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Nobel Prize in Physics 2025

“for the discovery of macroscopic quantum mechanical tunnelling
and energy quantisation in an electric circuit”
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Energy Ouantization

In the microscopic world: atoms, molecules, nuclei, ...
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According to QM:
electronic can assume only certain values
as the frequencies of a vibrating string confined in a
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Inside stars like the sun, the extreme temperature rips atoms into their components: protons,
neutrons and electrons. Under normal conditions, the mutual repulsion of individual protons
ought to force them apart. Quantum-tunneling effects in the sun allow hot, high-speed protons.
to fuse into helium nuclei. This fusion reaction drives the sun’s radiance.

oN1ZED STAGES OF
NEUTRINO
FRoTonNS Q O PROTON-PROTON
FUSION

\ DEUTERIUM

s,

DEUTERIUM

1. Two protons fuse. Usually the
pair breaks apart again, but once in
2 while one proton is transmuted
into a neutron. The resulting
Pproton-neutron pair is deuterium,
a type of hydrogen. Also, a positron
and a neutrino are emitted. When
the positron encounters its a
ticle (an electron), the pair a
lates to form a gamma ray.

2. Another proton collides with the
deuterium, forming a helium-3
nucleus (two protons and a neutron)
plus a gamma ray. Gamma rays
eventually work their way up from
the core of the sun and out into
space in the form of sunlight.

3. Two helium-3 nuclei collide.
4. A helium-4 nucleus is created,

plus two extra protons.
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and passing through
IS by no means easy
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the barrier is a hard wall

and passing through
IS by no means easy

much better to jump
but energy must be spent
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the macroscopic worlad

the barrier is a hard wall

and passing through
IS by no means easy

much better to jump
but energy must be spent

for the successful end
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the barrier is a hard wall
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VOLUME 535, NUMBER 18 PHYSICAL REVIEW LETTERS 28 OCTOBER 1985

th e barrl e r I S a h ard Wal I Measurements of Macroscopic Quantum Tunneling out of the Zero-Voltage State

of a Current-Biased Josephson Junction

t f - - Michel H. Devoret,(") John M. Martinis, and John Clarke
exce p 0 r m ag I c I an S Department of Physics, University of California, Berkeley, California 94720, and Materials and Molecular Research Division,

Lawrence Berkeley Laboratory, Berkeley, California 94720
(Received 26 July 1985)
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a 1D “particle” with large mass
made of many pairs of
electrons moving coherently

Cooper Pair Condensate

In an electrical circuit containing
a Josephson Junction

behaves as an
artificial atom
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Reasons of principle: MQ describes atoms iosconc S Macoscoic
but can it survive in the macroscopic world? [EEESEr s T o
- Q-mysteries in the physics at the atomic level

O Superposition (things can exist in multiple states at once)

O Quantum measurement: the system “collapses”: in one of the states
of the superposition. Lt 47 A
¢ Only probabilistic guess can be made oy MQ_, QC,_, :
¢ The mesaured state is actualized only after the mesurement e
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Reasons of principle: MQ describes atoms
but can it survive in the macroscopic world? eSSt
- Q-mysteries in the physics at the atomic level

O Superposition (things can exist in multiple states at once)

O Quantum measurement: the system “collapses”: in one of the states
of the superposition.

- How things “really” work?
9 Aball or a cube (“states of shape”), either red or blue (“states of color”)

O In a box where we can detect either the shape or the color
¢ Classically four states with well defined shape AND color

¢ QM — two crazy states with unpredictable behavior upon measurement (Dr Jeckill and Mr Hyde)
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Reasons of principle: MQ describes atoms S rocorc

but can it survive in the macroscopic world?
- Q-mysteries in the physics at the atomic level
O  Superposition (things can exist in multiple states at once)

O Quantum measurement: the system “collapses”: in one of the states
of the superposition.

- Nothing like that is seen in macroscopic systems

QO “Decoherence”
¢ In objects with a large-mass — better: macroscopic objects interact with their environment .

- MQT experiment supports the “heretic” idea of Schroedinger cats:
superpositions may exist also in the macroscopic world!

O Macroscopic Quantum Coherence (MQC)

Finanziato
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The measurement problem(s)
- |t seems that “Reality” does not exist before the mesurement

- Problem with standard postulate of QM

: : Special
O Copenhagen interpretation < von Neumann Rule 5 Relativity

o Bohr, Heisenberg, Born, ... 99% of physicists

O Special relativity does not need “classical” physics to be formulated

¢ Newtonian behavior approached continuously for v/c < 1 viek1
Classical
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The measurement problem(s)

- |t seems that “Reality” does not exist before the mesurement

- Problem with standard postulate of QM Quantum

O Copenhagen interpretation < von Neumann Rule 5 Mechanics

o Bohr, Heisenberg, Born, ... 99% of physicists

O QM needs “classical” physics to be formulated

¢ Measurement apparata subsumed by VNRs 4-5 ARE CLASSICAL OBJECTS Classical
Meter
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The measurement problem(s)

- |t seems that “Reality” does not exist before the mesurement

- Problem with standard postulate of QM Quantum

O Copenhagen interpretation < von Neumann Rule 5 Mechanics

o Bohr, Heisenberg, Born, ... 99% of physicists

O QM needs “classical” physics to be formulated

¢ Measurement apparata subsumed by VNRs 4-5 ARE CLASSICAL OBJECTS Classical
Meter

- How classicality emerges when going macroscopic?
{O Abruptly < quantum phase transition?
Q  As a smooth crossover as for Relativity?

- NB - Schrodinger cat again

O the macroscopic meter entangled with the microscopic object
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- Theoretical predictions of MQT
Q early: Ivanchenko and Zi'berman (1968)
O for a dissipative quantum particle Caldeira-Leggett (1981)
O Microscopic derivation: Ambegaokar, Eckern, Schoen (1982)
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Macroscopic QM —> mesc

- Theoretical predictions of MQT
Q  Early: Ivanchenko and Zi'berman (1968)
O for a dissipative quantum particle Caldeira-Leggett (1981)
O Microscopic derivation: Ambegaokar, Eckern, Schoen (1982)

Quasiparticle and Cooper pair tunneling
in small capacitance Josephson junctions mgmomndlelﬂ Sedl |er

fir Physlk B
© Springer-Verlag 1991

Catania-Delft 1990-91

‘ Effects of the electromagnetic environment ‘

G. Falei*, V. Bubanja, and Gerd Schin*™

Finanziato "™, Ministero
dall'Unione europea dell’Universita

NextGenerationEU




a(0) + B(1)

- MQC in SQUIDs < quantum-classical boudary
O Proposal Leggett, A.J. and Garg, A. (1985)
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a(0) + B(1)

- MQC in SQUIDs < quantum-classical boudary

O Proposal Leggett, A.J. and Garg, A. (1985) /
¢ Two macroscopically distinct persistent current states in a SQUID may live in a superposition g@ 8 :
O Observation. Friedman et al. (2000! decoherence!) /
035 8 85 " es T o
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a(0) + B(1)

- MQT: predictions (1981) = experiment (1985)

- MQC in SQUIDs < quantum-classical boudary

O Proposal Leggett, A.J. and Garg, A. (1985)
¢ Two macroscopically distinct persistent current states in a SQUID may live in a superposition

Q  Observation. Friedman et al. (2000! decoherence!) - /

O Dual experiment (not macroscopic) Nakamura et al. (1999)
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echnological importance

Qubits made of macroscopic “atoms”
Can be W|red and integrated in circuits
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To build quantum computers able nan
to solve problems impossible even 1 088 o
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Manipulating phase, charge, magnetic flux - Geometric phases letters to nature

NATURE |VOL 407 | 21 SEFTEMBER 2000 | www.nature,.com

Detection of geometric phases in
superconducting nanocircuits

Giuseppe Falei*, Rosario Fazio*$, G. Massima Palmats, Jens Siewert*s
& Vlatko Vedralt

* Dipartimento di Metodologie Fisiche e Chimiche (DMECH),
Universita di Catania, viale A, Doria 6, I-95125 Catania, Italy
T Dipartimento di Scienze Fisiche ed Astronomiche {DSFA),
Universita di Palerso, via Archirafi 36, 1-90123 Palermo, Iialy
¥ Centre for Quantum Computation, Clarendon Laboratory,
University of Oxford, Parks Road, Oxford OX1 3PU, UK

§ Istituto Nazionale per la Fisica della Materia (INFM),

Unita di Catania e Palermao, Italy




Manipulating phase, charge, magnetic flux - Geometric phases letters to nature
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nei:ecﬂon of geometric phases in
superconducting nanocircuits

Giuseppe Falei*, Rosario Fazio*$, G. Massima Palmats, Jens Siewert*s
& Vlatko Vedralt

* Dipartimento di Metodologie Fisiche e Chimiche (DMECH),
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University of Oxford, Parks Road, Oxford OX1 3PU, UK
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Decoherence and 1/ f Noise in Josephson Qubits
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REVIEWS OF MODERN PHYSICS, VOLUME 86, APRIL-JUNE 2014

1/f noise: Implications for solid-state quantum information
E.Paladino Y.M. Galperin,G. Falci and B.L. Altshuler
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Initial Decoherence in Solid State Qubits
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Initial Decoherence in Solid State Qubits

G. Falci,™ A. D’ Arrigo, A. Mastellone, and E. Paladino
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Quantum Technologies at UniCT

NQSTI

National Quantum Science
and Technology Institute

Y IGS

Centro Nazionale di Ricerca in HPC,
Big Data and Quantum Computing

Q)-sup

www.qucat.it



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52

