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for investigating bubble-shaped gases
Thermodynamics of ideal Bose gas
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Including interaction
for arbitrary geometry
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Experimental motivation for investigating bubble-shaped gases

NASA’s Cold Atom Lab (CAL) at ISS

ZARM'’s Droptower in Bremen
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Generating potentials for neutral atoms

Zobay, O. & Garraway, B. M. Two-dimensional atom trapping in field-induced adiabatic
potentials. Phys. Rev. Lett. 86 (2001)

a Bare-state energies b Dressed-state energies
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Lundblad N. et al. Observation of ultracold atomic bubbles in orbital microgravity Nature Vol.606 (2022)
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Experimental results of CAL
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min min
Lundblad N. et al. Observation of ultracold atomic bubbles in orbital microgravity Nature Vol.606 (2022)

Author: Méhnen, Til Bose gases in confinements of finite size 5/ 19



-
= TECHNISCHE UNIVERSITAT
PHYSIK Sphere I: KAISERSLAUTERN
@000

Ideal Bose gas on sphere

Grand canonical ensemble
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evaluating series
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[e]e] o]

Ground state occupation
T<Te=p=0
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Chemical potential
T>Tc=Ny=0

0 —— via integral approximation
—— via partial sum
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Including weak interaction

_A-ufl
=—kgTIn(2) Z=Tr <e BT >

)
I

/ﬁf(r) <—h—2ALB) ) dr + - // (r)a'(r')gd(r — r')a(r)a(r') dr dr’

2m
= /g*(r)g(r) dr

M

[5(@,3*(#)] =8(r—r) A
[4(r), ()] =0 A [gf(r),sf(r')] -0

Author: Méhnen, Til Bose gases in confinements of finite size 10/ 19



- .

= TECHNISCHE UNIVERSITAT

PHYSIK Interaction I: KAISERSLAUTERN
0®00

Laplace Beltrami operator ®
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Generalized Boguliubov theory
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Effective grand-canonical potential
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Experimental motivation for investigating box-shaped gases

Digital micro-mirror device (DMD)

(DLP DIGITAL LIGHT PROCESSING

first publication using this device:

Gaunt, A. L., Schmidutz, T. F., Gotlibovych, I., Smith, R. P.
m pixel size: ~ 10pum & Hadzibabic, Z. Bose—Einstein condensation of atoms in a
m refreshrate: ~ 10kHz uniform potential. Phys. Rev. Lett. 110, 200406 (2013)

m number of pixels: ~ 100
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Experimental realization so far
Varying trap dimensionality and particle type
3D 2D 1D
Harmonic  Cylindrical box 20 um Harmonic Box
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Navon, N., Smith, R.P. & Hadzibabic, Z. Quantum gases in optical boxes. Nat. Phys. 17 (2021)
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. Sound in BKT superfluid
Experimental success so far
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symmetry breaking in a homogeneous Bose gas. Science 347 (2015)

Author: Méhnen, Til Bose gases in confinements of finite size 16/ 19



-
= TECHNISCHE UNIVERSITAT
PHYSIK Divergence I: KAISERSLAUTERN
[ Je]

Cancelling ultraviolet divergencies for 3D box
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Renormalization of interaction strength
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Outlook for master’s thesis
Finite-size effects of 2D Box
Derivation of grand-canonical potential analogous to 3D box except...
m Infrared divergency in addition to ultraviolett divergency
m Scattering theory more complicated

m Include superfluidity by considering additional contribution in Hamiltonian

Thermodynamic limit Finite system

Ns N
Nelson criterion n
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