Optical lattices with one, two or many atoms (2)
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noise correlation measurement

Column Density (a.u.]

TOF image of fermionic band
insulator after sudden release

Fermions: no macroscopic occupation
of single particle wave function

no interference peaks in density

distribution

Bosons in Mott insulator: no
interference due to localization
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signature of the periodicity of the lattice?

envelope is determined by on-site single
particle wave function (Wannier function)

granularity of matter wave: atomic shot
noise, atom number fluctuates

AN = /Noin













Hanbury Brown-Twiss effect for atoms

Bosonic 8’Rb

TOF image correlation function!

experiment: S. Félling et al., Nature 434, 481 (2005)
theory: E. Altman, E. Demler & M. Lukin, PRA 70, 013603 (2004,).
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First order vs. second order correlation

2 order 1st order

What about the sizes of the peaks?




Propagation from lattice
Into free space:

ﬁ; (.’B, tgxp)

Gaussian
envelope:

Width:

Together:

n(x, fexp) = E

Jk

0 (2, texp)d

Ik

Assumption: x;, << x can be neglected both in W(x) and in phase term

As x; are evenly spaced by a, this is a Fourier sum (in 1D with x;- x, = a(j-k) )




Second order correlation:

ﬁ(:rl, f)ﬁ(mz, f)

Assumption: x;, << x can be neglected only in W(x)

= Ojhj

At iata .
= (HI dy + Jlk)am = ijrngnjn; + 5jm51kﬂjn1

(g, t) = Y |W(a)F|W(z2)]?- e%(mz—ml)(m:—m;)njm -
il

Y [W(z— d/2))*|W(z+d/2)*-
il

For a 1D String of N, sites with spacing a

Ny N;:
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Detectors for Atoms

Atom density is in fact

The atom cloud is only projected to integrated over a
a 2-Dimensional detector surface column parallel to
the probe.

In each bin, N,; >>1
atoms are counted.

w : longitudinal integration:
cloud size

O/ s: transversal integration:
imaging resolution

Amplitude of Measured Signal

2nd order coherence length : L~ t U
also ideal peak width € mNgay; Ny
Great spatial resolution :
fringe spacing | >> L, >> res. Crnax = 14+1
Not so great spatial resolution : Leop,
fringe spacing | >> res. >> L, Cmax~ 1+ [E)

i Signal is reduced by the ratio of peak size to resolution

‘anr  Theoretically! in reality:

Limited by resolution of imaging
system, reducing the peak
height (smoothing)




Atom Number (x1000)
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Patterned loading of the lattice

1
1
\/\/\/ Mott State in long lattice

ﬂ Add normal lattice

ﬂ Switch off long lattice

Release

Patterned correlations

Patterned loading of split BEC: see S. Peil et. al.,
PRA 67, 051603 (2003)
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. Ege of cloud
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N=1.0x10%
total
n=2
other
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