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be used to explore the behawor of quantum matter
near a cosmological singularity.
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IS, of the order of the total particle number. This Is the
phenomenon of Bose-Einstein condensation. The
particles in the “condensate” are coherent, which
leads to a number of observable phenomena such as
superfluidity.

Bose-Einstein condensates are being actively
Investigated and have a number of applications, not
least their role in a possible implementation of a
guantum computer
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To condense or not to condense

absolute zero.
For attractive interactions, in principle the condensed
state Is unstable. However, If the increase of density
brings an increase in kinetic energy which outweighs
the loss of potential energy, then a stable state may be
found. This happens when the total particle number is
less than a critical value.
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Field theory of BEC
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Field theory of BEC

H = /dd:z; {UVTHY + Vi, [V, 9]} (4)
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Classical action

S — / a4y ihm*%qf _ / dt H (7)
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Particle number conservation

iInvariance through Noether theorem is the total
particle number.
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Condensate wave function

proportional tOgbo and an orthogonal component
U = o + v, whered = q¢py. The operatou is the
destruction operator for the condensate.

Analoa cosmoloav with spinor Bose-Einstein condensates9/24



onserving

Formalism

Gross-Pitalevskii equation. Higher quantum effects
may be described by a suitable effective action
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Analog Gravity with BECs

fleld In an effective metric
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Analog Gravity with BECs

of the condensate behave as a relativistic scalar
fleld In an effective metric

 focus on mechanismene could also mimic a
specific mechanism without duplicating the
whole metric. The best known example Is using
the Bose-Novaondensate collapse experiment to
study cosmological particle creation.
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Analog Cosmology

condensate configuration can be obtained in realistic
experimental situations - indeed, several relevant
experiments have already been performed: L. E.
Sadleret al, Nature 443, 312 (2006); T. Lahageal,
Nature 448, 672 (2007); M. Vengalattogeal.,
gquant-ph/0712.4182, etc.
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The Bianchi type | X Univer se
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wheree,;,. IS the totally antisymmetric symbol.
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Why Bianchi |1 X




Why Quantum Bianchi | X
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Why Quantum Bianchi | X
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Why Quantum Bianchi | X

« Can there be a smooth transition from a Bianchi
IX to an inflationary evolution?
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Spinor BECs
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spin-exchange interactions and dipole-dipole
Interactions. The strenght of each of these can be
controlled independently by tayloring the confining

potential and/or applying external electromagnetic
flelds
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From spinor BECsto Bianchi | X




From spinor BECsto Bianchi | X
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L. S. Schulman used this to develop a path integral for
spin (Phys. Rev. 176, 1558 (1968))
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Thefree spinor condensate

A 3
Ho—a/dX\/% 90 Ay DY (12)

wheregy,; IS the metric of the sphere, given by

LOUT oW

ds; = d6* + dp* + dp* +2cosOdpdyy  (13)
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Turnon B
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Turnon B
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Bianchi | X at last

w3 = —sinpdf + cospsinf dy
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Bianchi | X at last

wheres_ =0, 5. = ) and
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Final remarks

physics
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Final remarks

physics
+ For cosmologybuild a bounce in the laboratory!
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Final remarks

opportunities for both cosmology and BEC

physics

+ For cosmologybuild a bounce in the laboratory!

« For BEC: bring the sustantial literature on
guantum fields on homogeneous spaces to bear

on the computation of quantum corrections to the
Gross-Pitaievskii equation.
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Final remarks

opportunities for both cosmology and BEC
physics

+ For cosmologybuild a bounce in the laboratory!

« For BEC: bring the sustantial literature on
guantum fields on homogeneous spaces to bear
on the computation of quantum corrections to the
Gross-Pitaievskii equation.

 More next time!
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