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Visible Vacuum Quantum Fluctuations

’

-6
4372x10 eV

AVAVAV. o
photon hv

'

(1955) . E,

Atom in ground state

Lamb shift

(1955, 1965)

Anomalous magnetic moment Casimir effect



How quantum fluctuations can Shape Matter

np] Nanophotonics 2, 46 (2025)
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How quantum fluctuations can Shape Matter*
* npj Nanophotonics 2, 46 (2025)
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Basov group: Nature 650, 864 (2026)



Outline

. Vacuum modified topology

ll. Vacuum renormalized band structure

lll. Vacuum induced chiral spin liquids

V. Summary and outlooks



Two dimensional electron gas

Very Clean
2 dimensional electron gas (2DEG)
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Two dimensional electron gas

Very Clean
2 dimensional electron gas (2DEG)

Mean free path:
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Quantum Hall effect
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Quantum Hall Effect

Magnetic Scales
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What is Quantum Hall Effect

N\ Classical Hall effect
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Nobel prize in physics 1985




What is Quantum Hall Effect

' Fractional Hall effect

Magnetic field (T)

Nobel prize in physics 1998




Quantum Anomalous Hall Effect

Average magnetic flux is ZERO

Time reversal breaking

Nobel prize in physics 2016
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Quantum Anomalous Hall Effect
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Quantum Anomalous Hall Effect
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Are these quantum states robust
to vacuum quantum fluctuations?




Quantum Hall effect in a cavity
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Breakdown of topological protection by cavity vacuum fields in the
integer quantum Hall effect

Article Open access Published: 14 May 2025
Tunable vacuum-field control of fractional and integer

quantum Hall phases

Josefine Enkner &, Lorenzo Graziotto, Dalin Borici, Felice Appugliese, Christian Reichl, Giacomo Scalari,

Nicolas Regnault, Werner Wegscheider, Cristiano Ciuti & Jérdme Faist &4

Nature 641, 884-889 (2025) | Cite this article




Quantum Hall effect in a cavity

2DEG stripe
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Effective field theory for QHE
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Cavity Quantum Hall Hydrodynamics
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Cavity Quantum Hall Hydrodynamics

Result 1: Longitudinal conductance




Cavity Quantum Hall Hydrodynamics

Result 1: Longitudinal conductance




Cavity Quantum Hall Hydrodynamics

Result 1: Longitudinal conductance

G. Cardoso, L. Yang, T. H. Hansson, QDJ,
Phys. Rev. B 113, 045108; Phys. Rev. B
113, 045109 (2026)

Result 3: Photon electron mixing

Quantum Hall breaks down when . ~ g



Vacuum modification of QHE
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Vacuum modification of QHE
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Vacuum modification of QHE
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Vacuum modification of QHE
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Vacuum modification of QHE
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Quantum Anomalous Hall in a chiral cavity

Emergent Haldane model




Graphene in a chiral cavity
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Liu Yang and QDJ, Comm. Phys. 8, 126 (2025)



Graphene in a chiral cavity

Liu Yang and QDJ, Comm. Phys. 8, 126 (2025)
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Vacuum to engineer band structure of 2D materials
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Cunyuan Jiang, Matteo Baggioli, and QD Jiang, PRL 132, 166901 (2024)



Chiral virtual photons induce chiral spin liquid

chiral cavity

waveguide
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U,2 Z(H7A — hC)

Chenan Wei, Liu Yang and QDJ, PRL 135, 236901 (2025)
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The Rise of Vacuumronics

N Advantages
Photon * No heating
number * Equilibrium approach

* Strong coupling

SOMETIMES
Less Is More,

when more Is too much.
— Frank Lloyd Wright

Vacuum fluctuation strength
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