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Description of the research activity 

 

This research program investigates the non-perturbative dynamics of Quantum Chromodynamics 
(QCD) using large-scale lattice simulations on HPC systems to provide a first-principles description 
of strongly interacting matter. The project addresses key open questions across several physical 
regimes, supported by dedicated algorithmic innovation. 
QCD under extreme conditions and cosmology  
A major research direction concerns the thermodynamics of QCD, spanning the transition from the 
hadronic regime to the electroweak scale. Building upon a recent non-perturbative determination of 
the 3-flavor Equation of State, we will extend QCD thermodynamics to a realistic 5-flavor setup with 
physical quark masses. These results are critical for modeling the quark-gluon plasma (QGP) and the 
cooling rate of the early Universe, with implications for primordial gravitational waves and heavy-ion 
collision data. Additionally, the phase diagram at finite chemical potential will be mapped using multi-
point Padé approximants and analytical continuation. 
Theoretical developments  
We will address the real-time, out-of-equilibrium properties of the QGP by extracting transport 
coefficients and thermal photon emission rates from Euclidean correlators. Because reconstructing 
this spectral information requires solving an ill-posed inverse problem, we plan to develop new 
strategies to reliably determine these experimental probes of hot heavy-ion collisions. 
Precision physics in the SM and beyond  
To constrain new physics, the project targets Standard Model (SM) observables currently in tension 
with experiment. A primary goal is the high-precision determination of hadronic contributions to the 
muon anomalous magnetic moment, including hadronic vacuum polarization (HVP) and isospin-
breaking effects. Fundamental parameters like quark masses and the strong coupling constant will 
be calculated using advanced non-perturbative renormalization schemes (e.g., the chirally rotated 
Schrödinger Functional) and heavy-quark decoupling. We will also study the renormalization of 4-
fermion operators to constrain indirect CP violation. 
Algorithmic innovation  
To achieve these goals, we will refine multi-level Monte Carlo algorithms to overcome exponential 
signal-to-noise degradation in long-distance correlators, enabling precision studies of HVP and 
photon emissivity. Further developments will target gauge theories in the large-N limit to characterize 
meson and glueball spectra, while Numerical Stochastic Perturbation Theory will be used to probe 
non-trivial topological sectors. 
 
Integrating innovative theoretical and methodological advances establishes a framework for achieving 
the precision to impact on particle physics experiments and cosmology. 
The people participating to the QCDLAT project are internationally renowned experts in the Monte 
Carlo simulations of QCD on the lattice exploiting HPC systems; international collaborators are 
involved in the research activity discussed above.   

Request of computational resources at Cineca for 2027:  
 

l CPU-based partition: 50 Mch 
l GPU-based partition: 2.5 Mgpuh 

 
 
 

Request of computer-time allocation on HPC systems for R&D  
 

The QCDLAT group has a long-standing research track record in non-perturbative QCD dynamics. 
These first-principles studies rely entirely on lattice numerical simulations, which are computationally 
demanding and require HPC systems. 
While increasing HPC power allows for higher accuracy and broader investigations, the most 
significant efficiency gains often stem from new algorithms and computational strategies. 
Consequently, a core component of QCDLAT’s activity is to develop innovative numerical methods to 
accelerate lattice QCD Monte Carlo simulations, many of which are now well-established in the field. 
The study and the development of innovative numerical methods can be efficiently carried out only 
on small size HPC systems, with resources that can be easily accessible and with a fast stop-restart 
working approach that is essential when studying and testing new algorithms. In order to continue this 
very important research of QCDLAT, we would like to have access to the CPU partition of the HPC 
Bubbles with the possibility of using up to 4 nodes. The performance tests carried out on this HPC 
system showed that it provides a robust and scalable platform for lattice QCD and other 
communication-intensive scientific applications.  
  

Request of computational resources on Tier1/Tier2 clusters for 2027:  
 

l CPU-based partition: 3 Mch 
 

Request of storage space on disk for 2027 
 

People participating to the project QCDLAT have been awarded relevant computer resources 
(European Calls PRACE) at supercomputing centres. In pursuing those projects, many gauge field 
configurations have been generated: those data are very important since the measurement of physical 
quantities is, in general, performed in a successive step with respect to the production of the 
configurations. Those data are saved on our local machines, and we need 220 Tb of disk space for 
backup. 
  



Lattice QCD
Strongly Interacting Matter – SIM: Purpose of the 2027 project

We aim at performing massive studies of several aspects of Quantum Chromodynamics relevant for relativistic

heavy ion collisions, that include the analysis of equilibrium properties as well as of the out-of-equilibrium in high-

energy proton-proton (pp), proton-nucleus (pA) and nucleus-nucleus (AA) collisions, and a Bayesian analysis devoted

to the computation of some properties of the quark-gluon plasma (QGP).

Lattice QCD–Infiniband

The equilibrium studies of the QCD phase diagram, carried out by the INFN–Florence unit with various collab-

orators, will focus on the strongly coupled region above the pseudocritical temperature. Previous INFN–CINECA

allocations enabled the generation of gauge ensembles at the physical point, covering a wide temperature range and

multiple lattice spacings. These configurations are stored in a DRES repository and have already been used to in-

vestigate the pseudocritical behavior, topology, finite-ω QCD and the QCD axion mass. The present project will

complete the analysis of screening masses, in collaboration with Andrey Kotov (Jülich), exploiting observables related

by chiral, axial and chiral-spin symmetries. These studies are expected to clarify the nature of the crossover around

300 MeV and the onset of the perturbative regime. Additional simulations at di!erent lattice spacings may be required

to improve the continuum extrapolation. Complementary studies of heavy-quark observables are carried out within

the FASTSUM collaboration using other computing resources, while larger-scale extensions may be pursued through

future ISCRA projects.

Early stages of pp, pA and AA collisions – Farm

We aim at studying heavy flavors in the early stages of pp, pA, and AA. We have successfully used the HPC–

Cineca resources over the past year. The project will investigate long-range rapidity correlations and their imprint

on heavy-flavor observables through fully 3+1D Glasma simulations. In particular, we will study rapidity-separated

correlations of the elliptic flow of charm and beauty quarks, providing predictions for longitudinal flow decorrelation

and other multi-rapidity observables. These developments substantially enlarge the parameter space and the statistical

accuracy required, paving the way for future large-scale ISCRA and EuroHPC projects. Benchmark calculations on

the HPC–Cineca Farm indicate that the proposed production campaign, based on 64
2 →20 lattices and approximately

5 → 10
3

independent events for each of ten representative parameter sets, requires about 3 → 10
5

CPU-hours. The

estimated storage requirement is approximately 2 TB.

Bayesian Parameter Estimation of Quark–Gluon Plasma Properties–Farm

We aim at constraining the transport properties of the quark–gluon plasma produced in relativistic heavy-ion

collisions by means of full 3+1D viscous hydrodynamic simulations combined with Bayesian inference techniques.

Besides the standard hadronic observables, the project will include spin polarization measurements, providing new

constraints on the bulk viscosity, longitudinal dynamics and initial conditions of the medium. We will also inves-

tigate improved particlization prescriptions, including dissipative corrections derived from quantum statistical field

theory, and assess their impact on final-state observables. The project requires large ensembles of independent hydro-

dynamic and hadronic-transport simulations to explore the model parameter space and perform Bayesian analyses.

The workflow is entirely CPU-based and ideally suited for Farm architectures. The requested resources amount to

approximately 3 → 10
5

CPU core-hours, while no GPU resources are required.

Heavy flavor production in high energy nuclear collisions – Farm

For the study of heavy-quark and quarkonium production in relativistic nuclear collisions, we request access to the

HPC–Cineca Farm infrastructure. A major objective is simulating bottomonium production within the open quantum

systems framework using the Quantum Trajectories approach. As a first exploratory study of the associated theoretical

uncertainties, we plan to perform approximately 8 → 10
5

independent quantum trajectories, making the problem

ideally suited for embarrassingly parallel execution on a Farm architecture. We will also extend our studies of open

heavy-flavor production in collisions involving deformed and clusterized nuclei through event-by-event hydrodynamic

simulations of the QGP background, followed by heavy-quark transport. Benchmark calculations indicate an average

execution time of about 20 minutes per quantum trajectory, corresponding to approximately 2.8 → 10
5

CPU-hours.

The hydrodynamic campaign will consist of about 6 → 10
4

events, requiring an additional ↑ 2 → 10
4

CPU-hours, for

a total request of approximately 3 → 10
5

CPU-hours. The estimated storage requirement is approximately 62 TB,

including 2 TB for the quantum trajectories and 60 TB for the hydrodynamic event samples.

Relativistic transport simulations of light and heavy ions – Farm

We will perform event-by-event relativistic transport simulations of AA collisions from heavy systems to light-ion

collisions, to quantify the system-size dependence of collective flow observables for light hadrons and heavy flavour

hadrons and study the medium equilibration. In light systems, initial-state fluctuations become a dominant source and

large event ensembles are therefore essential. Numerically the full relativistic Boltzmann transport calculation evolves

the system on a three-dimensional space–time grid using test particles and a stochastic collision integral. Since the

computational cost scales approximately linearly with the number of test particles and time steps we request 3 → 10
5

CPU core-hours to generate high-statistics event-by-event ensembles across several heavy- and light-ion systems.
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Lattice QCD

HPC Research Program for year 2027, RdR NPQFT

Our research program concerns frontier open problems in the non-perturbative aspects of strong
interactions and other QCD-like theories. We have a long-standing tradition in the use of HPC
resources, also through competitive national and international calls. Our numerical simulations
are mostly based on codes developed by researchers of our team or collaborators, running on
GPUs [1, 2] or standard [3] clusters, but also on other publicly available codes [4].

The scientific program is structured around four main research lines: i) Flavour Physics and Preci-
sion Tests of the Standard Model; ii) Vacuum Structure and Confinement; iii) Finite-Temperature
Gauge Theories; iv) Algorithmic development and HPC. Many of the projects involved in these
lines present non-trivial computational challenges, requiring the use of HPC resources, both GPU-
and CPU-based, and are detailed in the remaining part of this document. These research lines
are strongly interconnected, and several research activities naturally contribute to more than one
area; this is particularly evident at the computational level, where numerical codes, algorithms
and strategies are shared among the di↵erent projects. In the following we list the specific activ-
ities

• A major objective concerns rare flavour-changing neutral-current B decays. Building upon
recently developed spectral-density reconstruction methods, we will perform a first-principles
lattice determination of the long-distance non-local QCD contributions to B ! Kl+l� de-
cays, including charming-penguin e↵ects. We also plan to determine the form factors en-
tering B ! K⇤l+l� transitions beyond the stable-resonance approximation used in current
lattice calculations.

This project will run mostly on the GPU cluster.

• A second activity addresses the long-standing discrepancy between inclusive and exclusive
determinations of |Vcb|. Using spectral reconstruction techniques, we will compute inclu-
sive semileptonic B(s) ! Xcl⌫ decay rates directly from lattice QCD. The calculation will
simultaneously provide information on individual exclusive channels and help clarify the ori-
gin of the current tension between di↵erent determinations of the CKMmatrix element |Vcb|.

This project will run mostly on the GPU cluster.

• We will determine isospin-breaking corrections induced by QED e↵ects and by the up-
down quark-mass di↵erence using the RM123 framework. A primary target is the hadronic
vacuum polarization contribution to the muon anomalous magnetic moment, where isospin-
breaking e↵ects have become an essential ingredient for precision Standard Model predic-
tions. The same methodology will be applied to the hadronic R-ratio, inclusive hadronic
⌧ decays, and leptonic decays of heavy pseudoscalar mesons. Combining high-precision
correlators with spectral reconstruction techniques, we will improve the determination of
hadronic spectral functions and evaluate the corresponding isospin-breaking corrections.
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This project will run mostly on the GPU cluster.

• We will perform a first-principles lattice determination of the e+e� ! ⇡+⇡� cross section,
which provides the dominant low-energy contribution to the hadronic vacuum polarization.
Given the current tensions among experimental measurements, an independent lattice cal-
culation is of particular importance.

This project will run mostly on the GPU cluster.

• We plan to investigate the fate of flux tubes in finite-temperature QCD through simulations
of Nf = 2 + 1 QCD at the physical point and complementary studies in pure Yang-Mills
theory. Particular attention will be devoted to the structure of the color field above the
deconfinement crossover and to the finite-temperature analogue of string breaking.

We will also study the distribution of color fields in baryonic systems, starting from pure
SU(3) gauge theory. These investigations will provide information on the geometry of flux-
tube configurations generated by three static color sources and will possibly allow quanti-
tative tests of di↵erent models of baryonic confinement.

This project will run both on the CPU and on the GPU cluster

• Following a recent proposal, we will use lattice simulations at imaginary baryon chemical
potential to investigate the Roberge-Weiss transition, probing in this way the onset of the
conformal behavior. Particular emphasis will be placed on flavour numbers around Nf = 8,
which (for Nc = 3 and quark matter in the fundamental representation) is currently be-
lieved to lie close to the threshold of the conformal window.

This project will run mostly on the GPU cluster.

• We will investigate the continuous phase transitions of three-dimensional lattice gauge mod-
els in the presence of localized or extended defects, such as disorder and boundaries. These
studies will clarify how defects couple to the relevant degrees of freedom at criticality and
how they modify universal properties, especially when the critical behavior is governed by
a gauge e↵ective field theory.

This project will run mostly on the CPU cluster.

• We will further develop quantum and quantum-inspired approaches to lattice gauge theo-
ries, building upon recent progress in the simulation of real-time dynamics, entanglement
properties, and dissipative processes. The goal is to progressively reduce truncation e↵ects,
approach the continuum limit, and extend existing methods to more realistic gauge systems
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and higher-dimensional settings, considering in particular the case of the SU(2) gauge group.

This project will run both on the CPU and on the GPU cluster

¥ A major project is the determination of topological properties and theta-dependence in ther-
mal QCD. Through large-scale simulations ofNf = 2 + 1 QCD with physical masses, we
will determine the topological susceptibility and higher-order coe! cients of the free energy
expansion in theta up to temperatures of the order of 1 GeV. These quantities are essential
for axion phenomenology and require the use of recently developed algorithms speciÞcally
designed to mitigate topology freezing near the continuum limit. We will also investigate
the structure of topological excitations in the deconÞned phase and the theta dependence
of the static quark-antiquark potential, in order to asses the validity of semiclassical and
e" ective-string descriptions, respectively.

This project will run on the GPU cluster for the gauge Þeld production phase. The analysis
of gauge conÞgurations and data post-processing will run on the CPU cluster

¥ A related but di " erent project concerns the determination of the axion thermal produc-
tion rate from Þrst principles. Building upon previous lattice determinations of the QCD
sphaleron rate by our group, we will extend the analysis to Þnite momentum and higher
temperatures. The calculation requires the reconstruction of real-time information from
Euclidean correlators and the solution of challenging inverse problems, providing important
nonperturbative input for axion cosmology.

This project will involve both pilot studies in the pure gauge theory, which will run on the
CPU cluster, and a major part in the full QCD theory, running on the GPU cluster for the
gauge Þeld production phase.

¥ A strictly related project will address the sphaleron rate in the presence of external magnetic
Þelds. These investigations are relevant for anomalous transport phenomena, including the
chiral magnetic e" ect, and are fundamental for the interpretation of heavy-ion collision ex-
periments.

This project will involve simulations with dynamical fermions and will run mostly on the
GPU cluster.

¥ Finally, part of the computational resources will be devoted, at an exploratory level, to
make advance on software portability and performance optimization on modern supercom-
puting platforms. We will assess high-level programming frameworks such as OpenMP
and OpenACC and develop benchmark suites speciÞcally tailored to lattice applications.
These studies will facilitate the e! cient deployment of scientiÞc codes across heterogeneous
architectures while maintaining portability.
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Lattice QCD

Iniziativa scientiÞca SFT (Statistical Field Theory)

Descrizione del progetto scientiÞco previsto per il 2027

Le attivitˆ di ricerca dellÕiniziativa scientiÞca SFT dellÕIstituto Nazionale di Fisica Nucleare (INFN)
sono focalizzate sulla ricerca fondamentale nellÕambito della teoria statistica dei campi. Essa copre tem-
atiche legate alla Þsica dei costituenti elementari della materia e alla Þsica di sistemi a molti corpi.

Le attivitˆ scientiÞche dellÕiniziativa speciÞca SFT che richiedono un utilizzo su vasta scala di risorse
di calcolo ad alte prestazioni sono le simulazioni numeriche di teorie di campo regolarizzate su reticolo.

Nel 2027, le attivitˆ scientiÞche previste nellÕambito dellÕiniziativa speciÞca SFT comprendono progetti
di ricerca sui temi seguenti:

¥ lo studio di alta precisione di e! etti previsti dai modelli di stringa bosonica nelle teorie di gauge
conÞnanti;

¥ lÕapplicazione di tecniche di apprendimento automatizzato per la generazione di conÞgurazioni di
teorie di campo su reticolo;

¥ lo studio di quantitˆ associate allÕentanglement quantistico in sistemi in bassa dimensione.

Queste attivitˆ di ricerca, che, a di ! erenza di quelle condotte da altre iniziative speciÞche, hanno
un carattere pi• fondamentale che fenomenologico, continueranno ad essere svolte in sinergia con collab-
oratori (nazionali ed internazionali) specializzati in approcci analitici che sono complementari a quello
numerico: dalle teorie conformi alle teorie e! ettiva, allÕapproccio dibootstrap. In particolare, vari mem-
bri di questa iniziativa speciÞca sono direttamente coinvolti nella collaborazione scientiÞca internazionale
ÒSimons Collaboration on ConÞnement and QCD StringsÓ (https://simonsconÞnementcollaboration.org),
il cui Þnanziamento da parte della Fondazione Simons • stato recentemente rinnovato, che si caratterizza
proprio per la stretta collaborazione tra gruppi esperti di tecniche analitiche avanzate e gruppi dediti
allÕapproccio numerico mediante calcolo ad alte prestazioni. Questo tipo di sinergia, e la collaborazione
assidua con membri di altre iniziative scientiÞche, continua a garantire una buona visibilitˆ ai prodotti
scientiÞci ottenuti dai membri dellÕiniziativa scientiÞca SFT nellÕambito del calcolo scientiÞco.

é previsto che il numero di membri dellÕiniziativa speciÞca SFT che avranno bisogno di accesso alle
risorse di calcolo Cineca durante il 2027 rimarrˆ sostanzialmente invariato rispetto agli ultimi anni, quindi
per il 2027 si richiede lÕassegnazione di risorse di calcolo confrontabili con quelle del 2026.
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�%�D�\�H�V�L�D�Q�� �P�H�W�K�R�G�V�� �D�Q�G�� �P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J���� �W�R�� �H�[�W�U�D�F�W�� �F�R�V�P�R�O�R�J�L�F�D�O�� �L�Q�I�R�U�P�D�W�L�R�Q�� �Z�K�L�O�H�� �F�R�Q�W�U�R�O�O�L�Q�J��
�X�Q�F�H�U�W�D�L�Q�W�L�H�V����!
�:�H���G�H�W�D�L�O���E�H�O�R�Z���V�R�P�H���R�I���W�K�H���D�F�W�L�Y�L�W�L�H�V���W�K�D�W���Z�L�O�O���U�H�T�X�L�U�H���W�K�H���X�V�H���R�I���+�3�&���U�H�V�R�X�U�F�H�V��!
��! �'�H�Y�H�O�R�S�P�H�Q�W���R�I�����V�X�P�P�D�U�\���V�W�D�W�L�V�W�L�F�V���D�Q�G���I�L�H�O�G���E�D�V�H�G���D�Q�D�O�\�V�H�V���W�R���H�[�W�U�D�F�W���L�Q�I�R�U�P�D�W�L�R�Q���I�U�R�P���Q�R�Q���O�L�Q�H�D�U��

�V�F�D�O�H�V���L�Q���F�R�V�P�R�O�R�J�L�F�D�O���O�D�U�J�H���V�F�D�O�H���V�W�U�X�F�W�X�U�H�����Z�L�W�K���H�P�S�K�D�V�L�V���R�Q���H�[�W�U�D�F�W�L�Q�J���S�U�L�P�R�U�G�L�D�O���Q�R�Q���*�D�X�V�V�L�D�Q��
�S�D�U�D�P�H�W�H�U�V�� �I�U�R�P�� �G�L�I�I�H�U�H�Q�W�� �L�Q�I�O�D�W�L�R�Q�D�U�\�� �P�R�G�H�O�V�����7�K�H�� �P�H�W�K�R�G�R�O�R�J�\�� �X�V�H�V�� �O�D�U�J�H�� �V�H�W�V�� �R�I�� �1���E�R�G�\��
�V�L�P�X�O�D�W�L�R�Q�V�����W�K�D�W���Q�H�H�G���W�R���E�H���V�W�R�U�H�G���I�R�U���W�K�H���G�X�U�D�W�L�R�Q���R�I���W�K�H���S�U�R�M�H�F�W�����D�Q�G���F�R�P�E�L�Q�H�V���W�U�D�G�L�W�L�R�Q�D�O���V�W�D�W�L�V�W�L�F�D�O��
�H�V�W�L�P�D�W�L�R�Q�� �Z�L�W�K�� �P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J���E�D�V�H�G�� �D�S�S�U�R�D�F�K�H�V���� �:�H�� �Z�L�O�O�� �G�H�Y�H�O�R�S���Q�X�P�H�U�L�F�D�O�� �S�L�S�H�O�L�Q�H�V�� �W�R��
�V�L�P�X�O�D�W�H���D�Q�G���V�W�X�G�\���J�H�Q�H�U�D�O���U�H�O�D�W�L�Y�L�V�W�L�F���H�I�I�H�F�W�V���L�Q���J�D�O�D�[�\���V�X�U�Y�H�\�V���O�L�N�H���(�X�F�O�L�G��!

��! �3�D�U�D�P�H�W�H�U���H�V�W�L�P�D�W�L�R�Q���D�Q�G���F�R�V�P�R�O�R�J�L�F�D�O���P�R�G�H�O���V�H�O�H�F�W�L�R�Q���X�V�L�Q�J���0�D�U�N�R�Y���&�K�D�L�Q���0�R�Q�W�H���&�D�U�O�R���P�H�W�K�R�G�V����
�6�R�P�H�� �H�[�D�P�S�O�H�V�� �R�I�� �W�K�H�� �P�R�G�H�O�V�� �R�I�� �L�Q�W�H�U�H�V�W���� �H�D�U�O�\�� �8�Q�L�Y�H�U�V�H�� �S�K�\�V�L�F�V�� ���L�Q�I�O�D�W�L�R�Q���� �Q�R�Q���D�G�L�D�E�D�W�L�F�� �L�Q�L�W�L�D�O��
�F�R�Q�G�L�W�L�R�Q�V�����S�U�L�P�R�U�G�L�D�O���P�D�J�Q�H�W�L�F���I�L�H�O�G�V�������P�R�G�L�I�L�H�G���J�U�D�Y�L�W�\�����U�H�L�R�Q�L�]�D�W�L�R�Q�����&�%���D�Q�G���J�H�Q�H�U�D�O�L�]�H�G���)�D�U�D�G�D�\��
�U�R�W�D�W�L�R�Q���W�K�U�R�X�J�K�� �S�R�Z�H�U���V�S�H�F�W�U�X�P���D�Q�D�O�\�V�H�V���� �G�H�F�D�\�L�Q�J���G�D�U�N���P�D�W�W�H�U�����Q�H�X�W�U�L�Q�R�V���D�Q�G�� �R�W�K�H�U���O�L�J�K�W�� �U�H�O�L�F�V��
���D�[�L�R�Q�V���� �V�W�H�U�L�O�H�� �Q�H�X�W�U�L�Q�R�V���� �P�D�M�R�U�R�Q�V�������7�K�L�V�� �D�F�W�L�Y�L�W�\�� �L�V�� �E�D�V�H�G�� �R�Q�� �(�L�Q�V�W�H�L�Q���%�R�O�W�]�P�D�Q�Q�� �F�R�G�H�V�� �D�Q�G��
�D�V�V�R�F�L�D�W�H�G���0�D�U�N�R�Y���&�K�D�L�Q�V���0�R�Q�W�H�&�D�U�O�R���V�D�P�S�O�H�U�V�����X�V�L�Q�J���O�R�R�V�H�O�\���F�R�X�S�O�H�G���S�D�U�D�O�O�H�O���M�R�E�V�����$���W�\�S�L�F�D�O���U�X�Q��
�F�R�Q�V�L�V�W�V���R�I�������F�K�D�L�Q�V�����S�U�R�F�H�V�V�H�V�������H�D�F�K���W�K�U�H�D�G�H�G���R�Y�H�U�������F�R�U�H�V��!

��! �7�U�D�L�Q�L�Q�J���R�I���H�P�X�O�D�W�R�U�V���I�R�U���F�R�V�P�R�O�R�J�L�F�D�O���R�E�V�H�U�Y�D�E�O�H�V�����E�D�V�H�G���R�Q���(�L�Q�V�W�H�L�Q���%�R�O�W�]�P�D�Q�Q���F�R�G�H�V��!
��! �*�H�Q�H�U�D�W�L�R�Q���R�I���O�D�U�J�H���V�H�W�V���R�I���F�R�V�P�R�O�R�J�L�F�D�O���V�L�P�X�O�D�W�L�R�Q�V���I�R�U���V�L�P�X�O�D�W�L�R�Q���E�D�V�H�G���L�Q�I�H�U�H�Q�F�H��!
��! �7�H�V�W�L�Q�J���D�Q�G���Y�D�O�L�G�D�W�L�R�Q���R�I���H�P�X�O�D�W�R�U�V���I�R�U���H�[�W�U�H�P�H���D�X�J�P�H�Q�W�D�W�L�R�Q���R�I���&�0�%���V�\�V�W�H�P�D�W�L�F�V���G�D�W�D�V�H�W�V��!
��! �'�H�E�X�J�� �R�I�� �F�R�G�H�V�� �I�R�U�� �W�K�H�� �S�U�R�G�X�F�W�L�R�Q�� �R�I�� �1���%�R�G�\�� �V�L�P�X�O�D�W�L�R�Q�V���� �7�K�H�V�H�� �D�U�H�� �K�L�J�K�O�\�� �S�D�U�D�O�O�H�O�� �F�R�G�H�V�� �R�Q��

�G�L�V�W�U�L�E�X�W�H�G�� �P�H�P�R�U�\���� �Z�L�W�K�� �D�� �V�P�D�O�O�H�U�� �I�U�D�F�W�L�R�Q�� �R�I�� �V�H�U�L�D�O�� �R�U�� �V�K�D�U�H�G���P�H�P�R�U�\���S�D�U�D�O�O�H�O�� �F�R�P�S�X�W�D�W�L�R�Q���� �$��
�W�\�S�L�F�D�O���M�R�E���X�V�H�V���E�H�W�Z�H�H�Q�����������D�Q�G�������������F�R�U�H�V�����L���H�����E�H�W�Z�H�H�Q���������D�Q�G���������Q�R�G�H�V���R�Q���/�H�R�Q�D�U�G�R������!

!
�:�H���Q�R�W�H���K�R�Z���W�K�H���D�F�W�L�Y�L�W�\���L�V���V�K�D�U�H�G���E�H�W�Z�H�H�Q���W�L�J�K�W�O�\���F�R�X�S�O�H�G���S�D�U�D�O�O�H�O���M�R�E�V�����H���J�����1���E�R�G�\���V�L�P�X�O�D�W�L�R�Q�V�����D�Q�G��
�I�D�U�P���O�L�N�H���� �H�P�E�D�U�D�V�V�L�Q�J�O�\�� �S�D�U�D�O�O�H�O�� �M�R�E�V�� ���0�&�0�&�� �U�X�Q�V���� �S�U�R�G�X�F�W�L�R�Q�� �R�I�� �W�U�D�L�Q�L�Q�J���V�H�W�V�� �I�R�U�� �H�P�X�O�D�W�R�U�V���� �R�U�� �R�I��
�V�L�P�X�O�D�W�L�R�Q�V���I�R�U���6�%�,���L�Q�I�H�U�H�Q�F�H�������:�H���Z�R�X�O�G���H�V�W�L�P�D�W�H���W�K�H�V�H���W�Z�R���F�D�W�H�J�R�U�L�H�V���W�R���F�R�Q�W�U�L�E�X�W�H���I�R�U���U�R�X�J�K�O�\����������
�H�D�F�K���R�I���W�K�H���U�H�T�X�H�V�W�H�G���F�R�U�H�K�R�X�U�V��!

�,�Q�'�D�U�N�������'�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���U�H�V�H�D�U�F�K���S�U�R�J�U�D�P���I�R�U����������!
�0�����/�D�W�W�D�Q�]�L���I�R�U���W�K�H���,�Q�'�D�U�N���D�I�I�L�O�L�D�W�H�V!

��!
�&�R�V�P�R�O�R�J�\�� �R�I�I�H�U�V�� �D�� �S�R�Z�H�U�I�X�O�� �D�Y�H�Q�X�H�� �W�R�� �S�U�R�E�H�� �I�X�Q�G�D�P�H�Q�W�D�O�� �S�K�\�V�L�F�V�� �E�H�\�R�Q�G�� �W�K�H�� �6�W�D�Q�G�D�U�G�� �0�R�G�H�O�� �D�W��
�R�W�K�H�U�Z�L�V�H�� �L�Q�D�F�F�H�V�V�L�E�O�H�� �H�Q�H�U�J�\�� �V�F�D�O�H�V���� �&�X�U�U�H�Q�W�� �D�Q�G�� �I�R�U�W�K�F�R�P�L�Q�J�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �F�D�Q�� �V�K�H�G�� �O�L�J�K�W�� �R�Q�� �W�K�H��
�Q�D�W�X�U�H�� �R�I�� �G�D�U�N�� �P�D�W�W�H�U�� �D�Q�G�� �G�D�U�N�� �H�Q�H�U�J�\���� �W�K�H�� �G�\�Q�D�P�L�F�V�� �R�I�� �L�Q�I�O�D�W�L�R�Q�� �D�Q�G�� �W�K�H�� �R�U�L�J�L�Q�� �R�I�� �F�R�V�P�R�O�R�J�L�F�D�O��
�S�H�U�W�X�U�E�D�W�L�R�Q�V�����W�K�H���S�U�R�S�H�U�W�L�H�V���R�I���Q�H�X�W�U�L�Q�R�V���D�Q�G���R�W�K�H�U���O�L�J�K�W���U�H�O�L�F�V�����D�Q�G���S�R�V�V�L�E�O�H���P�R�G�L�I�L�F�D�W�L�R�Q�V���R�I���J�U�D�Y�L�W�\���R�Q��
�O�D�U�J�H�� �V�F�D�O�H�V���� �7�K�H�\�� �D�O�V�R�� �S�U�R�Y�L�G�H�� �D�� �X�Q�L�T�X�H�� �R�S�S�R�U�W�X�Q�L�W�\�� �W�R�� �F�O�D�U�L�I�\�� �W�K�H�� �R�U�L�J�L�Q�� �R�I�� �F�X�U�U�H�Q�W�� �W�H�Q�V�L�R�Q�V�� �D�P�R�Q�J��
�F�R�V�P�R�O�R�J�L�F�D�O���G�D�W�D�V�H�W�V���D�Q�G���D�V�V�H�V�V���Z�K�H�W�K�H�U���W�K�H�\���S�R�L�Q�W���W�R���Q�H�Z���S�K�\�V�L�F�V���R�U���X�Q�U�H�V�R�O�Y�H�G���V�\�V�W�H�P�D�W�L�F���H�I�I�H�F�W�V����
�,�Q���W�K�H���F�R�P�L�Q�J���\�H�D�U�V�����W�K�L�V���S�U�R�J�U�D�P���Z�L�O�O���E�H���G�U�L�Y�H�Q���E�\���D�Q���X�Q�S�U�H�F�H�G�H�Q�W�H�G���Z�H�D�O�W�K���R�I���K�L�J�K���S�U�H�F�L�V�L�R�Q���G�D�W�D���I�U�R�P��
�O�D�U�J�H���V�F�D�O�H���V�W�U�X�F�W�X�U�H�����/�6�6�����V�X�U�Y�H�\�V�����H���J�����'�(�6�,�����(�X�F�O�L�G�����5�X�E�L�Q���2�E�V�H�U�Y�D�W�R�U�\�����5�R�P�D�Q���6�S�D�F�H���7�H�O�H�V�F�R�S�H����
�6�.�$������ �&�0�%�� �H�[�S�H�U�L�P�H�Q�W�V�� ���H���J���� �6�L�P�R�Q�V�� �2�E�V�H�U�Y�D�W�R�U�\���� �/�L�W�H�%�,�5�'������ �K�L�J�K���U�H�G�V�K�L�I�W�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �R�I�� �&�R�V�P�L�F��
�'�D�Z�Q���D�Q�G���W�K�H���(�S�R�F�K���R�I���5�H�L�R�Q�L�]�D�W�L�R�Q�����D�Q�G���*�:���R�E�V�H�U�Y�D�W�L�R�Q�V���I�U�R�P���F�X�U�U�H�Q�W���G�H�W�H�F�W�R�U�V�����W�R�J�H�W�K�H�U���Z�L�W�K���Q�H�[�W��
�J�H�Q�H�U�D�W�L�R�Q���R�E�V�H�U�Y�D�W�R�U�L�H�V���X�Q�G�H�U���G�H�Y�H�O�R�S�P�H�Q�W����!
�(�[�W�U�D�F�W�L�Q�J�� �U�R�E�X�U�V�� �F�R�Q�V�W�U�D�L�Q�W�V�� �R�Q�� �I�X�Q�G�D�P�H�Q�W�D�O�� �S�K�\�V�L�F�V�� �I�U�R�P�� �F�R�V�P�R�O�R�J�L�F�D�O�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �U�H�T�X�L�U�H�V��
�W�K�H�R�U�H�W�L�F�D�O�� �S�U�H�G�L�F�W�L�R�Q�V�� �Z�L�W�K�� �D�F�F�X�U�D�F�\�� �P�D�W�F�K�L�Q�J�� �W�K�D�W�� �R�I�� �Q�H�[�W���J�H�Q�H�U�D�W�L�R�Q�� �G�D�W�D���� �D�V�� �Z�H�O�O�� �D�V�� �D�G�Y�D�Q�F�H�G��
�V�W�D�W�L�V�W�L�F�D�O���W�R�R�O�V���F�D�S�D�E�O�H���R�I���K�D�Q�G�O�L�Q�J���F�R�P�S�O�H�[���V�\�V�W�H�P�D�W�L�F�V���D�Q�G���K�L�J�K���G�L�P�H�Q�V�L�R�Q�D�O���S�D�U�D�P�H�W�H�U���V�S�D�F�H�V�����:�H��
�Z�L�O�O�� �G�H�Y�H�O�R�S�� �V�W�D�W�H���R�I���W�K�H���D�U�W�� �P�H�W�K�R�G�V�� �I�R�U�� �P�R�G�H�O�O�L�Q�J�� �F�R�V�P�R�O�R�J�L�F�D�O�� �R�E�V�H�U�Y�D�E�O�H�V���� �F�R�P�E�L�Q�L�Q�J�� �D�Q�D�O�\�W�L�F�D�O��
�D�S�S�U�R�D�F�K�H�V�� �L�Q�V�S�L�U�H�G�� �E�\�� �I�L�H�O�G���W�K�H�R�U�H�W�L�F�D�O�� �W�H�F�K�Q�L�T�X�H�V�� �Z�L�W�K�� �O�D�U�J�H���V�F�D�O�H�� �Q�X�P�H�U�L�F�D�O�� �V�L�P�X�O�D�W�L�R�Q�V�� �D�Q�G�� �K�L�J�K��
�S�H�U�I�R�U�P�D�Q�F�H���F�R�P�S�X�W�L�Q�J�����,�Q���S�D�U�D�O�O�H�O�����Z�H���Z�L�O�O���D�G�Y�D�Q�F�H���V�W�D�W�L�V�W�L�F�D�O���L�Q�I�H�U�H�Q�F�H���W�H�F�K�Q�L�T�X�H�V�����Z�L�W�K���H�P�S�K�D�V�L�V���R�Q��
�%�D�\�H�V�L�D�Q�� �P�H�W�K�R�G�V�� �D�Q�G�� �P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J���� �W�R�� �H�[�W�U�D�F�W�� �F�R�V�P�R�O�R�J�L�F�D�O�� �L�Q�I�R�U�P�D�W�L�R�Q�� �Z�K�L�O�H�� �F�R�Q�W�U�R�O�O�L�Q�J��
�X�Q�F�H�U�W�D�L�Q�W�L�H�V����!
�:�H���G�H�W�D�L�O���E�H�O�R�Z���V�R�P�H���R�I���W�K�H���D�F�W�L�Y�L�W�L�H�V���W�K�D�W���Z�L�O�O���U�H�T�X�L�U�H���W�K�H���X�V�H���R�I���+�3�&���U�H�V�R�X�U�F�H�V��!
��! �'�H�Y�H�O�R�S�P�H�Q�W���R�I�����V�X�P�P�D�U�\���V�W�D�W�L�V�W�L�F�V���D�Q�G���I�L�H�O�G���E�D�V�H�G���D�Q�D�O�\�V�H�V���W�R���H�[�W�U�D�F�W���L�Q�I�R�U�P�D�W�L�R�Q���I�U�R�P���Q�R�Q���O�L�Q�H�D�U��

�V�F�D�O�H�V���L�Q���F�R�V�P�R�O�R�J�L�F�D�O���O�D�U�J�H���V�F�D�O�H���V�W�U�X�F�W�X�U�H�����Z�L�W�K���H�P�S�K�D�V�L�V���R�Q���H�[�W�U�D�F�W�L�Q�J���S�U�L�P�R�U�G�L�D�O���Q�R�Q���*�D�X�V�V�L�D�Q��
�S�D�U�D�P�H�W�H�U�V�� �I�U�R�P�� �G�L�I�I�H�U�H�Q�W�� �L�Q�I�O�D�W�L�R�Q�D�U�\�� �P�R�G�H�O�V�����7�K�H�� �P�H�W�K�R�G�R�O�R�J�\�� �X�V�H�V�� �O�D�U�J�H�� �V�H�W�V�� �R�I�� �1���E�R�G�\��
�V�L�P�X�O�D�W�L�R�Q�V�����W�K�D�W���Q�H�H�G���W�R���E�H���V�W�R�U�H�G���I�R�U���W�K�H���G�X�U�D�W�L�R�Q���R�I���W�K�H���S�U�R�M�H�F�W�����D�Q�G���F�R�P�E�L�Q�H�V���W�U�D�G�L�W�L�R�Q�D�O���V�W�D�W�L�V�W�L�F�D�O��
�H�V�W�L�P�D�W�L�R�Q�� �Z�L�W�K�� �P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J���E�D�V�H�G�� �D�S�S�U�R�D�F�K�H�V���� �:�H�� �Z�L�O�O�� �G�H�Y�H�O�R�S���Q�X�P�H�U�L�F�D�O�� �S�L�S�H�O�L�Q�H�V�� �W�R��
�V�L�P�X�O�D�W�H���D�Q�G���V�W�X�G�\���J�H�Q�H�U�D�O���U�H�O�D�W�L�Y�L�V�W�L�F���H�I�I�H�F�W�V���L�Q���J�D�O�D�[�\���V�X�U�Y�H�\�V���O�L�N�H���(�X�F�O�L�G��!

��! �3�D�U�D�P�H�W�H�U���H�V�W�L�P�D�W�L�R�Q���D�Q�G���F�R�V�P�R�O�R�J�L�F�D�O���P�R�G�H�O���V�H�O�H�F�W�L�R�Q���X�V�L�Q�J���0�D�U�N�R�Y���&�K�D�L�Q���0�R�Q�W�H���&�D�U�O�R���P�H�W�K�R�G�V����
�6�R�P�H�� �H�[�D�P�S�O�H�V�� �R�I�� �W�K�H�� �P�R�G�H�O�V�� �R�I�� �L�Q�W�H�U�H�V�W���� �H�D�U�O�\�� �8�Q�L�Y�H�U�V�H�� �S�K�\�V�L�F�V�� ���L�Q�I�O�D�W�L�R�Q���� �Q�R�Q���D�G�L�D�E�D�W�L�F�� �L�Q�L�W�L�D�O��
�F�R�Q�G�L�W�L�R�Q�V�����S�U�L�P�R�U�G�L�D�O���P�D�J�Q�H�W�L�F���I�L�H�O�G�V�������P�R�G�L�I�L�H�G���J�U�D�Y�L�W�\�����U�H�L�R�Q�L�]�D�W�L�R�Q�����&�%���D�Q�G���J�H�Q�H�U�D�O�L�]�H�G���)�D�U�D�G�D�\��
�U�R�W�D�W�L�R�Q���W�K�U�R�X�J�K�� �S�R�Z�H�U���V�S�H�F�W�U�X�P���D�Q�D�O�\�V�H�V���� �G�H�F�D�\�L�Q�J���G�D�U�N���P�D�W�W�H�U�����Q�H�X�W�U�L�Q�R�V���D�Q�G�� �R�W�K�H�U���O�L�J�K�W�� �U�H�O�L�F�V��
���D�[�L�R�Q�V���� �V�W�H�U�L�O�H�� �Q�H�X�W�U�L�Q�R�V���� �P�D�M�R�U�R�Q�V�������7�K�L�V�� �D�F�W�L�Y�L�W�\�� �L�V�� �E�D�V�H�G�� �R�Q�� �(�L�Q�V�W�H�L�Q���%�R�O�W�]�P�D�Q�Q�� �F�R�G�H�V�� �D�Q�G��
�D�V�V�R�F�L�D�W�H�G���0�D�U�N�R�Y���&�K�D�L�Q�V���0�R�Q�W�H�&�D�U�O�R���V�D�P�S�O�H�U�V�����X�V�L�Q�J���O�R�R�V�H�O�\���F�R�X�S�O�H�G���S�D�U�D�O�O�H�O���M�R�E�V�����$���W�\�S�L�F�D�O���U�X�Q��
�F�R�Q�V�L�V�W�V���R�I�������F�K�D�L�Q�V�����S�U�R�F�H�V�V�H�V�������H�D�F�K���W�K�U�H�D�G�H�G���R�Y�H�U�������F�R�U�H�V��!

��! �7�U�D�L�Q�L�Q�J���R�I���H�P�X�O�D�W�R�U�V���I�R�U���F�R�V�P�R�O�R�J�L�F�D�O���R�E�V�H�U�Y�D�E�O�H�V�����E�D�V�H�G���R�Q���(�L�Q�V�W�H�L�Q���%�R�O�W�]�P�D�Q�Q���F�R�G�H�V��!
��! �*�H�Q�H�U�D�W�L�R�Q���R�I���O�D�U�J�H���V�H�W�V���R�I���F�R�V�P�R�O�R�J�L�F�D�O���V�L�P�X�O�D�W�L�R�Q�V���I�R�U���V�L�P�X�O�D�W�L�R�Q���E�D�V�H�G���L�Q�I�H�U�H�Q�F�H��!
��! �7�H�V�W�L�Q�J���D�Q�G���Y�D�O�L�G�D�W�L�R�Q���R�I���H�P�X�O�D�W�R�U�V���I�R�U���H�[�W�U�H�P�H���D�X�J�P�H�Q�W�D�W�L�R�Q���R�I���&�0�%���V�\�V�W�H�P�D�W�L�F�V���G�D�W�D�V�H�W�V��!
��! �'�H�E�X�J�� �R�I�� �F�R�G�H�V�� �I�R�U�� �W�K�H�� �S�U�R�G�X�F�W�L�R�Q�� �R�I�� �1���%�R�G�\�� �V�L�P�X�O�D�W�L�R�Q�V���� �7�K�H�V�H�� �D�U�H�� �K�L�J�K�O�\�� �S�D�U�D�O�O�H�O�� �F�R�G�H�V�� �R�Q��

�G�L�V�W�U�L�E�X�W�H�G�� �P�H�P�R�U�\���� �Z�L�W�K�� �D�� �V�P�D�O�O�H�U�� �I�U�D�F�W�L�R�Q�� �R�I�� �V�H�U�L�D�O�� �R�U�� �V�K�D�U�H�G���P�H�P�R�U�\���S�D�U�D�O�O�H�O�� �F�R�P�S�X�W�D�W�L�R�Q���� �$��
�W�\�S�L�F�D�O���M�R�E���X�V�H�V���E�H�W�Z�H�H�Q�����������D�Q�G�������������F�R�U�H�V�����L���H�����E�H�W�Z�H�H�Q���������D�Q�G���������Q�R�G�H�V���R�Q���/�H�R�Q�D�U�G�R������!

!
�:�H���Q�R�W�H���K�R�Z���W�K�H���D�F�W�L�Y�L�W�\���L�V���V�K�D�U�H�G���E�H�W�Z�H�H�Q���W�L�J�K�W�O�\���F�R�X�S�O�H�G���S�D�U�D�O�O�H�O���M�R�E�V�����H���J�����1���E�R�G�\���V�L�P�X�O�D�W�L�R�Q�V�����D�Q�G��
�I�D�U�P���O�L�N�H���� �H�P�E�D�U�D�V�V�L�Q�J�O�\�� �S�D�U�D�O�O�H�O�� �M�R�E�V�� ���0�&�0�&�� �U�X�Q�V���� �S�U�R�G�X�F�W�L�R�Q�� �R�I�� �W�U�D�L�Q�L�Q�J���V�H�W�V�� �I�R�U�� �H�P�X�O�D�W�R�U�V���� �R�U�� �R�I��
�V�L�P�X�O�D�W�L�R�Q�V���I�R�U���6�%�,���L�Q�I�H�U�H�Q�F�H�������:�H���Z�R�X�O�G���H�V�W�L�P�D�W�H���W�K�H�V�H���W�Z�R���F�D�W�H�J�R�U�L�H�V���W�R���F�R�Q�W�U�L�E�X�W�H���I�R�U���U�R�X�J�K�O�\����������
�H�D�F�K���R�I���W�K�H���U�H�T�X�H�V�W�H�G���F�R�U�H�K�R�X�U�V��!
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�7�K�H���1�(�8�0�$�7�7���F�R�O�O�D�E�R�U�D�W�L�R�Q�����)�H�U�U�D�U�D�����/�1�* �6�����&�D�W�D�Q�L�D�����D�Q�G���3�L�V�D���8�Q�L�W�V�����L�Q�Y�H�V�W�L�J�D�W�H�V���W�K�H���V�W�U�X�F�W�X�U�H���D�Q�G��
�H�Y�R�O�X�W�L�R�Q���R�I���Q�H�X�W�U�R�Q���V�W�D�U�V���E�\���F�R�P�E�L�Q�L�Q�J���V�W�X�G�L�H�V���R�I���G�H�Q�V�H���P�D�W�W�H�U���P�L�F�U�R�S�K�\�V�L�F�V�����U�H�O�D�W�L�Y�L�V�W�L�F���D�V�W�U�R�S�K�\�V�L�F�V����
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2027 Computing Resource Request
Precision Phenomenology at Colliders (P 2C) Research Network

This request consolidates the computing needs of the ÒPrecision Phenomenology at CollidersÓ
(P2C) Research Network, which coordinates INFN theory groups working on high-energy collider
phenomenology.

The 2027 computing resources will support a national program in theoretical particle physics
focused on precision collider phenomenology, higher-order QCD and electroweak calculations,
resummation techniques, Monte Carlo event generation, and e! ective Þeld theory analyses rele-
vant to the LHC, HL-LHC, and future colliders, including FCC-ee and muon collider scenarios.

ScientiÞc Project

A core activity is the development and production of high-precision simulations using frameworks
such as GENEVA [1, 2], POWHEG [3, 4], MiNNLOPS [5, 6], MadGraph5_aMC@NLO [7,
8], PanScales [9, 10], RadISH [11, 12, 13], BabaYaga@NLO [14, 15, 16], and Mesmer [17, 18,
19]. These combine Þxed-order perturbative calculations with parton showers and resummation
techniques to deliver fully di! erential predictions at the precision required by current and future
experiments.

The program also includes precision Standard Model and Beyond Standard Model phenomenol-
ogy, covering SMEFT, HEFT, and light new physics scenarios such as ALPs, as well as studies of
quantum observables at colliders, including spin correlations, interference e! ects, and entangle-
ment, and their perturbative stability under QCD, electroweak, and QED radiation. Additional
e! ort targets automated electroweak corrections for lepton-collider processes and event-generator
development.

Computing-intensive tasks include large-scale Monte Carlo integrations, event generation, EFT
and BSM parameter scans, systematic validation against independent calculations, and uncer-
tainty evaluations. GPU resources will support machine-learning-based Monte Carlo optimiza-
tion, including importance sampling, normalizing ßows, neural surrogate models, accelerated
numerical integration frameworks such as pySecDec [20, 21], and porting of codes to heteroge-
neous CPU/GPU architectures. Exploratory use of AI tools will target automation of symbolic
calculations, code generation, and workßow orchestration.

The program will deliver precision phenomenology results, public software releases, and training
of early-career researchers. Access to INFN computing infrastructures is essential to sustain
competitiveness in precision collider physics.

Code Type

The workload combines MPI-parallel HPC applications and high-throughput farm-style com-
puting.

MPI codes, e.g. GENEVA, require large-scale adaptive Monte Carlo integrations with frequent
global synchronization across thousands of cores, relying on high-bandwidth, low-latency inter-
connects such as InÞniband.

Farm-based workloads dominate event generation and phenomenology studies using frameworks
such as POWHEG, MadGraph5_aMC@NLO, PanScales, MiNNLOPS, RadISH, involving large
ensembles of independent jobs for event production, validation campaigns, systematic studies,
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Physics of Complex Systems
The INF26biophys computational project (coordinator Giovanni La Penna) collects the activity of

7 groups involved in high-performance computing in the Þeld of biophysics. Users of HPC resources
are 42. Below the list of groups and the actual PIs:

¥ University of Roma Tor Vergata (UNITOV), Velia Minicozzi;

¥ Politecnico of Torino (POLITO), Andrea Gamba;

¥ University of Torino (UNITO), Michele Caselle;

¥ University of Trento (UNITN), Luca Tubiana;

¥ University of Napoli (UNINA), Mario Nicodemi;

¥ Scuola Normale Superiore of Pisa (SNS), Giuseppe Brancato;

¥ University of Milano (UNIMI), Guido Tiana;

Each group applies original and advanced computational methods, all requiring HPC resources,
to different scales relevant to biology: macromolecules described as atoms; coarse grained models;
crowded environments; biochemical networks. Methods range from quantum mechanics, atomic in-
teractions, polymer physics, network science, machine learning, and extended cutting-edge statistical
methods.

Activities that will be continued in years 2026-2027.
UNITOV - Development and application of computational methods (generalized statistical en-

sembles) to determine the structure and the dynamics of biologically relevant molecules. We use
molecular dynamics at different space and time scales, based on classical and Þrst principles models,
all requiring massive HPC resources. We analyse experimental results obtained exploiting large scale
facilities such as synchrotrons and free electron lasers (FEL).

POLITO - We continued implementing computational models of region/activity localization in
eukaryotic cells. The aim is at predicting biological patternsÕ formation at cellular level, starting from
microscopic reaction kinetics and elementary transport phenomena. These tasks are performed by
extensive numerical simulations of the model for varying numbers of molecular species and values of
control parameters using parallel computer codes.

UNITO - We continued our applications of topic modelling technique to the identiÞcation of cel-
lular function, extending a speciÞc class of topic models to allow a multi-omics approach, integrating
different layers of information. For instance, we are able to clearly distinguish healthy from tumour
samples as well as the different cancer subtypes. Our approach provides the genes and the microRNAs
associated to the speciÞc topics that are used for sample organization.

UNINA - We continued developing polymer and network models to study the three-dimensional
(3D) organization of DNA and its temporal dynamics (chromosome structure and control of genome
activity). Recent applications were on viral infections. The research will use massive parallel molec-
ular dynamics simulations, machine learning methods and analyses of public genomic databases.

SNS - Development and application of numerical simulation methods for modeling complex
macromolecular systems of biological interest. Recent applications were on interactions between
ions and structurally disordered proteins involved in neurodegenration. We are also applying deep
neural networks to describe atomic interactions.

UNIMI - We continued our innovative multiscale computational framework that combines atom-
istic and coarse-grained molecular dynamics simulations, to characterize disordered protein ensem-
bles at a level of detail and sampling that would not be achievable with conventional approaches. The
extensive use of HPC resources was essential to perform the large-scale simulations underpinning
the study, leading to new insights into the physical nature of denatured and intrinsically disordered
proteins.

UNITN - We apply statistical physics, mainly in the Þeld of entangled polymers, and network
science to biological macromolecules and cell population dynamics. In particular, the emergence of
particular macromolecular properties from formation of knots and peculiar topologies.
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the study, leading to new insights into the physical nature of denatured and intrinsically disordered
proteins.

UNITN - We apply statistical physics, mainly in the Þeld of entangled polymers, and network
science to biological macromolecules and cell population dynamics. In particular, the emergence of
particular macromolecular properties from formation of knots and peculiar topologies.
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Quantum Information

INFN Quantum Padova: Breve descrizione del progetto scientiÞco

The Quantum Information and Matter group of the University of Padova
is involved in research at the interface of quantum science, many-body physics,
high-energy physics, condensed matter, and quantum information.

We tackle fundamental problems in complex many-body quantum systems,
with a focus on emergent phenomena in both elementary spin systems and more
sophisticated models of condensed matter and lattice gauge theories. Focusing
on both ground-state properties and systems far from equilibrium, we aim to
understand how collective quantum behavior emerges across di! erent physical
settings.

These research directions are closely connected to quantum technologies,
which constitute a second major focus of our group. Part of the group is ac-
tively engaged in developing and improving quantum information protocols and
algorithms. We combine quantum optimal control with advanced tensor net-
work techniques to design and benchmark new protocols and quantum simu-
lation schemes. In this context, we also model the e! ects of noise, as they
are naturally present in current quantum devices. Moreover, we collaborate
with leading experimental groups using Rydberg atom arrays trapped in optical
tweezers. Together with them, we perform quantum simulations of lattice gauge
theories and related models. We further employ a range of quantum-inspired
methods to address optimization problems of relevance across many areas of
academia and industry.

Many activities within the group are connected by the use of a common
methodological framework: tensor network methods. These advanced numerical
techniques provide e" cient and accurate tools for simulating strongly correlated
quantum many-body systems. The development of new tensor network tech-
niques and algorithms, together with their e" cient implementation, is a central
and highly active research direction in our group.

This e! ort is closely linked to the development of the open-source software
Quantum TEA, which is led by the group. In addition, the group maintains
the open-source optimal control software QuOCS together with its international
partners. These activities align with the INFN Quantum initiative and the AI
INFN initiative.

Due to the variety of applications and research directions, we encounter all
types of simulations from data parallel CPU-simulations to GPU-accelerated
jobs.
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Condensed Matter

TIME2QUEST [CINECA HPC Resources Ð Research Program 2027]

A. Sindona1, F. Plastina1, N. Lo Gullo1, M. Pisarra1, G. Stefanucci2, O. Pulci2, M. Palummo2,
E. Perfetto2, T. Giovannini 2, S. Achilli 3, G. Onida3, S. Olivares3, G. Fratesi3, M. G. Genoni3

1LNF Ð Gruppo Collegato INFN di Cosenza,2Sezione INFN di Roma Tor Vergata, 3Sezione INFN di Milano

The TIME2QUEST research network (LNFÐCS, RM2, MI) develops predictive theoretical and computational ap-
proaches for many-body excitations in low-dimensional quantum materials, including atomically thin crystals, van
der Waals heterostructures, moir«e superlattices, defect-engineered materials, and related nanostructures [1Ð8]. The
requested 2027 LEONARDO resources will support a coordinated program on excitons, trions, plasmons, polaritons,
defect-bound states, magnetic states, transport phenomena, nonequilibrium phases, and other collective or hybrid
quasiparticles of direct relevance to quantum technologies [9Ð12].

The program extends previous TIME2QUEST and NEMESYS activities on graphene-like and chalcogen-based
nanostructures toward a broader class of engineered quantum materials. The 2027 activity will focus on: (i) many-body
excitations and optical functionalities in two-dimensional systems; (ii) moir«e-engineered and topological materials, in-
cluding twisted multilayers, ßat-band platforms, and localization phenomena; (iii) nonequilibrium quantum matter,
including driven excitonic phases, Floquet states, exciton-polariton dynamics, and decoherence; (iv) defects, impu-
rities, magnetic states, and quantum emitters; and (v) predictive quantum characterization based on Þrst-principles
simulations and descriptors from quantum information, quantum metrology, and quantum thermodynamics.

The computational strategy will combine density-functional theory (DFT), time-dependent DFT (TDDFT), many-
body perturbation theory (MBPT), nonequilibrium GreenÕs-function (NEGF) methods, and open-quantum-system
approaches. Ground-state geometries, electronic structures, magnetic conÞgurations, migration barriers, and refer-
ence one-particle states will be obtained using Quantum ESPRESSO, ABINIT, SIESTA, and related packages [13Ð15].
Quasiparticle corrections, optical spectra, energy-loss spectra, real-time carrier dynamics, and nonequilibrium exci-
tonic phenomena will be addressed through GW, BetheÐSalpeter equation (BSE), TDDFT, YAMBO, CHEERS, and
in-house workßows developed within the collaboration [16Ð23].

The LNFÐCS unit will focus on TDDFT and GW-BSE calculations of optical absorption, electron energy-loss
spectra, excitonic e! ects, and plasmonic resonances in graphene-like systems [24], transition-metal dichalcogenide
nanostructures, functionalized heterostructures, doped and gated nanoribbons, moir«e-engineered bilayers, ßat-band
systems, and topological or interaction-driven phases [25]. These simulations require densek- and q-point sampling,
large numbers of bands, Þne energy and momentum resolution, and repeated convergence tests on cuto! s and Coulomb
truncation schemes. GPU resources will be used mainly for Quantum ESPRESSO and YAMBO production runs,
while CPU resources will support preprocessing, post-processing, validation, code development, and workßows not
yet fully ported to GPUs.

The RM2 unit will address excitonic phenomena, nonequilibrium quantum matter, optoelectronic functionalities,
and strong lightÐmatter-coupling e! ects through MBPT, NEGF, open-system approaches, and molecular/plasmonic
modelling [26]. A Þrst activity concerns ultra-thin group-III nitride heterostructures integrated with gallium oxide
templates as candidate platforms for compact deep-UV emitters. DFT, GW, and BSE calculations will be used to
assess quantum conÞnement, strain, interface e! ects, quasiparticle gaps, exciton binding energies, oscillator strengths,
polarization dependence, and radiative response, with an estimated requirement of about 3.0 ! 104 GPU hours. A
second activity concerns Zr4+ -doped and Fe3+ /Zr 4+ co-doped Nax MnO2 compounds as Earth-abundant sodium-ion
cathodes. This activity requires a DFT+U climbing-image nudged-elastic-band campaign, including self-consistent
Hubbard parameters, structural relaxations, electronic-structure analysis, and Na migration barriers, with an esti-
mated requirement of about 2.0 ! 104 GPU hours [27, 28].

The MI unit will focus on engineered quantum materials, localized states, transport, and magnetic functionalities.
Planned activities include ab initio characterization of point defects in two-dimensional materials, in support of
experimental studies of low-energy implantation of magnetic atoms in graphene and MoS2; simulations of local
conÞgurations, STM/STS signatures, magnetic resonances, defect states, and possible Kondo-related features [29, 30];
transport and localization in spÐsp2 carbon networks and two-dimensional heterojunctions [31, 32]; and magnetic
molecules adsorbed on oxide and metal surfaces. These calculations will use SIESTA/TRANSIESTA and Quantum
ESPRESSO and require about 8.0 ! 104 CPU hours, 1.0 ! 104 GPU hours, and 0.5Ð1 TB of storage.

Overall, TIME2QUEST requires sustained access to both CPU and GPU partitions of LEONARDO. In continuity
with the active INFNÐCINECA 2026 allocation for the NEMESYS account, the requested 2027 resources are 3.0 !
106 standard hours on LEONARDO B, 1.0 ! 106 standard hours on LEONARDO DC, and a WORK quota of
1024 GB. The GPU partition is essential for production DFT, DFT+U, hybrid-functional, GW, BSE, TDDFT, and CI-
NEB calculations, while the CPU partition is needed for SIESTA/TRANSIESTA transport, NEGF and open-system
workßows, post-processing, validation, and data analysis. This allocation will allow the collaboration to maintain
a common computational infrastructure and produce quantitative predictions for many-body excitations, optical
spectra, transport observables, migration barriers, and coherence-related Þgures of merit in the selected material
platforms.
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ence one-particle states will be obtained using Quantum ESPRESSO, ABINIT, SIESTA, and related packages [13Ð15].
Quasiparticle corrections, optical spectra, energy-loss spectra, real-time carrier dynamics, and nonequilibrium exci-
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and strong lightÐmatter-coupling e! ects through MBPT, NEGF, open-system approaches, and molecular/plasmonic
modelling [26]. A Þrst activity concerns ultra-thin group-III nitride heterostructures integrated with gallium oxide
templates as candidate platforms for compact deep-UV emitters. DFT, GW, and BSE calculations will be used to
assess quantum conÞnement, strain, interface e! ects, quasiparticle gaps, exciton binding energies, oscillator strengths,
polarization dependence, and radiative response, with an estimated requirement of about 3.0 ! 104 GPU hours. A
second activity concerns Zr4+ -doped and Fe3+ /Zr 4+ co-doped Nax MnO2 compounds as Earth-abundant sodium-ion
cathodes. This activity requires a DFT+U climbing-image nudged-elastic-band campaign, including self-consistent
Hubbard parameters, structural relaxations, electronic-structure analysis, and Na migration barriers, with an esti-
mated requirement of about 2.0 ! 104 GPU hours [27, 28].

The MI unit will focus on engineered quantum materials, localized states, transport, and magnetic functionalities.
Planned activities include ab initio characterization of point defects in two-dimensional materials, in support of
experimental studies of low-energy implantation of magnetic atoms in graphene and MoS2; simulations of local
conÞgurations, STM/STS signatures, magnetic resonances, defect states, and possible Kondo-related features [29, 30];
transport and localization in spÐsp2 carbon networks and two-dimensional heterojunctions [31, 32]; and magnetic
molecules adsorbed on oxide and metal surfaces. These calculations will use SIESTA/TRANSIESTA and Quantum
ESPRESSO and require about 8.0 ! 104 CPU hours, 1.0 ! 104 GPU hours, and 0.5Ð1 TB of storage.

Overall, TIME2QUEST requires sustained access to both CPU and GPU partitions of LEONARDO. In continuity
with the active INFNÐCINECA 2026 allocation for the NEMESYS account, the requested 2027 resources are 3.0 !
106 standard hours on LEONARDO B, 1.0 ! 106 standard hours on LEONARDO DC, and a WORK quota of
1024 GB. The GPU partition is essential for production DFT, DFT+U, hybrid-functional, GW, BSE, TDDFT, and CI-
NEB calculations, while the CPU partition is needed for SIESTA/TRANSIESTA transport, NEGF and open-system
workßows, post-processing, validation, and data analysis. This allocation will allow the collaboration to maintain
a common computational infrastructure and produce quantitative predictions for many-body excitations, optical
spectra, transport observables, migration barriers, and coherence-related Þgures of merit in the selected material
platforms.



richieste risorse HPC 

abbiamo aggiornato il form per le richieste, adesso 
bisogna inserire informazioni più dettagliate sulle 
tipologie dei jobs e dei codici 


questo ci permette di individuare quali richieste 
possano essere  allocate sulle Bubbles e inserite nei 
preventivi


tenendo conto della ristrutturazione in RdR, i criteri:

 


onerosità computazionale

parallelismo dei codici e dei job


capacità di utilizzo  completo e regolare

storico


al netto di possibili allocazioni su Bubbles, è 
comunque necessaria una rimodulazione per rientrare 
nella disponibilità delle risorse su LEONARDO 

Rete di Ricerca Richieste CPU 
corehours

Richieste GPU 
gpuhours

BIOPHYS 1,000,000 2,000,000

FIELDTURB 10,000,000 125,000

InDark 4,000,000 1,000,000

LINCOLN 1,052,800 8,000

MONSTRE 1,500,000 80,000

NEUMATT 6,000,000 100,000

NPQFT 38,000,000 6,750,000

NUCSYS 3,500,000 1,500,000

P2C 20,000,000 700,000

PML4HEP 150,000 65,000

QCDLAT 50,000,000 2,500,000

QCDLAT 1,000,000 0

QUANTUM 750,000 750,000

SFT 1,000,000 900,000

SIM 1,200,000 300,000

TEONGRAV 20,000,000 1,000,000

TIME2QUEST 1,000,000 3,000,000

TOTALE 160,152,800 20,778,000



non si riscontrano criticità nell'occupazione dell'area work di leonardo, margine per accogliere eventuali 
necessità in corso d'anno per i progetti al CINECA


per i progetti che proporremo di spostare sulle Bubbles bisognerà predisporre lo spazio disco necessario
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Rete di Ricerca
Richieste 

LEONARDO DCGP 
corehours

Proposte 
LEONARDO DCGP 

corehours

Proposte 
Bubbles 

corehours

Proposte 
DIsco Bubbles 

TB

Richieste 
LEONARDO Booster 

gpuhours

Proposte 
LEONARDO Booster 

gpuhours

BIOPHYS 1,000,000 600,000 10 2,000,000 300,000

FIELDTURB 10,000,000 7,000,000 125,000 125,000

InDark 4,000,000 2,000,000 1,000,000 500,000

LINCOLN 1,052,800 600,000 1 8,000 8,000

MONSTRE 1,500,000 600,000 4 80,000 80,000

NEUMATT 6,000,000 2,000,000 100,000 100,000

NPQFT 38,000,000 30,000,000 6,750,000 5,000,000

NUCSYS 3,500,000 800,000 1,500,000 250,000

P2C 20,000,000 4,000,000 700,000 300,000

PML4HEP 150,000 150,000 10 65,000 65,000

QCDLAT 50,000,000 35,000,000 1,000,000 20 2,500,000 2,000,000

QUANTUM 750,000 400,000 10 750,000 400,000

SFT 1,000,000 600,000 2 900,000 500,000

SIM 1,200,000 1,200,000 10 300,000 300,000

TEONGRAV 20,000,000 14,000,000 1,000,000 800,000

TIME2QUEST 1,000,000 600,000 2 3,000,000 300,000

TEST 5,200,000 972,000

TOTALE 159,152,800 100,000,000 5,750,000 69 20,778,000 12,000,000

proposta di assegnazioni



Condensed Matter
1%

Quantum Information
1%

Nuclear Physics
3%

Complex Systems
7%

SM phenomenology
13%

Cosmology
19%

Lattice
57%

Test
5%

Nuclear Physics
1%

Complex Systems
7%

SM phenomenology
4%

Cosmology
18%

Lattice
65%

Richieste CPU corehours

Proposta Leonardo DCGP corehours

Condensed Matter
10%

Quantum Information
17%

Nuclear Physics
10%

Complex Systems
10%

SM phenomenology
3%

Lattice
49%

Proposta Bubbles corehours



Richieste GPUhours

Proposta Leonardo Booster GPUhours
Condensed Matter

14%

Quantum Information
4%

Nuclear Physics
8%

Complex Systems
10%

SM phenomenology
4%

Cosmology
10%

Lattice
50%

Test
8%

Condensed Matter
2%

Quantum Information
3%

Nuclear Physics
3%

Complex Systems
4%

SM phenomenology
3%

Cosmology
12%

Lattice
65%


