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Ion Traps
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Nägerl et al., PRA 61, 023405 (2000).
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Collective Excitations
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Photon Momentum
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Experimental Situation

Absorption is directional
Emission is isotropic

Force laserbeam
average force = 0} } ↑↑

maximum effect: n ≤ 108 cycles per second

resulting accelaration =

hk
sec Matom

= 1.7 ⋅ 106 m
sec2

n



Sideband Cooling
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Sideband Cooling9Be+

λ = 313 nm
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King et al., PRL 81, 1525 (1998).



Ca+ Qubit
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Be+ Qubit
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J = 1/2

J' = 1/2

Principle:
A. Kastler, J. Phys. 11, 255 (1950)

Optical Pumping
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Addressing

Nägerl et al., PRA 60, 145 (1999).
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Be+ QubitRaman Laser Pulse

|0>

|1>

|aux>

0.0 0.5 1.0 1.5 2.0 2.5
0

5

10

15

Raman pulse time (ms)

Fl
uo

re
sc

en
ce

co
un

ts



0.2 0.4 0.6 0.8 1.0 1.2 1.4

Pulse length / ms

0.0

0.5

1.0

E
xc

ita
tio

n
pr

ob
ab

ili
ty369nm

2P1/2

F=1

F=0
12.6 GHz

2S1/2

Yb+ Microwave Pulse



Two Qubit Gates
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Two Qubit Gates

Schmidt-Kaler et al., Nature 422, 408 (2003)
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Fluorescence of Single Ion
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Figure 2 A crystal of five atomic beryllium ions (small white dots at centre) confined in a radio-
frequency ion trap. The ions balance their mutual Coulomb repulsion with the confining force of
electric fields generated from the surrounding electrodes (brown). The ions strongly fluoresce
under the application of appropriate laser radiation near 313 nm. The horizontal electrode gap is
about 0.2 mm and the ion–ion spacing is ~5 µm. (Image courtesy of NIST, Boulder.)

5 Qubit Quantum Register



Exp. CNOT Gate on 9Be+
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Alternative Traps

Pushing laser

Motion

Head
Target

J. I. Cirac and P. Zoller, Nature 404, 579–581 (2000).



D. Kielpinski, C. Monroe, and D.J. Wineland,
‘Architecture for a large-scale ion-trap quantum computer’, Nature 417, 709 (2002).
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Coupled Traps
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