
STABILITY OF PERSISTENT CURRENTS 
VS A POINT-LIKE DEFECT

STABILIZING PERSISTENT CURRENTS 
IN A JOSEPHSON JUNCTION NECKLACE

we study metastable finite circulation states in a toroidal superfluid with 
 a variable number, 𝑛, of Josephson junction (Josephson junction necklace)

the 𝑛 junctions are spatially-separated but are not independent because of the system’s topology
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The physical explanation is easier in 1D with narrow junctions: 
the current is constant along the ring,  𝑱 = 𝝆 𝜽 𝝊(𝜽)/𝑹 = 𝟐𝝅𝒘/∫𝟎

𝟐𝝅𝒅𝜽/𝝆 𝜽



𝜑 +𝜋 − 𝜑 −𝜋 = 2𝜋𝜐%&'( + 𝑛𝛿𝜑 = 2𝜋𝑤 

y/𝑅

𝑉(𝜃)

x/𝑅

𝜃

y/𝑅

𝜐 𝜃 	
	𝜌(𝜃)

x/𝑅

𝜃0 𝜋−𝜋

2𝜋𝑤

𝛿𝜑
0

𝛿𝜑

FORBIDDEN !

𝐽, 	𝜐!"#$	 , 𝜌!"#$	 : expected independent from the number of junctions   

𝛿𝜑 must be a function of the number of junctions

10

𝜑 𝜃

The physical explanation is easier in 1D with narrow junctions: 
the current is constant along the ring,  𝑱 = 𝝆 𝜽 𝝊(𝜽)/𝑹 = 𝟐𝝅𝒘/∫𝟎

𝟐𝝅𝒅𝜽/𝝆 𝜽



𝛿𝜑 must be a function of the number of junctions: 𝛿𝜑(𝑛) ∼ 1/𝑛 
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Experiment

• Preparation of finite circulation states in the clean ring 𝑤* = 1,2,3,4

• Ramp up the barriers over 1	𝑚𝑠 (larger than ℏ/𝜇 and shorter than typical dynamics times)

𝑅+, ≈ 11	𝜇𝑚
𝑅-./ ≈ 21	𝜇𝑚
𝜇/(2𝜋ℏ) = 850	𝐻𝑧
𝑉*/𝜇 = 1.3
𝜎/𝜉 = 1.2
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initial persistent-current w0
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Average circulation and stability
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Leggett’s Superfluid fraction
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Conclusions and Perspectives

• Generalization to superfluid rings with localized impurities (in ordered or disordered 
configurations): preliminary results confirm the stabilization mechanism (unpublished)

𝑤

• Fermions:  the increasing number of Josephson barriers might compete with dissipative 
effects, such as Cooper pairbreaking

• Supersolids: density modulations can be associated to effective Josephson junctions

• The extraordinary experimental control paves the way to include quantum fluctuations 
effects 

Biagioni G., et al Nature (2024)

• On demand excitation of persistent currents in superfluid rings and decay via vortex 
emission

Gross-Pitaevskii 2D
We have numerically integrated the 2d version of the Gross-Pitaevskii equation 
(GPE):

Parameters: 
Mass of molecules Li6  m = 2*6.01 u
Number of atoms  N = 7500 
Inner radius torus  Ri = 10 μm 
External radius torus  Re = 20 μm
Scattering length  as = 1010 a0
Radius impurities  R = 1.17 μm  (σ=1μm, V0=4μ)
Healing length  ξ = 0.589 μm
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1D beyond the approximation of narrow junctions 
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