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Nb capacitor: spacing 1 mm, diameter 4mm

permanent magnet: spherical, radius 0.1 mm,
electric charge ca. 1 pC

driving force: F=q U,/ d
induced current: l=qv/d
oscillation amplitude 50 nm to 50 nm
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T he mean lifetimes

are found to grow rapidly with increasing drive, namely as

T(F) = 79 exp[(F/F1)?],

where for 119 Hz F;=18 pN and 715g=0.5 s,
and for 160 Hz F;=20 pN and 715=0.25 s.
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where v; = 0.48x/R and v = 2.8\/kw



T he shedding frequency

fv=2fn:3){-Av:a-Av

where
a = 0.60 pum~1 at 119 Hz and
a = 0.80 um~—1! at 160 Hz.

1/a =wv1/2f is a relevant length scale.

What happens if f — O for steady flow? Then the relevant length
scale will be the size R of the sphere!
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Woo Jin Kwon et al., Phys. Rev. A 92, 033613 (2015) find

in a BEC of 23Na atoms:
a = 0.25 um~1.
From the width of the laser beam 2R = 9.1 um we have

a~1/R = 0.22 um~1.
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T he Strouhal number

Sr = fo2R/v

fv =aAv = Av/R

Sr=2Av/v



In Helium for v > wv.:

_ F _ (8/3my(v®—v2) _ A A
n(Av) = i~ 13pkRVkw ’Uiv (1 + 27)2)

fv(Av) = 2fn(Av)

Sy — 2f (1 4 Afv) 2R Av

vl 2V¢ v

Res; = Av2R/k
Sr = Res(2 Rw/mv)(1 + Regsvy/ve), (v > ve)

(9)



(a)

Vo

(




Ions in superfluid helium “He and 3He:

Structure, mobility, critical velocity, vorticity,

trapping in vortices, ions at the free surface of

liquid helium, etc.
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Transport of a Single Cold Ion Immersed in a Bose-Einstein Condensate
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We investigate transport dynamics of a single low-energy ionic impurity in a Bose-Einstein condensate.
The impurity is implanted into the condensate starting from a single Rydberg excitation, which is ionized
by a sequence of fast electric field pulses aiming to minimize the ion’s initial kinetic energy. Using a small
electric bias field, we study the subsequent collisional dynamics of the impurity subject to an external force.
The fast ion-atom collision rate, stemming from the dense degenerate host gas and the large ion-atom
scattering cross section, allow us to study a regime of frequent collisions of the impurity within only tens of
microseconds. Comparison of our measurements with stochastic trajectory simulations based on sequential
Langevin collisions indicate diffusive transport properties of the impurity and allows us to measure its
mobility. Our results open a novel path to study dynamics of charged quantum impurities in ultracold
matter.
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