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OUTLINE OF THE PRESENTATION

1) Local and historical 

background

2) Atomic clocks principle 

and applications

3) Examples of present 

research
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1) HISTORICAL AND SCIENTIFIC HERITAGE

A. L. Breguet

F. Berthoud

A. Hirsch

C. E. Guillaume

1883

1750

-

1850

1920

1858
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FIRST ATOMIC CLOCKS IN NEUCHÂTEL

1954 1958

1959 1963
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SPACE ATOMIC CLOCKS IN NEUCHÂTEL

1988

1995

2011… see talk of P. Rochat
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LABORATOIRE TEMPS – FRÉQUENCE (LTF)

2007
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UNIQUE LOCAL NETWORK
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INTERNATIONAL COLLABORATIONS
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2) ATOMIC CLOCKS PRINCIPLE

Definition in SI system

The second is the duration of 9 192 631 770 periods 

of the radiation corresponding to the transition 

between the two hyperfine levels of the ground state 

of cesium 133 (1967)

Hz
h

EE
Frequency 770631192912

0 =
−

=

AtomsQuartz oscillator

Reference for 

the user 

(5 MHz)

Interrogation

Feed-back

F=4

F=3

6 S½ 

This would be the frequency of an atomic 

clock in which the atomic transition is not 

perturbed and the stabilization “perfect”

NM Resonance
(quantum sensor)

Note: first quartz wrist watch invented in NE in 1967
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ATOMIC CLOCKS PRINCIPLE
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EXAMPLE OF ATOMIC CLOCKS: CESIUM BEAM

With magnetic selectors

With laser diode optical 

pumping and detection

TR
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MAIN APPLICATIONS OF ATOMIC CLOCKS

 Radioastronomy, Geodesy

(VLBI, Radioastron, etc.)

 Scientific Research, Instrumentation

(Microgravity, ACES, HYPER, etc.)

 Navigation & Positioning

(Galileo, GPS, GLONASS, etc.)

 Telecommunications

(Networks synchronisation, etc.)

 Power distribution networks

(Smart power grids.)

 Metrology, Time scales

(Primary and secondary standards, H-Masers)
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3) CURRENT RESEARCH: MAIN TRENDS

RTQ =


= 0

0

0 



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Probing frequency

Cold (slow) atoms Optical standards Miniaturisation

Increase TR :  

From ms to seconds

Increase 0:  

From 109 Hz to 1014 Hz 

Reduce the «SWAP»

Size, Weight And Power

Novelties: use of lasers and microfabrication techniques

Quality factor: Q

Instability ~ 1/ Q
Linewidth

0

Resonance frequency 0
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COLD CESIUM BEAM CLOCKS (FOUNTAINS)
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Microwave frequency detuning

▪ Thermal beam: v = 100 m/s, TR = 5 ms

0 = 100 Hz

▪ Cold fountain: v = 4 m/s, TR = 0.5 s
0 = 1 Hz

Next step: microgravity (ACES mission on ISS)

RT
Linewidth

1
0 
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OPTICAL FREQUENCY STANDARDS (& COMBS)

  0QIncrease the resonance frequency → 10-18
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TOWARDS A REDEFINITION OF THE SECOND?

Optical 

frequency

standards

Cesium

(microwave) 

frequency

standards

Fritz Riehle et al 

2018 Metrologia 

55 188
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MINIATURISATION & QUANTUM TECHNOLOGIES
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Prof. Gaetano Mileti
Gaetano.Mileti@unine.ch 
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