

Digital quantum computer

Annealing

Semiconductor
Spin Qubits

EuroHPC JU
LEADING THE WAY IN EUROPEAN SUPERCOMPUTING
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LUMI Al Factory L U M | Al Factory

N+ The three pillars of LUMI Al Factory
. '-"Al’ébﬁrhised Supercompu’rer LUMI-ALI
Al Factory Service Center
N— . - Experlmen’rol quon’rum computing platform LUMI IQ

y
- ‘ ,“

CSC (Finland) coordinates consorfium with pcrhapohon from Czechia, Denmark,
Es’romo Norway and Poland

. Other Finnish partners are FCAI (Aalto Unlversfry Unlversfry of Helsinki) and Al Finland (Technology
industries)

Total budget over 612 million euros )
« EU 306.4 M€, FI 250 M€, CZ 11 M€, DK 10-M€, EE 5 M€, NO 20.4 M€, PL 10 M€
:- Iorges’r public computing ecosystem mvesTmen’r in Finland, among the largest in Europe
*» ‘largest EuroHPC Al' Factory investment ' ‘

Slgnn‘lcon’r mvestmen’r iIn‘talent and compe’rence déevelopment
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LUMI-IQ: Quantum-enhanced Al within the LUMI-AI Factory

Set up a world-leading HPC+AI+QC infrastructure

Quantum Al software development and classical Al software development for
Accelerate Al development »> quantum computing enhancement will get a significant boost from gaining
access to world-class HPC+Al+QC infrastructure.

Establish new high-value

The LUMI-IQ infrastructure, including user support and vetted use case libraries, will
al fiviti >>> aid industry in adopting quantum-accelerated Al solutions in their service delivery,
commercial activities research, development, and innovation activities.

Accelerate development and uptake of useful QML and Quantum Al
methodology, such as:

« Quantum Neural Networks (QNNs)
« Quantum Reinforcement Learning (QRL)
* Quantum Reservoir Computing (QRC)



Al for QC Fi@@ﬂ

Goal: Set up a comprehensive supporting-software framework for quantum computing

Pre-processing

Al tools .
Post-processing
Initial EEI Final
Qubit routing User-defined echniques ina
U Sel' —) wlorkf!tohw/ :
. Circuit creation algoritnm
input output

Circuit knitting

Error
characterisation

 Default set of tools available and in use

Signal-to-
noise
enhancement

* User configurable: on/off/replacement



LUMIQ Al

Timeline for the LUMI-IQ Experimental Platform

Tender out
au TU mn 2025 Initial hybrid
Al+QC software stack
Parallel quantum computing stack
I_ aun Ch M Oy Continuous AI+QC software/application library update WorI d'led ding Combine d
2025 Year1 | Year2 HPC+AI+QC infrastructure

MO1-M12 M13-M24 M25-M36 M37-M48 M49-M60 M61-M72 M73-M84

T

Bulk of the work
starting May 2026

21



Summary and Conclusions Fi@@”

Setting up the FIQCI HPC+QC infrastructure has been an exciting journey

Main lessons learned

 Need to be open-minded and actively think out of the proverbial box

« QCis acompletely different way of computing, counterproductive to try to replicate established
classical implementations

* QC brings a completely new group of users to HPC centres
* Need to be flexible and agile when setting up an appropriate service
« Actively seek for feedback and development ideas from (potential) end-users

 To geTlfhe most utility out of quantum computing infrastructure, user support and training is
crucia

Future

« Build up an HPC+QC infrastructure that matches end-user needs
* Including proactively creating services that our customers might not know they want, yet!

Feedback
« We welcome feedback and comments! figci-feedback@postit.csc.fi
o https://figci.fi
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linkedin.com/in/mikael-p-johansson youtube.com/CSCi
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