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How quantum fluctuations can Shape Matter*

Quantum Materials?   Symmetry & Topology & Interactions

* npj Nanophotonics 2, 46 (2025) 



How quantum fluctuations can Shape Matter*

Basov group: Nature 650, 864 (2026)

* npj Nanophotonics 2, 46 (2025) 
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Two dimensional electron gas

Very Clean 

2 dimensional electron gas (2DEG)

Mean free path:

5.2 μm ∼ 104 alattice
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Quantum Hall effect

Fractional Quantum Hall effect2 Nobel prizes:



Quantum Hall Effect

David Tong, arXiv:1606.06687



What is Quantum Hall Effect

Classical Hall effect Quantum Hall effect

Nobel prize in physics 1985



What is Quantum Hall Effect

Fractional Hall effect

Nobel prize in physics 1998



Quantum Anomalous Hall Effect

Fractional Hall effect

Nobel prize in physics 2016

Average magnetic flux is ZERO

Time reversal breaking



Quantum Anomalous Hall Effect

Fractional Hall effect

Nobel prize in physics 2016

Average magnetic flux is ZERO

Time reversal breaking



Quantum Anomalous Hall Effect

Fractional Hall effect

Nobel prize in physics 2016

Average magnetic flux is ZERO

Time reversal breaking
Electronic Quantum Devices



Are these quantum states robust 
to vacuum quantum fluctuations?



Quantum Hall effect in a cavity



Quantum Hall effect in a cavity



Effective field theory for QHE

Seff[A] =
νe2

4πℏ ∫ dtd2xϵμνλAμ∂νAλ

jμ =
δSeff

δAμ
=

νe2

2πℏ
ϵμνλ∂νAλ

S[b, A] = ∫ d3x [ 1
4πν

ϵμνλbμ∂νbλ +
e

2π
ϵμνλAμ∂νbλ]



Cavity Quantum Hall Hydrodynamics



Cavity Quantum Hall Hydrodynamics

Result 1: Longitudinal conductance



Cavity Quantum Hall Hydrodynamics

Result 1: Longitudinal conductance

Result 2: Kohn mode frequency



Cavity Quantum Hall Hydrodynamics

Result 1: Longitudinal conductance

Result 2: Kohn mode frequency

Result 3: Photon electron mixing

Quantum Hall breaks down when  ωc ∼ ωB



Vacuum modification of QHE

T. H. Hansson, QDJ, S. A. Kivelson, T. Klein Kvorning, arXiv:2604.26014



Vacuum modification of QHE

Sb = ∫ d3x [−
ν

4π
ϵμνσbμ∂νbσ +

e
2π

ϵμνσ (Aμ + Qμ) ∂νbσ + jμ
v bμ]

𝒮M =
1
2 ∫

d4p
(2π)4 { ⃗Q(−p)[(ω/c)2ε( ⃗p , ω) − q2 − p2

z ] ⋅ ⃗Q(p) + Q0(−p)ε( ⃗p , ω)p2Q0(p)}

ε( ⃗p , ω) = ε0 −
σ̃

iω − Dp2
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Vacuum modification of QHE
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Vacuum modification of QHE

T. H. Hansson, QDJ, S. A. Kivelson, T. Klein Kvorning, arXiv:2604.26014



Quantum Anomalous Hall in a chiral cavity

Emergent Haldane model



Graphene in a chiral cavity



Graphene in a chiral cavity



Vacuum to engineer band structure of 2D materials



Vacuum to engineer band structure of 2D materials



Chenan Wei, Liu Yang and QDJ, PRL 135, 236901 (2025)

Chiral virtual photons induce chiral spin liquid
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N
Photon 
number

Vacuum fluctuation strength

• No heating
• Equilibrium approach
• Strong coupling

Advantages

SOMETIMES
Less is More,
when more is too much. 
— Frank Lloyd Wright

The Rise of Vacuumronics

Fruitful
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