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Apparatus for manipulating single neutral atoms
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Optical conveyor belt (single atom tweezer)
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...in the dipole trap
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...in the dipole trap

10 µm
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survival probability:

P(F = 3) > 99 %
P(F = 4) < 0.5 %F = 4

F = 3

F´ = 5

2. A Neutral Atom Quantum Register

"push-out" laser



magnetic field gradient dB / dx

0

mF = -4

4

mF = -3

9.2 GHz

F = 4

F = 3
3

2. A Neutral Atom Quantum Register



• take camera picture

• determine position of all atoms
10µm
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• determine position of all atoms

• calculate resonance frequency
of center atom
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• prepare atoms in 
| F = 4, mF = -4 >

• determine position of all atoms
10µm

• calculate resonance frequency
of center atom

• take camera picture
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• apply microwave pulse

• prepare atoms in 
| F = 4, mF = -4 >

• determine position of all atoms
10µm

• calculate resonance frequency
of center atom

• take camera picture

2. A Neutral Atom Quantum Register



• apply push-out laser

• apply microwave pulse

• prepare atoms in 
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• apply push-out laser

• apply microwave pulse F=3

• prepare atoms in 
| F = 4, mF = -4 >

• determine position of all atoms
10µm

• calculate resonance frequency
of center atom

• take camera picture

• take camera picture
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some typical pictures

10 µm
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Driven Rabi-Oscillation
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Controlling neutral atoms:
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4. The Future –
towards Entanglement

Overview



4. Towards Entanglement

We need better position control:
Measuring the „house number“ of the atom
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4. Towards Entanglement

We need perfect position control:
Measuring the „house number“ of the atom
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∆ ~ 120 nm
(Limit: 1s int.-time, drifts)
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4. Towards Entanglement

∆ ~ 55 nm
Extension of wave-packet:

∆ ~ 35-50 nm

Fundamental limit!



• take camera picture
"position control"

target 
position

10µm

distance ?  

• calculate distance to target position

σ=5 µm
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• take second camera picture

σ=0.3 µm

4. Towards Entanglement

= 220 nm (stat.)



"sort" atoms 
coupling between
arbitrary pairs of
atoms

Two perpendicular conveyor-belts

4. Towards Entanglement

No longer fiction! 24-06-2006
Y. Miroshnychenko, M. Khudaverdyan



“Conveyor Belt”

atom

1, 2, 3, ... Atoms
0, 1, 2, ... Photons

Delivery of atoms
ON DEMAND !!

4. Towards Entanglement



Creation of entangled and fully controlled atoms

(                   )1
2

Guo et al. PhysRevLett 85, 2392 (2000)
Osnaghi et al. PhysRevLett 87, 037902 (2001)
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Adressing individual atoms by adiabatic passage

1. Choose center frequency of frequency sweep
2. Magnetic field gradient for spatial discrimination

3. Coherent Atom Manipulation
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microwave sweep, homogeneous B-field
atom at rest 2004



microwave constant, inhomogeneous B-field
atom pulled through resonance, initially in 



F = 120.000

g2/κΓ > 20

4. Towards Entanglement

F = 1.000.000

g2/κΓ > 100



Alternative approach: “roller coaster” modes in
a bulge on an optical fiber:

high Q-factor, passively stable, small mode volume
strain tunable, advantageous mode geometry

4. Towards Entanglement – with novel µ-cavities



- Describe thickness variation by refractive index gradient.
- Solve Eikonal equation in paraxial approximation. 

λ= resopt )( NzL c

resonance condition: 

FSR ≈ 100 GHz
for 2 zc= 140 µm
and ρmax= 8 µm
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z (µm)

Intensity along z (TM mode, m = 84, p = 1, q = 80):

ρmax = 8 µm, ρc = 0.96 ρmax , λ = 852 nm, l = 140 µm, 
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ρ (µm) z (µm)

Intensity distribution (TM mode, m = 84, p = 1, q = 80):

I / Imax

ρmax = 8 µm, ρc = 0.96 ρmax , λ = 852 nm, l = 140 µm, 

Mode Volume 700 µm
3

FSR ≈ 100 GHz

4. Towards Entanglement – with novel µ-cavities



Probe intensity distribution
of WGMs in barrel resonator
with second tapered fiber:

coupling and
probe fiber
position have to be controlled on sub-µm scale

4. Towards Entanglement – with novel µ-cavities



The End

Hard and enthusiastic work by:
D. Schrader, W. Alt, I. Dotsenko, M. Khudaverdyan, Y. Miroshnychenko,
L. Förster, Y. Louyer, F. Warken, A. Rauschenbeutel

V. Gomer, S. Kuhr, W. Rosenfeld, W. Smith

Thank you for your attention!




