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Tunneling amplitudes between two traps in 2D for OAM states?
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How to create complex tunnelings?

Combination of radio frequency and
Raman fields that couple to the
internal states of the atom
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P. Windpassinger et al., Phys. Rev. Lett.
108,225304 (2012)
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Interest of complex tunnelings?
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Hermiticity of
the Hamiltonian

| sm)

Jz_:;n _ |J£:;n|62fn(j)g

R.n
JL,n

JLRn—n _ |JLRi}7—n|e2r'nq“>D




SE (2
6 |‘IJ (t)l Time=10
’ 0.025 0 002
* -3
~H -6 0.02
~ 6 5 0.015
g 0.015 2
_3 Z 0 0.01
-6 0.01 <
T ~ & 5 0.005
< £ 3 0.005
E 0 -10 0
L 0 :
,\:_':. 6 [ 1 Phase (rad)
— 3L | 3 .
" » 0k i Time=10
+ -3 _‘ o ]
£ -6 B 2 I I I
U Lo PL, =—
PL-
6 1 PR+ T
5 0 3
-3 5
—~ -6 -1 )
: £
:\f g : T T T T I: _2 &
5[ i 3
3L i - \
-6 [ R L1 L] . / :

P L7, 1 » 1
0 1000 2000 3000 4000 -8 -4 0 4 8 12 16 20 00 500 1000 1500 2000 2500 3000 3500 4000

Time (h.o. units) % (h.o. units) time (h.o. units)

=5  and J4=3.06x107  Jf1=3.28x107
d=14 JET = 4,06 x 107 in h.o. units



»Geometrically induced complex tunneling

- Introduction

- Two in-line ring potentials

- Three ring potentials in a triangular configuration
- Geometrically engineered spatial dark states

*Edge-like states in an optical ribbon

- Optical ribbon

- Ground state manifold
- OAM manifold
- Robustness

sConclusions



Energy

\

(m, D) T m,ny |\L,m,—n) IC,m,n) IC,m,—n) [R,m,n) |R,m,—n) H™

40,1
(0, 1) \L,0,1) |L,0,-1) |C,0,1) [C,0,-1) |R,0,1) |R,0,—-1) H

6.0 .00 .00 00 A



dct = dcr = d and dir = 2dsin(©/2)
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Edge-like states |:> robust due to quantum interference effects
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Manifold of ground states, | =0 {17)} j=1,...,N







Manifold of ground states, | =0
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Manifold of ground states, | =0
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Manifold of ground states, | =0

Generalization to other geometries
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Manifold of OAM states | = 1

Winding number associated to the orbital angular momentum as
synthetic dimension
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Robustness
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Geometrically induced complex tunneling

By means of geometrical symmetries it is shown that angular
momentum states in sided-coupled cylindrically symmetric potentials
exhibit complex tunneling amplitudes.

In a system of three rings the complex nature of the tunneling plays
crucial role in the dynamics.

In a triangular ring configuration, complex tunneling amplitudes allow
engineering spatial dark states via quantum interference.
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Edge-like states in an optical ribbon
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» ELS using states with | = 0 and | = 1 in a ribbon based on spatial
dark states are predicted.

* The experimental implementation of these ELS for | = 0 and the
switch from one ELS to another using laser pulses is discussed.

» The robustness of these states under relative phase variations and
when including a defect on the lattice is demonstrated.

* The winding number can be regarded as a synthetic dimension.
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