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 Introduction  
✓Bose Josephson junction ✓Resistively & capacitively  

 shunted Josephson circuit
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Our work

 Bose Josephson junction  

 Summary    

 Effective action  
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[KF and L. Salasnich, Phys. Rev. B 104, 014519 (2021)]
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We find the leading quantum correction to Josephson frequency in Josephson junctions. 
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⌦̃ = ⌦+ (Quantum correction)

<latexit sha1_base64="lkgoQC84kIQm1yQ/IQu/yMG/giA="></latexit>

L =
X

j=1,2


i~ ⇤

j @t j �
U

2
| j |4

�
+

J

2
[ ⇤

1 2 +  ⇤
2 1]

: tunnel coupling
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J

: phase angle on a site j at a real-time t
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�j(t)

: complex bosonic field on a site j at a real-time t
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 j(t) =
q
Nj(t)e

i�j(t)

Total number & total phase
Population imbalance  

& relative phase
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N(t) = N1(t) +N2(t)
<latexit sha1_base64="+f1OZjDj3rqG1Pv9b1N5vExaJWE="></latexit>

�̄(t) = �1(t) + �2(t)
<latexit sha1_base64="5xIx0+7Y2oChdqQJq3Gu/Dkhl7g="></latexit>

z(t) =
N1(t)�N2(t)

N(t)

<latexit sha1_base64="0CES36c4uDMhUGRCtjZdNvVymk8="></latexit>

�(t) = �2(t)� �1(t)
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: number of bosons on a site j at a real-time t
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Integrating out  and ϕ̄ N

‣EoM
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‣Josephson frequency
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( )UN/J ≪ 1

( )UN/J ≫ 1

‣Path-integral propagator
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#‣Phase action
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in the Josephson regime UN/J ≫ 1

Quantum fluctuations
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up to the 2nd order derivative expansion

‣Validity conditions
<latexit sha1_base64="8RDnwXs74MC80LhZoQ2/pTyeAk8="></latexit>

|�| ⌧ 1, 1 ⌧ UN

J
⌧ N2

‣  expansionℏ
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Z(�) = MJ + Z1(�) + Z2(�) + · · · = MJ + Z1(�) +O(~2)
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Josephson frequency with 1-loop correction
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 Alternative approach  
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Mean-field  
configuration

Quantum 
fluctuations
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・・・consistent with the result  
                   of effective action formalism

•  We have obtained a leading quantum correction to the Josephson frequency in a 1D Josephson junction via effective action formalism.

[M. H. Devoret, J. M. Martinis, and J. Clarke, Phys. Rev. Lett. 55, 1908 (1985)]
✓RCSJ junction
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✓ Bose Josephson junction
[M. Pigneur et al., Phys. Rev. Lett. 120, 173601 (2018)]
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[KF, J. Tempere, and L. Salasnich, Phys. Rev. B 105, 134510 (2022)]

[M. Pigneur et al., Phys. Rev. Lett. 120, 173601 (2018)]
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•  Our result has been verified also by another approach through the equation of motion. 


