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Nobel prize in Physics 2025
“For the discovery of macroscopic 
quantum mechanical tunnelling and 
energy quantisation in an electric circuit”

John Clarke (born 1942)
Professor Emeritus at UC 
Berkeley

Michel H. Devoret (born 1953)
Professor Emeritus at Yale
Professor at UC Santa Barbara
Chief Scientist at Google AI

John M. Martinis (born 1958)
Professor Emeritus at UC Santa Barbara 
Team-lead Google AI
Co-Founder & CTO at QoLab

+Many awards and honours between them
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Nobel prize in Physics 2025
“For the discovery of macroscopic 
quantum mechanical tunnelling and 
energy quantisation in an electric circuit”

Headline paper(s) – 

▪ Devoret, Martinis & Clarke PRL 55 (1985)

▪ Martinis, Devoret & Clarke, PRL 55 (1985)

Accompanying papers

▪ Devoret, Martinis, Esteve & Clarke, PRL 53 (1984)

▪ Martinis, Devoret & Clarke, PRB 35 (1987)

▪ Devoret, Esteve, Martinis, Cleland & Clarke, PRB 36 (1987)

▪ Clarke, Cleland, Devoret, Esteve & Martinis, Science 239 (1988)
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Outline

Background physics

▪ Quantum tunnelling

▪ When might we expect quantum behaviour

▪ Superconductivity

▪ Josephson effect

Walk through the experiment

▪ Experimental setup

▪ Results – tunnelling

▪ Results – quantisation

So what followed

Quantum Computing in the UK
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Quantum tunnelling

Concept of classical mechanics – 
have to climb over energy barrier (hill)

▪ Forbidden from being inside

Concept of a quantum particle 
– able to tunnel through the energy barrier (hill)

▪  Probability of quantum particle existing on far side (tunnelled) 

Source (left) – https://www.mpg.de/549767/electrons-caught-in-the-act-of-tunnelling
Source (right) – http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/barr.html 
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When does something 
behave in a quantum way?

Electron (mass 9x10-31 kg, velocity 2x106 ms-1)

𝜆 =
ℎ

𝜌

Cannon-ball (mass 10 kg, velocity 3x102 ms-1)

Wavelength 3x10-10 m -> An atomic length-scale 
-> quantum behaviour expected

Wavelength 2x10-36 m -> unphysically small 
-> no quantum behaviour expected 

Source (left) – https://interestingengineering.com/science/what-is-an-electron-its-discovery-nature-and-everything-else  

Lets compare an electron to a cannon-ball

Quantum mechanical property of wave-particle duality, 
an electron behaves both as a particle and as a wave 
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Micro- and Macro- systems

Can quantify properties 
- Mass, charge, nuclear spin etc. 

Microscopic system e.g. an atom (or electron, or photon)

Source (left) – https://mmerevise.co.uk/gcse-physics-revision/atomic-structure/
Source (right) – V. Bouchiat et. al., Applied Physics Letters, 79 (2001)

 

Macroscopic system e.g. Niobium circuit

Hard to quantify “size”
- How many atoms?
- What about imperfections?
Order-of magnitude estimates of properties
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Superconductivity

“Metallic” behaviour, reducing 
temperature reduces lattice vibrations 
(phonons) and reduces resistance

Source (left) – http://www.el.9.mri-q.com/superconductivity.html 
 

“Metallic” behaviour, resistance 
saturates due to impurities / defects 

“Superconductor” behaviour, 
resistance drops to zero at a critical 
temperature Tc 

Superconductivity discovered in 1911 – K Onnes
Theory descriptions – phenomelogical Ginzberg-Landau 1950s
Microscopic model Bardeen, Cooper and Schrieffer 1957 

http://www.el.9.mri-q.com/superconductivity.html
http://www.el.9.mri-q.com/superconductivity.html
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Superconductivity
Electron collisions is what gives resistance 

Source (left) – http://www.el.9.mri-q.com/superconductivity.html 
Source (right) – Nobel Prize in Physics 2025 - Popular information - NobelPrize.org

 

Electrons combine into Cooper Pairs which 
do not collide -> zero resistance

Cooper Pairs described by a collective 
quantum state (wavefunction phase 𝜑1)

“Gap” represents a tunnel barrier called a Josephson 
junction, the wavefunction can tunnel through. 

Theory motivation for experiment

It is not clear that this wavefunction (collection from many many 
electrons) is a quantum mechanical variable! - A.J. Leggett (1983)
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Josephson junction circuit
Josephson junction circuit 
acts as a particle in a well

Height of the potential 
ΔU scales with Ib 

When Bias current Ib is 0, 
potential is a sinusoid

Source (left) – S. Carabello et. al., Journal of Applied Physics, 120 (2016)

When Bias current 0 <Ib < I0, 
potential is a tilted sinusoid

When Bias current Ib = I0, 
potential is effectively a slide

Oscillation frequency ωp 
also scales with Ib

Josephson-junction 
biased with current Ib
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Josephson junction circuit

Source (right) – D. Vion et. al., Physical Review Letters, 77 (1996)

When large bias current is applied, the Josephson 
junction behaves like a normal conductor e.g. V=IR

Start at zero current & ramp current

Observe a superconducting current (zero voltage state) 
is sustained up to a characteristic current IS

At the switching IS current the junction switches to a 
switches to a voltage state where it has resistance

Junction acts a threshold detector

Through repeat and reset cycles, can look at the 
distribution of the switching current IS

Look at the transport characteristics (I-V) 
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Josephson junction circuit

Source (left) – S. Carabello et. al., Journal of Applied Physics, 120 (2016)
Source (right) – D. Vion et. al., Physical Review Letters, 77 (1996)

Junction acts a threshold detector with a switching event 
happening at IS where it switches to a voltage state

Switching to a voltage state 
occurs when particle is 
escaping the potential well, 
but we do not know if this was 
classical or quantum 
tunnelling. 
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Experimental design

Source (left) – S. Carabello et. al., Journal of Applied Physics, 120 (2016)
Source (right) – D. Vion et. al., Physical Review Letters, 77 (1996)

Junction acts a threshold detector with a switching event 
happening at IS where it switches to a voltage state

Experiment 1 

Create a system with a current ramp, use the voltage 
state as a threshold detector, vary temperature and look 
for non-classical behaviour (i.e. quantum tunnelling)

Switching to a voltage state 
occurs when particle is 
escaping the potential well, 
but we do not know if this was 
classical or quantum 
tunnelling. 
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Experimental design

Source (right) – Nobel lecture presentations 

Dilution fridge to reach 20mK

(-273.13 Celsius)

Sample mount

(Josephson device sits here)

Cu-Filters 

(explained later)

Nb-NbOx-PbSn Josephson junction

(Superconductor-Insulator-Superconductor)

Experiment 1 

Create a system with a current ramp, use the voltage 
state as a threshold detector, vary temperature and look 
for non-classical behaviour (i.e. quantum tunnelling)
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Experimental design

Source (right) – Martinis, Devoret & Clarke, Physical Review B 35 (1987)

Ramp-generator and A/D for measurement

 Lots of filtering + screened-room
Screened room for removing AM-radio, FM-radio, RADAR

Filters for removing current noise from room-temperature components

Experiment 1 

Create a system with a current ramp, use the voltage 
state as a threshold detector, vary temperature and look 
for non-classical behaviour (i.e. quantum tunnelling)
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Experimental design

Source (right) – Martinis, Devoret & Clarke, Physical Review B 35 (1987)

▪ Sample mount for the Josephson junction device

▪ Dilution fridge for cooling to 20mK

▪ Ramp-generator and A/D for measurement

▪ Lots of filtering + screened-room

▪ Screened room for removing AM-radio, FM-radio, RADAR

▪ Filters for removing current noise from room-temperature components

 

𝐼𝑅𝑀𝑆 =
4 𝑘𝐵 𝑇 𝐵𝑊

𝑅

𝐼𝑏 = 𝐼𝑅𝑀𝑆 + 𝐼𝑅𝑎𝑚𝑝𝐺𝑒𝑛

Without filtering, 

➔ 2µA !

With filtering

➔ 0.0001µA = 0.1 nA!

𝜕 =
𝜌

𝜋𝑓𝜇0𝜇𝑅

AC current concentrates at 
surface in skin depth. 

Cu powder leads to large 
surface area -> large loss 
(filtering) at high frequencies

Experiment 1 

Create a system with a current ramp, use the voltage 
state as a threshold detector, vary temperature and look 
for non-classical behaviour (i.e. quantum tunnelling)
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Experimental design

Source (right) – Martinis, Devoret & Clarke, Physical Review B 35 (1987)

Measuring the escape events by measuring switching current 
switching events while varying temperature (x-axis)

 High temperature, find switching events proportional to temperature 

▪ Switching is classical (thermally assisted) 

 

Low temperature, find switching events saturate at non-zero 

▪ Evidence for quantum tunnelling 

 

Had to demonstrate the saturation was not due to electrical noise!

Applying magnetic field suppresses superconductivity -> Suppress the critical current 

Suppress the transition to quantum behaviour to lower threshold and no longer 
observe the evidence for quantum tunnelling

▪ Self calibration that the plateau was not due to noise!

 

Experiment 1 

Create a system with a current ramp, use the voltage 
state as a threshold detector, vary temperature and look 
for non-classical behaviour (i.e. quantum tunnelling)

Evidence for Macroscopic 
quantum tunnelling!



Slide deck status UK OFFICIAL non commercially sensitive
All collaborations, contracts and 3rd party references in public domain
Not Government Policy. © NQCC 2025

Experimental design

Source (right) – Martinis, Devoret & Clarke, Physical Review B 35 (1987)

Experiment 2 

With quantum behaviour shown, now drive with RF and 
look for resonant enhancements which would be 
evidence for quantised energy levels

If the phase is a quantum system, 
would expect quantised energy levels.

Apply microwave radiation at 2 GHz

When sweeping Ib we change the shape of the potential well, 
-> which changes energy levels

When energy levels swept through the 2 GHz 
radiation, we then see peaks in the escape rate
-> resonant enhancement

Evidence for quantised 
energy levels!
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Source (both) – Martinis, Devoret & Clarke, Physical Review B 35 (1987)

Discovery of macroscopic quantum 
tunnelling in an electronic circuit

Discovery of energy quantisation 
in an electric circuit

An electric circuit acting 
as an artificial atom

Nobel prize in Physics 2025
“For the discovery of macroscopic 
quantum mechanical tunnelling and 
energy quantisation in an electric circuit”
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So what followed: I

An electric circuit acting as an 
artificial atom

… so quantum computing?

Other results relating to high-Tc superconductors 
dominated funding and research in condensed matter 

Source (right) – Little, Journal of Superconductivity & Magnetism, 33 (2020)
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So what followed: II

An electric circuit acting as an 
artificial atom

… so quantum computing?

1999 – superconducting 
qubit demonstrated

2006 – semiconducting 
qubit demonstrated

2025 Nobel prize recognizes that an electrical circuit 
can behave as an artificial atom 

➔ Foundational to “engineered” qubits being possible

 

 

Isolate and manipulate the 

occupation of two energy levels 

➔Qubit

Qubit is building block of 

quantum computer

1995 – Trapped-ion qubit 
demonstrated

2003 – Photonics qubit 
demonstrated

2008 – Neutral atoms 
qubit demonstrated

“Natural” qubits

“Engineered” qubits



Key components

▪ 10-year goal with key milestone at 2035

▪ UK-based system with compute capabilities that should enable 
application

Not specified 

▪ Modality – Hardware agnostic

▪ Fidelities – agnostic to specifics of error-mitigation, specifics of 
error-correction

▪ Qubit count – agnostic to specifics of error-correction
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UK-NQTP
(Quantum Mission 1)

By 2028, extending beyond the NISQ-era with 106 (million) 
quantum operations, which will enable the exploration of 
applications associated with the simulation of chemical 
processes, helping to improve catalyst design for example.

By 2032, demonstrating large-scale error correction capabilities 
with 109 (a billion) quantum operations, with including 
accelerated drug discovery. applications

By 2035, achieving quantum advantage at scale through reaching 
1012(a trillion) quantum operations, enabling applications such 
as optimising the production of clean hydrogen.

Quantum computing specifically part 
of IS-8 in UK Industrial Strategy 2025



Slide deck status UK OFFICIAL non commercially sensitive
All collaborations, contracts and 3rd party references in public domain
Not Government Policy. © NQCC 2025

UKRI Quantum Computing

NQCC focus – enabling government 
to act as an informed customer / 
funder of quantum computing

R&D on quantum computing
▪ Neutral Atoms, 

Superconducting, Trapped Ions
▪ Software, HPC
▪ Application & Cloud 

Quantum readiness
▪ Training, skills, user-onboarding
▪ Ethical use of quantum

Hartree focus – Business 
transformation & integration of new 
compute technologies 

Workflow and infrastructure 
development for quantum within a 
HPC perspective
▪ Quantum & AI
▪ Quantum & HPC

Quantum readiness
▪ Training, skills, user-onboarding

QCi3 focus – Academic research 
hub – network of universities – 
underpinning science and applied 
research 

▪ Working groups
▪ Forums
▪ Skills & training
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Summary

When does something behave quantum -> question of whether an electrical circuit (something macroscopic) could behave as a quantum object

Evidence found in electrical circuit demonstrating non-classical escape events i.e. macroscopic quantum tunnelling 

Evidence found in electrical circuit demonstrating resonant enhancement of escape events i.e. quantised energy levels

Collectively – this means the electrical circuit acts an artificial atom

Quantum computing is part of IS-8 UK Industrial Strategy of 2025 

▪ National Quantum Technologies Program: Quantum Mission 1 = 10^12 quantum operations by 2035 + quantum as a part of the digital sector

▪ UKRI activities in quantum computing -> NQCC, Hartree Centre, QCi3 hub (+ many more) 

* Not all Quantum Technologies are 
Quantum Computing!

* Not all Quantum Computers based on macroscopic devices 
– see instead AMO family (photonics, neutral atoms, Trapped Ions)
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Nobel prize in Physics 2025
“For the discovery of macroscopic 
quantum mechanical tunnelling and 
energy quantisation in an electric circuit”

John Clarke (born 1942)
Professor Emeritus at UC 
Berkeley

Michel H. Devoret (born 1953)
Professor Emeritus at Yale
Professor at UC Santa Barbara
Chief Scientist at Google AI

John M. Martinis (born 1958)
Professor Emeritus at UC Santa Barbara 
Team-lead Google AI
Co-Founder & CTO at QoLab

Thanks for listening! 
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