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‘ The catch: NO BEC in 1d! I

The bad news: Bogoliubov's inequality:
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‘ The catch: NO BEC in 1d! I

The bad news: Bogoliubov's inequality:

(A, A1) ((C, B, 0) > kT ((C, A}

Hohenberg-Mermin-Wagner theorem: 7" > 0 = ng = 0

The good news: no thermodynamic limit in finite systems *

1 D, Petrov et al., PRL, 85, 3745 (2000); L. Santos et al., PRL, 85, 1791 (2000)
A. Gorlitz et al., PRL., 87, 130402 (2001); S. Dettmer et al., PRL. 87, 160406, (2001); E Schreck ef al., PRL, 87,
80403, (2001)
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‘ From 3d to a quasi 1d BEC |

with increasing
anisotropy 6 > 1

1 B
Vext = 5332 + 57“3

“I
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‘ Beyond mean field theories |

BEC phase: o, = (ax)
Single particle density:  f(x,y) = ((a — o)l (6 — a)x)
Two particle field:
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‘ Beyond mean field theories |

BEC phase: o, = (Qx)
Single particle density: f( y) = ((a—a)l(a—a))
Two particle field: m(x,y) = ((& — a)x(a — a)y)

[Inon-equilibrium kinetics

R. Walser et al., PRA, 59, 3878 (1999)
Oatom-molecule oscillations

M. Holland ef al., PRL, 86, 1915 (2001)

(resonant superfluidity of fermions

S. Kokkelmans et al., PRA, 65, 53617, (2002)

[Jground state correlations in quasi 1d

R. Walser, cond-mat/0411483, Special Issue, Opt. Comm
(2004)
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‘ Coupled dynamics: o, < £, , < m, |

~

Density matrix G~ = [ U e ] , MF stafe x = [5*]

m* (14 f)*
ihd0y = (Hep+i(Y>—T))x
ih@tG> — (EHFB+iF>) G- —iI'"G< —H.c.

> >
Propagators Ilgp, Xre. MposCollision operators ¥ <, I's
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Density matrix G~ = [ / e ] . MF stafte y = [5*]

m* (14 f)*
ihd0y = (Hep+i(Y>—T))x
ih@tG> — (EHFB+iF>) G~ —iIl'*"G< —H.c.

> >
Propagators Ilgp, s, MposCollision operators Y<, I's

[ — Static, Dynamics, Reloxuﬂonj
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‘ Self-energy Ilgp, X hre O la Feynman |

L, O
Mgpyy = —— + +2 3 + ...
' I
¢ ¢
_|_

llgpis =
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‘ Equilibrium and coherent dynamics |

No collisions, but strong self-inferaction:

ithdyx = Tlepx
ihatG> = EHFBG>—H.C.
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‘ Equilibrium and coherent dynamics |

No collisions, but strong self-inferaction:
ithdyx = Tlepx
ihatG> =  XHFB G~ — H.c.

Parameter for quasi 1d 3"Rb:
w, = 27800 Hz, W = 2w 3 Hz, a| = 6.2um, N© =104, T =0

Characteristic energy [fiw]: i = (agBN()3=191
Lengths [a]: zrF = 19.5, £ = 0.05, ay = 0.06, ag = 910~*

Quasi 1d meanfield limit: 0.5 = agN(®) //F < 1 < né = 20
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Mean field density f(9)(z, z5)
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Normal density (1, z-)

0 0

-20 -20

i 3. o/ __ 77”(0) ~ L ﬁ —
Depletion®: 0.8% = MG At

3U. Al Khawaja et al., PRA, 66, 13615 (2002)

1) = 0.6%
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Pair correlations —7.(x, 29)
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Diagonal order

fc(x,x) -msq(X,X)
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Offdiagonal order

fc(x,—x) -msq(X,—X)
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‘ First order correlation function I

Measures spatial phase coherence: a(z) = |a(z)|e @)

<&12&x1> _ FO(x1,22) + f(w1,72)

Vn(zr) n(zs) Vn(z1) n(zs)

g(l)(xlv x2)

~

total density: n(z) = f(9(x,z) + f(z, )
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g(l)(xl, T5), N = 10°

X _10 _10 X
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‘ Second order correlation function I

Measures density-density fluctuations:

9 (w1,22) = (@}, 0], 1,,0,,) /n(x1)n(w2)
=1+ (2Re[f) (21, 22)" (w2, 21) + m) (21, 22)" |+
flwr,@2)f(ws,21) + ) /n(a)n(z:)
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g(z)(xl, T5), N = 10°

% 10 -10
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‘ Conclusions and Outlook I

e Studied quantum statistcial correlations of a quasi 1d trapped gas
— found non-classical suppression of density fluctuations
(squeezing)

e extension to finite temperature

e NON-equilibrium response
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g(z)(xl, ra), N = 104
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‘ Collisions Y, I a la Feynman |

.
$

2o

CE S

= T~ + 3 diagrams with MF propagators

> _
Tll
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