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Atomtronic devices provide the best framework for 
experiments with ultra-cold gases in a ring geometry

Amico, Osterloh, Cataliotti, PRL 2005.

Amico, Aghamalyan, Aukstol, Crepatz, 
Kwek, Dumke SREP 2014.

Aghamalyan, Nguyen, Auksztol, Gan, 
Martinez Valado, Condylis, Kwek, Dumke, 
Amico NJP 2016

 Aghamalyan, Cominotti, Rizzi, Rossini, 
Hekking, Minguzzi, Kwek,  Amico, NJP 
2015.

An Atomtronic Flux Qubit: A ring lattice of Bose-Einstein condensates interrupted by three weak links15

Figure 8. Our feedback algorithm. Starting at the top left the initial phase and
target are used in the MRAF code. This generates the phase guess, �i, which is
uploaded to the SLM and an image captured by the CCD camera, Mi. This is used to
calculate the discrepancy between the image and the original target, and a new target
Ti+1 is created. The loop then repeats.

Figure 9. Left: Final image of the ring lattice after completion of the feedback
algorithm. Right: Azimuthal Profile. The solid line plots the target profile. This is
compared to the result after the 1st and 5th iteration of the feedback algorithm (red
and blue lines respectively).

most cases) and outputs a phase kinoform, �i. The kinoform is now applied to the SLM

and an image recorded on the camera in the monitoring arm of our system, Mi. The

discrepancy, Di, between the original target and the measurement is calculated and used

Ring-shaped optical lattices
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Bosons with attractive interaction in a lattice - Bose-Hubbard Model
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DMRG: Density Matrix Renormalization Group
S. R. White, PRL 69 2863 (1992) S. R. White, PRB 48 10345 (1993) A. Feiguin, S. R. White, PRB, 72, 020404 (2005)

Numerical technique for ground state and firsts excited states in lattice systems.

N-particle
problem

IDEA:   describe the system with only the most relevant states in the density matrix
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Results: density, correlations & fragmentation

10-8

10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

 0  5  10  15  20  25  30  35  40

D
en

sD
en

s 
C

or
r.

 

abs(i-j)

U=0.2
U=0.4
U=0.6
U=0.8
U=1.0
U=1.5

U=2.0
U=2.5
U=3.0
U=4.0

U=10.0
U=40.0

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.5  1  1.5  2

le
ng

th

1/|U|

10-6
10-5
10-4
10-3
10-2
10-1
100
101
102
103

 0  10  20  30  40  50  60

de
ns

ity

sites

U=1.0
U=1.5
U=2.0

U=2.5
U=3.5
U=5.0

10-6
10-5
10-4
10-3
10-2
10-1
100
101
102
103

 0  10  20  30  40  50  60
 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9  1
de

ca
y 

le
ng

th
1/U

correlations
density

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9  1

1/|U| i-jsites

to larger
interactions to larger

interactions

density-density correlationsdensity decay length

Characterisation of solitons from the decay of density and density-density correlations.
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Splitting of a soliton in a fragmented state by a potential barrier.
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Characterisation of solitons from the decay of density and density-density correlations.


