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Scientific background

An early successful application of this theory was the explanation of alpha decay, where the 
alpha particle is confined in the nucleus by a potential barrier but has a finite probability to 
tunnel through this barrier. Tunnelling also explained why radioactive decay is a probabilistic 
process, where the half-life crucially depends on height and thickness of the potential barrier.6 

6In this respect the the Swedish Nobel Committee highly recommends the Dispense del corso di Fisica Generale 3 used by students at the Math Department of UNIMI
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Scientific background

Closer to reality: 
- relevant regime has to be identified  
- the potential gets smoother 
- thermal environment cannot be neglected 
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Scientific background

Closer to desire: 
- the potential gets anharmonic 
- levels can be individually addressed 
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The heart of the matter: macroscopicity

Josephson junctions
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Superconducting flux quantum

A. O. Caldeira and A. J. Leggett, Phys. 
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B. D. Josephson, Phys. Lett. 1, 251 (1962);                   
Adv. Phys. 14, 419 (1965)

T ≈ mK
d ≈ nm
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The heart of the matter: macroscopicity



Detailed achievements
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Detailed achievements: tunnelling

Microscopically derived escape rate 
at zero temperature

A. O. Caldeira and  A. J.  Leggett, Ann. Phys. (N.Y.), 149, 374 (1983)



Detailed achievements: quantization

Peaks of escape rate in the 
dependence on the frequency ωP

Γ(P) − Γ(0)
Γ(0)



Further developments

From Josephson junctions to  
SQUIDs (Superconducting QUantum Interference Device) 
and 
Transmon qubits (transmission line shunted plasma oscillation qubit) 



Superconducting qubits

Search for robust 
non-linear regime engineering  
devices with different 
Josephson ( ) and  
capacitive ( )  
energy contributions 

EJ
EC

External connections 
for input, control and 
readout with 
microwave resonators



Quantum computing

1. Superconducting Quantum Processing Unit 
2. Milli-Kelvin Cryogenic Systems (~10 mK) 
3. Quantum Control & Measurement System 
4. Quantum Operating System, Quantum Algorithm and Quantum Software
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