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B E (superfluid density)
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Topics |: Josephson effects in one-dimensional supersolids
Masaya Kunimi !, Yuki Nagai? and Yusuke Kato

Model (Continued)
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Two-body soft-core interaction

N — R g; interaction strength,
Vie—y) = gbla—|r—yl) a; interaction range
Potential barrier

Uo; barrier height,

Uz) = Uph(d)2 — |z]) ;

d; range of potential barrier



Stationary solutions

U, 1) = A)e @)
do(x)

. h
Integral of motion J = —A%(x) = const “Current
m dx

7

Equation for A(x)

n?odz om J? L /2 ;
gt T3 A T U@ [ Ve )% A =0

Existence of stationary solutions depends on Uo and J

Dimensionless units
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The primes are dropped in the following



Result 1: Phase Diagram in the absence of barrier
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Spatial variation of condensate density

for g=20 Excitation spectrum in liquid phase
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Result 2: Josephson effect in solid phase

Spatial variation of phase of
condensate wave function in the
presence of potential barrier

Spatial variation of condensate density in the
presence of potential barrier around x=0
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Result 3: Josephson relation in solid phase

Up=0.0T — || .
o Boj“ J o< sin Aﬁp when the barrier is high.
Ug=10
- ‘ Baratoff et al. (1970) ‘
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The above result (1°) for solid phase is similar to
that of Josephson junction of superconductors.(—)
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Result 4: Critical Currents for various strength of
two-body interaction and potential barrier
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Even above the Landau critical velocity,
superfluidity can be maintained in the sense
that the system exhibits the Josephson effect
exist.



Topics Il “Two-dimensional flowing soft-core bosons modeling a supersolid”

Kunimi-Kato (2012)

Model : 2D Gross-Pitaevskii Eqeuation with finite-ranged interaction
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Topics Ill: Josephson effects in two-dimensional supersolids
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Result : Josephson relation
(Current-Phase relation)
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Our result implies that the Josephson effect is
maintained in the thermodynamical limit.



Landscape of 2D superfluids (Kunimi-Kato2015)
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Structure Factor S(G)
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