
Lecture 12

• Precision measurements in the traps, electron shelving.

• Elements of quantum logic in ion traps. CNOT gate.

• Motional degrees of freedom. Cirac-Zoller gate.

• Information transfer between clock and cooling ions. 

Precision spectroscopy using quantum logic.

Nikolai Kolachevsky



Electron shelving

How to detect transition in a single particle with a very 

small scattering rate?



Quantum jumps



Spectrum of a narrow transition in a single ion



Elements of quantum logic in ion traps

Selectively address

Selectively read out

Scale the number



A Q-bit

A gate

Example: a -pulse

Vector and matrix representations

Q-bit Gate: unitary 2x2 matrix

Example: SWAP gate Hadamard gate
( - pulse) (/2 - pulse)



Two-Q-bit gates

Cornerstone of computation

Classical binary gates

Two Q-bit gate

Controlled NOT  gate

(CNOT)

Control

Target



Matrix representation

Two Q-bit CNOT gate Two Q-bit PHASE gate

Transformation PHASE  CNOT

Hadamard Hadamard



Cirac-Zoller gate



Ion spectrum in the trap



2 pulse on the spin-1/2 system - I

Rotation operator



2,  pulses on the spin-1/2 system - II

2-rotation

 -rotation

i -i



Collective vibrational modes



CNOT gate implementation - 0

The initial state



CNOT gate implementation – I

-pulse on control ion

red detuned



CNOT gate implementation – II

2-pulse on target ion

auxiliary level



CNOT gate implementation – III

2-pulse on target ion

auxiliary level

The phase gate!



From the PHASE gate to the CNOT gate

control

target
PHASE
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Planar ion trap, approaching real computations



Symphatetic cooling by a sparring ion

Реализован двухкубитный программируемый квантовый 
вычислитель с низким уровнем ошибок





Excitation transfer using the sparring ion

Al+

Mg+ Mg+ Mg+ Mg+



Excitation transfer using the sparring ion

Al+

Mg+ Mg+ Mg+ Mg+



Excitation transfer using the sparring ion
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Excitation transfer using the sparring ion

Al+

Mg+ Mg+ Mg+ Mg+



Science (2008)



Science (2008)



Science (2008)

Most stringent restriction for the variation of the fine 

structure constant





Gravitational red shift observation in the lab

Raised by 33 cm



Nobel Prize in Physics, 2012
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