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Il processo (1)

1. Raccolta delle richieste di risorse di calcolo da parte 

delle sigle (attive e nuove proposte) in fase di preventivo. 
Predisposto un form e interagito con i responsabili delle sigle:

– Selezione delle richieste, filtrate:

• Richieste “sotto soglia” (pc desktop, …)

• Dispositivi da integrare in apparati sperimentali (host per schede 

DAQ, sistemi di sviluppo, …)

• Richiesta per un server di calcolo da gestire localmente (SETIN2)

– Classificazione della tipologia di risorse richieste (Cloud/HPC)

– Individuazione della tempistica per l’uso delle risorse

• Immediata: richiesta SJ per il 2022 (AI_MIGHT)

• Inizio del 2023: sigle attive e nuove proposte 

• Legata alla disponibilità sul mercato della tecnologia (ML_INFN)
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Il processo (2)

2. Inserimento delle richieste selezionate nella sigla 

CALC5_Tier1 (tot. 221k€)

– Criterio di quantificazione del costo (per eccesso, x3?)

• Preventivi presentati per l’acquisto delle risorse richieste

– Risorse “HPC”

• Core-hour e GB per core di memoria RAM (concordati con i

richiedenti fissando una ragionevole percentuale di uso delle risorse

richieste in origine come acquisti)

• Numero e tipologia di acceleratori GPU

• TB storage di rete

– Risorse “Cloud”

• Caratteristiche delle macchine richieste in origine

3. Post chiusura preventivi

– Revisione delle richieste

– Interazioni con i responsabili

– Eliminazione/Rimodulazione/Accorpamento delle richieste
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Stato delle richieste al termine del processo
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AI_MIGHT
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AI_MIGHT
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AI_MIGHT
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next AIM
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next AIM
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next AIM
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next AIM
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FRIDA
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FRIDA
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FRIDA
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FUSION
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FUSION (FUsion StudIes of prOton 
boron Neutronless reaction in laser-

generated plasma)

R. Testoni, A. Froio, R. Bonifetto
(Dipartimento Energia, Politecnico di Torino)
Responsabile locale: R. Testoni
Totale sede di Torino: 1 FTE



FUSION - Laser-induced p-11B fusion reaction
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• Neutronless fusion reactions
• It is considered as a potential candidate in inertial fusion scheme
• Reagents more abundant in nature with respect to other fusion 

reactions of interest, and easier to handle
• Interest for the realisation of intense 𝛼 sources for applications

p(11B, 𝛼)8Be

M.Oliphant, L.Rutherford, Proc. R. 

Soc. London A 141 259 (1933)

p-11B reaction can be triggered using high-power laser 
systems and could be in future suitable as fuel for 
Inertial Fusion Energy

Boron (natural or 11B) 
enriched target on 
silicon substrate

In-target scheme
Pitcher-catcher scheme

Thick boron 
target

F. Consoli  et al., (2020) Front. Phys. 8:561492

D. Margarone et al, Front. Phys. 8 (2020) 343
A.Picciotto, et al. Physical Review X 4, 031030 (2014)

L.Giuffrida, GAP Cirrone, et al. Phys. Rev. E 101, 013204 (2020)

D.Margarone, et al. Appl. Sci. (2022), 12, 1444



FUSION - modelling and simulation
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● The different FUSION experimental activities will benefit of the
support from the modelling aspects: the test matrix definition and
the interpretation of the results, as well as, where applicable, also
the target design.

● Three different modelling techniques will be adopted, namely
hydrodynamic (HyD), Monte Carlo (MC) and Particle-In-Cell (PIC)
models. They will be properly coupled when required by the
physics to be included in the simulation.

● Depending on the target to be designed and tested in
combination with a defined laser pulse, the objective and
methodology will be different.

● Politecnico di Torino activities will concentrate on the PIC
modeling: computational resources are needed
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BA, CNAF, FI, GE, PD, PG, 
PI, RM1, TO, BO, NA

Keep the infrastructure updated and ready to 
host upcoming AI technologies

Enhance the Quality of Service of the GPU 
cluster exploring techniques and technologies 
to reduce idle time of the GPU resources.

Consolidate online training initiatives and 
revive live events (assuming looser Covid 
restrictions)

Modernize the KB with PyTorch, JAX and new 
architectures (GNN, Transformers); organize 
and document open datasets usable for Data 
Science.

The proposed extension 2023-25
Strong synergy with INFN Cloud to deploy and operate 
a highly customizable GPU cluster by employing 
modern virtualization and container technologies.

The INFRASTRUCTURE

Base and Advanced Hackathons organized to ease the 
access to technologies and concepts useful for ML  

e.g. Jupyter, Pandas, Keras, DNN architectures, AI for HEP, GW and Med. Phys.

TRAINING and EVENTS

Collection of ML use cases relevant for INFN research, 
with open data samples and executable examples
https://confluence.infn.it/display/MLINFN/ML-INFN+Knowledge+Base
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https://confluence.infn.it/display/MLINFN/ML-INFN+Knowledge+Base
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BA, CNAF, FI, GE, PD, PG, 
PI, RM1, TO, BO, NA

Risorse di calcolo 2023

Research focus is on modern 
computing solutions, including 
hardware. 

To keep the pace with the quickly 
evolving technological landscape, 
a frequent modernization of the 
equipment is of critical 
importance.

Preliminary interactions with Huawei and
nVidia to establish future collaborations

nVidia Hopper is the upcoming GPU architecture 
for machine learning workloads in data centers. 

ML_INFN will setup a server capable of hosting
Hopper GPUs to provision them through INFN 

Cloud as soon as they land the European market. 

More than a half of the GPUs currently hosted by ML_INFN were acquired on external funds.



QUANTEP
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QUANtum Technologies Experimental Platform

● INFN project on Quantum Technologies (CALL)

● Started in 2021 

INFN Sections and Laboratories involved: LNL, MI, PG (Camerino), PI, PV (Modena e 

Reggio Emilia), RM2, SA, TO

● Interest and support from: LNGS (LUNA-MV), LABEC (DEFEL), NEST, TYNDALL, 

Institut Ruđer Bošković (RBI), Micro Photon Devices (MPD), University of Leipzig, 

Chalmers University of Technology, Physikalisch-Technische Bundesanstalt (PTB).

● 15-17 FTE/year, up to ~ 1 MEuro budget

● Creation of a common Silicon Photonics platform for development and 

characterization of

● quantum computing circuits;

● single photon sources;

● single photon detectors;

● polarization control circuits.



QUANTEP – Universal Quantum Gates

21

2 qubits:

1 qubit:

Some 1 qubit elementary gates

The prototype (universal) 2 qubits gate is the Controlled NOT (CNOT) gate

control bit

target bit

● the control bit is left unchanged

● the output target bit is the XOR of the 

input control and target bits

● but of course it does much more: it 

works on the wave function

Pauli-X (NOT) gate                Pauli-Z gate                  Phase shift gate                 Hadamard gate



QUANTEP – CNOT Gate
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CNOT  Gate
State

Measurement

State 

Preparation

PPL

N

Coincidence

Detection
Photon-pair

Generation

Coupler parameters:

bw = 0.45 um

bh = 0.22 um

yspan = 2.5 um

1/3

1/3

1/3

1/2 1/2



QUANTEP – Directional Coupler
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Lgap = 250 nm

Lgap = 300 nm Lgap = 400 nm

Ansys/Lumerical FDTD: risoluzione delle equazioni di Maxwell con simulazione 

agli elementi finiti



QUANTEP - Spot Size Converter
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The propagation of the mode propagating outside the Spot Size Converter

has been studied performing a Lumerical FDTD simulation.

Ansys/Lumerical FDTD: risoluzione delle equazioni di Maxwell con simulazione 

agli elementi finiti



QUANTEP – Polarization Control
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• Si-wg= 450x220 nm

• NW length= 5um

• NW radius= 60nm

• Material= InP

• Number of NWs= 10

• NW separation (d) = 500nm

• TE -> TM conversion

wl = 1.54 
um

wl = 1.56 um

Input E-
field

Output E-
fields

d

An example: array of 

nanowires

Ansys/Lumerical FDTD: risoluzione delle equazioni di Maxwell con 

simulazione agli elementi finiti

with nanowires, graphene and other 2D materials



SETIN2
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WP 1: Theoretical study of new topological arrays
Coordinator: Francesco Romeo
Contributors: NAPOLI, PARMA and SALERNO Unit.

The theoretical characterization of selected tree-like arrays 
will be carried out by studying the physical properties of some 
basic models (from pure hopping to Bose Hubbard, Ginzburg-
Landau approach, etc.), with both analytical and numerical 
methods, mainly providing predictions on the dependence of 
measurable quantities.

WP 2: Experimental study of new topological arrays
Coordinator: Roberto Russo (NAPOLI)
Contributors: NAPOLI and ROMA2 Units.

The WP aims to measure JJ arrays based on standard and well 
established Nb technology with new topological structures 
defined by the theoretical group as well as to produce and to 
measure arrays based on materials other than niobium such as 
aluminum and Niobium nitride as well as Dayem Bridge 
instead of Josephson tunnel Junctions. 

WP 3: Computational study of new topological arrays
Coordinator: Roberto Alfieri (PARMA)
Contributors: PARMA and ROMA2 Units. 

The WP mainly concerns complex optimization problems and 
aims to determine the most effective topology according to 
which to arrange a given number of junctions, to obtain the 
greatest improvement of superconducting properties. 

Proposta Nuovo Esperimento

Sigla: SETIN2
Durata Proposta: 3 Anni

Area di Ricerca: Interdisciplinare
Responsabile Nazione: Davide Cassi (Parma)
Unita’ Partecipanti: Napoli, Parma, Roma Tor 

Vergata e Salerno

The project aims at understanding the fundamental 
mechanisms involved in the phase transitions of two-
dimensional arrays of superconducting islands 
connected by Josephson junctions. In the resulting 
networks, due to the interplay between the long-range 
quantum coherence and topological properties (in the 
graph theory sense), new quantum orders emerge. The 
network connectivity becomes much more relevant 
than the real dimensionality and new physics is 
expected to arise, as predicted by existing theoretical 
models.



SETIN2
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WP 3: Computational study of new topological arrays

This task includes the development  of a prototype [M18]  using parallel programming techniques and 
will be able to exploit modern parallel architectures (multicore and multinode) and libraries (openMP
and MPI). The program will calculate key parameters established on the basis of the models provided by 
the theoretical WP and we will numerically study their dependence on the network topology.

The execution of the  developed tool [M36] will require the following  computational  resources:
- HPC cluster of the University of Parma (developed in collaboration with INFN), will be used for the 
development, testing and processing of configurations of limited size. 

• For "medium" configurations (50-100 junctions) the project foresees the exploitation of a dedicated 
computing node, with a high amount of memory and computing power. 

A suitable computing node to this purposes is the following (which can be found in the 
CONSIP catalog):
Server HPE DL560 with 4 Intel  6252N processors and 1TB ram
Or in a cloud architecture
2023: 96 core x 12 ore x 120 gg = 140k core hour - RAM: < 10GB x core
2024 e 2025 : 96 core x 20 ore x 240 gg  = 460k core hour - RAM: < 10GB x core

• At the moment it is not clear which is the best approach, in terms of calculation algorithms, for the 
study of systems of medium-large dimensions. The choice of the best approach to use will be made in 

2023, using now traditional approaches (Monte Carlo etc) but they also do not exclude the 
possibility, necessity of having to develop new algorithms.



Conclusioni

▪ Primo “esperimento”, stiamo imparando

▪ Data la tipologia delle sigle in CSN5 (2/3 anni di durata) è 

fondamentale che le richieste vengano rese disponibili a 

gennaio, con approvazione delle richieste a settembre.

– Ambiente software molto variegato

– Gestione licenze (che succeed con l’uso su Cloud?)

▪ Questo è vero anche (e soprattutto) in questa prima

interazione:

– Caso AI_MIGHT (richiesta SJ sbloccata nel 2022)

▪ La possibilità di utilizzare risorse su IBISCO sembra l’unico

percorso possible per raggiungere lo scopo il 2023

– E’ verosimile che queste vengano messe a disposizione per un 

uso effettivo nel giro di qualche settimana?

– In caso negativo esistono alternative?
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