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QUANTUM COMPUTING AND SIMULATION CENTER

Investment of 6 M€
National strategic partnerships

Trapped ion quantum computer
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Big Data e Quantum Computing
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= POLIMI Quantum Computing Spoke 10 — Quantum Computing
UNIPD WPL1. Software (Leader: INFN): Development and application of high-level quantum software for
CINECA 0.6402 1,22 algorithms solving general purpose problems, scientific and industrial applications: T1.1 New
UNIBO 1,21 algorithms (Pavia, Bologna, IIT, Catania, CINECA, CNR, Pisa, Sapienza, Bari, Polimi, Padova); T1.2
= UNICT 9,84 Applications and use cases (IIT, Bologna, CINECA, CNR, INAF, INFN, Pavia, Pisa, Bari, Bicocca,
= CNR Polimi, Padova)
= INAF 651 WP2. Mapping, compilation and quantum computing emulation (Leader: CINECA): Development
= INFN ' of software toolchain for compilation, benchmarking, verification, emulation of quantum
= UNIPV computers and algorithms: T2.1 Mapping and compilation (Bologna, CNR, Pisa, Polimi); T2.2
= UNIPI Emulation (CINECA, INAF, Bari, Padova)
= UNINA WP3. Firmware and hardware platforms (Leaders: CNR, Catania): Development of low-level
= SAPIENZA \ 247 software for the physical operation of quantum computers. Development and support of the
= T 48 quantum computer hardware chain: T3.1 Photonic (Sapienza, CNR, Bicocca, Pavia, Napoli); T3.2
BE:EAAI‘B 0,9379 Superconducting circuits (Napoli, INFN, Bicocca, CNR, Catania); T3.3 Atoms (CNR, Padova); T3.4

Ions (Padova, CNR); T3.5 Models and firmware (Catania, Polimi, Bari, Padova, Bicocca, CNR, Pisa)
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QUANTUM COMPUTING
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HOW TO GUIDE THE TRANSITION?

The New Quantum Era Podcast
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TENSOR NETWORK ALGORITHMS

» State of the art in 1D (poly effort)

> No sign problem

> Extended to open quantum systems

d » Machine learning

'g .lz | Az . 2 ~ » Data compression (BIG DATA)

> Extended to lattice gauge theories

kQ IK k » Simulations of low-entangled systems
of hundreds qubits!

Introduction to

I  “Introduction to tensor network methods”, S.Montangero, Springer (2019)

» Methods
Numerdcal Slm.,h:l.nps n'l Low-

U. Schollwock, RMP (2005) A. Cichocki, ECM (2013) I. Glasser, et al. PRX (2018)
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A. Pagano, S. Weber, D. Jaschke, T. Pfau,
F. Meinert, S. Montangero, and H. P. Bichler,

arXiv:2202.13849.

Image provided by F. Meinert

D. Jaschke, A. Pagano, S. Weber, and SM arxiv:2210.03763



DIGITAL TWIN QRyd™

Hamiltonian
description

Optimal control for
pulses & gates

Numerical simulation
of many-body
system

Compiler and
scheduler

D. Jaschke, A. Pagano, S. Weber, and SM arxiv:2210.03763



QUANTUM COMPUTER EMULATORS
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/ Quantum circuits\

Quantum computing
Platforms

Superconducting,
Trapped ions, or
neutral atoms
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1) Up to 8x8 atoms

2) Schedule native gates -
3) Gates as pulses
4) Study crosstalk
5) Run simulation
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GREEN QUANTUM ADVANTAGE
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GREEN QUANTUM ADVANTAGE

a) Equality of Fidelity and Energy Point (EFEP)
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GREEN QUANTUM ADVANTAGE

a) Equality of Fidelity and Energy Point (EFEP)
80
— qon | — xact — EFEP fit
= — MPS(1024) - m QPU
% 10°7 - MPS(4096) g 601 M MPS
s W iuininis i @
= 107°- f7 g
10713 - - - - & 40
25 o0 75 100
System size L
b)
m =1 0.0 0.5
/A)"—\ | Entanglement via o
Xleft i Xright

—— e — e e e e e — — — e — — — ——

one layer

|

D. Jaschke and SM arxiv:2205.12092



GREEN QUANTUM ADVANTAGE
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When do we really need a quantum
simulation/computation?
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ENTANGLEMENT GENERATION IN QED SCATTERING PROCESSES

time

entanglement

|
dt |=—

M. Rigobello, S. Notarnicola, G. Magnifico, and S. Montangero, Phys. Rev. D 104, 114501 (2021).



ENTANGLEMENT GENERATION IN QED SCATTERING PROCESSES
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ENTANGLEMENT GENERATION IN QED SCATTERING PROCESSES
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TENSOR NETWORK MACHINE LEARNING
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RADIOTHERAPY PLAN OPTIMIZATION

S. Cavinato et al.
Physics in Medicine and Biology (2021)
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INDUSTRY APPLICATIONS

Mission planning for earth observation
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CONCLUSIONS

» Tensor network algorithms can be used to benchmark, verity,
support and guide quantum simulations, computations and
communication

» Hybrid solutions will give the first results in

» Complex optimisation problems
» Machine learning
» Quantum sensing

» Optimized protocols
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