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Long tradition of studies in fundamental quantum physics and quantum information

e Activity carried out at ECT* in the field of quantum information, in particular by T.
Calarco and D. Binosi, since the early 2000. Coordination of several European
projects.

 Theoretical and, more recently, experimental studies in the frame of confined
quantum gases in the BEC group at the Physics Department of UNTIN and CNR/INO.

* Experimental research in Ql with optical devices carried out at the NanoScience Lab
at the Physics Dept. of UNITN in collaboration with FBK for at least 15 years.
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RECENTLY QUANTUM INFORMATION AND
QUANTUM COMPUTING GAINED MOMENTUM

¥

INCREASE IN THE NUMBER OF RESEARCHERS,
DEPARTMENTS, AND INSITUTIONS INVOLVED IN QI

@
_

’

Quantum at Trento

Q@TN is a joint initiative of UniTN, FBK and CNR FONDAZIONE @
on Quantum Science and Technology . CARITRO PRoVINCIA ALTONONA

A1 RISPARMIO DI TRENTO € ROVERETO

INANCIAL CONTRIBUTION
ROM DIFFERENT SOURCES

with the financial support of




b o

g@)f UNIVERSITA D( @

Dl TRENTO FONDAZIONE Consiglio Naziona e

BRUNO KESSLER delle Ricerche

Good quantum science requires a synergistic effort!

Collaboration between groups concerned in the
theoretical and experimental development of fundamental
guantum physics and technological developments.
Provide better visibility at national and international level,
increase the probability of accessing to significant funding
from EU sources

Training of a young generation of researchers with
transdisciplinary competences (there is for example a
Transdisciplinary Program at Ph.D. level including 18
graduate students from different University Departments
and FBK, partly funded with specific fellowships)

Possible construction of a shared experimental facility.

with the financial support of
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Q@TN RESEARCH

e WP1 - Fundamental quantum science: Franco Dalfovo (DF)

 WP2 — Quantum communication: Enrico Blanzieri (DISI)

e WP3 — Quantum computing: Luciano Serafini (FBK-ICT)

e WP4 — Quantum simulations: Jochen Wambach (FBK-ECT*)

 WP5 — Future sensors and metrology: Georg Pucker (FBK-CMM)
and Alberto Quaranta (DllI)

Important activity in the perspective of enabling
guantum simulations in the NISQ era

Quantum at Trento
Q@TN is a joint initiative of UniTN, FBK and CNR
on Quantum Science and Technology
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Quantum Fluids of Light

Light beam composed by a huge number of photons
« in vacuo photons travel along straight line at c

« (practically) do not interact with each other
(first scattering evidence ATLAS @ LHC, 2017)

« undergrad optics typically dominated by single-particle physics

Photon — photon interaction: non-linear optics

o Spatial confinement - effective photon mass
~ lev, to be compared to GeV of proton

« X nonlinearity > photon-photon interactions
via exchange of virtual electron-hole pair:

e’/e* rest mass replaced by e /h energy h2 ( hw )6

(energy gap of solid) - 103® fold stronger ~at m2c2

mc?
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Condensed matter analog of color confinement in QCD

M In 2D the domain wall ends with vortices

Suppose we can stretch the pair...
W at some point we will get to a I x
| too energetic configuration...

domain wallfnaps »

Rabi coupled Bose-Einstein condensates Tylutki et al., PRA 93, 043623 (2016) 2

Time evolution of the domain wall Gabriele Ferrari — Physics Dept. UNITN

10 ms 20 ms 30 ms

INFN Istituto Nazionale di Fisica Nucleare
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Fundamental Interactions Simulations
with quantum gases
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Research activities Hauke group —
Synthetic Quantum Systems Theory

Quantum technologies Quantum many-body systems
* Quantum simulation Strongly correlated matter
(synthesize many-body models) * magnetic materials
* topological phases of matter
* Quantum sensing e quantum out-of-equilibrium dynamics
(outperform classical detectors) * lattice gauge theories

* entanglement in many-body systems
e Quantum annealing (solve hard

classical problems on qu. device) Synthetic quantum systems
 ultracold atoms
* trapped ions
e superconducting qubits
* photonic devices ...

with the financial support of
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Realizations in cold atoms etc
Reliability

A gauge field matter field
“ n-1 n n+l n+2
B building block ga%geV_ldétlon
b [ /E Controlled-violation
0.1 ? regime
PR T N L Ll :
0.01| 4 :“fl [V ¥ 4+ data 1 5 - Uncontrolled-violation
! ) ) ) . . m.\ regime
0 ; 120

m/t ~ —45 time [ms] ., 732 10 AV

Mil, Zache, Hegde, Xia, Bhatt, Ober- Yang, Sun, Ott, Wang, Zache, Halimeh, Halimeh, Hauke, Phys. Rev. Lett.
125, 030503 (2020)

Yuan, Hauke, Pan, arXiv:2003.08945,

thaler, Hauke, Berges, Jendrzejewski
accepted in Nature (2020)

Science 367, 1128-1130 (2020)

Observable phenomena
Phase Topological invariant

0 momentum k/m 0 1
e%m
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Quantum annealing

Theoretical ideas to Entanglement Implementation
improve hardware abilities as resource algorithms
S
2log 2
Hspex(e)
0.5
00 0.5 1 t/tsweep -10 -05 00 |
Lechner, Hauke, Zoller, Hauke, Bonnes, Heyl, Lechner, Hauke, Mattiotti, Faccioli,
Science Advances 1, e1500838 (2015) Frontiers in Physics 3, 21 (2015) arXiv:2007.13788 (2020)
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Dynamics of nuclear reactions via optimal control
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¢ V. Amitrano, J. Dubois, K. Kravvaris, P. Luchi, W.
E. Ormand, F.P,, S. Quaglioni, Y. Rosen, F. Turro,

K. Wendt, X. Wu

JOINT LLNL-UNITN INITIATIVE
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Dynamics of nuclear reactions via optimal control
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Dynamics of nuclear reactions via optimal control
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A. Browaeys et al., Nature 534, 667 (2016)
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* The path towards practical guantum computing needs a
synergetic, transdisciplinary effort.

 Quantum simulation vs. quantum computing: in the NISQ era
it is necessary to broaden our schemes and find new ways of
thinking of a computation...

* The border between theory and experiment is quite thin (as it
was in the very early days of standard computing, first and of
supercomputing later!)

* Q@Tn wants to pursue this collaborative scheme and exploit
the local lively scientific environment.
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