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“alignment” 
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Aliased sampling: 2 x 20 kHz – Observed rate = 38.097(15) kHz 
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actually measure 

magnetic background 
field with uncontrolled 

long-range 
inhomogeneities 

actually measure 
fictitious Zeeman shift 

from focused, off-
resonance laser 
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AC Stark shift = 
“Fictitious” magnetic 

field 
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magnetically trappable, 
mixtures decay 
Long lived in 87Rb (Cornell group) 
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Optically 
trapped F=1 
spinor gas 

Quantum fluids are described by vector order parameter (somewhat similar to 3He) 
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e.g. F=1 spinor, low B 

ultracold gas 
(s-wave) 

single spatial 
mode 

(e.g. BEC) 

Ftot = 0 Ftot = 1 Ftot = 2 

F=1 F=1 

 

a0 a2 no interactions 

leads to spin waves 

a0 a2 not allowed 
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• Spin dependent interaction energy 
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Klausen, Bohn, Greene, PRA  64, 053602 (2001) 
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• Non-linear (quadratic) Zeeman shift 
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isotropic 
interaction energy dominates 

anisotropic 
quadratic term dominates 
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gradual (2nd order) transition 

BEC 

unmagnetized gas 

Quench dynamics; phase-ordering kinetics 
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Spontaneously formed 
ferromagnetism 

• inhomogeneously 
broken symmetry 

• ferromagnetic domains, 
large and small 

• unmagnetized domain 
walls marking rapid 
reorientation 
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Spontaneously formed 
ferromagnetism 

• inhomogeneously 
broken symmetry 

• ferromagnetic domains, 
large and small 

• unmagnetized domain 
walls marking rapid 
reorientation 
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Polar (Na) 
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Ferromagnetic domain of size 8.3S mπξ µ=
2.6Sb mξ µ≅ =

Exponential timescale 
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rise time = 15(4) ms – compare to 13.7(3) ms 

measure of 
area of domain 

walls 
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occurs/symmetry broken 
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Kibble (1976), Zurek (1985) 
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“Cosmology in the laboratory” 

Liquid crystals  [Chuang et al, Science 251, 1336 (1991)] 
Superfluid helium  [Hendry et al., Nature 368, 315 (1994)] 
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candidates: 

Mermin-Ho vortex (meron) 

mz=0 core 

“Polar core” spin vortex 
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