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2D Bose gas
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2D Bose gas < 2D XY model
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Intro 1-1: BKT transition
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T, Cold-atom experiments:
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Intro 1-2: bilayer phases
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Intro 1-2: bilayer phases
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Experiment: 2D quantum gases
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Experiment: 2D quantum gases

Side view

Top view

™~ box potential

2D condition: kgT, u < hw,
w,/2m > 1kHz, T < 50 nK, u < 500Hz

Optical traps Magnetic traps (RF dressing)
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Fig from Nat. Phys. 17, 1334 (2021)



RF-dressed trapping
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RF-dressed trapping

Potential
36| N Y AN I A 1 i minima
- e \ / ’ T‘. \ \ "’Lﬂ“* /
T TN
< With quadrupole static field: shell potential \
- 0
gﬁ =TT T~
E
/
367 l
0 \\
Bare s
Zeema\\
E=m B E=m B[+ hfrrN ~
r9rip|Bl r9ris|Bl frr E = fih |02 + 62 + hfepN

Sunami, Beregi, Foot, AVS Quantum (2024)



Multiple-RF-dressed trapping
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Experiment: bilayer 2D quantum gases
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Experiment: bilayer 2D quantum gases

Relative phase
bilayer

, Y, =~ \/nel1 / ¢1 B ¢2

X 4 R =

by - Y, ~ \ne'®:
'* p b" =
| =I_ 1 \
¢/
U-1 o1 + @2

Common phase

S

Need to probe two complementary modes



Relative phase: interferometry

Phase fluctuation




Relative phase: interferometry

Matter-wave interference
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Relative phase: interferometry
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Relative phase: interferometry
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Bonus: vortex detection
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Common phase: noise correlations

Sunami, Singh, Rydow, Beregi, Chang, Mathey, Foot (2024) arxiv.org/abs/2406.03491



Common phase: noise correlations
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Common phase: noise correlations
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Bosonic field operator after TOF



Noise correlations (single-layer)

Singh et al., PRA (2014)
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V. Singh, L. Mathey, Phys. Rev. A 89, 053612 (2014)
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Noise correlations (single-layer)

Singh et al., PRA (2014)

Oscillatory — Decay
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Noise correlations (single-layer)

Singh et al., PRA (2014)
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Noise correlations (single-layer)

Singh et al., PRA (2014)
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Noise correlations (bilayer-layer)

Singh et al., PRA (2014)
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Coupled-Bilayer: 2D Sweep
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Coupled-Bilayer: 2D Sweep
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Coupled-Bilayer: Common phase
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Coupled-Bilayer: Relative phase

10Y = —— . :
:E < —P—-a . D=76
* [ S —_— & }hfﬁ;!a ey A /
N s < g Ao
# £ Q < > D =59
“‘x\ - i“l
~ = <
B 50 \1{3 N +\ ‘ D = 5.0
~— ’7@' N
QO lo_éexp Pron ~ B ITF
LY ealg | '- N « D =42
/ N = =
lm g AN A N
' N\ N« D =34
, 1 N
1 s i f P i AN ]
5) 7 10 15 20

T (pm)

S. Sunami, V. Singh, E. Rydow, A. Beregi, E. Chang, L. Mathey, C. Foot (2024) arxiv.org/abs/2406.03491



Coupled-Bilayer: Relative phase
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Coupled-Bilayer: Vortex Suppression
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Coupled-Bilayer: Vortex Suppression
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Coupled-Bilayer: Vortex Suppression
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Coupled-Bilayer: 2D Sweep
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The effect of coupling: Summary

* Experimentally probed ASF
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Ongoing work: disorder-induced superfluid transition
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