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Conclusions: a) our experiment saw survival of the expanded depletion apparently without need for impurities
b) the apparent contact (tail strength) in the experiment was again enhanced compared to in situ values
c) survival and contact strengthening can also be seen in simulations, but less strongly
d) survival relies on an asymmetric trap and fast, adiabatic release, mostly from the edges of the BEC
e) tail strength appears to increase due to acceleration by the mean field during escape from the BEC

Quantum depletion and Tan's contact

Consider a uniform piece of the gas |~ Symptoms in correlations |
f)i{; = uka"z + Vid_k
£0.9- -
u; = cosh 6 vy = sinh 6 o
: k’z , ¢ ¢ 0.8 ~—y=10", 1=102| |
1 h°k*/2m ~—v=102, =10
9k=§108 ;{ <0 0.7 . . —
e(k) 0o 05 1 15 2 25

(a) r [units of E=1/ny"/?]

R\ R
K =/ 252 nE
e (k) \/( 5 ) +gn—

p(k) = (atax)  depletion
= (uz +vg) (Eltl;k) +vi

limy oo p(K) oc k%,

Tan’s contact
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The mystery

* Palaiseau experiments saw stronger tails

than expected In Situ. (David Clement’s group, PRL 2016)

* Theory suggests no survival possible
(Qu, Pitaevskii, Stringari, PRA 94, 063635 (2016))

* Later Palaiseau experiments indicate

survival depends on presence of impurities
(Cayla et al arXiv:2204.10697, David Clement’s group)

Our aims

* Canberra expt. has a fully magnetic trap
— only one component trapped
— lack of impurities in situ. What about tails?
* Theory: can we simulate time evolution and
see how survival is possible?

Experiment
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Simulation method
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Bogoliubov

PD, Chwedenczuk, Zin, Trippenbach, PRA 83, 063625 (2011)

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) :
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Proper STAB equations that preserve orthogonality
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Thankfully, projection can be done very efficiently
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Simulation: distribution, time evolution

Initial k-space distribution of hon-condensed atoms
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Final k-space distribution after release
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Anisotropy - simulation
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Toy model - survival process

Single pair of modes in local density n(?)
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Working backwards to initial radial position estimate

ne(r,0) ng[l—(r/RL)z] ifr<R,

HHDT

n.(rt)= : where ne(r,0) = .
() (1+ o 12)\/1+ ot e(r.0) {0 ifr>R;
Ramped BEC density
n([) — n(O)e_Sr/q'cleasc + (1 _ e_BI/rrcleasc) nc(rcﬁ (f),f)
Plots show survival rates = .
% k=1.5/pm (b)
escape —osf =09 !
> = - ..
c 06/ initial position |
50-4 Rn:D.B
ll _ 8
_ B 0.2} Ro=0.5
R,=0.7 : \ Ry=0.7
E 0 . e
L ] 3 0 0.1 fn.z 0.3 0.4
1 : . . - [ms]
= k=1.5/pm (f) o4 ;k=1.5 m
< Ii‘{,:{].g (e)
é 0.3F
8
g elongation ramp speed

=
—

survival rate p(k,oc)/p(k,0)
o
o

Ry=0.5
0 10 20 30 40 50 60

trap aspect ratio A = w, /w,

=

100 200 300 400 500
TI'L‘ lease [“S‘]

Final comparison of tail strengths
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