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First experiment in dilute BEC that saw “tails”
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He* Experiment
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Momentum resolved density after release
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Scaled by k4



27.05.2022 BEC seminar, CFT PAN, Warszawa, Poland 7/30

Tail strength. Too large?
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Quantum depletion in a uniform gas

Condensate in k=0

Tan’s contact
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Total quantum depletion in a trapped cloud

in situ tails:
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Tail strength. Too large?

in situ tails:

Experiment
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Theory from the Trento group  there should be no survival→ there should be no survival

Assumes too much adiabaticity 
or hydrodynamics
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Our experiment + theory

Ross et al arXiv:2103.15283Magnetic trap instead of optical
→ no impurities in situ
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ANU experiment
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Fun and games with calibrating

saturation

mF fractions
Thermal tails
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Tail strengths (ANU+IFPAN)

In situ

simulation

experiment

Palaiseau
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Theory:  Bogoliubov equations for the scattered field

Initial condition:  more on that later

Evolution equations:
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Bogoliubov hurdles

● Looks like a linear problem, so why not just 
diagonalize             and have everything, but......

1.  The numerical lattice might be too large 
(106 – 107 points in a 

3D calculation)
(note also the “human time” 
bottleneck!)

2.  BEC evolves parallel to the Bogoliubov 
field
→ would have to re-diagonalize 

    at each time step (boooo......)

●  Diagonalization can be avoided by using the 
positive-P representation
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Gaussian real white noise

GPE mean field

Can use plane wave basis ---> no diagonalizing of 107 X 107  matrices :)

quantum noise

Simulation - “STAB” method PD, Chwedeńczuk, Ziń, Trippenbach, PRA 83, 063625 (2011)

Bogoliubov-de Gennes form

Bogoliubov
Stochastic 
Time Adaptive 
Boboliubov
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Extra fun this time:  

Thankfully, projection can be done very efficiently

“plain STAB” was useful for BEC collisions 
when Bogoliubov modes were separated from the condensate in k-space
Now this is no longer true (lots of overlap)
Need to impose orthogonality for real this time:

Proper STAB equations that preserve orthogonality
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Serious extra fun – initial conditions with depletion

Known 
in situ 
value

Calibrate 
ramp

* Adiabatic turn on of trap was not successful

→ huge collective oscillations

* Adiabatic turn on of g
B 
was not successful

→ too much noise buildup 
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Depletion atoms distribution

x

z

y

Initial cloud (x-space)

Initial k-space distribution (slices)

Final k-space distribution after release
integrated:

Slices:

anisotropy
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Tails: before & after

“k-dependent” Tan’s contact
Short plane

x

z

y

Initial cloud (x-space)
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Dependence of Tan’s contact on cloud size (simulation)

in situ (--- simple theory)

Experimental ramp & geometry

Spherical cloud expansion

Slow ramp

STAB initial state
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Evolution of contact during expansion

Trap release like in experiment

Slow ramp to compare to Trento theory

Trajectory in “C-N” space

release

slow rampin situ
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Tail “growth” mechanism
In x-y plane (initial narrow direction)

Depleted atom density
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Tail escape mechanism and anisotropy

Depleted atom density
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Initial cloud (x-space)

In x-y plane

Along z axis

Tail survival only 
In directions in which 
quickly escape is possible
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Most naive toy model: n(t) = step function 
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R
0
=0.7

escape

Simplest toy n(t)=step Better estimate of n(t) along outvbound trajectory

!
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Recent repeat experiment in Palaiaseau

arXiv:
2204.10697
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Current status of explanations  (Summary & conclusions)

Released tail 
strength 
compared to 
in situ value

Chang, Bouton, 
Cayla, Qu, Aspect, 
Westbrook, Clement, 
PRL 117, 235303 
(2016)

x 6 ± 1 Eksperyment 
(Palaiseau)

Qu, Pitaevskii, 
Stringari PRA 94, 
063635 (2016)

x 0 Teoria
(Trento)

Ross, Deuar, Shin, 
Thomas, Henson, 
Hodgman, Truscott, 
ArXiv: 2103.15283

x 2 ± 0.2 Symulacje
(Warszawa)

Ross, Deuar, Shin, 
Thomas, Henson, 
Hodgman, Truscott, 
ArXiv: 2103.15283

x 5 ± 3 Eksperyment
(Canberra)

Cayla, Massignan, 
Giamarchi, Aspect, 
Westbrook, Clement 
to appear (2022)

x 0 - 6 Eksperyment2 
(Palaiseau) 

Claims no survival can occur
Seems relevant only when process is sufficiently slow

STAB simulation explains how depletion can survive, 
 and gives a mechanism for amplification, but too weak

Corroborates initial Palaiseau result 
but amplification mechanism unclear

Claims to explain Palaiaseau result due to impurities, 
but explanation seems inapplicable to Canberra results
(Canberra magnetic trap cannot hold impurities)

Initial result:
Tails survive but too strongly
for a simple explanation

Ideas towards better explanation:
● If impurity effect is very strong, might occur during RF pulse splitting after release in Canberra
● Will try to simulate Palaiseau experiment with impurities using STAB to confirm conjecture
● Tails may be due to “Oort cloud” of trapped excited atoms (vaguely suggested by toy model)
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