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... And Extraction of the order parameter



Fermionic superfluids

Feshbach resonanceMagneto-Optical Trap + D1 molasses
+ Evaporative Cooling



Fermionic superfluids

Feshbach resonanceMagneto-Optical Trap + D1 molasses
+ Evaporative Cooling

Randeria, Nature Phys. 6, 561 (2010)

BEC-BCS crossover



Order parameter of Fermionic superfluids
BEC-BCS crossover

Unitary gas

Direct and quantitative measurement of the order parameter: 
phase sensitive transport measurement Josephson effect

BCSBEC

?

M. W. Zwierlein, et al., Phys. Rev. Lett. 92, 120403 (2004).
C. A. Regal, M. Greiner, D. S. Jin, Phys. Rev. Lett. 92, 040403 (2004).



Josephson effect

Barrier thinner than the healing 
length
Small tunneling probability through 
the barrier

Ambegaokar-Baratoff relation

Josephson-Anderson equations:

B. D. Josephson, Phys. Lett. 1, 251 (1962). 
P. W. Anderson, Lectures on The Many-Body Problems, vol. 2 (Elsevier, 1964). 



Atomic josephson junction

In situ imaging: Number of particles/current

Time-of-flight imaging: phase across
the junction

Josephson-Anderson equations:



Current-biased josephson junction

Frolov et al., Phys. Rev. B 70, 144505 (2004)

DC Josephson

SFS Josephson junction of Nb-CuNi-Nb 

Ultracold bosonic gases:
Giovanazzi et al., PRL 84 (2000)
Levy et al., Nature 449, 579 (2007)
Ryu et al., PRL 111 (2013)

With superconductors

With atomic superfluids



Current-biased junction: 
experimental realization

Digital Micromirror Device (DMD)

Vialux V-7000

Barrier translation via dynamical control of 
DMD picture



To CCD

Barrier creation and calibration
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Current-biased junction

DMD image
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Current-biased junction

Finite-voltage branchDC Josephson effect

1/𝑘$𝑎 = 4.2

v (mm/s)



Current-biased junction

v (mm/s)

Atomic Josephson junction

Superconducting
Josephson junction

Critical current

Quantum
simulator



Rcsj circuit model

Josephson equations:

1/𝑘$𝑎 = 4.2

v (mm/s)



Current-phase relation

We measure the phase difference after the
barrier translation by fitting the interference
pattern aring after 18 ms TOF

First observation of dc Josephson together with:
N. Luick et al., arxiv: 1908.09776 (2019).



Critical current versus barrier height

[1] M. Zaccanti, W. Zwerger, arxiv:1907.08052 (2019).

Semi-analytic model [1]:



Critical current in the crossover

Consistent with mean-field simulations and previous study in Josephson-plasma regime.

Spuntarelli et al., Phys. Rev. Lett. 99 (2007).

Valtolina et al., Science 350 (2015)
Burchianti et al., Phys. Rev. Lett. 120 (2018)
P. Zou, F. Dalfovo, J. Low Temp. Phys. 177, 240 (2014)



Critical current in the crossover

Proceedings of the International
School of Physics "Enrico Fermi",
Course CLXIV, Varenna. Edited by M.
Inguscio, W. Ketterle, and C. Salomon
(IOS Press, Amsterdam, 2008)

It’s condensation, and not superfluidity,
at the basis of Josephson effect
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Quantum Monte Carlo simulations [2]
homogeneous Luttinger-Ward [1] 

BCS approximation [3]
Bogoliubov approximation [4]

Density-weighted condensed fraction

Josephson critical currents
represent a reliable probe of
the condensate density

𝜆 '



Critical current: temperature effect

Picture taken from: M. Randeria, Nat. Phys 6, 
561 (2010)

UFG

Use critical current to measure the critical temperature of a UFG



Critical current: temperature effect

Picture taken from: M. Randeria, Nat. Phys 6, 
561 (2010)

Preliminary

UFG

Use critical current to measure the critical temperature of a UFG



Conclusions



2d fermi gas

TEM0,1 beam

TEM0,1 intensity profile

1 ms TOF

… still working on it
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