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ICSC: The National Center for HPC, Big Data and Quantum Computing

ISGC2026

what is it?

Advanced Technologies in  
agriculture (Agritech)

Sustainable Mobility

Development of RNA drugs
and gene therapies

Biodiversity

ICSC: Big Data, High  
Performance and
Quantum Computing
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• Italy has funded, with NRRP (pandemic recovery) 
funds, 5 large National Centers, for a total of 
1.6B€ over 3 years, on key future technologies.

• One of them, coordinated by INFN, focuses on 
modern IT technologies, with the final goal of 
deploying a long-term distributed infrastructure
(>> 3y) for national research and industrial 
development.

• The project started on September 2022, lasting 
until April 2026.
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The participants

25
Universities

HUB

National institutes
12

Research
institutes

Privates

The ICSC foundation: public and private members
an initiative spread across Italy
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Tommaso Diotalevi 3

On the infrastructure: three major pillars

GARR: Tbps-level connectivity 
between all public data centers. 

CINECA: expansion of Leonardo 
(HPC#8 on top500.org) with Lisa, 
and deployment of one of the 
European AI Factories. 

INFN: strengthening of the WLCG 
infrastructure (1 Tier-1 & 9 Tier-
2); acquisition of Cloud resources; 
implementation of the datalake 
middleware, based on INFN Cloud.

ISGC2026
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The structure of the ICSC National Center
The ICSC includes:
10 thematic Spokes and 1 Infrastructure Spoke
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FUTURE HPC
& BIG DATA

FUNDAMENTAL 
RESEARCH
& SPACE ECONOMY

ASTROPHYSICS & 
COSMOS OBSERVATIONS

EARTH
& CLIMATE

ENVIRONMENT
& NATURAL DISASTERS

MULTISCALE MODELING 
& ENGINEERING 
APPLICATIONS

MATERIALS &
MOLECULAR SCIENCES

IN-SILICO MEDICINE
& OMICS DATA

DIGITAL SOCIETY
& SMART CITIES

QUANTUM 
COMPUTING
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• One Spoke 
dedicated to 
building the 
infrastructure

• Ten thematic 
Spokes, one of 
which 
dedicated to 
the HEP and 
Astroparticle 
research 
domains.
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Spoke 2 – Who are «we»?
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Why our communities need an ICSC?

• Since at least 2 decades, research at the 
fundamental frontier is heavily “computing bound”
• Latest (and next) generation experiments collect 

data at the Exabyte and beyond;
• Simulation efforts in theoretical and experimental 

physics are at the Exascale;
• We have been forced to develop in-house solutions 

when nothing was available, with a good success. 
But it is now due time to evolve to a shared 
infrastructure model
• The web, the GRID, …

• Examples:
• LHC has already surpassed the global scale of 

several Exabytes of Data, and more than 1 Million 
CPU cores.

• Lattice QCD simulations are the main driver and 
benchmark for HPC systems.

The Worldwide 
LHC Computing 
GRID.

Lattice QCD on 
HPC

ISGC2026



FUNDAMENTAL RESEARCH & SPACE ECONOMY

The structure of Spoke 2

-

WP1: tools and algorithms 
for Theoretical Physics

WP2: tools and algorithms for 
Experimental High Energy 

Physics
WP3: tools and 
algorithms for 
Experimental 

Astroparticle Physics 
and Gravitational waves

WP4: tools for 
porting/optimization on 
new architectures (low 
power, GPU, FPGA, …)WP5: Boosting computational 

performance on the 
distributed CN infrastructure 

WP6: cross domain 
initiatives + space economy

Scientific

Technologic
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• We defined 2 types of Work Packages (WP):
• “Scientific” WPs: they analyze the needs of the (sub-) 

domain, and pose open problems for which advanced 
computing solutions are needed;

• “Technological” WPs: they harvest/investigate technical 
solutions in computing, on the infrastructure of the ICSC 
and beyond, and provide support / training for these; at 
the same time propose these to a larger audience, 
including industries.

WP1/2/3 WP4/5/6

Has a need; searches for a solution

Has a technology; searches 
for a test use case

ISGC2026



WP1 – Tools and algorithms for theoretical physics
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Lattice QCD Collider Phenomenology Physics of Complex Systems

• Multilevel Hybrid MC for lattice QCD
Development, test and validation of fully 
optimized parallel code with OpenMP+MPI

• QCD under extreme conditions
QCD equation of state computed in HPC 
resources, for the first time at high 
temperatures up to the EW scale.

Phys. Rev. Lett. 134, 201904

• Advanced Calculus for Precision Physics
Developing software and tools for multi-
loop scattering amplitudes. New 
architectures to improve event generation.

LoopIn: Loop Integrals for Virtual Corrections
Framework for multi-loop calculations, 
automated for:

• Diagram generation
• Interferences terms
• Symbolic manipulations
• Integral numerical evaluation

Benchmarked on the Leonardo HPC system.

• Large Scale Simulations of Complex Systems
Development and test of an algorithmic solver 
for the dynamics of an active liquid-crystal.

• Framework based on the Lattice 
Boltzmann Method (LBM), developed 
with MPI. 

• Relevant for many applications, including 
drug delivery. 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.201904
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.201904
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.201904


WP2 – Tools and algorithms for experimental HEP
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• Advanced ML: flash simulation and other bleeding edge applications

Express complex workflows (via Snakemake), and enable seamless offloading 
to heterogeneous resources (HTC, HPC) via Interlink.

Flash simulation in LHCb as a case study
> 1.2 B events produced both via 
snakemake and a WLCG-like
submission mechanism (for scalability 
tests)

• Development of ultra-fast algorithms on FPGA

• Trigger algorithms in experiments (ATLAS, 
CMS, …)

• Development of reconstruction algorithms
• Scouting of data at 40MHz (e.g. CMS)

• Porting of algorithms to GPUs

• Port experiment software on GPUs, also 
using portability tools (e.g. Alpaka)

• Physics validation on ARM

• Validation of reconstruction 
software on ARM architectures.



WP2 – Tools and algorithms for experimental HEP
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• Advanced ML: flash simulation and other bleeding edge applications

Express complex workflows (via Snakemake), and enable seamless offloading 
to heterogeneous resources (HTC, HPC) via Interlink.

Flash simulation in LHCb as a case study
> 1.2 B events produced both via 
snakemake and a WLCG-like
submission mechanism (for scalability 
tests)

• Development of ultra-fast algorithms on FPGA

• Trigger algorithms in experiments (ATLAS, 
CMS, …)

• Development of reconstruction algorithms
• Scouting of data at 40MHz (e.g. CMS)

• Porting of algorithms to GPUs

• Port experiment software on GPUs, also 
using portability tools (e.g. Alpaka)

• Physics validation on ARM

• Validation of reconstruction 
software on ARM architectures.

• Quasi interactive data analysis of big data with high throughput

More on tomorrow’s talk!!

https://indico4.twgrid.org/event/64/contributions/2888/


WP3 – Tools and algorithms for experimental AP and GW physics
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• Frequency Hough Transform on GW sources
Python implementation of FH transform on PyCUDA

• Efficient use of ML and GPUs in cosmological 
data analysis

• Inference of cosmological and astrophysical 
population properties from GW observations 
with and without electromagnetic counterparts

• Innovative analysis techniques using realistic 
simulations of the upgraded Auger Observatory 
within the context of a ML environment

• Detection and classification of 
SSO in Euclid Simulated data

A&A, Volume 694, A116

• Hydrodynamical simulations to test the nature of dark matter

Collecting the requirements of different experiments into a common framework 
based on opportunistic resources offered by ICSC

• Pipeline optimization for space and ground based experiments

Analysis of the produced simulations 
and comparison to observations

A&A, Volume 697, A213

https://www.aanda.org/articles/aa/abs/2025/02/aa51767-24/aa51767-24.html
https://www.aanda.org/articles/aa/abs/2025/05/aa53836-25/aa53836-25.html


WP4 – Tools for porting/optimization on new architectures (FPGA, GPU, …) 
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• Organization of various courses • FPGA bubbles

Creation of a national pool of FPGA opportunistic resources.
Mainly Xilinx/AMD (Alveo U55C) and Intel (DE10-Agilex).



WP5 – Computational performance on ICSC resources
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• Support the scientific WPs, adapting the existing application on the datalake infrastructure, and design/implement/test the 
computing models.

ISGC2026

• Training activities:



WP6 – Cross domain initiatives + Space Economy
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• Extended Computer Vision at high rate
Virtual recolouring of degraded artworks

• Satellite imaging
Provide new, powerful deep learning tools for large-scale 
environmental monitoring and disaster management.

• Enhancing Geant4 Monte Carlo Simulations through Machine Learning 
Integration



A further step: «From Research to Industry»
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• Eni
• Testing HEP workflows on a

industrial data center
• Predictive maintenance on ENI’s 

industrial plants
• Physics Inspired ML for the 

exploitation of natural resources
• Leonardo + TASI

• Interoperable Datalake: Data 
management + Block Chain pilot for 
Space Economy data

• Unipol
• Merging data and AI for improving 

Seismic Risk assessment and 
management in populated areas

• UnipolSAI + SOGEI
• Monitoring of alert and 

vulnerabilities for fast response and 
assurance evaluation

• Intesa Sanpaolo
• Correlations between satellite 

images and financial situation of 
agricultural enterprises

• Fraud detection on streams of 
financial data

• 2+ M€ on “Innovation Funds”: projects between the 
Center and Large Enterprises;

• 3.2 M€ on “Cascade Calls”: projects between research and 
Small-Medium Enterprises.

Why should 
industry be 

interested in the 
Higgs Boson ?

Share the platforms, the 

solutions, the expertise!

ISGC2026



Conclusions
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• The National Center for HPC, 
Big Data and Quantum 
Computing is a unique 
opportunity for research in 
Italy: build a modern 
infrastructure for research 
initially, and industry later, 
and make sustainable 
beyond the initial fundings

• Spoke 2 activities are aligned 
with the needs from High 
Energy and Astroparticle 
physics

• We are trying to form the next 
generation of scientists, versed 
in modern technologies

• While doing that, we want to 
strengthen the links with Italian 
industries

This work is supported by ICSC – Centro Nazionale di Ricerca in High Performance Computing, Big Data and Quantum Computing, funded by European Union – NextGenerationEU.
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LoopIn: Module structure
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This work is supported by ICSC – Centro Nazionale di Ricerca in High Performance Computing, Big Data and Quantum Computing, funded by European Union – NextGenerationEU.
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Offloading strategy with Interlink
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Virtual 
recolouring
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Wildfires segmentation using time-series of images from the Sentinel 
constellation
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Datalake, data management
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Full stack running on ICSC resources hosted in INFN Cloud


