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Why Atomic Clock for SKAO ?

Source : Chris Finlay (UNIGE)

Time is also a critical parameter
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SKAO REQUIREMENTS

Frequency & Time Requirements
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• Electro-magnetic energy is emitted in fixed «quanta» amounts (photons)

• Max Planck’s Quantum Theory :

• Energy = ħʋ = ħc/ʎ

ħ = planck constant 6.626 10-34

ʋ = frequency (light color)

c = light speed (celerity) 

ʎ = wavelength

• Therefore, energized electrons will always emit an exact frequency

• Atomic clocks generate an exact frequency :

• Cs : 9 192 631 770 Hz

• Rb : 6 834 682 611 Hz

• H :   1 420 405 752 Hz

Why Atomic Clocks are Critical to Fundamental Physics?

Alkaline

If fundamental constants change due to various “new 

physics”, atomic clocks will be able to detect it 
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Which Atomic Clock for SKAO ?

➔ H-Maser : State-of-the-Art up to few days
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The MASER Theory

MASER
Microwave Amplification by Stimulated Emission of Radiation

1917
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The MASER Technology

The Nobel Prize in Physics 1964. NobelPrize.org. Nobel Prize Outreach AB 2022. Tue. 1 Nov 2022. 
<https://www.nobelprize.org/prizes/physics/1964/summary/>

NH3
*-MASER - 1953

*NH3 : ammonia
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The MASER Effect

Physical Package - Microwave Cavity:

➢ Resonant cavity

✓ Resonance mode of the cavity

F = 1

F = 0

Microwave

photon

Hydrogen atom in 

excited state

Microwave resonant cavity
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The MASER Effect

Physical Package - Microwave Cavity

MASER Effect ➔ Stimulated Emission & Amplification

➢ Stimulated emission

✓ Coherent emission of microwave photon

➢ Resonant cavity

✓ Resonance mode of the cavity

➢ Population inversion

✓ Need more atoms in exited state than in

ground state

F = 1

F = 0
Hydrogen atom

in ground state

Microwave resonant cavity

F = 1

F = 0

Hydrogen atom in 

excited state

Microwave

photon



This document and the information therein are the property of Safran. They must not be copied or communicated to a third party without the prior written authorization of Safran

10

MASER Atomic Clock

Equi-distributed 

along the 

atomic levels

mF = +1

mF = 0
mF = -1

mF = 0

Magnetic & Thermal Shields

Resonant

microwave 

cavity

Collect the microwave

output at 1.420… GHz

Coils

Storage bulb

F = 0

F = 1

Atomic Levels

H-Source State Selector

F = 0

F = 1 mF = +1

mF = 0
mF = -1

mF = 0

Maximum 

atoms on the 

good level
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Space 

Ground Segment

Precise Time 

Facilities

National & International

Time Keeping & Scaling

Research 

Labs

Defense & 

Security

Fundamental 

Physics

Use Cases

Safran Timing Techonologies - High-Ends Atomic Clocks & Instruments Overview – July 2024
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Safran MASER…
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New MASERs for SKAO

iM174 : october 2024

+

iM107 : already on-site

iM108 : already on-site 

iM175 : end of 2025

iM176 : end of 2025 

iM177 : end of 2025  
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CONTACT

Thank you for your attention

Gilles CIBIEL

Science & Metrology Product 

Manager

Phone Number

+41 766 159 367 

Email 

gilles.cibiel@nav-timing.safrangroup.com

Website

safran-navigation-timing.com
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