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



The physical explanation is easier in 1D with narrow junctions:
the current is constant along the ring, ] = p(8)v(0)/R = 2ntw/ fozn do/p(0)
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1D beyond the approximation of narrow junctions
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1D beyond the approximation of narrow junctions
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Experiment

* Preparation of finite circulation states in the clean ring wy = [1,2,3,4]

* Ramp up the barriers over 1 ms (larger than fi/u and shorter than typical dynamics times)

initial persistent-current w),
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Leggett’s Superfluid fraction
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Conclusions and Perspectives

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

Generalization to superfluid rings with localized impurities (in ordered or disordered
configurations): preliminary results confirm the stabilization mechanism (unpublished)
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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
Biagioni G., et al Nature (2024)

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






1D beyond the approximation of narrow junctions

V/VO numerical solutions of the 1D GPE
1
1l
6 | wmmens n — 1
0 y/IR  — n=6
0.75 k "” o‘“ 5 |
1 ] o dp(n = 6)
x/R x/R (l;\‘] , ]
~ 05}
N U/UO N U/UO ~ b
61 PPy A 0p(n =1)
025 "
V/R A
O oo T T NS
0 0.25 0.5 0.75 1
) 0/2m)

x/R



!verage cwcu‘atlon an! St&!lllty

0 0.2 0.4 0.6

0.8 1 £

I’

Pezze L., et al Nature Communications (2024)

dashed line: the critical theoretical line for V /u = 1.4
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